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NPEJHCIHNOBHE

[ IMHHCTHIE TPYHTH], KOTOPLIE CJAyXKaT OCHOBaHHeM, CPeAOH HJH Ma-
TepHAJIOM JJisl BO3BeJEHHsI CaMBiX PA3JNHYHBIX COOPyXKeHHH (rHApOTeX-
HHUECKHX, TPAHCIOPTHHIX, I[POMBIIIJICHHBX, TPaXIaHCKHX H T. IL),
06J12a10T SPKO BbIPAXKEHHHIMH PEOJOTHYECKHMH CBOHCTBAMH — IOJ3Y-
gecThl0 (AJAHTENBHOR AehOPMHPYEMOCTRIO), PenaKcalHed HalpsKeHH#
(cHMIKEHMEM HANpsKeHHH BO BDeMeHH NPH MOCTOSHHOH Aedopmanuy)
M JJIHTEJbHOM NMPOYHOCTHIO (M3MeHSeMOCThIO IPOYHOCTH BO BDEMeHH).
Peonornueckie cBOWCTBA INIMHHCTHIX I'PYHTOB B HAType HPOSBISIOTCS
B BHAE MJIHTEILHO NMPOTEKAWHINX 0caJO0K, CMeINeHH H KPeHOB Coopy-
JKeHMH, MJAacTH4ecKUX OnoJ3HeH M paspylieHHH CKJIOHOB H OTKOCOB
3eMJISTHBIX cOOpY2KeHH# (mnortuH, nam0, AODOXKHBIX HAchIIeH, BREIEMOK
¥ T. A.). V3BecTHH cayduad OYeHb IJINTEJNbHEIX (IPOJOJIKABIIMXCA Je-
CSITKAMH H COTHSAMH JjieT) gedopMaluii B paspyuIeHHH CcoOpy:KeHHH,
ONOJI3AaHUH CKJOHOB H T. 1., KOTOpble NPHUMHANH Goabluofi yuiepb Ha-
POZHOMY XO3SHCTBY H YHOCHJIH MHOTO YeJIOBEUECKHX KH3HeH.

Has obecneueHnst MPOYHOCTH, HAXEKHOCTH M LOJTOBEYHOCTH HHKe-
HEPHHIX COOPYIKeHHH, B3aHMOAEHCTBYIOIIHX C TJHHHCTHIMH TPYHTAMH
HJH BO3BEJEHHBIX HA HHX, HEOOX0JUMO MNPH NPOEKTHPOBAHHH YUYHTHI-
BAaTh PEOJIOTHUECKHE CBOUCTBA mociaennuX. C 3Tol Hesnlo M0MKHE GbTh
HCClIeJOBAHLI Pe0JIOTHYEeCKHe CBOHMCTBA TJIHHHCTHIX TPYHTOB (B ycCJoO-
BHSIX, NpelleIbHO OJIM3KUX K YCJOBHAM HX paGOTH B OCHOBAHHH HJH B
TeJle COOPYKeHHSI) C y4eTOM BJHSAIOUINX Ha HUX MHOTOYHCJEHHHX (ak-
TOPOB KaK I/ NOJyYeHHS NAHHHEX 00 3THX cBOHCTBAx, Tak H JJsi TO-
CTPOEHHS 3KCIEePHUMEHTaNbHO OOOCHOBAHHOH TEODHH MOJ3Y4ecTH H
ITPOYHOCTH.

H3snoxennoe Bhillle TOBOPHT O CTENEHH BAaXKHOCTH PeOJOTHYECKHX
HCCeN0BaHNH IVIMHHCTHX IPYHTOB, 6e3 KOTODHX B HACTOsIlee BpPeMs
He IPOEKTHpYeTcs HH OJHO KpynHOe coopyzkeHue. Kak cmpasemsinso
ormeyan P. Xedenu B 1953 r., «115 MeXaHHKH IPYHTOB HCCJAELOBAHHUS
3aKOHOMepHOCTefl MOJ3YyYecTH MMEIOT HCKJ/IOUHTENLHOE 3HaueHHe, H6O
ee JasjpHelilee Pa3BHTHe Hepa3phIBHO CBS3aHO C yCIeXaMH HCCIEN0-
Banuii B 310 oOsacTi». Ha BaXKHOCTb H3yUYeHHS MOJN3Y4ECTH TIJIHHH-
CTHIX TPyHTOB ente B 1934 r. ykasan H. Il. IlyssipeBckuit, KOTOpBIY mH-
can: «CBOHCTBO TeKyuecTH OCOGEHHO BJHMSET HA HANpSKEHHOCThL FJIH-
HHCTBIX TPYHTOB, TaK KaK OHH 06Jalal0T yKAa3aHHLIMH CBOACTBAMH B
BhiCIeH cTenenH... Kak NpHHATH BO BHHMaHuHe 3TO CBOKCTBO HJIs pac-
UeTa HaNpsiKEeHHOCTH TPYHTA, MBI IIOKa He 3HaeM, H M3yueHHe 3TOrO
BOIIPOCA, TEOPETHYECKOE H ONMHITHOE, JOJKHO GHITH MOCTABJEHO B MEp-
BYIO OUepelby.

ITossyyecTs TIMHHCTHIX TPYHTOB BrepBHE Hccsenosana K. Tepnaru
B 1925 r., a mepBHe nauTeNbHBle UCNIBITAHMS Ha CJBHI' INIPOBeNEHHI
H. H. Macnosmm B 1932—1933 rr. npu  crpoutenncrse Ha p. CBHPb.
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B cBfA3H ¢ HMCKIIOUYHUTENBHON CJI0XKHOCTBEO COCTABA H CTPOCHHSA IVIH-
HHCTHX TPYHTOB, OOYCJIOBJIEHHMX HX JHCIEPCHOCTBIO, MOPHLTOCTBIO,
MHOrodasHoCThIO, XapaKTCPOM H BHJIOM CBSI3CH MCXKIY 4acTHLAMH, He-
OHOPOTHOCTBIO ¥ T JI, a TaKXKe H3MEHUMBOCTBIO (H3HUECRHX H MCXa-
HHYECKHX CBOHCTB NOJ ACHCTBHEM BHEMIHHX HCKRYCCTBEIIHBIX H IPHPOI-
IIHX (haKTOPOB, HCCAEJOBAHHE PEOJOTHUECKHX CBOHCTB sIBJISIETCS JIO-
CTATOYHO CJOXKHOH, TpyZ0eMKO# paboToH, tpebymoouelr 60/b10010
BpeMenn OJHAaKO, HECMOTPS Ha yKa3aHHble TPYTHOCTH, B PEOJOTHH
TJIHHHCTHIX TPYHTOB JOCTHTHYTH 3HaUHTe/NbHbIE yCIEAH, OCOOEHIO nocJe
I1] MexayHApOAHOrO KOHrpecca nO MeXaHHKE TPyHTOB ¥ (PYHJaMeHTO-
crpoennto (Llopux, 1953 r ), Koraa peosiorust Hauasa GOpMHpPOBATHCS
KaK  caMOCTOATE/JbHEI  pa3fgesq  MEXaHHKH TpYHTOB.  Boinmoa-
neila Gospmas pafora Kak B 06gacTH 3KCHEPHMEHTAJNLHOH, TakK H
TEOpeTHYeCKOH PeOJOrHH TJIHHHCTHX TPYHTOB, pe3yJbTaTH KOTOPOH
ONnyOJHKOBAIIH B psie TeXHHYECKHX XKyPHaJOB DasHBHX cTpaH, a Tak-
Ke B Tpynax IV—X MeXIyHapOAHHX KOHTDECCOB [0 MeXaHHKe IDyH-
TOB ¥ QPyHAAMEHTOCTPOCHHIO.

Yro6ul 06CYAHTh NOMYUEHHBE B PEOJOTHH TVIHHHUCTHX TPYHTOB Ha-
yuHble DPe3yJbTATH, OBIM TNPOBeJeHH CIeNHa/JbHbie COBEeLlaHHs B
1956 r. B HuenponeTpoBcke, B 1960 r. B Mockse, B 1966 r. B Jlenun-
rpafte. [lepBHit MeX1yHAPOAHBIA CHMNO3HYM OblI co3Ban B 1964 r. B
['penoGye, a BCECOIO3HBE CHMNO3HYMBl IO DPEOJOrHH T'DYHTOB IpOBe-
nenu B ApMennu (1972, 1975 rr.) u Jlenunrpage (1979 r.).

ABTOp cuuTaeT CBOMM JOJTOM OTMETHTb BBJIAWILYIOCS DOJb
B. A. ®nopuna B gese pasBUTHS DEOJOrHH TJHHUCTHX TPYHTOB H B
0coGeHHOCTH TeopHH noasyuecTd. OH BIepBble IPHMEHHJ METOABL Teo-
PHH TOJ3yYecTH B MeXaHHKe I'PYHTOB, NOJYYHJ YpaBHEHUS H YACTHEHIE
peneHdsl TeOpPHH YIJIOTHEHHS BOLOHACHIUEHHBX, NOPHCTHX INMOJA3YYHX
3eMJSHBIX Macc C yUeTOM CXKHMAaeMOCTH TBeDAHX YACTHI CKeJeTa H
3alIeMJ/JIEHHOTO B NOpax rasa B HauGosee oOmem Buge. C uMeneMm
B A. ®sopuHa B 3HAUHTENBHOH CTENIEHH CBSI3aHO TAKIKE PA3BHUTHE IKC-
DepuMeHTanbHOfl peosoruu raHHHCTHIX rpyHTOB. C 1953 r aBTOp Ha-
4aJ NPOBOAHMTHL 3KCHEPHMEHTAJBHBE HCCICIOBAHHSA  pEOTOTHUECKHX
CBOHCTB TIVIHHHCTHIX T'pYyHTOB. Ero pa6oTsl, BHIIOJHEHHBIE B 06JacTH
NOJ3yYecTy TJMHHCTHX IPYHTOB B 1953—1965 rr, Obtu 0GoGHIeHH B
monorpatduu «Ilonsydecte rimHHCTHX rpyHTOB» (EpeBan, 1967 r)
B nocnefyoluem aBTOp COBMECTHO €O CBOUMH YUCHHKAMH I1POBEN 3KC-
IEepHMEHTAJbHBe HCCIeN0BAHHA NOJI3YYECTH, peaakCalud HaNpsIKeHHH
M JJIHTeNbHOW IIPOYHOCTH NPH OJHOMEDHOM VIIOTHEHHH H IIPOCTOM
caBure OOLIKHOBEHHBIX (HEMEP3/IblX), NPOCATOUHHX (CTPYKTYPHO-He-
YCTOHUHBHEIX), HAOYXaWOUIHX H CAA0BIX TIHHHCTHX TPYHTOB, a TakiKe
TPYHTOB, HCNIOIBL3YEMBIX B KaueCTBe MaTepHa/Ja /sl BO3BeJCHHS siuep
IVIOTHH H3 FPYHTOBHX MaTepHA/IOB, ¢ yUETOM TeMIIEpATYPH, COCTOSHHUS
(WIA YIJIOTHSIOMIErO AABJEHHS), H3MEHEeHHS BJAKHOCTH, [ABJICHHS
HabyxaHusl, BAGPAILHOHHBIX H APYIHX BO3AeHCTBHA. B Kuure 0600ie-
HBl De3y/JbTAThl MCCIEN0BAHHS MOJN3YYECTH H AJHTENBHOTO CONPOTHB-
JEeHHS CHABHTY TJMHMCTHIX TDYHTOB NIPH OJHOMEDHOM VIJOTHEHHH H
IPOCTOM CBHre ¢ y4eTOM psina (GaKTOPOB, HMEIOUIMX BeChbMa BajkKHOE
HAyuHOe H NpPAaKTHYECKOe 3HAadeHHe MJS pelleHHS KOHKPeTHHX 3ajau.

4



I'naBa 1

CBEAEHHA O T[JIMHUCTBIX TPYHTAX,
JAUTEJDbHBIX NEPOPMALNHAX U Ob HCCJIEJOBAHHAX
HUX PEOJIOTMYECKHX CBOMCTB

§ 1. BBENEHHE

OZHOPOAHOCTb, CIIOWHOCTb, 1eOPMHPYEMOCTb, IPOYHOCTL, B pe-
OJIOTHH, K&K H B MeXaHHKe CINIOWIHON AedopMHPYeMOH cpefibl, Bee pe-
albHBe TeJa 3aMEHSIOTCH HAeaJH3HPOBAHHBIME, HaleJeHHLIMH TeMH
HJIH APYTHMH  CBOHCTBaMH, B YACTHOCTH  OHHOPOZHOCTbIO K CIJIONI-
HOCTBIO.

OpHOPOAHOCTDbIO HA3bIBACTCS OAWHAKOBOCTb CBOUCTB 3JIEMEH-
TOB JI000OH BeJHUHHBl, BbIIEJNEHHBIX H3 Pa3HbIX TOUeK Teaa. Bce pe-
aJbHble TeJa COCTOSAT H3 OTAEeJbHBIX YACTHI, T.e. ABIAIOTCH JHCK-
PeTHBIMH CpeJgaMH u NO3ToMy HeXHopoxubl, Ho 31a HeonHOpPOA-
HOCTb CYILECTBYeT Ha MHKDOCKONIHYecKOM ypoBHe. Eciim paccmarpHBa-
eMBIH 37eMeHT N0 CBOHM pa3MepaM 3HAUHTEJbHO NIPEBLINIAET pa3sMephl
OTAeJbHbIX YACTHL M arperatos, H3 KOTOPBIX COCTOHT TBepJloe TEJo,
TO MOXKHO 3TO T€JIO B CPeAHEeM CUYHTATb OJXHOPOZHBIM,

[Tonr cnAOMWHOCTBLIO MNOHHMAETCd OTCYTCTBHE IPOCTPAHCTBA
MeXJAy 4YacTHHAaMK IBePAOrO TeJa, T.€e. HeNpepbiBHOCTb MATePHH, KO-
TOPOH peasbHble TBePAble TeNd ¥ B 0COGEHHOCTH TJIHHHCTHIE TPYHTHI HE
obnapapoT, OfHAKO [0 AHAJIOTHH C THIOTE30H  OMHOPOAHOCTH, €CJIH
pasMepbl 3/JeMeHTa TBEPAOrO TeJa HAMHOIO HPEBbIUIAIOT Pa3MepH ero
CTPYKTYPHBIX 3JIEMEHTOB, 3TO TeJO MOXKHO CUHTATh crjomubM, Hanpu-
Mep, Mg TIHHbl TAKHM 3aementoM, o H. M, TepceBanosy (1937 r.),
MOKHO CUHTaTh KyOHK co cTopono#t B 1 wiau 10 mM. Takaq ujpeanusa-
LHA TBEpPAOTro TeJa HAONYCTHMA, TAaK Kak B MeXaHHKe CIJIOUIHOH ne-
dopMupPyeMOl Cpellbl H MAKPOPEOJOTHH IOAXOA K HCCleldOBAaHHIO Je-
dopMmanuil aBasieTcd GEHOMEHOMNOTHUECKHM. ITo 3HAUHT, YTO
«MAaTepHs PAcCMATPHBAETCH TAK, KAK OHA IPeJCTaB/AeTCs HAIHM OULY-
IeHASIM, T.€. KaK CIJIOWHAs cpena» [27]. B ocHoBe  Teopuu JIEKHT
MAKPOJNEMEHT H Pe3yJNbTAThl HCCAeAOBAHHS 3aKOHOMEPHOCTeH ero Ae-
dopMuposannd, TeopHs He BHHKAeT B NIPOLECCHl, IPOHCXOAALIHE HA
MHKPOCKOITHUECKOM YDOBHe MEXKJAY YACTHIAMH H arperataMH, KOTopble
ABAAIOTCA o0JacThio (G H3HUYeCKOH Teopuu HAeDOPMHDPO-
BaHHA u MHKpopeonoruu, HcrnolapzoBanue runoTesnl CIJIOMI-
HOCTH TBEPJIOTO Tesa HO3BOJISIeT BOCHONb30BATHCH aHAMH30M GeCKOHed-
HO MAaJblX BeJHYHH H AHQepeHnuaTbHBIMK ypaBHeHHAME.  (DeHOMe-
HOJIOTHUECKASl TEOPHSl YYHTHIBAET OTCYTCTBHE CIVIOIIHOCTH (IOPHCTO-
CTH) B peallbHHX MaTepHANAX NyTeM oIpelenTeHds HX obbeMHHX Ae-
dopManuit ¥ BAHSHKS TIOCJEIHHX HA APYTHe CBOHCTBA,



B nacrosilee Bpemsi CAEJAHbl H [€JAIOTCs  IIONBITKH, HAODHMEp
. U. Opeurenem, I'. DfipuenroM, no cos3ganxio QH3HYECKHX TeopuH
TeueHHsl BA3KHX CPeJ, OCHOBAHHBLIX HA PACCMOTPEHHH ABHKEHHs 1aCTHIL
HAa ATOMHO-MOJEKYJSPHOM ypoBHe. AHajOrHYHEle PAabOTH BHIIOJHEHE
H B PeoJIOrHH rpyHTOB. B yactHocTH, P. Poy, P. A. Myuepowm, . U. Kan-
AAYPOBBIM CO3JaHEl MOAENH HECBSI3HOrO TpyHTA, KaK JTHCKPETHOH
Cpeibl H Ha HX OCHOBe peLIeHBl 3aJauy IO PACHPEAEJEHHIO HampsKe-
Huii B 3TOf cpefle MeTogaMH MaremarHueckoil craTHcrhka., H. b, My
xaioB u I1. A. Pe6ungep, C. Mypasima u T. Illub6ara, C. C. Bsios.
H. K. INekapckas u P. B. MakcuMsK H Ap, caenallH NOTBHITKH IO NIPH
MEHEHHIO K TJIHHHCTHIM TPYHTAM (H3HUECKOl TeoPHH TEUEHHS BA3KHX
cpen.

HedopmupyeMocTho o6nagalor Bce pealbHbie Tena. Ouna
06ycOB/IeHA M3MEHEHHEM PACCTOAHHSA MEXAY ABYMsI TOUKAMH pealib-
HOro MaTepHana Noj JeHCTBHeM BHELIHHX HArpy3OoK H IPOSBJAETCS B
BHJle H3MEHeHHsl Pa3MepoB H (GOpPMEI MakpoddemendTa (o6pasua).

[IpounocTs ABAsieTCS] Mepol CONPOTHBJASEMOCTH MaTepHaJa
BHEMIHUM HArpyskam, NPHBOASIUHM K HADYIIEHHI) €T0 CIVIOUIHOCTH
(paspenenuio na yactu) HIH HeoOpATHMBIM AedopMaunusM MJIacTHYe-
CKOro TeyeHHsi 63 HApyUIeHHs CIIOIIHOCTH. B TeXHHKe HCIOJB3YIOTCS
Pa3NUHEE MEPbl POYHOCTH, O6YCJOB/IEHHBlE CBOMHCTBAMH M YCJOBH-
AMU HUCTHITAHUA MAaTEPHANOB, ABIANUMECH YCIOBHBIMU BeTHUHHAMHU.

Yrnpyrocts, NJAACTHYHOCTb, NOA3YYeCTh, pPeNakCalvs HanpskKeHUH,
IAUTeNbHAs NPOYHOCTb. IIpH H3yYeHHH MeXaHHYeCKOIO NOBELEHHSI BO-
JIOKOH H3 KBapIieBoro crekaa B. Be6ep B 1835 r. BnepBhie ycTaHOBHI,
yTo BC/Aed 33 MTHOBEHHBM yAJHHenHeM (ZedopManueir)
gy HHTH, HaBa00aeMOM B MOMEHT NPHJIOMKEHHs IIOCTOSIHHOH HArpyskdy,
IPOHCXOAHT e¢ AanbHelllee yAJHHeHHE BO BpDEeMeHUH
g: (puc. 1). BuuIO yCTAHOBJNEHO TaKiKe, YyTO NIPH OCBOGOKAEHHH HHTH
OT HATPY3KH HMEIT MeCTO ee MTHOBEHHOe YKOPOUEHHE Ha BEIHYHHY
g H jpanpHefilllee po3BpallieHHe BO BpeMEHH B CBOE NEepBOHAYANb-

Hoe nosoxenne (kpusas CD). Dro siBieHme oTcraBauusl AedopManuu
MaTepHana OT MOMENTA NPHIOKeHHS H yAajeHHs Harpysku Oblio Ha-
3BAHO YNpPYrHM mnocJepeficTBueM. Y Ipyro# HaswiBaercs
Ta AedopManusi, KoTopas MOCIe YAANeHHsl BHeINHEH HArpy3KH HoJ-
HOCTBIO HCYE34eT, a TeJO HpHOGpeTaeT CBoIO NMpeXkHiW (GopMy H pas-
MepHL.

MrHoBennsie AedOpMaUMH peanbHbIX TBEPALIX Te, CBOHCTBA KO-
TOPBIX HE H3MEHAIOTCS BO BPeMeHH,  sBJSIOTCS YIpyramu (o6paru-
MBIMH) £9=8).

B 3aBHCHMOCTH OT yDOBHSI HANpsi’KeHHsl, AJHTEJbHOCTH ero HAef-
CTBHSI H H3MEHAEMOCTH COCTOSHHS MaTepHasjia BO BpeMeHH MIHOBEHHBIE
W AJHTEIBHO TPOTeKawilne AedopManuu moryT OHITb He TOJNBKO I
pyrumH (0o6paTHMHMH), KaK B DACCMOTPEHHOM BBHILlE CIyyae DacTs-
JKEHHS BOJIOKHA H3 KBAPIEBOro CTeKJa, Ho H yHnpyronaacTHYe-
CKHMH M maacTHueckmmu (ocraroyusimM). Ilpn ynpyromna-
CTHYECKOH NpHpOAe AeOPMHPOBAHHS  MrHOBEeHHBIE €y H LJHTEJbHO
nporekaonite g; AeQopMAalHH TBEPJOro Teaa Nocje ero pasrpyskH BOC-
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Puc. KpuBtie peonOrHIECKOro IOBeAe-
HHSA TBepllbIX Teqa, ofaafamouux csolicraa-
My yiopyroro (l} H  yODYro/iacTH-
geckoro (2) pedopMHPOBAHHS BO BPeMeHH
, ,

g0=8, Bt M &; — MCHOBEHHBHE H NOA3Y-
yge geopMalHd OT OPUTONKEHHA IDH 4
{=0 u ypaJennn yepes {1 HANPAKeHHs o=
=const ynpyronosjsyuero Teiaa; €, H et
ofpaTHMble MTHOBEHHas H 1IOA3yYas jae- g &, =const L7, t, &

GdopManHy ynpyrolNacTHYECKOro Tena

g t, t

cTaHaBJUBalOTcsl  4yacTHYHO (cM. puc. 1). Tlomumo  ympyroro
BOCCTaHOBJIeHHs  HAebopMamufi  Teqo obGHapy:KHBaer  CBOHCTBO
0cTAaTOUYHOTO—INNnacTHYecKoro pebopmupoBaHus.  Ecau
yKa3aHuble AeOPMAalHH HMEIOT TOJNBKQ IIJACTHYECKYIO NPHUPOAY, BcA
HauanpHas AegopMauus Teaa sIBaseTcss HeoOpaTHMOH (OCTaTOUHOH,
naactuueckoi), [lmacTHueckue pedopmanuy IpoSBASIOTCS B TBEPAGM
TEJIE TOrAA, KOr/la BHEIIHSST Harpyska IOCTHraeT Hekoroporo  (1o-
CTOSIHHOrQ JJIsi KaXKAOro MaTepHaja) npepesa, Ha3bBaeMoro M pe-
AeJOM NJAacTHUHOCTH.

IockonbKy MIMTENBHO NpoTeKawmiHe AedopMaiHH TBEPABIX TeJl
MOTIYT UMETh PasJIHUHYIoO NDHPOJAY, HX NOAPA3JE/IAIOT HA YIpYrHe, yI-
pyrolJiacTHUecKue H IJacTHUeCKHe pa3HOBHAHOCTH. MlMenHo mosromy
BMECTO TepMHHA yIIpyroe nocnexeficTsie, BBegeHHoro B. Bebepowm, B Me-
XaHHKe TIOJNYYM/ IIHPOKOE NPHMEHeHHe TePMHH I QJN3yuecTh, MOJ
KOTOPBIM MOJIpa3yMeBaloTcs NPOTeKalol e BO BpeMeHH NIPH MOCTOSTHHON
HATpy3Ke Bce BHAB AJHTENbHBIX Aedopmanuii TBepAHX Tesd. B 3aBHCH-
MOCTH OT BEJMYHHH, AJHTEJLHOCTH AeHCTBHA  BHelIHe#d MOCTOSHHOH
HArpy3KH U ycJoBHS Ae(OpPMHPOBAHHA NOJ3Y4YeCTb MOXKeT OHITH 3 a-
TyXawlie#l, npoTeKawIeld ¢ NOCTOSHHOH HJIH BO3-
pacrampimefi CKODPGOCTbIO BIJIOTh AC pa3pyllleHHss  MaTepH-
ana (puc. 2).

HedopmMupoBanue ¢ NOCTOAHHON CKOPOCTbIO (TeKyuecTb) XapakTep-
HO A BSI3KHX (HBIOTOHOBCKHX) M BA3KONJNACTHYECKHX,
CTPYKTYPHPOBAaHHBIX (GHHraMOBCKHX) JKHAKOCTeH, oOJafaiouiux BHYT-
peHHHM TpeHHeM (BA3KoCThIO). B mepsom ciyuae atn Aedopmanuy
NPOSIBJAIOTCS MpPH JIOOBX 3HAUEHHAX CABHTAIOHIMX CHJ, 8 BO BTOPOM
cJyude — TPy NPEBHIIEHHH Npefesa TEKy4eCTH MaTepHala H Ha3bBa-
IOTCST COOTBETCTBEHHO Bf3KHM H BS3KONJNACTHUYECKHM Te-
TeHHSTMH.

B nocnepnee BpeMss B MeXaHHKe TBepAOro AedHOpMHPYEMOro TreJa
CTAJH UIHPOKO MOJb30BAThLCA TEPMHHOM BSI3KOe TeueHHe, TOA-
pasymeBas I0f ITHM NIOJ3YUeCTh He TOJBKO C TIOCTOSIHHOW, HO H C Te-
peMEHHOH CKopoCThlo (aHoMmaabHoe TeuenHe), Mmenno mostomy Ha-
pALY C TepMHHAMH YNDYroe, YIPYromJIacTHYECKOe H XKECTKOIJlacTHUe:
ckoe neopMHpOBaHHe (cM. v 2, § 2 Bouuin B 0OMXOA TepMHHBL:
HLeaJbHOo BSA3KOe, VINPYroBsidKoe, YHOPYroBSI3KO-
nnactHyeckxoe JdehOpMHPOBAHHE H T. 1.
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Puc. 2. TumuuHoe ceMellCTBO KPHUBLIX
HOJI3YYeCTH TBEPABIX Tel Puc 3 Kpusne pesakcanun Hanps-
OA — crapus  3aTyXaloWelt  MOA3YHECTH, skegua (l) W AAMTEILHOW  HPOYHOCTH

AB — crapud  TedeHus (Ho:lsyqecn;x c o (2) 0y — HauanpBOE HANpPSXKEHHE, fr —
CTOSHHOH CKOPOCTBIO yCTAHOBHBIIEHCS TNOJ JaKCAILHH HaNpAKeHUs, Of,0 —
3yuecTn), BC — cTaAns Non3yvyecTH C BO3pa BpeMA peaak uaTKOB gMEHHaH ’ MLHO-
CTaolliell  CKOpPOCTBIO  (pOTPeccHpYlLero Hauagpuas (XKp p ,
paspymeHus) I — kpuBaf saTyxawolleid Hoj- BeHHaH) MPOYHOCTE, Of oo — mpeaesb-
ayuecTd, 2 — xpuBad 3aTyxawliew nonazyde HO JUIATeJbHAA NPOTHOCTE

CTH, nepexoxAmtell B TeyeHue, J— KpHBas

3aTYyXalOUWeH NOASYHeCTH, [ePexXOlsuleid B

TeueHye M B UoJ3yd4ecTh ¢ BopacTawwmel
CKOPOCThO

C nonsysectbio TECHO CBA3aHO ofpaTHoe eff ABJIEHHE — P e Il a K-
CallHsd HANPpsAXKeHHH, T e H3MeHeHHe (yMeHbIenue) Hanpsxe-
HHS1 BO BPeMeHH IPH NOCTOAHHOH Redopmauuu (pHc. 3). Jro sBIenwe,
BniepBuie ycraHoBaennoe @. Konspayuwem B 1863 r., cBsizalo ¢ paspu-
THeM B MaTepHalle NOJ3YYECTH 3a CueT YMEHbUIEHHs yNpyro# degop-
ManHH, MOJIyueHHOR UM B MOMEHT NPHJIOKEHUS HATPY3KH.,

C pamrenbHHM RedOPMHPOBAHHEM TBepIBIX Tell  CBA3AHO TaKKe
CBOHCTBO N JAUTEJNBbHOH HPOYHOCTH —— CBOHCTBO H3MEHSEMOCTH
MPOUHOCTH [0 HEKOTOPOH IOCTOAHHOH BEJHUYHHH MO Mepe YBeJHuYeHHS
JJHTENLHOCTH AeHCTBHS NMOCTOSHHOH HArpysxku (cM. pHc, 3).

Ynpyrocth, IJIACTHYHOCTb, BSI3KOCTh (HOJ3ydYecTh, TeueHHe), pe-
JlaKcauHus HANPSIKEHH d MPOUHOCTb {AJHTEIbHAS NPOUYHOCTh) ABJIAOTCHA
OCHOBHBIMH CBOHCTBAMH BCeX peaJbHBIX MaTepnanoB. Ilpwuem, no-
CKOJIbKY BCe peasbHble Teda 06JAafAal0T BCEMH NEPEUHCHEHHBIMH Buiile
CBOMCTBAMH, TO, Kak 3TO BllepBhie Onio oTmeueno [l. MakcBensiom B
1868 r., HeT IpHHUHINAJILHOH DA3HHUB MEXKAY MKHIKOCTAMH H TBep
AuMH Tejnamu. Ha6mopaemoe B HpHpojie pasividHe B MEXaHHUECKOM
MOBEREHNH KHIKOCTeH H TBepALIX Tesl 0GYCJOBIEHO NJHTENLHOCTHIO
JeACTBHA BHelUHHX cH1. B 3aBHCHUMOCTH OT AJHTENBLHOCTH AeHCTBHS
AOCJIEHHX 10 OTHOLIEHHIO KO BPeMEHH peJakcauly Hanpsxenui (cM.
puc. 3 ura. 2, § 1) TBepAHe Tesa NPOSBASIOT KHAKOOOPA3HHE CBOH-
CTBa, a XHAKOCTH — TBepAooGpasunle, Bpems penakcauHu Hanpsaxke-
HHEHA, KOTOPoe NMPONOPUHOHANBLHO BA3KOCTH H PE3KO PA3JHYHO Y PA3HBIX
MmaTepHajoB, Kak B 1958 r. ormeuan  akagemuk I1. A, PeGungep,
%... AIBJASIETCS OCHOBHOH KOHCTAHTOH, o0beguHsIOmeR cBOHCTBAa TBep-
JOTO Tes1a B KHIKOCTHY.

Bce u3n0xenHOe BHINE O NOBEASHHH PA3NHYHBEIX PeaNbHbIX Tes HOA
AefiCTBHEM BHEIUHHX CHJI OTHOCHTCA K BHEIIHEMY CXOJACTBY
9THX TeJ, UCHOJb30BaHHe KOTOPOrO I[03BOJIsieT HMeTh ofuihe npej-
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CTABJICHHSI 0 «MAaKPO3aKOHOMEDPHOCTAX> AeGOpPMHpPOBaHHA, T.e. 00 HX
AeOPDMHPOBAHHHK B lieJOM. TBepible H TBepAooOpasHbe Tesa, KaK OT-
meuan I1. A, PebGuuzep, oTnHYaOTCA OT KHAKOCTEH HAaJIHUHEM B HHX
IPOUYHOH TIPOCTPAHCTBEHHON CeTKH — CTPYKTYPHL. [losToMy MexaHH3MBI
aehOpMHPOBAHHST TBEPABIX, TBEPACOODPA3HHX KOATYJSIHOHHBIX CTPYK-
TYp H BSI3KHX XKHJKOCTEH CHJBHO OTJIHYAIOTCH APYT OT ApYyra.

Hayka, koropasi usyuaeT H3MEHSIeMOCTb HalPSKEHHO-AegopMHPO-
BaHHOT'O COCTOSIHHsT PA3JHYHBIX TeJl BO BpEeMeHH, HAa3pBaeTcss pPeoJo-
rue i —Haykolt 0 nedopManyy H TeKy4ecTH BelleCTBa («peo» B mepe-
BOJS C TPeyecKoro 03HAYAET «TEKY», a4 «JI0roc» — Hayka). IlpeamMeTom
pPacCMOTpPeHHs PEOJIOTHH ABJSIOTCS pEOoJOTHYEeCKHe TeJjaa, 00-
Jajfapllie peoJOrHYeCKHMH CBOHCTBaMH: YIDYrocCThio,
JIACTHYHOCTBIO, BS3KOCThIO (IIOJI3yUecThIO, TEKYUECThIO), pedakcalien
HANDPSKEHUH H NPOYHOCTBIO (ANHTENBHOH NPOYHOCTBIO), MPHCYUIHMHE
BCEM peadbHBIM MarepHasiaM. Peosoruueckke cBOHCTBa y pAasHBIX TeJ
NpOsIBJSIIOTCST B pasHol crenenH. CrelleHb NPOSBJEHHSA 3THX CBOHCTB
00yc/OBIeHA YCJAOBHAMH HalpsXKeHHO-AeDOPMHPOBAHHOTO COCTOSTHHSA
JLAaHHOro TeNa, ero CTPYKTYPHBIMH OCOOEHHOCTAMH H (aKTOpaMH, BJH-
SIOHIHMH Ha ero peoJIoTHYeCKoe NOBeJeHHe, H B IEPBYIO oYepenb — Hd-
NpsKeHHEM, BpeMeHeM H TeMIepaTypoH.

Peosiorus, BO3HHKHOBeHHe KOTOPOH OBLIO CBS3aHO C H3YYCHHEM Te-
KYYecTH LA3KHX XKHUAKOCTeH, B COBpeMEHHOM  IUHPOKOM IIOHHMAaHHH
9TOr0 CJ0Ba SABJSeTCS OMHON H3 OCHOBHHIX objacrteill MeXaHHKH, 00b-
elHHsOUICH BCce pasfesbl MeXaHHKH JdedopmupyeMmoro rtena. Ilpu pac-
CMOTPEHHH HAIDSXKEHHO-AePOPMHPOBAHHOIO COCTOSIHUS ML aJIbHO YII-
pyroro reja sagauk PeOJOrHK COBIAAAIOT C 3aaYaMH TCOpHH YN P Y-
rocTH, eCjJH NPeIMeTOM PacCMOTPEHHS fBJASETCH HACAJbHOE YNPYro-
NJacTHYECKOe TeJIO, —TCODPHH INAaCTHUYHOCTH, a Korja paccMar-
PHBAIOTCA BONPOCH ONpefeleHHs AJNHTeNbLHO MpoTeKanomux (moJ-
3Y4HX) nedopManti, — TeOpHH noansyuectu. OpHako
3afaud PeOJIOTHH 3HAYHTeJbHO WIHpe 3afai TEOPHH I[0JA3ydYecTH, MO-
CKOJIBKY KpPOMe IIOJI3y4eCTH OHAa BKJOYaeT B cels TakxkKe TEOPHH D e-
JAaKCaUoHH HaNpDSXEHHH H JQNHTEeJbHOH NPOUYHOCTH,

B oranupe oT Teopuift YyNOPYroctH, NJACTHUYHOCTH M NOJI3YYeCTH B
PEoJIOrHH DAaccCMaTpHBAIOTCS KaK OeCKOHeuHo Malble, TAK H KOHEUHBIE
AedhopManky peasnbHblX (CHJIOIIHBIX H IOPHCTHIX) Tell HA M aKp O-
CKONHYECKOM H MHKPOCKONHuecKOoM ypoBHsaX. Cie-
LOBATeNbHO, BCE IlePEUYHCACHHBIC BHIle TEOPHH SIBJASIOTCS OTPAC/ISIMH
peosloriy — pa3/HYHEIMH 3TAnaMK ee pasputus [27].

HcenepoBanusiMu HalpsiKeHHO-Ae(OpMHPOBAHHOTO COCTOSIHHA  pe-
AJBHBIX TeJN ¢ yueToM (PAaKTOpa BPeMeHH HA MaKpPOCKOIHYECKOM YPOBHE
3aHAMaeTcsi MagKpopeonorus. 3agavell MakpopeoJorHu SIBJf-
eTcsl paccMOTPEHHe pPeOJIOTHYeCKOro IOBeJCHHS Tesaa B IIeJJOM — CYXK-
JdeHHe O €ro peoJIOTHYECKHX CBOHCTBAX MO HaHHBIM MaKpO3KCliepHMeH-
Ta (6e3 BHHKAHHS BO BHYTDEHHE® CTPOEHHE BEHIECTBA) H O I POHCXOMMA-
IIHX B €ro CTPYKType H3MEHEHHSIX B pe3y/jbTare BHEIIHHX CHJIOBHIX
BO3AEHCTBHH. DTO 3HAUKT, UTO NOAXOA K HCCAefOBaHHAM pedopmanuil
MaTepHala B MAKPODPEOJIOruH sBAAeTc (HeHOMEHOJOTHUYECKHM,
[TosTomy MakpopeoJiorusi, HapsiRy ¢ KJIaCCHUeCKOH MeXaHHKOH, TepMo-
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JUHAMHKOH H 3JIEKTPDOLHHAMHKOH, NPHHAAJEXHT K (peHOMeHOJorHye-
ckum pasgenam ¢usuku [27]. Makpopeoaorus sBasieTCsl NPHKJIATHON
HayKoH, uMelolleH IHPOKoe IPAMeHeHHe IS pellleHHs CAMEIX pPa3Jidy-
HEIX HHXKeHeDHHX 3a7a4. Ee peaynbTarThl JOCTATOYHO XOPOIIO MOATBep-
JKAAKOTCS IKCTIePHMEHTaMH.

HccnefoBaHusIMH PeOJIOTHYECKHX — TIPOLECCOB HA MHKPOCKONHYE-
CKOM ypOBHe 3aHuWMaeTcs MHKpopeoaorus. OcHOBHOH 3anaveil
MHKDOPEOJIOTHH ABJfAETCA NpefCKa3aHHe MaKPOpeoJoTrHYeCKHX Ipolec-
COB H2 OCHOBAHHH PAaCCMOTPEeHHS MHKDOIPOILeCccOB, IPOHCXOAALIHX Ha
ATOMHO-MOJIEKYJPHOM YPOBHE € Y4YeTOM CTDOeHHMH, CTPYKTYPH, B3a-
HUMOARHCTBHA MeNbYaiilinX 371€MeHTOB CTPYKTYpH peanbHbIx TeJ. Ilpnu
MHKPODPEeOJOTHYeCKHX HCCJAELOBAHHAX HCIOJAB3YIOTCH  MeXaHHueCKHe
Mofiend, oTo6pakaroliie (¢ ollpeie]eHHHIM NpHOJHKEeHHeM) ToBefe-
HHe pCcasbHBIX TeJl.

OpHMM H3 OCHOBHBIX Pa3feJIOB paccMarpuBaeMOfl HayKH sBJAseTcs
3KCHNePpHMeHTanAbHasd PeOJNOTHSE, HIH PeOMeTpPHS, KO-
TOpAas 3aHHMAaETCs H3YYeHHEM 3aKOHOMEPHOCTEH PeosIOTHYECKHX CBOHCTB
H OnpefefieHHEM peoJIOTHYECKHX XapaKTePHCTUK CaMBIX pasgaud-
HBIX peasbHBIX Ted. BBHAy OoJblIOro pasHoo6pasus  MaTepHaJoB,
CJIOXKHCCTH NPHPOAB H AePOPMHPYEMOCTH, HaJ/iHYHA MHOXKeCTBa ¢akK-
TOpoB, 0OYCAOBIHBAIOIIUX HX PEOJOTHUECKHE CBOHCTBA, JKCIEPHMEH-
TanbpHasi PeOJOTHS NpHoOpesa HCKJIIOYHTeNbHO  BAXKHOe 3HaUYeHHE H
CTajla caMOCTOATEJbHBIM HanpaBjaenneM. He pegku cayyam, Korga yc-
IexX NPaBHAbHOTO TIPeACKa3aHHsA NPOLeccoB LJIHTeNbHOrC Ae(hopMHpO-
BaHHA H H3MeHSeMOCTH TIPOYHOCTH COODYKEeHHH BO BPeMEHH B OCHOB-
HOM CBSI3aH CO CTENeHBIO AOCTOBEPHOCTH W HAAEXHOCTH HHOOPMAIMH
O pEoJIOTHUECKHX CBOMCTBAaX MarepuanoB, F3noxeHHOe OTHOCHTCS KO
BCeM MarepHaliaM, HO B NePBYIO odepedb K [VIHHHCTEIM I'PYHTaM, Y KO-
TOPHIX PeOJIOTHUECKHe ABJEHHS APKO BHIpaXKeHH H BBHAY MX eCTeCTBEeH-
HOTO IIpoHCX0XJAeHHa ob6nagaroT Ooabiioll HeogHOPOAHOCTBIO H IIPO-
CTpaHCTBeHHOH H3MeHUYHBOCTBIO cBoiicTB. [loatomy He caydakino To or-
pOMHOe BHHMaHHe, KOTOpOe YAEAFIOT CNellHaJHCcThl 3IKCIEePHMEHTAJNb-
HOH peosorHH BooOlle, ONpeAe/eHHI0 XapaKTepDHCTHK [OJ3y4ecTH H
NPOYHOCTH MATEPHAJNOB B 0COGEHHOCTH.

Caeayer nojdepKHYTb, YTO IKCIEPHMEHTAJbHOE ONpefeleHHe peo-
JIOTHUECKHX XaPaKTepPHCTHK M B NepBYIO odyePelb TNOJ3YUeCTH MaTepH-
aJ/I0B CBA32HO ¢ OOJBUIMMH TeXHHYECKHMH TPYAHOCTAMH, TPYAOEMKO H
TpeGyeT MHOro BpeMeHH. B 3TOiH CBf3H HHTepeCHO OTMETHTDL, UTO AJA
noJy4yeHHs1 GoJjiee HMJIH MeHee HCUEPNBIBAIOINEro NPeACTaBJAEHHSI O NOJ-
3ydecTH GerToOHa, no pannbiM WM. W. Yauikoro, caeiyer yuyecTb BIAHSIHHe
BoceMHaAIaTH (PAaKTOPOB H HCIBEITaTh OOJBIIOe YHCIO 06pasiioB-0Ju3-
HELlOB B TE€UEHHE MHOTHX MecslleB M Aaxe JeT. Y3BeCcTHBl HCKJIIOUH-
TenbHO AnuTesnbHble— A0 140 000 u (16 neT) MccnefoBaHHS HEMELKHMH
YUeHBIMH NOJ3YYeCTH CTaJH IPH BBICOKHX  TeMllepaTypax, a Takxe
TVIHHHCTBIX TPYHTOB — NPOAOJIKHTENBHOCTEIO 10 3,5 Jler, NpoBeieHHEE
A. Buwonom n I'. JlaBerGepu B 1969 r. [4]. Hcnbitanus Ha KpyueHHe
KOJBLEBBIX 00pasivB NpOoAoaKHTENbHOCTBIO A0 800 AHell BHINOJHEHBI
aBTOPOM KHHTH coBmectHO ¢ P. P. Tancrsnom [22, 32].

PesyibTaThl 3KCIepHMEHTAJbHBIX — HCCJAEIOBAHHH PEOJOrHYECKHX
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CBOMCTB CJYKAaT OCHOBOH JAJI8  COCTaBJEHHS PEOJOTHYECKHX
ypPaBHeHHH COCTOAHHS MaTePHANOB, CBA3HIBAKLIHX MEXKAY
co6ofi nanpsKeHud, AePOPMALKH H BPeMs NPH 33AHHOM 3HAUECHHH TeM-
nepaTypH, ABNAKIUXCA OCHOBHEIMH (PH3HUECKHMH YPAaBHEHHAMH Te O-
peTHYeCKOH DEOJNOrHH YpaBHeHHS COCTOSHHSA, NpPeLCTaBasA-
eMble KaK B JHMddepeHIHaTbHOM, TaK ¥ B HHTerpajbHoH dopme, omnu-
CBIBAIOT CBOHCTBA HAEAJNBHBIX Tes, 0TOGpaxKapIiide ¢ OIpefeeHHBIM
NpHGIHKEHHEeM CBOHCTBA PeasbHBIX MaTePHAaJ0B [IPH TIOMOILIH TapaMeT-
pOB, XapakTepPH3YIOIIKX HX NOBeJdeHHe NOJ AeHCTBHEM BHEUIHHX HA-
rpysok. CTelleHb TOYHOCTH OTOGDAarkeHHs DPEOJOTHYECKHX CBOHCTB pe-
aNBHEIX MATEPHAJIOB 3aBHCHT KaK OT NMPaBHJBHOTO BEHIGOPA BHpPakKeHHst
YPaBHEHHS COCTOSIHMSA, TaK H OT TOYHOCTH ONpeReNeHHs NapaMeTposB,
BXOAAIKX B 3TH YPaBHEHHS.

Hcropuueckas crnpaBka. OCHOBH peOJOTHH GHUIH 3aJI0KEHH B
1687 r. 1. HeloToHOM, OTKPHIBIIMM 33KOH [BHXKEHHS HAEaJbHO
BA3KOH XHAKOCTH, H43BaHHOH 7N03XKe HBLIOTOHOBCKOIM, B
OT/IHYHe OT MacKaJdeBCKOH , le obnagawiuiel BHYTPEHHHM Tpe-
HHeM — BfA3KocThO. M. HploToHOM 6BHIJIO yCTaHOBJEHO CYIeCTBOBAHHE
JIHHEHHOH 3aBHCHMOCTH MeXAY CKOPOCTBIO TE€UEeHHS M COINPOTHBJIEHHM
TOMY TeUeHHI0  HJeanbHo  BAskoH  kMAKocTH. K. Ilyaseiinn B
1840 r. BnepBble ocymecTBHJ TOYHOE H3MEPeHHe BSI3KOCTH JKHAKOCTEH
10 HX ABHXKEHHIO Yepe3 kanusuaspuble TpyOkH, a JI. Crokc B 1949 r.
onpefenna napabonnueckoe pacnpefesieHHE CKOPOCTH ABHXKEHHs Bs3-
KOl KMJAKOCTH H PACCMOTpeJN 3ajauy o ABUJXKeHHH (NaLeHHH) TBePLOro
mapa B BA3KOH JKMAKOCTH H YCTAHOBHJ 33KOH 3TOTO ABHIKEHHsS (3aKOH
Crokca).

B. BeGep B 1841 1., 2 @. Koabpaym B 1863— 1888 rr. nccaegosanu
MeXaHHYeCKOe NoBeJleHHe TBEPABIX TeJ BO BPEeMeHH — YIIPYroe IocJe-
JdelcTBHe (Mos3ydecTh) H penakcailMio Hanpsixenwit. JI. Doapuman na
OCHOBAHHH Pe3YJbTaTOB YHOMSAHYTHIX ONHTOB B 1874 r. MpeanoxHJ
TEOPHIO ONpefeJeHUs AJHTENbHEIX AepopMallHil HAa MaKPOCKOMHYECKOM
ypOBHe ¢ yYeTOM HacJeACTBeHHOCTH AedopMauuii nonasyuectd. Teopus
JI. Boabumana s 1912—1913 rr. noayuuna  pasBuTHe B paborax
B. BoabTeppa H craja OCHOBOH LIHPOKO PacnpocTpaHeHHOH TEOpHH
HACJEACTBEHHOR MOJ3YUeCTH MHOTHX pPeaJlbHEIX MAaTepHaJoB.

J. Makcpean B pa6ote «O AHHAMHYeCKON TEOPHH rasoB», onyGJH-
KoBanHo#i B 1867—1868 rr., paccMoTrpes TeOpHIO pesnakcallHH Halps-
JKEHHII B peaJbHHX TeJax H BHCKasal coobpaiKeHHe 00 OTCYTCTBHH
NOPHHIHIHANBHOR DPasHHIE MEXAY XHAKOCTAMH H TBEDABIMH TEJaMH.
On BHABHHYJ HAEI0 O COYETAHHH B PeasJbHBIX  TeslaX CBOHCTB JABYX
cpeA: a) HAeasbHo ynpyroii cpeinl I'yka; 6) HAeanbHO BA3KOH cpeibl
HepoTona H moayuusn BHPa)KeHHE PeOJIOTHYECKOro YPaBHEHHf COCTO-
qHUs yNpPYTOBA3KOTO (MakcBeqmoBa) Teaa (cM. . 2, § 1).

Ucnoaraya Beickazanuyw B 1878 r. KenbBHHOM HAEK O BA3SKOCTH
TBepanx Tea, B. ®oxT B 1880—1882 rr. mpeisoXHA DPEOJOrHYECKOE
ypaBHeHHe COCTOSIHHS TIOJI3yYero HepeasakcHpyIlero (KeJbBHHOBA)
Tesa, He OGJAAAKIEro CMOCOGHOCTBIO MIHOBEHHOTO Ae(pOPMHPOBAHHS.
Anagornuneim o6pasom [, Ilosituur u . Tomcor B 1902 r. monyunau
ypaBueHHe GoJee CJI0XKHOro Tesaa, ofaagawpiuero (B OTJHYHE OT TeJa
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KeqpBHHA) CBOHCIBOM MIHOBEHHOro AeOPMHPOBAHHA W penakcamnues
HanpsikeHuit. OHA Ke A/ HALVIAAHOCTH COYETAHHS YIPYTHX H BASKHX
CBOJMICTB MarepHaJa BIEPBble BOCIOJNB30BAMHCh CTPYKTYPHB MH
MOAensAMH HAeaJbHBX TeJ, IOJIYYHBUINMH WIHPOKOE MpPH-
MeHeHHe B PEOJIOrHH. B nocneayomeM 6bL10 NPeloKeHO MHOTO PeoJlo-
THYeCKHX MoAenef Ans Gosee cinoxubix ted. K. Torensmsep u B. Ipa-
rep B 1932 r. nonyuusnn obllee PeoOrHYECCKOe YpaBHellHe JHHEHHOTO
YOpPYroBsA3KOro teJa, of6obmiapinee Bce paHee NpelJ/OXKeHHblE ypaB-
HeHHs COCTOSHHA HJeasbHEX VIPYTOBA3KHX Ted,

I'. Tpecka B 1868 r. 1 B. Cen-Benau B 1870 r. paccmorpean yc-
JOBHe  Ne(POPMHPOBAHHA HIOEANBHOTLO KeEeCTKONJacCTHYE-
CKOro (ceH-BeHaHOBa) Tena, a JI. Ilpauarab B 1928 r.— upe ab-
HOTO yhopyronjactudeckoro tela (eM. i 2, § 1).

®. Ulsenos B 1889—1900 rr. Ha ocHOBe HCCIEIOBaHHMsA peJaKCAlH-
OHHBIX IIPOILECCOB B KOJJOHWAHBIX pacTBOpax KedatuHa, E. Bunram —
TeueHHsl cycneHsuu riuH, a E. bunram u I'. I'pun — Macaansix kpacok
B 1916—1919 rr. nosiyunnn (He3aBHCHMO ADYT OT Jpyra) peoJioTHue-
CKHe ypaBHeHHS COCTOIHHA HAEaJbHHX YIOPYrOBg3KONJAacTH-
yecKHX Ten. B 1922 r. E. Buaram ony6/1HKOBal CBOIO H3BECTHYIO
MoHorpaduio «Tekyd4eCTp w  NIJNACTHYHOCTB» U BBes B yHoTpeb.eHue
TepMHH «peodorusa». ITo ero uaunuaruse B 1928 r. Guijio opraHH3oBaHo
aMepHKAaHCKoe peosiorHyeckoe  ofmiectBo, a B 1929 r.—ua TpeTbeM
cuMnosuyMe no naactuunoctH B CHIA TepMHuH «peosorus» GbL1 NPH-
HAT odHULHAJBHO.

OCHOBOIO/TOKHHKOM PEeOJIOTHH B COBPEMEHHOM NOHHMAaHHH 3TOTO
cnoBa cunraerca E. Bunram. OpHako cieayer 3aMeTHTh, 4TO 3a[0JT0
1o Hero ®. [lIBenos ony6.ukoBas cBou paGoThl, KOTOpBIE CBOEBpEMEH-
HO He TIPHUBJEKJH LOJKHOTO BHHMAaHHsS  HCCJefoBaTejeli BBHAY HX
nyGaHKauu Bo PPaHLy3CKOM XKypHaJe, OptBlIeM GuGauorpaduuecko
pPeAKOCTBIO.

Peonornueckne npo6aemMbl NPOHHK/H BO BCe 06/1aCTH HAYKH H Tex-
HukH. MMy Haya/ny HHTepecoBaThCs clelHaJHCTH, paboTamllhe B ca-
MBIX Pa3JHYHBIX 06/1aCTAX HaykH (MexaHHKe, PH3HKe U (DHIHKOXHMHH),
a TakXKe TEXHOJOIHH, 3aHHMa0llHecs TPOU3BOACTBOM METasJ0B, IaCT-
Macc, KPacok, cMa3ok, 6eToHOB, IleMeHTOB H T. A. Kak mocse, Tak H 10
OhHIIHANBHOTO TIPH3HAHHA DEOJOTHH KaK HayKH GHWJ0 BHIIOJHEHO Or-
pOMHOe uHCJIO HCCJAefOBaHHE B 370N 06saCcTH BooOGIlle, 3SKCIEpHMEH-
TaJBHOU PeOJIOTHH B 4aCTHOCTH, Pe3ynbraThl 9THX HccaedoBaBul nsJjo-
JeHbl BO MHOTHX XYPHasiax H MOHOrp adusx, L0JO0¥eHbl Ha HECKOIBKHX
MeXXAYHAPOJHEIX Pe0JOrHYeCKHX KOHrpeccax.

CaenyeT 3aMeTHTb, 4TO B PEOJIOTHYECKHX CBOHCTBaX Pa3jHYHBIX Ma-
TePHAJIOB KaueCTBEHHO MHOro 06llero, NO3TOMY HCIIOJb30BaHHE OINBITA,
HAKOMJEHHOrO MpH HCIBITAHHH OLHOTO MaTepHana, AJs APYToro sBjs-
eTcsl BeCbMa MoJIe3HHM, Jaxke HeOGXOLHMBIM KaK B CMBIC/]e pa3pabor-
KH METOLHKH HKCMepHMEHTHPOBAHHUS, TaK W 1A TeopPeTHUeCKHX paspa-
60oTok. B 310t cBSI3H c/le/lyeT OTMeTHTh, UTO H3yUYeHHe H HCIONB30BaHHE
Pe3yabTaroB, MOJy4YeHHbIX NPH HCCAEHOBAHWH PeOJOrHYeCKHX CBOHCTB
MEeTaJJoB, IJjacTMace, 6eTOHa, ApPeBeCHHH H DANA JHCIEPCHBIX CHCTeM
3HAYHTEJBHO IIOMOTJIO MPeOAoNeTh CYIeCTBEHHOE QTCTABaHHe PE0JOTHH
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rPYHTOB BOOOILE, TJIHHHCTHIX B OCOGEHHOCTH, YCIEIUHO PeUIHTh MHOTHE
C/I0XKHBle NIp06JeMbl. DTO B NMEPBYIO 0Uepefb OTHOCHTCA K yYeTy MOJ3Y-
YeCTH CKEeJieTa TIViHHHCTBIX TPYHTOB IPH pelleHHH 3a4au YIJIOTHEHHA
BOJOHACHILIEHHBIX [JIHHHCTHIX PPYHTOB (cM. M. 3, § 7). [Toaromy, uto6u
ycHellHo pelllaTh 3aJayM, CToAliHe Mepei PeoJorHed rIHHHCTHX IPYH-
TOB, HEOOXOAUMO CJEAMTh 34 YCIIEXaMH, ZOCTHIHYTHIMH B DEOJIOTHH Ca-
MBIX Pa3JHYHBIX MATEpHAaJOB, & B NePBYI0 Ouepe/b GeTOHA — MaTepH-
aJa, KOTOPHIl 1o CBoeMy CTpoeHHIo W cBofictBaM B HanGoJbIUell cre-
neHH GJM30K K TIHHUCTBIM [PYHTaM,

ComocraBnss GeTOH M [AHHHCTBIE TPYHTH, OCHOBOTOJOMXHHK MeXa-
Huku rpyHtoB K. Tepuarn mucan [30]: «Ilo pesysbTaTam clienanHbix
O CHX IOp HCCJAe[OBAHMIl CBA3aHHBIE TPYHTH MOXHO CPAaBHHTH ¢ Oe-
TOHOM, B KOTOPOM IIeCOK H IBLIb HI'PAOT POJb CKEJTETa, a KOMIOHAHEH
a1 — poJb nementa». K. Tepuaru nokasaq HAEHTHYHOCTh BCEX Xapak-
TepHBIX 0co0eHHOCTEH TJIHHHCTBIX IPYHTOB M 0eToHA € eJHHCTBEHHOM
Toil pasHuued, uTo B rpyHTE yNpyroe noc/jeleficTBue (Mmosi3ydyecTb) Ha-
6mogaercs Jgerde. MMeHHO No3TOMY A/ TMOHHMAHHSI MeXaHH3Ma Je-
(GhopMHpOBaHHS TJHHHCTHIX TPYHTOB BO BPEMEeHH, 38KOHOMEDHOCTEH HX
peosoruyeckHx cBOHCTB M pa3paboTKH TEOPHH NOJA3yYeCTH NpPeACTaB/Is-
10T 6GOJBIIOH HHTEPEC MCCAeACBAaHHs, BHIIOAHEHHBIE B 06/aCTH MOM3Y-
YeCTH, NPOYHOCTH H peJakcalnii HanpsxKeHuii B Getone, Cpean pabot
o moJa3ydectd GeTona caenyeT ocobo ormernts paborw I'. H. Mac-
aoBa u H. X. Apyrionsna [1], koTophie cbirpann GoablIyio pPodb B e
HccJMeoBaHHA M pa3paboTKH TeOPHH HAcJ/e[JCTBEHHOH MNOJ3yUYeCTH He
TOJBKO 6eToHa H Kese306eToHA, HO H JPYTHX CTApeiolllUX BO BPEMEHH
MaTepHAJO0B, B YACTHOCTH [JIHHHCTHIX TPYHTOB.

B sakjioyeHHe OTMETHM, YTO PeOJOTHYECKHE CBOHCTBA IVIHHHCTHX
TPYHTOB B 3aBHCHMOCTH OT HX COCTOSIHMS (IJIOTHOCTH, BJIAXKHOCTH H
CTPYKTYPHOH MPOYHOCTH) H3MEHSIOTCS B BeCbMa LUMPOKHX IIpelle/ax —
OT HBIOTOHOBCKOH HAeajibHO BSI3KOH JKHAKOCTH A0 TBeploro Tena, 00-
aafamouero xKecrko#t miactuuHocteio Cen-Benana. [loatomy aast ue
cleJOBAaHHS HX PEOJOTHYeCKHX CBOMCTB MPeACTaBJAAIOT OOJbHIOH HH-
Tepec He TOJLKO peONOrHUecKHe CBOMCTBa NepeuHC/EHHBIX BHIIIE TBep-
ABIX TeJ, HO H HEHBIOTOHOBCKHX {@HOMAJbHBIX) XKHJAKOCTEH, XapaKTepH-
3yeMHBIX MepeMeHHOl BA3KOCTbIO — HeJIHHefiHOH 3aBHCHMOCTBIO MeXIY
HATIPSKEHHSIMH H CKOPOCTAMH TeueHHs (MedOpPMHPOBAHHSA C IOCTOSH-
HOH CKODOCTBIO, YCTAHOBHBINEHCA I10J3ydecTbio), 00ycJa0BAeHHOH Bpe-
MeHeM H HCTopuell NPHJIOKeHHS HArpy3Ku. K HeHbIOTOHOBCKHM KHAKO-
CTSIM OTHOCATCSI Tak»XKe YIPYTOBA3KHEe ©  YIPYTOBA3KONMJIACTHYHLIE
CTPYKTypHpOBaHHBIe XHAKoCTH (VY. A. ¥Yuikuucow, 1964 r.).

§ 2. KPATKUE CBEAEHHA O MATEPHAJIE HCCJEIOBAHHA

I'pyHTH — 9TO pHIXJIBIE TOPHBIE NOPOJH, SABAAIOIIHECH NPOAYKTOM
BBIBETPHBAHHSI KaMeHHOH 000J0YKH 3eMJH (Jutocdepn), NPOYHOCTD
cBA3eH MeXJY 4acTHLAMH KOTOPBHIX BO MHOIQ pas MeHbIIe MpOYHOCTH
MuHepaJbHEX uYacTHll [37]. I'VMIHHHCTBHe TPYHTBHI, KOTOpHIE SBJAAIOTCA
MarepHanoM HAIIero HCCAeROBAHMSA, HAPALY € HecYaHBIMH — IIHDOKO
paclnpocTpaHeHHAas 4aCTh OCAJAOYHBIX FOPHBIX NOPOJ, BaXKHeillled OT/IH-
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yuTeNbHOA 0COBEHHOCTBI0 KOTODHIX SABJASETCS JNHCIEpCHOCTh (pasApol-
aerHocts). [loToMy riHHHCTEIe TPYHTBHl SIBJASIIOTCA TOPHCTBIMH (He-
CILTOIIHBIMH) TeJaMu. DTO 3HAUHT, YTO TBepAhle MHHEPaNbHble YaCTH-
1Bl 3aHHMAIOT TOJbKO 4acTh 06beMa TPYHTA, & OCTaJbHASA €ro 4acTb —
nopel, 3alOoJHeHHEle XHAKOCTBIO WJH ras3oM. Te rpyHTH, B Iopax Ko-
TOPBIX OAHOBPEMeHHO HAXOASITCSl RBOAAa W BO3AYX, NMPEACTaBJSIIOT CO-
Goft TpexdasHywo cHcreMy (TBepavle YacCTHIB], BOXA H BO3JAVX), @ €CIH
Bce MOPhHI 3aN0JHEeHBl BOAOH — ABYX(ha3HYIO CHCTEMY, HJIH «TPYHTOBYIO
maccy» (H. M. I'epcesanos, 1937 r.).

B rIHHACTBIX IDyHTaxX B 3HAuUUTeNbHOM KOJHUECTBE IIPHCYTCTBYIOT
TOHKOJHCTIepCHble YacTHllH pasMmepoMm MeHee 0,002 MM, DTH IHHHCTHE
YacTHIBl NPHAAIT pacCMaTpHBaeMHIM TPYHTaM CHellH(HUYecKHe CBOfi-
CTBa, BaXKHeHIIHM M3 KOTOPHIX siBAseTcd cBA3HOcTh. CBoficTBa 9THX
IPYHTOB 3aBHCAT OT MHHePAaJIbHOTO COCTaBa YacCTHI, UX Pa3MepoB, THIIa
# MPOYHOCTH CTPYKTYPHBIX CBfi3efl, CTPYKTYPH H TEKCTYPbl, COCTOSIHHS
(JIOTHOCTH M BJAaXKHOCTH), a TaKXe OT CBOHCTB, 06yC/JIOBJIEHHBIX B3a-
uMofeficTBHeM ¢ Bofoit [9].

Mexanuueckue H Pu3HUECKHe CBOHCTBA IVIMHHCTBIX TPYHTOB HCKJIIO-
YHTENbHO CJOKHBIX 0Opa3oBaHHl (DOpPMHDPOBANNCH B TeUeHHe AJHTENb-
HOTO FeOJIOrHUECKOTO BpeMeHH o1, AeHCTBHEM MepeMeHHOTo JaBjeHud,
yBJAXKHEHHs H BHICBIXaHHS, TeMIepaTyphl, XHMHYeCKHX H (DUIHKO-XH-
MHYEeCKHX INPOLEeCcCcOB, I€MEHTAIHH, NEPEKPHCTANIH3allHH, TeKTOHHYe-
CKHX M JAPYTHX NPHPOAHBIX fABJEHHH, a Takxke [JeATeNbHOCTH UeJOBeKa.

du3nyeckne CBOHCTBA TJHMHHCTHIX TPYHTOB

OcHOBHBIMH (PH3HUECKHMH CBOHCTBAMH rpyHTOB BOOGIIE, IIHHHCTHIX
B UacTHOCTH, SBJAKOTCA: BJAAaXHOCTb W, IJAOTHOCTL (yaeab-
Has Macca) TBepPAHX YaCTHL Qs W MNJAOTHOCTE (yAens-
Has Macca) TpPYyHTa p.

BaaxKHocTh rpyHTa xapaKTepu3yeTCs COJEePXAaHpeM B HeM KOJHUe-
CTBa BOAMI, ONPefesseMOro yjaajeHHeM IIpU ero BICYIIHBaHHH [0 TO-
cTosiHHO# Macce! pu Temneparype I =100—105°C. BaaxHoCTbI0 TPyH-
Ta W=msy/My, B JONAX €LHHMIbI, HA3BIBAIOT OTHOLIEHHe MAacChl BOJBI
My K Macce TBEPABIX UACTHIL 1y, COJEPIKAIHXCA B 1aHHOM ero oObeMe.

BsiaxHocTe IpyHTa IDH €CTeCTBEHHOM €FO 3ajeranun HaseBaeTcs
ecTecTBEHHOH (NpHPOILHOI).

B 3aBucHmMoOCTH OT BHIA BOJAB! (THTPOCKOMHUYECKOH, NJeHOUHOMH, Ka-
MHAAAPHOH HJIH cBOGOZHOM) BIaXXHOCTHHIMH XapaKTEPHCTHKAMH T'PYH-
Ta Cay3KaT TaKyKe: THTPOCKONHUeCKas BJAXKHOCTb Wk, MaKcuManbHas
THI'POCKONHYHOCTD Wip, MAKCHMAaJbHAsh MOJEKYASIPHAA BJAATOEMKOCThb
Wmnm, KaMHAJAAPHAS BJIATOEMKOCTb Wegp M TOJHAS BJIATOEMKOCTH Wy

OtHoweHue o6beMa Bogbl B TPyHTe KO BCeMy oObeMy TpyHTa Ha-
3bIBaI0OT 00BbEeMHOH BAAXHOCTbHI ©y, a OTHOCHTEJIbHOE CO-
JeprXaHue BOJBL B nopaX rpyHra (OTHolleHHe o6beMa MOpoBOH BOAB X
o0beMy 1IOp), XapakTepu3ywlllee CTeleHb 3anojHeHHs Mop BOACH, —
cTeNeHbIO BOJOHACHIUIEHHS Sp

B.raxHOCTh TVIHHHCTBIX TPyHTOB W onpenensotr no [OCT 5180—75.
MakcHManbHyl0 MoOJeKyJAsSIPHYIO BJaroeMKoCTb, T. €, BJAaXKHOCTh NpH
HanbosblleM KoJHYecTBe B I'DYHTE THTPOCKONHYECKOH M IJ€HOYHOH
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(pHIXJIOCBA32HHOH) BOAbI [9, 24], oNlpefeniloT METOAOM «BJIATOEMKHX
cpea» A. @. JlebeaeBa, ycopeplieHCTBOBaHHBIM A. M. BacHibeBHM.

Ilonnyio BJIAroeMKOCTb @j, CTeNeHb  BOAOHACHIIEHHS S, o06BheM
BOAH V, B efiMHHIle 060BEMA IPYHTA BHUHMCIAIOT 110 IPHBEAEHHBIM HHIKe
cooTHowenuaM (1.10)—(1.13).

®usnyeckoe COCTOSHHE MJIMHHCTHIX TPYHTOB B 3HAUMTENbHOH CTeme-
HH OOYCJIOBJI€HO HX BJIAXKHOCTBbIO. B 3aBHCHMOCTH OT €e BeJHUHHH
TJIMHHCTEIE TPYHTHI MOTYT HAXOJHThCS B TBePAOM, NJACTHUHOM
H TE€KyUYeM COCTOAHHAX. B NMIaCTHYHOM COCTOSIHHH TVJIHHHCTHIE TPYH-
TH Xopoiio GopMHpPYIOTCS M HedopMmupyoTca HeoGpaTumo, 6es cy-
1IeCTBEHHOTO H3MeHeHHA of6bema. YMmeHblleHHe BJAXKHOCTH 110 OTHO-
IIeHHIO K YKa3aHHOMY COCTOSIHHIO BHayaJjie NpeppamiaeT TPYHT B HOJY-
TBEDAOE, a 3aTeéM B TBEPAOe TeaO. YBeJHUeHHe BJAXKHOCTH IPHUBOAHT
CPYHT B TEKyuee COCTOSIHHE.

CocTosiHHe TJIMHHCTHIX TPYHTOB M0 BJAXKHOCTH (KOHCHCTEHIHH)
XapaKTepHayeTcs NpefesiaMH TEKYUeCTH Wz, H PaCKaTHIBAHHS (HHKHHM
npenesoM MIaCTHYHOCTH) Wp.

B uuTepBasie H3MeHEHMs BJAXKHOCTH, MeXAY TMpeAeNaMu TeKyuecTH
H pacKaTHBaHHUA, rJHHHCTHIE TPYHTHl HAXOAATCS B IJIACTHYHOM CO-
crosiiuu. Ilpudem, yem Goablie colepiKaHue B TPYHTE TJIMHHCTHIX Ya-
CTHIL, TeM GOJBlIle PA3HHIA MEXKJY BJAAXKHOCTAMH YKa3aHHHX TpeaeNoB.
Jokazano, 4TO OTHOLIEHHe BJIaXKHOCTel TNpejeJioB pacKaThIBaHHA H
TEKyuecTH NpHMepHO paBHo @Wp/w;=0,5—0,6, a wp Mo BeNHUHHE COB-
najaeT C BeJHUHHOH MakCHUMaJibHO® MOJEKyAspHOH BJIAroeMKOCTH,
torga 0,13<<@wnm<<0,24. Ecan @mn << 0,13 unn w,>0,24, makcuMaib-
Hast MOJEeKyJspHas BJAroeMKOCTh MeEHbIe Ipefesia pacKaTHBAaHHS,

PasHocTe MeXAy AByMd TpelelbHHIMH 3HayeHHAMH BJAaXKHOCTH
[JIHHHCTHIX TPYHTOB TNPHHSATO HA3BIBaTh YHCJAOM NJAaCTHUHOCTH
[pi

]p=WL—Zﬂ)p. (11)

Uncao maacTHYHOCTH [p, KOTOpOE A TVIHHHCTHX TPYHTOB ABJA-
ercs KaacCHPHKAUHOHHEIM MoKa3aTeseM, y cyrnecell H3MeHseTCA B
npegenax 0,01<</p<<0,07; cyrauukos — 0,07<</p<<0,17 u raun —
1p>0,17.

KOHCHCTEHIHA TJIHHHCTHIX TPYHTOB OLEHHBAeTCH TOKaszaTeneM [r:

wO—wP

L= —— "% (1.2)

rie W, — ecTecTseHHas (MPHpOAHAf) BJIAXKHOCTB.

B 3aBHCHMOCTH OT BEJHYMHBI NOKa3aTels KOHCHCTeHUMH [r TJIH-
HUCThle TPYHTH MOryT uMerth ciexyiomue cocrosuus (CHull 11-15—
74).

Cynecu: ,

TBEpROE . . . . i; <0
IacTHYEOE . . . 0=/, <1
TeKyuee . . . . I; >1
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Cyrauuku n

rJa1Hb
TBEpAOE Jo <0
noJayTBeproe 0<</; < 0,25
TYTOMIACTHIHOE 0,25<1L =< 0,50

msarkonaacraynoe  0,50<</, =<0,75
Tekyuennactaukoe  0,75<</p <1
TeKyuee I, >1

YxazaHupfl cnoco0 OUEHKH COCTOAHHS [MIMHUCTE(X TPYHTOB €CTeCT-
BCHHOrO (HEHAPYIUIEHHOrO) CJNOXEeHHs He CBOOOLeHd OT HeZOCTATKOB.
Bo mHOrEx cAyuasfx MOXKHO NOJYYHTH JOXKHOE NPEACTaBieHHe o pefi-
CTBHTEJNEHOM COCTOSIHHH TPYHTA, TaK KaK 3TOT cocol He yYHTHIBAeT
BJAHAHUS CTPYKTYPH [PYHTA HA €T0 COCTOHUE.

CyliecTByeT HECKOJAbKO METOAOB ONpeAeseHus IPefesoB TEKYUeCTH
H PacKaThiBaHHs, KOTOPHE B ONPEREJEHHOH CTeNeHH ABJSIOTCH YCJAOB-
HEIMH BeJwunHaM#. Mx yCJIOBHOCTR mpexpe Bcero o0ycJaoBjeHa TeM,
YTOo Wp H Wz HE XAPAKTEPHIYIOT UMEIOPr0 MecTo B IPHPOJE NocTe-
IeHHOTrO Mepexofa FPyHTa H3 OAHOrO COCTOAHHS B APYroe.

[Tpegensi TexyyecTH M IMJIACTHYHOCTH TVIMHHCTHIX TPYHTOB MO  Me-
TofgaM 6aJaHCHPHOTO KOHYCca y HX DPACKATBIBAaHHA B IIHYD AHAMETPOM
3 mM mpuBegensl B T'OCT 5183—77.

lroTHocTe (yAesbHas Macca) TBePAbIX YACTHI, TPYHTA 0=
=g;/Vi, T. e. paBHa OTHOIIEHHIO Macchl TBepAHIX YaCTHL &; K HX
obvemy V,

BejuunHa MJIOTHOCTH YacTHIl ps 0OycaoBIeHa MHUHEPaAbHHM COCTa-
BOM TPyHTa, & TaK¥Xe MJAOTHOCTBIG OCHOBHBIX NOPOR000pa3yIOUIHX MH-
HepanoB (p,=2400—2800 kr/M®) wu oOprasnyeckKHx BeIIecTB (ps=
=1250—1400 xr/m?). [1nOTHOCTL YACTHII TVIHHHCTHIX FPYHTOB H3MCHS-
eTcd B mpegenax 2400—2800 kr/m3, a B HEKOTOpHIX caAyYasx AOCTUTAeT
peanununt 3000 kr/ms.

ITo mawuwmM [I. E. IloapuminHa, nAOTHOCTE YACTHY, CymeceH, He co-
IepiKalldx OPraHWYeCKHX BeIeCTB, H3MeHseTcs B mpelenax 2680—
2720 kr/m3,  cyranpHkoB — 2690—2730 kr/m?), a ramum—2710—
2760 kr/m3. [1M10THOCTD YacTHI AMATOMHTOBHIX [JIHH, COAEpIKAaIUX Op-
raHHyecKue BellecTBa, HaMeHseTca B Tpegenax 2360—2590 kr/wd,
Topda 500—800 xr/m3 [24].

3Hasd ps, MOXHO OINpPEAENHTb YyIeNbHHH Bec HacTHI IpyHTa vy 1o
dopmyne

Ys = 0s &> H/md, (13)
rae g — yckopesue csobopsoro nagenus (g=9,81 m/c2=10 m/c?).

IlroTHoCTh (yAennHas MacCa) FPYHTA, HJIH MAcCa FPyHTa B €AHHHIE
obbeMa p=go/Vo, paBHa OTHOLIEHHIO Macchl 06pasia go K ero o6beMy
Vo. IlnoTHOCTE COBepIIeHHO CYXOTo TPYHTA HAa3bIBAIOT IJIOTHOCTHIO
(ynenbHOH Maccoll) ckeneTa pg H ONMPeAENAIOT O COOTHOLIEHHIO Macchl
TBEPAbIX YACTHL g1 K o6beMy Ipyurta V,, uan

pa = p/(1 +w). (1.4)
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ITaotHOCTE IPyHTa NOA BOAOH p° paBHA OTHOLIEHHIO MacCchl IpyHTa
g, , OGJIET4EHHOTO Maccoii BHITECHEHHOTO MM ofbeMa BOJH, K 00beMy
rpysra Vg (1.15).

ITo ananorun ¢ (1.2) yneabHH Bec TPyHTa y ONpeAensior o cae-
IYIOIEMY COOTHOUIEHHIO:

y=pg, Hm, (1.5)
a yJeJbHBLI# BeC cKeJsieTa
Yo = pa g, H/M. (1.6)

MNopucrocty sBideTCst BaKHeHIIMM (U3HYECKHM CBOHCTBOM, XapaK-
TePH3YIOUIUM YINJIOTHEHHOCTh IPYHTa,— IJIOTHOCTh yNAKOBKH YaCTHII,
nOycaoBauBawulell ero NPOYHOCTHEIE H JAeOPMALHOHHBIE CBOHCTBA.
3To NMepeMeHHasi BeJluYHHA, H3MeHsSeMas noJ AeHCTBHEM KaK CHJOBLIX,
TaK g BJI2XXHOCTHHX QpakTopoB (mabyxanue, ycaaka).

TlopuctocThio # NMPHHSTO HA3BIBaTh 06bEM HOP B €AHHHIE O6beMa
TPYyHTA, a KO3 (PHIHEHTOM NOPHCTOCTH € — OTHOIIeHHe obbeMa mop A
K o0BeMy TBePABIX YaCTHI[ # B eAuHHUe oObema (1.7) — (1.9).

3uasi TPH OCHOBHBIE XapaKTePHCTHKH (pHIHYECKHX CBOMCTB TPYH-
TOB — BJIaXKHOCTb W, IIOTHOCTb TBEPJABIX YACTHI Ps U IJOTHOCTE IpYH-
Ta p, 4 TAaKXKe HCHOJb3yS NOHATHE TIJIOTHOCTH CKEJeTa pg, BCE OCTAJb-
Hbie ToKazaTeqad (u3HIeCKHX CBOHCTB BRUHCJAAT 00 ¢opMyaaMm
(1.7) — (1.15) [37].

Mertoan onpenenenus nokazateneil GU3HYECKAX CBOHCTB TJIHHHC-
THIX PPYHTOB NOAPOOHO M3JOXKeHBl B clleliHaabHO# guTeparype [15; 39],
a Takxke B cootBercrByomux ['OCTax.

XapakTepHCTHKH (H3HYECKHX CBOHCTB FPYHTOB, EbIYHCJIfeMbie O
OaHHbIM ONbITOB, CAEAYIOUIHE,

1. OtHocuTesbHAst MOPHCTOCTD (KO3((QHIHEHT HOPHCTOCTH):

e = (ps — pa)/pa - (1.7)
2. O6peM TBepABIX YaCTHH B elHHHIE o06beMa IpyHTa:
m = paips = 11 +€). (1.8)
3. ObbeM 1op B eAuHule 00beMa IPyHTa:
n— 1_&):__‘3—-. 1.9)
( Ps l+e ¢
4. [Tojnas BAAroeMKoOCTb:
Ps

5. CTeneHb BOAOHACHIIEHH:
S, =2 =28 (1.11)
wy € P
6. O6neM BOAH B efuHHIlEe 06beMa IPYHTA IIPH BJAXKHOCTH W:

(1.12)

Vo = W pg
epw
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7. O6beM BOAH B efAHHHIEe 00beMa IOJHOCTBIO BOAOHACHILEHHOTO
rpyuta (S;=1):

Wy Pd

8. O6nem rasa (Bo3ldyxa) B elMHHIle o6beMa TPYHTa IDH BJIax-
HOCTH W:

Vg=( : ——w—) Pa . (1.14)

Ps Pw
9. IMnoTHOCTL ofJerieHHOro B Bojde ABydasHoro rpynra (S,=1):
(= Lo P 1.15
P e (1.15)

Tlie Pp — IJIOTHOCTh (yAeJdbHas Macca) BOIH.
OCHOBHbBle TeHETHYeCKHe PA3HOBUIHOCTH TJIMHUCTBHIX TPYHTOB

[uHHCTHIE OT/IOXKEHHS — CyIeCH, CyTVIHHKH H TJIHHBI [14, 19] no
yCcaoBHAM 06pasoBaHHs NMOAPA3JeNAal0TCA Ha 3JI0BHAJbHBIE, NENIOBH-
aJbHble, NPOJIOBHAJbHBEE, aJJIIOBHAJBHBIE, JEAHHKOBHE (MODEHHBIE),
BOJAHO-JeJHHKOBLIE, O3ePHbIE, J0J0BHE, JaryHHHE, MOPCKHe.

DA0BHAJAbLHBMH Ha3bBAOTCH IVIMHACTHIE OTJNOXKEHHH, KOTOphle
©06pa3oBaikCh, HA MECTe 3aJ1€TaHHS MATePHHCKHX IOPOJX M He MOABEpT-
JIMCh pasMuBy aTMocepHBHIME ocaZkaMu, OHH 0 CBOEMY MHHEpa/b-
HOMy COCTaBy (KaONHHHTOBBHI, MOHTMODHJIJIOHHTOBHI, THAPOCHIOAHEH
MJH CMEUIAaHHBIH) GJH3KH K MAaTePHHCKHM IOPOAaM, OCOGEHHO INHPOKO
pacnpocTpaHenl MOHTMOPHJJOHHTOBHE pasHOCTH. Mx mpounocTe He-
BBICOKA, MOIIHOCTE Kojaebaercs (B 3aBHCHMOCTH OT KJHMaTa) OT He-
CKOJIBKHX CAHTHMETPOB A0 HECKOJBKHX HACCATKOB METDOB, CJIOHCTOCTb
Habmonaetcs peako, OCHOBHEIMH MeCTaMH JIOKaJH3aLHKH MOPOJA SBjA-
10TCS TJIOCKHE BOAOPas3Aedbl (MJaTo), oueHb MOJAOTHE CKAOHHL, MOANOH-
MeHHEle M HaAIofiMeHHBIE Teppachl, a TaKike JOJHHLL PeK H peUylllek.

JlenioBHanpH e TAHMHHCTHE OTJNOXKEHHH IIPEHMVIIECTBEHHO B
Bu/ie CyTJIHHKOB M PJHI Pa3JHYHOH MOIUMHOCTH, 3aBHCAINCH OT KPyTH3-
HH CKJOHA, HaKaljikBawTCd Ha CKNOHAaX, B WX OCHOBAHHMX, a TaKXKe B
MOHHKEHHBIX MecTaX (B pe3yjibTaTe CMBIBA aTMOC(EDHBIMH OCaJKAMH
3JII0BHAJABHLIX 00pa3oBaHHi). DTH OTJOXKEHHs OueHb HEOLHOPOJHH,
He OOHapyXHUBAIOT CJOHMCTOCTH M COPTHDPOBKH, a eCiH OGHapyXuBaloT,
TO TOJNbKO HENpaBHJbLHYI0, MECTHYIO, HMEIOT NIONHMHHEepaAbHbIA coCTas,
o0yC/OBAEHHBE MuHepaJdbHLIM COCTaBOM OKpyKalomux mnopojf. Ilo-
pHCTOCTh MHOraa mpesbimiaeT 50%, mpounocts HeBhIcOKas. B 3acyminu-
BbIX PaHOHAX OHH HECKOJbKO 3aCOJieHbl, NIOXOXKH Ha A Ecchl (CM. HH-
®e) H o61alaloT NpocafOYHOCTLIO NMPH 3aMaiHBaHHH. B pesynbrate
CTPOHTEebHOA AEATEJLHOCTH UeJOBEKa, a TaKkKe BOJAOHACHIEHHS AOXK-
IeBHMH H ADYTHMH BOJAMH B HHX 00pas3yloTCfl CIABIBH, OIOA3HH H
Jpyrue BHAbI IBHKeHHS I'PyHTa 110 CKJOHY.

IIponoBHaMbHB € IVIHHHCTHE OTAOXKEHHS (QOPMHPYIOTCA Ha
NPEATOPHBIX PaBHHHAX H MeXIODHBIX JeNpeccHs X B BHAE OCaLKOB
4acTHI[ B HernAyGokne BpeMeHHble BOJOeMHl (03epa), 06pa3oBaHHBbE
IIPH HHTEHCHBHHIX BHINaJaHHAX A0XKAel CO 3HAUHTENBHBIMH MMOTOKAMHM
BOAbL. OMHOpPOAHBIE MIHHHCTHIE TIPOJIIOBHANLHBIE OTIOKEHHS N0 CBOEMY
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rpaHyJIOMETPHUECKOMY COCTaBy TIPeCTaBJIeHBI .l'léCCOBH,U,HbIMH
CYrJdHHKaMH (CM. HHXE) C NPOCALOYHLIMH CBOHCTBAMH, COAEpKAT
GoJIbLIOE KOJHUECTBO BOAOPACTBOPDHMBIX cojefl H 061afaloT BHICOKOH
MOpHCTOCThI0, [HeoqHOPOJHEIE HX Pa3HOBHIHOCTH COJEPIKAT 3HAUHTEb-
Hoe KOJHYyeCcTBO Tpy6o06]10MOYHOTO MaTepHasa, o6saafant Gecmops-
JIOYHOH H KOCOCJOMHOM TeKCTypoH H HeCKOJbKO 60.blieH MJO0THOCTBIO.

AnfoBHaAbHHeEe — pedHbe IVIHHACTHE o6pa3oBaHHA IIpEeHMY-
[IeCTBEHHO ¢JaralT BepXHHe TOPH30HTH NMOHMEHHBIX YYaCTKOB JOJHH
MOIIHOCTBIO O HECKOJBKHX METPOB, OTJHUANTCH OOJBIIAM pPasHOoG-
pasuem IO COCTaBy, CTPOEHHIO H CBOACTBaM B 3aBHCHMOCTH OT peJbeda
MECTHOCTH H yCJOBHH MX HakofleHHs. B MuHepa/sbHOM cocTase Mpeo6-
Ja7al0T MOJHMHHEDaJbHEE Da3HOCTH B BHJE KAOJHHHT-THIDOCHIOLHC-
THX HJAH MOHTMODHJJIOHHT-THADPOCAIOAHCTHX — acCOLHALHH TJHHHCTHX
MuHepaJos [9].

[TofiMeHHBIZ JIHHUCTHE aJJIIOBHAJNbHBIE 00Da30BaHHS NPaKTHUECKH
3a/Ieral0T CHJONIHEIM HOKPOBOM MOIIHOCTBIO 0 HECKOJBKHX METPOB C
3aMeTHOM CJIOHCTOCTBIO, COJEpIKAT JIHH3BI JDYTHX 006pa3oBalHH, NpH-
JlalolHe HM Tpele]bHYI0 HeOJHOPOAHOCTh H aHH30TPONHHE CBOHCTBA.
Ux cBofictea B 3HauuTenbHOH cTemeHH 06yCl0BJEeHH COCTABOM INpH-
Mecell, YCJOBHAMH HX YBJa’XHeHHS H BHICBIXaHHMS. B TNOHMeHHBIX y4a-
cTKax penbeda HAKaNJHBAOTCA INBUJIEBATBIe CYIJIMHKH HJIM TJIHHBL
[9, 19], comepikaliue pacTHTesJbHbE OCTATKH H TOp(siHEE IPOCJOH.
Mosoable noHMeHHBIE TJIHHHCTBIE OTJIOKEHHs ABAAIOTCA caabocBsa3aH-
HBIMH, OU€Hb PHIXJIBIMH oOpa3oBaHHAMH. B 3acymuiuBhX pailloHax OHH
o6oramaloTcsa BOAOPACTBOPHMHIMH COJSIMH H TPHOGpeTAalOT THIHYHBIE
CBOHCTBa JNECCOBHIX TPYHTOB.

HanGonee cnaGbiMH anMl0BHAJBHEIMH TJIHHHCTHIMH O0pa30BaHHAMH
ABNAAKTCA CTapHUHB e (CTapopyclOBHE, MpeBpalllenHble B 60s0Ta)
03epHO-00JMOTHEH € CylNeciaHble, CYIVIHHHCTHE H TJIHHHCTBHIE HJIBL.
OHH CHIBHO TrYMYCHPOBaHH, €OJepKaT JHH3H Topda, a TakKe Nhljle-
BaThle MNJLIBYHHBE Neckd. K UHCAY anaoBHalbHHX IVIMHHCTHX 06pa-
30BaHHN OTHOCATCA TaKXe JeJbTOBHE OTJAOXKEeHHsd, o6aagalo-
IHE HCKJIOUHTENbHO GOJBINOH MOPHCTOCTEIO (10 84 Y% ), BIaXkHOCThIO K
HeGoNbIOA n10oTHOCTEIO (A0 420 xr/mM3) [9], BHCOKOR CXKMMaeMOCTbIO 1
HEeBBICOKOH TIPOYHOCTHIO,

B annmoBuanbHBIE OTJOMEHHS 4acTO HOCTyIaeT e IOBHAJbHLINA
MaTepHaJ U3 CKJOHOB JOJHH, NPH 3ToM 06pasyeTcsl HOBHII CMeIlaH-
HHA THI NOPOAH], KOTOPHIH NPeACTaB/]eH CYNecaMu, CYTIHHKAMH H IJIH-
HaMH C BKJIOUeHHAMH rpy6o0o6J0MOUHOIC MaTepHaja B BHie JIHHS,
THE3X H T. J., Ha3blBaeMbll aNJIOBHAJbHO-eJdKOBHAJbHU M,

Jle1HHKOBHE, HIH MODEHHBl € INIHHUCTHE 06pa30BaHHA (Cy-
necH, CYTVIMHKH H TJIMHBEl C COJAepXKaHHeM APeCBH, IPaBHs M BAJYHOB),
HMeIOT GOJIBIIYI0 MOLIHOCTb H BKJKOYAOT KPYNHBIE TJHGH H3 NMOpOJ
MOACTHJIAIOIEA JeTHHK TOJUH. DTH BKJIIOYEHHS MOTYT ObITb H3 TBep-
ABIX MOPOJX H MJACTHYHBIX MATKHX rJHH. [locnegHue CUABHO yXyAIIAOT
MeXaHHUECKHe CBOMCTBA IDYHTOB B LeJOM. [JIHHUCTHIE MOpEHH], KOTO-
pBle NpEeHMYUIECTBEHHO 00pa3oBaaHch NOA MoJOMBOH JeJHHKOB, OTHH-
YaloTCA BbICOKO#H NJaoTHOCTBIO (p=1800—2200 kr/m3), neGonbuiof mo-
pucTocTbio (Menee 309%), BEICOKOH NMPOYHOCTBIO W Manoil geOPMHPY-
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eMmoctblo. OHH NpelCTaBJCHbBl NOJHMHHepAJJbHbIVH OﬁpaBOBaHHHMH.
B uux gaue BCCro BCTPeHAKOTCS THIAPOCAKAB, 4 TaK¥XKe COACPHKATCA
KBapi, rnoJieBple IMNATH H T, A, — IPOAYKTDLI MeXaHHUECKOro paspyuie-

HWs NOPOJA NIPH ABUKEeHHH ACIHHKA.
Boauwo-neAHHKOBB € OTJOXKEHHS, H3BECTHBIC TIOJI Ha3BaHHeM

JEITOUYHHX rauxn, o6pasoBaHHe KOTOPHIX NPOHCXOIHJIO B 03epax
NPH TIePHOAHYECKOM OTJIOXKEHHH TOHKHX CJIOCB IIeCKa M TJIMHBI B 3aBH-
CHMOCTH OT CKOPOCTH H KOJIHYeCTBa TNOCTYIJICHHSA TaJ/blX BOA B pas-
JH4HBHe BpeMeHa rofa, HMeT CJIOHCTYIO TeKCTypy. OTH rpynne obaa-
14107 BBICOKOH mopucrocThio (10 60% ), BAAXKHOCTBIO, aHU3OTPONHEL, a
OpH ecTECTBEHHON BJAXKHOCTH H CJOXKEHHH MMEIOT A0CTaTOYHO BHICO-
KYI0 TIPOYHOCTE.

O3epHblCc CYTrJHHKH H TJHHB HMeloT HeGoabloe pacnpo-
cTpaHenue. Mx cBoilcTBa 3aBHCAT OT pa3MepOB BoJoeMa, KJHMara H
APYTHX ycioBuil o6pasoBanus. Ilpn BiaxKHOM KJaHMaTe B IPECHOBOS-
HBX OacceilHax TAMHHCTHE OCAZKH oboraleHbl OPraHHYeCKHMH OcTaT-
kamd, OHH HMeIOT CJOHCTYK) TeKCTYpy, MOUIHOCTb [0 HECKOJBbKHX HAe-
CATKOB MeTpPOB, 3aHHMAWT OTPAHHUYEHHYIO NJaolialdb, 06/1a1al0T BHICO-
KOH TODHCTOCThIO (BBW/LY BEICOKOH eCTeCTBeHHOH BJIaXKHOCTH H
COlepKaHHs OpPraHHKu), GOJbIIOH CKMMaeMOCThI0 H HeOoJblION npou-
HoCTbK. K 03epHBIM OTNOXKEHHAM OTHOCATCH TaKXKe JMaTOMHTOBHE
TJHHBE, KOTOPHIE B YBJIAKHEHHOM COCTOSIHHH HMEIOT OYeHb BEICOKYIO
nopuctocTh (A0 80% ) M HEBEICOKYIO IPOYHOCTD.

B 3acymiuBeix palloHax B COJIEHBIX 03epaX paccMaTpuBaeMble OT-
JIOKeHHS 060rallleHbl CepHOKHCABIMH, TAJOHIHBIMY W APYTHME COMSMH.

B 3aBHCHMOCTH OT ycJOBHE 00pa3oBaHHA O3epHBlE TJIHHHCTHE OT-
JIOKEHHUsT NpefcTaB/eHbl NeCYaHUCTHIMH, YIJTHCTHIMH, GHTYMH3HUPOBAaH-
HbIMH, H3BECTKOBHCTHIMH, XeJe3HCTHIMH, THICOHOCHHIMH, COJIEHOCHBIMH
H T. 1. BHIAMH, @ Takxke MOTYT HMeTb MepTesucThifl xapakrep [14, 19].

D0A0BH MH Ha3blBAIOTCSl OTVIOXKeHHs, oOpa3oBaHHBIE B pe3Yilb-
TaTe HeATeJbHOCTH Belpa. CpefH TNTHHHCTHIX TPYHTOB HMeIOT 30J0BOe
TIpOHCXOXAeHHe /1€ c ¢ bl, KOTOpble, M0 MHeHHIO akaaeMuka B. A. O6-
pyueBa, o6pas3oBaHul B pe3y/bTaTe HAKONJeHHsA MbUIH HA CYXOM Tpa-
BSIHOM TIOKpPOBe CTeDH B YC/IOBHAX CYXOoro K/JAHMaTa H noysoobpasoBa-
TeJbHBIX TpoueccoB. JléccoBrle IPYHTH pacnpocTpaHeHBl KakK Ha pas-
HHHAX, TaK H B TODHHX paHoHax, o6salalOT A0CTATOYNOH OMXHOPOA-
HocThlo. X MOIIHOCTD H3MeHSIeTCA OT HeCKOJILKHX CaHTHMETpPOB [o
HEeCKOJIbKHX JeCATKOB H COTEH METPOB,

XapakTepHHMH TpH3HAKaMH JIECCOBBIX OGpasoBaHHi SBJSIOTCA:
1) maxkponopucrocTs; 2) BrlcoKas nblIeBaTocTh (Gosee 50%); 3) wac-
TO BHICOKOe cojepiKaHHe cojell raaBHLIM o06pa3oM KapOoOHATHHIX H
Cyab(aTHbIX; 4) Jerkas pasmMoKaeMoCTh; D) CKJIOHHOCTb K NPOCAfKaM
NpH yBAaXHeHHH; 6) YCJIOBHS 3a/leraHHs B BHAe MOLLHBIX TOJII H MO~
KpPOBOB.

IlpusnakaMu u cBOHCTBAMHM, THNHYHBIMEH IJIs JISCCOBHX o0pa3soBa-
nuil, KaK OBLIO OTMeueHO BHIIE, 06/1aKal0T TaKkKe CYIIHHKE de/I0BH-
aJbHOTO, TIPOJIIOBHAJBIOrO H aJJIIOBHAJNBHOrO INPOHCXOXKIeHudA. [lo-
CKOJIbKY NPOHCXOXIEHHe NOCJHEAHHX OT/HYAETCA OT TMPOHCXOMKICHHS
JIECCOB, OHH HA3HIBAIOTCS NECCOBHULHBMH CYTJAHHKAM H.
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Jlaryausle rAHHHCTHe O6pasoBaHua ABJSIOTCA  OTJIOMKEHHAMH
MeJKOBOJHHX BoAoeMOB (6acceflHOB) — JaryH, YaCTHYHO OTAC/EHHBIX
OT OTKPHITOrO MOps mepeMblYKaMi, Jlarynel HMelT CBoeobpasHbil, OT-
JIHUHBIA OT MOPS, PeXHM B CMBICJAE HCHOPMAaJbIOCTH COJIEHOCTH BOAH,
3aBHCAlef OT KOJHYECTBa NMOCTyHawmouleil onpecHsNiedl peyHod BOMAHL.
[Tpa GoabuloM KoJuYecTBe MOCTYMJEHHs mocJelHcil ocankoobpasosa-
HHe B JaryHe NpoTeKaeT B YC/IOBHAX onpecHenublx Oacceinos. Ecan
JKe JIaryHbl ¢ MOBBILIEHHOH COJICHOCTBIO, YTO XapaKTepHO AJis yCJAOBHH
KAPKOTO W CyXOro KNHMaTa, B HHX HART HaKoIlJIeHHe XHMHYECKHX
0C41KOB, KOTOPHE UePeAylOTcs C IVIHHHCTBIMH M DECYaHO-TJIHHHCTHIMH.
HaxkonJsienne TAHHHCTHIX H [TeCYAHO-TVIHHHCTHIX OCAAKOB CBfI3aHO C ce-
30HHBIM CHHXXEHHEM MHHEPaJIH3aUHH (KOHUEHTpaUHH cOJieH) Jaryd 3a
CYeT Ce30HHOTrO MOCTYHMJEeHHA OOJbIIOT0 KOJHUYECTBA NPEcHOH BOMH.

Jlarynuele OTJIOXKeHHS SIBASIOTCS HNPOMEKYTOUHBIMH MeXAay Mop-
CKHMH H KOHTHHEHTAJbHBIMH, paccMoTpeHHbiMH Bbile. Kak u gpyrde
TJHHHCTHE OCAAKH HerJyOOKHX MpHOpPeKHBIX MOPCKHX OaccefiHoB (Ju-
MaHOB, 3aJHBOB, OYXT M T. [.), OHH 3aJlerailoT B BHJAE NPOCJOEE H JIHH3
MoriHocTsio 0T 0,2—0,3 1o 8—10 M [9]. [Ipudem moyeTBepTHYHBIE OT-
JIOXEHHS HMeT AOCTATOYHYI0 IJOTHOCTh, NPOYHOCTh, TBEPAYIO HJIH
NOJIyTBepIVI0O KOHCHCTEHIHIO, a YeTBePTHYHHEIE H COBPEMEHHBIE — He-
GoJsbliKe 1JIOTHOCTh H NPOYHOCTh, MIACTHYHYIO H TEKYYylO KOHCHCTEH-
uun (14, 19].

[aunncTble 06pa30BaHH MODPCKOT O NPOMCXOXKIEHHS, KOTOPHE
ABJSIOTCA Pe3yJbTaTOM HAKOIJICHHS [JIHHHCTHX OTJIOXKeHHH B ycjo-
BHSIX OTHOCHTEJBbHO CIOKOHHOH MOpPCKOH BOAH M [1€3[AaYHTEJBHOTO H3-
MeHeHHsS ee COCTaBa W TEeMIEpaTypH (4To ocofeHHO XapaKTepHO AJA
GoaBNIHX TrAYOHH), OTIHYAIOTCA CpaBHHTEJbHO OOJBIIOH MOIHOCTBIO
(mo 100 M u GoJiee) H HMeIOT HCKJIOYHTe/bLHO OOJBIIOE pacnpocTpa-
LeHue. B pajekoMm npoulIoM coBpeMeHHasl cylia NepHOZHYECKH nepe-
KpHBaJach MOpeM, MOITOMY BCS Ce IOBEPXHOCTh MOKPHiTa COBpeMeH-
HBIMH H JPeBHHMH IJIHHHCTHIMH OTJIOXKEHHSAMH pasjHudof MOIIHOCTH.

['panysmoMeTpuyecknil COCTaB MOpPCKHX TIJIHHHCTHX o00pa3oBanuil
OJHOPOJHBIH, COREPKUT COBCEM HeDOJbIIOEe KOJHUECTBO KPYNHHIX Iec-
YaHBIX M APYIHX 4YaCTHIL, TeKCTypa cJuoucTas (JeH10YHas), HHOTZA
BOJIHHCTas. BrICOKOe comepikaHHe coJsiefi B MOPCKOH Boie cnocoGCTBO-
BaJI0 KoaryJisiuMH (CBepTHIBAHHIO) T[VIHHHCTHX YacTHI H 00pa3oBaHHIO
BOAHO-KOJJIOMAHLIX CBSI3eH, CJOKHBIX CTPYKTYP H BHICOKOAHCIIEDCHBIX
HeJOYyNAOTHEeHHB X (CM. HHXKe) ocagkoB, DTH KOJJIOHIHHE CBS-
3H CO BpeMeHeM YIpPOYHSAJHCH M OPHJAaBaJH IPyHTaM CKPHITONJACTHY-
Hbie cBoficTBa [19]. Jag 3Tux raimn xapakxTepHO cojepaHHe BOAOpac-
TBOPHMBIX coJieff, KOTophle NpH 06e3BOKHBAHHH (BBICBIXaHHH) CO3/aIOT
JKeCTKHe KPHCTAJIH3ALHOHHBIe CBA3H H CYIECTBEHHO YHIPOYHAKT HX.

®Puanko-MexaHHYeCKHEe CBOHCTBA MOPCKHX T[JIHHHCTBIX OTJIOXKEHHH
pasJHyYHBl, OHH 3aBHCAT OT YCJIOBHI Mx o6pasoBaHHA (ruy0HHH Mops)
H BCeil HCTOPHH (opMHpPOBaHHA (maBiaenus, TeMnepaType H T. I.).
CoBpeMeHHBIE OTJICKEHHS NMPeJACTaBJEHH HJaMH Pa3jHYHOTO COCTa-
Ba. OHu CHABHO CKHMaeMH, cJaalBH, HaxOAATCHA B TeKyueM, TeKyue-
MJACTHYHOM H MATKOMJIACTHYHOM cOCTOAHHAX. [peBHHe 00pasoBaHHA
06/1a1a10T 3HAYHTEJIbHON MJIOTHOCTHIO H NPOYHOCTHIO, 00YyCHOBICHHH MH
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HaJHYHeM JKECTKHX CTPYKTyPHBIX CBsi3eff, HaXoJSITCA B TYromJacTH4-
HOM, NOJYTBEPAOM H TBEPAOM COCTOSHHAX. MIX NpoOdHOCTH CHJIBHO CHH-
JKAeTCd TIPH YBeJHYEHHH BJ1aZ’KHOCTH.

[ MWHHCTEIE TPYHTH BCeX pasHOBHIHOCTeH (OPMHpOBAJHCHL W3 TJVIH-
HHCTHX 00pa3oBaHHI Ha CTajHAX JHareHe3a H KaTrTaremesa
LJHTENBHOTO TeoAOrwd4ecKoro npomecca. B cTagum aBarcHe3a HMeOT
MeCTO BO3HHKHOBEHHe T[JIMHWCTHX TPYHTOB (IIOPOL) H3 OCaAKOB MOL
LJIMTe/IbHBIM BO3JeHCTBHEM OKpYKalollleHl cpeArl ((pH3HKo-reorpaduue-
CKHX YCJIOBHH, JaBJeHHA W T, A.), a TakxKe NpoTeKkaHHe B HHX (QHIUKO-
XHMHUYeCKHX NPOUEecCOB (CHHepe3nca, CTPyKTypoobpa3oBaHudA, LeMeH-
TaUHH H T. [.) H LPYrHX AuareHeTHYeCKHX u3MeHeHuid., B craguu Kara-
reHe3a MPOHCXOJHT H3MeHeHHe OCA/lOYHHIX MOPOZ, BO3HHKIIHX Ha CTa-
IHH AgareHesa 1ojJ LeHCTBMeM OrPOMHBIX [aBJeHuH (10 HECKOJb-
kux cor MIla), remneparyp (zZo 300—350°C) m MHHEpaNH30BaHHBIX
MOPOBHIX BOL,

(CkasaHHoe BHIUE Jerko NpOCHeIHTh HAa NpHMepax (GOpMHPOBAHHA
KaKk Cy0akBalpHHX (NOZBOJAHHIX), TaK H cy0adpapHBIX TJIHHHCTHIX
[PYHTOB.

B nauaibHOU cTaiHH (QopMHpoBaHHS CcybakBaJbHHIX TVIHHHCTHIX
IPYHTOB YaCTHIB HX CBeXKHX OCaJKOB (H/IOB) B pe3ysbTaTe BO3HHKHO-
BeHHsi nepBHuHOTO ciienenns [10] u THKcOTponHO-Koary ISUHOHHBIX
cTpyktyp [24] o6pasyloT MHKpPO- H MaKpoarperarsl, KOTOpnle BHOCAT
olipenejieHHble M3MeHeHHs B CBOHCTBA M COCTABHl [VIMHUCTHIX OCaXKOB.
Waw (BaaxuocTs 90% u GoJee, mopoBas BOZa B OCHOBHOM B CBOGOJ-
HOM COCTOSIHMM, KOHCHCTeHIHs TeKy4yasd H TeKyuyemJacTHYHas) TOxX
JIaBJeHHEM BhIlleneXalluX CJAoeB H CHHepe3nca (COJMKeHHS YaCTHIL
NMOX BJHSAHHEM TIOBEPXHOCTHHIX CHJ ¥ OTXKATHA BJAArCH) TOCTeNeHHO
00e3BOKHBAIOTCS, YIJIOTHAIOTCA, YHOPOYHAIOTCS 3a CYyeT BO3pacTaHHsA
NPOYHOCTH MEPBHYHBLIX CTPYKTYPHBIX CBfi3eH ¥ MEPeXOLAT B BA3KOMJIA-
cTHYecKoe cocTosidne. B craguM KaTareHe3a HMeeT MeCTO WX CHJIIbHOE
yIJOTHeHHe BHauyale 0e3, a Tocje ¢ paspylieHHeM CTPYKTypel. [lpu
3TOM NPOHCXOAMT W3MEHEeHHe Bel[eCTBEHHOrO CocTaBa IpyHTOB (06o-
ralieHue BOAOPACTBOPHMEIMH cOASIMH W T. [.), AerngpaTaunsa (o0es-
BOXKHKBaHHe), yMJIOTHeHHe, TleMeHTAUHs, 3HAUYHTeJpHOE NOBHILCHHE
NPOYHOCTH, CTPYKTYPHOH NPOYHOCTH, T. €. BO3HHKHOBEHHe KOHIeHCalH-
OHHO-KPHCTAJ/JIH3allHOHHHIX JKeCTKHX cBAsef [24] (cuensenus ympou-
venusi, no H, f. Heuucosy [10]), ¢ mepexozoM ux B moJyTBepible H
TBepJEle TeJa ¢o CBOHCTBAMY NOJYCKAJBHBIX TPYHTOB.

[nunKcTHe ocankd 30/0B0ro {cy6aspapHOro) HMpoOHCXOXKAeHHS, Kak
yxe OBLIO CKa3aHO BHIUE, B pe3yjabTaTe TOYBOOOpPa30BATENbHBIX
(ZuareneTHYeCKHX) NPOLECCOB NpeBpalllalOTC B JSCCH. Duoresnhie
npouecck MPH NOYBOOGPa30BAHHH B 30J0BHIX 0CafKax CTaHOBATCH
NPHYHHON BOSHHKHOBEHHS MaKpo- ¥ MHKPOArperaroB, KOTOpHe Cnocol-
CTBYIOT YIJIOTHEHHIO OCAJKOB HOJ BJHSHHeM aTMoc(epHBIX BOZ, ycal-
KH, MHKpOOPTauH3MOB, HaBJAeHHs KopHell pacTeHuwfi W T. 1. B craium
KaTareHesa B FPYHTax 50JIOBOTO TIPOHCXOXKIeHHUS, OTJHUUTeSbHOHR OCO-
OeHHOCTBIO KOTOPHIX SBJSETCH MaKPONOPHCTOCTh, ¢ yBeJHYeHHEM 1aB-
Jdenus HaOJION4I0TCSl YMeHblIeHWe Makponop H NpeBpamieHue B 0ObIU-
HEI® TAHHHCTHE TPYHTHI,
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B 3aBHCHMOCTH OT YcJOBHI 006pa3oBanms (B Mope HJH Ha Cyuie),
BeJHYHHBI, JJHTEJBHOCTH M HCTOPHH HeficTBHS HArpy30K (Macch BHI-
uieJiesKaniux Nopoj, AaBJCHHS JIeJHHKOB H T. A.) TJIHHHCTHE TPYHTHl
MOTYT HaxoJHThCi B HODPMaJbHO YOJOTHEHHOM, MNepe-
YOMOTHEHHOM HIM HEJOYNJAOTHEHHOM COCTOAHHAX.

HopMaabHo ymaoTHeHHeIMH (o6xaThiMu) raumnamu K. Tepuaru H
P. Ilex na3wIBalOT rPyHTH, KOTOPble HHKOTLA He MOABePraJHch Harpys-
KaM, GOJbpIIEM JeHCTBYIONIHX B HacTosllee BpeMs, H ¢ BJaKHOCTHIO,
6auskoit k npereny ux tekydectn wz. H. §I. Henncos (1956 r.) man
GoJlee YeTKOE ToJKOBaHHe PAacCMAaTPHBAEMOMY COCTOSINHIO TJIMHHCTBIX
TPYHTOB, HCXOJsi H3 MOHSITHE NCPBHYHOIO CUENJICHHS U CUCNJICHHA Yh-
pounenns, [To H. §I. HdenncoBy, HOpMaJbHOe YIJIOTHEHHE TNIHHHCTHIX
OTJIOKEHUH OPOHCXOAHT B YCJOBHAX MHHHMAJbHOrO TPEHHS MEKAY HX
YACTHILAMH B MOJHOrO OTCYTCTBHA CUelJIeHHs yNPOUHEHHS — KakK yo-
JOTHEHHE [HHHCTOH macThl NpW BJAXKHOCTH, paBHOH Openeny Tekyde-
cru. B aToMm caydae iMeer MecTo HCTHHHOE COOTBETCTBHe MOPHCTOCTH
nasiennto. Cne0BaTesIbHO, eCJIH eCTeCTBeHHas MOPHCTOCTL €y TpYHTa
1104 AeHcTBHEM [AHHOH HATPy3KH paBHA NOPHCTOCTH macCThl 3TOrO
rPYHTa, HO HapyWIEHHOro CJIOXKEHH: ¢ BJAXKHOCTbI Ha Opelese TEKY-
4yecTH NPH TOH JKe HArpy3Ke, TO OH YOJOTHeH HOpMaJbHO, IlopHcTOCTh
TaKHX TPYHTOB H3MeHSieTCS TOJbKO NPH HAaTPYXKEHHH H pasrpyske, a
yCTpaHeHHe CHENJCHHA YOPOYHCHHs (BO3HHKINETO NOCAE YIJIOTHEHHS)
1le IPHBOJIHT K H3MeHEeHHIO HX MOPHCTOCTH.

K nepeyn/oTHeHHB M OTHOCATCA TPETHYHLIC TVIHHH, 00Jaja-
wuiHe 00JbIIOA CTPYKTYPHOH NpPOYHOCTHIO, TBepAGH H MOJyTBEpHOiH
KOHCHCTEHIIHH, KOTOpHle NOC/Ie HOPMAJbHOTO YIJIOTHEHHSI MpeTephesH
pasrpysky B pesyJsnTaTe AEHCTBHS pPafla TeOoJOTHUYECKHX (PaKTOPOB H
UHXeHePHOH AeATeJbHOCTH 4YeloBeKa. OITO 3HAYHT, YTO €CJIH TPYHT
Korja-aub0 noaseprajcs [aB/eHHIO, MNpPeBOCXOASLIEMY TO, KOTOpoe
JlefiCTByeT B HacToslllee BpeMs, OH HAXOQHTCA B HepeynJOTHEHHOM
cocTOsiHHE [24].

[IpuuHHOfl BO3HHKHOBEHHS HNEpeynJaOTHEHHOIO COCTOSIHHS TJIHHHC-
‘TBIX TPYHTOB MOXeT C/IyKHTbh He TOJIbKO HX Pasrpy3ka, HO H obpa3o-
BaHHe arperaToB NpH KOaryJsilHH NepBHYHBIX YaCTHI B MOPCKOH 3a-
COJIOHEHHOH BOJe, ycaJka NpPH BBICHIXaHHH, 3aMoJHEHHE YacTH MOp
BelleCTBaMH, BHINALAIOMHUMY H3 PacTBOPOB, a TaKiKe NOABJCHHE HOBO-
‘o6pasoBanuil (BcaeAcTBHE BBIBeTpHBaHHA) 0oJiee rHAPOPHILHBIX, YeM
ocHoBube 4vactuusl cxeqera (H. §I. Henucos, 1956 r.). Ilpumepom
NepeynOTHeHHOr0 IJIHHHCTOrO TPYHTA SABJIAIOTCA KeMOpHHCKHEe TJIHHBI
JleHnnrpana, KOTOpHe B 1aJeKOM MNPOHIIOM HAaXOMH/JIHCH NMOJ MOLIHbI-
MH CJIOSMH BbIINeJeXKallHX OTJIOXKeHUA H JieIHHKA, CO3MAOUIHMHE [aB-
Jgenne 10 9 MIla, a B nocienennuKOBBIH mepuoa OKa3ajHCh NOJ JaB-
Jierusive ot 0,1 1o 2,0 MITa [14].

H. 5. Henncos (1956 r.) oTmeuas, uTo «NepCymIoTHEHHOE COCTOS-
HHe TJIHHHCTBIX MNOPOJ fBJACTCA HEYyCTOHYHBBIM, OPH KOTOPOM CTpEeM-
JICHHE TIOpOJ YBeJHYHBATh CBOH o0beM IoJaBJseTcs BJHMSHHEM CHEN-
JICHHSI M@XIy YacTHUAMH M HX arperaTamu». Hapyuienne sToro cuen-
JIEHHS] — CHeNJIeHHs] yNpOYHEHHS NPHBOJHT K HaOyXaHHK H yBeJHye-
HHIO MOPHCTOCTH T'PYHTOB.
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B mpolecce ynJoTHeuHs TAHHHCTHX OCAaJKOB B BOIe MJIH Ha cylle
MOTYT TIPOSABAATHCSA (HAakTOPHI, TMPEnATCTBYIOUiMe CBOGOLHOMY mnepeme-
[EHHI0 YACTHI, — HX [OPMaJbHOMY YIJOTHEHHIO H CHOCOGCTBYIOIHE
BO3HMKHOBEHHI0O HeLOYNJAOTHEHHHX rpyHToB. OnHH u3 Bax-
Hefwux (pakTopos, NPendTCTBYIOUIHX HOPMAaJbHOMY rpaBHTAlHOHHOMY
VIJIOTHeHHIO TAHHHCTHIX OTJOXEHHH, BASETCS NPOsBIEHHE CLEMJICHHA
yIpOYHeHHs B BHAE LEeMEeHTHPYIOULMX YacTHUB cBssell. [pyroit mpuin-
HOH 3TOr0 COCTOSHHS MOMKET CJAYXKHTh HENOCTaTOK BpeMeHH, Tpely-
IOIIerocs A yCTAaHOBJEHHS COOTBETCTBHS IJOTHOCTH M BJIAXKHOCTH
nasnennio [10]

[MopucTocTh HeOYNJIOTHEHHHIX TIHHHCTHIX TPYHTOB BHIIe TOPHCTO-
CTH HOpPMaJbHO YIJAOTHeHHBIX NacT. YCTpaHEHHe CHEeMJIeHHs! yNpouHe-
HHSl TIPHBOIHT K IpeBpalleHHI0 HEAOYNJOTHEHHHIX TJIHHHCTBIX TPYHTOB
B HOPMaJbHO YNJIOTHEHHOe COCTOSIHHE H K yCTAHOBJEHHIO YIIOMAHYTOrO
BHIIe cooTBeTcTBHA CTeneHb HeJOYTIOTHEHHOCTH [VIMHHCTBIX TPYHTOB
Npyu OXHHX M TeX e HArpysKax pasjiHYHa H 3aBHCHT OT YCJAOBHH HX
¢opMupOBaHHs, B YACTHOCTH, OT MHHEPAJBHOIO H IPaHy/10MeTpHYECKO-
TO COCTABOB, BJaXHOCTH, cOfepXaHHA coJefl B 1nopoBofl Boje, xapak-
Tepa ¥ NPOYHOCTH CTPYKTYPHHX cBfideH, a Tak»Ke BeAHYHHBl HarpysKH.

[MpuMepaMu HEIOYNJIOTHEHHHIX TJIMHHCTHIX TPYHTOB MOTYT CJyZKHMTb
BbICOKOUYBCTBHTEAbHble K Pa3pylleHVI0 NPHPOXHOH CTPYKTYpH yeTBep-
THuHbie Mopckue miauByHHble rawrbl Hopsernn, lllsenun u Kananb
[10], noapneBblc M JeHTOYHBIE IMHHH ceBepO-3anagHoit yactu CCCP,
aHatoMutosele rannsl [20], a Takke JeccH H JMECCOBHIHBIE CYTHHKH
OTH IPYHTH B CCTECTBeHHOM COCTOSIHHH 00/1aalT ZOCTATOYHO BHICOKOH
DPOYHOCTBIO, @ HPH PA3PYIUCHHH HX CTPYKTYDH NOJ NeHCTBHEM HArpy-
30K H/JH AOHOJHHTE/IbHOIO YBJaXKHEHH: NMPEeBpPanlaloTcs B KHIKYIO HIH
pasxmKeHHylo Maccy [24]. XapakrepHoHl 0COGEHHOCTbIO TAKHX TPYH-
TOB fBAAETCS TakKiKe NpakTHYeCKad HE3aBHCHMOCTh HX INIOTHOCTH OT
ryOHHBl 3alleraHus

EcTecTBeHHYI0 yNIOTHACMOCTh TIJIHHHCTBIX TPYHTOB TNPHHATO Olle-
HHBaTh MOKa3aTeJeM NPHPOAHOH ynmoTHeHHOCTH N,
PaBHBIM OTHOLIEHHIO KO?(HUHECHTa NOPHCTOCTH ez TACTH NIPH BJaak-
HOCTH Ha fIpellesie TeKy4YeCTH W=w®r K KO3(O HIHEHTYy MOPHCTOCTH €,
TPYHTa B eCTECTBEHHOM COCTOSHHH IPH AAaHHOH Harpyske,

N = erfe,. (1.16)

Hnst HOpManbHO YIIOTHEHHBIX IVIMHHCTHIX TpYHTOB N, =1, 1151 He-
JAOYTIOTHeRHBX Ne<l, a Ijsa nepeynnoTHeHHBIX: N> 1,

B 1965 r. M. M TopnKoBa TNpeisiOXHAa CTeNeHb YIJIOTHEHHOCTH
IJIMHUCTBIX TPYHTOB XapaKTepH30BATh BEJAMYHMHOH IJIOTHOCTH CKeldeTa
Pa U BReAHJA CAefyIOUlHe HX PAsHOCTH: a) cJaabyio YIJIOTHeHHOCTh
pa=300—1200 kr/m3, 6) cPeAHIOI YINOTHERHOCTD pg= 1210— 1650 kr/m?,
B) BHICOKYIO YIJIOTHEHHOCTb pg= 1660—2200 kr/m3.

B uensix oueHkm uyBCTBHTCJBHOCTH IIMHHCTHX TPYHTOB K paspy-
UWICHHI0 CTPYKTYPH HCIOJb3YeTCs NOKa3aTedb YYyBCTBHTE A b-
HOCTH

N: = O'us/o';s, (117)
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re Ous— NPOYHOCTb TPYHTA NPHPOIHOIO CJOMEIHS TPH OJHOOCHOM
CKATHH; O, — NPOYHOCTb TOTO K€ IPYHTa NPH Toll Ke BIAKHOCTH H
HOPHCTOCTH, O B IePeMSATOM COCTOSAHUH,

K. Tepuaru u P. ITek (1948 r.) otmeualor, uto ajs GosbUIHHCTBA
rJHH 3HadeHHe N; HAXOZHTCA B npeipesax oT 2 1o 4, AAs YyBCTBHTE/Ib-
HHX TVIHH — oT 4 10 8, a AJ%s cBepx4yBcTBHTeNbHHX rann N;>8. Tlo
nanaeiM H. $1. Jdeuncosa (1963 r.), nokasaTeib uyBCTBHTEABHOCTH B
OTHEJbHbIX Caydasx MoxeT goiTH Jo 150.

§ 3. IPUMEPD]I NJUTENbHbIX AEGOPMALMKNA H ABAPUN
COOPY)XEHUH BCJELACTBHE NOJ3YYECTH
FJIUHUCTBIX T'PYHTOB

I'AUHHCTHe TPYHTH, KaK GblI0 OTMeYeHO Bellie, 00JazaloT BCEMH
peOJOrHYeCKHMH CBOHCTBAMH BooOlie, Nos3ydecTsio B yacTHOCTH. Tloa-
3yuecTb T[VIHHHCTHIX TPYHTOB siBJsieTcs HaHOGoJiee XapaKTepHOH, fAPKO
BhIpaykeHHOH H JeTkKo HaGmojaemoll B HaType. BechMa HaraazHbM
ABASETCH TaKXKe HCYepTaHHe NPOYHOCTH 3THX TPYHTOB, KOToDOe IIpo-
SIBAsIeTCH B BHIAe Pa3BHTHS upe3MepHo OoubluXx Aedopmatnuil v Hapy-
NIeHHs HX CIUIOWIHOCTH, JIJIS monydeHusi npelcTaBjeHHR o PeONOrHYC-
CKHX CBOHCTBaX IJIHHHCTHX TPYHTOB HHTEPECHO PaccMOTPeTh HEKOTO-
pule NpHMepHl NMPOsBJACHAA TAKHX SBJeHHH B HaType.

Janteabuoie nedopmanuu coopyxenni. Hecmorps Ha TO, yTOo ¢
SIBJEHHEM NOJ3yYeCTH PJIHHHMCTBIX TPYHTOB deJioBeK OBl 311aKOM C
He3aNaMATHHX BpeMeH MO BH3yalbHbIM HabawaeHHaM 3a pasHoOro poxa
dedopmanuamu (ocaaKaMH, NOXBH¥KKAaMH, KpeHaM) JPEBHHX HOCTPOeK
H eCTeCTBEHHHX CKJOHOB, OHO CTa/jo NpeiMeTOM HayYyHOro HcCJeao-
BaHHA TOJBKO B NOCJENHEM CTOJMETHH B CBA3H ¢ OypHBIM pasBHTHeM
CTPOHTeJbCTBA. BHHMAaHHe y9eHBIX M CHEUHAJHCTOB K SIBJICHHIO MOJ3Y-
YeCTH B [JIHHHCTHIX I'PYHTaX OBLJIO BBI3BAHO TeM, YTO B psjae CiayyaeB
OHO CTAHOBHJIOCH HPHUKHOH HelonycTuMo OGofbilnx aedopmaiuf, Ha-
pyliaBUINX BO3MOXKHOCTb HOPMAaJbHOH 3KCIJIyaTallHH COOPyXKeHHH u
nopor. Ha siBreHHe MOA3ydeCTH TJHHHCTHX TPYHTOB OXHHM H3 TIepPBBIX
o6patusn pHuMmanke B, Kapaosuu B 1869 r. B kuure «OcHoBanus H
dbynnaMeHTH» M yKas3al Ha HeoOXOMHMOCTbL ero yuera, a M. B. Mym-
KeTOB B KOHIE HMPOULIOro BeKa OTMETH/ NPOABJICHHe oN0A3Hel Geperos
p. Boary sume no HeleyeHHH roja ¢ MOMEHTa Hayaja CHOJ3aHHS,
B nanpHefiiem, B 0COGeHHOCTH MOcHe BLIXO/AA B CBeT H3BECTHOH KHWIH
K. Tepuara [30], uccnenoBanue mautenpHulx medopMmaunii TAHHHCTHEIX
TPYHTOB CTaJi0 OJIHHM H3 BaxKHefimiHX npobseM MexaHHKH TPyHTOB,

[onsyyecTb rAHHHCTHIX CPYHTOB B HPHPOJAE UPOSBJISAETCS B BHJE
LJAUTE/bHBIX OCaloK, KPDEHOB H TOPH30HTAJBHHX NOABHIKEK COOpy#Ke-
HHH, QYHIHPOBAHHHIX HA 3THX FPYHTAaX, a TakKXKe MeITeHHOTO CMOJA3a-
HHS FIMHHCTBIX Macc MO eCTEeCTBEHHBIM CKJIOHAM H OTKOCAM COOpy¥XKe-
HU{ W3 TPYHTOBHIX MaTepHajoB. KsaccHuecKHM NPHMEpoM, HJTIOCTPH-
pyiomumM 1posiBjleHHe JAedopMaumu MOJ3yYeCTH B INIHHAX, MOXKeT
CAYXHTh OCaJlKa 3aMedaTeJbHOro MaMATHHKA apXHTeKTypH — Iln3an-
ckoit Gamnn (Mranna), crpouresncTBo KoTopoi Gblio HayaTo B 1174 .
" okonueHo B 1350 r. Beicota Gawan 54,5 M, macca 44 486 1, miomans
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NOJOWIBH KOJBLEBoro ¢pynnamenta 28 wm?% a naBjeHne Ha OCHOBaHHe
pasHo 0,51 MIla. B pesyabraTe AnuTenbHOH OCAAKH TIJIHH, 3ajera-
JOWMX B BHJAE JHH3 B TOJle MNeCYaHOro OCHOBaHMs, OaulHs ocesna H
HaKJOHHJACh HAa OAHY CTOPOHY K MOMEHTY OKOHYaHHs CTPOHTE/bCTBA
ga 2,1 M. HauGosnee mHTepecHHIM ABJACTCH TO, YTO HOCJe OKOHYAHHST
CTPOHTE/IbCTBA, B TeYeHHe MOYTH HIECTH CTOJETHH, OHA NpojoJKana
oceaTh NPHMEPHO C NMOCTOSIHHON CKOPOCThbIO, paBHO#l 2 MM B rox. B
HacToslee BpeMsl CpEeJHSA OCajKa COOpYyXKeHHs cocTapjsierT Oouee
1,5 M, a HakJI0H — D,D8 M.

B nokaagax MeXAyHapoAHHX KOHrpeccoB no Go/blinv NAOTHHAM,
MeXaHHKE TPYHTOB H (yHZaMeHTOCTPOCHHIO, B TPYAax pPerHOHaJbHBIX
KOoH(pepeHlui H CUMIO3WYMOB, a TakKKe BO MHOTHX ApPYrux nyG.uHKa-
LUHUAX NPHBEAEHO Ype3BHYafHO MHOTO NPHMeDOB AJHTEJBHHIX 0Cal0K
THAPOTEXHHYECKHX, TPAHCIOPTHHX, NPOMBIMIJICHHBIX, IPaXXJaHCKHX H
IpyTHX COOpyZKeHHil 0O MpHYHMHE MOJ3YYeCTH TJIHHHCTHIX TPYHTOB.

C 3Tofl TOYKH 3peHHs NpeACTaBJAIOT O60J/bLUIOH HHTepec OCaiKH
3eMaaHOH mwioTHHbe @pecho (Kanudopuus), ocHoBaHHe KOTOPO#i ciio-
KeHo (6e3 YeTKO# CJIOHCTOCTH) OpraHHYeCKHMH H NeCYaHBIMH [JIHHA-
MH, MEJKHMH, KPyITHBIMH B TAHHHCTHIME TecKaMi. YTUIOTHeHHe 3ToH
MJIOTHHEL TIPaKTHYECKH 3aKOHYH/OCh yepe3 4300 mHell mocie Havana
ctpoutesnbcTBa, [lnotHHa BozBoawdachk co ckopocteio 0,09 M B JeHs.
3a yerslpmagpate ger skcnayartanun (1938 —1953 rr.) ocagka mio-
TeHH gocturaa 2,56 M. He MeHee wHTepecHHIM fBJSTCH U JIJIHTENbHAS
medopmaliua sApa KaMeHHO-3eMasHOH nJaoTuHe Yapeakckoit ['DC
BeicoTol 168 ™, ommcannas M. H. Jlegnesum u J. A. )KurapessM B
1978 r. MakcuMaspHasi CTpOWTeNbHAS OCajKa SIAPA TOH MJIOTHHHL CO-
craBuaa 8,4 M, a ckaanHOro ocuoBanus 0,06—0,09 M. B zakniounuTtesnnb-
HBH NepHON CTPOHTEeAbCTBA HaB./IoAanauch AajbpHelllee HapacTaHHe
NONepeyHOro pacuiHpeHys sigpa u OOKOBHX MNpH3M, a Takxe obuiee
cmemiende aapa (Ha 0,9 M) B Hu30BOH NpPH3MBI B CTOPOHY HHIKHErO
Obeda nMoa naBjenueM BOLHL

IIpencraBnenue o xapakTepe Jedopmanuii AJHTEJBHOrO CABHTa
TJIMHHCTHX TPYHTOB AAIOT pe3yabTaThl HabaI0AeHHH 3a CMelCHHAMH
HX B eCTeCTBEHHBIX CKJ/IOHAX, OTKOCAX BHIEMOK, a TaK¥kKe COODVIKeHHH,
BO3BeJeHHBIX Ha 9THX rpyHTax [18, 20].

Onun u3 xapakKTePHBIX C/IYYaeB CEBHTOBOH NOJI3YYECTH TVIMHHCTHIX
rpyutos paccmoTpen H. H. Macaoseim B8 1936 r. Ha nmpuMepe ropuson-
TaJbpHOrO CMENIeHH KaMEHHOH rpaBHTAUHOHHOH nioTHHH [pobya
(®panuus, Byprynpusa), ocHoBanue KoTopoH (jmaHHa 550 um BHCOTZ
28,3 M) OBLIO CJIOXKEHO HOCTATOYHO MJIOTHBIMH, HO TpPEHIHHOBATHMH
rauHaMu aefiaca MolfHocTbi0 oT 2 jpo 10 M. Ilpm sanonnenun Bomo-
XpaHHJHILA (CTPOHTENBCTBO NJOTHHH GHJIO Hauato B 1838 r.) ma
12—13 M y crpoutesefi HofBHIHCL NOJO3PEHHA O BO3MOIKHOCTH ee
nporu6a B cTOPOHY HH:KHero Gneda. [lpu manope 17,5 M Mexay Teaom
IJIOTHHBl H GaliHeHd BOJLONPHEMHHKA MOSABHJIHCH TPEU[HHBl H MOJATBEP-
AHMHCH NONO3PeHus CTPouTesael o nporube NMJIOTHHH B IJaHe BO Bpe-
MeHH BCJIEACTBHE ee CABHTa moj HeficTBHeM Hamopa Bojau. [locae
ONMOPOXKHEHHS BOAOXPaHHJIHILA YKa3aHHBE BhIE TPeUIHHBl 3aKPbIJIHCH,
a MJIOTHHa NOCTENeHHO BO3BpaTHJach B MCxoiHoe noJoxkenue, [locse
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KaX/Ior0 IUHK/Ia 3aNO0JHEHHd H ONOPOXKHEHHS BOLOXPAHMJHILA MOCTE-
NeHHO HaKaNAHBaJjCd OCTaTOYHBIH nmporub. Utolnl cnacTu coopyiKenune
oT rubejiH, 6Bl yMeHbIIEH HANOp, a HHXKE N0 TeYEHHIO PeKH OBLIa MO-
cTpoeHa JApyrasl IJIOTHHA AJA cO3LaHHA oOpaTHOTO JaBJeHHS Ha TLIO-
TuHy. B mpuBeZleHHOM npHMepe CABHTOBAas MOJ3y4eCTh TJIHHHCTOTO
TpyHTa HMeJa yOpyroiacTHdecKyio npupoay (cM. puc. 1). Anamornu-
Hbie AedopMauMH (L0 paspyweHHS coopy:Kenusa B 1895 r.) Oblin 06-
HapyXeHbl y KaMeHHOH nJoTuHH Dyseft (®panuHus), rae och HJIOTHHBI
(namna 520 M, Bhicota 22 M) Ha yyacTke 120 M H30THyJIach B CTOPOHY
HuxkHero 6beda Ha 0,37 M B pesy/ibTaTe NOJ3yYECTH TOHKOH MPOCHOHKH
TJIUHBL, PaCNoJIOKeHHOH Ha riaybuHe 3 M H OT ee NMOJOMUIBHI

Jois BHISICHeHHS XapakTepa paciipejelieHHs AedopMallHil cABHra —
rOPH3OHTAJABHOrO CMellleHHs I'PYHTa No rayOHHE OCHOBaHHS, IPeJCTaB-
asoT wHTepec HaGmonenHs P. Ilerepcona u mp. sa medopManusamMu
HH30BOTO OTKOCAa H OCHOBAHHS 3eMJAHOH NJOTHHBI NoJ AeHcTBHeM Ha-
1Iopa BOJbI, ¥CTAHOBJEHO, YTO NMOJA AeHCTBHeM CIBHTalOLIHX CHJ TOPH-
30HTaJpHEE edopMallid OCHOBAHHA IO TJayOHHe 3aTyxaioT, a Aedop-
MalHH HH30BOTO OTKOCA NpaKTHYeCKH MACCHBHO <«CJeJAT» 3a CMelle-
HHEeM OCHOBaHHSA, ITO FABAAETCH J0OKa3aTelbCTBOM TOTO, 4YTO HOJ
JeMCTBHEM CIBHTAIOUHX CHJ [VIHHHCTBHIE TPYHTHI T0JBepTaloTCH CKallH-
BaHHIO — JeOpMalHl OPOCTOTO CILBHra, Bnepsuie onucanuoro I', K. To-
KpOBCKHM B 1933 1.

OueHb HHTepeCHHIM JBJAETCH TaKKe Cay4ya#l MeJJIeHHOTO JBHIKE-
HHS MacCHBa TPYHTa MO CKJOHY B CTOPOHY TOJIOBHHIX COOpyXKeHHH
H3opal’2C (Apmanckas CCP), ucnenosasnbiil I'. M. Jlomuze B 1945T.
MecTunecatuMerpoBas ToOJILa, 3aJeraipuias Ha JI0BHH TPETHYHBIX
NEeJHTOBHX Ty(OB, mepeMmelajach CO cpeqHel CKOPOCTbIO 2 ¢M B TO[.
B pesynbrate atoro rofoBubie coopyxkenHs I'DC 6olin cubho nedop-
MHpOBaHBL. JIMKBHZALHS CO3JABIIETOCH NOJOXKEHHA N/ LajbHeilimed
HOpMaJbHOR 3kcmnyaTapun ['DC morpeGoBajia BHIIOJHEHHA CJOXKHBIX
H poporocrosmiux paGor. ConmocTaBassi yroa HakKJMOHa NONCTHJAAOMIEH
noeepxsoctH (8°30") ¢ MHHHMaJbHBIMH 3HAUEHHAMH YIJIOB BHYTpPEH-
Hero TpeHus nopoxas (14°), H. H. Macuaos (1955 r.) npuiren x BHBO-
Iy, 4TO 3TOT Cjay4ail sABJFeTCs SPKHM NPHMEpOM MNPOsBJEHHS NJIACTH-
YecKOTO TeYeHHsI Macc TPYHTA.

IlpuMepoB nJaHTenbHBIX, MeJJIEHHO NPOTeKAKUX nedopManuil TiaH-
HHCTHIX TPYHTOB B OCHOBaHHsX, €CTeCTBEHHBIX CKJIOHAX H OTKOCAX 3eM-
JISTHBIX COOpYZKeHHH 4peaBhyaHO MHOTO. Mbl orpaHHYHMCS NDHBENEH-
HbIMH Bblllle IpPHMePaMH, NOCKOJbKY OHH, Ha Hall B3risj, KalOT MOJ-
HOe npejcTaBJeHHe O NPOABJICHHH HOJBYYECTH TJIHHHCTHIX TPYHTOB B
HaType.

ABapuu coopyxenuii. TIpu BEICOKHX ypPOBHSX HaNpsiKeHHH, Kak
ObL10 cKa3aHO BhIlle, nedopMalHsa TeYeHHs MepPeXOJHT B CTaJHI0 pas-
PylLIeHHs: — 0JI3y4eCTH C BO3pacCTawilell CKOPOCThbIO, 3aBepuialolleics
HcuepnanueM (noTepeil) MPOYHOCTH MaTepHaJsa (TpyHTa).

Hukenepnoii NpaKTHKe H3BeCTHO MHOTO cllyyaeB PasJHYHBIX aBa-
puil ¥ KPyHIeHHH COOPYKeHHH MO OPHYHHE NOTEPH HOPOYHOCTH TPYHTOB
HX ocHoBaHHH. Oco6eHHO MHOTO cJy4aeB aBapHiU B pesyJbraTe paspy-
LICHHS OTKOCOB 3eMJISHLIX COOpY:KeHHH (IJoTHH, Xam0, JOPOIKHBIX
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wacpimeli ¥ BbIeMOK) H CCTECTBCHHBIX CKJOHOB BCJEJACTBHE BO3HMKHO-
BeHHS ONOJI3HEBHX BJACHHH B IVIMHHCTHIX TPYHTaX. ABapHu H Kpylle-
HHA COOPYKeHHH H CKAOHOB BOOGIIE, THAPOTEXHHUECKHX B OCOGEHHOCTH,
IpHYMHSIOT OTPOMHBEIH MaTepHaibHbll ymep6 H MPCACTaBALIOT 00.1b-
WYI0 ONAclOCTh AJI8 HAaCeNCHHSI.

HuTepecueflllnM OpHMepOM TIOTEPH MNPOYHOCTH IVIHHHCTOTO OCHOBA-
HHSL $iBJsieTCS KpylUeHHe CHJIOCHOTO 31anHHsl TPanCKOHCKOro 3¢pHOBOTO
sneatopa (Kamama) emkoctsio 27 000 1, cocrosBumero us 65 muanni-
pHUYeCKHX KOHCTPYKUHH auaMeTpoM 4,4 M, BricoTOll 28 M, onupalouHX-
cfl Ha TPYHT TOCPEACTBOM Kesic300eTOHHOH pacnpejennTe/bHOH INTH-
Tl TonmuHOM 0,61 M [16]. Bekope nocae 3aBepuieHusi CTPOHTE/IbCTBA
W mepmofi paBHOMepHOH 3achinkH 3epHoM (25000 T) 18 okTaGpa
1913 r. a;ieBaTOp Hauan ocejaTh, a 3aTeM OTKJIOHHJCS B cTOpoHy. Hanu-
Goablllas ocafKa 3/eBaTopa cocTaBHia 8,8 M, nauMenbilag — 1,5 M, a
yroi OTKJoHeHHs oT BepTHKaau 26°53°. TlpemBapuTelbhble TeoorHde-
CKHe HCC/Ie[0BaHHA NMOKAa3aJH, YTO NMOJ MOBEPXHOCTHLIM CJI0OEM YepHo-
sema (0,6 M) nociemoBaTesbHO 3aJeraldT KpacHoBaTo-cepas (1,5—
1,8 M), cunsaa (20 m) u Genas (4—5 M) rumubl. Bypenne nokasano,
YTO rJHHa, MJIOTHAsA y MOJOLIBH (DyHHAMEHTHOH NJIHTH, Ha ray0HHe
9—12 M aBasercsa ouenb Msarkofl. MecnenoBanus nokasaan Takxe, 4T
HepaBHOMepHas ocafka COoOpyKeHHsl Ghla 00ycJIOBJeHA CONPOTHBJE-
HHeM BaJyHOB, 0OHapy»KeHHBIX Ha ero BOCTOYHOH cTOpoHe. B cBA3H ¢
HepaBHOMeDHOH OCaJAKOH COOPYIKECHHS NPOH30ULJIO BLIIHPAHHE TJAHHH-
CTOTO rPYHTa H3-NO0L (yHEAMEHTHOH INJHTH ¢ 06pa3oBaHHeM BaJja’'BH-
cotoit 1,5—1,8 M.

Cayuan paspyllleHHsl THZPOTEXHHYECKHX COOPYXKEeHHH, B YaCTHOCTH
NJIOTHH, Ha6II0RAIOTC KaK B NepHOX CTPOHTEJNbCTBA, TaK H B Ipoitecce
ux skcmayaraund. Ilo uMelOmHMCS JaHHBM, Ha CETOJAHA B MHPe MOX-
HO mepeuncauTh 6osee 400 KpynHBHIX aBapHH IJIOTHH, H3 KOTOPHIX /3
NPOH30IlIa B Pe3yJbTaTe HeyuyeTa CBOHCTB rpyHTOB oCHoBaHHH. HMure-
pecHHM fBJAAETC NPUMep pas3pylileHHss OeTOHHOA NJIOTHHBI AyCTHH
(CHIA, TlencunpBanus), xotopoe mpousdonlio 30 ceursibps 1911 r.
[notusa (manma 168,5 M, Belcota 15,2 M, mupuna rpe6us 0,75 M, mn-
prna ocHosanHs 9,15 M) OBa mocTpoesa Ha ToJLle YepeXyKOUIHXCH
TIIHHHCTHIX CJAHUeB H HecYyaHHKOB 6e3 geMenTaumun. CTPOHTeNbCTBO
Obl710 Hayato | gexabps 1909 r. OcHoBHble IyTH QHABTPALAH BOAB GH-
JIH COCPEROTO4YEHH B TPeUIHHOBATHIX MecYaHHKax, MO0 KOTOPHIM ¥ GbLA
ofJieryeH COBHI CMOYEHHBIX [JHHACTBHIX CJAHLEB BMECTE C ILIOTHF Of.
HecMoTpst Ha Madble pasMephl NJOTHHH, B pe3ysbTaTe ee KpylleHus
noru6.10 oxkoso 100 yenoBek u Gbl NpHYMHEH GOMbLIOH MaTepHaJbHBIH
yep0.

SIpkuM TpHMepOM pa3pylleHHs 3eMJISHOH TVIOTHHB BCJACLCTBHE
CTION3aHHA HH30BOrO OTKOCA fABJACTCA OFHA H3 IJIOTHH B ApMmenun,
HMEIOIIero MecTO MocJie 3aBeplileHHs CTPOHTENbCTBA, — 33 HECKOJBKO
AHeH N0 Hayajla 3amo/iHeHHsa BOAOXPaHWIHNIA. ['peGeHnL TOTHHE! (BHI-
cota 64 M, miuna 500 M, 3a710KeHHe BEPXOBOTO OTKOCa 1:3—1:4, Hnzo-
BOTO OTKOca 1:2—1:3,5, o6bem okomo 4 Man. M%) Ha mauHe 200 M mpo-
cest (c 3axBaTOM fiipa) O 4 M, H2 HH30BOM OTKOCE NMOSIBHJHCDH TPellH-
Hbl H BHIyYHBaHHE TPYHTA B Hpejenax abcoOMOTHHX OTMeTOK 1875—
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1880 M naj yposaHeM MmopdA. B mocaenyouiem, B TCUEHHE HCCKOJbKHX
Anefl, AegopMalHH OTKOCA 3aXBATHIH AJIHHY 350 M ¢ yBejuueHHeM
npocajks Ao 8—13 M, nogBuAHCh NPH3HAKH AeGopMalHH BEPXOBOro
0TKOCa, TOKPHITOro KejnezobeTonnuMH naHTamu. [Ipuumnoir BceMmy
6BIJI0 HAPYLIGHHC KaK TPOEKTa, TaK M TCXHOJOIHH CTPOMTeNbCTBa. B
npolecce CTPOHTeJBCTBA [AJI€YHO-IPABCJMCTHI  MaTepHan OOKOBBIX
NpH3M NJAOTHHBI, IIPCAYCMOTPEHHBIH HPoeKTOM, Obl1 3avicHen JAENIOBH-
aJbHBIM CYIVIHHKOM H HPOJIOBHAJNbHEIMH OTJIOMKEUHAMH ¢ APECcBOH H
rajJbkoi, a Takxke ¢ rpyboHakaTaHHbIMH 00JOMKaMH CKaJbHBIX HOPOJ
Ge3 ompejieIeHHs 1OKa3aTeseld ONTHMAJAbHOH IVIOTHOCTH — BJIAXKHOCTH
ONBITHOH yKarkod. MaTepuan aapa nuoTHnbl (cpelHHil H TAXKeEJbiH
CYrJIHHOK) HMeJ BJIaXHOCTb, NPeBBILIAOIIYK OHTHMAaJLHYH na 30—
489%, H BCACACTBHE 3TOr0 HAPYIIHJIHCH 3afaHHDIe B HPOEKTe 3HAUCHHSA
ero MJIOTHOCTH. $IAPO BO3BOAMJOCH ¢ OTCTABAaHHEM OT CTPOHTEJLCTBA
GOKOBBIX NPH3M Ha 25 M, UTO NPHBEO K NOBHIUICHHIO BJaXKHOCTH TPYH-
Ta H3-3@ HakKomjenus aTMocepHBX 0CaAKoB, OOHJIbHEIX B 3TOM pail-
oHe, PesyabraToM AonylleHHbIX HapylleHHH ABHOCH HECOOTBETCTBHE
NPOYHOCTHHX B JAPYrUX NPOeKTHHX HOKasaTeJell TpyHTOBOro MaTepHa-
Ja JeHcTBHTE/BHHEM, TIOJNYYeHHLIM TIDH €T0O YKJajixke B fi/ipe NJIOTHHEL

3acayXHBalT 0cO60ro BHHMaHHA ONOJ3HH Ha OTKOCAx JKe/e3HOo-
AOPOZKHBIX BHEMOK B JIOHAOHCKHX TJIHHAX, ONHCAaHHBIC H HCCHIeJOBaH-
Hele A, B. CxemnToHom B 1964 r. H yacTo NpHBOAUMBE B JIHTepaType
B KayecTBe NPHMEPOB, HJJIIOCTPHPYIOLIMX CHHMKCHHE TIPOYHOCTH TJIMHM-
CTHX IPYHTOB BO BPeMEHH BCJeACTBHe HX moasydectu [4]. Takum npu-
MepOM MOXKeT CJYXKHTb paspyuledHe B 1941 r. noAnoOpHOH CTeHKH B
Kenzan-T'pun, noctpoennoit B 1912 r. Habmonenns 3a cMelleHHAMH
HOANOPHOH CTeKKH B TeueHue 12 JeT KO ee paspylieHHs MOKa3aJH, 4To
BHauaJie OHa gedopMmuposadack Co ckopocTsio 0,6 ¢M B rom, a mepen
HayajJoM oOpyuwenns — 45,7 cm B roa. Cnossanne maccuBa TpyHTe
(BnaxuocTh 33%, npegea texyuectu 83%, npenen naactuunoctu 30%)
u obpyluenHe MOLIOPHO# CTEHKH 00BACHANHCH CHHMKEHHEM MPOUHOCTH
JIOHMOHCKUX IuH 3a 29 jer na 40%. JpyrumMu npuMepaMu omoJi3anus
OTKOCOB B JIOHJOHCKHX IJIHHAX fBJAIOTCS OHOM3HH B BleMKax. HopT-
xont (19565 r.) u Cangbepu-Xummr (1949 r.), mpocyiiectBoBasuux 19
u 49 ner coorBeTcTBeHHO. Mx 00pylleHHe TaKke 06BACHAIOCH YKa3aH-
HOH BhbIlle IPHYHHOMH, :

3akanyuBasg PacCMOTPEHHE CJyyaeB aBapHil, KPYyUIEHHH coopyxe-
IIHA H ONOJI3HEBBbIX ABJEHHH Mo HOpPHYHHE Hcuepnanua (HapylleHus)
NPOYHOCTH TVIHHHCTHX [PYHTOB, OTMETHM TOJBLKO, 4yTO YHCJO OHOJ3Hel
HCYHCJIACTCS THCAYAMH,

H3noxeHHoe Bblile ABJAACTCS AOCTATOUHBIM OCHOBAaHHEM [JA TOrO,
yToOB K BONmpoCaM HCCJACJoBAaHHS JedOPMALHOHHBIX H IPOYHOCTHBIX
CBOHCTB TIpYyHTOB BoOOIle W 0cOBeHHO PEOJIOTHYECKHX CBOHCTB IJHHH-
CTHX TPYHTOB OTHOCHTbCS C JOJJKHEIM BHHMAHHEM H Cepbe3HOCTBIO.

§ 4. OCHOBHbLIE HANPABJIEHWSI OSKCHNEPUMEHTAJIbHOWM PEOQJIOTHH
TIIHUHUCTBIX TPYHTOB

Hauano mayuHbix TMoHCKOB B 06MacTH PEOJOTHH TIMHHCTHIX TPYH-
TOB COBNAJO ¢ BEIXOAOM B cBeT H3BecTHoH KuHru K. Tepuaru «Ctpon-
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TeqbHas MexaHnHka rpyutos» ([30], B KOTOpoH OblLIM BHEpBbIE PACCMOT-
PeHBl SONPOCH HCCJAeLO0BaHHsl HX JAedopMaldit BO BPeMEHH KakK IpH
O/IHOOCHOM CXKaTHH TPYHTOBBIX Ky60B, TaK M B YC/IOBHSX OTCYTCTBHS
60K0BOro pacuupenus (OJHOMEPHOTO ymnjoTHenusi). B mepBom us oT-
MEUEHHBIX cAyuaeB AedopMaiMs rpyHTa BO BPEMEHH NpoTeKaja NpH
TIOCTOSIHHOf BJAaYKHOCTH M NO3TOMY [OJYYMJa Ha3BaHHE «YHPYroro
nocaeneficTBEs> (CM. BHIIIE), & BO BTOPOM — NPH H3MEHEHHH (yMeHb-
LIeHHH) BJIaXHOCTH BCJIEJCTBHE €T0 YNJIOTHeHHs H Obl/la Ha3BaHa KOH-
coaunanues (cm, ra. 3).

B paabuefinieM SKCnepHMeHTaJbHbie paboOTLl 1O PEOJIOTHH FJIHHHC-
TBIX TPYHTOB, KOTOpDas Hadaja (OpMHPOBATbCs KAaK CaMOCTOATE/ILHOE
Hayynoe HanpasJieHHe nocjie JII MexAyHapoAHOTO KOHrpecca IO Me-
XaHuke FpyHTOB M (yHaamentocrpoennto (Lliopux, 1953 r.), passusa-
JIHCb B CJELYIOIMX YeTHpPeX HanpaB/JeHHsX: HCCeqoBaHHA Jdedopma-
1l (YOpYrux, MOJI3y4MX, N1acTH4ecKux), o0beMa (yHJIOTHEHuUs), dop-
Myl (cnBHra), AJUTENBLHOH NPOYHOCTH H PEJIAKCALHH HaMpsiKeHHH.

AKcnepHMenTaNbHBlE HCCJAeAOBaHNA O00beMHBIX gedopMauHii BoRO-
HACHIIIEHHBIX M BOJAOHEHACHIEHHBIX TVIHHUCTHX TPYHTOB B0OOIle, B
TOM yMciie JAedopManuii O THOMEPHOT O YIJOTHEeHHH, NPOBOAT-
csl Kak 0e3 yueTa, TaKk H c yyetoM (P akTopa BpeMeHHU (moa3y-
YeCTh). IDTH HCCNENOBAHUA NpeJHAa3HAUYEHH A5 OlpefelIieHHs KOHey-
HEIX H JAJHTEJbHBIX OCalOK COOpYMeHWl, (YHAHDOBAHHHX HA 3THX
I'DYHTaX, NOCTPOEHHBIXx B HX Cpelle HJIH BO3BEJEHHBIX H3 HHX B BHIE
Haceinest, 1am0, WIOTHH H T. 4., AJSI UX pacyera MO NpefeJbHHE M
ZeDopMamHusaM — II0 BTOPOMY NPEAEJbHOMY COCTOSIHHIO.

B cooTBeTcTBHM C OCHOBHHLIMH MpPEAMOCHJ/IKAMH CYWECTBYIOIHX Teo-
puil ymroTHeHust (cm. ra. 3), pa3paGoTaHHBIX /IS NMPOTHO3A JLJIHTEJb-
HHX gedopMaiii BOJOHACHIIEHHBX [IMHHCTBIX I'PYHTOB B OCHOBAHHAX
COOPYIKeHHH mpy OJHOMEDHOM, JIBYMEDHOM H TPEXMepHOM HX YIJIOTHE-
HUH, YKa3aHHHE BHILIe HCCIEJOBAHHS NMPOBOJATCS KakK 0e3 BHILEJEHHS,
TaK M C BHIeldeHHeM JedopMauuu ckenerta. Hua noayyenus
AOCTOBEpHBIX [aHHHIX 0 Ae(POPMANHOHHHX CBONCTBAX IVIHHHCTHX TPYH-
TOB 0c000e BHUMaHMe ylesseTcs BHABJCHUIO BIANIHHS Ha 3TH cBOACTBA
rEeHeTHYeCKHX HX Oco0eHHOcTeli (cOocTaBa, CTPOEHHS, CTPYKTYpPH, COCTO-
SIHUS M T. A.) H ydery OOJBIIOTO KOJMYECTBA BHEUIHMX (PAKTOPOB H B
NepByI0 OUEPE]h — H3MEHEHHA HalpsKeHHH, BJAXHOCTH H TeMIlepa-
TYPH.

OnpeneneHHe KpaTKoBpeMeHHOH (HayanbHOA) M A J H-
TEJbHOH MPOUYHOCTH CBI3aHO ¢ HEOOXOMUMOCTLIO paciera rpyH-
TOBBIX OCHOBaHHH M COOpPYXeHHH H3 TPYHTOBHIX MaTepHAaJOB MO HX
mnp ez;en bHO# NDPOYHOCTH (IO NEePBOMYy INPEAENbHOMY COCTO-
SIHHIO).

[Ipupona npoynocTs, Kak u mpuposa gedopManud 06beMa FIHHU-
CTBIX TPYHTOB, YPE3BHUAHHO CJI0XKHA U MOITOMY €€ HCCIefoBanHue (c
yueroM MHOrooGpasus (akTopoB) sBAsieTC OZHHM H3 OCHOBHHX B Me-
XaHHKEe H DeOJIOTHH 3THX TyHTOB. BHIIOJHEeHO OUeHb GOJBINOE KOJIHUe-
CTBO paboT Mo HCC/EJOBAHHIO KPAaTKOBPEMeHHOH (HauajibHOM) M JJIH-
TeJIbHOH NPOYHOCTH CaMBIX PA3JHYHEIX TFEHETHYECKHX THIOB BOJAOHA-
CBIIUEHHHX H BOJOHEHACHILEHHBIX FIHHHCTHIX FPYHTOB NPHPOJHOTO H
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HAapPYLIEHHOTO CJIOXKEHHS NPH OJHOOCHOM CXKATHH H PaCTSKEHHH, 1peX-
OCHOM C3AaTHH, KPyYEHHH NOJBIX H CIVIOWIHHIX 00pa3loB, a Takke of-
HOIJIOCKOCTHOTO H MHOTOIIOCKOCTHOTO Cpe3a, CKAallMBaHHS H T. J.

Hccaenosanusa pgepopmMaunit GHOpPpMOH3IMEHEHHSH
(caBHTa) TJIMHHCTHIX TPYHTOB NpH y4eTe H Ge3 yyeTa haxkTopa BpeMeHH
NPEJICTABJIAIOT MCKAIOYHTEbHO 00/BIOA HHTepec sl ONpejeseHHs
HX HANpPSKEHHOTO COCTOSIHHSI, KOHEYHBIX H AJHTe]bHHIX Aedopmauuit
HpH pellleHHH 3ajay YIJNOTHEHHS, pacyera CMelleHHs NOJNOPHBIX CO-
OpYXeHHH H TPYHTOBHX Macc NOJA JAeHCTBHEM CABHIOBHIX YCHJHH 00O
npexedbHBM JdedopMalHAM CABHra—mHoO BTOPOMY
npefeabHoMy cocTogHuo. [MedopManun uaMeHenus GopMH
TIHHHCTHIX TPYHTOB 4BAAIOTCH Uanbogaee CJIOKHBEIMH H3 BCeX JPYIHX,
paccMaTpHBA4E€MBIX B PEOJOTHH TPYHTOB, YTO OMNpefe/feT CJAOXKHOCTh
MetonukH. lloMumo Bcex apyrux BHeuiHHX (aKTOpoB, BJIHSIOIHUX Ha
JedopMallul YNJOTHEHHS, 3/leCh NPHOOPETAIOT NMepPBOCTEMEHHOE 3Haye-
HHEe BeJAHYHHA, DEXHM H IJHTEeNbHOCTb AeHCTBHSI KacaTeJbHBIX HAINps-
JKeHHH, H3MEHSAEMOCTb COCTOSIHHS FPYHTA NOJ AefCTBHEM YIJIOTHSIONIHX
JaBJIeHHH, TEMIepaTypH, ycaakH, HaOyXaHus H T. 1. B aroii cBS3H oueHb
CA0XKHE H COOTHOLIEHHS, ONHCHIBAKINHe NpoleccH AedopMauuit nos-
3y4YeCcTH NpH CABHTE,

MccnenoBanue peffakcamHil HANMDPSIXKEeHHH B TJIHHHC-
THIX TPYHTaX OTHOCHTCH K YHCJY MeTOAOB, TO3BOJAAIIIHX COKPATHTH
CPOKH DEOJIOTHYECKHX HCCJ/eJ0BaHHH AJS ONpelejeHHsl NapaMeTpoB
N0A3y4YeCTH MarepHaJOB, B YACTHOCTH IVIHHHCTBIX TPYHTOB, NPH JIO-
Oerx BuAax aedopmaunnu oGbema u Gopmbl. H3-3a cioxHOCTH BHIOI-
HEHHS 3THX KCIIEDHMEHTOB KOJHYECTBO DaboT, NOCBAIECHHLX pejaKca-
ILHOHHBIM HCCJENOBAHHAM TJHHHCTHIX TPYHTOB, BechMa OrpaHUYeHHO.
Hccnenosante pesakcaluii HampsKeHHH B TIHHHCTHIX TPYHTax (M He
TOJMBKO B HHX) $BJSIETCS HOBHIM, HO BMeCTe C TeM MHOTrooGel[aloLIHM.
HanpaBJeHHEM B PEOJIOTHH.

Hapsapy c nccieloBaHHeM PeONOTHYECKHX CBOHCTB IMIMHHCTHIX TPYH-
TOB B CMeXHBIX 00JacTaX HayK# (HHXKeHepHOH reo/IOTHH TPyHTOBeje-
HHH, (HU3HKO-XHMHYECKOH MeXaHHKe H Ap.) yaedsercs Goablioe BHH-
MaHHe BONMpOCaM HNPHPOABI HX (POPMHPOBAHHA H H3MEHSeMOCTH CBOACTE
non AeHCTBHEM Pa3JHUHBEIX NIPHPOAHEIX H BHeWIHHX dakropos [9, 10 18].
OTH uceAeJOBaHHs MO3BOAAIOT HE TOJNBLKO DACIIMPHTH HALIM 3HAHHSA B
BOIpocax HPHPOAH AedopMallnii H MPOYHOCTH TIHHHCTHIX TPYHTOB, HO-
HUMaTb Ha0JlofaeMble B NPUPOJE M IKCNEPUMENTe SABJEHHS, HO H CHO-
cOOCTBYIOT NPAaBHALHOMY ONPEIEJNEHHI0 OCHOBHHIX HCXOJHBIX NpEINO-
CBUIOK TEOPHH MOJA3YYECTH H NOCTAHOBKE COOTBETCTBYIOIHX SKCHEPH-
MEHTOB,

Orepmune «<nonsyuectbs. H H. Macnop (1941 r.) noa noJ-
3Yy4eCThIO TJIHHHCTOTO IPYHTA TMpPH CABHIe MOAPa3yMeBaJ MJIacTHYeCKOe
Te€YeHHe, KOTOpOe MNpOfABJSeTCH Jaxe MpH o6ecMeyeHHON HaYaJbHOR
YCTOHYHBOCTH COODYIKEHHUS, T. €. P HANPSIKEHHSX, He TPeBHIIAIOMHX
ero npo4Hocth. J1. I1. TlepkoBckuit noa3ydecTsb riinn Mpu cABUTE Xapak-
TEPH30BaJ KaK MeJJIeHHYIO, HO HeNpephIBHO Hapacramoiyio gedopma-
uio, a K. Tepraru u P. Tlex (1948 r.) — kak pedopmainio, mporeka-
IOIIYI0 C NMOCTOSIHHOH CKOPOCTBIO. AHAJIOTMYHOE TOJNKOBaHHE TEPMHHA
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«noasyuectb» MoxHO HaiiTH y H. A. Ilwtosuua [37], H. H. Macao-
Ba [18], E. . MeakoBa n mMuorux Apyrux. [Tostomy ne ciydaiHo, 4TO
g0 1954 r. ans onHcanus NOA3YYECTH IVIMHHCTHX TPYHTOB TNMOJAB30Ba-
JIUCh MOAESIMH HIeadbHO BSI3KOH KHAKOCTH HploToOHa H ynpyroBssko-
nsaacTrueckoro tena Buurama (cM. L. 2, § 2).

M3 ckazarHOro Bue CJaeAyeT, UTO A0 HEAaBHEro BPeMeHH 00Jb-
HIMHCTBO CHENHAJHCTOB MOJ NOJA3YUYeCThIO FIHHHCTHIX [PYHTOB NoApa-
3yMeBanH TOJABKO JAe(opMalHi, MNPOTEKaloWyK ¢ MOCTOSHHOH CKO-
POCTLIO —YCTAHOBHBLIYIOCSH NOJN3yUuecTh, TeueHHe Takoe
TOJIKOBAHUE SIBJEHHS II0J13Y4eCTH, QUeBHIHO, ABJAHCTCS Ja/eKO He HoJ-
HHEM, COOTBETCTBYIOIIHM TOJBKO OJHOMY H3 HaCTHHX CJy4YaeB NJIHTEMNb-
Horo jaedopMupoBanud. B camom jgene, naxke B ciuayuae AedopmManHuu
casura, ob6ycaoBanBawinell (GOPMOH3MeHeHHe H pa3pyllieHHe MaTepHa-
Ja, HACTYNJIEHHIO CTaJHH TeYeHHs NpeAllecIByeT AOBOJLHO AJHTENb-
nast CTajHsl HCYyCTaHOBHBIIEHCS — 3aTyxawiuei TMoasydecTH (cM. pHC.
2), Kotopo#t B ob6meM npoiecce AeOpMHPOBAHHA HHKAK HEJb3A Tpe-
tebpeun [20]. Kpome Toro, me npH BceX HANPSIMKEHHSIX HACTYHAET BTO-
past cTagus NoJi3y4ecTH — CTajusl Tedenusd. BMecTe ¢ TeMm dBaenHe N0~
3y4ecTH NPHCYINE HE TOABKO AedopManusaM CABHra, HO H AedopManHsaM
H3MeneHHs1 00beMa, NPH KOTOPHIX NMOJ3y4YecTh SIBJASIETCsI TOJBKO 3aTy-
xatoutelt |20].

[TosTOMY OYEBHAHO, YTO NOJ3YUECTBIO [VIHHHCTOIO IPYHTA MOMKHO
Ha3HBaTh NPOTEKAIOIHe BO BPEeMEHH 3aTyXalolHe H He3aTyXalouiHe
JeopmMayuu of6bema h (HOPMBI MojA AeHCTBHeM BHelIHEH NOCTOAHHON
HarpyskH M BCEX BJAMAIOIHX Ha 3TOT mponecc daxTopos [20].

I'nasa 2
HANPS)KEHHUS U LE®POPMALUU. TEOPUHU NMOJI3BYYECTH

§ 1. BBEJLEHHE

HedopmupyeMmoctb sBaseTcss 0GBEKTHBHO CYIUECTBYIOUHM  CBOii-
CTBOM BCeX pealIbHBIX MaTepHas0B — GETOHOB,  MeTaJ/0B, TPYHTOB,
TOPHHX NOPOJ, NJacTMace, ApeBecHHH H T. 1. JledopMauiu, KOTophie
OpOSIBASIIOTCA TOA AeHCTBHEM BHEIUHHX HaTrPY30K B BHAE H3MEHeHHS
pa3MepoB H (QopMHl TBepAOro Tena (MakpoajemeHTa, o6Gpasia), G-
BalOT MPOCTHMH H cIOXHHMH. K uHCTy npocreix xedopmanuii OTHOCHAT-
CA C¥aTHe, pacTdxeHde u kpydeHue. Ecan Teno onHoBpeMeHHO nop-
Bepraercst AByM H OoJiee BHAaM aedopMmauui, to Takas pedopManus
Ha3BBAETCA CJAOXKHOK. B cOOTBeTCTBHH ¢ 9THM TeN0o MOXKer Ha-
XOJAHTLCA B NMPOCTOM M CJOKHOM HANPSIKEHHOM COCTOSHHSAX.

Cxarue (pacrsxenue). [Ipu cKaTHH (pacTAxKeHHH) 06pasuH Ma-
TepHasla HCHBITHBAIOTC Ha HCIBITATENBHBIX MallHHaXx-npeccax. YTo6st
130eXarb BJHSHHS TODIEBHIX OrpaHHUEHHH W/ 3aXBATOB Tpecca Ha
pesyJbTaThl ONHTOB, AeopMauHio 3aMepsiOT B cepefHHe o06pasua,
Ha HeKoropoi Gase ly (puc. 4). OrtHowenne Majoit aGconiorHOR Je-
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az

Puc. 4. Cxema pedopmaunu Puc. 5. JuarpaMmsl pacTSKEHHSI IIacTude-
CTEPXKHS1 NIpPH OJHOOCHOM CXa- CKH Ae(opMupyeMoro Tela HJs yCIOBHEIX (1)
THH H HCTHHHEIX (2) HanpstkeHnH ¢ «3yBom Te-

KyuectH» (3), xpymkoro JaetopMHUPOBaHHA
(4), mieaspHOro ympyrommacruyeckoro (9) u
YIPYrOMIaCTHIECKOTG AePOPMUPOBAHAN C JM-
HeltnblM (6) u HesuueRunM (7) ynpouHeHuewM.
Opr-—INPEACT  NPONOPHUOHANBHOCTH; Oe —
NpPEACN  YUDYTOCTH, Oy, U Cp,— HUXKHHA ¥
BePXHHA MPEJENE TEKYYeCTH; Ous — BjEeMeH-
HOe CONpOTHBIEHHME; Gk — HCTHHHOE COMpO-
THBJIEHHE DA3PyLIEHHIO

¢dopmannH Aly kK HauanpHOH AnuHe 6a3u /) HaswBaercs Mepol HJM OT-
HOCHTeqbHOH pedopManHef:

e = ALyl (2.1)

a OTHOLIeHHe BHeLIHeH Harpyskd P K MiomagH NONEPeuHOro CeyeHHs
obpasna F — HOpMAaJbHHM HanpskKeHHEM:

o = P/F, 2.2)

Ecau nedopmManuy KOHEUHB, T.€. COH3MEPHMH C eIHHHUEH, TO aJs
OIpPeReJEHH HX MepH paccMaTpHBaeTcs OTHOLIEHHe MaJoro npHpa-
merusa Al k rekymed ganne sneMenra (6aswer) [ (cM. puc. 4), a noanas
pedopManHs e* Oyner onpepeasrbcs Kak cymMMma AeOpManHi OTAEeNb-
HBIX 2JIEMEHTOB:

‘Fodr Ly
s (P 4L g 2 2.3
€ }g ; n . 2.9)

rge ly— HauanpHas, {; — KOHeuHas AJHHa 6a3Hl.

[ToHATHEe 0 AorapudMHUECKOM yIJHHEHHH e* MaTepHa/oB BBEAEHO
B HayKy B. PenrreHom u Bneppue npuMeneno I'. I'enkn B 1926 r. H
no3TOMY HasmBaercs mepoit I'enkn [27].

B 3aBHCHMOCTH OT CKOPOCTH NPHJOXKEHHS Harpy3KH H TEMIEpaTyphl
TBepABIE Tejla MOKBEPraloTCsA MIACTHIHOMY HJIH XPYHKOMY Re(pOPMHDO-
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BAaHHIO H DaspyHLIeHHIO, HAXOASTCA B IJIACTHYHOM HJIH XPYIKOM COCTO-
STHHSIX, HMEIOT IIIACTHUHOe HJAH XpYIKOoe IoBefieHHe, UeMm BHIIe CKO-
pocTh Harpyxenust  (leopMHpPOBAHHSI) H HHXKE TeMIlepaTypa, TeM
BBIIIE CKJOHHOCTb MAaTepHala K XPYNKOMY NOBeJEeHHI0 — K XPYNKOMY
paspywensio. B nepBoM caydae Tejsa  paspymianTcs NpH GOJBLIHX
MIacTHIeCKHX nehopManHax, a BO BTOPOM — IIPH Maukx JebopMaiu-
X BoOOILE, IPH MAJILIX OCTATOYHHIX (MJACTHYECKHX) AedopManHsX B
yacTHOCTH. Mexons u3 nosefeHHs (neopMHpOBanHs) MaTepHaj 0B B
YCJOBHAX HOPMAaNbHOH TeMHepaTYpE H CTAHAAPTHOTO HCHHTAHHS, HX
YC/JIOBHO HA3LIBAIOT TaKXe NJACTHYHBMH H XPYNKHMH.

B o0pasue naacTHuYHO-Ae(OPMHPYEMOr0 NPH PACTIKCHHH MarepH-
ajia nepell pa3puBOM ofpasyercs W e#Ka, T.e. NOSIBJSETCS PE3KOE
CYJKEHHe NONePeYyHOro ceYyeHHsd, a IPH CKaTHH — GoykooGpasnas ¢op-
ma. O6pasoBaHHe INeHKH H BCJIEACTBHE 3TOTO YBeJHYeHHEe HAINPSIKEHHS
IPH IIOCTOSTHHOH HaTpy3Ke CYMTAeTCs OCHOBHOH MPHYHHON HPOABJNEHHS
TpeTheH CTaJiHH NOJ3y4eCTH MeTa/ioB (CM. pHC. 2), MpoTeKaloleil ¢
BO3pacTawIlel CKOPOCTHIO,

W3 auarpammul pactaxenusi I (puc. 5) Aas yCaIOBHHX Hanpsxenui,
OTHeCeHHHX K I[IepBOHAYaJbHOH RJOLLAAH [ONEePedHOro CceveHHs 06-
pasua F, BHIHO, 4TO WPH MaJbiX Harpy3kax OTHOCHTeJbHast fAedopma-
sl g IJIacCTHYECKH-AePOPMHPYEMOro Tena NpAMO NPONOPHHOHAJBHA
HanpsikenHo 0. [Ipu GoJbIUHX HArpyskax cBsi3b MeXAY HanpsKeHHs-
MH U fehopManusMH CTAHOBHTCS HeauHe#HoH, M3 TOro Xe pHCYHKa
BHIHO, 4TO KOTd HANpPSKCHHE G JOCTHraeT BeJIHYHHHI Ué,p, martepHan
HAaUHHAET Teub, T. €. AedOpMHpOBATbCH Oe3 yBeJHUYeHHs Harpy3kH, Te-
YeHHe MaTepHaja Ha JHarpaMMe pacTAXKeHHd H300paxaeTcss OTpes3-
KOM KpHBOH, napaaniensHoll ocu aGcuuce.

[Mocnenyomee ysesnndeHHe HArpy3KH NPHBOAHT K HEKOTOPOMY yBe-
JMYEHHIO COTPOTHBJISIEeMOCTH MartepHaaa. IlpesenbHoe 3HadeHHe com-
POTHBJIIEMOCTH MaTepHajid PacTAXKEHHI0 (CXKaTHIO) MPHHSTO HAaSHBAaTh
BPeMEHHHM CONPOTHBJEHHEM Oys Hanpaxente, COOTBETCT-
ByIOLLEE Opr, HA3HBAETCd TPeLeqOoM NPONOPUHOHANBHOCTH,
Oyp —TNpEeNEJOM TeKyYeCcTH, O,—MNpeleioM YyOpy-
rocTH wmarepuasia. Ilpefen ynpyroctH NpakTHYeCKH paBeH npejeny
NPONOPUHOHAJIBHOCTH.

[lpu yuere yMeHblLIeHHsl IonepeyHoro ceueHHs olpasuma B mpollec-
ce nepOpMHPOBAHHS BMecTO KpuBok I (cM. pHc. 5) Oynem uMerh qua-
rpaMMy HCTHHHBIX HanpsiKenH# 2 ¢ MAaKCHMaJbHOH OpJHHATOH, pAaBHOH
COMPOTHBJISIEMOCTH Pa3pylleHHIO Ox. Caeyer OTMETHTH, YTO HA YyKa3aH-
HOH puarpamMme OOHapykKuBaeTcsl TakkKe «3y0 TEKYYeCTH», MO3TOMY
BBOJSTCS NMOHATHA BEPXHETrO o, H HHKHErOo oL, Tpeneos Te-
Kyuectd, dro sBaenue M. Peiinep [27] o6bacHser BHYTPEeHHHMH Peo-
JIOTHUECKHMH CBOACTBAMH MaTepHaJsia, B YaCTHOCTH: IePeXOAOM OT CH-
JIBI, PaBHOM CTATHYECKOMY TPEHHIO (TPEHHIO IOKOsl), K CHae TpeHH:
JABHXeHHs], HEOOXOMHUMOH s obecrneyeHHs PaBHOMEPHOro DacTAXe-
HHSL.

B npemenax ynpyrocTH guarpamma pactsikenust (CM. pHC 52 npH
HArpyXeHHH H pasrpyske HaoGpaykaeTcsl OJHONM H TOH e NPSIMOH OA.
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Tlpn Harpyxeuun ofpaslia BBIIE NpeAeta ynpyrocTH Aedopmauus He
ABASIETCS MOJHOCTBI0 o6paTHMOH. B sToM chayuae pasrpyska Hsobpa-
skaeTcss npsamoli BC, napaaneabHolt OA, a nonuas pedopmaunus OC’
npexcraBidetcd cymmoit ynpyroii CC’ um ocrarounolf (IJIacTHYECKOH)
OC pebopmanui.

Juarpamma pactsixeHHs XpynKo-leOpMHPyeMOro Marepuala Bbl-
paxaetcs KpHBOHA 4 (cM. pHc. 5). 3mech HeT MOIMAAKH TEKyUecTH,
wefixa He oOpasyercqa. CBsI3b MeXJy HanpsIXKeHHAMH H JedopManisi-
MH INIPAKTHUYECKH JHHefiHasd, QHarpaMMbl PacTSIKEHHs H CXKaTHA pas-
JIMUHBL

Tipn pemenun npukAaAHLIX 3aAad  ANArPAMMBL 8—0 PRATLLHOTO
TBepAOro Teja OOLUHO YNPOINAIT H MNPECTaBasOT HHArpaMMamH
HeaJbHOTO YHPYroiaacTHYHOro 9, YNpyromiacTHYHOTO Tejid C JHHeH-
HBIM 6 HaH HeJlHHeHHBIM 7 YIpOUHeHHeM (CM. puc, 5) WJIH efHHOH Kpn-
Bofi e=¢(0) (cm. § 3).

B npenenax nponopuHoHanbHoctH OA (cm. pHe. B) 3aBHCHMOCTD
&£—i0 BeIpaxaercs sakonom ['yka:

c=Ee, (2.4)

rae E — wmonyne ynpyrocru (HOmnra), koropulii HMeeT pasMepHOCTD
nanpsxkenus (Klla, MIla).

Pacraxenne u cxkarHe ofpasua H3 peasJbHOrO MarepHaja compo-
BOJKJA€TCs H3MCHEHHEeM €r0 MONePeUHHX pasMepoB — nmonepedyHoH
nedopmanuei. Ecau aGcomorHas nonepeudas jgedopmanus o6-
pasua paBHa Ab, a oTEocHTe/bHAS nmonepeuHast aepopmaunus g =Ab/b
(b — nonepeuduii pasmep obpasia), To

b= eie (2.5)

NpHHATO Ha3hBaTh KosP PHILHEeHTOM noNepeyHoh nePopma-
1 ¥ ¥ UM [lyaccona, KOTOPhIH H3MeHsIeTcs B npefenax oT 0 (aJst npo6-
KH) 2o 0,5 (aast pesunnt). Fimes Beamumny p, MoxHo (B npenenax mpo-
NIOPILHOHAMBHOCTH) ONpPEAeNHTh OTHOCHTENbHY0 00beMHYK Aedopma-
1Mo 0bpasua no BHpaXKeHHIO:
Ve—Vo

ez—f_vo_=e(1—2p), (2.6)
tne Vo — Hauaabueld of6bem obpasna; V;— ero KOHeuHBIT 00BCV.

B npepenax 0<-u<<0,5 cxKaTHe NpHUBOAHT K YMEHBLIEHHIO, a pac-
TSXKEHHe — K yBeJauueHHo o0bema ofpasma. [Ipn u=0,5 ob6bemHas
AepopManHs paBHa HYJIIO.

[Ipu nedopmanuu ofpasua Bunosgusercss pabora A, Koropas akky-
MYyJNHpYeTCH B BHAE NMOTEHUHanbHOR sueprun U. B npenenax npomop-
LHOHAMBbHOCTH (cM, pHc. D), KOrAa CHJaa BO3pacTaerT NOCTENeHHO, a
CHJIbl HHEPIIHH NPAaKTHYECKH PAaBHBI HYJII0, MOXKHO CUHTATh, YTO B Kazh-
ABIH MOMEHT BpeMeHHM BHELIHHE CHJILI DaBHBl BHYTPEHHHM, CJ/Ie€ROBa-
TeJILHO, PaBHBI H NPOJAEJIAHIIBIE HMH PabOTHL.

YienbHas noTeHuHajgbHas dHeprus fedopmanui u, paBHast NOTEH-

UHanbHO# sHepruum U B epuuHie oObeMma, OnpeledseTcs H3 BhIpaxKe-
Hus
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u= -+ ce. @.7)
2
TpexocHoe cxartue (pacrsmenue). IIpu TpexocHOM CXKaTHH HA BCeX
rpaHsXx napajjiedenunena (o6pasua) AeHCTBYIOT TOJNbKO HOPMaJbHHE
HanpsXeHHs oy, 02 H 03. Jedopmannn e, €y 4 3 nO HanpasJeHHIM Heii-
CTBHS TPEX HOPMaJIbHHX HanpsXKeHHH onpeaeAOTCs CASAYIOMUMH Co-
OTHOWEHHAMH:

o= [n—p (0 +o); |
&y = ‘)15—, [oz—p (o0 +a3)]; 2.8)
€3 =—]1:: fos—p (01 + 09)1.

HanpsixKenus oy, O, 03 Ha3HBAIOTCA FTABHBIMH HOPM adbHH-
MH HanpaXeHHAMH, a nlIoWAfKH HX ACHCTBHS — [VIABHBIMH
nJIoIanKamMu,

B ciyuae manux gedopmaniii, Koraa BeTHYHHAMHE BTOPOrO H TPETh-
ero nopsiika MaJOCTH MOXKHO NpeHeOpeyb, OTHOCHTebHAS AehopMaliHst
obbema o0pasua npH TPEeXOCHOM CHXKATHH

9:81+82+83. (2'9)
Uy, yunthBas (2.8),

1—2
b= ——"F (@ +0+0y). (2.10)
YaesbHas IOTeHIHaALHAS SHEPrHs YOpyrux nedopmanuit (2.7)
pH 00BeMHOM Hanpga¥eHHOM COCTOSIHHH NPHHHMAaET BHJA

= ”;“ (01 & + 0z &3 -+ O3 €5) . (2.11)
Ecau yuects (2.8), smecro (2.11), 6ynem uMeTh
=—— ld+d+ad—2p @utntntonnl. (@12

[Tpu TpexocHOM CXKaTHH oOpasna mnoj AefiCTBHEM paBHBIX 110 BeJH-
YHHe HOPMAJIbHHIX HanpsiXKeHHH (rHEpoCcTaTHYecKoe CKAaTHE) ¢=0;==
=igy==03 OYAYyT PABHH H OTHOCHTENbHHE JVHefiHbe AedopManun =
=g, =gy==g3. [109TOMy 00pasen Oyner HCOHITHBAaTL 00beMHYIO Aedop-
Mannio 8=3¢ Ge3 H3MeHeHHs dopmul. B cnyuae, korga abcoJoTHEE
neopManHE KOHEeUHH, oGbeMHas pedopMauHs sneMeHTa OyleT pas-
Ha 8*=3e*=In(V/V,).

Yucrniil caBur. Hanpsikenas, nelcTymouige TOJbKO BLOJIb N/I0IIA-
IOK, KOTOpHE SIBJSIOTCS TPAHSIMH 3jeMeHTa (pHc. 6), NPHBOAAT K
CKaWHBaHH — jgedopManu u3MeHeHHst HOPMHE (6e3 H3MEHEHHS
o6bema), sasnnaeMofi ukeTH M CABUT oM. Hanpskenus, aefictsyro-
IHe BIOJb TpaHeH 3JeMEHTOB, Ha3LBAOTCA KacCaTeJbHBIMHU H
o6o3nayatorcs 6ykBofi 1.
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OtHoleHAe aBCONOTHONR AedOpMAalHH YHCTOTO CABHTA AS K BBICO-
Te @ CKAIUHBAEMOr0 3/IEMEHTa

v=As/a=1gy (2.13)

Ha3BBAETCd OTHOCHTeNAbHOH AedopMantedt CABHUT a. 31ech
BBHAY MAJOCTH AepopManyi NpUHHMaeTcs y= tgy.

3aBHCHMOCTb MEXJY KacaTeJIbHbIMH HAaNpPSXKeHHSIMH T H OTHOCH-

TeJABHBIMH Je(opManHaMH YHCTOrO CABHTA y B Opejenax MPOmopiHo-

4s A
A= T 5}*—% I a
e \ \
I 7% N\D
I bl _15//63\ //(/ TW Mtor, \ l Mtgre
/ \
/ //\65 R
g, |
- 8/
A "‘,r' - Al 7 . | R /le r

a /! p
c
6. Cxema mnJjockoli JeopMauHH :
9/leMeHTa NpH YHCTOM CJABHTe Py

Puc 7. Cxema Kpyuesus 5JeMeHTa KPYINIOTO HONEPEYHOTO CeyeHHs AauHOH dx, pa-

JuycoM R ma yron 3aKpyvHBaHHA d@, NepeKalIMBaHHS (YHCTBIE CABAI) BPSMOYTONb-

uuka ABDC (BHIEJICHHOTO HA HMOBEPXHOCTH 00pasma) Ha yrosi y H TpeyroJnHast 3Iio-

pa pacnpefefeHds KacaTeNbHRIX HanpsiKennil (B mpegeNax YOpyrocri) B IHoHepey-
HOM CedeHHH SJeMeHTa

HaJbHOCTH (yrmpyrocTH) [0 AHAJNOTHH C BHpaxeHneMm (2.4) sanucu-
BaeTcs B BHIE

t=Gy (2.14)

M HaspBaeTcs 3aKOoHoM ['yka Mis fedopmauuu ciBura. 3fecs ¢ Mo-
AyAb YIPYTOCTH MaTepPHAJ/Ia [PH YHCTOM CIBHTE.

Jlerko noxasarb, 4TO IVIaBHbIE HOPMasibHble HaNpsAXKeHUS Gy W Os,
BO3HHKAWIIHe Ha maockocTH AC 3jleMeHTapHOro Ky6a mpH ero YHCTOM
cnBure (cM. pHC. 6), COOTBETCTBEHHO PaBHHI:

g =T,
’ (2.15)
- 03 = —T.

Mexay MOAyneM YHPYrocTH cxkartusi (pacrsxeHnus) E u uHcTOTO
cnBura G cyujecTByeT ceAyIonas 3aBHCHMOCTD!

G—=—F , (2.16)
2 (1-+y)

Kpyueune. Tlon peficTBueM KpyTAUMX MOMeHTOB My, (pHuc. 7) 10-
nepeunne ceyenHs I—I u I1—II snemenra gauno# dx Kpyrsjoro 3a-
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Kpy4yuBaeMoro o6pasua, ocTaBasgch MJIOCKHMH H NapaJJiesIbHBIMH, Ie-
peMeinarTcss APYr OTHOCHTENBHO APYyra Ha BeNHUHHY YIVIa 3aKpydH-
Banud dop. Ilpn sTOM BHIZe/JeHHBI HA NMOBEPXHOCTH 3JIEMEHTa 3JeMeH-
TAPHLIH NPAMOYTOJNBHHK NoABepraercs AehopMallHH UHCTOr0 CABHra.
Ero rpanu AB u CD nepexkalmuBaioTcs Ha yroa y.

B npenenax nmponopuHOHanbHOCTH, T. €. NPH JHHEHHOR 3aBHCHMOC-
TH MeXJy KPYTAULIMMH MOMEHTaMH H jgedopManusMH YHCTOTO CABHIA,
pacnpejesieHHe KacaTeJbHbIX HANPAXKEHHI B HONePeyHbIX CeueHUuax 006-
pasiua NoAYHHACTCS THHEAHOMY 3aKORY, DTO 3HAUHT, UTO IMIOpA pacnpe-
JeJleHHs] KacaTeJbHBIX HaNpsKeHHH fBJAseTCS TPeYrosbHOH (CM. pHC.
7). Kacartesnbubic nanpsskenud, aefcTByollMe HA PACCTOAHHH p  OT
LeHTpa 3akpyvuBaeMoro obpasna, OnpenensiioTces Ho CHAEAYIOUIEMY BHI-
PaxeHHIO:

rﬁ=@mp, (2.17)
p
rie /p — NoJIIPHBIA MOMEHT HHEPUHH CedeHust o6pasiua.
Ilpu p=R (R — papuyc o6pasua) kKacareJbHHE HaNpAXKeHHs H0C-
THraioT cBoero HauboJbllero sgavenus t(R).
IMosstpHEI MOMEHT HHEDIHH CIUIOUIHOTO KpyIJIOTO CEUEHHS onpe-
AeJSIeTCS O BHIPaXKeHHIO

1,==%, (2:18)
a4 KOJIbIIEBOTO CCUEHHS MO BBIP aXKEHUIO
@:%qﬂm~ﬂL (2.19)

Te r — BHYTPEHHHI pafuyc KoJbla,

Jlia caydaes KpydueHHs CIJIOLIHOTO H noJioro (KoJblleBoro) oGpas-
na Bupaxenne (2.17) ¢ yuetom (2.18) n (2.19) cooTBercrBeHHO 3aMH-
uleTcs:

Ry = ZMtor . 2.20
T”() an ’ ( )

R)— — 2Mtor 2.21
T (R) W (RE—rt) 2.21)

Ilpu uenuueiinoM Kpyuennu (puc. 8, kpuas OC) KacateNbHHe Ha-
NpsKeHHs, AeHCTBYIOWHE HA MOBEPXHOCTH 00pasia, OMpeieqioT H3
pelllenHs 3ajaun KPpydueHHs HeJHHedHo# Teopuu ynpyrocru [22]:

"dLﬁ' 3 My = 27 (RO T (R)— 27 (7). (2.22)

B ciyuae ucnbiranus cnyomHbx o6pasmnos (r=0) BHpaxenue (2.22)
CHJIbHO YNIPOWIAETCS H 3aNMUCHIBAEGTCS B BHJE

TR = o [3Mer 3 | (2.23)

M3 (2.22) cenyert, uTo jIsl ONpee/IeH s KACATEbHOTO HANDSKEHHS
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g S —— L= F /
g
/fg’(/ ; ¢ | 23
‘Dz_/ St ——— — TM | BN
i “1eors /
/4 | A%
7 A 7 I le
Puc. 8 3asucamocTs M;,r —y, OpeacTaB- Puc. 9. Cxema smemenraproro mapan
JeHHAad B BHAE eMHON kpHBOR OF § 6u-  7SICMANCLA, CXHMACMOrO ABYWA I.iaB-
nuHefinoit amarpammul OECL HHMH  HODMAJBLHBIMA ~ HANPSIKCHUAMH

01, O3 H AEHCTBYIOIIME HA HAKJIOHHOM
—/  naockoctiH  KacaTeabioe Tq

H HOpMaJbHpe Ga HalpsaXeHus

1(R) caenyer sHaTh BenuyuHy t(r). Ecan t(r), xax nepsoe npuGiauxe-
HUE, OMPENeJHTh Mo COOTHOWEHHIO (2.20), To u3 (2.22) moayuum:

1 d Meor 4 Myor 1t
T (R) = m [SMtor -+ Y dy + R tirr4 ] . (2.24)

Jaist onpenesiens BeNHYHHHL KAcATeJbHOTO HANpPSIKEHHS MO BHpA-
KeHHIO (2.23) Ans NAHHOTO 3HAYEHHMs KPYTAWEro MoMeHTa Mior
(cMm. puc. 8) MOXKHO BOCMOJIB3OBATLCA CIEAYIOLUHM rpadHYecKHM MOCT-
poernem [22]: 1) or Touk K, cOOTBETCTBYIOLIEH AAaHHOMY 3HAYEHHIO
KpYTSAIIEr0 MOMEHTd, TPOBECTH MAapalNelibHyl0 OcH abeuuce nmpaMmyis
KC v naiiru touky C mepeceueHHs 3TOH npAMOR ¢ kpHBOkH y=v (Mor);
2) nposectu KacaredbHylo DL x xpuBot y=v(My,,) B Touke C u on-
peNeJIMTh TOUKY ee NePECceueHHs ¢ OChbI0 OPAHHAT B Touke D; 3) or Tou-
Ku D mpoBectH napaiienbHyio ocH abeuHce npsmyio DB, a oT TOukH
C — napannenbHyio ocu opauHaT npsiMyio CA.

Ha puc. 8 npoussonuas dM;o,/dy Beipaxenns (2.23) npelcrasisier
coGoll TaHreHc yraa Mexay KacatesbHolt DL u ockro abemucc y, a npH-
BeJleHHOe B KBaJpaTHOH cKOOKe BhIpaXKeHHe DABHO TPEeXKPAaTHOH BeJsH-
uune orpeska AC natoc orpesok BC (BC=v,;dM;.,/dy).

Korpa kpusast saBucuMoctd y=1v (M;or) HMeeT BHJ JOMaHOH JH-
BHH OFL ¢ aByMs npsIMoJHHEHHBIMH yuacTKaMH (cM. puc, 8), To Kaca-
TeapHas X Jg060f Touke orpeska ECL coBmajaer c¢ aroii npsAMoH, a
ranredc yriia dMio,/dy=const. [Ipu onpenensednn HauGoapiuero kKa-
carenbHOro HanpsixeHus Ha orpe3ke OF KpuBoH y—M,or BHIpaKeHHe
(2.23) npunumaer up (2.20).

HmMés auarpaMmy y—t, MOXHO B mpefienax IpONOpPIHOHATbHOCTH
o cooTHollenuio (2.14) onpefenHTs MOAY/b cABHra G.

HanpsxenHoe cocTosinMe NPH3IMAaTHYECKOrO djaeMeHTa OPH JBYCTO-
porHem cxatum. [Ipu ABYCTOPOHHEM CXATHH NPH3MATHYECKOTO 3JIE-
MeHTa rJIABHEIMH HOPMAJBHHIMH HaNpsKeHHAMH oy H o3 (puc. 9) Ha
HaKJOHHBIX TOJ VIVIOM ¢ CeUeHHSX BO3HHKAIOT HOpMajbHOe O¢ H Ka-
cartesibHOe T, HanpsXenus. [IpH cyMMapHOM XeHCTBHH ABYX TIJIaB-
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HEIX HOPMAaJBHEIX HANPAKEHHA Og W Ty  ONPEASAAIOT H3 CJACAYIO-
IIHX COOTHOIIEeHUH:
Og == 0y COs? @ -+ Oz sin® a; (2.25)

Ty = ——(01;03) sin2a. (2.26)

Ha njomaake, nepneHpakyanpuoil K pacemorpeHHoll (B=o+90°),
OyayT AeficTBOBAThL CJeAYIOIHe HOPMaJbHOE M KacaTeJbHoe Halps-
HKEHHSA"

g == Gy sin? a -+ g3 cos?a; (2.27)
g = — (—Gi';—%)— sin2a. (2.28)
W3 (2.25) u (2.27) caenyer, uro
Oy + 0 = Gy -+ 0, = const, (2.29)
a u3 (2.26) n (2.28)
—Tp =+ 1. (2.30)

M3 u3noxenuoro Buiule cjexyer, 4T0: a) CyMMa HOPMAaJbHEIX Ha-
NpAKEeHHH Ha B3aHMHO NMEPNEHAHKYAAPHBIX ILIOMIAAKAX €CTh BeJHUH-
H2 TNOCTOSNHAR, PaBhas CyMMEe TJaBHLIX HOPMAaJbhBIX HanpszKenni;
6) xacare/ibHBle HaNpAXKeHHA, AeficTBYIOUHE HA ITHX IIONIAJKAX,
PaBHH [0 BeJMYHHe H IPOTHBOTIOJIONKHB IO 3HAKY (3aKOH NMapHOCTH
KacaTeJbHBIX HaNpsiKeHui).

KacarenbHble HalpsieHHA Ty [OJAYYai0T cBOE HaHOosbliee 3Ha-
qeHHe IpH o=45° T. e. KOTA4 HAKJOHHAS TJIOLLAAKA JEJHT TJAaBHBIC
OCH TIONOJIAM:

Trax = = (01— 09). (2.31)

Ha tolt ke naomagke

Oumise =~ (01 + o). (2.32)
Heficteylome na M10600 HaKJOHHOR MJIOLIAAKE HOPMAJbHOE Og
H KdacaTeNbHOe T, HANpAXKeHHA MOTYT OwITh onmpele/eHbl TaKxke rpa-
¢uueckuM MeTofoM, npeiiokenssm O. Mopom. Has atoro Ha ocu o
CHCTEMB! KOODAHHATHBEIX ocell ¢ — 1t (pHc. 10) OTK/IaALIBAIOT TJIABHLIE
HOpMAJbHBIE HANPSXKeHHs, ACKCTBYOIIHe HA TPAHAX 3JNEMEHTapHOTO
napannenenuneaa. Ilpuuumast pasHocTh abcuuce 01—03 33 AHAMETP
Kpyra, CTPosAT Kpyr nanpmkKenuih Mopa. [last ompeneseHus Kacarenib-
HOTO M HOPMAaJIbHOI'O HanpszKeHHH Ha niollagke, HAaKIOHEHHOW NOAYT-
JIOM o, OT HeHTpa Kpyra B cielyer IpoBecTH NPSMYIO IO YIJIOM 2a K
ocK afcumce fo NepecedeHdss ¢ Kpyrom Mopa B TOUKe D. KooppHuath
OE u DE toukun D wpyra Mopa cooTrBercTBeHHO PAaBHBI Qg H Ta,
JIeHCTBYIOIHM Ha YKa3aHHOR IO axke.
Ilna onpenenenna Hanpsxenwii og M T, JCHCTBYOIUMX HA Op
TOTOHAMBbHOH Mtomaznke (p=a+90°), cienyer pasuyc BD mpopoa-
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Pue. 10. Kpyrn Mopa ans mpo-
CTPAHCTBERHOTO  HANpPSKeHHOro

1%—-~——— M / COCTOSIHHA ~ 3JIEMEHTapHoro Ia-
-l pajsiefienunefa, Ha rpaHsx Ko-
p e 18T< TOpOro aeficTBYIOT TIjaBHEHE HOD-
Z ,L// MaJlbHble HAINPSIXKEHHSl Oy > 0>
| \ 1T >03, 1 ompejeieHne rpaduue-
A -~ | 8K2a \IF \c CKHM CNOCOGOM HOPMAZbHOTO O
&7 \F I s H KaCaTeibHOTO T, HanpAXeHHH,
P JACHCTBYIOUIMX  Ha HAKJOHHEBIX
71\ s CEUeHHSIX
v/
68 7
[
¢
. 2 ,
7

XKHTb B 00paTHOM HanpaB/eHHH IO TepecedeHHs ¢ KpyroM Mopa B Toy-
ke D n onpelenuts KoopaHHATH 3To# ToukH OF u FD)|, xoTtophe to-
OTBETCTBEHHO PaBHBl Og H — Tg. Herpyano Bufers, 4T0 Ty = — T

Ipu opmoocwoM cxarun 0150, 0,=03=0, Touka A xpyra Mopa
coBMagaer ¢ HayaioM KoopAuHar 0, a mpH UHCTOM CABHIe ¢ HAYaJIOM
KoopAHHAT toBrnafaer uedtp B kpyra Mopa. B cayuae, xorga na sae-
MeHT AEHCTBYIOT BCE TPH [VIABHBIE HOPMAJbLHBEIE HATIPAXKEHHRA O], O,
o3 (07 — nanboabliee, g, — TPOMEXKYTOUHOE, O3 — HAHMEHBILUEE IJ1aB-
Hble HOpDMaJIbHble HATIPSKeHHA), MOXKHO pPaccMoTpers ABA TJIyyas of-
peieieHnss HODMAJBHBIX M KaCaTeJbHBIX HATMpAXeHWH: a) NJollafKa
napanajeabHa (HJAH IPOXOAHT) OJHOH H3 TPeX FJaBHHIX ocel; 6) ILIO-
IajKa OfHOBPEMEHHO TiepeceKaeT Bee TPH [VIaBHLIE OCH.

[TepBoifi cnyyali cOOTBETCTBYET NMJIOCKOMY HaANPAKEHHOMY
COCTO 1 HHUI, PACCMOTPEHHOMY BEHIIIE, TAK KaK B mapajnelbHOH K
IIaBHOM OCH TJIOCKOCTH HANPSXKEHHS He BOSHHKAIOT. DTO 3HAYHT, UTO
HaNPSKEHHs, BO3HHKAIOIIHe HA TPEX MapasJe]bHBX K [JaBHBM OCAM
Iiomankax, OynyT onpegeaThCsd H3 TpeX Kpyros Mopa, NMoCTPoeHHBIX
Ha BeNHUHHAX TpeX IMaBHHX HOPMa/LHBIX HanpsaXeHnuit o1, o2 H 03 (CM.
puc. 10). Korna niockocTh 0fHOBPEMEHHO NEPeceKaeT BCe TPU [VIaBHbE
OCH, JOKa3aHo, 4TO AeiicTBylollne Ha 3Tof TJOLlafKe HOpMakbHO® H
KacaTeJbHOC HaNPAXKEHHs ONpenetfioTcss KOOPAHHATAMH TOUEK 3a-
IITPpHXOBaHHON Ha pHC. 10 miolllafky.

Ecan usBecTHbl Bejuuussl AeHCTBYIOIHX HA B3aMMHO TEPHEHAH-
KYJAAPHBIX IJIOMIaAKaX HOPMANbHEX Og, O H KacareJbHBIX Tg, T8
HanmpsiKeHHH, MOXHO  ONpele]HTh [VIaBHbIE  HOpMaJbHble Hanmps-
KEHHS TI0 COOTHOIICHHIO

0y O = —;— (00 + o) £ Vica— o +4m]. (239

Hanpasnenusi ux mefictans o u oo-90° olpefenssoTCa U3 BhIpaxe-
HUS

_ 2% 2.34
tg2e = — (2.34)
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MaxkcuManbHOe KacaresibHoe HalpsKeHHe

T = s = l/(ﬁ‘%ﬂ)z 2. (2.35)

TMon3yuecTs u pejdakcauus HanpsiKeHud. Vs OpHBEAEHHHIX BHIIIE
rpaduKOB M BBIpAXKeHuil, CBASHBAIIIAX MEXAY cOO0H HaNpAKEHHA H
aedopmanuy, Hanpumep (2.4) u (2.14), caepyer, uto gedopmanus
MarTepnaja He 3aBHCHT OT AJMTENbHoCTH AeHcrBus Harpysku. Muaue
rosopd, Aedopmaliugd, BO3HHMKIIAA B MOMEHT NPHJIOKEHHA HATpPY3KH,
ocraeTca 6e3 H3MEHEHH B TeueHHe BCero BpemeHH ee AeHcrBus, On-
HaKo, Kak GOm0 ckasauo Buiue (cM. 0. 1, §1), Bce peanbHuie Teq1a 06-
JNafamT CBOHCTBOM AJuTeJbHOTO AehOopMHPOBAHAA — CBOHCTBOM IOJ-
3yuecTH {cM. pHc. 1 H 2). DTo 03HAYaer, 4YTO COOTHOLUEHHe £—0 3aBH-
CHT OT CKOPOCTH NPHJOKEHUSN H HLJHTEJLHOCTH ASHCTBHA  HATPY3KHL
Hanpumep, eciH noaBeprayTs HCHBITAHHIO Ha cxkaTHe (pacTAxKeHHe)
HECKONBKO 00pasuoB-OMH3HEN 0B NPH PasIMdHBIX CKOPOCTAX HArpy-
JKEHHS, TO MOJIYYHM LIeJIoe CEMEHCTBO KPHBHIX £—0.

Tonsyuecrs (cM. ra. 1, § 1) aBasiercs oAHUM K3 OCHOBHLIX CBOHCTB
peanbHEIX TeJ B INPOABASETCA BO Beex BHAAX AeoOpMHPOBaHHS B0ob-
e, o6bpeMa & GopMu B uacTHocTH. [Ipuuem, ecan aedopmauns hopMul
y BceX MarepuagoB BHpAaXeHa AOCTATOUHO HeTKo, T0 Aedopmanus
06BeMHOTC CXXaTHA y ONHUX MATepUaNOB BeCchMa CyUWIRCTBeHHA, 2 Y
Apyrux npenebpexumo mana, [lo nanusiM A, Hagau (1954 r.), npu pas-
Jgenun 100 MIla ymenbiuenne o6nema cranu #e npepsiaer 0,06% u
N03TOMY MM MOXKu0 npeHebpeus. IDT0ro, KOHEUHO, HEJb3A CKAa3aTh O
NOPHCTHX MaTepuanaxX ¥ B TEpBYI0 odepelp O IJIHHHCTHX TIPYHTAX,
obbeM mop Kotophix noXoaut Ao 0% u Gosee or obuiero obbeMa. e-
¢opmanuy obnemMa ¥ GopMH MOPUCTHX MAaTepHakoB NMPOTEKAIOT ORHO-
BpEMEHHO M OKAa3KIBAXOT APYT HA Apyra cyllecTBeHHOE BJIHSHUE.

Hedopmaiiu o6beMHOR 1I0I3YYeCTH PealbHBIX TeJ Beeraa sBJAIOT-
Csl 3aTYyXalOWHMH, a H3MeHeHus (opMBl IIPOTEKAlOT Bo BCEX TPEX CTa-
JAHSX, paccMOTPeHHHX Bpime (cM. puc. 2). CpoficTBa moJasydecTy Ma-
TEPHANOB XAPaKTEPU3YIOTC ceMelficTBAMH KPHBHIX IodsydectH (cM.
pHuC. 2), KoTopbie AJs LaHHOTO COCTOSHHSI (0OBEMHOH Macchl, BJaxX-
HOCTH, TeMIIepaTtypbl H T. [.) ONPEReasIoTCs HCHHTAHHEM cepud 06-
pasioB-OnH3HEIOB LoA AeACTBHEM Pa3JHYHHIX IO BeTHUMHE NOCTOSH-
HHIX HATIPAKEHHH,

Penakcauns (ymeHpllleHWe) HaNpsKeHHs Npu INOCTOAHROR gedop-
Manud (cM. puc. 3) obfycnoBieHa NepepacupeleleHHEM BO BPEMEHH
YOpYyrax e. ¥ nonsyunx g pedopmaunuit. Ilomnyio gedopmanuio g
MO}K[HO ]npenCTaBHTb (B mpenenax MpomopUHOHALLHOCTH) B BHAE CYM-
Mur [17

gp == &, -+ &; = const, (2.36)
¢ yuetom (2.4) nonyyum BHIpaKEHHE
iEﬂ_' = % + & = Const, (2.37)

H3 KOTOpPHIX ClefyeT, 4TO 11O Mepe YBEJAHUYCHHS &; AOJKHO HMETh MecC-
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to yMmeHbiieHne o. Koraa pedopmaunds 11043y4eCTH JOCTHLAET HAYANb-
HOH BeJHUHHB AedopMaiuH, HMEeT MecTO NOJHAf Pasrpyska Mare-
prana. [Tpu =0 g;=0.

Kax 651710 cka3aHO BhIllle, BaxKHelIllell XapaKTepHCTHKOH MaTepHana
#ABJASeTc BPEMS PeNaKCalHH I, paBHOE BpeMeHH, HeOGXOZHMO-
My AJs paccnabnenus HalpsaxeHHs B €=2,718 pasa (e — ocHoBaumue
gaTtypanabHOro Jorapugma), xoraa o=cp-0,368 (cm. puc. 3). [ns
ool £=10"1' ¢, gna crekna ¢,=100 ner. Ecnu paureabnocTsb AeicT-
BHS TIOCTOSHHON Harpy3KH MEHble BpeMeHH penakcauuu (f<If;), Ma-
TepHas Befer cebf Kak TBepAOe HemNoJasyluee TejJo, B NPOTHBHOM Cly-
gae y Marepuasia ITPOABAAIOTCT CBOHCTBA BSI3KOH KHAKOCTH (TEKydec-
TH).

ITo aHamOTHH ¢ M3/I0KEHHBIM BHILE AJs NOJYYEHHS ceMeficTBa KpH-
BHIX peJaKcallHH HaNpaXeHWH, cepHu 00pasuoB-6JH3HEIOB HCILITH-
BaT NIPH Pa3/IHIHBHIX HavualbHbIX 3HAUeHHAX NOCTOAHHOH xedopMaliuH.

§ 2. MOHATHE O PEOJOTHYECKHX MOAEJNAAX
N YPABHEHHAX COCTOSIHHMSA

Bce peanbhble Tena, Kak Guiio ckasawo B ra. 1, § 1, obnagawor
CBOHCTBAMH YNPYTFOCTH, NOJA3y4ecTH H nuactHyHocTH. [IpuueM nmactu-
YecKHe AediOpManuy NpoABIAIOTCA NIPH AOCTHAKEHUH Npefena MaacTHU-
HOCTH MaTepHaJka, a NoJa3ydectb, 00yclOBIEHHASA BASKOCTHIO Teja, ——
npu MoO6LIX Hanp AXKeHHAX.

B oriuiue ot ynpyro# (ryxoBofl) cpeAs, Xapakrepuo#t ocobeH-
HOCTbI0 KOTODOH #IBJfeTCA JIHHEHHAass 3aBHCHMOCTb MEXIY HalpsxKe-
HHAMH H ynpyruMe gedopmanusaMu (puc. 11), onpefensiemas ypaBae-
HusAMH (2.4) u (2.14), BASKOCTb HBIOTOHOBCKON HAEaNbHO BA3KOH Cpe-
ABl OTIpefeNseTcs JMHeHHOH 32aBHCHMOCTBIO MEXAY HaNPAXKEHWIMH O

H CKOPOCTSIMH TeUeHus (BA3KOr0 Ae(pOpMHDOBAHHS) &:

e _ne,, (2.38)
dt
rie g, — OTHOCHTeJbHadA BA3Kasd Aecdopmanuda; { — BpeMsd; 11 — K03d-
¢uunent BaskocTH (3ddexrTusHas Baskocrb no I1. A, PeGuugepy, 1958
I.). ]

3aBHCHMOCTH O—8; H 0—¢&y CMOTYT OBITb HE TOABKO JHHefiHBIMH, HO
H Henuue#nsiMu (cM. puc. 11). B mocaexgnem cayvae gedopMHpOBaHHe
Tesda COOTBETCTBEHHO HA3bIBAETCA HEJHHEHHO-YIPYTHM H HeJH-
HEeHHO-BA3KHM.

Hedopmanus BO BpeMEHH PEasibHOTO Teja 3aBUCHT OT BceX YKa3aH-
HBIX BHIIEe cBoMicTB, Tak Kak cBoHcTBa YIPYTocTH, BA3KOCTH M mJjac-
THUHOCTH MOTYT NPOABAATBCA B CAMBIX PasJHUHHIX COUETAHHAX, TO ONH-
canne AedopManuii peanbHOTO Tena YacTO ABAAETCA IPAKTHUECKH He-
npeogonumoll sagaveil. [TosroMy, uTobH onHcars npouecc JedopMH-
POBAHHS peasbHEIX TeJ, PAacCMATPHBAIOT HX YNPOIUEHHLBE MOAENH —
MOfesH K€ aNbHE X T€Ji, HA3BBaeMbe PEOAOTrHIECKH M H, CIy-
KAIHMH JIJisl CPaBHEHHS ¥ H3YUeHHS CBOHCTB VKAa3aHHEIX Tell.

g=1
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Puc. 11, Peosoruueckue Kpusble HelHHeHHO- Pue. 12. Peosornueckas MoaSAb
ro (/) u aunesidoro (2) rykosa teia (Mofe- (a) ® peosorgyeckoe MoBeAeHHe
JIHpyeTcs YNpYyrofl NpyXKHHOH), HeJAHHEHHOR MakcpeanoBa Tesia ~(6) npu ma-
(3) 1 auHeiiHO} (4) HAcanbHO BSA3KOH HBIO- rpyKeHHH H Tociejyioulefi pas-
TOHOBCKOH  JKWAKOCTH  (MOJeAwpyercs BfA3- Ipy3Ke

KHM 37eMeHTOM)

B peosoruueckux MoZensix TYKoBas HiealbHO yUpYyras cpelia Mo-
Jenupyercs ynpyroifi npyxunoii (cM. puc. 11), a ugeanbHo Bsskas
HBIOTOHOBCKAs KHAKOCTb — BA3KHM anemeHToM. Ilocaennufi mpepc-
TaBaser co60fl NHIUHAP C IMPOCBEPJEHHBIM IIOpIIHEM, COIEPKAILAM
BA3KYI0 XKuAKocTh., MAeanbHoe XecTKomsacTHieckoe Teso CeH-BeHana
MOJENUPYyeTcs CYXHM KYJIOHOBCKMM TPEHHMEM, BO3HHKAIOUIMM Ha LIEpOo-
XOBaTOH IIOBEPXHOCTH IIPH TepeMeNleHHH Mo Hell rpysa Mof AelicTBHeM
TOPU3ONTANbHOTO YCWAKA, PABHOrO INPEReny MJacTHYECKOro TeUeHHS
Gyp. IIpH 0<oyp AetopManms KecTKOINACTHIECKOrO Tella paBHa Hy-
N0, 8 IPH 0=I0yp B HEM Da3BHBAIOTCS HeOTPaHHUCHHbIE ILTACTHUECKHE
nedopMamHm.

Peonoruueckoe noBeicHHe HAea bHOTO Teja (MOAeNH) onpelenaer-
C4 PEOJNIOTHUYECKHM ypaBHeHueM CcocTodaHHa (cMm. ri 1,
§ 1), xoTopoe comepKuT HANpsXKehHe, gethopMaunMio U HX IPOU3BOA-
Hble BO BpeMeHHU:

@(o,a,—di, “) (2.39)
dt dt

[IpocrefiliuMH ypaBHEHUAMH COCTOSHHSA SBJAIOTCA  BBIpAKEHHA
(2.4) u (2.14). Onu Moryr OWTh NpeAcTaBIeHB KaK B Axddeperuanin-
HOH, TaK M HHTerpajbHol GhopMe.

K umeay mpocrtefflinx peosioruiecKHX Mojejell OTHOCATCA MofenH
Maxcsenna, Kenbsuna — ®oxra, [Mofitunra — Tomcona, Forenemsepa —
Iparepa, lIrenosa — Bunrama u ap.

Peonorudeckas Momenp MakKCBeNJOBa Teja COCTOUT
U3 [BYX HOCAEJOBaTeNbHO COCHMHEHHBIX JEMEHTOB — YUDPYrofi 1upy-
JHUHBI U BA3KOTO 3leMeHTa (puc. 12). B MOMeHT MPHJI0XKEHHs NOCTOAH-
HOH HArpY3KH MAakcBeLJIOBO Telo AeopMHpYeTCA YIPYro MTHOBEHHO,
a 3aTeM, eCJH Harpyska INpofolixaer AeficTROBaTL BO BpeMEHH, OHO
HCTIBITHIBAET MEJJICHHOE BA3KOE TeueHHe, BH3BAHHOE JABHMXKEHHEM IIep-
(GopHPOBAHHOrO MOPIIHA B BASKOH YKUAKOCTH. IIpH TaKOM COYETaHHH
VIPYroro H BA3KOro 37€MEHTOB B JI0G0fi MOMEHT BpeMeHH HX Hamnps-
xkenua OyAyT paBHB, a aedopmauuu pasaudnsl. [lonHas pedopMaius
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MoJeJH OoNpejesisercs Kak cyMMa ynpyrofi nedopMauti NPYKHHBL g,
¥ BA3KOTO NepeMelleHHs OPIIHA &y:

e=2g, + 2. (2.40)
Hcnonbsys BoipaxkenHe (2.40) H HCKIIOYHB H3 COOTHOIUEHHHA (2.4)
¥ (2.38) nedopMamHu ee U €y, NOJYIHM H3BECTHOE YpaBHEHHE COCTORA-
HHA YIPYTOBA3KOTO MaKCBeJIoBa Tesa:
do de, o de,

L9 — S _fFtt_ 9, (2.41)
dt dt t, dt n
rae f,=m/E — BpeMs penakcauHH, HMeEIOUlee pa3MEpHOCTh BPEMEHH;
1 — x03(dHIHEHT BASKOCTH HBIOTOHOBCKGH cpeasl.
IIpu nocrosinnol Harpyske o=const aedopmanus MaxcsennoBa
Tesa onpeiensfeTed o CaeAVIoeMy COOTHOIIEHHUIO:

e(z‘)=%—!—% t=¢gy+ vt
HJIH

6= L 0«}——1 , (2.42)
E n

rae e(f) — AedopManHa B MOMEHT BpeMeHH f; ey — aedopmauus B
MoMeHT BpeMeHH {=0.

Hedopmanus MaxcBe/110Ba Teja NPOTEKaeT € NOCTOSHHOM CKO-
poctbio (cM. pHc. 12), paBrolt v=o0/v. [Ipn nocrosuno# gedopmanun
g=const penakcautsa HanpAXKEHHA B MAKCBEJJOBOM Teje NPOHUCXOIHT
[0 HKCNOHEHIHAJBHOMY 3aKOHY

6 =0, exp (—Uft,). (2.43)

Ilpu =0 o=0y, a pu {~o00 ¢—0
Teno lllBenosa—bunrama (puc. 13) ABnsercs HAeasnbHHM
YIPYTOBA3KOMIACTHIECKHM TEJIOM, KOTOpPOE€ OKashiBaeT CONpPOTHBIIE-
HHe ynpyraM gedopManuaM 3J€MEeHTOM TYKoBa Tena, MiacTHYECKOMY
TeyeHHIo NocpencTBoM agneMeHTa Tena Cen-Benana, a BA3KoMYy Teue-
HHIO — BSI3KHM 3JI€MEHTOM HbIOTOHOBCKOH KHIKOCTH, KpuBas 3aBuCH-
MOCTH 0—¢, Tesla buurama (pHc. 13, a) npusedena Ha puc. [3, 6.
YpaBueHHSI COCTOSIHHS HTOTO TeJja 3aNHCHBAIOTCA B CACAYIONIEM BHAE:

c=FEeg mpu o<oy;

de .
d; =0y +Tp€ NPH OG>0y,

(2.44)

G =0y +

TAe Oyp —Ipeflel TEeKYy4ecTH; g — CKOPOCTb TEKYUYECTH; 1)p — K0a(-
bunyenT nnacTHUecKOR BA3KOCTH (myactHueckas Baskocth 1o I1. A, Pe-
6ungepy).

Ilpy 0<<oyp B Tesle BuHraMa BosHHKAIOT TOJBKO YIpyrHe Aedop-
MalHH, a KOr4a o>>0yp, TeNo ASDHOpMHUpYETCs ¢ IOCTOAHHOA CKOPOCTHIO
IPH MOCTOSTHHOH IJ1acTHYECKOH BA3KOCTH (1)p=0 — Gyp/U) H PE3KOM
CHHYXeHHH 3((eKTHBHOH Bsi3KocTH (N=10/0).

Mogens tena IlIBegoBa (cM. pHe. 13,8) HECKOJBKO CHIOIKHEE MO-
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Puc 13. Peoanornveckas momens (a), peo-
g JorHuecKan KpuBasa (6) Tena Buurama u
& peonoruyeckass wmofear tena [IIsejosa
(8). Oyp—mOpenen TekyuecTu (npeneib-
HOe HampskKeuue casura). TpeyronoHuxa-

My oGosuaued snemeHT Ceu-BenaHa

Syp 6 év

IZenun Bunrama. YpasHenne coctosinns tena llIBefoBa sanmuceiBaercq B
cae[yiolleM BHAe:

. o—a g
oy = ——2 4 —,
Mo E

Tle NEPBHI WieH NpaBoH YacTH €CTh CKOPOCTh  BA3KOIO TeUeHHs, a
BTOpPoH — CKopocTs yIpyro# Aehopmaumn,

ITpn o=const u3 (2.45) mosyuaercsa (2.44).

[Mockompky (2.44) siBnsfeTcss YacTHBIM cayyaeMm Bhipaxenus (2.45),
TO TeNO, KOoTopoe MojupHAercs 3akory gedopmupoBauus (2.44) npan-
HATO HasbisaTh Tesom UlBegora — Burrama. YacTHbM ciyqaeM 31oro
Tesa fABJAfAeTCH uAeaNibHO BA3KAA XKHAKOCTh HploTOHA.

3aKoH pesnakcainui nanpszkensfi B tese [llsegoBa — Bunrama ume-
eT CAeAYIOMMH BH:

0 = 0yp + (06— 0yp) exp (—i/t,). (2.46)

IIpn pasencTBe Hy/mo Npelena TeKyuecTH (ioyp=0), cooTHoUleHHS
(2.45) n (2.46) @. H. lliBenora cOOTBETCTBEHHO COBIAJAIOT T ypaBHE-
naamMu (2.42) u (2.43) MakcBenna. CoraacHo cooTHolleHH© (2.46)
IpH {-»00 HANpsAXKEHHE CHAUXKAETCA He J0 HYJdA, a JO BENHYHHB Oyp.

YpaBHEHHS] COCTOSHHA BCEX PACCMOTPEHHBLIX BHILle HAeaNbHHIX JIH-
HelHo-AeDopMHUpPYEeMHBIX Tel B Haubojee oflieM BHAE MOKHO OpeAcTa-
BHTb CJeAVIOLInM obpa3oM:

de d”™ e d"c
TRy T
TJEe M U 1 — KOHeYHLIE IEJNbe YHCAa; @, U b, — Kod(DOHIHEHTHI.

PaccMoTpeHHBEle BHIIE YPaBHEHHS COCTOSHHA 0TOOpaxamT IpH-
GNHKEHHO NOBEACHHE peasNbHLIX MATEPHAJ0B, OHH He COOTBETCTBYIOT
HH OZHOMY peaibHoMy TeJy. KpHBHE ckopocrell medopMupoBanus pe-
aJbHBIX TEJ [PH NOCTOAHHOH Harpyske acHMOTOTHYECKH CTPEMATCH K
KOOpAHHATHBIM ocaM de/dt H {, 0AHAKO HH OAMH H3 3aKOHOB JHHEHHOrO
nedopmHpoBanus, 3agaHHbX B auddepenunanbHol popme, He YAOB-
JeTBOPSAET STOMY YCIOBHIO.

Ilng moaydenws ypaBHEHHs cOCTOAHHE Oosee CJOXHHX TeJ B Ha-
crosilliee BPEMfl CO37aHbl MHOTOUHC/IEHHBIE  PEOJOTHUECKHe MOJEJH,
KQTOpbi€ NPUBOAAT K OYEeHb CHOXKHBIM AH(depeHnnasbHEM ypaBHEHH-
am. H. B. Muxaiiaos u I1. A. Pe6ungep eme B 1955 r. ykassiBaiH, 4to

(2.45)

(2.47)

=mo+m%%+.“+m

46



TIpHMeHeHHe Bce OoJiee CIOXKHBIX MOgesdedl aBasercss GecCMBICIEHHBIM,
TaK KaK OHH YBOAAT Bce JQagblile OT MOJEKYJIAPHOTO MeXaHH3Ma Jle-
¢opMannH peatdbHbIX Teq. OTMeuas GoJblIOe yBeJHUYEHHE HEKOTOpPBIX
CNENHANHCTOB peoslornueckuMu Mogensmy, ¥0. H. PaBothnos (1966 r.)
CHOpaBelJIuBO NMUIIET, YTO «BCAKAA MOJeNb TAKOrO poja SBJAETCS JHILL
aHasorvel, Ho He cpeAcTBOM oO0bAcCHeHHA aBJeHHS». C MOZOGHBEIMH
MHEHHAMH O CO3/3aHHW HOBBIX, BCe foJiee CJO0XKHBIX, PEOJOTHYECKHX
Mojelell H 0 peoJOTHYECKHX MOJENAX BooOIle HEAb3R He COMVIaCHTHCH.

Teopus JI. Boasumana Henodssyer oHT psAfa aBTOPOB, a
TakK¥Xe NPUHUMAeT CYLIECTBOBAHUE JIMHeHHOH CBA3H MEXAY Hampsixke-
HUAME ¥ Jepopmanusmu, B 1874 r. JI. BosbuMan NpeiIokKHI TeOpHIo,
OIUCHIBAIOIIYIO HAcNeJACTBEHHEe dehopManuy moJ3ydecTH C NOMOLLIbIO
HHTCTPAJbHBIX YPaBHEHHH C MepeMeHHBIM BepXHHUM INpefe]oM. Jta Te-
Opus NONYUnJIa Aasdbheluiee pasBuTHe B paborax B. Bosabreppa, ony6-
JuKoBaHHbix B 1897—1913 rr.

Corntacro JI. Bo/abumany, HaupsiKeHue B YIPYTOM Tese 3aBHCHT
He TOJBbKO OT Ae(opMauHil, HOJYyYeHHBIX B TAHHBIH MOMeHT BpeMeHH,
HO ¥ OT Npe/iliecTBYOlleH ucTOpHH gedopmupoBanud. TouHo Tak XKe
JehopManHa yIpyroro Tea 3aBUCAT HE TOJBKO OT HanpsXenui, no-
JYVueHHHX B A4HHBIH MOMEHT BpeMEH#, HO U OT NpelllleCTByOUIEH He-
TOPHH 3arpyxehud. BBojsd nonaTHe 0 «hyHKUMHN Hoa3ydecTH» K (I—8),
olpeAeaAomel CKOPOCTh MOJI3YYeCTH TeJla OT eIHHHUHOH HarpyskH,
NPHJIOKEHHON B MOMEHT BpeMehn =0, H cCyMMHpYq NpupalleHus mde-
dopmaunuil (BHI3BAHHBIE NpHpalleHUAMH HANpAMXKEHHH) HA OCHOBe 3a-
KOHA Ha/I0XeHHs, NOJYYHM YpaBHEHHe COCTOSHHA  YNpPYTONOJI3Y4ero
MaTepuala B BHUAE CJAeJYIOUIEr0 HHTErPaJbHOTO yDaBHEeHHA:

¢
am=£&+§Ku_mcwnm, (2.48)
E .
6
rie ¢ — Hanpsxehde, E — molyab ynpyrocty, & — MOMEHT IpHJIOKE-
HUA HATPY3KH, ! — BpeM#, IS KOTOpOro onpexensercd gedopmanHs.
Boipaxenne (2.48) sBJfeTCH YAaCTHRIM CIyyaeM JHMHEHHOTo MHTer-
paJbHOTO YpaBHEHHS C NepeMeHHBIM BepxHHM npefenom B. Bonsreppa
BTOPOTO Poja, B KOTOpoM sApo ((ynkuus nosisydectd) K ssasercs
yHKIHeH He PAa3HOCTH apryMeHToB (f — &), a HX NPOM3BOIbHOH QYHK-
uueit K (¢, &). Ypasuenune B. Bonbreppa, B oT/1HYHE OT (2.48), ue uHBa-
PHAHTHO OTHOCHTEJNBbHO Haya/la OTcueTa BpeMeHU. B CBA3M ¢ H3/OXKEH-
HBIM BHIIIe 5T2 Teopus 06HUHO HashBaeTcs TeopHed noasydects boapil-
MaHa — Boabreppa.
U3 pemwenns (2.48) OTHOCHTENBHO ¢ MOJYYAETCA:

o@:E%—fRU—MEMd& (2.49)
0

B ypaBuennax (2.48) u (2.49) nepsble uwieHH NPaBHIX YacTeH oTo-
6paxanT MruoBeHHYI0 AehOpMAIHI0 H Hava/lbHOe HANMpAMXEHHe TeJa,
a BTOpble — IIOI3YYeCTh § M3MEHEHHe Hanpskenus Bo BpeMend. Ilpu
NOCTOSHHOM HANpAIKeRHH op=-const H gedopmanuu eg==Cconst ypabne-
His (2.48) u (2.49) nepenumyTcs B CAeAyiOlleM BHAE:
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t

e (f) = ‘;2 +o, [ K@E—1) dd; (2.50)
0

0(t)=eoE—-e(,§R(t——8) ds. (2.51)
0

HMs ypaBHeHH# CjefyeT, 4To B Ipouecce AeopMHpOBaHHS HaG,1i0-
Jaercsl u3MeHeHue cBOHCTB Martepmana. JlefictBurensHo, u3 (2.51)

AMeeM:
G () =g [E—‘SI:R(Z‘——B) dB]zE(z‘) €. (2.52)
0

Huddepenunpys ypaenenne (2.50) m (2.51) no ¢ m npuHmrMas,
910 0p=1 1 gg=1, monyynMm:

K(t—9)=2%;

(2.53)
R(t—8)=— ‘Z‘t’

T. €. [P0 mHTerpa/ipHoro ypaeHemua K(i—9¥) mu ero pesosbBenta
R(t—©) upeacraBasior cobofi CKOPOCTH  M3MEHEHHA MOJA3YYECTH H
HanpsKeHHs Npu op=1 n gp=1. ClegoBartenbHO, 5TH (QYHKIHHK OTpe-
JeJFIoTcs HCNbITaHHeM 00pasuoB NpH NOCTOSAHHOM HANPAKEHHH Go=
=1 u moctodaHHOH AedopMaunn go=1.

YpasHeHns (2.48) u (2.49) 0606m20T Bce ypaBHEHHS COCTOSHHSA,
3ajgaHuble B AnddepennuanpHoii popme. B 3aBucumocTH oT Buga QyHK-
uni noszyyectn K (f—&) u penakcanun Hanps:keHus R (f—9) u3 ykasan-
HBIX COOTHOWEHHH MOXKHO NOJYYHTh 3aKOHH AedopMHPOBaHHS HBIOTO-
HOBCKOro, MaKcBejjosa Tena, tena KegansuHa — ®oxra, Torenemse-
pa—IIparepa g 1. 1. Ilpa (¢—0) =0 ypasHenue (2.48) nepexoaur B
3akoH ['yka.

B cBoux mccsienoBanunsix JI. Doapumad QyHRUHIO MOA3YUECTH Npel-
CTABHJA KaK

bl

d A
— =" A —8) = s 2.54
K(t—9=—- At—9=—"1 (2:54)
rae (#—0) — nanTesnbHOCTh 3arpyxeHms, A —napaMmerp, onpegeJse-
MBIH H3 ONBITA.

§ 3. TEOPHHR IIOJI3YUECTH

OcHoBHOH 3amauvell TEOPHH NOJ3YYECTH fIBJAAETCS ONPEAENEHHE U3-
MeHeHu#l HanpsxeHnH u AedopMmalmil B 3aflaHHOM TeJie, €CJH H3BeCT-
Hbl AEHCTBYIOLIKE Ha HEro BHEUIHHE CHJIH, IEpEeMEICHHS Ha ero MoBepx-
HOCTH HJIM JPYTHE [PAHUYHBIE YCIOBHA. B CHy CI0MKHOCTH SIBJEHHSA
HoJ13y4ecTr, 60JibIIoro pa3Hoobpasus BAMAIOUIMX Ha Hero $akTopoB H
pasanyns cBOMCTB peatbHBIX MaTepuajos, KOTOphe 00JaagaloT cBOACT-
BOM IOJI3YYECTH, HET €ANHOH TEOpHH.
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6 t7 tJ t/f t; t+

Puc. 14. CemeficTBo KDUBHIX NOJ3YYECTH, KDHBAs &;—C [AJ9 MOMEHT2 BpeMeHu [
{2) u rpaduyeckoe mocTpoenne KPHBOf penakcaluy HANMpPAXKeHH AJs gy=const (6)

OcHoBOR ANd CO3MaHHS TeopuH TON3YYecTH  CAYXKAaT ceMmelictea
9KCNMEPHMEHTANbHBIX KPHBHX MOJ3YUECTH M peJaKcamuil HanpsoKeHmi.
Onnako, MOCKONbKY IKCNEPHMEHTH Mo ONpPeJefeHHI0 pelakcanuil Ha-
NpaAXKeHHH HEMHOTOUNC/IEHHHE U CJOXKHE, B OCHOBY T€OPHHM OOHIUHO Kaa-
OYT KPHBBLIE NOJ3YUECTH, OnpeAesseMble HCOHTanueM o6pasuos-6Jus-
HelOB Ha NPOCTOE CKATHEe, PACTSIKEHHE ¢ KpyUeHue Tof JeHCTBHEM
PasJHYHEIX MO BEJHYHHE MOCTOAHHBIX Hampsxenu# (puc. 14,a). I'pyn-
TH HCIHTHBAIOT TAKXe Ha OAHOMEPHOE YNJOTHEHHE, TPEXOCHOE CXKa-
THe, CKAUINBAHKE U KPYYeHHe COBMECTHO C YIJOTHEHHEM 06pasnos Mok
JeficTBHEM HOPMAaJbHBIX HaMpPAXKeHUH,

Huxe paccmarpHBaloTess OCHOBHBIE (H3HUECKHE COOTHOLICHHS PAAa
TeOpH#A MON3YHUecTH NPUMEHHTENBHO K CJAYYa Npoctelmeroc Buaa Je-
dopManru — OJHOOCHOTO CXKaThsa (pacTaxeHHsA). DTH COOTHOIIEHUS
MOrYT OHITb HCIIOAB30BAHBL B /I8 ONHCAHKA JPYTHX NPOCTHIX H CIOKHBIX
BHJAOB JedopMaunuit o6bemMa u GopMEl MaTepHasoB BO BpeMeHH B0oO-
e, THHACTHIX TPYHTOB B YacTHOCTH, KOTopble OyAyT o6CTOATENBHO
pPacCMOTPEHH B CJAEAYIOUIHX pasfienax KHHTH. Bce pacCMOTpPEHHBE B
5TOM Taparpade YpaBHEHHS COCTOAHHS OTHOCATCA K HEKOTOPOMY MO-
CTOSSHHOMY TeMIIepaTypPHO-BJAX¥KHOCTHOMY pEXHMY HCIHTaHHA MaTe-
pHasnos, MOITOMY He COJAEp:KaT mapaMeTpoB, YUHTHIBAKIIKX B/IUAHUE
$akTOpoB TeMnepaTypH H BJAKHOCTH Ha MX PEOJIOTHYECKHE CBOHCTBA.

OcHoBHble (DH3HYECKHE COOTHOUIEHHUS

3aBucuMocTp HanpsKeHus — aedopMaunss noasyuectd. [loasy-
YecTb g£; TBEPABIX Tesl MOXKET MOAYMHATHCA KaK JHHEHHOMY, Tak H He-
AuHeHHOMY 3aKOHY. B mociegHem ciywae, Kak ObIJIO OTMEYEHO BBIllle
(cm. §2.1), sasmcuMocTh  Hanpaxenne — AedopMaling  MOJ3YYECTH
NpeJcTapaseTcs KaK JAuarpaMMaMi HACAJbHOrO yNpYrolacTHIECKOrO
tena [Ipanaris, ynpyromniacTHIecKoro Teja ¢ JHHeHHbIM H/IH HeJHHEH-
HHIM YOpouHeHHeM (cM. puc. 5), Tak i efuHOH KpmBo#  er=¢g((0)
(cM. puc.14a).

Enunas sKcepuMEHTa bHast KpHBAasg & — O aNNPOKCHMHpYeTCs
PasJMYHBIME dMOUPHUECKHMH cooTHomenunamu. Hanboaee mpocroit us
Hux ABJseTCA mpednokensaa B 1729 r. Bogunrepom ([27], HesapucuMo
or gero L. Baxom B 1888 r. n u3BecTHas NOJA HMeHeM  TOC/ENHErO
CTENEeHHHAA QYHKIH 4:
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g = Bon. (2.55)

Ora ¢yHKNHA B AanbHefileM OblTa HCNOJIb30BAHA JJIA aNlIPOKCHMaLui
Aedopmanuil crann, 6eroHa, IIHHACTHX [PYHTOB, FOPHEIX IIOPOA H APY-
rux marepuajos [1, 20, 5].

B (2.55) mapamerp n siBadercs JHIIEHHOH (DH3HYECKOro CMEHICJA
©Oe3pa3MepHOll BeJHUHHOH, a B cooTBercTByeT AedopMaldH MaTepHa-
Jla IpH =1 W HMeeT pa3MepHOCTh, OOpaTHYIC PA3MEpHOCTH HAMpsXKe-
amil. CTenennas GyHKUHA, KaK B CBoe Bpems 3ametnsa M. Pefinep [27],
ofnagaer pAJOM HeALOCTAaTKOB. B 4acTHOCTH, H3 Hee cjielyeT, YTO KOT-
Ja n>0u g—~0, MoayJib nedopMauun 1Js HEKOTOPOTO (PHKCHPOBAH-
HOro 3HaueHHs AedopMannu

E (e; =consty =B " ¢, = Byeg;M— o0, (2.56)

T, €. TIPH OTCYTCTBHH HATPY3KH TeJ0 ABjsieTcs abCOMIOTHO XKECTKHM, a
IIPH HEOrpaHHYEeHHOM BO3pacTaHHd Aedopmaiun E+<0, Umeercs Tak-
e TMPOTHBODEYHE B PA3MEPHOCTH BeJHYHHH B, naswisaemoe M. Peii-
HepoM [27] «BO3paiKeHHEM pas3MePHOCTHY.

«Bo3paxkenne pa3MepHOCTH» MOKHO JIETKO YCTPAHHUTH, €C/IH HATps-
JKeHHE ¢ NPeACTaBHTh B BHje 6e3pa3MepHOH BeJHYHHB — OTHOCHTE/Ib-
HOTO HANPSIKEHHSA 0/0ys (Ous— BPEMEHHOE CONPOTHBJIEHHE MaTepHa-
Ja), KaK 370 6BI0 caenano caMuM M. PeliHepom mpm omnpefesneHun
CTeNleHHOH CBA3H MEeXJy BASKOCTbIO H IIPOBOAUMOCTBIO CTeKsia H A. Ha-
Lau 1J51 ONHCAHUS MOJ3ydyecTH crann o=o0%* (e/e*), rne o* u ¢* — Kon-
CTAaHTHl MaTepHaja, HMeoliHe PA3MEPHOCTH HAIPSMKEHHS H CKOPOCTH
Zedpopmannn. Jpyrue HegocTraTtkd cooTHolleHHst (2.55) MOryT OwbITh
yCTpaHeHH PasjIHYHBIMH IPHEMAMH, TPHBOASIUHMH K €ro 3HAYHTeJb-
HOMY YCJIOXKHEHHIO.

Hecmorps Ha ckaszayHOe BBHLIE, IPH pellleHHH NPHKJIAZHBIX 3ajad
B GOJIbILMHCTBE CJIy4YaeB OTHAaeTCs NpeAllouTeHHe BHpaxeHHIo (2.55)
H3-32 ero HCKIIOuHTe bHOH mpocroTel. [Ipu 3TOM, pasymeercs, yKasnisa-
IOTCSl TPAHUILH €r0 IPHMEHKMOCTH.

Jas anmpoKCHMAanHH KCIePHMEHTAJbHBX KPHBHIX & — ¢, Hauaslb-
HBle YYAaCTKH KOTOPHIX  OJM3KH K JIHHeHHOH  3aBHCHMOCTH, YacTo
NpHMEHAIT GYHKIHIO BHAA

g =aoc-po?, (2.57)

e @, f 1 7 — onpejlesiseMble H3 ONHTA TapaMeTPHL.

B srom Bhipaxennu, kKak u B (2.55), EmMeercsd nporuBopeyHe B paa-
MEPHOCTAX @ H [, KOTOPHE MOXKHO JIErKO yCTPaHHTh YKa3aHHHM BHIile
npueMoM. B (2.57) P mas psaga MarepHasoB CyIIeCTBEHHO MeHbIUE elH-
HHULB, O3TOMY IPH MaJHX HANPSKEHUsIX BTOPHM YIeHOM npeHeOpera-
or. Toraa (2.57) npurumaer Buj 3akoHa I'yka.

Coortnomenne (2.57) ucnoansoBano Il. M. Bacunvernm B 1951 T
a5 anIpPOKCHMAUMH KPHBHIX g¢;—0 Getona, H. X. ApyrioHsHOM npu
pelleHHH 3a]au HeJHHeHHOH Teopum HACJENCTBEHHOR NoasydectH Oe-
ToHa (cM. HEXe), C. P. Mecusnom [20, 22] ana onncanus gedpopMaudH
TJIHHUCTHIX TPYHTOB.
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ANnNpoOKCHMALHIO SKCNEPHMEHTAJbHEX KPHBHX g, — O OCYLIECTBIS-
0T Takxe runepbosudeckumu (2.58), sKCHoHeHHHAJIbHBIME (2.59),
npo6Ho-auHelHHbIME (2.60) u apyrumMu GyHKIHAMU:

g = asho; (2.58)

er =d [1—exp (—no)l; (2.59)
0 Ogp

gy = —m 3 (2.60)

rie a, d, 0, Eq 1 6up — mapaMeTphl, OIpeAesieMble H3 OIIbITA.

@yukuua suga (2.58) 6ma npumenena A. Hapau, a  (2.59) —
K. 3onepbeprom B 1936 r. ais annpoKCHMAanuH KPHBHIX e — ¢ CTaNH
IpU ee MOJ3y4yecTH B yCIoBUAX pacTsxeHus. CoorHouwrenue (2.59)
HcHoJb3oBano aBTopoM KHurk B 1957 1. u C. C. 'puropsuom B 1960 r.
AJIsE aNIpPOKCHMAanKK O6beMHBIX AedopMauHil TJIMHUCTHIX TPYHTOB HpDH
OAHOMEpHOM ymJIoTHeHHH. JIpoGuo-nnHeifinas 3aBHcHMocTh (2.60)
npeanoxena C. [1. Tumomenko 8 1931 r. u npumenena C, C. BsnoBrM
IJsi BHIPAXKEHHs] 3aBHCHMOCTH & — 0 Mep3JbiX H HEMeP3JBIX IPYHTOB.

M3 (2.60) caenyer, yro npr o—0 E=0c/e.—Ep, a npu c=oyp E—
—0, T. e. napamerpsl Ey U Oup UMEIOT ONpejeieHHHH (QU3NYeCKHi
embica. Ey siBisercd HavaJbHEM MOAYJEM, a Gyp — NPENENOM TeKy-
4eCTH, COOTBETCTRYIOUINM HEOTPAHUYEHHOMY BO3pacTanuio fedopManun
g—>-oo. [IpuMeuarenbubM sBasieTcs To, 470 (2.60) CcomepKUT KOHCTaH-
TH Eg B Gyp, IpH IOMOIIHM KOTOPHIX KPUBYIHO £; —'¢ MOXHO allIpOKCH-
MHKpPOBATh BIVIOTH A0 paspylleHHs MaTepuana, T. €. IO HACTyIJIeHHSA
TeKYYeCTiL.

3asucamMocTh AedopMauus NoN3yuecTH — BpeMs. JKCIePUMeEHTa b~
Hble KPUBble MOJ3yyecTH (CM. puC. 14a) Moryr XxapakTepu3oBaTh
3aTyXaoIyl0 WIH HE3aTYXaloIyld BO BpemeHH pnedopMauuio (cM.
puc. 2). Kpusnle 3aryxaioilefl moJ3ydyecTH anlIpoOKCUMHPYIOT 3KCIO-
HEHIUMAJbHOH 3aBHCHMOCTBIO BHJA

er = Cy [1 —exp (—Ag£™)], (2.61)

rae Co, Ag W o — TapaMeTphl, OUpelensieMble B3 OIHTa, ¢ — BpeMs.

Brpaxkense (2.61) npepnoxeno @. Koappaymem B 1863 r. p1s
OMICAHHS MOJ3yYeCTH CTeKJOBOJOKHA. B janbHeHlIeM OHO MOJIyYHJIO
IHPOKOE IpPHMEHeHHe B TeOpHH IosdyuecTd Gerona [1], ramHHCTHX
rpyuTtoB [20, 22] u xpyrux MaTepHajoB C yyeToM HX CHenHPHUeCKHX
0COGEeHHOCTEH,

Jisi annpoKCHMANHH KPHBHIX He3aTyXawlleH NoJ3yyecTH CTalH
(K. 3omep6epr), 6erona (llrpay6), ckanabubix nopox (K. C. Epxa-
HOB) u rymHucThx rpydaros (M. H. Tospawrefin u C. C. Ba6uukas,
C. P. MecusiH) IIHUPOKO [IPUMEHSIETCS CTeNEHHAasi 3aBHCUMOCTh

8y = Atm, (262)

Iie A u m —napaMerpsl, onpelesnseMble U3 ONbITA.
Coorromenue (2.62) npenckashiBaeT HeNpPEPHMBHOE BO3pacCTaHHE
JedopManuu Npyu {00 B YCJAOBHSX HENPEPHIBHOIO CHHIXKEHHMA ee CKO-

poctu e—0, He nepexonsllell B TeUueHHe.
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B peoJsioruy TIMHUCTBIX TPYHTOB IOJYYHJIH TaKXke IIHPOKOE NpHMe-
Henme jorapudmuueckne Gyukunn I, M. ITokposckoro (2.63) u
K. Bionccmana (2.64):

ee=L (M4 1); (2.63)
ae=a+blgt, (2.64)

rie L, A, a u b — onpedenaseMble H3 ONLITA IIap aMeTPHL.

JlorapudMuteckne QYHKUHH, KaK H CTelleHHAs 3aBUCHMOCTD (2.62),
npeCKa3HBAIOT IIOCTENEHHOe, HENpephiBHOe CHHXKEHHE CKODOCTH MNOJI-
3YUeCTH (é—>0) Tpn CTpeMAcHNR AehopMaunn K OLCKONRYHNOCTH, BO €
MeHbliled MHTEeHCHBHOCTBIO, YEM MO CTeHeHHéMy 3aKOHY. OTMeTHM TakK-
XKe, yro Bhpaxenue (2.64) Menee crporoe, yem (2.63). Hs (2.63)
caenyer, uro npu =0 e:==0, roraa xaxk mo (2.64) e;=-—o0. Caego-
BaTe/bHO, (2.64) NMPUrOAHO TOJBKO HJS ONHCAHAS IOJ3yYeCTH NpPH
=1, a napamerp a mpeiacraBasger co0oi ReOpMANHIO MOA3YYECTH K
MOMeHTy BpeMenu f=1.

KpuBble Hesaryxatomleil moasydyectu (puc. 15), HCKIIOUas TPerhio
CTajuI0 — CTafHuI0 ycKopsollefics nedopmaunn (cM. puc. 2), wacrym-
JieHHe KOTOPOfi AJA TJBHHCTHIX TPYHTOB He IPEACTAaBJsIET UHTepeca C
TOYKM 3DEeHHs onpejeseHus medopmanmii, cnefys Merony Duipaiize,

€

V;CO“St Puc. 15. Kpusas nonsydectu si—;f (1)
1 U ee mpexcraBieHne (mo Hapalize) B
7 BUJe KpHBBHIX 3aTyXawomefi moJi3yde-
[ z2=0 ctn (2) u Tedenus (3). vy — KOHeuHas
z Ed . (cTabuiu3HpoBaHHas) CKOPOCTb IOJ3Y-
(3 ~e0NS YECTH
||€a@t,, =8
1 | /73
J
[r€vt
z

MOXKHO NpeACTaBUTh B BHAE ABYX KpuBHX. ONHA H3 HHX XapakTepu-

3yeT 3aTyXawUylo eq:, 4 APyras He3aTyxalollylo (YyCTaHOBHBIIYIOCS)

MOJI3yYeCTh g,y — AeOPMANMIO TeUeHusl ¢ IOCTOAHHOH CKOpOCTBIO.

Torpa cymmapuas medopMauns NoIsyyecT

8 = B4t + €oz. (2.65)

3aryxaomas noAsyyecTb eg; ANNPOKCHMHPYETCSl COOTHOIIEeHHEM
Buaa (2.61), a TeueHue gvt — BHpaXKeHHEM BHJA

&t = Vg l, (2.66)

T€  Us — CKOPOCTb OTHOCHTEeJbHOH nedopmManuy BSISKOTO TeueHHs.
Bripaxenne (2.65) ¢ yuerom (2.61) u (2.66) samumiercs B BHAe

et = Co [l —exp (— A, ) +-vs £. (2.67)

B 3akmiouenne orMerHM, uTo AedopManuio MoN3yIeCTH g; NPH €4H-
HHYHOM HanpsiKeHHWH ¢g=1 NPUHATO Ha3HBAaTL MEPOR TON3YUECTH
[1] u obosnauars C(f). CrefoBarensHo, &;(g=1)=C (t).
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TlonsiTne 0 B3auMONOAOOMM KPHBLIX NOJ3Y4eCTH H H3OXPOHHBIX
KPHMBbIX £, — 6. DKCIleDHMeHTa/bHble KPHUBBIE INOJA3YUeCTH, ONpeRe/eH-
Hble HCIHTAHHeM 00DPA3L0B-GJH3HELOB IO JeHCTBHEM PA3JHUHBIX
[OCTOSIHHBIX HAMNpPSXKeHH#, MOTyT OHITh KAK B3AHMONOAOGHLIMH, TaK
¥ B3aHMOHenoJo6HEIMIUL.

BaanMonono6ue KpHBHX BOOOILIe, NOJ3YYeCTH B YACTHOCTH OIpeAe-
JisieTcs] OCTOSIHHOH MPOTIOPIHOHAJBHOCTEI) HX OPJAHHAT, T, €. BO3MOK-
HOCTBIO ITIOJy4YeHHS OJHHX KPHBHIX YMHOXKeHHEM OPAMHAT ADYTHX Ha
miocTosAHHEE MHOXKHTeJab. Eciu 3a OCHOBy IpPHHsSITH KPHUBYIO, ONpeje-
JIEHHYIO TIPH €JHHHYHOM HANPAXKEHHH (Mepy IOj3ydecTH) o==1, TO
VKA3aHHHIH MHOKHTeNb OYAeT HeKOTOPOH QyHKUHeH Hanpsaxenus F (o)
J1, 5, 22], onpenensieMo mo pesysbraraM AaNIpOKCHMAIHH H30XPOH-
HBIX KDHBHX & — ¢ (CM. puc. 14,a) Brpaxenusamu (2.55) — (2.60) u
VIOBJIeTBOpsioel yenoBuw F(o=1)=1.

W3 B3amMomono6usi KPHBBEIX HOJ3YYeCTH ClIeJyeT B3aHMONOoGHe
KPHBHX & — ¢ (CM. pHC. 14), IOCTPOEHHBIX AJS PA3JHYHBEIX MOMEHTOB
BpeMeHH f;. DTO 3HAUMT, YTO [Jf DASJHUHBIX 3HAYEHHH MOMEHTOB
BpeMenu ¢, OyneM uMeThb OAHY (YHKIHIO HanpsxKenuii F (o). Ouepun-
HO, YTO NPH OTCYTCTBHH NOROGHS MeXAy KPHUBEIMH noasydectH F (o)
3aBHCHT OT (akropa BpeMenH f. [To3Tomy B 3TOM ciyuae BHpAXKeHUS
(2.55)—(2.60) mosKHH GHITH ONpejeseHbl AJS PA3JIHUHBIX MOMEHTOB
BpeMeHH !, a COOTHOLICHHE &; — ¢ 3ANHCAHO ClAelyIOIHM 06pa3oM:

et = & (0, 1). (2.68)

Teopusa crapenus
1. Teopus crapenus, KoTopasg He HMeeT HHYEero ofLIero ¢ sBJe-
HHeM (DH3HUeCKOro CTAPeHHs MATEPHAJOB BO BPeMeHH, corsiacHo Qop-
myauposke K. 3onaepbepra, onpenenserca (npu T=const) cyuleerso-
BagHeM IIOCTOSIHHOH 3aBHCHMOCTH MeX1y HanpsiKeHueM, Aedopmanuei
Y BpeMeHeM:

@ (o, e, ) =0, (2.69)

a monHasi nedopManHsa oOmpejgeseTcss KAK CyMMa yIpyrod (MrHOBEH-
HOH) pedopManun g B neHOPMALHH NOJ3YUECTH &4

em=&+@=%+&@n, (2.70)

rne e;(o, t) — RedopManHsa NMOJ3YHeCTH, 3aBHCALIAS OT AJHTETbHOCTH
t nefCTBHsSI HATIPSIKEHHA O; £ — MOAYJIb YIPYTOCTH.
B cayuae nofo6us KPHBRIX NOJ3YUYECTH

g (0, )=C () F (0), (2.71)
rie C(f) — ToJabKo (pYHKUHS BPeMEHH, XapaKTepH3ylollas MoJ3yqecTb
MaTepuana IPU eJHHATHOM HANpPSXKeHHH (Mepa moasydect); F(o) —
(QyHKUHSA HANDsKEHHs, XapaKTepH3YIOWAs JHHEHHYIO H/IH HeJHHEHHYIO
JZedopManno nonsyuectd. [Ipu aunefinoft nmonsyuectn F (o) =o.

DynKuuA HANPSAKEHUSA ONpefessieTCs U3 CJCIAYIOLIEero COOTHOIEHUS
& (O
F(o)= —9_ (2.72)

g (6=1)
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rae e:(0) — aHanHTHYeCcKOe BHIpaXKeHHe KPHBOH 3aBHCHMOCTH & — O

ANl HeKoTOporo GUKCHPOBAHHOTO MOMeHTa BpeMenH f; g:(o=1) —

aedopMaums moN3yyecTy NpH ¢="1 B TOT JKe MOMEHT BPeMeHH f.
Bripaxenne (2.70) ¢ yuerom (2.71) samucriBaeTcs B BHJe

e(t)=%—|—C(t)F(o)=%+C(t) on, (2.73)
rae F (o) onpenesnena u3 coornouwenus (2.72) ¢ yuerom (2.55):
F (0) = B;’" — on. (2.74)

Mepa nonsyuectn C(f) MOxKeT GbITh IPeNCTABJIEHA BHIPAKEHMAMHE
BuIoB (2.61) — (2.65), ompenensieMbHIMH annpoOKCHMAUHeH ONBITHHX
KPHBHIX, ITOJyUeHHEIX NIPpH o==1.

B ¢opmynupoBke (2.73) ypaBHewHe pesakcaiHH HAnpsKeHHH 1o
TeOPHH cTapeHus 3aIHCHIBAETCS B CVELYIOLIEM BHJE!

04 C (f) 0" E = 0, = const. (2.75)

Uro6Bl MOCTPONTE KPHBYIO pelakcaiHH HanpszKeHHH, cjaeiyeT 3a-
4aTh HECKOJIbKO 3HA4eHHH o, II0 3THM 3HayeHHsM u3 (2.75) ompege-
auth ¢ynknuio C(f), a no ee KpuBo#l (moayyeHHOH U3 oOnHTa IpH
0=1) — cooTBeTCTBYIOILHe UM 3HAueHHS BpeMmeuHd f. [lasg mocrpoenus
ceMeficTBa KPHBHIX pefakcauHfi HanpsiKenuH 3Ty onepaupHio ciaenyer
TOBTOPHTH JJISt PA3HYHBIX 3HAUeHHH o).

KpuBylo pesnakcauuu HanpsKeHH# MOKHO IOCTPOHTh TAKKe rpa-
dhudeckKHM MeTO/IOM, HCIIOJb3Ys AN 3TOT0 ceMeHCcTBO 3KCMepUMEHTAaNb-
HBIX KPHBBIX moJayuecrd [17]. [ssi mocTpoeHns KpHBO# peJakcauui
HaNpsizKeHH#l NPH HAYAJNBHOHR IOCTOAHHOM nedopMaunt go=const (op=
=goL) caepyer Ha rpaduke ceMelicTBa KPHBHIX MOJ3y4yecTH (CM. PHC.
14, a) npoBecTH (Ha PacCTOSIHHH gy OT Hayaja KOOPAHHAT) NapaJjiiesb-
HYI0 ocH abciuHcc MpAMYIO, OTMETHTb TOUKH ee IepeceuyeHHs ¢ KPHBBHI-
MH TMOJ3YYeCTH W ONpeJeJUTH COOTBETCTBYIOLIHE HM 3HAYeHHs Bpe-
MeHH {. 3Hasl BeJUUHHBl ¢ M COOTBETCTBYIOIIHE HM 3HAueHH: f, CTPOAT
KPHBYIO peslakcaunu HanpsixeHui#l (cMm. puc. 14,6).

B ocHorHOe ypamueH#e (2.73) TeopHM crapeHusl BpeMs BXOJHT B
SFBHOM BHJe. DT0O 3HAUHTEJbHO O0jeryaer pelleHHe IPHKAANHBIX 3a[ad,
HO NPHBOJAUT K HEHHBAPHAHTHOCTH (2.73) OTHOCHTEJNbHO OTCUETA BpeE-
MeHH. DTa TeopHs obJajaer elle TeM HEJAOCTATKOM, 4TO Jedopmaunus
B JAHHBIH MOMEHT BpeMeHH oIpejejsieTcsl HanpsxKeHHeM, NPHIOXKEH-

HHIM B 3TOT € MOMEHT BpeMe&HH, H He 34BHCHT OT paHee INPHJIOKEH-
HBIX HArpy3OK, T. €. OT HAc/JeACTBEeHHOCTH AedopMauHil moJ3ydecTH.

ITpoBepka NpUMEHHMOCTH TEOPHH CTapeHHs A OIHCAHHS Npolec-
ca IoJI3yuecTH MarepHana, KaK H BCAKOH gpyroil TEOPHH, CBOXHUTCA K

CONIOCTARJEHHIO KPHBHIX Mos3yuyectd (pHC. 16), oONpeneseHHHX H3
OnHTa OpPH IlepeMeHHOH BO BPeMEHH CTyIeHuaTo-BO3pacrawlue# Ha-
rpyske (CIJIOIIHBIE NHHHH) M HOCTPOEHHBIX (WITPHXIYHKTHP) MO ypaB-
HEHHIO TEOPHH, COCTaBJEHHOMY Ha OCHOBAHHW aNlNpOKCHMAalHH 3Kce-
PHMEHTAJBHLEIX KPUBHX, IOJyYeHHHX HCIBTaHHeM O6paswoB-Oau3lie-
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Puc. 16. Cxemul rpadHuecxoro Imo-
CTPOEHHA KPHBBIX MOJA3YYECTH NMPH CTy-
NeHYaTO-BO3PACTAIIUX HAPPY3Kax IO
TEOPHSIM CTapeHHsi, yNpouHeHHS u Ha-
CAEACTBEHHOH NOJ3y4eCTH HA OCHOBA-
HUH CeMeACTBa  3KCHEPHMEHTAJLHBIX
KDHUBBLIX, NMOJIYYeHHBIX HCIBITAHHEM O006-
PasloB MNOJ JeHCTBHEM NOCTOAHHHX
HampsKeHHH:

1 — 3KCTIEpHMEHTa/IbHble KpHBbIE Kpusnie,
[OCTpOEHHME IO TEOpHSM; 2 ~ CTapeHwus;
& — yUPOYHEHHR; 4 — HACAeACTBCHHOHW TOJ-
6,’ 7 - ayuecTu

— =z s =>4

Puc. 17, CemeficTBO KpHBHIX ¢—& A4

pasnuuHO# AJHTE/BHOCTH AEHCTBHS mO-

CTOSIHHBIX HANpSIXKeHu# u KpuBasg o—I

s gukcupoBanHoi gedopmanmn o=
==const

10B 1nOJ JdeficTBHEM IIOCTOSIHHBIX HANpPAXKEHHH o), O, O3 H T. I.
(cM. puc. 16).

ITpn nuuefiHo#l M nenuuefiHOH Hos3ydecTH NJMTeNbHHME aedopma-
UHH g 1O TEOPHH CTApEHHS ONpPeAeJSIOT COOTBETCTBEHHO H3 CAEAYIO-
IUHX COOTHOMIEHHH:

= C (tl) 0']_ +C (tg—tl_) 02+ s e +C (t[g—"tk__]) Gk; (2.76)
g =C () ot +C(ta—Ht) oh+....+C (te—ts) 0F. (2.77)

Ypasuenns (2.76) u (2.77) mpeackasHBaloT, 4ro B IpeJesax Iep-
BO¥ CTYNeHH HallpsixKeHHus o) (cM. puc. 16) zedopmauns noasydectH
nporekaer mo orpe3ky OA; kpupoii oy=const. Ilpn yeeauuennu Ha-
npsXKeHHss (B MOMEHT BpeMeHH ) AO Oy NPOHCXOJHUT CKauKooBpasHoe
u3MeHeHHe geQopManyuy Ha BenuuuHy Ay Az B TOT e MOMEHT BpPeMeHH
d panbHefilllee ee BO3pacTaHHe IO OTPE3KY 3KCIepHMEHTaNbHOH Kpu-
Boit Ay B, ipn og=const. ToYHO TaK Xe NPH YBeJHUeHHH HaNpSKeHUs
A0 O3 B MOMEHT BpeMeHH f; HMEIOT MeCTO CKauKooOpa3HOe H3MEeHeHHe
nedopMalHK Ha BeMHUHHY By By B TOT e MOMEHT BpEMeHH H JAalb-
Helillee ee pasBuTHE 1O 0Tpe3ky BsCy axcmepHMeHTaNbHOH KPHBOH NpH
o3=const.

£

-

55



Tagum o6pa3oM, H3 TEOPHH CrapeHHsl cjieayeT, uTo nedopMalHs
MOJI3YYeCTH MIPH CTYNEHYaTO-BO3pacTalomlell warpyske [0 4acTAM COB-
napaer (B npepesiax nefcTBHS NAHHOH CTYNeHH Harpy3kH) c IKCIepH-
MEeHTAJbHLIMH KPHBBIMH IMOJ3YUYeCTH, ONpefeseHHHIMH IpH TeX XKe
3HaUeHNsAX IOCTOAHHHX Harpy3oK. Kak suano ma puc. 16, mpegckasa-
HHe TEOpHH O IpoUecce IIOJA3YUECTH MarepHasja ILIOXO COTJIacyeTcs
C 3KCTIEPHMEHTOM [IPH CTYIeHYaTO-BO3paCTAOIINX Harpy3kax. B skcne-
pHMeHTe HHKOTZA He Ha(aI0paercs cKaukooOpasHOro H3MereHHs IOJ-
3y4ecTH B MOMEHTH BO3pacTaHHs HanpsXeuun#i. Bmecre ¢ Tem 3ra
Teopus INPHBOAUT K NPAaBHAbHHIM KaueCTBEHHHIM H KOJHYeCTBEHHHIM
pe3yJabTaraM IPH IOCTOSAHHHX H cJa0oH3MeHAIOIINXCH HANPSKEHHSX.

[TpoBepKy TeopHH HON3YUecTH MOKHO OCYIIECTBHTb TaKXe allpoK-
cuManHe#i 3KcIepHMEHTaJbHHX KPHBHX pelakKcalHH HalpsXeHHH IO
KpHBHM moasyuectH. OQHAaKO IpeackasaHHsi KPHBBHIX peJakcalld Ha-
OpsKEeHAN PasIHYHBIMH TEOPHAMH KaueCTBEHHO YIOBJIETBOPHTCJLHH,
a KOJIHYECTBEHHOE PacXOXKJeHHE MOXKHO OTHECTH K Pas3fpocy ONBITHBIX
Jauubix (IO. H. Pa6ornos, 1966 r.). [TostoMy npoBepKa IpHMEHH-
MOCTH TEOpPHH II0 H3JIOXKeHHOH BhIIEC METORHKe SBIfeTCS NpeANouTH-
TeJIbHeH 8 cUJIY KOHTPACTHOCTH IOJYYEHHBIX pe3y/ibTaToB.

2. Hcmonb3yst ceMeficTBO H30XPOHHBIX KPHBBIX € —o  (puc. 17),
OCTPOEHHOE HAa OCHOBAHHH ceMelicTBa KPHBHIX IOJ3ydYecTu AJs pas-
JAHYHBIX (QHUKCHpOBaHHBIX MoMmenToB BpeMenn f, 0. H. PaGortnoB B
1948 r. npepnoxusn Gosee o6uyl0 GOpMy 3anHCH 3aBHCUMOCTH Halps-
KeHHe — nedopManusi — BpeMs

= (e, ). (2.78)

[TpunuMas ycaopHe nogo6Hs KPHBBIX ¢ — ¢ (cM. pHc. 17)  nns
pasJHYHEIX MOMeHTOB BpeMenH (Bkatouas {2<0), 0. H. Pa6orxor BHI-
paxenne (2.78) mpencraBHJI B BHje NPOH3BejeHHS JABYX (QYHKuHi:

Y

o=0 () ¥ ()
HJIH
¢ () =09, (1), (2.79)

rae () —uekoropas GyHKuHA BpeMeHH; ¢ (&) — HeKOTOpass MyHKuHA
TOJbKO AethopMallnu.
[Tpu t==0 ¢ ({=0) =1, Torna u3 (2.79) Gynem ¥MeThb BHpaxKeHHe
0= (e) = Ae*, (2.80)
XapaKTepH3ylollee 3aKOHOMEDHOCTh HENHHEHHOro cXarHa (pacTsKe-
HHS) crajH B MOMeHT BpeMenH f{=<(,T. e. HemoguHHeHHe aedopManHi
3akony I'yka.

Ina onpenenennss PyHKuuum BpeMeHu U (f) HcHoab3yercs amnpok-
cHManus KpHBOH o—f, MOCTPOeHHOH AAS GHKCHPOBAHHOTO 3HAUCHHS
dedopManun e; (cM. pHc. 17), BHpaXKeHHeM

Oy
6 (f)= —"— 2.81
O =~ (2.81)
rae oo — Hanpaxenne npu f=<0; A u § -~ mnapaMeTpH, onpenenseMble
H3 OIHTA.
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@yuKius BpeMeHH Ha OCHOBaHHM (2.81) 3amHcaHa cCJaenyOIAM
obpasoMm:
.
1428
YJAOBJeTBOpAKILASA YCaOBHIO § (1=0) =1.

Ecan xpuBbie ¢ — ¢ B3auMoHenonobusl, 0. H. PaGorHos pekomen-
AyeT A/ pelleHHA 3a7a4 IIOJ3YYeCTH NPHMEHSTL, pellenHs TEeOpHH
IACTHYHOCTH JAJsI KaXKJAOTO pPacCMATPHBAaeMOr0 MOMEHTA BpEMEHH.

3. Jlpyroli BapHAHT TeOPHH CTApeHHs, KOTOPBIil HA3BIBAETCS TAKIKE
TeopHeH TeyeHHdA, npennoxen K. HedBenmoprom B 1938 1.
passutr B paborax JI. M. Kauanosa (1960 r.). 3Ta Teopus ycraHas/u-
BaeT 32aBHCHMOCTb MEXKIY CKOpPOCTbIO IIOJ3YYeCTH, HATPSIKEHHeM H
BpeMeHeM:

@)= , (2.82)

e = & (0, 1). (2.83)
B cayuae mopo6usi KpHBEIX nos3yuectn u3 (2.83) caemyer:
e = F (0) By (9), (2.84)
rie
B, (t)= 'f? C (). (2.85)
Ecan umers B BUAY, 9TO CKOpOCTh yIpyroil nedopmanun
. 1 do
Be= (2.86)

TO H3 YCJIOBHS €==g,-}-&; CACLAYeT BLIpaAXKeHHE

L 40 4 B () on, (2.87)

8 —_— —
E dt
obGo6mamoniee ypapHenne Makcsensna (2.41) Ha cayuall nepeMeHHON
BA3KOCTH, KOTOpPAas MOJE/JHPYeTCs yBeJHYeHHEeM FYCTOTH BA3KOH XKHJ-
KOCTH B COOTBETCTBHH C MHOXKHUTesaeM B ({).

Ins monyueHHs! BHIpaXKeHHs pesaKcaudH HANpsKeHHA NPHHEMA-
eTcs, YTo B MOMEHT BpemeHH =0 Teso IoJyYaeT IOCTOAHHYIO Aedop-
Mauuio go=co/E=const. Eciu gy noacraButs B JeBylo uyacts (2.87),
MOJIYYAM ypABHEHHE PelaKCALMH HANpsiKeHHH:

‘2;’ +o" B, (t) E=0, (2.88)

4 U3 ero HHTErPHPOBAKHUS C YUeTOM HadaJbHOro ycioBHs o (f=0) =0,
ciefyer:
1

o (f)=0p [l +(n—1) Ecit C (1) ", (2.89)

T. e. C pOCTOM BpeMeHH HallpsizKeHHe B MarepHaJje CHAXKaeTC .
Ecnu nepsuii usen npapoii yactu (2.87) MPHPABHATH K HYJIO, T. €.
npeHe6peub cKOpocTbio yupyrux anedopmaunil, a B, (f) 3ameHHTH Ipe-
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IeJbHBHM 3HAYEHHeM CKOPOCTH HAedopmauuu noJa3yuectH B,, Gynem
UMeTh BBHIpaXKeHHe

g = Bl v (2.90)
HasbBaeMoe ypaBHeHHEM TEOPHH NOCTOSHHOH CKOPOCTH (TeueHHs) B
dopmyauposke JI. M. Kauanopa (1960 r.). Bripaxenne (2.90) ycra-
HABJHBAeT HeJIHHEHHYIO 3ABHCHMOCTh MEMKAY CKOPOCTAMH TeYeHH: H
HanpsixenneM. B 3roll TCOPDHH HCTHHHAS KpUBAas IIOJ3YyYECTH 3aMEHs-
ercs NMPAMOJ TeUEHHS ey MPOXOAsAliiell yepes HaYyaJo KOOPAHHAT (CM.
puc. 15), uto B psAjge CAyYaeB BIOJHE AONYCTHMO.
PaccMoTpenne pelaKCallHd HANDPSKeHHi B TeOPUH TeUeHHs HE HMe-
eT CMEICJIA.

Teopusa ynpounenus

Teopus ympoudenust chopMmysnuposana B paborax II. JliogBura,
A. Hapan, K. [defiBennopra u passura B tpyaax 0. H. Pa6Gornopa u
€r0 YYeHHKOB. DTa TeOpHs YCTAHABIHBAeT NOCTOSHHYIO 3aBHCHMOCTH
MeXJY CKOPOCTBIO MOJ3YUeCTH g;, HANPXKeHHeM 0 U BEJIHUYHHON fedop-
Malui noa3yYecTd g;, HAKOMJIEHHOH MaTepHajsoM A0 JNAHHOrO MOMEHTA
BPEMeHH,

D, (0, &, &)=0. (2.91)
Bupaxenune (2.91) MOXKHO 3amHcaTh Tak¥ke B BHIE
g = 109 (2.92)

fa (e)
H3 KOTOpOFO cnenyeT, qyTO C yBeJII/IquI/IeM (v} CKOpOCTb HOJISY‘IECTH B0O3-
paCTaeT, a no Mepe HaAKOIJICHHUS necpopmaunn oHa YMeHbHIaETCH.
yMEHbIHEHI/Ie CKOpOCTPI HOJ‘lSyquTI/I OG’bHCHHeTCH H3MCHCHUEeM COCTOsA-
HUuA MaTepnaJIa—ero prOquHHeM.

[MpeanocHiKH, MOJNOMKEHHble B OCHOBY TEOpHH YIPOUHEHHS, MOJ-
HOCTBIO COTJIACYIOTCS C 3KCIIEPHMEHTOM B Mpedesax 3aTyXawlued moa-
3yuectH (cM. puc. 2). JleficTBHTeNbHO, ecin yyecTh, YTO CKOPOCTH MOJ-
3y4yeCTH npejcrasiser cobolt yrioBofi Ko3(HUHEHT KacaTeJbHOR K
3aJlagHOll TOYKe KPHBOH, TO II0 Mepe Bo3pacraHHs BPeMeHH AeHCTBHsA
HATPY3KH H HaKONJeHHs AedopMauuu oHa GyAeT YMEHbIUATHCSA JO He-
KOTOPO# HOCTOSIHHOH BeJHYHHHL. BMecTe ¢ TeM npH Nepexoae OT OAHOM
KPHBOH MOJ3Y4YeCTH K APYrof,, B HEKOTOphH (DHKCHPOBAHHHH MOMEHT
BpeMeHH (cM. puc. 14 a), yBe/qnUeHHe ¢ NpHBeReT K BO3PACTAHHIO CKO-
POCTH NOJNI3YYeCTH.

Ecnu ans pynkunit fi(c) # fz(e;) BOCHONL30BATHCS NPEAIOKEHHDI-
mu B 1938 r. A. Hagan cooTHollleHHSIMH

fi (@) =xd"; (2.93)
fale) = &, (2.99)

OCHOBHO€ ypaBHEHHE TEODHH YIDOUHEHHS 3anuULeTCsd B CAENYIONlEM
BHJe:
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1.0"3

(2.95)

8 =
&

HJIH YURTHBASA, 4TO ¢=dg,/dl, 6ydemM uMeThb

efde=unabdt. (2.96)

ITparumas, yro npa =0 &;=0, u3 (2.96) moayuum ypaBHeHne Ce-
MefCTBa KPUBHIX MOJ3YUYeCTH AJ8 NOCTOAHHBIX HaNpsKeHHH
L S S m
er = [(1 4 ) x]'T* ¢ T* {70 = [%] o ™", (2.97)
rae y, «, B— sMmouprieckue napamerpu; m=1/(1-4ta).
ITo Teopun ynpouHennss nonHas AedopMaums CTepKus olpeje-
JIAETCA H3 KJeJYIOHero BHPAaXeHHA:

e(t)=ae+a,:%+[—;—]mo“’"t"’, (2.98)

rie ge=0/E — ynpyro-MruoBeHuas gedopManus.

Crenennolt BapHaHT rteopuH ympouHeHns (2.95) xopowro ONHCH-
BAeT HAYATbHHE YYACTKH KDHBHIX NOJ3YYECTH B CT2JuH 33aTyXamOUHX
Zedopmanui. g onucanns AedopMalllH MO TeOpHH YIPOUHEHHS
10. H. Pa6otnoBrm (1966 r.) dyuxuus fi(0) npeacraBaena 5xc-
MOHEHINAJbHOA 132 BHOUMOCTBIO

fr (o) = kexp (o/4), (2.99)
a 3aKkoH ympouHeHHs (2.95) B BHZe
gs € = k exp (0/A), (2.100)

rae k, o n A — onpefie/isieMble H3 OMBITA MapaMeTPHI.
YpaBHeHHe KDHBHIX MOJ3ydecTH NpPH MOCTOSIHHOM  HANPAKEHHH
HMeeT CcJeAylOlnA BHI:
o k\m om\ ,m
g =e——=|—| exp|——] ¢ 2.101
: (m) p ( Y ) , (2.101)
rae ¢—obllas (nonHas) JedopMauusi; o/L — ynpyro-MrHOBeH-
Has gpedopmauna; m==1/(1+a).
Jlast onpesesieHnsl KPUBHIX PeJaKCAUHH HANDsxKewn#l, KAK U paHee,
Korfa siaemeHT npH (=0 moJayuaer NOCTOAHHYIO jedOPMALHIO
g9=I0o/ E==const, coramacuo (2.37) u (2.100) Gynzem umerb

6; = Go/E — o/E . (2.102)
Torma, Bepaxkenne (2.96) c yuerom (2.102) npwmmer Bug
—(oo—of* L = E* a1, (2.103)
o

M3 HHTErpHPOBAHHSA KOTOPOro C yueToM HauajbHoro ycnaoBus #==0,
0==0,, MOXKHO IIOJYUHTh ypaBHeHHe CeMeHCTBA KPHBHIX peJaKCalHH
Hanpsixenwdii B HedBHOM BHJE:
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PRI g (Gy—0)® 2%, (2.104)
4 [s

Kpupas penakcauuu HanpsKeHHH MoXKeT OblTb NOCTPO€Ha M Ipa-
¢HuecKuM METOLOM, NPEAJNONKEHHHM K. J[e#ipeunoproM, OCHOBaH-
HBIM HAa HCNOJb30BAHHH TyCTOrO ceMeficTBa KPHBBIX  ITOJISYYECTH,
KOTOpH# noapo6Ho manoxer B MoHorpaduu 1O. H. Pabornosa
(1966 r.).

IIpoBepKy HeJHHefiHOH TeOpPHH YUpoyHeHHA C ydeTou (2.97) x
(2.101) BHIMOAHAIOT COOTBETCTEEHRO NOCTPORRHEM KDUBOH TIOJIBYUECTH
IpH CTYNEHYAaTOM 'poCTE€ HANpfKeHHA 10 CJHeJyOUIHM COOTHO-
HIeHHAM:

* t fa—1 ty—1, . m
e,=[ ml of 1+ * - ) c§+....+x—(’°——k—ioﬁ] : (2.105)

m
kE(ip—1)
m

_[ Akt O I
at--[m exp — + exp 1 + .o+

B (lg—1p ) exp Gk]'"

m A

Bripaxenus (2.105) u (2.106) npeiackasHBaloT, 4To, KaKk H B
TEOPHH CTAPEHHs, B IpelelaX NepPBOH CTYNEHH HaNpSKEHHS O)
(cM. pue. 16) medopmalius moasydyecTH IpoTekaeT mo oTpedky OAi
IKCMePHMeHTaNbHOH KpuBoH JAas o;=const. [Ipu BospacTaHHu Ha-
NpsAXKEHHusl 10 0o B MOMEHT BPeMeHH f; CKOpOCTb ToJ3yyecTH Oynper
o0ycioBieHa BequuuHofl 0p H jAedopMalHeii IOJN3yyecTH € Ha-
KOIJIEHHOH B Touke A; moj JeficTBHeM o©; JO MOMEHTa BPeMeHH
t;. Torna pedopMmalius Mon3yyeCTu u3 ToYKH A mpoideT co COKoO-
POCTBIO, PaBHOH CKOPOCTH €e BO3pacTamus Mo KpPHBOH op=const,
Haumnast or Toukn O, rhe & (A;)=e;(0’). CaenosarennHo, K1
MOCTPOEHHST KPHBOH AJAS (02 CI€AYeT KPHBYIO HOJA3y4YecTH TNPH 0=
=const CABHHYTL BOpaBo Tak, urolul O’ copmana GHl ¢ Touko# A,
T. €. C MOMeHTa BpeMeHH f; KpuBag IMOJ3YYeCTH JiOJXKHA OHTb
napaanenpHo kpusoii OBs.

Ecau mpojponxuth 10CTpOeHHe KpHBOH moasyuecTd, To xedop-
MalHs, COOTBETCTBYIOmAs TpeThell CTYMEHH HaNpSiKEeHHs o3, MNPOH-
ger no kpusofi BC, mapannenbHoii orpesky O”B, kpusofi, coorBer-
cTByOIefl (DpuHainexalled) o,==const.

(2.106)

Teopus nuacTHueckoii Hac/JeNCTBEHHOCTH

I0. H. PaGorsos 8 1948 r. Teopuio ympyro#t Hac/eLCTBEHHOCTH
Boabumana — Bosnbreppa | (cM. § 2.2) pacmpocTpaua HA  NJIacTH-
yeckHe jgeopmanud —Ha ob6aacTe HenuHeiiHoH moasydyectu. Ilpm
NOCTPOEHHH CBOeH TeOpHH aBTOP HCXOJHA H3 yCIOBHS NMOLOOHS H30-
XPOHHHX KPHBHX ¢ — ¢ (cM. pHc. 17),

Ins 0AHOOCHOrO CxKaTHs (PacTSKeHHA) OCHOBHYK 3aBHCHMOCTb
MeX]y HAanpsKeHHaAMH, JAedopMauuamu u BpemeHem [HO. H. PaGor-
HOB IIpeICTaBHA 'B BHAE
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4
(p(e)=o(t)+j K({t—®% o(® ds, (2.107)
0

rae @(e) — dyuxuus gepopmanun suga (2.80).
Ilpu TOCTOSIHHOM HalpsxXeHHH o=dp=const (2.107) npuuuma-

eT BHUJ

4
@ () =0 [l +§ K(@¢—9) d&] =0, [1+T (®)], (2.108)
0

rhe
t

L@ = 5 K (t—9) d$. (2.109)
0
IOna t=0 T(:)=0, torna us (2.108) mnoayyaercsa BHpaXKeHHE
(2.80) xpuBoit e—¢ IAf 3TOro MOMeHTa BpeMeHu (cM. puc. 17).Hs3
(2.108) cneayer Takxke, uto Mexkny ¢(e) u ['(f) umeerca Jumei-
Has 3ABHCHMOCTh, MO3TOMY KpHBbIE @(&) MOTyT OHITb TOJYyYeHH H3
KpuBoil e—0 Ans 20 npocThiM JHHEAHHM ITpeoOpa30BaHHEM.
10. H. PaGotnop ads @(e) mpumenun Bripaxkenne (2.80), a s
K(t—®%) cooTHoWenHE

K@t—9=24a (¢—9"°, (2.110)

onpejensieMoe M3 (2.53) ¢ yueroM BHpaiKeHHS Mephl IOJI3YyUeCTH

Ql?’ilﬁbﬂaaﬂ (2.80) u (2.110), ypaBuenue (2.108) samucriBaeTcs
CIEeAYIOIIHM 00pasoM:

Ae* = [1 1 7% t‘"“] Gy (2.111)

U3 pemenus (2.107) oTHOCHTeNbHO ¢ NOJdyYaeTcsl BHpaXKeHHE

peJakcallHd HalpsKeHHH
t
cW)=¢ @)~ R(E—9) o () ab, 2.112)

0
rge R(t—0) pesonbBeHTa siapa HHTErpajbHOTO ypapHeHus K({—§).
Teopus ynpyro-nojisydyero Tejaa

Teopus ynpyro-nonsyuero Tema  (HaclAeACTBeHHOH HossyuecT
CTapewllero MaTepuana — 0eTOHAa) fABJSETCH pe3yJAbTaTOM MpHMe-
HeHHs JHHeliHofi Teopud DonpliMana — Boabreppa (cM. Bplime) K
cTapelolleMy MaTepHasy H ee JajbHeHIIHM pa3BHTHEM Ha cayuai He-
JVHEHHOA moJ3yyecTH.

B ochoBy munefinoro papuanta Teopdn . H. Macaosum (1940r.)
NOJIOKEHH CIeJAyIHe NpeAnochiakd: 1) H30TpPONHOCTL MaTepHaJa;
2) nunefiHas 3aBHCHMOCTh MKy HAMNpPSMEHHUSIMH, MTHOBEHHHIMH K
MOI3yuUME AeopMalHsaMH; 3) BO3MOXKHOCTh HajIoXKeHHs pedopMa-
uni nosnsyyectu; 4) He3aBHCHMOCThL AedopManuii OT 3HAKa Halpsd-
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JKenui; 5) HaniHuHe OAMHAKOBOH 3aBHCHMOCTH OT BPEeMeHH BCeX
BH/IOB ¢/JHHHYHOH jedopmanuyu; 6) BO3MOKHOCTb IpeHeOpeKeHHS
BOCCTARABAHBAONINM 30 ¢deKToM IOJA3YyYeCTH NMpH pasTPy3Ke 3JeMeH-
Ta; 7) S3aBHCHMOCTh I[OJ3Y4eCTH H MTHOBeHHBIX Jedopmanufi OT
Bo3pacTa 6eToHa U

B COOTBETCTBHH C H3/M0XKEHHBM BHIIIE MOJHAA OTHOCHTeJbHas He-
dopManus CKATHA 3JEeMeHTa IIpH TOCTOAHHOM eAHHHYHOM HallpsiKe-
rau o=1 (puc. 18) omnpenensiercs u3 CJleAyIOUIEro COOTHOIIEHHS:

1

o TN, @Y
raie  eo(®) — ynpyro-mruoseHHass  Aedopmanusd; Eg (%) — moxyab
MrHOBeHHO# aedopManuy; e (¢, &) =c(f, 0) — nedopmanua (mepa)
NOJ3YYeCcTH K MOMEHTYy BPEMEHH ¢ OT eJHHHYHOTO HaAMpIKeHH,
NPHJIOKEHHOTO B MOMeHT BpeMeHu O.

[Mpoussounie ¢yuxumit 1/Eq(0) u C(t,) mo BpeMeHH HMEIOT
OTpHIATeJNbHLIA 3HaK, IOCKOAbKY N0 Mepe VyBEeJIH4YeHHS BO3pacTa
OeToHa 3TH (GYHKIHH YMEHbIIAIOTCA.

Brlpaxenue MOJHOH OTHOCHTEe/bHOH pAedopManuu oT AefcTBHA
TOCTOAHHOTO HalpsaxeHus o(®y) 3amuchBaercs B BHIE

e(t) =0 (f, B;) o (By). (2.114)

B cnyuae napacTaHus HampsAXeHHs CrymeHaMu Ao (®;) npu
t=0, 6ygeM HMeTb

S (¢, )=1¢e, ()t & (¢, ¥)=

n
e (t)=0 (%) d (¢ %) +2 A;o (8) 8 (¢, ), (2.115)
i=l
rae &; — MoMeHThl NpPHJIOXKEHHs CTyMeHeH Harpy3ku (HampsizKeHus).
[Tpu nenpepnlBHOM HapacTaHWH HampsXeHus o ypasHeHue (2.115)
3anucHBaeTCsl B CAeAyoIned HHTerpaiabHOH ¢opme:

t
e)=c () 8t t)+ | 2L 5 9y de,  (2116)
%

a MoCae HHTerpUpOBaHMs MO YacTaM, yuuThleas, uto O6(f )=
=1/E(2),
t
N () B Gy SN TR ) B 2.117
e()=2l-—fom 25 a0, @D

Bripaxenne (2.117) npeacrarnaser cofoli HHTerpaabHoe ypas-
HeHHe B. BoJbTeppa BTOpOro poga ¢ BeDXHMM TNepeMEHHHIM Ipeje-
Jom omHocuTeabHo o(f) ¢ sappom K(t, &) =08(%, 9) /060, xoro-
poe AJa HecTapeloumiero MaTepHaja COBIajaer ¢ ypasHeHHeM JI. Bos-
uMana (2.48).

Hns swipaxkenng 6(f, %) . H. Macnossim paccMOTpeHsl caydyan
Jedopmanuu Gerona: 1) mpu yuere runoresw [Jewsmas (1930 r1.)
O B3aHMHOH Mapajye/BHOCTH KPHUBHIX MOJ3y4eCTH, ONMpeneNeHHHX B
PasanyHbIX BO3pacrax OeToua, T. €, He3aBucuMmocTd 48 (f, 8)/0% or
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o1ty 6=7=cocqst
St
S /'
= | /
[ /B 7S p
AT A VA A uc. 18. Kpusme piautemproro medopMHpO-
B ~ Ranust §(f, ) crapelomero Martepuana, onpe-
) Y E ReneHnbie B Boapactax &, Oy . mo; XefcT-
9 BHEM eNHHHYHOrO HAMpsKeHusi o= l==const,
A i~y ¥ H3MCHEMOCTh MOAVAZ MIHOBEHHOH medop-
7 Az 7 * mauun E(0) Bo BpeMenu. AB — MrHoBeHHAR
0 141 Y2 zedopmanns; CD — negopManus HOJ3yUeCTH
6() npu f=1, Aas Bospacta Marepuaxa Gy, BE —
[ KpHBas H3MEHSEMOCTH MTHOBEHHOH mediopma-
— Z HUX B 33aBHCHMOCTH OT BO3pacTa Marepuaxa
= “0
G

KoopauHaTh &; 2) mpH NOCTOSHHOM MOZAyJe MTHOBeHHOH IedopMa-
nuu Ep H ToJ3ydecTH craporo (Hecrapeiomero) GeToHa. B mepBom
caydae (2.113) samucano B Buje

8 (¢, a)=?‘(ﬁ_)—+0(z)—0(s), (2.118)

a BO BTOPOM Clydae:

1 1
(¢, 9) L + c [1 exp [— A (¢ 8)]]. (2.119)
rie Cy u A—mnapamerpsl, ompejnefsieMble H3 OMNHTA.

Uz Bopaxkenus (2.118) — OCHOBHOTO ypaBHEHHs TeOpHH CTrape-
Husl OeroHa, pasmutofi B paGorax M. M. Yauukoro, caenyer, uro,
ec/lu u3BeCTHa Mmepa nosasydectH 6erona C(f, O¢), sarpyxesHoro B
Bo3pacre O, TO AN NONyYeHHs Meph INOJA3YUecTH MAJs J060ro
Apyroro Bospacra ¥, caenyer us kpuBoii C(7,9&;) BhiUecTp BeJH-
uuny C (9, %), 1. e. C(Z, 0.)=C(¢, 80) — C(Vy, B)=C(f) — C(9,).
3xecp BpeMsl OTCYMTHIBAETCSI ¢ MOMeHTa 3arpyxkenus 9o=~0, moaro-
My &1, f2 ... 03HAYAlOT IPOJOIKMTENBHOCTh NeACTBHS HarpysKH.

s cayuag crapeomero BO BpeMeHH 6eTOHa, KOTAA MIHOBEH-
Hple u TOoJ3yune fedopMalHH 3aBUCAT OT €ro BO3PacTa, COOTHOMIE-
Hue (2.119) H. X. Apyrionssnom [l] npemcraBieno B clefylouiem
BHJE:

1
8 ="y TCE Y, (2.120)
rue
C(t, =@ (¥ (1—exp [—A (-9}, (2.121)
Ey (8) = E; [1—Pyexp (—op )1, (2.122)

rae Eo(%) — monyns mrHopeHHOH JgedopManHH, 3aBHCANIMA OT
Bo3pacrta Gerona (cm. puc. 18); 1/Eo(®) — mrHosennas nedopma-
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iHg B MOMEHT U OT TIpHIOXeHHsd eIHHHIHONO Hampsi:KeHHd o=1;
C’(t, %) — mepa moisydectd; ¢(¥) — Hekoropast yOwBawmas ¢QyHK-
15, XapaKTepH3ywlias cTapeHkHe MarepHana Bo BpeMeHH ((DYHK-
uust crapenus); A, fo, oo # E; — mapamerpbl, ompeaeaseMbie H3
OIBbITA.

Oynknuio crapennss ¢(¥) H. X. ApyToHSH TIpeXcTaBua B BHIE

°(M)=Co+ Y 2L, (2.123)
A=l

a B 4acTHOM caydyae
®®)=Cot 2. (2.124)

A1y ¢pyurnmo K. C. Kapanerau, C. P, Mecuss u K. E. I[Tpokomo-
Buu [20] sanmcamu B BuAE

Ay
By+ 87
[Tpeanoxeno MHOro Apyrux BapHAaHTOB sl GYHKuuH CTapeHHs H
Mepbl II0JI3y4eCTH.
Uz (2.121) cnenyer, uro npu f—oo Mepa NOA3yYeCTH MOJy4qaeT
CBOe Tpeje]bHOe 3Hazenue @ (©), KOTOpoe NPHHATO HAa3hHBaTh M p e-
AenbHoH Mepofi noamsyuectu [1].

Pelllenne HHTerpaibuoro ypaBHeHnsi (2.117) otHocuTembHo o(1)
3amucuiBaercs B Bupe [1],

c@=e® Et)+ | Es(®) e ®) R(t, B) dB,  (2.126)
Jo

(%) =Co+ (2.125)

e R(t, ) — pesosbBenTa snpa K (f, ¢)Eqs(l), npeacrapadomas me-
Py ‘Pe/laKCalMH AaHHOTo MaTepuasa. [lepBhili YleH NpaBod YacCTH BhbI-
paxenusa (2.126) xapakrepusyer ynpyro-MrioBeHHOe HalpsXKeHHe MpH
MTHOBEHHOM H3MeHeHHH ZAedopManuu, a BTOPOH uJeH — H3MeHeHHe
HanpsixKeHHsl BO BPeMEHH NpH HeNpepblBHOM H3MeHEeHHH AedopMainui.
BoipaenHe HesqHHefHoW moa3yuectu e(f) Hecrapemomero 0eToHa
Npu HocrosinHoM Halpsxenuu II. M, Bacuase B 1951 r. npeAcTaBua

B BHJe COOTHOIUEHHS TeopHu crapenus (2.73)
e ({)=0/E;+C (t— 1) F (0), (2.127)

IpH CTYNEHYaTOM BO3paCTaHHU HaNpPAXKeHHs

e (()y=0 (DVEp+ F (3p) C (¢ — 1) +
+2 (F (0:)— F (0:=1)] & (¢t — %), (2.128)
=}
a B CIy4yae MOHOTOHHOTO BO3pacTaHusl HalpsAKeHHH

e (t) =0 (B)/Ep + F (00) C (t— ) +
+ f"’“ F' (0) 8 (t— %) do, (2.129)
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Ilpu mepexone k nepemenHoit & BMecto (2.129) Gyaem uMeTb

f
o t)="% 4 FlayC—dy+ | F 8. (2.130)
0 i
HJII/I, BLINIOJIHA Y I/IHTerI/IpOBaHI/Ie M0 4YacTiMm,
a (t) 20C (=) 45 9 151
e ()= jF()——*aﬁ d (2.131)

rie F (o) — QyHKuug HampsKeHHUs, ompegensieMas uz (2.72).

Hs (2.131) caeayer, uto B oTanyue oT {2.107) (cm. puc. 17)
MTHOBEHHEBIe AedopMaluy M0IYHHAIOTCA JHHEHHOMY 3aKOHYy, T.e. H30-
XPOHHble KPUBHe 1J19 BCerc WHTepBasa BpeMeHH 0<I{=< oo He ABJAIOT-
€31 NOAO0HBIMH.

Onnospemenno ¢ I1. M, BacuiabeBhM, HO HE3aBHCHMO OT HEro, aHa-
JIOTHYHOe yDaBHEHWe TeOpHHM HeJHHeHHOH HaCJAe/ACTBEHHOH MOJ3YyYe-
CTH HecTaperoumero marepuana noaysedHo M, M. Pososckum.

H. X. Apyrionsn [ 1] Bupaxenus (2.127) u (2.131) o6obmun Ha
cayyaft crapewoulero 6eToHa U COOTBETCTBEHHO NpeACTaBHJ B BHAE

e (t) = ‘;’Om £C (B Flo (81 (2.132)

~ 9@ - acu 9)
el)= Es (1) X ()aﬁ[ (ﬁ)]d8 jF[ o (¥ ————— dv, (2.133)

rae Flo(®)] — onpenensiemass u3 onbita QYHKUMSA HanpsKeHUS, 3a-
BUCHllllasi OT Bo3pacra MaTepHasia O W yJOBJIeTBOPAIOUIAS YCJIOBHIO
Flo(®)=1]=1.

CootHowenne (2.133) sBadercs OCHOBHLIM ypaBHeHHeM HeJuHef-
HOW TEeOpHH YINPYro-moJs3ydero Tedaa.

Ina BHpaxenus AehopMauMii YWCTOTO CHBHra BO BpeMeHH ()
npy JNHHEHHOH u HeJWHEHHOH MNOJ3YUECTH NPHMEHTIOT COOTHOIICHUS,
anasoruunbie (2.113), (2.117), (2.132) u (2.133). Ilpu uucToM cABHre
Mepa moJ3ydectH ofo3Hauaerca o (f, §), MOAY/Ib MTCHOBEHHHX jaedop-
manuii — Go (%), ¢yHKUHS KacaTenbHoro Hanpsixenus — f(t). Ilpu
3TOM CJelyeT MMeTb B BHAY, YTO MeXAY MTHOBEHHHIMH  MOAYJAMA
YHCTOTO CXKAaTHg W CABMMA CYHIECTBYeT cjeiayiolllee cooTHolleHne [l]:

G ()= —DBo ) (2.134)
2 [+ ps (D]
rle p; — Ko3QGHIHEHT MonepeyHoH yMpyro-MrHOBeHHOMH JedopManuy.
Hnsa onpenenenns penakcallyd KacaTeJbHBIX HAaMpSIKEHHH HCIOMh-
3yeTcs BLIpaxKeHHe, aHanoruuHoe (2.126).
H. X. Apyrionsinom [1] moxasaHo, uTO, KOTAa Mepa MON3YYecTH IPH
oanoocHoM cxartuu C(f, ©) sneMeHTa nMponmopHHOHAaNbHA Mepe MOJI3Y-
YEeCTH NPH YHCTOM cABHre o (¢, &) c mocTosHHHIM Koa(duuuentoM Koy

Ho 2B _ G 8 — 8 1
C (¢, 9) TR o H=K,0 (¢ 8, (2.135)
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a KOypQHUHEeHTHI JIomepeuHoro pacliupeHHusl 3JeMeHTa AJ5 MTHOBEH-
HOH p1 H TMOJI3Y4YeH py nedopmalnHii oXMHAKOBH:

P (B) =pp (¢, B)=p, (2.136)

TO HaNpPsKEHHOE COCTOSIHHE MaHHOTO Tesa OyleT cOOTBETCTBOBATH YIi-
Pyro-MI'HOBEHHOH 3ajzauye. DTO 3HAYHT, YTO B YKA3aHHBIX  yCJAOBHAX
BJHsTHHe MOJI3yYecTH CKa3hBAaeTCsl TOJIbBKO HA BeJHYHHe JdedopMamHu.

CoBlajfienyie PelieHH TEOPHE NO/3y4YecTH H ynpyroctu ObLIO OT-
meueno I'. H. Macaoesim B 1940 r. EquHCTBeHHBIM /ISl 3TOTO YCJOBH-
eM, kKak mucaa I'. H. Macaos, sisadercsi TpolOpIEOHAIBHOCTh HAIPSA-
KeHHii B ympyroif 3ajgadye uH Mofgyasa ynpyroctu Eo.

[IpumeHnAMOCTb TeopuH AedOpManHi MON3YYECTH IMPH CTYIEHYATO-
Bo3pacTanlleM HANPSXKeHHW CTapeiolllero MarepHata  ONpeaelsiorT
COOTBeTCTReHHO Ha ocHoBammu (2.115) u (2.128) crneayoomuMH CcoOT-
HOIIEHHAMH JHHeHHOH W HeJHHeHHOH TeOpHH:

g =C({E—) opB)+C (E—%) Ay (%) +

N 4 C (— %) Avo (B); (2.137)
gr=C (t—8) F [0y (Do) +C (t —9) A F [0 ()] +
e C (=) Ay F [0 (B0)], (2.138)
rae
Ap F {0 (31 = { F [0r (3&)] — F [0k—s (3e—i)l ] . (2.139)

Boipaxenus (2.137) u (2.138) mokasmiBawor, YTo B NpeAesax Iep-
BOH CTyNleHH HampsXeHHs oy (cM. puc. 16) gedopmanuu MonsyuecTH
nporekator Mo oTpe3ky OA; skcmepHMeHTa/JbHOH KPHBOH, olpefenaeH-
HOH TIpH 3TOM ‘HalIpAXKEHUH,

Jlns mocTpoeHUs KPHBOH oT AeHACTBHA BTOPOH CTYNEHH HalpsXKe-
HHA (0p—0;) clelyeT ¢ MOMeHTa €e IpujaoXKeHus =1, Ha KpHBOH
0y OTJIOXKHTb BBEPX Pa3HOCTh OpPJAHHAT KPHBHIX /s 02 H 01, T. €. CJe-
AyeT 3alUTPHXOBAHHYI0 MeXAy yKa3aHHHIMH KPHBBIMH BOCXOASIIHMH
JAuHAAMH (QUrypy HAJOKHTb Ha KPHBYK o, COBMellas HAyano C TOY-
KOH A, cooTBetcTBylOIIeHl MOMeHTy &y=1{; NPHUIOKEHHs MPHpAIIEHHS
HalpsikeHHA ¢y—0; (cM. puc. 16). AnasnormuHEM 06pa3oM CTpPOHTCH
KDHBag TNOJ3y4eCTH AJaf CAedyiomel — TpeTbeH CcTyleHH HanpsKeHHs
(03 — 02).

M3 xpuBof, moCcTpoeHHOH A/ CTYyMEHYaTO-BO3PACTAIOIIErO HAMPS-
XKeHHsI, BHJHO, UTo Aedopmallusl NMOJA3yyecTH MaTepHaja 3aBHCHT OT
BCeH IpeTbICTOPHH €ro 3arpy:eHuss — OoT JAeHCTBHS BCeX paHee NMPH-
JIOKEHHBIX CTylleHeH HalpsAXeHHd H Hac/eJCTBEHHOCTH aedopmaunuil
MoJN3yYecTH.

§ 4. CIHOXHBIE HANPSA)KEHWA H AE®OPMALHH
B OKPECTHOCTAX TOYKH TBEPAOW NE®OPMUPYEMOHN CPEIBI

BDonpuiuHCTBO M3 peasibHBIX TBEPABIX TeJd, B TOM YHCJE H TPYHTHI,
OOBIUHO HAaXOAATCA B YC/IOBHAX CJOXKHOTO (IPOCTPAHCTBEHHOTO) Ha-
IPAMEHHOTO COCTOSHUSI M TIOJBEPTralTCs CI0XKHOMY Jie(opMHPOBAHHIO,
Hst onpenenenus aepopManHOHHHX H MPOYHOCTHBIX CBOMCTB 3THX Tel
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B YKa3aHHbIX YCJIOBHSIX CJaelyeT HCCJAeJ0BATh HX HaIpsSKeHHd H je-
(opManun B OKPECTHOCTAX TOYKH Cpeibl — B MBICJEHHO BBIJEICHHOM
sjemMeHTapHOM (OecKoHe4HO MaJjoM) MapaJiienefndiene, a 3aTeM IO-
JyYeHHbE pe3yibTaThl pacnpoOCTpaHHTb Ha MaKpO3/JIEMEHTHL.

Ten3op Hanpaxenuii u Tenzop gedopmauuit. Hanpsxxennoe u ae-
(bOpMHPOBaHHOE COCTOSIHHS B [TPOH3BOJIBHO BHODAHHOH TOYKE CPeibl
B o0mieM CIydae ONpeaessloT COYeTAHHAMH ABYX T€H30DOB, HasblBae-

MBIX COOTBETCTBEHHO

dopmanuii Te,

Ts

Ox

Tyx

Tax

Try

Oy

Tay

Txz

Tye

O

Te

1

B

1
2

gy

Yyx

— Yax

1
2

1
2

TEH30pOM HaIpAXKeHHH

— Yyx

ey

= Yey

L
2
1
2

ez

Yxz

- Yuz

Ts u TeH3opoM Je-

. (2.140)

XapakTepH3yeMbIX JAeBATbI0 KOMIIOHEHTAMH HODMAJIBHOIO ¢ H Kaca-
TeJIbHOIO HANpAXKEHHH T U AeBATHIO KOMIOHEHTAMH OTHOCHTEJIbHBIX JIH-
HeHHBIX yAMuHeHHH (YKopoueHui) e u nedopmaunu cisura y[2, 24].

Ha ycnoBusi paBeHCTBA HYJNI0 CyMMHBl MOMEHTOB CHJ, A€HCTBYIOMIHX
Ha IpaHax 3/JeMeHTapRoro mapassienenunefa (puc. 19), oTHocHTeabHO

z

% 6
Gz /Y
=2 5, | 5
B sz ] /77/
Zz) - g [ rd
67 -y?’/} l 7 6z 6n; I
=4 e =
Z |
v
bt J
'y /* A6 A
/&y %y Nz / i
&, |
4 z
Puc 19 OG6osnauennsi KOMIOHEHTOB Tewsopa Ranpsixesufi Ty, HeficTByoLMX Ha

TPAHAX 3JEMEHTApHOrO Napajeeninefa, u npeactaslenue 7, B BHAE CYMMH Ina-
POBOTo TeH3opa Tg w gesnatopa D manpsixeHuit

OCeHl KOODAHHAT X, Y, Z JeTKO YCTaHOBHUTB, UTO JEeHCTBYIOLIHE HA HABYX
B3aHMHO MEpHeHAUKYJISAPHBIX IJIOIIAAKAaX COCTABJAIOLIHE KaCaTeJbHO-
ro HampaxeHHs PaBHBHl (3aKOH MApHOCTH KacaTeJbHBIX HalpsaKeHHIi)

(em. §2.1):
(2.141)

CriepoBaTe/IbHO, YHCJIO HEH3BECTHHX TEH30pa HANpPKEHHH paBHO
mecTd. ToYyHO TaK¥Ke, MOCKOJNBKY KOMIIOHEHTHl OTHOCHTeJbHOH aedop-
Manuu CABura noMapHo paBHH APYT APYTY,

Yyr = Yxys  Yzx = Yxz;
YHCJIO HeM3BECTHHIX TeH3opa aedopmauuit T

Ty = Tyxs Tax = Tuz; Toy = Tyz,

(2.142)

Y2y = Yuz»
pPaBHO MIeCTH.
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[lepBoie OVKBH HHAEKCOB KAaCATeJbHBIX HANpsiXKeHHH IOKA3bIBAlOT
HalpaBJieHHe AeHCTBHS, a BTOPble — HATpaBJeHHe HOPMAJH K TOH Iio-
1ajke, Ha KOTOPOH OHH JeHACTBYIOT.

B Mexannke FpPyHTOB NOJOMKHTEAbHHIMH HOPDMAaJIbHBIMH HaIpsixKe-
HUSIMH CUHTAIOTCS CKUMAIOUMe HaNpsKeHus. 3a MoJOXKHTelbHOe Hall-
paBJleHHe KacaTeJLHOIO HANPSIKeHHS MPHHATO CUYHTATDL HOJMOKHTENb-
HOe HallpaBJieHHe OCell KOOPAHUHAT, eCJH HaNpaBJeHHe CIKHUMAIOUIEero
HANpsKeHHsT DO TOH Xe MaollajKe COBNaZaeT ¢ NOJOXKHTENbHBIM
HanpaBJeHHeM KOOPAHHATHOA OCH, NApaJeJbHO KOTOPOH OHO
HelCTBYerT.

Ecnn u3BeCTHB BCE KOMIOHEHTH TeH30pa Haupaxenus T, TJ1aB-
HblE HOpMaJibHbIe HAlPSAKEHUA 0 MOMHO ONpeJe/]HTh H3 PElIeHHs cie-
Lyoouleroc KyGHUecKOro ypaBHeHHs:

(0x—0) Ty Trz
Tye (0y—0) T |=0, (2.143)
Tex T (0, —0)
HJIH
0 —02 I, (To) + 0 Iy (To) + I5 (To) = 0, (2.144)
rpge

I (T) = 0, + 0y, + 6; = 6, + 0, + 03 = const ;

[2 (Tg) = O'xcy +6y02 —l— Uzcx—_r,zty_‘ sz‘—' 2x =
= 0y Oy -+ 03 03 + 03 6y = const; (2.145)

2 2 2
13 (To) = Oy Oy Gz + 2Txy Tye Tax —= 04 Tyz— Oy Tz — Oz Ty =
= 0y 0, 03 = const; J

Iy (T;) npexacTrasnseT co60fi CYMMY 4YJ/EHOB, PACHOJOXKEHHHIX MO
rJIaBHOH JHAroHa M Tenszopa Hampsxeunu#t (2.140); [, (To)— cymmy
MHHOPOB T1aBHLHIX KOMNOHEHTOB TOTO e TeH3opa, a [z (Tg) — pas-
BepHYThIA B cTopoHy onpedenurens (2.140). Ma pewenns (2.144) no-
Jy4aroTcss TPH AeHCTBHTENbHBIX KOPHA O3 G2 H 03 (07 >>09>>03).

Hanpsoxkenust B ganHON Touke He AOJKHBI 3aBHCETh OT BHGopa
CHCTEMBI KOODJHHAT, T.e. AOJXKHB ObITh HHBAPHAHTHHRIMH 110 OTHOLIe-
HHIO Npeo0pa3oBaHHs KOOPAHHAT. DTO 3HAUHT, 4TO U KOIDUIHEHTHI
KyOHueCKOro ypaBHeHHS He AOJIKHbl 3aBHCETb OT BBHIOOpA KOOpJAHHAT-
ubx ocell. [Tostomy 11 (Ty), I (To), I3 (Ts)  Ha3bBalOTCA HH-
BAPHAHTAMH TEH30pa HANPSDKeHHH.

Korza TpH B3aMMHO NepHeHIHUKY/ISPHble T'PAHH 3JEMEHTApHOrO INa-
pa/sesenuneia ABJSIOTCS IVIABHBIMH, T.€. HA HHX JHCTBYIOT TOJBKO
TJIaBHBE HOPMAJbHBIE HANPSIKEHHS Of, G2, 0(Txy==T;=T,=0), To Ha
naomaaKax, KOTopele COCTaB/sI0T 45° ¢ HX HaNmpaBJAeHHAMH, AeHCTBY-
10T HaHGOMbIIHe KacarenbHele HampsuzKeHus (2.31), paBHble moaypas-
HOCTH TJIaBHBIX HOPMAJ/IbHBIX HAMPSXKEHUH:

Tie=s (l61—02); Tas=="2(0e—03) u =" (03—01).
MaxcumanbHoe 3HaueHHe HaHOOJBIIErO KacaTeJbHOTO HaNpsiKeHHs
paBHo T3 (2.31).
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Ha naomaakax peficTBHst HAHOOJBUIHX KACATEeJNLHHX HANPIKEHHH
AefCTBYIOT TaKKe HOpPMaJiLHble HANPSKEHHS, KOTOPHE DABHH HOJY-
CyMMe TJIaBHHIX HOPMAaJbHBIX HanpsxkeHul (2.32).

Eciu H3BecTHBH KOMIOHEHTBI TeH3opa Jedopmanun (2.140) T,
TO 110 AHAJOTHH C H3JI0XEHHBIM BbILIE MOXKHO H3 KyOHUeCKOTO ypaBHe-
Husi BuAa (2.144) onpenennthb raasHuie AedopManuH gy, &, £, a TaKKe
BeJIMUHHBl HAHOOJBIIHX CABHIOB: Yio= (81—¢€2), Vye3= (g2—e3) H yz1=
= (83—81) -

IllapoBo#i TeH3op W AeBHATOp HampaxeHHH. TeH30p HanpsKeHHH
(2.140) oOwuno [2] mpeacraBasioT B BHAE CyMMH IIapOBOTG TEH30pa

w 0 o
HanpsikeHnlt Tg u mesuartopa Hanpskeunit Dg  (cM. puc. 19):

T =Ty + Ds, (2.146)
rape
on O 0 (O'x — Om) Try Txz
T8=|0 o, 0 |; Dg= Ty (0, — Om)  Tp , (2.147)
0 0 on Tax Tay (05 — Om)
Om — CpeaHee HOpMaJbHOE HanpAmXeHHe;
Om == (Ox+ 0, + 0) =— (O +0s+0)).  (2148)

HlapoBoii TeH30p HAnpAMKEHHH HA3LIBAETCS CPEAHHM [ aBJIEHHEM
B TOYKE M XapaKTepH3yeT BCecTOpOHHEee DAaBHOMEpHOe cXKaTHe HAH pa-
CTSKEHHE, a ACBHATOp HANpAKEHHHE — KacaTeslbHble HanpsXeHHd B
AaHHOH TOYKe, MPHBOASAIIHEe K AeopMauHH  H3MeHeHHS (GOPMH 3Je-
MeEHTA. ‘

[lepBHfi HHBapHaHT HMIAPOBOrO TeH30pa HANPSKEHHH COBMAAAET €
NepBHIM HHBAPHAHTOM TeH30pa Hanpsoxenuii (2.145):17; (T =3 0m=
=1, (T's). Bropo#t u TpeTHHl MHBapHaHTH LIAPOBOTO TeH30pa Hanpd-
KeHHH paBHBI HyJ10.

[lepBHifl, BTOpO# M TpeTHH HHBApUAHTH J€BHATOpA HANpSIKEHHHA CO-
OTBETCTBEHHO PABHLI:

I (Ds) == (0x — Om) + (06y — Om) + (02 — Om) = 0;
I3 (Do) = (0x — Om) (0y — Om) + (0 — Om) (02 — Om) +

2
~+ (Gz —_— Gm) (Gx —_ o'm) —_ Tiy - Tiz — Tox =

= 'EI‘ [(Ux”- Uy)2+ (O'y_o'z)2+ (Gz_ Ux)2+ 6 (T§y+ Tzz‘k Tgx)l ) ‘ (2 1 49)
(6r — Om) Ty Trz
I3 (Do) = Ty (Oy — Om)  Tue
Tex Ty (02— Om)

ﬂJIH pelleHHs] MPHKJAAAHBIX 3aAau WHPOKO NPHMEHAETCA BEJHYHHA

v =V 1; (Ds), HasbBaeMas HMHTEHCHBHOCTHIO KacaTeJNbHBIX Hamps-
¥KeHuH:
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T = V—g/—2 Toct =
= VI/G [(ox — 0,)* + (0, — 02)* - (0. — 0% + T?cy + 1752/2 + T'gx: (2150)

[AE Toct — OKTAIAPHIECKOE KACATE/IbHOE HANPAKEHHE.
TlpH YHCTOM CABHrE Tay=T; Ox==0y=0,=Tx;=T,=0; 1,=1.
Korza ocHoBo#i Aag McclieROBaHMH CAYXKAT ONbITHL HA CXKATHE H
pacraxenne, BMecto (2.150) yno6HO HCNOJB30BATH BhIpaXKEHHE HHTEH-
CHBHOCTH HalpAXKeHHH

————— 3 —
0; = V312 (Da)=‘:ﬁ Toct =V3 T, =

= ‘% V(ax— 0,2+ (Oy— 02)2 + (02 — 622+ 6 (Thy+ 7o+ o) . (2.151)

Tlpu mpocTOM CKATHH (DACTSIKEHHH) Ox==0); Oy= 0p="Txy="Tyz=
=1,.=0, ToTAa 0;=0.

OTMeTHM, 4TO Toet €CTH KAacaTeNbHOE HanpsiXKeHHe, HelcTBylOUIee
Ha OKTA3APHYECKOH IJOLIAAKe, T.e. HA NJCLLIAAKe, paBHOHAKJIOHEHHOH
K [VIABHBIM OCAM! -

Tpot = —; ]/(ox—— 0y)*+(0,— 0.2} (0,— 04)* - 6 (r:"cy + 1:?,2 + rﬁ,,) . (2.152)

3

OxrasppHyeckoe KacaTeJbHOe HANpsXKeHHe [0 BeJUYHHE MaJo OT-
Jauyaetcsl oT HauOOJBIIEro KacaTeJqbHOTO HANpsiKeHus, AeHcTBYOMIEro
B paccMaTpHBAEMOMH TOUKeE:

0,941 Thax > Toct > 0,816 Timax (2.153)
a OKTAApHYECKOE HOPMaJjibHOe HAaNpsiAKeHHe DPABHO CpPEJHEMy HOP-
MAaJIbHOMY HalpAKEHHIO:

Ooct = —;— (0 4+ 0y + 03) = O . (2.154)

Waposoii Tenzop u neBnatop nedopmanuii. Tersop nedopMauui
T, (2.140). xax ¥ TEH30p HANPAKEHHH, MOXKHO NPEACTABUTL CYMMOH
0

wmaposoro Tensopa Te u pesuatopa Aedopmaunit D [2]:

Te = Te+ Do, (2.155
TAC
0 0 {&x — &m) L L
Em x 1 g Yoo 7 Ve
{
°={0 &m 0| D,= —; Yor (&g —€m) — Yoz | (2156
1 1]
0 0 Em —2— Yex —2" Yzy (ez - Em)
&m — CPeHAS gedopManHs;
gm=% (ex+sy+ez)=—§~ (814 22+ 25). (2.157)

70



Hlaposo#t Tensop pedopMaunii XapakTepusyeT CpefgHee BCECTOPOH-
Hee PaBHOMEPHOE CKATHE HAM pacTsKHHe, a AeBHATOp AedopMalui —
H3MEHECHHEe (OPMEI 3/eMEHTa B OKPecTHOCTSAX pacCMAaTpHBaeMOH TOUKH
(cM. puc. 6).

Tepsuiit unBapuant waposoro rensopa nedopmauuii /1 (Te)  on-
peaenserca BHpaXKeHueM
4]
L{Tey=¢emn -+ en+ n=3enm- (2.158)
T.e. paBeH Jedopmanun obbema 37eMEHTAPHOrO hapaJsienenHiena.
Bropo#i u Tpetnii HHBapHAHTH WAPOBOrO Tensopa AedOPMAlHH PaBHBE
HyJAI0.
TlepBuii, BTOpO# M TPeTHH HHBAPHAHTH nesuaTopa gedopMaluu
COOTBETCTBEHHO DPaBHHL:
I (Ds)= (8x — &m) +(3y— €m) + (2 — em) =0;
Iy (De) = (8x — &m) (8 — &m) + (8 — &m) (82 — &m) +

. ey e e 1
e — em) (e —em) —— ¥}, — Vi Yor = (2.159)

= _Els— [(Ex—sy)z+(3y“‘32)2+(32—8'”)2+ _:23_ (0 + e + Ygx)] ;

Is (Do) = (&x — &m) (8y — &m) (22— &,,).

Jlna pemlendst NpUKJIaAHHX 33734, IO AHAJOTHH ¢ HHTEHCHBHOCTBIO

KacaTeJbHbIX HANPAXKEHHH, HCIONb3yeTCs NOHNATHE HHTEHCHBOCTH je-
dopmanun casura v, = 2 V7, (De):

Vi =V 3/2 Yot =
=V 2B ) (et (es— eP+H{e— el +32 (v, FY2,+ ¥2), (2.160)

TAe Yoct — OKTa3apHUecKas AeopMalHs CABHTa,
[IpH 4HCTOM CABHIE Vxy=Y; ex=ey=8,=Vy:=YVux=0, TOrRA V;=1.
Ecnu ocHoBO#t HcCel0BaHUA C/IY:KAT ONBITH HA CkaTHe (pacraxe-
Hue), yao6Ho Bmecto (2.160) moabszoBatbesl BHIpaxKenHem HHTEHCHB-
HOCTH AeopMallHH g;:

2 a5 V3 b
3z=7§“V/2(D8)=—3”‘ i ==

= ‘V§£ V (e et (e eeftleaeh 5 (52,92, +2) - (2.161)

fpn onuoocHoM cxaTHH  (pacTAXeHHH) ex=g); ey==8e:=—N&;;
Yy =Vyz=Vzx=0 ¥ p=0,5 umeem, uro e;=¢,. M3 3Toro crepyer, uto
npu orcyrcTBHH 00beMHBIX ZedopMamuit (p=0,5) HHTeHCHBHOCTHL Ae-
dopManun pasHa AehopMalHH OJHOOCHOTO CXKATHS  (pacTAXKEHHS).

Okrasapuueckas fedopManHs cABHFA ONpPelENAeTCd H3 COOTHO-
WeHHd

Vot = = (et Hes—ea (et o (2,415,412, (2162)
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a pepopmaludg 0 HANPaBJeHHIO  HOPMAaJH K OKTa3ApPHYECKOA MJ10-
majpKe

Bt = o (B + 6+ o) = o (@t et =, (2163)

XapaKTePHCTHKH HAMNPAKEHHOTO M AeOPMHPOBAHHOIO COCTOSHMIA
3ME€MEHTAPHOTO Napaanenenunesa. s H3jioXKeHHOro BHlle Cleayer,
YTO HaIpsSXKeHHOe H AeOPMHPOBAHHOE COCTOSIHHS 3JIeMEHTapHOro ma-
pannejientiesa 3aBHCAT OT TpeX IMIABHBIX HOPMAasbHHX HAaNpPSKeHH o,
O3, 03 U TPeX INIaBHBIX geopMalHi €, €9, £3. UTOOB cpenHee HOpMaJib-
HOe HanpsiKeHHe Oy BHIPA3HTh yepe3 BeJHYHHBI OOOHX KpaWHHX r[jiaB-
HBIX HODMAJBLHBIX HANPSXKEHHH oO1H O3:

03 =5 (61 + 03) +v0 — (o1 —03), (2.164)

B. Jlone [24] BBex Geapasmepubiii mapamerp Vg .
M3 (2.164) creayer, uto

6,4+ o
_ e —g B0 (2.165)
Yo = 0y — 03 - ag; — O3 : :
2

B 33aBHCHMOCTH OT BHAa HANPAKEHHOTO COCTOSAHHS 3JeMeHTa Napa-
MeTp vg H3MeHseTcA B npegenaX — | < vg < + 1. B wactHocTH, npH
0, > 06,=03 vg=—1; IpH O = 0,>0; vg=-+1, a NIpH YHCTOM CIBH-
re (Kpy4eHuu) 0, = — 03, Vg = 0

TouHO TaK e B KadecTBe XapaKTepHCTHKH Ae(OPMHPOBAHHOIO CO-
CTOSIHMS 3JieMeHTa HCIoJib3yercs napamerp Jloge:

Eo —E
ve—9 278 g (2.166)
81— 8
KOTOpLIl H3MeHsieTcs: B npepenax — 1l <ve < + 1. .
INpu nogo6un HanpsaxeHHOTo H Ae)OPMHPOBAHHOTO COCTOSIHHA 3Je-
MEHTAPHOTO NapaJJieqnenHnesa

Yg — Vg - (2.167)

¥pasHeHHn CBA3K MeXKAY HANPAKEHHAMH H [APYTAMH neq)ogmaum-
mn. Korpa Ha rpaHsx 3JeMeHTapHOTO napajuielenyneia AeHCTBYIOT
K4K HOPMAJLHBE, TAK H KacaTe/lbHble HampsizKeHHs (CM. pHC. 19), BHI-
pamenns (2.8) u (2.14) moryr OWTb NPEACTABJEHH CIEAYIOWHM O6-
pasom:

1
0x=26i3x+—3— Sm}; TX!/:G'ny;
1—2p

3
1—2u
3

{
g, =20 [82 +—l—_—2‘p— em]; Tox = 0 Yax - }

6, = 2G [ay T a,,,]; e =G Vyz; (2.168)
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CKnafnBas Npassic 1 AeBble YaCTH TPeX MepBHX ypaBHeHn# (2.168)
¥ fess Ha TpH, Oyaem ¢ yyetoMm (2.16) umeth

oo l=2p o Om
Ep = E Om = E, (2.169)

rae E¢ = Ef1 —2p) —wmopynp ynpyroctd mifi o6beMHHX Aedop-
Mauu#,

ITockoneky obvemHan nedopmanust 6 =3e,, u3 (2.169) aerko no-
AYYHTH COOTHOIIEHHE AJIS ee ONpPeLceHHA:

6 = 3 0m/Eo . (2.170)

Ecau ot JieBHX W NPaBbIX 4acTe#t NMepBHX TPeX ypasHeHuir (2.168)
OTHATb onpefencHubie H3 (2,169) 0, H MCNOAB30BATh COOTHOINEHHE
(2.16), Bmecro (2.168) 6ygem HMeThb:

1
Or— Op=2G (ex — &n); 1Ty=2G 5 Yy 3

1
Oy — Om = 2G (&y —em); Te=20 — Vi | (2171)

1
Uz_cmZQG(SZ*Sm); Tz(:QG"E‘ 'Yz(’

KOTOPBIE MOTYT GBITh 3aMTHCAHB CEAYIOLMIUM 06pasoM:
quzGDg. (2.172)

Hnga onpelenenHs sedopManHH  H3MeHeHHS DOPMH B YCJAOBHAX
CIOKHOrQ HANpPAXKEHHO-Ae(POPMHPOBAHHOIO COCTOSHHA MOXKHO Bhipa-
KeHue (2.14) oTHecTH K oxkTasjgpuyeckum mnaoinankam. Torna sBmecro
(2.14) 6ynem umMetb

Toet = G Yoet, (2.173)

Hcnonbsya ewipaxenua (2.152) u (2.162), a rakXe HMesl B BHAY
(2.150) © (2.160), coorHomende (2.173) MoXKHO HPEACTABHTDL B CJAELY-
IOLLEM BHIE:

w=0v. (2.179)

Ecau o6o3Haunts
Yoet = VESL v Yoot = ‘1_/52—‘ 0. (2.175)
u ydectb (2.16), ypaBmenime (2.173) nmpumer BHA 3akoHa I'yka (2.4):
o,=Ee,. (2.176)

Buopaxenna (2.171) (2.172), (2.174) n (2.176) xapaxrepHsyior
Hehopmaunu GOpPMOHIMeHeHHs (CABHra) sJjeMeHTapHOro napainede-
nHneAa NPU CAOKHOM HaNPSKeHHO-AeOPMHPOBAHHOM COCTOSHHH. DTH
cooTHolleHHs, a TakxKe (2.169) u (2.170) cnpapelJuBH TOJABKC B npe-
Jenax JuHeHHOro AeopMHpPOBaHHS,

VpapHeHus cBg3M MeXAYy HanpskKeHusMH W pedopmaymsmu 3a
apenejoM ynpyrocts (NMpoNopUHOHANBHOCTH) peanbHHX Tel MNpej-
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CcTaBAATCA (H3HUSCKHMH YpaBHeHHSAMH ABYX IpPYNn TeopHH NJIACTHY-
HOCTH: IJI4CTHHECKOTO TeueHHs M gedopMalHOHHOK Teopuu. B ocuosy
TEOPHH NJNACTHYECKOTO TEYCHHS IIOJIOKEHBl YPABHEHHS, CBS3bIBAIOIIKE
HaNpAXEHHS H CKOPOCTH edopMauui, a gedopMalHOHHOA TEOpHH —
HaNpsixKeHHs H nnacTHueckue gedopmanun. K nocaemneir orHocures
H TEopHs MAJabiX YIPYromaacTHYecKHX Aedopmauuii, Koropas NpH Ipo-
CTOM H aKTHBHOM HarpyXKeHHH JOCTATOYHO TOUHO ONHCHIBAET CBORCTBA
TBEPAHIX TeJ KakK 0, TaK H 3a npejesioM yNpyroctd [2] # uMeer IUH-
POKOe NpHMeHeHHe NPH pellleHHH NpPaKTHYECKHX 3axad, Huxe MBI pac-
CMOTPHM OCHOBHEIE HNOJIOMEHHS ONpeieseHHsl (PHIHYECKHX COOTHOMIE-
Hufl stoft TeopuH. Ilogpo6ubie W3MOXKeHHS AePOPMAaUUHOHHOH TEOPHH
JACTHYHOCTH, TEOPHH IHJAcTHYECKOIO TEUCHHS W HeJuHeAHOH ynpy-
TOCTH MOXKHO HaHTH B H3BecTHHX MoHorpadusx A. A. UabomHHa,
B. B. HoBoxnnora, B. B. Cokonosckoro, H. I'yaepa u @. I'. Xoxxa,
A. Hapnaun, I'. Kaynepepa u ap.

OrMerum,uto, Mo A. A. MablOmHEHY, HarpyxKeHue cuHTaercsd I p o-
CTH M, KOTjZa KOMIIOHEHTHl HalpaXeHHH BO3PacTalOT OAHOBPEMEHHO
H NPONOPIHOHAJNBHO OZHOMY 0oOLieMy IapaMeTpy, a aKTHBHBIM — €CJIH
B paccMarpHBaeMoOH TOuUKe TeJa OGOCIHEHHBIC HANPSKEHHS G4 Ti NPH
Harpy KeHHH BO3PaLTAIOT.

B ocHory TeopH# HennHeWHOH yUpyrocTH (IpH Harpy:KeHHH W pa3-
rpy3Ke) H MasblX YOpyroiacTHYecKHX AedopMaunii (Ipu aKTHBHOM
¥ IPOCTOM HArpyKeHHH) NOJOXKEHBI CeAyIOUIHe OCHOBHbIC (PHIWUECKHE
33KOHBHI.

1. 3akon ynpyroro (nunefiHoro) pecdopmHpoBauus o6bvema (2.169),
CNIpaBeJJHBHIH BO BCeM JHANA30He HATPyXKEHHT — BIJIOTE KO paspy-
flIeHHS TeJa.

2. 3aKoH NpPONMOPIHOHANBHOCTH MeKIy AEBHATOPOM HAanpsiKCHHI
Ds (2.147) u neBmartopom aedopMaunit D (2.156):

De=2GDe=2 M D=2 S D, —yD,, (2177
Yz 3 &

H3 KOTOPOro cJefyer ycJoBHe NMoJoOHS HANpsKeHHOro M AeopMHpO-
BaHHOro cocrosiufs tena (2.167), rae G =Toct/Yoct =7Tily: = 0:/38; —
nepeMeHHBIE  CceKymuii  MoAyab  Jedbopmaunuii  ciBHra, 3aBH-
csmuit or medopMmanuil cApura, P — HEKOTOpasd, ONpefesgemas H3
ONHITA, CKajsipHas (yHKUHMS KOMIOHEHTOB HaUpsizKeHHH H Hedopma-
I#il, Ha3bIBaeMas MOAYJAeM HAACTHIHOCTH.

Coorromenne (2.177), KoTopoe sABasercsl ypaBHeHHeM IeHKH, 3a-
MHCAHHEIM B AeBHaTOpHo# (opMe, MOXKHO NPEACTABHTh B BHJC LIECTH
YpaBHeHHH:

Gx—‘C"m:'lP(Sx_sm), Tay = P Yy »
Oy — Om =V (&8 — em), Tz=1" Yz, (2.178)
Gz'_O'mz'\b(Sz—‘sm)a Tox =P Yax -

3. 3akoH cBssH Mexgy oO0OOIIEHHHIMH HAaNpsKeHHAMH H Aedop-
ManHsaMH:

o; =o0; (&) ummm T =7 (), (2.179)
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KOTOPBIH AJIsi KaXAQr0 MaTepHasa ONpeRensioT H3 OMbITa, NPEeHMYIile-
CTBEHHO W3 HCULITAHHS 00Da3LOB HA OJHOOCHOE CXKATHE H PaCTsKeHHe.
3aprcumocTb (2.178) He CBS3aHA C BHAAMH HaNPSKEHHOTO COCTOSIHHS.

Paccmorpennbie Boiwe fedopmann o6beMa H GOPMBL 3JIE€MEHTap-
HOTo mnapaJnenenuneja ABIAOTCS He3aBHCHMBIMH JAPYr OT Apyra Be-
JIHYHHAMH, UYTO NPOTHBOPEUHT HMCTHHHOMY NOBEAEHUIO PealIbHHX Ted
noji AeficTBMeM BHEWIHHX Harpys3ok. He siBsisiercss cupaBeAsiMBbIM, BO
BCIKOM Cllyuae gfisl TNIMHUCTHX IPYHTOB, H 3aKOH YNPYroro AeopMu-
poBaHus o6beMa.

Hedopmauun o6beMa B HOPMBI  peasbHLIX TeJsl B3aHMOCBA3AHBI.
O6bemHbe fedopmallud pPeasyibHHIX TeJ  NPHBOAAT K H3MCHEHHIO HX
HJOTHOCTH — CYLICCTBCHHOMY H3MCHEHHIO HX OH3IHUECKHX H MeXaHH-
YecKHX cBO#icTB. JledopMallHH H3MeHEHHS QOPMH TaKkKe CTAHOBHTCSL
NPHYHHOR TPOABJIeHHS JONOJHHTEIbHHX 00BeMHHIX AepopManui (aB-
JICHHE JHUNATaHCHH), BUepBble oOHapyXeuuuX Pefinoapicom. [osromy
BCe COOTHOWIEHWS AchOopManHi H3MeHeHHS  (HOPMBI AOJKHBL COAEp-
Karh NMapameTp cpefHerO HOPMAJbHOIO HANPSIKEHHS gn, ONPEAeJsiio-
muil H3MeHenye 06beMa TeJa, 4 COOTHOLIEHHS JedopMannii o6reMa —
HHTGHCHBHOCTb HAaNpsi:keHu#, 0OYCNOB/HBAMOLIYI0O H3MeHeHHe ob6hema
Tela B IIpollecce CABHIA.

YuuTHBas H3J0KEHHOe BbLILIE, YPaBHeHHs Aedopmauuii obbema O
B QopMHL &;, vi, De onpeensiiorT H3 caelyOINHX, 3aNHCAHHBIX B HEAB-
HOM BHJle, COOTHOIIeHHH:

&m = &m (Umy TL);

Em == &m (Umy Ut); (2180)
Vi = Vo (Te, Om);
e =& (G0, Om); (2.181)

Ds = Ds (DG, Gm).

B cnyvyae Heo6XOHHMOCTH PAacCMOTPEHHS BONPOCOB HOJ3YYeCTH B
YCIOBHSIX CJI0XKHOr0 HanpsAkKeHHo-ae(OpMHPOBAHHOTO COCTOSIHHSA C yye
TOM TeMIepaTypsl ¥ H3MEHEHHS BJaXXHOCTH B cOoOTHoleHHs (2.180)
# (2.181) nosxXupt GuITH BBElleHB MapaMeTPHl BpeMeHH [, TeMIepaTyph
T u BHaXHOCTH @, a B cAydYae HeoOXOZHMOCTH yueTa YCJAOBHH Hampa-
XKEHHO-Ae(POPMUPOBAHHOTO COCTOSIHHS — NMapaMeTpr Jloje v H Ve.

[aasa 3
ONAHOMEPHOE YNJIOTHEHHWUE TIJINHHUCTbIX TPYHTOB

§ 1. BBEJEHHE

CxuMaeMocTb (nedopMmanusd ofbeMa) SBASETCS OLHOH U3  OCHOB-
HBIX OCOOCHHOCTelf TMIHHHCTHX TPYHTOB, KOTOPas MIrpaeT HCKJIOUH-
TeJbHO BAXHYI0 pO/ib B POPMHPOBAHHH HX MPOYHOCTHHIX H Aedopma-
IHOHHBIX CBOIICTB BO BPEMEHH MOJ JeHCTBHEM YNJOTHAWIINX Hamps-
XeHull W HMeeT NEPBOCTENEHHOE SHAUEHHE AN PacueTa OCHOBAHHH H
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3eMJITHBIX COOPYKEHHH [0 BTOPOMY TPeAeNbHOMY COCTOSIHHIO — 110
npepedbHbM gedopMalHuaM (ocankam).

B cHny HOPHCTOCTH CXHMAeMOCTb TJIHHHCTBLIX PYHTOB B OCHOBHOM
o6ycjioB/ieHa YMJAOTHE HH € M, BH3BAHHBIM COJNHXKEHHEM H Jyylle#
YOAKOBKOWH MHHEPAJIbHBIX YACTHL u arperaroB. IloCKoNbKy cXKHMa-
e€MOCTh MHHEDAJIbHBIX YACTHI[ OUEHb MaJja— B JeCATKH TolcAY pas
MmeHbie nmaMenenns nopucroctH (H. M. Tepcesanos, 1937) —u He
OKa3blBaeT 3aMETHOrO BJIHAHHS HA CXKHMaeMOCTb FPYHTa B IIEJIOM, €10
o6wano npeHebperarot [37]. Ouenb Majia W CKHMAEMOCTb Ta30HeCO-
Aepxkallel noposoi Boabl. [103TOMY TPYHT, IOPH KOTOPOTO NMOJHOCTBIO
3aNoJIHEHB rasoHeconepKauie BOAOH Ipu oOBIMHO BCTPeYaeMBIX Ha
NpaKTHKe Harpy3kax H OTCYTCTBHH JApeHa)Ka (3aKpbitas CHCTeMa)
NpaKTHIeCKH HecxkKHMaeM. M3 aTore cnegyer, uTo afs  YIOJIOTHEHHS
TPYHTOBO# Macchl (ABYX(a3HOH CHCTeMBI CKeJleT — BOAA) HeoOX0IHMO
oTXKaTHe NopoBoil Boawl, Tpebyroniee onpeaesentoro speme n v, Ox-
HaKo, KOT/la TIOPHl TPYHTA COJAEPKAT HEKOTOpOe KOJHUYECTBO CBOOOAHO-
ro HWJH 33LIEMJICHHOTO B MOPOBOH BOxE My3bipbKOB rasa (Bosayxa),
NPHHLAI HECKHMaeMOCTH TPYHTOBOH MacChl TepsieT CBOKO CHAy. B
TAKOM CJydae TPYHT MOXKeT YIJIOTHSATbCS BO ,BpeMeHd u 0Oe3 yRa-
JeHHST H3 JIOP BOABI — TOJBKO 3a cuer JOJN3YUE€CTH cKeleTa
H NerkKoro cXaTus rasoobpasunolt Gpaswl.

Ynjoruenne TNHHHCTBIX TPYHTOB BCerfa IOpoTeKaeT B YCIOBHAX
CJIOKHOTO HAaNpsKeHHOTO CcOCTOAHHA. BMecTe ¢ TeM B  HpHPORHBIX
YCHAOBHAX, B 3aBHCHMOCTH OT MOLIHOCTH CXHMaeMOH TOJIIM H BHAA
€e 3arpy¥eHHs,, YIVIOTHEHHE IPyHTa MoXKeT OBbITb KaK NpoCTHIM,
TaK H cloxHBM. B cnyuae mpocroro jmedQopMHDOBAHHS [PYHT CXKH-
MaeTc TOJNBKO B HanpasJeHHH pelcTBHS HaWOGOJBIIETO TIJaBHOTO
HOPMAanpHOTO HampsiKeHHs o; (puc. 20,a), a B cayyae CJI0XKHOTO
JetopMHpPOBAaHHA — B JIBYX HJIH Tpex HamnpasieHHsX. [lpocroe je-
¢opMHDOBAHHE HA3bLIBAGTCT OJZHOMEpPHHB M HIH YIOJOTHE-
HHeM (CXKaTueM) B YCJAOBHSAX OTCYTCTBHS OOKOBO-
FO pacliHpeHHs NOx AeHCTBHEM CINIOLIHOH paBHOMepHO pac-
npeaeneHHol Harpyskd p. C olpenefeHHbIM MNPHOJHKEHHEM K OJI-
HOMEPHOMY YIJIOTHEHHIO MOXKHO OTHECTH TaKXe CxKaTHe TpyHTOBOHA
TOJIIM, KOrAa ee MOWHOCTH B ABa H Oojlee pasa MeHblle HaHMeHb-
miero pasMepa NOJOWBH ¢QyHZaMenta [37].

OpHoMepHOe YNNOTHeHHe TPYHTZ B NabOPaTOPHBIX YCJOBHAX MO-
JenupyeTcs cxXKaTHeM ofOpasua (C COOTHOlIeHHeEM AHMaMerpa K BHICO-
Te Oosnee Tpex) B KeCTKOM paboyeM  KoJdble npuHGopa (cM.
puc. 20,0), HasbiBaeMOM KOMIPECCHOHHHM oOJLOMETpPOM
Wi npubopoM OJHOMEPHOTro yNNOTHeHHST, a Ccamo
HCTIBITaHMe — KoM npecc He H. KommpeccHouHsle HOMBITAHHA, KO-
TOpble BBeReHb B Naboparopuyio npaktHky K. Tepuaru, siBiaorcs
OfHHM H3 CaMBIX OPOCTHX H 0Oe3ynpeyHbiX SKCIEPHMeHTOB MeXaHH-
KM TPYHTOB, Pe3y/nbTaThl KOTOPHIX B COOTBETCTBYIOUIMX  YCJIOBHSX
HAXOMAT HeNoCPeJCTBEHHOE INpPHMeHeHHe [ pacyeTa OCAAOK CO-
opyXeHHHA. B CHny H3/M0XKeHHOTo BBIIR, KOMIPECCHOHHBIE HCIBITAHHS
HMEIOT HMCKJIOUHTeJIbHO IIHPOKoE NpHMeHenHe B JabopaTopHo# mnpax-
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FALAA NI AN,

Puc. 20. Cxema HAaNpsAxeHHOTO COCTOSHHS 3JCMEHTAPHOIO IPYHTOBOrO Kyba IOJ Aeii-

CTBHEM CIIOWIHOH PAaBHOMEPHO DACHpe/leieHHOH HArpysku p; (@) H MOJeNHpoBaHHe

OIHOMEpHOTO  YIJIOTHEHHs /10 TPyHTa B KOMnpeccuonHoM npubope (6). o>
>>0y=03 — IJIaBHHIE HOPMAaJbHEE HANDSKEHUS

THKe, 8 HX pe3yJAbTaThl CcJAYKaT OCHOBOH IJs TNOJyYeHHs XapaKTe-
PHCTHK CKHMAeMOCTH T©DYHTOB — 33KOHOMEPHOCTEH HX YIJOTHEHHS
C yueTOM TIPAaKTHYeCKH BceX DIPHPOAHBIX H BHEIIHHX (AKTOPOB.
ODTHMH HCNHTAHHAMH ONpPEAeNTIOT TakkKe KodppHuHeHTH PHABTPA-
iuu rpyuta, OokoBoro jgapaeHust (cM. ra. 6) u Ilyaccona B npepne-
Jax JuHeHHBX gedopmanui (cM. § 3) B Pa3TMUHHX COCTOSTHHSX €ro
IJIOTHOCTH P.

OnHoMepHOe YIJOTHEHHE, KAK H YNJIOTHEHHE IJIHHHCTHIX I'PYHTOB
BooOlle, ABASETCS AJHTeJBHO MPOTEKAOIIHM IPOIeccoM, 3aBepiua-
OLHMCS  TOJNHOH cTabunusanuedl pgedopManuil. ITu gedopManHu
IpeacTaBnA0T GoJBIIOH TeopeTHYECKHMH M NpaxkTHYeCKHH HHTepec, a
HX OllpejleNieHte ABJSETCA OJHOH M3 OCHOBHHX INpobseM MeXaHHKH
¥ PeoJIOrHM TJIHHHCTHIX rpyHTOB. DOsbHIOH HHTEpec kK 3TOMy BoIpocy
BbI3BaH, BO-TIEPBHX, BaXHOCTbIO IIPOrHO3a AJHTEJBHO IlpoTeKaio-
IIHX OCAAOK H TPOYHOCTH OCHOBAHHH DA3JHUHHX HHKEHEPHBIX Co-
OpyXeHu#, Axep IJOTHH K3 IPYHTOBHX Marepua’ios ¥ T. A, a4 BO-
BTOPHIX, HEOOXOAMMOCTBIO ONpefieleHHsI HU3MEHSeMOCTH BO BPEMEHH
HATIPSAXKEHHO-AePOPMUPOBAHHOTO COCTOSHHS 3JeMEHTOB KOHCTPYKUHI1
HHXKEHEPHHX COOpYXeHHH, B3aHMOJAEHCTBYIOIIHX C TI'PYHTOBHIM OC-
HOBAHHEM.

YInoTHeHHe TIMHHCTHX TPYHTOB NPEACTaBAsieT COGOH  BechbMa
cjaoxHoe sBneHne. He BpaBasch B npupoay 3TOro SIBJIEHHS, OTMETHM
TOJbKO, YTO OHO 0OYCJOBIEHO MHOTHMH TNPHPOAHBIMH M BHEIIHUMH
tdaktopaMu. K ducay BasKHEHLWMX NPHPOJHBIX (DAKTOPOB OTHOCATCH
MHHEPAJbHBIH W TPaHYJIOMeTpHYECKUEH COCTAaBH, BJAAMKHOCTb, NJOT-
HOCTb, CTPYKTypHas IPOUHOCTb, XapakTep cpa3eft MexXjly 4YacTHLA-
MH H arperaTaMHi, BOAONPOHHLAEMOCTb, NpPOCaZOYHOCTH H HalyXa-
€MOCTh TIPH AONOJHHTEJbHOM YBIAXKHEHUH, ycaika NpPH BHICHIXaHHU
H T. L. ¥ HX H3MEHYHBOCTb BO BPeMeHH NOA JeHCTBUEM BHEIIHHX
($aKTOpPOB — BEJHYHHE], CKOPOCTH, CNOCOGa NPHU/IOKEHHS H AJATE/b-
HOCTH HeHCTBHSI HAarpy3oK, TeMIePaTypHl, YBJAxKHEHHS, BBICHXAHHA,
BBIBETPHBAHHA H T.A. Bonpocw BiuAHHA pAfa GakTtopoB Ha peosioTH-
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YeCKOE NOBEAEHHE IVIMHMCTHIX T'PYHTOB BOOOIIE W NMPH HX OJXHOMEpPHOM
VIIOTHEHHH B 4aCTHOCTH OYAyT MOAPOGHO M3JOXKEHB B COOTBETCTBYIO-
KX T[jlaBax >TOTC paszaena KHHTH,

JnurtenbHo mporexkawwas AedopMands OLHOMEPHOIO YILJIOTHEHHS
gc (f) ckenera rIMHHCTHX TPYHTOB (K2K H BCeX JApYrHX peasibHHX
TeJl), BOSHHUKAIOU2s HOA AEHCTBHEM MOCTOSTHHOH HArpy3k# o), CKJafbi-
BaeTC W3 MIHOBEHHOH KOMIDECCHOHHOH Ae(opMauHi e, H Aedop-
MaUHH KOMADECCHOHHOH IION3YYeCTH g (cM. pHe. 1):

g () =¢ec,0+ €ct. (3.1)

B peosorud ryHHHCTHX TrpyHTOB 3aKOHOMEPHOCTH MI'HOBEHHHX H
HOJ3yuux AeopMauHii, KaK oOnYHO, HCCHeAYIOTCs PpasfesbHo (CM.
I 5 u 6) ¢ yueToM mepeUHC/IeHHBIX Bhillle ()AKTOPOB.

OpHoMepHOe ymIoTHEHHe (CcxKaTHe, JedopMauds obbeMa) TpH
3arpyKeHHH W pasdyniaoTHeHHe (Habyxande, ofparumas oObeMHas
JeopManys) npu pasrpyake rpyHToB BooOllle W IJNIHHHCTHIX B 4acT-
HocTH Brepsuie HeenenoBadw K. Tepuarn [30] B uensix pacuera pge-
dopManuu (ocagok) coopyxXenu#l. Mcronnays pesynpraTel KoMHOpec-
CHOHHBIX HCHHTAHHA BOJAOHACHILIEHHBIX TJIHHACTHIX FPYHTOB H METOMH-
Ky TePMOAMHAMHYECKOR 2HAJIOTHH, OH BHEpPBHE CHOPMYJIHPOBAN H pe-
LIWJI OMHOMEPHYIO 32437y HX YIJIOTHEHHS B BHfE CJIOS KOHEYHOH ToJ-
mgsb (M. § D), MOJIOMHB TEM caMbiM Hauano paspaboTke TeopHH
YN JNOTHEH ¥ 4, mOoNyudBliell B nanbHeHlleM Ha3BaHHe KJ/ACCHYECKOH,
MW (HIbTPANHOHHOrO  YIJIOTHeHHA  (KoHcosnupauuu).  Teopns
K. Tepnaryu, kotopas Owuina pazpaborana Ans mporHo3a IJIHTENbHBIX
0Cai0K COOPYXKEHHI, Obl1a HazBaHa (QHIBTPAUHOHHONK mMOTOMY, UTO
HpHYHHON JHTeNbHOro HAeOPMHPOBAHHS CJOSL BOLOHACHIIEHHOrO
IIHHUCTOTO T'PYHT2 CYHTAJICH TOJNBKO (AKTOp OTXKAaTHA — (HIBTDANHH
HOPOBOH BOABI ITOM AeficTBHeM BHeIHed HArpy3KH, a CKejer paccMar-
PHBaJCH Kak AHHEHHO-ZedopMHpyeMoe Teso, obnagawilee CBOHCTBOM
MTHOBEHHOTO A€ OpMHPOBAHHUS,

B nanbuefitiemM Teopust (GHABTPAallHOHHOTO YHJIOTHeHHs ObLIa pas-
BHTA TPYZaMH COBETCKUX H 32pybexHbix yueHmX H. M. Tepcemanora,
B. A. ®nopuna, [. E. Ilonpwmna, C. A. Poza, 0. K. 3apenkoro,
JI. B. Topenuka, JI. Pennynnka, H. Kapumio, M. Buo, T. Menzgens u
MHOTHX APYrux. Dbty paccMOTPeHH W pellieHBl ONHO-, ABYX- H TPex-
pasMepHbie 32734 VHJOTHEHHS C y4€TOM pasyiHYHBIX (aKTOPOB — yc-
JIOBHH 3arpy:KeHusl, HaJH4Hs raza p MOPOBOH Bojge, H3MeHSIEMOCTH
K03 HUHEHTOB TOPHCTOCTH, (PHABTPAUHH H T. .

B nauane 30-x romos ', U. Tlokpoeckn#i, K. Biouceman, T. I'peid,
a eme mosxe H. §I. Jenuncos [10] v gp. mokaszanu, 4TO AJIHTEJBHOCTb
YIVIOTHEHHS BOAOHACHIEHHBIX TVIHHHCTHX 'PYHTOB 3aBHCHT HE TOJBKQ
OT CKOPOCTH OTKaTHS NMOPOROH BOABL, HO M OT «TepeMelleHHs H pas-
nuuHBIX gedopMannil ckenera» (no onpegenenno I'. Y, [Toxposckoroj.
B cenasn ¢ stum . Y. TlokpoBckuit B 1933 r. paccmorpen 3agauy ob
onpellesieHHH OCaAKH QYHAaMeHTa BLO BPpeMeHH HCXOQs H3 BTODOTO Ha-
Yajia TepMOAHHAMUKH (NDUHiuN BosbuMana) u TONYyYHJ JOTapHPMH-
YecKoe BBIpaxKeHHe (2.63), 6aH3Koe X 3MOHpHUecKoh  Qopmyie
HA. E. Ioapmuna. K, BlonccMaH, Ha OCHOBAaHHH AJIHTENbHHIX OHNBLITOB
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(10 500 guef), npelaoXHua IMIHPHIECKYIO 3aBHCHMOCTb B BH/E JOTa-
papmuyeckoil Qynxuun (2.64), yCTaHABAHBAOILYIO CBA3b MEXKAY BEIH-
YHHOH CKATHA C/I0f TPYHTA U BpeMeHeM. B 1948—1953 rr. 6bi1n ony6-
AuKoBaHu paborel [20], mocBALIEHHBe YTouHeHHo ¢(opmyan K. Bio-
HCCMaHa.

IlepByo HONBITKY DepecMOTpa KJIAacCHYECKOH TeOPHH M PeIUCHHA
ONHOMEPHOH 3aJauH YMJIOTHEHHS BOAOHACHIUEHHBIX TJHHHCTHIX TPYH-
TOB C YY€TOM BTOPHUHOH KOHCONHIALHHK — ANHTeNbHOH gedopmarnun
ckesera npeAnpuusian [ Te#nop u B. Mepuanr B 1940 r. (cm. § 6).
Pabora JI. Tefiopa n B. MepYanTa NoNoXajda HauaJo PasBHTHIO HO-
BOro HanpaBJeHHs TeopHH YIJIOTHEHHS —TE€ODHH BTOPHHUHOR
KoucoauganHe (ymloTHenusi). [ledbopManua ckenera B 3TOR Teo-
PHH cYHTalach BTOPHUHO i NOTOMY, UTo OHa fABJseTcd TPOJOJIXKe-
HHeM T e pBHUH O # — QHABTPALHOHHOR KOHCOJNHZAIHH,

OpHruHanbHy0 METOAHKY JJisi HHXeHEepHOro pelIenHs paccMaTpH-
Baemoit mpobaemul npepnoxua H, H. Macaos [18)]. las onpenenenns
AAHTeNbHOR 1eopMalH C10s1 JIHHHCTOIO IPYHTA OH HCNOJAB30BAJ NO-
Kasateab KoHCoJupauHu (cM. § B) TeopHn $uABTpAUHOHHOrQ YyNJIOT-
HEHHsL B KayecTBe Ko3pdHIHeHTa MacITabHOTo (akTopa A4 Nepexo-
Aa or nabopaTopHEIX OMBHITOB K Harype.

OcHoBaHHeM JanbHelillero HanOoJdee CYIUIECTBEHHOTo pa3BHTHA
TEOPHH YIVIOTHEHHS SIBWJIHCb onyOnHKoBanHpie B 1953 r. paborhm
B. A, ®aopuna [35], KoTopbie NOJOXKHIH HAaualo HOBOMY Hampabie-
HHIO — TE€OPHH YHNOTHEHHA NOPHCTOH No/aA3yueHd Bogo-
HachHI[eHHOH 3eMAAHOH cpeldn (cM. § 7). B nelt npuusito
yCJoBHE COBMeCTHOTO [IeHCTBHS (C CaMOro Hauajma yHJoTHeHHs) ¢ax-
TOPOB QHIBTPALHHE H MOJN3YYeCTH CKeJieTa, IPOTEeKAaIONIHX B COOTBETCT-
BHH ¢ JHHEHHOH TeopHell HACASACTBEHHOH NMOJ3YYECTH CTAPeIOIHX Ma-
TepuanoB (cM. ra, 2, § 3). CnpaBeAJHBOCTb TAKOTQ MOAXOAA K pac-
CMaTpPHBAEMOMY BONPOCY B gafbHelillleM Onla NOATBEPXKAeHAa MHOTHMH
JKCNePHMEHTAJbHBIMH HCCAEIOBAHHAMH {(cM. T 4).

Tpyast B, A, ®nopuyHa TNOCAYXKHAH OCHOBOR [/ BHIIOJHEHHS
3KCTePHMEHTAJbHBIX HCCJAeLOBaHHE Mo IPOBepKe I1aBHHX NPeANOCH-
JIOK TEOPHH YIVIOTHEHHS — [0 ONpejesieHHK0 Xapakrepa H3MeHaeMOCTH
MOpPOBOro  JaBJeHHs Bo BPEMEHH, pacnpejleseHHIO BHEIUHeH Harpyskn
MeXKAy CKeJleTOM IpyHTa M TNopoBoit XHakocTeo (C. A, Posa n
A. U. Koros, A, I. Cokonos, C. P. Mecusn, B. M. [laBunoHCKHil,
1. JI. Koran, B, I1. Cunuann u Ap.), onpeleleHHI0 3aKOHOMepHOCTed
noasyuectn ckedera (C. P. Mecusu, A, JI. Toabans,
10. T1. Cmoann, P, P. Tancrsan, P, I'. Bajgaasn, H. I'. Axnasapsn.
P. [1. Manakss u ap.), GoablIoro LHK/IA TeopeTHYeCKHX paboT B Ho-
BOM, HanboJiee POrpeCcCUHBHOM HANpPaBJAE€HHH TEOPHH YIJIOTHEHHS C yue-
TOM CaMBIX Pas3JHYHBIX, paHee He YUHTHBIBAEMEBIX, HO pPeajibHO CyIlecT-
Bylomux pakropos (A. JI. Toabuuy, 10, K. 3apenkuii, 3, I'. Tep-Map-
THPOCSH H AP.), ¥ pellleHHs 3afay, CBA3AHHLIX C B3aWMOJeHCTBHEM JIe-
MEHTOB HH¥KEHEPHBIX COOPYXKEHHH C MOJ3YUHM TDYHTOBHIM OCHOBAHHEM
(H. E. lpokonosuy, U. M. Toapgenbrar n H. A. Hukoaaenxo,
H. ®. Kakocumunan, IO, K. 3apeuxnft, C. C. Bsaaop, B. I'. T'mommnsc-
kuit, )K. C. Epxanos, A. JI. Toapgnn ® ap.). Bo Bcex 3Tux pa-
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6oTax NoJ3ydYeCTb CKeJleTa IJIHHHCTHIX TPYHTOB ONHCHIBAEeTCs JHHeHHbI-
MH KJB HeJleHeAHHIMH YpaBHeHHAMH TeOpHH Hacl/leICTBEHHOH Noasyyec-
TH TBepAHX Tea (cM. ria 2, § 3).

Bonpochl yTOUHEHHST TEOPHH YIJIOTHEHHS! IVIMHHCTHIX BOJOHaChilleH-
HBIX TPYHTOB, OTHOCHTE/IbHO yueTa NOJI3ydecTH HX cKesleTa cTanau Npeh-
MeTOM HCCaeoBaHHsi H 3apy0eXKHBIX yueHHX, B GonbuinHCTBe cllydyaeB
OHH HCXOJMJM H3 OCHOBHBIX IOJOMKEHHH TEOPHH BTOPHYHOA KOHCOJNAA-
uuy. B stux pafoTax Ang alllpokCHMalun dedopmanuil BTOPHYHOIO
VIJIOTHEHHs] HCIOJb30BaJHCh CaMble Pa3/HuHble HU3BeCTHBle HJIH Npel-
JIOXKeHHBlE aBTOPAMH JHHeliHble H HeJHHeHHBIE peoJjioruueckHe MoAenH
st Je(pOpMAaINHH cKeJsleTa, a TaKxke HHTerPa/bHble ypaBHeHHss DoJbll-
mMaHa—BosbTeppa TeopHH HacjelcTBeHHoR moasydectn [1,35] (cM.

§7).

PaGoter B. A. ®nopuna u M. DBuo, ony6aukoBauube B 1938 u
1941 rr,, moAHANH TeOpPHIO YIJIOTHeHUs] HAa HOBYIO cTyleHb pas3BHTRHS.
B uactHocty, B. A. ®nopun B 1938 r. npeaaoxun Gosee 0Byl MO-
Iedb Tpex(asHoro rpyHTa — PACUETHYIO «MOJeqb OObeMHBIX CHJI» B
BHAe IBYX COBMEIUEHHBIX CPeJ — MIHOBEHHO- H JNHHeHHO-AedopMHpY-
eMOoro cKejeTa C 3allleMJeHHbBIMU NY3bIpbKaM¥ rasza u opoBOH BOAHL. B
3TOR MOJeJH B3aHMOJAeHCTBHe MexAy dasaMy OcylleCTB/IAeTCs B BHAE
COOTBETCTBYOWHX O0BbeMHBIX CHJ, O0YCAOBJIEHHBIX SIBJIeHHEM B3BeLIH-
BAHUA CKeJsleTa H ra3a B BOJe H CONPOTHBIIeHHA OTHOCHTENLHOMY Mepe-
MeIIeHHIO cKesleTa TPYHTa B NOPOBOfi BoAH ((QuUIbTpanHOHHbE CHJH),

B pacuerHofi Mmofenn «06beMHBX cHA» AedopMallus cKesera IPyHTa
NpeAcCTaBJAAeTCS B BHA€ [JBYX HHBAapHaHTHBIX 3aKOHOB — JAeopMmainun
topMon3aMeHeH s u gedopmanui o0beMa, ITO MO3BOJASAET TEOPHIO JIETKO
pacmpocTPaHHTh Ha CAYYaH NJ0CKOHR W NPOCTpaHCTBeHHON 3ajay YIJIoT-
HeHHus, 1J151 pelieHHsA KOTOPHIX HCNOJIb3YIOTCH ypABHEHHS PaBHOBECHS U
COBMeCTHMOCTH DesnbTpaMn — Mutyesa H OCHOBHOE YpaBHeHHe TpeX-
MepHOH KOHCOJNHIANHH, clpaBelJHBoe Aas NIOOBIX CBOACTB CKejeTa.
Hcenonbsys sty pacueTHyio Mogeap, B. A. ®aopun B 1948 r. [35] pac-
CMOTpeJl IJIOCKYI0 H TPOCTPAHCTBEHHYIO 3aJaud MTHOBEHHOTO NPHJO-
MeHHd BHelllHefl HArpy3KH Ha rPyHT M mokasaJ, uto npx p=~0,5 noay-
YeHHblC Pe3yJbTaThl COBNALAI0T C Pe3yabTaTaMH pellieHHs 110 MoAeaH
Tepuaru — 'epceBanoBa. M. Buo B 1941 r. gan ofuly0 NOCTaHOBKY H
OCHOBHBI@ CHCTE€Mb! ypaBHeHHH TeODHH yIUIOTHeHHS H DA pelueHHH

Pacuetnass Mogenp oO6beMHBiX cun Paopuna — Buo mnofdyuynaa B
1957—1958 rr. passute B paboTax Tau TbeHr-KH, KOTOpHIil BIepBbie
HCTOJIb30Ban PeOJIOTHYeCKYI0 MOJEIb MaKCBelsoBa Teda (cM, Ta. 2,
§ 2) ansa onncanns gedopmanuyu BTopHuHoro yniordenns, T. Mengens
¥ Ap. dTa pacyerHas MOJeJb NOJyunsa HOBOe TOJKOBaHHe B paborax
10. K. 3apenkoro (1967 r.), KoTopbiii paccMOTpes 3alaun yMJIOTHEHHS
IBYX- H TpeX(haBHBIX I'PYHTOB C Y4eTOM INIQJI3y4ecTH cKeJeTa, cKHMae-
MOCTH TIOPOBO#l XHAKOCTH B H3MEHSeMOCTH CyMMAPHOTO NOJs HATIPsIXKe-
WHE B rpyHTe B T. A, Pelllenns, mofyueHHble o 3TOH pacyeTHOM MOJe-
JIH s 33444 OAHOMEpPHOro yNJoTHeHHs, cOBNaAalT (TpH COOTBETCT-
BYIOIIMX HCXOAHBIX NPeANOCHIIKAX) € aHAJOTHUHBIME pellleHHUSIMH Teo-
puii K. Tepuarn u B. A. dnopuna.
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§ 2. NPUEOPbl OJHOMEPHOI'0O YIUIOTHEHHA IJIAHHCTBHIX TPYHTOB

[Mepsblii MPUGOP OAHOMEPHOrO YILIOTHeHus TpyHToB (d=35 cM,
h=>5 cmM, d/h=5) Gbln u3rotoBaen Bo ®panuuu Ppourapom B 1910r.
[6]. OnHOMepHBle YIJIOTHEHHS IMIHHHCTHIX [PYHTOB IO cxeMe ABY C TO-
POHHero OTX aTus NOPOBOKH BOJH Yepe3 CJOH Necka ObIIH
nposefensnl IlIBenckoft reorexmuuecKof koMuccuell B 1919 r dta cxema
Ouina ucnoanzopaHa K Tepuaru npu co3naHnd npHGopa coOCTBeHHOH
KOHCTPYKUuH — ogoMerpa (d=8 cMm, h=1,3 cM, d/h=6,15). B naab-
HelillleM OGHJIO CKOHCTPYHPOBAHO W H3TOTOBJEHO MHOTO Pa3JHUYHBIX, HO
NPHHUKHNHAJNLHO He OTJIHYAIOUIUXCHA APYT OT Apyra NpHOOpOB 0JHOMED-
HOTO YIJIOTHeHHS.

B ocHoBe KOHCTPyKi#H Bcex NpHOOpPOB OAHOMEDHOrO YIJIOTHEHHS,
KoTopble Oy/JeM Ha3biBaTh KOMIPECCHOHH Bl M H, JEeXHT NPHHIKN
cxarus o6pasna B XKecTKoMm paGodyeMm KoJblie B YCJHOBHAX OTCYTCTBHS
Gokosoro paciiupenust. Has oGenedenus cBoGOAHOTO OTTOKA O1XKHMae-
MOH H3 TPYHTA NOPOBOH BOIK BMeCTO NecuaHBIx gpeH oOpaser noMe-
AT MeXAy ABYyMs TNOPHCTHIMH (ALIPYATHIMH) NHCKaMH, OAHH H3 KO-
TOPHIX CJYKHT OCHOBAHHMeM, a BTOpOH — [OpIUHeM, NepelaloliHM HA
obpasell BHelUHIOW Harpysxy. Mcnoaesylorcs Takixe Oollee CI0XKHBE
CHCTeMBl APeHHUPOBAHUA,

OcHOBHLIM H OGIHM HEZOCTATKOM NPAKTHYECKH BCeX KOMIIPECCHOH-
HBIX TpHOOPOB sABJAETCS HEBO3MOMKHOCTD [IOJHOTO yCTPaHeHHs! CHJ Tpe-
HHSl, BO3HHKAOIUX MeX1y 06pasloM H CTeHKamu pabouero KoJblia.
CHabl TPeHHS NPHBOAAT K CHHXKEHHIO BeJHYHHB BHELUNE! HATPY3KH, Te-
penaBaeMoil Ha 00pasell, BOSHHKHOBEHHIO HEOJHOPOJHOTO HaTpsiKeH-
HOTO COCTOSIHHUS H (PH3HUeCKOH HeOJHOPOAHOCTH B OLHOPOJHOM TIpYHle,
KOTOpasi BblpaxKaeTcsi yMeHbIIeHHEM ero IJIOTHOCTH KaK [0 Halpas-
JeHHIO feficTBHs HAarpy3KH (CBepXy BHH3), TaK U OT [eHTPa K OOKOBBIM
NOBEPXHOCTAM

HaunGonee pagskanbHOil MepoOil CHHXKeHHs1 YIOMSAHYTOTO BhIlle Tpe-
HHS siBAfleTCH yBesHYeHHe COOTHOMeHHs d/f o6pasna, ocyllecTBiasieMoe
KaK yMeHbIlleHHeM BBICOTHI, TaK H yBe/lHUeHHeM ero AHamerpa YMeHb-
IIeHHe BHICOTH 06pa3na NPHUBOLHT K BO3PACTAHUIO CTeNEHH Hap yHIeHHS
HPHPOAHOTO CJOXKeHHS TPYHTA, NO3TOMY PCKOMeHAyeTcSl HCNBITHIBATD
o6pasubl TOJNIHHOIO He MeHee 2 cM_ YBejHueHHe AxHamerpa obpasua
CBSI3aHO KakK ¢ yCJa0XKHeHHeM 3aCPy30uHOH CHCTeMBl, TAK H ¢ HeoOXO1H-
MOCTBIO 0TGOpa GoJiee KPYTIHBIX MOHOJHTOB (KEPHOB), YTO MPHBOIHMT K
3HAYHTEJbHOMY YAOPOXKAaHHIO PaboT. B ¢Bs3u ¢ 3THM B GOJIBIUKHCTBE U3
HCTIOMb3yeMHIX B nabopaTopHOH NMpakTHKe CTaHAaPTHBIX KOMIMpPeCCHOH-
HBIX TPHOOPOB HCTBITHIBAIOT 00pasunl TOMIHHOR A=2 cM, AnaMeTpPOM
d=7 cm (d/h=3,5). [laa BHINOJHEHHS CIeLHAJbHBIX Hay4HO-HccJe-
J0BaTebCKHX paboT MPHMeHSIOT TakXKe NPHOODPH ¢ GONbIIHME DasMe-
paMu pabounx koJjen (cM. HHXKe).

C uenbio cHHXKeHHs CHJIBI TpeHust o6pasua o pabodee KoJblo NMPH-
6opa MOXKHO Tak¥e BHYTPeHHIOI0 TOBEPXHOCTb NOCJAeLHEro TNOKPH1b
TOHKHM cJloeM T€XHUYEeCKOro Ba3esdHa, NJaacTMaccoBO¥ O00J0YKOH H3
TeploHa (o6majfamolero O4YeHb HHU3KHM KOI(PPHUHEHTOM TpeHH:).
HCTIONBb30BATh CXeMy IBYCTOPOHHEro c3KaTHsA PyHTa B IJaBaiolleM pa-
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60oueM Kouiblle ABYMs HOPIUHSIMH M HCIOJb30BaTh paboule KOJbila
CIIeUHaNbHOH KOHCTPYKUHH. Bce 3TH MepOTPHSITHSA CYLIECTBEHHO YJyu-
AT yCJHOBHS HCTBITaHHA 06pasios, HO B MecTe C TeM 3HaUMTebHO
YCJIOXKHAIOT KOHCTPYKUHH NpuGOPOB H NpoBeleHHe sKclepuMeHTa. [lo-
5TOMy OHH He NOJIYH/IH IHPOKOro IPUMeHeHHS B MabopaTopHOl mpak-
THKE § NPUMEHAIOTCS TOJNBKO B HAyYHO-HCC/Ie0BaTeNbCKHX 1a60paTo-
pusix. OKoHuaTe/bHO® PellieHre BONPOCa 0 TpeHHu o6pasia o padouece
Koabllo NMpubopa OCYWECTBISETCs 3aMepPOM CHJ TPeHUs H HX y4eToM
Mpu oOpaGoTKe SKCIepHMEHTAJbHBIX JaHHHX (cM. § 3).

Koumrnpeccrontbie npubopel To pasMepy paGouux KoJen aedsTcs Ha
MaJjble H Gosplide. B Manbix npuGopax HCOLITBIBAIOT 06pasusl ¢ MJO-
LW aabl0 MoNiepeyHOro cedeHust o 60 cM? (d=8,74 cM) TpH BHICOTe 10
2,5 cM, a B Gonbwax — Ao 2000 cM? (d=50 cM) NpH MaKCHMaJbHON
BbicoTe h=15 cM. [lo BennuHHe MpuIOXKeHHOH kK 06pasuy Harpysku
pasmuyator npubopsl Huskoro (Ao 2,0 MIla), sricokoro (no 10 MIla) u
cBepxBbBICOKOTo (o0 2000 MIla) pasaeHus.

B naGopaTopHoil NpakTHKe TPHMeHSIIOTCS MaJible KOMIPeCcCHOHHbIe
npubops  H. H. Macsosa [19, 22, 26] (F=38,48 cm?, d=7 cM, h=
=2 cm), HHHHC (F=40 cm? d=7,14 cm, h=2 cm), T. HU. Tep-
Crenansana (F=38,48 cm?, d=7 cM, h=2 cm) u ap. HauGoabmee npu-
MeHeHHe HMelOT BHIYCKaeMble NPOMBILJIEHHOCTBIO npubopel ['napo-
npoekra (F==60 cM?, d=8,74 cM, h=2,5 cM). ABTOD KHHTH B CBOHX
ncesenosaniax o 1956 r. nonbsoBanca npubopamu I M. Tep-Crena-
HsHAa, a B Ja/ibHeHllleM — MaJbLMH H OGOJbLIIUMH KOMIIPECCHOHHRMH
npubopaMy HUBKOIO H BEICOKOTO JaBJieHHs cOOGCTBEHHOH KOHCTDYKIHH,
OTIHCAHHS KOTOPHIX MPHBOAATCA HUKE,

Mausblit KoMnpeccHOHHO-GHALTPALKHOHHBIE npHGOp mogean M-2
(puc. 21) mpenHaspaueH A ONpefelieHHs KOMIPECCHOHHBIX H (Y HJBT-
pPanHOHHBIX CBOHCTB 00pa3noB rpyHra pHamerpoM 7 cM (F=238,48 cm?)
u Beicorod 1 uw 2cM (dfh=7 w 3,5) upu Hauboaplied o=
=1,0 MIla.

IMpubop cocTouT U3 AHHLIA /, B KOTOPOM MOMelleHbl HIKHHH JbIp-
yarbil fuck-QpuabTp 17, pabouee koabuo 15 H UHNHHAD O, HMEIOWHH
HaNpaB/AWILYIO roJoBKy. JlHANe cHAOXeHo AByMs CHMMETPHYHO pac-
MOJIOKEHHBIMH IUTyHEpaMH 2, NpeiHa3HAYeHHBIMH Mt BHIyCKa H no-
Na4H BoAH B Mpubop CHU3Y, a TAKKe 3aMepa AaBJeHHs B IOPOBOH BOJe
rpynta (cM. rit. 4, § 3). Buelinss narpyska BOCIpHHHMAeTCA CTA/IbHEIM
mwapukoM 10 # Yepe3 CTaibHYlO MOAYlWKy I/, WTOK 6, AbIpYaTHH TOp-
lleHb-pHALTP [4 mepefaercs Ha oOpasel IpyHTA, TOMEILEHHBIN B KOJIb-
ne 15. O6pasen apperupyercst BuHToM [2. ledopMauns obpasua sa-
MepsieTcs MecCypOH-HHAMKATOPOM YacoBOro THNA 9 ¢ ueHoOl AeeHHS
0,01; 0,02 r 0,001 mM. Meccypa Kpenurcs k HITOKY NpH NOMOIIH Aep-
xarens: 7 u BunTa 8. Ilpukpenyenne nHAHHAPAa K AHHLLY OCYLIeCTBJIA-
eTcsi 1I0CPeICTBOM YIOPHOro 60pPTHKA NPH MOMOUIH 32X HMHOrO KOJbIla
3. Bo H3bexaHHe YTeuKH Boibl H3 mpHOOpa B 3a30p MeXKAy YHOPHHM
GOpTHKOM HHJHHAPA H AHHIIEM NOMEIlaloT MpokJIalRy H3 ZaKyyMHOPI
pesun [6 rommunofi 1 mm. [puGop cHabxeH naTpyOKOM ~y1;:3:;
TeleM ypOBHS BOLb B HHAHHAPe. Bopy B NpHOOp MOXHO HAJHTE P
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Puc 21 MaJbifi KOMIPeCCHOHHO QUABLT Puc 22 DBoJpliofi KOMIPeCCHOHHO-
pansoHHB# npHGOop M 2 ¢uabpTpanHOHHL nprbop M 3

orBepcTHe /3, KOTOpoe MpH HeOGXOAUMOCTH MOXKHO 3aKPHBATL Mpob-
KO#

[Ipn ncnowmiTanuu o0pasma rpyHTa B YCJA0BHAX COXPaHEHHS IPHPOA-
HOH BJIAXKHOCTH MJISl NPeAOTBPALIEHHS ero BHCHIXaHHS maTpyGoK H OT-
BepCTHe B KpbilllKe NHIHMHAPA 3aKpPHIBAIOT mpoOKaMH, a WITYIephl Nepe-
KPHIBAIOT IPH NMOMOUIH Pe3HHOBHIX TpyOOK H 3axuMoB J[lns ucosTa-
HUSL 00paslloB B YCJOBHSAX OJHOCTODOHHENo CXKATHA NMOPOBOH  BOJBI
(cHU3Y BBepX) HHMXHUH AbIPYATHIHl JHCK 3aMeHSIOT CIJIOWIHBIM.

3arpy3ky o6pasiia OCYUIeCTB/ISIIOT PHYa’KHBIM [PECCOM C COOTHO-
wendeM mied 1 9,615, pacmosoxenHuM ceepXy npubopa.

Boabwoi KoMnpeccHoHHO-QUAbTPauHoHHbiH npuOop M-3 (prc 22)
NpelAHA3HAYeH [/ HCOHTaHUuA obpasnos  aunaMeTpom 21 cm (F=
=346,4 cm2) u Boicotodl 6 cM Pasmepw pabouero Koislla npubopa
M-3 HazHayeHH HCXOAS M3 VCAOBHS BO3MOMHOCTH HCIOLITAHUA r€
oMeTpHYecKH MOJ0OHHX 06pasnos B mpubopax M-2, M-4 (cM nuxXe) H
M-3 npu d/h=3,5

[puGop M-3 cocToHT W3 AHHmA 3, HUXKHEro puabTpa 2, paboyero
xonbna 6, nunnaapa 9 OcHoBaHHe H IHAHHAD 3aKPelJsiOTCS YeTHPb-
Ms 6onTamu 7 depes deThpe maph jamok 4 OGpasen rpydra 5 1o
MelllaeTcd MeXAy (GHABTpoM 2 H ABIpYaTHIM NopluHeM-puibTpom 8.
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FopusonTanpHoe monoxeHwe WTaMna obecHeYHBAETCA BePTHKAJIbHHIM
TOJIOKEHHEM ero LITOKA, NPOXOASALIEro Yepe3 HampaBJsiollHe KpbIIIKH
11, sakpenssiemoll Ha nHAHHAPe Gontamu 10, lauue cHaGXeHo AByMA
WTynepamu /, npeHasHaveHHBIMH AJ1 BLIYCKA M [OAa4H BOAH B IIpH-
6op cHusy. Ilns HaiHBa BOAB B WHIMHAD B Kpuime I MpocBepJeHo
orBepcTHe /2. YpoBeHb BOAM B IHJHHIpe QUKCUPyeTCH naTpyOkom I7.

Hedopmaunsa obpasia samepsieTcss Meccypolt 15, sakpemyieHHoH Ha
nepxarene /3 puntom 16. Jlepxkarens 3akpenssiercs Ha WITOKe NOPIIHS
3aKHMHBIM GoartoM 18.

OOpasen rpyHTa 3arpykaeTcs K4aK ¢ MOMOLILIO OGHYHOTO PHIYANK-
HOTO Opecca c cooTHolleHHeM ney 1:9,615, Tak u cneuHanbHOro pam-
HOTO [pHCHoco6neHus1, CHabkeHHOro AuHaMoMeTpoM (puc. 23). B pam-
HOM TMpHcHocoO/eHHH Harpyska cO3JaeTCi BHHTOBBLIM TPHBOLOM H
KOHTPOJIUPYeTCs B TedeHHe BCEro KcNePHMeHTa JAHHAMOMETPOM.

KoMmnpeccuonnbifi npubop Boicoxoro aasiaenus M-4 (puc. 24) npen-
nHa3HaveH Aas cxKatusi o6pasnos auamerpom 7 cM (F=38,48 cM?%) w
BbIcOTOH 2 cM nipH daBaendu A0 oy=10 MIla, On cocrout H3 gguma 2,
cHabXeHHoro AByMs narpybkamu ! M I6 Ang mojayd BoAH B BpH6Op
CHH3Y TloMelleHHOro B JAHHILEe (uabTpa 17, pabouero xoavina 4, nu-
J¥HApa 7, MacCHUBHOrO NopWHSA &8, BBHHUEHHOro B TMOpLIeHb BePXHEro
¢uapTpa 6 U 3aKHMHOrO KoJibia 3, CHaOXKeHHOro YeTHPbMS PYYKaMH
13, ¢ MOMOULBIO KOTOPOTO NHJAHHAP NpHKpenasercs k Axuuly. [lopuieHs
appeTHpyeTCsl cTonopHOH rafixkoit 9.

IMepemaya uHarpy3kH Ha obpasell TPyHTa 5, HOMEUIEHHOTO MEXAY
buswTpamu 17 u 6, ocyulecTBiaserca Yepes cTaibHOH Wapuk /2, onop-
HY10 noAywKky /] u nopuwens 8. Hedopmanus obpasina 3amepsercs of-
HORK Meccypol I3, 3axpeNyieHHOH HA TopllHe NpH NOMOLLH JepiKaTens
14 u sunra 10. Jlng spinycka oTKaToil M3 IIOp TPYHTA BOAH Yepe3 BepX-
HUH QUABTP B MOPILIHEe NPOCBEPAEHO OTBEPCTHE,

[puGopsr M-4 cnpoekTupopaubl Ha 6ase npubGopa M-2. Ilpu stom
HCIONb30BaHbl HEKOTOPHIE KOHCTPYKTHBHBIE JI€Taji KOMIPeCCHOHHBIX
npubopos I'. U, Tep-Crenansina u B, A. [Tocnenosa [22].

3arpyska o6pasioB B paccMaTpHBaeMoM npudope IPH Manabx AaB-
aenusix (no 1,0 MIla) ocyuiecTsasieTcsi ¢ NOMOLIbIO OOBIYHBIX pbIYazK-
HBIX TIPEcCOB, a NpH BOJbINMX Harpyskax paMHBIMH MpHCHoCcObJeHH-
IMH, CHaGeHHBIMH CcHJOBOH mpyxkuHofl 20, 22] HAYM BUHTOBLIM NpH-
BojoM H aunamoMerpom (cM. puc. 23). Ha mepBoM U3 yKasaHHBIX
Bhillle paMHbIX HpHcrocobienyil Harpy3kH co3faioTcs NpecCaMi H NOA-
LEPKUBAIOTCA B TeYeHHe BCErD ONbITA YIPYrOCTHIO CHIOBOH HPYHHHBL

OnucanHble Bbillle TPHOOPHI HMEIOT MPOCTYI0 KOHCTPYKIHIO, YAOOHBI
U Ha/JexHb B 3kcnnyaTapHd. OHU NO3BOJIAIOT — HCOBITATh MVIMHHCTHIE
IPYHTH JI06Or0 BHAA H BJAAXKHOCTH ¢ yueTom (akTopa BpeMeHu (mou-
3y4ecTH), a TakxkKe BBHINOJHATbL OnpeleneHHs HaOyxaHus, npocanod-
HOCTH, (UJILTPANHOHHEIX CBOHCTB H T.[. ¢ 3aMepoM U Oe3 samepa H3-
GHTOUHOrO AaBJeHHS B TOPOBOH BOMe. B mocaefneM caydae npubop
JsL 3aMepa TOpOBOTo AaBieHHs (cM. ri. 4, § 3) mpucoefMHseTcss K
AHWILYy TpuGopa BMecTO OAHOTO H3 IITYIEpOB, a BTOpOH ITymep 3a-
MeHsieTcs TTpoOKOH,
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Puc. 23. i(CxeMa paMHOll yCTAHOBKH AJS
sarpyxeHusi o6pasima B KOMIpPEeCCHOH-
HOM npubope BHHTOBHM IPHBOJAOM:

1 — pama; 2 — KOoMIpeccHORHHA  mpnGop;
3 — meccypa; 4 — AMHaMOMeTp; & — BRHTO-
Boil HpHBOZ (33TpY30uMHIf BAHT)

Pyuc. 24. Komnpeccuonnuii npu60op BH-
COKOTo AaBiaeHns M-4

B mayyno-Hccne 0BaTEJbCKHX JabBopaTopHusX, KPOMe yKa3aHHBIX H
ONHCAHHLIX Bhillle, HCNONL3YIOTCH TaKXKe CNeuuansubie npubopsl, npef-
Ha3HaUYeHHHE AJs NPOBEJCHMS PA3JHYHBIX HAYYHBIX  HCCleJ0BaHHH,
Onn oTnnyamTcs OT OOBIYHHEX MPHOOPOB B OCHOBHOM pasMepamMH H
KOHCTpyKIHell pabouero Koablla M YCJAOBHAMH JpeHupoBanns. Opud
u3 Takux npubopos M-3, mpeaHasHAUEHHBIH JUIS HCCJeJOBAHHA BJAH-
aHus macwtabHoro ¢dakropa Ha NPOLECC YNJAOTHEHHS BOAOHACHIIIEH-
HBIX TJHHHCTHIX IPYHTOB H NMPOBEPKH TEOPHH (HJBTPALHOHHOH KOHCO-
mugapue (cMm. § ), 6611 onucaH BHIIE.

Jlnast HcclefoBaHHs ANHTENbHHX Aedopmaltii NPakTHYECKH MOJ-
HOCTBIO BONLOHACHIIeHHHX TAMHHCTHIX TPYHTOB TeKydeil KOHCHCTeHUHH
HAPYLIeHHOrO CJIOKeHHA H H3MEDEHHMs HalopoB B noposo#t Bofe C. A.
Posa u A. . Koros [20] B 1956 r. co3aaqu Goabllofi KOMIPECCHOH-
Hplil npu6op Amamerpom 50 cm. B stom mpuGope, koTopbifi Oui1 0060py-
[OBAH HAPOA3POCTATHIECKHM MAHOMETPOM (CM. VL. 4, § 3), 6apomer-
poM, TepmoMerpamn H (HOTOKAMEPOH, HCHETHIBANUCH oGpa3ipl TOMIM-
Hoit ot 14,0 no 20,4 cm (d/h=3,57-+2,45) B yCcJOBHAX OJHOCTOPOHHETO
(cHH3y BBepX) OTKaTus NopoBo# BOAH. Jlg yMeHbLIeHus TPEHUA IPYH-
Ta O CTeHKH CTaKaHa MpH60opa ero BHYTPEHH:AA [NOBEPXHOCTb Oblna OKJe-
eHa aIOMHHHEBOH (OJIbrofi Mo ol TaBoTa. JIpuemHbie SOHAB MHAPO-
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a3pOCTaTHYECKHX MAaHOMETPOB, HAIOJNHEHHble KEPOCHHOM, AJig 3aMepa
L aBJIeHHs] MOPOBOH BOALI B cpeAHel 4acTH 06pasa GBAN PacHONOXKeHb
B NATH FOPH3OHTAX MO BepTHKaNH. [Inst ogHoBpeMeunol (QHKCANHUH HX
OTCYETOB HCMOJB30BaKach (poToKaMmepa. B oTcueTnl THAPOA3pOCTATH-
UeCKHX MaHOMeTPOB BBOJM/HCH MONPaBKH Ha H3MeHeHHe GapOMETpH-
YECKOro JaBJeHHS H TeMIepaTyphl,

§ 3. SBAKOHOMEPHOCTH KOHEYHbIX JE®OPMALLHH
OOHOMEPHOIo YNJIOTHEHHUA IJIHHUCTBIX TPYHTOB

KomnpeccuoHnble xpuBble. PeaybTaTsl onpejeneHHs KOHEUHBIX Je-
dopmanuil 06pasuoB B yCAOBHAX OJHOMEPHOIO YIJIOTHeHHS (KOMHpec-
cu) K. Tepnaru mpeacraBust B BHIe KPHBBHIX H3MeHSeMOCTH KO3(DdH-
IIHEHTA TIOPHCTOCTH e TPYHTOB B 3aBHCHMOCTH OT YNJOTHSIOWMEro AaB-
nenust §, (puc. 25), Ha3plBaeMBIX KOMNPECCHOHHB MH. B Aajb-
HeHIlleM KOMIPECCHOHHBIMHM OBIIH Ha3BaHbl TaKkKe KpHBble 3aBHCHMO-
CTH OTHOCHTeJIbHasi KOMNpeccHOHHasl AeopManus e — HanpsKeHHe O
(19, 22]. Ormerum, uTo Mo KOHeuHO# nedopMaunvHeH NOHH-
MaeTcsd AepopManusi, COOTBETCTBYIOU(as MOMEHTY TOJMHON HJH yCJIOB-
HOH ee cTalHH3AUMH O] AeHCTBHEM NaHHOHR Harpy3KH.

KomnpeccHoHHble KpHBble HMeIOT BETBH YINJOTHEHHS (KOM-
MPeccHH) H Pa3yNAOTHeHHS (aeKoMmpeccHl, Habyxauus). [lep-
Bas XxapakKTepH3yerT yYMeHbllleHHe, a BTOpasl — BO3PAacTaHHe MOPHUCTOCTH
rpyHTa (cM. puc. 25) npH HarpykeHHH H pasrpy3ke o6pasua cooTBeT-
CTBEHHO.

YnnoTHeHHe TJHHHCTHIX TPYHTOB 3aBHCHT OT COCTOSIHHS HX CTPYK-
TYypH W B npefenax oOBUHO AeficTsyiolux pabienuit (0,1—1,0 MIla)
ABJSETCH SIBHO BBbIPaXKEHHBIM HeJIHHeHHBIM H YaCTHYHO OOpaTHUMEIM
npoueccoM. Jlpu Bcex paBHBIX YcJ0BHAX (BJ&XKHOCTH, HOPDHCTOCTE H
T.1.) KOMIpecCHOHHble KPHBBIE TPYHTA  NPHPOAHOTO H HApYIIEHHOTO
CToMeHHH OT/IMYaIOTCs Apyr of JApyra. Bejwuynna ynoMsHyroro or-
JMYHS 32BHCHT OT CTeMeHH ero YyBCTBUTENbHOCTH (cM. i 2, § 2). Me-
thopmanuua TPYHTOB HEHapYILIeHHOro c/loXeHHs, 00JajarollHX 3HAUH-
TeJbHOM CTPYKTYPHOH MPOYHOCTHIO, IPAKTHYECKH HAYHHARTCS NOC/E He-
KOTOPOr0 HANpPSIXKeHUS Oy, ¢r, HAZBIBAEMOro IPENENOM CTPYKTYPHOH
npounocTu (cM. puc. 25), [pyuTh, o6nanatouiue HeGONbIIOH CTPYKTYp-
HOH POYHOCTBIO, HPAKTHUECKH YIVIOTHSIOTCS MPH CaMbIX HeGOJBIINX Ha-
rpyskax. CienoBarenbHo, NpH o0y< 01, str CKHMaEMOCTh [PYHTa mpe-
HeGpeXHMO MaJa,

KoHeuHast TOPHCTOCTb € BOLOHACHILEHHBIX TIHHHCTBIX [PYHTOB,
o6nanaolX 3HAYHTENBHOH CTPYKTYPHOH IPOYHOCTHIO, [ocjie MOJHOH
pasrpyskd MoxeT OBITb KaK MeHblle, Tak M OoJibllle ee HaUaJIbHOTO
sHavenus ¢y (cM. puc. 258). Ilpu 0y >0y, str YIAOTHEHHE, BCIEACTBHe Ha-
pYIlleHHs] TPHPOAHOH CTPYKTYPHl HeHAOyXaoUlHX (HOpMalbHO yNJOT-
HeHHBIX ¥ HeJOYIVIOTHEHHBIX) TJHHHCTBIX TPYHTOB CHNOCOOCTBYeT —HX
YIPOUHEHHIO H BO3HHKHOBEHHIO OCTATOYHBIX Ae(OopManhH (ers<<é€d).
B To Xe BpeMsa y HaGyXaiOUlMX [VIHHHCTBHIX FPYHTOB Halmionaercs sHa-
YHTe/JbHOE yBelHueHHe 00beMa, HHOrAa HpeBhlllaiollee BeJHUMHY Ha-
YaJbHOro YIVIOTHEHHS (e45>>€p)  BCHEACTBHe BIHTHBaHHA G0JbLIOTO
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Puc. 25. KpuBole KOMIPECCHH H JEKOM-
NpeCCHE TPYHTOB npHpopHoro (I u 2)
H HapyweHHoro (3 m 4) CHOKEeHH,

€ H €y — HauajbHBe KOI(QdULHEHTH é,m
’
NOPHCTOCTH; €fs H €f5 — KOHEUHble 3Ha- o, \\
YeHHS Ko3(PQHUMEHTA NOPHCTOCTH TNpH £ I I
JEKOMIDECCHH; Gy, str — CTPYKTYpPHas 1+ N
MPOYHOCTH IPYHTAa 0PW  OJHOMEDHOM N
CHKATHHA £,

Puc. 26. KommpeccHOHHBHIE XpHBHE B

KOQPAHHATAX €—0; H Be—0, U CXEMH

onmpepeneHHs KospdHiHeHTa CcXKHMae-

MQCTH Me=tge. B MOLyas OJHOMep-

HOTo (KOMIpecCHOHHOTO) cxKaTHAd Eo=
=thL1

KOJMYecTBa BOAKI B MeXUacTHYHOE NPOCTPaHCTBO. B rpyHrax cnabuix
¥ HapyIleHHOro CJIOXKeHHs Bcerja HabmaiogalTcs 3HauHTeNbHble OCTa-
TouHble AetpopManuu (cM. pHc. 25). B aToM cayyae ynaoTHeHHe TPyHTa
Bcerza NpHBOAMT K 06pasoBaHUIO HOBHIX, 6osee MPOUYHHX CTPYKTYPHBIX
CBsi3ed, NMpEeNsITCTBYIOIHX 3aMeTHOMY yBelHueHHI0O oObemMa (AeKoM-
HOpeccHH) H BO3HHKHOBEHHIO 3HAUHTEJbHHIX OCTATOYHBIX JedopManuit
nocsie pasrpy3kH.

Iast mocTpoeHHsT BeTBH YIJIOTHEHHS KoMNpecCHOHHOH KPHBOH Hafo
3HaTh BeJHYHHy HauaJbHOro Ko3((HIHeHTa NMOPHCTOCTH eq IPyHTA H
HMeTh ONpefiesisieMble M3 ONBITA JAHHbIE O CKUMaeMoCTH Ahe, n oGpas-
Ha roauuHo#l A (cm, puc. 20,6) mox AeficTBHeM pa3JIHUHBIX TIO BeJH-
yiHe HanpsKeHHs 01, n. KO3 PHIHeHT MOPHCTOCTH €n TPyHTa AJS He-
KOTOPOro ero cOCTOSIHHSA, 00ycioBjieHHOro JefictBHeM JaHHOIO HOP-
MaJIbHOT'O HANpAMKeHHd, OpefenasieTcs No chaelyrOlLleMy COOTHOIIEHHIO:

Ah
en = eg— — (1 +e0) = eo—e,n (1 + &0), (3.2)

rie €n-— K03 HIHeHT NOPHCTOCTH  TIPyHTa NpH HaNpsXKeHUH O, n;
gc n — OTHOCHTeJbHA KOMIIPeCCHOHHAst AedpopMalus obpasua  NOX
IleﬁCTBPIeM JAHHOTO HAaNpAXKeHHa Oy, n.

TIpu nmocTpoeHHH BeTBH HaGyXaHHS KOMMPECCHOHHOH KpHBOH xo3¢-
(GHIHEHT TOPUCTOCTH €, FPYHTA NPH ero pasrpyske A0 01, n ONpenens-
€TCH N0 BhIPpaXKeHHIO
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Ak, .
€n = & —;jj"— (14-e)=¢er +ec.a (I +¢), (3.3)

rie £; — Ko3h@HUMEHT NOPHCTOCTH TPYHTA Nepell pasrpys3koi (B’ KOH-
lle yJIOTHEHHA); h;— BHicoTa obpasua mepef pasrpyskod, Ahen —
AedopManus AEKOMAOPECCHH NMpH pasrpyske obpas3ua o LaHHOrO Ha-
NPSKEHHA Oy, n.

C noMolbio cooTHomeHus (3.3) MOXKHO NOCTPOHTD TaKkKe BETBb yII-
JOTHeHHS1 KOMIPEeCCHOHHOH KPHBOA. B 3TOM ciydae e; onpelensioT no
JaHHBIM BJaXHOCTH, WJIOTHOCTH YacTHL[ [PyHTa 1noCle 3asep-
WIEHHA ero YNIOTHeHHS, Bxogsimine B (3. 2) H (3.3) 3HAUEHHSA €, n H
¢, , HAaXONAT MO KOMIPECCHORHOA KPHBOH, MOCTPOeHHOH B KOOPAH-
Harax o;—ec (pHc. 26).

AnnpokcHMauus KpPHUBBIX KOMOPECCHHM M Jekomnpeccun. g amo-
OPOKCHMAIHH KDUBBIX KOMOPECCHH M AEKOMIIpeccHH Npu Gy >>0y,p
K. Tepuarn npennoxus pupaxenus (3.4) u (3.5), monydyeHHsle oT HX
uzobpaxenus B MOJyaorapadMuyeckoil cHcTeMe KeopiHHAT e — lgoy:

e = ey— C, lg (0i/01,0) : (3.4)

= e; + C; 1g (61/010) , (3.5
rie €y — Ko2(puIHeHT HOPHCTOCTH TPYHTZ NpH OWTOBOM  LaBJAeHUH
01,0; € — KO3 (HIIHEHT NOPHCTOCTH NMPH O >>01,o; C. ¥ C; — K03phH-
IHEHTHl KOMIIPECCHH H AEKOMIIPECCHH.

BuipaxeHusi, annpoOKCUMHPYIOUIHE KPHUBHE KOMIPECCHH H AeKOM-
IIPECCHH, JIeTKO NMONYYHTh Takxe H3 coorHomenuii (3.2) n (3.3). Has
3TOro ciepyer Bhipaxende (3.2) sanucars B Buge

en = eg— g (01) (1 +-¢p), (3.6)

rie e.(¢;) — onpese/ifeMOe U3 ONLITA BHpPaXKeHHe 3aBUCHMOCTH &.— 0.
Ecnn xpusyio xomnpeccun e.=g{(0r) {cM. puc. 26) annpokcumupo-
BaThb creneHHOH ¢yHruuei Bupa (2.55), To u3 (3.6) MOXKHO TOJYUHTH

[22] cnenyomee BHpaxkenwe AN KpuBOH e=e (o)) NPH 61>>01,n
(cM. puc. 26):

e=¢;— B (61—, (1 +e). (3.7)

[IpuMeHeHne HenuHefAHBIX Bupaxennd (3.4) —(3.7) xommpeccHu u
HeKOMIIpecCHH TPYHTOB AJS pacdeTa KOHEUHBIX OCANOK COOPYIKEHHIT
CBSI3aHO € onpefe/ieHHHMH TpyARocTaMu. Uto6n m3bexarp HX, pac-
CMaTpPHBAIOT OTAe/bHbe HeOOJbHINE YYACTKH KOMIPECCHOHHBIX KPHBBIX,
KoTopble 0e3 cyllecTBeHHBIX NOrPEHIHOCTEH 3aMeHAIOT MPAMBIMA (CM.
puc. 26). Torpa cBsisb MexJy HanPAMeHHSAMH H KO3(hPHUHEHTOM IO-
PHCTOCTH IpyHTa MOXHO BHPasHTb NPOCTOH JNHHEHHOH 3aBHCHMOCTDLIO

€nit = n — (01,41 —O1,n) M, (3.8)
rage M. —Ko>PpPUILHEHT CKHUMAEMOCTH.
€n—€n1y Ae

—fga= - , (3.9)

Oy 241~ O Aoy
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H UHCJIeHHO paBeH H3MeHSEMOCTH Ko3(pdHIHeHTa MOPHCTOCTH Ae npH
eHHHYHOM NIpHpallleHHH HapsKeHHs Aoy = 1.

Kos§duuneHT cKIMaeMOCTH, N0 B&JIMYHHe KOTOPOTO MOXKHO Olle-
HHTb CTeleHb YIJOTHSE€MOCTH TPYHTOB, H3MEHSETCS B A0OBOJLHO IUHPO-
Kux npefenax. Ilpu m.~0,01 1/MIla rpynr oueHuBaerca Kak MaJjo-
cKumaembli, npu m.=~0,1 1/MIla rpyur oGnamaer cpeiHeill cKuma-
eMoCTbi0, a npu me=1,0 1/MIla— upeamepHol cxKuUMaeMoCTbIO.

[Ipn nuHefiHOM 3axoHe ymuorHenusi (3.2) MoXHO 3amMcaTh CIeLY-
OUWHM 06pasoM:

Ad

€ni) = €y — El (14+e)=e,—m;Aoy, (3.10)
c
OTKYJa CaedyeT, 4TO
m, — 1ken . (3.11)
E. '
E; = oyfe., (3.12)

rie E; — Moayab KOMNpecCHOHHOR fedopMauyn, paBHblil TaHreHCy yria
a; {cM. pHc. 26).

3akoH ynnoTHeHus. [1as NOJYYEHHsT M3MeHSEMOCTH KO3(duiueHTa
TOPHCTOCTH TPYHTa UPH GECKOHEUHO MaNOM NPYpallleHHH HalpsAKeHHS

crenyer npopuddepeHunpoars Bepaxenue (3.8). Torpa moayuum
COOTHOIUeHHe

de=—m.do,, (3.13)

Ha3piBaeMple 33aKOHOM YuJOTHEHHA TCPYHTOB, HMEOUlee
IIEPOKOe NPHMeHeHHe B MEXaHHKe FPYHTOB AJs pelllcHHS MHOTHX Teo-
peTHYecKUX MpobeM.

Hanpsikennoe cocronune n nedopmuposanue 31eMeHTa (06pa3una)
TPYHTA NpH KoMmnpeccud. VI3 ycl0BHA PABHOBCCHA 3JIEMEHTAPHOro ma-
panienennlena, MoABePraBIIerocss  OAHOMepHOMY cXKaTuio (cM.
puc. 20,a), cnenyer, 410

Oy = Py, (3.14)
a y‘-IHTbIBaﬂ ycJi0BHEe HEBO3SMOXHOCTH €ro 60K0BOTO pacumpeHHﬂ €9=
=g3=0, 6yaeM HMeTb

Uz = 0g, (3. 1 5)

rie £y H €3— OTHOCHTeJIbHBE Ae(OPMALHMH 0 HAMPABJIEHHAM IJaBHbBIX
ocefi 2 U 3; 61, 09, 63 — IJIAaBHBEE HOPMAJIbHBle HAUDSKEHHS;, Py — PaB-
HOMepHO-pacnpefeeHHass HarpysKa.

IIpu oaHOMepHOM cXKaTHH IPYHTOBHA 3]eMeHT NMOABeprdercs Kak
AedopMannu o6beMa O, Tak M u3MeHenui gopmul e;. M3 (2.9) c yue-
TOM YCJOBHS gp=g3=0 cjlefyeT, YTo OTHOCHTEJAbHAs OﬁheMHaﬂ“ﬂeQJOp-
Mallsi ckKaTusi, Kotopast coriacHo (2.147) BhisnBaeTcst — JeHCTBHEM
LIapOBOro TeH30pa HaNpsKeHHH

T)=36m=10, (1 +2§), (3.16)
paBHa OTHOCHTEJbHOR KOMNPECCHOHHOR AePOPMALNH g
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b=¢ =c¢;. (3.17)

VismeHenve (QOpMBI 1eMeHTa IJIHHHCTOTO I'DYHTa NDH KOMIIDECCHH,
KOTOPOe BHI3HIBACTCA NEHCTBHEM HHTEGHCHBHOCTH Hanpsikenuit (2.151)
NDH Tay =Ty:=Tex =0, T2=10], Ox =102, Ty=03,

o; = (1—¢§) oy, (3.18)
XapaKTepH3yeTcsi BeJHUYHHOH HHTeHCHBHOCTH fedopmanuii
2
&; =5 &, (3.19)
rae § — k03¢ dHIHeHT 60KOBOrO [ aBJIeHUS;
= ==, 3.20
0y DL ( )

B mnpepenax auHefHOH 3aBHCHMOCTH MeXAY HallpfKeHHWAMH O; H
KOMIIPECCHOHHBIMH AedopMaALUAMH g.=¢; K03pDPHIHeHTEH GOKOBOro
nasnenus E u [lyaccona p cBA3aubl CICAYIOIIHMH COOTHOLUEHHAMH:

3

E=—t wm op=-—>_. 3.21
p— P=T (3.21)
Tlpunumasn, uto HedopMamus OZHOMEPHOTO CKATHA fABJIACTCH JH-

HeHHOH, T.e. KO3hOHEHEHT CKUMAaeMOCTH M. — BEeJUYHHA [OCTOAHHA,
seipaxenue (6.10) c yuerom (6.16) mpuHHMaeT ClreAyOIHH BUA:

To = ep— T_I:CT:; (01 -+ 05 -+ 63), (3.22)

me

1428
OTKYZ2a CJedyeT, YTO H3MeHsAeMOCTb Ko3(@uuHeHTa MOpPHCTOCTH €, B
JAHHOH TOYKe OmpegenseTca BeJHYHHON LHAPOBOIO TeH30Pa Halpsxe-
HH — CYMMO# IJIABHBIX HOPMAJBbHEIX HANPSIKEHHH: Tg =0y, +0y+ 03.
910 mosioxeHue Bhepsbie ycraHosjedo H. M. TepceBaHOBBHIM H Ha-
3BAHO UM [ PHHUHUIOM TIHADPOEMKOCTH.

3aBncHMOCTL MeXAY MoayaeM obmeil nedopmauun £ u Monpynem
ob6uied komnpeccnonHol aedopmaunun E.. Corsacio (2.8) nedpopmanuio
oZHOMepHOTO cxarus, ¢ yuetom (3.15) u (3.20), MoOXKHO OnpegmesHTh
U3 BBHIPaXKeHHA

&y = eo'—“mgAO']_—'_—'eo—

g =T [ ¥ N\ _ O 3.93
&, = & = E (1 2 1__”) E ﬁ’ ( )

OTKYZa c yueToM (3.12) caenyer, 4To:
E=2-B=EB, (3.24)

&
rae
B— (1_,2 L ). (3.25)
l—p

W3 (3.23) nerko moayuuTb BhIpa’keHHe AJs ollpenesieHHs a6CcoioT-
HOM AedopMmaunuu  (CKHMAEMOCTH) CJOS TPYHTAa  BRICOTOH #h (cM.
puc. 20,6):

90



_ _ O1h
S=Aho= == B.

Corgacuao CHull 11-15—74 g=08.
Ormetum, yto E HaseBaercsi MOZyjem  ofuiefi xeopMaunHu mo-

TOMY, 4TO B AeOPMALHAX YIUIOTHEHHS COepKAaTC KaK yIpyrue, Tax
H oCTaTOYHble (Heo6paTHMBIE) COCTABJISIONLIHE.

§ 4. METOJLbl HCHILITAHHS OBPA3LOB, ONPENEJNEHHE KOA®dHILHEHTA
COKHMAEMOCTH M MOAYJISI OBUIEH KOMIOPECCHOHHOH
JAE®OPMALUHU

OcHoBHbIe 1M0J10KeHHs H3TOTOBJEHHs: 06pa3nos. [JIHHHCTBIE TpPyH-
TBI, OTOGpaHHHE H3 OCHOBAHHH NPOEKTHPYEMBIX COOPYXKEHHI B BHIE MO-
Ho/MTOB pasmepamu or 15X156X 15 cm 1o 303X30°X30 cm u KepHOB
Auametpamu d=7,7--25 CM, UCIHHTHBAKT NPH COXPAHEHHH TNpPHPOJ-
HOTO cJIOXKeHHs, EC/IH TJIMHUCTEI TPYHT AO/IKEH CJIYXKUTh MaTepHAJIOM
AJIs BO3BENEHHS 3eMJISHOTD COOPYXKEeHHs, HCIBITHIBAKT 06pasilbl Ha-
DYLIEHHOTO CJAOMXKEHHA C 3a4aHHBIMH 3HAYEHHAMH IJIOTHOCTH H BJIAXK-
HOCTH,

O6pasubl TAHHHCTOTO TPYHTA MPHPOAHOTD CJIOKEeHHS BLIPE3alOT H3
MoHOJMHTA (KepHAa) NpOTAPHPOBAHHBIM pPAaBOYHM KOJBLIOM KoMmpec-
CHOHHOTO NMPHGOpa NPH NMOMOLIM PyYHOro BHHTOBOTO mpecca [22]. O6-
Pasubl TPYHTA HAPYIUEHHOTO CJOMXEHHS H3TOTOBJSIOT HJH Helocpen-
CTBeHHo B paGouyeM KoJjblle Npu6opa, WiIH BHPE3alOT H3 HCKYCCTBEHHO;
$opmosannoro monoaura. [locnenun#i cnoco6 HMeeT To NPEeHMyYIIECTBO,
4TO MO3BOJIAET NOJYYHTH OOJBILIOE KOMHYIecTBO OOpasuoB-G/H3HEL OB,
o6NajalomuX NpaKTHUYECKH OAWHAKOBHIMH  (PH3HKO-MeXaHHMIECKHMH
CBOHCTBAMH.

Ilpu m3roroBneHny o6pasia HapyLIEHHOTO CJIOXKeHHs B pabouem
KoJblie Npubopa, B ¢opmax B Buge Ky6a pasmepamu 25)X25X25 cm
WM LHHJIHHADA OHaMeTpoM 25 cM H BbicoTOH 15--25 cm rpyHT ¢ 3agan-
HOH BJIAXKHOCTBIO YIUIOTHSIIOT N0 3afaHHOi maoTHocTH. C 3TO# LeJbK
B 3apaHee B3BelUeHHYIO MOCYRy (papdopoByro HIH MeTaJIMYECKy1o)
TIOMeUIalT TPYHT o0beMoM BABoe OoJiblle 06beMa pabodero KoJbla
HJIH (OPMBL, PacTHPAIOT NMECTHKOM C pPe3HHOBBIM HAKOHEUHHKOM J0
HCUe3HOBEHHST KOMKOR KpynHee 3 MM. OnpelessiOT BJAXKHOCTb Wo INO*
Meuiennoro B uawy rpyura no 'OCT 5180—75, BspelunBamoT TIpyH?
BMecTe C Yallefl H 1o PA3HOCTH MacC NOCYAbl (Yalld) C TpyHTOM H Ged
Hero ONpefelsiiOT MAacCy rpyHta mo B Kr. Maccy my, KOTODYIO ROMIKEH
HMeTb MIOMeleHHBIH B IOCYRY TPyHT IIpH 3aJaHHOH BJIAXKHOCTH @y,
BHIUKCJISIOT To chenyiouteit popmyte (FOCT 12248—78):

m = my (1 w) . (3.26)

1+ wy
Ec/in BJIAXKHOCTb TPYHTA @, B Yallle MeHbIlle UK GOJblile 33 AaHHOM
BJIAXKHOCTH W, TO B TPYHT KOGAaBJAIOT BOLY HJIH MOACYLIHBAIOT HA BO3-
AyXe IO TeX Mop, MOoKa ero Macca He CTaHer paBHo# m;. Maccy BONH,
KOTOpylo Hafo A06ABHTH WJIH YAAJUTh H3 TPYHTA, ONPENeJITIOT MO pas-
HOCTH My W m,. JLJ paBHOMEPHOTO pacrnpefe/ieHHs BJIArd no BCEMY
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06beMy BOAY B IPYHT A0GABAAIOT PYUYHHM HJIH MeXaHHUECKMM NY./b-
BepusaTopoM. Kak npy nmoAcyuHBaH#uH, TAaK H NpU A06ABJEHHH B TPYHT
BOJbI ero TI1aTeJIbHO TIepeMellHBaIoT.

Maccy rpysTa m (B Kr), HEOOXOAHMYIO JUISl 3aNOJHEHHs paboyuero
KoJiplla TipHOopa uiam ¢HopMbl NPH NPHrOTOBJEHHM 00pasia 3ajaHHOM
BJIAXKHOCTH H TIJIOTHOCTH, ONpeReAsior no popmyJe

m — V(atw) o, (3.27)
1+e

rae V—o6bem pabouero Koablla npubopa win dopmel, M3 ¢ — 3aj1aH-

HOe 3HauyeHHe KO3(pGhHIHEHTa MOPHCTOCTH; pPs— MJIOTHOCTh TBEPABIX

YacTHI, TPYHTA, Kr/M3,

[Ipu 3anosHeHnn paGoyero KOoAbUA HAH (POPMEI PYHTOM €ro TPaM-
OyloT nocsofiHo WM obxHMalror mpeccoM. MaroroBaeume — o6pasuos
TpPyHTa CJAEAYET BHINOJHATb € GOJABIHOH TINATEILHOCTBIO, TIOCKOJBKY
OT 3TOTO B 3HAYHTE/ILHOH CTENEHH 3aBHCHT TOYHOCTb MOJYUYEHHBIX pe-
3yabraTtoB. Jra pabora RONKHA BHNOJHATHCA B NMOMEIEHAH C AOCTA-
TOYHO BBICOKOH BJaxHocTblo Bodayxa (80—90%) B yciaoBusx He6oJib-
woro (#2°C) xoJseGaunsa temneparypu. Craelyer ao6urtbes Toro, 4to-
6Bl TOPH30HTAJbHbIE NMOBEPXHOCTH  00Opa3uoB OBIAN HCKJIOYHUTENBHO
rIaJKHMH H MapajiiejJbHbIMH APYT APYTY.

llepen 3axnankoii o6pasupa B nPpHOOP ero TOpLEBHE MOBEPXHOCTH
C OJHOH HJH C ABYX cTOPOH (B 3aBHCHMOCTH OT CXEMBI HCNBITAHHS —
OJHOCTOPOHHET0 HJIH JBYCTOPOHHEro OTIKATHS NMOPOBOH BOJBI) MOKpHI-
BaIOT KPYXKaMH GHAbTPOBaABHOH OyMart.

OpHoBpeMeHHO ¢ H3rOTOBJIeHHEM OOpPa3LOB H3BECTHHIMH MeTOLAMH
[ 15, 39] onpenensior HayaJbHylo (IPHPOXHYIO) BJAXHOCTH W, (B M1O-
JAX OT eHHHUIH ), TJIOTHOCTb WACTHI P,, NPEAeJH NJIaCTHYHOCTH TPYH-
Ta, a N0 MeTOAY PeXYILEero KoJbila, HCNOJb3Ys AaHHble TapUPOBKH pa-
6odero KoJjbia npubopa (raba. 1), —NAOTHOCTE P H BBHIYUCJISIOT HA-
YanbHBI KO3 HIHeHT NOPHCTOCTH & (cM. Ta. 4, § 2).

TaG6anuwma 1
JXKypHan rapuposkk PaGoumx KoJel KOMIPECCHOHHbIX npHOopos

‘g A Bricota ROAbLA, MM JlHameTp KoJabua, MM 4

= = =
& =] uaMepeHHaA ‘ H3MepeHHblit S
[5) 2 P = p s £,
f=1

g | g g = | 30
5w 33 1 2 3 2 1 2 3 g & <
T A = o o O =

1 101,11 | 20,0 20
[ 98,11 ] 19,9

20,0 } 20,0 | 69,9 I 69,9
8 8 9

0,0 ]69,95 l 76,84
19, 19,

76,16

3Has BeJHUYHHY NJOTHOCTH, OHpeReJs0T OBITOBOe  (NMpHPoAHOE)
AaBJleHHe O10. /151 mosydeHusi RaHHHX O CXKHMaeMOCTH TPYHTA B ecTe-
CTBEHHBIX YCJOBHAX 0oGpasubl JOAMKHB OBITL NMpHBeJeHB B NMPHPOAHOE
COCTOsIHHe MYTEM NpeaBapHTENbHOTO YIJIOTHEHHs ObITOBBIM I aBJeHHeM,
4TO SIBJISIETCHA YACTBIO €ro NOATOTOBKH K HCHWTAHHIO.

Ecan monoaut (kepu) rpynta oroGpaH M3 OZHOPORHOH Cpensl, rae
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HET TPYHTOBBIX BOJ, €ro GbITOBOE NaBJIGHHE ONPeAeJST N0 (popmye
A Teiima

o10(h)=10"p gh, Ma, (3.28)

rAe p — MIOTHOCTh 06pasia, Kr/M3; i —ray6usa  oT6opa MOHOJHTA
(xepna), m; 10® — nepexonHo# Ko3(pPUIIHEHT.

Koraa B oanopoanoM ocuoBaHHu HA raybuHe Ky OT MOBEPXHOCTH
3eMJIH 3aJieTdeT TPYHTOBAA BOAA, TO BEJHYHHY  OBITOBOTO AABJEHHS
TPYHTa NpH A >hy cleAyeT ONMpeAeNHTh C YYeTOM B3BELIHBAIOLIEro Aeil-
crBUA nocaennedt. [Ipu cionctoM OCHOBaHHH ¢ NMPHCYTCTBHEM TPyHTO-
BBIX BOJ H BOAOYHOPHOTO CJIOSI TVIHHEI (Gy,p ONPEASAAIOT C YYETOM B3Be-
IABAKOWEro AeHCTBHA IPYHTOBOH BOABI HA HecyaHble, CYNECUAHBIE |
CYTVIMHHCTBIE TPYHTHl H JAONOJHHTEILHOTO BRaBjeHHA cTosi6a BOOL Ha
c/od BOAOHeNponunaeMoll rauHH. IIpn 3TOM mpuHUMaeTcs, YTO IVIHHA
He TIOABepraetcsl B3BeLIMBAIOMEMY AeHCTBHIO TPYHTOBOH BOJBL

NMorpemwnocTH KOMIPECCHOHHBIX MCNBITAHMA TJHHHCTHX TPYHTOB,
KOTOpbIe MOAJEXRKAT yYeTy NpH o6paboTKe  IKCMePHMEHTAJbHBIX NaH-
HBIX, B YCJAOBHSIX NOCTOSIHHOH TeMNepaTyphl W BJAAXKHOCTH Cpeabl, MO
B. ®. PasopenoBy, o6ycioBiensl: 1) gepopmanneit npuGopa u Gpuibr-
poBasibHOi OyMard; 2) HapymleHHeM NPHPOAHOH  CTPYKTYpPH TpPYyHTa
npH Buipe3ke obpasna n3 MoHouMTa (KepHa); 3) Makpo- ¥ MHKpOHe-
POBHOCTAMH TOpDHEBBIX TMOBEPXHOCTeH; 4) HajJuuueM 3aszopa MexXAy
06pa3yoM 1 paGounUM KOJbILOM; 5) HEHMCIpaBHOCTBIO mpu6opa; 6) Tua-
TeJbHOCTBIO BBHIOJIMEHHS ONBITA; 7) TpeHHem ob6pasuna o pabouee
KOJIBIO.

Ecan npu6op HenpasseH, IpH BHpe3ke MeXAy 06pa3iom u pabouum
KOJIbIOM He 06pasyroTcsl 3a30pHl H ONBIT BHIMOJMHARTCA C GOJBIIOH
TI{ATENbHOCTHIO; 06Llast TOrpeluHocTh A AedbopManin yNIoTHeHU (6es
yuera Tpenusl o6pasia o paGodee KOJIbHO) CKJAAABIBACTCS H3 CACAYIO-
IIHX NOTpeluHOCTeH:

A=hy - Ay Ag, (3.29)

rie Ay — nedopmaius npubopa u (UILTPOBaAbLHOR Oymaru; Ay — H0-
NMOJTHHTEAbHAsl AedopManus 3a CUeT HEPOBHOCTEH TOPUEBBIX MNOBEpX-
HocTell 06pasua; A — AONOJHUTENpHasA AedopMalHs 3a cyeT 4acTHY-
HOI'O HapylUeHHs MPHPOZHOH CTPYKTYpPHl TPYHTA.

1. Ins onpenenennsa gedopmannd npubopa u GHIBTPOBaNbHOM Oy-
Mard A; B paGouee KO/bIO MOMeNIAlOT CTajbHYIO Waiby Mo pa3mepy
o6pasija, TOKPHITYIO ¢ ORHOH HJIH ABYX CTOPOH d)HJIprOBaJIbHOHU 6y-
maroft (cM. Buile), npubop 3arpyxaiT Mo cxeMme, NPHMEHAEMOH IpH
HCTIBEITAHHH TPYHTA (CM. HUXKE) H Mo Meccype GHKCHPYIOT AedhopManHIo.
CryneHu Harpy3ku NpUK/IaibBAlOT Yepe3 MHTEPBAJbl BPEMEHH, Heob-
XOAMMBle AJs TOJHOH crabuinsanud Aedopmauuil 0T ACHCTBHA Mpe-
Ablayiiedl cryneHud. PesyibraTel TapHPOBKH 3aUCHLIBAIOT B ClENAANb-
HbI XKypHaJ (Ta6J. 2) Hau NpeAcTaBisdioT B BHAe TapHPOBOYHOTO rpa-
¢uka [22] u yunrsiBaloT npH 06paboTKe KCMEPHMEHTANbHEIX NAHHBIX
(cm. Ta6a. 4).
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Ta6auuma 2
JKypuan rapuposxku aedopMaunH KoMnpeccHoHnoro npudopa

Tpubop Mopenn M-2, Ne 24 Hara: 03.04.61 r.
Bpemss npHaoxKeHHs. Toxasanns Meccypsl, MM
Hanpsixkenue, HarpyskH Anurennrocts
Ma AeHCTBUSL CTYME- | | tapupos-{11 TapHpos-
HH HarpysKH, MHH Ka Ka Cpennee
q MHH
0,025 9 15 0 0,000 0,000 0,000
05 0,050 0,053 0,052
1 0,651 0,055 0,053
5 0,054 0,057 0,055
15 0,058 0,061 0,059
30 0,059 0,062 0,060
60. 0,060 0,063 0,062
0,050 10 15 0 — — —
0.5 0,070 0,070 0,070

B ciyyae HCMBITAHHA TPYHTAa HAa KOMIPECCHOHHYIO NMOJ3Y4YecTh (CM.
rn. 6) onpenenende nedopmaunu npubopa U GuabTpoBasbHOH Oymaru
CBORMTCS K OUPEJeJIeHUI0 ero TOJ3VHUECTH UOHA AJUTEJbHHM ASUCTBU-
eM NOCTOsHHOM Harpysku [22].

2. llpu BHpe3ke u o6pabGorke o6pasua AAA MOATOTOBKH K HCIBITA-
HHIO HA eT0 TOPIIEBHX MOBEPXHOCTAX BOSHHKAIOT MAKPO- H MHKPOHEPOB-
HOCTH. DTH HEPOBHOCTH CTaHOBATCA MPHYHHOH HETOYHOH MPHTOHKH 06-
pasua K HHXKHEMY n BepxHeMmy ¢(HIbTpaM (AHcKaM) npubopa H HCTOY-
HHKOM JAONOJHHUTEJbHBIX AedopMaunHil BCAeACTBHE KOHUEHTpaUHH Ha-
NPsXKEHHH B OTHEJIbHHX HeOOMbIIMX YYACTKAX YKA3aHHBIX MOBEPXHOC-
teil. [Tosromy He cayuaiiHo, 4To 3Ta CylecTBEHHAs NMOTPEUIHOCTb KOM-
NpPECCHOHHHX HCMBEITAHHA TVIMHHCTHIX TPYHTOB CTana MNpeiMeTOM CIie-
LHaJbHOTO H3ydyeHHs MHOTHMH cneuanucramu (H. H. MacnoseM
O. B. Uluutaukoswm, M. H. Tonsnwreiinom, ¥, M. Uepkacoewim, H:
UIMeprmanom, A. Baana, Y. llImun6ayepom, I'. Mycom u M. Kamuu,
C. P. Macusinom, M. A. Arumessim, A. K. JlapuonoesiM u Ap.), KoTo-
pHe NPeAJOKH/IN PAa3AHUYHble MeTOAH ee ONpele/feHHA H yUeTa.

Makpo- 1 MHKPOHEPOBHOCTH He 3aBHCAT OT TOJIIHHB 06pasia, nos-
TOMY HX OTHOCHTeJIbHOEe BJAHsAHHE Ha JedOopMaiHH 3aBHCHT OT BEJHYH-
HH MocJefiHeld, a Takxke BHAA U COCTOSIHMA (KOHCHCTEHIHH) TPYHTa H
BeJIHYHHL BHeliHel Harpy3kd. BiusiHMe 3Tofi morpeliHoCTH Bo3pacTa-
eT N0 Mepe yMeHbLIEHHS| TOALIHHBI 00pasya U BO3PACTAHHA CTPYK-
TYPHOH NPOYHOCTH TPyHTA — erp NepeXoia oT TeKydeil K TBepAoH KOH-
cucTeHIHH. OHO OCOOEHHO CHJIBHO TNPOSIBJAAETCSA HA NMEPBHX CTYMeHAX
HArpySKH H [0OCTAaTOYHO OHICTPO yOHBaeT NO Mepe YNJIOTHEHHS INOZ
AefiCTBHEM CTYNeHYaTo-Bo3pacTaoiiuX Hanpsxkeuuil. Ilpuuem, ecan
NpH TuiaTeqbHOH 06paboTKe TOplUEBHX NoBepxHOCTeH o6pasina MOXKHO
CYIIECTBEHHO CIJIaJHTb MAKPOHEPOBHOCTH, TO 3TOTO He/b3sd CKa3aThb o
MHKPOHEPOBHOCTSAX, NPOHCXOMXKIASHHE KOTOPHX CBA3aHO C 3€PHHCTHIM
CTPOEHHEM TPYHT4 H MaJjo 3aBHCHT OT KauectBa oGpabotku obpasua.

Jloka3aTenbCTBOM CKa3aHHOMY BHILE MOTYT CJAYXKHTb GOJbIIOE
pacxXoxeHHe MeXJAy KpPHBBIMH MOJ3YHECTH COBeplIEHHO HASHTHUHHX
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06pasnoB-6/1M3HEIl0B TPYHTA HAPYIUEHHOTO CJOKEHHS TeKYy4Yel KOHCHC
TEHUHH, NONYYCHHBIX OT AEACTBUS MePBHX CTYNeHeH HATPY3KH O -
=0,025 Ml:Ia (puc. 27), u cyulecTBenHOR HX cOMUKeHHe TpH neﬁCTli;L;:
clenywoiles CTYIEHH Harpysku 01,2=0,2 MIla. TTocKONILKY HCTBITaAHbI
0Opasubl Texyuesi KOHCUCTEHNHH HAPYIICHHOTO CJAOXKEHHUS H BCJENCTBHE
5TOTO HCKJIOUEHO BJMSHHE HApYIIEHHs CTPYKTYypHl TPYHTa HAa ero
medopManuio (cM. HHZE), OTMeUEHHOe BBIIE COJIHIKEHHe KPHBBIX TOJ-
3y4eCTH, OMNpefe/IEHHBIX OT AeHCTBUS BTOPOH CTYNEHH HATPY3KH, MOXK-

Ahppam Puc. 27. Kpusnie Af,—t Jpyx 06pasuos-Ouus-
HeLoB CYIJIHHKA HapylWleHHOro CAQXKEHH S, 110~
JIYYCHHBIE TTPH fiocne1oB3aTeMLHOM HpHJIO}KeHHH

10 - cryneneit 0y,==0,023 Mila (I u 2) u gp=

=0,2 MIla (' 1 2’)
Ve
58t
a6

Puc. 28. IocTenendoe cOJIHKEHHE KDHBBIX
gc—t a5 06pasios rpyura 32-80-B, sripesan-
. , HHIX M3 OJHOTO MOHOJHTA IO Mepe NpHAOXKe-

JMA PasAMYHBIX CTYNeHeH Harpy3xH (s MIla):
7 20 AR ALY I— 0005 11— 0,05—0,1; Il —0,1—02 IV—0,2—~
0,3; V —0,3—0,4 MIla. {—9 noMepa o6pasuos

400

ao0%
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HO OOBACHHTb TOJBKO CTJIAXHBAHHEM MAaKpPOHEPOBHOCTEH MOA AeHCTBH-
eM IePBO# cTyneHu Harpysku [20, 22].

MaKpoHEepOBHOCTH YPE3MepPHO CIKHMAEMBIX (cnabuiX) rAHHHCTBIX
TPYHTOB YOB/IETBOPHTE/ILHO CIIAXKHBAIOTCS NOJ AeficTBHeM HeGOJIbIIHX
Aapmenuii, nopsigka 0,025—0,05 MITa [20]. B rpysrax cpenneil cxu-
MACMOCTH BJIMSIHHE 3THX HEPOBHOCTEH Mcuye3aeT MPH YIJIOTHEHHH 06-
pasunoe Harpyskamu 0,00—0,15 MIla, a B rpyHTax caaGocKHMAeMEIX,
TBEPAOH M MOJYTBEPAOH KOHCHCTEHLUHH 3TOTO HeJb3sl AOGHTHCS M IpH
Harpyskax 0,8—1,0 MIla. Oguako B nociefHeM ciydae 3TO BJIHSHHE
Ha lepopmalnio 06pasoB CYUIECTBEHHO yMeHbIIAETCS yikKe NPH 0=
=0,2—0,3 MIla. lokasaTeibCcTBOM TOMY sBASIETCS COJMKEHHe (o
Mepe pocTa HanpsixeHu#) fedbopManuil napa/senbHO HCIBITAHHHX 06-
pasuoB-0JH3HELOB, BHIPE3AHHBIX H3 OAHOTO MOHOJHTA (KepHa), moay-
YeHHBIX OT AeHCTBHs OTAeJbHBIX cTyneHefl Harpysku (puc. 28). ¥cijo-
BHEM TPAKTHYECKOro CIAaKHBAHUA MaKPOHEPOBHOCTEH MOMHO CUHTATH
pacxoxjeHne nocaenHuxX e Gosee yem na 209 (2=10%). YUro xe Ka-
CAeTCsl MHKPOHEpPOBHOCTEH, KOTOpHie H3MeHAOTCS B npepenax 0,008—
0,042 mm, To, Kak cnpaBemyuso ormedaer M. M. YUepkacos, ux Baus-
HHEM MOXKHO npeHeOpeub.

Pa36poc oNbITHBIX DaHABIX IPH HCHHITAHHM OGPAsioB MOMKET ObITh
06GycJ/IOBJIeH TaKKe HeOJHOPONHOCTBIO TPYHTA.

Kapruna, ananoruuHas H3JI0XKeHHOMY Bbllle, HaGJIONAeTCss W IpH
YACTHYHOM HApPYIIEHHH NPHPONHOTO CJOXKeHHs (CTPYKTYphI) TpYyHTa
NpH U3roTOBJEeHHH 06pasior, Kak H B paccMOTpPEeHHOM BbIlie Clydae,
Mo Mepe YMeHbIUEHHsI TOJNLIHHEI 06pa3la OTHOCHTEJbHOe BJIHAHHE HA-
pylleHHst CTPYKTYPHl Ha CKHMaeMOCTb PJIHHUCTOrO PPYHTa BO3pacTaer v
yMeHpIlaeTcsd MO Mepe CHHMKEHHA ero INpPOYHOCTH H  YBeJHYEeHHv
cxuMaemocTH. Ecnu pJif upe3MepHO CIKHMaeMBIX TJHHHCTBIX TPYHTO:
MPHPORHOTO CJIOXKEHHST M OGPA3IOB HAPYIIEHHOrO CJOXKeHHs (He3aBH-
CHMO OT MX COCTOSHHS) BJHsIHHE 3TOH NOTPellHOCTH NpeHefpeXuMo
MaJo, TO IS MaJOCKHMAEMHEIX IPYHTOB NMPHPOJAHOro cJaoXkKenHs, o6ia-
AAOUHX TBEPAOH KOHCHCTEHIHEeH, OHO SBJAETCS CYHIeCTBEHHBIM H NOA-
JICKHT y4eTy NpH 06paboTKe SKCIepUMEHTANbHHX JaHHBIX.

W3 u3n0KeHHOro Bblillie cJiefyeT, YTO NOTPEIHOCTH KOMIPECCHOH-
HBIX HCMBLITAHHH TJIMHACTBIX TPYHTOB Upe3MepHOH H CpelHeill CXKAMae-
MOCTH, CBSI3aHHBlE C MAKPOHEPOBHOCTSIMH TOPUEBHIX NMOBpeXHOCTEH 00-
PA3UOB M YACTHUHHIM HapYUIeHHeM NPHPOLHOTO CJIOKeHHs, B GOJMb-
IIMHCTBe CIYyYdeB NMPaKTHYECKH HCYe3dlOT MPH INpefBapUTesIbHOM HX
VILIOTHEHHH OBLITOBLIMH AaBJeHHsAMH. UTo e Kacaercs 'PYHTOB Malo-
CKHAMAeMbiX TBepAOH M MOMyTBepAOH KOHCHCTEHIHH C MOBBIIIEHHOH CT-
PYKTYPOH NPOYHOCTHIO, TO BO H306eXKaHHe YKa3aHHBIX BJHAHHH Koap-
(PUUMEHTH MX MOPUCTOCTH [Js pas3JMUHbIX 3HAUEeHHH HATPYSKH MOXK-
HO OTpefe/uTh O6PATHHIM PACUETOM — MO COOTHOUIeHHW (3.2). Touno
TaK e MOXHO NMOCTYNHTb NMPH ONpeAeieHHH KOMNPECCHOHHBIX Aehop-

Malui.

B neasix yuera yNOMSIHYTHIX BhIE NOTPEUIHOCTEH KOMNPECCHOHHBIX
HCTMBITAHHH TJIHHHCTHIX FPYHTOB MOXKHO BOCHOJb30BATHCS METOLOM He-
MBITaHHS ABYX 06pasnoB NMPHPOMHOTO CJOKEHHS Pa3/HYHOM BBICOTHI
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(244 cMm) 1 ogHoTO 06pasua (A=2 cM) HAPYIIEHHOTO CAOXKEHHS (Ie-
PEeMATOrO IPYHTA) NPH COXPAHEHHH MNPUPOAHOH BIAAKHOCTH H OOBEMHOM
Maccel, npepjoXendsiv Kanydnom B 1954 r. Ha OCHOBAHHH HcCJefOBa-
uuit M. Ban-Llenscra, Boinosnenubix B 1948 r. [pennoaaras, uro a6co-
JIOTHBIE 3HAYEHHA TMIyOHHB HADYWIEHHST CTPYKTYPH 06pasuos pas-
JIMYHOH TOJIMHBl PABHBI, 3a[JaI0T BEJIMYHHY 3TOrO HApYIUeHHS (B MpoO-
IleHTaX) TOJACTOTO 06pasia, no NpAMOll NPONOPHHOHANLHOCTH ONpEeae-
JAIT MPOUeHT HAPYINEHHS CTPYKTYPH TOHKOro obpasna. Hasnee, npu-
HAMas, 4TO CTeNeHb HAapylleHHs CTPYKTYpH Y TpeTbero o6pasna pas-
Ha 100%, Ha OCHOBAHMH SKCMEPHMEHTAJbHBX NAHHLIX YTOUHAIOT 3HA-
YeHHs HAPYIUIeHHS CTPYKTYPHI TOJCTOIO H TOHKOro o6pasIoB H mo mpoc-
TOH HHTEPNOMANMH CTPOSIT KOMIIpec-

CHOHHYIO KPHBYIO HEHADYIIEeHHOTD,

TpyHTa. l

3. Cuny rpeHuss obpasua o pabo-
dee KOJbRO NpHbOpa onpeaessT Io
Pa3HOCTH HArpy3oK, MPHIOKeHHBIX K
HCMY 4Yepe3 noplieHb M BOCHPHHSATHIX
Anutlem ([20, 32]. Beanunny narpys-
Ki, nepefnaBaeMOdl Ha ofpasen, onpe-
ACNAT MO pe3yJbTAaTaM TapHPOBKH
pBHIYaXKHOrO mpecca, a CHJY, BOCIpH-
HATYIO QHWIIEM TNpPHGOPA, 3aMepsaloT z
AnHamomerpom. [Jlis usMepends mno-
ClieAHel KOMNpPECCHOHHHH npubop 5
{puc. 2?;) (6es puuma) ¢ o6pasnom
rpyHra 4 ycTaHaB/JHBAOT Ha cHelHn- ~»
a/bHOM MoJcTaBKe 2, nod KOTopoii Mo- SIS S,
memaoT aunamoMentp I. Harpyska, e
co3flaBaeMas PHYAKHBM NPECCOM, KaK EJ?;' of;?éﬂeﬁé{ﬁr: 62%3‘;%02‘3;%
ofnluno, nepegaercs Ha ofpasel yepes ofpasia o pafouee KOJBUO KOMI-
nopilied, 6, a Ha guHamomerp [ — PECCHOHHOro mpHGOpA
yepes HHXKHHME  nepOpHpOBAHHBIH
AHCK (duaptp) 3 ¢ ZmaMerpoM, paB-

HbIM puaMmerpy 00pasia, MOMelleHHOrO B OTBEPCTHE TAKOro Ke aMa-
MeTpa, BBITOYEHMHOro B BepxHeH IUIHTEe MOACTABKH 2.

Pesyanbrarsl onpezesienns cuasl TpeHus TPyHTa o pabodee KOO
npubopa 3aHOCAT B TapHPOBOWHEN XKypHan (raba. 3) H y4HTHBAIOT
pu 06paGoTKe ONBITHHIX AAHHBIX.

ABropom Kuur# ycrasoBneno [22], uro mpm menpTanmH o6pasuos
HApYMICHHOTO CJIOXKEHHA BBIcOoTOH 1 M 2 CM € COOTHOIIEHHEM HX AHA-
MeTpa K BuoicoTe 3,5 u 7,0 mpakTHYECKH HOJYYAlOTCH OZMHAKOBHE pe-
3yAbTAThl. JTO 3HAYAT, YTO HCNBITAHHE O6PA3NOB TOMIIHHOK 2 CM C
AuaMerpoMm 7 cm Ass onpegfesneHHs AedopManuii OZHOMEPHOTO YIJIOT-
HEeHHA TJIHHHCTBIX TPYHTOB BMNOJIHE ONPABAAHHO, MOCKOJBLKY HaNbHel-
Ilee yBeJHYeHHe OTHOIIEHHS d/A He NMPUBOAMT K CYILIECTBEHHOMY CHH-
XKeHHI0 X OOKOBOTO TpeHHs,

Becbma HHTepeCHHM C TOUKH 3peHHs oONpeae’eHns GOKOBOTO AaB-
JIEHUs] TJIHHACTHIX TPYHTOB (cM. Iv. 6, § 7) sABAsieTcs H3IMEHAEMOCTD

W ot &y
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Ta6auna 3

JKypman onpeaeiedns call Tpedns o6pasuos o palovee Kosibllo nprGopa

Tpynr 2-57 (cyrannox). CTPYKTypa: HapylleHHasi
Macca rups Ha CuJia TpeHHs Cuna TpeHHS
peeare, K& 5 g | P, H e, H{p H
H % H %
d=7cm, h=lcum d =7cm, h = 2cm

1 87 83 4 4,6 86 88 — —
2 194 159 35 17,8 184 165 19 10,3
3 292 245 47 16,0 290 | 233 57 19,7
4 386 329 59 15,2 393 | 345 48 12,2
5 483 411 72 14,8 490 | 418 72 14,7
6 578 500 78 13,5 583 | 496 77 14,8
7 678 587 91 13,4 669 | 573 96 14,3
8 773 673 100 12,9 736 | 669 67 9,3

Tperus 06pa3uoB ¢ paGouee XoJbiO NO Mepe BO3PACTAHHA YNAOTHAIW-
niefi HaTPY3KH.

W3 tabs. 3 caepyer, 4TO B CaMOM Hauaje sarpyxedus o6pasumos
BHelLIHdS HArpysKa MOYTH IOJHOCTBIO BOCIMPHHHMAETCS JHHAMET-
pom. Ilo wmepe BospacTauus ynaotnswomedi Harpysku abconror-
HO€ 3HAaYeHHe CHAL TPECHHA BO3PACTaeT, a €€ OTHOCHTeJbHOE 3Haye-
HHE BHauaJe BO3PACTAeT, 4 3areM yOhiBaeT. ITo siBaeHHe 0OYCJOB-
JIeHO TeM, YTO B CAMOM Hauajie 3arpyKeHUs BHELIHAS HATPYy3Ka NOYTH
NOJHOCTBIO pacXolyeTcs HA ynjaoTHeHHe rpyHTta, 1lo Mepe ynioTHeHus
H yBeJqHueHus GOKOBOTO NaABJNEHHS TPYHTA AGCOMIOTHHIE 3HAUEHHS CH-
JH TPenHs obpasna o pabouee KOJIBIIO BO3PACTAIOT, @ UX OTHOCHTEJib-
HBI® 3HAYeHHs, BHAYAJe MELJIEHHO BO3pAacTasl, JOCTHTAalOT CBOETO HAH-
GOJIbIIETO 3HAYEHHS, a 3aTeM CHHKAIOTCS BC/ICACTBHE YMeHbIIeHHs Ko (-
GUIHEHTa NonepeyHoro paclUHpeHHs W mpHpatleHHs GOKOBOTO daBJe-
nusa. CoepoBaredbHO, H3MEHSIEeMOCTbh GOKOBOTO TpeHus obpasua obyc-
JOBJNEHA YNJIOTHEHHEM TPYHTAa, a TakKe XapakKTepoM H3MEHSeMOoCTH
u30BITOYHOTO JABJEHHS B mMOpoBOH Bode BO BpeMeHH (cMm. § 7).

Ipunsato cunratk [7], 4To BAUsAHHE GOKOBOTO TPEHHS CHIBHO CIKH-
MaeMBIX TPYHTOB HA HX JedOopMalHI0 KOMIEHCHpYeTCsi CyMMOH BceX
OpYTHX HeTOuHOCTe# u (aKTOPOB, NO3TOMY PACXOXKAEHHE MEXKIY pac-
CYHTAHHOH MO KOMOpPEeCcCHOHHON KpHBoH W HabawonaeMoll B HATYpe ocaf-
KaMH MoxeT ObiTh oueHb HeGoapmnM. UTo ke Kacaercs cinabockumae-
MBIX TIHHHCTBIX TPYHTOB, TO BJHsAHHE OOKOBOTO TPeHHA 3HAYHTEJHLHO
MeHBIIe ApYTHX MOTpellHOCTed, NO3TOMY HX CXKHMAeMOCTh IO KOMIpec-
CHOHHBIM HCNHITAHHAM NOJYyUaeTcs 3aBHIMEHHOR,

He6esrurepecHo otMeTuTh, uto, no gaudbiM JI. Teltnopa u B. Mep-
uanta [40], o6uiee 60KOBOE TpenHe B KOHIE MEpBHYHOH KOHCOJHAALHH
(cM. § 5, 6) 06pasnoB HApPYIUEHHOTO cJOXKeHHs TONYy60H GOCTOHCKOM
TJHHBEL coctaBager menee 15% or obpiefl npumoXKeHHOH HATPY3KH, a
JJIs1 MepeMsITOr0 COCTOsHUS X0 Aasdaenus 0,8 MIIa — 209 I'. Jleonapac

98



u I1. Tupoar [20] ycraHOBHJIH, 4TO AJA CTAJbLHBIX HECMA3AHHHIX KO-
sen ndametrpoM (4,7/16)-25,4 mm u Beicoroit (1,1/2)-254 MM TpeHne
Ha 25,4 MM BRICOTH [Js1 TJIHHE HADYIICHHOTO CJIOXKeHHS H3 MexXHKo
cocrasyset 17% ot npuiaoxkeHnHoll narpy3kt. B onwirax K. Jlo [20] 6o-
KOBoe TpeHHe ofpasua He npesnimaet 10% oT BeJHUHHH [PHJIOKEHHOM
HArpY3KH.

Bce paccMmoTpeHHble Bhillle NMOrPeliHOCTH KOMIIPECCHOHHHX OIBITOB
BMeCTe B3THE C YYeTOM BIHSAHHsI M3MEHSIEMOCTH TEeMIlepaTypbl IPYHTA
IPH €ro UCHHITAHHY B JA60OPATOPHHEIX YCJIOBHIX MOTYT CHJIBHO yXYAIIHTh
€ro peasibHble AehOpMalHOHHBE CBOHCTBA H CTATh NPHUHHON cephe3HbIX
ouminbok. Ilosromy He cay4afiHO, 4TO AJIA NepeX0Aa OT pesyaLTaToB Ja-
OopaTtopHBIX oNpefAeseHHH Moayas obmed AedopMand¥ T[VIHHHCTHIX
TPYHTOB K II0JIeBLIM BBOAHUTCA HepeX0ZHOH KO3QOHUHEHT My, KOTOPHIH
coriacHo «PYKOBOACTBY 10 IPOEKTHPOBAHHIO OCHOBAHHH 37anHH W
3emJs1HHX coopyxennfl» (M., Crpoituszgar, 1978) mpu xoadduiHeHTe
nopucrocta 1,05==¢e>>0,45 u3Mensercs or AByX RO LIeCTH.

YroOH noATBepAHTH CKa3aHHOE BHIILE, OTMETHM, YTO €CJIH KOMIIpec-
CHOHHHI npuGop M H3MepHTeJbHHE CPeACTBA COBeDLIEHHO HCIPABHH,
HMEIOT JO0CTATOYHYIO TOYHOCTb W OTCYTCTBYIOT MOCTOPOHHHe AMHAMH-
yeCKHe BO3NEHCTBHsA, TO OT HAPYIIEHHS CTPYKTYPhl TJHHHCTOTO TPYHTA
MpH Bulpe3ke o6pasya OPHPORHbIe (peaspHbie) MOKaszartelw OJHOMEp-
HOTO yIJoTHeHHsl MOryr yXyaumurtbes ao 309%, or Haauunsi MakpoHe-
poBHOCTEl HA TOPU3OHTAJNBHBEIX HOBEPXHOCTAX o6pasua — po 100% w
GoJiee, or ero TpeHdst o pabouee Ko/buo Npubopa — g0 30%, or u3-
MeneHus teMmnepatypn Ha 15°C — go 50% ([22, 34] u 1. a. B wurore
MH HMeeM [IOTPeUIHOCTb, Koropas npebsimaer 240%. Bumecte ¢ TeMm co-
BepIIEHHO OYeBHJHO, YTO CYLECTBYIOIIHe PACXOXKIEHHs MeXKAY J1a6o-
PaTOPHBIMH W [OJIEBBIMH ONLITAMH HEJb3sl NOJHOCTHIO OTHECTH 33 CYeT
norpeuiHocTell KOMIPeCCHOHHHX HCIOHTAaHHH, DTH PACXOXKIEHHs B 3HA-
YATEJbHOH CTelleHH O6yCJOBJeHb KAK NOTpelliHOCTMH MOJ/IEBBIX HCIH-
TaHKHA IpYHTOB, TAK H OIMOKAMH, CBSISAHHBLIMH C HEYUYETOM pPsALA BaX-
HefilHX HaKTOpOB B pelleHHH 33aZauH BAABJHBAHHS XKECTKOTo IITAMIIA
B TPYHTOBOE OCHOBAHHE.

Bce mepeunc/ienHnle IIOTPElIHOCTH KOMIIPECCHOHHBIX HCIBITAHHH
MOTYT GBITH YYTEHBl OMMCAHHLIMHU BBIIIE METOJAMH, H NOJIYUEHB BHOJHE
JOCTOBEpHBIE [MOKA3arelH  OZHOMEPHOTO VYIJIOTHEHHA TVIHHHCTOTO
TpyHTA.

OcHoBHbIE CXEMbI HCMbITAHHs 06pPa3oB. B cOOTBETCTBHH € yC/I0BHEM
paboThl TJIHHHCTHX TPYHTOB B OCHOBAHHSIX H 3eMJISIHBIX COOPYIKEHHAX
KOMINpeCCHOHHbLIE HCMHITAHHS 06pas3noB IPOBOAAT 110 CICAYIOUIHM OC-
HOBHHIM CXeMaM: 1) yIJIOTHeHHe NpH HAYaJbHOH NPHPOJHOH BNAXK-
HOCTH; 2) yILIOTHeHHe [IpH BOJOHACHIIEHHH ITOCJIE MX HCINBITAHHS B
yeaosusix ILl; 3) ymJoTHeHHe [ocie NPeABAPHTEJbHOTO BOJOHACHIIE-
Husl Ge3 orpanudenust gedopmauuii; 4) ynJoTHEHHe MOC/e NpeABapH-
TEJbHOTO BOAOHACKILIEHHS] NMOA appeTHp — MpPH OTCYTCTBHH HAOyXaHus
[15, 22]. KpoMe 3THX CXeM MOTYT GbITh MPHMEHEHH H ApYTHE ClenHaab-
Hble MeTOJH HCIBITaHHS.

i McnbTaHHS BOAOHACHILIEHHBIX TJIHHHCTHIX TPYHTOB IO MepBOH
CXeMe B He/isiX NpegoXpaHeHHs HX OoT BBICHIXaHHS TOPUEBble TOBEPXHOC-
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TH 00pasloB MOKPHIBAOT (GHJABTPOBAJIbHON 6yMaroll, IpoOnHTaHHON Ma-
UIMHHBIM MaciOM H IPOKOJOTOH A ¢BOOOAHOrO NpoNycKa OTHKAaToR
nopoBo#t BoAbl. EcjH TPYHT He NOJHOCTBIO HaceiiledH BoaoH S,<C0,8,
TO € TOH Xe [eJbI0 HUXKHHI nepdopupoBauHblil gucK (GHUABLTP) 4 Mop-
WleHb (BepXHH# (GHAbTP) upubopa 3aMEeHAIOT CIJICILHBIMH, a o6paser
HCNIBITHIBAlOT 0e3 HCNOJb30BaHUA QuabTpoBanbHoit O6ymard. [lpuuu-
MaloT H Apyrde MepHl repMerTu3aluy npubopa — omnyckaHue npubopa
B Mac/]0, NOKPBHITHE BCeX 3a30POB H OTBEpPCTHH TEXHHYECKHM Basenu-
HOM, IlTaMIla — Pe3HHOH, BJaXXKHOH BaToH M T. A.

O6pasen rpyHTa nmepej MCUBITAHHEM HACHILIAIOT BOAOH H HCHBITH-
BAlOT NOJA BOACH NO Tperbell cXeMe, ec/ld MOHOJNHT (KepH) orobpan C
rAyOMHBL HH3KE YPOBHA I'DYHTOBBIX BOA HJM MO  YCJIOBHIO paboThl OH
AONKEH HAXOAUTLCA HUKe YPOBHS NIOBEPXHOCTHHIX BOA. B 3ToM cayqae
TopueBble NOBEePXHOCTH 00pasila NOKPHBAIOT KPYKKaMH (QUAbTPOBAJb-
Hofl yBJaXKueHHOH GyMmary, a Tocje 3apajikd npufopa HACHINAIOT BOC-
XOJSLUIHM TOTOKOM BOZBI, NOJaBaeMOi B THUILE W3 Nbe3oMeTpa uyepes
pe3sHHOBHIH naTpyboK H ofauH u3 wWrynepos. IlosHoe HacHUlenne obpas-
Ha KOHTPOJHPYeTcs NosiBJAECHHEM BOAB B nartpybke — dHKcaTtope ypoB-
HS BOAH B IHJIHHApPe npubopa.

s yAaseHHS my3bpbKOB BO3AyXa U3 QHUILA NpHOOpa BHNYCKAOT
BOAy Yepe3 BTOpo#l naTpybox H TOJBKO TOCJAe 3TOr0 3aKPHBAiOT 3a-
xKuMom ['opmana. B teuenHe Bcero IKCnepHMeHTa B Mbe3OMETpe NoJA-
JepXKHUBaeTCH TNOCTOSHHBIE ypoBeHb BOAB ¢ HeGOJNBIIHM TrpajsHeHTOM
Hanopa. B mpomecce ynnoTHenus ofpasiia MOXHO MO H3BECTHLIM Me-
TOAAM OMNpefelHTh H30HTOUHOe AaBJeHHe B NMopoBoH Bolde (cM. I 4,
§ 3) n BomompoHHUAEMOCTb rpyHTa (Ko3pdhuuuestT  GuaptTpauuu) B
Pa3J/IMYHBIX COCTOSHHSAX €ro MAOTHOCTH — BJIaXKHOCTH.

IIpu naceilleHHH o6paslia MCHOJAB3YIOT THTBEBYIO BOAY, a4 TaKke
BOLY, OTOOpaHuyi0 ¢ MecTa B3siTHS MoHosauTa (KepHa). dto TpeboBa-
HHe BHI3BAHG TeM, UTO €CJH COAepKAalUHHd pacTBOPHMBIE COJIH TPYHT
HaCHINATh JHCTU/JIHPOBAHHON BOJXOH, TO B pe3yJbTaTe OCMOTHYECKOTO
BIIMTHIBaHHA OyJeT HMeTb MecTo ero HabGyxanHe. Eciu xe nesa-
COJICHHBIH TPYHT HACHILATh MHHEpAJH30BAHHOH BOACH, mnpoHsokigeT
oTx)aTtue nopoBoli Boanl. Habyxanue cnocofCTBYeT yMEHbINEHHIO,
a OTXaTHe NOPOBOH BOAK — yBEJHUEHHIO CKATHSA IPYHTA.

Bropas cxema HcnwiTanus NPHMEHsieTCs NpH onpefleeHHH Aebop-
MauHii IpocafoyHLX ¥ Habyxamwlux rpyuros (em. I 1, § 2) B ycaosu-
fIX MOTOJHHTeJbHOrO 3aMaunBaHus. Korna rpyst obiagaeT cBOACTBOM
NPOCAAOYHOCTH, N0 3TOH cXeMe ONpefe/siOT BeJHYHHY NMpocaiku, &
KOTAa PYHT of/aajfaeT CBOACTBOM HaByXaHHs, — 3aBHCHMOCTb Habyxa-
HHA H AaBaeHusl HaOyXaHHA OT BeJHUYHHH HauyajJbHOH HarpyskH.

TpeTbs cxeMa uCHBHITAHUA TIPUMEHSIETCA TaK¥XKe LJS  ONpeAe/eHHs
ynJaoTHeHust HaGyXaloWKX TPYHTOB nocje cBoboanoro nabyxauus, a
yeTBepTasi — JAaBJeHHs cBOGONHOTO HAGYXaHUs M YIUIOTHEHHS NOA A€~
CTBHEM HAarpys3ok, IpeBOCXOASIIUX ITO JaBJjeHHe.

Mopsinok 3arpyxenun o6pa3nos. 3arpysxentie o6pasloB 10 3a4aH-
HOI BeJIHUMHB HalpsXeHus, KoTopas ROJXKHA MPEeBHINATD Harpysky
0 MOJOIIBe (YHAAMEHTa NMPOEKTHPYEMOTO COOPYXKeHHUS Ha BeJAMUYHHY
Macchl rpyHta, MomHoctbio B 1,56—2,0 paza npeBHINAINYI0 LWHPHHY
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¢yunamenra (C. A. Posa, 1959 r.), ocyliecTBasieTcsl IPHIIOKEHUEM CTY-
eHYaTo-BO3PACTAIOLIMX HAarpy3ok. BeaduuHa CTYNeHH ¥ MuTepBan
(CKOPOCTD) NPHJOKEHHS HATPY3KH 3aBHCAT OT (PU3HKO-MEXAHHYECKHX
CBOHCTB TPYHTa, €TI0 KOHCHCTEHIHM W HasHaueHus sKcnepuMenta. Ot-
METHM, 9TO CHHIKEHHE CKOPOCTH 3arpyXeHHs o6pasuos JabopaTopHbii
3KCIEPHMEHT NPHOIHAKAET K YCJIOBHSAM paBoOTH [PyHTA B HATYpE H TeMm
CaMbIM CTOCOGCTBYET MNOBBIUEHHIO TOYHOCTH ONPEAEJeHHS PEeaJbHbIX
XapaKTepHCTHK €T0 CKHMAEMOCTH. DTOMY CNocobCTBYET TaKkKe coBrna-
AEHHEe TPaeKTOPDHH HarpyeHus IpyHTa B Harype H B JabopaTOpHBIX
YCJIOBUSAX.

B nacrosiiee BpeMs HET eIHHOH MeTORAHKH 3aTrpyXeHHs o6pasuoB
TJIHHHCTBIX TPYHTOB [IPH KOMTNPECCHOHHBIX HCNHTaHuAX. [IpuMensiores
OTJNHUYHBEIE APYT OT APYra CXEMbl 3aTpyXKeHHsi, KOTOpPble B OCHOBHOM
OTNHYAI0TCA BHIOOPOM BeJIHYHHBI NepBofl cryneHH Harpyskud. O6IIHM Yy
MHOTHX H3 HHX SIBJISIETCS] YCJOBHE ABYKPATHOTO YBEJHYEHHS NOCTENY-
ollleR CTYTEHN HArpy3K# N0 OTHOILEHWIO K Npeinaylieli ¢ neanto MpH-
MEpHO OZHHAKOBOrG YMeHBIUEHHS TMOPHCTOCTH T'PYHTa OT [AeHCTBHA
KaXJoH CTyNeHH U YCAOBHE ONpeje/ieHHS HHTEPBAJa ero NpHJOKEHHS.

M. H. Tospamresin (1952 r.) u 1. Teitnop (1954 r.) nepsyio cry-
NeHp npuHEMalor paBuoii 0,026 MIla, npuuemM nepBBIi H3 HHX
3Ty CTyneHb npejacTapiseT B Buae cymmbl  0,01-40,015=0,025 MIla.
CnpaBoYHHK HHKEHEeDHOH TEOJIOTMH DEKOMEHIYeT BEJHUYHHy 3TO# CTy-
neHu A5 c1abbiX TPYHTOB NpHHEMaThL paBuoi 0,0125 MIla, nast rpyn-
ToB cpegueil niotHoctH 0,06 MIla, a nuotinix 0,1 MIla. B 1975 r.
H. C. Bupiokos, B. 1. Kasapuosckuit u JO. JI. MoTbuieB npea/ioxXuin
o 0;==0,2 MIla cnabuie rpyutsl ynmotHate crynensmu 0,002; 0,003;
0,005; 0,01; 0,03; 0,05; 0,075; 0,1; 0,15 u 0,2 MIla; Gosee nAOTHBIE —
0,01; 0,02; 0,03; 0,05; 0,075; 0,1 u 0,2 MIla. Bo Bcex H3J0XeHHBIX BHI-
e CAyuyasix HCObITaHHS o0pasunoB NPOACJAKAIOTCA  NPH ABYKDPaTHOM
yBeJHYEHHH NOCJAenyIollell CTyneHH Harpy3KH N0 OTHOLUEHHIO K MpPebl-
LyLIER.

B. 1. Jlomtanse [15] npunepxuBaeTcs qpyrofl cxeMme 3arpyKeHHs.
Huast cnabeix rpyHTOB OH NPHMEHSIET CReAYOIHME TIOPSA0K 3arp yKeHHs:
0,025; 0,05; 0,075; 0,1; 0,15; 0,2; 0,3 MIla, a gas Gosee  NJOTHBIX —
0,05; 0,1; 0,2, 0,3, 0,4; 0,6 M[Ia.

Jas noay4eHHs NpefCTaBJEHHS O XapaKTepe H3MEHSEeMOCTH CKH-
MaeMOCTH IJIHHHCTOTG TPYHTa B NPONECCE €0 YIJIOTHEHHS PEKOMEeHIy-
erca [22] sarpysxense o6pasuoB OCYIIECTBHTb B [BA 3Tala — 10 ¥
nocne 0,3 MIla, paBubiMu gast Kaxjoro sTana 3HauYeHHAMH CTyneHeHd
narpyskH. Ha nepBom 3tane 3arpyxeHHs peKOMEHLYETCH CHJBHOCHKH-
MaeMble IVIHHHCTbIe — TPYHTHI yIIoTHSTH  crymensimu 0,0125 MIla,
cpepHeckuMaemble — 0,025, a  caabGockHMaembie — 0,06 Mlla.
Bo Bcex ciyuasix ma BTOpPOM 3Talle CTYNEHH NMPUHHMAIOTCS PaBHBI-
Mu 0,1 MIla. [Ipu Heo6XOZMMOCTH CTyNeHb Harpy3KH HAa NEPBOM
3Tale HCIBITAHHS MOXHO cHH3uTh go 0,005 MIla uau yBeauwuuts [20,
22].

HHTepBai NpUJIOKEHHS CTYNEHEe Harpy3KH NpPH KOMIPECCHOHHBIX
MCNBITAHUAX TITHHHCTBIX I'PYHTOB ONpefe/seTcs ycJaoBHEM cTabuinsa-
nue nehopManuil or geficTBHs npepmayiuei crynenH. [locaepyiolad
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CTyIleHp HATDY3KH NpHKJaAbBaeTcsd K 0Opasny noctie YCaAOBHOH cTa6H-
JAH3anHu ero AedopMmanuil, Kotopas 418 06pasuoB TOJIIHHOH 2 CM CYH-
TaeTCsH AOCTHTHYTOH, eCsiH ee CKOPOCTh PaBHA HJIH MeHee:

and cynecet . . . o« . . . . » . 0,01 MM 3234y,
»  CY[VJIHHKOB H TVIHH 0,01 MM 3a 12 u

Jedbopmannio o6pasuoB 3aMepsiiOT MeCCYypaMH-WHAMKAaTOpaMH ua-
CcoBoro tuna c ueHol geaenus 0,01; 0,002 uan 0,001 MM cpasy xe noc-
Jie MPHJIOXKeHHs CTynewH Harpysku (f{=0), uepes 5, 10, 15, 30 mun,
1,2, 3, 6 uu KaXJAble CYTKH 10 ycJAOBHOH crabuausanuu. ITocae 3a-
sepllieHus] oNbITa npUbop OvlCTpo pasbuPaloT, H3BJEKAIOT H3 HEro pa-
60yee KoJbIO ¢ 00PA3IOM, ONPEENSIOT KOHEUHYI0 BJaXKHOCTh Wy, a Me-
Tonom napadunupoBauus (FOCT 5182—78) — KoHeunyl0 nJoT-
HOCTB pf.

Jlaunble 0 XapaKTePHCTHKAax (hH3HUECKHX  CBOHCTB TPYHTa A0 H
noc/e OMpiTa, a TAKXKe pe3yJibTaThl HCIHTAHHA o6pasua 3alHCHBAT
B nalbopatopubli xypHaa (Tabua. 4). 1as mocTpoeHHs KpHBOH KOMII-
PECCHH BBICOTHBIM MeToZoM no ¢dopmyte (3.1) onpefensior Ko3bhdH-
IHEHTbl MOPHCTOCTH IPYHTa AJA pasJjHYHBIX 3HAUeHHH HaNpAKEHHS.
Ero KoneuHoe 3HayeHHe ef CONOCTaBJASIOT ¢ e; » OIIPEICJICHHBIM T10 NTPA-

MOMy MeToly — N0 JaHHBIM P, p; H Wy {cM Taba. 4). Ecau ux pac-
xoxkpgeane 6onee 5%, 370 3HAUMT, YTO HA PE3YJIBTATH IKCIePHMEHTA
NOBJIHANM MaKPOHEPOBHOCTH TOPIEBBIX NMOBepXHOCTell o6pasua 4 Hapy-
ileHye NPUAPOLHOTO CjiokeHnsl. B aToM ciiyyae KosdpHIHEHTHl IOPHCTO-
CTH TPyHTa JJIS PA3JHYHHIX ¢, ClefyeT BBIUHC/ATL OOpaTHHM MeTo-
AoM — 1o cooTHOMIeHHIO (3 2).

Korga ucneTanue o6pasmna BBIIOJHEHO MO cXeMe 3, T. €. Tocje 10.1-
HOT'O BOJOHACHINEHHS, KOHeyHOe 3HaueHHe Ko3(QUuHEeHTa NOPHCTOCTH

”

TPYHTa OMPeAESIOT TaKXKe Mo BBIPAKEHHIO €, =WDs/pw H CPaBHHBAIOT
c e; . Ux pacxoxpente Gosee ueM Ha 5% rOBOPHT O HEMOJHOM BOJO-

HachllenuH 06pa3ia H HaPYIIeHHH YCAOBHE ONBITA.

B npumepe, npusedensom B Taba 4, pasHOCTE MeXAY &; H e'f MeHee
59%. CneposaTedbHo, nepepacueta Ko3QQIUIHEHTOB MNOPHCTOCTH IJIA
pasaHuHbIX 0) Mo cooTHoueHHio {3.2) e Tpebyercss PasHocTb Mexay
e; =118 u ef" Wips/ pw=0,462>X2720/1000=1,25 u cocrasaser 6%.
3To 3HAuMT, YTO HCNHITAHHEE obpasen He ObLI NOJHOCTBIO BOAOHACHI-
IieH H ONBIT CJeldyeT NMOBTOPHTb.

Ilna nonyuenus 60jiee TOUHOTO 3HAYEHHS €, HCHbITaHHe obpasna

CJleAYET 3aBepILIHTh NOJHON crabunnsanuell AedopManuu Habyxanus
(peKoMiIpeccHH) NPH ero NOJHOH pasrpyske H ONpeleeHHEM ers {(CM.
puc. 25) no NaHHBM Wys, Pfs Hips. TOTAA €; MOXKHO ONPEICJNHTH MO CO-
otHowmenxio (3.1).

Onpenenente ko3 pHUHEeHTa CXKHMAEMOCTH H MOAYJAA o6ileil KOM-
npeccHonHoit aedgopmanmu, [Io pesynpratam o6paboTKH 3KCnEpHMEH-
TaJlbHBIX AAHHBIX HCTHTanHA ofpasua (cMm. taba. 4) cTpodTr KoMmmpec-
CHOHHBIE KPHBBle B KOODIHHATAX O3—&c 03— (puc. 30), BHYHCJATIOT
ko3puuients M. no Bupaxenuo (3.9) ¥ Moxynu oblueii KoMOpeccH-
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Puc. 30. Oxcnepumenranbhbie Puc. 31. Dmiopsl pachpeseseHds BHeluHed
KOMIIDECCHOHHEle KpHBLIE JeH- CIIOIIHOK PABHOMEPHO pacClpefleIeHHOA Ha-
TOYHOA TumHM (cM. Taba. 4, TPYSEH p; MeXAY CKeJeToM BOAOHACHIIEeH-
onuT 1156) B KoopaHHaTaxX e — HOrO TPYHTa H HOPOBOH BOAOH 10 WiyGHHe
01 H g — O} ciaoa 2h IPH OXHOMEPHOM VIJIOTHEHHH noO

TeOPHH (QHIBTPANHOHHOH KOHCOJHLANMHH:
1 — BOJONPOHHIAEMEIe (ApEHax Hble) CAOH; 2 W 3 —
smops!l 3 hEeXTHBHOIO ¢ H RefiTpalbLHOTO u ., nas-

JNeHul

oHHOH Aedpopmanun E. no saxony I'yka (3.12) pas pasanunbix wnrtep-
BaJlOB H3MeHEHHS HanpskeHHHA (cM. Tabu. 4}.

IIpu menuueiinom 3akoHe KOMNpPecCHOHHOR nedopManuMH  KPHBYIO
gc==g (07) (cM. pHc. 30) MOXHO anfMpPOKCHMHPOBATH NO OJHOMY  H3
cootHowrenn#t (2.55), (2.57) — (2.60), u, ncnoaways (3.6), nedopma-
[HIO £ BHIPASHTH Yepe3 H3MePAeMOCTh  X03(pdHUHeHTa NOPHCTOCTH
rpynta. B mpusenennom B 1a6a. 4 u Ha puc. 30 npumepe gedopManus
obpasua npu 6;>01,0=0,1 MIla ¢ gocTaTOYHOH TOYHOCTBIO MOAUHHA-
eTcsl JIMHEHHOMY 3axoHy. Toraa, HMes B BHIY, 4TO Mem=0,56 1/MIIa,
u3 cooTHowenus (3.10) moayuum:

e=1,248 — 0,56 (6, — 01 ,9), (3.30)
The /Mem — CpEAHEe 3HAYCHHE KO3(PQPHIHEHTA CKHMAEMOCTH.

§ 5. TEOPUS SHABTPALMOHHOIO YNJIOTHEHHA (KOHCOJHUAALHH)
K. TEPLHATH

B TeopHH yniotHeHHS Ciosi TIHHHCTOTO rpyura noj AeHCTBHEM paB-
HOMEDHO pacnpene/ieHHOH uarpysxku p, (puc. 31), B OCHOBY KOTODO#H
IOJIOKEHB OlpeNeJIeHHBie No KOMIOPECCHOHHOH KpuBoHi (cMm. pHC. 26)
3aBHCHMOCTb 'MEKAY HOPMAaJIbHBIM HANDSiXKeHHeM H Ko3(p(QHLHEHTOM
nopHctocTH  (3.8)  xo3hduuHeHT GHIbTPANHM R, NPHHHMAETCH
(K. Tepuaru, 1943 r.).
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yoI1

JKypHasi HCOBITAHHS TPYHTOB HA OXHOMEpPHOE CXKATHE

TaGauua 4

1 Omuwr Ne 1156, 2. Tpynt ~— nenrounas ramua, 3. CIpykrypa — nphpoauas. 4. ¢1,0=0,1 MIla 5 TipnGop M-2, Ne 24 6 Pas-

MepH H gaHHbe 0 (PHINYECKHX CBOACTBAX ofpasna

InoTHOCTG FPpyHTa, Kr/M®
BJa1axHOCTh KosboHunenr  NOpH-
CTOCTH
Macca Koabua| Macca Maccauaoépas- Buicora O6bem HavabHAS TL10THOCTD
¢ IPYHTOM my,| KOJbIA m.. = o6pasna o6pasna m KoHeyHast CKeJeTa
r my, T rp R, MM Y, s 5 — rp 050 KF/M?
=mg—iny, T o Df Havajibuasi | KoHeYHasi | HavaabHMfh| KOMEUHHA
1'% wy w [ 4 ‘
f ° 5
241,520 | 106,070 | 135,450 20,0 76,96 1760 1720 92720 0,488 | 0,462 | 1,30 1,18
7. DPeszyanraTH ONHTOB
= =
Bpems 3arpyxeHHs = = 5 Kosdpoduunenr
- N .
E = EU E NOPHCTOCTH CHLHMaeMOCTH
E - a [ & —_ =
= 2 N g < o hd Mopynk o6wed  ne-
= by S 2 s + = (popManHH
I 3 S 0 w <7 c —0
at S < = - e — 1,n41 l.n
2 = ) 5 2 o S |m = endt E = ——
] ® =1 <t B @ T s s & nJ,-l_—'S
) s = [P + c —0 s c,n
¥ = = g g | - e 1,n+1 1,n MIIA
& = ] & o o< ° © 1/MI]a
P = < o o [\Y
5 s H X o =) =l
5 ] S < 3 B il 1
= 54 B = = = Ow @ ©
0,025 09.05. 10,30 0,000 0,000 0,000 0,000 1,300 — _ _
1965 r.| 11,30 0,105 0,062 0,043 0,002 1,295 — — _



0,050 11,30 — — — — — — —
12,30 0,259 0,095 0, 164 0,008 | 1,282 — —
0,075 12,30 — — — — — — —
10.05 10,30 | 0,368 0,110 0,258 0,013 1,270 — —
0,10 | 1965 r. | 10,30 — - — — — — -
10,31 0,413 0,115 0,298 0,015 1,266 — —
10,32 0,423 0,115 0,308 0,015 1,265 — —
10,34 0,443 0,115 0,328 0,016 1,263 — —
12,30 0,520 0,116 0,404 0,020 1,254 — —
11.05 10,30 0,546 0,118 0,428 0,021 1,252 — —
12.05 10,30 0,561 0,118 0,443 | 0,022 1,249 — —
13.05 10,30 0,571 0,119 0,452 0,0226 | 1,248 0,52 4,43
0,125 10,30 — — — — — 0,48 4,63
20.05 10,30 0,684 0,120 0,564 [ 0,028 1,236 — —
0,150 10,30 — — — - — 0,64 3,79
27.05 10,30 0,813 0,120 0,693 | 0,0346 | 1,220 — —
0,175 10,30 —_ — — — — 0,60 3,79
03.06 10,30 0,946 0,121 0,825 | 0,0412 | 1,205 — —
0,20 10,30 — — — - — 0.48 417
10.06 10,30 1,067 0,122 0,945 | 0,0472 | 1,193 — —
0,225 10,30 — — — — — 0,60 4,24
17.06 10,30 1,186 | 0,124 1,062 | 0,0531 1,178 — —
0,00 10,30 — - - — — — — —
19,06 10,30 1,086 0,118 ;fg,gﬁs 0,0484 | 1,189 —_ —




1) ycjoBue NMOJIHOTO BOJAOHACHIEHHS IPYHTA A0 COCTOSIHHS «TPYH-
TOBOH MacChl» H HECXKHMAEeMOCTH NMOCIeJHE;

2) OXHOPORHOCTD H H3OTPOMHOCTb TPYHTA;

3) sHHeiiHas 3aBHCHMOCTb MEXKAY HOPMaJbHBIM  HalNpSKeHHEM
o) H Ko3dduuHeHToM nopucroctu e (3.8);

4) BO3MOXXHOCTb OJHOCTOPOHHETO HJIH JIBYCTOpPOHHEro (cM. puc. 31)
OTTOKa OTXKAaTOH M3 CJI0S rpyHTa NOPOBOH BOAH (Ha/JHYHe ApeHaxka vy
HHXKHell B BepxHeil NoBepXxHocTed ¢J10s);

5) NPHMeHHMOCTh 3aKOHA JaMHHAapHOH ¢uabTpauud Japcu (3.31)
© OPSAMON NpPONOPUMOHAJBHOCTH CKOPOCTH — JBHXEHHA U cBOOOIHOHN
BOJAH 110 NMOPaM I'pyHTa K pa3HocTH HanopoB H;-— H, u obGparHoi
IPONOPUHOHAJBHOCTH K AJNHHE NyTH GUIbTpauuy I

vk =M gy (3.31)

rae i —rpajdeHT Hamopa (IMApaBJIHIECKHH YKJIOH);

6) HeHaMeHSeMOCTb B Npoliecce YIJIOTHEHHA IPYHTa KodddHuHenTa
$uabTpanuu k=const u cpegHero 3HadeHHs Kod(pdHmUEeHTa NMoOpHCTO-
CTH &p.

B Teopuu Tepudrd B cHAy HeCXKHMAEMOCTH TPYHTOBOH Macchl BHell-
HAS Harpy3ka B MOMEHT NpHJoxeHHs {=0 NofHoCThIO0 BOCTIPHHHM aeTCA
HopoBofi BoAo#, a 3ateM, N0 Mepe ee OTKATHS H3 NOp, oHA MocTelleHHO
{Bo BpeMeHH) mepenaerTcsi Ha MTHOBEHHO JiuHelHO-Ae(OpMHUPYeMBIR
ckener rpydra. CjenoBaTesbHO, YNVIOTHEHHe [PYHTOBOH MAacCH BO3-
MOXHO TOJIBKO NPH OTXKATHH NOPOBOHl BOAH, a AJUTENbHOCTH ee Aedop-
MHpPOBaHHs 3aBUCHT TOJBKO OT CKOPOCTH G HUAbTpaunuHu. Toraa
B 060l MoMeHT BpeMeHH ¢, na Jw06oi rybune 2 cnos (cm. puc. 31)
BHELIHAS HArpys3ka ckaajnBaerTcss H3 3(¢eKTHBHONO  JaBJEeHHA O,
BO3HHKAWOLIETO B CKeJleTe I'pyHTa, H H3OHITOUHOIO AABJEHHS B MOPOBOX
BOJE Uy, HA3HBAEMOTO HEA TP AJbHEM NaBJAeHHEM

pl = 01 + uw . (3.32)

Ilo mepe Bospacranus 3¢ @PeKTHBHOrO AaBJCHHS HMEET MecTo Io-
CTeeHHOE YMJIOTHEHHE CKeJeTa I'PYHTA, @ THAPOCTATHYECKOE HEHTPaIb-
Hoe JaBJCHHE HE YYaCTBYeT B 3TOM Ipomecce.

Ilpu npHHATHEX yCaOBHAX AH(QepeHnHanbHoe ypaBHeHHe YIJIOTHE-
HHS C/I0St BOLOHACHILEHHOTO TVIHHHCTOIO IpyHTa, BCJIEACTBHE QUHIIBTPA-
[HH NOPOBOH BOJALI NMOX AeHCTBHEM BHEIIHEH Harpy3kH, AJjd JoObIX ae-
¢dopManHOHHBIX CBOHCTB CKe/leTa 3alHcHBaeTcs B CAeAywlleM BHIE!

e (tem) b Pdy (3.33)
at Yo oz
Hcnonvsyst Bupaxkenne (3.8) wu ycaoBue (3.32),  cooTHolleHHE
(3.33) mpunumMaer caenyIOmUE BUA:

2
k autv — auw , (3.34)
Yo my, 022 at
roe my—m/l4e, — K050 PHILHEHT OTHOCHTEJbHOH CXKH-
MAEMOCTH.
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BBoasa o6o3Hadenue

B _k(den o (3.35)
Yo My Yo Me
BeIpaxeHue (3.34) nosyuaeT caenyIoIMi OhOHYATENbHBIA BUHA:
Py du
C, = v - 7o 3.36
CT oz at (3.36)

rie Co—KoosdpdHuuent GUIABTPAaUHOHHOH KOHCOMHAA-
IHHA.

Pewenue pu¢depenunaipioro ypasnenus (3.36) npH ynoBJETBO-
peHHH HayaJbHBIM H IPaHHYHBEM yeaoBusaM (3.37)

npH t=90 i 0<e<<h, uewsap;

mpr 0t oo 0 2=0, OJuudz=0;
(3.37)

npH 0LfCo u 2=~h, Uy =03
npu  f= oo H 0gLz<h, Uty=0

onpeneasiercsi BbipaxkeHHeM H30OLITOYHOTO JAaBieHHS B NopoBofi Boae
cJI0sl TPyHTa ToJLMHOH 2/ (cM pHe. 31):

4 - i ! C, 12 n? . tmz
Uy = — — exp [——2—— f{]sin . 3.38
w “pl,_lzss‘ P (—m ) o - (3:38)

YuutHBas, 4To coryacHo (3 2) yMeHbIeHHe TOJIUHHBI C/10S FPyHTa
Ha Beauuny dS=Ah. nox nelicTBiueM 3QQEKTHBHOrO NaBJEHUR O)=
=p—Uy ¢ yueTom (3.8) npumer BUI

dS=Ap, = —0=°8 gp MePri—t) ., (3.39)
(1+¢) 1+e

0CafIKy cJosl /1, 3ajeraioulero Ha BOJOHENPOHHLAEMOM OCHOBaHHH, BO
BpeMeHu S (f) olpejensieM Mo COOTHOUIEHHIO

h
_ me (pL— Uw) _ me .
S(t)—§_——_‘+°’° dz ="~ (plh ; uwdz), (3.40)

a yunteiBas (3.38), us (3.40) noayunm

S (ty= TePrh [1_ 8 i L exp (_M‘_)} . (3.41)

142 a® 1=I,3,5.. 4

Ipu t=o00 uy=0 p=0, u no3ToMy BeIpamenHe (3.41) coBmapaer
C COOTHOIIEHHEM KOHEYHOIt ocanku cjos (3.39).
Hia (3.41) noayuaercs BecbMa BaxKHoe COOTHOILIEHHE, CBfi3bBaODiee
MexXAy co6ofl IIHTeJBHOCTH YIJIOTHEHHS f| ¥ fz CJIOEB IPyHTA pa3nuy-
HOH ToJIIHHHE A H As:

! "
e (3.42)
‘s h2
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PaccmoTrpenne Teopuu ¢uabTpausonHore yruothenuss K. Tepuaru
B CBETe COBPEMEHHBIX NPEJACTaBJCHHHE 0 NpHpode NpoYHOCTH U pedop-
MaUM{ TAHHHCTHIX TpyHTOB ([10, 20, 35] BHABAsAET OUEBHIAHYIO HETOY-
HOCTb H HEAOCTATOYHYIO CTPOrOCTb €€ OCHOBHBIX HCXOJHBIX NMOJIOXKEHH.
Teopus ¢uABTPAUHOHHOTO YMJIOTHEHHS] HTHOPHPYET CBOHCTBO Mo a3 y-
YecTH cXeJeTa, KoTopoe (Hapsiiy ¢ (pakTopoM QHAbTpalHH) oKa-
3BIBAET pellaiollee BJHAHHE HA Bech npoluecc nedopMalHd TPYHTA BO
speMmenn (I. K. [Tokposckuii, K. Bionceman, I, I'peit, . Teitnop u
B. Mepuanr, H. . Henncos, H. M. Amucumon, H. H. Macios,
C. A. Po3a, M. H. Tonpamreiin, C. P. MecusiH u Ap.) H NOITOMY HE
Cay4aiHo, 4TO NepBHe JKe NPOBEpKH TEOPHH NOKa3aJH ee HeCOOTBETCT-
BHE DKCNEPHMEHTY,

AHajiu3 3KCNEPHMEHTAJBHBEIX AAHHBIX N0 YOJOTHEHHIO 06pasnos
[JIMHHCTOrO TPpyHTa pasJiuuHoit BelcoTsl (1 ¥ 4 cM) nosBoaua I'. M. [Tok-
poBckoMy B 1938 r. nokasaTh, 4TO MJIHMTE/]bHOCTH NPOTEKAHHS HX JAe-
(hopMaluii Masio OTIHYAIOTCS APYT OT Apyra — BhicoTa obpasua npax-
THUECKH He BJHSeT Ha NPOJOJKHTENBHOCTb YIJIOTHEHHS. ITOT 3KCIIe-
PHMEHTa/ibHBIH (aKT, KOTOPHIH B AajbHEHIIEM NOJYYHJ NOATBEpKiAe-
Hue B paboTax MHOTHX YyueHHX (cM. TJa. 4, § 3—95), HaxoguTea B
MOJIHOM NPOTHBOPEYHH C NPHBEJCHHBIMH BBIIIE NOJOXKCHUAMH TEODHH.

HecooTBeTcTBHE TEOpHR 3KcmepUMeHTY OHJIo MOKa3aHo TaKxKe B
pa6ore M. Tefimopa u B. Mepuanra (1940 r.) nyTtem conocTaBjieHHS
3KCNEePUMEHTANBHBIX H TEOPETHUECKHX KPHBHIX AeopManusi — Bpems.
HMu Gnijio yCcTaHOB/EHO, YTe HAUHHAs ¢ HEKOTOpOTO 3HAYCHHS K03(-
¢HuHeHTa TMOPHCTOCTH HabaiofaeTca Bo3pacTaiollee pacXOXAeHHe
MeX1y VKa3aHHbIMH KPHBHIMH.

M3 Bcero BHIIEH3JIOXKEHHOTO CJAEAYET, YTO AJHTENBHOCTH YNJOTHE-
HUSA CJ10S BOAOHACHIIEHHOTO INIHHHCTOrO TPHTA (MOJ3YYECTb B ILeJIOM)
ofycsioBiieHa ABYM$ OCHOBHBIMH (haKTOpaMH: ¢(HJIbTpanHedd NOpoBoOil
BOABl H CTPYKTYPHBIMH H CTPYKTYDHO-aACOPOUHOHHBIMH nedopMarus-
mu (no H. §1. HdeuucoBy), HazpanusiMu [{. Teitiopom u B. MepuanTtom
BTOPUUYHON XoHcoaHmganuefd, a B. A, ®jopuHEM —No A3 Y-
YeCThIo cKeJeTa Buipaxasce cioBamu H. H. Macnosa (1955 r.),
«OpH jepopMalid BOLOHACHIIEHHOTO TVIHHHCTOTO TPYHTa BCETAa HMe-
eT MecTOo KOHKypeHTHasi Gopp0a: a) CONpOTHBJISIEMOCTH NPOXOXKICHUS
uepe3 TOJLLY BOXBI, OTXHMaeMoi#t u3 Hee nmoj Harpysko# (dakrop ko-
s ¢HuHeHTa QHIBTpAUHH, kK ) H 6) CONpOTHBAAEMOCTH pnedopManHH
YIJIOTHEHHS NMOPOAH 3a CYET BHYTPEHHHX BOJAHO-KOJIJIOHAAJbHBIX CBSi-
3eft (daxrop BazkoetH). Ilog hakTopoM BA3KOCTH NMOHHMAETCH TO COM-
poTHBJIeHHE, KOTODOE NPENATCTBYET NEPEMEILEHHI0 YACTHL B NOpPOJE>.

B 3aBHCcHMOCTH OT NPOYHOCTH CTPYKTYPHOTO KapkKaca NpHJIOKEHHAas
K TPYHTY BHELUHAS Harpy3Ka MOXKET GHITh MOJHOCTBIO BOCIPHHATA Kak
CKeJIeTOM, TaKk H MopoBoit Bogo#. Korza rpyHr obrazaer ZOCTaTOUHO
BBEICOKOH CTPYKTYpHOH NDPOYHOCTBIO, a BeJHYHHA Harpy3Ku He NpEBHI-
uaeT ee NMpPefe]bHOTO 3HAYEHHS Oi.str, TO BCS BHEIIHAS Harpyska Oy-
IeT BOCNPHHATA €ro ckejJeToM. Ec/aH Ke BHEIUIHAS HArpy3kKa NpEBBI-
1laeT yKa3aHHBIH Npelent, To B 3aBHCHMOCTH OT CTeNelH pas3pylieHHs
HavaJbHOH CTPYKTYpbl [PYHTA 3Ta HArpy3ka B MOMEHT IpHJIOKEHHS
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OyleT BOCIPHHATA MOPOBOH BOJOH YACTHYHO HJH MOJHOCThIO. B mep-
BOM CjlyYae CKOPOCTb Nepeiavyd HAarpy3KH Ha NOPOBYID BoAy O6ynder
3aBHCCTb OT CKOPOCTH Pa3pyuUIeHHs CTPYKTYpH rpyHTa [20].

JKcnepHMeHTHl NOKAa3bpBAIOT, uTo B OTJHuHe OT cxeMmH [I. Teisiopa
u B. Mepuanra [40], paxTopbl GHIBTPAUHH H TNOJ3YYECTH CKeJeTa
BOJOHACHUIEHHOTO TVIHHHCTOTO TPYHTa ACHCTBYIOT COBMECTHO C CAMOTO
HayaJja npouecca ero ynuotdeHus (cm. va. 4, § 4). Ilpu stom npo-
TeKawIas BO BpeMeHH JedopMaunHs YNJIOTHEHHS BHIpajKaeTcsd HeKo-
TOPOH HHTerpasbHOH KPHBOU, HA3BAHHONH aBTOPOM KHHTH KPHBON MoJ-
3y4eCcTH TPYHTA B uesaoM (cMm. ri. 1, § 2).

PesloMHpys1 H3JI0KeHHOe, MOXKHO 3aK/IOUHTh, YTo TEOPHS (QHIbTPA-
uHonHoro ynorHenust K. Teparn cooTBeTCTByeT 0JHOMY H3 4aCTHHIX,
CPaBHHTE/BHO MaJjlo BCTpewaeMBIX B NpHpoXe, ciaydaes. [lostomy nph
pellleHHH 3a7ay YIJOTHEHHs BOJLOHACHILIEHHBIX TVIHHHCTHIX TPYHTOB,
OBITb MOKeT 32 HCKJIOYeHHEM OTHeJBHBIX CJy4aeB, YUYeT MOJI3YyeCTH
{Kpome apyrux $akTopoB) siBJAsSETCS 0693aTENAbHLIM,

§ 6. TEOPUA BTOPHYHOW KOHCOJHUAANUU

ITepBasi moneITKa YTOUHEHHS TeOPHH (DHJBTPALHOHHOH KOHCOJHIAA-
uun npuuagiexut J. Teitsopy u B. Mepuanty [40], KoTophe ynioT-
HeHHe BOJOHACHIUEHHOIO TJIHHHCTOTO TPYHTa MNPEACTaBHAH B BHAL
ABYX TPOLECCOB—NEPBHYHOH (QHABTPALHOHHOH) U BTODHYHON
(HepHABTPALHOHHON) KOHCOJHAAUHH. DBlIo NPHHATO, YTO H3IMeHeHHE
TIOPHCTOCTH TPYHTa B TpoLecce BTOPHYHOrO YIJIOTHeHHS SBJSeTCS He
TOJBbKO (PYHKUHeHd 3P(eKTHBHOTO HANPAXKEHHd O), HO H BpPeMeHH !:

e=e (0, 1), (3.43)

a CKOpOCTh €€ H3MeHeHHs (AedOpMaunHH CKejera) NOAYHHSETCSl 3aKO-
HY, CXOAHOMY ¢ 3aKOHOM BSI3KOTO TEUEHHS H NOJSYYeCTH:

de 0 oy g O (3.44)
dt do, dt at
rae TepBHH YieH NMpaBofl YacTH npelcraB/ser cobofl cKOPocTb Iep-
BHYHOH KOHCOJNHAAUHH (npH Oe/0cy=—m., de/0c,-do,/dt=-—m.do,/
/dt), a BTopoli — cKopocTb BTOPHYHOH KOHCOJIHAAIHH.

Has onpegenenns (3.44) na puc. 32 npHuBefeHs KOMNPeCCHOHHBIE
KpHBbIE, Tl€ 0Ad — COOTBETCTBYET NMepBHYHOH, 0db — KOHeyHOl KOHCO-
aupausy npu t=oo. Ecan npr Harpyske ¢, NepBHYHOH KOHCOMHIALUH
COOTBETCTBYET OTPe30K fA, TO /ic mpeacTaBiseT Co60H BTOPHUHYIO KOH-
COJIMIAIHIO K HEKOTOPOMY MOMEHTY BpeMenH .

[peanosnaraeM, 4To CKOPOCTh BTOPHYHOH KOHCOJMTAUHK NPSMO
NpONOpUHOHaNbHA HEOCYIeCTB/IEHHOH [0/e BTOPHYHOH KOHCOJIHAALHH,
T. €.

de
— = —aq (¢d 3.45
by as (cd), ( )

rae as — Ko3($pHUHEHT BTOPHYHOR KOHCOJNHAALHH.
Ws puc. 32 caenyer, uto
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(cd)= (fd)—(fc) = m; (on—01,1) +(aa—€). (3.46)
Bupaxenne (3.45) ¢ yuerom (3.46) samuceiBaercs B Buge
i;% = — 0 (Mo (0 —01.1)— (e — e, (3.47)

H3 pelleHHS KOTOpOro caeayer:

, —agt
€= e — g (0, — 01 ,1) + (me — m) (G1—011) € (3.48)

g
& 7
\\ B Puc. 32. KomnpecChoMnbleé KpHBBIE
e nepruutiofi (0hg) M xoneunof (0dd)
N { ROMIIpeccHE {ynJOTHeHms) OPH  §=: oo,
a g fh — meppuunas  KOMmpeccHs;  hc—
\\ BTOPHUHAS KOMIPECCHS K MOMEHTY
N ppemenn f, hd — KoMeunas BTOpHUHAR
e 8 Kommpeccus (f=o0) nop AchcTBACM
a1
d],;] 6/ 677
Hay, AubpepeHUHPYS 10 01, HMeeM
de ’ —a,t
= — M, + (mc - mg) e $ 5 (3-49)
d0y
e Me — K03bOUUHEHT CKUMAEMOCTH NIPH {= 005 M — ero NpoMexy-

TOUHOE 3RAUeHHe /s HeBONbIUNX 3HaYeHHH {.

[Toacrasup Beipaxenus (3.47) u (3.49) B (3.44), 2 sarem conoc-
TaBUB NojyueHHoe yparuenne ¢ (3.33) ¢ yuerom (3.32) nonyuum
cienyomiee auddepenunanbioe ypaBHenue ONHOMePHOTO YINOTHeHUS
Teliopa — Mepuyanra:

o a b (L2 7 de
6221 [ Yw }M—‘B—?*as [mo(o‘ldo'l’l)*(e—_el)]—}—

ag i, 9o,

] 3 (3.50)

I. Teiinopom u B. MepyantoMm nony4eHo 4acTHoe PelileHUE ypaBHE-
sua (3.50) ans cayyas exp (—ast)=1. Tounoe pemenke 3TOr0 ypas-
nerust nogyueno M. @. Kpucru B 1964 r. [40].

JT. Wykne {401 noxasan, 4to BTOPHUHAS KOHCONHAAuMs COriacHo
(3.47) npoTexaeT B COOTBCTCTBHH C PEOJIOTHUECKOR MOJENbI0 Hepesak-
cupyiomero rena Keabpuna — PofixTa;

+[m, — (M. — m) &

d81
dt

Heficrputenbyo, U3 (3.47) nerko noJjyvHrth Chejyioliee COOTHoLIE-
Hue Buja (3.51):

(3.51)

oy=Ee¢ 4+

Ag—=— =t L 2 (3.52)

me agm, dt’
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rie e—e/me=E. g — HauanpHoe HanpsxkeHHe; 1/(asmc)=1n—
Ko3(hbuiuueHT BAZKOCTH; A0==0;—0,1.

I Tefinop B 1942 r. [40] BuAOHM3MEHHJ] PACCMOTPEHHYIO BHIIE
TEOPHIO H Ha3BaJ ee Teopuell «B». B HoBo#l Teopuu npuHHMAaeTrcs, 4TO
BTOPHYHOE YNJOTHeHHe, 06YCJOBJIeHHO® NIACTHYECKHM CONPOTHBIICHH-
eM, IPOABJAAETCS TOJABKC IOCJE 3aBePIIeHHS NePBHUHOTO YIIOTHCHHA.
IlpuueMm, npu npunoXKeHHH Ha PYHT (B MOMEHT 3aBeplieHHs nepBuUY-
HOTO YNJOTHeHUs oT AeHCTBus NpeiAHAylleH Harpysku) CTyNeHH Ha-
rpysku ero JAebopManys obycaoBieHa Kak UposBjieHHeM NepPBHYHOrO
YUJIOTHeHUS oT AeHCTBUS JaHHOA CTYNEHH HATPY3KH, TaK U 3PpdexTom
BTOPUYHOTG YIJIOTHEHHs! OT MPOAOJKaBIIerocs neficTBHg NpefnLyllel
HarpyskH.

Hcxons u3 atux coobpaxennil adpdekTHBHoe HaNpsKeHHe MOXKHD
MpeACTaBUTh B BHAE CleXyOIled CyMMBI:

0, =0y + 05 + 0y, (3.53)
rjie cg—CTaTHYECKOE CONMPOTHBJAeHHE, T. e HalpsiKeHHe B
CKeJleTe TPYHTa B KOHIE NepBHUHON KOHCOMHAANWH OT JeHCTBHs AaH-
Holl CTyNeHW HAarpysku; op+0,— DJAacrHiecKoe CONPOTHB-
J e H He, 06ycaoBieHHOe 3(DheKTOM BTOPHYHOTO YIJIOTHEHHUS OT IPOAOT-
¥aplllerocs IefiCTBHS PaHee NMPUIOKEHHOH HarPy3KH.
H7st HeGONBIUTHX HANpPSKeHHH CYUMTAIOTCS CIPaBEIJIHBHIMH CleAyIO-
dlHe COOTHOLIEHHUS:

de

_— = mc y (3.54)
d (0 + o)

0o = —1 J;—? . (3.55)

3unak MHHyc B (3.5D) o3Hauaer yMeHbIleHHe NOPHCTOCTH TI'PYHTA
10 Mepe BO3pacTaHus BpeMeHH.

[Ipu nocrosiHHoM Hanpsaxenuu (do;=0) coorHollerne (3.32) ¢
yueToM (3.53) MOXKHO BamHcaTh CASAYIOIMHM 00pasom:

duy=—do,=—d (o + 05) —d 0y, (3.56)
Toraa Beipaxkedue (3.33) MOXKHO INpeacTaBuTh B BHIAE
de (14 em) 3 (0g - 05) o Gv]
A Yo k [ Jd22 a22 (3.57)
uny, yuuroBas (3.54) wu (3.55), mosayuHM
2 _¢, 2 _Comen—2°_—o, (3.58)
gt a28 822 dt
rie
c, = Flltem) (3.59)
Y Me

Coorrowenne (3.58) sapasercs OcHOBHHIM audbepeHIHATLHEIM
ypabuenHeM teopun <«B» [I. Tefinopa [40].
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§ 7. TEOPMS1 OAHOMEPHOIO YNJOTHEHHA NMOPMCTON MNMOJI3YYEU
BOJNOHACBIILEHHOM TJIMHHCTON FPYHTOBOM MACCHI

¥YpaBueHMs COCTOSIHMS OJHOMEDHOr0 YIJOTHEHHMS CKeJeTa IJIWHHU-
CTbIX rpyHTOB BO BpeMeHH. Kak GblIO cKasaHo BhIe, IPH YIJIOTHEHHH
IMHHACTON TPYHTOBOA Macchl 0OHApYXKHBAOTCHA IBa IipelesIbHBIX Cay-
4Yasg, B nmepBom M3 HuX JAedopMalius rpyHTa Bo BpeMeHH 0OYCJOBJIeHa
TOJBKO GakTopoM GHIbTpauuyn (BIHAHME NOJ3YyYeCTH CKeseTa IpeHel-
peXUMO Majio), a BO BTOPOM — IIOJ3yYecTbiO CKeJeTa, NpH NpeHebpe-
KHMO Majiom BAHAHHM ¢axkrtopa duaprpanuu. OQueBUAHO, YTO B Iep-
BOM clyyae pellleHHe 3ajay yIJIOTHeHHS OTHOCHTCA K 00JacTH TeOpHH
¢uipTpanuonHofl KoncoauaauuH (cMm. § 5), Bo BTOPOM — TeOpUH HOJ-
3y4YeCTu TBepaoro AedopMupyeMmoro mopucroro tena (cM. ra. 2, § 3),
a B NIPOMEXYTOYHOM CJy4ae, KOTAa yKasaHHbie (aKTOpbl AeACTBYIOT
OAHOBPEMEHHO,—K 06J1acTH TeOPHH YIIOTHEeHHS BO/JOHACHIIEHHOH, 10-
3yyell 3eMJAHOH cpelibl, BlepBble paspaborannoit B. A. ®nopunbM B
1953 r. [35]. B mocieaHem ciyuae pellieHHe 334aYH YIJIOTHEHHS CBO-
AUTCH K pellleHHI0 CMelIaHHON 33JaYH TeOpHH NMOJ3yYeCTH H QUILTpA-
ILHH.

Hdna peuwlenus 3afay yNJIOTHeHUs BOAOHACHIIIEHHBIX TIJIMHHCTHIX
IPYHTOB HeOGXOAHUMO 3HATh KpoMe QHIBTPALHOHHBIX CBOHCTB 32aKOHO-
MepHOCTH NOA3yYeCTH HX CKeserd. C 3TOH LEJNBI0 MOLYT ObITh HCHOJb-
30BaHbl PaCCMOTPeHHbIe B T 2, § 3 du3HYecKHe YPaBHeHHUs COCTOAHUSA
PasJIMYHBIX TeOpHH MOJN3YYeCTH, pasyMeercs, Iocje SKCIepUMeHTalbHO-
To HOATBEpXK/AeHUsi HX IIPUMEHHMOCTH K CKeJeTy [VIMHHCTBIX T'DYHTOB.
OrmeTuM, 4To 3TH COOTHOIIEHUS MOPyT OBITH BhipaxKeHbl uepe3 H3Me-
HAeMOCTb KO3(duilHeHTa HOPUCTOCTH T[PYHTA, XapaKTepU3yOUlYio
ob6beMuy0 jaedopMaluio ckeiera [22].

Huxe npuBoasitcs ypaBHeHHs: COCTOSIHHSI OJHOMEPHOrO yIIOTHEHUS
CKeJsieTa TJIHHHCTHIX [PYHTOB, BHpakenHHe, caeaysd B. A. @aopuny, ye-
pe3 uaMensieMocTh KO3 duiiuenTa MOPHCTOCTH, AJf TeOPHH CTapeHHs,
VOPOYHEHHS H HAcAeJCTBeHHOH IOJ3Y4YeCTH CTapelollero MarepHana
[1,20].

CornacHo Teopuu crapenus (2.73) ypasHeHue (36) onnOMepHOTrO
YyIJIOTHeHUst CKeJleTa TJIMHHCTOTO T'PYHTa IPH HeJHHeHHOU HOJ3y4ecTH
MOJKHO NPeACTABHTh B CIeAYIOLIeM BHje:

eo— e =[0y/E; 0+ C. () of] (1 + eg) = 0y mc,0 + Ce (¢) of , (3.60)

rae Ce(f) u Ce(t) — Mepbl KOMIIPeCCHOHHOH NOJ3YYECTH CKeJieTa U M3-
MeHsieMocTH Koa((puLHeHTa MOPUCTOCTH BO BpeMeHH IPH 0= 1; .0 —
K02(phHUHeHT MTHOBEHHON CIKHMaeMOCTH CKeMteTa; Eco — Maayib KoM-
IpecCUOHHOH CXHUMaeMOCTH CKeJleTa; ey — Ha4YaJbHBIE K03bdunuenT
HOPHCTOCTH TPYHTA.

Coorgomenue (3.60) npu Teopun yupodnenus (2.98) samuchiBaeTcs
B TaKOM BHJje:

1 1

R B
eo— e =100y + { [« (@ + )T ™7 £} (149, (361)

YpaBuennsi nuneiino#t (2.116) v nenuneitnont (2.132) rteopuit yupy-
TONOJ3y4YelD Tesla [PH OLHOMEDHOM YIJOTHEHHMH CKeJleTa TJAMHHCTHIX
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TPYHTOB COOTBETCTBEHHO 3aNHCHIBAIOTCS B BHJAe COOTHOLIEHHH (3.62) u
(3.63):

t
e (B)—e () =01 (8) 8 (t, ) [ S 8, (1, 9) 49, (3.62)
B

e (Bo) —e (t) = o1 (%) me,0 (Do) + F [o1 (9] Ce (8, By) +
¢

4
30y (9) dF [0 (9)]
§y L\ a4B vl 49
+§ me,o () o d +ﬂj Co(t, H 5 (3.63)

HJIH -
t

e () —e (t) =01 (¢) meo () — [ o0 (9) 766_ 8 (¢, 9) d¥, (3.64)
o

t
eB)—e ) =0y () Moo () — [ oy (9) =L Moo (3) d & —
0 1 0 Ja AN T
t
_§ F (o1 (%)] ﬂea(%’l a9, (3.65)

0

rje o1 — 3¢dekTuBHOe HaNpsiKeHHe; O, — HU3MeHHAEMOCTb Ko3(duuH-
eHTa [IOPHCTOCTH BO BpeMeHH IIpH o;=1, T. e.

8 =8 (1 +e)=[1/Eco ) +Co (b, N (1 +¢)  (3.66)

HIan
8 =meo N+C. (8, 9). (3.67)

B cooTnomennsix (3.60)—(3.65) nmepBele ujeHBl MPaBBIX Yacrel
npeACTaBAAT cobod MrHOBeHHHe AedopManuu, 8 BTophle — gedopma-
UM Toasyydectn ckelera. Cjef0BaTesIbHO, 3jeCh, K&K H B TEOPHH BTO-
puuHOl KOHcodupauuu (§ 6), npuHuMaercs, yro AepopMalHs CKelera
TJIMHHCTOTO TpyHTa B 0G0l MOMEHT BpeMenu olpelefisieTcst CyMMo#H
MTHOBeHHOH H nojsyyell gedopmanui.

OtmeTHM, YTO, eciH IpYHT He 00s1aJaeT cBOHCTBOM CTapeHHs, T. €.
H3MeHSEMOCTbIO PeosIOTHYeCKUX XapaKTepHCTHK BO BPEMEHH BCAeACTBHE
IpOTEeKaHUus BHYTpeHHHX GH3UKO-XHMHYECKHX NpOHECcCOB, BXoAflHEe B
(3.62) —(3.65) dynkumm S.(f, 9) u Ce(f, &) monKHBI ObITb 3aMEHEHHL
dyakuusiMu §.(i—0) u C.({—9).

Teopus B. A. ®aopuna. Ha ocHoBanus MojeJH [PYITOBOH Macch
Tepuaru—TIepceBanosa B. A. ®aopun B 1953 r. [35] paccmorpen 3a-
124y OJHOMEPHOTO YINIOTHEHMS BOJOHACHIIIEHHOH 3eMJSIHOH Cpeasl B
HauboJee 06IeM BHAE — C YYeTOM cleyOllHX, paHee He YIHTHBAaeMbIX,
¢akropoB: 1) NHHeHHOH CKHMAeMOCTH 3alOJHSIOUlEH TOPbl  TPYHTa
BO/BI, 2) M3MensieMocTH o6beMa IOp B pedyibTare Kax Oojee IIOTHOH
YKA2AKH TBEDABIX YacTHL, TaK M JHHeHHOH CXHMaeMOCTH IIOCAEAHHX;
3) mojsyyecTH CKejera TpyHTa, BCAEACTBHe Yero NIPH H3MEHEHHH Ha-
NPSIKEHHOTO COCTOSHHsi CKeJieTa COOTBercryioinHe AebopMaiHu BO3-
HUKAIOT He CPa3y, 4 MOCTeNeHHO; 4) BAHAHUS MOJCKYJIAPHO-CBA3AHHOH
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BOJbl B OTHOUIEHUHU NEPEX0fa €€ YaCTH B CBOGOAHOe cOcTOsiHHe; B) Ha-
Ya/bHOTO I'pajgHeHTa Hanopa i, JAHUIb NpH TNPeBHINEHAH KOTOPOTO
MOTYT BOSHHKHYTH Ile€pPeMellleHHsI BOAR B NOPAX rpyHTa; 6) H3MeHs-
eMOoCTH koadduuuenra ¢unbTpauuu; 7) yciaoBuA paBeHcTBa (14
+e)=(l+4em), a TakKe ABHKeHHs cBOGOAHOH CKUMaeMoit HopoBoil Bo-
Ibl IO ToPaM OpH MOABHKHOM ckederte rpyura (JI. C. Jle#iGenson) no
3akony Jlapcu—TI'epceBaHoBa:

Vw——eVs=—-k<I-|— ‘ a”"'), (3.68)
gPw 02

rie Vy— ckopocts dunbrpanuu BoAw; Vs — CKOPOCTh ABHKEHHS

TBEPABIX YaCTHIl; g — YCKOopeHHe CBOGOJHOTO N3AEHHS; Py — MIAOTHOCTD

BOJH; epy —CpellHee 3HaYeHHe KosddunHeHTa NOPHCTOCTH.
Hupdepennnaibuoe ypaBHeHHe OJHOMEPHOTO (HABLTPALHOHHOTO

YIJIOoTHeHHUsi 3eMJAsHOH Maccel B. A. ®nopuHHM mnpejacraBieHo B cae-

AywolleM BHJe:

e L1 Oup _
at +e’"(1<w KS) at

. 8 1 auw_.

— (L +en) 2= (1+ P ;o), (3.69)

rie Ky H Ks — MoAyu 06beMHOrO CxKaTusi TOPOBOJ BOAEl H MHHEpAJb-
HbIX YACTHIL,

Ecau npene6peyp CKHMaeMOCTbIO MHHePaJdbHHX vYacTHI (Ks=oo
H Bopbl Kp=o00), a TaKikKe HAYAJbHHM TPPaAHEHTOM Hamopa (i,=0) u
NPHHATD, 4TO gy, ="Yw=const, km=const (&m — cpemuuit xospdumu-
eHT ¢uabTpanuu), sMecto (3.69) Oyzem uMeTb '

3o _ (Utem) , Puw
e e (3.70)

Hnsi pellleHus 33afauu YINJOTHEHHS NPHHSATO TaKkKe, 4YTQ CKeJeT
TpyHTa ofnajaer nMHEHHOH 0JSYUECThIO, ONUCHBAMECs YPABHEHU-
eM (3.62) Teopum ynpyTo-nmoasydero tena (cM. ra. 2, § 3), Mmozyab
MTHOBEHHOH KOMIIPeCCHOHHOH AedOpMAalnuu SIBASCTCH BeJHYHHOH IIO-
crosinHoit Ecy (8) =Ecg=14em/mco=const u Martepuan He obia-
laeT crapeHHeM @ (¥)==const (2.120). B cooTBeTCTBHH ¢ H3JH0XKeHHBIM
BhIpaxKeHHe NOJHOH OTHOCHTENLHOH AedopMauniy ckeinera ¢ YUeToM
(2.120) zanucaHo B BHZe

n
8 (t, 8) = me,o+ 3 e [l——exp [—A (t-%)]], (3.71)
i=1
a cooTHolleHue (3.62) ¢ ydeToM CKHMAeMOCTH MHHEPAJbHBIX YACTHIL
TpyHTa

— t
ooy = ——2% oy (b) &, (100 — [ T2 8. (1, B) 4P, (3.72)
%o

§

TAE Uw — Uy o — IPUpAlleHHe AaBJeHUA B DOpoBOH Bozle.
Jlerko nokasaTb, 4T0 1pH ¢=o00, Ks=o00 HIH U=U, BHIPAKEHHE
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(3.72) c yuetom (3.71) mepexoaut B 0ObIYHOe ypaBHeHHE KOMIIPECCHOH-
HOTO CXKaTHSA :

n
€= 6€;— 0], t=» (mc,O + 2 mo,i) = €y —— M O1,t=c0 » (373)

i=]

Ypapuenue (3.70) ¢ yuetom (3.72) npu Ks== 00 MOKHO NPeACTABHTh
B BHJe

¢
de d - doy
22 at[ o1 (8) & (£, B) g L, ¢, )d&]
(1+em) G ity 3.74
o) g, Lt (3.74)

a ecau yuecTs (3.71), T0 mocje HecJOXKHEX TNpeoOpa3oBanHii IO-
JAYUIHM:

¢

n n
— M 0 %—*01 ® Z my Dy -I-z mg; A j oy (B) X

Ho
X exp [— As (t— )] 49 = (“;em) b ";‘Z‘:’ (3.75)
w

Ecau B (3.71) orpaHH4YHTLCH MepBHIM YJeHOM PS/Ja B MCIOJbB30BATh
yCJ0BHe

601=_ 0 Uy (376)
at at '’
BhiTeKallllee H3 ypaBHeHusi paBHoBecHs (3.32), coorHollenne (3.75)
IpHMeT CcJaeAYWOUIHA OKOHUaTeJbHHIH BHI:

02 Uy, Suy
me,0 Y + A (mg o+ me 1) 3

2
:_—_.(_lie_m_), km(AauW+ 3 uy ). (377)
Yo a2 a22dt

B. A. ®aopunnim [35] monyuenbi peiienusi ypasHenus (3.77) npu
cofoleHUH HajJeXXallluX HayaJbHEX H PAaHHYHHEIX YCJOBHE AJsi Ciy-
qaeB OTCYTCTBHS u INPOSABJeHHsi MTHOBeHHHIX AedopMauuil o CKe-
JieTa BOJOHACHIIEHHOro IVIMHMCTOTO TPYHTa B MOMeHT MpHJIOKeHHA
uarpyski. M3 BolpakeHu#i, NoayuyeHHHX AJis HaNOPHEIX (YHKUHHA, ycTa-
HOBJIEHO, YTO Uy (2, ) 3aBuCHT OT OTHOWeHHs k/Am.s Koraa 310
OTHOIleHHe PaBHO OecKOHeYHOCTH, H3OBITOUHbIE HgaBJeHHS B IOPOBOR
BOJle PaBHbl HYJMIO, a IPH PaBeHCTBe HYJIO BHelllHHe HaCPY3KH NOJHO-
CThIO NlepellaloTCsi Ha NOPOBY Boay (KpuBas I wHa puc. 33). Ilpm
IPOMEXYTOUHbIX €ro 3HaueHHsSX BHelIHss Harpy3ka BOCHPHHHMAaeETCs
KaK I0POBO# BOAOH, TaK H CKeleToM TpyHTa (cM. KpuByio 2 Ha puc. 33).
TonyyeHHEe ANs HANODHHIX QYHKUHMHA BhIPaXKeHHs IPH A==00 TOXK-

AeCTBeHHO COBIAJAIOT C PeliieHHeM TeOPHH PuIbTPALHOHHOR KOHCOJH-
Aaumu (3.38).
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Pac. 33 CxeMaTayeckoe H300pakeHHe ONbIT-

HBIX H T@OPETHYECKHX KPHBBIX H3MEHAEMOCTH

BO BpPeMeHH OTHOCHTEJNBHOIO  H3GEITOYHOIO
IaB/elHs B IOPOBOH BOJLE Uu/p

I —1npu yNJIOTHEHHH BOAOHACHILLEHHOTO rpyHTa HOX
AeHCTBHEM D> 0| gfp H M0 TeOPHH (GHUABTPANHOHHO

ro ynnorHeduss K Tepuaru, 2 — npu ynjaoTHeHHH
TOro e rpynTa npu p) <O| ¢ H WO Teopur B A
®aopHHa (¢ Yy4eTOM MON3YYeCTH ckejera), & — Ipu
YNJIOTHEHHH TOTO e IPyHTa, KOTAd p<l0 | gfr, HAH

npu §,<C{ M N0 TeoPHH YNJNOTHEHHA c y4YeToM

MOJ3Y4YEeCTH CKeJeTa M CHKUMAeMOCTH Ta3oCogeprsa-
nieit BoAbl, 4 — Npy ynnotHeHud He NoJHOCTbY BOACHA-
CLILEHHOr0 TpyHTA (S, <1) u pi<{Oy gfr B YycioO-
+ BHAX 33KPHITON CHCTEMBL

B. A. ®JopuHEiM pacCMOTPEHBl TAKXKE 3alaud OLHOMePHOTQ YIJAOT-
HEHUs1 BOJOHACHIIEHHEIX TVIHHUCTBIX I'PYHTOB C YYETOM CTAPEHHS U He-
JuHeHHOH TOM3YyYecTH CKeseTa COTJACHO COOTHOWeHHIO (3.63) Hesu-
HEHHOH TeopuH YIpyro-noJsyuero Teaa [1].

B. A. ®gopun cuuTa:, YTO ydeT CKHUMAEMOCTH MHHEpPaNbHHX yac-
THI M Ta30HEeCOJAepiKalleHd MOPOBOA BOAH HE IPENCTABJSET HHTepeca
AJs CTPOHTEJbCTBA. BMmecTe ¢ TeM OH OTMedas] HeOOXOIUMOCThH yueTa
CKHMAaeMOCTH 32IEMJEHHOTO B HOPax IPYHTA BO3JyXa IO IPRIJIOKEH-
HOMy uM xe B 1948 r, cnoco6y |[35], nockoJibky OHa OKa3hiBaeT BeCchMa
CyllecTBeHHOE BJIMsiHME Ha IepepacrpelejieHde BHCIIHeH HarpyskH
MEKAY CKEJETOM U IOPOBOH BOAOH. DTH M JApYTHe BONPOCH O1HOMEp-
HOTO YIUIOTHEHHsI BOJOHACHIUEHHBIX IVIMHUCTLIX TPYHTOB IOAPOGHO
paccMOTpeHH B U3BecTHO Monorpaduu B. A. ®aopuna [35].

B gayaJe 60-x roa0B 3a pyGekoM NOsIBHIHCH HOBBIE paGOThI, TOCBSA-
LICHHbIE TEOPUH BTOPUYHOH KOHCOJHAALHA.

Ha V MeX1yHapOoAHOM KOHTpecce 1o MeXaHUKe rPYHTOB U yHgaMeH-
toctpoenno ([lapuxk, 1961 r.) Tau Tveur-xku {40] noJ0XKuA pemuenue
3a]ayd  KOHCOJNHMAZUHH TJAHH IPU COBMECTHOM Y4YeTe€ IIE€PBUUHBIX H
BTOPHYHLIX BPEeMEHHBIX 9 ()EeKTOB HCXOAS M3 NpeACTaBJICHUS HX CKeJe-
Ta B BUJe MakcBeljoBa resia (cM. ri1. 2, § 2). B. Xaucen paccMortpen
BONIPOC O COBMECTHOM T€YEHHU NMEePBHUYHOM M BTOPHYHOM KOHCOJMAALM,
NPOTeKANIMX N0 JorapH@MuUeckoMy 3akoHy, JI. AmiaH npenmomui
MpubHKeHHOe ypaBHeHHe (6€3 9KCIePUMEHTAILHOTO NOATBEPKICHHA),
NO3BOJISAIONIEE O KPHUBOH KOHCOJNMAAUMH BOJOHACHIIIEHHOTO TpYHTA
CYIUThL O TOBEJEHUU HE NOJHOCTBIO HACBHIEHHOTO BOJOH TPYHTa BO
spemenn. I'. A. Jleowapuac u Il. A. THpoAT H3yuUaH BAHSHHE CTYNEHU
HaTpY3KH, NPUPOAL TOPOBO# XKHIKOCTH H OOKOoBOTO Tpenus oGpasua
Ha TPOLECC OJHOMEPHOH KOHCOMWIamud. MIMH Gbljio YCTAHOBJEHO, UYTO
3¢ $eKT BTOPUYHON KOHCOJMHIALUUM He 3aBUCHT OT BA3KOCTHU XKHJIKOCTH,
a xapakTep kpuBoit nedopmanus — jorapupm BpeMeHM 3aBUCHT OT
BeJHUHHBI OTHOUIEHUS NpHpallleHust HArpy3KH K NMpPeIblAyIeMy ee 3Ha-
YCHMUIO.

P. Tu6con u K. Jlo B 1961 r. [40] noayuusu peuiende 3anayy oA-
HOMEPHOTO YINIOTHEHHS! IPH yueTe COBMeCTHOTO AeHCTBHS NepBUUYHOH
H BTOPUUYHOH KOHCOJMAAIUH BOAOHACHILIEHHOIO TVIHHHCTOrO TPYHTA B
TpejnoNOKeHUH o NOBEJEHHH er0 CKeJieTa B BHAe JHHeHHO-AedOpMH-
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pyeMmoii ynpyroBsaskoii cpeanl I'oreremzepa — Ilparepa, npeacrasidmwo-
mwe# coboi NocheJoBaTe/bHOe COeJHHEHHE I'YKOBOH IPYXKHUHBL C MO-
Jenpto KennBuna — @oxta. B 3TOH TeOPHH L5 BhipaxKeHHs 3aBUCH-
MOCTH MeXay 5QOeKTHBRHBIMU HANPsiKeHHAMU, 1eQOPMALHAMH CKele-
‘Ta (BTOPHYHOrO YIJIOTHEHHS) M BpEMeHEM Ha OCHOBaHMH YKa3aHHOH
BHIIIe MOJAEJNH MOJYYeHO BEpaKeHHe B BHIE JIHHEHHOr0 HHTErpaabHoro
ypasHeHHs: BoapuMana — BoapTeppa (2.48) ¢ 2KCHOHeHIHAJbHLIM
ALPOM, KOTOpOe SIBJISIETCST YaCTHHM CJAydaeM OCHOBHOrO (hH3MYeCKOID
YpaBHeHHsi TeOpHH YIpyro-nojsydero tena (2.116), paHee npuMeHeH-
HOro AJsst Toft ke Heau B. A. ®jJopuHHM H aBTOpPOM KHHrH B 1954 r.
[20]. B uensx yrounenust stoit Tteopuu K. Jlo B 1961 r. [40]
npeaJioXua  0600IIeHHYI0 MOAedb NOJA3yYecTH CKejeTa TJMHHCTO-
ro TpyATa, NPelJCTaBISIOMYI0 CcOG0H NOCJAeZORATENbHO COCIHMHEHHLIE
uepe3 yNpYroKeCTKUH 8JeMeHT Mojlesin JHHEeHHOro yIpPYroBsiZKOTO
Tejga u rtena KenabeuuHa — Poxra.

[. Yoac B 1962 r. [20] wuccrenoBan ymiotHeHHe miaa ([p=0,75;
wr=1,33-+1,38; wo=1,0-1,35) B KOJbIEBLIX KOMIIPECCHOHHBIX IpH-
fopax ¢ XeCTKHMH CTeHKaMH (Beicora o6pasua 3,8 cM, IJOLILAAb
100 cm?) npu pasiaMYHBIX OTHOUIEHHSIX IIPHPAIUECHHS NaBAeHUs K Ha-
YaJbHOMY € Hedbi0 H3yUeHHs IePBHYHOH H BTOPHYHOH KOHCOJUIAILHH
On npeiokuA PeoJOrHIeCKyi0 MOJefb, OODBeIHHSIOIYIO IPOIecCH
NIEPBHYHOH M BTOPUYHON KOHCOJMMAALHHA. Ero BHIBOJBI IOJHOCTLIO COB-
najgalT ¢ noiyJeHHsIMH paHee seiBogamH C. A, Poza, C. P. Mecusua
(cMm. ra. 4, § 5), I'. A Jleonapaca u II. A. 'mpoara (cMm. BHIIe)
H JPYTHX.

[TpHBe 1eHHBle Bhillle TPHMephl CBHAeTeJbCTBYIOT O TOM, 4TO IJS IO-
JIydeHHs PeoJIOrH4ecKOr0 ypaBHeHUS COCTOSIHHS CKeJera T[JIMHHCTBHIX
TPYHTOB 3apy0GesKHHe yueHble (B OTJAMYHE OT yNOMSIHYTHIX B § 1 pabor
COBETCKHX YYeHHX) MHPOKO MOJb3YIOTCsi KAK NMPOCTLIMH, TaK H CJAOK-
HBIMU COCTZBJEHHBIMH HMH PeoJOrHYECKHMH MOJAENSIMU. Bxonsmue B
5TH MOJelH pacdyeTHble MapaMeTpel ONpeleldsiiOT H3 3KCIepHMeHTA.

OueBnano, YTo B paccMaTpHBaeMoM Cjydae HanGoJee PamHOHab-
HBIM $iBJsdeTcCsi (eHOMEeHOJOTMYeCKHHA MOAXO0J K OIpeleseHHIO peoJio-
rHYecKHx npoueccoB (cM. il 1, § 1), xoropwiit, caenys B. A. ®@aopu-
HY, NOJOXKH/IK B OCHOBY SKCHePHUMEHTaJbHBIX H TeOPeTHYeCKHX Hccle-
JOBaHHH MHOTHE COBeTCKHe yueHble.

B sakgiodenHe OTMETHM, 4TOo C NOAPOGHOCTSIMH PacCMOTPEHHBIX
BBl TEOPUH, 2 TaK:Ke C Pe3yJbTaraMH pelleHHH GoJjiee CJIOXKHHX 3a-
Jau MOKHO MO3HaKOoMHThesi B MoHorpadusx K. Tepuarn, H. M. I'epce-
BaHoBa, B. A. ®nopuua u Ap., B TpyAax MeXKAYHaPOAHBIX U perHOHab-
HBIX KOHTpeCCOB, KOHQepeHIHH H CHMIIO3HYMOB IO MeXaHHKe I'PYHTOB U
(dyHAaMeHTOCTPORIHIO, PEOAONHH IPYHTOR, a TaKXe B MHOTOYHCACHHBIX
KYPHAILHBIX cTaThsix. Uro XKe xacaercs paboT N0 3KCNEPHMeHTafb-
HOll peoforHH OJHOMEpHOTO YIJOTHeHMA CKeseTa TIHHHCTHX TPYHTOB,
OCHOBHOJ 3aflaueii KOTOpOH sBJIsieTCst HCCAeJOBaHHe 33KOHOMepHOCTEH
KOHeUHBIX (cM. § 4), MPHOBEHHBIX U TI0JI3yYHX AebopManHi, TO OHH
OyAyT (M0 Mepe BO3MOMKHOCTH) pacCMOTPeHbl B CHAGAYIOUMIMX IJ1aBax
BTOpPOTO pasfefia KHUDH.
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TaaBa 4

METOJbl ONPEAEJEHUSI NMOJIBYYECTH CKEJETA
FJIUHUCTBIX FPYHTOB W NPOBEPKA TEOPHH
OJHOMEPHOTO YMNJOTHEHHSA

§ 1. BBEJEHHE

IIpoBepka NpPUMEHHMOCTH TeOpHi YIJOTHEHHsS (CM. Ii. 3, § 5—7)
AJIst TIPOTHO32 AJIHTE/bHBX AeOpMaluil OJHOMePHOrO CXKATHA BOJO-
HACHIeHHHX [AUHUCTHX TPYHTOB OCYIIECTBJAAETCH  Olpefe/eHHeM
CIpaBelJiUBOCTH COOTHoMIenHs (3. 42), comocraB/ieHHeM TeopeTHyeC-
KUX H SKCIEPHMEHTaJbHHX KPHBHX H3MEHSEMOCTH BO BpPeMeHH H30Hl-
TOYHOTO AAaBJeHHsi B MOPOBOH BoJe NoJ ACACTBHEM HNOCTOSHHBIX Ha-
TPY30K, IOCTPOCHHBIX 1O NOJMYYeHHHIM H3 PeIUeHHA 3ajlau COOTHOUIEHH:
siM 1 AaHHbLIM 3aMepa 3TOTO JaBjeHHs pPas3JHYHHIMH MeTOAaMH
(cm § 3). CorsacHo uzjioxeHHoMy Beille (cM. rii. 3, § 5), koraa mpo-
LeCC YIJIOTHEHHS NPOTeKaer B COOTBETCTBHH ¢ (HJABTPALHOHHOH Teo-
pueit K. Tepuarn, nokasaTejb KOHCOJHAANHMH # = 2, a H36BITOUHOe
LaBjeHHe B NOPOBOH Bode B MOMeHT ¢ = 0 paBHo BHeHIHeHl Harpyske
Uy = p1. B rom cayuae, Korfa Aedopmalis TPYHTA BO BpeMeHHU oOyc-
JIOBJIEHA TOJIbKO N0JI3y4eCTbi0 CKejera, # = 0, nostomy u u, = 0 mpu
Jgb6oM 3Hayedun f. M3 ckasanHoro cjexgyet, uto npu £ = 0 Anure/s-
HOCTp VIJIOTHEHHS TPyHTa (IPH OTCYTCTBHH CTapeHHs BCJeJCTBHe
MPOTEKAHUA BHYTPEHHHX (H3HKO-XHUMHYECKHX IPOIECCOB) He 3aBUCHT
OT BHICOThI CKHMaeMoH TOJUIIH, T. €.

t1=t2. (4.1)

IIpn oxHoBpeMeHHOM ACHCTBHH GaKTCPoB GHABTPANHH H HOJ3Y-
yecTH ckesera cooTHolleHHe (3. 42) moxHo, caegys H. H. Maciosy
[18], samucarer B ciepymoolieM BHAe:

By \n
b=ty | —=
=t () (4.2)
rge n-—IoxKasareJjb KOHCOJIHAALHH, KOTOpHﬁ B 3aBHCHMOCTH OT CO-
CTOSIRMS TpyHTa NpHHHMaer 3Hauenus 0<Cn<C2 |18, 20].

CaenoBaresibHo, 1o BeJHYHHE II0KA3aTeJis KOHCOJHAALHH 1 MOMK-
HO CYAHTH O NPUMEHHUMOCTH TeOpuUH (HABTPALHOHHOR KOHCOMHAANHHU
K JaHHOMY TPYHTY, a IO €I0 M3MEHHeMOCTH B Ipollecce VILIOTHeHHUS
HOJY4YHTh NPeficraBjeHde O XapaKTepe nepepacrpefe/ieHHs BHellHel
HArpyskH MedKAy CKejJeToM H NOPoBOH BoACH H U3MeHAEeMOCTH H306HI-
TOYHOTO NABJEHHS B Hefl BO BpeMeHH. DTO 3HAUHT, yTO OKa3arelp n
MOXKer CAYXKHTh KPHTePHeM OLeHKH polied ¢akropoB ¢uABTpAUHU H
110/13y4eCTH cKejera B o0llleM Iponecce YOJIOTHEeHHsi (IMDJ3Y4ecTH B
IeJOM) BOAOHACHIEHHOTO TJHHHCTOrO rpynra [20].

Meroa npoBepku Teopuu QHIBTPALHOHHOA KOHCONHAJUHH [0 BeaH-
UHHe 1, onpejie/iIeMoli HCNBITaHHeM 00pasuOB pPa3iHYHOA BEICOTHI,
OTJIHYgeTCsl NpefeabHOdl MPOCTOTOR M OOJIbMIOR HANEKHOCTHIO HOJY-
YaeMBIX Pe3yJbTaTOB B CHJIYy HCK/NOYHTENbHO MajiOr0 BJIMSHHA CY0b-
eKTHRHREIX (PAKTOPOB HA 3KCNepUMeHT. BMecTe ¢ TéM OH He MO3BOJSET
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MOJNYUHTE KOJXHUECTBEHHYIO KapTHHY H3MEHSIEeMOCTH BO BpeMeHu w30 bI-
TOYHOTO JABJEHHS B TOPOBO#A BOJe M TeM CaMbIM MPOBEPUTH CTETCHDL
NPUMEHHMOCTH K IVIHHHCTBIM TPYHTAM TeODHH BTOPUYHOM KOHCOJMHAA-
UHME H YTJAOTHeHHsi TOPHCTOH ToJ3yyed BOAOHACBILICHHOH CpEnbl
B. A. ®nopuna. [losromy mast mpoBepKH TeOPH YNJIOTHEHHS H Olpe-
ZJeJICHHS NPONCIKHTEJbHOCTH AeHACTBHst GAKTOPOB PUILTPAHY U IOJ-
3y4eCcTH CKeJeTa g PacCMaTpPHBaeMOM mpoliecce MOTyT OblTh NpHMEHe-
iibl 002 YKa3aHHLIX Bhille MeTOAd, KOTOPHIE ACIOMHAKT APYr Apyra.

Jnsi paspaGoTKH MeTONHKH BhiJieJIeHHS TOJ3y4YecTH CKeJjera u3
obulero npolecca YIJIOTHeHHS BOJOHACHIIEHHAOrO [PYHTA, HCCAEOBa-
HHsSI BJAHAHHA MacmitaGHoro (axTopa, BeNHYHHLl HACPY3KH H Xapakre-
pa ee NepepacrpefesieHHs MeXKAY CKeJeTOM H NOPOBOH BOJCH aBTOp
KHHCH IIBPOKO 1OJb30Bajcsa mokasareneMm n. [lpu stoMm xna onpefe-
JICHHS TION3y4eCTH cKeJjeTa, HeoOXOJAHMOCTE KOTOPOrG BEITCKAeT H3
YCJOBUSA pa3ielibHOO PacCMOTPeHHs BJAHSHHA (PaKTOPoB (QHUABTpALHH
H TION3ydecTH cKejeTa Ha Hpomecc YIVIOTHGHHS TPyHTE, B TEOPHH
B. A. ®aopuna {cM. ra. 3, § 7) HCIONb30BAaHO YCIOBHE He3aBHCHMOC-
TH IJHMTeJbHOCTH YIJIOTHEHHS H OTHOCHTeJbHBIX Hedopmanul oAHo-
MEPHOTO C}KATHS OT BHCOTH o6pasna.

§ 2. METOLUKA MCHBITAHHSA OBPA3LOB PA3JIHYHOH BbICOTHI

Omnpepenenne mokasaress YIJOTHEHHS n 1O cooTHowenHio (4. 2)
OCYLIeCTBAsieTCS IO pe3yabTaTaM HCOBITAHHS  06pasuoB-GaH3HEN OB
Pa3iuuHOH BHICOTH ToJ AeHCTBHEM TNOCTOSHHOH Harpysku. Kax 6mio
cka3aHo B (cM. ra. 3, § 5), aas sroi nean . M. [Mokposckuil ucnoas-
30BaJ pe3yJibTaThl HCIBITanus obpasioB Bucotoll 1 # 4 cMm, A. T. Co-
koaoB ([20] —2; 3; 5 u 7 cM npu AHaMeTpe 7 CM B YCJAOBHSX JBY-
CTOPOHHEro ABHMKEHHS OTXKHMaeMoHA H3 o6pasioB NopoBo#l BoaH. AB-
Top Kuurd [20, 22] ucnobiTHBan o6pasun BeicoTo# 1; 2 u 6 cm mpH
ABYX DasjuYHbLIX 3HaYeHHAX AHameTpa-—7 ¥ 21 cM B YCIOBHSX OXHO-
CTOPOHHEro JBHIKeHHS OTXKHMaeMO# H3 o6pasla MopoBoil BOAH (CHH3Y
BBepX). O6pasisl HCHBITHBANHCHL HA nipubopax M-2 u M-3.

BaxnelliuM MeTOMHICCKHM BOIPOCOM, BO3HHKAIOIHM TIDH HCHB-
TanuH 006pasieB PasaHYHOH BLICOTH, ABASETCH VYeT BJHMAHHS HX O0-
KOBOIO TpeHHsi 0 paGouyHe KOJbUa NMPUOOPOB HA Pe3yJbTaTh ONBITOB
(cM. ra. 3, §4). DKcriepHMEHTaMH yCTaHOBJEHO, 4TO IPH OXHHAKOBOM
Bricote (h =6 cM), HO MPH pPa3nWYHKX AHaMerpax o6pasuoB (d = 7
u 21 cM) kpusble feopManHsi — BpeMs CYIIECTBEHHO OTJIHYAIOTCH
apyr ot apyra (puc. 34). Hanpumep, aas cyrauska 2—57 (raba. 5)
HapylleHHOro ciloxkenusa xedopmanun ofpasna muamerpom 21 cm na
30% Gonbme aepopmanuii o6pasna muaMerpoM 7 cMm. OTMeueHHOe
pasanuue Mexay nedpopmandsaMH 00pasuoB paBHOA BHICOTHL, HO Das-
JHYHOro AHaMeTPa MOXKHO OOBACHHUTL TONBKO PasaHYHLIMH 3HAYCHH-
HMH GOKOBOI'O CONPOTHBJIEHHS HX TiepeMelleHHI0 B PabOYyHX KOJblaXx.
Ilpuuutoli oTMeueHHOro BHINE yMeHblleRHs nebopManHH o6pasla
fIBJISIETCsi BO3PAcTaHHe YJEJbHOTO CONPOTHBJAEHHS TPenHI (OTHOIIe-
HHS CHJIBl TPeHHsl K YIUIOTHAWOINeH Harpyske) mo Mepe yMeHbIICHHS
Auamerpa obpasua.
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JAns nonyueHHs mpeACTaBIEHHS O BJAMAHHH HAYaJbHOTO COCTOSHHSA
rpyHTa Ha AedopMauuio o6pasuoB pasaMuHOH BHICOTH Ha puc. 35
NpHBEACHH Pe3yJ/bTaThl PACCMOTPEHHHBIX ONBITOB MM KaXAOH CTYyNEeHH
Harpyskd B oTAeJbHOCTH M3 pucyska BHAHO, 4TO MaKCHMaJjbHOE OT-
KloneHue aedopManunit oOpasioB pa3aHIHbIXx AHAMETPOB HMEET Mec-
TO B Havasle 3arpy¥eHdus —IIPH TeKyued KOHCHCTEHIHH TpYyHTa

Al MM 01
y 0,075
2, ;
Py=g05mia 2
16| gozs
a8t

I 1 { { | 1 [ !
J 15 27 J9 57 63 75 t,aHu

Puc 34 KpuBwe Ah.—{ reoMeTpH-

Q 4ecKH HemojoOHHX 006pa3loB-6aH3He-
Al Mu 0B CyramHRa 2-—57, onpeneleHHbie
NpH [aBJeHHM, BO3DACTAlOUIEM CTyme-
7.4‘—,f' — = HAMH P1=0,02\5 MIla
[ 1—d=2{ cM, h=6 cm 2—d=7 cwm,
h=6 cm
;;0 /,- ————————— ot
/
g6
5 1 L;. L 1
Z £ 8t
a8 y ol
T
o6f~
ok
2 é | 14 L |
8 % 2% 32 %
e 7 B

Puc. 35 Kpusble Ah.—¢ reomerpuue-
CKH Henmogo6ublX 06Gpa3uoB-6JIH3HELOB
cyrauHKa 2—57 Ha pasHHX CTYNeHsX
p (B MITa)
a — 0—0,0125, 6 — 0,0125—0,0375, & —
0,0375—0,0625, 2 — 0,0625—0,0875 Mlla ! —
d=21 c¢M, h=6 cM, 2—d=7 cm, h=2 cm,
3—d==7 cM, h=6 cM
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TaGauua 5
Mokasareau gusHvecKkux cBoHCTB FPyUTOB

PasMepsl 06° IMpeneasl NAaCTHYHO-
pastia, ™ | yueno fs - Kr o
Homep onmrtal — | obpas- Kr 0, ;{';_ W,
Jite):] 3
h d M @, @, Ip
{Cyr1uuor 12—>57
59-—-60 6 21 2 2660 1800 0,344 10,313 |0,186 |0,127
55—b6 6 7 2 2660 1800 0,344 10,313 0,186 0,127
57—58 2 7 2 2660 1800 0,344 10,313 {0,186 |0,127
[nuna 4—57
162—164 6 21 3 2700 1740 0,408 |0,412 |0,232 | 0,180
165—167 2 7 3 2700 1800 0,408 0,412 |0,232 | 0,180
168—170 1 7 3 2700 1810 0,408 |0,412 10,232 | 0,180
171—173 2 7 3* 2700 1790 0,408 0,412 10,232 | 0,180
I'nnna guaromurosasd 5—57
132134 6 21 3 2590 1560 0,569 {0,581 }0,32230,2587
135—137 2 7 3 2590 1610 0,569 |0,581 |0,3223|0,2587
138—140 1 7 3 2590 1660 0,569 |0,581 |0,3223|0,25687
141143 2 7 3* 2590 1620 0,569 |0,581 |0,3223|0,2587
HacospApckas rapHa 6—57
8485 6 21 2 2650 1530 0,5725(0,5907|0,212 |0,3787
88-—89 2 7 2 2650 1600 0,5725)0,5907/0,212 ]0,3787
HoBomBefinapckas rausa 7—57
180—182 6 21 3 2630 1540 0,6145/0,6437|0,3045|0,3392
183—185 2 7 3 2630 1580 0,6145|0,6437(0,3045{0,3392
186—188 1 7 3 2630 1590 0,6145(0,6437,0,3045]0,3392
189—191 2 7 3% 2630 1580 0,6145(0,6437(0,3045(0,3392

* OO6pasubi HCMNWTaNL DPH ABYCTODOHHEM ABHKEHHH oTHKHMaeMOH BOALI

(cM. Taba. 5), oIHako MO Mepe YmIOTHEHHS ero OTMedeHHOe PacXoikK-
JeHHe NOCTEeNeHHO yMeHblIaeTCA H yyKe Ha UeTBePTOH CTYNmeHH HArpys-
KH JocTuraeT NpeHeOpeXuMo MaJjlofi BelHYuHB. IT0 B OCHOBHOM
MOXKHO OOBACHHTb yMeHblleHHeM Ko3ddHuHenta GOKOBOTO [aBJeHHS
IpyHTa noO MePe ero YIJIOTHEHHS.

Hapany ¢ nanoxeHHBIM Bhillle mpH HCOEITAHHA TeOMeTpHUECKH IO-
JOGHEIX 06pasuoB TOMHHON 2 u 6 cM, AHAMeTPAMH COOTBETCTBEHHO
7 u 2] cM (d/h=3,5), KpHBHE HX OTHOCHTENbHOH JAedopMalyH 1OJ-
3ydeCTH vuepe3 HeOOMbUIOH MPOMENKYTOK BPeMeHH MOCJAe MOMeHTa
3arpy’KeHHA NPaKTHYeCKH COBHNAJaioT (CM. puc. 35) H3-3a HX YIJIOT-
HCHHSl HPH PABHHX 3HAYeHHAX YHedbHOro 6GokoBoro tpenud. Caeno-
BaTeJbHO, IPH HCCMeJOBAHHH BJAHAHHA BHICOTHI o6pasna Ha gedopMa-
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UHMOHHHe CBOHCTBA TJHHHCTHIX TPYHTOB
cAeAyeT HCOHTaTh TEeOMEeTpHUCCKH

A nofpo6HHe 06pas3ubl.
a0 B aT1off c¢Bf3M HHTEPeCHH JIaHHbIe
A (raba, 6) o 3HaueHusx H36BITOUHOTO GOKO-
40 BOTO CONPOTUBJEHUs MNepeMelleHHi0 obpas-
“ 2 0B BhicoToH 2 u 6 cM B paGodux KoJbliaxX
2 ONHOTO JuameTpa d=7 CM, NOJTydeHHble
Ll l! ppu HCOBLITAHHH CYIVIHHKA H YacOBBAPCKOU
4w & R FJII)PIHbI Hapymel{};mro caoxkenns  {cM.

Puc, 36. Tpaduxn ompeaeneHus 1a61. B). .
cHn GokoBOro Tpeumsi ofpasnos- VI3 npuBeleHHOH TaOJHMUBl BHAHO, 4TO

Gansmenon  cyrammka  2—57 y3GpiTounoe GOKOBOE CONPOTHBJeHHe 00-
paboune xonbua NPHOOPOB PA3-pa3yia cyruHKA BLICOTON 6 ¢M AOXOAHT A0

MepaMH:
| der o 24— 32,5%. DTO 03Hauaer, UTO €ro ymaIOTHEHHE
=7 cM, h=6 cm IPOHCXOAHT MOJ MeHblIef Harpysko#, 4eM

ynjoTHeHne  ofpasna  BHCOTOH 2 cM
(puc. 36). CaemoBaTedbHO, NPH CPaBHEHHH PE3YJAbTATOB HCNBITAHHSA
06pa3uos ONHHAKOBOTO AHAMETPd, HO Pa3NHYHOH BHICOTH HEOOXOLHMO
ydectb 3Ty OWHOGKY, BHECHd COOTBETCTBYWIMYX nonpaBKy. OueBHAHO,
4To B ¢Jydyae MCNBHITAHHS T€OMETPHUECKH HOJOOHBIX 00pasuoB HEOOXO-
IHMOCTb BHeCEHHs TaKoH NonpaBKH NOJHOCTLIO OTNajaer.

Haunne, npuBegednsle B a6/, 6, NOKa3LBAIOT, YTO H3MEHIeMOCTH
H306HTOUHOrO BOKOBOro CONPOTHBJEHHS YIJOTHEHHIO CYIVIHHKa HMeeT™
3KCTpeMaJ/IbHbIH XapaKkrep, XoTs ero alOco/lOTHOEe 3HaueHHe Bce Bpe-
Ms Boapacraer. Ilocne JocTHxKeHHs HanbGoublllero 3HadeHus gabiaiopa-
€TCsl HeKOTOpOe -CHHXKeHHe YKa3aHHOro CONPOTHBJAEHHS 10 TPHYHHAM,
H3JIOXGeHHBIM BHIIIE.

B oranume ot paccMorpeHHOro ciyudas u3GHITOUHOE CONPOTHBJIE-
HHe nepeMelllennio obpasua g pabouem Koabie npubopa BhicoTol 6 cM
4acoBbAPCKOH IHHBl (cM. Ta6a. 6) npakTHueCKH He 3aBHCHT OT BeJH-

Tab6auna 6

Peayabratht ompepenetuss u3GriToUHOro GOKOBOro cOMPOTHBJACHHS 00Pa3ioB

P H | PLH P H | P, H
Q, Kr P, Ah| h=2cM [ h=6cm —_};,"__:H __gu:—% h=2cM| A=6cu _EI'::—H _;‘;A %
d=7cM| d=7cM d=7cM| d=7cM
Cyraunox TnuHa wacosbsipeKas

1 86 88 71 17 1 19,5 83 51 32 | 38,6
2 184 165 126 39 | 23,3 171 148 23 13,3
3 290 233 177 56 | 24,0 259 232 27 10,4
4 393 345 232 113 | 32,5 343 322 21 6,0
5 490 418 288 130 | 31,0 420 399 21 5,0
6 583 496 — — — 502 513 — —
7 669 573 — — — 598 612 — —

IHpu MeyaHHe Q—Macca rupb Ha NOAJOHE DWYara; P — Rarpyska, NDHAOKeEHHasd K 06-
pasuy; P’ —darpy3ka, BOCOPHHSTast 06pasuoM; P'—P” — p3GHTOYHOE GOKOBOE CONPOTHBICHHE.
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YWHb BHEWIHedl HArPY3KH. DTO, MO-BHAHMOMY, MOXHO OOBACHHTh He-
GOJbIINM BHYTPEHHHM TPEHHeM T'DYHTa M 3HAYHTENbHBIM CUEN/EHHEM
Mexay obpasmom H paGounM KoabuoM. Orciona crenyer, uto GOKO-
BOe COMPOTHBJeHHe NepeMellleHHI0 o0pasua B paboueM KONbiie MOXKeT
GbITh OOYCJAOBIEHO KaK TPEHHEM, TaK H CLelVIeHHeM.

§ 3. METOIbl M NMPUBOPbl H3MEPEHHUS H3BbITOYHOTO JABJEHHSA
B NOPOBOM BOJE

Jlast poBepKH TeopHil ymoTHenua (cm. r1. 3, § 5—7) n  uccre
HIOoBanHs 3aKOHOMepHOCTeH IIOA3yYecTH cKesera fedopManuii 0o6beMa
BooOIile, OJHOMePHOro YIIJIOTHEHHA B YACTHOCTH, a TaKXe OlpefieleHust
NPOYHOCTH M AJMTeJbHOH IpoyHocTH (cM. ra1. 9, 12) BoponachlleH-
HHIX TJIMHHCTBIX TPYHTOB HpeicTaBiseT OOJbLIOH HHTepec H30BITOY-
fioe faBjeHHe B NOPOBOH Boje. BosHMKalollee Moa ACHCTBHEM YIJIOT-
HSIOIMX HArpy30K H3GHITOYHOE AaBJeHHe B IOPOBOH BOJe yKa3aHHBIX
TPYHTOB sIBJAETCS NepeMeHHOH BO BPeMeHM BeJIHUHHOH, YCTaHOBJEHHE
3aKOHOMepHOCTEH H3MeHHEeMOCTH KOTOPOTrO BXOAHT B YHC/IO OCHOBHBIX
npobneM MeXaHHMKH TPYHTOB.

[Mpu uchbiTaHHM TJIHHHCTHIX FPYHTOB B YCJAOBHAX OAHOMEPHOTO,
TPEXMePHOTO C3aTHdA, a TaK¥Ke NPOCTOTO CABHIa H3GLITOUHOE naBJe-
HHe B [OPOBOH BORe H3MepPAIOT KaK y OAHOIO H3 TOPLOB, TaK H BHY-
Tpu obpasua [24, 29].

Meton 3aMepa NopoBOro AaBlleHHSl BHYTpPH oOpasua HMeeT DAx
CYLIeCTBeHHBIX HEeJOCTATKOB, a HMEHHO: BBOJA HIVIbI B 06Gpasell CHAbHO
yCa0XKHAST 3apAaKy NpuOopa u NMpoBefeHHe 3KCMEPHMEHTa; BBHAY
Manoro Kospduuuenra GHIAbTPamHM IVIHHHCTBIX TPYHTOB He BCerda
obecrneunBaeTcs NoJHAA Illepejava MOPOBOrO AaBJAeHHA HaXOAALEHCs
B KaOHAASAPHON TPyOKe (B Wrie) BOIBL, HOSIBASIETCS BO3MOXKHOCTb
(QuAbTPALHH BOALI [0 HAPYXKHOM MOBEPXHOCTH HIVIbI, YTO MPUBOAHT K
TIOHHKEHHIO [IOPOBOTO JAaBJeHHs.

HaBnenue, BOCIPHHHMaE€MOe BOAOH B KalHJJAAPHOH cHCTeMe (Hrie)
WIH B 3aKPHTOH APEHAXKHOH CHCTeMe, MOXHO onpepennts [24, 29]:

1) MeToaoM HelOCPeACTBEHHOTO 3aMepa;

2) MeTOmOM, OCHOBAaHHBIM Ha IIPHHIHIe CO3JaHHA [POTHBOAABJE-
HHS KOMIeHcHpylonlei cHCTeMoil;

3) MeTonoM, IpeAycMaTPHBAOIIMM BK/IIOUcHHe B CHCTEMY H3Mepe-
HHA GOKOBOro faBieHHst CIIeUHANBHHIX YCTPOHCTB,

B nepsoM ciyvae u3OHTOYHOe AaBjeHHe B [OPOBOHl BOje 3aMeps-
I0T NpH [IOMOILH 3allafgHHOrO C OJHOTO KOHUA H YacTHYHO 3allojHeH-
HOTO BOAOH CTEKJSHHOTO Kanujnasipa iuametpoMm 0,1 MM, HasHBaeMoro
THAPOA3pOCTAaTHUECKHM MaHoMeTpoM [24). IlaBnenne g Boje olpepe-
JAI0T H3MeHeHHeM o0beMa rasa B KalHAIspe N0 3aKpellJIeHHOH Ha
HeM TapHpoBaHHON wWKaJje. [uapoaspocraTHyecKHe MaHOMeTpH OYeHb
UyBCTBHTe/IbHHI K H3MeHEHHSIM TeMIleDaTypul M GapoMeTpHYECKOTO

AaBJieHHA, NIO3TOMY B MNOJYyYeHHhle Pe3YJIbTaTH HeoOXOAHMO BBOLHTH
COOTBETCTBYIOLIHe [IONPaBKH.

CyTb MeTolia H3MepeHHs TIOPOBOrO JaBJeHHS, OCHOBAHHOTO Ha
IpHHUHKIIE CO3MaHMs IIPOTHBOMABJeHHS, 3aKAl04aeTcd B TOM, 9TO BHI-
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TecHeHHAsd M3 NOp TPYHTA BOJa HapylllaeT PaBHOBeCHe 3allOJHAWMIEH
KanuaAspHyo TPyOKYy BOARI HJAM PTYTH, llepeMelllas HX B CTOPOHy
maHoMerpa. [IpoTHBopaB/ieHHeM, CO3LaBaeMbiM KOMIIEHCATOPOM, BO-
JAa BJIH PTYTb 3aHHUM&eET [epBOHAauaJbHOE IIOJOXKEHHe, BO3Bpalllas TeM
caMbIM B ofpaser BbITECHEHHYIO H3 HETo NMOPOBYIO Boay. JlaBjeHne, He-
o6xoauMoe /1 YPABHOBEUIMBAHHs I0J/I0KEHHst BOABI HJIM PTYTH B Ka-
nuAAAPe, paBHO H3OBITOYHOMY JaBJEHHIO B IOPOBON BOJe.
KOMHechponmee JaBjeHne, HeoOXOMHMOe NJid BO3BpallleHHA BOAH
HJIH pTYTH B [IepBOHayaJbHOC NNOJIOXKEHHE B Kanuaasape, MOZKHO CO31aTh
BO3JYXOM, BOJAOM, pacCIIHDEHHEM Macia [pd HarpeBe H AaBJCHHeM
cronba PTYyTH IIyTCM NOAHSITHA BBEpPX OTKPBLITOTO KOHILA PTYTHOTO Ma-

Puc. 37. Cxema npubopa masi H3Mepe-
HHA H3OBITOYHOTO JaBJeHAs B NOpO-
BOfl BOJE Uy BOJAOHACHILIEHHOTO INIH-
HHCTOTQ TIpyHTa C [HEBMATHUYECKOH
KOMIIEHCal Hel;
] — OuIMHAP; 2 — pesuHoBasg 0060J0YKa, & —
urna; 4 -— MaHOMETD, 5 — DeryJTHpPOBOYHLIH
KpaH; 6 — Ganaol Co CXKATHIM BO3ZYXOM, 7 —
Kaluaagp

%

N

Pre. 38. Cxema npubopa (koMIeHca-
LHACHHOTO THNA) OAA H3MePeHHA H30bl-
TOYHOTQ [aBJE€HHAs B IQpoBOH Boje
TJHHHCTOMO TPYHTa KOHCTPYKUHH Hu-
YHI0pOBHYA — MHArHHa

B

/74

|

:j/5 /7
) N
7— T N e

T

B
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HoMeTpa. B sabopaTtopHofi mpaKTHKe A/l YKA3aHHOH 1IeJI¥ yallle BCCTO

UCNONb3YeTCs BOAA.
CxeMma ycTpPoficTBAa ANSl YPaBHOBEMIHRAHUS I[IOPOBOTO AARJEHHsA

CXKAaTHM BO3ayXowm, mpeanoxennast JI. Doeppymom [24, 29], npurene-
Ha Ha pHuc. 37. 3nech naBjeHYe B IOPORBOH BOAE YPABHORCIIHBAETCA 1aB-
JIeHHeM CXKaToro B Gajjoie BO3AYXa, 3aMepAeMOro MaHoMerpoM. Benn-
YHHY ypaBHOBEUIHBAKILEro AABJCHHA ONpeAesiioT O JONOXKEeHHIO Me-
HHUCKA B KalHJJspe.

CxeMa OJHOTO H3 NPOCTeHUIHX NIPUOOPOR W3MePeHHA NMOPOROTO AaB-
JIEHHA MO PacCMOTPEHHOMY METOAY C MCIIOJb30BaHWEM BOABLI NpHBE-
nexa Ha puc. 38. KoHcrpykuus npubopa paspaboraHa A. A. Huwu-
noporuueM H C. M. Murunpim, yecorepinenctroBana B. M. [Tarunonckum
[24]. TTpuBop cocrour U3 ciaeayIOUMX OCHOBHBIX YacTefl: COEAUHUTENb-
Ho#t TpyOxH 3 U-o6pasHoro cTeKAsHHOTO KanuanApa I, rHesfa Aas ero
3aKpenyeHns 4, IRYX MeTaNJHueCKHX TPpyOOK 5 H 7, IBYX He3] 6, B KO-
TOpble BCTABRJSIETCSI MAHOMETP Y BAaKyyMMeTp (MaHOMeTp HJH BaKYyM-
METP MOXHO OTCOeAMHHTb IIPH MOMOIM  KpaHOB, He NOKA3aHHBIX HA
pucyHke), konyca I2 ¢ kpwimkoit /1, peswHoso# MeMOpaHbl 8§ H RHH-
TOR-perynsaTopoR 9 u 10, coeaviHeHHbIX ¢ Hell mapHupoM. CTeKIAHHBIR
KallHJASIp 3aKperIsieTCsl MeHaeNeeBCKOH 3aMaskol 2.

Bayrpennsas mosocte mpuGopa 3allosnHeHa KHISYeHOH BOAOMH, JH-
LIeHHOH Ny3bIPpbKOR CROOOZHOr0 BO3AYXA, A CTEKJAHHBbIH KalWaadp —
PTYTHIO (RO NOJOBHHBI BBICOTHI), YPOBEHb KOTOPOHl OTMeUaeTcsi BH3HUDP-
KoH.

Hsmepenne NopoRoro paBjieHHs OCYIIECTRISIETCS CaeAylouiuM o6pa-
soM. Bosunkawouee 8 06pasie IOPOBOe AaBJeHHe depe3d BOAY Nepena-
eTcs Ha pTyTh, Haxoaswyocs B U-o6pasHofi Tpy6Ke, BCACACTRHE Yero
PTYTh H3MeHsIeT CROe IepBOHAuajbHOe IOJOXKeHHe. BpallenveM RUH-
TOB-PEry/IsATOPOB C KPYNHOH M MeJKOH Hape3Koii pesHHoBast MemOpaHa
nporufaercss ¥ B NpuUGOpe cO3AAeTCSl IIPOTHROAABJICHHE, YAEPKHBAIO-
ee PpTYThb B NepBOHAuaAbHOM NoJsoxKenHH. [IpoTuBoaarenne, kKoropoe
parHO H3OGLITOWHOMY AABRJCHHIO B MOpPOBOH ROAE, 3aMepPSIOT MaHOMET-
poM.

KoMmnencauHoHusle ycTpoficTBa  aJisl CO37aHMsA NPOTHROLABIECHHST
BHHTOBLIMH [IPeCCAMH HMEIOT NIHPOKOe NpHMeHeHHe B Nab0opaTOpHOH
npakTHke, KOHCTPYKIWA TaKuX YCTPOHCTB MOAPOGHO OMHCAHBI B KHHIE
A. Bumona u [JI. Xenkenst (1957 r.). IlpuHuun onpenesennst u3Gpirou-
HOTO J4BJeHHsl B [OpOBOi BOJE HCIOJNb30BAH TaKXe B MpHOOpax KOH-
crpyrin JUHT [7], 3. T. Tep-Maprupocsana [24] u ap.

Meroppl co3paBHs NPOTHROLARJIEHNS Maccofl cTonba pPTYTH u pac-
mUpeHHs] Macla [pH HArpeme B J1abOpaTOPHON NPaKTHKe He NMONYYHIH
IIHPOKOTO MPUMEeHeHHs BBUAY HX CJAOKHOCTH. TpeTni MeTol H3MepeHHs
BeJIMUMHBl H3OBITOYHOTO AaBJIeHHs B IOPOROIl BOAE, NPeAyCMAaTPHRAIO-
Ui BKJIOUeHHE B CUCTEMy H3MepeHHA OOKOBOTO AaBJEHHA CIEHHAb-
HBIX CHCTeM, TaKXe He WMeeT IIMPOKOro MpUMeHeHHs H3-3a psafa CY-
IleCTBEHHbIX HEAOCTATKOB. DTH MeTOAH HW3MCpPeHHs MOPOROIO AARJEHHSA
noapoOHO H3NoXeHwl B Kuire A. Dumona n [I. Xeukens.
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§ 4. BIHAHHE BBICOTHl OBPA3LA HA YNNOTHEHHE
BOQOHACBIIUEHHBIX TAHHHUCTBIX 'PYHTOB H METOOHMKA
ONPEAEJEHHA NMOJ3YYECTH HX CKEJETA

Apropom knuru B 1958—1959 rr. '[20, 22] 6bi1 BHNONHEeH 60ABLLIONH
LHKJ SKCIepHMEeHTaNbHEIX HCCI€AOBAHHM 11O ONpPe/AeeHHI0 BIHSHHASA Bhi-
corsl o6pasia Ha YIJAOTHEHHE PSJa AOCTATOUHO PABJHYHBIX MO COCTABY
H CBOHCTBAM TJIHHHCTBIX TPYHTOB HapYIIEHHOI'O CJOXEHHS TeKydel
KOHCHCTeHUHM (cM. Taba. 5.). Ha ogHoMepHoe ynjioTHeHHE B OCHOB-
HOM HCHHTaHH reoMetpHueckH nogobuble ab6pasubl (A=2 u 6 cM, d=
=7 u 21 cM, d/h=3,5) na MaabIx # GONBUIHX KOMIPecCHOHHBbIX pubo-
pax M-2 uw M-3 (cm. a1 3, § 3), a Takxke o6pasitsl BeicOTO# 1 cM npH
auametpe 7 cm. XOTs B HOC/IelHEM Clyqae YCaOBHe M0oa06us 06pasuos
He OblIO coOnIO/leHo, HO, Kak OBlI0 NOKa3aHo mblibe {(cM. ra. 3, § 4),
5TO He 0KA3aJ0 3aMeTHOe BJHSHHE Ha Pe3yJbTaThl OMBLITOB.

O6pasunl BrIcOTOR 1 ¥ 6 ¢M NOABeprajHch, CTYNEeHIaTOMYy HarpyxKe-
HMIO TIpH OJHOCTOPOHHEM, a BBICOTOH 2 cM IpH OJHOCTOPOHHEM H
ABYCTODOHHEM ABHXXEHHH OTXKHMaeMOH H3 rpyHTa nopoBof#i Boan. CTy-
NeHH HarpyskH NpPHKAaAbiBaJHCh K o0OpadilaM Ha NMOJHYI0 BeJHYHHY
0e3 ynapa 3a IpepesbHO KOPOTKOe BpeMf — «MTHOBeHHO», [nd nph-
Mepa Ha puc. 39 NMokasaubl HayaJbHble YYacTKH KPHBLIX NOJ3YYeCcTH
cyrauHKa (cM. Tabi. b), MOoNyYeHHHIX OT AeHUCTBHA yeTblpeX NOCAeA0Ba-
TeJIbHO NIPHOXKEHHBIX CTyNeHeH HarpysKH.

PaccmoTpeHne peaysbTaToB ONBITOB OKa3blBaeT, YTO HA HAYaAJbHOH
CTaZMM YIVIOTHEHHs KPHBBHE NOJ3ydecTH 06pasu0B pa3JHUHOH BHICOTH
3HAUHTEeNbHO pAcCXOAATCA APYr OT Apyra, a 3aTeM, NocTeleHHo (B 3a-
BHCUMOCTH OT TOYHOCTH ONBITOB) NMpHOAHIKAsICh, CAHBAOTCSA B OJHY HJH
pacroJsiaraloTcs napaJjienbHO ApYr Apyry. Kaxk mnpaBuio, no Mmepe
BO3pacTaHUsl BblcOTH 06pa3na M BCJAeACTBHE 3TOTO YBeJHUEHHS AJMHBI
nyTH QHUAbTpAllMH H 3aMe/JIeHHs TPOLlecca OTKAaTHS H3 TPYHTa NOPOBOH
BOJBI HMeeT MeCTO CHHMKEHHEe CKOpOCTel YNJIOTHEHHs TPYHTOB. B TO Xxe
BpeMsi KpHBHE YNJIOTHEHHS 08paslioB BhICOTOH | H 2 ¢M npH ofHOCTO-
pPOHHeM H ABYCTODOHHEM OTXKaTHH IIOpOBOH BOABI HpaKTHUECKH COBINA-
J1ai0T B BHAY PaBeHCTBA AJHH NyTeH  Ux duabTpaunud. M nocKolbKy
OTMEUeHHOe BhIIe pacXoXeHHe MeX1y KPHBBHIMH YIJOTHeHHs 06pas-
I10B Pa3jIHYHO TOJMIIHHBI cBsI3aHO ¢ MacmTabukIM 3 dekrom (06ycaoB-
JIeHHbIM (PakTOpOM (HIbLTPaAUMH), IEPHOJ BPEMeHH, B TEUeHHE KOTOPOTO
nab/onaercs BAMAHHe 3TOro 3ddeKra HaA NPOUECC YINJIOTHEHH ], [IPHHS-
TO Ha3bIBaTh (IPEHMYLIECTBEHHO B 3apy6eKHON JTHTepaType) «me p KO-
AZoM (HAbTpauUHMOHHON KOHcoaupgauwuw» |22, 35, 40].

Yca0BHe He3aBHCHMOCTH AedOpPMaLHH OT BHICOTH 00pasia CUHTAaeT-
cst locTHTHYTHM [20, 22], ecau: 1) KpuBble YIJIOTHEHHS NOCJE NepHO-
Ja «PHIBTPALHOHHOrO YNJIOTHeHHsi» fI cOBMajgaloT; 2) pacXoxJeHHe
MeX/Iy KPHBBIMH VIIIOTHeHHs! 00pasiuoB pa3/IMYHOA BHICOTH He NPEBHI-
IIaeT TOYHOCTH H3MepeHHUst Aedopmauuii; 3) B cHAy ONpeJeeHHOrO
pasbpoca ONMBITHBIX [JaHHBIX CKOPOCTH Ae(POPMHPOBAHHs YyKa3aHHBIX
00pa3uoB paBHH, T. €. HMeeT MecTo HX MapasfeNbHoe paclosoXKeHHe.
OueBujHo, 4To, HaYHHAS C MOMEHTA CJIHBAHHS  HJH [apajsiebHOro
pacnoyioXeHus KPUBHX YIIIOTHeHUS! 06pa3lOB Pa3/IHuHOMN BHICOTH, NPO-
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jece OTRATHS M3 TPYHTa DOPO-
BOi BOABL MOMKHO CUMTaTh Mpak-
THUeCKH 3aKOHUEHHbIM, [1oaTOoMY
nepHoA BpeMeHH, B TeUeHHE KO-
TOpOro YIMIOTHEHHe BOJOHACH-
HCHHOTO TJAHHHCTOTO rPyHTa HE
3aBHCHT OT BbICOTH 0Opasua
(¢dakropa duibTpauny), NpHA-
TO Ha3HBaTb NMEPHOJOM HEDUJIb-
Tpanronnok — BTOPUYHOH  KOH-
cOHMaal#y, BSI3KOrO COMPOTHR-
JeHHs WM [OJ3ydecTH cKesera
[7, 20, 40] unm ©POCTO BTOPHIM
MepHOAOM  YNJIOTHEHHS 120,
22]

Ha puc. 35 u 39 BuaHo, 41O
nepuod «(bHIbTPALHOHHOH KOH-
conugauun», {1 noxBepxen Cy-
HIeCTBEHHOMY H3MEHCHHIO KaK B a W20 30 47 S0t mun
3aBACHMOCTH OT BHICOTH 00pas-
a3, TaK M HA3MEHAEMOCTH Co-
CTOAHHS IIJIOTHOCTH-BJAXKHOCTH
IPyHTa B [IpOLECCe 3arpyxKeHus.
Ecan  ang  o6pasuos  IVIHHBL
4—57 (cm. Taba. 5) BpicoTodt 1 0 W20 37 45 st

u 2 ¢cM JJAHTeAbHOCTb ! TIpH

nepro#t cTylleHH HAarpysku pas- E‘]7 EZ

Ha“42“i, T60 aas Q()Spasxoa BHICO-  poo 39 Haqalbise y4aCTKH  KpEBHX
Toft 2 B 6 cM—24 U, AHANOTHY- g4 o6pasuoB cyramEka 2—37 pa3mbix

Hasl KapTHHa pe3KOra H3MEHE-  pa3MepOB HA DPAasAHUHLIX CTYIEHAX p (B
M .

HHS AJMTENRHOCTH «(QuibTpa- fa):

. @—0-00125; 6—00125--0375; & — 0,375~
[MOHHOI'O YIJOTHEHUSAY nadano G O o6 0neh e 1 —d T e,
JaeTcss W TpH  Hepexoie OT h=2 cm; 2 —d==2] tM, h=F6 cm

OfHOW CTYUECHH HATPY3KH K APY-

voit. Hanpumep, ecau I Ha nepBof cTynesu Harpyskd IJs STOTO 2Ke
rpynta (h=1 1 2 cM) paBua 4 4, a HA sTopoft ctynenn 1=2--3 4, 10
Ha TpeTbeil M UCTBEPTOH CTYNMeHAX OHa eABa JlOCTHraeT 30 muH. Takas
e KapTvHa HabJIOfaeTcs [PH HCIBLITAHHH APYTHX TPYHTOB. OuerHAHO,
410 yMenbllienne {1 CBA3aHO C YBeIHYEHHEM [VIOTHOCTH THYHTA M CBH-
IACTeNbCTBYET O BOSpaCTaHHH noJig BJAHAHKRA BTOpH‘IHOﬁ KOHCOAWJallHH,
II0JIHOCTBIO OOYCHOBAEHHOH TOJ3ydecTbiO CKeneTd,

J1iisi BLISICHEHHA CTeNeHH BANSHHS PAKTOPOB, JAeACTBYIOLIBX B MIPO-
lecce VIAOTHEHHS BOJOHACHIIEHHHIX TAWHHCTHIX IPYHTOB B AEPUOL
BLUKMMaHus M3 HHX TOPOBOH BOAH, B Ta6u. 7 NPHBEEHH HEKOTOPEIE
sgaueHusi NOKa3aTels n, BBIUMCJACHHBE MO KPUBBIM  yIUIOTHEHHA,
oIIpefeneHHBM [IPH HCITBITAHWA 06Pa3LOR Bricotolt 2 u 6 cM MPU OHOM,
NPOM3BONBHO B3ATOM 3HAYeHHH AedopMalHy.

Auanus paHEbIX Ttaba. 7 noKaspiBaeT, 4TO B 3aBRHCHMOCTH OT
CBOHCTE HCIHTAHHEIX TPYHTOB NOKa3aTesib n Ha MepBbIX ABYX CTYNEHAX
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Ta6aunga 7
MoxasaTesp KOHCOJNMAAUMH TPYHTOB

Iloka3aTenh KOHCOJHJAIMY NAS CPyHTa

AHEHHS

4—57 6—57

Cryneds  Hanps
’ 7—57

1 l 1,4 ' 1,6 ‘ 2,0 ' 1,6
II 0.4 04 2,0 0.6

Harpysku xkonebnaercst B npepenax or 0,4 po 2,0 U3 srtoro caenyer,
49TO ¢ CaMOIQ Havana lpouecca YIJIOTHEHHS IOJ3YYecTh BOAOHACHIIEH-
HOTO TpyHTa B pesJoM o0yC/IOR/NEHA BJAHSHHEM ARYX OCHOBHBIX (PaKTO-
pos—duabTpauKHH H NOJA3YydeCTH cKenera (taba. 8) Hruo-
pHpORaHHe BJAHSIHHS NON3YUeCTH CKejeTa Ha Mpopecc YIJIOTHEHHS B
TaK Has3HBaeMOM «IllepHofe (DHUIBTPAUHOHHOIO yHNJOTHEHHSI» MOMXKeT
CTaTp OPMUMHOR 3HAUMTE/NbHBIX  [IOTPelHOCTeH M HECOOTRETCTBHS
TeOpHH 3KcnepuMeHTy. MMeHno nmostoMy Nepuon mausiuusi Macurab-
Horo 3ddexra Ha Mpouecc YIJIOTHEHHS SARJIACTCHA NePHOAOM COBMECTHO-
To AeficTBASL PAKTOPOB (YUAbTPALUH H NMOJ3YUECTH cKeAeTa H ero ClIeay-
€T Ha3bIRBATL IIePBBIM MepHOAOM YILIOTHeHHS (00BbeMHOH HOJ3YUeCTH)
# {20, 22]. CreaoBaTenbHO, NPH PACCMOTPEHHH RONPOCOB AJTHTEALHOIO
YIJIOTHEHHWS] BOAQHACBIMEHHBIX TJHHHCTHIX TPYHTOB CleAyeT pEUIHTb
CMeIIaHHYIO 3aJauy TeOPHH YNJOTHEHHS B lTocTanorKe B A ®uopuua
{cM. rn 3, §7) npu obeclieueHHH HaAIeXKalIMX HAYaJbHBIX H KPaeBhIX
YCAOBRHH

Ilns onpeneneHus MOJI3YYeCTH CKesleTa, T € BhiAeJeHHs ITON3YYecTH
cKeJleTa H3 oOllero npouecca AedOPMHPOBAHHSA, CAEAYeT CTPEMHTHCSH
K NpefesbH0 RO3MOMKHOMY YMeHbIIEHHIO IEPROTO NePHOAA YIIIOTHEHHST
Has atoro pesecoobpasHo UATH IO MYTH YMeHbIIeHHS TOJIIHHBL HCITH-
ThigaeMoro o6pasua. Torna BeI6Op MeTOAHKH ONpefesieHUs I10JA3yJIecTH
CKe/leTa CBeAETCSl K OlIpefle/IeHHIO ONTHMAaJbHOH BHICOTH 0o6pasua, Ko-
Topasa ofecreuuT MpeHeOpeXUMO Majloe BAHSIHMe (aKropa (HALTpaA-
LHH H MHHUMAaJbHOe HapylileHHe NPHPOAHOIO CJOMKEHHS TpYHTa IPH
ero BeIpe3Ke U3 MOHOJHTA

M3 taban 8 BHaHO, uTo I npearapHTes]IbHO HEYMJIOTHEeHHBIX 00pas-
10B TMMIMHHCTHIX CPYHTOR HAPYMIEHHOTO CJAOKEHHS TOJNIHHON 2 cM pis
MepBLIX CTYMCHell HarpPy3KH, parRHbIX (3a HCKIOYeHHeM rpyura 2—»57)
0,025 MIIa, konebercs B npepenax ot 1 g0 4 4, a geopmMauuH cocTar-
asior ¢! =13,3—89% or nmojHBIX IpPH KAHHOH MPOAOMNKHTE/IbHOCTH
HCIBITaHus Ly HCKII0YUTL H3 PACCMOTPEeHHS PE3yJ/bTalH, COOTBETCT-
BYIOLlie MHHHMAaJbHOMY 3HAueHHIO GHTOROro AaBiexus — 0,05 Mlla,
TO BMeCTO [pHBefeHHBIX BBllle uHPp OyaeM umeth 1=0,25--2 u;
e 1 =22,0-48,1%. Ecnu takxKe ydueCTb, UTO ONKITHl BHITOJHEHB TPH
OJHOCTOPOHHEM OTXaTuu H3 006pa3uos NMopoBo# BOABI, TO HPH ABY-
CTOPOHHEM OTXKATHH NoCHefHeH# BeJHUMHH 1 H g‘c COOTBETCTBEHHO

YMeHbIIATCs B YeThlpe ¥ aBRa pa3a. MMes B BHAY, uTO NMepREI NepHOA
YIOTHeHHS B 3HAUHTEILHON creneHH 06yC/I0B/EH [10/13Y4eCThIO CKeJleTa
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Tabnuua 8

MpoxonKHTeNEHOCT H BeauyHHA XedopMapuu ABYX NEPHOXOB YIIOTHEHHS
006pa3uos pasiHYMBIX TPYUTOB

1 T T
¢, u, npu Bucore| & %, UpH BB} &, %, OpH Bw-

M M
Cryneun Ag,. Ieprox ofpa3ua (cM) cote ofpasna (cM)|core oGpasua (cm)
HampsxKe- 10 MIla Haliitones
A Hult, 4
2 6 2 6 2 6

Cyraunok 2—57

I 0,125 216 — 12 — 90,5 —_ 9,6
11 0,25 1056 — 4 — 72,8 — 27,2
11 0,25 576 —_ 0,5 —_ 15 —_ 85
v 0,25 264 —_ 0,5 —_ 14 — 86

F'naua 457

1 0,25 24 4 24 93,7 100 6,3 0
11 0,25 120 2—-3 ~24 | 61,6 88,4 38,4 11,6
101 0,25 144 0,56 <24 22 77 78 23
v 0,25 168 <0,5 6 13,3 | 45,5 86,7 | 54,5

JdunatoMaTOBasg rawmea 5—57

1 0,25 24 1 6 93 91,6 2 8,4
II 0,25 168 0,5 ~2 72,7 87,6 27,3 12,4
I 0,25 168 0,25 ~1 46,3 52,5 53,7 47,7
v 0,25 216 0,25 | ~0,5] 30 32,1 70 67,9

YacoBpapeckas rTauba 657

I 0,25 576 — 288 — 96,2 — 3,8

I1 0,25 696 —_ 192 — 92,3 — 7,7
HosomBejinapckas rauda 7—57

I 0,25 - 144 >4 120 71,3 97,5 28,7 2,5
11 0,25 192 ~3 96 64,6 | 85,7 | 35,4 14,3
I 0,25 264 ~2 48 48,1 8,3 [ 51,9 14,7
v 0,25 1344 <1 40 23 60,2 77 39,8

(nm<<1), nona Bausaus Qakropa QuabTpaunn Gyler npenebpe-
®umo MaJoit. [loaToMy ¢ pocTaToUHbBIM OCHOBaHHEM MOXKHO CUMTATh,
YTO € CAMOTo Hauana HCHKTaHUsA 06pa3loB BHCOTOH 2 CM, IIpefBapH-
TeJIbHO YIJIOTHEHHHIX OBITOBHIM aaBiaeHueM 0p,0=0,056 MIla, npakru-
YeCKH YIVIOTHEHHE [OJIHOCTbIO 06yC/I0BAEHO NOJI3YYECThIO CKeJIETa TPYH-
TOB.

OueBnaHO, YTO ec/lH B yKa3aHHbIX Buille HauboJjee Hebaarompusr-
HBIX [1J/% 3KCHepUMeHTa YCJAOBHSIX IOJ3YyYecTH CKEJNETA TJIMHMCTBIX
TPYHTOB MOXHO ONPEAEJUTb HCmeTaHHeM 06pas3uoB BBICOTOH 2 cM IpH
ABYCTOPOHHEM OTKATHH MOPOBOH BOABL, TO MOJA3YYeCTb CKejleTa BCeX
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MX JAPYrHX PasHOBHAHOCTEH (HE3aBHCHMO OT CJOMKEHHS, COCTOSIHHS
BJAXHOCTH M IJIOTHOCTH) MOXKHO OIpPEeIeNHTb HCIHTaHHeM o6pas’uoB
TaKHX JK€ pasMepoB TPH TeX XKe YCIOBHAX ApeHHpoBaHus. BoJee Toro,
KOTJa CTelleHb BJAXHOCTH MalOCKHMaeMhX H CpeIHECXKUMACMBIX
TAHHUCTHIX TpYHTOB S,=J0,95, a cuubHockumaeMmux S,=C0,8, To npn
ONpeleNeHHH TOJN3YUeCTH CKeaeTa B Ipefesax OOBIYHO AEHCTBYIOLLHX
narpysok (0,3—0,5 Mlla) BricoTy HcnbiTEIBaeMOro obpasia MOMKHO
He orpaHHYHBaTb. B 3ToM ciayuae AedopMmauus NoJa3ydecTy CKeJeTa
TOXJECTBEHHO paBHa ToJ3yyecTH ofpasna B HeJoM.

Bonpochl BAHSIHHS BHICOTH O6pasia Ha OAHOMEDHOE YIJOTHEHHe
BOJOHACHLIIIEHHBIX TJIHHHCTBIX TPYHTOB Hayuaduch Takxe A. I'. Coxo-
goBeiM B 1958 r., E. M. MeakoseiMm B 1960 r., H. H. Mac/jioBeIM H
Jle Ba Jlnonrom B 1972 r. B padorte A. T'. CokonoBa [20] paccMmoT-
PEHEl pe3yJsibTaThi HCTBLITAHUS THAXKENOH CylecH, AHATOMHTOBOH W Gen-
TOHUTOBOH rauH. PesynbraTh onwitoB u caenadHuie mo Hum A. I. Co-
KOJIOBHIM BHEIBOAB! TOJHOCTBIO COBNaJAIOT ¢ BHIBOJAMH aBTOPa 'KHHMIH
U TeM caMBIM TMOATBEPXKAAIOT HX NpaBHAbHOCTh. B 3Toil pafore ombITH
BHITOJIHEHH €3 cOoOJI0AeHHs YCJOBUA reoMeTpHueckoro mopobus o6-
pa3uoB pa3aHuYHOH BHICOTH H He IIpHBEIeHH JaHHbe 0 BEJNHYHHE H H3-
MEHSIEMOCTH T0Ka3aTe/isi KOHCONMAALUN IPYHTOB B Ipoilecce YHJAOTHe-
HUS.

E. U. MeakoseM B 1960 r. mpoBeeHO MHOTO cepHil HCHBITaHHH
06pa3iloB pa3iHYHOH BBHICOTHl MJACTHYHBIX H CHIyYHX TpyHTOB. B
KaxA0i CepUH ONBITOB HCABITAHBI N0 TPH 06pasma guamerpoM 55 cm
npu BeicoTe 2,75; 5,5 u 11,0 cM, a o moayueHHBIM pe3yJabTaTaM ofpe-
JeneHnl ToKa3aTeNn KOHCOMHAANMH 1 U NpOH3BeJeHa NPOBepKa crpa-
BeAJAMBOCTH cooTHOomenna (3.42) mus »Tux rpyHToB. Ilo 3naveHnsm n,
BHYHCJCHHHIM AJS ABYX CTyNeHel Harpysku A o6pas3yoB, HCIIBITaH-
HBIX TIpH OJZHOCTODOHHEM JApeHaxe H BeJHUHHE CTeNeHH YIJOTHEeHHS
U=90%, ycranoBaeno (rabua. 9), uto ns%=const, a ero mnpezneinHoe
3HayeHue MOXKeT GHITh U GoJbllie ABYX.

Tabanuwa 9

Noxa3satean Kouconupauny n, nodydenusie E. H. Meaxosbim

3uaueHHe 7 TPH
HauMeHnopaHHe TpyHTa H HOMEp OINbITA CTY“::; MI-?:B“E' b/t e, ns b
TiuHa MArKomJaacTuyHasd, ONHT 0,0—0,05 1,58 1,42 1,42
10 0,05--0,1 0,64 1,50 2,03
T'auHa TYromiacTHYMAH, ONEIT 12 0,0—0,28 2,25 2,50 2,75
0,28—0,48 1,82 2,23 2,63

BeBogsl E. M. Meakosa o6 m3MeHsieMOCTH IOKa3aTesds n 110 Mepe
YHJOTHEHHSI TJIMHHCTBIX I'DYHTOB IIOJNIHOCTbIO COTJIACYHOTCS C paHee
NOAyYeHHBIMH pe3y/abTaraMH, H3JOXKEeHHBIMH BHIle, OZHAKo COraa-
CHTBCS C TeM, YTO €ro BeJHUHHA MoxKeT OBIThb OOMbllle aBYX, HHKAK
Helb3s. HH ONHH H3 CNeNMAJHCTOB, KOTOpBIH 3aHHMaJjcs OIpejede-
HEeM T0Ka3aTeldfl KOHCOJNHMAAUHUH BOJNOHACHILIEHHBIX TVIHHUCTHIX TPYH-
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TOB, He ToJIydan AJisl 1 BeJHYHHy, Gosbllyio aByX. Hamo momarats,
4TO Ha nosayueHusie E. M. MeakoBeiM pe3ysbTaThl MOBIHSIO HECOBMIO-
Ji€HHE YCJIOBHS TIeOMETPHUYECKOro mnojo6us o6paslloB pasguyHOH BH-
COTHl H B CBSI3H C 3THM HX H30bITOUYHOe G0OKOBOe TPEHHE O PE3HHOBYIO
o6oaouky crabunomerpa ero Koucrpykuun. B ero paborax [20] ne
TPHBOAATCA AaHHBIE, NO3BOJAIOLIME CYAHTL O BEJIHUHHAX YKa3aHHBIX
fIorpelIHocTed,

H. H. Macnos u Jle Ba Jlwionr B 1972 r. ucCleioBalH H3MeHs-
€MOCTb TIOKa3aress KOHCOMHMAAUHH n 06pa3yoB PA3JHUYHOH BHICOTHI
(h=42; 63, 8,3 u 10,7 cM nipH F==60 cM?) yeTHIpeXx IIHHUCTHX I'PYH-
TOB HapyUIeHHOIO CJOMKEHHA TeKyuelTacTHUHOH KOHCHCTEHUHMH B 3a-
BHCHMOCTH OT BJaxHocTH. J{151 onpegeneHns n HMH HCMOJb30BaHb]
ZaHHBIE O BpeMeHax fi, f, H T. X., JocTHKeHus oOpa3noB BHICOTOH A,
hy; ¥ T. A. 3ajaHHOTO 3HAYEHHs BJAXKHOCTH. YCTAHOBJEHO, UTO TIOJ
aeicreueM o; oT 0,05 mo 0,1 MIla nokasaresnb w1 H3MeHseTCA B Nipefe-
Jax 2z2zn>=0 (n=2 npu Tekyyennacruuso#, n,=0 Ipu TBepIoi KOH-
CHCTEHIHH) B 3aBHCHMOCTH OT ToKasaTesJss KOHCHCTEHIMH «, IO
H. H. MacaoBy (a=1—28B, rge B — nokaszaTeflb KOHCHCTEHIHH IO
CHuIl 11-15-74). Dt paHHBle eme pa3 TOATBEPAHIH TIOJNYyYeHHBIE
paHee ADPYIMMH YUEHBIMH pe3VJbTaTH O 3aBHCHMOCTH TOKasaTeseH n
¥ {' BOLOHACHIIIEHHBIX TJMHUCTHEIX CPYHTOR QT H3IMEHAEMOQCTH UX COCTQH-
HUA B TIpoOLeCCE YIVIOTHEHHA H HETOYHOCTB NMOJYYEHHBIX E. . Meaxko-
BbIM 3HaueHHH 4719 1.

I onpenesenna NpoaoNKHTENbHOCTH TIEPBOTO NMEpHOAA yIIOTHE-
Hua 1Y, gepopMaiuii GpHIBTPANHOHHOTO YIJIOTHEHHS] ¥ TIOJI3YYECTH CKe-
Jera C. A. Posza u A. M. Koros B 1956 r. [20] 3aMepuin n36uTOUnbIE
JaBJIeHHA B NIOPOBOH BOJAE BOJOHACHIIEHHBIX [MHHHCTHIX IPYHTOB Hapy-
1IEHHOTO CJIOKEHHsT THAPOAdPOCTATHUECKHMH MaHOMeTpaMH (cM, I
4, § 3) npu ucnuTanun obpasios nuamMeTpom 50 CM B YCIOBHSX OJHO-
CTOPOHHETO JpeHHpoBaHus (Taéa. 10).

Ta6anuwa 10

OcHOBHbIE XapaKTepuCTHKH HCMBITAHHBIX FPYHTOB

Copepxanne  (pakluu TIpearensr naacTHYHO
(Mm), % cTH Beicota
Homep o6pas-
rpyHra P+ KT /M3 k, m/c ua,
™
>0,05| 0,05—0,005| < 0,005 w, wp JP
2 48 40 12 2660 0,200,171 0,031 4—10.10-%) 14,5
3 14 58 28 2690 0,28 10,17 0,11} 1—3-10~° | 14,0
4 36 49 15 2670 0,22 0,17 | 0,05 | 7—20-10-% | 20,4

DKClepUMeHTaMHu ycTaHoBJeHo (Tabua. 11), yTo APH nocjaef0BaTelb-
HOM 3arpyXeHnmn 06pasiloB crymensMmu Harpy3kd mopsinka 0,05 MIla
H3MeHsIeTca Koa((HIMeHT nepegaun aaB/ieRHs Ha NOpoBylo Boay. Hau-
Go/blliee 3HAUEHHE STOrO Koddduiyenta (0OKOJIO EXMHHIb) COOTBET-
CTByeT TlepBofl, a HaHMeHblllee — Nocaeanes crynenn Harpyskn (0,2
Jnss rpynra 2; 0,42 — s rpynTa 4). YcraHoBs€Ho Takxe, uTO cpa-
GaThiBaHpe H3OGBITOUHBIX HanopoB B NMopax o6pa3oB NPOHCXOAHT MEN-
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JIEHHEe TEOPEeTHUYECKOTO, a TPOJOMKHTENbHOCTh «(QUABTPALHOHHOTO
YILIOTHEHHA» ABJsAeTcs QYHKUHCH IJIOTHOCTH IpyHTA.
Ta6auuma 11

PesyabTaTH MCNBHITAHHSI TPYHTOB

Bpewms
Homep rpyHTa p1, MIla ley %
f, 4 tl q tI o
2 0,56 71 9 80 4
0,158 118 3 69 8
0,256 194 2 55 22
0,356 530 | 37 41
3 0,03 289 50 90 4
0,056 214 20 84 10
0,156 789 10 75 13
4 0,054 1058 8 80 7
0,106 3500 — 4 42

Pesyabrarsl, nonyuenubie C. A, Poza u A. H. KoroBnM panee,
TIONHOCTHIO COTJIACYIOTCH € AAHHLIMU ABTOPA KHATH ¥ APYTHX HCCHEAO-
Baresell, MOJYUYeHHBIMH MyTeM MCIBITAHAS 00pa3uoB Da3JHYHOH BHI-
COTHL.

Onpenenennto ' moceaweHn Takxke pabore B. M. IlaBrmoHckoro
u B. Il. Cunuauna, BeImoJiHEeHHBle coorBeTcrBeHHO B 1959 m 1960 rr.

Io nauusim B. M. IaBusoHckoro [22], npu HApacTaHWH AaBJeHHH
CTYNeHSIMH, BEJIHUYHHBI KOTOpBIX B pasHbix omwiTax paBHu 0,187; 0,2;
0,379; 0,561 u 0,74 MIla (mocne nmpeaBapuTeNbHOTO YMJAOTHEHHS Har-
py3kamu 0,025-+-0,1 MIla), Bpems 3aryxaHus u3OBLITOYHOTO AaBJCHHA
B MOPOBO# Boje 06pasiioB rPyHTA HAPYILEHHOTO CJAOXKEHHS TPH OJHO-
CTOPOHHEM APEHHPOBAHMH H3MeHseTcs B Npefeiax 3—5 u. Heckombko
O6mpline 3HAYEHHUS {', MO CPABHEHHIO ¢ AAHHBIMH AaBTOPA KHHTH, MOX-
HO OOBACHHTD YACTHYHBHIM HJIH TOJHBIM Pa3pylieHHEM CTPYKTYPBI HC-
NBLITAHHOTO TPyHTa MOJ JefCTBHEM JOCTAaTOuHO OO/BLIHX HAarpysok.
Hans onpenenenns ' B, M. Cunuauneiv [22] nenonb3oBan MeTol ¢uk-
calMl MOMeHTa BPEMEHH Pe3KOTO MAaJeHHs CKOPOCTEeH AedopMalHH H
H30BITOUHOTO I aBJEHHS B MOPOBOI BOJE,

K cxasaHHoMy BHIIE go6aBuM, 4To MNpH HeOOJBLIOH CTPYKTypHOH
NPOYHOCTH TPYHTA €ro 3arpyxeHHe OOJbIIHMH CTYNEHSAMH Harpy3KH
crnocoOCTByeT COKPAI@HHIO CPOKOB 3aTyXaHHs TOPOBOTO I aBJICHHS
BCJIeJCTBHE BBICOKOI'O 3HAUEHHs ITOCJENHETO M JIABHHHOTO pa3pyuieHHS
CTPYKTYPHI.

B 3akmouenue ormernym, uro H. Teisop u A. Kasarpanze npeaso-
KHJIH METOAB! AJS Oollpefe/IeHHs Ko3GhdHIHEeHTOB PUIbTPpALNH & B KOH-
conuaaunn C, (3.35) mo pe3ysnbTaTaM KOMMPECCHOHHBIX HCIBITAHHI
00pa3uoB BOAOHACHIIEHHBIX INIMHHCTHIX TPYHTOB,

CyTb yKa3aHHBIX METOJOB 3aKJIOU2eTcsl B TOM, UTO H3 3KCIEepHMEH-
TanbHOH KpHBOH AedopManusi — BPeMsi, NOCTPOEHHOH B KOOPAMHATAX
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AedOopMaiHsi — KOpeHb KBaJApaTHbIH #3 BPEMEHH HJH neq)o;imaum—-
gorapuM BpeMeHH, BBLAETSIOTCA YUaCTKH <«(QHJIbTPANHOHHOH» KOHCO-
aupanuu. gas onpenenenusi Cy 4 £ B COOTHOLIEHHE (3.41) BBOAHTCH
caelywilee o603HaueHue:

Cypt

T, = -_;:2_ . 4.3)

M3 (4.3) c yuetom (3.35) moayuaiorcs cjaeldyoliue GOpMyant sk
onpenenenus C, u k (Xapp, 1971):

Co = (To/t) h2; - 4.9
k= (Co Yo mc)/(1 + ), (4.5)

rae T,— xkoadduuuent BpeMenu (6e3pa3MepHBIH), onpelefsieMHH Mo
TeoperTnueckoit 3aBucuMocty U=U (T»); h— nosoBuHa TOJNUKHHBE
HCTIBITBIBAEMOTO TPYHTa INIpH ABYCTOPOHHeH (uabTpauun; ¢— BpeMs,
COOTBeTCTBYIOllee CTefenn Koncoamaanuu U; ocraibhble 0603HaYeHUA
HMEIOT IIpeXKHHe 3HaUeHHs.

Hns onpepenenusi Bpemenu ¢ JI. Tefimop moie3yercss BeaHYHHOR
nedopmannm, cooTsercTByomeir 90% TNepBHUHOA KOHCONHAAIHA
(T9o=0,848). Tlpunumas, yTo u3-3a sIBJeHHI BTOpUYHOH KOHCOJNHAA-
I[HH TEOpEeTHUEeCKas ¥ SKCIepHMeHTa/lbHas KpuBHe aedopMauHii coBna-
nalor 1o U=609 ansa onpenenenus ¢ A. Kasarpange nosab3yercsi Be-
auyunolt U=50% (T5=0,197). Hauano u KoHel, c/eJ0BaTeJIbHO, H
TPOJOJIKHTENBHOCTE «PHUAbTPANNOHHON» KOHCOJMHAANHA ONPEeNeasIoTCs
pasHBIMH MeTOoJaMH.

Kak 6vu10 TIOKa3aHO BHIIIe, [IPH UCIBITAHUH HA KOMIIDECCHIO CTaH-
JapTHHIX 06pa3ioB BLICOTOH 2 CM B yCJOBHAX ABYCTOPOHHEro ApeHHPo-
BaHUsA Npouecc JJHTeIbHOr0 AeOpMHUPOBaHHUS NOX AclcTBHeM Harpy-
30K, NpeBOCXOAAIIMX OBITOBOE JaBJeHHe, TpaKTHYeCKH MONHOCTHIO
06yc/0BleH T0N3yyecTbio CKeqeTa. [losToMy onpefenedne k v Cy 00O
COOTHOLIEHHAM, TONYYeHHBIM U3 (UILTPAIHMOHHOH TEOpHH KOHCOJHAA-
UHH, SIBJseTCs COBepUIeHHO HeoGOCHOBaHHBIM u omubouneim [20].

§ 5. MOJI3YYECTb OBPA3LLOB NMPH CBEPXHM3KHX HATPY3KAX

M3 npakTHKM THAPOTEXHHUYECKOTO CTPOMTENbCTBA W3BECTHO, UTO
MJIOTHHBLL U3 TPYHTOBBIX MaTepHaJOB BO3BOASTCSH co cKopocTbio (,09—
0,4 M/cyr, 4TO COOTBETCTBYET HapacCTAHWIO BHEIHEro JaBJeHHSs OT
0,002 o 0,008 MITa/cyr. CkopocTs Bo3pacTaHus HalpsiKeHHi B OCHO-
BaHHAX COOPYXKEHHH 3HAUUTE/NbHO MEHbIUE, NOCKOJbKY HMEET MECTO HX
ObicTpOe 3aTyxaHHe TO IjyOuHe TPYHTOBOH TOJLIH. YKa3aHHBIE CKO-
pocTH BO MHOrO pa3 MeHbllle, YeM CKOpPOCTH 3arpykeHus ofpasuos B ia-
GopartopHo# mpaxtuke. IloaToMy u3yueHue ycioBuE TpOTeKaHHs He-
GopManuii yNIOTHEHHs BO BpeMeHW BOJOHACHILEHHBIX H He TOJIbKO
BOJIOHACHIUEHHBIX TJIHHHUCTBIX TPYHTOB NPH HU3KHX H CBEPXHH3KHX Ha-
Tpy3kax npeiacTapjsier GOJNbHION HayYHBIA W NpaKTHUYECKHH HHTepec.

Bonpoc o BAHAHHH CKOPOCTH 3arpyKeHHs Ha Ae()OpMAIHIO TPYHTOB
eme B 1936 r. pacemorpen K. JlaHrep, KoTophlii OKa3ald, 4TG 4em
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HHXKe TeMI 3aTpyKeHHs, TeM MeHblle jgedopManus. K aHaloruyHomy
euiBoAy npumen u H. . Henucos [10], a M. H. Toabanreiin ormeuadn,
YTQ MEAJEHHLIH POCT HATIPSKEHHH B eCTECTBEHHBIX YC/IOBHAX ABJAETCH
NPHYHHON TOTO, YTO CKHMaeMOCTb TFpyHTa B YKa3aHHBIX YCJIOBHAX
MeHblIe, YEM B KOMIPECCHOHHHX npubopax. ITosTomy oM mpeanoxun
KOMIIPECCHOHHbIE OIBITH MPOBOAUTL Haj ob6pasunaMu 60/bHmIOH BBICOTH
npu crynensix gassnedni 0,01 MlTa.

C. A. Poza u E. H. Koros ycTaHoBHsiH, 4TO HpH AOCTATOYHO Me[-
JieHHOM HapaCTaHWH HarpysKH (GHILTpANHOHHOE YIJOTHEHHE He OyneT
#IMeTh 3HAUeHHs], U 0CaKa rpyHTa OyleT B OCHOBHOM BbI3BaHa jedop-
Mmaluedi nossyvectu ckenera. Vecnenosanue BAUSHHS TEMIOB HapacTa-
HHS BHEIOHeH Harpy3Kd Ha BeJHUYHHY IOpPOBOIO AaBJeHHS NpH CpaBHH-
TeJBHO BHICOKHMX 3HaueHHax BuinogHeHo B.M. IlaBunonckum (cm. § 4).
B poknage I'. A. Jleonapaca u I1. A, Tuponra (Tpyau V memayHa-
POMHOTO KOHIpecca 10 MeXaHHKe TPYHTOB H (PYHIaMEHTOCTPOCHHIO.
Ilapmux, 1961 r.) npuBegeHn pe3ynbTaThl YKCIePHMEHTANBLHOIO HCCJe-
MOBAHHA BJAHAHUA BeJUYMHBH CTYNIeHH HAarpy3kd H OOKOBOrO TpeHus
ofpasia o pabouee Kosabno npubopa Ha npouecce 0JHOMEPHOH KOHCO-
JMAALHA. ¥YCTAHOBJIEHO, 4TO XapakTep KPHBOH JepopMaius — Jjora-
puhM BpeMeHH 3aBUCHT OT OTHOUIEHHs NPHPAIULEHHS Harpy3KH K Ipe-
JAHylefi Harpy3Ke W TOJBLKO IPH €ro GOJbIMUX 3HaueHHsX (/s IJIHH
Mexcuko-CHTH BeIMUHHA 3TOr0 COOTHOLIEHHS paBHa JBYM) pacceuBa-
HAe NOPOBOro JaBJeHHS NPOTEKAeT N0 TEOPHH (HALTpPalHOHHOH KOH-
coaupannu K. Tepuaru. .

Bonpoc Bnusinusi cnoco6a 3arpyxeHusi Ha JedopMaiHi N0J3yuecTH
TAHHHCTBIX TPYHTOB B 1956—1959 rr. m3yuan u aBrop [20]. Uwm, B
YACTHOCTH, yCTaHOBJIEHO, YTO MeJJIeHHOe CTylleHYaToe 3arpykeHHe Mo-
KT ONoCoOCTBOBATH H3MEHEHHIO 3aKOHOMepHOCTed nedopMHpOBaHHI,
OPHCYIIMX TJMHHCTEHIM TPYHTaM IIpH BEICOKHX TeMIIax 3arpyXeHus «

T. A., KoTOpHe OyAyT noApobHO paccMOTpeHH B CAEAYIOUIHX riaBax
KHHUTH. 31ech ke GYAyT paccMOTpeHbl pe3ysbTaThl HCCIeAOBAHHS BJus-
HasA MaciitabHoro ¢akTopa Ha NOJA3YyYeCcTh BOJIOHACBHILIEHHEIX I'TUHHC-
THIX TPYHTOB HapyUIEHHOro CJOXEHHS B COCTOAHHH NAaCTH TeKyueH H
TEKYYETIACTHYHOR KOHCHCTeHIHH IPH CBEPXHH3KHX 3HAYEHHSX CTyIe-
Hel HArpyskKH, NonyyeHHEe aBTOPoM coBMecTHO ¢ H. I'. AxHasapsiHoM
B 1962 r. [20].

HcnuiTanu o0pasusl cyraduka (Wo=0,345; S,=0,97), raune Ne 4—
—57 (wp=0427; S,=095) u uacoBbspckoll rampE (w,=0,63;
S,=0,98). Ins onpefenenns xapakrepa yIUIOTHeHusi TPYHTOB  (CM.
Ta6a. 5) n daxTopos, 06yC/IOBIHBAIIEX 3TOT Tpoilecc, KAK H paHee
(cm. § 1—3), Hcnonb3OBaHa METOIMKAa COMOCTABJEHHsi KPHBBIX MOJ-
3Y4YeCTH IeOMeTpHYECKH ToxobHbX 06pa3ioB Beicotoli 2 u 6 cM, mo-
JIy4eHHBIX NPH OJHOCTOpOHHeM ApeHaxe. OO6pa3ibl HCMBITAHb! HA TIOJ-
3ywecTp Noj AeHCTBHEM Bo3pacTalolllux crymeHamu (0,00025 u 0,005
MIla) pasnenuil, nocille nNpeABapHTENLHONO HX YIJIOTHEHHS B TeUeHHEe
11—30 nmeit nog nasnenusmu 0,0125 u 0,025 MIla npu TpexkpaTHOM
nosropeHut oneiroB. TowHocts 3aMepa aedopmanmit 0,002 Mwm.

Ha puc. 40 nokasaHbl Kpusble MoA3yuecTH JacOBDbAPCKON I'THHH 114
OTREAbHHIX CTyTIeHEH HarpysKi, a TakXe CXeMa ee sarpyxeHus. Ha
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3TOM PHCYHKe JJig HarasJHoCTH JaHbl aGCoNIOTHBe 3HaueHHa nedop-
Manuil, npuBeleHHble K BBICOTE 2 CM.

ConocraBjieHne KDPHBbIX JedopMannd — BpeMs 06pasioB BHCOTOR
2 u 6 cM BceX HCNEITAHHBIX TPYHTOB TOKA3aJ0, UTO OHU B OCHOBHOM
NPaKTHUECKH COBNAJAIOT, a HUMEIINHeCs MeXJy HUMH pacXoXAeHHS
He TIpEBHILAIOT TOYHOCTH 3aMepa Jdedopmanuil. Uro xKe Kacaercsas oT-
NeJbHBIX CIydaeB, Tle KPHBBe N0JI3YUeCTH Pacxolsarcs Goablue, Yem
TOUHOCTh U3MepeHHs AedopMauMil, To J0KaszaHo, 4YTO OHO SABJSAETCH
pesyabTaToM INOTpelIHOCTeH 3KcNepuMeHTa. [lelicTBUTENBHO, ecaR
B YKa3aHHBIX CJayYasx Ha TPagHKH HaHeCTH BCE Pe3yJbTaTH HCHbi-
TaHusg o0pas3uoB (a He cpeiHHe uX 3HaueHus) BHCOTOH 2 cM H H30-
OpasuTb 30HY pas3fpoca ONBITHHX JaHHBIX B Bule 3alITPHXOBAHHOH
obnacru (cM. puc. 40), TO KpuBble, MOCTPOCHHBE N0  YCPEeAHEHHHIM
3HaueHusM Tpex o6pasioB BHICOTOH 6 cM, 6YIYT mapasse/bHbl TPaHH-
[taM 30HH pa36poca HMJH Xe NONMaAyT B 3Ty 30HY. B cayuae u3obpa-
XEHHA ABYX 30H pas3bpoca ONBITHHX D2HHBIX IJs ABYX BHICOT o6pas-
LIOB OHH NePeKphlin Obl APYT APYTa, UTO AOKa3bBaeT CKAa3aHHOE BHINE.

B cooTBeTCTBUH ¢ NMpUHATHIMH HaMH YCJOBHSIMH O HE3aBHCHMOCTH
Jdedopmanui OJHOMEDHOrO VIJAOTHEHHS TJAHHHCTHIX TPYHTOB OT BH-
cotel obpasua (cm. ra. 4, § 3), o6pa3ubl BHICOTOH 6 CM BCeX MCHH-
TaHHBIX TPYHTOB TPy OAHOCTODOHHEM JpeHa)ke YNJIOTHAJHCh 3a CYET
NOJ3YyYeCTH CKeseTa, T. e, NPHIOKEHHBIE K HHM Harpy3KH IpaKTHYeCKH
MOJHOCTbIO BOCIPHHHMAJHCh CKEJNEeTOM TPYHTOB. IDTOT BHIBOJX COBHA-
JaeT ¢ BbIBOAOM TeopHH ynJaorHeHHa B. A. Propuma, cornacHo Ko-
TOpOMY TIp# OU€Hb MadbiX CKODOCTSX HOJI3YyYecTd cKejeTa YIJOTHer
HHe BOJOHACHIIEHHOTO TPYHTa MOXKET IIpoTeKaTb M 6e3 OILYTHMOTO
MOBbIllIeHHS  JaBJeHHs B MopoBofi BoOje.

SIBnsieTcs BecbMa WHTEPECHBIM COIOCTABJAEHHE pPe3yAbTATOB HC-
nbiTanus 00pasioB, MOJYYEHHBIX TpH pas3JHUHBIX 3HAUEHHAX CTyme-
el Harpy3ku Ilo JgaHHBIM HCIBITaHHs O6GpaslloB cyriHHKa  (CM.
aba. 5), nonydyeruwM npu p1=0,025 u 0,005 MIla (mocse npeaBa-
pUTeNBbHOIo YIJIOTHEHHs 06pasuoB nmoj pelictsueM o= 0,01256 MIIa),
yCTaHOBJEHO, UTO B IIepBOM cayuae Aas A=6 cMm t{=4 u, a BO BTO-
pom cayuae t'==0. Ilpu wcnbITaHuu MAMEB 4—57 W 4acOBbsAPCKOH FJH-
HBl (Tocsie TpeJBapHTEeNbHOrO yIJOTHeHAs naBieHusimu 0,025 MITa)
nog  ge#icrBuem 0,025 MIla #  ob6pasuoB (A=6 cM) cooT-
BeTCTBeHHO paBHBI 24 u 192 gy (cMm. taba. 8), Torga Kak MpH py=
=0,005 u 0,0025 MIla —#1=(.

WMMes B Buay HeGOJBHIYIO CTPYKTYPHYIO NPOYHOCTb  HCIBITAHHBIA
06pa3noB I'PYHTOB, MOXKHO yTBepXkJAaTh, YTO B IpyHTaX, obaajarwliux
Oosee TIPOYHBIM CTPYKTYPHBIM KapKacoM, YIJIOTHeHHe HOJKHO IpOTe-
KaTh TOJBKO 3a CUET NOJ3YyYecTH CKesderTa u NpH Oosee BBICOKHX 3HA-
YeHusAX cTyNeHell Harpy3ku. Hanpumep, B. M. IMaBusonckum [22] mo-
Ka3aHO, 4TO fpH HCOBITAIHH KHHEJbCKOH TJIMHB! NPHPOJHOTO CJHOXKe-
Hus u3bHTOUHOE NaBJieHHe B MOPOBOH BOJAe HE BO3HuKaer JaXe TIIOA
feticteueM p1==0,7 MIla. Ananoruunbie pe3ynbpTaThl NOJyyas H aBTOP
KHHT'H (CM. 1. 6).

Ha ocHoBaHWM u37A0KeHHOTO Bblllle MOXHO OTMETHTb, YTO HOKa&-
3arenb KOHCOJHAAUMH # He WHBADHAHTEH OTHOCHTEJNbHO  BEJHYHHD
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Puc. 40. KpuBble 0o0well noJ3y4ecTy TEOMETPHIECKH NOLOOHEIX 00pasuoB 4aCOBBAP-
CKOH rauHe 6—57 HAPYWEHHOTO CJOXKEHHS HA PAa3JHYHLIX CTYNEHSX HATPY3KH'
1 —d=7 cM, h==2 cM, 2 —d==2]1 ¢M, h=6 ¢cM

CTYINEeHH HATPY3KH 1 BHCOTH oOpasua mo B. M. Maanmesy. [Tostomy
BCe NpHBejeHHble BLIBOAB OTHOCATCS K 06pasinaM paccMOTPEeHHBIX pas-
MepoB H ycsoBuil ux uCNBITaHud. Bompoc o ToM, Kak OymeT wu3sMe-
HATBCsi YIJIOTHeHHe BOAOHACHILIEHHBIX TVIMHHCTHIX FPYHTOB IIpu Nlepe-
xofe K ob6pasitam Goslee KPYIHBIX pa3MepoB H K HaType, A0 KOHI(a He
pellleH, on HyXKjgaeTcsi B CIerHa/JbHOM 3KCNEPHMEHTAJbHOM HCCJEI0-
Banud. OjHako u3loKeHHOe BHIlle MO3BOJSET 3aKJAOYHTb, YTQ IPH
pacyete 0CajoK COOPYMEHHH BO MHOTHX cayyasx MoXHo Gygaer Tpe-
HeGpeup BausiHHeM (akTOpa QHABTpaliid HA NPOJOJIKHTENBHOCTH OJ-
HOMEPHOrO VIJIOTHEHHS  BOAOHACHILNEHHBIX  IJIHHHCTHX TPYHTOB
BBHJY HX JOCTAaTOYHO BBICOKOH CTPYKTYpHOH NpPOYHOCTH H  MaJbl¥
CKOPOCTEH 3arpyKeHHS.
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§ 6. XAPAKTEP U3MEHSEMOCTH H3BbITOYHOTO OABJEHHA
B NOPOBOM BOAE M NOKA3ATEASA OJAHOMEPHOH KOHCOJIHOALMH

[Ipu ynioTHEHHH BOJOHACHILLEHHBIX I'IMHUCTBHIX I'PYHTOB B YCJIOBH-
fix ofHoMepHoro YymiorHeHusi B. M. IlaBuionckum B 1959 r. [22],
1. JI. Korasom [20] u B 1960 r. B. I1. Cunupunsim [22] 6611 o6napy-
JKEH PKCTpeMaJibHEIH xapaKTep H3MeHAeMOCTH BO BpeMeHu (CM. pHC. 33,
KpuBas 3) u3GHTOUHOrO AAaB/NeHUs B MOpoBoil Bole. Ananoruunne pe-
3ynbTaTH B AajbHeliteM Geiiv nodydeHsl P. A. Cnencom u T.E. Faun-
Hom, P. B. Burmanom u ap. [20]. Bt BhicKa3aHy U COMHEHHS OT-
HOCHTE/IbHO 3TOro siBAenus [20]. UroObl mpoBepHTh ClpaBelIHBOCTD
9KCTPEMAJIBHOTO XapakKTepa W3MEHSEeMOCTH NOPOBOro AABJEHHA, aB-
TOPOM KHMI'H HCIOJB30BAHE pe3yJAbTATH HCHEITAHUA o0pasnoB pas-
JIMYHOH BBHICOTHI ¥ TOCTPOCHHBIE HA HX QCHOBe KPHBHIE H3MEHSIeMOCTH
NoKa3aTesxsl KOHCOAHAAIMK 7 B 3aBHCHMOCTH OT CTelleHHM YIJOTHEHUS
nepBoro nNepuoia negopmupoBanusi U* (U*=¢gq/e., rae e.— KOHed-
Has nedopmannd nepuosa ),

Ha npumepax ucneITanusi CyriHHKA, AMaTOMUTOBOIO TPYHT2 H HOBO-"
wBefinapckod rauHer (cM. Taba. 5) NMpocliefaum 3a U3MeHeHHEM [OKa-
3aTelifl 1 ¢ caMoro Hayana 3arpy:enus o6pasioB BuicoTofi 2 u 6 oM,
pe3yabTaTH KOTOPhix ObliM paccMoTpeHH B §4. ’
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Puc. 41. MaumeHnsemocTs cTeneHn He(OpMaluH NOA3Y4eCTH BO BPEMeHH reoMETpHUe-
CKH TOJOOHHIX 06pasuoB BOJOHACHIIEHHOrO JHATOMHTOBOro rpyHra 5—57 na pas-
JMUHBIX cTymeHsax Ap, (B MIIa)-

I —0;,025—0,05, II —0,05—0,075; III —0,075—0,1 MIla. I —h=20 cM, 2 —h=60 cm

B xauectBe npuMepa Ha puc. 41 MokazaHbl KpuBble H3MEHSEMOCTH
BO BPeMEHH CTENeHH YIJNOTHeHusi, B Taba. 12 mpuBeieHb MaHHBe ONM-
TOB M pacuyeT TNOKa3aTens N AJis Pa3NH4YHEIX COCTOSIHUA IMaTOMHTOBO-
ro rpyuta, a ma pHc. 42 —kpusble n = n (U*) Tpex yKasaHHHX BH-
Iie TPYHTOB. AHaNK3 NAHHBIX, IpUBEIEHHbIX B Taba. 12, a Takke rpa-
G4k Ha puc. 42 He OCTABAAIOT COMHEHUS B SKCTpeMajibHOM XapakKre-
pe H3MEHSieMOCTH TOKa3aTesisi 7 B 3aBHCUMOCTH OT CTelleHH yIJIOTHe-
HH 4 TeM CaMBbIM TOJHOCTBIO MOATBEPKAAIOT NPABUALHOCTh HOJNYYEH-
HHIX paHee pe3yabTaTop o0 SKCTpeMajbHOM XapaKTepe U3MEHIEMOCTH
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uopoBoro AabaeHust Kax M ciefoBajo OXKHAATh, 0 Mepe YIJIOTHEHHS
rpyHTOB HaO/0faeTcst CYyLIECTBEHHOE YMEHbIIEHHe 1, YTO CBHAETENb-
CTByeT O yMeHbIUeHHH HOJNH BAMAHHA dakTopa (QHAbTpauHu W BO3-
pacTaHHy POJH T0J3YyUecTH CKesJeTa B HepBOM NepHome nedopMHpoBa-
uns. O6pamaer na ceGs BHAMaHHe H TOT (akKT, 4To B psije CAyUIaeB B
€aMOM HavaJie 3arpyeHHd [pollecC YHJIOTHEHHS BOZOHACHIIICHHBIX
TPyHTOB MNpoTeKaeT Oe3 3aMeTHOTp MOBHIIEHHS [aBjeHHs B TMOPOBOH
Bosie {(n=0). )

Ta6anua 12
Ilokasareny KOHCOAMAAUHH 7 JHATOMHTOBOro rpywTa

BpeMsi necdopMHPOBAHHA INIPH BBICOTe

obpasiLa
Crenens yiuorHeHud, % n
2 oM 6 cMm

£1==0,025=-0,05 MIla
% 1 % e
’ 1,34
30 307 150" 1,46
40 90" 600" 1,72
50 P 16r 1,92
60 5 267 1,50
70 8 42° 1,50
8¢ 18 - 1,26
86 60’ 120/ 0,63

p1==0,05--0,075 MIla
11 57 307 1,63
15 10”7 90” 2,00
20 45" 250”7 1,55
30 2.4 12 1,42
40 7 24 1,12
b0 16’ 44 0,92
60 40 76’ 0,58

70 118 146 0,188
P1= 0,075'—:'0,1 MIla
l/4 ”
13 7” 2?)" 8;3(5)
15 i 165" 1,08
23 265" 6007 0,93
30 9 19 0,79
40 29 40 0,29
45 48’ 557 0,12
50 72 76’ 0,045

54 136 1367 0,00

OkcTpeManbHb XapaKTep H3MEHSEeMOCTH H36BITOYHOrO AABJEHHS
B TOPOBOH BOJE U, M BCJIEACTBHe 3TOro NOKA3aTels KOHCOJMHAALMH N
Bcelleno o0yC/loBleH OTHOIeHHeM BHeUIHeH HArpy3KH K BeJHUHHE
CTPYKTYPHO# mpouHocTH rpyHta. Ecnm 6Bl cTylenn wuarpysku GwljiH
3HAYHTEJIbHO BhILIe CTPYKTYpHOH TPOYHOCTH HCMNBITAHHBIX TPYHTOB,
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NoBBlIEHHe TIOPOBOTO [AB/AEHHS A0 MAaKCHMyMa mporexkano Obl mpak-
THYeCKH MrHopBeHHO. CJe[OBATeNibHO, B 3aBHCHUMOCTH 0T YKA3aHHOTO
BblILIE OTHOMICHHS W COAEPXKAHHA ra3a B MNOPOBOH BoAe YIJIOTHEHHE
rPyHTa MOXeT NPOTeKaTb C «MTHOBEHHBIM» TOBBILIEHHEM ITIOPOBOrO
ZaBJeHus A0 MakCuMyMa (cM. puc. 33), nNpH KCTpeMaJbHOM Xapak-
Tepe W3MEHSICMOCTH TOTO JABJEHHS WX Ke MpU ero MNpaKTHYECKH
HYJIeBOM 3HAUEHHM — MOJHOCTBIO 33 CUeT MoJ3ydYecTH ckesdeTa. Bpems.
neobxomuMoe Ass JOCTHKeHHs MOpOBHIM jJaBieHuem Haubosbilero —
NHKOBOTrO 3HAueHus, o0yCAOBNEHO CTPYKTYPHOH IPOYHOCTBIO H CKOPO-
CThIO TOJ3ydyecTH CKesera. B cilyyae HCNHTAHHS rpyHTa B YCJIOBHAX

Toynm&-57

d oyHm 2-57 5 (pyrm 757
n6tF
12} 7

-
28 2

;4 2 7
1

L1 ! 1N 1) [ R T T |
0 20 40 60 80 700 20 40 60 80 700 20 40 &0 80 U,%

Puc, 42, Kpupbe H3MeHseMOCTH TOKa3aTeds yMJOTHEHHS A B 3aBHCHMOCTH OT CTe-
NMeHH YIJOTHEHHSA U TpeX pa3JH4YHLIX IPYHTOB HApyLEHHOTO CJIOXKEHHS Ha pa3HuXx
crynensx ge#creus p, (B MIla):
1--0-0,0125, 2 —0,0125—0,0375, 3 — 0,0375—0,0625, 4 — 0,025——0,05, 5 — 0,05—0,07%5: & —
0,075—0,1 MIa
3aKPHITOl CHCTEMbl — 0e3 BO3MOXKHOCTH OTZKATHS W3 TPYHTA NOPOBOM
BOJBl — [IOPOBOE [aBJIeHHe MOCje JOCTHXKEHHS HEKOTOpOH BeJHYMHbE

oCTaercs MOCTOSAHHHIM B TeUeHHe BCEro 3KCIEPHMEHTaA.

Taxum 06pasoM, COMHeHHS HEKOTOpBIX CIEUHATHCTOB OTHOCHTENb-
HO 3KCTPEMAJbHOIO XapakTepa HU3MeHsieMOCTH H3OBITOUHOrO AABJCHHS
B MOPOBO# BOJAE BOJOHACHINEHHBIX IMIMHUCTHX rpyHToB [20] He HMelor
OCHOBAHHSA. Pesy/bTaTel, H3/0XEHHHE B PaloTax yNOMSHYTHX BHIE
aBTOPOB, He TOJBKO He PACXOAATCH, BO BCAKOM CyyYae KAYECTBEHHO,
C COBPeMeHHBIMH ApeACTABICHHAMH O MPHPOJAe YIIOTHEHHS BOLOHACH-
LeHHBIX TJIMHHCTBIX TpyHToB [10], HO elle pa3 noxa3wBalOT HX CHpa-
BeguBocThb. Ilorpemnoctn B onwirax B. I1. Cunnanna n ap. Gesycuos-
HO, HMeJHCh, ONHAKO OHH He ObIIM HACTOABKO 3HAYMTEILHBIMH, WTO-
O M3MEHHTb KAUECTBEHHYI0O KADTHHy XapaKTepa WU3MEHSEeMOCTH O~
poBoro AAaBJeHUs.

[Tpu Bcex paBHBEIX YCIOBHSIX COJdepXKAHHe rasa, JaxKe B HeGOJb-
IIOM KoJuuecTBe (KOTOpOe HMeercs BO BceX NPUPOAHHIX BOJOHACHI-
UIeHHBIX TJIMHMCTBHIX TPYHTAX), BBOAUT CBOW KOPPEKTHUBH B HPOLECC
VNIoTHeHusA. B oXHOM clyyae OHO CTAHOBMTCH TNPHYHMHOH 3HATHTEAD-
HOro CHHJKEHHS] WJIH BO3HHKHOBEHHS MHKa TOPOBOTO [NABJCHHA, a B
ApYyroM — yTJIOTHEHUs BOAOHACHILLEHHOTO TpyHTa 6e3 ynajeHus Ng-
pOBO# BOAHL
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B CBA3H C H3JIOKEHHBIM Bbillie DPEICTaBJseT onpeleJeHHbH HHTe-
pec HccJefoBaHHe OTXKATHS NOPOBOH BOJAB M H3MEHAEMOCTH CTeNeHH
BOJOHACHIDIGHHS M3 CTAHAAPTHHIX 00pas3uoB pasfaHckoi (gs = 2680
Kr/mM3; wy=10,424; [,=0,18) u uvacoBbsApcKoHd riuH (ps=2650 Kr/m¥%
we=0,635; [,=0,379), BhIDOJHEHHOe  aBTOPOM  COBMECTHO C
3. M. Mapgapsia. O6pasipl B COCTOSAHHH NACThl TEKYYeH KOHCHCTEH:
UMA GHAM TOABEPTHYTHl NPEABAapHTEJBHOMY YIJIOTHEHHIO IOL AEHCT-
uem pro=0,1; 0,224; 0,4 n 0,8 MIla B Teuenne 41—60 nameir. Ilox
JeACTRAEM YKa3aHHBIX HAarpy3ok oOpasup-GiH3Hens YIJIOTHEHp IO
4eTHpe, 3 KOTOPHX [ABa HCNOJL30BAHH [Jisi ONpelesieHHs OCHOBHBIX
nokasarejedl (u3MuecKHx CBOHCTB Nocje crabunuszanud aedopManmi
or nefictBus Py, a ABa — AJs ONpeleseHus ITHX Xe I[loKasarejel
nocye ApHpallleHust Harpy3ok Ha 0,1 MIla.

DKcnepyMeHTH TOKasaJH, YTO HE3aBHCHMO OT COCTOSIHHMs, HOCJe
npunoxenus Harpysku 0,1 MIla, BiaxHocts 00pasinoB  pa3JaHCKOH
FMIEHH NPAKTHUEeCKH HE H3MEHWJAach, a CTeNeHb BOAOHACHIEHHA He
JOCTHINIA BeJHUMHH S;=1 (rata. 13).

Ta6auua 13
Pe3yabTathi - HCCAEJOBAHHA OTKATHA HOPOBOf BOJAbl H3 TPYHTOB

w e Sr
r Py o
PYHT MITa o nocje o nocae Jo HocJje
ONBITA | ONBITA OllbITa OnkBITa OnbITAa QIibiTa
Finua paspanckas 0,1 0,348 10,350 1,03 | 0,935 0,906| 0,92
0,225 {0,317]0,314] 1,01 | 0,904( 0,93 [ 0,93
0,4 0,3050,308 | 0,915 0,903| 0,88 | 0,92
0,8 0,278]0,273| 0,83 | 0,85 | 0,90 | 0,86
TiMHa yacoBbAPCKas 0,1 0,485)0,433| 1,39 ) 1,18 1 0,92 | 0,97
0,225 10,429(0,411( 1,18 | 1,11 (0,97 | 0,96
0,4 0,399/0,371| 1,13 | 1,01 ] 0,93 | 0,98
0,8 0,354]0,3221 0,98 10,8 | 0,95 | 0,99

YujloTHeHHe BBICOKOTOPHCTOH cllaboff 4acoBbAPCKOH TIVIHHBL  TPO-
TeKaJI0 C HEKOTOPHIM OTXKaTHEM TOpoBo# BoAbl. [locKOMBKY H B 3TOM
CAyYae CTeNeHb BOJOHACHILEHHs He JOCTHraeT BeJIHYHHH S,=1,
cAeRyeT moJiaraTh, YTO OTXKATHe NOPOBOH BOALI HMEJo MECTO H3 30H,
NPAMBIKAIIIAX K TOPUEBHM MNOBEPXHOCTAM 00pasIoB.

OnucalHble 3KCIEPHMEHTH NOJHOCTHI0 A0KA3aJH BO3MOXKHOCTE
YIUIOTHEHHS rasocofepxalllero BOAOHACHIIEHHOTO TVIMHHCTOTO TPYHTA
6e3 oTxaTusd MOpPoBOH BoAb. OUEBHAHO, YTOo B 3TOM Clydyae MpPoueEce
YIVIOTHeHHA NpoTeKaeT 0e3 yuacTHa (akTopa (DH/ABTpALUH.

B cMBHCae yueTa BAHAHHA 3aHIeMJIEHHOTO B BOJOHACHIMIEHHOM TJIH-
HHCTOM TPYHTe ra3a Ha TIPOLECC ero yNJIOTHeHMs NPeACTaBJAeT OCO-
Ouil muTepec mosiyueHHoe B. A. ®uopuunm [35] pellienHe 3agauu ofi-
HOMEPHOTO YIUIOTHEHHsl c/10f pacCMaTpHBaeMoro rpyHra 0Oe3 yuera
monsydects ckenera. [udepenunasibhHoe ypaBHeHHe YIJIOTHEHHS
BCJICACTBHE OTXKAaTHsl NIOPOBOH BOAL M CKHMAeMOCTH rasa TpeiacTas-
ACHO CHeAYIUWHM NPHONHKEHHBIM BhIpaXKeHHeM:
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[Ipu pellleHnn 3aZa4H B KadyeCTBe OJHOTO M3 HAYaJbHLIX YCJIOBHi
NPHHATO PaBeHCTBO 0OBEeMHON nedopmanun ckejera H  oObEMHOro
cxaTusa rasa npu { = 0. B 3Tux yc/lOBHAX BHeIUHsAg HArpyska B Mo-
MEeHT NpHJOXKeHHS B OTaMyue oT (3.77) uaCTHYHO INepejaercs Ha
CKeJleT, 4 YaCTHYHO Ha TOpOBYIO BOAY. ¥CTaHOBJEHO, YTO NPH Tpex-
NPONEHTHOM CONEpXAaHHH 3alleMJEeHHOIO ra3a B MaJoCXKHMaeMOM
TJIHHUCTOM rpyHTe (MM == 0,05, 1/MIla) BocnpHHHMaeMoe NOPOBOH BO-
pofi maBjeHHe cocTaBJasier Bcero 209 OT BHellHero yNJOTHSIOWIEro
Aapjaenus p;=0,3 Mlla.

DKcTpeMaJbHb XapaKTep H3MEHIeMOCTH H3OLITOYHOTO [aBJeHHA
B NOpOBOH BOJAe BOAOHACHIIEHHOTO TIJMHHCTOTO TpyHTa NpH S,=1
BIepBpie TeopeTHYeckH Gbia udyued B 1961 r. H. H. BepurnusiM npu
pellleHHH 3afaYd OLHOMEPHOTO (HJIbTPALHOHHOTO YNJIOTHEHHS TJIHHHC-
TOrO IpyHTa Oe3 ydyera TNOJ3YYecTH ckejera. ¥YpaBHeHHe (3.36) yka-
3aHHOH TEOPHH pellleHO NIPH YCJAOBHH DOJHOH Nepegadyd BHeliHed Ha-
IPY3KH K CKeJeTy TpyHTa B MOMEHT ee NPHIOXKEHHA Uy,(2, I=0)=0.
AHanornuHbie pesyabraTel NoayueHs B 1965 r. JI. BapaeHom [40] npu
pellleHHu 3a7aiH yNJIOTHeHHs He IOJHOCTHIO BOLOHACHIIIEHHOTO (Tpex-
¢asHoro) raumHucrtoro rpyHra (S,>0,9) 6e3 yuera nosa3ydecTH cke-
JeTa. MM TeopeTHuecKH yCTaHOBJIEHBl 3KCTpeMaJibHBIH XapaKTep H3Me-
HAEMOCTH BO BpeMeHH u30BITOUHOro AaBJeHHsi B NMOPOBOH BoAe HOp-
MaJpHO YNJOTHEHHOro o3epHoro Meda npu S:=0,92 u 0,96 u 3aBHcH-
MOCTb €TI0 TTHKOBOTO 3HaueHHs OT TOJILIMHBI yIJoTHAeMoro caod. Ilo-
Ka3aHO, YTO IPH H3MeHeHHH TOoJILHHH c10s oT 0,01 mo 10,0 M nHKo-
BO€ 3HaueHue NMOPOBOro [aBJeHHs Bo3pacTaeT Ha MNOPSAJOK.

3agaza OJHOMEPHOTO YMJIOTHEHHs Tpex(dasHOro TPYHTa C YYETOM
[0JI3yYeCTH cKeseTa paccMorpera A. JI. Toapaueem B 1965 r. He-
DONb3ysi OCHOBHOe nu(pepeHIlHaJpHOe ypaBHeHHe TpeX(dasHOro rpyH-
Ta B ¢opMe 3amucu B. A. Oaopuna (4.6), a Takxke yuursiBag (3.62)
u (3.71) npu Eme;=m., NOJyYeHO CJeLylol[ee ypaBHeHHe OLHOMep-
HOTO YIJIOTHEHHS C Y4eTOM DIOJA3YYeCTH CKeJeTa:

(Uxen) Ptw 4 Al o4 mos 4 B (1 - em)) 20 =
Yo a2 ot

k(1 tem) P uy __2_ 0 uy
Yo (A 922 - at 0z ) (4.9)

Yw M0 + ﬁm
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Hs pentenns (4.9) npH coGJIOAEHHH COOTBETCTBYIOIIMX TpaHHY-
HBIX M HauaJbHbIX YCIOBHH (B TOM UHCJIE NpPH Uy (2, ¢ =0) = 0) mno-
JAyueHo BbipaXKeHHe H3OLITOYHOTO NaBJAECHHA B IIOPOBOH BOAE, M3 KOTO-
pOro caeayer 3KCTpeMasbHBIl Xapaktep ee H3MeHAEMOCTH BO BpEMEHH.

Moctasaenuyo B. A. ®a0opHHBIM 3anady 00 OZHOMEPHOM YNJOTHe-
HHH CJ0S BOJOHACHILEHHOTO I'NMHHHCTOrO TPYHTAa NPH OXHOBpEMEeHHOM
yueTe CKHMaeMOCTH ra3ocojepiaileil mopoBof BOAL H HacC/e[CTBEH-
HOM mnoasyuecTH ckeseTa (3.64) takxe pewna B 1965 r. 3. I'. Tep-
Maprupocan [38]. CooThouenne (3.69) B mnpeanonoxkeHHn Ky=oo,
k=const sanucaHo B cjAeAYIOLIEM BHAE:

Oe auw: E(l4epm) 0*uy 4.10
at + o m at Yw pz2 (4.10)
a ¢ yuerom (3.64) u (3.67) noaydeHO ypaBHeHHE YIJIOTHEHHS
2 i}
(mc,0+ €m aw) Ba:l:, + A (mc.0+em aw+mc,1) autw =
E(lden) ( Qe 4 A ‘32”‘”); (4.11)
Yo 0z?at 0z
ty=— Lo 18 (4.12)

Vi d uy Pa

rae ay = 1/Ky — ko3dPunnedr o6beMHOTO CXKAaTHA NOPOBOH  BOAHL;
Vw — paccMaTpuBaeMplii  0o6beM  XKHAKOCTH;  pg — aTMochepHoe
LaBjeHHe.

Pewennem (4.11) mnoaydeHo BblpaKeHue MOPOBOTO JAABJeHHs, H3
KOTOPOr0 TaKXKe CJCAYeT 3KCTpeMaJbHBIH. XapaxkTep H3MEHAEMOCTH
nocaeaHero Bo BpeMeHH (puc, 43).

3. I'. Tep-MapTupocsHOM BLINOJHEHO CONOCTABJEHHe KPHBOH H3-
MEHSIeMOCTH NOPOBOTO HaBJEHHs, 3aMEpPEeHHOrO IPH YIJIOTHEHHH 06-
pasna (A=4 c¢M) capaTOBCKO¥ IVIHHE HapyLIEHHOTO CJOXKEHHs NpH
pr = 0,2 MIla, u KpuBOH, MOCTPOCHHOH N0 NMOJYYEeHHOMY H3 pelleHHA
samaud BuipaxeHno. Ha puc. 43 BuAHB Xopollas CXOAMMOCTb TEOPHH
C 3KCIePHMEHTOM, a TaKike KOJHYeCTBEHHOe H KauyeCTBEeHHOe pacXOxX-
AeHHe 3KCHEePHMeHTa C pelleHHeM TeOpPHH (GHABTPALHOHHOH KOHCOJM-
nannu K. Tepunarn. Habaonaercss pacxokaeHue TaKxKe MeXAy pelle-
HHeM 3aJa4H YNJAOTHEHMS ¢ YYeToM TOJ3yYecTH cKedeTa (Oe3 yuera
CKHMaeMOCTH rasa), noaydenHoro B. A. ®jopuuniMm u 3. [. Tep-
MaprupocaHoM. Pellenne mociaenHero npakTHYeCKH cOBnajgaeT ¢ TeO-
pHell (pUABTPANHOHHOTO YIVIOTHEHHS, H3 4ero cjeiyer, YTO I[OJA3Y-
4ecTp CKejleTa NPAKTHYECKH HEe BJMSAET Ha BeJHYHHY MOPOBOTO HaBle-
HHA. OTO NMPOTHBOpEYHe MeXKAY DelleHHSIMH OJHOH M TOH Xe 3ajauH,
noayyeHHeIMH B. A. ®sopunpmM (cM. puc. 33) u 3. I. Tep-Maprupo-
CAHOM, Ha OCHOBAHHH H3JIOXKEHHOTo BHIE MOXKHO 00bACHHTDH GOJMBIION
BeJIMUHHON YIJNOTHAWIIEH HarpyskH, CYIOecTBeHHO MpeBoCXoasimedn
CTPYKTYPHYIO MPOYHOCTH CAPATOBCKOH IJIMHH HapPYUIEHHOTO CJOXKEHHS,
CO BCEMH BBHITEKAIOI[HMH OTCIOAA MOCJeACTBUSAMH, OueBHAHO, YTO MpH
HeOOJNbUINX CTYIEHsIXx HATPY3KH BeJWYHHA BBHIUHC/IEHHOTO Mo MOJYYeH-
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HOMY COOTHOIIEHHIO JaBJleHus B NOPOBOH BOJAe B MOMEHT ee IIDHJIOKe-
Husl Obia Obl 3HAYHTENbLHO MEeHbLIe.

10. I1. CmonuubiM 1974 r. pelmleHs 3a4add YIJIOTHEHHS BOAOHACHL:
HIEHHBIX TJIHHHCTHIX TPYHTOB IIpH PABHOMEDHOM BCECTOPOHHEM W OJHO-
MEPHOM YIJIOTHEHHH © YUeTOM IOJI3YYecTH CcKeJleTa, CXKHMAaeMOCTH HO-
POBOH KHAKOCTH, CTPYKTYDHOH DPOYHOCTH, HaYaJpHOTO TPajJHeHTa

Puc. 43. Kpupble H3MEHSAGMOCTH H36HI-
TOYHOro JaBJeHHs B ofpasue (A=
=4 CM) capaToBCKOH BOJOHACHILIEH-
HOM IiHHB HAPYIIEHHOIO CIOXEHHA 1O
3. T. Tep-Maprupocsay:
1 — 1o reopuk GUABTPARHOHHOH KOHCOMHAA-
uux Tepuary — [epceaHoBa; 2 —no TeopHH a1
B. A, ®JopuHa ¢ yueToM [OJI3y4eCTH CKe- ’
JieTa; 3 — npH YIJIOTHEHHH TPYHTa € Yde-
TOM TNOJ3ydecTH CKeJaeTa M CXHMaeMOCTH
razocoflepXamelt nopopolt Bogbl; 4 — 3KClle-
pHMeHTaJabHad KpUBas

J ! {
qr 10 0 107E mun

HaNopa H aHH3OTPODHHU. MM comocTaBJieHH 3aMePeHHEE B ONbiTe (IpH
KOMIpPECCHH H FHAPOCTAaTHYECKOM CXKAaTHH) H3OHITOUHBlE AABJECHHS B
TOPoBOH BOAE MHOTHX PA3HOBHAHOCTeH TIHHHCTHIX TPYHTOB ¢  WOJY-
YeHHBLIMH M3 pelleHHi 3ajau ymjIoTHeHHA. KaK M B paccMOTPeHHBIX
Bhilie cayyasx, I0. I1. CMosuHBEIM DOJMyUeH SKCTpeMaJjbHHIH Xapakrep
KPHBOH H3MEHS€MOCTH NOPOBOTO AABJEHHS BO BpeMeHH H IOKAa3aHG
Xopolliee NpUOAHKEHHe SKCIEPHMEHTANbHOH KPHBOH K KpHBOH, Io-
CTPOEHHOH COrJIacHO PELIeHHIO 3a4a4H YIVIOTHEHHS ¢ YYeTOM NoJizyyec-
TH CKeJleTa, CKHMAeMOCTH NOpOBOH BOAW H HayaJbHOrG TCpajHEHTa
sHanopa. [lokazaHo TakXe, 4YTo KPHBHIE H3MEHAEMOCTH W3OBITOUHOTO
JAaBJeHHs B TIOPOBOH BOJ€ BO BpPEMEHH, TOCTPOEHHbIE 0 pEUICHHUAM
K. Tepuaru u B. A. ®opuna (cM. 1. 3), B OT/IHUHe OT PaccCMOTPeH-
HOTO BbIlle npuMepa (cM. puc, 43), 3HAUHTeJBPHO OTJHYAKTCH Kak
Apyr oT Apyra, Tak H OT 9KCHePHMEHTaJbHOH KPHBOM,

I'nasa b

3AKOHOMEPHOCTH MIHOBEHHbBIX NE®OPMALUHA
OJHOMEPHOTO YIIJIOTHEHHSA

§ 1. BBELEHHE

Hebopmanus ckenera IMMHACTHIX TPYHTOB BO BpeMeHH (cM. ri. 3,
§ 1) pasbuBaercd Ha MIHOBeHHYI0 H NOJ3ydyio (3:1), KoTopble npH
HCCleloBaHUN 3aKOHOMepHocTeft HX AedopMupoBanus [20, 22] pac-
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cMATPHBAIOTCH PA3AE/bHO, XOTA MeXILy cofoit TEeCHO CBA3aHb! H Tpea-
CTABJASIOT OTAEJbHBiE 3TAllbl OLHOrO ofulero Ipouecca.

Bo MHOrHX TeoPHAX M0/3ydecTH — cTapeHHs, YNpOUHeHHA ylpyro-
nos3ydero tena (cM. ra. 2, § 3) B uHMCJe OCHOBHBIX NPEATIOCHIOK MPH-
HEMaeTcsl YCJOBHE JHHEHHOR 3aBHCHMOCTH MeXAy HalpAXKeHHAMH H
MCHOBEHHEIMH aedOpMallHsMH, T. €. CUHTAeTCs, YTO B MOMEHT BpeMeHH
{ = 0, korga AedopMauHH MoJI3YyUeCTH e€llle He YClleJH MPOABHTHLCH,
nedopManus Tena Mopunusercss sakoHy I'yka (2.4). B TEOPHH YNpY-
ro-nosi3yuero Teja CUHTAETCS TaKXe, YTO MOMY.b MIHOBEHHOH (ynpy-
roit) nedopMauuu SBNATCA NepeMEHHOH BeJHYMHOH, 3aBucAlledr OT
Bo3pacTa MaTepHaaa (GetoHa). CrnpaBeisiHBOCTh AONMyILICHHS JHHEH-
HOH 3aBHCHMOCTH MeXJy HAalpsKEHHSMH ¥ MTHOBeHHBIMH AebopMa-
LHSMH JKCIepUMEHTAJbHO NMOATBEpXKJeHa AJs OETOHOB, [JjacTMace,
ApeBecHHb H APYrHX MaTepHaJsoB. Hapsasy ¢ 3TMM B TEOPHH IJacCTH-
yeckoli HacsaeactBennocTH K0, H. PaGoTHoBa CBA3b MeXAy HalpsAXKEHH-
MM H MTHOBEHHBIMH neOpMallHsIMH MeTaJJOB CYHTaeTcd HeJaHHeH-
HOfL u TomoOHOR 3aBHCHMOCTH HamNpsKeHHe — AedOpMallua  [MOJ3Y-
YCCTH.

W3 H3J0%KeHHOrO cjiellyeT, 4TO B LeaAaX HpHMeHeHHS PAa3JHYHBIX
Teopuil K ONMHCAHHIO Npollecca NOJA3YYECTH CKeJeTa TJHHHCTHX TpYH-
TOB AJf pelleHHd 3ajay yIJOTHEHHs HEOOXOAMMO 3KCIepHMeHTaJbHO
IIPOBEPHTL CNPABEAJHBOCTD YKa3aHHbLIX Bbillle TPEANOCHIIOK H, YUHTHI-
Bas cneuubuuecKkue WX OCOOEHHOCTH, NO-HOBOMY HCTOJIKOBATh HEKOTO-
pble MOHATHA W ONpEeAeNeHHs, HCoJb3yeMple B CMEXHHX ofnacTax
HayKH.

WccnenoBaHue 3akOHOMepHOCTeH MTHOBEHHBIX aedOpMallHii umeeT
ABoAxoe 3HadeHne. OHo, BO-TePBbIX, HEOOXOAHMO AJS ONpeleseHHus
32aBHCHMOCTH HallpfXeHHe — MTHOBeHHas AedOpMalHs, MOAYHIsS MTHO-
BEHHBIX AedopMauuil y H3MeHIeMOCTH NocaefHero Noj JAeficTBHEM pas-
JIHYHBIX (PAKTOPOB, a BO-BTOPHIX, — JJS BHAEAeHHS MON3YYECTH U3 06-
el gedopMalHu TpyHTa BO BpeMeHH. TOUHOCTb olpeneseHns pedop-
MalHA [ON3y4YeCTH 3aBHCHT OT TOYHOCTH ONPEJAEJeHHS MIHOBEHHHIX
nedopmanuir. CiregoBarebHO, HCC/IeLOBaHHe 3aKOHOMEPHOCTEH MIHO-
BEHHBIX JedopMaluil ABISETCH Heu3OeXKHBM NMPOMEXYTOUHBIM 3BEHOM
IPH H3yYeHWH 3aKOHOMEpHOCTeH [O0/A3yYecTH cKeJleTa TNIHHHCTBIX
TPYHTOB. DTH HCCJACLOBAHHA HMeEIOT TakikKe CAMOCTOATENbHOe 3HAYe-
HHe. OHM HeoOXOZMMBbI A5 pellleHHs 3a7a4, CBA3AaHHBIX C BO3AeHCTBH-
AIMH _Ha T/IHHHCTBie TPYHTHl JMHAMHYECKHX Harpya3ok.

Hast onpeneserns 3aBHCHMOCTH MeX1y HATpPSAKEHHAMH H YIpyrH-
Mu nepopmanusmu K. Tepuaru [30] momsepran omHOOCHOMY CXKaTHIO
TpyHTOBble KyGbl pasmepaMu 2 X 2X2 u 5X5X5 cM no mpenso-
HEeHHOH HM METOAMKe HArpy:XeHHs u NOocjedylouieit pas3rpysku IMpH
TPEXMHHYTHOM HHTepBaJ/le NPUJIOKEHHS u yJaJleHHs cTyleHell Harpys-
kH. CoNocTaBnss KpuBple HalpsiKeHHe — IedOpMalHs rpyHTa H Ge-
toHa, K. Tepnaru ycraHOBHA HAEHTHYHOCTH BCEX HX XapaKTepHBIX
ocoGeHHOCTelt. BMecte ¢ TeM B OT/IMTHE OT NOJIOKEHHS, NIPUHATOTO B
T0 BpeMs BaxoM, Illiose u ap., corsiacHo KOTopoMy dedopmanusa Ge:
TOHA He MOJIHOCTbIO TMOAYMHsAeTCA 3aKoHy I'yka, a Momyap yrpyrocth
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ABNAETCS NepeMeHHO BeJMYMHOH, OH DIpHIIe] K BHBOAY O NOCTOAH:
HOCTH MOAYJA YIPYToCTH TamHHCThIX rpyHTOB. Ilpn onpenenennu Mo-
ayas ynpyroctr rpyntos K. Tepuary ucnosbsosan obpaTHMy0 4acTh
nedopManuil, NpeCTaBJeHHYIO NeT/IAMH IHCTEPE3HCa, a BHBOI O Io-
CTOSIHCTBE MOAYJA YUPYTOCTH TPYHTOB OhUI CAG/MAH HA OCHOBAHHH «Ia-
pPaa/eIbHOCTH» APYr HApyry 3THX DETeb.

B nanvheiimem K. Tepnard HeCKoJIbKo TepecMoTpes CBOKO ITIO3H-
IHIo B 9TOM BONpOCe, YuHTbIBas HEJIHHEHHBIA XapaKrep 3aBHCHMOCTH
HANpsAKeHHe — AepopMalHns, ol copMecTHo ¢ P. Tlexom npuumien K
BBIBOJY, UTO B OTJHYHE OT COBEPIIEHHO yNPYrHx Tes AedopMauus riu-
HHCTOTO TPYHTAa HE MOXKeT OblTh BhipaXeHa OfAHHM MOLyJeM yIpyro-
CTH, 4 BblpaXaeTCA HauaJbHHM KacaTeabHbIM Es, cekymuM Ey M rHC-
TepesucHbiM Ej MOIYJISiMH, KOTOphie DaBHbl TaHreHCaM yMVIOB Hakno-
Ha COOTBETCTBYIOUIMX NpSIMBIX K ocsAM Aedopmanuil, NoKa3aHHBIM Ha
puc. 44 DYHKTHUPHBIMH JHHHAMH.

CpaBHuBasg MoAyJb ynpyrocTH E ylpyrux ten ¢ MoayjeM WJACTH-
yecknx (o6mux) medopMaluil rauHHCTHIX rpyHToB, H. M. T'epceanos
(1937 r.) mokasas cyllecTBeHHOe pa3JHiHe 3TUX NOHATHHR u YCTaHO-
BWJ, YTO MOAYJbL AedopManvy MocjaefHHX ABJAeTcA MepeMeHHOH
BeJIMYMHOM, 3aBuCSimeH oT HX IVIOTHOCTH, KOTOpas, B CBOW OYepelb,
3aBUCHT OT BeJIMYHHS! HAarpy3KH. s onpele/neHHs 3aBHCHMOCTH MeX-
Ay HanpsokeHusmu H gedopMalusaMu rAHHHCTBLIX rpyHTos H. M. Tep-
ceBaHoB BBeJ MOHATHe 06 a®cOJIOTHOM MoAyJe pedopma-
uHHu E,, npencrasasioueM co6oll OTHOIIeHHe HeCKOHeYHO MaJjoro MpH-
paleHns HaNpsixKeHUs K DecKOHeuHo MaJsoll oTHOCHTeabHOR Aedopma-
UMK, MTPHHHMAIOLIEro pas/iHiHble 3HaYEHHS B pa3/lHIHLIX TOYKAX KPHBOMH
01 —&c. C nedbio onpegedeHus £, Hchoab3oBajach KpuBasi HampsiXKe-
HHe — obulas Aedopmanus, NO3TOMY MOAYAb 06leld HedopManun GbiI
Ha3BaH NJdacTuyeckn M Haubonee BaXHBIM MONOKHTENLHLIM pe-
3y/IbTaTOM 3THX HCCJAENOBAHHH SIBAACTCS BBeJeHHe NOHATHSI O N e pe-
MEeHHOM MOAYJde nedopMalHi, 3aBUCSIIIEeM OT COCTOSHHS Ma-
TepHajla B MOMEHT IpHpauleHHs HalpsAXeHHA, a HeJLOCTAaTKOM — Iipe-
nebpexenne GakTOpoM BpeMeHH, OKa3bBAIOWHM BecbMa CyIIeCTBEeH-
Hoe BAMsAHHE Ha AeOpPMANHH TVIHHHCTHIX TPYHTOB.

Has onpenenenns ynpyrux nocrosuueix . . bapkan u P. 3. JIan-
mepc [20] ynpyrue mepeMemeHHsi onpefe/siin [yTeM MHOTOKPATHBIX
HarpyKeHui ¥ pas3rpy3ok o6pasnoB NpH PasHbIX 3HAYEHHUAX YILIOTHSA-
IOWHX HArpy3oK, a MOAYJ/b yNPYroCTH — KaK OTHOILIEHHe HalpsKeHH K
BeIMUHHE YIPYrHX MmepeMemieHHH, NOJyYeHHHX N0 PasHOCTH NOKasa-
HHM Meccyp DPH Harpyske W nocjaegymollell pasrpyske rpyura. Ilo-
CKOJIbKY IPH HArpyKeHHH u DOC/JeAylOlIell pasrpysKe H3MeHsoTcs du-
SHYECKHE ¥ MEXaHHYeCKHe CBOHCTBA TPYHTA 3a CueT HEOGPATHMbIX [e-
opManmit, To OUEBHAHO, 4TO NOJYYeHHHE M3 PA3HBIX LHKJIOB Harpy-
KeHHs — Da3rPy3KH YNpyrHe NepeMelleHHS SBAAIOTCA HEe CONOCTABH-
MBIMH MexAy coboit [20]. He wmeHee cyuiecTBeHHEMM HeZoCTAaTKOM
3TOTO MeTOAA fABJfAeTcs NpeHeSpekenHe HaKTOPOM BpeMeHH.

KpPIUBaf{ HanpsXeHHe — obmas gedbopMauns, koTopas sABJIseTCH
OCHOBOM ONIpeleJIeHHs1 aGCOMIOTHOrO MOAY/AA AedOpPMAaHH, 3aBHCUT OT
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Puc. 44. CxeMa AMArPaMMLI &—G Ol- Puc. 45. KpuBHe peoOTHYECKOrO MO-
HOOCHOTO CXKaTHA KyOuueckuX o6pas- BeJAEHHA IVIHHUCTOrO FPpyHTa B YCJIOBH-
nos raumucroro rpyara, no K. Tep- AX KOMIPEeCCHH npH MIHOBEHHOM IIpH-
nara u P. Ileky. E,, Ex B En—ups- JIOXEHHH ¥ YyIaJeHHH uYepe3s ompeje-

JEHHOE BpeMsi TOCTOAHHOH HArpY3KH.

8,0 H & ¢=27 — MIHOBEHHAA u IMoJ-

3yqad netpopmguna oT ’nei'ncmaﬂ gp=

=0,1 MIla; e, H €, s_gq ~— MIHO-

BeHnasg M MoJasydyas ofpaTHMbe Je-

dopmalluy  nmpu  TOJHOH  pasrpyske
obpasiua

MBlE, XapaKTepusyOIue HayaJbHBIL,
CeKYIIMH W PHCTEPE3HCHLIE MOAYAn Ae-
dopmanuu

CKOPOCTH TIPHJIOXKEHHS CTYNeH7aTO-BO3PAacTaoUlell HArPy3KH, T. €. OT
LJHTEeJbHOCTH AEHCTBHSA OTHEJAbHBIX CTyNeHel. B 3aBHCHMOCTH OT CKO-
pocTn (MHTEpBaJa) NMPHJAOXKEHHA CTyNeHeH HATPY3KH IVIHHHCTHIA TPYHT
MOJKEeT MMeTh MHOXKEeCTBO KPHBHIX 01—¢. :[30], nostoMy oxsa kpusas
HHKAK He MOXKET NOJHOCTBbIO OXapaKTepPH30BATh ero Ae)OpMAaTHBHBbIE
cBOiicTBa. OYeBHAHO, YTO AJSI ONpelesIeHHA 3THX CBOMCTB T'PYHTOB ¢
y4eToM (DaKTOpa BpeMeHH HaLO DACHOJATATh LeJOH raMMoi KDHBBIX
01—e, 0T {=0 o f=o00.

KpuBasi o;—ec, onpepeldseMas B MOMeHT BpeMeHH !=0, xapak-
TepH3YyeT CBA3b MeXKAY HANpPSKEHHAMH H MTHOBEHHBIMH KOMIIDECCHOH-
HBIMH JedopManusmu. [Ipn HHefiHO! ee 3aBHCHMOCTH 10 HAaKJOHY
KPHBOH G6)—&c, K OCH nedhOpPMaAIHH MOXHO ONPELeSHTh MOAYJb MIHO-
BeHHOH KOMIIpecCHOHHON pedopManun Ec, ([20, 22] — nokasaTear ne-
hopMalHOHHEX CBOHCTB FpyHTa B MOMeHT BpeMenu { = 0. BMecre ¢
TeM MOAYJb MrHOBEHHOH KOMIDeCCHOHHOH AedOpManuu TJIHHHCTHIX
TPYHTOB sABJsAeTCA BeJHUHMHOH NepeMeHHOH, 3aBHCAlleH OT H3MeHsde-
MOCTH HX COCTOSSHHS.

O BJIMAHHM YIJIOTHeHHA HA Ae(pOPMANHOHHBIE CBOHCTBA [VIMHHCTOTO
TPYHTA MOXKHO NOJYIHTb DPeACTaBJEHHEe N0 KPHBOH e€ro MexaHHYecKo-
ro NMOBeJieHUs NIPH HArpyXeHHH H Docaelyiollefi pasrpyske (puc. 45)
[20]. Ha puc. 45 BuaHO, 4TO BJHAHMe YMJIOTHeHHS TPYHTA BO BpeMe-
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gy BhIpaXKaeTcs CyIIeCTBEHHBIM yMeHbIIEHHeM MTHOBeHHoH AedopMa-
WK &, , B MOMEHT PAa3rpyskH fo CPABHEHHIO ¢ MOMEHTOM 3arpyxeHHs

Clef0BaTeNbHO, B peayabTaTe HAKOWIEHHs OCTaTOUHHX Aedopma-
BHITEKAMOIIHMH

Ec,0-
il u3MeHsieTCs COCTOSIHHe TPYHTa CO BCeMH OTCIOAa

nocJe AICTBHAMH,

C 3TOl TOUKH 3peHHs TpeACTaB/sOT ONpele/eHHBH MHTepec pe-
2yJbTaTH MCIHTAHHs APH ONHOMEDHOM VILIOTHEHHH YeTHpEX o6pas-
10B-6/1M3HeNOp CYTaKHKa 3454 (ps = 2760 xr/M%, pom = 1810 kr/M%,
wom=0,365, €om=100) HapyweHHOro CJIOKEHHA TOX deficTBHEM
HOCJIe/JOBATENBHO NIPHJIOKEHHBIX ABYX CTYNeHed Harpysku TIO 0,025
MIla ¢ ¢urcanueit MrHOBeHHHX Ae(OpMalHid B MOMEHTH HX TpHJIO-
xenus [20].

Ias onpeleseHHst BAHAHUA (akTOpa BpeMeHH Ha MTHOBEeHHble [e-
¢dopManun 06paslos OJHA Hx Tapa BhJepXKaHa NOJA JeHCTBHeM IMep-
BOil CTYNEeHM Harpy3ku B TeueHue 6 cyr, a Bropas — 1 u, Kak moka-
3LIBAIOT pe3y/abTaTsl ONMBITOB (Taba. 14), yBennueHHe AJAHTeJNbHOCTH

ynjaoTHeHHst oT 1 4 10 6 cyT cTano nmpUYHHOH BOCHMHUKPATHOTO yMeHb-
ieHHst MrHOBeHHbIX Aehopmannit. TTockonbKy BospacTaHHe AedopMa-
unit 06pasnoe B TedeHHe 6 CyT, TOC/e YaCOBOTO YIWIOTHeHHs, ABJseT-
Csl He3HAUHTEJbHEIM, TO YKa3aHHOe M3MeHeHHe MTHOBEHHHIX medopMa-

I{Hi B OCHOBHOM O6YCJOBJIEHO CTPYKTYpPHBIM YIPOUHEHHEM HX B pe3yJb-
TaTe UPOSIBJEHHA cllelleHns yapoynenHusa. Cuel0BaTeJbHO, H3MeHe-
Hue AeOpMAIHOHHBIX CBOHCTB IVIMHHCTHIX macT TeKyded KOHCHCTeH-
IIHH TPOHCXOAHT He TOJNBKO B pe3yabraTe VIJOTHEHHs, HO H THKCO-
TPOTHOro yNPOUHEHHs BO BpeMeHH, NpaKTHYeCKH TPH OTCYTCTBHH 00b-
eMHBx aedopMarui.

Ta6auua 14

Tabauua u3MeHAEMOCTH MTHOBeHHbX JAedopmauuii BO BpemeHH

Hedopmannus obpasua (8 MM) oOT
CTYHeHH HarpyskH IpH

nepBoft

Ah MM) OT BTOpOH
Homep onnTa c. U(B ) BTOP

CTYyneHH Harpysk
f=1 g f==6 nnett
167—55 0,327 0,341 0,005
174—55 0,317 0,320 0,004
172—55 0,366 — 0,041
175—55 0,357 — 0,037

CriocoGHOCTE TVIHHHCTBHIX T'PYHTOB H3MEHATH CBOH DEOJIOTHYeCKHe
CBOHCTBA TOJ AeHCTBHEM pa3iHYHBIX (PAaKTOpOB sBJAfAETCss OAHON H3
OCHOBHBIX MX crnemH(HUeCKHX oCOGEHHOCTeH, KOTOpas JOJXHa OhTb
YuT€Ha [IpH HCCAENOBAHHH Ae(DOPMAIHOHHBIX CBOACTB BooOIIe W MIHO-
BeHHHIX AeopMainHi p YaCTHOCTH.
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JKypHan onpeneseHusi MTHOBEHMHBIX H MOJ3YYHX KOMIPECCHOHHBIX AeopMauil

Ta6numa 15

! Onwmr 2 I'pynr 3 Crpyktypa 4 Ilpubop Ne 5 o,,= , MIla, 6 o,= , MIla 7 Pasmepnl H (u3HUecKHe CBOMCTBA
rpyuTa
TlnotHocTs p, rfem® BraXHOCTb Kosdduuuerr nopu
I\‘Aacca KOMBUA | Macca kosbia Macca BuicoTa OfmeM [LIOTHOCTD CTOCTH
¢ IDYHTOM Mgz, my, o6pasua | o6paaua k,|0o6pasua V, TBEPABIX da
r m, r oM cm? Ha"‘am’ﬂr:“ KOHeuHasi | cTHi 0 ¢, T/eM°| yauanpan | KOHETHB | \oyappypi| KOHEUHbI
- 0 w, w g e
Oo v f f f
8 Pesyapratel omoHTa
BpeMsi TMPHIOKeEHHS Mriopennasn _fe Monayuast pedop
dopmannsi o6paa Mo,
HArDY3K a3la JYJIh MTHOBeH
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ACHD, MM TeJbHas Teabuast | ¢, 0
. MHH c Ah Ah 1
¢, 0| e [24 e ¢, 0
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§ 2 METOLHMKA ONPEJEJEHHS 3AKOHOMEPHOCTEX MIHOBEHHBIX
KOMIIPECCHOHHbIX JE®OPMALLUHA

34BUCHMOCTb Ec0 — Oy IJIHHHCTHIX TPYHTOB onpejensercs napaJ-
JleqbHBIM HCOBHITAHHEM HECKONBKHX 00pasnoB-GIH3HENOB Noj AeHCT-
BHeM IOCTOSHHEIX HArPY30K pAas/HYHOH BEJIHYHHB, IPHIOKEHHBIX
«MrHOBEHHO» — '3a TIpelebHO KOpOTKOe BpeMs, ¢ (HKCAIlHed «MTHO-
pennbix» gedopmanuii [20]. IlpnMeHeHne 3TOH cXeMbl HCOHITaHHs 06-
pasoB 06yCAOBIEHO HEOGXOAHMOCTBIO MCK/IOUEHHs BIMAHHA HCTOPHH
3arpyKeHHsi Ha pe3yJbTaThl OMHITA.

MeTtobl M3roTOBJEHHS, NOATOTOBKH M CXeMHL MCNHTaHHs 06pa3nos
(3a HMCKJIIOUEHMEM KOJHYecTBa H NOPAAKA 3arpyXeHHs) TIpH onpeje-
JIEHHWH MTHOBEHHBIX €co M NMOJM3YUHX g (CM. ru. 6) pedopMammuit riu-
HHCTHIX TPYHTOB HE OTJIHYAIOTCs OT ONpeleNeHHs KOHEYHHX AedopMa-
Wi, NoApOGHO H3JAOKeHHHX B M. 3, § 4. OOpasum-GiH3HENH 3arpy-
XAIT Pa3JUYHBIMU MOCTOSHHBIMH JABJEHHAMH Oj, BEJWYHHE KOTOPHIX
usMensmores ot 0,01 no 0,4 MIla. BeGop BeaHYHHBl 0; 3aBHCHT OT
COCTOSIHHSI HCIbITHIBAEMOro IPYHTa H HArpy3kH, NepefaBaeMoil oT coo-
PYXEHHS ero OCHOBaHHIO. PesysbTaThl HCIBITaHHA KaXJoro obpasma-
6nu3Hena 3alHCHIBAIOT B OTAEJbHEI JnaGopaTopHbH XypHan (TabJ.
15). Ilpu o6paboTke pesyJbTAaTOB HCNMBITAHHHA YUHTHIBAIOT LAHHBIE Ta-
pHpoBKH fedopManun npudopa (cM. ra 3, § 4). Ilo onbiTHEM  paH-
HBIM BBIYHCJSIOT OTHOCHTEJbHBIE MIHOBEHHBIE KOMIIpECCHOHHble fe-
¢opMamHu .9 U OTHOCHTENbHEE AedopMamiu KOMIPECCHOHHOH NMOJ3Y-
YecTH € (cM. 1. 6, § 1). B naGopaTopHHil KypHaJ 3aHOCATCS TakK-
JKe onpelesieHHBE N0 H IocJe ONbTa ToKa3aTeldd (H3HYECKHX
CBONCTB HCHBITAHHOTO TPyHTA.

HznoxeHnas Bblllle MeTOAMKa ONpeleJeHHss 3aBUCHMOCTH Hanps-
XeHHEe — MrHOBEHHAsl KOMIIpeCcCHOHHasA AedopMauns cBobolHa OT He-
HOCTATKOB, JIPHCYIINX MeTOAHKaM HarpyXeHus H DOCJeAylouwed pas-
rpyske o6pasua K. Tepuarn, [I. [I. Bapkana, P. 3. JIaHapeca u Ap.
Ona ofHOBpeMEHHO NOJHOCTBIO COIMIACYeTCs KaK C MCTUHHBHIM TIOBefe-
HHEM TJHHHCTHIX PYHTOB DIOJ [JHMTEJbHHM ACHCTBHEM «MTHOBEHHO»
DPHJIOKEHHBIX HAaTPYy30K, TaK H C NPHHATHIM B TEOPHSX INOJA3YYECTH
pacuseHeHHeM AedopManuii Ha MTHOBEHHYIO H NOJ3YYyi0 YacTH.

Oco6o oTMeTHM, uTO 37€Ch M B NajbHellleM TOJ YCJIOBHEIM Tep-
MHHOM <«MTHOBeHHasi Harpy3ka» cJejyeTr NOHHMaTb OXHOKPATHO NpH-
JIOXKEHHYI0 HarpysKy, Bo3pacTaHHe Kotopo#l, no B. A. ®aopuny [20],
OT HyJfl 0 CBOEro KOHEYHOro 3HAUEHHs NPOHCXOAHT C IpelesbHON
CKOPOCTBIO, TIPH KOTOpPOH OHa eme MOXKeT pacCMaTpHBATbCA KaK Tio-
CTeneHHO Bo3pactawilas. [Ipn 3TOM nox TepMHHOM <«HayalbHOE» Ha-
NpAXKEHHO® COCTOSIHHE 3EMJIAHOH Cpefinl NPHHHMAaeTcsd COCTOSIHHE, CO-
OTBETCTBYIOILlee MOMEHTY OKOHYaHMdA TNpelesbHO OGHICTPOTO BO3pacTa-
HUS HArpy3KH, KOTOpOe ofipejensieTcs 6e3 ydyera cHa uHepuuH. Ilop
TEPMHHOM «MI'HOBEeHHas JAedopManHus» OyneM noHHMaTh ge(opMaiHio,
(PHKCHPOBAHHYI0 B MOMEHT OKOHUaHHA «MTHOBEHHOTO» IpHJIONKEHHS
Harpy3KH.

IIpu onpeneseHHH 3aBHCHMOCTH HanpsKeHHe — MTHOBEHHAs KOM-
lipeccHOHHAA AedOpManHs TVIHHHCTHIX TPYHTOB TeXHHUeCKH HauGoJee
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c0XHBIM sBJseTcss (DHKCAUHS MIHOBEHHHX Aedopmanuit. Bo MHorux
cayuasx B CWIy OYeHb OBICTPOro Pas3BHTHsA Npouecca nosisydectd (B
OCOBEHHOCTH y IPYHTOB €JaOHX, CHJIPHOCKHMAaeMbiX) p TeUeHHe Iep-
BHIX HECKOJBKHX [eCATKOB CeKyHA ¢HKcauus MTHOBeHHBIX Jedopma-
HHH SBAAETCS He TOJBKO CAOXHOH, HO WHOIKA Ja)ke HEBO3MOXKHOM.
[TosToMy B Haya/JpHOH CTafHH H3y4eHHs pacCMaTPHBAEMOro BONPOCA
3a MrHoBeHHyIO Gplia mpuHsita aedopMauus npu ¢ = 30 nau 60 ¢ Tio-
cJle MOMeHTA NPUJIOXKEeHHS HATPY3KH H Ha3BaHA «ICeBJOMTHOBEHHOH»
[20]. Oxnako, MOCKOJbKY HpHMEHEHHe 3THX Aedopmandii B KayecTBe
MTHOBEHHBIX NPHBOJHJIO K 3HAYHTEJbHBIM NOTPEIUHOCTAM, aBTOPOM
KHUTH OBLJIH HCIOJAb30BaHB NATHCEKYHAHHE AedopMailH, Ha3BaHHbIE
«yCJIOBHO-MTHOBeHHEIMHY 1[20].

Kak BunnHo Ha puec. 46, xpHBnle HaNpsiXeHHe — KOMIIpecCHOHHAas
negopmalusi, noctpoeHHble Aas ¢ = 5 H 60 ¢ Ha ocHoBaHHH ceMelicTBa
KpHBBIX of0mas gedopMmanusi — Bpems cyriamHka 3248 HapylieHHOTO
cnoxeHus (Tabj. 16),cyliecTBEHHO OTAMIAIOTCa aApyr oT Apyra. [lpu-
4eM, eCJIH HpPH { = 5 ¢ 3Ta 3aBHCHMOCTb € JOCTATOYHON TOUHOCTLIO BBI-
pamaercs JHHeHHBIM 3aKoHOM, TpH { = 60 c oHa sBHO HesHHeHHas.

Ta6auma 16
OCHOBHble MOKa3aTequ (U3IHTECKHX CBOMCTB MCMBITAHHBIX TPYHTOB

r]g;l:gg Pyt KOM | p,, Krjus v I ’ , Sr St p
3248 2750 2030 0,247 0,69 0,984 0,72 0,101
3363 2690 1870 0,346 0,94 0,990 0,40 0,204
3371 2690 1810 0,403 1,08 1,000 0,99 0,163
3439 2750 1610 0,323 1,26 0,705 -— —
3454 2760 1840 0,349 1,02 0,944 — —_
3455 2790 1830 0,398 1,13 0,982 0,77 0,211
1—57 2640 1750 0,394 1,11 0,940 0,82 0,270
2—57 2660 1800 0,349 1,00 0,930 1,28 0,127
457 2700 1790 0,408 1,13 0,975 0,98 0,180
5—57 2590 1610 0,569 1,54 0,960 0,95 0,259
7—57 2630 158) 0,615 1,68 0,990 0,91 0,339

B najbHefillleM HCXOHs1 H3 HeOOXOAHMOCTH HauGoJabllero npHOJH-
XKeHUsl K HCTHHHBIM '3HAUEHHAM MTHOBEHHBIX AedopMmauunit dhHRCHpoBa-
JIUCh He TOJLKO YCJAOBHO-MTHOBEHHHE, HO M MTHOBeHHHE AedopMaiHi
npu t=20. [lnst npeonoseHHsT TPYRHOCTeHd, CBA3aHHHX C QHKcamuel
MTHOBEHHBIX JedopMaluil, NPHUMEHSJOCh NpeABapHTeNpHOE YIJIOTHE-
HHe BCeX 00pa3noB-0/aH3HeLOp NOX AeHCTBHEM HEKOTOPOH NOCTOSIHHOM
Harpy3ku. Kak nokasaju onbiTH aBTOPAa KHHTH, NPeABapHTe/bHOE YII-
JIOTHeHHe 00pasuos AaBjeHusiMu nopsiaka 0,0256—0,05 MIla, naxe caa-
OBIX TPYHTOB B BHIe NACTH TeKyYeH KOHCHCTEHUHH, NPHBOLMT K 3Ha-
YHTeJbHOMY CHHIKEHHIO TeMNOB pas3sBHTHS acopMaudi B HadajabHBIE
MOMEHTBl BpEMEHH MoCJe NPHIAOXKEHHS HArpy3KH, 4TO MO3BOJAET A0C-
TATOYHO TOYHO (HKCHPOBAThL MrHOBeHHHE aedopmauuu., ITo HArAALHO
BUJIHO HA KpHBO#l AB M3MEHs1eMOCTH YCJAOBHO-MIHOBEHHHBIX AedopMmaliuil
(puc. 47) npu nocJefloBaTeNbHOM NPHIOXKEHHH pPAaBHBIX CTYNeHed
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no 0,025 MIla uepes onpeneleHHbe HHTEPBAJb BpeMeHH. ITOMY
cnocoGeTByeT Takxe yMeHblleHHe BelHUYHHB Harpysku [20].

B kauecTBe TpuMepa HA PHC. 48 NPHBEACHH pPE3YJLTAaTH Ofipele-
JeHusl cemelicTBa KpuBHX o6liasi gedopmanist — Bpems raunbl 3363
HApPYIWEHHOPo cAoKeHus (cM. Ta6a. 16) ansd pasiuUHBIX GOCTOAHHBIX
HanpsKeHuil H KPUBHIX HaNpsiXeHHe — JedopMmauus s pasiAHYHBIX
(UKCHPOBAHHBIX MOMEHTOB BPEMEHH.

6,=0Z MMTa

\ 1
6;,MNa 67 Q05 8025 579 20 30 40 50 69 70 80 tc

) 025
L L1 é67,MNA
4z a1 905 g

Puc. 46. CeMefictBo xpuBmx 0OOHIei KOMIPEOCHOHHON (I0N3yYeCTH g.—! H KpHBHle
o1—e. npH =5 ¢ (I) u =60 ¢ (2) pocae mMoMeHTa NPHNOXKEHHs HATPY30K

Ha ochoBanuu aganu3a GoJbDIOTO 3KCHEPHMEHTANbHOro MAarepH-
aja, NoJy4yeHHOr0 aBTOPOM KHHTH IPH HCNBITaHHH HECKOJBKHX AECHT-
KOB pas/JMYHBIX TJIHHHCTHIX CPYHTOB HApYIWIEHHOTO M NMPHPOLHOrO CJO-
KeHHsl, YcTaHOBJeHo: 1) 3aBHCHMOCTb HallpsiXKeHHe — MIHOBeHHas
KoMIlpeccHOHHast nedopMauns (f==20) npeaBapHTeJbHO YHJIOTHEHHBIX
06pasuoR-OAN3HEKOR ¢ SOCTATOUHOH TOUHOCTLI MOMKHO CUKTATL AW-
HeliHolt mo 0,1—0,2 MIla; 2) 3aBHCHMoCTb HalpsiKeHHe — YCI0BHO-
MrHoBeHHasl KoMnpeccuoHHas AedopMannst (f =5 ¢) caabux, cCHIbHO-
CXKHMaeMBbIX [JMHHCTHX TPYHTOB p OOJBIUHHCTBe Clyyaep fABaAseTCS
HesqHHelHOA npu o > 0,025 = 0,05 MIla; 3) pacxoxnemnme Mexay
MTHOBEHHBIMH H YCJIOBHO-"MTHOBEHHHMH AedopMalHsIMH B OCHOBHOM
koneGnerca B npenenax 10—25%, a Mexay MrHOBEeHHEIMH M ICEBHO-
MrHoBeHHBMH (f = 30--60 ¢) moxoput go 1009% wu Goaee; 4) ormeueH-
Hoe BbllUe pacXoXjeHHe, KOTopoe oOYCJIOBI€HO KaK NOJ3YYUMH CBOH-
CTBAMH TPYHTOB K HayajJy HCIHTAaHMsA, TAK H BeJHYHHOH HAarpysku
(cM. puc. 48), no mepe YNJIOTHEHHS TOCTENEHHO CHHXKaeTcd, paxe
HcuesaeT. B 4acTHOCTH, y O4€Hb NJIOTHHX M MPOYHBIX TJIHHHCTHIX TPYH-
TOB TBEPAOH H NOJYTBeDAOH KOHCHCTEHIHH MTCHOBEHHBIE H YCJOBHO-
MTHOBeHHEIE fe(opMalil NPaKTHIECKH DaBHBHI.

Ha ocnoBanun usnomensoro MoxXHo 3akmounts [20], uto 6asol
AJI U3YyYeHHs 33aKOHOMEPHOCTeH MrHoBeHHoOro Ae(opMHpPOBaHHS TIJH-
HHCTBIX T'PYHTOB MIPH OXHOMEPHOM CXKATHH NOJIXKHBL CIYXUTL KPUBhIE

151



n=516 %

P

m\

i ! ]
64 72 tiwu

]
4125 6;,MNa

Puc. 47. XapakTep H3MEHSIEMOCTH KPHBBIX Ect—! H YCJOBHO-MTHOBEHHMHX (MHHYT-
HbiX) gepopmauui# AB rpysra 3439 mapyuwieHaoro cioxeHHs NpPH MepeXope oT OXHOA
CTyNmeHH HAarpyskH X Apyrof

&
q04%

86,=42MMa

903

~ Ny

i I ] I 1 LA 1
6;,Mla g1 005 0 20 30 40 50 60 70 80 igc
4425
L L (| ]
42 g1 gos 7 JZF’MHCL

Puc 48 KpuBee 0;—e. A1 pa3/HUHEX MOMEHTOB BpeMeHH, MOCTPOEHHLIE MO ceMeil-
CTBy 3KCIePHMERTANbHBIX KPHBBIX £c—1:
1—1=0; 2 —~1t=5, 3 —i¢=30; 4—1=60 ¢

HanpssXkXeHHe—MIHOBeHHas JedopMaunsd, a WoKasate-
JeMm Ae¢OpMaLHOHHHX CBOACTB B AAHHOM HX COCTOSIHHM npu == 0—
MOAYJb MTHOBEHHOH KOMHOpeCCHOHHOH medopMmauuu Ecp, KOTOPHIA COB-
najaaeT ¢ HayadbHbiM KacaTeJbHbiM Mopyaem E. OH coBnajaer Tak-
Ke ¢ abCcoMOTHEIM ModyJ/eM Aedopmanvu £, TONBKO B Hayale 3arpy-
KeHHsI, T. e. Ipu /20,
Monyib MTHOBeHHON KOMIDeCCHOHHOH Aedopmalnu onpeiensercs
o CJIeAyIOileMY COOTHOUIEHHIO:
E, o= oy (h—Ah ) _ 0, ’ (5.1)

a hc.o l%,0

rie h — HauadbHasi BhICOTA 06pasua; Ahp — AedopMains NpeABapH-
TeJbHOTO  YIIOTHeHHS; Ahfco— abcomoTHasgs MrHoBenHasf pedopma-
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LM, €cp— OTHOCHTENbHAsI MTHOBEHHas KOMOpeccHoHHas jaedopma-
K.

MruoBenusie AedbopMaiuny, onpeAesseMble H3JOXKEHHBIM Bhllle
crocoGoM, CoAepKAaTr NOTPEIIHOCTH, BLISBAHHBE CYMMHPOBAHHEM C HH-
MM HEKOTOpOH, npaBaa, HeGosbuiol wacTH AedopMmapmu NONA3YUeCTH.
[puueM, yem Bhillle BeJHUHHA HATPY3KH, TEM HHXKE TOUHOCTbH ONpeje-
JeHHs] MTHOBeHHHIX nedopMauuii. IT0, pasyMeeTcs, B OCHOBHOM OTHO-
CHTCSl K TPYHTaM cJaa0biM, NOJ3y4He CBOHCTBA KOTODHIX SIPKO BHIpaKe-
HH Aake TpH HeGoJbLUMX 3HAUEHHSX BPeMeHH JeHcTBHA HAarpy3KH.
[MosToMy npu onpejeseHHH 3aBHCHMOCTH Oy — €. CJEAYeT OPAaHHYH-
BaThCsl HeOOJBIIMMH 3HAUeHHaMH HArpy3ok (po 0,1 MIla), uro mnou-
HOCTBIO OTIPABAAHO TEM, YTO B HATYPE HATPY3IKH HA IPYHTH BO3pacra-
0T AOCTATOUHO MEJJIEHHO W B KaXKAOM HOBOM HX COCTOSIHHH OHH BOC-
NPUHHMAIOT HEGOJBINYI0O MOCTOSIHHYIO HArpy3Ky. OdeBHAHO, YTO TpH
3TOM CJleAyeT yueCTb H3MEHsieMOCTh MOJYJS MTHOBEHHOH KOMIpEeCCH-
OHHOM neQOpMapHK TPYHTOB BCJEACTBHE YIJOTHEHHs, HPUBOJSILEro
K H3MEHEHHIO MX cocTosinud (cM. § 4).

Moaynun MrHOBeHHBIX KOMHpecCHOHHHX Jnedopmamuii Eeo psna
IIHHHCTHIX TPYHTOB HapyIlIEeHHoro cJoXeHusi (cM. taba. 16), omnpene-
JieHHBIe To cooTHoweHHo (5.1), npuBeAenn B Ta6a. 17. B nelt Takke
OPHBeJieHn BHIYHCJEHHBIE MO cooTHoWleHHIo (3.23) Moxyau MTHOBeEH-
HBX Jedopmaunii past ogHoocHoro cxkartust Eg npu p = 04.

Ta6auma 17

Mopyan MrHOBEHHBIX KOMNPECCHOHHBIX aedopMauufl
H OJHOOCHOr0 CXaTuag TIpPYyHTOB

Houmep rpyura

Monynu
3363 [ 8371 | 3454 | 345 |1—57 ‘ 9—57 | 4—57 |5—57 |7—57

c,0 28,0 | 16,7

3

8 —

9 13,6 7,8
9 —

E, . MIa 7,4 | 87 ) 8,3 | 8,7 ] 9,1 14,2 2
2

1
SR O A (G 7

£y M2 3,4 (4,0 (39|40 | 42{ 66 9
. 2

~ | = = ~ 1 = |1

AHanuz paHHbiX Ta6a. |7 nokazbIBaeT, YTO MOAYJH MTHOBEHHHX
KOMIIpeCCHOHHBIX neopMauiii rpyHTOB HAPYUIEHHOTQ CJIOXKEHHS B BH-
Ae NacThl TeKyYell u TeKyYelIacTHYHOH KOHCHCTEHLHH MOJyYeHH IMOC-
Jle NpeABapuTebHOIO YnaoTHeHusl noj AefictBuem 0,025 MIla oxHoro
nopsaka. B ciyyae TpexcyTOyHOro NpeABapHTENBHOro yIJIOTHEHHs 06-
pasuop (ana rpyutoB 4—57, 5—57 u 7—>57) moJydYeHBl OTHOCHTENBHO
BHICOKHe 3Hauenus Eqg, 4TO MoXKHO 00DbACHATE KaK (oJsiee AAHTETLHBIM
YIJIOTHEHHEM HX H YIPOUHEHHEM BO BPeMeHH, TaK u Oojee TOYHOH
durcauueii MTHOBeHHHX AedopManuil NPH NPHIOKEHHH OTHOCHTENbHO
HeGoubLIpX AaBaennit — 0,005; 0,0125 u 0,025 MIla.

ConocraBiende npuBeieHHEIX B TaGJ. 17 JaHHHX c pe3y/abTaTaMu
OnpeflefieHus AHHAMHUYECKOTo Moayad capura (o = 2,0+ 6,0 MIlla,
noaydyesHsiMA B 1957 r. B. ®. PeasroBriM [20], nokaszuBaer, 4To OHH
opHoro nopsiika. JlefcTBUTeNbHO, €CJH OT JAHUHAMHUYECKOro MOAYJIA
crBHra MepeHTH K AHHAMHYECKOMY MOAYJIO OJHOOcHoro cxkarus Ey
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(npunumas p = 0,4) moayuuM, uro Eo = 5,6 = 16,8 MIla. Takoe cos-
Najetye AAHHBIX, TMOJAYYEHHLIX CTATHUECKHM M IHHAMHUECKHM MeETO-
AaMH HCIBITAHHS, BHOJHE 3aKOHOMEPHO, TOCKOJIbKY HPH ONpeleseHHH
E.p NpakTHYECKH HCKIIOUAETCS BAMSHHE IOJ3YYeCTH — OCHOBHAS NpPH-
yiHa OOLIYHO HMeIOUIerocss pacXoXAeHHst MeXAY NMoKasaTeJdsiMH yupy-
roCcTu TPYHTOB, ONpelesiseMOH YKa3aHHBIMH MeTOLAMH.

Jas onpelesienust MonyJsi MrHOBeHHOH HeopMalliu TJIHHHCTHIX
rpynroB 0. I1. CMosnHbiM TpEMEeHeHa METOHHMKAa HelpepbIBHOrO 3ar-
pyxenust o0pasna (mocTynaiouielf B MOXABEINEHHBII K pblYary CoCcyx
BOJH C NOCTOSIHHOH CKOpOCTBIO) ¢ BH3yaJbHoH (urcauuest nedopma-
uui yepe3 Kaxawe 15 c. DKcnepuMeHTalbHAsI KPHBas HANpsKEHUe —
negopMallHs anNpoKCHMHPOBAHA MHOTOUYJEHOM BTopoil cTeneHH. Om-
pefiesieHbl MOLYJNH YCJIOBHO-MTHOBEHHOH (IIATHCEKYHAHOH) ¥ MrHOBEH-
HOH (HavasbHON) NedopMaluu, KOTOpHe (KAaK H B SKCIEDHMEHTAX aB-
TOpa KHHTH) OTJHYaJHCh APYr oT Apyra #Ha 10— 209%.

§ 3. PEOJIOTMYECKOE NMOBEAEHME TJIUHUACTHIX I'PYHTOB
NMPH HATPY)XEHHH W NOCJHENAYIOMEH PA3I'PY3KE
B YCJIOBUAX OAHOMEPHOIO YIUIOTHEHUA

PeoJioraueckoe nosejieMHe [JHHHCTBIX PPYHTOB NpH HATrPyXKeHHH H
nocJeAyiomel pasrpy3ke yacTHUHO PAcCMOTPeHO Bhille, 0JHAKO, YyUH-
ThIBAs CJAOXKHOCTb W BAXKHOCTh BONPOCA, OCTAHOBHMCST HA HeM He-
cKoMbKo NoApobGuee. CI0XHOCTL Bolpoca oOyc/oBJeHa BIHSHHEM
MHOXeCcTBa NPHPOAHHX H BHEIUHHX ()AKTOPOB Ha peOJOTHUECKHE CBOH-
CTBa [JIHHHCTBIX I'DYHTOB, 4 BaXHOCTb — HEOOXOMHUMOCTbIO BHISCHEHHS
NpHPOJBl MIHOBEHHBIX AedopManui. IIpuposHbIME (aKTOpaMH, BIHA-
IOLLHMHU Ha YKA3aHHOe NOBeAeHUEe IPYHTOB, SBJSIOTCS Bee HX QH3HYec-
KHe CBOMCTBA, a K YMCJY BHeWHHX (PaKTOPOB B MepByi0 ouepeip cie-
AyeT OTHECTH BEJHUYHHY u NPOAOJKHTEIBHOCThL AeHCTBHA YIVIOTHSIO-
el HarpysKH.

[Ipn paccMoTpeHmn npumepa, NpHBeAEHHOro Ha pHC. 45, GHJIO IIO-
Ka3aHo, YTO YIJIOTHEHHe [PYHTA oA AeHCTBHEM BHellIHeHl Harpy3KH oKa-
3hIBA€T BeCbMa CYlleCTBEHHOe BJHSIHHE HA DeOJIOTHUECKHe CBOICTBA,
UTO BHIPAXKAETCH IPOABJeHHEM OCTATOYHHIX MIHOBEHHBIX H NOJ3YUHX
nedopmauuit. belno ckaszano TakMke, 4TO, ecaH MCKJIIOUHTL BJHSHHE
¢ aKTOpOB YNIOTHEHHS W YNPOYHEHHS TPYHTAa BO BpEMEHH, TO Kak
MIHOBEHHBIE, TaK H N0J3y4yHe JehopManuH OGYAyT MOJHOCTbI0O oOpaTH-
MbiMHi. [IpoBepKa BbicKa3aHHOTo MPEANOJOXKEHHS aBTOPOM KHHLH OCY-
LeCTB/IEHA HCCJIeNOBAHHeM DEOJOTHYECKOTo NOBeJeHUs MHOTHX pasHO-
BHJ{HOCTEH [VIHHHCTHIX TPYHTOB MOA AeHCTBHEM MIHOBEHHO IPHJIOXKEH-
HbIX H yJaJIeHHBIX Harpy3oK 4Yepe3 pas3/jHuyHble HHTEDBA/Jb BPEMEHH.
OnbiThl mpoBefieHB KaK NDH OAHOKPATHOM, TAK M MHOTOKDATHOM —
LHK/HYECKOM NPHJIOXKEHHH H YJAAJCHHH HAarpPy30K PasJHYHOH BeJHYH-
Hbl [20].

Ipaduru ucnvitanns o6pasuop-61u3HenoB raunn 4—57 (cM. Taba.
16), moaBeprHyTHX MecsUHOMY NpPEeABAPHTENHHOMY VILIOTHEHHIO NOK
010=0,2 Mlla npu npunoxennn u ymandeHuH gasiaenus 0,05 MIIa
yepes f=10¢; 60 ¢; 1 a9 ®m 24 9 nocae MoMeHTa 3arpyxe-
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HHdA, NpuBeAeHn Ha puc. 49. Ha sTux rpadukax BHAHO, U4TO NpH NpO-
JOJIKUTEJBLHOCTH JaeficTBHA HarpyskHu 10 ¢, Kak u Bo BcexX APYTrHX aHa-
JIOTHYHBEIX IKCNepHMEHTaX, MTHOBeHHas paedopManus saBjasgercs obpa-
THMOH — yNpyroil. YBejHYeHHe BpeMeHH JAefiCTBHS HATPY3KH NPHBOIHT
K IPOABJCHHIO H NOCTENCEHHOMY BO3pacTAHHIO OCTATOUHHIX MTHOBEH-
HbIX ¥ Toasyuynx Hedopmauuil. B wacrHocTu, npu ¢ = 24 y poas oc-
TaToYHOH MTHOBeHHOH JAedopmalnluu coctaBiser 80% or HaYaJdBHOM,
Hexkoropoe, npaspa, neGospiioe H3MeHeHHe MTHOBEHHBIX aedopmanui

Ahp MKM

8

4

! i ), ! 1 [ 1 1 L 1 11

g 7 Zﬂz‘,b 20 &7 wré4c I 67 A0 bLmun 5 75 [}

Puc. 49. Kpusble BiMAHHS IJH-
TEJbHOCTH  HEHCTBHSL  YIJOTHSH-
rowefi Harpyske 0,05 MIla na
06paTHMOCTh ~ MTHOBEHHHX M
noasyuunx  gedopMmapait o6pas-
69 0 20 30 40 S0 60 GG UOB JHHM 4—57 HapyeHHOoro
820 CJOXKEHHS, OpeIBAPHTEIbHO YII-
JIOTHEHHKIX non, neHcTBHEM
c1,0=0,2 MIla npn kKommpeccHH

7
201
77

& _
620 Puc. 50, Peonoruieckoe noseje-
HHe TJHHH 4—D57 OpH HarpyXe-

80r
HHH H MOCJIelylolmed pasrpyske
&0 a15 yepe3  pasJHYHbBIE  HHTEPBaJH
BpEMeHH:
4or 6,~g/MMa a—1t=10 ¢ 6;t1=ql MuH, 8 —I=
201 qo5

i ! I ]

-
0 7 z J 4 M

wabaopaerca u npu ¢ = 60 ¢. OaHAKO, NOCKOJIBLKY 3TO H3MeHeHHe NO
a6COMOTHOH BeJMYHHE HAaXOAMTCS g Npefle]lax TOYHOCTH H3MepeHHs
Jeopmanuit (0,001 MM), ero MOXHO YACTHUHO OTHECTH K TOYHOCTH
3aMepa, a YaCTHYHO — K TOYHOCTH (PHKCALHH MTHOBEHHHIX jedopma-
U HH, KOTOpHle Beerja CoaepXaT HeGOJbIIYI0 AOJI0 NOJ3YYEeCTH.
ITpumep [20] uHKIHYECKOro MPHJIOXKEHHR CTyNeHedi HArpyskW Ha
obpasnml rpyHTa NOC/Ae HX NpeXBAPHTENBHOrO YIIOTHEHHS NOA AaBJe-
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umem 0,7 MITa npusenen Ha puc. 50. 31ech MOJHOCTLIO TOBTOpSETCA
paccMOTpeHHAs! Bhllle KapTHHA nepopmupoBanus. A HMeHHO, TIpH
{ =10 u 60 ¢ MrHoBeHHble AedopMALHH NMPAKTHUECKH NOJHOCTLIO 06-
paTMMBl 1Jd BCexX 3Hayenuli CryneHeid JaBJCHHS: 0,=0,05; 0,1; 0,15
u 0,2 MIla, a npu = 1 4 ouu Bua4aje MOJHOCTHIO Heo6GpaTHMHI, Of-
HAKO Mo Mepe HaKomjeHus: aedopManud H AAJbHEHUICTo YNpOdHEHHS
TPYHTA OCTaTOYHAss 4acTb MTHOBCHHBIX AedopManMii TOCTENEHHO
yMeHblUAeTCs BCJAEACTBHe NepeXxopd MaTepHana B ynpyroymloTHEHHOe
cocTosinue. DTOro HeJab3s cKasaTh OTHOCHTEJNBHO TMOJASYUHX pedopma-
IMil, KOTOpble MOYTH BCETHA COJAEpHKAT HEeKOTOpyio Heo6paTHMYIO CO-
CTABJAIOIIYIO.

Bhp, MM 5 a1 405 @
032 = 0 12345 22 UITN 25 E By
LR LI B
o
[7,28 B ﬁ’mt O’QEOIPI
74
024 £g
10
qo4 BO5SEN
4 4oz
0 1 1 ORI 7/ 7/
6],”[_'_(1 ’ I Y . NV Y T Y S
gost———————n1, 72345 22232%t0m
Y0 80 120 740 £mu 47 gf5 7 é,Mha

Puc. 5l1. Peonmormueckoe mnoBefieHHe Puc. 52. I'pabuku nampsixense — gedop-
rauHe 4—57 HApYNIEHHOTO CJOMKEHHS  MAuHd NpH MTHOBCHHOM NPHJOKEHHH (1)
NpH HaTpyXeHHH H NOCACyllefi pas- H YAAJEHHH uepes 212 aneét (2) mocrosH-
TPysKe B ciyyae GoJbLIOH N/HTebHO- ~HBIX JaBJEHHA Ha 06pasubl THHM 457
crd JeHCTBHS NOCTOSIHHOTO YIVIOTHSIIO- (01,0=0,05 MIIa)

mero pasaerust 0,06 Mlla

HpeucTaBJ{ﬂ}oT onpeneneﬂﬂmﬁ AHTEpEC PE3YJAbTATHl HCHBITAHHS ob-
pasuoB (KOTopre BHauaJje OBIIH yIIJIOTHeHbI B TEeUEeHHE MHOTHX McecCs-
leB noa aabaeiuem 0,7 MIIa, a satem pasrpyxens no 0,3 MIla) npu
OfHOKpAaTHOM  npHaoxennn o;=0,2 MIla u nocrenywoilem
ee CHATHH Yepe3 pas/iWyHHle HHTepBainl BpemeHnH [20]. B orTauune
OT NpHMepOB, TipHBeAeHHBIX Ha puC. 49 u 50, p 3TOM cayuae MTHOBeH-
Hble M NOJ3ydYke JehOpMAalKH NpakTHUCCKH MOJHOCThIO 00paTHMBI Aa-
e TOTAA, KOraa NpOAOMKHTENLHOCTh AeHCTBHS HATPY3KH paBHa 24 u.
dro 06yc/0BIEHO 3HAUHTENbHEIM JfIOBHLUICHHEM IPOYHOCTH TPYHTA H
TOBOPHT 0 TOM, 4T0 HAeopMapus MepeymIoTHeHHOro TPYHTA TOJHOC-
ThIO NPOTEKaeT 34 cUeT CTPYKTYPHO @ACOPOUHOHHBX gae-
bopmanuiii[10].

Ipumep, paounii onpenenennoe NpecTasieHue o6 H3MEeHSEMOCTH
MTHOBCHHBIX AeopMauui npu puaMTEJbHOM BO3JeHCTBHHM YNJOTHSIO-
LieH HATpy3KH, TIpUBeJleH Ha pHC. 51. Kag BHgHO HA 3TOM pHCYHKe,
RCTibiTaHue 00pasios B Tedenue 210 AHel HAcTOAbKO yNpPOYHHIO
TPYHT, UTO Haua/NbHasa MTHOBeHHAs JedopMauus yMeHblIH/IACH, BO MHO-
ro pas B pe€syabTarTe YNJIOTHEHUs H YINPOUYHEHUS BO BPEMEHH.
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B orTsiMube OT cTapeHHs OeToHa, KOTOpOe XapaKTepH3yeTcs
TOJIbKO IPOIECCOM TBEePAEHHs LEMEHTHOTO KaMHs BCJIEHCTBHE IpOTE-
KAHHs BHYTPEHHHX (PH3HKO-XHMHUYECKHX IIPOIECCOB, H3MCHAEMOCTh CO-
CTOSIHHSl TJIMHHCTBIX TPYHTOB MOXKeT OBITh BbI3BaHA KAK YIJIOTHEHUEM
B pesy/abTaTe CTPYKTYPHO-aACOPOUHOHHBIX M CTPYKTYPHBIX Hedopma-
1HH# BO BpPEMEHH (MO0J3yuecTh CKeJera), TaK U (AKTOPOM BPEMCHH B
TOM CMLICJIe, KAK OH NIOHMMAaeTCsi B TEOPHH I0J3y4eCTH OerTona. Ecuu
nepBbifi U3 YKA34aHHHX (GaKTOPOB CBA3dH C BeJIHYHHOH H JIIHTEJBHO-
CThIO AEHCTBHSI HATPYSKH, TO BTOPOH — CO BpeMeHeM NPOTeKaHHs (H-
3HKO-XHMHYeCKHX TIpOLeCCOB B I'DYHTe, 7. €. IpOsBJIeHHeM HOBBIX CTPYK-
TYpHBIX CBsi3eil B BHJe cuenJieHHsi ynpodynenus [10] 6es u3MeHeHHs.
miotHocTd. OUeBHHO, 4TO «CTapeHHe» B IPSIMOM ero NOHHMaHuH 06Yc-
JIOBJIEHO (KpPOMe INIPOYMX paBHBIX YCJOBHH) HAYajbHHIM COCTOSIHHEM
NJOTHOCTH H BJIAXHOCTH TJIHHHCTOTO TPYHTA.

Takum 06pasoM, Npu KPATKOBp M E€HH H X BO3AEHCTBHAX VYII-
JOTHAWWHX AaBaeHuil go 0,2 MIla, Korma uHcK/OueHa BO3MOXKHOCTD
3aMEeTHOTO H3MeHEHHs IJIOTHOCTH H CTAPeHHs BO BPEMEHH IJIHHHCTOTO
TPYHT4, MTHOBEHHbIe fedopMaliy SBJASIOTCS NOJHOCTBIO 00 paTHMBIMU-—
YyOpYyrHMH. O3TO 3HAYHT, UTO B COOTBETCTBHH C TEPMHHOJOTHEH TEOpHH
yIpyro-nmoasydero tena (cM. ra. 3, § 3) mruosetiHble AeopMamHyu MoO-
ryT ObITb Ha3BaHHl YN PYyro-MrHoBeH HH M H. [lonydeHuble pesyin-
TATHl elle pas NoATBepkKAAOT TO CIpaBeuBoe 3ameuanue T. Andpes
[20], uto «ynpyrag nedopmanus SBAAETCS MIHOBEHHOHY.

MruoBeHHas KOMIIpeCCHOHHAsi Ae(dOpMAalus TJIHHHCTHIX TPYHTOB,
KOTOpas NpOsBJAETCS B MOMEHT JIpHJIOXKEHHs HATPY3KH (B OT/IHUHE OT
nofo0HbIX AepopManuii Apyrux tesd, oOyCAOBJIEHHBIX YMEHBIIEHHEM H
YBEJHUYEHHEM MEXATOMHBIX pacCTOSHH{), NpPOTEKaeT B pe3yabTare
yOpYroro AepOpMHPOBAHHA HX CTPYKTYPHHX 3JEMEHTOB H CTPYKTYP-
HOTO KapKaca B LeJIOM, ra3ocoaepKaiieii BoJbsl, CBOOOJHOTO g 3aiieM-
JIEHHOTO B yJbTPaNnopax KoJJIOHAHHIX 00o/M04eK rasa (HO JaHHBIM
B. M. BeceJOBCKOro), a Takyke H3TH0a IMIMHHCTHX YACTHI MLTACTHHYA.
Toil popmbl (o Tan Teer-ku). [ons ynpyro-MrHopeHHHX aedopma-
UHH B obuieM Npolecce yIJIOTHEHHs TIMHHCTHIX TPYHTOB BO BpeMeHH
HeBeJIHKa H B OOJIbIUMHCTBe c/yyaes efBa gocruraer 10%. B tex cay-
Hasx, Koraa sHellHAs Harpyska He B COCTOSSHHH B MOMEHT IPHJIOMKe-
HHUs NPEOJOJeTh CTPYKTYPHYIO NMPOYHOCTh FPYHTA, KAK H B JAPYTHX
TBEPABIX TeJaX, YIPyro-MTHOBEHHAs AedOpManus MOXET OCTABaThCH
HEM3MCHHOH H NIOC/IE 3TOrO0 MOMEHT, B ONpeneseHHoe BpeMs — Jio Ha-
yaja npouecca NOJ3YYECTH CKeJdeTa.

Ecnu mraoBenHas KoMIIpecCHOHHAs JedopManus sBASETCS MOJHO-
CTbI0 06pPATHMOM — yIpyrofi, OYEBHAHO — MOAYJb 3TON JAepopMa-
UHH ABJAETCA NOKaszareseM YNPYTHX CBOHCTB INIMHHCTHX TPYHTOB IpH
OAHOMEpHOM YyHJOTHeHHH, CJlefoBaTeJbHO, MOAYJb YNPYTOCTH I'PYHTA
IIPH KOMIIDECCHH TOXAGCTBEHHO COBIAJA€T ¢ MOAYJEM MIHOBEHHBIX
KoMIpeccHoHHbX Aedopmaunit Eqg= Ecc. IloatoMy moayis ynpyroc-
TH TJIHHHCTEIX TPYHTOB NpPH OJHOMEeDHOM VIJIOTHEHHH MOXHO ONpefe-
JIMTh 0 METOAY, H3/0XeHHOMY B vl 5 § 2. 3HaueHus 3THX MoayJed
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Ha OJHMH-ABA NMOPSAKA Bhllle MoayJaell o6mux nedopMauui, onpenest-
eMbIX N0 AaHHHM HX 00ulkX (KOHeUHHX) pedopManHi.

Ha puc. 52 nokasany rpadHKu 3aBHCHMOCTEH HaNpsiKeHHE —
MruHoBeHHaa aedopMmanus (MOKa3aHbl B HHXKHHX JIeBHIX YIJaX) H Hal-
pAmeHnne — ofpaTuMasi MrHoBeHHaa HedopMauusi (NMOKasaHa B Bepx-
Hem NpasBom YIay) raunel 4—57 (cM. Taba. 16), nonydeHHue 3arpy-
*KeHHeM H pasrpyskoil uepes 212—215 aHeit oGpasuoB-G/H3HENOB Ha-
pyUIEHHOTO CJIOXeHHSI B OfHOM ee cocrosHuu npu op == 0,025; 0,05;
0,075 u 0,1 MIla. Ob6pasup-6Jau3Hesl NPEABAPHUTENLHO YIJIOTHEHDI
nox nasaenveM 0,05 MIla B TeueHue WecTu nHed. DKCNEePHMEHTAMH

EQD,MHG. & 0
7600 00008 ,—_'__’______._—-—-—""
7200140006
&q0 ‘0,0004‘
4q0}-gomz}- ———

g .- 1 L | ‘ i I |

g 7 5 17 24 768N

(7cym)

Puc 53. Kpuebie H3MEHEHHA MrHOBEHHOH KOMIIPECCHOHHOH NehOPMALMH Ec,o (/) #

ee moaynst Ec,o (2) BO BpeMeHH, Ompefe/ieHHBie METOZOM Da3PpysKH OJHOBDEMEHHO

3appyXeHnux o6pasuoB-6ausnenos (¢==0,025 MIla) uyepe3 pas/HUHWE HHTEPBaJb
BpeMeHH

ycranoBnedo [20], 4ro u3ydaeMble COOTHOIIEHHs (HE3aBHCHMO OT CO-
CTOSIHHSI TJAMHHCTBIX TPYHTOB) € AOCTATOUHOH TOUHOCTHIO NOAYHHSIOTCS
JUHEHHOMY 3aKOHY. JTO 3HAUHT, YTO CBOMCTBa YIPYro-MrHOBEHHOTO
nedopmupoBanus 06pasnoB-GAH3HENOB NPH NPAKTHYECKH PaBHBIX [JH-
TeJbHOCTSAX JeHCTBHS PA3JHYHBIX HATPY30K H3MeHSIOTCS OJHHAKOBO.
B paccmarpuBaeMoM npHMepe Bo3pacTaHHe HauyalbHOTO YIPYTO-MTHO-
BEHHOTO MOAYJg KOMIpecCHOHHOH aedopMapHy NPUMEPHO DaBHO NATH.

Monyar obpaTuMoli MrHOBeHHO# gedopManuHd, oNpeHensieMHl IO
3KCIIePHMEHTAIbHOR KPHBOH 01—¢, o (cM. puc. 52), xapakrepHsyeT

yINpYTHe cBOMCTBA TPYHTAa B MOMEHT Pasrpy3KH NIpH JAaHHOM oInpeje-
JeHHOM ero coctosHEH., CiegoBarenbHO, /151 ONpefiesleHHss YNPYTHX
XapaKTepHCTHK TJIMHHCTOTO TPYHTAa B HEKOTOPOM €r0 COCTOSHHH MOXK-
HO IPHMEHATb HEe TOJBKO METOAMKY 3arpyKeHus oOpasloB-OJH3HEN 0B
(§ 2), HO ¥ MeTONHKY HX MTHOBEHHO{ pasrpyskd. DTO BNOJHE ONpaB-
L aHHO, NOCKOJbKY NPH KPAaTKOBPeMEHHOM JeHCTBHH HAarpysKH MTHO-
BeHHblEe H O0paTHMble MTHOBEHHHIE fepOpPMAlHH PAaBHBL

OO0 H3MeHseMOCTH BO BpeMeHH YIDYro-MrHOBEHHHX AedopMariuit
CJIHHHCTHIX TPYHTOB H HX MOJAYyJell Noj AeficTBHEM NOCTOSHHBIX HATDY-
30K MOXHO MOJYYHThL MpeJCcTaBJCHHE METOXOM PAa3srpy3KH HX Yepes
pasHsle MpoMeXYTKH BpeMeHH. B npuMepe, npuBelleHHOM Ha pHC. 53,
00pasupl-6aH3Hebl JHATOMHATOBOH TJHHM 5—57 (cM. TaGa. 16) no-
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MapHO pa3rpyKeHHl NOCJe YIJOTHEHUS Noa aeficrBuem oy =0,025 MIla
B Teyenue £=10c; 60 c; 1 u; 24 u u 7 gHe#. Kak BHAHO Ha puc. 53, B
pe3yJabTarte CeMHAHEBHOrQ VIUIOTHEHHS HA4YadbHEIH MOAYJdb YIPYyro-
MTHOBEHHOH KOMIIDeCCHOHHON pgedopMalMH rpyHTa H3MEHHJCS p Npe-
denax or 31 no 165 MIla.

§ 4. HBMEHSEMOCTb MOAVYJIA ¥YIPYFrO-MITHOBEHHOW
(YCJIOBHO-MI'HOBEHHON) KOMINPECCHOHHON JAE®OPMALMH
B 3ABUCHMOCTH OT COCTOAHHA TPYHTA

Moay/1b MTHOBEHHO! (yClOBHO-MTHOBEHHOM) KOMIIPECCHOHHOH Ae-
popmanuu Ecp SBASETCS NepeMeHHO! BEJIHUHHOH, 3aBHCsAWEd oT coc-
TOSIHHA TPYHTa — IUIOTHOCTH, BJaXHOCTH H CTPYKTYPHOH NPOYHOCTH.
CocTosiHHe TPYHTA, B CBOIO OuUepeib, ABASETCH QYHKIHEH Halp g XK e-
HU s, BpeMeHH eTo geficTBus u Temnepartypn. [lostomy
onpefieleHue H3MeHsIeMOCTH Eqo CBOAMTCA K ONpeAeJeHHI0 3aBHCHMOC-
TH HalpsiXKeHHe — MTHOBeHHasl (yCJOBHO-MrHOBeHHasl) AedopMauusi B
Pa3JHUHBIX COCTOSIHMSIX TPYHTa NyTeM HCILITAHHA HECKOJbKHX CepHH
00pas3ioB-GJAH3HEL0B, NOABEPTHYTHIX NPeABAPHUTENbHOMY YIJIOTHEHHIO
nog AeficTBHeM pa3/MYHBIX [0 BeJHYHUHE [JaBJeHHH O),o.

Ha puc. 54 npuBefieHnl ceMeficTBa KpHBHIX HallpsiKeHHE ~— OTHO-
CHTeJIbHAsl MCHOBeHHafl nedopMauus Tpex pas3JHUHBIX TPYHTOB, onpe-
JeJIeHHBIe B YeTHIpex-NATH pa3iHUHbIX HX cocTosHHAX. O6pasiubl-61H3-
Helpl HapyUIEHHOro CJ0XeHHus: (B BHIe NMacThl) rpyHTOR (2—57 u 7—
57) TNoABEPTHYTH [ABYXMECSYHOMY IpEIBAapHTENLHOMY  YIJIOTHEHHIO,
a rnuHe 4—57— B teuenue 3; 9; 16 u 104—208 nueit nox gedficrBHeM
YeThlpex pasJHYHBIX YIJIOTHsOWHKX Harpysok [20]. 3uauenus wmony-
Jefl MTHOBeHHBIX KOMIIpeCCHOHHBIX AeopMmanuii yka3aHHHX TpyHTOB
npHBedeHs B Taba. 18,

TaGauua 18

Mopnyau MTHOBEHHBIX KOMNPECCHOHHBIX AedopMauui TPYHTOB

E MIla ans rpydTa

o, ., MIla 0’
1,0

957 4—57 | 7—57
0,025 15,4 21,8 13,3
0,050 — 55,3 —
0,075 — 716 —
0,125 71,5 — 55,6
0,200 — 950,0 i
0,225 150,0 — 77,0
0,425 300.0 — 159.0
0,625 — — 1815

OKCIepUMeHTEl NI0OKa3HBalOT, YTO NPH HCIHTAHHH 06pasuos, MpH-
FOTOBJIEHHBIX M3 NA4CTH, H3MEHAEMOCTh MOAYAst Ecg B 3aBHCHMOCTH OT
YIJIOTHAIIEA HATPYy3KH MOXKHO IPeACTABHTh B BHJe KPHBOH, MOKa-
3aHHOH Ha puc. 55.

3a H3MEHSEeMOCThIO MOAYJd MIHOBEHHOH KOMIIpECCHOHHO# nedop-
Mal¥H TJAHHHACTHx TPYHTOB B 3aBHCHMOCTH OT HX COCTOfIHHS, 06YCJOB-
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JIENROrD BeJANYHMHON YIJIOTHSIOMEH HArpysKH, MOXHO NPOCJASIHTL He
TOJIBKO HX HCIBITAHHEM IO H3JI0KeHHOMY BHIUe MeTOAY, HO H HCIH-
TanveM oAHOro obpasma noa AelcTBHeM CTyNeHYaTO-BO3pacTalomlei
HarpyskH. Ecan Bospactanue narpysku na o6pasen NpeicTaBHTh B BH-
Ae rpaduka, u3o0paxKeHHOro Ha pHC. 55, 8, TO H3MEHSEMOCTb MTIHO-
BEHHBIX Ae(OpMaluil BHPa3HTCs KPHBOH £c,0==80(01), TAe Ec.gyr 80,0, —
OTHOCHTEJbHBIE MTHOBEeHHble jAe(opMalHH, COOTBETCTBYIOIIHE pa3-
JINYHBIM CTYNEHSIM Harpysku. 3Has BeJHYHHY OTHOCHTEJLHOH MIHOBEH-
HO¥ ILe(bOpMauHH MOXKHO IO COOTHOWIEeHHIO (5.1) onpesesuTh COOTBET-
CTByWOllee el 3HaYeHHe MOAYJS H NMOCTPOHTbL KPHBYIO €ro H3MEHseMo-
CTH (cM. pHc. 55, 0). :

XapakTepHas KPHBAsi H3MEHSEMOCTH g9 IMIHHHCTOTO TPYHTa Hapy-
IIEHHOTO C/I0XKeHHst 7—87 (cM. TabGn. 16) mnpuseleHa Ha pHC. 56.

g 8

a &, MNa &, Mia
¢, Ma 4200 | 4200
7 If7

Grio g150 9150 HJ8
G100 o quo 84,5 o guwn

7
4050 qos0 ao50

| B I l { ( | \ |

0 owoziors  Eqo 0 Goozgont Ecq 0 GO0z goss 005 Erg

Puc. 54. KpHBHE 0;—8c, o PasJHUHHX HAUaJbHEIX COCTOSHHA 0GPasnoB-GAHIHENOB:

o — cyrauuka 2—57; 6 —rauHet JQHaTOMHTOBO# 4—57; &8 — HopoLIBeHlI[apckOo# TJIMHBL 7-—57.
[ X HauanpHOe YMJIOTHAOiee AaBierne (B MIla): / — 0,025 2 — 0,125, 3 — 0,225, 4 — (1,425;

1,0
5005 6—0075 7—02 8— 0,625 MIlla

[pumep ompeneneHHs H3MEHSEMOCTH €0 H Lcg TJIHHHCTOTO IPyHTa
3454 HapylueHHOro CJAOXKeHHsi B BHJAE MaCTHI TeKydeH KOHCHCTEHHHH
npHBeJeH Ha pHc. 57.

OKclepHMEHTAaMH yCTaHOBJIEHO, YTO BesTHIHHA H XapakTep M3MeHse-
MOCTH gc0 H Eco 32BHCAT KaK OT HayalbHOTO COCTOSIHHS IPyHTa, TakK
¥ OT BEJHUYHHH H HHTEpBaja MPHJIONKeHHs cryneHH Harpyskd. [lpu
BCeX PABHLIX YCJIOBHSX IO MEpe YBe/IHUeHHS HHTepBaja BPeMeHH MeX-
Ay MOMEHTaMH NPWJOXKeHHs CTYneHeH HarpysKH Ha TJIHHHCTHle rpyH-
Thl HApYHIEHHOTO CJIOXKeHHsi TeKydYeH H TeKydYelJacTHYHOH KOHCHCTEH-
UHY HAGMI0AIOTCS 3aKOHOMEPHOEe YMeHbIIeHHe MIHOBEHHBIX pedopMa-
1M B BO3pacTaHHe Hx MoAyJseH oT TpeX a0 OaTH H Gojee pas. IT1o
BO3pacTaHHe, IO H3BeCTHHIM NPHUYHHAM, B HauboJ/bllel CTeleHH MpoO-
ABJMeTCsl ¥ CBeXKHX IVIHHHCTHX IacT W p HaHMeHbllef y rpyHTOB, 06-
JajalolHX KEeCTKHMH M MPOYHEIMH CTPYKTYDPHHIMH CBSSSIMH, KOHIEH-
CallHOHHO-KPHCTa/IJIHYeCKO# CcTpyKTypo# (nmo I1. A. PeGuuaepy), aas
KOTOPBIX MPOLECC CTPYKTYPHOTO YIPOUYHEHHs! (CTAPEHHS) TIPaKTHUCCKH
3aKOHYeH.

I AANOCTPalHK BAHSIHHA HaYa/lbHOTO COCTOSIHHA H  BEJTHYHHEI
CTyleHH Harpy3KH Ha CBOHCTBA MIHOBeHHOro nepopMHPOBAHHH IJIH-
WACTHIX TPYHTOB Ha DHC. 58 u 59 mMokasaHbHl KPHUBLIE H3MEHAEMOCTH
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Puac. 55. Kpusble HaMeHAeMOCTH KoMi- &,

PECCHOHHOTO MORYJISI MIHOBEHHOH Je-

dopmaunu Eq, p—a; (g, 6); &, p—0 t; 12 tz 17
(6) u xpusas o;—f (8)

4,6; }

£co 06pasuoOB AMATOMHTOBOH raMHbl 5—57 (cM. Taba. 16). B oaxom
cayyae (M. puc. 58) TPYHTOBYIO MacTy NMpelBapHTeNbHO YIUIOTHSIIH B
Tedenue 24 4 noa pasnenuem 0,025 Mlla, a B gpyrom (cm. puc.59) —
B TeueHue 25 cyr mox aasaenueM 0,225 MIla. Crynenn Harpysku
IPHJOXKEHH Yepe3 KaxKjble CYTKH.

ODKcnepuMenTH NMoKasHBalT (cM. pHC. 56-—58), uto mpu HenbiTa-
HHMYW CJaGOYTJIOTHEHHBX TJAHHHCTBIX NMAacT H3MeHAeMOCTh MTHOBeHHBIX
JedopMallHi B 3aBHCHMOCTH OT BHEIDHeH Harpy3kH pupaaeTcs BaTy-
xaioutedf kpupo#. [IpH 5ToM BeJHUHHA gco NIPY NMepexofe OT OJHOH CTY-
TNeHW HaTPY3KW K ApYrofi, nocTeneHHo yMedbiiasich, CTPeMHUTCH K He-
KOTOpOH nocTosiHHOH BenuyHHe. MIHaue roBops, u3MeHAEMOCTh £¢o YKa-
34HHBIX TPYHTOB NMOAYHHAETCA ORHOMY OOUIEMY 3aKOHY.

Hna annpokcuManuu KpHBoi Ecp— ¢, cnaboynioTHeHHHX rAHRHC-
THIX FPYHTOB MOXHO HCNOJIb30BaTh CleAyiOllee BHpaxeHue [22]:

E,o(0)=Eco(o1.))+a [l —exp (—as A o)), (5.2)

rie Eco (01,1) — HayaJbHHH KOMIPECCHOHHKIH MOAYJbh MTHOBEHHI Je-
(opManuH, onpefensieMu B HaUaJbHOM COCTOSIHHH OT JAENCTBHA O1,;
¢ W Og—— 3MiMpHyeCcKHe mapameTphl; Ac;= (0; — 0;; — IpHpaleHHe
HallpsiZKeHHs.

Korga u3pecreH 3aKOH H3MeHSeMOCTH BHeWIHefi HArpy3KH, ero
MOXKHO BHIPAsHTh Yepe3 TlapaMeTp BpeMeHH ¢ H cooTHolieHue (5.2)
3anucath B CJelAylomeM BHAE:

Eeo (t) = Eco () + 0y [ —exp (—ay?)]. (5.3)

Ha puc. 57 WITpHXOBMMH JHHHAMH NMOKa3aHa AaNNpPOKCHMAMHs 3K-
cllepUMeHTaAbHO! KPHBOH H3MEHAEMOCTH MOAYJAfA MIHOBEHHOH KOMII-
peccHOHHOH HedopMauHu Mo COOTHOWeHHsaMm Buiop (5.2) u (5.3):

E¢q (o) =6,5+450 (1 —exp (— 1,21 A qy)1; (5.4)
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Puc. 56. TunduHas KpuBas H3MeHse- Puc. 57. KpuBble H3MEHAEMOCTH Ec, o—
MOCTH E€¢,0 NPH CTYNEHYaTOM pOCTe 6, (1), voayns MTHOBeHHOH pnedopma-
YIUIOTHSIOIMIeH HArpyskH. [IJamHa Ho- wid E¢, ¢—0; (2) ©® annpokcAMalHs
BOWBeHUAPCKas 7—57, o = nocnendedt (3) mo Bmpaxenuio (5.4)
=0,025 MIla
E.o (f)=6,5-450 [1 —exp (— 0,00506¢)]. (5.5)

M3MeHs1leMOCTh KOMIIPECCHOHHOTO MOZYJ/Isl MTHOBeHHOH JedopMma-
LHH TPH 3aJaHHOM peXKHMe HarpyXKenHsl MOXHO ONpeNe/HTh TaKXe
no clelyloluM cooTHomwennaM [20]:

Eco (f) = ﬁ— ; (5.6)
ee,0 () = Lo+ —= fD . (6.7)

Ile 0; — BeJIHYHHA CTYIieHH HArPy3KH; g0 ({) — BhbipaXkKeHHe, TOJY-
YyeHHOe H3 ANNPOKCHMALHH KPHBOH H3MEHSIEMOCTH € BO BpeMeHH,
Ly, Ko, Dy u n— onpenensieMble H3 ONHTA TapaMeTpHL.

Ha pHc. 58 WITPHXOBHIMH JHHHSIMU TNOKa3aHbl KPHBhle gco—f, MO~
CTpOeHHHE NG cooTHOWeHHI (5.7). Ha Tom e pHCyHKe CIVIOLIHEIMH
JHHHSAMH H300paXkeHH KPHBHle H3MEHSE€MOCTH Bo BpeMeHH MOAyJsd
MI'HOBeHHOH KOMMPeCCHOHHOA Xe(pOpMAalHH, NMOCTPOEHHHEe MO COOTHO-
wennio (5.6) [20].

Tenepb MOCMOTPUM, KaKOBa 3aKOHOMEPHOCTh H3MEHSEMOCTH g B
clyyae HCTMHTaHHA o6pasnoB, NOABEPTHYTHX AJHTe/]bHOMY HpelBapH-
TeJILHOMY yIVIOTHEHHIO NMOJ AeHCTBHeM CPaBHHTENLHO BHICOKHX JaBJle-
HHH H 00/1aJa0IlHX OmyTHMOH cTpykTypHo# mpounocthio [20]. Kak
BHIHO Ha pHC. 59, KpHBhHIe g,9—f JHATOMHTOBOTO IPyHTa 5—57 3aMeT-
HO oTAHYawTesd APYT orT Apyra. CaMelM npHMevaTebHHM 3AECh ABJIS-
eTcsl HX 3KCTPeMaJsIbHEIf XapaKrep, yero He GHJA0 oOHapyXeHO TipH
HCIIBITaHHH cJ1ab0ymoTHeHHBIX 06pa3ioB. MHTepecHBIM sIBJsETCS H TO,
UTO MHKOBHIe 3HAUCHHS! MIHOBeHHHX JAe(opMapuil MPakKTHYECKH AOCTH-
raioTesl TPH OJHOM K TOM e CYMMAapHOM 3HaueHHH YIJIOTHSMOIledH
Harpyskd. OmHcaHHYI0O KapTuHy Ae(DOpPMHPOBAHHs IJIMHHCTOIO T'PYHTa
JerkKo OOBSACHHTh H3 H3JOXKEHHRIX HHiKe MO3HUHHA H3MEeHSeMOCTH ero
CTPYKTYPH H NPOYHOCTH ToJ JdeHcTBHeM BHeliHell HarpyskH.

XapakTep H3MEHSIEMOCTH JedhopMapgHH yIJIOTHEHHS IJIHHHCTRIX TDYH-
TOB IIPH KOMIIpECCHH BOOOIe, MIHOBEHHOH B 4aCTHOCTH OOyCJ/0BJEH
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OTHOIMEeHHeM BHemHeH HAarpy3KH K HX CTPYKTYPHOHR
OPOYHOCTH.

Korga BesuuMHa CTYmeHH HaTpy3KH OoJjblle, yeM CTPYKTypHad
IpOYHOCTh TPYHTA, B MOMEHT ee INPHJIONKEHHS NPOHCXOJHT MNpeJesbHO
BO3MOXKHOE paspylIeHHe ero CTPYKTYPH H BCIeACTBHe 3Toro  HabJwo-
Aaetca HauDoJibliasi MTHOBeHHas Aedopmannd. Ilpn npHioxeHnu cie-
LYIOIIHX paBHbIXx CTylNeHeH HArpy3Ku HMeT MeCTO HOCTENeHHOe YII-
JOoTHeHHe H YIpOUHeHHe TPYHTa BO BpPeMeHH H 32aKOHOMepHOe yMeHb-

: :
8 9 1 1 72 %o

Puc 58 KpHBHle H3MeHSEMOCTH BO
BpeMeNn e, o (I, 2), ux annpoxcuma-
UHsi (WTPHXOBHE JIHHHHM) 10 BHpPaXe-
HHIO BHJ2 (57) H KpHBHE H3MeHse-
MOCTH MOJYRs MIHOBEHHOH KoMipec-
cronnodt pedopmauun E. ,—t (3, 4),
NOCTpOeHHbIE MO COOTHOWeERHIO (5.6)
NPH  BO3PACTaHHH HATPY3KH CTYMeH:-
MH
1, 3—0,005 MIla, 2, 4—0,0125 MIla

Puc 59 Kpubnle H3MenseMocTH BO
BPEMEHH Ec, g AJHTEIbHO YMIOTHEHHHX
06pasuoB-6TH3He 0B JHATOMHTOBOH
riHHBL 5—57 [nNpH  BO3pacTaHHH Ha-
TPY3KHM dUepes KaxKable CYTKH CTyIe-
HSMH.
1 —0025, 2—0,05 3—0075 Mila

IIEHHE MTCHOBEHHHIX (H NOJ3YyYHX) AedopMailHil 1o HEKOTOpOro Iipe-
JeJbHOTO 3HayeHHs (cM. puc. 56—58). B ciygae xe, korja BeJHYHHA
CTYyNeHH HAarpy3kKH MeHbllle CTPYKTYpHOH NpPOYHOCTH TPyHTa H He B
COCTOSIHUM PA3PyUIHTh ero CTPYKTYpY (VCTPAHHTh clelJieHHe YIpou-
wenusi, no H. §I. J/lenncoBy), MrHOBeHHas jgedopMalusg KOCTHTaeT CBO-
ero HauGo/bIIero 3HAUEHHs He p MOMEHT IPHJOXKeHHs TepBOd CTyle-
HH HarpyskH, a 1noj AefCTBHeM HEKOTOPOH ApYroH, paBHOW CTpPYK-
TypHOH npouHoOCTH. [locse paspyllleHHs HA4aJbHOH CTPYKTYPHI
TPYHTa JajibHellllee H3MeHEHHe MTHOBEHHHIX AedpopMapuii oT peHcr-
BHA HArpy3KH, BO3pacTaiolllefl paBHBHIMH CTYNEHAMH, NPOHCXOLHT TOY-
HO TaK, KaK B pacCMaTpHBaeMoM BHIIe cjyyae.

[Tocne nuKoBOTO 3HaYeHHs1 H3MEHSEMOCTh MTHOBEHHBIX AepopMa-
LMH He Bcerga NMpOTeKaeT IMajKo, T. €. o OT NOCAefyIolel CTyNeHH
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HATDYSKH 4acTo MeHplie, YeM OT DaBHOH ee npeabAylieii (cm. ra. 6,
§ 3). OxHako cOBEepPUIEHHO SICHO, YTO MO Mepe BO3PacTaHHA BHeNIHeH
HArpy3KH MTHOBEHHad JedopMauHs HMeeT TeHAeHUHIO NOCTCNeHHOro
yMeHblIeHHs H CTAGHIH3AlHH IPH JOCTHXEHHH yNPYro-ynJOTHEHHOTO
COCTOSTHHS.

JlanHHe o HanGonbUIHX 3HaueHHsX E.p pAjga TJIHHHCTHX TPYHTOB,
noJydeHHbBIX aBTOpoM kHHMH [20, 22] mpu uCnHTAHHH O6GpasuoB Ha-
PYILIeHHOTO CJOXKeHHs nocje TMpeABapHTeNbHOrO YINIOTHEHHA mMoa Aei-
CTBHeM pPAa3JHYHLIX NaBJeHHH p TeueHHe pa3NHUHBHIX MPOXOJIKHTEb-
HOCTH BpeMeHH, NpHBeAeHH B Tabanue 19.

Tabauua 19

Tabanua H3MEHIEMOCTH £:, B 3aBHCHMOCTH 0T COCTOSSHHf TPYHTOR

E¢,0. MIla pas rpyuta

o100 Mila 957 457 567
0,05 120 — —
0,25 454 —_ —
0,30 — 320 —
0,70 — 384 —
0,80 1000 — —_
0,90 — —_ 300

ConocrapsieHne AaHHBIX TabJ, 17 u 19 mokasblBaeT, uTo AJHTe/b-
HOe YNJOTHeHHe FPYHTOB Moj Harpy3kamu fo 0,9 MIla mnpueoanr X
BeChMa CyllleCTBEHHOMy Bo3pacTaHMio Eco. B uaCTHOCTH, B pesyabTa-
Te JAecATHMeCAYHOTO YIJIOTHEHHsS! CyrJIHHKa 2—57 1Mox JaBjeHHEM
0,8 MIIa ero E.o Bospoc B 70 pas u mocrur Besauusnsl 1000 MIla.
CoBepllleHHO OUEBHJHO, YTO €CJH B pe3y/bTaTé CPaBHHTE/IbHO He-
NPOAOJIKHTENBHOTO YIJIOTHEHHS] TJIHHHCTHIx MacT OTHOCHTeNbHO He-
GONBLIMMH Harpy3kaMH 3HauyeHus Hx E.,p Moryr JAOCTHIHYTh TaKHX
GONBIIMX BeJHUHH, TO B MPHPOAHHIX YCJAOBHAX MoA AeHCTBHeM GoJib-
KX AaBleHHd B TeUeHHe OUEHL AJIHTeNbHOTO BpEMEHH OHH NOJXKHE!
obnanate GoJjlee BBICOKHMH MOKa3aTeJSAMH CBOHCTB MTHOBEHHOro Je-
popMupoBanusa. B 5TOH CBA3H HHTePECHO OTMETHTb, UTO, N0 JAaHHBIM
CKopocTeHl pacnpOCTpaHeHHs NPOAOJNbHHX BOJIH B [JIHHHCTHIX TPYHTaxX
[10], ux mogynm ympyrocTn (MrHoBemHo#i aedopMauun) E.o= £,
AoNXHB OBITH NpuMepHo paBHu 3000 MIIa.

Monynu ynpyrocts, nonyuennsie . [, Bapkanom [20, 221 npn
HCTILITAHWH TPYHTOB B MOJEBHIX YCJoBHAX (Ta6J. 20), 3HauHTeJbHO
HHXKe MOJYYeHHBIX HaMH BeJHYHH.

Kak npasuapHo ormeuan H. S, Henucos (1951 r.), stu HKaHHBIE
noJlydeHH PacueTOM BeJHUHHB BOCCTaHaB/MBawilell AedopMauuu NpH
pasrpyske OMbITHHIX INTaMIIOB, KOTOPBle BJAAIOTCA CIEACTBHEM Kak
YyNpyToro pacllHPeHHsl YacTHL, TaK H BJAMSHHs afACOPOLHOHHBIX Ipo-
teccos. [TosToMy OHH He MOTYT paccMaTpHBaTbcsl KaK AaHHHIE, XapaK-
TepH3YIOlHe TOJBKO YNpyrHe AedopMaiuH. .
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Tatanua 20
Monyan ynpyroctu rpynres, no J. JI. Bapkany

HauMeHoBanHe TpyuTa Ey, MIla
TlnacTHYHHE CYyranHOK 31
CYr/IMHOK, HaChIIEHHH BOION 44
Ji€ce 10—130
JI&ccoBHRHMI CYrNHHOK 120
Taxensiit NNOTHHA CYTIHHOK 295

TnaBa 6

3AKOHOMEPHOCTH MNOJI3YYECTH CKEJIETA
TJIHHUCTBIX TPYHTOB NMNPU OOHOMEPHOM YIINOTHEHUH

§ 1. BBEAEHHE

Hns nocTpoeHHS TeopHH [OJ3Yy4eCTH KaKolo-mubo MaTepHala,
o6Jiagamoiero cBOHCTBOM AJHTENbHOrO Ae(popMHPOBAHUA, KaK H3BECT-
Ho (cM. ra. 2, § 3), Heo6XOAMMO 3HAThb 3aKOHBL H3MEHSEMOCTH M0J3Yy-
9eCTH BO BPEeMEHH OT AeHCTBHSA €HHHUHOH HATrPY3KH, SaBHCHMOCTH
MeXAy HalnpsiKeHUsAMH, MrHoBeHHHIMH JedopMauusgMu (CM. ra. b,
§ 2) u zedopmaunnamu monsyuectH. Korxa marepuan obnagaer cro-
COGHOCTBIO H3MEeHATL CBOH CBOHCTBA MO PA3JHUHBIM NMPUYHHAM, HOMH-
MO H3J10KeHHOTO CJlelyeT Tak:Ke 3HATh 3aKOHBI H3MEHAEMOCTH MOIYJs
MIHOBeHHOH Jedopmannn (cM. ra. 5, § 4) u nmossydectTH B 3aBUCHMOC-
TH OT H3MeHAeMOCTH ero COCTOAHUA MOA AeHCTBHEM pas3jHUHHX (axk-
T0poB. CJ/leoBaTesIbHO, YTOOHl MOCTPOMUTL TEOPHI MOJN3YYeCTH CKeJe-
Ta FJIHHHCTBIX TPYHTOB AJdA CAyYasd HX OJHOMePHOTO yILIOTHEHHS HJIH
Xe TPHCIOCOGHTE K HHM paspaboTaHHbie AJS APYrUX MarepHasloB
(6eTona, MeTaslliOB, MJI4CTMACC H AP.) TEODHH, TONXKHp GHTH IKCIe-
PHMEHTANbHO HCCJCNOBAHH Bece NMepeyHCJAEHHBle Bhlllle BONPOCH, MaTe-
MaTHYeCKH MHTePIPeTHPOBAHBI PE3YJLTATH OMBITOB M MOJYUYeHH COOT-
HOLIeHHS, CBA3BIBAIOLIHe MeXAy cofol HanpsKeHus, Aepopmanun
(MrHOBeHHEIE H MOJI3YuHe) M BpeMs (cM. I 3, § 7). ITH ucclenoBa-
HHA NOJIKHBEl 3aBepllaTecs MPOBepKoil Teopwit NOJ3YdecTH — TpoBEp-
KOH CnpaBelHBOCTH NMPHMEHHMOCTH MX AJA OflHCaHHg [pounecca AJH-
’%eﬂ;)HOI‘O AeOPMHPOBAHUA CKeseTa TNIHHHCTHIX TPYHTOB (cM. Rl 2,

IlepBbie paGoTHI, MOCBSUIEHHbIE BONPOCY AJIMTENBHOTO nedopmupo-
BaHHd TJIHHHCTHIX TDYHTOB NPH OQHOMePHOM YTIoTHeHHu (Ge3 pasgme-
JleHHs NIPHYHH HA (QAKTOPH QUILTPANHH M [IOJ3YTECTH CKENeTa), KaK
GelI0 cKasaHo BhIle (cM. TUI. 3, § 1), suimonsenn I'. U, TlokpoBckum
# K, BronceManoM. OHH TeOpeTHYEeCKHM H IKCIePHMEHTAaJbHHEM MeTOo-
AAMH TIOTYYHIN JorapHpMHYeckue cooTHollenus (2.63) u (2.64) nas
pOrdosa AJnrelbHO# NeOPMAuHM cost TPYHTA TOx AeHCTBHeM 3a-
AAQHHOH DABHOMEPHO pacnpeleseHHOH NOCTOAHHOH HATPY3KH. Pe3yib-
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TaThl NePBbIX PKCIEPHMEHTAJNbHHIX HCCIeAOBAHHH MOJ3YyYECTH CKelleTa
IVHHCTBIX T'PYHTOB TNPH OAHOMEPHOM YIIJIOTHEHHH B COBPEMEHHOM HX
MOHHMaHHH OlyGJHKOBaHBI aBTOpPOM Kuuru B 1954 T. B ocHOBY 3THX
H BCex BMOCJ/IEACTBHH BHIIOJHEHHLIX 4BTOPOM KHHI'H 3KCIePHMEHTaJlb-
HBIX HCCJeAOBAHHI IIOJI3yYeCTH cKejleTa IVIMHHCTBIX I'PYHTOB C lefblOo
ee yyeTa B '3aja4yaxX YNJOTHeHHSA NOPHMCTOH, BOAOHACHILEHHOH, Mos3y-
yell 3eMJsHOH cpelbl (cM. 1. 3, § 7) mos0XKeHB HAac/JeACTBEHHAs Teo-
pHs IOJ3YYECTH CTAPEIOIIMX H HeCTapEIONINX MaTepHaloB, TeOPHH CTa-
peHHsi H ynpouHeHHs (cM. . 2, § 3), ocHoBHble (hPH3HUECKHe COOTHO-
IIeHHs1 KOTOPBIX JUISl CAydast OAHOMEDHOTO YIJOTHEHHA NpHBeleHH B
r. 3, § 7.

Hns ompenenenust xapaKTepUcTHK NoJ/i3yuecTH (B AajbHedeM
N0J 3THM TepMHHOM OyjaeM NOHWMATL MOJ3YyYeCTh CcKejera) TIJIMHH-

Puc. 60. Cxema cemeficTBa KpHBRHIX
() KOMIIPECCHOHHOfl MOM3YYecTH H KpHBas
3aBHCHMOCTH €ct—O, Oy, : — MOCTOSH-
HbI@ YIIOTHAOLIHE HanpsXKeHHs;
Cc (f) —kpuBasg Mepbl NOJ3YYECTH
OJHOMEpPHOro VIIOTHEHHMdA, ONpeenH-
Masi OpH eIHHHUHOH Harpyske oy=1

CTBIX I'PYHTOB IDH OJAHOMEPHOM YILIOTHEHHH, KAK H MTHOBEHHBIX Ae(op-
Manuii (cM. ri1. 5, § 2), oOBIYHO TpHMeHseTCs KJjaccHyecKuit MeTon
MapaJile]bHOTO HCTBITaHHSt HECKOJbKHX 00pasnoB-Giu3Henop MOA Aei-
CTBHeM IOCTOSIHHBIX W PAa3jHYHEIX TI0 BeJH4MHE HArpy3oK, 3aHMCTBO-
BaHHBI M3 obsacTell HCCaeloBaHHS Mosa3yvyecTu GeTOHA, MeTaslOB H
Jpyrux MarepHanoB. OCHOBOH AJsi NOJydYeHMst YKa3aHHBIX Bbllle Xa-
PaKTePHCTHK I0OJ13Y4YeCTH cayXkKar ceMeHCTBa 2KCIePHMEHTAbHBIX KPH-
BBIX nmoasyuyectdH (puc. 60). B mensix npoBepku NPUMEHHMOCTH K IVIH-
HHCTHIM TPYHTaM Teopui 1moJ3ydectd o0pasibl-6aH3Helbl HCIHTHIBAIT
Tak:Ke Noj AeHCTBMeM CTyleHyaTo-po3pacramouiell Harpysku. [lpp
3TOM BBbijeJleHHe TI0JI3Yy4YeCTH CKeJjleTa H3 OOIIeTO Ipojecca NJIUTeNbHO
TO YNJOTHeHHS BOJOHACHIIEHHOTO I'DPYHTa OCYIIeCTBAAETCS PaccMOT-
pPeHHOH BEHIille MeTOAHKOH WCIBIT2HMS 06pasuoB TOJMMHOR 2 cM TIpH
ABYCTOPOHHEM ApeHaxe (cM. ri. 4),

MeToanl H3roTOBNEHHS, NOATOTOBKH ¥ CXE€MBbl HCIOBITaHHSE 06pa3lop
Ha KOMIIDeCCHOHHYIO IIOJI3y4yecTh, KakK W TIpH ONpeJie/leHHH MrHOBeH-
HHX gepopManué (cM. ri. 5), oOblyHble H MOAPOGHO H3JOKEHH! B I
3, § 2. TaM Ke paccMOTPeHBl MeTOAL 3arpyKeHus o6paspoB, a Tak-
JKe BOIIPOCH ONpeAeseHust HX (PH3HUECKuX CBOHCTB JO H IlOc/e ONBITA,
NO3TOMYy OHH 3JAecb He OyAayT NOBTOpHO u3J0XKeHB. OTMeTHM TOJBKO,
4TO Ae(pOopMauHH 06pasmoB (HKCHPYIOT B MOMEHT TPHIOXKEHHS Ha-
rpyskH {220 a5 olpejesleHHsT MTHOBEHHONH Ae(hOPMAMM, 2 3aTeM ye-
pea b, 10, 30 ¢, 1,5, 15,30 MuH, 1, 2, 4, 6 ¢ u KakAHH AeHb A0 MOJ-
HOM WJIH yC/NIOBHO-NIOJHON CTaGHIH3ABHH AeopManuii TOJ3yYecTH,
OnpeneieHnbie H3 KCNepHMeHTa JaHHble O MTHOBEHHBIX H TOJ3YuMX
Aepopmanusix 00pasmoB-GlH3HENOB, KaK W Pe3yJbTaThl OlNpeReseHHs
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wokasareseil GH3HUECKHX CBOHCTB HCC/IAyeMOTro TpyHTa A0 H NOCI€
ONBITA, 3alHCHLIBAIOT B OAMH OOIHI J1a60opaTOPHBIH KYpHAJ (cM.

taba. 15).
A6conoTHEE 1eOPMALHH KOMIIPECCHOHHOM NOJI3Y4eCTH Ah.; BBIUHKC-

JASIOT 10 Pa3sHOCTH NOJHOH Ak, H MTHOBEHHOH Ahco aBCONIOTHBIX  JAe-
tbopMalLHil:

Ahy=Ah — Nhe g, (6 1)

a oTHOCHUTEJbHYIO AedopMalHio T0J3Yy4YecTH MO COOTHOUIEHHIO
o A hyt 6.9
Eor = FA—hc.p— > (6.2)

rage h—HavaapHad Bbicota obpasua; Ahep— noaHas abcontoTHas
AeopMallusl IIpeiBapUTeIbHOTG YIIIOTHEHHS.

[To nmo/nyYeHHBIM AAHHBIM CTPOAT ceMeHCcTBA KPUBBbIX MOJ3YYECTH
M KPHBble 3aBHCHMOCTH HampsXeHHe — OTHOCHTeJbHasg KOMIPECCHOH-
Hasl fedopmalust nosasydectd (cM. puc. 60).

32KOHOMEPHOCTH MTHOBEHHBIX KOMIPeCCHOHHBIX aedopMaumnii Obi-
JH 06CTOATENBHO pacCMOTPeHH! B TJl. 5, g ITOH »Ke IilaBe MHE NO3HaKO-
MHMCSI C pe3ylbTaTaMH SKCIepHMeHTAJ/bHLIX HCCI€LOBaHHi 32 KO HO-
MepHOCTeH MoOJ3yuyecTH TJIHHHCTEIX I'PYHTOB B 3aBHCHMOCTH
OT BEJIHYHHEI, CKOPOCTH CTYNEHYATOro BO3PACTaHHS W AJHTeNbHOCTH
HeHcTBHS YNJNOTHSAIONIEH HarpysKH,

§ 2. BJHUAHHUE COCTOAHMSA TJIHUHUCTLIX T'PYHTOB
HA 3AKOHOMEPHOCTM OJHOMEPHOIO YNJOTHEHWA

Yro6p MOJMYYHTE NOJHOE NPeACTABJCHHE O 3aKOHOMEPHOCTAX MoJl-
3yYecTH [JIHHHCTHIX I'PYHTOB NIpH OJHOMEDHOM YIJOTHEHHH, cienyeT
HCCJIe0BaTh MHOTHE HX PAa3HOBHAHOCTH C y4YeTOM H3MEHSIeMOCTH HX
COCTOSIHHS — IJIOTHOCTH, BJ12’KHOCTH H CTPYKTYPHOH TpPOYHOCTH.

PaccMoTpuM 3aKOHOMEPHOCTH JAeQOPMHPOBAHHS  HeymJOTHEHHOMH
H HEeYTIPOYHCHHOH BO BPEMEHH IVIMHHCThIX NTACT TeKy4ell KOHCHCTEHIHH.
JTO noMoKeT HMeTb ONpeje]cHHOe NPEACTaBleHHe 0 JAedOpMHpOBa-
HHH CPaBHHTE/NbHO HOBBIX I'DYHTOBbIX 00pa3oBaHHH — BecbMa cjaGBIX
KOaryJnsUHOHHO-THKCOTPONHBX CTPyKTVp, nmo Il A.Pe-
Gunnepy (1958 r.). 1o nosBosMT TakkKe TNPOCAEAUTbL 32 H3MeHsde-
MOCTBIO MIOJI3YYHX CBOHCTB IMIHHHCTHIX T'PYHTOB B IPOIECCE HX IIOCTENEH-
HOTO YTJIOTHEHHS H YIPOUHEHHS BO BPeMeHH NOJA JefCTBHeM Harpy3ox
H BBIICHHTb HEKOTOPbi€ BOMPOCH NPHPOABI ANHTENbHOTO AehOpMHpPO-
BaHHA,

TunnyHoe cemeficTBO 3KCNepHMEeHTANbHBIX KPHBHX  I0J3yueCTH
04YeHb ¢1aboro rpyHTa HapPYIIEHHOTO CJOMXKEHHS (TAXKeJHI TbLIeBAThI
CyrauHOK 3371, tabu. 16) npu e = 0,82, wy = 0,279, a TakKe KpHBad
SaBHCHMOCTH HamnpsXXKeHHe — OTHOCHTeJabHas AedOpMallls, IoCTpoeHHa s
Ans £ = 20 cyr (CIVIOLIHble JIMHAH), TIPHBEEH Ha PHC. 61 [20]. Kak
BHAHO Ha pucyHke, 6osee 90% monsyduectH sToro rpyHTa mpoTeKaeT B
TEUCHHE HECKOMIbKHX yacoB. OcralbHasi yacTh AeOpMalHu pa3BHBa-
€TCs OYeHb MEIJIEHHO — B TeyeHHe AJAHTEILHOTO BpeMeHH. [lonHasn
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CTa6H/IH3 AN YIJIOTHEHHSE OYeHb CNabbIX TJHHHCTHX TPYHTOB TIpH
KOMIIPECCHH AOCTHTaeTcs B TeUeHHe HeCKOJbKHX AeCATKOB H COTEH JHEeH.

[Ipuposa M3JOXKEHHOro BHIIe NOBeJeHHs HeyMJIOTHEHHHIX IMTHHHC-
TBIX HACT AOCTaTouHo sicHa. OHa o6yc/10B/I€Ha JTaBUHHEM pas3pylleHH-
eM c1a60ro CTPYKTYPHOrO Kapkaca W HHTEHCHBHBIM ero yHJOTHeHHeM
ceflyac e MOCJe NMPHJIOXKEHHss HArpy3KH, 3HAUHTeJbHO IpPeBOCXOJf-
mel ero mpounoctsb, Janbneliliee Meanennoe ynaOTHeHHe 3THX TPyH-
TOB MpPOTEKaeT BCJEACTBHE AJHTEJbHBIX CTPYKTYPHO-21cOpPOIHOHHBIX
ngedopmanni [ 10, 20]. [Tpu oueHb Maabix Harpyskax, nopsaaxa 0,0005—
0,0025 MIIa, coH3MepUMBIX €O CTPYyKTyPHOH MPOYHOCTbIO ci1abmIX
IPYHTOB, AehOPMapHH MPOTEKAIOT 3HAYHTEJNBHO MeJJ/IeHHee, a KPHBHIE
MON3YYECTH fABJSIOTCSE AOCTATOYHO MOJOTHMH (cM. 11 4, § 5). B mo-

Ect 6,=42MNa

Puc. 61. CeMelcTBO 3KCHEpHMEHTANb*

HBIX KpHBHX MO3yYyecTH caaboyumnoT-

HEHHOH TCpYHTOBOM DNacTel, KpHuBas

€ct—07 ANA JAAHHOTO (PHKCHPOBAHHOTO

MOMEHTA BpeMeHW { H ee ANlNpOKCHMA-

UHA (WTPHXOBAA JIHHHA) — O Bhipa-
xenuio (2.59)

L 1 1 ]

6;MNa 470 g 4 8 72 715 20

C/leAHeM cJydyae gepe3 CYTKH MOC/e MOMeHTa MPHJOMXKEHHS Harpy3KH
BCJHYMHA [OJA3YYeCTH €lBa AOCTHTraeT MOJOBHHE CBOeH NONHOH Hde-
dopmanuu.

Hanoxennoe nosBojser 3ak/IOuHTh, 4To, Kak B B Clydae MFHO-
BeHHHIX JepopManHii (cM. ra. 5, § 4), xapakrep pasBHTHS NoJ3yue:
CTH cJa0HX TAHHHCTHX TPYHTOB NOJHOCTBIO 3aBHCHT OT OTHOLIEHHS
BeJMYHHE BHeLIHeH HAarpyskH o, K Npefielly X CTPYKTYPHOH MpodHO-
CTH ©), s — OT KO3@(puIHEHTAa YPOBHS 3arpyxeHHa A:

A=
Ul,str ) (6.3)

[TossydecTs paccMaTpHBAeMBIX TPYHTOB, Kak TNpaBHJO, MOAYHHSA-
ercs ofHOMY oOuleMy HelHHedHOMY 3akoHy JAedopMupoBaHHs. B
TOM cJaydae AePopMalHH pacTYT MejajleHHee, yueM MpH JAHHeHHOH 3a-
BHCHMOCTH MeXJy €; M O, T. €. C yBel]HUYeHHeM HarpPy3KH HMeer
MeCTO TOCTeNE€HHOe YIpouHeHHe IpyHTa (cM. puc. 61). IIpn HeGouab-
wux Harpyskax (0,00—0,1 MIla) nonsyuecTb 3THX TPYHTOB MOMKHO
C oflpeiesleHHblM NpPHOJNHXeHHEM CUHTATh JHHeHHOH.

Ans nonydenns mpeacTaBieHHs 0 XapakTepe MOJ3YYECTH TJIHHHC-
TEIX FPYHTOB B 3aBHCHMOCTH OT HX HAuyaJbHOTO COCTOSHHA Tpej-
CTABJAIOT ONPEeAcsIeHHLI! HHTepec NPHBefeHHHe Ha pHC. 62 ceMed-
CTBA SKCIIEDHMEHTAJbHHX KPHBHIX yeThpeX pas/HUHbx HayaJbHHIX
COCTOSIHHM TIHHH 4—57 (cM. Ta6ur. 16). Tpu mepBHIX COCTOsIHHg MOJY-
G€HB! NpeiBapHTeJNbHEIM YIJOTHeHHeM 06pa3inoB-G/1H3HENOB NOj Ael-
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cTBHeM 01,,=0,025; 0,05 m u 0,075 MIla npu obuiefl NpPOROIKHTENb-
HOCTH 3KclepHMeHTa OkoJio 15 mMec. UerBepToe COCTOsIHHE TPYHTa MMO-
JyueHO Dasrpy3koil (mocJe onkbira) BCeX oO6pasloB A0 MpeABapHTeJb-
HO YNJOTHSOIMHX 3HAaueHHUH HArpPy30K ¢ HOCJAEAYIONIHM HX JOTpyikKe-
Huem po 0,3 MIla, a nocne crabunusaiuu aepopMalHi—pasrpy3Koi

a Ahp 4, MM

6,=4,7 Mila
2\ a5 8a75
0,05
% 4
0025
Z -

(- ) i | L 1 ] )
gz aos0 0 8 16 26 32 210 ¢ i
61, Mg

—

l l | i 1 1
bgmM ﬂmm o 8 16 Z4% 20% ZrZ¢fwu
7 a E{
8 6=/ Mna

g8 q075 || 32

N, 0,05 Fos
X\ 77 7025

1 { ENg Y L | @4

000050 0 8 16 2k 196 20%%,8nu
EaMIa L

2 Abct—,MM

6,=2Mna

3,975 075 0,17\25

A

I I T i [ L 1 L { J
gz2040/0 a0 1w 20 30 40 50 60 70 80 t,anu -
6/, Mfla

Puc. 62, CeMeficTBa KpHBLIX KOMNPECCHOHHON MOSYYECTH UETHPEX COCTOSIHHA TVIHHBI
4—57 u kpuBme Alc;—0; NI PA3NHYHEIX MOMEHTOB BpDEMEHH |
a—o01,0==002, 6—0]0=005 8 —0o1,0=007, —0y =02 Mla 1 —t=] g, 2—t==
=| pmeHpb; 3 —¢{==12 puelt, 4 —{=100 guedd, 5 — KpuBble KOMIIPECCHOHHON I[OJ3YYeCTH
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10 0,2 MIla. Tlpoitece noaroroBki obpasuoB K HCNMBITAHHIO B 4yeTBep-
TOM COCTOSIHMM I'PYHTa NPOAOJIKaJAcs GoJee yeM 3,5 mec. KoMnpeccH-
OHHasi KpuBasi, XapakTepuaylwoulasi H3MEHeHHe NMOPHCTOCTH TPYHTa NPH
nepexofe OT OAHOTO COCTOSIHHSL K JPyroMy, NOKaszaHa Ha pHC. 63.

Caysi mo XapaKTepy KpPHBOH g =¢gc(0;), uMelomeir S — obpas-
nyio Gopmy (cM. puc. 62), nmpoiece yNJIOTHEHHS BCeX YETBIPEX COCTO-
STHHP TPYHTa MOXKHO pasbHTh Ha aBe oOsacTd AedopmHporauus, Ilep-
Bast U3 HUX siBjisieTcst 06J1acThio NPeAeJbHO BO3MOXHOTO pa3-
pPYWEHHS CTPYKTYPH M DPa3YNPOUHEHH A TpyHTa, a BTO-
pai—ynpodYHeHHs u ynaorHenHsa [20, 22]. Hanpsaxkenwe,
COOTBETCTBYIOIlee TOUKe MEpeXxopa H3 OAHOH ob6JjacTH AePOpPMHpPOBa-
HUs B APYTYi0, aBTOPOM KHHIHM Ha3BaHO NMpeeJoM CTPYyKTyp-
HO#W mpounocTu rpyura [20, 22].

B 3aBHCHMOCTH OT BeJIHUMHH Harpy3kKH, CKOPOCTH pa3pyLIeHHS
CTPYKTYpH H YIPOYHEHHSI TPYHTa IO Mepe BOSPACTAHUS NJHTENbHOCTH
HCHHITAHHS BHA KPHBOW go;—0| NpeTEPNeBaeT CYLIECTBEHHOE H3Me-
sienne. B onHoM Ciyuae (cM. puc. 62,a), nauunas ¢ { = 12 nHei, oHa
NpUHEMaer XapaKTepHYIo JJs YIJIOTHEHHsT OuYeHb CcJaalbiX TPyHTOB
dopmy (cm. puc. 61), B aByx apyrux (cm. puc. 62,6 u 8) OHa CcoBep-
IIEHHO BHINpPSIMJSETCS, YTO CBHAETENbCTBYET O B3aHMHOH KOMIeHca-
HUH PA3yNpOYHEHHS W YNPOUHEHHS TPyHTa.

Takoe nmoBefeH¥e ae@OpPMauUnil TPYHTa MOXKHO OOBSICHHTL TeM,
qTo Npu GOJBLIHAX (MO0 cpaBHEHHIO CO CTPYKTYPHOi NMPOYHOCTBIO) Ha-
rpy3Kax OHH IPOTEKAalOT KaK NpH YHJIOTHEHUWM OYeHb cjlalhX HX pas-
HOBUAHOCTEH, NPU OTHOCHTENBHO HeGOJBLIMX Harpy3Kax BHauaje He-
CKOJIBKO 3ajepxuBaetcst B cuay A <1, a [Jd MNOJHOTO pPAasBHTHS
CTPYKTYPHHX Aedopmainuil Tpebyercss ollpefeseHHOe BpeMs. B  der-
BepTOM COCTOSIHMHM, KOTJa TPYHT TpuoOpesn 3HauuTesbHO GOJbLIYIO
CTPYKTYPHYIO NPOYHOCTb, S-06pasHas GOpPMa KPHBOH &y—0; SIBJSET-
Cs1 XapaxkTepHOH AJst Bcero mepHopaa ynioTHenus. Kak u npu tpex pac-
CMOTPEHHHX BHIIE COCTOSIHUAX IPYHTA, 11O Mepe BO3pACTAHAA AJNUTesb-
HOCTH J€HCTBHSI HarPy3KH M pasBHTHS CTPYKIYpHHx HedopMaiuii
npefesa CTPYKTYPHOH NPOYHOCTH Ojgr M3MEHSICTCS B CTOPOHY YMeHb-
LICHAS 10 NpHYHHAM, H3JI0KEHHBIM BHILIE

Ha ocHOBaHMH BHIOJHEHHOTO aBTOPOM KHUTH G60/bLIOr0 ofbeMa
SKCMEPHMeHTaJbHHX paboT Mo HCNHTAHHIO TJIMHHCTHX TPYHTOB B CY-
L1eCTBEHHO OTJIHYAIOIIMXCSA APYT OT APYra COCTOSIHMSIX YCTaHOBJIEHO:
— XapakTep PasBUTHSI MOJ3YYECTH CKeJeTa 0JHOMEPHOro YNJIOTHEHHs
¥ 3aBHCHMOCTDb IOCJIe/[Hero OT HANpsiXKeHHst [/t BCex PasHOBHAHOCTeill
FJIMHUCTHX TPYHTOB OOyC/AOB/IEHB (MPH BCeX PAaBHHIX YCJOBHMSIX) —HX
COCTOsIHMEM K Hayajy HCOBITAHUS, BETHYHHOH M JJHTEJIBHOCTBIO Aeli-
CTBUSI BHELIHEeH Harpy3KH;

— B 3aBMCHMOCTH OT ()aKTOPOB, YKa3aHHHX BBILIE, HOJ3YYECTh ONHO-
MCPHOTO YNJOTHEHHSI 9THX IPYHTOB MOXer OBLIThb BH3BaHA CTPYKTYp-
HBIMH, T. €. pasylnpoyHAKUHUMH; CTPYKTYPHO-aACOpOUHOHHHMY, T. e,
YHPOUHSAOIUIHMH, AedopMaUUsIMU CKeJeTa U COBMECTHHM JAeHcTBHeM
9THX ABYX BHJOB JedopMamuii;

— HalpsXKeHHe, MPH KOTOPOM HMEET MECTO UepeXxoh H3 oAHOH obJacTH
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Puc. 64. TanuuHble KPUBBIE 3aBHCHMO-
CTH 0(—&: IMIAHHCTHIX TPYHTOB, HE
obnagaromux (I} u obaapawmux (2)
clieluieHHeM  yOpouHeHHs. A — Touka

Puc. 63. KomnpeccuonHaa  kpusas
rAMHE 4—57, MOCTpOeHHAs MO JAHHBIM
olpeje/eHus MOOPHCTOCTH [OCJE TNpes-

BAPHTE/LHOr0 YMJIOTHeHMHs 0OpasioB
Harpyskamu: ¢o,1=0,025; 0,05; 0,075 flepexoja OT CTPYKTYPHBIX AepopMa-
u 0,2 Mlla IHH K CTPYKTYPHO-aAcOpPOUHOHHRIM

Je(OPMUPOBAaHHs B APYIYIO, HA3bBAETCS MpeleoM CTPYKTYPHOR mpod-
HOCTH TPYHTA;

-~ YCJIOBHSI NPOSIBJICHHS CTPYKTYPHBIX M CTPYKTYPHO-aAcopCOUHOHHBIX
nedopMaumii ckenera oOycioBieHn BeauumHoin A (6.3). Koraa
0 < A < 1, B npouecce gedopMaiun rpyHra obHapyxupaworcs o0e,
XapakTepHEe JJIsi OXHOMEPHOro YNJOTHEHusA, AehopMaiHH, a KOTAa
A=, nepHos CTPYKTYPHHX Ae(OpManH@ sIBJAAETCSA CAHIIKOM KOpOT-
KHM 110 BpeMeHH ¥ IO3TOMY CO3/JaeTcs BheyaT/eHHe 00 HX OTCYTCTBHHU
1 00yCJAOBJICHHOCTH BCEro Mpouecca CTPYKTYPHO-aAcopOUHOHHEIMHU He-
(opMailUsMH, NPHBOASIUAMHA K YIPOUYHEHHIO MaTeépHasja (pHuc. 64);
— (opMa KPHUBOH g, — O CYILeCTBEHHHIM 00pa3oM 3aBHCHT OT AJH-
TeJIbHOCTH AefiCTBHa NOCTOSIHHHIX Harpysok. Ilo mepe Bospacranus f
H DPa3BHTHSI BO BPeMeHH CTPYKTYpHHX AedopManuil HabJrojaercs H3-
MCHeHHE MNpefesia CTPYKTYPHOH IPOYHOCTH B CTOPOHY YMEHbINEHHs.

§ 3. KOMNPECCUOHHAA NOJI3YYECTb INPH NEPEMEHHOW HATPY3KE

B npHpoAHBX YCAOBHSIX HAarpyaku Ha TPYHTH JAOCTHUTAIOT CBOETrO
HauOoJbIIEr0 3HAaYeHHST He cpa3y, a NOCTeNeHHO — IO 3apaHee H3BeCT-
HoMY 3akoHny. IloaToMy HcciiefoBaHHe uX nedOpMAUMHOHHBX CBOHCTB
0Py nepeMeHHOH — Bo3pacTalolllef BO BpeMeHH PaBHBIMH CTYNEHSIMH
Harpyske npejcCTaB]1sieT GOJNBLIOH npakTHYeckHil HHTepec. OHO MOXer
ORITH HCNMOJB30OBAHO K JIJiA NPOBePKU NMPUMEHHMOCTH TeOpHH moJizyde-
CTH K ONHCAHHIO Npolecca MOJ3YYICCTH TJIHHHCTHX [PYHTOB.

OxcmepuMeHTraMu ycraHoBiaeHo [20], 4To p yKasaHHbIX BRIIE yc-
JOBHAX MCMBITAHHA CHa0bIX TJIHHHCTHIX NacT, KOTAA MAJHTENbHOCTb
NeHCTBAS CTYNeHHM HATPy3Kd HE NPEBHIUAET CYTOK, NMEPeXoi OT OAHOH
CTYlIeHH K APYro#l NPHBOAUT (A0 AOCTHXKEHHS YIPYrO-YIJOTHEHHOTO
COCTOSIHHS) K 3aKOHOMEPHOMY yMeHbLIeHHIO nossydecTH. [loce pocTH-
JKCHHUSI TPYHTOM YIPYIO-yIJIOTHEHHOTO COCTOSIHHS NedopMallHH MoJ3Y-
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YeCTH OT AeHCTBUSA PaBHHIX CTyNeHefi Harpysku HJW PaBHbI, HJH Ke
HabJofaeTc HeKOTOPOe Mx BO3pacTaHHe BCAEACTBHe HAacCJeACT-
BeHHOCTH AedopManuil — BAUSHUS pPaHee NPUIOKEHHBIX CTYIIE-
Heil. HaciencTreHHOCTh AepOopMaLuil 013ydecTH Hab1I01aeTCss TaKxKe
JI0 NOCTHKEHHsI TPYHTaMy YIPYTO-YIJIOTHEHHOIO COCTOSIHHMS, OXHAaKO
peliaoliumM (HAaKTOPOM H3MEHSAeMOCTH MX Re(pOPMaTHBHHIX CBOHCTB
TIPM IepeMeHHOH Harpyske siBJAsIeTCSl NOCTEMEHHOe BO3pacTaHue MJOT-
Hoctu [20]. C aHanOrHuHBIM fIBJEHHEM MBI BCTPEUaJHCh TaKXKe IpU
PacCMOTPeHHH M3MEHsIeMOCTH MTHOBeHHBIX Aeopmainuii oueHb cnabbix
TAMHUACTHIX nact (eMm. ri. 5, § 4). B nocaenHeM cayuyae 1ocj€ AOCTH-
JKEeHHsa [PYHTAMH YIPYrO-yMJIOTHEHHOIO COCTOSIHHMSI MTHOBEHHBlE Ae-
thopMauin cTabUAHSHPYIOTCS.

HenwiTanne odeHb caabHX TJHHACTHX [acT [PH CPaBHUTENBHO
IJHTeJbHOM AeHCTBHH (OT TpPex JO HECKOJNbKHX HecaTKOp AHelt) cTy-
NeHeit Harpy3Ku NPHUBOZUT K ABYM XapaKTePHHIM BHAAM RePOpMHpO-
Banusa. [Ipu HeGoabliux crynensx Harpyskn (Mexee 0,025 MIla) na-
Gaonaercs HapyllleHue OTMEYEHHOH Bbillle 3aKOHOMepHOCTH (puc, 65),
T. €. X40THIHOCTb H3MeHsSIeMOCTH noJsydecTd. B stoM caydae nosay-
49eCTb OT AAHHOH CTYNEHH HAarpy3KH He Bcerja MeHblIe MOJI3YYeCTH OT
JelcTBHA NpeAbAyllel, paBHO# e, cTyleHH. B To ke BpeMs IpH HC-
OBITAHHH TeX XKe o0pasUOB Moj AEHCTBHEM OTHOCHTENbHO OOJBIIHX
crynened Harpyakn (0,05 MIla) ocraercs g cujie, He3aBHCHMO OT AJH-
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Puc. 65. Xapaxrep usmenenus KPHBBIX KOMIIDECCHOHHOR {l0n3ydecTH rpyHTa 3454
npH TIepexofie OT ORHOZ K Apyro#t paBHO#l CTymeHH Harpysku
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Puc. 56. Xapakrep usmeuenun KPHBHX KOMNPECCHOHHOH nojsyuecTd rpyHta 3454

::p:n gl?exone OT ORHOM XK ApPyrofl paBmoit cTymeHu HAarpysSKH, KOTZa B MOMEHTH ee
p CHHS CYMMapHN® HArpyskd [PEBOCXOAAT CTPYKTYPHYIO MPOUHOCTH rpyHTa
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TeJbHOCTH HX NelCTBHsA, XapaKTepHas AJs OYeHb CJIabbix ITHHHCTHX
[aCT 3aKOHOMepHOCTb AeOPMHPOBaHHs (pPHC. 66) .

DKcMepHMEHTaMu yCTAHOBJAEHO TaKkKe, UTO MJHTE/bHOE MPeLBapH-
TeJbHOe YILIOTHeHHe TVIHHHCTHIX MacT MOA AeHCTBHEM 1e60bILIOTO
naiaenus: (0,025 MIla) MPHBOAHT K MHOTOKPATHOMY CHHIKEHHIO NOJ-
3yUeCTH MO CPABHEHHIO € NOJ3YYECThiO, ONMpENeJeHHOH MoCae  1aco-
BOrO NpeABapHTEJbHOTO YIVIOTHEHHSA oOpasua-6aU3Hena 1o TOH XKe
Harpyakoi (puc. 67) naxe TOrAa, KOIAA AOMOJHHUTEJbHOE yIJIOTHE-
ape nocde (=1 u npereGpexuMo Majno (He mpebbilraer 3%). Cite-
JOBATebHO, CyHIeCTBeHHOE CHHMKEHHe MIHOBEHHBIX (em. 1. 5, § 1)
W TOJ3Yd4HX AedOpManiii TVIMHHCTHIX MACT NOCTe AJHTEIDbHOTO Mpel-
BapHUTEJNbHOTO YIIOTHEHHsT B OCHOBHOM OOYC/IOBJIEHO HX THUKCOTpON-
HbiM YHPOUHEHHEM — MPOSBJACHUEM CIEMJIeHHs yIPOYHEHHUS [10]. B
1952 r. k amagorpusomy BeiBogy npumia T. H. IlyssipeBckas npu
HCIBITAHHH Meaa nocie 48-1acoBoil BbiAepKKu MOA HAarpy3KoH, TOrAa
Kak IpexBapHTe/bHOE €ro ofkaTHe He NPHUBEJO K H3MeHeHHI0 IIO-
PHCTOCTH,

Takum oGpasoM, NpH RJIMTEIbHOM pAeHCTBHH MEPBOH CTYNeHH Ha-
rpysKH HMEIOT MeCTO yIJIOTHeHHe H CTPYKTyPHOe yNpOYHeHHe IPyH-
TOBOW Nacrsl Bo BpeMeHH. Korga BTOpast CTyNeHb HAarpy3kH MeHbllle
CTPYKTYPHON IPOYHOCTH TPYHTA B MOMEHT e TPHAOKEHHs, HabmoOAa-
€TCst 3HAUHTe/IbHOE CHHMKEHHe INOJ3y4YeCcTH MO CPABHEHHIO C IePBOA,
ITpu nmpusoxenuu caepyloimefi —TpeTbeil CTyMeHu H IpeBHILEHHH
CYMMapHO# HarPy3Koil BeJHYHHBI 0)qr HMEET MECTO YACTHUYHOE HIH
[oJHOe paspylleHue paHee oOpPa3oBAHHON CTPYKTYPHI, UTO CTAHOBHTCH
NPHYMHOHN CYIIEeCTBEHHOTO BO3PacTaHHUs MOJ3YyYeCTH MO CPaBHEHHIO ¢
Opefbiaylled CcTyneHbl0 HArpyskd (cM. pHe. 65).  Jlambueiimee
MHOTOKpaTHoe NMOBTOpeHHE LHKJAa YIPOUHEHHss H DPasynpoYHeHHs,
BCJERCTBHe NOCAEHOBAaTE]bHOIO NPOSB/IEHHA H yCTPaHeHUs CleNeHHS
YNPOUHEeHHst NMPH ‘3arpyXEHHH TPYHTA OTHOCHTEJbHO HeGOojbIIUMH CTY-
NeHSAMH HaTpy3KH NPHBORHT K HaGJi0faeMOMy B JKCllepHMeHTe XaoTH-
YeCKOMY XapakTepy H3MEeHSEMOCTH NOJ3YYeCTH,, UMEIoIleMy TeHJeH-
UHI0 CTaOHIM3HPOBATBCS NPH JOCTHXKEHHH HM  YHPYTOYIJIOTHEHHOIO
COCTOSHHS.

B ciayuae sarpyxeHust o6pasioB 60JbIlIMME CTyNEHMH HATPY3KH,
NPEeBLIIAIMUMHE CTPYKTYPHYIO IPOYHOCTb I'PYHTA B MOMEHTH HX IIPH-
nRomenns (A>1), BosHWKAeT TOCAeXOBATesbHOE JAaBHHHOE pa3py-
liteHHe paHee 06pasoBaHHOH CTPYKTYpPH — 3aKOHOMEDPHOE YIIOTHEeHHe
H CHHXE€HUe MOJ3YueCTH IPH Nepexode OT OXHOA CTYHNEHH K APyroi
(cM. puc. 66). C aHAJOTHUHLIMH SIBJEHHSMH MEl BCTPeuaJiuch TAKKe
OPH DacCMOTPEHHH H3MeHSeMOCTH MTHOBEHHBIX AedopMailufl r/MHHC-
THX nacT (cM. Iy, 5, § 4) Npu HX HCNHTAHUM B OTMEUEHHHIX BHIIE
YCIOBHAX.

Biusinue ynpouneHust H pasynpouHeHus rIMHHCTHIX MacT B NPO-
Hecce CTYNEHYaToro pocTa BHellHefl HarpysKH ua npouecc pedopMHu-
POBAHHUA HATVISAAHO BHAHO Ha rpaduKax ceMeicTB SKCNeDPHMEHTANbHBIX
KPHBBIX IOJI3y4eCTH, OXHH U3 NPUMEPOB KOTOPHIX MpHBedeH Ha puc. 68
[20]. Kaxk BuAHO Ha 3TOM puCcyHKe, npu GOJMBIIHX CTYNEHSx HATPY3KH
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(= 0,056 MIIa) oanoMy u TOMY Ke 3HaueHHIO HaNpPsiKeHHs COOTBET-
CTBYIOT OJIHH M Te e KOHeuHble AeOopMauuH NOJ3YYecTH, T. €. MOJ-
3yyecTb He 3aBHCHT OT pexkuMa 3arpyeuus 00pasioB-0JH3HELOB.
B 1o xe Bpems npu 3arpyxkeHud oGpasiloB-GJH3HELOB OTHOCHTENHHO
HeOONbIIUMH cTyNeHsiMu Harpysku (0,025 MIla) BennunHa moasyye-
cri npu o; = 0,05 MIla noutu BABOe MeHbllle, YeM B caydae UX HCIH-
TaHUs OA AeHCTBHEM ITOH OJHOKPATHO MPUIOKeHHOH Harpysku. Oxua-
KO, KaK H CJeJ0BaJi0 0XKHJAaTh, NPH AajbHelillleM CTYNEHYATOM 3arpy-
KEHHH 3TO PACcXOXKJeHHe MOJNHOCTHI KCUe3aeT, NOCKONBKY CTPYKTYP-
HOe ynpouHeHHe TPYHTa OoJibllle He B COCTOSIHHH BOCIPENsTCTBOBATH
HOpMAJIbHOMY MNpoueccy ynjaotHenus. Ilog HoOpMaibHBIM IPOLECCOM
YIIOTHEHHSI IOHUMAeTCq YIJIOTHEHHE TPYHTA NPH OTCYTCTBHH BJAMAHUSN
CLENIeHHA-YIPOUHEHH .

HsnoxXeHHoe BHIe iBJeHHe XaOTHYHOCTH H3MEHSAEMOCTH noJasyue-
CTH BCJACACTBHE MEPHOAMTECKOTO YNPOUHEHHsI U PasyNpOUYHEHHsT TJHHHU-

Puc. 67. Bausvue [JHTeNbHOCTH fyp YIJOTHe-
HEA (0y,0= 0,025 MIla) ra KommpeccHoH-
HyIO MO3YYeCTh CYIVIHHKa 3454 HapymieHnoro
CJIOXKEHHs:
I —t=1 uw; 2—t=0 nHed

; L Puc. 68. Kpupsle KOMIODECCHOHHOH moasy-
770 20 F0 40t Mun yecTH 06pasnoB-6au3HenoB rpyHTa 3363 Ha-

DYIIEHHOTO CAOXKEHHS MPH PasaHUHBIX PexHu-
MaX OPHACKeHHs VIVIOTHsiOUEH HarpyskH
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CTBIX TPYHTOB B IIpoLecce CTYIeHYAaTOro 3arpyxeHnus HeOONbIIMNMY CTY-
NeHsAMH HarpPysKH, BIlepBhle ONHCaHHOe aBTOPOM KHHTH B 1956 T,
I. Tpoaonom u K. Usnom [20] HasBano «cTymeHuaToH pepopMaliueiis.

M. Tposon u K. YsH uchbiTasd Ha OXHOOCHOE CXKATHE UHIHHIDH-
ueckie oOpasnbl (d =3,14 cm, h=89 cM) BHKCOYprckof TIUIHHH
(wp=0,23, wr=0,37) crymeuwsmu 0,1 or mpexpnonaraeMoil mnpejesb-
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HOMt HATPY3KH C MHTEPBATaMM HxX NPHJIOMKEHHS OT JBYX MHHYT JO
ABYX CYTOK. KaK 1 B ONHCAHHBIX BhILIE SKCHEPHMEHTAX aBTOPd KHHUIH,
6BJI0 OGHAPYHKEHO XAOTHUECKOe H3MEHEHHE 3aMepPCHHBIX AedopManui
npu mepexofie OT OJHOH CTyneHu HArpysku K Apyroi. Mcxons us ru-
1I0Te3pl MUTPALMH HJIH TeUeHHs KPYNHBIX 3€peH IVIHHUCTOTO IPYHTa B
30HY CJBHTa, 06PA30BAHUS 3€PHHCTOH CTPYKTYpPHl B IpolLlecce ero Je-
(OpMUPOBAHHS U YCJAOBHH BOCHPHATHS MNpPHJAraeMoro HaNpsKeHHS
3€PHUCTOH CTPYKTYPOH, 0OHM AT c/leAyrllee oObsICHEHHE H3JI0XeH-
HOMY Bbillle sBjeHut0: «IIpH AaHHOM NPHPAIIEHHH HATPY3KH, UTOOH
COXPaHHUTh MPOUHOCTh, MOMKHO MPHBECTH B KOHTAKT JOCTATOUHOE KOJH-
YeCTBO 3ePHHCTHIX yacTHH. Tak uTo, KOrJa lpujaraercs cjeRyrolias
CTyneHp HarpyskH, oOpasoBaBliasics CcTpyKTypa Oyaer ymoBJAeTBOpH-
TeJIbHO BhJIepXHBATh ee Ge3 Gosbiinx mepopmanii. OAHAKO npH MpH-
JIOXKEHHH NOCAEAyIollel CTYNEeHH HATPY3Ku cyllecTBylollee CONPOTHB-
JleHHe CABHTY OyJaeT HeJOCTATOUHBIM H 3TO (HOBOe) mNpupallieHHe Ha-
TPY3KH He MOXKeT ObhITh BBIAEPKAHO, NMOKAa He OyAeT NPHBEAEHO B KOH-
TaKT AONOJHHTEJbHOe KOJHYeCTBO  3eDHOBLIX YACTHI[ B Pe3ysbhTate
OoJabliMX mepeMellleHul, T. €. 0 Tex NOp, NOKa He GVAeT JOCTHTHYTO
MaKCHMaJbHOE CONPOTHBJEHHE CABHTy». [lanee oTMeuaeTcs, uTo 3TO
TPUBOJUT K HEPABHOMeDHOMY YBeJHUEHHIO Ae(hOopMalHH.

OGbscuenne, naunoe paccMatpuBaeMomy spJjeruio JI. Tposonom u
K. Ysnom B 1960 r., coBnasaer ¢ o6bscHeHHeM aBTOpPa KHHTH.

B pacemorpenHsix Bpllle ciydasix yMJOTHeHHS TIHHHCTHIX NACT Nep-
BOW CTyNeHu HaTrpy3KH Bcer/la COOTBETCTBOBAJ A HAUBOMbIIAS fedopMa-
Hst nojsyqectd, COBEPIICHHO NMO-APYTOMY  HPOTEKAET H3MEHSEMOCTh
MOJI3yYeCTH TJHHUCTBIX TPYHTOB, 00/aAar0LIHX 3HAUHTEIbHOH CTPYKTYp-
HOH NPOYHOCTHIO B HAuaJe HCNLITAHWs. B 9TOM Caydae, Kak H B ciydae
MIHOBeHHBX Jlehopmantii (cMm. Ii1. 5, § 4), H3MeHSIeMOCTh NOJ3yYecTH
NpH nepexofie OT OJHON K APYroil (paBHOH MO BeJHYHHE) CTYIEHH Ha-
TPY3KH MOXeT MMeTh SKCTPEeMAJbHHH xapakTep BHAa, MOKA33aHHOTO Ha
puc. 59 [20].

3akaHuMBast pacCMOTpPEHHE NOJI3YYECTH IIMHHCTHX TPYHTOB B CayUae
OJIHOMEpPHOTO YIJIOTHeHHSI HDH NepeMeHHOH HarpysKe, cjeiyeT  elle
pas OTMETHTb, UTO ve H3MeHSeMOCTh (KaK U MTHOBEHHHX AedopMmailuii)
B Mnpoilecce CTYNEHYATOTO POCTA BHELIHCH HATPY3KH BCELEJO 3aBHCHT
oT Koapuunenta A (6.3). B 3aBucUMOcTH OT BeNHUHHBH A OHA MOXKET
HOIUHHATHCSH CAMBIM Pa3/JHUHBIM XapaKTepHBM BHAAM Ae(pOPMUPOBAHHUS.
[MoaroMy, yrobGb s1abopaTopHBIH 3KCHEPUMEHT B JIOCTATOUHOM CTENeHH
npubnu3uTe K pabore rpyHTa B HPHPOAHBIX yCJOBHAX, caeayer obpa-
THTh 0CO00e BHUMaHHe Ha BONPOCHI PEKHMAa HX 3aIPYKeHHs.

§ 4. AIIMPOKCHUMALUSA 3KCNEPHUMEHTAJIBHBIX KPHBBIX

Ilnst mosydeHHst He TOJIBKO KadyecTBEHHOIO HpeJCTaBJeHMHA, HO  H
KOJJHUECTBEHHBIX JAHHBIX O TOJ3YUHX CBOHCTBAX TJHHHCTHX TPYHTOB
HaJ0 PacHOJAraTh aHAJUTHIECKHMH BHPaXeHHSIMH JUIHTEIbHOTO fe(op-
MHDOBAHHS H 3aBHCHMOCTSAMH NOC/JEJHUX OT HOPMAJbHOTO HANPSXKeHHUs
01, ONpeJieJsieMbIMH MyTeM MaTeMaTHYeCKOfl HHTepHpeTalHu 3KCHepu-
MEHTAJbHHX KpPUBHX. M306paxeHHe S5KCNEPUMCEHTANbHHX NAHHBIX B
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BH/Je TPadUKOB KPUBHIX JaeT Har/siAHOE IpelCTaB/JeHHe O Xapakrepe
TOH HJM HHOH HCKOMOH 3aBHCHMOCTH U TIO3BOJISIET BHGPATh BHA aMIpOK-
CHUMHUPYIOLLEH 5MIUPUIECKOR QYHKIIHH.

B neasix Bubopa sMnupuyeckoil PYHKUHH U NPOBEPKH  ee mpuMe-
HUMOCTH HCIOJIb3yeTCss Cnocob HAaTAHYTOH HUTH  rpadudecKoro
aHaJH3a 3KCIepHMEeHTaNbHHX JaHHBX. CyTh 3TOr0 METOAA 3aKJI0YAeTCH
B MOCTPOEHNH JHHEeHHHIX TpadUKOB B OOBIUHON, TOJYyAOTapHPMHYECKOH
JOTapHPMHATECKON UK B JPYIHX CHCTEMaX KOOPAMHAT — B BHIPABHHBA-
HHH 3KCHepHMeHTaJbHBIX AAHHHX H NpeicTaBJCHHH HCKOMOH 3aBHCH-
CTH B BHje NHHeHHOH QYHKUHA

Y=a+bX. (6.4)

B atoM cayuae ycioBHeM NPHTOZHOCTH AAHHOTO  SMIMPHYECKOTO
COOTHOUIERHS AJIsi ANMPOKCHMAUUH SKCIePHMEHTAIBHEX KPHBEIX B -
eTcs CIpsSMJIEHHe MOCJe[HHX B HOBOH KOOpAHHATHOH crcreMe XY. Bxo-
Asmue B (6.4) mapaMeTpw @ H b onpeaeasioT KaK FrpapHYEeCKUAM
METOAOM, TAK # CNOCOOOM HAHMEHbUIHX KBaAp aToB. I'padu-
qyeCKHH# MeTOA OnpejesieHHs NapaMeTpoB sMnupHuecKoll (QyHxuuH sB-
Jisercs HauboJjlee MPOCTHM, HO MeHee TOUHBIM, YeM cNocolb HaHMeHbIIHX

KBaJApaToB.
AnnpokcHuMauug KpPHBBIX IOJ3yYecTH

AnnpokcuManHio SKCHePUMeHTAIbHHX KPHUBHX MNOJ3yYecTH, ollpe-
Je/leHHBIX HCNBITaHHeM 00pasioB MoJx AeHcTBHEM IOCTOSTHHBIX Harpy-
30K, OCYLIeCTBJIAIOT jgorapudMudeckuMu (2.63) u (2.64), cremenno#l
(2.62), skcnonenuuanvHoft (2.61) u ApYTHMH (YHKIHAMEH, IOAPOOHO
paccMoTpeHHHMH Bhie (cM. ra. 2, § 3). Ha npumepe annpoxcumanuu
pe3yJbTaToOB HCNBITAHUs Cyranuka 2—>57 (cM. Tabua. 16) napymeHHoro
CJIOXKeHHS B YeTHIPeX ero pasjHUHHX cOCTOaHHAX (pHC. 69) mioTHOCTH-
BJIaXKHOCTH, MOJYYE€HHHX JABYXMECSYHHM IpeJBapHTe/IbHBIM YIJIOTHe-
Huem TpyHToBOH nactw nog acficreueM 0,025;0,125; 0,225 n 0,425 MI1a,
pPaccMOTPHM NPUTOAHOCTh HEKOTOPHX SMIHPHUECKHX COOTHOIIEHHH aJs
ykasanHoi neau [20, 22].

[lpexne Yem NPHCTYNHTH K aNNPOKCHMALHH CeMeHCTBa 3KCIIEpH-
MeHTaJbHHX KPUBHX MOJI3YYeCTH OJHOTO COCTOSIHMSA, T, €. IPH 01,0=
=0,225 MIla (cm. puc. 69, 8), OTMETHM, YTO B JeBHX 4YacTsx pHUc, 69
0, 8 U 2 KPUBbIE g,4—0, (KOTOpHe NpelAcTaB/fioT cobofl 4acTb KPHUBOH
S-06pasHoil Gpopme, NOKasaHHOH HA puc. 64) H306paXKeHH JOMAHBIMH
JUHUSMH ¢ IBYyMsi IPSIMBIMH YUACTKAMHU C Pa3/JHYHBIMH yI1aMHi HaK/I0HA
K ocH abenuce. OTMeTHM TakKe, ITO IO Mepe YBeJHUeHHsT AJTHTeNbHOCTH
{ neficTBHsA Harpy30K pasHHNA B BeJHUYMHAX 3THX yIVIOB  NOCTelleHHO
yMEHBIIAEeTCsl, @ B OT/AeNbHHX CJAyIasiX [OJHOCThIO HCcUe3aeT MO NPHUH-
HaM, H3J0XKeHHHM BHuIE (cM. § 2).

JlorapudMuyeckne dpyHkuuu. Kprarepiem npHrojHOCTH JoTapHPpMH-
veckux ¢ynkuui . Y. [Mokposckoro (2.63) u K. Broncemana (2.64)
A/ annNpOKCHMAalHH SKCNepHMEHTAaJbHBIX KpHBBIX NOJA3YUeCTH CAYKAT
HX CIpSIMJIeHHEe B MOJyJ0TapH(pMHUUecKONl CHCTeMe KOOpAHHAT &.—Igt.
Ha puc. 70 BHgHO, 4TO, BO-NepBHIX, JoTapH(pMuueckie GYHKUUH B ie-
JIOM TPHUTOAHH AJIS aNmpOKCHMAUWH KPHBBIX MOJ3YYECTH OJHOMEPHOTO
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Pac. 69. Kpupnie moa3yuectn rpyura 2—57
45 TPH UETLIpEX €ro DAsAMUHLIX HAUAJBHBIX
€re ‘ | "W COCTOSIRHSIX H KDHBbIE €c¢—C; AJd pas-
q477] JIHYHBIX MOMEHTOB BpeMeHU
Y - e | a—01,0=0025 MIa, I[—t=] v, 2—t=
=] gneAb, 3—1==10 nHell 4—{=262 gmd,
quo—e= 6—0) 9= 0125 MMa, [—t=] u, 2—t=
— o 5=1t11e1-155, 3 —t==10 pHxed, 42—51=86 ;m]eﬂ
2007 34 5 —1t=159 pmedr, &-—0} =0,225 MIla, I—
’0 )HH t==1 u, 2— t=1 pedb 3 —1t=10 pHelt 4 —
=98 puesn, 5 —t=260 nHeit 2—0p,0=
9005 =0425 MIla, 1 —t=] u, 2 —t=] peun 3-—
7 A4 3 t=8 qmeir, 4—t=I04 ;un, 5— =258 nmeli
L l
4005 7
s Puc 70 KpHBhe KOMIPECCHOHHOA mos3y-
qa01 uecTH cyraMEka 2—>87 B KoopAmmaTax
gct—lg i (01,0==0,225 MIIa)
7z o 4256705{?5762? 1—0;=0025, 2—06;=0050 3 —6,=0075, 4—
gz, on 01=0,10, & — 6,=015 MIIa

YIJIOTHEeHHUs1, BO-BTOPHIX, KPUBHIE TI0J3YJ4eCTH OJHOTO H TOTO e COCTOs-
Hus (ceMeficTBA), NOJYUEHHBIE NPH PasjHUYHBIX 3HAUEHHSX HATPY3KH,
HenmapaJJedbHs APYT apyry CJeloBatesbHO, B YHCJe OCHOBHHIX 3aKO-
HOMEpPHOCTeH NJIHTENBHOTO RedOpPMHPOBAHHS TJIHHUCTHIX TPYHTOB IDH
KOMINIPeCCHH, YIOMSHYTHX B § 2, ciefiyeT oTMeTHTb Takke HenoxoOue
KpUBHX non3ydectd (cm. ra 2, § 3).

Bxoasmue B BolpaxeHue (2. 63)nmapaMerpst L u A onpejessiioT U3
CITeNYIOUIUX COOTHOLIeHHH:

L=

— (6.5)
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tp— 24

7»:
2
1

) (6.6)
rae {; — BpeMs efMHWHUHON Aedopmanuu MepH noasydectd Cep(t) =
=1; {, — BpeMs, HeoOXOnHMOe [Jist BO3PACTAHUS eAHHHUHON AedopMa-
WK MepHl NON3YUecTH B ABa pasa: Cea(fy) =2.

Koraa onpegenedne Ce =1 0 Ccx=2 1o KakuUM-JH60 OpHUYHHAM
3arpyaueHo, BMecTo (2.63) MOXKHO BOCIOJb30BATECA COOTHOLIEHHEM

In (_{.2_7_22_11 £ l)
C. (t) = Cc,l (tl) lt s
In (—3 —l)
ty

rae t; — Bpems 1t Cej(f1), a ta—Ce2(ts) =2C, 1 (t1).
[Mapamerp b Boipaxenus (2.64) onpeiensiercst o0 COOTHOLIEHUIO:

= LelO)—a (6.8)
lg ¢
tae C.{t) —mepa nionsyyecty B MOMeHT Bpemenu £, Koraa t=1, a=C,
{t=1); a — mepa nonsyyecty npu {=1.
B cayyae annpokcnmManud KPHBHEIX MepH TOJA3YYECTH COOTHOLIEHHS -
Mu (2.63) u (2.64) Ana GyHKUHH BPEeMEHH TEODHH  HACJEACTBEHHOMH
N0/13y4eCcTH COOTBETCTBEHHO MOJYUYRM Clle AVIOIYe COOTHOLIEHHS"

(6.7)

Ke ()=~ 69
&m:%, (6.10)

tae A=bM; M — Monynb nepeBojia AECITHUHBIX JOTapUPMOB B HATY-
paabHbe (M=0,4363).

Hpumep 1. BoinonunM annpokCHMALHIO KPHBOH  MepH  NOJsyYecTH (o=
=0,1 MIla) o6pasna-6ausHena, IIpeABAPHTEAbHC YIJIOTHEHHOTO nNOJA JAeHCTBHEM
01,0=0,225 MIla (cm. puc. 69, a; puc. 70), Boipaxennem (2.63) x onpepenmm ¢yuk-
umio Bpemetin K(f) no dopmyne (6.9).

Tlockonbky onpenenenne enuuuunc#l nedopMalkH 3aTPYAHEHO, MM ANNPOKCH-
MalHH SKCNEPHMEHTANbHON KPHBOi HenmoabayeM Belpakenme (6.7). Jlasg sroro H3
3KCIepHMenTa onpelennM pethopmanmio Ce(f)=0,0029 xaa fi=1 geup (cM pHC.
69, 6) u uafnem neoOxommmoe paaa aoctukenHs Ce2(?.)=2.0,0029=20,0058 npe-
M3 t;=70 nueit. IlofcTaBAss HalineHurie U3 ONbITAa suauendd #y u [y B (6.7), Gylem

HMeTL
70 —2-1
In (——————12 t4 1

C, (t) =0,0029 75 — 0,000685 In (684 1),
In (— — 1)
1
a ansd prHKIJ,PIH BpEeMeHH NOJAYYHM CAeAYIIIee COOTHOIIEHHE:
0,000685
Kc (t) = T o,
68¢4-1

rne L=20,000685; A==68,
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fTpumep 2. BHIOJHMM anmpOKCHMAIHIO PACCMOTPEHHOW p ppumepe 1 sKcmepu-
MEHTAJbHOK KDHBOW MeEpbl NMOJ3YYECTH MO COOTHOUIEHHIO (2.64) n onmpeaennm K.(t)
Mo BHIpAXKEHHIO (6.10). Has OCYHIECTRJIeHHst YKa3aHHOH ANNPOKCHMAIHH  ¢JeAyeT
Onpefie/iHTh BXOARUKe B (2.64) mapamerpst a u .

Kak 6bii0 ckasauo meittte, npu f=1 pens a=C.(f=1) 310 guaumr, uro Besn-
YHHY @ MOXHO ONpeNesiHTh HENOCPENCTBEHHO M3 3KCNepHMeyra, B paccMaTpHBacMOM
caydae a=0,0029 (cm. puc. 70). [lpuHnmas jAHTENBHOCT, wHabaomenumii  f= 260
AHeHl, ONPENENMM MEepy IOJ3yYeCTH N0 AaHHbM onbira:  C.(1—=260)=0,0068 (cwm.
puc. 70). Manee, w'mes B Buily, 9t0 1g260=2,41497, u3 (6.8) poayuum

C. (1t =260) —a 0,0068 — 0, 0029
b= ] = =0,0016.
gt 2,41497
Torga cootHollenne (2.64) samuinercss B caenyioOlleM Ryje:

Ce(ty=a-blgt=0,0029 +0,0016 ig ¢,

a (6.9) B BmuAe
. bM 0,0016-0,4363 0, 000698
K. (1)y=C, ()= P =
¢ t
Bripaxenue Buga (2.64) npHMeHeHsl JUIs aNPOKCHMALHH NTOI3Yde-
crd MetaatoB @umnneoM, 0. H. PaGoruoBeM, 6erona — . B. Cross-
poBuiM, runca — I1. A. PeGungepom, riHHACTHIX IpynTOB — A. M. CKH-
Guikum, C. P. MecusiHoMm u xpyramu [20].
Crenenndsa @ynxuns. CreneHHOe COOTHOWEHHE (2.62) MOXHO mpej-
C1aBHTh B BHJe JHHeHHOTO ypaBHeHHus (6.4)

lgCo (= lgA+mlgt, (6.11)

TOTAa e€ro HPUTOAHOCTb AJig alllpPpOKCHMallHH SKCHGPHMeHTaJIbeIX KpH-
BbIX MOJA3YHECTH Boobire, MepH TOJI3YYEeCTH B YACTHOCTH MpPOBepseTes
YCJIOBHEM CIIpAMJIeHUs NIOC/eAHUX B JOrapH(pMUIECKol chcTeMe KOOP U~
uar 1gC. () —lgt (puc. 71). .

Iapamerp 1gA Boipaxenns (6.11) paBeH oTpesky, orceKaeMOMY
npaMo#t Meps nossydveeru 1gC.— lgt(01=0,1 MITa) na ocu opaunar
(medopmannii), a m — yray Hak/JoHa 3TOH NPIMOH K ocu abcuuce.

M3 (2.62) caeayer, 410

A=C . ¢t=1), (6.12)
torga u3 (6.11) moayuuM BripaxKeHue AJs ONPejeseHds M:
1gC, (t) —1gC, (t=1
gt
rae lgCc(¢t=1) — norapudm Mepsr nonsydects npu t=1; lgCc(t) —
Jorapuds Mephl NMoJ3ydecTH AJIS JAHHOTO MOMEHTa BpeMeHH I,
Ecau cooTHollenne Mephl NOJ3YyYeCTH NPeACTaBUThH BhIpaxKeHHeM
(2.62), pyHKusa BpeMeHH OyAer UMeTh CICAYIOIHY BHA:

K.)y=A4,¢7, (6.14)
e Ai=Am; —a=m—I1.

Tpumep 3. BuinonnuM annpokcHMAalMio SKCNEPHMEHTAMLHoH KpuBOH MepHl IOJ-
3yuecTH, paceMorpennolt r npuMepax 1 u 2 (puc. 69, 8), Cremennoft 3aBHCHMOCTHIO
(2.62) u onpeneanM dynkmmo Kc(f) no sopaxennio (6.14),

Beauunuy napamerpa A onpemedsieM H3 SKcHEpHMEHTA coraacho (6.12): A=C.
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Puc. 71. KpuBEHEe XOMIpPECCHOHHOH
700 74760 Vg monsyuecTH cyIMHKa 2—57 B KOOpAU-
7 2 770 48 84147239 7000 warax g ece—lgt (01,0=0,225 Mlla):

1 —01=0,025; 2 — 0,=0,050; 3— 0;=0,075,
4 —0;=0,10; §— g,=0,015 MIla
5
07— L

Puc. 72. KpuBBHe MepH MOJ3YHeCcTH
YeTHIPEX  pasJHYHEIX  COCTOSHUA Cy-
ranHEka 2—57 W ux  anmpokcuMamus
(WITpHXOBHE JHHHH) [0 BBEIPAXKEHHIO
(6.21). Hauwanesple ymjoTHsOLIHE Ha-
upsaxedus o0 (8 MIla):
1 — 0,025; 2—0,125; 3—0225; 4
0,425 MIla

. e e,

1 ] | 1 | | | I |
4o 60 770 160 200 240 260 320 360 %, Bnu

QU5 4125 4225 U425 jp,Ma

(t=1)=0,0029, Torna mas {=260 nueft u C.(f=260) =0,0068 u3z (6.13) noayuum
BEJHIUUY M’

e 0,006]2—261(;; 0,0029 _ 0,155,
CuiefloBaTelbHO,
C. () =A™ =0,0029 215 ;
K, (1) = A; t~%=0,0029-0,153 {21331 — 0,000444 t—0-37

Kpusble, nokasaHHele Ha pHC, 71, MOATBepXJal0T HenmofoGHe HX H S@BHCHMOCTh
napamerpa m cooTHollenns (2.62) or BeqHuHHH HanpaXenust oy [20, 22]. Iauuwe,
npuseleHHHe B tafu. 21, mOKasHBAaIOT S3aBHCHMOCT: NMapaMeTpoOB MepH INOJ3YYECTH
A ¥ m cooTHomleHHst (6.11) OT HayaJbHOTO COCTOAHHA FPYHTA — BEJHYHHE [pej-
BapHTEJbHO YILVIOTHSIOULEH Harpyskd o,
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Tabauma 21

TapameTp Mepm noJasydectd Buaa (2.62) npw pasawusbx 0,0

01,0, Mlla A(B) m n
0,025 0,0247 0,021 1,i7
0,125 0,0086 0,052 2,213
0,225 0,0020 0,153 2,429
0,425 0,00106 0,26 2,857

CreneHnas ¢yHKiHs BuAa (2.62) uMeeT mIHPOKOoe NPHMEHEHHE NPH
annpoKcHMalvi KPHBHX nojsyyects MeTannos (1O. H. PaGotaos u ap.),
ropusix nopox (JK. C. Epxkanos u Ap.), I'VIHHHCTEIX I'PYHTOB IIPH OCEBOM
cxarud (M. H. Tonpamreiin, C. C. babunkas ¥ p.) H OZHOMEPHOM
ynaorsennn (C. P. Mecusin u np.) [20].

dxcnonenunaabHag gynkuusa ®. Koabpayma (2.61) B opme 3anucu
mepnl nosisygectd H. X. Apyrionsna (2.122)

Cclt, =9 (¥) {1 —exp [~A (t—¥)]} (6.15)
BIIEPBBIC MPUMEHEHA MJSl anNPOKCHMALHH SKCNEPUMEHTANBHHX KPHBBIX

T0A3YYECTH OAHOMEDPHOI'O YIJIOTHCHHUS MVIHHHCTBIX IPYHTOB aBTODOM KHH-

ru B 1954 r. {20].
Ecau B (6.15) napamerp A npeacraBuTh B BHAE HEKOTOPOH CTeneH-

HOH ()YHKLIHH BHRA

A=A, (t—B)"™ (6.16)
U NpHHUMATh, YTO @ (¥) = C,=const, nonyunm coornomwenue (2.61), rae
%= 1—nx. U3 (2.61) ans byskuuu spemenn K.(f) nonyuum ciepymoiee
BHpaKeHue:

Ko(f)=Cy o=t =20t (6.17)
a ecJIH MPHHATH o= 1, 6yZeM HMETh
K. (t)=C,e %", (6.18)

TIe
C1=C0A010; C2=C0A0.
U3 coorromenus (6.15) past dysxnun BpeMenu K, (f) moayunm cie-
Jyiollee BHpaKeHHe:
K t,)=¢ (8) {1 —exp[—A(—¥)) +
+Ag (B exp [—A(E—¥). (6.19)
Tlpumenenue ¢pyukuun ®. Koappayma (2.61) s annpoKCHMamHH
IKCNEPUMEHTANbHHX KPHBHX IIOJ3Yy4eCTH OAHOMEPHOTO YIVIOTHEHHS
NPHBOJAMT K oYeHb XOpoluuM pesyabraram (cM. §5), a (6.15) nocrarou-
HO XOPOUIO NOAXONHT K INIMHHCTHM IPYHTaM, 06/1alal01HM MaN0H CXKH-

MAeMOCTBIO, a TaKXe KO BCeM JADYIMM IpH He(OJbLIMX 3HAaYEHHSX
YIJOTHSIOIMUX Harpy3oK. MHaue roBops, 317a GYHKIHS XOPOLIO aNNPOK-
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CHMHPYET NOJOrHe KPHBBIE NOJA3YYeCTH. ITO YCAOBHE GHIJIO BHIABJIEHO
aBTOpPOM KHHrH elile B 1954 r. M A5 Jyyllleff annpoOKCHMAUHH 3KCIEpH-
MEHTAJbHEIX KPHBHIX NOJA3YUECTH TJIMHHCTHIX TPYHTOB  IIPH INHPOKOM
JHana3oHe U3MEHeHUH NOCTOSIHHBIX HANpPSKeHHH OHA 6hla1a npeacTaBJe-
Ha B CJeAYIOLleM BHAE

Colt, H=P B+l @) —p M1 —e 2= (6.20)

rae P (%) — Mepa mos3yuecTH N9 HeGOJBUIONO OTPE3Ka BpeMeHH (OT
OJHOH MHMHYTHI JJO CYTOK).
Ecan usmensemocts Y (¢) or HyJds 10 cBoero HauboJsliero 3Haye-
f[mﬂ npjz;:LCTaBHTb ¢yekuueii Buaa (6.15), BMecro (6.20) 6yueMm mmeThb
20, 22

Colt, Hy=p B[l —e M=) 4

+ 19 (3) — ()] [1—e 2=y, 6.21)

rne Ay 1 Ag — sMnupHyecKHe KosdpuuaedTrl; O =0-1.

IlepBuifi wjeH npapoli yacTu Bupaxenus (6.21) npexcrasaser
co0off KpPaTKOBDEMEHHYIO NMOA3YYyecTb I'PyHTa, NpoTeKawlyilo  3a
KOPOTKOe BpeMsi (MHHYTa, 4ac, CyTKH), a BTOPOH — JJIHTEJBHYIO NOJ-
3yuecThb, Pa3BHBAIOLIYIOCH MoC/€ cTabHIH3AUHH KPATKOBPEMEHHOH NoJ-
sygectd. [1pu stom mapamerp A; noabupaercd ¢ TAKHM pPacyeToM, YTOG B
B TeyeHue HeGOJIBIUOTO OTPEe3Ka BPEMeHH (MHHYTA, Yac, CYTKH) NepBHi
yseH npaBoil yacth BuipaxeHusd (6.21) nmonayuua 6w cBoe HanboJbliee
3HaueHne Cs.

Bripaxenne, coBepiuenHo aHajgoruudoe (6.21), npensoxeno P. . Jlo
B 1961 r. njs annpOKCUManHH 3KCUEPHMEHTAJILHBIX KPHBHX BTOPHUHOH
KOHCOJIHIALMHY HA OCHOBAHHH AHA/TH32 PE3YJAbTATOB cOGCTBEHHBIX HCCIE-
NOBaHUH,

Heb6e3niHTepeCHO OTMETHTh, YTO HEKOTODOe HECOOTBETCTBHE BEIpA-
xenusi (6.15) sxcnepumeHTy o0HapyikeHo TaKiKe NpPH  HCCJieJOBaHHK
noJ3ydectd Gerona. st ynyyllleHHs anfIpOKCHMAIMH SKCIEPUMEHTaJb-
HBIX KpHBHX nossydectd GetoHa. K. C. Kapanersnom [20] mpensozxe-
HO cllefyioliee COOTHOLICHHe:

Clt =g ® [I—N (MU= pem®t=¥ " (699

roe N=0,5; A, 1 Ay — 3MIIHpHYECKHe TapaMeTPHL.

Ouenp xopollefi annpPOKCHMALMH SKCIePHMEHTANBHEIX KPUBHIX ITOJ-
3YYeCTH MOXKHO JHOOUTbCS NpHU NMpejcTaBleHHH QYHKUMH ¢ (¥) BhIpaxe-
Hus (6.15) B Buge cymmsl (2.124). dtot noaxon ucnoarzoBan A M
T'oJbANHKIM IPH aNNPOKCHMAIHH KCIIEPHMEHTAMbHHX KPHBHIX M0Oa3yYe-
CTH OAHOOCHOI'O CXKATHSl LUUJHHAPHYECKHX 00pasLoB JAHTAPCKOrO Cy-
rinHKa (MaTepuan sapa Hypekckofl nJjoTHHN).

HaMensiemocTp no/3yunx CBOHCTB IVIHHHCTHIX TpyHTOB  (eM.§ 2, 3)
CBfI3aHa ¢ MU3MEHAEMOCTbIO HX COCTOSTHHSL. EcJH 33 HHTerpaibHEIH II0-
KasaTe/b COCTOSHHUS TJIHHHCTOTO I'PYHTA NPHHATL BeJINUUHY U AJHTEND-
HOCTh JAeUCTHS NPHPOAHOTG (MpeaBapHTENbHO YIJOTHSIOILEr0) AaBJae-
HUS 0y, TO BMECTO (PYHKIMH cTapeHHs ¢ (4) cieAyeT IpUMEHATh aHaJ0-
rHUHYI0 el QYHKuHIO cocTossHuS @[o1,0(8)]. Touno Ttak ke BMecTO

182



W(9) Hapo Gyaer NpHMeHATH GyHKuHIO P[o1o(0)] [20, 22]. Toraa
BMecTo (6.21) 6ynem umerTsh:

Ce [t —9, a0 (M) =1 [o1.0 (M) [1 —e™ =) 4
+ {9 la,o (N —% [o1.0 (M) [T—e *¥"M] (6.23)

ITo pe3ysibrataM  anNpoOKCHMALHH  JKCHEPHMEHTAJbHBIX KPHBBIX
(YHKLUHI COCTOSIHHSI aBTOPOM KHHI'H NOJIYHE€Hb CAEAYIONIHe COOTHOLIE-
HHs Buja (5.7):

N = A 2
Qo0 (M) =4 + 10 A3
(6.24)

9 =B+ —D2
P [01,0(V)] 1+ 10+33

Hpumep 4 BrUOJAHAM aTNpPOKCHMAIHIO 3KCIEPHUMEHTAJbHBIX KPHBHIX MepH [I0J-
3yuectu (oy=0,1 MIla) uvernpex cocrosHuii cyrmunka 2—57 (cMm puc. 69) coorHo-
weHueM (623) ¢ yuerom (624). Ha puc 72 sxcmepHMeHTa/TbHEIE KPHBEIE MEpH
110/13y4eCTHd TOKa3aHBI CTUIOIIHBIMH JHHHAMH Crolino#l JMuudedl TOKa3aHa Takoke
H3MEHAEMOCTb KOHCYHOH KPATKOBDEMEHHOH (CYyTOUHOH) NOM3yYecTH B 3aBHCHMOCTH
0T 04,0

Jlnst BO3MOAHOCTH H30OpaseHHs KakK HadalbHOR yNJIOTHSIOLIEH HArpysku 71 o,
JUTHTeNbHOCTH ee [eficTBHS, TaK ¥ LeACTBHA eIWHHYHOrO HampiXkenns o1=0,1 Mlla
HCTO/B30BAHK  JIBE WIKAJb abCuHce 32 AJHTeNbHOCTh MO.HOH cTabHAN3ALHH KPaTKO-
BPEeMEHHON TO/3YYecTH NMPHHATO BpeMs f==1 Ieus.

H3 petlleHHss AByX CHCTEM H3 TPeX YpaBHEHH#A C TpeMsi HEH3BECTHHIMH B KaXK,10M
u3s uux Ay, Ay, As u By, Be, By (upn #=2), COCTaBJeHHBIMH OTHOCHTEILHO TpEX
TOYEK KPHBHIX H3MEHJEMOCTH CYTOYHHIX W KOHedHHX AedopMauuil lloasyuectu (cM
pHC. 72), moaydeHsl CAEAYOUHe BHIpaXKeHHs NI PYHKIHA COCTOAHHA

0,0148
¥ [0y,01 =0,000%5 + ~(i575~ Vo 5 5448

0,0151725
@ 10;,6) =0.004 + (755, 1o 10,575

Beanauun 3 (07¢) B @(0) ) AN pasiHUHEIX 3HAUEHHE G) o, ONpe/eeHHEE TIO
TONyYellHblM COOTHOUIEHNSM, TIPHBeNeHsl B Taba 22

Ta6auma 22
3HaueHds (yHKNHA COCTOSHUS rpyHTa 2—357 TpH Pa3NH4HMIX )¢
01,0 Mlla v(o1,0) v(o1,0
0,025 0,0246 0,0278
0,125 0,0073 0,0111
0,225 0, 0029 0,0068
0,425 0,00105 0,0048

a Hmesn B Bupy uro Y= (0,,0=0,225 MIla) =0,0029 (cm Ttaba 22) u npuHEMad
Ay==10,1/neHb, 118 KpaTKOBPEMeHHON TOJI3YHECTH TOJydeHO cileiyioliee BLIpakKeHHE

C. (t—9<1, o g="0,225 MITa) = 0,0020 [1 — e~ 10! =%
Korna (4—98)==1 gess, e~i%1=0, a C.({—0=1)=1y(0,0=0,225 MIla)=
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=0,0029. Orciona creayer, uto Tpu f==1 JeHbp KpaTKoBpeMenHas TOJ3YYeCTH IIOJ-
HOCTbIO CTaOHJAH3HpYeTCs.

6 [Jas onpelejeHHs mnapaMerpa A, BTOpPoH uieH npasoffl 4acTH BHIpaXKeHHS
(6 23), xoTOpHIX XapakTepH3yeT NJHTENbHYIO TOASyYecTb rpynra (npu ¢>>1 Zeusn),
3anucniBaercst aits mekotopoil [f—(0-41)] $HKCHPOBAHHOR AAUTENBHOCTH AeficTBHA
eJHMHHYHOrO HampsxedHs (0y==0,1 MIla). HampeMep, ecaH B paccMaTpHBaeMoM
HAMH TIDHMepe TNpHuuMath t=160 nme#t, =90 aHe#r (puc. 72), vo [(—(F+1)]=
= 160—(90-1) =69 auef.

3masd m3 omwbita, uTo NojHas aedbopmauus rpyHTa Npu f—F=160—90=T0 1neh
paBua: Cc(f—9=70 zmeit) =0,0058 (puc. 69, 72), npu TpuBeJeHHbHIX BEHILIe NaHHHX
H [aHHEX Tabu. 22 pHipaxenHe (6.23) samueM B CAeRYOUEM BHAE:

0,0058 = 0,0029 - (0,0068 — 0,0029) [1 —e~ 2+ pm 0,0029 =
=0,0039 [ — e~ 2z 69,

Torpa mapamerp A, ompenensieTcs M3 CIAeAYIOLIEr0 COOTHOLIEHHS:

0,0029
In ( 1)

0,0039
Ay = 769 =0,0197, 1/geHs,

a coorHomenre (6.23) mms 01,0=0,225 MIla MOXHO OKOHyaTeIbHO TPEACTABUTE
creayiomuM o6pa3oM:

C. (t— 19, 01,020,225 MIla) = 0,0029 [1—9_"10“—3)] n
+0,0030 [ 1 —e— 007IE— @D
H3 noayueHHOro COOTHOWGHHE CHEAYET, UTO
K. (t—", o 4=0,225 MIla) = 0,029 e— 100t =%
+7 68.10™3 o= 0,0197 [{ — (,9_!_1)].

ITo mofyuenHoMy coOTHOLIeHHI0 MepH ToM3ydectd Buza (6.23) ocymecranena
ATMpPOKCHMalMs (¢ yueToM JaHHBIX Tala. 22) 3KCTepHMEHTaMbHBIX KPHBHIX (H2 DHC.
72 nmokaszaHa INTPUXOBHLIMH JHHHSMH).

B rtafa. 23 pas cpaBHeHusT ¢ 9KCNEDHMEHTOM NpPHBEAEHBI BHIYHC-
JeHHHe N0 cooTHOWleHusam (2.62) —(2.64) u (6.2]1) 3nauenus Meph
MOJA3yueCTH PACCMOTPEHHOrQ B NpHMepax |—4 ucnEITaHHs CYIVIMHKA
npu o1,0=0,225 MIla, aas pasnHYHBIX MOMEHTOB BPEMEHH C YYeTOM
NOJyYeHHHIX B 3THX NpHMepax NapaMeTpoB H (PYHKUHH.

TaGanna 23
Tabauua 3dayenuit Meppl Nossydectw rpynra 2—57 (o,0=+0,225 MIla)

C, (t—0), BHUACTeHHBlE N0 QopMynaMm
b, nnm C o (t—9)

(omBIT) (2 63) (2 64) (2 62) (6:23)
1 0,0029 0,0029 0,0029 0,0029 0,06029
10 0,0049 0,0045 0,0045 0,0041 - 0,0035
20 0,0052 0,0049 0,0050 0,0046 0,0041
60 0,0057 0,0057 0,0057 0,0054 0,0056
100 0,0061 0,0061 0,0061 0,0069 (,0062
160, 0,0066 0.0064, 0,0064 0,0063 0,0066
260 0,0068 0,0067 0,0068 0,0068 (0,0068
500 —_ 0,0072 0,0072 0,0075 0,0068
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KpuBHIe Mepnl NO0J3y4YecTH, NOCTPOeHHBe MG AaHHHM Taba. 23
npHBeneHb Ha pHc. 73. M3 sToro pHCYHKa BHIAHO, YTO, HaudHas c
(t—9) =60 nHell, Bce paccCMOTpeHHble BEIPAXKEHHS MAIOT NPHMEPHO
pPaBHYIO TOUHOCThL ANNPOKCHMAlMH SKCNepHMeHTa bHOH KpuBoid. Ha-
YanbHBIH YYACTOK 9TOH KPUBOH Xy:e BCeX OINHCHIBAeT JKCICOHEH-
nuanbHas, a Jyulle — JjJorapHudMuueckass ¢GyHKIIHH,

Kak Buggo u3 Ttaba. 23, 3KCHOHeHIHAgbHAs (PYHKOus HE NO3BO-
JISIeT TIOJIY4CHHBIE Pe3yJabTaThl SKCTPANoJAHpOBaTh Ha 6ojee AJHTENb-
HOe BpCMsl, YeM TPOACIKHTEALHOCThL 3KcNepumeHnTta. llpuuMAaO#l ToO-
My siBasgeTcsl ObICTpoe 3aTyXaHHe AedOpMallMH IO CPaBHEHUIO C 3KC-
HepuMeHTOM, OLITh MOMKET, 3a HCK/IUeyHeM HCOBITaHHs 0O0pasioB
HOJ AcHCTBHEM OYeHb HeGoJbIUHX HArpy3cKk (Mo CpaBHEHHI €O
CTPYKTYPHOH TNPOYHOCTBIO).

AHHPOKCHM&HHSI ceMeHCTB IKCNEPHMEHTAJIBHBIX KPHBbLIX
! NOJ3Yy4YECTH

Hnas nepexopa ot KpuBoii mepw noasyuectd Co(f) K KpHBHIM,
NOJyYEHHEIM INpPH OTAMYHHX OT eluHHyHoro (g;=0,1 MIla) nocro-
STHHBIX HANpSIKEHHAX, T. €. anNpOKCHMAlUWM BCErQ CeMeficTBa  3KC-
NepHMEHTANbLHHX KPHBBIX (cM. puc. 60), Kpome BbIpameHHS Mephl

Eo T
///—’

—_— aq15

\ q012 -

9057

qo2s

e —

1 1 1 -

1 1 1 i

o,MNa g7 §ols gos  4o25 44 80 720 160 200 t,9nu

B B3 By B4 B B35 =3 Bs oo

Puc. 73. KpnBhie monsyyectd gci—t%, CyriuHka 2—b57, 3aBHCUMOCTh €c¢—0C] U HX all-
npoxkcHMaius (o1,0=0,225 MIla):
I —t=1 peHp; 2—t=10 puelt; 3 —¢{=98 nuedt; 4 — f==260 pHell; 5— KpHBAX, NOCTPOCHHAR
no cooTHowmenuw (6.33); 6 — sKcnepHMEHTaJbHBEIE KPHBBIE HOJA3YYeCTH, 7 — aNlpOKCHMallHs
KPHBBIX TOJI3Y4YeCTH 0o BhlpaxeHulo (2.71). AnnpoKCHMAUMs KPHBOM Mepnl NOJ3ydecTH (0=
=0, MIla) no cooTHomeHusM: & — (2.63) u (2.64); 9 — (2.62)); 10 — (6.23)
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HOJM3yuecTH Haj0 pachojaraTe COOTHOUIEHHeM 3aBHCHUMOCTH Eot—01.
3To COOTHOUIeHHE ONpeAeasencss AJds PA3JHUHBIX MOMEHTOB BpeMeHH,
0/HaKO, KOTJa KpHBble Moa3yuecTu NoJ0OHB (cM. Il 2, § 3), mox-
HO OTPAaHHUYHTLCS ONpejesieHHEeM TOJBKO OJHOIO MOMEHTa BpeMeHH f,.

DKCrepUMeHTaJbHBIE KPUBHE €c;-—0(, KOTODBEE CXeMaTHUECKH H30-
6paxens Ha puc. 64, Moryt OHITh aNMIPOKCHMHPOBAHDBI PA3JHUHBIMH
dyurkuusMu. Jns annopoxkcHMalliu KpHBOH [ B peoaoruy TJIHHHCTHIX
IPYHTOB HauGosJee w|acTO MpHUMeHAT cTeneHHsle (2.55), (2.57) u
IKCNOHeHNHAABHYIO (2.59) GyHKRUMH (cTenmeHHBle DYHKIHH MPHIOLHBI
TOJMBKO JJIA aNIpOKCHMalMH 3THX KPHBBIX IIpM 'KOHEUHBIX 3HAUYeHHAX
Hanpsikenu#l). Kpusyio Buma 2 paccMaTpuBaT MO YacTAM — IO
yuactkam OA u AB. JIna yxasauuofi anmpoxkcuManun C. C.Bsanos
[4] npennoxun ApoGHO-IuHEHRHY0 3aBHCHMOCTH BHJAa

g = —L 8l (6.25)
Ny-&g+ 01
rle eq — NpefleNibHOe 3HaueHde aeOPMAlHH YNJIOTHEHHS, JOCTHTae-
Moe MpH 0—>co, KOrma MaTepuan npuoOperaer MpelefibHylo TJOT-
HOCTb.

[Tpy anmpoOKCHMAaNuH 3SKCIEPHMEHTalbHHX KPUBBIX ©—0y CO-
otHomleHusMu (2.55), (2.57), (2.59) w (6.25) QyHKuHH HanpsiKeHHSA
F(oy) npu exuanunom Hanpsikenun 0,1 MIla oHum 3amHumIyTCst COOT-
BETCTBEHHO B [BHjE:

F (gy) = (10a,)*; (6.26)
F (a1) = a0y (100) + Bo (10ay)*; (6.27)
F(o)=d, {1—exp [—b (10ay)]}; (6.28)

- No-go+1
F o) =2 100, (6.29)

Tie
. a | _ B . _ d

T T ag do d{l—exp(—b)] (6.30)

Buipamenus (6.26) —(6.29) ynoBiersopsioTr ycaoBuio  F(a =
=0,1)=1.

IIpumep 5. BHNMOAHHM ANNPOKCHMAUHIO SKCUEPHMEHTANBHOH KpDHBOH E£ct—0
CYIJIHHKA, PACCMOTPEHHOTO B npHmepax 1—4 (cM. puc. 73) npu 04,0=0,225 MIlTa
no cooTHomwenuio (2.55) u onpegenuM ero Qyukumio Hanpsxenus (6.26). Ilpacon-
HOCTb (2.55) n1/1s ONHCAHHA 3aBHCHMOCTH Ec+—O0j OPH JAHHOM (HKCHPOBAHHOM Bpe-
MeHH {=1 pmeHe cJeiyer 3 CUPAMJEHHs SKCIEDHMECHTAJbHO# KPHBOK B KOODAHHAT-
HOW cHcTeMe lgect — Igo; (puc. 74)

[ponorapudmuposas Bepaxesne (2.55), noayunm:

lgey=I1g B4nlg (100y), (6.31)
OTKyna cJenyer, 4ro 1gB paseH OTPe3Ky, OTCEKAaeMOVMy NpAMOH HA OCH AeopManHy
lgect, a n— ABnseTCH yraoM Hakaona npaMon lgec, — 1goy x ocu abeunce (cM. puc.

74), Tak Kak upH g,=10-0,1==1, lgo;=0 Huaue rosops, napamerp B ecTb OTHO-
CHTeJbHAS KoMIpeccHoHHas pnedopmanns noasydeetn npu o1==0,1 MIla — mepa
noasyvectn Cc(t) 0pu TPOAONAXKHATENbHOCTH BpeMmenH !=1 jeHs.

W3 ucnbiranns obpasior mpu 61,0==0,226 MIla smaem (cM. puc. 73 u Taba, 23),
aro apy o01=0,1 MIla C.(t=1)=0,0029, r. e. B=0,0029. Ilpuuamas 0i=
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Puc 74 KpuBas 0,—ec, rpynra 2—57 Puc 75. BrpaBHuBaune skcmepuMed-
npa 01,0=0,225 Mlla B koopaunarax TaNbHBIX KPHBBIX €o:—0) HYeTHpPEX coO-
g o1—I1g ece CTOSIHWH cyrauHka 2—57 B KOOpLHHA-

Tax tct/01—0)
O 1,0 — NPeABAPHTENbHO YNJOTHHWOUIas Ha-
rpy3zka (B Mlla)

=0,025 MIla, uemy cootsercrsyer e, =10"% a Igl0-t==—4, IgB=1g0,0020=
=—2,5376, 1g100, =1g0,25=—0,60206, onpeaessM n U3 CjefyiOUlero COOTHOLIEHHS:
lgeys—1g B —4 — (—2,5376)

Ig (100) —  —o.6o206 4%

Torpa Gyaey umers
€t = B (10 01)" = 0,0029 (10 6,)%*%;
F (01) = (10 07)%*%, (6.32)

Briuncnennbie no pe3y/bTaTam HCUEITAHAS YeTHIpex ceMelicTB KpHBHX TOMSYYECTH
(cm. pHe 69) nmapamep B u n, sxoasmue B (2.55), npusegenw B rabn 21, Kak
BHAHO H3 37od Tabamuel, mnpH (=1 jJeHs mnapamerp B cooTHowenHs (2 55)
u napamerp A mepel noasyyectn (2 62) ToxjgectBenno pabum: A=RB

Ilpusep 6 BumonuuMm ammpokCEMaUMIO KPHBOH €c;—03 pacCMOTPEHHOro B NpH-
Mepe O ceMeiiCTBA SKCIEPHMEHTAJBHEIX KPHBHIX MOJ3Y4eCTH Mo Bepamennio {2 57).

Tpexae Bcero ciefyer MpPOBepUTh BO3MOMKHOCTh OMHCAHHA SKCTEPHMEHTAJBHON
HKDHBOH NpH Mapamerpe 1, PaBHOM ABYM, T €. M0 3a3BHCHMOCTH

e =0a (10ay) + B (10 04)2. (6 33)

Has nposepku npuropsoctd (633) mas omucaHwa KpHBOH &c:—0: MPEACTABHM
€10 B BHIE CAEAYIOUIEro JHHeHHOro ypaBHeHHS

g1 B 100, (6.34)
10 oy
H DacCMOTPHM yCJOBHE CIPSMJEHHs SKCMEPHMEHTa/bHbIX J4HHHX B KOODAHHATAX
(tct/1001)—o0;

Ha puc 75 mokasawel copaMJenuble B cHCTeMe KoopAHHAT 01— (gc:/1001) 3kcme-
PHMEHTA/bHEE KPHBBE G1—Ec; NS 4eTHpeX cocTosHuii cyramdka {cM pHc 69),
IOCTPOEHHBIE HA OCHOBAHHUH ycpeiHeHHblx KpHBHX [lpuMep ycpeanennofi KpHBOR
Oy—E&¢; TpHBeeH HA PHC 73 (WITpHXoBast JHHHS) AAA O1,0=0,225 MIla Otmerim,
4To AN NPEACTABACHHSA 3ABHCHMOCTH Oi—Eet B HOBOH CHCTeMe KOODAHHAT AedopMa-
HHH Ae]ATCH Ha COOTBETCTBYIOUIHE HM HaNpsXKeHHT

U3 supamenus (634) BHAHO, 4TO 00 — OTPE3OK, OTCEKAEMEIH MPAMOH &ct/100:1—
—0G1 Ha ocH g¢:/ 1001 pu 6:=0, a p — yroJ HaK/JOHa 9TOH NPAMOH K OCH Gy
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ect/(1001,2)_8ct/(10 01,1)
10 0’1,2—]001’1

(6.35)

rie 8::/1001,2 4 &ct/1001,, coorBercTBYIOT HanpsxeHHAM 10015 u 10011,
Ias cayuas ucnnrauusi o6pasuoB npu  01,0=0,226 MIla (cm. puc. 73) o=
=0,0017 (cM. puc. 75), a
0,053 —0,0017

= 0,0036
10.0,1 % ’

CJ1e{0BaTeNbHO,
e, =0,0017 (10 o) - 0,0036 (10 0)2.
Hmes B Buny (6.30), nis QYHKUHM HaNpsIKeHHs TOJYYHM Cleiyioulee BRIpaKe-
HHue:
0,0017 0,0036

10 —_
0,0053 (106) + 0,0053

rre o+B=0,0053,
[oayuenHoe BhipaxeHHe yAOBJerBopser ycaoBuio F(oy==0,1)==1.
AnnpoxcuMainiusi ceMe#cTBa KCIEDHUMEHTAJILHBIX KDHBHX MOJ3y4ecTd CyriauHKa
opu 61,0=0,225 MJla ocymecrBiena (Ha puc. 73 ToKa3aHLl IITPHUXOBHIMH AHHHAMH)
o cooTHoleHuo (2.71):

gt = Ce (1) F (04) = 0,0029 {°1%% (0,321 (10 0y) + 0,679 (10 61)?],

rae xas Cc(f) ucnoas3oBaHo cremenuGe BHpaxKeHHE MEPH MNOJ3YYECTH, MOJAYYEHHO®
B npuMepe 3.

IlpuBenenHas anmpOKCHManus ceMeficTBa  IKCMEPHMEHTANbHBIX
KPHBHIX NMOJ3YYECTH OCYWECTBJAeHA B NPEINOJOKeHHH HX INOLOOHS —
6es yueTa W3MEHUHBOCTH NapaMeTpa /m Mepn Nonsyuectu (2.62), B
3aBHCHMOCTH OT HanpsizKeHHs 0;. VIMeHHO NMOITOMY TOUHOCTB ANNMpPOK-
CHMauM{ pasHbIX KPHBHIX pasHas. Ilpu yueTe HenmoRoGHs KDHBBIX
MOJ3YYeCTH pe3y/]bTaThl PACCMOTPEHHOH aNNmpOKCHMAuMd Obin Gl
sHaynTenpHo ayumimmp [20]. B cayuae yuera HemopoGust 3Kcuepu-
MEHTaJbHbHIX KPHBBIX NMOJ3y4yeCTH (GYHKuHs Hanpsixkedus (6.27) sa-
MACBIBAETCs B CleayiomeM e ([20, 22].

F (01, t) = 0y (t) (100‘1)+ﬁo (t) (100‘1)", (636)

rae ao(t) u Po(f) — DyHKIHH, 3aBUCSALIHE OT AJHTEIBHOCTH AeHCTBHS
NOCTOSHHOH Harpy3KH.

B 3ToM cayuae OT AJIHTEALHOCTH ACHCTBHS MNOCTOSIHHOH HATPY3KA
6ynyT 3aBHCeTb TaKikKe NapaMeTphl, BXOAslHe B BhipaXehus (6.26),
(6.28) u (6.29).

Hpumep 7. OnpesesuM BhpakeHWe 3aBUCHMOCTH €ci—Ci THAKENOr0 HHJIEBAaTOrO
cyrmunka {(cM. puc. 61) suza (2.59) ansm £=20 guedt.

B paccmatpusaeMom mpumepe Bxoasmue B (2.59) napamerpn d u b onpeiesens
U3 pEUIeHHs ABYX YPaBHEHH# C ABYMS HEH3BECTHHMH, COCTaBJEHHBIMH OTHOCHTGMIBLHO
ABYX, NPOU3BOJILHO B3ATHIX, 3HaUeHHUH €¢y. JAst 3aBHCHMOCTH €ci—01 TOJYYEHO clle-
Rylomee BhipaxeHue Buga (2.59):

F (oy) = (10 6,)2 = 0,321 (10 &y) + 0,679 (10 0)2,

gt (01) =d [l —e=PUOO] = 0,19 [1 — ™05 0100)]

Hwmes B Buny, aro npu 01=0,1 MIla e.;=0,0747, dyuxuus manpaxenus (6.28)
3aNHCHIBAETCH B BHJE:
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[l _e—0,5 (10 01)] — 2,55 [1 - 6—0’5(100’)].

Kpusas &c+—01, TOCTpoeHHast MO MOJYYEHHOMY B pacCMaTpPUBAaeMOM IpHMepe
BHIpaXKeHHIO B JIeBON uacTH puc. 61 nmokasaHa WITPUXOBOH JuHUeH.

B zakmouenue OTMETHM, YTO B PAcCMOTPEHHLIX Bplllle NMPHMepax
1—7 (6ul1n mMpuBeneHH ycpelHeHHHle NaHHLIE, NMOJyYeHHble NPH ABYX-
TPEXKPATHOM HCOHTaHHH 00pa3uoB-0/H3HELOB.

OnpenenieHue NapaMeTPOB 3MNHUPHYECKHX (BOpMYa
METOAO0M
HaMMEeHbUIMX KBaJpaToB

B paccMoTpedsom BHlllle I'padHuecKOM  aHaJH3e  Pe3yaAbTaToOB
ONBITHEIX JAHHHX H Ollpelle/leHHs] [1apaMeTPOB SMIOHPHYECKHX (DYHK-
il annpokcuMupyromas npsimas (B AaHHOH CHCTeMe KOODAHHAT)
MpOBOIMJACEL Ha TJia3 TakuMm oOpa3oM, 4roOw OHA pacnojiarajnach
BO3MOXKHO GiniKe K HaHeceHHbIM Ha rpaduke Toukam. Hauayuuero
npuOjHXKeHusd K ONBITHHM JaHHHM «B CPellHEM» M OIIpefe/eHHs
napaMeTpoB AAHHOH SMUHPHYECKOR (QYHKIHH MOKHO JAOOHTbCA [PH
MOMOIM MEeTOxa HamMeHbIImx KBaApaTtoB. CyTp 3Toro Meroxa 3a-
KJII0YaeTCsl B TOM, YTO HCKOMasl NpsAMas xapaKTepuayercss MHHHUMAJb-
HOH cyMMOil KBaApaTOB OTKJOHEHHH ©OT BCeX 3KCIePHMEHTalbHBX
TOUeK, HaHeCeHHBHX Ha rpadHK.

Ecau B KauecTBe mckoMoil OYHKIHU NPHHATL BHpaxkeHue (6.4),
TO Mepa ee OTRJIOHeHHs S OT BCeX SKCHEPHMeHTAJbHHX JAHHBIX
onpeflesifeTCs H3  YCJAOBASA:

S= i [Y: —(@a+ bX,))P =min, (6.37)

i=l

rie Y;— onpelleiseMble M3 3KCIEPHMeHTAa ONLITHBIE JaHHHE [pH
AavHOM A;. 37ech mpeAnoJaraetcsi, 4TO OTKJAOHeHMs, CYMMa KBaj-
pPaTOB KOTOPHIX HAOJXKHA& OBITH MHHHMa/JbHA, MMEIT MeCTO TOJBKO IO
HalPaBJ/JeHHIO OCH Y, T. € H3MEDeHHs N0 OCH X SIBJSIOTCS TOYHBIMH,
a MO OCH y¥ MOTYT WMeThb pas3juuHble 3HadeHus [13].

3HaveHHss @ u b HMCKOMOH OYHKUMH OMPEAENSIIOTCS u3 YCJIOBHSHA
MHHEMYMa S, 1A Yero NPHPaBHUBAIOT K HYJIIO HaCTHHE NPOH3BOA-
Hole (6.37) no a u b:

n

%:% 3 Wi —a—bX)| =3 2V —a—bX)=0; (6.38)

=l =i

n n

g% - _aéb. Y (Vi—a—bXp|= E [—2X, (Y, —a—b X,)]=0, (6.39)

i=1 i=l

HJIH

na-{—biX,-:iY,-; (6.40)

i=1 i=l
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aiX,—Fbin:gX,Y,, (6.41)

=] =] =]

N\ . o
Tie z a, =Na; pn-—UUCJ0 OMNpejeeHu,

1
Bxoasmie B BolpaxeHue (6.4) napaMeTpnl OlipejedsiioT H3 pelue-
nua ypabHenuil (6.40) u (6.41) mo ciaeAylOUIMM BHpPaXKeHHAM

ngzh ZAlel :

a= = e : (6.42)

anf_— ZX,

=1 ==

n

nZXlYZ—EX ZY

b — =1 =] 1—21 : (6.48)

n

n Y X 2)@

=] =l

Jlunefinoe ypaBHeHuwe BHaa (6.4) ¢ ko3dduuueHTamu, OIpele-
JieHHBIMH MO METOAYy HAaMMEeHLIIMX KBaJAPAaTOB M BEIpaxaloliiee B CPel-
HeM 3aBucHMOCTb MexAy X u Y (B NpPeANo/OKeHHH BO3HHKHOBE-
HHSl OIIHGOK TONBKO AJs Y), HAa3biBAeTCs ypaBHeHWeM pDerpeccHH,
a ero rpaduyeckoe H300pakeHHe — TeODeTHYECKOH JHHuel perpec-
cup [13] Mepoii CTeMeHH JHHeHHOH 3aBHCHMOCTH Mexay X Y
CAYXKHT KO3(PPHULHUEHT KOPPEJSLHH 7.

r = l/l—— (%—)2 (6.44)

rie 0y — CTaHAapTHOE OTKJOHeHWe 3HaueHuil mepemenHoro Y, Sy
C¢TaHgapTHoe OTKJOHCHHe OLCHKH, T. €. KBaAparHHIl KopeHp H3 Cpel-
Hero apudMeTHYECKOro KBalApaTos OTKIOHEHHH HaluolaeMelx TOUEK
OT INpsMoH, MNOJYYEHHOH o MeToJy HaHMMeHbIUIHX KBaJpaTOB!

- ‘/ _’*1_ 2 v, — P, (6.45)

=1
Haubonee yAoOHBIM ANS MPakTHYECKOro BHIUHC/EHHS r $BJAETCHA
<opmyna:

n

nEX,Yl——iniY[

r = =] 1=l =1 . (6.46)

VIS (Ze]][ 2 (80)

i=1 =1
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Kospduunuent KoppesasiuHH H3MeHsleTCss B npefenax oT 0 po =+1.
OTpHuaTeJbHBH KO3(QQHIHEHT r SABJAAETCH IOJOKHTEJABHBIM KO3(-
dunHentToM a5 obpatHoft Koppesasnud. 3HaueHue r=0 cooTBeT-
CTByeT NOJHOMY OTCYTCTBHIO KOppessuuH, a r=1-—aHHe#HOl (yHK-
LHOHAJbHOH 3aBHCHMOCTH MexaAy X H Y, xorga kKaxaoMy 3HAYEeHHIO
X cooTtBercTByeT TOoAbKO OJAHO 3HadenHe Y. [lpu r>0,8 xoppensuus
ABJIIeTCA CHABHOH, a mpu r<<0,8 — caaboii.

B cuay Toro uTo, Kak NpPaBHJo, KaXA0My (QHKCHDOBAHHOMY 3Ha-
yeHHIO (B paccMaTpHBAaeMOM CJydyae IIPOJO/DKHTeJNbHOCTH AEHCTBHSA
HATPY3KH) COOTBETCTBYIOT HECKOJBKO 3HaueHuii Y, TOJNydYEHHBIX NDH
MHOTOKPATHOM TIOBTOPEHHH OIBITa, CilelyeT YCTaHOBHUTbL HOBEPHTE/Db-
Hble Npelelbl H3MEHeMOCTH Ko3Q(HIHEHTOB yDAaBHEHHS perpeccHH
Buga (6.4) npum 3agaHHON ABYCTODOHHeH J0BEPHTENbHOH  BepoAT-
HOCTH L.

Tabnuuwa 24

3navenus koddpduumuenta /g

3nayeuns kosthdunHcHTa ! o NDH OJAHOCTODOHHef IOBEPHTEALHOH BepOSITHO-

Yuncno crene CTH &, PaBHON
Heft ¢cBOGOAB

0,85 0,90 [ 0.95 [ 0,975 0.9 | 09

3 1,25 1,64 2,3p 3,18 3,45 4,54

4 1,19 1,53 2,13 2,78 3,03 3,75

5 1,16 1,48 2,01 2,57 2,74 3,36

6 1,13 1,44 1,94 2,45 2,63 3,14

7 1,12 1,41 1,90 2,37 2,54 3,00

8 1,11 1,40 1,86 2,31 2,49 2,90

9 1,10 1,38 1,83 2,26 2,44 2,82

10 1,10 1,37 1,81 2,23 2,40 2,76
11 1,09 1,36 1,80 2,20 2,36 2,72
12 1,08 1,36 1,78 2,18 2,33 2,68
13 1,08 1,35 1,77 2,16 2,30 2,65
14 1,08 1,34 1,76 2,15 2,28 2,62
15 1,07 1,34 1,75 2,13 2,27 2,60
16 1,07 1,34 1,75 2,12 2,26 2,568
17 1,07 1,33 1,74 2,11 2,25 2,57
18 1,07 1,33 1,73 2,10 2,24 2,55
19 1,07 1,33 1,73 2,09 2,23 2,54
20 1,06 1,32 1,72 2,09 2,22 2,53

HcTHHHEBle 3HAueHHs KO3 (HUIHEHTOB @ m b PErpecCHOHHOro ypas-
HEHHA, paCIIOJIO)KeHHbIe B Ilipelleqax JABYCTOPOHHETO AOBEPHTEJbHO~
ro HHTepBAaJa, BHIYHCIAIOT MO (POpMydaM:

a=att, O} (6.47)

, n—2

ta Op » (6.48)

- , n—2

rie fo/zn—o— KO3duunent (raba. 24), onpeleiaseMblil B 3aBHCH-
MOCTH JABYCTODOHHEH AOBEPHTENbHOH BEPOATHOCTH @ AJs YHC/IA CTe-
nenu coBobopn (n—2).

|

b=2b
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Gs = Oy 1/ — ¥ x3; (6.49)

=l

Op = Oy V% ; (6.50)

Oy = 1/- nl—.‘Z— 2 Y:— /y\i)zv (6'51)

=l

AN
rle Y; — BHIUHC/IeHHLle 110 PerpecCHOHHOMY ypaBHeHHIO Buia (6.4)
«MCTHHHBIE» 8HAUYeHHs Y; Oa, Op, Oy — CPelHHe KBaJPaTHUHbIE OT-
KaoHenus a, b u Y

A=n ﬁ X -. (i Xi)a. (6.52)

i=l i=1

fIpumep 8. Onpefeium Ko3((UIMEHTH ypaBHeHus perpeccH suia (6.4) 4ax
MepH NMOJ3YYeCTH CyTJHHKA, PACCMOTPEHHOrO B npumepax 1—4, mnpH  01,0=0,225
MIla (cm. Taba. 23) norapudMuueckoll ¢pyuknuefl (2.64) u KoapdUIMERT KOPPeISIHH.
Tpumster caepyiomue obosmauenus: C.(i—8&) =Y, lg(t—08)=X. Bce Bhumcse-

HuA ceeleHbl B Taba, 25. B meit npusefeHt TakXKe SHAueHHs] MepH NO0J3YYeCTH 802
= ({—0), onpenejenukle 10 PerpecCHOHMOMY ypaBHenw0 (6.55), Ko3(p@UUHEHTH KO-
TOPOro MOJyYeHH MO METoAY HAMMEHbIIMX KBaApaToB.
KosgpuuneHTH KOPpeAslun 7 ¢ YUeTOM Jauublx Taba. 25 BHUMCASIOTCH mo Gop-
Myne (6.46):
;e 7-0,0649696 — 10,698274.0,0382
— V'17-20,544738 — 10, 6982742] [7-0,00021895 — 0, 0382%]

_0,0461132 0,994
T 0,046327 )

Henobays paumuble tabn. 25 ofipefenuM «HCTHHHBIE» 3HauYeHMd Ko3pdHUMEHTOB
a u b npu aBycTopoHHeH JoBEpHTeJbHOR BeposaTHocTH &==0,9. Onpeiemnm 04, 0b
Oy no cooTHowenuam (6.49)—(6.51):

0,000000124
oy = ]/———5—-— = 0,00015748;

20,544738
29,3601

0, =0,00015748 = 0,000131734;

0p = 0,00015748 V?Q—%)T = 0,0000768945.

Torza supaxenus (6.47) u (6.48) anas xo3dduuMeHTOB ¢ M b 3anmuiyTes B Ta-
KOM BHJE:

a=0,003056 £ £, 0,000131734 = 0,003056 3= 2,01-0,000131734 =
= 0,003056 4= 0,00026; (6.53)
b =10,001571 + ¢,,, 0,0000768945 = 0,001571 + 0,000154, (6.54)
rae xospounment fy,, npu uncae cpobouu n—2=7 cornacuo Tabx. 24 pasex

tya =201 (a=0,9).
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Mpumep onpenesteHus koadGUUHEUTOB perpeccuoHHoro ypastenus (2.64) MerofAoM HAMMEHbIUHX KBAAPATOB

Tabauna 23

n @—9), amu [Y=C, (=%) % X=lg (=9 X2, ’ Xy 3/\:6: (#—1) v V)
1 1 00,0029 0,00000841 0,000 0,0 0,0 0,0029 0,0 0,00
2 10 0,0049 0,000024 1,000 1,0 0,0049 0,00463 0,00027 0,000000073
3 20 0,0052 0,000027 1,30103 1,692679 0,0067653 0,005099 0,000101 |0,00000001
4 60 0,0057 0,00003249 1,778151 3,1618209 0,0101354 0,005849 0,000149 10,000000022
5 100 0,0061 0,60003721 20 4.0 0,0122 0,006198 0,000098 {0,00000001
6 160 0,0066 0,30004356 220412 4,8581449 0,0145471 0,006518 0,000082 |0,000000007
i 260 0,0068 0,00004624 2,414973 5,8320945 0,0164218 0,006849 0,000049 |0,000000002
z 0,0382 0,00021895 | 10,698274 20,544738 0,0649696 — — 0,000000124
20,544738-0,0382 — 10,698274.0,0649696  0,0897465 .
a— i — = = 0,003056;
7-20,544738 — 10,6982742 29,3601
7-0,0649696 — 10,698274-0,0382 0,0461132
b= - = 0,001571.
29,3601 29,3601
Ce(t — ¥) =0,0030564-0,001571 lg(t—©). (6.55)



[Tonyuennsie B npumepe 8 peay/ibTaThl CBHAETE/ILCTBYIOT 06 ouyeHb
xopolefi, NPaKTHYECKH QYHKIUHOHAIbHOH, KOPPeJSLHH, perpeccHOHHON
KPHBOH CpENHHX 3HAUECHHI 3KCIIEDPHMEHTA/bHbIX HAHHbIX Mepbl I0J3Y-
gecTH paccMarpuBaemoro rpyHra. IlosyueHHEIe MO 3TOMY METOAY 3HA-
UexHst DapaMeTpoB 4 H 6 JOBOJbHO OJHM3KH K MX BejHYMHAM, TOAYy-
YeHHLIM B IIpHMepe 2.

B 3akJi04eHHe OTMETHM, UTO aHaJOrHYHEM 06pasoM MOXHO Ompe-
LeJHTb KO3(h(PUIHEHTH DPErPecCHORHOro ypaBHEHHA [Jist APYTHX SMIH-
pHYecKUuX QYHKIUMIl KaK Mepbl NOJA3YyYecTH, TAK H 3@BHCHMOCTH Hamps-
JKeHHe — KOMIpecCHOHuas AedopMalus H (QYHKUMH HANPSKeHH:.

§ 5. OMUCAHUWE NPOUECCA NOJI3YYECTH TIPH NEPEMEHHOH
RO BPEMEHH HATPY3KE

OnucanMe npolecca MoJA3y4ecTH NMHMHHCTBIX PYHTOB NOZ AEHCTBH-
eM BO3pacTawliell BO BPEMEHH HarpysKH SBJASETCS 3aKJIIOUWTE/IbHBIM
# naubojice BAXKHBIM KAK B CMBIC/E NPOBEPKH CYUIECTBYIOUIMX, TaK H
yTouHeHHs M pa3pabOTKH HOBLIX TEODHH NOJA3YYECTH TVIMHHCTBIX TPYH-
T0B. Jlasi ocylilecTB/eHHsl yKa3aHHOR NpOBepKH OOBIUHO B LeasiX YIpo-
IeHHs 3a[4auYH HEIPePLIBHBA pOCT Harpy3kH IpPeACTaBAsSIOT B BHIE
cTyneHuato Boapacrawoledl. Toraa Npoueccs JHHEAHOH H HelHHEeAHOH
T0JI3YYeCTH TVIMHHCTBIX TPYHTOB OYAYT ONHCHIBATBCH PACCMOTPEHHHIMH
Bhime (cM. r1. 2, § 3) cooTHomexHsAME Teopuil cTapenusa (2.76 u
2.77), ynpounenus (2.105u 2.106) y nacne CTBEHHOH NoJ-
3yuecTy CTapewouux MaTepuanon (2.144 u 2.145).

Ilpu onucanmu Mpolecca MoJ3yYecTH TVIHHHCTBIX TPYHTOB NpH Me-
peMeHHOH BO BpeMeHH Harpy3ke MOTYT OHITb DacCMOTpeHpl Clyuan
IJHTENBHOTO YILJIOTHEHHS HecTaperollefi BO BPeMEHH HX Pa3HOBHAHOC-
Teil. B nepBoM H3 yKasaHHBIX CIYYa€R H3MEHAEMOCTb CBOHCTB IpYyHTa
3aBUCHT TOJDBKO OT H3MeHSeMOCTH €ro HauaJbHOH TNJIOTHOCTH H BJAXK-
HOCTH B IpoOllecce 3arpyKeHHs, a BO BTOPOM — KaK OT YMJIOTHEHHH,
TAK H CTapeHHs] B NMPSAMOM CMBICJe 3TOTO CJIOBA — OT THKCOTPOIHOIO

Ecrr Ect
G040
40251 — !
’
0,035.1 1714 32 720 tdnu
4030
9025H
/a4 . —iH {p—t Y
T n 32 700 160 % onu

Puc. 76. Cpabuku pausuust crapenust (haxTopa BpeMeHn) Ha AedopManuio KOMIpec-
CHOHHOM MOJ3YYeCTH TJIMHB 4-—57 HapYWICHHOTO CAOMEHR:
t—BpeMﬂ BHIpEPKHBAHHA oﬁpaaua OT MQMeHTa H3TOTOBJEeHHA 10 MOMeE‘{Ta HCNILITAHUA
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YNpPOUHEHHS. H CHHEDe3HCA BCJe[CTBHE NPOSBJIEHHS H PasBATHS CIel-
JIeHHs] YIpOUHEHHH.

Co cayyaeM yIUIOTHeHHs TVIHHHCTBIX TPYHTOB 0e3 3aMeTHOrO BJIHS-
HuSl cTapenusi (YIPOUHEHHS BO BPeMeHH NMpPH OTCYTCTBHH YIUIOTHSIO-
IIIMX HArpy30K) Mpl BCTpeYaeMCs NpH HCCIeAOBAHHH KPATKOBPeMEHHOH
nossyuectn [20] Bcex M AJHTeNbHOM NMON3Y4YeCTH OOJDLIKHCTBA Pa3HO-
BHIHOCTeH, HOpMHUPOBAaHHE CTPYKTYPHl KOTOPBIX MOXHO CUHTaTh Npak-
THYeCKH 3akKOHueHHHM. COcTaBJSIOT HCKJIIOUEHHe CBeXHe TJIMHHCThie
o6pasoBanHs B BHJe WJIOB HJIH IIACT Tekydeil KoucHCTenuun (pHC. 76)0,
a TakXKe CBeXeyINJOTHEHHble IDYHTOBHE MaTepHalbl ONTHMANbHOH
LJAOTHOCTH-BJAAKHOCTH HADPYILIEHHOTO CJOXKeHHs, HCIOoJAb3yeMmble TpH
BO3BeJeHHu SAep 3eMJSHBIX ILIOTHH M APYTHX 3€MJSHBIX COOpYMKeHHH.

3aMeTHOe H3MeHEeHHe NMOJ3YUHX CBONCTB FJIMHHCTBIX TPYHTOB BCJ/el-
CTBHe CTapenHs 3aBeplliaeTcsi gocrartouno OwlicTpo (cM. puc. 76).
[TostoMy, a Take BBHAY 3aBHCHMOCTH CTAPEeHHS OT H3MEHAEMOCTH
COCTOSIHHA (IJIOTHOCTH M BJIAXKHOCTH) TPYHTa CAMOCTOATENBHBIR yuer
sToro (haxkTopa He NpeACTABJseT NPaKTHYeCKOTO HHTepeca Has HcCJe-
moBanusl nonsydectd. HanbGosdee oBmHM IpH YIJIOTHEHHH TJIHHUCTHIX
TPYHTOB fIBJSIeTCS CJydYaidl H3MeHAEMOCTH HX DEOJOTHUeCKHX CBOHCTB
BOOOIle, MON3yYecTH B YACTHOCTH IIpH COBMECTHOM JeHCTBHH yILNOTHe-
HHSl W CTapeHus, KOTOpble B3aHMHO CBS3aHbl M OKA3BIBAIOT ApPYr Ha
Apyra cyuectBenxoe pausinue [20].

TIpoBepky NpHMEHHMOCTH TeOpHH MNOJ3YuYecTd AJS ONHMCAHHS IPO-
mecca AJNHTEJNbHOTO AeOpMUPOBAHHS [VIHMHUCTHX TPYHTOB IIpH BO3pa-
cTalolied BO BpeMEHH CTYIeHSIMH Harpy3ke MOXHO OCYILeCTBHTb [BY-
Mf MertojaMu. [Ipu mepBoM MeTone cepHio 00pasioB-6JAH3HENOB HCIIH-
THIBAIOT B J@HHOM Ha4aJbHOM COCTOSIHHH TPYHTa Noj jgeficTBHeM Io-
CTOSIHHBIX M BO3pACTalOIuMX CTYlleHsAMH Harpysok (cM. puc. 16). Ilpu
OpUMeHeHuy BTOPOTO MeTona B OJHOM HAYalbHOM COCTOSIHWH TPYHTA
ofpasusl HCMBITHBAIOT nog AeficTBHeM CTYNeHYaTo BO3PACTAlOLIefl Ha-
TPYy3KH, a Il0J AeHCTBHeM NMOCTOSHHBIX HArpy30K PasfHUHON BeJHUHHbI
— B HECKOJIbKUX (KpOMe HAuaJbHOr0) COCTOSHHAX, MONYUCHHBIX Ipef-
BapUTEJNbHBIM YIJIOTHEHHeM cephii 00pa3noB-GIH3HELOB pasNUUHLIMH
HArpy3KaMu opp (CM. puc. 69). InurefbHOCTb NeHCTBHS NpegBapHTe-
JIbHO VILIOTHSIOUIHX HATPY30K 3aBHCHT OT IpadHKa Bo3pacTauHus JaB-
JIeHHS HA TPYHT IIpM BO3BEJEHHH PeaNbHOTO COOPYIKEHHSL.

Hns ocyliecTBlieHust NPOBEPKH TEODHH CTapeHwus:, YNPOUHEHHS H
HACJe/ICTBEHHOM oN3yUecTH (6e3 yueTa cTapeHHS TpYHTa BO BPEMeHH)
[0 MepBOMy H3 yKaslaHHBIX Bhlllle MeToJ0B B NpaBofi yacTH pHC. 77
CIVIOLIHBIMH JIHHHAMH NMOKAa3aHbl KPHBbIE IOJI3YUeCTH [JIHHE HeOKoMa,
Hojyuennbie HCIbITaAHHeM 00pasnoB-6/IH3HENOB B HAYaJbHOM €€ COCTO-
siHud (01,0 = 0,5 MIla, npoJo/XHTeIbHOCTS TPEABAPHTEAbHOTO YILIOT-
HeHusl 82 nuA) moj mefcTBHeM TpeX NOCTOSHHHX o1 = 0,05; 0,1 u 0,4
MIla u Boapacraiolleii cTymensmu 0,05 MIa Harpyskax. B nesoit ua-
CTH TOIO Ke DHCYHKa MOKAa3aHbl KpHBhHe ne(opMamus — HalpsKeHHe
(ect—01) 1M TPex 3umaueHMil NJHMTENbHOCTH AeHACTBHS TNOCTOSIHHBIX
Harpysok — 1, 10 u 14 nueit.

KpuBas moasydectn, nocrpoesnas 1o BHIPaKeHHIO (2.77) reopun
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cTapeHus, B TpaBoH yacTu pHC. 77 NMOKa3aHa CIVIOLIHOH nHHHEH C TOY-
KamH, mo Bbipaxenuio (2.106) Teopum ympodHeHHs — IITPHXOBOR JIH-
HHell ¢ TPeyroJbHHKAMH, A MO COOTHOIeHHIO (2.145) TeopuH Hacaen-
CTBEHHOH MNOJI3y4yecid — WTPHXOBOH JIHHHeH ¢ KpeCTHKamH. TeoperH-
YeChHe KpPHBBE MOJI3Y4eCTH NMOCTPOEHB rpadudeckum MetTogoM  (cM.
puc. 16), moapo6HO H3I0XKeHHbIM B VL. 2, § 3.

ComnocraBienue 3KCIePUMEHTANbHOH KpDHBOH, MOJyUYeHHOH IIpu
CTYTIEHYATOM BO3PACTAHHM HATPY3KH, C KPHBBIMH, NOCTPOCHHBIMH IIG

| | [ |
g% 03 @z 07 0 10 20 37 40 s 60 70 80 90 1d0£0mi

A L 1 L I | i I [ H J

6;,Me

e e e e e e

Puc. 77. TlpoBepka TeopHH moasydectH. [iHna meoxoma 8—61 (macra)
61,0 =05 MIla, Ac,=005 MIla [—{=1 pmeHs, 2 —¢=10 pHeit, 3 — (=114 puell, 4-— 3xcme-
puMeHTaNbHbIE KpHBBIE, 54KpﬂBble TIOJ3y4Ye(TH, [OCTPOEHHBIE IOJH D43JHYHBIX NPOMEXYTOYHBIX
3HAUeHHA HANpPsUKEHUS C YYyeToM HeJHHeHHOCTH Aedopvaluy noJsydyecTH KpHBele, NOCTpOCHHble
Mo TeoPHAM 6 — CTapeHusl, 7 — YIPOYHEHHs, 8 — HacJedCTBeuHo# Mo/aA3y4ecTH

PA3JHMYHBIM TeOPHAM, NMOKA3bIBAET, YTO KPHBHIE TEODHH CcTADeHHA H
HACJIEACTBEHHON MNOJ3y4ecTH PACMOJaralTcs Bhlle, a KPHBAsS TEODHH
YIpOYHeHH — HHXKe 3IKCIepHMeHTANIbHOI KpHBOM.

PacnosoKenne KpHBOji TEOPHH HAC/IeACTBCHHOH I0JI3YYeCTH BEHILIE
3KCIIePHMEHTaJMbHOH 00YCJAOBIeHO KaK YIJOTHEHHEM H YNPOUHeHHeM
TPYHTa B Iponecce aedOpPMaiH, TaK ¥ HEKOTOPBIM HapylleHHeM Ha-
CAeICTBEHHOCTH ToJsyuecTH. B To ke Bpems NoJHOe UTHOPHPOBAHHe
HACAeCTBEHHOCTDIO MON3YYecTH TeOpHell yNpodHeHHs IPHBOAUT K 3aHH-
XeHHI0 fedopMmanyun. OdeBHAHO, 49T0 K HAMJAYYLIEMY ONHCAHHIO TIpO-
lecca NOJI3yYecTH MpHBena Gbl KOMOHHAUMS TeopHil HackeICTBeHHOR
MOJI3Y4eCTH H yIPOuHeHHs, UTo XKe Kacaercs TEOPHH CTapeHHs, TOOHA
IJI0X0 OTPaXKaeT XapakTep PasBHTHSA IOJ3yyeCTH [PYHTa IpH MepeMeH-

196



woit Harpyske OIHAKO, MOCKOJIBbKY B NPHPOJAHBIX YCJIOBHSX HATDY3KH
HA PPYHTBE PACTYT 3HAUWTEJIBHO MeJJIEHHEe, YeM B IKCIIepUMeHTe, u 1O
Mepe YMeHBIICHHs CTYNeHW Harpy3kH 3T0 KAUeCTBCHHOE pasJjHuhe Me-
XAy TeopHell U IKCIEPHUMEHTOM NOCTeNIeHHO yMeHblliaeTcs, IPHMEeHeHue
TEOpHH CTAPEHMS AJs pellleHHsl MPAKTHUECKHX 33744 NPHBOANT K BIOJ-
He YJIOBJETBOPHTE]BbHBIM Pe3yabTaram

B cayuae npuMeHEHHs BTOPOro MeToia NPOBEpKH TeopHH IOJ3Y-
yecTH BooOlLe, TEOPHH YNPYro-NOJA3Yyero Teja B yacTHOCTH, aedopMa-
LIMIO II0JI3YYeCTH OT AeHCTBHS Bo3pacraiollell CTYNeHAMH HATPY3KH cJe-
ayet BmecTo (2 144) onpemensts m3 ciaeaywoliero Bupaxenus [20]:

gt =Co [E— By, 010 (8] 0p (B) +C. [t — 2y, 010 (3] Aoy (B1) +
e e | 01,0 (Bz)] A, oy (3)’ (656)

rae Cc[t—U, 010 (00)] — Mepa nonsydectn BHmoB (2120) u (6.21),
3aBHCSULAA OT COCTOSIHHA TPYHTA B MOMeHT NpUJOXKeHHS ¢ CTyNeHR
HArpy3k# A.o0p.

CocTosiHHe TPYHTa, KaK Ouljio CKasaHo Bhlle (cM § 4), obycaos-
JIEHO BeJIHYHHOH ¥ OAUTENbHOCTbIO AEHCTBHS IpelBapHTel]bHO YIJIOT-
HAOLe! (HaYabHOM) HATPYSKH O

CnenyeT 3aMeTHTb, yTo B paCCManHBaeMOM caydae AJisA OMHCAHHS
npolecca nosa3ydecTd MOXKHO IDHMeHsiTh BEIpakenuHe (6.56) JuHel-
HOH TeopuH YNpPYro-noasyyero Tesa. OcHoBaHHEM TOMY CJAYKHT To 00-
CTOATEAbCTBO, YTO HATPY3KH, NpHKaaAblBaeMule K I'PDYHTY B pasanqﬂux
€ro COCTOAHHAX, HEBEJIHKHW H I0JA3YYeCTb pOoTeKaeT B Npenesax JHHeR-
Horo neopMHpPOBAHHA ITO 3HAUHT, YTo B paccMarTpHBaeMoM CJyyae
B KaXKiloM COCTOAHHY TPYHTA MOZKHO OIIpeAe/IuTh He CeMEﬁCTBO, a on-
HY 2KCIepHMEHTANbHYI0 KPHBYIO IOJI3YYeCTH NPH HArpy3kax, He Mpe-
BB AOMHX IipeaeJt NIPONOPUHOHAJAbHOCTH 38BHCHMOCTH €4.—0]. Yro
XKe KacaeTcd Ha6JI04aeMOi B oNbTAX HEJIHHEHHOH MOJ3YYeCTH, TO GHA
YUHTBIBAeTCA QYHKIIHeH COCTOAHHA

Ipumep 9 TlposepHM NPHMEHHMOCTb JHHEHHOR TEOPHH yNPYTONOJ3ydero teaa K
ONHCAHHIO MDPOlecca NMOJ3YYECTH IMIMHBl HAPYIUEHHOTO CJIOXKEHHS MO BTOPOMY MeTo-
Ay — IO METOJy yueTa BJASIHHS COCTOfIHHS Ha mepy mojsyuectH [las storo mosy-
YeHB! YeThIPe CeMeHCTBA SKCIEPHMEHTAJBHBIX KPUBHIX [OJ3YYECTH AJAS HAZAJbHOTO M
TPEX IONONHHTEAbHBIX COCTORHKN 1|pPYHTA, NOCTHIHYTHIX NpPeIBAPHTEJbHBIM YIJIOTHE-
HHeV 00pasuoB 6/H3HENOB (B BHAC IacThl TEKyuell KOHCHCTEHIIHH) TIOf jeHcTsuem
c10=0,1, 0,15, 0,2 u 0,2375 MIla B Teuenne 10, 13, 38 u 52 aHell COOTBETCTBEHHO,
a TakXKe IKCHEPHMEHTa/JbHAasd KPHBAst [PH CTyNCHYATOM BO3PACTaHHH HArPY3KH

OKcHepHMEHTAMH YCTalioBJeHO, 4To B npedenax 010,05 MIla Bo Bcex cactost
HHAX TPyHTa JAedOpMalHA NoJ3ydecTH NOJYHHACTCH JHHe#HOMY 3akoHy [20] Creno-
BaTesbHO, (6 56) MOMKHO TDHMEHHTb AJsI ONNCAHHUS MPOIECca MOJ3yYecTH DPacCMaTpH
LaeMo# TyHHBL OPH A,g1<0,005 MIla

CcMeficTBO 3KCNeP.dMEeHTa/IbHBIX KPHBHX Mepsl moisydectd {o1=0,1 MIla) Bcex
YeThiPeX COCTOSAHHH TPyHTa, KOTOPOe Ha PHC 78 H300PaRECHO CIJIOWIHBIMH JIHHHAMH,
annpoKCHMAPOBAHO CJSAYIOMHM mbiDpaxkenHeM BHIa (6 23)

Colt =9, 0, 4 ()] —9 [0, 4 (9)) {1#9_—%“—““?"], (6 57)

11e ¢loy o ()] — dysruHs cocTosiHHst BHAA (6 24), yUHTBIBAKUIAA H3MEHeHHE CO-
CTOAHAS TPYHTA [OA AefCTBHEM HAYAJbHOTO HAMPSIKEHHA Of o

Ha ocroBauin KPHBOi H3MEHHEMOCTH NpeJe bHBIX 3HAUEHUA Mephl [OJ3yYecTH
YeThIpeX COCTOSIHMi FPYHTA, He NMOKA3aHHOH Ha PHCyHKe, IOJIYYeHO chAefyloulee BHpa
WeHHe I8 (YHKIUHEA COCTOAHHA
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C nenanio ONpefeNeHHs TapaMeTpos Ap H Yo, BXOAAulux B (657), H3 annpokc-
MalHH SKCIEeDHMEeHTaNbHON KPMBOM MepHl ION3YYECTH HAyaJbHOTO COCTOfIHHA TPYHTa
{01,0=0,1 MIIa) nonyuensl 3HayeHHa A BupaxKenus (6.15) 119 PaSTHYHHIX MOMeR-
TOB BPEMEHH U TnoctpoeHa xpHBas A=f({—9) (cm. pHe. 78, 6), Kotopass omnHcaua
¢yukupenr Buza (6.16)-

A=Ay (t— 8)"%=0,394 (+ — 9)~202,

YunTBIBas NOJYUeHHOE A7 A BHIDAKEHHe, COOTHOIUeHHE MEpH moJsyuecTH (6.15)
sanuwem B BHAe (6.57):

¢ oy o (8)]=0,0096

0,0208
C [t—B, 0, 4 (9)]=|0,0006 + 7 (100 )7 }x
Y 1,0
% {1 —exp [—0,394 (1—6)0'383] b, (6.58)

OueBnjHo, 9TO €C/IH H3BECTEH 3aKOH W3MEHAEMOCTH 41,0 BO BPEMEHH, (YHKITHIO -
cocTosiHHA @ [01,0(0)] MoXKHo mpefcTaBThL B BHAE OXHOro W3 Bhipa-KeHui (2.123)—
(2.125) dynxuuu crapenus ¢(4).

PeaysbraTht annpoKCHMalWH KPHBBIX MepH NOJ3y4ecTH N0 sHipaxenuio (6 38)
Ha puc. 78 noKa3aHb! IUTPHXOBBIMH JIHHHSIMH,

i T T e t 'y —
9 W w5 W s ot W 87 % w0 ¢ 9w
a1 47582 423756;;,MNa

?

Puc. 78. dxcnepHMeHTanbHble KpHBHle (CTLIOUMHBIE JIHHWY), ONpee/ieHHble B YeThIpEX
cocrosuuax rpyara 9—63 npH 07=0,025 MIla, HX anmpoKCHMAUHA (WUTPHXOBBHIE J4-
HuH) 1o BHpaxenuio (6.57) H KpHBas H3MEHAEMOCTH BO BpeMeHH napaMerpa A==

=](t)

Ha puc. 79 cOfoIHBIME JIHHHSMH MOKAa3aHbl 3KCIEpHMEHTajb-
Hble KPHBLle MOJ3yYeCTH IPYHTa, NOJyYeHHble HONBTaHHeM OOpasios-
6JH3HEIOB B HayasnbHOM cocTosiHum (01,0=0,1 MIla) npu cTyneH-
YaT™OM BO3pacTaHHM Harpyskn. Ha ToM e pHCYHKe HITPHXOBBHIMH
JHHHSIMH TIOKa3aHb KPHBHE, NOCTPOeHHHe Mo cOoTHolleHHio (6.50)
JAUHEHHOM TeOpPHH YNpyro nonasydyero tenma {c y4yeroM H3MeHAeMOCTH
COCTOSIHHSL TPYHTa B Ipouecce YNJIOTHEHHS) M  BbIpaXKeHHsi Mephl
nonzygect (6.58).

Kak BugHO Ha pHC. 79, CXOAMMOCTb MeXKAY IKCHEPHMEHTOM H KpH
BOH, MOCTpPOeHHOH 1o CooTHoleHuo (6.56), ouenb xopomras. Kpusas,
NOCTpOeHHAs 1o BbipaKeHHo (6.56), KayecTBeHHO OTPAXKaeT XapakTep
HM3MEHSEeMOCTH IO0JI3YYecTH HCIBITAHHOTO FPYHTa MpPH liePeMEeHHOi BO
BpeMeHH Harpyske. [IpHunHOH TOMY fiBjsleTc NMPHMeHeHHe aJif  all-
NPOKCHMAUHH KPHBOH MepHl NOJ3YyUuecTH PYHTA NIpH ¢,—const QyHK-
uun Q. Koavpayma (2.61), nonyuesHoil u3 ycJloBHA NepeMeHHOCTH BO
BpeMeHH Iapamerpa A,
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Puc 79. OxcnepuMmentannHbie KpEBHeE KOMUpeocHonHolt monayvectd rpydTta 9—63 (cnsiommme JIRHEH), mOJyYemEHe HPH ABYX
peMHMax CTYNEHYdTOTO pOCTa HATPY3KH Oy # KpuBble (WITPHXOBHIE JIMHHHE), NOCTPOCHHHE Mo Bupamendw (6.56)



§ 6. ONPEAEJEHHUE MAPAMETPOB KOMIIPECCHOHHOH [TOJI3YYECTH
FTNAHHUCTLIX TPYHTOB METOOAMH NBYX H OTHOW KPHBOH
AJUTEJbHOIo YIJOTHEHHS

H3zjoxkenHas Bhlle KJacCHUecKas MeTOAHKA OMNpejgeseHHs mnapa-
METPOB NOJ3YUeCTH, BllepBhle NpHMEHEHHAas K IVIHHUCTBIM TPYHTaM aB-
TopoM KHHIH B 1954 1. [20], uMeeT mmpoKoe pacnpocTpaHeHHe B TpUK-
THKE HCCAeJ0BAaHHSA AJTUTENBHOTO AePOpMHPOBAHHA MeTaMJI0B TPH BBICO-

KHX TeMIepaTypax GeTOHOB, ApeBeCHHbI, IaCTMACC, TPYHTOB U T. 4. [ 1,5].
QOnpejlenenue NapaMeTpoB NOJ3YYeCTH MaTepHAJoB BOOOIe, TIJHU-
HHCTBIX T[PYHTOB B OCOOEHHOCTH, MO  KJI4CCHYeCKOH  Mel10H-
Ke sABJfeTcs JocTaToOyHO CJAOXKHOH UM TPyloeMKo#, Tpebyio-
meh ucnutapgus Gosbiioro KOoauuecTBa 00pa3noB-6au3lellOB B Te-
YeHHe NAHTEJNLHOTO BpeMeHH. MaroTossenne 60JBIIOrO — KOJMHYECTBa
00pasuoB-6,1u3Hel0B M3 MeTansa, OeTOHA, APEBCCHHEI, [JacTMace U
OJIHOPOAHBIX T[JIHHHCTHIX TPYHTOB HAPYIIEHHOTO CJIOXKEHUS HE TPeICTaB-
asgercs c1oxkHo# 3apavef. [TonyueHHe TAaKOBBIX IipH HCUBITAHHH TPYH-
TOB NPHPOAHOTO CJOOXKEHHS OYeHb CJIOXKHO, HOPOH gajKe HEBO3IMOKHO.
ITosaToMy Bompoc O MeTOAHKe oNpeAeTeHHs HOJ3yYHX CBOMCTB [VIMHH-
CTHIX TPYHTOB NpH MHHHMAaJbHOM KOJHYeCTBe HCHbITHIBaeMHX 00pas-
LHOB-O/M3HEOB TpHoOperaeT Ba:KHOE 3HAUeHHe, a TaKKe BONPOC O
nepenoce B HaTypy JalopaTopublX AAHHBIX B CBSI3H C BJIHAHHEM H3
Xapakrep INOJ3y4YeCTH BeJUYHUHBEI H CKOPOCTH MpPHJIOXKEHHS BHelIHel
Harpy3x#, 00JbLIOH CTPYKTYPHOH HEOAHOPOAHOCTH MHOTHX [THHHCTBIX
TPYHTOB H H3MEHYHBOCTH HX PeOJOTHYECKHX CBOHCTB.

MHorouHCIeHHBIMH 3KCTIepHMeHTaMi aBTopa KHurd |20, 22] u MHO-
THX JpPYrHX HccldeloBaTeseil (cM. Bblllle) YCTAHOBJIEHO, 4TO KpPHBElE
MoA3yuecTH, MOJyYeHHEle ToJ AelCTBHEM MOCTOAHHEIX H IepeMeHHEIX
(cTymenuaTo-BO3pacCTalOIMX) HAIPy30K OTJHYalOTCs ApPYr OT ApYyra
KdaK KayeCTBEHHO, TaK M [0 B3aUMHOMY pacmo/ioxeHnio, Kpusble moJ-
3ydeCTH, IOJyYeHHble NpM CTYMEHYATOM BO3PACTAHHH HATPY3KH, pac-
floflaralTesd, KaK UPaBHIO, HHKE KPHUBBIX, MOJYyYeHHBIX LIpH TOH XKe
HarpysKe, TpU/JIOKeHHOH OAHOKpATHO Ha IOJHYI BeJHunHy. B mocael-
HeM CJIyuyae KPUBLE MOJ3Y4eCTH ABJAIOTCH JOBOJBHO KPYTHIMU B Ha-
gane aedopmupoBanus (66abwad 4acTb JAedopMauUH NOPOTEKAET B
TeueHHe TePBBIX HECKOJIbKHX YACOB M CYTOK), TOTAa KaK B Cayuyae CTy-
TEeHYATOTo POCTa HATPY3KH OHH ABJIAIOTCH JOBOJBHO MOJOTHMH H 60Jb-
ie CorJacyloTes ¢ HCTHHHOH KapPTHHOH pasBUTHA mpollecca  MOASY-
YeCTH TJHHHCTHIX TPYHTOB B HaType.

HsioxenHoe, xak OblJo ckasaHo Bhllle (cMm. § 2 u 3), obycnos-
JIBHO XaPaKTePOM H TPOUYHOCTbIO CTPYKTYPHBIX CBsidedl W HX H3MeHse-
MOCTbIO 1O/, JeHCTBHEeM BHEIINHX HATPY30K — CKOPOCTBIO HX NpHIOXKE
HHA, BeJIHYHHOA W AJHTeNbHOCTBIO AelcTBuA. UeM G/HXKe CKOPOCThb 3a-
TPyKeHusl TJIMHHCTOTO TpYyHTa, B KOMIDPECCHOHHOM MpHOOpe K CKOpU-
crsam, HabaoJaeMblM B NpupoJe, TeM OoJlee AOCTOBEpHBIMH OYAYT MO-
JiydeHHble M3 3KCDepuMeHTa Aandble. QueBHIHO, YTO OCHOBOH  AJs
OnpejieieHUs M0I3YYHX CBOHCTB CKeJleTa NIMHHCTHIX TPYHTOB JOJIKHBI
CHIYXHUTb 3KCNEPUMeHTalbHble KPUBHE, ONpeJeeHHEe PH NepeMeHHbX
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Harpy3Kax, BO3pAaCTAIOWIMX BO BpeMeHH ’KesaTelbHO HeOOMbIUHMH CTY-
HeHAMH.

B cBA3u € 3TUM, a TakXKe HCXOASA H3 HEOOXOAHMOCTH YMEHLIIECHHUS
KOJHUeCTBAa HCOBITHBAaeMbX 00pasloB-0AU3HEeN0B MKOCTATOUYHO OAHO-
POJAHBIX TJIHHHCTBIX TPYHTOB aBTOPOM KHHIH Obl1 paspadoTan H BHEA-
peH B JaBopaTopHYI NPAKTHKY NPOCTOH MCTOA ONpele/eHHA fdapa-
MErpoB KomIpeccuonuofl noasysectn [20], noayuupmuii  HasBanbe
«METO0 14 HCHbITaHHA ABYX 00pasuoB». JTOT MeTOJ LIHPOKO HCIOJb3Y-
eTca B maboparopHoil npaktuke [22, 33] aas onpesesieHHs YKa3aHHBIX
BHILIE CBOACTB ¢ yueTOM H3MeHseMOCTH TeMIlepaTypbl, BJaXKHOCTH,
BHODAUHOHHBIX BO3LelcTBHi W T. A, @ TaKxe CTaj OCHOBOH AJjst pas-
paGoTKu peAaa Apyrux TPHG/HZKeHHbIX MeTonoB [12].

CyTb MeToga HCIBITaHHs ABYX ofpasuoB-6iusueuos (puc. 8G) 3a-
KJIIOU3eTcs B TOM, UTo OAHH o6pa3sel] HCHBITEIBAeTCA M0J AeHCTBHEM He-
KOTOpO#l MOCTOAHHON, a BTOpoH — Mox AeHCTBHeM CTyNeH4YaTO-BO3pa-
CTal0meH BO BpeMeHH HAarpy3kd. Pe3yabTaTel HcObiTanus BTOpOro
o0pasua-6yH3Hena HCUOJAb3YIOTCS [js ONpeleleHHss 3aBUCHMOCTH Ha~
npsiKeHHEe — NehopMarHa NON3YUeCTH U GyExuuH HanpsmeHHus F(oi).
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Puc. 80, Cxema onpeaencand KpHUBOL €c:—0;, QYHKLHH Hanpaxeuns F(o|) ® Buipa-
Keuus mepst noasydectn Ce(f) 1o METOAY HBYX KPUBHIX NOA3Y4YeCTH

a BTOpOro— A5l Ompede/ieHHd napaMeTpoB Mepbl noasyuect Cc(f)
(cm. § 4). Mmeq Mepy moasydecTn u QYHKUHMIO HanpAKeHHs, Ipeilio-
Jarasi CylleCTBOBaHHe MOAOOHSA MeXKAY KPHBHIMH MOJ3Y4ECTH, [0 COOT-
HOlIeHHIO (2.71) cTpodAT KpHuBbie NOJ3YYeCTH AJs Pas3JHYHBLIX 3HaYe-
HHA NOCToAHHONO Hampsaxenud. IIpuMeHHMOCTb MeTola TpoBepseTcs
CHHCaHHeM 3KCNepUMeHTalLHOH KpUBOH IOJ3YyUecTH, olpe/leieHHOl APH
CTymeHYaTo-Bo3pacTaluiell Harpyske Mo TeOPHAM CTapeHds, YHpOd-
HeHHUs] M HacJ/eICTBeHHOW NMOJI3YYeCTH, H3JIOKeHHbIM Bulle (cM. § 5).

[lpu ucnbiTanuu obpasua mog JAeHCTBHeM CTyNeHUYAaTG-BO3pacTalo-
el Harpysku naubojee Ba’KHbIM ABJISAETCA TPaBHJAbHBIH BHIOOP HH-
TepBaja NpUJIOKeHHs CTyNeHell Harpy3kKH. B caydae mcunTaHus upes-
MEDHO CXHMaeMbIXx TPYHTOB PeKOMEHAYeTCd 3TOT HHTepBaJ/J NpPUHATH
paBHEIM 7—10 AHAM, A1 CpelHEeCKHMaeMbiX TPYHTOB — 15 pgHaM, a
A5 MaJOCKHMAaeMBIX TPYHTOB — 20—25 ausam. YUem Goabille 3TOT HH-
TepBaJ, TeM GoJsiee TOUHBI Pe3YabTATH ONpPEAeJSeHHs NApaAMETPOB NOJ3Y-
YecTH. [JuuTeqbHOCTh HHTEpBAA MPUIOXKEHHs CTymeHell HATPY3KH 3a-
BHCHT TaKiKe OT HX BeJHUYHHH. YeM MeHbllle CTyneHL HAarpy3KH, TeM
Gosbie Jo/1KeH GLITh HHTEPBAN ee mpHioXKeHHa. Hampumep, Ipu 6=
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=0,0125 MIla 3ToT uHTepBaJs AOJKeH OBITL He MeHee TpeX Helelb.
IMpu Goablinx CTYMEHSAX HArpy3KH BeJHUHHy HHTepBaja [PHUJIOXKEeHHS
CTyNeHell HATpY3KH MOXHO yMeHLIIHTL A0 OAHOH Hexeau. Muaue roso-
pf, BbIOOp HHTEPBasa NPUJOKEHHA CTyNeHeH HATpPy3KH 3aBHCHT OT
ycjoBusl CTadu/u3anuu gedopMalliil moJ3y4YeCTH, oT AeHCTBHS ITHX
crylieHe.

Hpumenenue MeToAa ABYX KDUBHIX NOJ3YUECTH AJS ONpeleleHHN
TAPAMETPOB NOJ3YUECTH T[JIHHUCTHIX TPYHTOB CyLieCTBEHHO COKpauiaeT
KOJIHUeCTBO HCIBITHIBAeMEIX 00pa3loB-0.1u3HelloB 1 npudauxaer Jjrabo-
paTopHblii SKCepHMeHT K HaType. [losToMy 3TOoT MeTon, Ha HALI B3TJAsL,
AOJXKeH C€TaTbh OCHOBHBIM H pEKOMeHAYeMHIM [AJs J1abopaTopHO#i
IIPAKTHKH MeTOAOM OfpelesieHHst apaMeTpOB KOMIPeCCHOHHOH MOJA3Y-
YeCTH JOCTATOYHO OJAHOPOAHBIX IJIMHUCTHX IPYHTOB NPHPOJHOTO M Hapy-
LIEHHOTO CJOXKEHHS,

B kauecrBe npumepa B mpaBo#i yactu puc. 81 mpuBeaeHH KpHBHE
NOA3YYECTH (CNAOIUHEIE JIMHHH), TMOJYYeHHEle HCUBITAHHEM ABYX map
00pa3LoB-6,1H3He0B [IeHraBUTCKOMN ueTBepTHUHON ruuubl (r. Epepan)
OPHPOJHOTO CNOXKEeHUs] H BaaxkuocTH (p=1770 xr/m? ps=2640 xr/m3;
wo=0,341; e=0,997; [»=0,293; [.=0,368) nox aeHcTBuEM MHOCTOSAH-
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Puc. 81. Tlpamep onpenenenus noapaMeTPOB KOMIPECCHOHHOR MON3YYECTH TPYHT3
25—69 mpupogHoro caoXeuns apu oy,0=0,1 MIla, TOCTPOCHHN XPHBBIX &ct—! And
pa3mHYHBIX gy=const (WTpPHXOBHIC JHHUM) H [POBEPKA TEOPHH [OJN3YUYECTH:

& — IKCOEePHMEHTANLHblE KDHBble; 2 — KDHMBHIE NOJ3YYeCTH, TOCTPOEHHbie IJAS Pa3fiH4YHbIX Hpo-
MEXYTOUHHX 3HayeHHii HanmpsKenuwi, Kpubble, nocrpoendble M0 TeOpHSIM: 3 — CTapenHs; 4 —
YOpOyHeHust; & — HacMelICTBeHHON [MOA3yYecTH
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Hoil (0,=0,025 MIla) u Bospacraromeli crynensimu (0,025 MIla) na-
TPY30K, BBLINOJHeHHEE aBTOpoM KHHrH M P. P. Tancranom. B nesois
94acTH TOro e rpaduka CMJOMHOH NHHHeHA MOKa3saHna KPUBAas 3aBHCH-
MOCTH g¢/—Oj.

B pesyabTare anflpoKCHMaIlld KPHUBOfl e—0; (WTpHXxOBas JHHHSE
B JIeBOH 4acTH puc. 81) mosydyeHBl BEIpaXKeHHS [1Jisl yKa3aHHOH 3aBHCH-
moctH B BHAe (2.55) g;=B(100,)"=0,015 (100;)% u ¢yHKOHA
Hanpsixenus Buaa (6.26): F(o1) = (100;)*=(100,)75.

Korna skcrmepumenTajibHasi KpuUBad NOJ3ydecTH olpefleliena HpPH
HCMBiTaHud oOpasna-6JusHella TMopx AeficTBHeM eAHMHHUHOH Harpyskm
6;=0,1 MIIa, Bbipaxenue Mepn moxsydectu Cc(f) olpenensercs
HelOCpeACTBeHHOH ee alpoKCcHMalldell Mo MeTolaM, NoJpoOmo H3j0-
KeuHuM B § 4. B cayuae, xorpa o,50,1 MIla, mepy noJzyuecrn che-
AYET onpefeauTh U3 BhipaxkeHus (2.71) mo cielyrolieMy COOTHOIIEHHIO:

g4 (0) ;= const)

CC‘ (t) = * (6’59)'
F (o)
rie e (0j=const) — anmpoKCHMHpPYIOUIee ypaBHeHHe SKCOEPHMEH-
TaJbHOH KPUBOH MOJI3Y4eCTH, MOJNYYeHHOH NpH JAaHHOM HOCTOSTHHOM
HANpsKeHUH 01,50,1 MIla; F(oi,;) — QyHKuns wpanpsixenus AJI%
JAaHHOTO HaNpAXKeHUS Oy ..

B paccmaTpuBaeMoM mpuMepe 3KCHepHMeHTaJbHag KpHBAs HOM3Y-
YyacTH olipejesieHa NMpH HCObTAaHHH oOpasua-6sau3Hena moj AeHcTBHEM
01,,= 0,025 MIla=const. Ona annmpokcuMHpoBaHa BHPaXKeHHeM BHAA
(2.62) u npu 3TOM MOJNYYeHO CTeMeHHOE COOTHOLIEHHe

& (01,; = 0,025 MIla) = A¢™ = 0,0053¢°-'82.

Torna ypaBHeHHe Mepbl MoJa3ydecTH (2.62), ¢ yieTov NOJy4eHHOTO
Bbllle BEIpaxKeuusi GYHKIHK Hanpaxeuus F (o), coriacuo (6.59) 6y-
JeT HMeTb CHeRYIOUIHH BUJ;

m 0,182
At — 0,0053t . - 0,0015t0'182.
o)t (19-0,025)%

Ce (f) = (

Ha ocHoBanuu cootHomenufi Mephl moadyuecTu Ce(f) M ¢$yHKUHHA
Hanpsokenuit F(o;) ypaBHenHe pedopManuu noasyuectd (2.71) mas
MOCTOAHHBEIX HaNpAXeHH{l 3aMHChiBaeTCs B BHJE

ect = Co () F (01) = 0,0015¢'% o)™ | (6.60)

Kpusbie nonzyyecTH, HOCTpOeHHBle 1O cooTHolreHHio (6.60) mas
Pa3/IHYHEIX NOCTOSAHHBIX HANpPsAXeHHH, B npaBodl wactu puc. 81 noka-
3aHbl WITPHXOBHIMH JIHHHAMH:

Hna nokasaTenbcTBa MPUMEHHMOCTH MeTOMa JABYX KPHBHIX BHIOJ-
HeHO ONHCaHMEe Hpouecca MOJA3YydeCTH NpH CTYNeHYAaTo-Bo3pacTaiomed
Harpyske no TeopHAM CTapeHHs (WUITPUXNYHKTHP), YIPOUHEHHS (IUTPH-
XOBHI€ JIHHHH C KPYXXOYKaMH) U HACJIeACTBEHHOH MOJ3yuyeCTH (WITPHXO-
Bble JIHHHH C TaJOYKaMH).

Kak BuanO Ha puc. 81, kpHBEe, NOCTPOEHHBE MO TEOPHIM YIPOT-
HEHHSl W HaCJIeICTBEHHOH MOJ3YYeCTH, B 11€J0M XOpOIIo COrAACYIOTCs €
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3KcrepumMeHToM. UTo ke KacaeTCs TEOPHH CTapeHHsd, To oHa  TaKKe
YAOBJACTBOPHTEIbHO OMHCEIBAET [IPOIECC MOJI3YUeCTH H MOXKET OBITL
HCHONb30BAHA AJA pelleHHd NIpaKTHUECKHX 3afay. CKy4yeHHOCTh KpH-
BHIX, HOCTPOEHHBIX [0 YKA3aHHBIM BEIILIE TEOPHAM [0J3YYeCTH BOKPYT
3KCIEPHMEeHTAJbION KPHUBOI, CBHAETENbCTBY T O NPaBHJABHOCTH BEIGOpa
MHTepBaJia Bo3pacTaHus CTYlIeHed Harpy3kH U TPHTOAHOCTH MeToAa
JBYX KPHBBEIX NOJI3YYECTH s olipeleseHHsa MapaMeTpoB KOMIIPECCHOH-
Holf MoJI3yJecTH TJIMHHCTOTO TPYHTA.

B cayuae wempasu/ibHoro BHOOpa HHTepBaja MPHJAOCKEHHA CTyHe-
sell HATPY3KH ONpeleseHHe mapameTpoB NOJ3YyUeCTH MO METORAY ABYX
KpPHBBIX NPHBOJAHMT K HellpHeMJeMBIM pe3yJbTaTaM, 4TO BBEIpAXKaeTC:d
©OUeHb GOJIbIIHM PACXOKACHHEM MeXly SKClepHMeHTajbHOH KpHBOH H
KPHUBBIMH, NOCTPOEHHBIMH N0 PAa3jHYHbIM TEOpHAM HOA3YYeCTH (pPHC.
82).

Tlpu npHMeHeHHH KNacCHYeCKOH MeTOJHKH HCHETaHHS 00pasios,
#a 10JI3y4eCTh CHJIbHO HEOIHOPOAHBIX TJAHHUCTHIX I'PYHTOB 4acTO HEBO3-
MOXHO YCTaHOBHTb 4eTKOH 3aKOHOMepPHOCTH HX aedopmupoBanud. He
PeAKy NpPOTHBOPEUUBbIE Pe3y/nbTaThl, KOTOPHE BbIPXKAIOTCA PACHOJ0KC-
HHeM 9KCepUMEHTAIbHON KPHBOH NP AAHHOW HArpysKe Bbllle KPHBOH,
TOJyYeHHOH HcnbiTanHem o0paslia nof AefictsueM GoJbllledl Harpy3KH
{puc. 83). OuesuaHo, UTO B 3TOM CJyuae HeJb3sd BOCIOJAL3OBATbCA TaK-
JKe MeTOJOM JBYX KPUBBIX — HCIBITaHHs JAByx 0Opasuos-OnH3HEnos,
HOCKOJIbKY H3 MOHOJHTa TPYHTa HEBO3MOXKHO NoJydyeHHe TaKOBHX. B
3TOM CAydYae cjaelyeT NPUMEHSTb APYTOH MeToj HCObITaHHsi 0o0pasuos,
TMO3BOJAIOMIUA OUEeHHBATL INOJI3Y4YHe CBOHCTBA MOHOJHTA HJAH KepHa
TPYHTa B LeJOM,

J s oueHKH cBOHCTB M ompelefeHus mapaMeTpOB KOMIpPeCCHOHHOMN
HOJI3yY4eCTH MOHOJHTA (KepHa) HEOJHOPOAHOrO TJHHHCTOTO TPYHTA
B [[eJIOM MOXKIIO BOCIIONB30BATBCA METOAOM HCIBITaHUA cepHH 00pasioB
rpydTa noj peHcTBHeM CTyleHUaTo-BO3pacTalomeld HaPpy3KH — Me T O-
JAOM OLHOH KPHBOH. B atoM Clyyae mo ycpelHEHHBIM 3HAYEHUAM
3KCHePHMEHTAJbHBIX AaHHBIX HCUBITAHUS 06Pa3U 08, BHIPE3aHHbIX H3 OA-
HOro MOHOJIHMTa (KepHa) TPyHTa, CTPOAT oAHY KpHBYyI0 modsyuectH. [1o
STO# KPHBOH, KakK U B cjyyae MeTOAa ABYX KPHBHIX, OIpelessioT 3aBH-
CHMOCTb HATpSKeHHe — OTHOCHTe bHas AedopMalHs KOMIPECCHOHHOH
TIOJI3YYECTH M (PYHKUMIO HAMPSKEHHSA, a N0 yYacTKY KPUBOH, COOTBET-
CTBYIOIIEH ONHOH U3 CTyleHell Harpy3kH — NapaMeTpbl Mepbl MOJ3yuecTH
Mo CooTHOWeHHIO (6.59).

C mesbl0 nonaydeHHst ONTHMAaJAbHOTO KOJHYeCTBa 00pasios, Leod-
XOAMMOTO AJIA TMOJYyYeHHs JOCTOBEPHBIX NAHHHIX O HOJA3YYHX CBOHCTBAX
TAAHMCTOTO TPYHTA B LEJAOM, aBTOD KHHTH BOCHOJb30BAJACT METOJOM
CONOCTABJECHHA yCpeAHeHHON KPHBOH NOI3YYeCTH, MONYUeHHOH OT HCIHI-
Tanug 6—8 o6pasios, ¢ KPHBOH, ONpeaeeHHON NPH HCABITAHHE OJHOTO
Boabworo (reoMeTpHYecKH nofgo6Horo) o6pasla, BHIPE3AHHOIO H3
©OJIHOro MOHOAHTA (kepHa). KpoM u3s0KeHHOH uelJu 3TH OMbITHL MO3BO-
JIAIOT: a) YCTAHOBHTD CTeMeHb BJHAHHA HapylIeHHS NPHPOLHOR CTPYK-
Typ® TPYHTa npH Bbipeske u o0paboTke 0Bpasuos Ha uUX aedopMaLHOH-
Hble XapaKTePUCTUKHM H YHeCTb 3Ty NOTPEIIHOCTh NPH OKOHYATEJBHOMH
©IEHKe CBORCTB KOMNPECCHOHHOH moasyuectd (cm. ra. 3, § 4); 6) on-
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Puc. 82. Ilpumep mnocTpoeHus
KPHBHX MOJ3YYECTH JIEHTOYHOH
rauupl 10—63 (wTpuXoBLle Jd-
HHM) TO mapameTpaMm, omnpeje-
JIeHHBIM [0 MeTOAY JABYX KDH-
BHX, H IIpOBepKa TEOPHH N0I3Y-
YeCTH I1pHM HEYAAa4HOM BHIGOpE
MHTEPBada NPUIOKeHHs CTyle-
Hel Harpyskn (61,,=0,0625
MIla):

1 — 3KCOepHMEHTaNbHbIe KPHUBHIE,

KpuBble, TocTpoeHHBle MO TEOPHAM:

2 — cTapeHHsa; 3 — ynpouHeunmsi; 4 -—
HacaeICTBEHHOH NOJ3YYeCTH

Puc. 83. Kpusbe KOMmpeccHOH-
HOH 1OJ3y4eCTH IUECTH CTaH-
AapTHHX OGpAa3U0B, BLHPE3aHHBIX
M3 OJIHOTO MOHOJHTA CHJBHO
HeOLHOpoaHoro TrpyHra 22—79,
NpH ABYX NOC/AeA0BATEJIbHO HPH-
JOXKEHHEX CTYNeHAX HarpyskH
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peleNuTh MOKa3aTeNb KOHCOJHIAUHH 1 AJA YCTAHOBJEHHUA AJHTEb-
HOCTH 1eOpPMHPOBAHHA CJI0EB PA3JIHIHON TOJIIIMHEL C yyeTOM MacmTab-
Horo ¢paktopa, no H. H. Macsosy [18, 19], u npoBepuTh TEOPHIO KOH-
CoIH1alUu [pH yueTe OAHOBpeMeHHoOro aeficTBHs (pakTOpoB ¢H.ibTpa-
UHH U HOA3ydYecTH CKesdera (CMm. ra. 4).

B kauecTBe npuMepa Ha pHC. 84 nokazaHbl: a) efuHas (ycpegHeHHas)
KpHBas TOJA3YyYeCcTH CKedera (CMIOWIHAA JHHHS € TpeyloJbHHKaMH)
wectH o6pasuos (cMm. pHc. 83) auaMerpoM 7 cM, BHICOTOM 2 CM TJIMHH-
croro rpyuTta 22—79B ETY (p=2030 xr/m3 ps=2580 kr/m?% w,=
=0,2783, Ip=0,1252; 6) kpuBasg mon3ydecTH (CIJIOIUIHAA JHHHA C
KPYKOUKaMHU), noJyyeHHass HCIbITaHHeM ogHoro Goabiioro ofpasia B
npubope M-3 (cM. ra. 3,) § 2) auametpom 21 cM, BricoToll 6 cCM;
B) KpHBbie NOJI3yyecTH (IUTPHXOBHE JHHHH), IOCTPOCHHbIE IO BHIPAIKe-
HHO (2.71) a9 pa3/iHYHBIX MOCTOSIHHBIX HOPMaJbHBIX HaNpSIXKeHHH mpH:
Ce(t) =0,0662. 10001974 F(i5,) =g, >%4,

IlpuBenenusii npHMep MOKAa3blBaeT JOCTATOYHYIO GJH3OCTb eAHHOH
(ycpeaHenHOH) xpuBOfi MoJA3y4YeCTH MaJBIX 00pasuoB ¢ KpHBOH, MoJay-
YeHHOH HUCIBITAHHEM OJHOTO §oJbLIOro 06pasia. To 3HAUHT, YTO yCpel-
HeHHasd KPUBAsA MOJ3YYeCTH JOCTATOYHO TOYHO XapakKTepH3yeT MoJ3yune
CBOMCTBa MOHOJIUTA B LeJIOM H OH& MOXeT OblTh HOJOXeHa B OCHOBY
OTpeAeseHHs MapaMeTpPOB KOMIIPECCHOHHOH MOJA3YYeCTH CKe/deTa Heold-
HOPOJHBIX [JIHHHCTHIX FPYHTOB. JKCIepHMeHTAMH &BTOpa KHHMH yCTa-
HOBJIEHO, YTO JJisl MOJYUYEeHHs] JOCTOBEPHBLIX pe3y bTaToB O MOJA3YUHX
CBOHCTBAX HEOAHOPOJAHEIX TJHHHCTHIX TDYHTOB [JOJIKHB OblTh HC-
NLITaHB He MeHee WecTH 00pasnoB, Bbipe3aHHbIX M3 pasHblXx TodYeK
MOHOJHTA (KepHa).

W3 npuBesennoro mpuMepa caeayer TaKKe, 4To MOJA3YyYecTh Ipyilla
NpaKTHYeCKH He 3aBHCHT oT MacwTabuoro gakrtopa. CaenoBaTesbHO,
1013yyectb 06pa3nos BHICOTOIO 2 H 6 cM Beemeno o6ycsaoBiena U0A3Y-
YeCThIO CKeJlera.

Hans onpegenenus gepopMalHil mon3ydecTu oT AefCTBHA MOCTOSIH-
HBIX HaNpsiKenuil npu 0;>>01,0(0,.0 — OHITOBOe JaBJieHHe) BbLIpaXKeHHE
(2.71) 3anmucbiBaeTcs B CaedylolileM BHIE:

et = C; (f) [F (01)— F (01,0}, (6 61)
HaH ¢ yueToM (2.62) u (6.26):
ger = A" [(10 )" — (10 0,.9)"} . (6.62)

C T0it e Hesblo BhpaKeHHe QYHKUHH Hanpaxenuss F(oc,) BMecTo
(6.26) MoXHOo MpeicTaBHThL CJAEAYIOUIHM obpasoM:

F (100, —100y,0) == (100; — 106, o)™, (6.63)
TOljia ypaBHeHHe Mepbl NOJ3YUeCTH cjefyeT olpeiesiuTh M3 COOTHOLIe-
Hud Buga (6.59):
* gt (0, ; = const)

Ce () = F (105, ,—100, 3) ' (6.64)

rle ect(opo=const) — annpoKCHMUPYIOiiee 3KCMEPHMEHTANbHYI0 KpH-
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Puc. 84. Equran (ycpenHeHHds) SKCNepUMeHTAJAbHAd KDHBAs KOMIDPECCHOHHOH moJ-

3y4eCTH INECTH CTAHJAPTHHX 06pa3uos (/) u opHoro Goabuoro ofpasua (2) rpyHrs

22—79, KpuBble NOJ3YYECTH, TIOCTPOEHHBIE N0 NAPAMETDPAM, OIDENENEHHBIM METOIOM
OJHOH KpuBOH (WITPHXOBHE JNMHHH) M KPUBBHIE 3aBHCHMOCTH €c1—0Y

BYH0 MOJI3YyUYeCTH BbIpaKeHHe NpH (01,;—01,0) 70,1 MIla; C*.(f)—mnoax-
3yuecThb vpyHTa IpH (0y,:—00) =0,1 MI]a.

§ 7. BOKOBOE JABJIEHUHE U ONPEJAEJNEHHE OBFbEMHbBIX
AEGOPMALUA MNMOJI3YYECTH TIJIHHUCTBIX TIPYHTOB
A0 PE3YJIbTATAM KOMIIPECCHOHHBIX HCHBLITAHHH

ITpu paccmoTpeHun Bolpoca 0 KOHeYHOH OTHOCHTeabHOH xedopMa-
uHu o6bveMa 0 ofpasnos rpyHra, KoTopas B ¢iiydae YILIOTHeHHS Oe3
BO3MOXHOCTH '00KOBOr0 paCIIHpeHHs paBHA OTHOCHTeJIbHOH KOMIIpec-
CHOHHOH nedopManuu 6=¢g;=¢. (3.17), Opl1a MOKa3aua ce oOyCHOBICH-
HOCTb BeJHYHHOH 1WapoBoro TeHsopa wampskenni (3.16):7% =o; +
+0y+03=0° (0" =30, — cyMMa HOpMaJIbHBIX HanpsixeHuil). Cnenosa-
TeJbHO, AJfA OHpelesieHHs 3aBHCHMOCTH B:O(TU") =10 (o?
IO pe3y/abTaTaM KOMIpPECCHOHHBIX HCHHITaHHHA oOpasuos KpoMe 3agaH-
HOH YIJIOTHSIOWEeH Harpy3KH o; clelyeT TAKXKe 3HATh BEJHUHHBI JBYX
APYTHX TJIaBHBIX HaNpsXKeHUH Gp=03 PaBHHIX 3(dexTHBHOMY O 0K O-
BOMY AaBJeHHIO IpyHTa, YToOH OT KOMIpPECCHOHHHIX AedopMauHi
nepefiTn K o0beMHBIM, HeoBXopHMO coryiacHo (3.16)  yIJIOTHAOILYIO
HAarpysKy o YMHOXuTb na (lL4-2E), rae §-— xoadduunent 60koBOTO
JaBJIEeHHS.

B CcOOTBETCTBHH ¢ H3JOXKEHHBIM BhIIE H3MEHSAEMOCTb BO BpEMEHH
sepopmaunu obbema 0; (oObeMHas MOJN3yYecTb) CKeseTa TJIHHHCTHIX
TPYHTOB B 3aBHCHMOCTH OT AeHCTBHSI ¢ MOXKHO IpeACT4BHTb B BHJE
Clle AVIOIIHX COOTHOLIeHHH HeJHHeHHBLIX Teopuil ctapenus (2.71), yum-
pounenus (2.97) u ympyro-monasydero Tena (2.133):

B = C° (1) F (o"); (6.65)
1 [ 1
B = [(1 +a) w) T o 1+ A, (6.66)
t
0 = C0 (t, &) F [ @)+ C (¢, ) w a9 =
%
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b4
——|F [G"(d)]ﬂ%{}—) 49, (6.67)
&

rge CO(t, &) — Mepa ob6bemHON AedopMallHlu MOJ3ydecTH, T.e. JAedop-
Manus obObeMa IPH eJHHHYHON CyMMe [JIaBHBIX HOpMAJbHBIX Hanps-
wenult 6% F[o®(®)] — dyHKIHuA CYMMB HOPMaJILHBIX HANpsSKeHUH o,
XapakTepusywllas HeJHHellHyl0 3aBHCHMOCTb Mexay C° (f, 0) u o’
Octanbiibie 0603HAYEHHA UMEIOT TpPEeKHHEe 3HAYCHHS.

BoxoBoe JaBieHHe 63==03 H K03 dUnHeHT 60KoBOTO  JaBaeHUsd
(3.20) rpyHTOB BoOOIIE, TIMHUCTEIX TPYHTOB B YACTHOCTH BIEepPBbIE IKC-
nepuMeHTanbHo onpefenensl K. Tepuarun [30]. Jlng aToéi nean Obut
HCIOJb30BAH KOMIpecCHOHHbIH mpudop Ooaplioro guamerpa. B uccae-
AyeMEIl TpyHT, 3arpyxXaemnit B pabodee KoJabuo npubopa CAOAMH,
Obl/IN YI0XKEHBl [Be CTaJjbHble JIeHTHl B TOPH3OHTA/JLHOM U BepTHKAJb-
HOM NOJIO¥eHHSIX, KOHubl KOTOPHIX BBHIXOAHAH HApPYXKy Yepe3 CHelH-
anpible weau. ITocne noauoit cradunusanuu dedopmanun ot gefACTBHs
BHelllHeH yIUIOTHAIOULefi HATPY3KU CTaJdbHBE JeHTH  BHTATHBAJHCH
HapYXKy ¥ 3amepsiiich ycuauda, M3 CooTHOWeHHs ycuu#, MOMyYeHHBIX
IPH BLITATHBAHHH BEPTHKAJ/IbHO M FOPU3OHTANBHO PACIIONOXKEHHHIX JIEHT,
K. Tepuaru aas riusm monydua xoadbunieHT GoKosoro JaBleHHSA
nopaaka £E=0,70—0,75. Anasoruunsle pe3yabTaTu B 1934 r. 6HIH HO-
aydedst B. . DyabyeBniM Ha CKOHCTPYHPOB4HHOM HM mnpHGOpe
OJHOOCHOTO CKaTHf, 3dKJAIUYEHHOT0 B PE3HHOBYI0 0O0OMOYKY WHJIHHI-
puyeckoro o6pasua, NOMeIleHHOTO B repMeTHYeCKH 3aKpHITHE (3amod-
HeHHbIH Bojo#) cocyn. O6paseu rpynta B npubope B. I'. Byabiuesa 3a-
rpy¥aJicsl OpH NOMOLLN pHIYAXKHOIG Npecca, a 60KoBoe JaBleHHe, paB-
HOe [IaBJeHHI0 BOAbl B COCYAe, 3aMepsloch MaHOMeTpoM. B JalbHef-
mweM NpuBopH aHaANTOTHYHOH KOHCTPYKUMH JJs PaccMaTpHBaeMOH Iie-
au 6ein npumenensl H., H. [JaBuaenxkoswM, H. B, Jlanerunmm, E. .
MegakosniM, fO. I1. Cmonunbsm, M. H. Toapamreiinom u ap.

OfwupHble HCCJAeIOBaHHS NO H3y4YEeHHIO GOKOBOTO IAaBJEHHS M ero
H3MEHAEMOCTH B 3aBHCHMOCTH OT BeJHYHHbl YHJIoTHsjOUieH HAarpy3Ku
0] U BO BpeMeHH, NpH MOCTOSHHOM 3HAYEHHH NOCjefHell, BbINOJHEHH
E. U. Meakosrim B 1959—1962 rr. [20] Ha cTaGuaomerpe Tumna «B»
coberBenHON KoHCTpyKuuu [22, 24].

Ilpouecc ynioTHeHHs TVIMHHCTHIX TPYHTOB B YC/JAOBHAX KOMIPECCHH
E. . Meaxos fennn Ha Tpu daspl compoTusienus. B neprofi pase
CONpOTHBJAEHHUSA NPOTeKAIOT YUPyTHe HJAH MOuTH ynpyrue JAedop-
MauHH IOPH OTCYTCTBHH 6G0KOBOTO pacnopa os=o03=0. Bo BToOpoOH
base conpoTuBJAeHHUS 3aBHCHMOCTb MeXAY ymJoTHAwIUeA Ha-
TPY3KOH G| U OZHOMEPHbIM YIJIOTHEHUEM &, MOXKeT 6uTb Kak JHHeHHOH,
TdK U HelHHeHHOH B Buae yyacTka OA cTpyKTypubix gepopmanuit S-
obpasHoil KpuBo#l o;—e; (cM.pHuc.64). Habnopaercs nocrenentoe Bo3-
pacraunue (o HeJHHeHOMY 3aKOHY) GOKOBOTO jaBjeHHs. B rpeTbei
¢ase conpoTusaeHns AepopManHul yIJIOTHEHHS BO3PACTAIOT MelJeHHee
YeM IO JIMHEHHOMY 38KOHY MeXJAy o) H &, T. e. Jepopmania IPOTEKaeT
B 06/14CTH CTPYKTYPHO-aACOPOUHOHHBIX gedopManufi (y4acToK KpUBOH
AB ua puc. 64) npH NuHe#HOM MM NOYTH JHHelHOM 3aKOoHe H3MeHse-
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MOCTH 00lIero GOKOBOTO gaBJeHHs B 3aBHCHMOCTH OT YHJOTHAKLIEH
Harpysku

YeaoBHaa rpanuna mexay II u I11 dasamu, npu KoTopoHl umeer
MeCTO HOJIHOe pa3pylueHue cTpyKrypsl, E. M. MeikoBbiM Ha3BaHa, mm p e-
KeJoM CTPYKTYPHOU npouHOcTH., Kak H3BeCTHO M3 H3JI0XKEH-
HOTO Bhillle (CM. rJ. 6, § 2), aBTOpOM KHHUTH Tak OBLJIO HA3BAaHO Hampsa-
JKeHHe, COOTBETCTBYIOLlee TPAHHUIlE EPEX0OAa OT CTPYKTYPHBIX K CTPYK-
TypHO-agcopOunoHHbBIM JdedopManuam (Touka A Ha puc. 64).

Kax mokasanu 3KclepHMeHTh aBTopa KHUrH (cM. § 2), moBeznenue
TJHHHCTEIX TPYHTOB 10 AOCTHXeHHS NMpefesta CTPYKTYpHOH npodHOCTH
3aBHCHT OT UX COCTOSIHHS, BeJHUHHBl U AJHTEeNBHOCTH AeHCTBHS YNJOT-
HAWIIUX Harpy3ok o,. [lpuyeM ynpyruMmH sBAfIIOTCH TOJDLKO MTHOBEH-
Hble gedopManuy, a gehopManHu NOA3yUECTH BCera COLepPIKAT HEKOTO-
pyio HeOOpaTHMYIO HacTh, AaxKe IIPH OYeHb HeGoablIMX Harpyskax. [lo-
3TOMY HeJb3d TOBOPWTb, UTO B NnepBoil Pase cONpOTHBJIEHUS TMPOTeKa-
10T TOJIbKO yIpyrue aebopManuy, a pasjeneHue NepHoda CTPYKTYPHBIX
JedopMaivil Ha ABe (a3Hl, Ha HALL B3TVIAL, He ABJAETCH ODOCHOBAHHDBIM.

Ha ocHoBaHHHM HCHUBITAaHHSA BOAOHACHIEHHBIX T[VIHHHCTHIX TPYHTOB
Ha TOJ3YYeCTh NOjA AefiCTBHEM pPa3JHUYHHX IO BeJHYHHe NMOCTOAHHLIX
Harpysok E. M. MeakosbiM B 1960 r. bl ycTaHOBJIEHBI CleAYIOHiHE
XapaKTepHBIE Cly4YaH Pa3BHTHa obIuero (ToTajabHOro) GOKOBOTO AAaB-
JdeHHs BO BpeMeuu (pHC. 85):

1) BoxoBoe maBneHHe pocTHUTaeT cBoelo HaHOOJbLIErO 3HaYeHHA
B MOMEHT DPHJIOXKEHHS YILIOTHANIIEH HAaTPY3KU pi, 8 3aTeM, NOCTeleH-
HO CHH3KAACh, CTPEMHUTCS K HEKOTOPOH NOCTOAHHON BeJHUHHE;

2) OGoxoBOE ngaBJeHHe AOCTHUTAET CBOET0 HAHOOJbIIEro 3HaYeHHA
He B MOMEHT NpUAOKEHHS pPi, a CUycTd HeKoTopoe BpeMsd, IOC/e 4Yero
OHO CHHIKAeTCS MO CXeMe, H3JI0KeHHOH B MyHKTe |;

3) GoxoBoe AaBneHHe JOCTHraeT CBOeTp HaMOOJIbIIEro 3HAUEHHS

Puc 85. Kpusble namenenus pedopMma-
LLUH OJHOMEDHOIO YNJIOTHeHHs u GOKO-
BOTO AaBJEHHA TPYHTA BO BpeMenu (IO
onwtaM E M Menkosa)
I () —Ap,=005—01, 2 (2)—ap,=
=0,3—10,353, 3 (3’)—Ap2=0,45——0,5 MIla
AM r % — mpupamiesne ocaakH s Y Apxy
% — mpupamteHue OGoKOBoro pacnopa

137 N S
a7 8 16 2% 32 40tn

MOCTeNeHHO H OCTaeTCs MOCTOSHHBIM B TeYeHHe BCero BPeMeHH felCT-
BHA Pi.

Kax BuaHO Ha puc. 85, Tie MOKAa3aHH 3KCHEPHMEHTAJbHBEE KPHBbIE
H3MeHAeMOCTH gedopManuy yuaoTHeHUa H 061ero G0KOBOro gaB/ieHH
06pasLoB aNNOBHATBHON MSATKOMIACTHUHOH TJHHBL Bo BpeMeHH (A==
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=5,5 cM; d=5,0 cM) ans Tpex crynedeit aasaedns (0,05—0,1; 0,30—
0,35 u 0,45—0,50 MIla), npu OAHOH W TOH 3Ke BeJANWYHHE CTYHEHU
(0,05 MIla) uaGaiofalTCcsd BCe TPH ONHCAHHBIE BHILE XapaKTep-
Hble CJy4aH H3MEHREMOCTH Pz= ps; Bo BpeMeHH. HeTpyaHO MOHATH, 4TO
13MeliseMOCTh XapaKTepa pa3BHTHs BO BpeMeHH 00llero OOKOBOIO 1aB-
JeHust 06YCJIOB/eHa COCTOSIHHEM I'PyHTa K Hayasy HenbiTaHus. QueBui-
HO, H3MeHAeMOCTh 00111ero 60KOBOTO AaBJeHHsl BO BpEMeHH 3aBHCHT TakK-
e OT BeJHYHHBI CTYNEHH HarpyskH.

Kpusble uaMedseMocTs 00Ilero 60KOBOIo AaBJeHHS IJIHHHCTHIX BO-
IOUACHIIEHHRX TpyHTOB, MonydeHdnle E. M. MeakoBeiM #  ApPYIHMH
HCCJIeOBATesIMH, 10 BHAY MOJHOCTBIO COBMNAjarT C KpHUBBIMH H3Me-
HAeMOCTH M36BITOUHOIO AaBJeHHS B NOPOBOH Bode (cM. puc. 33). 10
BIIOJIHE 3aKOHOMEPHO, MOCKOJbKY 00lllee GOKOBOe JaBJeHHe BOAOHACH-
[IeHHOro PPYHTA CKJaAbiBaeTcs 13 GOKOBOTO JaBJieHHs cKkeseTa (3Qdek-
THBHOe OOKOBOE jaBsieHHe) H JaBJedus B IopoBoi Boje. CielloBaTelb-
HO, XapakTep H3MEeHsSIeMOCTH IOC/JedHEro AOJKeH HaWTH OTpaikKeHHe
B H3MeHAEMOCTH BO BpeMeHH 00llero 60KOBOro JaBJeHHs. JTO 3HAUHT,
4TO NIPHPOAA H3MEHAeMOCTH 061lero 60KOBOTO AaBJIeHHS BO/IOHACHIIEH-
HBIX TJHHHCTHIX TPYHTOB BO BpeMeHH (npH BO3HHKHOBEHHH H30LITOU-
HHIX HATOPOB B IOPOBOH BOJE) HAEHTHYHA C NPHPOLOH DPA3BHTHA BO
BpeMeHH MOPOBOrO AaBJeHHs H 0OyCJOBJeHa CTPYKTYPHHRIMH H CTPYK-
TYPHO-a1COPOUHOHHLIMA AehopMalusIMH HX CKeseTa B 3aBHCHMOCTH OT
BeduuuHbl A (6.3) — OTHOLIeHHs BHellHel YIJOTHsAOWEH HAaTPY3KH K
npefeay CTpyKTYPHOR NPOYHOCTH.

Onucanubli BhIUe cnag o6mero GOKOBOrO 1aBJIEHHs BO BPEMEHH
BOAOHACHIILEHHOTO TJIHHHCTOIO TPYHTA NMpaKTHYECKH 3aKAHUHBAETCs C
3apeplleHHeM DacCeHBaHHsA TMOPOBOTO AABJ€HHs, T. €. NPH HacTymJje-
HHH BTOPOTO MEePHOAA YILIOTHEHHs — YIJOTHEHHS 32 cUeT IOJ3YYecTH
CKeJieTa, JTO NOATBepiKJaercsi ycraHoBAeHHHM P. Jlo nmpumepHo mo-
CTOSIHHEIM 3HadeHHeM OOKOBOTO /JaBJIEHHSI IPYHTa NPH KOMIPECCHH
fiocje HACTYIJGHWS npoHecca «BTOPHYHOH Koucoauaanuws. Chaefopa-
TeNbHO, KOrja CTPYKTYPHHE JedopMallHH NPOTeKAlOT MejJieHHee OT-
XKaTHA NMOPOBOH BOJBl H MO3TOMY He BO3HHKAKOT H3OHITOYHBE daBlie-
HHSL B TOCJe/IHEeH, H3MeHseMOoCTh OOKOBOrO JlaBieHHs oOycnoBieHa
noi3yyecTulo cKejera. Mamensemocts addexTHBHOro GoKOBOrO 1aB-
JIeHHsl TMPOUCXOAHT MO CXeMe, ONHcaHHOH B MyHkTe 3. B atom cayuae,
K KOTOPOMY OTHOCSITCS KOMIPeCCHOHHHE HCIHTaHHS 06pasioB HeGob-
wol TonmHEK (cM. r. 6, § 2), DHK 6OKOBOro AaBJ/ieHusi OOLIYHO He
HabmaiojaeTcsi, a ecin HaOnlOJaeTcs, TO TOJBKO B TeUeHHE MEPBBIX
JBYX-TpeX JeCATKOB MHHYT.

B ueasx yctpamennsi norpewmdocrteif, o6ycJoBJeHHHX HEGOABIION
KeCTKOCTbIO «ynuTKH» MaHoMerpa, lO. I1, Cmoaun (1974 r.) ans 3a-
Mepa JaBJeHHA KHAKOCTH B Kamepe npubopa tuma «B» mnpuMenus
MaJsiorabapHTHEe Mec/l03hl Ha KPeMHHEBBIX T€H30pe3HCTOpax, obJjaza-
IOlHe OYeHb OOJBUION KeCTKOCTHIO. JTO MO3BONHNO 3aPETHCTPHPO-
BaTb 00OKOBOe JaBjeHne Haumnas c 0,001 MITa u nokasarth, uto B
«ynpyrofl (ase conmpoTuBeHHs» GOKOBOe AaBJeHHe He PABHO HYJIO.
Has uccie/l0BaHHBIX TMHHCTEIX TPYHTOB NPH YIVIOTHAIONUX HArPy3-
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kax go 0,1883 MIla IO. TI. CMOJHHBEIM NOJyueHH KO3(Q(PHUHEHTH 3¢~
¢exTHBHOro 6OKOBOTO AaBjenus nopajka £=0,635—0,80.

C TOYKM 3peHHs BLISICHEHHSI MPHPOALI H3MEHSIEMOCTH BO BpEMEHH
obmero # 3¢dexTHBHOr0 OOKOBOTO HaBJEHHSI B BOJOHACHIIIEHHHIX H
BOJOHEHACHINEHHEIX TIHHHCTHX TPYUTAaxX MPEeACTaBJaAIT GOJbMION HH-
Tepec HccaegoBauust H. B. Opaartckoro, nposedeHHuie B 1958 1. Ha
oJoMeTpe KBaApaTHo! ¢opMul cobcrBeHHOH kKoucTpyKuuu., Opomerp
(RoMmpeccHoHHBIR NpHGOp) Obll 06OPYAOBAH HATHIO MeMOPaHHBIMH
AWHAMOMeTpaMH ANf OAHOBPEMEHHOrO 3aMepa PeaKllMH gHa, OOKOBHIX
CTEHOK H H3OBITOYHOrC AaBJeHHS B [opoBoH Boge. B  mnocaeanem

& M0 / Puc. 86. Mamenenwe GOKOBOPO pacmopa peiXaoi #

= BOAOHACHIUEHHOH GeHTOHHTOBON TJIHHBI TIPH ee Je-

25k 2 (GopMHpOBaHHY @iox AasiaenseM o;=0,1 MIla (a0
5 J onnram H. B. Oprarckoro):

4 ! — HanpseHHe TPYHTa {peaklus JHa OROMEerpa KOM-

QZ“ | R npeccHoHHoro TNpubopa); 2 — GoKosof paclop rpynTa; 8 —

GoKorolt pactiop oT <«3thheKTHRHOro AaBleHus»; 4 -— HeliT-

/4 7 Z zZ, dHu panbHOe paBieHHe (faBaeHue B NODOROE Boae)

cayuyae JBa MeMGpaHHHX JAnHamoMeTpa OblIH OTAEJeHH OT o6pasua
rpyuta nep$opHpOBAHHBIMH NJIACTHHKaMH, OOECeYHBAIOUIHMH CBO-
GOAHBIR JOCTY MOPOBOH BOABL K HX MeMOpaHaM.

DKCIepPUMEHTAMH, B YACTHOCTH, YCTAHOBJEHO, YTO NPH YIIOTHEHUH
nactel 6eHTOHHTOBOR TAHHE (pHc. 86) BO3HHKHOBEHHE H H3MEHSICMOCTh
6oKOBOTrO pacrnopa NPOTEKAET B COOTBETCTBHH CO CX€MOH, ONHCAHHOH
B NyHKTe 1, a 60KoBoro 3()(EKTHBHOrO AaB/eHHS — Mo cxeMe 3. DTH
Pe3yAbTATHl MOJHOCTBIO COTVIACYIOTCS C ONHTAaMH, BHIIOJHEHHBIMH 1103-
ke E. M. MeakosriM u ap. OHu foKa3niBaoT 00ycJOBIEHHOCTh criaja
H BO3HHKHOBEHHsi THKa o6LIlero OOKOBOTO AaBJeHHS XapakTEpOM H3-
MeHSEMOCTH HW30HITOUHOTO AABJEHWs B MOpoBOH Boje (cM. T 4, § 4,
puc. 33).

H. B. Opuatckuii, a B JanbHelillleM H APYrue HCCJAEAOBATENH
(E. M. Meakos, B. A. Mustomckuit, A. B. Tonau u JI. K. Tuxomuposa
H JAp.) DoKasaJH, YTO NPH YIUIOTHEHHH O4YeHb cAaOHX BOJOHACHILEH-
HBIX TJIMHHUCTHX TPYHTOB B TeKyueM COCTOSIHUH HX ofliee GOKOBOe JAaB-
JeHHe paBHO BHENIHeH YNJIOTHsOWEH Harpy3Ke B MOMEHT ee TPHJO-
Kenud. Ilpy UCNHTAHHH NJOTHHIX TJHHHCTBIX TPYHTOB, 06JaalolkX
OWYTHMOH CTPYKTYPHOH MPOYHOCTBIO, H3GHITOUHHE AaBJeHHS B IOpPO-
BOH Bo/le paBHBl HYJIIO, a OOKOBOE JaBJieHHE PaBHO 3¢ beKTHBHOMY 60-
KOBOMY jAaB/JeHHI0. Takoe moBeieHue ofiero GOKOBOro AaBJieHHS
o6ycioBneHo BelNHYKHOH py. FI3BecTHO, 4TO YMEHbIIEHHEM p; MOXKHO
JoOHThCS TOJTHOH ero mepefayd Ha CKeJeT oYeHb CAAGOTo TJHHHCTOTO
rpydTa (cMm. ra. 4, § 3) u paBeHcTBa 001Er0 GOKOBOrO gaBjeHHS 3(-
exktuBHOMY. B To e BpeMs, CHIBHO YBEJHYHBAS Pi, MOXKHO AOOGHTH-
csl MOJIHOH ero mepenads (B MOMEHT NMPUJIOXKEHHS) Ha TNOPOBYIO BOAy
daKe o4eHb NIPOUHOTO BOAOHACHIIEHHOTO TPYHTA H HanOOJBINEr0 3Ha-
ueHust £=1.

Hapaay c¢ crab6unomerpamu Tuna «B» aast HccienoBaHus GOKOBO-
TO ZaBJEHHS [JIHHHCTBIX TPYHTOB NOJYYHJAH INPHMEHEHHE OOHUuHHEE
KOMIPEeCCHOHHEIe NPHOOPH, CHAGXKedHBE TEH30METPHUECKHMH pabouu-
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MH KOJbUaMH, KOTOphle HCHOJb30Baan B. A. Musiomckuii, C. P. Mec-
usid, 10. I1. Cmoaun, A. B, Konnu u JI. K. TuxoMupoBa u ap.

B. A. Muswomckuit B 1973 r. [21] ony6ankoBan pesysabTaTH Ompe-
Hejiedns o0Inero GOKOBOTO JAaBJieHHs TJAHHHCTHX TPYHTOB B <«IJiaBa-
I0llleM» TOHKOCTEHHOM  IHJHHIPHYECKOM KOJbIE (C COOTHOIIEHHEM
pasmepos 1:1) ronmumuaoi 0,35 MM, M3TOTOBIEHHOM H3 aJIOMHHHEBOTO
cngiapa, Jlasg 3amepa o6uiero GOKOBOrO JAaBJjieHHSI IO HapyKHOH Mo-
BEPXHOCTH KOJbla OHIIM HaKJEEHH HYeThpe TMpPOBOJOYHBIX RATUHKA
CONPOTHBJEHHS, a BAOJAL 0Gpa3yloulell UUAHHApPA ellle OHH, KOMIEH-
caiuoHHEIH, B menasx ycTpaHeHHs TpeHHsI KOJbIO CMasbIBaJoCh pac-
THTEJBHEIM MacJoM, a MeXay 00pa3umoM H KOJbilOM [OMellaJach
TOHKasl pe3nHoBas o6osoukKa.

AHasoruudas MeToAHMKa AJS olpejeneinsi OOKOBOTO AaBJieHHS B
1974 r. 68112 HcnmoAbL30BaHA aBTOPOM KHUTH coBMecTHO ¢ P. I1. Mana-
kstiom [21]. B orsmume or omHcaHHOro Bhille pafoyee KOJAbLO NpUbo-
pa (d=101 MM, h=24 mM) cocToano M3 HAaBGOpPa TEeH3OMETPHYECKHX
CTalibHBEIX KoJew ToaluHod 0,4 MM, BuicoToll 4 MM. Majad TojlHHA
HCIHTaHAEBIX 00pa3sloB, HANHYHe 3a30pa MeKAy KOJAbLAMH, a TakikKe
nneHKH (MOJH3THAEHOBOH) MeXKay KOJbLAaMH H o6pa3uoM INpaKkTHUe-
CKH TIOJHOCTRIO HCKJIOUHJH TPeHHe Mo ero O0KOBOH NMOBEPXHOCTH.

TapupoBaHHe TeH30MeTpHYECKHX KOJ€ll OCYLIECTBJSIJIOCH B TapH-
poBoudHoM mpubope (puc. 87). JarncHue B KaMepe TapHPOBOYHOTO
npubopa co3ZaBasoCh a3eTOM H 3aMepsijioch 06pa3unoBLIM MAaHOMET-
pom c wenofi genends 0,005 MIla, OraocuresnsHast gedopManisi TeH-
30MeTpHYECKOr0 KOJbila Moj AedCTBHeM BHYTpEHHEro AaBJIeHHsl 3aMe-
psiiach YHHBepCaJbHEM H3MEPHTeNbHBIM yerpoficreom UM-111 (T'IP),
NO3BOJSIIOIIMM OTPeAesuTh 3Ty AepopMamHio ¢ TouHocThio 1076, Ile-
(opmanusi TeH3OMETPHYECKHX KOJell, 32 HCKJIOueHHeM HeBGOoMbUINX
AasneHufi (10 0,04 MIla), 6ulna aHefHOMH.

B npuBenenuomM HHKe mpuMepe 00pasiibi-GJu3denbl KHEBCKOH riiu-
Hbl IPHPOAHOTO CJIOMKEHHsI HCIBITHIBAJH HA KOMIPECCHOHHYIO TOM3Y-
4ecTh IOCJi€ NPEABAPHUTENBHOrO VYIUIOTHEHHS TOJ JAeHCTBHEM Opp=
=0,25 MIla. Mcnuradust TpOBOAUAH C 3aMePOM OOKOBOTO AaBJEHHS,
nog geficreuem moctosidoro (0,2 MITa) u Bospacramliero Bo BpeMe-
Hu crynedamu (0,05 u 0,1 MITa) nanpsixkennit (puc. 88). Kospdpuuuenr
OOKOBOTrO JaBJeHHS] ONPeAeNsNCcsT U3 COOTHOUIEHHsI MpHpalleHusi 60KO-
Boro JaBJjieHHs K NPHPAIlEHHIO (CTyNeHH) yIJIOTHSIOMmEH Harpy3KH.

Omnutel mokasand, 4To Ko3(duuuedT GOKOBOro naBjeHusi TPyHTa
(He3aBHCHMO OT BeJHYHHH p[) BO3pacCTaeT OT HyJAst [0 KOHEYHOTO
CBOETO 3HAYeHHS 3a 2—3 AHA, a 3aTeM OCTacTCsl MOCTOSHHEIM (pHC.
89). MakcumanbHoe 3Haueilne O6okoBoro AaBieHust (§=0,82), KakK u
CneA0BaJI0 OXKHAATh, ObLIO 3adUKcHpPoBaHO NpW HauObojbllell ymiaor-
Hstiolef Harpyske p;=0,2 MIla. Kosdduuuenr 6GokoBoro pabijeHHA
or geficteust py=0,1 MIla paesen E=0,76, a or JdeficTBua p;=
=0,05 MITa — £=0,65. DTo 3HauuT, YTO NG MepPe CHHIKEHHS BeJHYH-
Hbl BHelIHe# HarpyskH p; k03(p@uuuedAT G0KOBOro AaBjieHHS] CHHXKaeT-
csi. CaegoBaTensHo, k03¢ PuiuedHtT 6OKOBOro JHaBJUeHHSH
3aBHCHT OT BE€NHYHHHB YNJOTHSWI€EA HarpyskKH P

Ha puc. 89 BHaHo, uTo Ko3(p(duuueHT 6OKOBOrO LaBieHHA I'DyHTa
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Puc. 87. IlpuGop ans TapupoBKH CH-

JIOBHIX {TEH3OMETPWHRCKMX) KOJLH Ass

HamepeHHs1 GOKOROTO [JaBJeHHA [JH-
HUCTHIX TPYHTOB:

Puc. 89. Kpusne n3MeHseMocTH Ko3d-
¢rnnenTa OOKOBOTD JAaBlenHA KHeB-
cKofl rauHB 32—72 OpHpPORHOIO Clo-
XKeHHs BO BpeMeHH (01,0=0,25 MIla):

1 — auplle; 2 — HHXKHee 3aKHMHOE XOJBLO;
3 — CcoeiHHHTEJbHBIN GoaT; 4 — BepxHee
KOabpo, 5 — rafika COeAMHHTENBLHOro GonTa;
6, 14 — 3aXHUMHBle BUHTbl; 7 — NPOKAANKE;
8 — uunnmeab, 9 — KPHIIKE; J0 — NpoKnaiKa;
1! — paTYHKH; 12 — CHJOBhHle (T€M3OMETpH-
gecKHe) KoJdblla; 13— peaHHosasn oGonouKa;
15 — nogknagka

r " — npn [—V cryneHsx HanpsokeHUs
1 {1
Acy=0,06 MITa; 2 u 2 —orpn I-II c1y-

neHsx Aog;=0,1 MIla; SI—npa Ag,=
=0,2 Mlla

Ect
o2
4036
4030
026
5078

12

el i | | |
6;.MNa 420 415 410 5,05

1 1 1 | ! |

1 1 |
2 4 & 8 10 72 7% 1651,dnu

Puc. 88. OxcmepumeHTalbHEE KPHBHE KOMIPECCHOHHOM MOJN3YUECTH KWEBCKOW MVIWHBL
32—72 OpupoAHOro CJIOMKeEHWUs IPH Pa3JHYHBIX PEKHMAX NPUIOKEHHS CTYMEHYATO-
BO3pacTaloMHX Harpyaok (0,0=0,25 ITa)

H3MeHsieTCH TaKxke [0 Mepe CTYNEHUYATOTO BO3paCTaHHs YIAOTHAMIEH
Harpysku. [Ipuuem £ 3aBHCHT KaK OT BeJHYHHH CTYNEHH YIJIOTHAOMIEH
HarpyskH, Tak H CKOPOCTH BO3pacTaHHs NocJaelHeH.

ITpu mocnegoBaTe/IbHOM NPHJIOKEHHH ABYX PAaBHBIX CTyNMeHeld Ha-
rpy3kd 0,1 MIla ormeyaercs yMeHbllenHe § mouTd Ha 25%, a npu
Nepexojle OT nepBoil crynenH p;=0,05 MIla Ko BTOpO#H paBHo#l cTyme-
HH—Ha 18%. B ciyuae npuioxenus Tpetbeii crymenu p;=0,05 MITa
OTMeUeHO cKayKooOpas3Hoe BozpacraHHe & or 0,56 o 0,72, a npu mo-
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crexyiOMMX AByX CTyTEHAX HArPY3KH €ro CHHXKCHHE COOTBETCTBEHHO

no 0,65 u 0,b. .
3auKCHUpPOBaHHOE [IPH MPHJOKEHHUH TPEThEH CTYNCHH p=0,05 MIla

Bo3pacTanhe £ 0ObsCHAETCS CKAYKOOOPasHBIM HapyIUeHHEM CTPYKTYpbI
rpydTa MOJ CyMMaplUHM [eHCTBHEM BCeX paHee NPH/OXKEHHBIX Harpy-
30k (0,15 MITa), nompobuo paccMolpennoM Belme (cm. § 3). Ilpm
NMPUJOKEHHH OTHOCHTEJbHO GONBIIMX CTyneHefi Harpy3ku (B AQHHOM
cayuae 0,1 MITa) nepexol OT OAROH CTynmeHH K APYrod CONMPOBOXKAAET-
cAl TIepHOJMYECKHM HapyLUIEHHEM CTDYKTyphl H YIJIOTHEHHEM CPYHTa,
NPUBOMSAIULHM K 3aKOHOMEPHOMY CHHXKEHHIO Ko3((HiuueHTa GOKOBOIO
JaBIeHHS A0 AOCTHXKEHHS HM YIpPYTOyNJOTHEHHOLO COCTOSHHSA. TaKHM
ob6pasoM, Ko3ppuHuUHeHT O6OKOBOTIO JaBJEHHS TJIHHH-
CTOTO 'PYyHTa 3aBHCHT He TOJNbKO OT BeJHYHHB Ha-
yaJbHOH MNOCTOSSHHOH Harpy3KH, HO H OT CKOpPOCTH
ee BO3pacTaHHA

UrofH HCKAIOUHTE HEOOXORHMOCTL YKJAAKH NMOJHITHICHOBOH H30-
AAIHOHHON TJIEHKH MeKay o6paslnoM H HaGopoM TEH3OMeTpHYeCKHX
KoJjiel, OwlJIO HCNOJNbL30BAHO CIUIOIIHOE JaTyHHOe TeH30MeTpHYecKOe
Koabno ¢ toamuHoli credkH 0,3 MM aguamerpom 101 MM ¥ BHCOTOIO
30 MM mpu BeicoTe o0pasua 24 MM. YBeJHyeHHe OTHOLUEHHS AHAMET-
pa obpasna K ero BmcoTe 10 4,2 NMO3BONHIO CyleCTBEHHO CHH3HTh
BeJIHYHHY GOKOBOTO TpeHHS.

WcnelTagel ABe oYeHb MJAOTHHIE H NpoYHble HabyxalliHe TIHHBL
(40—82 ETY: p,=2820 xr/m? p=2070 kr/m3; w=0,188; /»=0,289 n
42—82 EI'V: ps=2750 kr/m?*; p=1960 kr/m3;, @=0,29; [,=0,26) nox
detictBueM p;, BospacramomeM o 0,25 MIla cryneasmu 0,02 Mlla,
Hna samepa gedopMauHH TeH30MeTPHYECKOTO KOJbIIA HCHOJbH30BAR
uudpoBoil TeHsomeTpudeckui moct LITM-3.

OnwiThl MOKa3aay, YTO HAYWHAasA C CAMOTO HeOOJbIIOro 3HAYeHHH
p1=0,02 MITa umeer mMecTo BO3pacTaHue pp. IlpuueM ecn B ogHOM
cayuae (rpyar 42—82 EIY) ans & monyuunu Besnundy 0,4, 6JH3KyIO
K pesysnbTaTaM APyrHX HccaefoBaresedl, To aasa rpyura 40—82 EIY
NOJyYHAH HeoObiyHO Manoe 3HauenHe £=0,33. I10, 0OYeBHAHO, MOXKHO
O00BACHATL 6OJBINOA CTPYKTYPHOH NpPOYHOCTBIO TPYHTA H OTHOCHTENb-
HO MaJIbiM, 10 CPABHEHHIO CO CTPYKTYPHOH NMPOUYHOCTBHIO, 3HAYEHHEM py.

Takum o6pasoM, ans ompefefedns Koddduiredta spdexkTHBHOrO
OOKOBOTO jaBneHH:, BXOAAMWero B (3.16), MOKHO 10Jb30BATHCA KOM-
IPECCHOHHBIMA NMpHOOpaMH. CHaOXeHHEMH TeH30MeTpHYeCKHMH pa6o-
YHMH KOJblaMu. B ciyuae HcnmbITaHHS DHJAUHApUYECKHX 06pasyoB B
crabunoMeTpax Tuna «bB» ollHOBpeMeHHO ¢ GOKOBBIM JAaBJjeHueM m0J-
HHB OHITh 3aMepeHbl H3OLITOYHBIE AABJEHHA B MOPOBOH BoAe /S BHi-
uncTennst 3 peKTHBHOTO aBJeHusl H ero KOs puuHeHTa.

OBoGuienre 3KCrepHMEHTAIbHBIX JaHHBIX, NOJYYEHHBIX Pa3IHIHbi-
MH MeTOAaMH, MOKa3bBAET, YTO YNOMSIHYTH Bhillle KO3(D(GHIHEHT H3-
Mendercs B npefenax §=0,5+0,9. Ero cpennee smauenue Ep=0,7
CoBNajaeT ¢ BeanduHow, nonydeddoit K. Tepuaru anst raua., Ecnn npu-
HATb, 4T0 £=0,7, To Hanbonbllas owHOKA B OnpeledeHHH o° He npe-
BHICHT +15% u 6yfeT HaXOAWTbCA B Npefesax OMHOOK OGHIUHBIX
KOMIIPECCHOHHBIX HCMBITAHHH IIMHHCTHX [PYHTOB.
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I'nmasa 7

NPEAEJBHBIE HANPSOKEHUSA U PEOJIOTHYECKHUE
YPABHEHMUS
COCTOSAHUSA TJIMHUCTBIX TPYHTOB
NP NMPOCTOM CIBHUTE

§ 1. BBEJLEHHUE

IlpocrefiunM BHAOM HedopMaudn (HOPMOH3MEHEHHS TBEPABIX Tel
sBasercd 4YHCTHHA caBur (cm. puc. 6). HanGonee npoctHimM BH-
AoM gedhopMmalMH TPYHTOBOH TOJIUH B HaType nox AeHcTBHeM Kaca-
TeNBHBIX HanpsxkeHWH (He MpPeBHIUAIOMIMX MPOUYHOCTb — COUPOTHBJE-
HHE C/BUTY IpyHTa) ABafercd npocTofi cABHr (puc. 90) [20,
22]. Ewe B 1933 r. ator Bux nedpopmaunu [. M. TMoxpoBcku# HasBan
«CKallHBaHHeM H HaHOolee XapakTEPHHIM JJs TJHHHCTOrO IpyH-
Ta, NOKA He MOSABH/INCH KaTacTpoHuecKHe TPeIUHHE H pasphiBLH B HHX»,
PaccmarpuBasi xapakrep H CKOPOCTH Ae(pOPMHPOBAHHA TJIHHHUCTHIX
TPYHTOB B onossHeBhXx ckaoHax, C. Iapn [20] pasauyana aBa BHAa
JedopMauuyu caBUTa: TNJIOCKHH, KOTOPHH COOTBETCTBYET CJAYYAI0
B3aHMHOTO MEepeMELleHUs] MAacCHBOB I'PYyHTA II0 HEKOTOPOH IJIOCKOCTH,
H 00BbeMHEH, NPOTeKAIOIHH B BHAe Me[JeHHOIO TeUeHHS ero
9JICMEHTAPHEIX CJOeB APyl OTHOCHTEJNBHO ApYyra, Mo cXeMe MpOoCTOro
capara-ckamuBanusa. Cormacno H. §. Ienucosy (1956 r.), B atom
cllyyae «KaXAbBH 3JeMeHTapHBIH c/ofl», MapanjeJbHHH KacaTeabHOH
cHJie, cMemaercd no OTHOLIEHHIO K ApPYTOH 6€3 HapylleHHdA CIIOIUHOCTH
TPYHTA.

Hcxoas H3 ycioBHs CKAUIMBAHHS 3JeMEHTAPHHX CJIOEB rpyHTa OC-
HOBAaHHA MO AeHCTBUEM 3aTyXaOIIHX Mo Tay0HHe KacaTeinbHHIX Ha-
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Puc. 90. CxeMH pacrnpeneeHHs HalpAKeHHH B 3JEMEHTAPHOM TPYHTOBOM Hapajnene-

gumene NOX JefiCTBAEM DaBHOMEPHO DAacTpelle/IeHHHIX Ha MOBEPXHOCTH BeMJH HOpP-

MaJbHBIX f, H KacaTeJbHBIX T Hanpsi’keHuH W ero CKauIHBaHHA HpPH NPOCTOM CIBHTE,

A;—30Ha CABHra 3JeMeHTADHOrO Napaienenumena; AS, y-— aGcooTHass ¥ OTHO-
cuTenipHas fgedopMaulud TPOCTOrO CABHra
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npsKeHHil, OnpeleleMEX H3 PEIIEHHS YNpYro# 3alaud, H. H. Macnos
8 1936 r. [18, 19] paspaboran MeTO/ Onpe/lesieHHst TOPH3OHTAIBHBIX
CMéNeHHll TOANOPHBEIX THAPOTEXHHYECKHX coopyxeHul. Torla Xe OH
BIlepBbie NOAHSA BONPOC 0 HEOOXOAMMOCTH pacyeTa MOANOPHHIX CoOpY-
JKeHHHl Ha CABHT IO AONyCKaeMHIM jedopMauMaM, Kak 3TO HNPHHATO
NpPH ONpe/ieIeHHH UX OCa/l0K.

HatypHrle HabdroQeHHst 3a CMEIIEHHEM IPYyHTa N0 IayOuHe TOJLUIH
moJ JeificTBHeM KacaTeNbHBIX HanpsieHul, nposeiseHHbie B 1938-—
1957 rr. K. A. KneBuosuiM, P. Ilerepconom u ap. [20], noxkasanu, 4to
nAeopmanus cABHra nmporeKaeT B HEKOTOPOH 3oHe. B 3aBHCHMOCTH OT
XapaKTepa pacupefeneHHs] HANpAMKeHHH ¥ JUTHTEJNbHOCTH HX JeHCTBHSA
AethopMauus ciBura mo ray0uHe TOJIH MOXeT MPOTEKATh KaK 10 JH-
HeHHOMY, TaK H MO HeJHHEAHOMY 3aKOHY, NpHyYeM AedopMalus 3JeMeH-
TapHBIX CJAOeB Bcerjla MPOHCXOAHT IO CXEMe MPOCTOro CABHIra-CKallH-
BAHHIL.

B orauuse ot cioxuaoi gedopmainn HopMoH3MeHeHHs (cABUra),
KOTJla Ha BCeX TPaHAX 3JeMEHTAPHOr0 NPAMOYroJnLHOrO Mapajjeseny-
nefa JeACTBYIOT BCe KOMIIOHEHTHl TeH30pa Hanps:keHufi (cM. puc. 19),
npu npoctoM c/iBure {cM. puc. 90) Ha ero rpaHax JAefiCTBYIOT HOpMab-
HEIe HaNpsXKeHHs Oy, Oy, O, H ABE TNapbl KacaTeNbHBEIX HaNpAXKeHUH
Tyz © —Txz, 4 OCTAJILHHE KOMIOHEHTE MOCHEIHHX PaBHH HYIK (Ty;=
=T,y =Ty=Txy=0). B paccmMaTpuBaemomM caydyae sjeMeHTapHHH
NPAMOYTONBHEH MapaJjjesenune] HCNBITHBALT Kak AepopmaluHn 00b-
eMa, Tak # POpPMBL,

TauanCcTEIE TPYHTH OGBIYHO HCIBITHIBAIOT HA NPOCTOH CABHI MOCTE
nondofl crabunusanuu AePopMauHd YNIOTHEHHS H DacceHBaHHs MOPO-
BOTO JaBJIEHHSI OT AGHCTBHS HOPMAJbHEIX (YIJIOTHAIUIHX) HamnpskKe-
HHH 0, Ox=0y, IPHBOAAIINX UX B HOBOE@ COCTOSHHE, XapakTe-
pH3YIOLleeCs NJIOTHOCTHIO-BAAXKHOCTBIO H CTPYKTYDHOH INIPOYHOCTHIO
npH aaHHol TeMnepartype cpeibl. Torla medopmaiikio dopMonamene-
HHUS TPyHTa MOXKHO CYHTATh KBA3HUYUCTHIM CJABHTOM B fAaH-
HOM ero cocrosHuH. Ha puc. 90 BugHo, uto B 3tom cayyae nox AeHcr-
BHeM JBYX Nap KacaTeJbHHIX HaNpsKeHHHA 3/eMeHTapHbi IPAMOoYIob-
Hbl TMapaJseslenune], MOABEpPraercs HCKaKeHHIO (OPMBI B MJOCKOCTH
pHCYHKa (WITPHXOBBIE JHHHH) CKallHBaHHEM €ro BepTHKaJbHHX rpaHeit
Ha yron y=As/Az, rne As —abconorHas Aedopmauus cipura; Az —
BHICOTA 3JIEMEHTa HJH MOUIHOCTH 30HH C/IBHTrA.

Hetopmaniusg npocToro cABHra 9 TIHHHCTOrO TPYHTa BO BPEMEHH,
BO3HHKaIOU1as 0oj| efCTBUEM TOCTOAHHOTO KacaTeAbHOTO HaMpsAKeHus
T, CKJa/piBaeTcd H3 MTHOBEHHO# Jedopmaunn yo H Aedop-
MAalUHH OOJA3yUYEeCTH P4

Y ()= vo + v¢, (7.1)
SaKOHOMepHOCTH KOTOprX B peonomﬂ TJHHHCTBIX l"pyHTOB, KaKk H B

Cnydae ONHOMEDPHOrO yIJIOTHEHHA (¢M. 1. 5 u 6), HccaedyoTcsd pas-
JebHO.

B oraunume ot onHoMepHOro ynsoraenus (cM. ri. 6), B 3aBHCHMOCTH
OT YPOBHA KacaTeJbHOrO HampsiXeHus, AedopMauus y:; KaK H NpH
PacTsXKeHHH H CKATHH MaTepHaaoB (cM. puc. 15), cknajnBaerca H3
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3aTyXxalome# vyqg H He3zaTyXalollell vy, Aepopmaunit non-
3yuecTH:

Vi == Ydar + Yo - (7.2)

HesaTyxawomas MoJ3y4ecTh NPOCTOrO CABHIa NPH BBHICOKHX OTHO-
CHTEJIbHBIX HAMNpSXKEeHHSIX 3aBeplIaeTcss HCUYCPNLIBaHHEM INPOYNOCTH
rpydTa 6e3 HapyLleHHs HJH C HAPYIIEHHCM €ro CIJIOWHOCTH BCJIEACT-
BHE HACTYIJIEHHS] CTaJHH MPOTPECCHPYIOLIEr0 pa3pyllleHHs — MOJ3Y-
YeCTH C BO3pacTaionlefi CKOPOCTBIO (CM. PHC. 2),

Jns onpeflenedns AeopMaiHd MpPOCTOrO CABHra IJIHHHCTHIX TPYH-
TOB B WEASX NMPOTHO3a KOHEUHBIX H AJHTCJABHBEIX CMeLleHHH pasHyHbIX
coopyKeuufi H AepopMaunuil OCHOBaHHH mpeAcTaBiseT GOMbIIOH HHTe-
pec HCCJeOBaHHE 3aKOHOMEPHOCTEH 3aTyXalolled MOJN3YYRCTH Y4t H
TeYeHHS Yy¢ C MOCTOSTHHOH CKOPOCTBIO, & AJs pacueTa NPOYHOCTH IPYH-
TOB—YCJOBHS BpPpeMeHH BO3HHKHOBEHHS H TNpOTe-
KaHHSt 1NOoJ3y4YeCTH ¢ Bos3pacTallled CKOPOCTHIO
(cm. puc, 2, yuactok BC Ha KpHBO# 1moJ3ydyecTH).

HccaenoBanusi peoJiOrMueCKHX CBOHCTB TIPYHTOB BooOlue, TIAHHH-
CTHIX B OCOOEHHOCTH, B VCJOBHSAX NPOCTOrO CABHTa HMEIOT HCKJOUYH-
TeJIbHO BaXKHOE 3HAYeHMe JJIs MPOEKTHpOBaHust coopyxkennil. [TosTomy
He cJay4aliHO, 4TO, HECMOTPS Ha BHe/peHHe B nabopaTOPHYIO NMPAaKTHKY
HOBHIX MeTONOB OMNpefeJeHHs TNPOYHOCTHHX H JAe(OpMAaIHOHHBIX
CBOHCTB TJIMHHCTHIX TPYHTOB B VCAOBHSX CJOMKHOTO Ae(pOpMHpPOBAHHA,
HX ollpefieJileHHEe HCIBITaHHeM 00pasloB B yCAOBHAX IPOCTOrO CABHra
HE IOTEPAJNO CBOEro 3HadeHHs. ITOT METOA HCIHTAHHA T[JIHHHCTHX
TPYHTOB B HacTosiilee BpeMSl HaCTOJBKO YCOBEpLIEHCTBOBAH, YTO CBO-
00HO KOHKYDHPYCT C METOAOM HX HCHHTANHA B YCAOBHIX TPEXOCHOTO
cXKaTus, TMOJydYuBlWero B JabOpATOPHOH MpAaKTHKE OoJblice NpHMe-
HCHHe,

B onmtax Ha npocToil caBHr, Kak orMerua B 1935 r. H. H. Macuos,
B paubonbinel cTenedu oToOpaxalorces JAeHCTBHTe/bHbEIE YCIOBHS BO3-
MOXKHOTO CJBHTa COODYXKEHHS, ABJEHHS HapYLUeHHsl COMpPOTHBJEHHS
TpyHTa CABHMIY O4YeBH/HLI, RArIAKHEl H yOeAHTeJbHE. DTH ONBITH Ipe-
AeJbHO MPOCTH, a NMpH COOMOAeHHH YCJAOBHS APSHHPOBAHHS JaHHBIE
MCIBITAHAS TJIHHHCTEIX I'PYHTOB COBNAAAIOT C JaHHBIMH TPEXOCHBIX HC-
NLITaHHH Ha CKaTHe. MeXX1y TeM OHM HMEIOT IBHOE MPEeHMYLIECTBO Te-
pell ONbITaMH Ha TPeXOCHOE CXKaTHe B OTHOLUEHHH OMpeeJeHHOCTH
HamnpsixKeHHOTO COCTOAHHA O0pasia, BO3MOMXKHOCTH O4eHb OOJBIIHX Ne-
¢dopmannit (npubOpsl Kpy4eHHA WOMBIX H CIUIOLIHHX 06pas3uoB), MPo-
CTOTH H Ha/leXKHOCTH 3aMepa Aedopmaunii Hu T. . HMmenno nosromy
MHOTHe Huccnefobarend [20, 24, 41] peKOMeHAYIOT H3yueHHEe peoJOTH-
YECKHX CBOHCTB MVIMHHCTHIX TPYHTOB BHINOJHSTH Ha Npubopax KoJble-
BOTO Cp€3a, KPYJYeHHus! MOJHX H CIJIOWIHBIX OGP a3ioB.

B stoM pasfiene xHHrH paccMaTpHBalOTCSI 3 aKOHOMEDHOCTH
NON3y4YeCTH, KPaTKOBpPeMeHHOTO (HayalbHOro) H X JH-
TEJNBHOTO CONPOTHBJAEHHS CABHUTY TIJIHHHCTHX TPYHTOB
TIpH MPOCTOM C/IBHTe C Y4eTOM BJHSHHSA BeJHYHHBI, CKOPOCTH IpHJIOXKe-
HHSL H AJHTENbHOCTH AeHCTBHS KacaTeJbHBIX HamnpsiKeHHH, a TaKxke
H3MEHAEMOCTH UX COCTOAHHS NMOA JeACTBHEM YIJIOTHSIOIIHX Harpysok.
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Oun HMeIOT NepBOCTENeHHOe 3HAYEHHe KaK J/If PAa3BHUTHS ‘TEOPHH NOJ-
3YYECTH TVIHHHCTHIX PYHTOB, TaK H INPAKTHYECKHX PacyeTOB OCHOBAHHH
COOPY¥<€HHH MO MepBOMY H BTODOMY TpejelbHHM CO-
CTOSAHHSAM— [0 NpefeJbHON NMPOYHOCTH H JedopManHsaM CABHTra,

§ 2. NPEAEJIbHLIE HANPSA)KEHUSA CHOBHTA.
NPOCTENIUIKE PEOJIONHYECKHUE YPABHEHHSA COCTOSIHUSA

[Mpu uccnenoBaHHH 3aKOHOMepDHOcTeH Ae(opMHPOBAaHHS M HPOUY-
HOCTH (COMPOTHBJEHHS CABHTY) IJIMHHCTBIX TPDYHTOB B YCJOBHSIX IIPO-
CTOTO CJBHTa BO3HHKAeT HeoOXOAHMOCTh OlNpe/leleHHsl TpaHul Iepexa-
aa gepopMauuii H3 obnacTH 3aTyxawmel B 06JacTh yCTaHOBHBUICHCSE
MOJ3yyeCcTH — Te4eHHs C MOCTOSHHOH CKOPOCTBIO H OT HEe K NMOJA3YYECTH
¢ Bo3pacramoiell CKOPOCThIO, 3aBepllalomedcs HCuepNnbBAHHEM MPOH-
HocTH Marepuana. OmnpejefieHne yKa3aHHHIX TDPAHUI AJAS TJIHHHCTHIX
TPYHTOB MpPEACTABJSET ONPEALNICHHYIO TPYAHOCTb B CHJAYy H3MEHUHBOCTH
HX PeOJIOTHUECKHX CBOHCTB B OYeHb IIHPOKOM AHanasoHe — OT CBOACTB
KHAKOO6pA3HBIX 10 TBePA00OPa3HEIX TeJ,

1. H. B. Muxa#aos u Il. A. Pe6ungep [20] k Kkuapxoobpas-
HBE M OTHOCAT HCTHHHO BSI3KHe (HBIOTOHOBCKHE) Tejia M CTPYKTYPHpO-

BaHHble XHIKOCTH, XapaKTepHLIe DeoJOrHYecKHe KpHBbe y=7v(T) KO-
TOPHIX, MOJyYeHHEIE MeTOHNOM INPHAOKEHHS 3aAaHHOIO MOCTOSIHHOTO
rpajueHTa CKOPOCTH Ae(hOPMHPOBAHHS, MOKa3aHu Ha pHC. 91.

B orauune OT HBIOTOHOBCKOH BSI3KOH XKHakocTH (cM. puc. 11, Ha
pHc. 91, @ peomoruueckas KpHBas MOKasaHa LITPHXAMH) CTPYKTYPHPO-
BaHHBle JKHAKOCTH XapakTepH3yloTcsl 3((eKTHBHOH BSI3KOCTBHIO, 3aBH-
cdAmell 0T ypoBHSL KacaTeJbHoro HampsiKeHust. Oum obsajgaioT AByMs
nopefesLbHbIMH HaNPSKEHHSIMH T, U T, COOTBETCTBEHHO IIPe/lCTABAAIO-
IIHMH yCJAOBHHE TDAHHUBl HePa3pyIIeHHOW H pa3pyuleHHOH CTPYKTYP
c naubonbueli (RayanbHOM) to H HauMeHbUIeH (KOHEWHO) 15 BA3KO-
ctaMu. [Ipn nmpaxkTHYecKHX pacueTax BBOJHTCH TaKxe NOHATHE Y cC-
JOBHO-FHHAMHUYECKOro MNpegena CABHra (TEKyIecTH)
Typ ¥ NPHHAMAETCS, 4TO NpH T<Typ TEUEHHe Tela PAaBHO HyJI0, & MPH
T>1yp TEYCHHE NMPOUCXOJHT C HOCTOSHHOH CKOPOCTHIO H MOCTOSIHHOM
nnacTHYeCKOH BSISKOCThIO. B 3TOM cayyae peoJsioruyeckast KpuBas af-
NPOKCHMHpPyeTCst ypaBHeHHeM BHaa (2.44).

2. K TBepao06pasHEIM OTHOCSIT YNPYyTO-XPyNKHEe K YOpY-
To-mjacTHYHEB € (HCTHHHO NJACTHYHEE) Teld. ¥pyro-niacTHUHBE
TeJla XapaKTePH3yIOTCI HCTHHHHM TNpeneoM TEKYy4eCTH,
COBMAJAIOUIMM C MpeaeJaoM ynpyrocts T, (puc. 91,6). Ipu 1<1. B 3THX
Tejlax PaaBHBAIOTCS TOMBKO yIpyrue nedOpMapHH, B TOM YHCAE H MOJ-
HOCTbIO OOpATHMEIE 3/71aCTHUHLE, B oT/IHYHe OT HUX y CJ OB H O-N J a-
CTH4YHBE TeJa (KOAryasiiHOHHBIE CTPYKTYDH) XapakTepH3yIOTCcst
YCJIOBHO-YIPYTOf 06/1aCThi0, OrDAHHYEHHON yCAOBHHIM MpEAEJOM TEKy-
yecTH (ynpyroct) t.. B 3rtoff o6aactu npu anurensHoM HAGJIOICHHH
MOXHO OOHAapyXHTh HeoGpaTHMBble ae(OPMALHH, CBHeTe bCTBYIOULHE
O Te4eHHH C BBICOKOH BsI3KOCTBIO. IIpH T< T, B HEKOTOpPOM HHTEpBaJe
HanpsoKedHi (T<{1;) B HHX Ppa3BHBAIOTCA TPONECCH pa3PylUCHHS
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CTPYKTyp CO CKa‘IK006paBHbIM nageHueM BA3KOCTH HA HECKOJIbKO IO-

PALKOB.
HcruHHo 1yacTHYHbBlE H YCJAOBHO-IIIACTHYHBIE Teja XapakTepH3y-

10Tca Hauboiblled (UWIBeJAOBCKOH) My =T — Te/Yv, mn H HAHMEHbIUEH

(6uHraMOBCKOM) 1 [ =T—Typ/Yv,max BASKOCTSIMH, COOTBETCTBYHOUIHMH
TPAaKTHIECKH HE Pa3pVUIEHHOH H MOJHOCTBIO pa3pylieHHOH HX CTPYK-

Type (Yo, mn H Yo, max — HAHMeHbumias Hu Haubosblias CKOPOCTH Te-
YeHHA).

[To Mepe Bo3pacTaHusi BeJHYHHBI KAacaTeJbHOrO HAMPSKEHHS BO3-
pacTaeT cTelleHb pa3pyllleHHs CTpYKTypH, 3aBepluaineficsi pa3puiBOM
CIVIOIHOCTH Ha Npefelie MPOYHOCTH T; HJH e AOCTHIKEHHeM Harps-
2KEHHST TpeleJIbHOTO PA3PYUIEHHst CTPYKTYPH T;, BEIE KOTOPOTO TeJo
Te€ueT C HaHMeHblllefl BA3KOCTBIO 1y, Ecan nmpeHeGpeun HaHMeHBIIHMH
CKOPOCTSIMH  TeyeHHsi (ycTaHoBUBIIeficsi MOJA3y4ecTH) B Tpeaeiax
Te<<T<Typ, PEOJOrHYECKOe ypaBHEHHE TAKHX TeJl MOXHO NPEACTABHTDL
B BHJe COOTHOlIeHNs (2.44).

YcaoBHO-NTACTHYHBIE Tesld N0 CBOMM CBOHCTBAM HAXOAATCS MY
KHAKOOODA3HBEIMH H TBepJAbIMH TenaMH. IIpu Maubix rpafuedTax cko-
pocTH 1eOpMHPOBAHHS MPOUCXOAHT HX MOCTeNleHHOe pa3pylleHHe (KaK
Y XHAK000pa3HLIX Tes), a MPH AOCTATOYHO BHICOKHX rpagHeHTaX H J0-
CTHXKEHHUH Tpele]bHON JedopMaUtH NPOHCXOAHT HX paspyllieHHe ¢
PaspbIBOM CILTONIHOCTH.

3. PaccMoTpeHHHle BHIIE peOJIOTHUeCKHe KPHBLIe Aar0T ofliee npel-
CTaBjeHHe 00 H3MeHSIeMOCTH ITOCTOSHHBIX CKOpocTefl gedpopMHPOBaHHS

¥ 7y
Puc 9l. Peonoruueckne
KpHBBIE  KHAKOOOPa3HbIX
(@) u TBEpAOOOPA3HEIX
(6) tea mo I1. P Pebun-
// Repy

et T

{TegseHHns) MarepuasioB B 3aBHCHMOCTH OT YPOBHS KacaTeJibHOrO Ha-
APSAXKeHHus JJf  HeKOTOporo  (HUKCHPOBAHHOIO TNMOCTOSAHHOTO
TpajgkueHTa cKopocTtH gedpopmupoBanus [lo uaMm He-
BO3MOXHO CyAHTb O peajbHOM peoJIOTHYecKOM IOBeJeHHH TeJa, TO-
CKOJIbKY OHO CYIIECTBEHHO 3aBHCHT OT BeJHYHHB mNocjeiHero. YToOu
TOJIYyYHTh OTBET Ha 3TOT BONPOC, NMpolle BCero 06paTHTLCS K HCXOAHOMY
3KCNePHUMEHTANLHOMY MaTepHaly — K CeMeHCTBY 3KCIEPHMEHTANbHBIX
KPUBHIX MOJ3YYeCTH TJIHHHCTOrO TPyHTa (pHCc. 92), nosyvyeHHOMY HC-
NuTaHHEeM O6pasuoB-GAU3HENOB NMOJ AeACTBHEM Da3JjiHUHBX MO BeJsu-
YHHe NOCTOSIHHBIX KacaTeJNbHHX HanpsikKeHHH (BIJOTh JIO BEJHYHHH
npejesia NPOYHOCTH — CONPOTHUBJEHHS CABHIY), H NMOCTPOCHHOH HA €ro
OCHOBe PEOJIOTHUeCKOR KPHBOHW, MOKa3aHHOH B neBoft yacTu puc. 92.
Bua peonoruyeckoii KpuBO#l CYIleCTBEHHO 3aBHCHT OT MPOJOJXKHTENb-
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HOCTH ICHCTBHS TOCTOSIHHBIX KAcCATENBHBIX HalpPsKeHHH. DTO 3HAUHT,
YTO OJHO M TO 3KC TEJO B 3aBHCHMOCTH OT I MOMKeT OLITh OTHECEHO K
PA3JHUHEIM PEOJIOTHYECKHM TeaaM. [103ToOMy I cOCTABAEHHST PEOJIO-
THUCCKOIo ypPaBHCHHA COCTOSIHHA pcaJapHOro teJga CICAYET yUecTp He
TOJABKO BEJIHUHHY HaNpsKEHHA, HO W IPOMOIKHTeNLHOCTh €ro AefiCT-
BHsf, UTO, ECTECTBEHHO, 3HAUHTENHHO YCJIOXKHACT DelleHHe 3aLavH.
Jlas yUpoOIIEHHsST ONpe/ieJeHHsT PCONOTHUECKOTO ypaBHCHHS COCTOS-
HHSA W TIPEJeJIbHBIX HANPAXKEHHA MJIHHHCTOrO TPYHTA ABAsCTCA yA0OHBIV
paslenpbHOe paccMOTpeHdHe fedopMauHH 3aTyXaloulel MOJA3ydYecTH H
TeueHHs: (cM. 1. 2, § 3). B aToM caydyae oCHOBOR yka3aHHBIX ONpejc-
JeHHHA GYAyT CAYXKHThL PeoJIOTHUeCKHe KPHBLIe, NOCTpOeHHBIE I Pas-
JHUHBIX ! y4acTKa TeueHus AB KpHBHIX HoJasydectu (cM. pHC. 92).

PaccMaTpuBasi KPHBYIO CKOPOCTb TEUGHHS Yy — KacaTeJbHOE Ha-
Npsi’KeHHe T, MOXKHO Da3iuuaTh ABA NpPeJeJbHEX HanpsKeHHs ClBHra,
XapaKTepH3yIolHX AehopMallHio MHOJ3YYeCTH H MPOYHOCTH (CONPOTHB-
JieHHe CJBHTY) FJIHHHCTOTO rpyHTa [22]:

a) mepBoe NpPeleNbHOC HATNPSAXEHHe CABHTA Tim,
XapaKTepHsylolllee HAYaJo BOSHHKHOBEHHS Teuehus rpynta. Korna
1< il » CTaGWIHBHPOBAHHAS CKOPOCTh MOJI3YYecTH (TEUEHHsT) TPYH-

Ta PaBHA HYJIIO (y»:=0}, T. e. AeopManus NON3yyecTH SBAACTCA NOJI-
HOCTBIO 3aTYX&ICIICH,;

2 =
Tl e nnot t t W tt

Puc. 92. CemeNcTBO KPHBHIX NOJ3YYECTH [POCTOr0 CABHTA H KpHUBHE 1—\.( A8 Pas-

JUYHBIX MOMEHTOB BDEeMeHH f, tmﬂ— IePBOe Npeie]bHOE HaMpsKeHHsd; Ty, — Npe-

IeJ TeKyuecTH, IpeieJbHOE HANpsiKeHHe CJBHIa; T{?,)n =1; — BTOpOE [peAe/bHOe
HaNpsKeHHe CABHra, papHOe CONPOTHBJEHHIO IPYHTA CIBHLY Tj

6) BTopoe IHpejeibHOe HalNpSIKeHHE CJABITa

L COOTBETCTBYIOIlE€E YCJIOBHIO BO3HHKHOBEHHSI TpEeTbeH CTa1qB
BC nedopmupoBaHkA TpyHTa ¢ BO3pactalollieli CKOPOCTHIO (CM. pHC.
92). Ilpu v>>T{in BeAEACTBHe HAKOILIEHHS nebopMaluKH TOI3Y4ecTH
HCUepNbiBaeTcss MPOYHOCTL TPYHTA ¢ HapylleHHeMm (cABHIOM oOHOI
YacTH 10 ApYroit) uiH 6e3 napylleHHs CILIOUIHOCTH B peayJnTare 6odb-
wHx Aedopmaunit. CaenopaTesbHO, BTOpOe NpellebHOe HANpAKeHHe

PaBHO COTNDPOTHBAEHHIO TPYHTa CABHTy (Tim=T)).

() (2
Korga Tiim <t< i , AedopMalys NON3YUECTH MPOTEKAET ¢ II0-

CTOAHHOH CKOPOCTHIO (TeueBHeM). 3aBHCHMOCTb CKOPOCTH TEUEHHS OT
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BEJHUHHBI KacaTe/bHBIX HanpsKeuuid (cM. puc. 92) B GOabLIMHCTBE

Caydacs CIpSIMJsieTcs (BBHILY He60aLUIOTO pacxoxjieuuss Mexay T](}:n

U Typ, @ TAKKe MafblX CKOPOCTEH MOJ3YUecTH NpH T<Typ) U ANIPOK-
cuMHpyercst ypaBuennev IlIsenosa — bunrama suga (2.44):

dvy
dtbt = Typ + Uy, Mo, (7.3)

T=Ty t M

(1)
rae Ty =2 Thim— TEPBOE TPeJeJbHOe HAaNpsIKCHHE CABUTA (mpeacs
TEeKY4ecTH ), Has3blBaeMOe TaKxKe MOporoM moasydects, mo H. H. Mac-
JIOBY; 1)y — KO3 (HIHEHT BASKOCTH (IIPONOPLHOHAILHOCTH),

pu (1 —1yp)=1 Mo = ]/Uyy y Uy, = dyu/dt = const— koneunas
CTaCHIN3HPOBaHHAS (MIOCTOSIHHAsT) CKOPOCTh (CKOpOCTh Teuenus). Ipu
(v —1yp)=1 Yy, =Ky, Ky,— nocroannas CKOPOCTbL TEUEHHS NpH

(v —Typ) =1, BXoAslas B COOTHOWIEHHS JHHEHHON W HEJHHEHHOH Teo-
PHH YIIPYTO-NIOJI3YUero Teqa (cM. HHXKe),

[Ipu ucneitanun cnaGbix TAHHHCTBIX TPYHTOB Ha IPOCTOR CABHT
noclie cTaauu 3aryxamomleir nonsyuectn OA (cM. pue. 92) Bcerna Ha-

(1)
CTyNaeT cTaiusi TeueHns. ITO 3HAUHT, UTO Tiim = Typ = 0. Torna Brpa-
wegue (7.3) MOXKHO 3alHcaTbhb B BHAE YPABHEHHs] TEYEHHs HBIOTOHOB-
CKOPl BA3KOH XKHIKOCTH:

d Yot

— 0y . 7.4
ar % 74

== ’r]v

Cooruomenns (7.3) u (7.4) ABAAIOTCS HAHIPOCTEHIUHMH DEOJIOTH-
YeCKHMH YPaBHEHHSIMH COCTOSIHHS, XapaKTePH3YIOUIUMH AepOpMallHIO
[OJI3Yy4YecTH TJIMHHCTHIX IPYHTOB IIPH IPOCTOM cABHre €3 yueTa MrHo-
BEHHBIX Yo (YHEPYr#X) H 3aTyXalON[HX ya: AedopManHil.

YpaBHeHHe TEUeHHS] HLIOTOHOBCKOW B3KOH KHAKOCTH BIEPBHE OBI-
Jo npuMmeneno B 1937—1939 rr. M. XBopoc/eBEIM AJISi ONHCAHHS MOJ-
3yUeCTH IJIHHHCTHIX TPYHTOB IIPH CABHre, MOJYUYEHHOM IPH KpyueHHH
KOJIbILEBHX 06pasinoB B MpHOOPAX KOJBUEBOrO cpe3a (CM. HHXKE), a B
1946 r. P. Xegean u C. lepmanom. TlocneinnMu AJs TOH Ke UesH
06pa3supl rPyHTa OBIIH HCIBITAHBL B YCJOBHIX OJJHOOCHOTO H TPEXOCHO-
ro cxatud. PeoJioruueckasi KpHBas CKOPOCTb TeUeHHs — HalpsiKeHHe
(cM. puc. 92) AJs Mep3JEIX IPYHTOB IPH HX OJZHOOCHOM CXKATHH BIep-
Bele noayuena B 1939 r. H. A. LlsitoBuueM.

B 1941 r. H. H. Macyoe cdopMya#poBaj ycJOBHE NMJIACTHUHOCTH
(Teuenwus, ycTaHOBHBIIEHCA TIOI3YYeCTH) TVIHHHCTLIX TPYUTOB, OCHOBAH-
HOE Ha NPERJIOKSHHOM HM e Pa3JIeJICHHH CONPOTHBJENHS HX CABHTY
Ha BHyTpellHee TPEHHE, CTPYKTYPHOC CllellIeline H BOJHO-KOJIOH/adbHYIO
NpHPOAHYIO cBsi3HOCTh (cM. . 9, § 5). Ha ocHOBaHHH yKa3aHHOTO
yeaoeust u cootnoinenu#t (7.3) u (7.4) H. H. Macaos B 1958 r. pemna
3afiauy O CKOPOCTH Ae(OpMAalHH CJI0S TJIHHHCTOTO TPYHTa 10 HaKJOH-
HO# nitockoctH [ 18], a Ha OCHOBaHMH HAaTYPHBEIX HaOJI0AeHHH 3a ONOJ3-
HeBBIMH IIpOllecCaMH OMPEeAeJHJ Mpeaesbl H3MEHACMOCTH Ko3(duiiu-
eHTOB HX BaAskocTH 1.103—4,4.108 MITa.c. I'. M. Hlaxynsann B 1953 r.
ONHCaJ NJACTHUECKHE THIIB OINOJ3Hef «IpH KOTOPBIX YACTHIBI TPYHTa
KaK GEl TEKyT OJlHA MO OTHOIIEHHIO K Apyroi, 6e3 06pa3oBaHHus IOBepPX-
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HOCTH CKOJIbYKEHHS, ¢ IIOCTEIIEHHbIM 3aTyXaHHeM CKOPOCTH TeYeHHS B
6oJiee Tay0OKHX CJI0AX» — KaK TE4eHHE BSI3KOIIACTHYECKOTO Teda.
M. M. Bepky B cpoeil pHccepTaUHOHHOH pafoTe, BHIMOJIHEHHOH MOA pY-
kosofcTeoM [. M. HlaxyHsiHua, B TOM 3Ke rojy IOKasaJ, YTO TIJIHHH-
CTHE TPYHTH B IVIACTHUECKOM COCTOSIHHH MOTYT ObIThb OTHECEHBl K Teay
1llgenoBa — bBunramMa Npu HaJHUYHH aHOMAJHH BSISKOCTH NPH HeOOJb
IIHX TpafHeHTax ckopoctu (Ao 2-1075 1/c).

B uncie HccaefOBaHH#, IMOCBAUIEHHBIX VYIPYTOBS3KOMIAaCTHYHLEIM
CBOHMCTBAM TJAMHHCTHIX IPYHTOB M HX IOJ3Y4ecTH, HeoOXOAHMO 0co6o
otmeTnTb pabot M. C. T'esa u Tan Tbenr-ku, omy6aHKOBAlIHbIE B
1953 r. Oun nocpsnlelel AedopManuaM MOJA3YYecTH, MOJYICHHHM IpH
KPYUeHHH MYCTOTEeJNbX LUH/IHHIPHYECKHX 00pa3ioB TOHYApHOH TJIHHEL
(nponoakuTenbHOCcTHIO A0 118 u). MiMH ycTaHOB/IEHBI TPH CTaAHH NOJ-
3y4ecTH IJIHHBl NIPH KPY4YeHHH (cABHre): a) BHe3aMHOH (MTHOBEHHOH)
nedopmaunn; 6) saTyxalollell nossyuecTH; B) TeueHHs. B cragun Te-
ueHHst AedopMalHs NOZUHHSIETCS JHHEHHOMY 3aKOHY, a Ko3¢{dHUHeHT
BSI3KOCTH N0 DuHramy n,=2,63-10° MIla-c. B omsiTax, nmpoBefeHHBIX
P. Xetdean B 1953 r. 10 AByXMeCSIHOMY HCILITAHHIO DIHHHCTOTO FPYH-
Ta B npubopax KOJbLUEBOTO cpes3a IO OTKPHITOH cHcTeMe H IO CXKaTHIO
IUJIHHIPHYECKHX 00pasuoB B KaMepe IpubOopa TPeXOCHOrO cXKaTHs
Kak ¢ O0KOBbIM, Tak H 0e3 G0OKOBOro JfaBjeHHst, Obla MOJYYEeHa IIOUTH
IpsMoJIHHelHass KpHBast TeueHHsl. Ilng BrIpakeHHsl 3aBHCHMOCTH Ha-
MpsIXKEHHE — CKOPOCTh TeueHHst ObLIO HCMOJAL3OBAHO PEOJOTHUECKOE
ypaBHeHHe OHHraMoBa TeJja H YCTAHOBJEHO, YTO B ODOHX CJayyasx Ko-
s¢dunHenTsl BISKOCTH TPYHTA IIOYTH OAMHAKOBHL (5,6-107 u 4,8
X107 MIla.c).

B nanbHefimeM ObLIO BEHIIIOJIHEHO MHOTO paboOT, MOCBAIIEHHBIX He-
CleOBaHUIO VIPYrOBsISKOIIaCTHYECKHX CBOHCTB IVIHHHCTHIX TPYHTOB,
Onn 6ynyT oTMeueHbl 10 XOAY H3JIOKEHHs] MaTepHala KHHIH.

B sakmioueHne 0OTMETHM, UTO [AJs ONpelesieHHs OBILIMX 3aKOHOMep-
HOCTEH NMON3YYECTH IVIMHHCTBIX TPYHTOB IIPH CABHIe C YUeTOM 3aTyXa-
I0IIEH MOI3yYecTH H TEUCHHS, MEPEMEeHHOCTH KacaTeIbHLIX HalpsisKeHnH
H HaualIbHOTO COCTOSIHUS ILJIOTHOCTH-BJIAXKHOCTH, HeJNHHEHHOH 3aBHCH-
MOCTH MeXAYy KacaTeJbHbIMH HAIPSXKEHHUAMH H JedOpMalHiMHU IOJ-
3Y4eCTH M MHOTHX APYrux (pakTOpPOB MPHMEHSIOTCS 3HAUHTEJILHO Hogee
CJIOJKHBIE BhipaXkenus, ueM (7.3) u (7.4). B umeasx yuera BJHSIHHS
NepeYHC/IeHHBIX BHIIEG H JPYrHX (axkTOpoB Ha ¢IABHFOBYIO NMOJ3ydyecThb
TIMHHCTHIX TPYHTOB HCMONbL3YIOTCS (H3HUECKHE YpaBHEHHs TeOpHi
cTapeHHd, YIPOYHeHHsT W HacJeAcTsenHofi moasyuectd (mo C. C. Bs-
aoBy, C. P. Mecusiny, B. A. Musomckomy, K. Jlo, 10. K. 3apeukomy,
A.J1. Toabnuny u ap.).

§ 3. @OPMbI 3ANNHCH PEOJIOTHYECKOI0 YPABHEHHA
COCTOAHHA TJHHHCTBIX FPYHTOB AOJI1 NMPOCTOr0 CIABHTA

I/1s 3amHCH PEOJIOrHYECKOr0 YpaBHEHHS COCTOSIHHS TJIMHHCTBHIX
TPYHTOB JIS IPOCTOrO CABHra B OAHOM HX (PHKCHPOBAHHOM HAauyajibHOM
cocTosfiHun (6e3 yuera cTafHH I[OJ3yuecTH ¢ BO3pacTalollledi CKOpo-
CTbIO), KaK OBLJIO OTMEYEHO BHIIIE, HCXOAAT M3 NMPHELHMNA Pa3AEabHOTO
PacCMOTPEHHA MTHOBEHHBIX Yo H 1OJ3YUHX y¢ Aedopmanuit (7.1).
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Ouo upeiacraBiasieTcss (HH3HUECKHMH YPaBHEHHSIMH Da3JIHUHBIX TeOPHH
[OJI3YYEeCTH, IOIPOOHO paccMOTpPEHHbIX Boie (cM. ri. 2, § 3). CooTt-
nHomenue (7.1) mpeiacTaBJASIOT, B YACTHOCTH, CJAEAVIOHIUMH yDaBHEHH-
SIMH TEOPHH:

ctapenus (2.70)

v =S o fiee); (7.5)
ynpouHenus (2.98)
V()= ——+1+o) x4 (7.6)
NJ1acTHUCCKOH HacaeicTBenHocTH (2.107)
1
QW =T O+ [ Ky (t—8) 7 (8) d¥; (7.7)
8,
ynpyromnoJa3syuero TeJjga Buaa (2.133)
t
T do (t—9) 4
VO = === Pl 5 d¥, (7.8)

[}
rie o(f) —Mepa noj3yyecTH NPH NMPOCTOM cABHTre; f(T) — dyHKIMS
KacaTeJbHOTo HalpsKeHHs, yAOBJeTBOpsiomlasi yclIoBHIO f(t1=1)=1
Gp — MOJyJIb MIHOBEHHOH JcdopMalivu mpoctoro casura; Ky (i—04) —
GyHKIHS BpeMeHn Ajg AepopMaluH mpocToro casura. OcraibHhe
0003HaUYCHHA HMEIOT NpeXHue 3HAYSHHS.

[TepBrle ujeHbl mpaBEX YacTedl BupaXenui (7.5)—(7.8) mnpexn-
CTaBJsIOT co6O# MIHOBEeHHEe aedopMalHH, a BTOPHe — AedOopMalun
TOJI3YYEeCTH.

BuipaxXenns (7.5)—(7.8) noJiydeHsl HCXOASA H3 IPELIONOXKEHHS O
HEeH3MEeHSeMOCTH CBOMCTB I'VIHHHCTOrO IPYHTa B Ipoliecce cABHra. Bom-
POCHl BJIMSIHHS U3MEHSEMOCTH COCTOSIHHA IVIMHHCTHIX I'PYHTOB Noj Jefi-
CTBHEM YIJIOTHAIOUINX HANPSXKEHHH Ha HX TMOJA3yYecTb NPH NPOCTOM
ciBHre OyAyT MOAPOOHO paccMOTpeHH B ri. 11 Hacrodimiero paszena.

1. Korna Hccnenyemblit rpyHT o0JiajaeT MepBbIM MpeResbHBIM Ha-
OpsiKeHHeM cABHra Typ7=0 (cMm. puc. 92), 115 onmHcaRHs IpoOLlecca ero
AedhOpMHPOBAHHS IIPH CIBHIe HCXOAAT U3 cooTHoweHHs (7.2). B atom
caydyae NpH T<Typ AedopMaliHs NOJ3yYecTH MpEeACTABJSETCS OLHOMH
KDHBOH, 2 IPH Typ<w< T; — KPHUBBHIMH 3aTyXalolllel MNOA3yuecTH H Te-
yenns: (cM. pHe. 15). Touno Tak e cemMeficTBO KPHBHX NOJ3YUCCTH
npejcTaBJsieTcs cOOTBETCTBEHHO OJZHHM HJIH JByMs ceMeHcTBaMH KDH-
BHIX 3aTyxalolllell NOI3y4YecTH H Teuenus [22].

Hpn v<typ Mepy 3aTyxaloliell MOI3yUYeCTH NMPOCTOrO CABHra TJH-
HHCTOrO TPYHTa mq(f—) MOKHO INpeicTaBHTh B BHIe CJENYIOHIHX
COOTHOIIEHHH:

04 (t— ) = C, [ 1 —e™® =] 7.9)
0 —9)=C [1—e= Y] 4
+(Co—Cy) [1 —e~ 2= (7.10)

-
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a KOrfa Typ<t<T;— B BHAE CYMMBI Mep 3aTyxaloued Noa3yuyecTH H
TeyeHus

0@ —8) =yt —¥ +a (t—9), (7.11)

rie ogq(f—9) — Mepa 3aTyxawlied monsyuecru BuuoB (7.9) u (7.10);
Wy (f—0) — Mepa TeUeHns.

oo (t—8) = Ky (t—B) = =2 (7.12)

I3

rae Cy, C), Ay, Ay, Ao, » — mapaMeTpnl, ONpeaeaseMble H3 ONHITA;
Ky, ({ —8)—  nocrossHHas CKOPOCT OTHOCHTEJBHOH —AehopMamuy
TEUeHHst NPH T—Typ==1; N)» — MOCTOSTHHHIA KO3 ULHEeNT BASKOCTH IPH
mpocrom capure (o — 1/Ky )

Mo fannelM MHOrOUHCJEHHHIX ONBITOB (cM. a1, 10), 3aBHCHMOCTD
KacaTeJabHOe HAMpsiZKeHHe — CKOPOCTh TeYeHHst ¢ AOCTAaTOYHOH TOY-
HOCTBIO MOKHO BHIPa3HThb ypaBHeHueM OuHramoBa Tena (7.3), a
®¢=04(T) Kak JUHEHHBIM, TaK HeJHHEAHBIM 3aKOHaMu JehpopMuUpOBa-
Hus, Toraa pedopmanms noa3ydecTd HOPOCTOTO CABHTA  [JIHHHCTOTO
IpyHTa [Js1 TOCTOSSHHOIO HaNpsIXKeHHs, HW3MEHJIOUIerocss B Npejenax
Typ<t<Ts, ¢ yueToM (7.11) Oyzer ompenensiTeCsd H3 CAEIVIOUIHX pPaB-
HOUEHHBIX BBIpaXKeHH:

Vo= os (=W Fle @O+ Ky, 6 —9) G—Ts  (7.13)
Vo= 0at—9) f It (O +-—— (D). (7.14)

Koraa rtpyHT He o6najaer MepBHIM MpelelNbHBIM  HallpsKeHHeM
caBura (Ty,p=0), T. e. npu NMOOBX 3HAUCHHAX KaCATEJBHOID HANps-
XKenHst, ero MOJ3yuecTh NPOTeKaeT B CTaJAHIX 3aTyxaollell roJa3yue-
¢Tu u Tedenuss (puc. 93), anNmpOKCUMall¥I0 KPHBO# MepHl NOJ3ydYecTH
MOKHO OCYILIECTBHTH KaK C ee IpejicTaBleHHeM B BHAE KPHUBHX wg—!
" @w,—1, Tax 1 6e3 Hero,

Pasneabnas anmmpoKcHManust KPHBBIX —3aTyXaiolleff  TOJI3ydYecTH
wg—I N TeyeHHss wo—f OBlIa paccMoTpena Bhille, UTo Ke KacaeTcs
aNnpOKCHMAallHH KPHBLIX Mepbl nonsyudectn (v=1) B Heaom (Ge3 oT-
MEUEHHOrO BLIIIE Pa3AeNeHus), TO AJsi 3TOTO CJydyast aBTOPOM KHHTH
B 1955 r. [20] kak mepBoe mpuOaMKeHue Guina NPUMEHEHA KCIOHEH-
unuanpHas ¢ynkuus (2.61) B dpopme zanucu (2.121), a B ganbuefiem
[22] — crenennas saBuCHMOCTD BHAA

o ¢ —8)=A¢—9)", (7.15)

M3 KOTOPOH JIeTKO IOJYYHTH BHIpaxeHHe IePEeMEeHHOH BO BPEMEHH
CKOPOCTH MOJI3YYeCTH MPH €IHHHYHOM HaMpsKeHHH — QYHKUHUIO Bpe-
MEeHH

Ky (t—9) = ﬂ"_(étﬁ;"_)_—./h (F— 8™, (7.16)

rae A, =Am; —m=m—1.
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Jlas anmpoKCHMalHH KpHBOH MOJ3yUecTH IVIMHHCTOrO TPYHTA B
uesom B 1961 r. A. M. Cxu6unkum Ghuia HCIORB30BAHA JOTapHPMude-
ckas ¢pyuknus (2.64).

11. Tlpn onucanHH KPHBOH MOJ3YUECTH TPH t=1 B nesom AJs OIl-
pellesierHst PYHKIHUH BpeMeHH Ky (f—3) MOXHO BOCIOJBL30OBATLCA TaK-
2Ke annpoKcHMalHefl KpHBOH M3MEHAEMOCTH CKOPOCTH Mephbl NOJI3yde-
¢TH (cM. pHc. 93,6) cleayIOUHM BEIPaKeHHeM:

Ky (¢ — 8 =Ky — Ky, = Ky) (1 —e™ 270 =
= Ky, + (Ky,—Ky) 277, (7.17)
rie Ky, — HauaxbHas CKOPOCTL MEPHI MOJ3YUECTH; va— KoHeuHas
CKOPOCTb Mephl NOJI3yYeCTH (va = Ky,); A-—mnapamerp.
Korga v=1 u, cmepoBatensuo V,=K,, cooTHowenue (7.4) c yue-
ToMm (7.17) Mo3HO 3anHcaTth B caenyiollem BHAE:
T= (=9 Ky, + (Ky,— Ky) €207V =1, (7.18)

OTKYyAa JIETKO MOJYYHTb BHIpaXKeHHe NEpEMEHHOro BO BpeMeHH Ko3(-
(QHuIHenTa BA3KOCTH:

n(t—9) = ‘

va + (KYo - K’Yf) e =9

, (7.19)

HJIN

nE—9=n +m—n) e 7Y, (7.20)
npeanoxernnoe B. Ilepsouem B 1953 r., a
a H. H. Macnoutm B 1958 r. g an- @) =7 .
NPOKCHMALHH |KPHBOH  HM3MEHAEMOCTH Ky
KO3(QHIHEHTa BS3KOCTH BO BpEMeHH M |
MOJIMH300yTHIeHA H TJIHHHCTLIX IPYHTOB I
cooTBercTBeHHO. [aa n(/—8%) kpome [
1
|

ca0st

(7.20) mpemnoxeHo mHOro Apyrix co-

OTHOIIEHHH. /2
Buipaxkenne ¢yukuuu Bpemenu (7.17) Hy

MOJKHO, Kak o6piuno (cMm. ra. 2, § 2), —]

|
noJNyyuTh AnpdepenipoBanHeM no il‘ ]/f/o

|

I

!

(7.11). CunenoBaTelbHO, UCXOAHBIM CO- Kﬁ
OTHOIIGHHEM AJia BblpaXeHu# (7.17) n 8
(7.20) saBnsercst COOTHOLUEHHE MepHl
nosasyuectd o (f—@¢), mnodyuaemoe H3
ampoKCHMALHH Y  SKCHIepHMEHT aIpHON |
kpusoit npu v=1. Coornowenus (7.11), — [ 1%
(7.17) u (7.20) xapakTepH3YIOT MOJ3y- i |
yecTh [MIHHHCTONO TpyHTa IpPH TNPOCTOM +
CABHTe, KOTHA BCeld 32 cTaiue#l 3atyXa  Pue. 93, Kpusble Mepu INOJ3Y-
JOUleHl MOJ3YUeCTH HACTyMAeT CTA/HS  WeCTA NPOCTOro casura (a), us-
MEeHAEMOCTH CKOPOCTH MepHh!
TeyeHHs (oM. puc. 93, @). UTobnl ydecTb  |ovovueo  pyakowa  moa3y-
KaK MTHOBEHHbIE, TaK H TOJI3YUHE A€~ gectn K, (6) H Ko3buUIKEHTa
dopmaunu (3aTyxamoulue H He3aTyXa- pasgocrw n (6) BO Bpemend f
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IomHe), MOXKHO, B YaCTHOCTH, cOOTHOLIEHHSI TEOPHH cTapeHus (7.5)
H ynpyro-noasysero Tena (7.8) ¢ ywetom (7.11) coOOTBETCTBEHHO
IPeACTABHTD CJAeRYIOUIHM OGpazom:

v ()= lG(()L’+md O F @)+ Ky, @—1p) £, (7.21)
4 ¢
) B 094 (1—19)
V=" »f T G .95 Ky, [v(3)—v,1d %, (7.22)
HJAH
£) — £
v ) =—Ta(0—+md O F @+t (7.23)

L‘

T (1) da, (1—9) LT (9) —x
9 d yp 8
G —Jflr()l e A%+ | ——— dd. (7.24)

vy ()=

o Yo ¢

Korna ceMefcTBO COCTOHT u3 ofHOTHIHBIX KPHBHIX 3aTyXalouled
(t<myp) MM HesaTyxawuled Nosayvectn 1y, =0 (cM. pue. 93,a), BMe-
¢To (7.21) —(7.24) MOXHO IpHMmensTh cooTHOWeHHs (7.5)— (7.8). s
annpoOKCHMAIMH CeMEeCTBA KPypbix 3aTyXalollelt MOJ3yYecTH B Kaue-
CTBE BLIDAKEHHS Mepbl MOJ3YyecTH MOMKHO HCIOJB3OBATH COOTHOLIE-
wns (7.9) u (7.10), a npu anNpokcnmanmy KPpHBHIX 3aTyXalOWeH IOJ-
3yuecTu nepexonsiuies B TeUeHye — (7.11), (7.12) w (7.15).

Bripaxenne yi=f(v) H. M, Macossm IpeicTaBJeHo B CJARAY-
ouiell popme:

Ve = - ‘E” : (7.25)

a GyHKIUHA BpeMeHH npu 1= 1:
1 1
Ky ()= ——~=~ : (7.26)
n (1) N+ (e —mp) e A1
Jd 3amucH 3aKOHA HEJHHEHHOro MJACTHYHO-BA3KOTO TeUeHHSA INIH-
HHCTHIX IpYHTOB BMecTO (7.25) C. C. BasoB B 1959 r. IpenJIOKHI ApY-
I'yIO 3aBHCHMOCTE!

Yor = % (T —T,0)", (7.27)

rae (t—Typ)™ — QYHKIHA KaCaTenbHOTO HANpSIKeHHs, YUHTHIBAIOL|AS
HeJIHHEHHYIO 3aBHCHMOCTb MeXny (t—yp) H Yoo

Wz wprerpuporavus (7.26) H H Macroswy  nozyveno caezy-
ouiee BRpAXMEHHE AJIH MEPBL [0Ji3yuecTH TJIHHHCTLIX TPYHTOB IpH
CABHTE:

N7 + (Mo — My) e” A (7 28)
Mo ' )

Bripaxenns (7.25) u (7.27) we yunTHBaIOT MIrHOBeHHYIO edOpMa-
UHIO CABHTa W NeQOPMALHIO 3aTyxalomulell NMOJ3YYeCTH NPH T<Typ.

Iil. B nayuennn noisyuecty rymmmernix rpyntoB H. H. Mdcios

4 1
m(f)=Tf+Tn—f- In
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[18] Buimensier @enHoOMeHOJOFPHUECKOE H QH3HKO-MeXaHH-
Yy ecKOe HalpaBJeHHA.

K ¢usuko-mexaunueckoMy Hampasgenuio H. H. Macjios oTHOCHT
Boipaxenust (7.25), (7.26) u (7.28), B KOTOPHIX AJIst ONMCAHHS H3MeE-
HSIEMOCTH BO BPEMEHHM CKOpocTH pAedopMallHH MOJ3YUeCTH H MEpDI
TIOJI3YUECTH HCMOJb3yelcst HOHsiTHe mepeMeHHOH BAskocTH (7.20). Bee
OCTalJibHble PacCMOTPEHHHIE BhIIlE YPAaBHEHHA TEOPHH II0JI3YYeCTH OH
OTHOCHT K (PEHOMEHOJIOPHYecKoMYy HalpaBiieHHio. OnHAaKo aHadns H
COIOCTABJIEHHE BHIpaXeHHA 3THX «ABYX HallpaBJeHHH» yO6eXaloT B
HECOCTOATENBLHOCTH TAKOTO HX pa3nesieHus [22].

Hetpynuo BuaeTh, uTo ypaBHenust Mepbl mosayyectd (7.11), (7.12)
H (7.28) cOBEpUIEHHO PABHOIECHHBI, IOCKOJBKY COBEPIIEHHO PaBHOIEH-
HH pa3JHuHbie O Gopme 3amucu cooTtnoltenus (7.17) u (7.26). Ilpu
3TOM ompenesende (7.20) aBiseTcs NPOMENKYTOYHBIM H H3JIHUIHAM
3BEHOM Ha MYTH YCTAHOBJEHHS Mephl MOJA3YuecTH H (YHKIHH BPeMeHH
K,(t). Uro xe kacaeTcsl cremennOH 3asucuMoctH (7.15) n ee dynk-
U¥H Bpemenu (7.16), To OHH HpOcTHl KaK IO BHAY, TaK H IO ONpee-
JIEHHIO M OYEHB XOpOIIO aNNPOKCHMHPYIOT KPHBHE NOJ3YYeCTH H H3Me-
HSIEMOCTH CKOPOCTH IOJI3yYecTH BO BPeMeHH INIMHHCTHIX IPYHTOB IIPH
npocToM caBure. OHH B TO XXe BpeMms SBJIAIOTCH NPHOIHKEHHBIMH BBI-
pa’keHHAIMH, IIOCKOJILKY He OTpaaloT 0OBbEeKTHBHOrOo ¢akTa CyllecT-
BOBAHHA CTAAUH TEUEHHH TJIHHHCTHIX FPYHTOB ¢ NOCTORHHOH CKOPOCTHIO.

Bce nmpuBeneHHbe BhILIE BBHIPAMXKEHHS OCHOBAHLL HA aNlPOKCHMAIHH
3KCIEPHMEHTANbHBX KPHBBIX MNOJ3YYECTH, NOITOMY ABJAOTCH (deHo-
MEHOJIOTHYECKHMH 3aBHCHMOCTAMH, a TEOPHH, KOTOpEIE 0a3upyioTcs Ha
3THX BHIpaXKeHnuax, —HeHOMEeHOJOTHYCCKUMHE TeOPHAMH
TOJI3yyecTH. BulpakeHns, nojyueHHsle 0 pe3yabTaTaM annpoKcH-
MalHH OJHOTO H TOTO XKe SKCIepHMeHTa, HO OTJIHUalolHecd 10 dpopMme
3allHCH, HE MOTYT B OAHOM CJIyyae OTHOCHTBCH K (PEHOMEHOJOTHYECKO-
MY, a B ApPYroM — K (H3HKO-MeXaHHUECKOMY HaIlp ABJIEHHAM.

Yro Xe KacaeTcs MHTErpajibHbX BEIpaxenuil (7.22) u (7.24), xo-
Topble, o H. H. MaclioBy, «He packpeBaioT caMOH IPHPOAB 3aBHCH-
MOCTH JAedopMalluil NON3yUecTH BO BPEMEHH», TO OHH SBJSIOTCA HaH-
Gostee 06mMH GOPMAMH 3allHCH 3aKOHA AeOPMHPOBAHHSA JIMHHCTHIX
rpyuToB BO BpeMeHH. M3 HHX, KaK yacTuble cJyuaH, BETeKalOT BbIpa-
HeHust PU3NKO-MeXaHHYECKOTO Hallp aBJEHHS.

T'nasa 8

JIABOPATOPHBIE TNPHBOPDBI AJIS1 HCIIBITAHUS
FTHUHUCTBIX
FPYHTOB B YCJOBHUSAX NPOCTOro /CIBHUTA

§ 1. BBELEHHE

HOﬂy'{EHHe JAOCTOBEPHBLIX AAHHBIX O 33aKOHOMEPHOCTHAX CABHIOBOH
MIOJI3YYeCTH H AJHTEJBbHOM COMPOTHBJIEHHH FJIHHHCTHIX I'PYHTOB COBHTY
B OY€Hb MHOIOM 3a8BHCHT OT HpHﬁOpOB H METOAHKH IKCIIepUMEeHTHpOBa-
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HUsl. IMEHHO T02TOMY B MeXaHUKe H PEOJIOTHH TJIMHHCTHIX TPYHTOB HM
YAeNAIOT ocofoe BHHMAaHHE, HULYT NyTH AJA yueTa NPelbABIAEMBIX K
HHM  CJeAYIOIHX  OCHOBHHIX  TpeGoBaHHH, cHopMyJIHPOBAHHHIX
H. H. Macnossim enfe B 1935 r.: «1) ONBITH Ha CABHI JO/UKHH B HaH-
Ooubitieft cTeneHH 0TOOpaXKaThb AECHCTBHTEJbLHBIE YCJIOBHS BO3MOXKHOIOQ
CIBHTa COOPYXKEHHHA; 2) ABJIEHHA HapYILIeHHS CONPOTHBJIEHHS TPyHTa
B ONHITaX Ha CHABHUT MOJIKHbl OLITH BIIOJIHE OUEBHAHBI, HarJAAHH H C
HHJKEHePHON TOYKH 3peHHA YOGeAHTeNbHH;, 3) ONBITH Ha CABHT A0JI-
JKHBI NPOU3BOJAHTLCA HaHboJiee IPOCTHM CIOCOHOMS.,

HanGonee xapaktepubiv BHAOM JedopManud  OPMOH3MEHEHHR
MJIMHHCTHIX TPYHTOB, KaK OBJIO CKa3aHO BHIUE, HABJAETCA IPOCTOM
CABHT — cKalluBauue, [loaToMy, YTOOH MOJyUEHHbIe H3 3KCIEpH-
MEHTa Pe3y/abTATH MOXKHO GblJo HEPEHECTH B HATYPY H HCIOJb30BaThb
HX JJIA TpPOrHO3a JJHTEJIbHBIX JedopMalHMi cABHra COOPYXKEHHH, Hc-
NbLITAHHA TJUHHHCTHIX TPYHTOB cyellyeT MPOBOAHTL 110 cXeMe cKalllHBa-
auA (cM. puc. 90). HeobxoauMo TakkKe, 4TOOL MOXKHO OHJIO B ONBITAX
NpOCHeUTh 3a XapakTepoM JedOpMHPOBaHHA H pa3pylleHHs TIPyHTa
MpH TpeaeibHBIX CABHralolux Harpy3kax. CreloBaTelbHO, MPHOOPH,
MpHMeHAeMBbIe /I yKasaHHON LeJH, TOJKHbl 00eCleUHTb BO3MOXKHOCTb
HCIBITaHHS 00pasi[oB IO cXeMe TPOCTOro CABHra B YCJOBHAX HX ONpe-
JeJICHHOTO  HaNpsAKeHHO-XeOPMHPOBAHHOTO COCTOSHHA MOJ JAefcCT-
BHeM KaK HOpMaJibHBIX, TaK M KacaTeJbHHX HaNpsKeHud npu:

P,

2
I
~

Puc. 94. CxeMbl [PHGOPOB OJHOMIOCKOCTHONO (@), ABYXILIOCKOCTHOro (6) ¥ uu-
JUHAPHIECKOTO (8) CpesoB
1) mosHO# mepeflaue KacaTeJbHHX HanpfixkeHuit Ha oOpasen; 2) or-
CYTCTBHH HCHApeHHs BJIATH B TeUeHHE BCEro OMbiTa; 3) BO3MOMKHOCTH
3aMepa JedopMainuil YIJIOTHEHHS H CJABHra B ONpPENEJCHHOH 30HE;
4) HeorpaHHYEHHOCTH AepopMalHH CIABHra; 5) HEH3MEHAEMOCTH ILIO-
nanu cpesa obpasma; 6) coOMOACHHA YCJIOBHA NAapPHOCTH KacaTeJbHbIX
ganpsxenuit. Kpome toro, npubop N0JKEH HMeTb HPOCTYIO KOHCTPYK-
IHIO H OBITh YAOOHBLIM JJIsT BHIIOJIHEHHSA OINBITOB.

HMeloTcs MEHOrO npHBOPOB pas3IMUHEX KOHCTPYKIIHH, HO3BOJIAIOLIHX
HeNoCpPeCTBEHHO HJIM KOCBEHHBIMH MYyTAMH ONpPeJdeJHTb H HCCIeA0BaTb
3aKOHOMEPHOCTH AeOopMHUPOBAHMA TVIMHHCTBIX TPYHTOB IPH CABHIE H
HX CONpPOTHBJIEHHU clABHry. OfHaKo HeT NpHOOPOB, OTBEYAIOUIHX BCEM
npenbABAsAeMbHM K HHM TpeGoBauuaM. ITosToMy nmpH mpoBeleHHH yka-
3aHHBIX HCOBITAHHA CJIEAyeT NMPHUMEHATh MpHOOpPLl, KOTOphie B HaHOOJb-
el cTeNeHH yAOBJETBOPSIOT NMEPeuHCJIeHHHM BhHIIIE YCJIOBHAM, a He-
JOCTAaTKH KOTOPHX He OKa3BBAIOT CYUIECTBEHHOrO BJHAHMA HA pe3yllb-
TaThl 3KCHePHMEHTA.
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B na6opatopHoil IpakTHKe HMEIOT 60Jbllioe NPHMEHeHHe BHINyCcKa-
eMble MPOMBIIIJIEHHOCTBIO CABHTOBHe NPHBOPE O AHONJIOCKOCTHO-
ro cpesa ITII-30 n ero moaudukauuy, a Takxe NpHGOPH 1 BY X-
NJAOCKOCTHOTO Cpe3a.

[TpuGop oaHomIOCKOCTHOrO cpe3a (pHc. 94,a) COCTOHT H3 TMOABHXK-
HOH BepxHeit 2 M HENOABHXKHON HHXKHe# I o60dM cpeaniBaTeds, B KO-
TOpble MOMeIlaeTcss HCNBITHBaeMuii o6pasel, rpyHTa 4, BepxHero 8 H
HHXKHEro § LITaMNOB. Y JIOTHeHHe 06paslia OCyllecTBASeTCS HOPMadb-
HEIM HaNpsKeHHEM O CO3MaBacMHM ycHiHeM P, NIpHIOMKeHHbIM K He-
My uYepe3 BePXHHH WTaMI-QHALTP, a KacaTeJbHOe HaNpsKeHHe — ro-
PH3OHTANBHLIM ycHiIHeM T, NPHJIOMKEHHHM udepe3 BepxHIOW 000iMy.
ITox neficTBueM ropH3OHTAJBHOrO YCHJIHA BepxHsist 00ofima cpesbiBa-
Tessl NepeMeniaercs Mo OTHOIREHHIO K HHIKHEH HeNoJBHXKHOH oboiiMe
H cpesnlBaeT rpyHT mo (HKCHpoBaHHON NoBepxHocTH [—/. Hedopma-
UHH YIUIOTHEHHS H CABHra (GUKCHPYIOTCA MeccypaMH 4acoBOro THIA, a
CONPOTHBJICHHe 00paslla CABHTY (IIpH NAHHOM 0.} ONpenesseTcs BEJH-
YHHOH TpEeAeJBHOTD (Cpe3HBAIONIETD) KacaTeJbHOrO HAMPSIKEHHs, CO-
BIAJAIONIEr0 CO BTOPHIM NPEAeJbHBM HAaNPSKCHHEM CABHIa T; = Tj\m
(cm. puc. 93).

Cpesunle npuGopbl 06JgafaloT psiioM BecbMa cylleCTBEHHBIX HeO-
CTATKOB, KOTOpHE OTPAaHHUYHBAIOT 00JiacTh HX NpUMeHeHHs. K ux umc-
Jly OTHocsiTesi: 1) mpoTekanue gedopmauHit B y3Ko#i 30He; 2) HepaBHO-
MepHOe paciipejelieHHe KacaTeJbHBIX HANpsKeHHH B IJIOCKOCTH cpe3a
H IEePEMEeHHOCTD 30HH CABHTA BCJIEACTBHE NepelauH CABHIalOIIHX YCH-
Jiit Ha ofpasen 1o ero GOKOBOH M FOPH3OHTAJBHEIM NOBEPXHOCTAM H
KOHUEHTpAIMH HANpAXKeHHH y ero KpaeB; 3) IepeMeHHOCTb IUIOHIAH
cpesa.

IMo ganueiv A. A. Huumnoposnua (1948 r.), B mpubopax omHo-
IJIOCKOCTHOTO Cpe3a BEeJHYHHA 30HBI CJBHTa 00pasyoB IPHPOJHOTO
CTOJKEHH BHICOTOH 2 cM (McObITaHHHX ToJA [JKeHcTBuem 0,=0,3 u
0,7 MIla) npumepHd paBHa OZHOH TpeTH HX Bhlcorsl. O. B. Kocrepnu-
oM [20, 24| ycTaHOBJIEHO, YTO 30HA CJABHMTa TVIMHHCTHIX TPYHTOB SB-
JSIeTCsl MepeMeHHON 10 ceyeHHio oOpasia BeJHUHHOMN, 3aBHCsule#l OT
BEJIMUHHBL YNJIOTHAOMEH Harpy3ku. HsmensiemMocTb NJIomagd cpesa
o6pasna B mpoliecce CABHra MOXeT CHJIBHO HCKa3HTh XapakKrep HJIH-
TeJIBHOTO Ae(pOPMHPOBAHHA M CTaTb NPHUYHHOH IpOABJEHHS CTAAHH
IpOrpeccHpyIoONero paspylleHHss — TeYeHHsA ¢ Bo3pacTamouleil cKopo-
CTHIO M HTPaTh TAKYIO JKe pOJib, KAKYIO BHIIONHSAET NposiBJeHHe mefdKH
IpH HCIBITAHHH MeTaJIOB Ha pacTtsxkenue (no ganubiM S1. JI. Koran
u B. A. HocesieBuua),

K wemocrarkam paccMaTpuBaeMblX IpHOOPOB CcJenyeT OTHECTH
TaKXe OTPAHHYEHHOCTHb JedopMallHil CABHra, H3MeHIeMOCTb 3a30pa
MeXAy oOofiMaMH BO BpeMsl COBHI'A, HEMOJHYIO Iepexauy KacaTelb-
HBlX HanpsiKeHH#t Ha obpasen, ero cMATHe B TOpPIAX H T. A

HecmoTps Ha ykasaHHEE HejOCTATKH, NPHOOpPH OJHONJIOCKOCTHO-
ro ¥ ABYXIJIOCKOCTHOrO cpe3a 00Ja7al0T H ONpEeAeNCHHBIMH JOCTOHH-
cTBaMi. OHH HMEIOT NPOCTYIO KOHCTPYKIMIO H OYeHb YAOGHBDIL.

OT MHOTHX HENOCTATKOB, YKa3aHHBIX Bbillie, cBOGOAHE NP HG O P B
KoJbleBoro cpe3a (puc. 95,a),sKoToprix o6pasel rpyHTa Cpe-
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SBIBACTCS 10 KOJIbIEBOH NOBEPXHOCTH B De3yJbTaTe KpYdeHus Bepxued
KONbILEeBOi 0BOHMBI OTHOCHTENHHO HENONBHMKHON HHKHEN oboiiMsel, B
5THX npuGopax HOpMaJjbHOE AaBieHue MepefaeTcs Ha obpasen gepes
BepXuHil KoJpleBo# utamn. Uepes 5TOT iKe HITaMIl NPHK/IAALIBACTCS
K o6pasuy xpyTaumi momenT. O6pasel cpesaercs 10 (PMKCHPOBaHHOH
nosepxHocty [—I [24].

B s1a60paTopHBIX YCJIOBHSX TPHOGOPH KOJDbIEBOTO Cpe3a BIIEpBLIE
npumenetnl M. XBopocaessim B 1937—1939 rr, P Xedenn n C. Wep-
MagoM B 1946 r B naapuefimeM npuGopsl aHaJOTHYHON KOHCTPYKIMH
6Bl1M CO31aHbl MHOTMMH HccaeloBarensiMu IHeGeswHTepecHO OTMe-
THTb, YTO ONpejiefieHHe NPOUHOCTHHIX CBOWCTB IJMUHUCTHIX TPYHTOB B
IIOJIEBBIX YCJOBHAX METOAOM KOJBIEBOTO Cpe3a BHEpBHIe OCYyLleCTBJC-
#o B CCCP T. U. INokposckum B Hadaje 30-x v [24, 3].

K uwHesy paccMaTpuBaeMBIX OTHOCHTCS TakKe MpHOOP UM JiHH A-
pHuYecKoro cpeaa, npenioxentsit A, B. Jlefikamowm, 3. T, Tep-
Maprupocsnom u E. M. I'pebenmurosoti B 1977 r. (cm. pHc. 94,8). B
aToM npuGope Cpe3 TPyHTa OCYUIeCTBJSETCS B CPeied 4acTH HapyxK-
HOl TOBEpPXHOCTH IMJHHIpHYeckoro obpasia NyTeM BpallleHHs Cpei-
Hero 3all[HTHOTO KoJbua oOoiimbl ynioTHHTens HopmaspHoe K 1O-
BEpXHOCTH cpe3a ofpasua HanpsxKenue, paBHoe GOKOBOMY A8BACHHUIC
rpysTa, co3paeTcsd yIIOTHAIWEHd HArpy3KOH W BLIUMC/ISETCS 1o cOOT-
Houwenuio (3.20). IlpenmyiiecTBoM 9TOro, Kak M BCEX APYTHX KOJblie-
Bolx npubopoB, ABASiETCS NOCTOSHCTBO IJIOMIAAW Cpe3a, a CylUleCTBeH-
HBIM HEeAOCTaTKOM — Gojplllag  CJOXKHOCTH OnpeleseHHs ©GOKOBOTO
Aasjennus (cm. 1. VI, § 7).

OcnoBHBEIM 0BLIUM HEAOCTATKOM BCeX CpesHblx NpuHOOpOB Hes HC-
KAIOYeHHs SBJAAercs HeBO3MOXKHOCTL 3aMmepa JedopMallud CABMra B
HEKOTOpPO# (uKcHpoBamao# 3oHe. MMeHHO NMO3TOMY Cpe3HBI€ NP H-

g
a H M
1w 4 Puc 95 Cxema npubopoB KOMb-
z3 I LeBOTO cpesa (2) H KpYYeHHs
\ 44| g Koubuesoro obpasua (6)
g pa I — HukHAST  ofoftMa 2 — BepXHAA
I e 7 o4 7 ° .o-ﬂ ofofiMa 3 — KosbneBolt mwramn 4 u
—ﬁ“:‘o o, ° ol & 5 — BHyTpeHHUue W HADYKHEE 3aUT
7 S o ° HHE KOAbllA § - HHKHUA ABIpYATHIA
N7 5 2 KONBUEBOR  AHCK
A NS S e

Gope COBepIleHHO HENPHTOAHH JAJNA ONpe/leeHHH
nedopManHOHHEX CBOKCTB FJHHUCTHX TPYHTOB TpH
HPOCTOM cABHre—cKamuBauuu OHH HCNOIb3YIOTCH TOJMb-
KO JJI8 ONpeneseHHsi CONPOTHBJ/IEHHS IPYHTOB CABHTY [ 22, 24].

JIJI5t HENOCPEACTBEHHOTO HCC/EJIOBaHMS NPOYHOCTHHX (COMPOTHB-
JeHusl CABHry) M Ae()OpMalHOHHBIX CBOKCTB TJIHHMCTHIX TPYHTOB IpH
HPOCTOM C/BHTe NPHMeHSIOT NpHOOps cKamuBauus (puc. 96,a
6) u xpyuesus (cm. puc. 95,6). TlpuGopsl ckammBaHuf, B CBOIO
oyepeib, AeJSATCS Ha PA3HOBWAHOCTH NPHHYAMTEJbHOTO H
cBoboanoro ckawHBaHHA 00pasuoB
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PaccMaTpHBaeMble CBOHCTBAa INIMHHUCTHIX TPYHTOB MOIKHO OMpCAC-
JINTh TAK¥Ke KOCBEHHHIMH METO/[@MH HCIBITAHUH 06pasiioB— HX OJHO-
OCHBIM H TPEXOCHHM cxKaTHeM [29, 24].

IIpuGops TPHHYAUTEJLHOIO0 CcKawHsaHnus obpasa
OpPeACTaBAsIOT coB0R MUK (cM. pHC., 96,a), cOCTOsILIME U3 OCHOBaHHUS,
JABYX TapajeNbHbBIX (COeHHeHHBIX ¢ OCHOBaHHeM M MexIy cofoit
yepe3 IIAPHAPHL H MJIAHKH) 3ajuell U nepeilefl COJOMHBX (KOHCTPYK-.
wan . M, Jlomuse u ap.,, ®. M. llluxueBa u Ap.) winm pa3pesaHHbIX.
nocepenuue (konHcTpykuuHd K., Pocko m np.) crenok. Bokoseie cTeHKH
npubopa jaenaaiorcs coyowssME (Ko @. M. IlluxueBy u ap.) H3 jABYX

9 10 (Mnp 77

P72

.0

2| oz

" Puc. 96. CxeMbl mpHGOPOB NMPUHYAUTENbHOrO (a), cBOGOAHOrO (6) M IHIHHAPHUYECKO-
ro (8) cOBHI'OB:

1 — B6oKoBble nJaHKu; 2-— 3A4HAS M NepejHssl CIJOMHbIE CTeHKH, J — wrtaMn; 4 — 3aluTHbIE,

KoJsblld, 5 — BHEIUHUH LUAUHAD; 6 — peaunoBasi oGosouxa; 7 — BHYTpeHHu#t nuiuuiap; 8 — peGpa

BHYTpeHHEro OuJAHHAPA; 9 — KPHIIKa BHelUHero UHAMHApa; 10 — IWapHKONOAUIHIMHUKOBOE yCTpOl-
CTBO; [/ H 12— KpbllUKH BHYTPEHHEro nMAuHApa

nonoBHHOK (1o K. Pocko u gp.) WIH H3 CJOXKeHHHX ApYr C JIPYTOM
MeTaqnrudeckux mnaHok (mo [. M. Jlomuse u ap.) (puc. 96,a). Bpa-
IeHHeM BOKPYT HHXKHHX LHIapHHPOB Nepe/lHAS U 3afHssi CTEHKH HaKJIO-
HSIIOTCST B CTOPOHY [CHCTBHS TOPH30HTANLHOTO ycHaust, [ToMemieHHB %
B smuK (oBofiMmy) mpubGopa obpasel rpyHTa yMJIOTHSETCH BepTHKAJb-
HOH HaTPy3KOH, IPHJOKEHHOA K HeMy uepe3 BepXHHH KecTKHA mepdo-
PHPOBaHHHH MITaMIL.

Ynauynoe KOHCTPYKIIHOHHOe pellleHHe HalifleHO B mpHGOpe CKamiH-
Bauusi B. B. Paxunoii [28], co3naHHOM Ha OCHOBaHHH NpeJIOKEHHOTO
I'. M. IlokpoBckuM (cM. HHXKe) MeTOJa HCHbITAHHS U NpefHA3HAYeH-
HOTO /ISl Onpejle/leHHst KPHTHYECKOH NOPHCTOCTH I1eCKOB. B aToM npH-
fope TpHHYAUTeLHOE cKauiuBanHe OGPa3lOB JOCTHraeTCsl B3aHMHBIM
nepeMerleHdeM YJIOXKeHHBIX JPyr Ha Apyra SalllHTHBIX Kojel (CM. pHC.
96,6) npu nOMOWM KadaloLHXCst CTOeK. 3/ech, Kak H B IpHOOpe
T. M. Jlomuse u ap., nedopmanus cisura obpasua HPOHCXOAHUT NpPH
MHHHM a/1pH0M GOKOBOM TpPEHHH.

Coruacso coofmenno H. H. Macnosa (1936 r.), HcnelTanus na
IIPOCTOH CABHI JIeBOHCKHX IJIHH (OTOOpaHHBIX H3 OCHOBaHHS CBHPCKOH
TH/IpO3JIeKTPOCTAHIIHHE) pa3MepoM obpa3ia 7X7X7 cm B 1931 1. mpo-
Bojmnucey B llIBesckoit rocynapcTBeHHON naGopatopun. s 310# Le-
an @, CaMmuo GBI cHenHaNbHO CKOHCTPYHPOBaH NpHGOp NPHHYH-
TeapHoro ckamuBaHHg, OcoGeHHOCTHIO 5TOrO NpuGOpa SBJISIACH BO3-
MEXHOCTh HAKJIOHeHHst 00pasiia C Lesblo Pa3/IoXKeHHS BepTHKAJIbHOH
Harpy3xkyu Ha HOPMAaJILHYIO H KacaTelpbHYIO COCTaBJSIIONLHe,
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B npu6opax NpPHHYAHTEJBHOTO CKalUIHBAHHSI HE COBCEM SICHO Ha-
npsiKeHHoe cOCcTOAHHe ofpaslia BBHAY Nepejayd K HeMy TFOpPH30HTaJb-
HOrO VCHJIHS uepe3 TOplieBhle CTeHKH, HMeeT MeCTO 3aKnHHHBaHHe
o6pasua MexAy 3ajHell cTeHKOH H ocnoBaHHeM. [loaTomy B ommire
HHKOTjla He HabJIo/aeTcd paspyllieHHe TPyHTa — NPOsIBJIeHHe TpeTheh
craauu moasydecty BC (cm. pHe. 93). Ot npubopel MoryT GHIThH
HCTOJIb30BAHK TOJMHKO NS HCCJAe/0BAHHS HEBOJBIUHX CABHrOBBIX [e-
tdopmanufi. B aTom cumpicie HeckosbpKo Gosee ypaueHn npubop, K. Poc-
Ko u ap. [20], Ha KoTOopoM moc/e NpedelpbHO BO3MOMKHOrO CKalllHBa-
HHUS o6pasua Be3HHKAaeT 30Ha (NJIOCKOCTh) Cpe3a H NMPOHCXOAHUT pas-
pylleHHe TpyHTa mo GHKcHpoBaHHON NoBepxHocTH. K. Pocko u ero
KOJIJIery JIONycKaloT, 4To B MpHOOpe WX KOHCTPYKIHH, B cpegHeH TpeTH
BhICOTHl OBpasna, paclpejesieHHe HanpsKeHHH W dedopMalinii MOMXKHO
CUHTATH PABHOMEPHBIM.

IIpu6opsl cBOGOAHOTrO cKallHBaHHA obGpasma co-
CTOSIT U3 CJOXKEHHBIX ApPYr Ha Apyra 3alllHTHHIX KoJsen (cM. puc. 96,6).
[Momemenuslli BHYTpH Kosen o6pasen (MOKPHITHIA TOHKOH pe3HHOBORH
060J104KOH) MojBepraeTcst NpeBAPHTENBHOMY YIJIOTHEHHIO BePTHKAJIb-
HOH HArpyskof, nmepejaBaeMoil uepes BepXHHH mepdOpPHpOBaHHMIR
mramn. KacaTenbHble HanpsiKeHHs], CO3/laBaeMble TOPH3OHTAJbHBIMH
YCHIHAMHY, Mepe/laloTcs K TOPUEBHIM MOBEPXHOCTAM oOpasiia uepes
BEPXHHH MOJIBHXHOH IUTaMI, KaK B MpHOOpe OMHOMIOCKOCTHOrO cpesa.
IMon peficTBHeM KacaTefpHBIX HanpsKeHHH 06pasel] cBOGOIHO CKAIlM-
BaeTCsi — mojiBepraeTcd jedopMallid NpocTOro cABHra. B mpouecce
CABHTra 3alHTHbIE KOJbILa, OKpyXawiine obpa3sel, CBOGOAHO mepeMe-
WAOTCA APYr OTHOCHTENIHHO APYTa.

Ecnu B npubopax NpHHYIWTENbHOTO CKaliyBaHHA jAedopMaimy
C/IBUTa 3aMepsIOT TOJLKO /ISl BCel BHICOTH o6pasua A, To B mpubopax
cBOBOAHOrO cKallMBaHMA 3TH JedopMalud MoryT OuTh 3aMepeHH H B
€ro cepefiuHe, Ha HekoTopo# Gase h’. Jedopmauuio caBura B 3ToM
clIydae OOpelesITIOT MO Pa3sHOCTH TOPH3OHTAJBHBIX CMelleHHH ABYX
TO4eK 30HHl CABHTA.

OcHoBHRMH 0BMUMH HeJOCTATKaMd NpHOOpOB cBOGOJHOrO CKalllH-
BaHusi 06pa3loB PacCMOTPEHHOH KOHCTPYKIMH SIBJSIOTCS OTpaHH4YCH-
HOCTh JleopMalHii cBHra H HecoOJ/I0/leHHe yCIOBHS NAapHOCTH Kaca-
TeJbHBIX HanpsikeHufi. [Ipubop Takoro THNa BlepBhlie GBI MPeJIOKEH
T'. 1. lokposckum B 1933 r. [Ina onpe/leleHHst KPUTHUECKOH MOPHCTO-
CTH IPYHTOB aHAJOrWYHpii mpubop 6wln cosfnan B. [I. Buxapesbim
[28], a aast HccaefoBaHMA CABHrOBOH NOJI3Y4ECTH INIMHHCTHIX PYH-
toB — C. H. Cornuxosrm (moji pykosoactBom H. H. Macsaosa) [22]
Ha 6ase npubopa opHOMIOCKOCTHOrO cpe3a I'TTI-30.

K uHc/y npu6opoB CBOBOAHOrO CKalHBAHHA CJIeAYeT OTHeCTH TaK-
xke npubop 1. J. EBnoxuMoBa, mpeinoxeHHsii B 1956 r. u mpeana-
3HAYEHHHA JUIA CABHTa [OJOrO WHIHHAPHYECKOro o6pasna, moMelleH-
HOTO MEXJy ABYMSI COOCHBIMH UMJIMHApaMH (cM. puc. 96,8). Buewnui
ILUTHHAP 3TOro npubopa sBAsSeTCs CIJIOIIHBIM, & BHYTPEHHHH COCTOMT
U3 psjfia paclONIOXKEeHHBIX 110 OKpPYKHOCTH MeTaJlIHiecKux pebep,
0GepHYTHIX pe3uHOBO# o6oJsioukoil. McnmTanue obpasua MPOU3BOJHT-
csi MOBOPOTOM BHYTPEHHEro HHJIKMHJApa. 30HOH c/BHra sBJseTcsi pac-
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CTOAHHE MeXAy AByMsl IHJIHHApPaMH (Tolumi¥ua KoJpua). [Jis HCnbl-
TaHHug 06pa3lOB B PA3JMYHBIX COCTOSHHAX OHH YIVIOTHAIOTCS pasJiud-
HEIMH 1 aBJIeHHSsIMH, CO3/aBaeMbHMH NyTeM HarueTaHus BO3JAyXa HIH
BOJIBL BO BHYTPeHHHH IIATHHIP.

i onpenesenHsi TPOUHOCTHHIX H AedOpMalHOHHBIX CBOHCTB [JIH-
HUCTHIX I'PYHTOB TPH YHCTOM CJIBHre NOJBEPralOT HIHCTOMY Kpyde-
HH 10 Kak nosisle (B onnitax ['e3a u Tau Theur-xH), Tak u CHIOIIHBIE
nunuHApudeckne obpasubl (B ommitax C. C. Babuukoi). C neapwo uc-
mbTauHs o6pasuoB Ha NPOCTOH C/ABHT B Pa3IHYHBIX COCTOSIHHSX HX
MOABEPTalOT NPe]BapUTENHbHOMY YIJIOTHEHHIO B YCJOBHSIX BCECTOPOH-
Hero (rHAPOCTAaTHYECKOrO) CXKAaTHS M OTCYTCTBHA GOKOBOTO pacliupe-
HHA TOJ jJeficTBHEM TpeX-dueThlpex 3HaueHHH YNIOTHAKIIEH HArpys3KH.
B nepBoM M3 yKasaHnHHX CAyYaeB HCNHTaHHss 00pa3snoB NpHMEHSIOT
npubopel M. B, ManwniueBa, Bb. H. DBapumesckoro, B. DBoyueka,
A. JL. Tonbauua u jp. TpEXOCHOTO CHATHS — KPyueHHs, a BO BTOPOM —
NpUGOPH OHOMEPHOTO YNJIOTHEHHS U KpydeHHs! KOJbUEBHX H CIIOII-
HEIX 06pasnoB [22, 24]. B nochennem ciaydae yauie BCEro HCMBITHIBAKOT
MJIOCKHe 00pasisl B LeNsIX YMeHbIIEeHHsT HX TpeHHs O GoKOBble CTEHKH
o0oHMBHL pHbOpa.

[TpuGopst Kpyuenus KoJbleBux o6pasnoB (cM. puc. 95,6) oranua-
10TCSt OT npHGOPOB KOJbIEBOro cpeda (cM. puc, 95,a4) ToJMpKO TeM, uTO
OKpyXKawiige GOKOBBe NMOBEPXHOCTH 00pasua CIJIOMHbEE CTEHKH HUXK-
HeHl H BepxHeH 00ONM 3aMeHeHBl CJOXKEHHHMH APYT C ApyroM Habopa-
MH 3alUTHBIX KOJell, HMeIOLHUX BO3MOXKHOCTh CBOBOHOTO B3aHMHOTO
c/BUTa BMecTe ¢ JeopMHPyeMpiM IpyHTOM, B 3THX mpuBopax BHCOTa
30HBI C/IBHTa paBHa BrICOTe o6pasna. 3jech BO3MOXeH 3amep jedop-
MalluH CABHra KaK AJsl Bcell BHICOTH 06pa3na, Tak U B 30He CJBHTA.

HcnplTaHus TOIBIX H CIJIOINHBIX IHJIMHAPHYeCKHX ofpasnos B ye-
JIOBUSIX TH/POCTATHUECKOTO CHKATHS-KPYYEHHS] HMEIOT OnpeflelieHHoe
NPeHMYIeCTBO TNepejl UCIBITAHHAMH KOJbIEBHIX U CIVIOMIHBIX MJIOCKHX
006pasuoB, YMJIOTHAEMHIX B YCIOBHAX OTCYTCTBHSI GOKOBOTO pacliupe-
uus. B mocieauem ciyuae onpeflesende GOKOBOTO AaBJI€HHsT CBSI3AHO
C omnpeJeIeHHBIMH RONOJHHTENbHBIME pabOTaMH H TPYAHOCTSAMH (cM.
ri. 6, § 7). BmecTe c TeM 3TH HCOHITaHHS BO BCeX PABHHIX YCJIOBHSIX
Mpejle/IbHO TPOCTH, HAMEKHB H MOJHOCTHIO MOJENHPYIOT AedOopMaIHio
npoctoro cABura. CiefoBaTelbHO, NOJMYUCHHHIE H3 3KCIEPHMEHTa pe-
3y/JIbTaThl MOTYT OBITh HENOCPEJACTBEHHO HCIOIH30BAHBL IS ONpejelIe-
HHSL AlepOopManuy NPOCTOro (IJIOCKOro) CABHIa OCHOBAHHA NOATOPHBIX
coopyxeHui u T. A. IMCHHO nosToMy NpHBOPBI KPY4YeHHS KOJBIEBHIX
H CIVIOWIHBIX TJIOCKHX 00pasuoB MOJIyualT Bee OoJplliee pacnpocTpa-
Herde B Ja6opaToOpHOHA TP aKTHKE,

B cMpic/Ie mOJMyYeHHst pPABHOMEDHOTO paclpejiesIeHts KacaTelbHbIX
HAnpsKEHHA IO N[ONepeyHoMy CeyeHHI0 00pasya nauboJiee npHemsie-
MOJI ABJSETCA METOAMKA KPyYeHHs TOHKOCTEHHBHIX MNOJBIX LHIHHAPH-
HeCKHX M KOJIpLEBBIX 00pasioB ¢ cooTuowenueM d/62210 (6 — Tommu-
Ha crenkd, d — fHaMerp oBpasina). OnHaKo, TOCKOMLKY H3TOTOBJICHHE
TAKOBEIX H3 TPYHTa NPHPOJHOIO CHAOXKEHHS SIBASETCS HEOMpeo0auMon
3ajayeii, 3Ta MeTO/UKa TPHMEHsIeTCs JIst HCHBITanusi 06pasuoB Hapy-
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[ICHHOTO CJIOJKEHHMS B BHe MacTel TeKyuell MM TeKy4emaacTHYHOR
KOHCHCTeHLIHH.

Jns onmpesesenusi napaMeTpPOB CJABHIOBOH TOJ3YYeCTH IJIMHHCTBIX

rPYHTOB HaPyLIEHHOrO M IPHPOAHOrO CJIOXKEHH YacTO IMPHMEHSIOT
MEeTOJIHKy HCTIEITAHHSI TOJICTOCTEHHBIX O0paslioB HapyXKHBIM JHAMeT-
pom 10—15 cm H d/6=4. OaHaKo 3TO He HCKJIOYAET CJIOKIIOCTb H3rO-
TOBJIeHHS] 06pa3uoB, a MecTe C TeM YCIOXKHSIET XapaKTep pacrpejese-
HMs KaCaTeNJbHbIX [ATPSIKEeHHH 10 NONepeYHOMy CEUEHHIO M HX Olipe-
nejienne, JIJIs HCKIIOUEHHsI OJ(HOTO M3 YKa3aHHBIX HELOCTATKOB, B
YACTHOCTH CJIOKHOCTH W3TOTOBJIEHHS, NePeXOAAT K MCTHTAHUIO CTIIOW-
HbIX 06pasuoB [24]. OnpejeneHne pacnpejlesIeHHs] KacaTeJbHBX Ha-
NPsKEeHHE 10 CeUeHHI0 3aKpyIHBaeMoro oOpasua (3a mnpeenaMH mpo-
TOpPI{HOHANBHOCTH) B TOJICTOCTEHHBIX MOJIbIX IMIHEJPHUECKHX W KOJb-
1eBHX 06pasnax CJHOKHee, 4UeM B crIOmuHX (cM. T 2, § 1).
" K uHCAy HelOoCTAaTKOB HCHBITAHHA TMOJBIX 00pasuoB  OTHOCATCSH
TakXKe 3HAUHTEJHHOE HAPYIICHHE TPHPOLHOIO CAOXKEHHS IPyHTa, CO-
NPOTHBJIEHHE KPYUEHHIO DEe3HHOBHIX 000J0YCK (OKPYKAIOWIMX TOJbIH
LWJIHHEAP) H TPeHHe TPYHTa O [a0Op 3alHTHBIX KOJICH KOJbIEBOrO
ofpasua MpH ero YaOTHeHHH. B mocjejHeM cayyae BO3HHKaeT Heol-
XOJHMOCTh OTIpe/ieIeHHs] BEeMHUHHbl YKa3aHHOIO TPEHHS CHelHaJlbHbl-
MH TapHpOBKaMH /s HX MOCJHeAYIOLIero y4eTa NpH o6paboTKe ONBIT-
HBIX JaHHBIX, UTO HECKOABLKO YCHOKHSAET IIPOB2JeHHe 3KCIepHMeHTa.
OrMeuennse HeAOCTATKH NPHOOPOB KPYUYeHHs KOJbLEBHIX 00pasloB
YCTPAKSIOTCS TMPH Tepexoje K HCIBTaHHIO CHJIOUIHBIX 00pasnoB (cM.
§4).

M3 H3/I03KeHHOTO BHIIE CJAEyeT, UTO AJIS ONpeJeJIeHHs] PeoJIOrH-
YeCKHX CBOHACTB IJIHHWCTHIX IPYHTOB TNPH MPOCTOM CABHFE MOLYT GHTH
HCTIOJIp30BAHBL TOJBKO TPHOOPHEl KPYUCHHS W CBOOOJHOrO CKallHBaHMS
o6pa3uoB. [Hust ompejeNeHHst CONPOTHBJICHHS TJIMHHCTBIX TPYHTOB
CABHI'Y MOryT ObITh NpHMeHeHBl TakXke cpe3Hble MpHGOPH BCEX KOHCT-
PYKIH.

§ 2. MPUBOPbHI OAHONJNOCKOCTHOIO CPE3A

Jnst onpeleseHus CONPOTHBJIEHHS TPYHTOB (MeCYaHBIX M TJIHHH-
CTHIX) caBMry paspaboran locynapcrBeHunifi craugapr (TOCT
12248—78), KOTODBIM y3aKOHEHO NpPHMEHEHHe JIst 5TOH leiH MPHGO-
POB O/(HOIIOCKOCTHOrO cpesa (cMm. pHc, 94,a). TOCT 12248—78 Tpe-
Gyet, uTOOHI BepXisiss 060iMa cpe3nlBaTe s NPHGOPA OJHOIOCKOCTHOTO
cpesa OplJla HEeMOABHMKHOH, a HHAKHAA — MOIBHAKHOM, Honyckaetest
HCMBITaHHE TPYHTOB B NMpHOOPax ¢ BepxHeH NojBHKHOH 060HMOR.

B paccmaTpuBaeMubix mpuGopax 0MKHO GBITH 0GecledeHo:

a) UpPHIOKEHHe CABHIAlOWEro yCHaud T CTPOro Mo (HKCHPOBAHHOM
TOBEPXHOCTH CPE3a M 0 OCH CHMMETPHH TIOMEIICKHOTO B cpe3nBaTese
PasbeMHOro KoJ/plia — 060AMBI ¢ 06pa3IoM rpyHTa;

0) ueuTpupoBaHHas Mepenaua H BEPTHKANLHOCTh HOPMAJbHOM HArpys-
KH Ha LITaMII;

B) BO3MOXKHOCTb TMepe/laun HOPMANBHOH M KacaTeNbHOM HarpyaoK
CTyNEHsIMH WJIH B BHAE HeNPephIBHO BO3pACTAIOIEN HAarpy3kH (cosja-
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BaeMOill B cJydae KacaTeJbHOH HArpy3KH B pe3yAbTaTe HENpepbIBHOTO
nepeMeIleH sl KapeTKH ¢ HOCTOSIHHOH CKOPOCTHIO);

r) mogaua M OTBOX BObl M3 06pasua, a TakkKe coxpaHeHHe NPHPOJ-
HOHl HMJH 3aJaH(OH BJaXKHOCTH 00pasla B NIPONecce ONHITA;

I) BO3MOXHOCTb TapHPOBKH NpuGOpa — YCTAHOBJeHMS BeTHYMH THO-
npaBOK Ha MNpeo/loNeHue TPEHHs NOJBHXKHOA M HemoaBHKHOH HacTeH
cpe3blBaTeJIs;

€) H3MepeHHe BEePTHKAJbHBIX (YNJIOTHCHHS M HaOGyxaHHs) H TOPH3OH-
TalbHHIX AedopMannil o6pasua ¢ TouHocTeio 0,01 MM,

B wameft maGopaTopuofi NpakTHKe KpOMe OTMeueHgHOrO BHILIE NPH-
Gopa oanomnockocTHoro cpesda Modenn ITTI-30 (xmamerp obpasua
7,14 cM, miomans nonepeugoro cevepus F=40 cuM2, Boicota h=3,5cM)
kouctpykiun H. H, Macnosa u 10. 10, Jlypee [18] umelor mupokoe
npumenenne npuGopsr IHMHMT [7], Tmaponpoekra (BCB-2), @yuia-
menrnpoekra (CII®-2) w apyrue mx MolHdHKauwu, yAOBJIETBOPS-
IOIHEe BCeM NPeJbSB/ISEMBIM K HHM TpefOBaHHAM, a TakXe IpHOODHI
OJIHONIIOCKOCTHOrO Ccpe3a KOJbleBhlXx 00pa3suoB  (KOJabIEBOro Ccpesa)
HHMC T'naponpoekra (aBtop 9. JI. Koran), noipo6so omucanysle aB-
Topom kuuru [22, 24], w JUUT [7] (cm. puc. 95,a).

[IpH mpoeKTHpoBaHHH 0COBO OTBETCTBEHHBIX COOPYMXKEHHH WCIBITa-
HHSl Ha C/ABHI' TJIMHHCTBIX TPYHTOB NPHPOJHOIO W HapYIUEHHOTO CJO-
KEHHST OCYIECTBAAIOT TAKIKC Ha CIMCHHATbHBIX CTeHIOBBIX YCTaHOB-
Kax, npeflHasHaueHHbX AJIs HCHOBITAHHS KPYNHOOGJOMOYHBIX TPYHTOB.
HMspectunl crenfioole ycramoBku I'CII koncTpyknumm [miaponpoekra
AJISL MCOIBITAHMS. HA CHBHT (Cpe3) NpPAMOYTOIbHBIX 00pa3i0B-MOHOJJHTOB
pasmepamu 35X35X35 cm, 15X15X15 em n 1IXI1X12 cm [25];
koHcTpykuud B. 1. BuxapeBa sl MCHBITAHHS IWIHHIPHYECKHX O06-
pasuos AuameTpoM 50 cM u BbicoTOi 40 cM; Komwerpykumu P. . Ty-
JAHHOBA JJIf HCUbITAHHS Ha OJHOMJIOCKOCTHOH Cpe3 koJbLEBHX o6pas-
0B Auametpom 50 cM, BeicoTo#l 55 cm; koncTpykumm M. H. Tosba-
wreftna (1952 1) W MONEepHH3HDPOBaHHBI BapHAHT yCTAaHOBKH
BCEIMHI’)EO — BCIT st wcnbiTagns 06pasios IHaMmeTpoM 22 cM,
BBICOTOH 10 13 cm npu MakcumasbHOll Harpyske 1,0 MIla u mpegein-
Ho#t Jlepopmarn 7 cM [25].

[TprBophl OJHONMIOCKOCTHOIO Cpe3a HeOAHOKPATHO W BechbMa NOJ(-
poGHO omwucaHbl B juTeparype [7, 22, 24], mosTomy MEl Y/0BJETBO-
PHMCST M3JIOKEHHBIM BhIllIe,

§ 3. NPUBOPLI KPYYEHHSA

Huxe paccmatpuparorcst npHGOpbl KPyUEHHS! KOMbLEBBIX H CIJIOLI-
HBIX TJIOCKHX 00pasloB, NMO3BOJIAIIIHE HCCIEAOBATh NPOYHOCTHBIE H
MeOpManHOHHbIE CBOHCTBA TMIMHMCTBIX TPYHTOB HPHPOJHONO H Hapy-
INEHHOrO  CJOXKEeHHH Opu OPOCTOM CABHIE€ B PA3HBIX WX COCTOAHHAX
(Mox JefiCTBMEM pas/MupbIX YIVIOTHSIOIIHX HAUPY30K), a TakmKe YUH-
ThIBaTh BAMSIHHE CaMblX paslHuHbix (axTopos [22, 24]. Onu mosso-
JAI0T TaKXKe HCC/Ae/lOBAThL pelaKCallMi0 KacaTeNbHbIX HampsiXKeHuid B
TMIHHHCTHIX rpyHTax [33]. PaccmaTpuBaemble NpHGOpH UIMPOKO HC-
NO/Ib30BaHbl aBTOPOM KHMIH '[20, 22, 24] » MHOTHMH JpyrHMH creyHa-
JIHCTAMM TIPH DEOJIOTHUECKHX MCCIefOBAHHAX TVIHHHCTHIX FPYHTOB.
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MpuGop xpyuenus Koabuersix o6pasucs HUC Tupponpoekra. Naa
HCBITAHHA O0pa3lOB HA IPOCTOH CABHT NPH KPYYeHHH KOJBLEBBIX
06pasuoB MPHGOP OJHOMIOCKOCTHONO KOJIbIEBOro cpesa HUC Tuapo-
NpoeKTa (HapYXKHBIA AHaMeTp obpasua 101 mwm, BHYTPEeHHHEA — 50 MM,
BEICOTa 24 MM), KOTOPbIfi CXeMAaTHUECKH M30GpakKeH Ha puc. 95,a, aB-
TOPOM KHHIH HeCKONbKO mepefesan [20, 24]. Ykasannas mepepeska
OTHOCHTCA TOJIBKO K BHJIOM3MEHEHHIO FOJOBKH Cpe3mBaTess IpHOOpa
(puc. 97) u 3axmouaercss B ToM, 4TO CONMPHKACAIOMIHECS C KOJbIEBLIM
00pasuoM rPyHTa BHYTPEHHSS H HapyXHasi CTeHKH BepXHell M uuxHel
000#iM cpe3aHbl H 3aMeHeHbI HabOpOM 3alIMTHBEIX KOJIel U3 OpraHHye-
CKOTO CTeK/Ia HaH JaTyHH (cM. puc. 95,6) Tosmmmsoii or 1 o0 3,5 mm,
CBOGO/IHO NepeMellalolHX s OTHOCHTEIbHO Apyr jpyra. dasi yMeHs-
luenust TPEHHS MeXKJy 3ALIMTHBIMH KOMBLAMH DNOC/eliHHe NOKPHBAIT
CMa30uibIM MacyoM, C TOH 3Ke 1esIbl0 MOXKHO MeX/y 3allHTHLIMH KOJIb-
ILaAMH OCTaBHTh HeBOJIpIIOH 3a30p, a TakxKe YMeHbIUUTh NJIomAaApr UX
conpukacanus. Hast samuTe o6pasua oT moTeps BJaru 3auIuTHEBIE
KOJblla MOKPHBAIOT TOJCTHIM CJOEM TaBOTA HJIH TeXHHYECKOrO Base-
JIHHA, a K FOPH3OHTAJbHBIM TIOBEPXHOCTAM NoiBOAsT Boxy. Koraa He-
NbiTanye BejeTcst Ge3 NPEIBAPHTE/ILHOTO BOLOHACHIIIICHHS] obpasua -—
TIIpH COXpAHEHMH HAYANbHOH (NPHPOAHON) B/IAKHOCTH, BepxXuHil H
HIXKHHH KOJIplIeBbie INTAMIBl H30JHPYIOT.

YInoTHSIOmAs HAarpy3Ka, cO3zaBaeMas CEKTOPHBM  PHIYAKHBIM
peccom, NPHKIajbIBaeTCs k 00pasiy uepes BepXuuil nepdopuposas-
HbIi KoupieBof mTami. Kpydenne obpasma OCYIIECTBJISETCS MeXaHU3-
MOM Kpy4eHHS, a JAe(OPManuH CABHTA 3aMepSIOT OfHHM nporunGome-
pom MaxkcumoBa mapku Ne 6 (ITAO-6) xoucrpykuun JIUCH,

Hefonbimoe KoucTpykTuBHOe Hamenenwe, BHecenHOo aBTOpOM
KHHrH B npubop KolbueBoro cpesa,
NPUBeAO K CYIeCTBEHHOMY H3Me-
HEUHI0  HanpsKeHHo-1eopMupo-
BAHHOTO COCTOSIHHS HCOBITHIBAEMO-
ro obpasua. Ouo ycrpasuio spel-
HOe B/JHSHHE TpEHHS 3aAKPyuyHuBae-
Moro obpasua o 60KOBHle CTEHKH
Ha jpedopMaumio cABHra (Kpyde-
HHS), obecreunsio MOJHYK mepena-
4y KpyTAWHX MOMeHTOB Ha Obpa-
3ell, cBo0oaHOe cKalluBaHue (kpy-
UeHHe) IMOCHeHero Mo Beeil  BbI-
COTe IIpH [IQVIHOM  COBJIIOeHHH
YCJIOBHSI NApHOCTH  KacareJbyhIX
HanpsaXeHu# u Qurcauwmo gedop-
MalliH CIIBUTa B CTPOTrO OpejleseH-
HOH 30He,

Onucaunplt npuGop KpydeHus
KOJIbUEBHX 00pasnoB CTaja NpoTo-
Puc. 97. O6umii Bux mpaGopa kpyse- THIOM JJIsl CO3Rauus Camoro Gojsb-
HH KOJbueBHX ofpasuos HMC Tmg- IUIOro mpuGopa rakoro tuma Ivas-

ponpoexTa HBIM HHCTHTYTOM TOPHOrO JIeN3
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TIHP B 1970 r u npubopa KpydYeHHS MJIOCKHX CIJIOLIHBIX 06pa3noB
aBTOpOM KHHru [22, 24] (cMm. umxe). B 1973 r. [24] yxkasauublit
BHIIC KOHCTPYKTHBHHIA 3JieMEHT 3amMTHl 3aKpyuHBaeMoro 0Opasia
¢ HaGopoM Konen Geln Hemonb3oBad, WM. HMowmMu u X. Ox Oka, B
1976 r. T. U. Tep-CrenansiHom mpH cO3/anuy npHGOPOB  KpYy4eHHs
KOJBIEBEIX 006pa3noB COGCTBEHHON KOHCTPYKIIHH.

TlpuGop I'naBHOro wmHcTHTYTa TrOopHOro jgena [IHP (amTophl
Jx. Keurex u M. ['THHKO) mpejHa3HauyeH jns 3aKPYYHBAHHS TOHKO-
CTEHHBIX KOJbIIEBBIX 00pa3noB ¢ HapyXKHBIM AuameTpoM 34 cM, BHYT-
pennumM anamerpoM 26 cm, BeicoTolt g0 8 cm. Ilpubop WU. Mlomumu u
X. Ox Oxa, kotopblfi umeeT TpH MoaudHKanWK, MpeiHasHadeH AnA
MCTBITAHHST Ha KpYYeHWe TOHKOCTEHHBIX 00pasloB MecuaHbHX TPYHTOB
HapyXKHBIM JHaMeTpoM 24 cM, BHyTpPeHHHM auamerpom 19,2 cm (To.-
LIHHA CTeHKH Koabna 2,4 ¢M), BHCOTO# OT 2 10 2,4 ¢M Kak NpH CTaTH-
YeCKOM, TaK H BHODaIMOHHOM (IHKJIHYECKOM) Harpy:keHHH — B yCJO-
BUAX KpyTHAbHMX konebanuit, [IpuGop I'. M. Tep-Crenansina B aure-
parype He omucaH, M3BeCTHO, YTO Ha HeM MOKHO HCIBITHIBATH TOJCTO-
CTeHHbIe 00pasIbl BHEUIHHM JHaMeTpoM 12,5 cum, BHYTPEHHHM [HaMeT-
poM 8,5 cm, BHCOTO# 1,5 cM.

[pu6op Monenn M-5 xonerpykuun C. P, Mecusina [22, 24] (pHc.
98) oranuaercst oT mpuGopa KpydeHusi koabueBhx o6paspos HHC
Tunponpoexra (cM. puc. 956 u 97) TeM, 4TO Ha HEM MOMKHO HCHHITAThH
CIUTOWIHHE MJIOCKHe H HeMloCKHe oOpasnsl guamerpom d=101 MM npu
Bhicote h=1,5+4,0 cm u Oonee. Ilpn HCNBITAHHH CIVIOWHBIX 06pas-
0B CYUIECTBEHHO YIIPOILAeTCs HX H3rOTOBJICHHE, B HECKOJIBKO pa3
YMeHbIIAKOTCS CHJIBL TPEHHsST I'PYHTA O 3aulHTHBIE KOJbIla, BO3HHKA-
I0IiHe NpH ero TNpelBapHTeJbHOM YIJIOTHEHHH, CYIIECTBEHHO CHHXKa-
€TCsl CTeNeHp HapyUIeHHs1 IPHPOAHOH CTPYKTYPHL

Kak H B MOjlepHH3HPOBaHHOM aBTOpoM KHHrH npubope HUC [ux-
porpoekTa, B mpHGope M-5 ofpaseln rpyHra cHapy:XH OKpyxeH Habo-
POM 3alIMTHHIX KOJell, KOTOphle MPensTCTBYIOT ero GOKOBOMY pacllH-
PeHHIc TpH YMJIOTHEHHH, a NPH KPyYeHHH CBOGOAHO MepeMemalnTcs
OTHOCHTENBHO JAPYr APYyra, He NPeNATCTBYA AedOpMAnuu C/BHra (Kpy-
yenust), DTOT NPHGOP HMeeT BeChMa MPOCTYI0 KOHCTPYKIHIO H yl06eH
It OTpejie/ieHNsi TPOYHOCTHHIX M PEOJIOTHYSCKHX XapaKTePHCTHK TJVIH-
HHCTBIX TPYHTOB B J1IIOGOM MX COCTOSTHHH IPH NMPOCTOM {KBa3HYHCTOM)
C/BHTE TIOJL fleliCTBHEM HOpManbHHX (YNJIOTHSIOLIMX) HAarpysox Jo
2,5 MI1a,

[TpuGop M-5 cOCTOHT H3 CTaHHHH, ABYXbADYCHOH 3aMKHYTOH pa-
Mbl, paouero cTakaHa, MexaHW3Ma KpydeHHs, BUHTOBOrO NPHBOAA
HJIH pHYaXkKHOro mpecca jJs CO3jaHHs BePTHKaJbHBIX HArPY30K M H3-
MepUTeJbHHX NpUOOPOB AN 3aMepa aedopmalHil YIIOTHEHHST H KpY-
geHusi (CIABHTA).

CTaHHHA COCTOHT H3 YeThIpex OMOPHBIX HoxkeH I, paMbl 3 M MJHTH
5, KoTOpasi MPHBOJMTCS B TOPH3OHTAJbHOE IOJOXKEeHHE IPH MOMOILH
MObeMHbIX BHHTOB, BMOHTHPOBAHHBIX B OIOpHBIX HOXKax. Ha cranm-
He mpubopa mpu MOMOIM ABYX BHHTOB 46 CMOHTHpOBaHa JBYXbspyc-
Hasi 3aMKHyTasi pama, Huxuuil pHrens 45 pambl CAy:XKHT OCHOBaHHEM
Adst paboyero crakaHa, HPOMEXKYTOYHEI — /4 siBAseTCS OMOpPOH Mexa-
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HH3Ma KPy4eHHsl, a BepXHuH puresp I6, B KOTOPHH BMOHTHPOBAH BHH-
TOoBOA TMpUBOA 20 ¢ MaXOBHKOM 19, CHIy:KHT OMOPOH Kak A priuax-
HOTO TMpecca (CM. HHXKe), Tak H AuHaMmoMmeTpa 23. Crporo mapalielb-
HOe pacmoJIOXKeHHe pHresel JAOCTHFHYTO NMPH MOMOINH BKJaJAbILIeH-
TpyGok 15, 24 u 83, BHyTpH KOTOPHX NMPOXOJAAT BBHHUEHHHE B HHXK-
HHK pHureflp BHHTH I8 H 2/. Iloc/ielnde NpH MOMOIMH 32XKHMHBIX raek
17 npoYHO COeJIHHSIOT BCE 3JeMEHTHl paMsl.

PaGounii crakal, B KOTOpPOM OCYIIeCTBJISIETCST MHpefABapHTe/pHOE
yIJIOTHEHHEe H 3aKpYuHBaHHe oGpasia rpyHTa, COCTOHT H3 HMXKHeH He-
HOABHXKHOA OCOHMEI-AHHI A 37, B KOTOpPYK INOMelleH HeNOJBHKHBIA
HHXHHA pHJIeHBI NMepdopupoBauHbA AHCK-QHALTp 36. HemolBHK-
HOCTh (B CMbIC/Ie KPyUeHHs1) JHHINA H HHXKHero Aucka-¢uipTpa obec-
MeuHBaeTcst AByMsl MapaMH IIMHIeK 55 W 56, KOTOpble BXOJMSIT B FHe3-
Ja Ha JHe HHXHel ofofiMbl H ¢uiaprTpa. s molaud BOAH B AHHILE
MMeIOTCS AHAMeTpa/JbHO pacmoJoXeHHse ITynepn 58. OEpasen
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Puc 98. Cxema mpuGopa KpyueHus CIJIOWHHX o6pasuo M-5
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rpyHTa, OKPYyXKEHHHIH 3aMMUTHHIMH KOJBLAMH 35, MOMEAlOT HA HHXK-
HeM (puibTpe 36, YIJIOTHEHHE W 3aKpydyHBanHe 00pasua OCyIECTBJIS-
€TCsl BEpXHHM HITaMIoM-QuIsTpoM 34.

Cosjlansas BHHTOBBLIM IMPHBOJAOM BEPTHKAIbHAS YNJIOTHAKIIAS HA-
rpysKa nepefaeTcsi Ha BePXHHI IUTaMI u oBpasel rpyHTa yepes cTajb-
HOMl mapuk 22, nunaMoMeTp 23, IapHKOMOINHIHAK KayeHns 25, WTOK-
WOHEAeIs 32, BXOAAIHE B HapaBAsOmyl 54 BepxHero LITamia,
Huxuui kosen IITOKAa-MIMHHIENS, KOTOPHE MOXKET cBOGOJHO NepeMe-
IATbCsl MO BePTHKAJNH uyepe3 HampaBiAwmyl 27, BXOJHT B IpoOpes
Bepxuero mTamna 34.

Jst co3jauust BepTHKAIBHON HArpy3KH BMeECTO BHHTOBOTO IIPHBO-
Jla HCHOJb3yeTcsl TakxKe phluaxHuifl mpecc (puc. 99), Koropnii MOH-
THPYeTCs Ha BepXHeM pHreJsie pambl 4 NPH NOMOIIH ONOPHOrO BHHTA I.
Priyar 3 ypaBuoBemuBaetcsi npoTHBoBecom 2. CospaHHast rpysom 10
Harpyska mepejlaeTcd Ha LITOK-IMNHHAENL 9 yepes cToHKy 5, cTalpHOl
1iapHK 6, epeXOJHHK 7 H LA pHKONOAINHITHHK &.

Mexaunam kpyuenust (cM. puc, 98) cocToHT M3 aHucka 30 nHameT-
pom 20 cm, mojBeINEHHOro HA HANPABJAKIIEH INTOKa-IUNHH/AES TPH
IOMOIIH COEHHHTEJHHOIO KOJbla 28 uepe3 MIapHKOTOMIIHIHHUK Kaye-
Hust 29. Coe/HHUTEIBHOS KOJIBIIO 3aKpemieHO Ha Jucke 30 ueThpbMH
Oonramu 5/, a wanpasJsomas — Ha TpoMeXyToutoMm purese /4 coe-
guHHTeNpHOM raiikofi 26. Iltox-unuuaenr MPOXOAHT Hepe3 OTBepCTHe
B [[€HTpe JHCKA.

KpyTsmui MoMeHT co3siaercss mapodl Tar 9, TOMemEeHHbIX B KaHas-
Ke JIHCKa H 3aKpelIeHHbIX Ha HeM OosraMu 52, TArd mepekHHyTHl ye-
pe3 ponHkd 1! xpouwmreiiHoB 12 H 3akpemseHH Ha Ganouke 41 6oJ-
Tom 39. K mocreaueit mojsewensl rpy3osbie nopnoun 42 ¢ rpysom 44
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Puc. 99. Cxema co3faHHs yIIIOTHSIOWEH Harpysku wa npuGope M-5 mps momoums phi-
YaXXHOT O npecca

UpH NOMOINH Tsir 43, raiiku 38 H mepexonHHKOB 40. B 1eHTpe poJHKOB
11 mpocBepJieHbl OTBEPCTHS, [J€ NOMEMIEHB NOCAXEHHbIE HA Masbllax
10 wapuxononuunuuky. Kpouimreiinsl 72 3akpensessl Ha pHreje pa-
MHl 14 ralikamu 13.

Cosjanubifi MEXaHH3MOM KPy4YeHHsI KPyTANME MOMEHT mepejaeTcst
Ha WTOK-WMHHAEAb 4epe3 IMMOHKY 31, KOTopas BMecTe C HHM MOXET
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cBOGOAHO MepeMellaThcsi B KaHABKE, BBHITOYEHHON Ha MOBEPXHOCTH
BHYTPEHHETO OTBEPCTHS AUCKA KpydyeHHs. KpyTsuuufi MOMEHT OT WIMOH-
KM IITOKA-IIMHHACIS MepefaeTcs BepXHEMY ITaMny M obpasuy rpyH-
Ta yepe3 MPope3b, BHIIOJHEHHYIO B LEHTPE BEPXHEro LiTaMIa.

Beprukanbuas gedopmanus ofpasia I'PyHTa 3aMepsieTcs OJHHM
HHAMKAaTOPOM uydcoBoro THIa (Mmeccypoi) 50, KOTophI# 3aKpemjeH Ha
nepxkarene 49 BuHtoM 48. Jlepxkaresab MECCYPHl KDEMHTCHS Ha LITOKe-
wnuaaene BuutoM 53. Hoxka uuaukaropa 60 omupaercd Ha HHKHHIH
pHresb 45 pambl yepes yAJIHHUTENb 47.

JedopManus cABHra (KpyueHHsi) 3amepsiercs OJIHHM Mporudome-
pom cucrembl MakcumoBa Ne 6 (ITAO-6) 8, 3akpenyieHHbIM Ha HHMXK-
HeM pHreje 45 paMbl IpH NOMOIIM KpoHwTefiHa 7 u rafiku 6. Jledop-
Mallusl KpyuyeHHus obpas3na (BepXHero wTamna) Mepepaercs HA MPo-
ruGomep npososokoit 4 aAmamerpoM 0,4 MM. OZlMH KOHeIl NpOBOJOKH
3aKperJieH Ha BepXHEM WITaMIIe BHHTOM 57, a Ha JpyroM KOHue HoJ-
BelleH rpy3 2 Maccoil B 1 Kr.

Tapuposko#i Npubopa MOKHO ONPEAC/HTh:

1) HCTHHHYIO BEJHYMHY BEPTHKAJbHOM HarpyskH, mepenaBaeMolt
Ha ofpasell OT BHHTOBOrO NpHBoaa (cM. puc., 98) uaIH pHIYaKHOIO
npecca (cM. puc. 99). OHa onpelensieTcs TapHPOBKOH IUTOKa-UINHHAE-
JI5l, mepeMelaomerocss nNo HanpapJaallled. YCTaHOBJEHO, 4To CHJIA
TPEHHS ITOKA-IMHHALASA O HallpaBJAIOILYI0 OYEHb Maja H €0 MOXKHO
npenebpeyb;

2) cusy TpeHMs, BO3HHMKAIOIYIO MexAy obpasunom M HaGopoM 3a-
HIMTHHIX KoJiel, B Mpoliecce NpeABapHTENbHOTO YIUIOTHEHHS MO0 METOAY,
MPUMEHSEMOMY INPH KOMIIPECCHOHHBIX MCIHTAHHAX TPYHTOB (CM. TIJI.
6, § 4);

3) MCTHHHBIe 3HayeHHs nepeflaBaeMblX Ha OOpasell TpyHTa KpyTs-
IIIHX MOMEHTOB.

TapupoBka MeXaHH3Ma KpYuYeHHS sBJAseTCsd HamGoJee OTBETCTBEH-
HOH M TexHHYecKH cjoxHoi. Jlnsi HcKmoyeHHs OLIMGOK NIPH TApHPOB-
Ke MeXaHH3Ma KpyYyeHHs KPyTAllHe MOMEHTH OHDele/IfIOTCs Ha MecTe
HX nepenayn Ha ofpasel rpyHTa, T, € Ha HMXKHEM KOHIe INTOKAa-
wnuuAens. s 3toro Bepxumi mramn 34, BMeCTe ¢ HaNpaBJSIOLAM
54 (cm. puc. 98) samensiercs miankoit 3 (puc. 100), B nenrpe KoTopoit
uMeercs NMepeXOAHHK 4 ¢ Npopesblo, Ky/Ja BXOAMT HMIKHHI KOHEI! LITO-
Ka-mnuugens 10.

[lnanka 3 AByms KoHIaMmu onmpaercs Ha AdHamomerpnl 2 W I1.
[Tocaennue, B cBolo oOuepean, omuparwoTcs Ha cToiikd [ M 12 paMeL
Kpyrsauni MoMeHT, co3naBaeMblii MEXaHH3MOM KpYYEHMS, 4epe3 mpo-
pe3b MepexoAHMKa 4 mepefaercsi Ha IUIAHKY 3, a OT Hee K JMHAMO-
MeTpam.

Bosuukaomue B MeXaHu3Me KPYYeHHs! CHJIBI TPeHHS B 3HAUMTE/Ib-
HOH cremeHH oGyCJIOBJIEHBl TPEHHEM B HIADHKOUOAMIHIIHHKE KAYCHUS
25 (cm. puc. 98). BesMukHA 3TOro TPEHMS 3aBHCHT OT BePTHKAJbHOMN
HarpyskH. [TosToMy TapupoBky MeXaHM3Ma KpyueHHs CJeAyeT HPOBO-
IAMTb NpH Pa3/IHYHBIX 3HAYCHHAX BEPTHKAJbHON Harpy3kH Ha LIAPHKO-
MO HITHHK.

Jlnst TapupOBKM MeXaHM3Ma KPYYeHHs C y4eTOM BEJHUMHE BEpTH-
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KaJbHOH Harpy3ku paclOJOXEHHe UIapHKONOANIHIHHKA CJeAYeT He-
CKOJIBKO M3MeHHTh. HukHuH pudaensfi auck (cM. puc. 98) caenyer
3aMeHHUTb IJIaJKHUM, 4 LIapHKONOAIIKIHAK [IOMECTHTh MEXAY ITaHKOH
H raaAxuM guckom (cm. puc. 100). D10 nossoauT OTKa3aThCa OT pyu-
HOr0 BHHTOBOrO NPMBOJA H PHIYaXKHOTO Npecca, OCyIleCTBHB 3arpyke-
HHE NIpH TIOMOLIM CIIEHHAJIBbHOIO 3arpy304HOro ycTpoficTBa ¢ Hemocpea-
CTBEHHOM Tepefauelf Harpy3KH Ha IUTOK-IIITHHJAENb H 4Yepe3 HEr0 Ha
mapukonofmunuug I3 (cM. puc. 100). B cayuae cosganus BepTHKaJIb-
HOH HAarpy3kd BHHTOBBIM I[IpHBOAOM BO3HHKJIA OB HeOOXOAHMOCTH
BKJIIOYEHHS B CHCTeMy TapHPOBKH BTOPOTO LiapHKOMOAIIMIHHKA.

3arpysouynoe ycTpoicTBO (cM. puc. 100) cocTout u3 wroka 5, mpo-
XOAAINErO yepe3 HaUpaBJAAINYI0 6, BMOHTHPOBAHHYIO B BepXHeH nJu-
Te 9 paMbl. Ha konne wTOKa-mNHHASAST paclOJOXKeHa Ipy30Bast IaaT-
¢opmMa 7 ¢ rpy3om 8.

Pe3ynbraTsl TapupoBKH MeXaHH3Ma KpyueHHs IMpeACTaBasiOT B
Bujae Tabaun uam rpaduxoB. Ilpu 3ToM KOAMIECTBO TapHPOBOUHBIX
KPHUBBIX MeXaHH3Ma KpydYeHHs KaxAoro npubopa paBHO YHC/Iy BepTH-
KaJbHBIX Harpy3ox.

3Hasi nokasaHus AHHAMOMETPOB (3Hauelusl ONOPHBIX peakumi R
" Ry) u Hx paccrosuust di u dy OT HeHTpa BpalieHHs ILIaHKH, MOXKHO
OTpe/IC/INTh BEJHYHHY KPYTAILIEro MOMeHTa, epelaBaeMOro Hemocpe-
CTBeHHO Ha oOpaser rpyHTa OT WITOKA-IUITHHIEJS.

[TpubGop npenasaputenpHOro ymaortnenus M-6 (puc. 101). B neasx
39KOHOMHH BpeMeHH Ha NMOATOTOBKy 06pa3nOB K HCIBITAHHIO Ha Kpyye-
HHe (Ha YTO 3a4acTyl0 YXOAHT HeCKOJbKO MECAIEeB) MOXKHO HX Npea-
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BapHTeJbHOE YIVIOTHEeHHe OCYLIeCTBMTL Ha npubope mpeABapHTEJILHOTO
ynjorHeHuss M-6, cocTosileM K3 pambl, paboyero cTakaHa H Halpas-
JISIOLIEero co LITOKOM, mepefalouiero Ha obpasen PYHTa HAarpy3ky or
pHuUaKHOrO mpecca. )

PaMa cocTOMT u3 HHxKHero /9 u Bepxuero I0 purexedl. Hx crporo
napaJuleJlbHOe PacnoJoXkeHne JOCTHraeTcs BKﬂaﬂ?ILHaMH-prﬁKaMH 2,
BHYTPH KOTOPHIX MPOXOAAT BBHHUEHHBIC B HHIKHHA pHreab [9 BHHTH
11. TIpy NOMOIIH 3a:KMMHBIX raek J[2 3TH BHHTH NPOYHO COEJHHSAIOT
MexK Iy coboit Bee 2J1eMeHTH paMBEl,

Ha HwxHuA purenb pambl cTaBuTcs ofoima-Auuuie [8 pabouero
CTakaHa, KOTOPHIH UeHTpHpyeTcst Inuabkol 2/. B uenTpe BepxHero
pHrefst ¢ HOMOILLIO COCAHHHTENbHON railky J BMOHTHDOBaHA HAmpaB-
Jgawmas 9 mToka 4, KoTopast BXOAKT B NepexOaHHK [3 BepXxHero HIiTaM-
na /4 pabouero cTakaHa ¥ yepes3 3TOT WITaMn nepefaeT YNJOTHSAOUIYIO
Harpy3Ky Ha ofpasen rpyHTa, NOMCIIEHHHA HA HHXUEM DH(ACHOM
¢uanTpe /6 BHYTpH 3amMTHHX Kodeny [5. Ilonoxkenmue duavtpa 16
¢uKcHpyeTca mnHAbKaMu [7, a pedopMalua ynioTHeHus o0pasia 3a-
MepsieTcst MeCcypol, 3aKpenyieHHOM Ha HOXKe aepxkaTess 8§ BHHTOM 6.
HepxaTenp KpemuTcss Ha LITOKE NMPH MOMOLIH yCTAHOBOUHOTO BHHTA J;
I — BMHT ]/ 3aKpellieHHs MPOBOJOKH Nporubomepa.

[TpenBapuTe/bHOe YNJIOTHEHHE 06Pa3nOB MOXKHO OCYLIeCTBHTh, KaK
¢ coxXpaHeHHeM MPHPOJHOH BJAXXHOCTH, TAK M 10J BOLOH — HOCJe Ipe-
IBapHTeLHOTO BOJOHACHILEHHs. B mocieaneM ciayuae ofpasell Ha-
CcHIaeTcs BOAOH uyeped 1wmTynep 22 ¥ Bepxuuii nepdOpHpPOBAHHBIH
wmraMn /4. Jlas 3auaT 06pa3na OT BBICEIXaHHS B NMPOUECCE YIJIOTHE-
HHSl 34lMTHBIE® KOJIbIlA NIOKPHBAIOT TaBOTOM MJH TEXHHUECKHM Base-
JIKHOM.

YnnoTHawIas Harpy3Ka, co3iaBaeMasi PacnoJioKeHHHIM Hajl pa-
MOH pHYaXKHBIM IIPeccoM, NepefaeTcs HA LITOK 4 yepe3 CTAJNLHOH Lia-
PHK 7.

B 3akniouenne oTMeTHM, uTo npHGOp M-5 cHabxkeH AONOJHHTENb-
HHiM palOoyuM CTaKaHOM M LITAMNAMH, KOTOpHE MO3BOJAIOT HCMBITH-
BaTh KaK KOJbleBHE, TaK H CIJOLIHEIE 06pasins AnaMmerpom a0 20 cwm.

I'maBa 9

KPATKOBPEMEHHOE (HAYAJIbHOE) CONPOTUBJIEHHE
FJIMHUCTBIX TPYHTOB CABUTIY

§ 1. BBENEHHE

ConpoTnsieHne CABHTY T SB/ISETCS TeM OCHOBHBIM MPOYHOCTHBIM
NOKa3aTe/leM IPYHTOB BOOONIE, TIHHHCTHIX B YaCTHOCTH, IO KOTODOMY
OCHOBAHHA W COODYKEHHSl H3 IDYHTOBHIX MaTepHaJOB PaCCYHTHIBAIOT
1O mepBOMy NMpPeJeJbHOMY COCTOSIHHIO — IO MpefeJbHOH MpOy-
HOCTH MPOBEPAIOT YCTOAYHBOCTb OTKOCOB M €CTECTBEHHBIX CKJIOHOB,
OnpellefifioT JaBJIeHHE IPYHTa Ha OrpakAaloniHe KOHCTPYKuHu (mOx-
HOpHBIe CTeHKH, OOfenKkH TyHHesefl W T. A.). CONpOTHB/EHHE CABHIY
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[JIHHUCTHIX TPYHTOB DPaBHO BTOPOMY NpeNeNbHOMY HANMPAMXKEHHIO CABH-
ra T = Tiim (eMm. o 7, § 2), T. e. TOMY MHHHMAaIbHOMY 3Ha-
JeHHID KaCaTeIbHOTO HAanpsKeHHs, NMPH KOTOpOM HacTymaerT TPEThs
cTagua noaaysecth BC (cM. puc. 92), mpoTekamonias ¢ BO3pacTaollei
CKOPOCTEIO.

Lt OIleHKH MpPOYHOCTHBIX CBOMHCTB TPYHTOB NMPH CABHIE NMPUMEHS-
10T Teopuioo npouHoctu II. Kynowna [22, 24], &Koropas
XOpOIIO CcorJacyercs ¢ 3KcnepuMeHToM. CoraacHo 3TOH TEOPHH
MPOYHOCTb TPYHTd HAa HEKOTOPOH NPOH3BOJBHO BHIOPAHHOH MJIOCKOCTH
MaccHBa omnpefensercss BeHUHHOH 3(QGdeKTHBHOrO HOPMAJLHOTO Ha-
NpsiKEeHHs, AeACTBYOIEro Ha 3TOH IMJIOCKOCTH, H €r0 COMPOTHBJIEHHEM
CABHIY Ha TOH 3Ke IJOCKOCTH. B COOTBETCTBHH C 2THM YCJOBHE MpOU-
HOCTH TpyHTa 3aMHCBIBAeTCA B CJe[yolleM BHIE!

T =0 gp=0,f, 9.H

rfle 0, — HOpMaJbHOE HaNpsiiKeHHe; ¢ — IMIHPHYECKHH mapaMeTp, Ko-
TOpPBLH MPHHSITO HA3HIBATH YTJIOM BHYTPEHHETO TPEHHS.

Bruipaxenue (9.1) aBasieTcsi 3aKOHOM CYXOTO KYJOHOBCKOTO TPEHHS
(COMpOTHBJIEHHS CABMIY) HECBA3HHIX (mecuaHbix) rpyHToB. CompoTHB-
JIeHHe TJHHHCTHX TPYHTOB CABHTY ONMpe/lesieTcsi BHIp aXKeHHeM

=0 1g9+c=0.f+c, (9.2)

rfe ¢ — napameTp, paBHBIH COMPOTHBJ/IEHHIO TPYHTA CABHTY mpH o,=0,
Ha3biBaeMbll cienJdeHHeM; [-—KoahDHIIHENT TpeHH,

Oas onpepenenusi Bxoasmiux B (9.1) u (9.2) napamerpoB ¢ H ¢
HCHEITHIBAIOT Ha CABHI HECKOJBKO 00pa3noB-OJH3HENOB IpH pasjHy-
HBHIX 3HAYEHHSIX MOCTOAHHOM ymIOTHsilomled Harpysaku. McenhTauus
NpoBOAATCH KakK B peXHMe KOHTposas nedopmainui
CABHTAa ¥, Tdk H B pPeXHMMe KOHTPOJNH KacaTeJdbHBHX
HanpaAxeHHH 1. HenuTeiBaoT o6Gpa3nmn-Gau3pensl NPHPOJHOTO
UM HapyUIEHHOTO CJIOXKEeHHA KaK NMpH COXPaHeHHH NMPHPORHOf Baaxk-
HOCTH, TaK H NPH PA3JHUHBIX pEXHMax yBjaaxueHHs. MeToibl Bripes-
KH 00pasIoB M3 MOHOJMHTOB (KEPHOB) NMPHPOZHOTO CJOMKEHHS HJH H3-
TOTOBJICHHSI TAKOBBIX HapYWEHHOrO CJOKEHHS C 3aZaHHBIMH 3HAUEHHS-
MH TMJOTHOCTH M BjaaxpocTH oObyHEe, Onu nmogpo6HO H3NOKEHH B
ra 3 (§ 4).

HcnbiTanve o6pa3unos B pexXnme KOHTPoJA nedopmanuil casura yp
(ynpaBasieMoro HanpsieHusi) BBINOJHSAETCA NPHIOKEHHEM CTYneHua-
TO-BO3PACTANINHX KacaTeJbHBIX HanpsxKeHHH, a pe3yJbTaThl ONBITOB
NpeACTABJAIT B BHAE KPHBHX T — As uan v — y (puc. 102).

B KaX oM COCTOSIHHH TPYHTa, 0O0YCIOBIEHHOM BEJHUHHON H [IPOAOJ-
JKHTEJBHOCTHIO [ efCTBHA NOCTOSHHOR 3(Q@eKTHBHOR HAIpY3KH a,, NpH
HEKOTOPOM IIpefle/lbHOM YpPOBHE KacaTeJBHOTO — HanpAKeHHs, PaBHOM
NpeeJbHOMY CONMPOTHBJASHHIO CHABHTa Ty, OOpasel JAehOpMHpYyeTCH
Ge3 yBeanyeHHs mnociaenuero. [Hedopmaimusi rpyHTa IpH yKa3aHHOM
ypOBHe KacaTeJbHOro Hanps:KeHHs, KaK ObIO CKa3aHO BEIlle, 3aBep-
H1deTCA HCUEPNEIBAHHEM NMPOYHOCTH TPYHT@ C HapylWleHHeM HaH  Ges
HapylleHHs ero cmjolHocTH. [Ipuuem ueM Oosblie 3ddekTHBHAR VII-
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JIOTHSIIOUasl HAarpy3Ka o TeM Oo/blie CONPOTHB/JEGHHE T'PYHTa CABHIY
(cMm. puc. 102).

ITo onpeneneHHHM M3 onbiTa 3HAYEHHSIM CONMPOTHB/ICHHS  TPYHTa
C/IBHTY CTPOAT KPHBYIO 3aBHCHMOCTH 15/—0, (puc. 102). ILnsa rauHHCTHIX
TPYHTOB — 3TO IIpPsAMasi, OTCEKAIOU{ast Had OCH OPAHMHAT Ty OTPE30K €
(cnjowHas JHHHA), @ A4S NMecyaHbIX — npsiMas, NMpoxojflias yepes
Hayalo KoopauHar (wiTpuxoBasa JHHHA). [lapaMerpun ¢ onmpemensamoor
1o YIJy HAaKJOHA NPAMBIX Ts—G; K ocH abciucc.

HcnuTanne obpasioB B peKHME KOHTPOJISA KacaTelbHHX Hampsxe-

6; &5 Gz Gy 7743)

Phc. 102. CxeMa cemeiferBa KpHBHX T—Y (T—AS) H AHArpaMMbl CONPOTHBJIEHHS
FJIHHHCTOTO TPYHTA CABHTY (Tf—032)

HHi (ynpaBiseMmuX Aedopmanuii) IPOBOAHTCH NpH HEKOTOPOM 3ajaH-
HOM 3HaueHHMH MOCTOSIHHOM CKOpPOCTH aeopMallHy CABHIa, CO3AaBaeMok
HCOHTaTe/bHOH MaUIHHON, ¢ aBTOMATHYCCKOH 3aMHCBI0 KPHBOH T=1 (}).

ITH KpPHMBHIE AJf HOPMAJIbHO YMJOTHEHHBIX H HENOYNJIOTHEHHBIX
{cM. 1. 1, §2) rpyHToB (puc. 103) He OTAHYAIOTCH OT KPHBHIX, MOJYYEH-
HBIX B peXXHMe KoHTpoasi fedopmauuii casura (cMm. puc, 102). Kpusas
T=1(y) NepeynIoTHEeHHbIX TJHHKCTHX rpyHTOB (CcM. puc. 103), obaazna-
OIHX AOoCTATOYHO GOJMBLWIOH NJOTHOCTBIO H CTPYKTYpPHOU NMPOTHOCTHIO.
CYIIeCTBeHHO OTJIHYAIOTCH OT TAKOBOH, MOJYYEHHOH NpPH HCNBITAHHH
APYrHX uX pasHOBHAHOCTeH. B aToM cayyae nocse JOCTHKEHHS KacaTelb-
HHM HaNpPAXKEHHEM HEKOTOPOro HauOboJbLIEro — «ITHKOBOTO» 3HAYEHHS
(Toukn paspyuieHus) Ty, e opMallHs CABHTA NMPOROJIKAET PA3BHBATHCSA
TIPH YMCHBUIAIOMIEMCH KacareJbHOM HalpskeHus [[24], acuMnToTHYECKH
CTpeMslleMCsl K HEKOTODOH  NOCTOSHHOH BeAMYHHE T, Ha3hIBaeMoM
«OCTATOUHBIM» KacaTeJbHEIM HanpsKeHHeM.

Takum o6pasoM, ecid COMPOTHBIEHAE CABHIY HOPMAJBHO YIMJOTHEH-
HHX ¥ HeJOYMJIOTHEHHHX TVIMHMCTBIX MPYHTOB OLIEHHBAETCSA OJHHM 3HA-
YEHHEM, TO CONPOTHBJIEHHE CABHIY IIepeyIIOTHEHHEIX IVIHHHCTRIX PPYHTOB
(B cyuyae HCHbITaHHS 06PA31OB B PEXKHME KOHTPOJS HANpSKEHHH) —
<IMHKOBEIM» (pa3pyLIAIOIHM) T; H «OCTATOYHBIMY T, 3HAUEHHAMHM Kaca-
TeJlbHOTO Hanps:keHus. CleoBaTelbHO, MO AAHHBIM HCIIHTAHHA MOXHO
MOCTPOHTD JIBe JHarpaMMul caeura (oM, puc, 103) u onpeaenuTs o ABa
3HayeHHs napaMerpos ¢ (@, ¢,) H c(cs, ¢r), COOTBETCTBYIOMIHX ITHKO-
BOMY» M «OCT4TOYHOMY> COIMPOTUBJIEHHAM FPYHTa CABHIY.

B nporecce casura HeJOYNJOTHEHHHX TJIMHHCTHIX 'PYHTOB HaO0JI0-
Jaercs JOYIMJIOTHEHHE, d MepeyMJOTHEHHBIX — pa3ynJoTHeHHe (CM. HC.
103). HopmanbHo ynioTHeHHBe TPYHTH NPH CABHIE NMPAKTHYECKH HE
HM3MEHSIOT CBOKO IJIOTHOCTh.
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TToprCTOCTL BOAOHACHIIEHHBIX TVIHHHCTHIX TPYHTOB, BJAXHOCTb KO-
TOPBIX He H3MEHsAeTcs B Npolecce cIBHTa, NIPHHATO HA3bIBaTh K P U T H-
YEeCKOH NOPHCTOCTHIO, a HX COCTOSHHE KPHTHUYRCKHM. Kak
ormedas H. §I. lenncos B 1963 r., NOPHCTOCTb TIHHHCTEIX TPYHTOB TpH
CIBHI'€ CTPEMHTCH K CBOeMY KPHTHYECKOMY 3Ha4eHHIO (cM. puc. 103)
[31], KOTOpOE COOTBETCTBYET MOPHCTOCTH HOPMAJbHO YIIOTHEHHOTO
rpynra (I'. M. Tep-Crenansan). HopManbHo ynjioTHeHHBIE TPYHTH, 06-
Jagawnue 6oabof CTPYKTYpHOR NPOYHOCTBIO, NMPOABAAIOT (B caabof
CTEeNeHH) cBONCTBA NepeyIJIOTHEHHBIX T'PYHTOB, T. €. OHH TakKxke ofsa-
JA10T «MHKOBBHIM» H «OCTATOYHHIM» COIPOTHBJACHHSMH caBHry '[31].

CaenoBaTesibHO, YTOGBI MONYYHTh JOCTOBEPHHIE JAHHBIE O TPOYHOCT-
HBIX CBOHCTBaX MePeyNJOTHEHHHIX H HOPMaJbHO YIJIOTHeHHBIX (0Baana-

74

Puc. 103 Kpusble T—y HefoymioTHerHoro (4) M mepeymioTHeHHOro () TVIHHHCTHX

TPYHTOB, OOJYUEHHHE NPH HCIHTAHHE 06pasUOB B pexuMe KOHTPOJISA KacaTeqbHEX

HaNpsiZeHuil, HIMEHAEMOCTH HX MOPHCTOCTH B mpomecce ciBura (6) u (56) coormer-

CTBEHHO M JMarpaMmbl IHKOBOTO T; (2) H OCTaTOYHOTO T, (/) COMPOTHBJEHHH
CABHTY

0uux OoBION CTPYKTYPHOH NPOYHOCTBIO) TINIHHHCTHIX TPYHTOB, A0J-
JKHa OHTL ofecneyeHa BO3MOMKHOCTb CBOOOJAHOTO pas3ymnJoTHeHHs (OT-
puuatenbHofl AuiaTaHcHH) o0pasiloB B mpouecce capura. Ilis obecne-
YyeHHs YKa3aHHOTO YCJOBHS [IpH HCHOBITaHHH o0pasuoB Ha npuOopax
M-5 (cM. puc. 98) ynioTHAIOUIYIO Harpy3Ky  cJelyeT co34aBaTh  He
BHHTOBHIM TIPHBOJOM, a4 pPHlYaXHBIM mpeccoM (cM. prc. 99).

COIpOTHB/IEHHE TJIHHHCTBIX  TPYHTOB CABHIY  3aBHCHT KaK  OT
BeJHYHHE YIJIOTHAIOIEH HATPY3KH P, TAK ¥ OT PeXKHMa H LJHTENBHO-
CTH NPHUJIOXKEHHS KAcaTeNbHHX HAMpPAKeHHH.

YMeHblIeHHe CKOPOCTH TPHJIOKEHHS H YBEJIHYeHHE NpPOJOJKHTENb-
HOCTH JEHCTBHSA P, KAK NIPABHJIO, MPHBOJAKT K BO3PAaCTAHHIO IPOYHOCTH
¥ CONPOTHBJCHHS CABHIY KaK BOJOHACBIIIEHHBIX, TaK H HEBOJAOHACH-
IMEHHBIX TJHHHCTHIX TPYHTOB. B mnepBoM H3 yKa3aHHBIX CJy-
yaeB 3TO YyNpoOUYHEHHe TpPYHTAa OOYCHOBJAEHO  pacCeHBaHHEM BO
BpeMeHH H30HTOYHOro (HEHTPaNbHOTO) [AaBJeHHA B MOPOBOH  BOAE
Uy, HOCTHTAIIErO MAKCHMyMa HJIH B MOMEHT TDHJOMXKEHHA p;,  HJH
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yepes HEKOTOpOE BpeMsi IOCJE 3TOro MoMeHTa (cM. puc. 33). Pacceuna-
HHE JaBJieHHs NPHBOJAMT K yBeJHYeHHI0 3D P eK THBHOTO JAaBJe-
HHU A G;= pPr—Uy, BOCIDHHHMAEMOTQ CKeJNeTOM TPYHTA, H K yBeJUYEHHIO
HJIOTHOCTH H TIPOYHOCTH TPYHTA BO BpeMeHH. B ciaydyae MCIBITaHHS He-
BOJOHACHIIIEHHEIX TJIMHHCTBIX TPYHTOB YBeJHUEHHE IPOJOIKHTEIbHOCTH
JEACTBHA P, =0, BCJALCTBHE MOJ3YYeCTH MX CKeJleTa NMPHBOAMT K Ta-
KOMY 7K€ SIBJEHHIO.

YBeuueHHe NPOAQIKHTEIBHOCTH ACHCTBHA KACATEJBHEIX HANpSAKe-
HHH NO-pPasHOMY CKa3blBA€TCS HA CONPOTHBJIEGHHH TJMHHCTHIX TPYHTOB
caABury. B cayuae uCnBITaHMSI BOJOHACHIIICHHBIX TPYHTOB B YCIOBHAX
cBOOOHOTO OTKATHS NMOPOBOH BOABL yBeNHUEHHE NJIMTEJbHOCTH AeHCT-
BHSl KAacaTe/bHOTO HANDPSKEHHS CKa3biBAETCS NOJOXKUTENBHO Ha MpPou-
HOCTHBIX CBOHICTBAaX IPYHTOB. B 3TOM cjyyac HMeeT MeCTO yBeJlHUYEHHE
CONPOTHBJICHHS CIBHTY H3-32 PACCeHBAHHS IOPOBOTO H YBeJHYEHHS 3-
(peKTHBHOTO AaBiaeHHi. B cayyae ucnblTaHus Ha CABHT BOJOHACHIIICH-
HBIX M HEBOJOHACHIIIEHHEIX TJIHHHCTHX IPYHTOB B YCJIOBHAX OTCYTCTBHS
H30BITOUHBIX HANOPOB B MOPOBOH BOJAC YBeJHYCHHE JJIHTEJNbHOCTH AeH-
CTBHsl KacaTeJbMBIX HANPSAXKEHHH NMPHBOLHT K CHHIKCHHIO CONPOTHB-
JIEHHSl HX CABHTY. D710 fiBJeHHe 06YCIOBIEHO PeoJOrHieCKHMH CBOHCT-
BAMH [JMHHCTHIX TPYHTOB M HOCHT HAa3BaHMe JJAHTEJbLHOTO CoO-
MPOTHBJEeHHA CABHTY (cM. i 12).

JluTebHOE CONPOTHBJ/ICHHE Tjr M3MEHsIeTCH MeXAY  HauaJdbHHIM
(MrHOBeHHHBIM, KPATKOBDEMEHHHIM) T H HPeAeJbHO-AJHTEJb-
HHEM (cTaGHIH3HPOBAHHLHIM) T, CONPOTHBJECHHSIMH TIHHHCTHIX TPYH-
T0B caBury (cm. puc. 103 u 3). [Tox Haya bHBIM IOHHMaHHEM COIIPOTHE-
JIeHHe CABMTY JJIf JAHHOTO COCTOSIHMA IPYHTA B AAHHHIL MOMEHT Bpe-
MeHH, Ompeje/sgeMOe N0 OXHOMY H3 pacCMaTpHBAEeMBIX MeTOJOB Kpar-
KOBPEMEHHOTO MCTIHITAHHS 06pasiios.

ConpoTHBIIEHHE CABHTY BOAOHACHILEHHBIX TJMHHCTHIX TPYHTOB, NMpH
BCeX DABHHX YCJOBHAX, 3aBHCHT OT YCJIOBHS ApeHHPOBaHHs 06pasnos,
T. €. OT YCJIOBHS BO3HUKHOBEHHS H pacCeHBaHHS H3OEITOYHOTO AABJICHHA
B MOPOBOH BOAC B Ipollecce HX HCNBEITAHHS.

Ilo ycoBHSIM APEHHPOBAHHS CONPOTHBJIEHHE CABHTY BOJOHACHIIEH-
HBEIX TIJIMHHCTHIX TPYHTOB ONPeRensiloT: a) HEeKOHCONHIH PO BaH-
HOo-HefipeHupoBaHHuM (HH) uam 6ucrprimM; 6) Koncomu-
AHpoBaHHO-HeapeHupoBanHHM (KH) HaM yCKOpPEHHEBIM;
B) KOHCOJMAHPOBaHHoO-ApeHupoBauubM (KI) HIH
MECAJEHHB M MeTofam#M HcnbITanus obGpasuos, B coorsercTBHE C
H3JIOXKCHHEIM CONPOTHBJIEHHE CIBHTY BOJOHACHILRHHBIX TJHHHCTHIX
TPYHTOB B ofmem cayyae sMecTo (9.2) crepyer ompejenaTb IO CJeay-
IOIIEMY BHIPAXKEHHIO:

Tp = (p: — Uw) 8O +c. (9.3)

Ilpu t=00 up=0. Torza o,=p,, 14="7smax.

ITpuMep omnpepenieHusi CONPOTHBJIEHHS CABHTY TJHHHCTOTO TPYHTa
O TpeM YKAa3aHHHM BHIE MeTOAaM, 3aMMCTBOBAHHHE H3 paboTH
M. H. Toapamreitna 7 C. C. Babunkon 1963 r., npusegen ua puc. 104.

KpoMe nepeuscleHHBIX BHIIE CYLUIECTBYIOT H JPYrHE CHelldaJbHBIC
MeTOAB: a) JnabopaTOPHBIH MeTOo OIpe/ieNleHHs CONMPOTHBJICHHS CJBH-
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Z,

2y 4
3

Puc. 104. [uarpamws compoTHBJAEHHA TPyH-

2 Ta CQABHTY, ONpEACJIEHHBIE MeTOjaMH GBICTPO-

ro (I, 2), yckopewsoro (3) u MeAJEHHOrO

7 (4) wmcnmmiTanus o6paswos, no M. H. Toaba-

WITeRHY

67
ry (cpesy) T/IMHHCTHIX TPYHTOB B YC/IOBHSIX He3aBeplIeHHOrO YIJIOTHE-
Husl ¢ dukcanuel MIOTHOCTH-BJIAXKHOCTH, Npeioxenuni H. H. Mac-
J0BEIM [24]; ©) cABUr 1/ OUEHKM NPOYHOCTHEIX CBOMCTB PYHTOB 11O
IUIOCKOCTH TPelIMH HJIM KOHTAaKTy CJ0€B; B) CABMI mocie IpeaBapH-
TCJBHOrO yIJIOTHEHHSI MO NPOEKTHOH HArPY3KOH AJIsl OgeHKH NMPOUHOCTH
Ha0yXaloUMX TPYHTOB TpH HeGOJBIIHX HATPY3KAX ¢ HOMOJHHTEJBLHBIM
yBJAAQXKHEHHeM (3aMauuWBaHHeM); ) CABUT NMOC/Ie YACTHYHOH pa3TPY3KH
HOpManbHOro Aasjenus: (Metox A. A. HuuumopoBuua, 1948 r.)

§ 2. KOHCOJMHAHUPOBAHHO-APEHHPOBAHHDBIN METOX
JIABOPATOPHOI'O ONPENEJEHHS CONPOTHRJEHHSA CABHUTY
{CPE3Y) NECYAHBIX H IJIAHUCTBIX I'PYHTOB (IO roCT 12248—78)

K opHOMY ¥3 OCHOBHBIX METONOB OTpEeJEeHHN HauadbHOro (Kpat-
KOBPEMEHHOr0) CONpPOTHBICHHS TVIMHUCTHIX DPYHTOB CABHTY OTHOCHTCS
HX HCTBITAHME B YCHOBHAX 3aBeplLIEHHONG yhloTHeHus no I'OCT
12248—78, koTOpHIl B Ta/bHeHlIeM HA30BeM CTA H I a PTHE M, a CO-
NPOTHBJIEHHE CIBHUTY, ONPEJCNEHHOE MO 3TOMY M@TORY,—CTAHA AP T-
HBIM CONPDOTHBJACHHEM CABHT Y Tys:. IToT METOJ CJelyeT NpH-
MEHSATEH JJI5 UCTIBITAHHS IJTMHHCTHIX MPYHTOB C NMOKazaTesemM KOHCHCTEH-
uuu [p<<1, k0o3QunHEHTOM TNOPHCTOCTH AJIA cymecell M CYrJIHHKOB
e<<l, nnsg raun e<< 1,D.

CrangapTHBI# METO Onmpefe/eHusl CONPOTHBIeHHs CABUTY He pacs
npocTpaHsAeTcsl HA TVIMHHCTBIE TPYHTH, coaepXaluue KpynHOOBI0MOY
Hbie BK/IIOUeHHS pasmepoM Gosee 5 MM Win cBHllle 209, Mo Becy BKJIO
YeHU#l pazMepoMm 10 5 MM, CpelHe- ¥ CHJIbﬂosaTOpcposaHHme T'PYHTH H
TopdHl, a4 TaKKe HA BCE BHAEI TPYHTOB B MEP3JIOM COCTOSHUH,

CranpapTHO® CONpPOTHBJIEHHE CABHTY T;=Tfst TJIMHHCTHIX T'PYHTOB
OCHOBAHUH 3DaHu#l u COOpy}KEHI/Iﬁ OnpeAe/isiloT Ha OAHONJOCKOCTHBIX
cpesnbix nmpubopax (em. ra. 8, § 1 u 2). MenuThLiBalor ob6pasyn aua-
MeTpom He MeHee 7 cM u BhIcOTOH OT 1/2 no 1/3 d. Tlpu ucnmTanuu
He3aCOJIEHHBIX T'PYHTOB NMOA BOAOH uX 00Opasubl mpeaBapHTeNLHO Ha-
CHIIAOT  OOLIYHOM TNHTBEBOH BOJOH  TOCAE MNpPUIOKEHHS p,=
=0,1 MIla. 3aconenHble JEerKOpacCTBOPHMBIMH COJISIMH (XJIOPUCTHIMH,
CEpHOKHC/IEIMH COJISIMM HATPHS, MarHus u Kanusl) oOpasybl HACHILAKOT
rpyHTOBOH BOxoO# @1 BOLOH, GJIH3KOH K Hell IO XHMHUECKOMY COCTABY.
Ins storo BeicoTy o6paspa QUKCHPYIOT appeTHpoOM M 3aMOJHAT BaH-
HY cpe3bIBaTeJIsl HJIH YIJIOTHUTENsI BOJAOH JO YypPOBHS BepXHel MOBepX-
HOCTH 00pasia (B NepByIO MOJOBHHY BPEMeHH HACHINEHHS NMOBEpXHOCTH
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o6pa3ua He sasuBaloT BOAOH). BpeMsi BOAOHACHIIEHHS onpenenseTcs
H3 YCIOBHS cTabuaH3alnyu aedopMainun obpasna.

CONpoTHBJIEHHE CABHTY TPYHTOB ONpEleNAioT [oc/Ie NpefBapHTEb-
HOro yILUIOTHeHHs 06pa3nok HarpysgaMu 0,1<p,<C1,0 MIla, kotopsie
NMPHKI&AbIBAIOT KaK NPH CTYNeHYaToOM, TAK H HENpepPHIBHOM BO3pacTa-
HHH BO BpemeHH. llpeBapHTeNbHO® yIIOTHEHHE 0OGPa3LOB, 38 HCKIIO-
yeHHeM MPOCafOYHBIX, HCMBITHIBAEMBEIX B BOAOHACHINEHHOM COCTOSIHHMH,
0BBIYHO NPOH3BOAKTCSI HATPY3KAMH, YKA3dHHEIMU B Ta0J1. 26.

IIpH 6osee BEHICOKHX HArpY3KaX YIJIOTHEHHS], YeM yKa3aHo B Tab.. 26,
HHTepBAJIbl MeX/Ay BeJHUHHAMH P, AOKHH OHTh paBHOMepHHMH. I1pn
HCTILITAHHH IIpOCaA0uHBIX TDYHTOB B BOAOHACHULIEHHOM COCTOSHHH D=
=0,3 MIla npu Ap,= 0,05 MIla.

Ta6auma 26
Tabanua BEJHYNH HOPMAJbHBIX HarpPy3oK NPH ONpefeNeHHn Ty
HopMmaabHaa Harpys. CTynenn narpyske
Bua ¥ cocrOAHHe I'DYHTA xa p, ., MIla Ap P MIla
I'munl ¢ noxasareseM  KOHCHCTeHUHH 0,1; 0,3; 0,5 0,1
1. <0
Cynecs ¥ cyrauHgd ¢ I <0,5; rouem c 0,1; 0,2; 0,3 0,05
0<1L <0y5
Cynecy, cyrannry & riHHb ¢ [, >0,5 0,1; 0,15; 0,2 0,025 — 10 p:=0,1,
a paJjee 0,05

HeTHHHYI0 BeHYHHY TIpHJIOXKEHHOro 'K obpasly HalpsXeHHd oIpe-
HessTI0T 10 OTHOLIEHHKIO YIJOTHSAIOUEro ycuaus P, | onpeaenessoro no
TapuPOBOYHOMY KYPHATY HJM KPHBOH, K TJIOLIagH momepedHoro cede-
uns obpasna F:

,
p-=P,/F. (9.4)

Has ycranOsnenus BeqWyunbl P, clefyeT: a) TapHpPOBATh Mexa-
HHM3M (PblyaxHBIA Npecc) BepPTHKANbHOH HAarpysxu; 6) IpH HeoOXomu-
MOCTH OITIpe/leJIHTh TPeHHe, BO3HHKAOIee MeXAYy 00pa3uomM H 00oiMolt
cpe3niBATeNd, IT0 MeTOAY. HCNOJB30BAaHHOMY TIpH  KOMIIDECCHOHHBIX
HCIILITAHUSIX TPYHTOB {CM. 171 3, § 4).

JINMATeTbHOCTh BHIAEPKHBAHNA KaXAOH CTYNeHH yIJIOTHAIOUIEHA Ha-
rpy3ku (B MHH) I0OMXKHA OBITb HE MeHee:

LIS MecYaHBlk IPYHTOB , . . . . . . . . . . . B
» [VIHACTHX I'PYHTOB . . . . . . . . . . : 380

JlnurenbHoCTb AeACTBHS TMOCHCAHe#d CTYNEHHM HAarpy3kH onpenend-
eTcs YCIOBHON cTabumn3anteil nedopmanuil ynaorHeHus. 3a yCJIOBHYI®
crabuansanuio nedopManuil NpHHHMAETCA CKOPOCTh A€POpPMalHM He
Bonee:

gJs NMecdyaHslX TPYHTOB . . . . . . . . . . . . . 0,01 mm3a 20 uue
» cymeeell . . . . . . . . . . . .. .. .. 001MM322Hy

» cymmHKOB ¢ [p=<c0QJ12 . . . . . . . . . . 00lum3aby

» cyraugos ¢ [p>012 w rmw . . . . . . . . 00l um3al2«

» MPOCAXOUHEIX TPYHTOB . . . . . . . . . . . 00lMM3ady
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Bpems ycioBHo# crabniansanuu nedopmansii ynjoTHEHHS cOBNana-
eT CO BpPeME€HeM pacCeHBaHHS HM36GLITOUHHIX HAaMOPOB B NOPOBOH Bojle
H C MOJHOH nepegauvell BHelIHe# YNJIOTHAIOUIEH HArpysk# p, K ckejery
TJAMHHUCTEIX TPYHTOB p,=¢,. C 3TOTO BpeMEHH CONPOTHBJIEHHE CABMIY
CTAHOBHTCH 00YCAOBJEHHEIM 3(D(QEKTHBHEIM HanpsKeHHeM (laBJeHHeM )
0. B _onpejensercs BupaxenueM (9.2).

[peaBapuTenbHoe ynIOTHEHHe OGPA3LOB MOMKHO BHIMOJHHTH K3K B
cpesbiBaresie npubopa, Tak M HA npubopax NpeJBaPHTENILHOrO YUJOT-
HeHusl. Be/lMYHHE yNAOTHAIOMEH HATPYSKH H BIAXHOCTHHIH peXHM npo-
BE/IeHHS ONBITA ONPEIe/AIOTCH YCIOBHAMH 3aJI€raHHsl TPYHTOB H yCJIO-
BHAMH HX paboThl NMOC/e BO3BeieHHs coopyxkeHuil. [Korfa yniorHexne
00pasnoB BHINOJHEHO HE B cpe3niBarese npubopa, a Ha npubope npen-
BAPHTE/JbHOTO YNJOTHEHHS, [Jsi HCNBITAHHA caegyer WX OBICTpO pas-
TPY3HTL M NMEPEHECTH B Cpe3nlBaTeJ]b NPHOOPOB, He CHHMAsA IITAMIIOB.
Ilepen pasrpys3koift o6pasuyoB ciaenyer BOAY M3 BaHHBl YIUIOTHHTRINS
yAaauTh u 06pasubl 0cBOGONHTL OT appETHpA.

B cpesniBarese k o6pasny BHOBb MPHKA4JHBAIOT HATPY3KY, PABHYIO
HAarpy3ke MNpeABApHTENbHOTO YIJOTHEHHS. YIJIOTHAIOMYI0 Harpysky
NPHKIaABIBAIOT K 0o0pa3ny B OAHY CTYNEeHb H BHUIEPKHBAIOT A0 cpesa
He MeHee (B MHH):

IJ19 MecYaHplx TPYHTOB . . . . . . . . . . . . D
» cymecelt . . . . . . . . . . . .. . .. 16
» CYrMMHKOB W ramd . . . . . . . . . . . . 30

Korzma rpyHT ucOBITEIBaeTCs MO BOAOH, BaHHY Cpe3niBaTe/sl 3aM0J-
HAIOT BOJOH nocjie npunoxenusa narpy3ku 0,1 MIJa.

HedopMalnu ynjaOTHEHHsST 3aMepsalOT MecCypaMH-HHAHKATOpaMHU
TacoBOTO THNA ¢ neHolt Aenennsa 0,01 MM,

KacarespHble HanpsiKeHHs MOTYT OLITH KaK CTYNEHYAaTO, TaK H He-
npepLIBHO BO3pacTralouMMHi, B nepBom cilyyae BelHYHHA CTYNeHH Kaca-
TEJIbHOrO HAMpSIKEHHs He J0JIKHA NMpeBHLIaTh 5% OT 3HaYeHHs YNJOT-
HAKIOUIEr0 HanpsikeHAs o,=p,. BeJuuuHy Mmaccel rpysa Qr, nmomera-
eMOro Ha MOAJOHE phluara CABHraoliero YCHAHS, OHNpelelsioT MO BH-
pPaXKeHHIO:

Qr= 0,050, Fap, (9.5)

rie F—njomans nomepeuHoro ceyeHns oOpasma: o, — HOpMasbHOE
HanpsiKeHHe; ¢ — OTHOIIEHHE NJeY phiyara cpesbiBalollero yCTpoHcTBa
(nns npubopa I'TTI-30 a=1:10=0,1); p — KoapdureHT.

Kaxaylo Noc/ielyoliyl CTyneHb KacareAbHOTO HaNpsKeHHS MpPH-
KJIaJbIBaIOT K 00pasny nocje ycaoBHO# crabuiusankn aedopMaluu
CIBHTa OT AEHCTBHs NPeAblAYIIell CTYMeHH HAarpy3kH. 3a YCJIOBHYIO
crabunuzannio negOpManuH CABHIa NPHHHMAKOT CKOPOCThH He Oosee
0,01 mM/mud. TIlpu HempepbIBHOM BO3pacTaHHM KACATEJNBHOrO HaNps-
KEHHsl (MCTBITAHHE B PEKHME KOHTPOJs HANPSXKeHHH 1) CKOPOCThb Cpe-
34 NPHHHMAIOT (B MM/MHH):

AJIs1 TIeCKOB B o
» cymeceli . . . . . . . . . . . . . . .0l
» CYIJIHHKOB R X1
» TJIHH , . 0,02
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Beanynnpl KacaTeslbHOTO HaNpPSDKeHWS H CONPOTHBJIEHHA TpyHTa
cABHTY (cpe3y) ONpeAessloT COOTBETCTBEHHO IO BBIPaKEHHSIM:

T:T,/F; Tf,st = Tr,nax/F, (96)
rae T . —TpuioxeHHoe K o6pasuy MaKCHMajbHoe (IIpefesibHOE)
KacaTeJIbHOe YCHJHe, ollpeAe/sAeMoe IO TapHPOBOUHOH KPHBOH phiuara
capuramwouero ychius (puc. 105).

HedopMaiuio cABHra 3aMepslOT  MecCCypoll ¢ TOYHOCTBIO A0
0,01 mMm. [Tokasanus HHAMKATOpa 3allHCHIBAIOT Yepe3 KaXKAylo MHHY-
TY 10 TOJHOH WAM YCIAOBHOH cTabmuiausauud JecdopMalmil CABHTA.

Coraacio I'OCT 12248—78 ucneitanne ofpasipa CUHTAeTCs 3aKOH-
YeHHBIM, KOTA2 TPH NPUJIOXKEeHWW OYepeJHOH CTYNEHH HAarpy3Kud Ipo-
WCXOJAHT MIHOBEHHBIH cpe3 Hiam oOllas Jdedopmalusi cpe3a NpeBHCHT
5 mM. [lpu ucnuiTanuil B peXuMe KOHTPOJS HaNpsiKeHHH (mpd To-
CTOSTHHOH CKODOCTH Cpe3a) 3a CONpOTHBJIEHHe CABUTY IPHHHMAacTCS
«0CTaTOYHOE» HANpsKeHHe T, (cM. puc. 103) WMan HaunpsKenne, NpH
KOTOpOM JlepopManusi NpPeBHICHT 5 _MM.

PesyabpraTel HCIBITaHHST KaXkaoro o6paslia 3alHCHIBAIOT B OTAEJb-
HblA nabopaTopHblii XKypHasa (Taba. 27), a mo pesysibTaTaM HCIBITa-
HUA HECKONIbKHX 00pa3loB IPH pPa3JjiHUHBIX 3HAYEHHAX G, CTPOSIT
AHarpaMMy ciBHra tys=[ (0;) (cM. puc. 103).

)] Puc. 105. CxeMa TapHpOBOYHOH KDHBOH DH-
yara TrOPH30HTaJbHOrO  YCHIHA  mpHGOpa
o I'TTI-30, MexaHH3MOB KpydyeHHs mnpubGopos
T,/Mg-g,;;) KOJIUEBOro  C/IBUra H KPYYEHHS 00pasloB.
T" u M,,, — HCTHHHEIC 3HaYCHHS CIBHIOBO-
TO YCHJHS H KPYTAIlero MOMEHTa, Iepeja-
TitMepr7) TiMEgy) Y Bael\%e Ha 06pasu pea

ConporuBiiedHe rpyHTa CHBHTY ONpele/isiloT He MeHee dYeM IIpH
TpeX pa3/JUUHbIX HOpPMaJbHLIX HAarpy3kKax o, HCIbITaHHeM 00pasloB,
BHIDC3aHHBIX M3 OJHOTO MOHOJHTA (KepHa).

ConportuBJienne IJIHHHCTBIX TPYHTOB CJABHIY 10  CTaHAapTHOMY
METOLY MOYKHO ONpPeReNdTh TaKXe Ha Tpubopax CKallMBaHUSA, KOJb-
HeBOTO cpesa M kpyuenHs (cm. ra. 8, § 1—3). B atom cayuae 3a
CONMpOTHBJeHHe 00pa3ua CHOBHTY TPHHHMAIOT MaKCUMallbHoe Kaca-
TelbHOE HaNpsKEHHe Tmax = Tf, st = Tiim » TpHBOJsIliee K
MoN3yuecTn ¢ Bo3pacrawmeli ckopoctpio (cM. puc. 92). Tlpu atoMm
clIefyeT yuecThb OTMeueHHOe Bhille (§ 1) ycaoBue o crmocobe NPHIO-
KeHHs YINIOTHsIOIIeH HAarpy3kW IIPH HCTBITAHHH NepeyIIOTHEHHbIX
H HODMaJbHO VIJIOTHEHHHIX IJIHHHCTHIX TpyHTOB (00malalolinx
GOJIbIION CTPYKTYPHOH IMpOYHOCTLID) Ha Hpubopax M-5.

Tlpu npumenenuu mpuGopos csofGoaHOro CKalIMBaHUs KacaTeAbHLe
HaDPSKEeHHs: onpepelsoT no BolpaXenuwo (9.6). Ilpum wuonpitaunu
Ha KOJBIEBOH cpe3 H KpyYeHHEe KOJBLUEBBIX H CIJIOUIHHX 00pasios
COMPOTHBJICHHE CJHABHIY OTpeAe]sioT COOTBETCTBeHHO  CJACAYIMIHMH
BBIDAXKEHHAMH:
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. Tabaunua 27
Xypuan onpenencrnsi MTHOBEHHBIX, Non3yunx nedopManuii MPOCTOro CABMra ¥ CONPOTHBAEHHS IPYHTA CABHTY

. Onpir 1154. 2. IpynT 15—68. 3. Cnoxenne — ecrectBennoe. 4. [Ipubop I'TI1-30. 5. 0,=0,25 MIla. 6. <7.:=0,112 MIla.
7. ¢=0,082 MIIa. 8. ¢=06°50". 9. CBexenuss 06 HCIBITAHHOM OOpas3ie.
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O6GreMHag Macca BnaxHocTs Koshbumnuent
1%;?-1?131 Macca og«paacsclfa glr?eusgﬁf O6beM HaqaanaﬂI KOHEeYHasd HCJII*;%;P:;Z“ MOPHCTOCTH B‘;‘gg:’
€ KoabioM ':r?f.bﬁa = rrr': fmi, ceqellii?il;lol«‘ oﬁpzstl.ga v =m/V Ps HasganHas KOHzquaﬂ komeunpit | CAPRA @
my, T e el paﬁ’cnn,{s , o r/emt|  rjeme w, F Ha‘-[aeJ:bHHﬁ e MM
—_ — — 40 — — . 1,92 2,58 0,2642 0,32 —_ ’ 0,78 —
10. PeayabTaTh HCOBITaHHS 06pa3na
Ynaoruenne (cxaTHe) | CasHr (cpes)
Bpems npuaokeHus MrHoBeHHas Bpema mpunomenns MrHoBeHHadA
., Aepopmalus T AebopMauHsa
Py, ® T As = v, =
z y e m . =—] = 4
Ml Li % = :l S E : s \N M 4, Muu,| abco- Aoy a ] ol s . =¥
nata g 2 E I ! ﬁ B AaTa ¢ |moTHoe = ! Pl’l -
z 2 < < (=3 s = &
| f e 5] < & « | & | W = | | < < 5
0,05 | 30.09/10,00¢{ 0,0 0,000 — — — — |0,0125( 31.09] 10,00] 0,00 [0,000{ — — —_ —
0,10 |1968 .| 11,00| 1 4 |0,025| — — — — 1968 r.] 10,01| 1 mun|0,010| — — — —
8,;3 ii.gg 3 q 8,8;2 — — — — 0,025 10,02} 2 Mun| 0,029 — — — —
, , q v, — — — — 10,03/ 3 muu|0,029| — — — —
0,25 15,00 54 (0,090 — — — — — — — —_ — — — — —
16,00 64 |0,095| — — —_— —_ —_ —_ — — —_ —_— — —_ —_
17,00 7 u |0,096| — — —_ —_ 0,112 11,251 u 25M| 0,501 — - — —_ —_
31.09/10,00| 24 1 (0,098 — — — — — 11,26 0,590 — — — — —
1968 r. 11,27} — 0,680 — — — — —
P18l — |o8o| — | — I — | — | —




3Mtor,1im . (97)

Ty = 5
P Ten 3= 4
3 My 1
T = _QQLEEL (9.8)
nr

rae Mior, 1im — NpeAeNbHEl KPYTSILHH MOMEHT G yYeTroM TapHpPOBOY-
HOil mompaBku (cM. puc. 105); 7, M ry—HapyXHBIH HBHYTPEHHHA
pajuychl KOJabLA; r — pajHyc CILIOmHOro 06pa3lla.

Bupaxeunus (9.7) u (9.8) moayuensl w3 YC/IOBHA TOJHOrO HC-
MOJB30BaHHA Hecyliell CrocOGHOCTH BCEro NOMePeYHOro cedenus o6-
pasua — OpIMOYTOJBHOM 3MIOPH pacupefiefienyg KacaTeNbHBIX  HAa-
npsixennit ([24].

§ 3. ONPEXEJEHHUE HOPMATHBHbBIX U PACYETHBIX MMAPAMETPOB
COMPOTHBJIEHHS TIAUHHCTBIX TPYHTOB CABHTY

Mapamerpn ¢=a u {gp=Dh JuueiiHo#i 3apucumocTn (9.2) Buaa
(6.4), tne X=0, Y=1;, NIpu HeOo/bIIOM KOJHUECTBE OILITOB OIlpe-
NeNAI0T MeTooM HamMmenblumx KBajparos (cm. T4 6., § 4) u3 co-
oTHOmenn# (6.42) m (6.43) m naswBaOT HOPMATHBHB M#. Iipn
NPOeKTHPOBAHHH OCHOBAHHH H 3eMJSHHX COODYXKeHuil HONOJAB3YIOT-
ci pacueTHHe 3Hayeuus cABHTy. Jaa _3TOTO OnpeAendoT

pacyeTHble 3HaYEHHA MapaMeTpoB ¢=a H tg¢=>0 N0 COOTHOLIEHHAM
(6.47) u (6.48) ans omHOCTOpOHHe! NOBepHTENBHOH BEPOSTHOCTH
=095 (cm. rabn. 24) u uncna ctenemell cpoGoan K=n—2(n—
KOJIHYeCTBO ONBITOB),

[Mapamerpn ¢ u tgp, Kak H NIpH annmpoOKCHMAalHH 3KCNEPHMEH-
TaJbHBIX KPUBHIX noasyuectd (ria. 6, § 4) M 32BHCHMOCTH e.—Oi
(rn. 6, § 5), onpegensitor Takke rpadpudeckum MerojioM. [Ipu ompe-
JieJIeHHH MapaMeTPoB COMPOTHBJAEGHUS TPyHTa CHABHTY B JAabopaTop-
HOM Xypuanae (cM. Tabn. 27) cledyer ykasarb HaHMEHOBaHue, CJO-
YKEeHHE IPYHTA, METOJ HCHLITAHHA 06paau0|B, THIL HpH60pa, a TakKxe
NpHBECTH BEJMUHHBI ¢, H XapaKTepHBIX INOKasarenelr (H3MYECKHX
CBOHCTB: p, p, W, €, S, u Ap.

ITpumep 9. Tlo JaHHBHIM HCHHITAHHA OBPA3LOB IMEHHCTOrC TIPyHTa (cM. Tabm 27)
Ha npubope oxHommockocTHOro cpesa I'TTI-30 npu Tpex SHAYEHHAX HOPMAJIBHOTO
Hanpf;};(eHua (tabx. 28, puc. 106) BHUHCAHM HOPMATHBHble 3HAYeHHs NapaMeTpon
c=aq, tgp==>5.

Macca rpyaa, NpHJOXKeHHOTO Ha TPY30BOft NONAOH PHIYATA CABHIAIOUIErO YCHJHS
npubopa I'TTI1-30, nanpumep anst 6,=0,25 MIla, onpegeneda no supaxewnio (9.5):

Qr=0,050, Fap=0,05-0,25-40-0,1-10 = 0,5 xr,

rge [F— nonepeunoe ceuenne obpasua (B cm?); P — koapduiuedT nepesoma MIla
(B krc/em?) (Bp=10).

Onpegenennble 0 coornowennsiM (6.42) » (6.43) snaueHHs tgQ M ¢, Ha ocHOBa-
HUH JAaHHHIX HCIBITAHHS TpeX 06pasloB, npuBefentl B Tabu, 28.

Onpefennm napametpul tg@, ¢ # ¢ rpaduyeckuM MeTOAOM — HCNOAL3YA  AUd-
rpaMMy casura (cM. pHc. 106) u pesyabraTh HenbltanHs 06pasuos (taba. 28), B
3TOM cJydYae BeqHUHHY UZ¢ ONpemesiOT M3 BHpaXKeHUS:
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Te,MNa  67=425MNa

Puc. 106. OxcnepaMeH~
TajabHas KpHBag T—AS B
JHarpaMMa  CONPOTHBJE-
HHA CcABHCY IpyHTa, NO-
CTpOeHHAst MO  JaHHBIM
(I ! 1 ! I tabx. 28

|
|
|
|
] | 1

6;,Ma g3 4z 41 45 10 4S,wmm

Tab6auua 28
PesyabraTel onpegenieHHs CTAHZAPTHONG COMPOTHBJEHMS TPYHTA CABHIY

0, . MIla 'rf' st MIla tg o @, Tpaxyc ¢, MIla
0,15 0,10 0,12 6°50° 0,082
0,25 0,112
0,35 0,124

- Tf st (”)_Tf,st (n—1) __(),124-—0,10_0 9
6P = Tyn— Ozp 0,35—0,15 7

oTKyJa ¢==6°50",

c=1; 4 (n—1)—0, ,_ tgp=0,1-—0,15.0,12=0,082 MITa.

z,n—l1

HopmartusHoe conporubJ/ienHe casury (9.2), paccMoTpeHHoe B mpuMepe Tpynta (C
yueToM AaHHHX Taba 28) samiuwercsd B BHIe CAeAYIOIETO COOTHOMICHHS

Tp o = 0z 1g 6° 50" 40,082 =3, 0,12+ 0,082 (3 MITa), 9.9

ITpumep 10. OnpenesuM HOpMaTHBHBHE H pacueTHble 3HAUeHHs mnapamerpor tgQ
U ¢ BHpaXeHHs CONPOTHBJeHHs ¢IBHTY (9.2) BHIa (6.4) cyriHHKA NpPHPOIHOrG CJO*
XKeHds (ps= 2680 kr/M% p=1900 Kr/m?, @wo=0,365; ¢==0,928; S,=1; I.==0,145.
I,==0,26) no xaHHbBIM McnHTaHHA JecaTH obpasuos Ha npubope M-5 (ta6a. 29).

Ta6aupa 2%

ﬂplmep onpepejeHHss HOPMATHBHBIX H DPACUETHHIX IIaPAMeTPOB CONPOTHBIAECHHSA
CABHTY TrIpyHTa MeTOAOM HAHMEHbLIIHX KBaJpaToB

Y=tf, st’ 2 X=g,. 2 Xy K= 3 e

" MITa Y Mma | X =T, o Y=y, &
1 0,073 |{0,005329 0,25 10,0625 0,01825 [0,0774|0,0044; 0,0000193
2 0,072 {0,005184 0,26 10,0625 0,01800 |0,0774]0,0054| 0,0000291
3 0,079 |0,006241 0,25 |0,0625 0,01975 |0,0774|0,0016| 0,0000025.
4 0,107 |0,01145 0,35 10,1225 0,03745 10,0956 | 0,0114| 0,0001299
5 0,107 |0,01145 0,35 |0,1225| 0,03745 [0,0956|0,0114| 0,0001299
6 0,088 |0,007744 0,35 10,1225 0,03080 {0,0956 | 0,0076| 0,0000577

7 0,118 |0,01392 0,50 (0,25 0,05900 | 0,1229) 0,0049| 0,000024
8 0,127 {0,016129( 0,50 10,25 0,06350 {0,1229|0,0041; 0,0000168
9 0,131 {0,01716 0,50 (0,25 0,06550 |0,1229|0,0081] 0,0000656
10 0,111 ]0,012321 0,50 10,26 0,0555 |0,1229|0,0119] 0,0001416
210 1,013 {0,106928 3,8 1,555 — —_ —_ 0,0006164
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Ilo mannbM tabnt 29 gas paccMaTpHBAEMOro rpYHTa NOJydYeHH CJeAYioliHe HopMa-
THBHBIe 3HaueHuss napaMerpos: ¢=0,0319 MIla, tgep=0,182; ¢=10°18" u mocrpoe-
Ha KpuBas (ouarpaMma) cONPOTHBJIEHHS CABUFY To cooTHollenwuio (9.10):

T} 4 = 020,182 40,0319 (s MITa). (9.10)
Hcnonp3ys cooTHoweHUs! craTHCTHYeCKOH 06paboTKH sKCnepHMeHTANMBHEX AaHHBIX
¥ uMes B BHOY, yto A=1,11 (652), BHUHCIHM ., Op U Gy II0 COOTHOIICHHMAM
(6.49— (6 51).
/0,0006164
oy = = = 0,00878;
1,555
o, = 0,00878 ]/T“— —0,01039;

10
oy — 0,00878 ]/-1—1—1— — 0,02635.

Jasi oguocTopounel HoBepuTeNbHOR BeposTHOCTH =095 u uHCHAa CTeneHed
cBoboabl K=n—2==10—2=8 (corsacuo ta6a 24) f, =186, Toraa naumenniyHe

pacueTHble 3HAYEHHS NAPaMerpoB ¢ U t@Q 6YAyT cOOTBETCTBEHHO PABHH
Cc=c—f, 0,=0,0319—1,86.0,01039 = 0,0126 MITa;
tgp=1tgp— f, 0, = 0,182 —1,86-0,62635 = 0,133;

p=17°34".
YpaBHEeHHe PacueTHOr0 CONPOTHBJIEHHA TPYHTA CABHNY NPUMET CcJeAVIOUHE BHAI:
?f,st=520,133+0,0126 (B MIla), (9.11)

Haxoneu, shunciauM Koa(pdHIKHeHT Koppemsuuy r No aanubiM Taba 29 ¥ cooTHO-
arennio (6.46),

10-0,4052 — 3,8-1,013
r= =0,969.
Y 110-1,555 — (3,8)2] [10- 0,106928 — (1,013)?]

§ 4. ONPENEJEHHUE CONPOTHBJIEHHA TJHHHCTOTO TPYHTA CHBHTIY
METOOAMH KOHCOJIRJIHPOBAHHO-HEXPEHHPOBAHHOTO
(YCKOPEHHOTI'0) # HEKOHCOJIHAKPOBAHHO-HEOPEHUPOBAHHOTO
(BBICTPOTO) CPE3A

1. IIpy KOHCONHAHPOBAHHO-HELPEHHPOBAHHOM Me-
TOAE HCIBITAHHA NOPAAOK YNJNOTHEHHS 00pasUOB o NPHIOKEHHS
C/LBHTOBBIX YCHJHE HHCKOJBKO He OTJIHYAETCH OT METONHKH, M3/0XKeH-
Holt B § 2. DTOT MeTo] OTHHYAeTCAd OT KOHCOJNHAHPOBAHHO-APEHHPO-
BAHHOTO (CTaHZApPTHOTC) NPOAOJIKHTEJNBHOCTBIO CABHTa (cpesa).

B cnyyae umcnbitanua o0pasuos B PeXHMe KOHTPOJIS JAedopmaunit
CKOpPOCTh NPHJIOKEHHS CTYNEHEH KacaTeJbHOIO HanpsikKeHHs BHIOHpa-
10T ¢ TAKHM DacdeToM, YTOOH NDPOAOIKHTEJNLHOCTh HCIBITAaHHA  HA
CHABHT He npeswlllaga 1—2 MuH. [IpH 3TOM BeJHUHHA CTYNEHH Ha-
IPY3KH HE foJXKHa npeBuiats 109 Bejudunnl ynaoTHAOWEro 3¢-
{eKTHBHOro AaBJeHHs oz C meJbio OBICTPOrO cpesa paBHBIE CTYNEHM
KacaTe/IbHOrO HaNpsikeHHS NPHMKJIAfbBalOT K 00pasuy HHTEPBAIOM
10—15 c. B koHue geHcTBHs KaXJoH CTYNEHH HArpysKH 3alHCBHIBAIOT
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nedbopmanuio cABHra, a mo NOJY4YeHHbBIM HAaHHHIM CTpPoAT Ipaduk
3aBHCHMOCTH AS — 7.

Hedopmauuy yNJOTHEHHA H CABHIa, 3alHCBIBaDT ¢ TOYHOCTBIO
0,01 mm. Venosus 3aBepliieHHs ombiTa lpexXHHe (cMm. § 2).

Henbitanue 06pasnoB B peXHMe KOHTPOJA KacaTesbHbIX HallpaiKe-
HHA (cM. § 1) ocylwecTBasieTcss ¢ 3alaHHBOH NMOCTOSHHOA CKOPOCTHIO
ciBura (cpesa), KoTopas 3ajaercd TakoH, 4rolm BCA NPOAOIIKH-
TeJbHOCTh ONMBITA He TPEBHINANA ONHOH-ABYX MHHYT.

Has onpenenesus napaMmeIpoB @ H € «ITHKOBOTO» H «OCTaTOYHOIO»
CONPOTHBJACHHA TIPYHTa CABHIY MONapHO HCIOBITHBAKT lIeCTh-BOCEMb
00pasnoB NpH Pas3jHYHBIX 3HAYEHHHSX [OCTOSHHOTO YIVIOTHAIOLIErO
nanpsaxenus. HesaBHCHMo oT peXXHMa HCTHTaHHg B Ipolecce CIBH-
ra 3amepsaoT H3OBITOUHLIE naBJeHHS B MOPOBOi Boje (cM. ra. 4,§3).

Ha puc. 107 npuBesenn auarpaMMbl CIBHIa KHEBCKOH IVIHHBI
NpHPOAHOro caoXeHHA (ps=2670 kr/m3; p=1880 kr/m3; w;=0,289;
€y=0,826; S,=0,93; /,=0,204), nocTpoeHHbIE MO FZAHHBIM HCIHITAHHSI
CIUIOIUHEIX 00pasnoB-OnH3HeloB Ha npubopax Kpydyenns M- merona-
MH cranaaptHoro (cM. § 2) m yckopenHoro cpesoB. Kak BHAHO Ha
puc. 107, yBenHyeHHe CKOpPOCTH Cpe€3a IDHBOAHT K 3HAYHTENbHOMY

Puc 107. HuarpaMMbl COMPOTHBJEHUSE

CABUrY KHEBCKOH TI/JIMHH HNPHPOAMOTO

CROXKeWHs, oNpelejeHHEe [0 MeTogam

Gucrporo (1) uw meanenHoro (2) wuc-

NeITaHUH Ha KpydeHHe OIJAOWIHBIX 06-
pasluos

] L | ! | J
Vi g2 0% g6 08 GW& MM

YBEJTHYEHHIO POYHOCTHHIX MMOKaszaTejell BclelNCTBHe BO3pacTaHHS BfA3-
KOTO CONPOTHBJIEHHS TPyHTa CABHIY B YCJAOBHAX OTCYTCTBHS H30BITOU-
HHIX HanopoB B MOpoBOil Boje. IlocsienHee 00yc/IOBNEHO yCAOBHEM He-
NOJHOTO BOJOHACBHIIIEHHS HCIHTAHHOIO TIPyHTa. B paccMoTpeHHOM
caydae AJAS CTaHAAPTHOTO HCHHITaHHA IMOJYYEHH CHEAYWIHe HOP-
MaTHBHBle 3HaueHMs NapaMerpos: ¢=14°25", ¢=0,186 MIlla, a A%
yckopennoro cpesa — @=17°68 n ¢=0,2 MIla.

B ci1yuae HCIHTaHHA mo 3TOMy MeTody claboro, MOJHOCTBIO BORO-
HaCBIIleHHOTO TPYHTA BO3HHKHOBEHHE H3OHLITOYHOTO JaBJEHHA B HOPO-
BOH Boje NpH CABHre npHBejgo Ob He K BO3PACTaHHIO, a K CHHXe-
HHIO TIOKa3aTeseill CONPOTHBJCHHSA OIBHIY.

2. Ucnbitanue BOAOHACHILEHHLIX CYMIHHKOB M riue [ >=0,5 Ha
COBHT HEKOHCOJHIHDOBAHHO-HEADEHHPOBAaHHBM Me-
toaoM (['OCT 12242—78) ornuuaeTcs 0T H3JOXEHHOro BHIIE TEM,
uTo ofpasel mnomelllaeTcd MeXAy CIVIOUIHHIME ILITaMlaMu H CABHra-
Wwlllasd Harpyska MNpHKJIajbiBaeTcd ceiffiac XKe MOC1e MPHIOKEHHA P
OLHY CTyTeHb BHEWHeA YIIOTHAKOILEH Harpyskm p, TpH KOTOPOH
MJI2HAPYeTCs HCIHTaHHe.

Bennupna BHemHel YNJIOTHAIOUMICH HAarpy3KH InpHHHMAaeTcd: AJd
FJHHHCTHX TpyHTOB ¢ 0,51 << (1,0—0,05) no 0,1 u 0,15 MIla; naz
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WJIOB H TJIHHHCTBIX TPYHTOB ¢ Jr>= (1-—0,025) no 0,075 u 0,125 MIla.
B cayuae BhIABJAHBaHHA TPYHTa B 3a30p MexAy oboAMamu cpe-
3nBaTend wWupHHOW 0,5—1 MM. p, yMenbmaetcd Ha 0,025 MITa.
HMenbiTauuga Ha cpe3 NPOBOAATCA Kak B pexHMe KoHTpoasd nedop-
Mauui, TaKk ¥ B peXHMe KoHTpoad HanpsaxKenuil. [Topanok npumoxenns
KacaTeJbHEIX HANPAXKEHHI W YCJIOBHe 3aBepLICHHS ONBITA He OTJAHYA-
10TCA OT PACCMOTPEHHHIX B 1. 1.

PesyabTarsl OnNbITOB 3aNHCHIBAIOT B KYpHAJ OIpPENeJeHHA CONpO-
THBJICHHS TPYHTOB caBury (cM. ta6a. 27), [lo panHeM ucnbitanus o6-
PpasuoB crpodar rpadukn ty=1; (p.) (cM. puc. 104). B xypnaa sanu-
CHIBAIOT TaKXe pe3y/bTaThl 3aMepa u3OBITOUHOTO AaBJACHHA B [OPOBO
BOJE B [IPOIIECCE BCETO HKCIEPHMEHTA.

§ 5. METOJ JJABOPATOPHOI'O ONPENEJEHHSA CONMPOTHUBJEHHA
CIOBHUIY (CPE3Y) I'MIHHUCTBIX 'PYHTOB B YCJIOBHSAX
HE3ABEPHIEHHOTrO YIJOTHEHHSA
(METOJ, ®HKCAUHH MJIOTHOCTH — BJAAXHOCTH)

YnioTHeHHe TJIHHHCTHIX TPYHTOB BOQOINE, BOLOHACHIICHHBIX B YacT-
HOCTH, KaK H3BECTHO, SBJAETCH JJIHTEIbHBIM IIPOLECCOM, IPHBOASIINM
K I[OCTENEeHHOMY H3MEHEHHI0 HX NPOYHOCTHHX H  JeOpMaiHOHHKIX
<cBoficTB. [ToaToMy npH onpeneseHHH CONPOTHBJICHHS CABHTY YKa3aHHBIX
TPYHTOB cJelyeT YYHTHIBATh BJHSHHE H3MEHAEMOCTH HX COCTOSHHSA.
©00yCJOBJEHHOTO H3MEHAEMOCTbIO BO BDEMEHH MJOTHOCTH — BJIaXKHOCTH.

Jlna ydera BIHAHHA COCTOAHHS [VIHHHCTOIO TPYHTAa Ha CONPOTHBJE-
"He casury H. H. Macaos [18, 22] npensokusa MeTol HCIHTaHHA 06-
PasioB B YCJAOBHAX HE3aBEPIIEHHOTO VIJOTHeHH S ¢ DHKca-
nHell MI0THOCTH — BJaXkHocTH. CyTh MpeAaoXKeHHOro MeToaa 3aKamya-
€TCH B TOM, 4TO IO JaHHHIM HCIBITaHHA o6pasuoB YCTaHaBJAHBaeTcd
33aBHCHMQCTb COIPOTHBJIEHHS TPYHTa CABHTY He TOJbKQ OT YIJOTHAIO-
1leH HArpy3KH p,, HO H OT IJOTHOCTH — BJIaXKHOCTH, ONpeaeaseMol
BHIpaKeHHEM

T w = Pzt Quw + Cu, 9.12)

TIE Tfw, Qu H Cyp— 3aBHCAILHE OT BJAXKHOCTH TPYHTa COOTBETCTBEHHO
COI'POTHBJICHHE CABHTY, YTOJ BHYTPEHHeTo TpeHHS H ofliiee clenJeHHe,
O6mee cuenaenne ¢, H. H. MacnoB npescraBisier B BHAE CYMMBI:
Cw=2p+¢C\ (9.13)
TAe Xy — CBA3HOCTL TPYHTA, 00YC/JOBJCHHAS THKCOTPOIHO-KoaryJs-
UHOHHOH CTPYKTYpOH TPYHT2 IpH BJaXHOCTH W; ¢, — CTPYKTypHOE
cuennenne, o6ycaoBIeHHOe KOHAEHCAUHOHHOR CTPYKTYpoH rpyHTa —
2KECTKHMH CBA3SMH MEXY YacTHILIAMH H arperaTaMH.
YunrtniBaa (9.13). Brpaxenue (9.12) 3anuumem B Buje

Tf,0 = Pz 1€ Qo + 2o +Cc . (9.14)

B 3aBucHMocTH OT Xapakrepa CTPYKTYPHBIX CBf3ell H KOHCHCTEHUHH
rauuncteie rpyute H. H. Macnos nogpasnenser wa Tpu rpynne: 1)
KeCTKHe; 2) cKPHTONJACTHYHEEC 3) NnacTHYIHHE,
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K xectkuM raunncteim rpyuram H. H. MacjoB OTHOCHT cueMeH-
THPOBaHHHIE KOPEHHbIe (1OTPETHUHBE) MOPOABI, COMPOTHBJECHHE CABHTY
KOTOPHIX B OCHOBHOM OOVCJIOBJCHO CTPYKTYDHBIM CLENJICHHEM Cu @
YroJ BHYTPEHHETO TPeHHS JHIUb B He3HAUHTEJbHOH CTENEHH  3aBHCHT
OT MX YBjaxHeHHA. [IJ1s ykasauHuX nopon (9.14) umeer crenylougHi
BHI:

T=p.tge+c. (9.15)

CoIpoTHBIEHHE CABHTY CKPBITONAACTH 4 H Bl X TVIHHHCTHIX I'PYH-
TOB B CHJIbHON CTENEHH 3aBHCHT  OT YBJaXKHeHHS  (KOHCHCTEHUHH)
u onpepensercs BoipaxkeHnueM ,(9.14). K nmaacTHYHHM TrpyHTam
OTHOCSITCH MOJIOAbIE TAXKeJple CYTJHHKH H [JHHBL, 0OBYHO MATrKOmaa-
CTHUHON KOHCHCTEHIIHH, COTIPOTHBJIEHHE CIBHTY KOTOPEIX B OCHOBHOM
06YCIOBIEHO CBA3BI0 (T;==Zy), @ CTPYKTYPHOE  CIelUICHHE H yrol
BHYTPEHHEro TPeHHS MPAKTHYECKH paBHBI HyMo (C.2=0, p==0).

JLast onpeneeHns YHKIHE @u=0u (W), Zo=20u (W) B Co=Cu(®),
BXOJAILHX B cooTHOuieHHe (9.14), nad cKpHITONJAACTHUHBIX I'NIHHHCTHIX
IPYHTOB HCILITBIBAIOT Ha Cpe3 He MeHee TPeX cepHH 00pasuoB-Gau3He-~
HOB, TI0 TPH-YeThlpe o0pasna B KaxKAOH H3 HHX, IPH  TpeX-4eThipex

Tr M

|
l
I
|
1

: | | I | J
67 MM 0z a7 92% 018 037 03F w

Puc, 108. I'paduxu conpoTuBeHus [PYHTA CABHUIY B 3aBHCHMOCTH OT BJIAKHOCTH
U HOPMaJLHOTO JAaBJeHus o, 1o M, @, Korosy:
1 —w=0.25, gp o5=21"48", cp,95=0,055 MIla; 2 —w=0,26, ¢ g 26=19"28", ¢ 95=0,05 MIla;
3 — w=029, 9 09=17"2¢', c(,09=0,0275 MIla; 4 — w==032, @y 30=1642, 0y 30=0,015 MIla;
5 — w==0,36, 9 36=16°42', cg,35=0,008 MIla '

PasJUYHBIX 3HAYEHWAX TOCTOSIHHOTO YILIOTHHIOLIETO AABJCHHA: p,=
=0.1: 0,2; 0,3 u 0,56 MITa. O6pa3usl-6/1H3HeLL KaXkAOH cepuH YILIOT-
HSIOT MOJ OJlHHM M TeM Xe NaBJCHHEM, HO NMPH Pa3JHYHOH JJHTEJbHO-
CTH ero feficTBuA. ABTOp MeTOla peKOMEHpyeT CABHTalollee  YCHJHE
NPHKJIapIBaTh K 00pasuly cpasy JKe 32 NPHJIOKEHHEM VILIOTHSIOMETo
naBaenud, yepes 5, 15, 30 MuH, 2 4 u 2 cyr. [IpoaoIKHTENBHOCTL Cpe3a
06pasuoB B 3aBUCHMOCTH  OT AJHTEJbHOCTH  HX VIJIOTHEHAS KO-
aeGmaercs B npefenax 5—10, 10—20 u 30—40 muH.

ITo pesyabraTam ucnbiTanus xaXpo#t cepun o6pasuoB-61H3HENOB
onpeneoT H3MEHAEMOCTh COPOTHBIEHHS IPYHTA CABUTY B 3aBHCHMO-
CTH OT BJIax)HocTH @ (puc. 108) B 30He capHra oGpasua.

Tpauchopmnpys ceMelcTBO KPHBHIX T;=T; (W), NOJYYCHHHX TIPH
PasJHYHBIX 3HAYEHHAX p, (cM. puc. 108), B cemelicTBO AMarpaMm co
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TPOTHBJEHHS CABHIY IJs1 Pa3juuHBIX 3HaYeHHH MTOCTOSIHHOH BJIaXKHOCTH
(mokasauLl B JIeBOH 4acTH PHC. 108) no H3JI0MKEHHOMY BHIIE METOAY
ONpeesIoT NapaMeTPhl Quw=H Cy AJIA KAXKIOTO 3HAUCHHA w=const,

ITo onpefesieHHBIM H3 ceMeficTBA  KPHBBIX Tj=Tf (p;) 3HadeHHAM
@ H Cyp CTPOAT KPHBLIE 3aBHCHMOCTH P~ Quw (w) ¥ cy=Cw (w) (pHC.
109). 3arem, npHHMMAas, YTO BeJHYHHA CTPYKTYPHOIO CUETIICHHS Ce
ABJSACTCS HO3aBHCHMON OT BJIAXKHOCTH MOCTOSTHHOW BeJIMYHHOH, PABHOH
mauMeHbllIeMy 3HaueHHIO o6lero clenJIeHns ¢ (w), o pasHoCTH OPAHHAT
KPHBOH Cy=Cy (@) W ¢ (cM. puc. 109)onpenensior  QYHKIHH D=
=2, (). Tlo yKa3aHHBIM KPHBBIM MOKHO ONpeJennTh COMPOTHBJICHHE
CABHTY Tjfp 414 JI000H BJAXKHOCTH IPYHTA,

B omHuHe OT paccMOTPeRHOTO BHILE cayuas (CM. pHC. 108) conpo-

THBJICHUE CIRHTY NJAaCTHYHBIX Fp)’HTOB NpaKTHYECKH HE 3aBHCHT oT
%, epudyc
27k
Puc. 109. TI'padHk saBHCHMOCTH YIVIa
Ly Mia BHYTpeHHEro TPeRHs OT ofuero cuem-
008~ 791 JIeHHdA, OT BJaXXHOCTH IPYHTAa H pasne-
’ =T JeHie oOIETO CURINEHHS C,, HA Clel-
406 JieHHe CBA3HOCTH X, H CTPYKTYpHOE
004l 17 Cleil/IeHUe  Ce
L4
802

1
g24% gz8 g3z gIpw

BeJMYHHL yIoTHSAmero Aasaenfs p; (puc. 110). HostoMy mosyueH-
HBe U3 9KCOEPHMEHTa [aHHLIe COIIPOTHBJICHHS CABHTY JIOXKAaTCsi  Ha
OfIHY KPHBYIO Tr=1; (W), a 3aBHCAMOCTDL T;="1T; (p:) BHpaXaercsd mps-
MOii, TapaJenbHOll OCH p,, OTCEKAOMel Ha OCH Ty OTPE3OK Cp=Ly.

JIs paafeneHus Cp HA Co H Sy MOKHO NPHMEHSATH METOX IJIaliek
H. H. Macaosa’ [18, 19]. CymuoCTb MeTOAa 33KJIIOYaeTCs B TOM, 4TO
mocae caBura (cpesa) ofpasia TPYHTA MOBEPXHOCTL CpPe3a BLIPABHH-
BAIOT, a MOJIyYeHHLE TAKKM 00pasoM H/IAaUIKH COAMHAIOT H CABHTAIOT
N0 BLIPOBHEHHLIM TIOBEPXHOCTAM. B 3TOM ciyuae ¢, onpenensior 10 pas-
HOCTH Cy—2y, TOJYHAEMOf U3 KPUBLIX COMPOTHBJICHHS CABHTY 006pasia
U TJallex.

Pasfe/ieHHe €y HA Ce H Yy 0UeHb YAOOHO BRIIOJHHTL TIPH HCIBITAHAH
06paaioB Ha KOJbIeBOH cpe3 Hiax KPyuYeHHe NOJBIX H CHIOMHBIX obpas-
10B. B aroM cayuae oTnajnaeT HeOOXOAHMOCTb pasCpysku — mpudopa
mocle cpe3a o6pasma u BEpPaBHHBaHHS ToBepxHocTell cpesa. IToBrop-
HBIX Cpe3 MOMKHO OCYIECTBUTH 3aKpyuuBanueMm oGpasia Kak B IpsAMOM,
TakK ¥ B 00paTHOM HanpaBJeHHH.

§ 6. BIMSHHUE BbICOTH OBPA3LUA U KOHCTPYKUHH NMPHUBOPA
HA CONMPOTHUBJAEHHE T'PYHTA CIBHIY

TonocTaBieHde [AAHHEIX O BeHUHHE COTPOTHBAGHHA TAHAWCTHIX
IPYHTOB CABHIY Tf, MOJYYeHHBIX MPH HCTIBITAaHHH HA MPHOOPAx OIHO-
nockoctsoro cpesa ['I'I1-30 u cpesa koabuenwx o6pasnos HUC Tun-
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Puc. 110. T'padyku conpoTHB/jeHHs CIBHTY MNAACTHIHHIX TJHHHCTHIX [PYHTOB B 3aBH«
CHMOCTH OT BJIAXKHOCTH @ H HOPDMajbHOLO XABJCHUS O,
I—02,132—0z9 3~—0,3

ponpoexTa, NOKashiBaer, 4YTo B CONbIIMHCTBE CAYYaeB OHM CYHIECTBEH«
Ho pacxoaftcd. ConpoTuBieHHe CIABHTY, ompeieNeHHoe  Ha IpHOOpe
OJHONJIOCKOCTHOTO Cpe3a, BhIIUE, YeM IIPH MCIBITAHHH Ha NPHGODE KOJib-
LeBOTo cpe3sa.

Ilnst HAAIOCTPAUHH CKa3aHHOTO PaHee PacCMOTPHM Pe3yabTaThl Hc-
NHTaHUA YeTHPEX pasinyHHX rpyntoB (Taba. 30) na npubopax obeux
KOHCTDYKLHH IIPH Pa3IHYHBIX 3HAUCHHAX BHICOTH obpasua. Ha npu6o-
pax OJHOIJIOCKOCTHOTO cpeda HCUbiTaHbl 00pasisl BuICOTOW £=35 H
15 MM, a Ha nprbopax KoabueBoro cpesda —a=24, 15u 8 Mm.

Tabauuma 30
NoxasaTeam xapakTepucTWk GU3MUeCKMX CBOBCTE TPYHTOBR
Baaxuocrs | 1IPeAemsl  JnacTago-
Ja6oparop- H AHMeRORAKHE TaorHOCTE cTH
Huép;;g?:p : rl)yl-l'ramrm p:a,c;[‘?m
Wo wf wL wp IP
2—57 Cyraunok 2660 (0,334(0,264(0,313(0,186( 0,127
4—-57 Tmna 2700 |0,387(0,336,0,41210,233} 0,180
5—57 I'nuHa gratoMHTORASN 2590 — |0,47410,5810,322| 0,339
8—61 ['nnHa HeoKoMa 2750 {0,657]0,432|0,679|0,348 0,331

OnpiTH NPOBeAGHH HA HOPMANBHO YTJIOTHEHHBIX NacTax, NpeABa-
pUTeabHO YIJIOTHEHHbIX 1104 pedcrBueM o,=0,2 MIla B reuenne 7—12
aneit. Mcnpirago 50 o6pas3yoB npu ABYX- H TPEXKPaTHOH MOBTOPHOCTH
OTBITOB.

Hcnniranne o6pasyos Ha npubopax o6eHX KOHCTPYKUHH BLITOJHEHO
N0 OfHON M TOH ke MeToAuke, [locne mnepBoft cTYyNeHH o, PAaBHOH
0,025 MIla, HanpsimkeRus npuaoxens cryneiaMu 0,01 MIla ¢ HaTepBa-
aoM 10 muH. UTo6b MCKAOUNTL BO3MOKHOCTH HCTIApEHUSA BAATH, ONBI-
THl NPOBEAEHBl NOJ BOAOH. YCTAHOBJEHO, UTO KOHeUHble BJAXKHOCTH
00pasnoB Wy, HCHKTAHHHIX HA PasHHX NpuGopax, oTAHYAIOTCA BECBMA
He3HayuteapHo — Ha 0,6%.
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Tadauma 31

PeayanTaThi onpeneseHHs CONPOTHUBAECHHA TPYHTOB CABHTY

ConpoTHBJCHHe CABHTY T, (B MIla)
AN TPYHTa
padop Bblc&;,a nrzslpaa
2—57 4—57 5—b7 8—61
|

Koabuesoro cpesa 24 0,084 0,083 0,098 0,079
15 0,090 0,088 0,108 0,081

8 0,097 0,117 0 122 0,090

I'TI1-30 35 0,147 0,102 } 0,070
15 0,138 0,107 0,083

[TpuBeaecHHbe B Taba1. 31 AaHHBIC NOJYYEHB! IIPH BeJHYHHE 3a30pa
MEXKJly HHXKHeH M BepXHe#d KapeTkamu u o0ofiMamu OpubOpOB, PaBHOM
0,5 mm. UToOnl onpene/uTh BJAHSIHAE BeJHUMHB 3a30pa HA Tj, OLHOBpe-
MEHHO € H3JOXEHHBIM BBIle ONBITOM HCHBITAZHBI KOJbHIeBble 00pasibl
BHICOTOA 24 MM NpH pasAMuYHBIX  ero 3HaueHusx {(oT 1,0 mo 2,7 mm).
YcTaHOBAEHO, UTO T; UCIBITAHHBIX TPYHTOB NPAKTHYECKH HE 3aBHCHUT OT
BCJIMYMHE! YIOMSIHYTOTO 3a30pa.

AranoruuHble ONBITH paHee Obl1M BhiNOJHeHH A. A. HuuunopoBHueM
(1948 r.) na npu6opax 0AHONJOCKOCTHOIO cpe3a cOGCTBEHHON KOHCTPYK-
MM HPH 3230pax MeXAy KapeTkamu npubopa ot 1—2 u 7—8 MM H
BricoTe 0oOpasua 15—20 mm. [lpu 3a30pe 8 MM CTaBHJMCL 3alUTHEIE
KOJBLA ¢ PACCTOSTHHEM MeXAYy HUMH okosio | MM. B aTHx onbiTax, Korxa
OBINM HCIBITAHB! TPYHTBl HADYIUEHHOTO CJ0XKEHHS, BJHUSHHE BEJHYHHBI
3a30pa Ha Ty He 6bL10 0OHAPYIKEHO.

Jlanupie Taba. 31 mMOKA3BIBAT, YTO C YMEHbIICHHEM BHICOTHl KOJb-
1eBoro ofpasua t; nocreneHHo Bospacraer. Haubonbiuee Bozpacranue
T; H3MeHsleTcsi B npedesax 12,3 (rpyat 8—61), 29,0% (rpynt 4—57).
ConpoTtuBJ/eHne CABHI'Y PYHTOB, HCHLITaHHBIX Ha npubopax ['TTI-30,
MpPAaKTHYECKH HE 3aBHCHT OT BHICOTH oOpasna. [lo mepe ymeHblueHHA
BHICOTBI KOJBIEBBIX 00P4310B PacXoAACHHE MCXKIY AAHHBIMH T;, IOJAY-
YeHHHMH 112 Nprdopax o6eux KOHCTPYRUMH, NOCTEIEHHO YMEHbIIARICH
Jaxe ucuesaer.

HamensseMoCTb 1y Npu UCHBITAHKH 06PA3LOB Ha IpHGOPAX KOJBLEBOTO
cpe3a B 3aBUCHMOCTH OT BLICOTH B MEPBYIO OUEpesb MOXKHO OOBACHHTL
HEeNOJHOH Iepenadeli BHeIUHeH YUJIOTHSMOILEH HATPy3KH Ha TPYHT H3-
3a HaJuuuA OONBIIOTO TPEHHS MeXAy ero OOKOBBIMH MOBEPXHOCTAMHU H
cTeHKaMH o0ofiM cpeaniBaTens, Hem GoJblue BoicoTa 06pasua, TeM Bhi-
e BeJMYHHA ero GOKOBOro TPeHHs H HaobopoT. BeanunsHa GOKOBOTO
TPEeHHs, [IPH BCeX PABHBIX YCJOBHSAX, 3aBHCHT 1aKiKe OT CBOHCTB H co-
CTOfIHHUSL TPYHTA — €ro KOHCUCTeHUUH. [ins onpenenenus 1y Ha npubopax
KOJIBIIEBOrO cpe3a CaelyeT YCTAHOBHTh HCTHHHYIO BEJIHUMHY BHeUIHeH
YIJAOTHAIIICH HArpy3KH, nepeaaBaeMoli Ha NOBEPXHOCTL cpe3a o6pal-
Ba MO0 METOAY, H3JdoXKeHHOMY B . 3 (§4). 310, 6e3ycnoBHO, BHOCHT
onpe/esleHHYIO TPYAHOCTb B IPOBe/leHHe HCILITAHKS 06Pa30B Ha KOJb-
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LIEBOH Cpe3 H, Kak OLLIO CKa3aHO BHIUE, ABAAETCH OJAHHM H3 OCHOBHELIX
HEJOCTATKOB TaKHX NpHOOPOE.

Jlannue, mpuBeferuue B TabJ. 31, DOKa3BBAIOT TaKikKe, YTO B psje
cIydyaeB ¢ yMeHblIeHHeM TOJINHHE KOJbIEBLIX 00pasuoB A0 8 MM,
KOT/la BHEIUHsA YIJOTHSIOWIAsA HArpy3kKa MOJHOCTBIO nepefaercs Ha 06-
pasell, He yCTpaHfeTcsl pa3Huld, CYUICCTBYIOLIasl B 3HAUYEHHAX Ty, OI-
pelle/leHHbIX Ha OpHOOpax ABYX KOHCTPYKIHH., DTO MOXKHO OOBACHHUTDH
KOHCTPYKTHBHBIMH HefgoctaTkamu npubopa I'TTI-30 — mporekanuem
dedopManun CABHra B CTECHCHHBIX YCJIOBHAX (B y3KOH 30HE) HepamHO-
MEpPHOro pacrnpefieseHHs] 30HB CABHra 10 CeYeHHIo obpasua (CM. ra. 8,
§1

JlaHHble 0 BeNHUHHAX @ H ¢, NpuBefeHubie B kuure [1. J§. EBnokumo-
BOH, cpe/lHero NbLIEBATOrO M TSMKEJIOIO MBIIEBATOTO CYFJIHHKOB (KeM-
O6pHICKOH IVIMHBE), NOJYYeHHBle IpH HCIBITAHHH Ha npubopax OmHO-
IJIOCKOCTHOTO Cpe3a H TPEXOCHOIO CXKATHA, TaKikKe MOKa3blBaloT HX
3aBHCHMOCTH OT METOJa HCILITAHHS. B 4aCTHOCTH, YCTAHOBJEHO, UTO
HCOHTaHHE  TJHHHCTHIX  TPYHTOB  MeTOAOM  TPEXOCHOLO  CXKa-
THS IPUBOJUT K YMeHbILUEHHIO YIJIOB ¢ B cpefHem Ha 8° (okoso 30%),
clienJieHve CPelHero NEJIEBATOTO CYTAHHKA B CPeAHEM yMeHbiuaeTcs Ha
0,015 MIIa (oxomo 50%), a kemMOpuiicKofl TIHHH — YBeJHUHBAETCS
ua 0,003 MIla (oxono 17.%). DTo 3HAYHT, YTO HCNIBITAHHE 'PYHTOB IO
METORY TPEXOCHOro CXKAaTHS NPHBOAMUT K CXKATHIO T; M0 CPABHEHHIO C
MEeTOAOM OAHOMIJOCKOCTHOrO cpe3a. Ilpuunnoli nanoxkeHHoOro, no Beel
BePOATHOCTH, fABJACTCS YCAOBHe cBoGoAaHOro AedopmupoBaHusd o6pas-
OB IIPH HX HCIBITAHHH Ha TPEXOCHOE CXKaTHe.

Tpenne Mexay GOKOBHIMH NOBEPXHOCTAMH KOJbIIEBBHX 00paziOB
CTEHKaMH 060fiM Cpe3blBATeJIsI BO3HHKACT HE TOJNBKO IPU UX YIJIOTHEHHH,
HO H IpH cpe3e. DTO TPeHHE HeCKOJIBKO YXYAINAeT YCJIOBHE CBOGOMHO-
To CKalIHBaHHsA 06pasua H MOBLIIAET CONPOTHBIEHHe cABHIY. OTBITH
NOKa3bIBAIOT, UTO B CJy4ae YCTPAaHEHHS YKa3aHHOrO TPEHHA  3aMeHOH
GOKOBHIX CIJIOIIHEBIX CTEHOK 000MM cpesnBaTensi Ha60pOM 3aIUTHHIX
KOJIel COMPOTHBJIEHHE CABHrY moxeT cHH3uTbes 10 30%. [IpH BhicoTe
o6pasia A=8 MM GOKOBOe TpeHHE NPAKTHYECKH HE BJHSAET HA NIPOYHO-
CTHBIC XapaKTepPHCTHKH rpynToB. CreaoBaresbHO, 4TOOBI HCKJIOUHTD
6OKOBOE TpeHHe, HCILITaHHe I'PYHTOR CJAEAYeT NPOBOAHTL Ha Npubopax
KpydeHus (cM. puc. 97).

B Ta6s. 32 npuBeaeHH pe3yJbTaTht ONpeleJseHHs CTaHRAPTHOTO CO-
NpOTHBNEHHS CABHTy  rpyHTa (ps=2810 rr/m3; p=1850 kr/mM3 w,=
=0,4088; e=1,12; wy=0,565; w,=0,3741; I;=0,181) HapylleHHOrO
CJIOKEHHS HCIBITAHHEM CIJVIOIUHBIX O0pPasioB pa3jHUYHOH BEICOTHL  Ha
npubopax M-5 (cM. puc. 98).

Jlanubte, npuBegeHHsie B Tabga. 32, CBHACTENBCTBYIOT O TOM, 4TO
3aMeHa OOKOBOH CTeHKH oOOOAMBI cpe3nBaTessi OpHOOpa KpyueHHs
CIJIOIIHOro o6pasna NpakTHYECKH HCKJIOYaeT BAHsAHHE GOKOBOIro Tpe-
HHS, BO3HUKAIOWEro NPH KPYYCHHH, HA Tjs;. OTH JAAHHBIC TOBOPAT TaK-
e o TOM, 4To IIpH HCOHTAHHH CIJIOIIHBIX 06pasioB C OTHOLIGHHEM
AmaMerpa K Bhicote d/h=3,3—10,1 GokorOe TpenHe, BoOHHKAlOLIEC
NpH HX YIJIOTHEHHH, TaK:kKC He OKa3biBAaeT BJHAHHA Ha BEJHUHHY Tf,st.
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Tabauua 32

Peayabratsl HCNbiTanus ©06pPasnoB PasandHoN BHICOTH

TlokasaTend QH3UUECKHX M MEXAHHUECKHX CBOHCTB
Boicota ofpasia,
MM IlnotHecTe TpyHTAa nocie| BaaiHocTh nocae 5 Ma
cpesa, xr/md cpesa f, st’
10 1800 0,37 0,051
20 1840 0,365 0,054
30 1820 0,376 0,055

Ecan Mexay GOKOBHIMH 3al{HTHBIMHM KOJIbLiaMM 00pasiia OCTAaBHThb
pHeboapmod 3azop (ot 0,1 g0 0,5 MMm), 60KoBoe TpeHHE, BO3HHKaKIIge
NpH YIVIOTHEHHH IPYHTA, MOXKHO CBECTH K HYJIO.

I'masa 10

3AKOHOMEPHOCTH MrHOBEHHbBIX M NOJ3YYHUX
JE®OPMAIIMUA NPOCTOrO CABUrA
TIUHHUCTBIX 'PYHTOB B 3AJAHHOM HAYAJIBHOM
COCTOSIHUH

§ 1. BBEJEHME

Jlnsi onpejeseHHsl ypaBHeHUH IJHTEJBHOrO AedOpPMUDOBAHHS TJIH-
HHCTHX IPYHTOB Np# MPOCTOM CABHIe B JAHHOM HX HAa4aJbHOM COCTOf-
HuM (cM. L 7, § 3) sKclepHMeHTANLHBEIE HCCACHOBAHHS 3aKOHOMED-
HOcTefi MTHOBEHHHIX M IOJ3yYHX gedopmalyii NPOBOAATCH KjaccHye-
CKHM METOROM Hapanse/ibHOTO MCIBITaHUS cepun 06pa3noB-6jH3HEOB
NoA neHCTBHeM pa3JHYHBIX NOCTOSIHHBIX KacaTeNbHBIX HAlPAXKCHHH:
1=0,1; 0,3; 0,5; 0,7 u 0,8 (0,9) 715 munt v=0,2; 0,4; 0,6; 0,8 u 0,9 s 1.
[Tpu HeoOX0AMMOCTH NPOBEPKH CTElleHH MPHUMEHHMOCTH TOH HJM HHOM
TEOPUH K ONHMCAHHIO TIpoLlecca MOA3y4eCTH MPOCTOYO CABuUra NPH mepe-
MCHHOH HAarpyake, Kak H B Cayyae OJHOMEPHOrO YIJIOTHeHHSH, 06pas-
11bl-6JIH3HENIBL HCTILITHBAIT TaKXKe N0A ACHCTBHEM CTyNeHYaTO-BO3pa-
CTAIOIMX KACATeNBHEIX HANPSIKeHHH.

Ot ucnbiTauMs KakAOTO 06pasua-6au3Hena ONpesensiioT 3aBHCH-
MOCTh KacaTe/]bHOe HaNpsXKeHWe — MTHOBeHHas JedopMalHs CABHTa
T—ASy WM T— vy (cM. § 2) u KpuBylo THossyuectH As;—1 HIH
v+ —{. [lo naHHBIM HCOBITAHHS cepuu 06PA3OB-GJIH3HEIOB NOJMYYAOT
YCPCAHEHHYIO KPUBYIO T — ASy HJIH T— Yo, CEMEHCTBO KPUBHIX MOJI3Y-
yecTH (puc. 111), KpHBYIO 3aBUCHMOCTH T — ASy HJIH T — ;. Llpuuem,
NOCKO/IbKY O0pasub-0anu3HEeN b HCILITEBAT MpH 1<0,9 745, ceMelicT-
BO KPHBBIX IIOJI3y4eCTH COCTOHT TOJBKO M3 LPHBBIX 3aTyxawlell mos-
3y4eCTH H 3aTyXalouieH I0J3yYeCTH, Hepexopdmeli B Teuenne (yCTAHO-
BHBIIASICH TTOJI3Y4eCcTh) Oe3 HacTymaenus TpeThelt craaun aehopMHpo-
Banus BC (cM. puc. 92).

ITonyuennbie u3 KCIEPHMEHTA KPHBbIE CJIykaT OCHOBOH A/1f ollpe-
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nenesusi Mopyast G H RapamMeTpoB CABHrOBOM MON3YUECTH y; (CM. TL. 7,
3).
} )SJIECI) YMECTHO ellle pa3 OTMETHTb, YTO HOJ TEPMHHOM COCTO -
HHEe TpyHTAa NOHUMAETCS ero IJOTHOCTh — BJAXKHOCTb H CTPYK-
TypHas MPOYHOCTL NEPei HCIHTAHMEM Ha CABHI. B paccmaTpHBacMoM
clyuae OHO COOTBETCTBYET CBOHCTBAM IpyHTa B KOHIe CTaGHIH3alMU
jpeopManHH YIIOTHEHHS! OT ACHCTBHS NPEeABAPHTE]bHO YIJOTHAIOLICH
HATPY3KH (NMOCTOSIHHOM AJs BCel cepud 06pasiuoB-61H3HENOB), paBeH-
CTBY HyMI0 M3O6BITOUHBIX HATMOPOB B MopoBofi Bome (uy=0) H p,=0y
e 0, — HopMasabHoe 3(hexTuBHOe naBaenue, [lostomy, KaK GbLIO OT-
MeueHo BhIme (cM. I 7, § 1), mosyyeHHbIe H3 HCTIEITAHHS HA HPOCTOH

A8y, Mm

qoear T=09Tx¢

qo50)-

o040 a7

qo30

17/

4020 o

go10 03 07
[ — L i Jnm—————s t 1 1 T 1 t t Ir

T/t 05 O 02 02 6 70 1% 18 22 26 30 & d8¢,0nu

Ladriolzlo]s

Puc. 111. CemeficTBO KDHBLHIX IIOJ3YYeCTH NPOCTOrO CABHra H KpuBble AS;—ft), st
AJSt Pa3iHYHblX MOMEHTOB BpEMEHH:
[ —t=2 pua, 2 —{t=20 gme#t; 3 — =42 jaaus

CABHT 06pasioB-6JAH3HEIIOB Pe3y/bTaThl MOTYT OBITh OTHECEHH! K KB a-
SHYHCTOMY CABHTY CKejgeTa B JaHHOM COCTOSHUH TPYHTA.

Cnoco0bl M3TOTOBJCHHS OGPAa3noOB MNPHPOAHOTO H HaPYIIEHHOTO
CJI0XEeHHs, a TaKkKe MX NOATOTOBKA K MCIBITAHHIO HA OPOTTOH CABHI
o6bluHBle (CcM, 1. 3, § 4).

B npouecce ncnniTanns o6pasios-6au3HELOB HAa CABHI (PHKCHDYIOT
KaK MTCHOBEHHBle, Tak u moasyuue aedopManuu. Jlasa koHTpoas 3a
o0beMBBHIMH AedopMmanHsaMH oOpasiia B Npolecce CABHTa 3aMepsiorT
TaK¥Ke BepTHKaJbHLIE JedopManun e, [locae saBepiuenusi omeita 06-
pasubl pasrpy:KaloT, 3alUCLIBAIOT oOpaTuMbie JedopManuHi pasymnnor-
HeHnsi (HaOyXaHHs1) M CABHra JO yCNOBHOH HX cTabHAH3aluH. 3aTeM
H3BJ/IEKAIOT 00pa3ubl H3 NPHOOPOB, ONPENendioT KOHeYHble 3HAYEHHS
HX 00beMHOH Mmacchl p; (METOHOM napadHHHPOBAHHS) H BJIAMXKHOCTH
Wy,

PeayabTaTel MCHBITAHUSI KAXKAOTO 006pasiia-G/H3Hella 3alIHCBIBAIOT
B OT/eJbHbIH JabopaTopHef KypHaa (cum. Taba. 27). B 10T e KypHaa
3aMMCHIBAIOT Pe3y/abTaThl BBIYUCACHHH &;4, Ez 0, T, Yo, ¥¢ H Go.

Hanoxennast Blille KJaaccHyeckash METOAHKA 3KCIEPHMEHTaJbHOTO
HCCNeOBAHHS 3aKOHOMEPHOCTEH MIHOBEHHHIX H NOJA3Y4HX AedhopmalHif
CABHra IIMHHCTHIX TPYHTOB (HA 6a3e TeOpHH YIPYromoJa3ydero tesa)
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BllepBhle TPHMMEHEHA aBTOpPOM KHHrH Ha 1959—1960 rr. [20] x wucmel-
TaHHI0 00pa3ioB-GJH3HEIOB HAPYLIEHHOrO CJOXKeHHs Ha mpubopax
onHomaockocTHoro cpesa I'T'T1-30. DKcnepuMeHTH! MO3BOJHIH Kayect-
BEHHO OHNEHHTh 3aKOHOMEPHOCTH paccMaTpHBaeMbix AedopManui,
YTOYHHTb METOJAMKY OMBITOB H BBIACHHTH BO3MOXKHOCTb allpPOKCHMa-
IHH ceMeHCTBA KPHUBHX IOJA3YYeCTH OCHOBHBIM (H3HYECKHM COOTHOLIE-
uuem (7.8) HesauuefiHo# Teopuu ympyromoasydero Tteaa (cM. ri. 2,
§ 3). 91u pabors Obuin mpomoaxkensl B 1964—1980 rr. na npubopax
KPYUYCHHS KOJBIEBBIX H CIJIOLWIHBIX 06pasinoB, MO3BOJSIOMHX HCCACHO-
BaThb MTHOBEHHblE H Moja3yude aedopMalud CABHra Kak KaueCTBEHHO,
TaK H KoJHYecTBeHHO |20, 22].

Pa6ors apyrux uccaepoBaTedel, 3a Hckawdendem B. A, Musiom-
CKOro, BHMoJHeHHbe B 1964 1. [20], nocBsnieHb! H3yYeHHIO XapakTepa
PasBHTHSA TOJ3YYecTH BO BPEeMCHH B 3aBHCHMOCTH OT YPOBHSI Kaca-

a

TeJbHOrO HAaMpsiKeHHs, peoJOrHdecKkod KpuBo# t—y (cM. ri. 7, § 2)
H JJHTEJLHOH MPOYHOCTH (CM. M. 12) Ha mpudopax caMBX pa3JIHYHBIX
KOHCTPYKIHA (MPeHMYyUIECCTBCHHO Ha NMPHOOpAX KOJBIEBOrO H NMPSAMOTo
Cpe30B, OAHOOCHOTO ¥ TpexocHoro cxkartusa) [24, 28, 25]. Takofi noa-
X0 K peIICHHIO paccMaTpuBaeMOH MpoGJeMBl CO CTOPOHH OOJBUIHHCT-
Ba HccaenoBaTe el 0OyCJOBJICH He COBCEM TOYHBIM TOJKOBaHHEM SB-
JIeHHs] TTONM3YYecTH IIPH CABHTE, — d €ro PacCMOTPEHHEM TOMBKO KAaK
nedopMamuy, mpoTeKaouiel ¢ TOCTOAHHON CKOPOCTLIO (yCTaHOBUBILASN-
csl HOJ3yYecTh, TedeHne) (cMm. L 1, § 4).

§ 2. 3AKOHOMEPHOCTH MrHOBEHHBIX JHE®OPMAIHH
IMPOCTOTO CHABHUTA

3aKOHOMEpPHOCTH MrHOBeHHBX (H moasyunx) pgedop-
Manufl NpocTOro CABHTa B [JAHHOM HAaYaJdbHOM
COCTOSIHHH TJHAHHHCTOIO TPYHTAa HCCICAYIOT TMOCJE Ompee-
JIEHHs] CTAaHAaPTHOTO COMPOTHBJIEHHS CABHTY Trst (CM. 1. 9). B oTsnune
OT MeTOAa HCTbiTaHHA 0Opas3uoB-OJH3HENOB HA OZHOMEPHOE YIIOTHE-
HHe (ra. 5, § 2) pexxuM NPUJIOXKEHHS KacaTeNbHOro HampsiKeHHs [0
3alaHHOTO ero yposHa T<Tjs HE MOJKCH OTIHYATHCS OT pexuMa oll-
pelleleHHst CONPOTHBJICHHA CABHIY, T. €. KacaTenbHble HANPSKEHHS 10
3afaHHON BeJHYHHH AOJKHBE GBITh NPHJOKEHB K o6pasnam-6ausHe-
[aM He B OJHY CTyNeHb, a MOCTENCHHO, HeGONBIIHNMH CTYNEHIMH Yepes
paBHBIC WJIH HepaBHbIC MHTeDBa/Jbl BpeMeHH. B 3ToM ciyuae MIHOBEH-
Hble fedopmaluu yp AMA JAHHOTO 3HAUeHHs KacaTeJbHOTO HampsiiKe-
HHUS ONpefeqslOT KAaK CyMMYy MrHOBeHHHX jedopManuii, sadHKcHpO-
BAHHBIX NIPH NPHIOKEHHH BCeX CTyMeHell Harpy3KkH Ar.

M3 uajoKeHHOro BBlWE CaefyeT, YTO H3 HCHIBITaHHSl Ha CHBHIOBYIO
NON3y4yecTh cepHH 00pas3ioB-6/JAH3HRIIOB OAHOIO COCTOSIHHS OMpeAesioT
KPHUBYIO T-— Y, IPpH MHOTOKPAaTHOM MOBTOPEHHH ONBITA [0 3aJaHHBIX
3HAYECHHH KacaTeJbHOrO HalpsKeHUA 1. ¥ CIOBHEM NMPHUMEHHMOCTH Me-
TOJa CTYNEHYaTOro 3arpyXKeHus oO6pasyoB CABHTAIOLIMMH YCHJHSIMH
AJIsl OTpENiesIeHHst T — Yo ABJAACTCS (B OTJHYHE OT Caydasi OXHOMEPHO-
TO yNJOTHEHHsI) MPAKTHYCCKH HEH3MeHfieMHe COCTOSIHHS TPYHTa B
npouecce capura NpH T<Tsr. JOKA3aTeAbCTBOM TOMy CJyXKHT paBeH-
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CTBO MTHOBEHHHIX jaedopMaluii no mpelesia CTPYKTYPHOH NPOUHOCTH
Tstr (CM. HHMIKE), ONYUEHHHX OT JeHCTBHA PaBHBIX CTyMeHel KacaTeb-
Horo Hampsxenusi At [20].

Ha puc. 112 npusenen npumep [22] onpenenennst Ha npubopax
KPy4YeHHsI KOJbIeBHX 00pa3uos-6au3HenoB KpuBoi 1—AS rnunae 9—63
(ps=2680 kr/m3; p=1820 kr/m3; w=0,33; w.=0,424; wp=0,244;
Ip=0,18). O6pasnn-0/H3Helbl H3rOTOBJEHH [pejBapHTeNbHHIM Y-
JIOTHEHHEM TacThl FPYHTa BHauaje noj aekicteueM ¢,=0,2 Mlla, 3a-
TeM pasrpyxenHux 10 0,1 MIla ¥ BeIAepXaHHBIX I1I0J 3TOH Harpys-
KOH 10 NMOJMHOH cTabuausauuu aedopManun, Hanpsxenus 1 npHIloxke-
Hbl K HapyKHbHM rpaHaM o00pasinoB (rAe 3aMepsiiHCh JHedopMaluH
casura As) crymensiMmu At=0,006 MIla uepe3 pasauuHblie uHTEPBAJL
BPCMEHH — 1I0C/Ie YCJOBHOH  CcTaOHIH-

3aguu AedopManMu «<aBHra OT  Jel- z, M
cTBHSl Tpeasaymel cryneHd. Bo usle- ”A
KaHHe OIIHOOK, KOTOpbie OOBIYHO IIpO- ! ,
SBNAIOTCA HA HauaNbHBIX CTYIEHAX Ka- 227 /L
CaTeNbHOTO HATMpSIKCHUA, HayalbHB /
ydacTok KpuBoi (t=0,002 MIla) wuc- Pyl
KNIOYEeH H3 PacCMOTpeHHs, '

OtMeTHM, YTO 2jJech U B JajbHed: q07\
wem B ornuume or [OCT 12248—78 . . i !
Mol ycJAOBHOH crabunusauued nedop- g 4008 9024481

Maliit casura OypgeM TOHHMaTb  CKO-

pOCTb CHABHI'Z He oosee 0,01 MM 32 Puc 112, Kpupas t—Aso ofpas-
9 MHH. noB rauHel  9—63  BrIcOTOR

23 MM, onpejenelHas Ha mpHOO-
Kak Buano na puc. 112, 3KCIEPH-  pe kpywemmst KoabuesEx 06pas-

MeHTaJBHasi KpuBasi T—AS alllIpOKCH- 0B

MupyeTcs OHJIMHeHHOH  AHaMpaMMOR,

XapaxkTepusylulell CylecTBOBaHHe JABYX JHHEHHHX oOOJacTeii MTHO-
BeHHOrO JeODMHMpOBAHHsI TIPH JABYX DAa3JHMUHBIX 3HaUCHHSx MOAYJA
MTHOBEHHOH Jedopmauuu mpoctoro cABura Go u Goy [20, 22].
KacatennHoe HanpsizKeHpe, COOTBETCTBYIOWlee ToUKe IepeaoMa /JHa-
rpaMMbl T—AS, aBTODOM KHUTM Ha3BaHO MpejnedloM CTPYKTY p-
HOX MPOYHOCTH TPYHTa HPH CIABHUTE Ty KOTOPHH XOpO-
IO COrJacyeTcsi ¢ MPEAeJOM CTPYKTYpHOH NPOYHOCTH HpH OJHOMEp-
HOM YMNOTHeHHn (cM. ra. 6, § 2).

C 6unuHeliHOR nuarpaMMofi JehopManus — HanpsAxKeHue MBI BCTpe-
JanHch MPH PAacCMOTPEHHHM OJHOMEPHOTO VIJIOTHEHHS] TJIMHHCTHIX
rpynToB (cM. puc. 69). AnajoruyHoe ABNEHHE UMEET MECTO MpH MOJ3Y-
YeCTH ITHX TIPYHTOB B yCAOBHAX MNpocToro casura (cM. puc. 111),
KOTOpoe 00yC/l0BJIeHO (aKTOPOM BpEMEHH — MIPOTCKAHUEM BO BpeMe-
HH CTPYKTYPHHIX fehopManuil (cM. ra. 6, § 2).

[Ipuy oueHb ObICTPOM MPOBeJCHHH IKCIIEPUMEHTA CTPYKTYpHBIE Je-
dopmannu He ycneBalOT NPOSIBASTHCA, H 3aBUCHMOCTH MEXKAY Hampsi-
KEHUSIMH U JlepopmanuaME (Kak 9TO HMEJIO MECTO pH Hcc/el0BaHUH
MTHOBEHHBIX JedopMalnii OPH MPHJIOKCHHH O B OAHY CTyIeHb) BbI-
pax<aeTcst JNHHeHHBIM 3akoHOM. [lo3TOMy mpH oOneHKe CBOHCTB MTIHO-
BEHHOro /[1epOpPMHPOBAHHA TJIHHUCTHIX TPYHTOB IIPH HPOCTOM CJBHIE
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(B ZaHHOM HX HAYaJbHOM COCTOSIHHH) CJEAyeT pPYKOBOACTBOBATHCA
TePBLIM JHHEHHBIM y4acTKOM, A€ CTPYKTypHeie nedopManud elle ne
OKAa34JIH 3dMeTHOTO BJUSHHUS HA COCTOAHHE IPDYHTA.

Moayabp MrHOBeHHOH pedopMauud cABHra [Jsi NHEPBOro ydacrka
nedopmupoBanus Gy, paccMaTpHBaeMOro B NpHMEpe rpyHTa, ompe-
HEJICHA W3 CJeAYIOUIero COOTHOIICHHS:

T T 0,017 —0,002
Go,x=-m0—= ™ :W—B&'S MIla, (10.1)
a 23

FIe @ — BHCOTAa 30HH cABHra (B MM); ASp — nedopmanusi caBura (B
MM). Beawmunna cTpyKTypHON MNpPOYHOCTH MIHOBEHHOH aedopManuH
cIBHra Tsr=0,017 MI1a.

KadecTBeHHO aHaJOTHUHBIE DE3YJbTATHl, H3JOMKEHHHIE B YIOMSHY-
To#i Bhime paborte aBTOpa KHMUTH (cM. § 1), OblIM moaydYeHsl NIPH HC-
NLITAHHH O0pasiEB Ha npubopax omHomIocKoctHoro cpesa. OmHako
H3-32 H3BECTHHIX HEAOCTATKOB 3THX NPHGOPOB MOAy.IH Gy HE MOIJH
ObITH JOCTATOYHO TOUHO ONpejeseHb. DTH 3KCHepHMEHTH II03BOJIHJH
YCTAHOBHTH HE3aBHCHMOCTb He(OpManuH cABUTA OT TOMILHHBL HCObI-
TaHHHX 06pasuoB A=15 u 3b MM H BCaeACTBHE 3TOIO PAaBEHCTBO 30H
HX CABHra, & TaKXKe 3aKAI0YHTb, YTO BBICOTA 30HH HX CABHIa Haxo-
INHUTCs B pejenax a<<15 MM.

BausiHue coctTosdsHHA TpPYHTAa H& 3aBHCHMOCTDH
T—vyo H Gp. B ycJoBHAX CJ0MKHOrO Hanps:KeHHO-Ae(OPMHPOBAHHOTO
COCTOsIHHS HedopMalUHH YIJIOTHEHHS H COBHra NpPOTeKAaloT OJAHOBpe-
MeHHO, OKa3hiBasi APYr Ha japyra sHauurtesbHoe Bausinue. Jledopma-
ISl YOJOTHEHHS, BHI3BAHHAS ACHCTBHEM YIJIOTHSAIOLLEH HArpy3KH Oy,
IPHBOJHT K H3MCHEHHIC COCTOSIHHA IPYHTa, KOTOPOC OKasbiBaeT Cylie-
CTBEHHOE BJHSIHHE Ha AedopmandH QopmomameneHnusi (casura). He-
¢opmauus ciBHTra, B CBOIO OYepeib, BHIZEIBACT AONOJHHTEJBHYIO KaK
[OJIOXKHTRAbHYIO (YIJIOTHEHHE), TaK H OTPHLATeabHYIO (pa3ynnortHe-
HHe, HaOyxaHHe) oOBeMHYIO gedopManHio, Ha3bBaeMylo AHJAATa H-
cuedl. dra gedopManus ne npepuuaer 0.1 MM TOITOMY OOBIYHO €I0
npeHeoperalor.

Hast onpenenacHus T—yo ¥ Gg © y4eTOM H3MEHSIEMOCTH COCTOSIHHS IPYH-
Ta CepUH 00pa310B-0JH3HEIOB HCIBITHIBAIOT Ha CABHL MOCTE IPEABAPH-
TE/ILHOTO YILJIOTHEHUS Pa3/IHYHEIMH, DaBHBIMH JJIS1 KA3K/A0M CEPHH YILIOT-
HAIOUMMH Harpy3kaMH. 1o nosy4yeHHBIM AaHHBIM AJISI KAXKAOTO COCTOS -
HUSl TPYHTA CTPOSIT KPHBYIO T—Yo H onpe/iensiior monyas Gy, Hanpuwmep,
H3 HCTBITAHHA 06pasuoB npH o.=0,1; 0,2 u 0,4 MIla (paccmotpennoro
B OPHBEACHHOM BHIUE NpHMepe rpyHTta) Aas Gy COOTBETCTBEHHO 1IO-
JydeHbl BeauuwHel: 38,5; 62,5 w 93,b MIla, 1,=0,017; 0,032 u
0,081 MIla, ko1opbie CBHAETEALCTBYIOT 06 OYCHBL GOJIBLIOM BJIHSAHHH
COCTOSIHHSL i0; HA CBOWCTBO MTIHOBCHHOro neOpMHPOBaHHS, IDTO 3Ha-
YHT, 4TO NPH HCCJACAOBAHHH 3aKOHOMepHocTell MrHoBenHOH aedopwma-
IHH DVIHHHCTBIX TPYHTOB TIpH CABHIC HEJb3Sl HE CYHTATBHCH C 3THM BaXK-
ubiM akropom [22].

WamenseMocTb Gy B 3aBHCHMOCTH OT 0; MOMKHO IPEACTABHTH B BH-
Je KpuBo# Go—o, (puc. 113) # anmpOKCHMHPOBATL COOTHOUICHHSAMH:
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aQ
G Md 7',MM
7

Gy, Mha i B=Flr)
7040 9007 0003
/ 50.[7{0002- W
76,0 0007 |-
5[7[7 1 1 .l 1 L i ]
500 4 770 50 50 70 30 170 750 t,Mun
Z; M
— 700
200 D80y
! L. ] 760
v q7 gz 6;Mna f,’v%:’_'_,-_l_r_‘_,_'-
! L I b, i |
Puc 113 3xcrnepHMeHTanbHAas g 10 30 50 70 20 710 730 tmum
kpusasi Go—0. u ee AMIPOKCH- g Mrﬂfm'-MM
mauns (WTPHXOBAs JHHHS) 00 155%-0 ok o dhyy=F6y)
Beipaxkeruio (1012) smalaomsl S
800 }49051
30407 GO+
Puc 114 Kpupne H3IMEHeHUS 5[57% %ZZ e 1 —_——
MPHOBEHHBIX AedopMauuii cpBH- ’ 0 20 40 60 80 700 120 7140 £ Mun
ra vyo{a), OIZHOMEepHOrO YmAOT- &z,MNa
HEHHA €¢,0(8) U COOTBETCTBY- 660
tomux Moaynaelt Gy H Ee o BO :6;558
BpEMEeHH IIPH [OCAEe0BATENbHOM P
NpUMOKEHHH K o6pasuy cTyme- "72
Heil KacaTeabHoro (6) © HOP- AT RN S B S R S
ManbHOTO  (¢)  HanpsiKeHufl 0 20 %0 60 80 100 120 140 £, mun
uyepes paBHbIE HHTepBANH BpE
mernn 0,=0,2 MIla; A=123 MM,
CTyfelb KacaTe/bHOTO HanpsiKe-
pus At=0,01 MIlla, Aog,=
=0,066 Mlla
GO (Gz) = GO'[] + Gf [1 -_ EXp (_ a Gz)] : (10.2)
Gy (0:) = Go,o [l — 0y 02, (10.3)

11e (oo — MoAysab MTHOBeHHOH JedopManMH IpH YHCTOM CHABHre
{6,=0); Gy, @ u o — mapameTphl, olpeaeaseMble H3 ONLITA.

Korza m3BecTed 3aKOH H3MeHAEMOCTH O, 80 BpeMenH, Gq{o;)
MOKHO BbIpasuTth uepes f. Torga (10.2) u (10.3) MoxXHO cooTBeTcT-
ReHHO MpeACTaBHTh B BHJE!

Gy (£) = Go,0 (fo) + G; [1 —exp (—af)]; (10.4)

Go (l‘)zGo,g [1——0,1 t] (105)

Iasi paccmatpuBaemoro npumepa (cum. puc, 113) xpusas Go—oy,

MOCTPOCHHASl 1O NPHBEACHHBIM BHINE TaHHBIM  (CIIJIOWIHAS JIHHHA),

ANnpOKCHMHPOBA4HA (IUTPUX0Bas JMHHHA) CACAYIOMHM BLIDAXKEHHEM

(10.2):

Gy (02) = 7 -+ 155 [l —exp (— 2,1 02)}.

KpuByw Go=Gy(6,) MONKHO ONpenenHTh TaKKe HCUBITAHHEM

oaHoro obpasuma mMyTeM MOCAELOBATEJBHOTO TPUJOKEHHUA CTyHeHeR

KacaTeJbHOTO M YILIOTHSIONIETO HANpSKEHHH uyepes OmpefcseHHEE
HHTepBaJH BpeMeHu [20, 22].
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Ha puc. 114, mpuBeieHH pPe3yJabTaThl OIUPEAEJCHHS H3MCHSICMO-
CTH MrHOBEHHOH acdopMauuu CABHra W ee MOJyJs, a Ha puc. 114,6
rpadMKk H3MEHSIEMOCTH KacaTeJbHOTO HaMNpsDKeHHs CTyHeHsMH Atv=
=0,01 MIla. Ha puc. 114,86 npuseieHbl rpadHKH H3MEHAEMOCTH MTHO-
BEHHOK J1epOpMALHH OJHOMEDHOrO CKaTHA H ee MoAyast Eco, a Ha
puc. 114,2— pocT HOPMAJBHOIO HANpPSIXKEHHA CTyleHsaMH Ao;=
=0,066 Mlla.

[TpuMeyaTe pHEIM 34eCh ABJACTCH TO, YTO IPH MOCJAEA0BATEJLHOM
IpHJIOKEHHH K 00pasuy cTymneHeH KacaTeabHOro At H HOPMAaJabHOro
Ao, uanpsienuit Kpusble Eqo—0, # Go—ao, ABAAIOTCS B JOCTATOYHOM
CTelleHH MOAOGHEIMH, a oTHouieHHe Eego/Go— NpaKTHUCCKH MOCTOSIHHOM
BeJHYHHOH

E..o (62)/G, (02) = 2,5 £ 10 %.

Xapakrep uaMenseMocTH Eq5(0;) u Go(0;) 3aBHCHT OT HadajbHO-
rO COCTOSIHHsI I'DYHT4, BEJHYHHBl CTYNEHH KacaTeJbHOr0o HallpsiKeHHs,
HOPMAJIBHOTO HATIPSZKEHHst H CKOpocTefl (MHTepBafa) MX IPHJIOMKCHHS.

§ 3. SAKOHOMEPHOCTH NOJ3YYECTH NMPU NPOCTOM CABHUIE

IToansydectTs TVIHHHCTBIX I'PYHTOB, SIBASIOMIASACA TIPAMBIM IIPOJOJIKE-
HMeM MIHOBGHHOH JedOopMalHH yg, Mpe]ACTaBJasCTCS B BHAE KPHBOH
vi—t. KpuBble mON3ydecTH +;—¢ AAHHOrO HaYaJbHOTO COCTOSIHHSA
IPYHTa, ONpelellcHHble MpH pPa3jHYHBIX 3HAUCHHAX IMOCTOSHHOTO Ka-
CATeJIbHOTO HATpSKEHHUSA T (TMOCTOAHHOIO OTHOCHTEJNBHOIO KacaTellb-
HOTO HalpsyKeHUs WJIH YPOBHS KacaTeJbHOIO HAIPSKEHHA T/Tfst),
00beAMHSIIOT B OAHO ceMefictBO (cM. puc. 111). M3 ammporcumaiun
nocJeiHero MOayYaloT BhIPAKCHUS 3aBUCHMOCTH T—Y¢—F HIH T/Ts s —
—vy:—! (ypaBHGHHC COCTOSIHHS) I[IPHMCHHTEJBHO K Pa3JMYHBIM Teo-
puam noasyvectu (7.5)—(7.8).

B npuseaenHoM Ha puc. 111 mpumepe ceMefcTBO KPHBBIX MOJ3yde-
CTH paccMOTpPeHHOH Bhilie rauHB 9—63 (cMm. § 2) mojydeHo HcmbiTa-
HHEM CepHH 00pa3loB-OJH3HCI OB HAa MpHOOpaX KPYUEHHS KOJbIEBbLIX
o6pasuoB HUC I'maponpoekra. B sesoit wactd puc. 111  mocrpoenst
KpHBBIE P:~—T/Ts,st AJS TpexX pPa3JHYHBIX MOMCHTOB BpeMeHH, Bce Hc-
IBITAHHBIC HA C/BHT 00pasibl MOABEPTHYTHL IIPEBAPUTENBHOMY YILIOT-
HeHHIO 1moj ae#icrBHeM 0,=0,3 MIla, a 3ateM pasrpyXeusl 10 0,=
=0,2 MIlla u BblAepxaHH 104 3TOH HArpy3ko# OKoJNO Mecsiua — A0
noquofi crabuausaunu aedopMauui. CaBUroBas MOJ3yYECTh HCCHAENO0-
BaHa TIpH TATH pa3jHYHLIX YPOBHSX KAcaTeJbHOTO HalpsiKeHUs (Kpy-
TALlero MoMmenta): t/ts,s:=0,1; 0,3; 0,5; 0,7 u 0,9. OubITH BHIOJHEHEI
C ABYKPAaTHOH MOBTOPHOCTbIO HAa 00pasuax HapyLICHHOTO CJOJKCHHS
o BOAOH.

KacaTenbHble Hanps:KeHHS (KPyTsLUIME MOMEHTHI) IPHJIOKEHH K
00pa3iy B pesuMe OIpeje/]CHHs] CTAHAAPTHOTO CONPOTHBIEHHS CHABH-
ry t7,5:=0,104 MIla (cm. § 2). Hedopmanuu ciasura, Kak oGBIYHO, 3a-
MepeHbl Ha HapyKHOH OKpYXKHOCTH KOJbleBoro obpasia.

[IpuBenennoe Ha puc. 111 ceMeHcTBO KPHBBHIX TOJ3YYECTH SABJS-
eTcss THIHMYHBIM MpaKTHYCCKH A/ BCeX pa3HOBHAHOCTEH IJIMHHC-
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THIX TPYHTOB HapYIICHHOrO H NPHPOAHOrO COKEHHS, 32 HCKIIOUCHHEM
OueHE caabux ¢ [.>=1ne>=1,5.

PesyJbTaThl ONLITOB MOKa3bIBAlOT, UTO IPH HeGOMBINHX YPOBHAX
KacaTeJbHOro HampsikeHusi (t/t7s:=0,1...0,4) nedopmanuu cusura
NONHOCTBIO NPOTEKAlOT B CTafHH 3aTyXalomeh nonsyuectd. HauuHas
¢ HEKOTOPOro OnpelelCHHOro BpeMEHH 3TH J1eOpMauMH HpaKkTHUCCKH
NOJNHOCTBIO CTaBHNU3HPYIOTCSl, TOYHEE HX CKOPOCTb CTAHOBHTCA Ha-
CTONbKO He3HauyHTeJabHOH, uTo He moAanaeTcss ¢ukcanud. Ilpu oTHocu-
TeJLHO BHICOKHX YPOBHSIX KacaTe/JbHOTO HamnpsiKeHHs: 7/tys:=0,5; 0,7
1 0,9 medopmaliiy BHayane NpOTeKaloT B cTAJHH 3aTyXalolled mo.nsy-
gyeety (cM. pue. 92 yuactor OA), a 3aTeM nepexoasdT B cTaJHIO Teye-
Hast (cm. puc. 92 yuactor AB). JlautennHocTh cTaauH 3aTyxalomieh
MOJI3YYeCTH JAOXOAHT RO HECKOJbKHX AECATKOB AHeH W OoJblie, a ee
aons cocrasiseT 6osee 60Y moanol aedopmanus nonsyuectd. Mua-
ye TOBOpS, 5Ta cTaAHsl NOJ3y4ecTH HMEET BecoMoe 3HadeHHe AJs Je-
dopmanufi moN3ydecTH B [EJOM H NO3ITOMY ¢ 3TOH cTaldell Henb3s He
CYHTaTBCH (3a HcKmloueHHeM odYeHb caaberx rpyHToB). CnefoBatens-
HO, HeJib3sl TJIMHHCTHie TPYHTH OTHeCTH HH K Teny MakcBeana (Tan
Toenr-ku), nu K Teny [IsegoBa — Bunrama.

PaccmoTpenne KpuBhIX T—%; (cM. puc. 111) mokasbiBaeT, 4TO OHH
(KaK 4 KPHBBIE T—Yy H E;;—0]) XOPOIUO aNNPOKCHMHPYIOTCS OHIH-
HeliHOH muarpaMMof, Touka mepesoMa KOTOpoH, Kak OBLIO CKa3aHo
BHILIE, XapaKTePH3yeT CTPYKTYPHYI0 [POYHOCTb TPYHTA OPH CABHre
Tstr. ABTOPOM KHHUru GblI0 mokasano [20, 22], uro cTpykTypHas npou-
HOCTb TJIMHHCTHIX TPYHTOB NpH CABHIe NPAaKTHYECKH He 3aBHCHT OT
AJMTEJLHOCTH OMEITa M Kojiebsercst B mpenenax 0,4<Ctsu/ts,e<0,55,
T. e. OH IPHMEPHO PaBeH IOJOBHHE CTAHAAPTHOrO CONPOTHBJCHHN
CABHTY. DELIO yCTaHOBJEHO, a TaK:Ke MOATBEPKIEHO B HaJbHellleM
6ONBILUM KOJHYECTBOM SKCIEPHUMEHTOB, UTO Tsir ABJSCTCA NpeaeioM
nepexoaa AedopManufi u3 06JacTH 3aTyxamilell Mon3yiecTd B 06JacTb
He3aTyxalomlefl Moa3ydYecTH, NepexOAsimied B TeueHHe, H NMPAKTHUYCCKH
COBMAjJaeT C MEPBLIM NPE/ebHbIM HANPSKEHHEM CIBArA  (t{i) o Ty p)
Tem campiM ObL10 NOATBep:KAeHO H BeickazaHHoe paHee K. Tepparu u
P. Tlekom [20] MHeHHe o TOM, YTO «KaK TONBKO KacaTelbHEle HATIpsi-
JKCHHS B IJIHHC CTAHOBSITCS OOJbIe IIOJOBHHE NHKOBOTO 3HAUCHHI,
TJIWHA, TI0-BHAHMOMY, MOIKET TOJ3TH IIPH ITOCTOSIHHOH cABHramLie
cuiie. JIpyrumu cioBaMu, KpuBas y;—! NpubauxaeTcs K HAKIOHHOI,
a HE K TOPH3OHTAJLHON aCHMIITOTES,

HeOe3blHTepeCHO OTMETHTb, uTO aNNPOKCHMAIUS 3aBUCUMOCTH
yi—1 OunHHeliHON# nHarpamMMo# BmepBhie BHmosHeHa M. I'esom u Tan
Teenr-xku B 1953 r. [4, 40]. ITo npuunne HeGOABIION NMPOAOIKHTENb-
HOCTH OMHITOB (48 u) Teuenue rpyHTa OBLIO «OGHAPYKEHO®» B NEpPBOMH
obJacTd AedopMuUpoBaHHA U N5 NPeICJbLHOrO HATpPSIKEHHs CIBHra
OblH MOJMYYeHH SIBHO 3aHHKeHHHIe anadenus: 0,002—0,01 MIla.

Jlnsi annmpOKcHMAalUHH ceMeHCTBA KPUBHIX MOJ3YueCTH [POCTOTo
casura (cm. puc. 111), oHo Ha ocHOBaHuHU pHc. 15 u BeIpameHusi (7.2)
IIPEeACTaBAEHO B BUHJE ABYX ceMeHCTB — ceMeHCTB KpUBBIX 3aTyXamwilekt
nonsydecTd yg:—t (puc. 115,2) B KpUBBIX TeyeHHs yo—I (puc. 115,6).
[lepBoe H3 3THX ceMefiCTB COCTOMT M3 HSTH, 4 BTOPOE — M3 TPeX KpH-
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Puc. 115. Pasnensuas annpokcumauusa. [IpeacraBnenne ceMefiCTBA 3kCHePHMEHTA/Ib-
HBIX KPHBBIX CABHMIOBOH NON3YYECTH B BHAE CEMEHCTB KPHBHIX 3aTyxaloulefl nosasy-
uectd (@) H TeueHus (6) # HX annpoKcHManus (WITPHXOBbIE JHHHE):

! — 1w 2—2ana; § — 20 gHelt; 4 —42 g

BBIX IOJI3YYECTH, TAK KaK TeUeHHE TIPYHTa NPOABJASETCA NPH TPeX
YPOBHSIX KacaTejbHOro HampsikeHHs: t/tv1,s=0,5; 0,7 u 0,9.

B paccmaTpuBaeMoM cayuae 3aBHCUMOCTE Ygt—f NMOUHHSIETCS He-
JUHEHHOMY, & Yyt—I — JHHEHHOMY 3aKOHY, IIOITOMY CEMEHCTBO KpH-
BuIX nosasygyectu (cM, puc. 111} chaexyer anmpoKCHMHpPOBATh COOTHO-
WeHHAMH BHAOB (7.13) u (7.14), BoIpaXKeHHHX Yepe3 BEJHYHHY YpOB-
HS KaCaTeILHOrO HANPSKEHHUS !

Yt = Yar + Yor = 04 (£) [ (t/Tf,5¢) + Ky 0t —T—;ip— ' (10.6)
F.st
T—Typ ¢
Yt = Yat + Yor = g (£) [ (V/75,5t) + . (10.7)
Tf,st My, 0

Bxogsmyro B (10.6) u (10.7) mMepy 3aryxamouiefi moJa3y4ecTH
@q(t) npeacrapnaoT BupaxenusaMu (7.9) u (7.10), a gyuxuuo ypos-
HS KacaTeNLHOro HampsiKeHHd  f(t/Tfst) — COOTHOIICHHSAMH BHIOB
(6.26) —(6.29). Meronsl onpesenenns wq(f) u f(v/ts») moapo6uo pac-
CMOTpPEHBL [IPH H3JIOXKEHHH aNlIPOKCHMAalHH KPHBBIX 3aTyXaloUIEH moJ-
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3yYECTH OJHOMEPHOrO YNJIOTHEHHS rpyHTOB (cMm. ra. 6, § 4). Ha puc.
115,a npuBeieHb Pe3y/abTaThl aNNPOKCHMANHH CEMEHACTBA SKCNEPHMEH-
TaNbHBIX KPHBBIX 63 yueTa (UITPHXOBHIE JIHHHH) H C ydeTOoM (LITpHX-
TYHKTHD) ux HenomoGus [20].

Bxomsumuit Bo BTOpOH dsen TpaBo# uwacTH Bupaxkenus (10.6)
Kyv,[), KOTOPHIi TIpeAcTaBsieT co60# CKOPOCT: TEUEHHS TPH T/Tfst—
Typ/Tsee=1 NMpH yCIAOBUH 4 =0, OmpeaeIAETCSH H3 CAEAYIOUIEr0 COOTHO-
UICHHSA:

Ky,0= Yot : (10.8)

t (0T st — Typl Vs, 5t)

THE Typ/Tist — ONMpEIENsSEMEIl H3 ONBITA YPOBCHE NPEAEBHOrO HANMP-
JEHHs CABHra, KOTOPHIE /i PACCMATPHBACMOro TNPHMEPA Typ/Tfst=
=04 (cM. puc. 115,6); yv; — AedopManHa TCUCHHs B MOMEHT BpeMe-
HHU ! TIpH JaHHOM YPOBHE KAacaTeJbHOrO HaNpPAXKEHHS T/tsst=const.

Hanpumep, ecnn B HameMm NpuUMepe paccMOTPETh SKCIEPHMCHTAb-
HYI0 KpuBy10 npH 1/t7,:=0,5 (cm. pHe, 115,6), To pas {=42 xus ume-
eM v5;=0,0036. Toraa nas Ky, .o uz (10.8) nosyunm:

Ky o= —2086 400086 .
v 42.(0,5—0,4) JeHb

B cmay Toro, uTo B HamIeM TIpHMEDE 3ABHCHMOCTB Yui—T/Tf,st
(cm. puc. 115,0) He cTporo JnHHefiHas, TO NPH HCNOAL30BAaHHH (An4
onpenenenns Ky , o) APYrHX 3KCNEPHMEHTAJBHBIX KDPHUBBIX TOJY4H/IH

6L 15 Hee pasjHYHbe 3HaueHHs. UTOOBI aNNPOKCHMHPOBATh BCE CE-

MelCTBO KPHBBIX TCHUEHHA ONIpEIeNieHO CpeaHee 3HaducHHe Kva' 0 ==

=0,000675 —e-IH— , a no Bupaxenuwo (10.6) npH ycaoBuu yq: =0 noctpo-
IieHb

eHbl KPUBHE, KOTOpble Ha pHC. 115,6 MoKa3aHE MITPUXOBHIMH JIHHHSIMH.

UroObl ONpeneuTh BEIHIHHY Kvy,o MOXHO TaK¥Ke [0 3KCNEepH-
MEHTaNbHEM KPHBHM TeYCHHS IMOJYYIHTHL CKOPOCTH TEUEHHS, OCTPOUTD
PEONOrHYECKYI0 KPHBYIO T—7ro (puc. 116) u no He#t BHUYHCIUTL KO3(]-
¢dHUHeHT BAIKOCTH M H Ky .Hampumep, B paccmaTpuBaeMoMm mpH-
Mepe CKOPOCTb TEYEHHS NpH T/Tsst=0,5, KOTOpasi COOTBETCTBYET T)=
=10,052 MIla, umeer BHI:

1 0,000086

ol = 29936 4000086 — ~1.107° L |
Yy 42 DEHb 86400 c

npH t/ts,s:=0,7 (12=0,071 MIla)

ot = 00908 _ 60002155 —— =2,5.107° L,
Yy 42 JEHB c
rae 86 400 — koadpuuuent nepexona ot 1/xens k 1/c.
Koadqpuuuent Bg3KOCTH JeopManlH TEUEHHS 1), AAS yYacTKa
KacatenpHbX Hanpskenuit 0,052—0,071 MIla cornacho (7.3) onpe-
JeseM H3 CJACAYIOUIero COOTHOLICHHA:
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v, 7/¢

3305 T=40505MNa
39 L
y/g
25079 of g7t
2197
' S
/.7”—5’ L L 0&”521 ! ! _l__l——‘_l—l_—l}l
0 47 0% 467T/Crst T Tyl t; ty t3 ty t5 T
Puc. 116, IlpsmMas OTHOCHTE/JBHOH Puc. 117. Cxema onpefe/eHHsl 3aBHCH-
CKOPOCTH  TEYeHHS — yPOBeHF  Kaca- MOCTH T—Y:, (QYHKUHH KaCaTelbHBIX
TEJBHOTC HANPSIKEHHS, ONpeje/eHHas HANPSKEHHH f(t) wawm f(v/ty) # BoIpa-
o CeMeHCTBY KPHUBHX TEUCHHH, NPHBE- KEHHH Mepbh INOJ3YYECTH  METOJAOM
JeHHBX Ha pHc. 115,86 TpeX KPHBHX MOJ3YUECTH:

1, 3-— akclepuMeHTalbHble KpHBbLle, NPH-
HaljexalllHe K TrpynoaM saryxalomei (I)
NOJI3yYecTH W 3aTyxXalpolllei OOJ3Y4ecTH,
nepexonsmeii B Teyende (II), 2 -— 3Kcoepu-
MeHTaJbHasl KpuBasi, olpejenasieMasi IpH CTy-
nexMyaToM BO3DaCTaHHHW KacaTeJbHOro Ha-
1pAxedHsa, 4, J— OpelcTapieHHe 3aBHCH-
MOCTH V;—T B BHAe eIHHOH KpuBOH H 6H-

JNHHeffHOA HgHarpaMMbl

Ta—1, 0,071—0,052 _ 4
= = = 146,72 MIla-neur =
e ol —o! 1,295. 10~ A
v v

= 146,72-86400 = 1,27.10" MIla-c.

Torza Ky, npu 1—1yp=1 Ha ocHOBanuu (7.3) Gyner paBHa:
1 1
Ky, = YT 0,0068, 1/MHa-;1eHb. (10.9)

Hwmes B Buay, uto Ky = Yut/f  paBHA CKOPOCTH TEUEHHS IPYHTA

npu T—typ=1, u3 (10.6) u (10.7) c yuetoM 3TOro yc/joBHs H yCJAOBHA
¥at=0 noayunm Beanuuny Ky _,o:

Ky,0= YL v = K, v, = 0,0068-0,104 = 0,00071 ——, (10.10)
JeHb

4

KoTopasi Majo oriuuaercs oT Ky o= 0,000675, onpenenennoii no
BoipaxenHio (10.8) ¢ Hcnosz30BaHHEM BCeX TPeX 3KCHEpPHMEHTAJILHBIX
KpHBBIX TeueHHua (puc. 115,6).

B paccmaTpuBaeMoM ciiyuae TiepBOe TIpefeqsHOE HaTPiKeHHe CABH-
ra (ypoBeHb TpeNeJbHOTO HANpPSKEHHs CABHra) OHJIO ONpPENEsIeHO Mo
OTPE3KY, OTCEUEHHOMY Ha OCH aGCUHCC NPAMBIMH T/T;s—Yos (CM. PHC.
115,6) m  ©/t;,t—0vy, (oM. puc. 116). Beanunuy typ (HIH Typ/tss),
nopor nossyuecty, no H, H. MacioBy, [18] unx nopor ycranoBuBuiei-
Csi NoJidyueCTH (Teuenus), no C. P. Mecusiny [22], MOXKHO onpenesauTsb
Takxe no Beipaxenuio (9.14) npu 2,=0 [18]. B atom cayuae, cor-

aacio H. H. Macaosy, npu ajiuteizHoM ReHCTBHH KacaTeJbHOTO Ha-
NpsiKeHusd
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T< P2 tg pu + 2w+ ¢ (10.11)

¥ OTHOBPEMEHHO

L tg Qw - Cc, (1012)

HacTynaer npouecc MEJIJIEHHOI0O TeUeHHA IrpyHTA.

MeTo/bl ONpEAEICHHS Py H €, H3A0KEHH B § 5, ra1. 9.

B s3ak/iouen#e OTMETHM, uTo AedOpPMAIMH CHABHIOBOH NOJI3YIECTH,
KA4aK 4 MTI'HOBEHHEGIE ILEQ)opMauHH, CYLIECTBEHHHIM o6pasoM 0GycJoBJe-
HH COCTOSIHHEM TPYHTa — ero H3MEeHSeMOCTHIO TOJ JAeHCTBHEM YIUIOT-
HAOIHEX TaBJaeHHA. B cuay caoxuocTd B 0co60T0 HHTEpPECA 3TOr0O BOM-
poca ou 6yJeT paccMoTpeH B L. L1,

§ 4. ONPEAEJEHHE MNAPAMETPOB MOJ3YYECTH
NMPU NMPOCTOM CABUTE METOHAOM TPEX KPHBbLIX

B mesisix COKpalleHHsi KONHUECTBA MCHBITHBAEMBbIX 06pasioB-6/u3-
HELOB IIpH ONpE/EJEHHH NapaMeTPoB NOJN3yUYECTH OAHOMEPHOTO yIJIOT-
HEHHsl CKeJeTa [VIHHHCTHIX IPYHTOB H NpHOGJHKenHs JabopaTopHOro
JKCTIEpHMEHTA K HaType pa3pafoTaH METOR ABYX KDHBBHIX, M3JIOXKEH-
Hbifi BeOle (cM. ra. 6, § 6). MeTox AByX KpHUBHX MOJ3YUECTH, OCHO-
BauHBIA Ha PE3yJNbTATaX HCNHTaHHsS ABYX 06GpasioB-6/H3HENOB, MpH-
MeHsieTCH AN annpoKCHMAaLHH CeMeHCTB OMHOTHUIHHX KDHBHX, KaKO-
BHIMH fIBAAIOTCSI KpHBHE 3aTyXaloliefl I0/3yyecTH ORHOMEpPHOTO
ynaoTeeHHs. OXHOTHOHHIMH ABJSIOTCA TakKkKe KpHBHIE CIABHIOBOH NOJ-
3yuecTH O4YeHb CaAaGHX TJIHHHCTHIX TPYHTOB, KOTOpHE (HIPH JMOGHX
3HAYEHUSAX KACATEJNLHOrO HANpSKeHHs) COCTOAT H3 CTaAHH 3aTyXa-
WUIeh NON3YUECTH H TeUEHHA.

B oTiHuMe OT H3M0KEHHOroO Bhime dedopMmanus CIBATa GOJbITHH-
C€TBA H3 IMIMHHCTBIX IPYHTOB (TOYHO TaK¥ke NpH OMXHOOCHOM H TpeXs
OCHOM CKAaTHH) B 3aBHCHMOCTH OT ypOBHfl KAacaTeJLHOTO HANpSKEHHS
MoxeT OHT: KakK 3aTyXalollefl, Tak W He 3aryxaloueH Bo BpeMeHH.
[TosToMy MeTOJ ABYX KPHBHIX MOMKET OHTh HCIOJNb30BaH JHG0 IS al-
NMPOKCHMAaNHH TPYNNH KpHBHX 3artyxaomux (I), au6o Aag rpynnsl
KPHBHIX HesaTyXamomux gedopmaunil noasyuectu (I1) (puc. 117),

Jns sKcIepHMEHTAJNBHOrO OTpedeseHHS CeMeiCTBA KPHBHIX M0J-
3YUecTH NpH CABHre (OXHOOCHOM H TpPeXOCHOM CXKAaTHH) MOXKHO BOC-
NOJNB30BATECS YKAsaHHHM BHINE METOAOM ONpefefeuHs AByX PYIN
KPHBHX noJ3ydyecTd. Torga, B OTAHUHE OT METOZA ABYX KPHBHX, HE0G-
XOJMMO ONpPEIENHTb JBe 3KCNEPHMEHTAILHHE KPHBHE TIOJI3YUECTH TOX
AeHcTBHEM ABYX pas/iHUHHX MOCTOSHHHX KacaTeNbHHX HANpsKEeHHi
™ u 7. OgHa H3 HHX MO/DKHA MpHHANJEKATE K HepBOW rpynme KnH-
BHIX, a BTOpas — KO BTOpoH. Kpome Toro, Kak u Npu MeToAe ABYX
KPHBBHIX, H3 3KCHEPHMEHTa CJeLyeT OMpeJesHTb TakKXKe OJHY KPHBYIO
TIONI3YUEeCTH NpPH CTyHmeHyaTo-Bodpacraiolled Harpyske. [Ipu stom un-
TepBaJBl NPHAOKEHHs CTynened uarpy3ku 10 0,41:s; MOXKIO HPHHSTh
paBuuM H 8—10 nueit, a npu v>0,4 145 — 20—30 auei.

Takum o6pasoM, A1 OnpeleneHHs ceMefiCcTBA KPHBHIX MOJ3YIeCTH
npH cABHIE (OZHOOCHOM H TPEXOCHOM CXKATHH) CJEAyeT HCOHTATh TPH
00pasia-GiH3HeNa K OCTPOHTb TPH SKCHEPHMEHTANBHBIX KPHBHIX M0J-
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sydecTd. [lo KPHBOH IHOJ3YyYeCTH, ONPENeJEHHOH MNPH CTyHNEHYaToO-
BO3pacCTAlOIIeM KacaTeJbHOM HaNPAKEHHH, CTPOSAT KPHBYIO y:—T (CM.
puc. 117), mo Hell onpelenarOT (PYHKIHIO KAcaTECJIbHOrO HANPAXKEHHA
f(r). 3ateM ucnosb3ysi f(r) H pe3ynbTaThl aNIPOKCHMALHH 3KCIEPH-
MEHTAJbHbIX KPHBBIX MOJI3y4ecTH AJst 1L H TV, OnpelessioT KPHBHE
NOJ3yYECTH YKA3aHHBIX BRILiE ABYX TpPYNN A4 Da3nHUHHIX 3HAUCHHHA
T, OTAHYHHIX OT ¢! u 7! (B mpaBoii yactu puc. 117 nokasassl WTpPHXO-
BbHIMH JHHHSMH).

Hanpnmep, €CcJIH AJd MepBOH I'PyNIH KPHBHX ypaBHEHHE Hon3yye-
et y =¥ (v, {) Ans MOCTOSHHBIX KacaTeJibHbIX HaMpPSKCHHH T Npef-

CTaBHTb B BH/IC TEOPHH cTapeHus (7.5):

vi=o' () f (3), (10.13)
a Mepy nmoJi3yyecTH ol (£) onpenesHTs U3 COOTHOLIECHHS
vt (1)
ol (f) = ————, (10.14)

f (e

TO KpHBHE noasydecTH rpynnsl (I) Aas oTiaHUHBIX OT t! HanmpsiKeHHHA
MOryT GHTb OCTPOEHBI O CACAYIOLIEMY Bpra}Kel—IH}OI

ﬂ=wmﬂn—“ f @, (10.15)

rae y;} (v!) — anmpokcuMHupyomee Bblpa}Kel{He 3KCHEePHMEHTAaNLHOH
kpupo#i npu t=1Y; f(v!) — byHKUHA KacaTENbHOTO HANPSXKEHHSA NpH
JAaHHOM KacaTeJbHOM Harp SKeHHH T,
Tlo anajoruH ¢ H3JMOXKEHHBIM BHILIE, KPHBbIE BTOpOH rpynmsl (II)
AT HANPSKEHHH, OTVIMYHBIX OT TH, MOKHO ONpelesIuT: 10 BhipakKeHHIO
l ( II)
Vi =0t ) /() = ~fam 1 () (10.16)
Korga kpHBas yi—rv aHHPOKCHMpreTCﬂ GuinnefiHofi aHarpaMMol
(em. puc. 117), Boipamenns (10.15) u (10.16) cooTBETCTBEHHO 3amH-
CHIBAIOTCS B BHJIE
1.1
v (7))
vl = — T IpH T<Typ, (10.17)

ve ()
Y}I:(_Tn—_'ﬁ (t— 1) mpu T> Ty, (10.18)
rie 1’ — OTPE30K, OTCeKAEMBIH HpPSMOH BTOPOro y4acTka 3aBHCHMO-
CTH y+—t Ha OCH HanpsiKeru# {cM. puc. 117).

U3 uanoxennoro Buile (§ 3) H3BECTHO, YTO TpaHHIEH Hepexona
OT KpHBHIX Tpynnsl (I) K KpHBBIM HE€3aTyxaloILel nonsyt{ecm I'PYMIIL
(II) siBnsieTcs mepBOe NMpeAENbHOE HANPAMKEHHE CABHTA ¢l =Ty,
KOTOPOE NPHMEPHO pPaBHO MOJIOBHHE CTAHAAPTHOrO COHNpPOTHBJIEHHA
TPYHTOB CABHIY Trs. VICXOAS H3 3TOr0 MOXKHO PEKOMEHIOBATH 3KCHe-
PHMCHTAJIbHEIC KPHBHIE NOJN3YYECTH OHPENeNsiTh NpH KacaTeNbHBIX Ha-
npsaxeruax: v'=0,3trys H tH=0,6 uan 0,7vse. Torna KpuBee nonsy-
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Puc. 118. [Ipumep nocrpoeHns cemeficTBa KPUBHX IOJI3Y4eCTH HPOCTOro CABHCA
(mrpuxopsie nHHHH) rpyHTa 19—69 no METoRy Tpex KPHBHIX

yecTH A/ APYrHX 3HAUCHHH KACATEJNBHOTO HANPSIKEHHS MOryT ObiTh
nocrpoens o coordowenuam (10.15)— (10.18). ’
Tlpu annpoKcHManuH 3aBHCHMOCTH y+—1 (cM. puc. 117), T, =1y

MOXKHO ONpEeXeJHTb N0 OJHOMY M3 METOAOB, ONHCAHHHX BHIIe (CM.
§ 3). AnnpoKcHMAaNHIO ABYX TPYHN KPHBHIX MOJN3YUECTH — ONpeaene-
HHe Mep IOJ3yUecTH H (YHKUMH HANPAXEHHS OCYLICCTBJASIOT IO H3Be-
CTHHIM MeTOZaM (cwm, ra. 6, § 4 v ra. 10, § 3).

Ha npuMepe >KkCnepHMEHTAABHOTO HCCJEAOBAHHSA CABHrOBOH MOJ-
3yuectd raHHbl 19—69 (ps=2620 xr/m3; p=1920 xr/m3; wy,=0,2705,
§;=0,96), BBINOJIHEHHOrO HCHBITAHHEM INOJA BOAOH KOJblleBHIX 06pas-
0B, IPOBePHM NPHMEHHMOCTb H3JOXKEHHOrO BblIle METOXA AJsS Ollpe-
IesneHHs ceMefictTBa KpHBHIX nojasyuectd (puc. 118). Omwire! BHIOJ-
HEHHl ABTOPOM KHHIH coBMecTHO ¢ P, P, ancrsiHowm,

HcnpiTaso mate map 00pasioB-6JH3HENOB, H3 KOTOPBIX UEThIpE
napbl OPH HOCTOSHHBIX YPOBHSIX KACaTEIbHOFO HAMpPSIXKEHHA T/Tfat=
=0,3; 0,5; 0,7 u 0,85, a oana nmapa NPu BO3PACTAIOMWIKX CTYNEHAMY Ha-
rpy3kax t/11,+=0,1; 0,3; 0,5; 0,7 u 0,85. PeayabTaTsl ONBITOB B BHIC
SKCHEPHMEHTAJbHBIX KPHBHX INOJ3yd4ecTH B MNpaBofl wactH puc. 118
TOKa3aubl CHOMIHBIME JHHHAMH, B neBo# wactu puc. 118 mocTpoensr
KPHBBIE P:—T/Tf,st.

B paccmarpuBaeMoM npHMepe 3aBHCHMOCTb yi—T/Tf,s: B Npefesax
1/71,6: << 0,44, KaK 06HUHO, ¢ HOCTATOUYHOH TOYHOCTHIO HOJUHHSAETCS JH-
HEHHOMY 33KOHY, a NpH T/tf,s >>0,44 — KpHBOH C LITPHXTpPEYroJbHHKA-
MH. JIng HAMIOCTPALHH HpHMEPA ONpeJeJNeHHS KpPHBBIX MOJA3YUECTH
BTropo# rpynne (I1) 3aBHcuMocTb Hampsxkenne — medopmauus npeu-
CTaBjIeHA TaKXke OGHiHHEHHO! Auarpammoi (WITPHXOBasA JIHHHA).
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KpuBble moasyuectu nepBoro THna (I) ompemessiioT 1o BhIpaKe-
uuo (10.17). Hampumep, ecaH 3a HCXOAHYIO (3KCIEpHMEHTANEBHYIO)
KPHBYIO IJIsi 5TOH Tpynnsl NPHHATb KPHBYIO, OINPENJICHHYIO NPH
1Y/17,4=0,3, T0, KaK CJAeAyeT H3 IPHBEIEHHOTO HHZKE pacuera,

'an,‘ (Tl/ff,stzo’s)
e ¢ =0,3
= v} (V15,5 = 0,3)-0,333,

AJIs IOCTPOEHHS KPHBOH HpH T/Tr,s:=0,1 ee KoopAHHATHI CJAeLYET YMHO-

KHTL Ha 0,333,

JLnst rocTpoedHsl KpHBHIX moasydecTH Bropod rpynme (11} npr
OunnnHefHOH amnpoKcHMalHH 3aBHCHMOCTH Y;—T/Tfst, Ha OCHOBAHHH
KpuBoll T/t =0,7, nmoayuum (c yduetom 1°[17,:¢=0,41) caemyrouiee

Boipaxenue Buna (10.18)

(v/15,5¢ = 0,1) =

¥; (/7,56 = 0,1) =

1 1
vi (v /7 ¢=0,7)
W (v/y,50) = : /75,56 — 0,41). 10.19

Vi (VT ,s0) o704l (v/%s, st ). (10.19)

KpuBbie, noctpoennnie mo Buipaxenuoo (10.19) ana pasamymbix
ypoBHeft KacaTeJAbHOTO HaNpPsKeHHsA B NMpaBo# uacTH puc. 118, TakKke

fIoKa3aHbl KPHBOH C KPECTHKaMH.
[Ipu Henuuefinofi anmpOKCHMaHHH 3aBHCHMOCTH HAaNpAXKeHHE —
Aedopmanna Aas GYHKHHH HaOpAKeHHd NOJydeno cielylouliee Bhipa-

KeHHye:
F(ors,s) = (05,00 ™ (10.20)
a Ans gehopMaLHH NON3YUECTH BTOPOH I'pyNIbl KpHBHX

11 11
ve (T7/7 4=0,7) ,
Y (1T, ) = — : ;3’;8 (/s 0™ (10.21)

KpuBole nonsyuects, moctpoeHuble no Bulpaxenuto (10.21), B mpa-
BOH uacTH pHe. 118 oTMeueHH TpeyronsHHKAMH.

Conocrasaenne kpuBux THnoB (I) u (II), nocTpoerHwX no BeIpa-
xkenuam (10.17) u (10.16), ¢ axcnepHMEHTATbHBIMH KPHBEIMH [OKAa3bl-
BAaeT HX Xopoliee coBmapenxe (cM. puc. 118). Uro ke kacaeTcs KpH-
BHIX BTOpo#i rpymnel (II), mocrpoennbix nmo Buipaxkenuwo (10.18), 1. e.
TIpH aNNPOKCHMAIHH 3aBHCHMOCTH HAINpsiKeHHe — nedopManus GHJH-
HeHHOA AMarpaMMoH, TO HX CXOAHMOCTb BIIOJIHE YZOBJETBOpPHTENLHAS.

PaceMoTpeHHBIHl MeTON onpeseneHns NapamMeTPoOB NOJ3YUECTH TJH-
HHCTHIX TPYHTOB MPH CABHTe (OJHOOCHOM H TPEXOCHOM CXKATHH) TOYTH
HANOJOBHHY cOKpamaer Ge3 yuiep6a KauecTBy oOmiu#i 06beM 3Kche-
pHMEHTANbHBIX paGoT.

§ 5. YIPOILEHHASI ®OPMA 3ANIUCH YPABHEHUSA CABUIOBOM
NOJ3YYECTU U ONPEAEAEHUE Ero NAPAMETPOB
METOXOM OJAHOH KPHUBOH

PaccmoTpennble Bhile (OPMBl 3aHCH 3aKOHA MOJ3y4ecTH TJAHHH-
CTHIX TPYHTOB IIpH CABHIe OTVIHYAIOTCA OOIIHOCTBIO M B JOCTATOTHON
CTENEHH TOUHO OTPAXKAKT XapaKTep HX JJAHTeNbHOro nedhopMUpPOBAHHS.
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BmecTe ¢ TeM OHH XOCTATOYHO CJOXKHBI KakK B ¢MBbICJAE oupeleseHHs
MapaMeTpoB MOJ3YUECTH, TAK M NPAKTHUECKOrO Mpuioxenus. OXHHMA
M3 OCHOBHBIX HMyTEHl BO3MOMKHOrO YIPOLIEHHs 3AHCH YPABHEHHsS MOJI3Y-
YeCTH I'PYHTOB IpDH CABHTE SIBJSIOTCS NPHHATHE YCJOBHs 00 OAHOTHR-
HOCTH (moJ06HH) ceMeficTBa KpHUBBIX ITOJ3YYCCTH — ero 00pa3oBaHus
M3 OJHOTHIHBEIX KpHMBHIX He3aTyXaiolliell NOJ3YYeCTH, a TaKKe OTKas ot
NpeACTaBJeHHs] ITHX KPHBBIX B BHAE KPHBBIX 3aTyXawmeH MoJ3yUeCTH
u tedenus (cM. § 3).

Msnoxenuoe BblllE yCJAOBHE MOXET ObITb IPHHATO, BO-NEPBHIX,
HOTOMY, 4TO nedOpMalMy 3aTyXaloIel NO/JI3yYeCTH, KOTOPbIE XapaKTe-
pu3syoTcst KpuBBIME nepBo# rpynnst (1) (em. puc. 117), cpaBHHTENBHO
HEBEJIHKH, a PO-BTOPBIX, HpH ONHCAHHH HpOHECcCa HOJ3y4ecTH (husnye-
CKHMH YpaBHEHHAMM TEODHH cTapeHHA H YNDOUHEHMS HCUOJb3YIOTCSH
Hada/bHhe yYaCTKH KPHBBIX, Korfa Ae(hOpPMAalHH [0J3YyYECTH elle JeH-
CTBHUTE/IBHO BJAIOTCS 3aTyXaOMUMH. JTO JONYIIEHHE MOKET ITOBJIHIATE
Ha TOYHOCTh ONHCAHHs [POLEcca MOJI3YYECTH II0 TEOPHAM HACJAEACT-
BeHHOH nedopManuu nosasydectd. OJHAKO MO M3JI0XKEHHBIM BBILIE CO-
00paXkKeHHIM ITHM BJIHAHNHEM MOXKHO TpeHeOpeub,

B kauecrse npocrefiliero BelpaxeHusi A/ OMHCBIBAHUSA KPHUBBIX He-
3aTyXamomeHd MOJ3yUeCTH MpPH eNHHHYHOM KacaTeJpHOM HAIpSAKeHHH
(Mepa nosi3y4ecTH) MOXKET CAYXKHTb CTeNeHHAA 3aBHcumocTb (7.15),
KOTOpafg oYeHb XOPOLIO ANNPOKCHMHDYET pe3yJbTaThl onnTa. Torxa
AedopManuio NON3yIeCTH MOKHO Gy/eT ONPeAeIHTh NPoCTeHIUM ypaB-
HEHHEM TeopHH CTapenus (7.5), a B KauecTBe (DYHKIUHMH KacaTeJbHOrO
Hanpsx)eHus f(t) HCNOJAB30BaTh COOTHOWEHHS BHAOB (6.26) u (6.27).

[TpuBenem NpuMep amnNpOKCHMaHHH CeMecTBAa KPHBLIX C/BHTOBOR
TO3y4YeCTH, ONMpPENEJEHHOr0 HCMBITAHHEM OO6pAasnOB-GAH3HENOB MpPH-
POAHOTO CJIOXKeHHA KHeBCKOH ryiHHBL (p,=2670 Kr/m3; po=1890 xr/wm3;
wo=0,304; e=0,841; wr.=0,537; wp=0,333; /p=0,204) TBeprO# KOH-
cucTeniiuy 6es pasienenusi Aedopmanuy Ha 3aTyXawINyi0 H He3aTy-
xawomyo gacty [ 22].

Hcenbiransl 8a kpyuenue 14 cryomsbix 06pasioB-6,1H3HENOB, KOTO
pbie Buayaje OBLIM YIJIOTHEHH HOX AaB/eHHEM 0.=1,0 MIla, a zatem
pasrpyxens 10 0,55 MIla 1 BujiepxKausl MOl HEM [0 HOJIHON CTA6HJH-
sanun Aedopmanuu 3a 41 nenn. Yersipe oOpasiia-Gausuenna AJs Om-
pele/ieHnsi CONPOTUB/IEHHSI CABHIY HCHBITAHBI 110 MeTOZaM YCKOPEHHO-
O H CTaHJAPTHOrO Cpe3a, OCTAJ/IbHBIE NMONAPHO HCMHITAHB HA MOJ3Y-~
YecTb MO NeHCTBHEM TPeX IOCTOSIHHEIX H ONHOTQ CTYIEHYaTO-BO3pa-
CTAOMIETo KacaTeNbHBIX Hanpsixenui (Taba, 33).

Tabaunimwa 33
YcaoBuA wucnbiTaHna o6pasuoe
Mier Hu tor! tor, lim T. MOa
382 0,36 0,189
552 0,63 0,218
710 0,68 0,295
830 0,79 0,355
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Mypp M 0" 25y 9 8 16 2% FZ 40 48 tdnu
L 1 1 I
TMia g3 =477 47

Puc. 119 CemeiicTBO KDPHBBIX [OJ3ydecTH [HPOCTOrQ CABHTAa KHEBCKOH  PAHHLL

I'—Mtor/Mtor, 11m=0,79, 4T=0,355 MHa; II-—-Mtor/Mtor, 11m=0,68, T=

=0,295 MIla; Il — Myor/Mior, um =0,03, 1=0,218 MIla; IV — Miar/Mior, um=
=0,36, 1=0,189 MIla

JKcrepHMeHTAEHEE KpHBHE HOJ3YUeCTH B NpaBo# uactu puc. 119
NOKAa3aHH CHJIOWIHHBMH JIHHHAMH, B J1eBOR uacTH pHCYHKa IOCTPOEHBI
KpHuBHe Y — Mitor U y¢ — T (CHJIOIIHBIE JHHHH), KOTOpHE XOpOIIO ail-
HPOKCUMHpPYIOTCA OHMMHeAHEMH Auarpammamu. KacaTenabHbie HaHps-
}Kenus (cM. Taba. 33) ompefesensl M0 cooTHomenuw (2.23) ua-ocHo-
BaHHH KpHBOH y: — Myor.

CeMeficTBO 3KCHEpHMEHTAJBHEX KPHBBIX HOJI3YYECTH ONHCAHO HC-
XOAS H3 JIByX PasJuYHBIX AMNPOKCHMauui 3aBHCHMOCTH V¢ — T.

A. 3aBHCcHMOCTb y; — T AMIpOKCHMHPOBAHA CTEHEHHOH (yuruueh
Buja (2.55)

Y¢ = B " = 0,000816 (101)>*%®, (10.22)
H HOJYYEeHO cJAefyloliee BhipaKenue AJsl (GYHKIHH KacaTesJbHOTO Ha-
npsixKenus BuAa (6.26)
fr)=(101>* =1, (10.23)
Kpusaa y; — 1, nocrpoennasi mno Bupaxenuwo (10.22), B eBoi
yacTy pHuc. 119 nokasana mwTpuxoBoH anuued.
Hcronssyss annmpOKCHMAanHIO SKCHEPHMEHTANBHOR KPHBOH  MHOJ3Y-

yecTH, onpeleneHHol nof mehcrBuem t=0,218 MIla (cm. puc, 119) no
cooTHomenuwo (7.15)

ye (r = 0,218 MITa) = A, ™ = 0,00761 -4, (10.24)

H QyuKumio xacarenpHoro nanpsxenus (10.23) us (7.5), nonyunm Bhi-
paKeHHe Mephl HOJ3YUECTH

o (1) =X (v=10,218) _ 0,00761.£°-1¥
f (t=190,218) (10-0,218)2:3%

= 0,000816-£°'. (10.25)
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Ha ocuoBaunu monyyenHsix Bbipa’KEHHH MepBl MOJ3YUECTH U (PYHK-
LMK KacaTejbHOTO HAMpsAXKeHHs ypaBHeHHe Ae(OpMAUHH MOJ3YUeCTH
JUisl TIOCTOSIHHBIX HAlpAXKeHHE 3anuiieTcs B chaeaylomeM suue (7.5):

Ve = o (f) [ (t) = 0,000816-£°"7.(10 7)>**, (10.26)

[TocTpoennsie no ypasuennto (10.26) KpHBhIe mOa3yuyecTH AJd pas-
JIHYHBIX TIOCTOAHHBIX 3HAUEHHH T B NMpaBoi yacTu pHc. 119 nmokasanbr
HMITPUXOBBIMH JIHHHAMH. -

Onucanne ceMCHCTBa 9KCHepHMEHTAAbHBIX KPHBBIX TOJ3YYeCTH (CM.
puc. 119} no soipaxeduo (10.26) B LENOM MOXKHO CUHTATh YIOBJET-
BOPHTENBHBIM. BMECTE ¢ TeM HaJ0 OTMETHTb IJIOXYIO ANIpOKCHMAIHIO
kpupoit npu 1=0,189 MIla, uto 06yC/NOBICHO MIOXHM TPHGIHIKEHHEM
SKCIEPHMENTA/IbHOR KPHBOM y; — T K KPHBOH, MOCTPOGHHON 1O BBIPa-
xennro (10.22) y Touxku meperu6a GunuueliHOR AHATPAMMBIL.

Yro6bl 10GUTBCS XOPOIIHX pe3yibTaTOB OMHCAHHA CeMEHCTB sKcHe-
PuUMeHTA/IbHBIX KPHBBIX NOJ3YYECTH NPH NPHMEHEHHH BapuaHTa A, He-
06XOAUMO YJyUIUEHHEe amiIpOKcHMAalluH KpuBOH y; —T. K ouenn xopo-
LIHM pe3yJbTaTaM NMPHBOAMT HPHMEHEHHE [/ 3TOH LEeJH BbIpakKeHHN
(2.52) (cM. HuUXKE).

B. Onucanne ceMeiicTBa 3KCHEPHMEHTANbHBIX KPHBBIX MON3YUECTH
JABYX JIMHEHHBIX Of6JacTeft 1e)OpMHPOBAHHS BBHINOJHEHO pa3jledbHO Ha
OCHOBAHHMH ANMHPOKCHMANUH 3aBHCHMOCTH Y; — T OUAHHEHHOH Auarpam-
Mpl, laist 31010 ompedenensl JBe Mepsl noasyuecTH ol(f) u olI({)
(cn. § 4).

Hasi nepBoil obnacTi sguuelinoro AeGOpPMHPOBAHUS 33 HCXOIHYIO
NpHHATA KpHBasd, onpenenexuasi npu 11=0,189 MIJa, a nas Bropoi
oBaactu -— v11=0,295 MIJa, Mepsl nonsyuecTH yKazaHHBIX ABYX JIH-
HeHHbIX ObJsiacTell MOMyyeHsl B BHAE CJEAYIOIINX BHPAKEHUA BHIA
{10.24):

1 I __ 18 ,
ol (fy — v (C =018 M) (10.27)
0,189

I (11
7' =0,29 MIla
o'l (f) = Yf, ( )
. 0,295 — 1’
rie v'=0,171 MITa — orpesok Ha ocu KacaTeJpHbIX HampsiKenu#t (cm.
puc. 119).
Torna ceMmeicTBa 3KcHepHMEHTAJbHBIX KPHBBIX TMOJI3YYecTH pac-

CMOTpEHHBIX O6JacTedl quHeHHOro Ae(OpMUpPOBANKSA MOryT OBITh OIH-
cambl BbIPaXKEHHAMH Buga (10.26)

, (10.28)

0,182
yi=ol ()t = 0_09%8%;_ T=0,000455 " ¢;  (10.29)

0,02348. {0 0976
0,995 — 0,171

=0,01896 (%" (v+—0,171). (10.30)

Bripaxenne (10.29) cnpasennuso aas v<<0,188 MIa, a (10.30)—
ans 0,188 <v<0,355 MIla (1y,=0,188 MIIa).

VI = ol (f) (r—7) = (r—0,171) =
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Puc. 120. Onpefenenne mapaMeTPOB MOJ3YYECTH IPOCTOrO CABHMA TPYHTA MO METO-
4y oanofi kpupoii. Omucanhe mpoliecca MONSYYECTH NpH CTYMEHYaTOM BO3PACTAHHH
KacaTeqbHBIX HANPSXKEHHH IO TeOpHAM:

| —- cTapeHns; 2 — YNPOUHEHHS; 3 — HACAENCTBEHHON NOA3yuecTH; 4 — KPHUBLlE NOJBYHECTH MPH
pasNAUHLIX NOCTOSIMHEIX YPOBHAX KAacaTeNpHOrO HalpsKeHHS

B nepBoit o6/aacTH JHHeHHOro Je(QOPMHPOBAHHA BHIpAKEHHEM
(10.29) anmpoKCHMHpOBaHaA OAHa 3KCIepPHMeHTaJbHas KPHBaf MO0J3Y-
yectn (v=0,189 MIla), xoTopasi B npaBo# gyacTH puc. 119 nokasana
KpHUBOH ¢ KpecTHKaMH. Bo Bropo# o0sacTH sHHe#HOTO AedopMHpOBa-
HHs 1m0 BeipaxeHHIo (10.30) anmpOKCHMHpOBaHBI TPH KPHBHIE NOJI3Y-
YeCTH, pe3yJbTaThl KOTOPHX HAa TOM XKe PHCYHKE IIOKasaHHl IUTPHX-
NYHKTHPHLIMH JIHHHAMH.

Kak Buano Ha pHc. 119, Bo BTOpOM BapHaHTe ONHCAHHA ceMeficTBa
IKCMEPHMEHTAJLHEX KPHMBEIX IOJI3yJecTH MOJyYeHH OYEHb XOpOLIHe
pesyJbTaTH.

PaccMoTpenHble Bbllle MeTOAH HCHHITAHHA 00pasioB-GJH3HEIOB
JJIsl ONpeJeNeHHsl NMOJI3yyHX CBOHCTB NMPHMEHHMH B CJyyae AOCTATOY-
HOH O/JIHOPOJHOCTH TJHHHCTOrO rpyHTa. Koraa raMHHCTHH TpyHT 06Ja-
JlaeT 3HAUMTEJLHOH HEOJHOPOZHOCTHIO, PAacCMOTPEHHHEe BHIIE MeTO/H
He MOTYT OHITb NIDHMEHEHH NMOTOMY, uTO HOJyueHHe 00pa3lioB-0aH3HE-
0B, O6JafaOMKUX OIH3KHMH (QU3MIECKHMH H MeXaHHUSCKHMH CBOMCT-
BaMHM, IPaKTHYeCKH He NpeJCTaBafeTcs BO3MoKHBIM. [Ipu ucnbiTaHuu
06pasIoB, Bhpe3allblX K3 MOHOJHTA HEOJHOPOJHOrO TPYHTa, IOJyYa-
eTcsl Takod GOJbIION Pa3sbpoc SKCMepUMEHTANbIIBX AaHHBX, UTO Ipak-
THUCCKH 1€BO3MOXKHO IIOJYUHTbL CKOJBKO-HHOYAL YETKYI0 3aKOHOMEp-
HOCTb ne)opMHUpOBaHuA (cM. 1L 6, § 6).

Haubosee nmpueMyieMBbIM MeTOAOM ONpEAeNeHUS TMapaMeTpoB IOJ-
3y4ecTH CTPYKTYPHO-HEOJHOPOAHBIX TJIMHHCTHIX TPYHTOB INPHPOAHOTO
CJIOJKEHHS fBJIAETCA MeTOJ OJHOH KPHBOH, pacCMOTPeHHOH BHIme (CM.
ri1. 6, § 6), OCHOBaHHEIH HA MONYUYEHHH eJHHON KpHBOE AedopMupoBa-
HHYl MCIBITAaHHEM CepHH 00pa3uoB MOJ AeHCTBHEM CTYMeHYaTO-BO3pac-
TaINX KacaTeJbHEIX HaNpPSXKeHHH W NpPeACTABJeHHH YPaBHEHHS Tom-
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3ydecTH B ynpouteHHoM Bule (10.26). B sToMm ciydyae KOJHYecTBO HC-
NHITHIBAeMbIX 06PA3L0OB OCTAeTCd HeH3MeHEeHHBIM, OAHAKO 3HAUHTeJbHO
YBEJHUHBAETCA MOBTODHOCTL OIBITOB, YTO CYIeCTBEHHO IOBBIIAET Ha-
JIeKHOCTb NOJIYYeHHBIX pe3ysbTaroB. Kak NokasplBalOT HCCJeJ0BaHHA
B. B. MarseeBa, HaJleXKHOCTb HAXOMXAEHHUA CPeJHEro 3HAUEHHA Mexa-
HHYECKHX CBOHCTB TOPHHIX NOPOJ NpPH HCNHITAaHAH WIecTH 06pas3noB
Bo3pacTaeT Jo 0,94 nporuB 0,77 npu HCOBETaHHH TPex 06Pa3IoB.

Ha puc. 120 criowHo# JgHHHeH NoKa3aHa eqHHas (ycpeJIHeHHAd)
IKCIEeDHMeHTA/pHaA KDHBAs CABHTMOBOH MNOJI3yyeCTH, TOJYYeHHas OT
HCIBITAHUS WECTH 00Pa3lUoB NIIHHH (py==2610 xr/M?% po=1670 xr/m?,
wy=0,625, e=1,53, /,=0,3544) Ha npuGopax M-5 moa melicTeueM
5,=0,5 MIla. [lo kpuBO# y; — T/Tss, INOKa3aHHOH B JIEBOH dHacTH
puc. 120, nosyyeHo ee aNNpPOKCHMHpYIOILlee BhIpaxeHHe BHAa (2.57)

Yt = a1 (V/7;,st) + Pu (T, 50)* = — 0,014 (v/77,5¢) +
+ 0,237 (vrs,50)° ", (10.31)

a (QYHKUHS YPOBHSA KacaTe/bLHOTO Hanps:KeHHd 3allicaHa CAeyIoMHM
ofpaszom:

P (/ts, ) = — 0,063 (v/t7,6) + 1,063 (1/77,50) " . (10.32)

JAns MepH NOMBYUECTH TOJYUEHO ClleLyWlnee BhHIDaXKeHHE BH/A
(7.15):

® (t) = 0,0817 %% | (10.33)

KpuBHe, NocTpoeHHEe Mo cooTHoweHulo (10.26) ¢ yuerom (10.32)
" (10.33) B nmpasoit gyacTH puc. 120 nokasaHsl MWMTPHXOBHIMH JHHHAMH.
Kak BHAHO Ha 3TOM DHCYHKe, allPOKCHMAUHS 3IKCIEPHMEHTAJbHOH
KPHBOH BIIOJIHE yAOBJIETBOPHTEJIbHA.

HepocraTkoM paccMaTpHBRaeMoro npuMepa sBJAETCH TO, 4TO mapa-
MeTDH Mephl IOJ3YYECTH OlNpejeNeHbl Ha OCHOBAHHH anlpOKCHMAIHH
BTODOro yd4acTka KpHBOH NOJSY4eCcTH ¢ HeGOJbLIOH MPOAOJIKHTEb-
HOCTBIO Je#cTHs HATpy3KH. OueBHAHO, YTO yBeJHUEHHE NJIHTEJbHOCTH
ZIefCTBHA CTyneHell KacaTesbHOTO HaNpsKeHHd NPHBEJNO OB K yBEJH-
yeHHI0 oOmel npoJoKHTEJLHOCTH 3KCIepHMeHTa 1O KpaiiHed Mepe
Ha 309% mno cpaBHEHHIO ¢ APYrHMH MeTOAaMH HCIbLITaHHS 06pasuoB.

§ 6. OMHCAHHE NMPOLLECCA MOJI3YYECTH NMPOCTOr0 CABHTA
NMPH NEPEMEHHOW HArPY3KE

BaxkuefiiHM BONPOCOM HCCJAEJOBAHHA NMOJASYYECTH TBEPABIX TeJ
BoOOIIe, IMIHHHCTBIX TPYHTOB NPH CJABHre B 4acTHOCTH, ABJAETCH yCTa-
HOBJIEHHe CTelleHH NPHMEHHMOCTH TEOpHH K ONHCAHHIO mpollecca JJH-
TeABHOTo Ae)OpMHPOBAHHA NPH CTyNeHUYaTo-BO3PACTAIOLIel Harpyske.
ITpoBepka NpHMeHHMOCTH TEODHH AJA YKa3aHHOH I€JH, KAaK H3BECTHO
{cM. 1. 2, § 3 u ro. 6, § B}, cBoAHTCA K ONHCAHHIO 3KCIEPHMEHTAb-
HOH KpPHBOH NOJ3y4ecTH, OlpeJe/eHHOl IPH CTyNeHYaTo-Bo3pacTaiomei
HAarpyske (pH3HUECKHMH ypaBHeHussMH TeopHil (7.5)—(7.8), mosyueH-
HBIMH Ha OCHOBaHHH allpPOKCHMAIHE ceMeHcTBa KPHBHIX, MOKA3aHHBIX
#a pHc. 111. KpHBrle 3TOTO ceMelicTBa, KOTOpLle OTPaxKaloT CBOHCTBA
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MOI3yUecTH Tesaa (TJIHHHCTOrO rpyHTa) IPH 3aAaHHBEIX IOCTOSHHHIX Ha-
rpy3Kax, MOryT GHITE [IOJYUeHH KaK IIeNOCPEJCTBEHHO H3 ONHTA (KJaac-
CHUeCKHMH METOJ), TaK H MOCTPOEHH Pa3JIHYHBIMH YIDPOIIEHHBIMH METO-
gamu (cM, § 4 u 5).

I'paduueckue MeTOALI NMPOBEPKH TEOPHE CTApEeHHs, YIPOUHEHHS H
HAaCcNeACTBEeHHON! mnoJ3yYecTH HNOAPOOHO H3j02KeHHl BHILE (CM. I 2,
§ 3, puc. 16). 3neck MBI pacCMOTPHM /Ba THOHUHHX NPHMEpa IIPOBEp-
KH Teopuii (6e3 H3JHIIHMX MOAPOGHOCTeH) NPUMEHHTEJBHO K IOJ3Y-
YeCTH MPOCTOTO CABHUrA INIHHHCTHIX FPYHTOB.

B xauecTBe NPHMEPOB BOCHIOJB3YEMCST Pe3yJbTATAMH HCCAEA0BAHHS
NOJ3y4eCTH KHEBCKOH riHubl {cM. pHc. 119) m HeOZHOPOAHOH IJIMHEI
IPUPOJHOTO CHOXKEHHS, OToOpaHHOH B MoCkOBcKoH ofmaactd (M.
puc. 120). B nepBoM cayuae sKcnepHMeHTaJbHble KPHBBIE KaK NPH IO-
CTOAHHEX, TAK H OPH CTYNeHYaTO-BO3DACTAIOUIHX HANpAXKEHHAX OTpe-
JeJieHH H3 ONBITa, 4 BO BTOPOM H3 ONbITA ONpeJefeHa TOJBKO 0JHa
KpHBas NPH CTYyIeHYaTO-Bo3pacTaiouieM wanpsxKeHud. Kpusre Ajd
PasiuYHBEIX 3HA4YeHHH IIOCTOSIHHOTO KaCaTeJbHOTO HaNpPAMKeHHS IIOCT-
poeHH 1O MeTOAy OAHOMH KpHBO# (cM. § 5).

Ha puc. 121 mnoka3ano ceMeiicTBO 3KCHePHMEHTAJbHHX KPHBHX
NON3y4ecTH (CIIOIMHEIE JHHHH) KHEBCKOH TIJIHHH, TOJyYeHHOe aBTO-

= 7759
[ 4789 q Z/j’

Puc. 121. Onucande mpouecca NOM3YYECTH NPOCTOrG CABHTA KHEBCKOH ruupl 32—72
pH CTYHEHYATO BO3PACTAIOLIEM KAcATEJNbHOM HANPSAMKCHHH 10 TeOPUAM cTapeHus (I),
ynpounenus (2) u nacleACTBeHHOR noasydecTu (3)

poM KHHTH cosBMecTHO ¢ P. P. BDagansanom. B nmpaBo#f yacTH pHCYHKa
IUTPHXOBLHIMH JIHHHAMH [IOKa3aHHBl TOJBKO pe3yJbTaTH alMPOKCHMALHH
KPHBBIX NIOCTOSIHHEIX HANpSyKeHHH, MOJydeHHBlE 10 BapHaHTy A (cM.
§ 5).

[Tpexxne ueM roBopHThL 0 pe3y/ibTaTax MpPoBepKH TeopHil, 06paTHM
BHHMAHHE HAa pacCHOJOXeHHe JSKCNePHMEHTAJBHBEIX KPHBHX IOJ3Y-
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gecTH. Kak H BO BCEeX ONBITAX, KPUBAs CTyINeHUYaTO-BO3PacTalouel Ha-
IPY3KH PACIOJOXKHJIACh HHXKE KPHBHIX, NOJYUeHHBIX NOJA JAeficTBHeM
NOCTOSIHHEIX KacaTeabHbX Hanpsixenui |[20, 22]. [lo ganHEM 60JbIIO-
IO UHCJa OHBbITOB, BEIIOJHEHHBIX aBTOPOM KHHTH COBMECTHO CO CBOMMH
COTPYAHHKAMH, PACXOXKJIeHHe MexkAy AedOPMaLHSIMH NOJ3ydecTH IS
OJHHX H Tex e KacaleJbHbiX HalpsKeHHH, NOJyYeHHBHIX [0 pa3/Hy-
HBHIM peXHMaM 3arpyeHHs, KosebseTcsi B npejpenax 30-—45%. Ilpu
3arpyeHHu oOpasloB A0 32/JaHHOTO YPOBHSI HANPSIIKEHHS B PEXKHME
onpejeJieHHs CTAHIAPTHOrO CONPOTHBJICHHS TIpyHTa CABHTY 3TO pac-
XOX/eHHe MHHHMAJbiAOC, a IPH HX 3arpyXeHHH B pPeXHMe yCKOPeH-
I0TO cpe3a — MaKcHMaJbHOoe. Bosbllioe pacxoxjaenHe MexJIy YKasaH-
HEIMH JedopMalHsiMH B NOCAeJHEM CJaydae MOXKHO OODBACHHTE 00Jb-
ol CKOPOCTHIO BO3PACTaHHA KacaTesabHoro nanpsixkenus (0,01 MIla B
5 c¢) u nposiBieHHeM IHHaMHuecKHX 3(h(EKTOB IDH BLICOKHX YPOBHAX
KacatespHoro HanpsikeHus (go v=0,54 MIla npu o,=1,2 MIIa) B
0COOEHHOCTH.

CnegoBaTe/ibHO, IPH HCIOBITAHHH 00DPa3luoB-OJH3HENOB 0] AefCT-
BHeM TOCTOSIHHHX KAacaTe/BHBIX HANPSiKeHHH NOJyvyaloTcsl 3aBHIIICH-
HBle 3HaueHHs Aedopmaniuii cABHra. JTo NOATBEPKAAETCS HE TOMHKO
HCIBITAHHEM TPYHTOB Ha CABHT, HO M Ha OJHOMEPHOE YILIOTHEHHe (CM.
ri. 6, §§ 3 u 6). OueBUAHO, UTO 3TOH NOTPEIIHOCTH J1a6OPATOPLOrO
9KCIIEPHMEHTA MOKHO H30eKaTh B 3HAUHTC/JIbHON CTENeHH NpH onpelle-
JIEHHH NapaMeTPOB NOJ3yY4ecTH MeTOA0M OJHOR (cM. ra. 6, § 6 #
ri 10, § 5), 1Byx (cM. 1. 6, § 6) U Tpex KpHBHIX (cM. § 4).

B npaBoii wactu puc. 121 npHBeAeHB! Pe3yJIBTATH ONHCAHHS HPO-
mecca noJ3ydecTH IIPH CTYNEHYATOM POCTe KacaTeqbHOTO HaNpsKeHHS
N0 TeOPHSIM CTapeHHs (LITPHXNYHKTHP), YIPOUHeHHs (KpHBasi ¢ Tpe-
yrOJLHHKAMH) H HaCJeJCTBEHHOH No/3yuecTH (kPHBas ¢ KPeCTHKaMH).,
PacxoxeHHe MeX[Iy 3KCIEDPHMEHTAJIbHBIMH H TEOPETHUECKHMH KpH-
BoIMH (HaumeHbInee — 21%, HanGoabimee — 33% ) obycnoBieHo oTMe-
YeHHEIM BHILIE PAacClONOXeHHEM DSKCIEPHMEHTaNbHHX KPWBHX, Olpele-
JEHHBIX TIPH DA3JHUHBIX PeXHMax HCIOHTAHHA 06pasuoB-GJaH3HENOB.

IIpu omnpeneseHuH napaMeTpoB W NOCTPOSHHH KPHBHIX MOJ3YYECTH
JJIS Pa3JHYHBIX YPOBHEH KAacCaTe/JbHOTO HANPSIKEHHS T/Tse [0 METOLY
ofHoi KpuBo# (cM. puc. 120) kauecTBo ONHCAaHHSA paccMaTpHBAEMOTrO
npoliecca 3HAYUTEJbHO yiyulliaeTcs. B 3ToM Cayuae pacxoxkjeHHe Me-
Xy 9KCHePHMEHTAJBLHON KPHBOH H KPHBHIMH, NOCTPOSHHHMH [0 TpeM
Pa3/IHUHHM TEODHSM IIOJI3yuecTH (0603Ha4YeHHs NMpeXKHHe), HAXOAUTCS
B npejenax 4=10—15%.

Kax Buano Ha puc. 120 u 121, XyxKe Bcero sKcIepHMeHTaJbHAast
KDHBas ONHCHBaeTcs TeopHel crapeHus. OmucaHHe 3TOro mpomecca
TEOPDHSIMH YNIPOUHEHMST H HACJeACTBEHHOH MOJ3yYeCTH NPHBOJAHT K
IPAKTHUECKH OJHHAKOBHM pe3yJbTaTaM,



[sqaBa Il

BJUSHUE HAYAJBHOIO COCTOSSHHSA TJAHUHUCTHIX
FPYHTOB
HA MNOJI3YYECTb NPU NMPOCTOM CIABHUIE

§ 1. BBEJLEHHE

BcecToponHHe cKaTHe H pacTsKeHHe, NPHBOJSIIHe K H3MEHCHHIO
COCTOSIHHSI TBEpJAHX TeJ, OKa3HBAKT OlpeJe]eHHOe BJHSIHHE Ha HX
IpOUHOCTHHE ¥ AedOpPMalHOHHEE CBOHCTBa BOOOGIle, TIHHHCTHIX TPYH-
TOB B OCOGEHHOCTH, B CHJIY NMOPHCTOCTH H GOJBLIOR CXKHMAeMOCTH MO-
caennux. Bonpocs BAHAHHSA COCTOSIHHA TVIHHHCTHX TDYHTOB Ha HX OJ-
HOMepHOe YILIOTHeHHe OblaH NOJAPOGHO pacCMOTPeHH B I 5 H 6.
B ra. 10, § 2 GuiiH H3JI0KEHH BONDPOCH BJAHSIHUST COCTOSIHHSI TJIHHH-
CTHIX TPYHTOB Ha MX MOJLYJH MrHOBEHHHIX neopMaluii Npu cABHTre, a
3zech OyAyT pacCMOTDeHH BOMPOCH BJIHMAHHA 3TOro GakTopa Ha HX
noJ3ydyHe cBOHCTBaA,

Bomnpoc 0 BiHSHYH HOpMaJIBHBIX CKHMAIOWHUX HANIPSKEeHHIT Ha NIPOU-
HOCTHHIE CBOACTBA TPYHTOB BOOOLUE, TJIMHHCTHX B YaCTHOCTH, JAaBHO
ABJSIETCS] NMPeAMeTOM CaMOro Cepbe3HOr0 BHHMaHHsi, BHNO/HeHO oOr-
POMHOe KOJHYeCTBO 3IKCHeDHMEHTAJbHHX HCCAeJOBAHHA NPOUYHOCTHBIX
CBOBCTB TPYHTOB B CaMEBIX Pa3/IHUYHHX HalpPszKeHHO-AeGOpPMHPOBaHHHBIX
COCTOSIHHSIX C yYeTOM VIJOTHAMIUHX AaBieHHH. Pe3yasTaTsl 3THX HC-
cJe0BaHHH NMOAPOGHO OCBellleHH B JuTepatype I[7, 18, 24] (cM. Tak-
®e . 9 1 12). 3akonoMepHOCTH AeopManHH GHOPMEI (CIBUra) rpyH-
TOB B 3aBHCHMOCTH OT H3MeHsieMOCTH HX HAUaJbHOTO COCTOSIHHS IJIOT-
HOCTY — BJIAXKHOCTH N0 JeHCTBHEM HOPMAJbHHIX CXKHMAIOLIHX Hamps-
JKeHHH, a TakXe C YYeTOM BpeMeHHHX 3(¢eK10B (IOJ3ydecTh), A0
LIeCTHAECATRIX rOJ0B OBIJIH HCcJeJ0BaHbl OueHb caabo. DTH HCCACAO-
BaHHS B JaJbHeflllleM Pa3BHBAJHCh HHTEHCHBHO B JByX HalPABJCHHSIX.
B ogHOM H3 3THX HaNpaBACHHH PaCCMaTPHBAJIMCHL BONPOCH BJIHSHHEA
06BbeMHHEX Je(pOpMaluét Ha pedopManiu GOPMHE B yCJOBHSIX TPexoc-
HOrO c:KaTHsl, a B APYroM — BONPOCH ydYeTa yKa3anuHoro ¢akTopa Ha
CABHTOBYIO N0JI3ydecTh KaK B YCJIOBHSX NMPOCTOrO, TAK H CJOXKHOTO Ha-
pS2KEHHO-1e(OPMHPOBAHHOTO COCTOSTHHS,

1. Ilcpeoit, ony6aunoBannoit B 1940 r., 6uisa pa6ora A. M. BoTtku-
Ha I[34], MOCBSIIEHHAs HCCJIENOBAHHIO JHATPAMME & — (0 — G3)
MHPHOH TJIHHH H IIeCka B yCJOBHSIX TPEXOCHOTO C3KATHSI LHJIHH/pHUe-
CKHX 00pasioB MPH 01>>I02= 03, YIJOTHEHHHIX MOJ JeficTBHEM THIPO-
CTaTHU4ecKOro cxkaTHs. OH ycTaHOBHMJ 3aBHCHMOCTH MeXKAYy OKTa3ApH-
YeCKHMH Ae(OPMAIHAMH CABHTA Yoc: H OKTAYAPHUECKHM HaIpsKEeHHEM
Ooct (2.154). AHAJOTHYHYIO 3aBHCHMOCTD

Yoct = Yoct (Toct s Ooct) (11.1)

AJIsT NIACTHYECKOrO yNpOUHeHHs MeTasaoB nonydnsa A, Hagaun (1958 r.)
NpH PacCMOTPEHHH BONPOca O AehOpPMAaluK CIBHTA B CBS3H C HECOBINA-
AeHHEM KDHBBIX O —— & IIPH OXHOOCHOM CXKATHH H PacTSIKCHHH H3-3a
NPOSIBJICHUSE BHYTPEHHETO TPEHHSL.
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Uayuas obmue (GHOPMEL CBSI3H MEXKAy KOMIOHEHTAMH TEH30pPOB Ha-
NpsiKeHHH H JedopManuii AJAs paBHOBECHBIX IpOlieccoB JedopMHpoBa-
Hus1, M. M. ToabgeH6Jar (5] npeasoxusa BEIpa:KE€HHE MJsI 3aBHCH-
MOCTH a; (2.151)—e; (2.161) — om (2.148) B BHIE

e; = € (0;, Om). (11.2)

Pa6oramu B. M. Maanimesa, B. H. bapmesckoro, B. M. Kupnar-
pHKAa H Jp., BEIMOJHeHHHIMH B 1954—1957 rr., 6el10 ycTaHOBJEHO, a
paboramu B. B. Bpoma u A. O. Kac6apnesana, T. lllu6ara u 1. KapyGe
¥ J(p. MOATBEPKACHO BJHAHHE MPOMEKYTOUYHOIO IIABHOTO HOPMAJBHOTO
HAMpSIXKEHHsI G HA MPOYHOCTHHE H Je(OpManHOHHEE CBOACTBA TPYH-
toB. C. C. Ba6unxas, HaofopoT, yCTaHOBHJA, UTO BAHUSHHE Op HA OT-
MeUeHHble CBOHCTBA IVIHHHCTHIX TPYHTOB HAXOJMTCS B Mpejelax OMmbIT-
HEIX J@HHBIX H HE HMEIOT MPaKTHYECKOTO 3HAUCHHS.

Boabmyio pafoTy Mo 3KCNEepHMEHTANLHOMY H TeOPeTHYECKOMY HC-
C/1€/IOBAHHIO BJIHSHHS Gy, HAa 3aKOHOMEPHOCTH JAe(OpMHPOBAHHS Mec-
YaHBEIX H [VIHHHCTHIX TPYHTOB B yCJOBHAX TPEXOCHOTO CXKaTHA (6Ge3 yue-
Ta ¢akropa BpemeHH) npoBesu . M, Jlomuse i ero yyenuxu. I'. M., Jlo-
MH3e B 1959—1960 rr. sKcnepuMeHTAaJbHO MOKa3aj, YTO MpPH Tpexoc-
HOM CIKATHH JIECCOBOTO I'PYHTA COOTHOIIEHHE g; — ¢; CYUIECTBEHHO 3a-
BHCHT OT MokKasarteJsi HpouHocTH ll;=lo) — 03/0{405+20,=sin 8 n
HAaHMeHBIHero HOpPMaJbHOro Hampsimenus e; [24]. CooTHOLIeHHe &;=
=g; (0;) ¢ yuetom Il; u 03 UM GHJIO 3amHCaHO B CAEAYIONIEM BHAE:
ei=g; (0, [, 03).

Hast 06o6meHHs 3aBHCHMOCTH AehopMalHst — HaNpsiKeHHe C yde-
TOM HampsKeHHoro cocrosHHs [. M. JloMuze mnpeaaoxH1 HCHOJB3O-
BaThb NMOKa3aTesb MPOYHOCTH [1| B BHJAE HHBAPHAHTA HAMpPSKEHHOTO
COCTOSIHHSI, ONpe/eIAeMOro Kak OTHOINEHHe NMPOMEXKYTOUHOrO 3Hade-
HHg II;=sin 0 (0 — yron Hambospmero oTkJaoHeHHst) [24] K mpepeJn-
HOMY ero sHa4YeHH Sin Oum=sin ¢:

HT I — 01— 0y . 1 (1 1 3)
[ 1Ty lm 0+ 03420, sing ’

I

UTo6b 0600IIHTE pe3yJbTaThl CBOHX HCCJEJOBAHHH H YYECTh BJIHS-
nue oz, I'. M, Jlomuse (1968 r.) BocHOJIL30BAJICS H3BCCTHHIM ypaBHe-
HHEM NMPOYHOCTH IVIHHHCTHX rpyHTOB A. W, BoTknHa

Toct = M (Hoct + Goct) = Coct + Ooct tg Qoct (1 1-4)

H, o anajorud ¢ (11.3), moayuun cienyomyro GeapasmepHyIO BeJH-
YHHY

l—[; _ I, — Yoot | (Hoet + 05ct) lum , (115)
ITL; [1im (Hoct + Ooct) | Toct lum
rae [l,=m.

[. M. Jlomusze u Marep HMcaax (1965 r.) sKcnepHMeHTanbHO IOKa-
3aJH, 4T0 GespaamepHrle uncaa II] uw I xopomo 0606manT peayisb-
TAThl HCNBITAHHS NMECKOB B YCJIOBHSX CJIOMKHOTO HampsiKeHHO-Ae(opMH-
DOBAHHOTO COCTOSIHHS, NPEJCTABJEHHEIX KDHBHIMH Yocr (2.162) — Toct
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(2.152) ans pasnUYHEIX 3HAUCHH# Goct B BHJE OJHO3HAUHBIX 3ABHCHMO-
crefl (eJHHBIMH KPHBEIMH) y — IT} i Yoer — Ilo.

32KOHOMEDHOCTH Ae(GOPMHPOBAHHA JIECCOBOTO TPYHTA C HCIOJB3O-
BaHHeM HHBapHanTa [1; u AByx GespasMmepHBbIX nokasarejeil o6bema
" ¢opmul uccaenoraHn I, M. Jlomuze u . H. UBamenko B 1965 r. Ouun
MOKa3aJii, YTO JJS HeKOTOPHIX IVIHHHCTHIX IpyHTOB I1, He Bcerpa of-

HO3HAUHO CBsi3all C BeJHYHHAMH HHTCHCHBHOCTH jJedopMalluii CABHra
v: (2.160). ITo3TOMY OHM NpeaNONKHIH CI0KHOE HampsKeHHO-Aedop-
MHPOBaHHOE COCTOSTHHE TJIMHHCTBIX TPYHTOB BbIPa3HTL B BH/le OTHOCH-
TeJbHBIX HHBADHAHTOB (ypoBHefi) HanpsukcHuil I1, # gedopmanui

*

Y; :

| MR Z ¥ R (11.6)
| T {um I ¥: [tim
H HO}IBepI‘aJIH BKCHCpHMeHTaJIbHOﬁ NPOBEPKE COOTIHOIIICHHE
v, =¥, (L), (11.7)

rae T, — HHTeHCHBHOCTb KacaTeJbHHX HampsixeHHH (2.150).
Bripaxenusa (11.6) npepsioKeHEl ¢ 1eJbIO TOJyUeHHS! OJHO3HAUHO-
ro o600HICHHOTO YpaBHEHHs HANpsKeHHO-A1e(DOpMHPOBAHHOrO COCTOA-
HHS TPyHTa NDH YIPYromjiacTHYeCKHX AeOopMaumHsx B TPeAnoJoxe-
HHH, UTO OJIHOH H TOH ke (QyHKUHH ypOBHH HanpsskeHHA I1; 1OXKHBE

OTBEUAThL OJHH H Te ¥Ke 3HAYCHHS HHBAPHAHTHHIX TIOKasaTeJieHl yPOBHA
fZedopmanuu y,; . Jokaszano, uTo ojaxosuadguast 3aBucHMocts (11.7)

sIBJIIeTCS] OCHOBHOM XapaKTepPHCTHKOH HampsikeHo-1ehopMHPOBAHHO-
ro COCTOSIHHS TPYHTA. 2TO 3HAUHT, UTO SKCIEepHMEHTaJblbe KDHBBIE
Ty — Y+, ONpEJIeJIEHHBIE B PA3JHUHLEIX COCTOSHHAX TPYHTA (IDH PAa3fHu-
HBIX 3HAUEHHHX CpeJHero HOpMAaJBHOTO HANDSAKCHHS), HO TPH OJHHX
H TeX JKe YPOBHSX I"I; NpakTHYECKH COBNAIAIOT.

I. M. Jlomnse u M. H. Vsawenko (1968 r.) uccae1oBaan 3aKOHO-
MEpPHOCTH Je(OpPMHPOBAHHS JIECCOBOLO I'PYHTA C HCMOJB30BAHHEM HH-
sapuanta I1] u AByx GeapasMmepubix MoKasatesell geopManiH o6mne-
ma [} =IR/(IP)um u dopmbt J, =Is/lsym npn ve = —1. Onmu
YCTAHOBH/IH OJAHO3HAUHOCTL MHBADHAHTHHIX 3aBHCHMOCTeH Kak IJdA
BOJOHACHIICHHOTO, TaK H HEeBOJOHACHIUISHHOr0 TIJIHHHCTHIX T'DYHTOB.

UroO6Hl yuecThb BAHSHHE Gy, Op H 103 HA 3AKOHOMEPHOCTH jedhopMHpO-
BaHHA rpyHToB, I'. M. Jlomuse u A. JI. Kpuixkanosckuit (1968 r.) mpo-
BeJH HCCJIeNOBaHHs NecuaHblX TPYHTOB HA IpHGOPe TPEXOCHOrO CXKa-
THf, O3BOJAIOLIEr0 YIPABJISITL BCEMH TPeMS IJIABHBIMH HOPMAaJIbHBIMH
HanpsiKeHHsAMH, B OCHOBy wWHTepmperanuH ONBITHHX JaHHEX Gblid
TIOJIOKEHbI YCJIOBHS 3aBHcHMOCTH jaegopMmanuu dopmu vy, (2.160) or
TPeX He3aBHCHMHIX HHBADMAHTOB HANpSIKEHHOro cOcTosHUs ([24] —
MHTEHCHBHOCTH KacaTesnpHoro HamnpsixkeHHs (2.150), mepsoro I1(7Ts)
u  Tpetbero  [3(T;) HHBapHAHTOB  TeH30pa  HanpsiKeHHH (CM.
ra. 2, § 4). B coOTBeTCTBHH ¢ 3THM OCHOBHAasf HHBAapHAUTHAs
¢yukuHsa (uucao mpouHoctH) I1 Guga mpejicTaB/ieHa B CJeAYIOIIEM
BHJE:
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H:Hl[l (TG), TL, 13 (Tﬁ)] (118)

4 TPeJIOkKeHa TEOPHS NPOUHOCTH, ofobuiaromas TeopHio A. H. Bor-

KHHA,
B naasuesiuem I'. M. Jlomuse u A, JI. KpuxanoBckuii (1969—

1970 rr.) npefNIOKHJH B KAYECTBE TPETLErO HHBAPHAHTA HaNpPSKEHHO-
IO COCTOSIHHS, B JOMOJHEHHE K paHEe BBEICIUIBIM ABYM HHBapHaHTaM
1; H [ (Ts), npuHsaTe napametp Jloge v (2.165):

Ve =Y. U1 To)» Tty vl (11.9)

H NMOKa3aJH CyLIeCTBEHHOE BJIHSIHHE Oy H HEOOXOJHMOCTH ero ydera
NpH HCCle OBaHHH Je(POPMATHBHBIX H MPOUHOCTHLIX CBOHCTB NECUAHBIX
U TJIHHHCTHIX TPYHTOB.

K. T. Pocko u I'. B. Ilypocamé (1963 r.), K. T. Jlem6 (1964 r.)
M JIp. TIoKa3aJu BJMSHHe TPaeKTOPHH HarpyxeHHs Ha JAedopMHpye-
MocTh rpyutosB. M. H. Mramenko (1968 r.) uccieroran BJHSHHe HH-
BAPHAHTOB HATIPSKeHHH Ha AeOPMHPYeMOCTh IJIHHHCTEIX TPYHTOR B
YCAOBHSIX CJIOKHOro HaNPsSKeHHO-1e(OPMHPYAMOro COCTOSIHHS MPH
vg=— 1. OH yCTaHOBHJ 3HAuxTeJbHOE BJHSHHe TPAEKTODHH HATrpY-
JKEeHHS Ha CABHrOBhle yieoPMaIHH H MoKasal, uro o6obueHHoe COOT-
"Homenne (11.7) pias BeDaKeHHs HaNpskKeHHO-leOpMHPOBAHHOTO
COCTOSIHHSI FPYHTOBOH CPellbl He 3aBHCHT OT TPACKTODHH HArpyKeHHs.

Ilpakruuecks Bo BCex pabGotax I'. M. JloMu3e i ero yueHHKOB ypaB-
HeHHS, CBA3HBAIOIHe MexXay co6ol HanpsxeHHs H AeopManHH, npesi-
cTaBJieHn B HestBHOM Buue. A. JI. KpeikanoBckuit (1968 r.) moayuus
ypaBHeHHs, CBA3bIBAIOLIHE KOMIIOHEHTH HampsixeHHH H gedopmarni
DPYHTa IIpU mMPOCTPAHCTBEHHOM HANPSKeHHOM COCTOSIHHH AJIS IIPOCTO-
ro (vg=const) W caoxHoro (vg +# const) HarpyxeHus. OH no-
JYUHJ BHpAaxeHUs JJsi KOMIOHeHT AedopManuil B obuieM BHAE, KOTO-
pHle ClpaBel HBHE JJsT TPOCTOr0 HArPyxKeHHsT H B MEePBOM IPHOJHMe-
HHH — JUISl HarpykeHufi, GJH3KHX K NOPOCTHIM.

2. Ileproli, naubosee 3HauHTeNLHOR paboTOH, BHIMOJHEHHOH B 06-
JIACTH HCC/Ie0BaHHS MMOJ3yUecTH TJIHHHCTHIX TPYHTOB OPH HellocCpel-
CTBEHHOM OfpefeJeHHH H3 ONbiTa AedopmalHii CABHTa ¢ ydeTOM H3-
MeHsIeMOCTH HX COCTOSHHS MOJ AeHCTBHEM YNAOTHSIOMIHX [ABJCHHAM,
sBHnace pabora H. H. Macaora [18, 19]. On Ha ocHoBaHHH TpelJo-
KEHHOTO HM e yCJOBHS MIACTHYHOCTH (TeueHHs) (9.15) TaMHHCTBIX
TPYHTOB NPH cJBHre HosydHJ cooTHolleHHe (11.10) B BHIe ypaBHeHH:
HIsenoBa — Bunrama (7.3):

T— (0218 Qu 1 €)= T—Typ (02) = Mo Uy, (11.10)

NO3BOJIAIOIEe YIeCTh BIHAHHE HOPMAJBLHOrO HANPSIKEHHUS O HA Mpeje
TEKYUeCTH Ty p.

A. C. Crporanos u C. E. T'peuumes B 1961 r. [20] ypasHenue
(11.10) o6o6umnan Ha cayuaii cJIOXKHOrO HaNnpsiEKeHHO-Ae(pOPMHPOBaH-
HOro COCTOSIHHSI HEMED3JblX H MEP3JIEX 'PYHTOB H COOTBETCTBEHHO MO-
JYYHIIH CJAeAYIOuIMe COOTHOLIEHHS:

Ti— (Om + H) g o =100y, (11.11)
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L L

T —(gQOm+0)=m" v, (11.12)

rle T. — HHTeHCHBHOCTh KacaTeJbHBIX Hanpsxenui; H=c/tgep — cBas-
HOCTb; tgp — nocrosiHHas BoTkuHa; 1 — K03 HUHEHT BAIKOCTH; A -—
napamertp.

O6mum HejgocTaTKoM BhipaxKeHnu# (11.10)—(11.13) aBasercs mnpe-
HeGpexeHHe 3aTyxalomuMy gedopMallusiMy INoJ3ydecTd (e, ra, 10)
KaK IpH 7<Typ, TaK H IIPH T >>Typ, 4 TaKikKe He3aBHCUMOCTb Ko3(hdH-
IIHEeHTa BS3KOCTH OT O

Hexons M3 mo/I0KeHHH TeopHH HAc/aeACTBeHHOH noJA3y4ecTH CTapelo-
IIHX MaTepHastoB (CM. I 2, § 3) aBTop Kuurd B 1960 r: 3KCHepuMeH-
TaJbHO HCCAEL0BAJ CIBHTOBYIO MOJA3Y4ecTh TJIHHHCTOTO I'PYHTa ¢ yde-
TOM BJMAHHS YIJIOTHSIOWErO JaBJeHHS G, B malbHeHIlleM OH COBMeCTHO
¢ P. T'. BagansHom [33] npoBes o6LIHPHBie HCCAe0BAHHS NOJA3YYECTH
FJAHHHUCTHIX TPYHTOB NPH MPOCTOM CABHIe HA PHOOPAX KPYIEHHS CILIONI-
HBIX 00pa3inos M-5 IIpH IIHPOKOM AHATIA30HE H3MeHEeHHS YIIOTHSIOMIHX
nasaenu#t (1o 2,0 MlIla), KoTopbie HOATBED AHIH CIIPABEAJHBOCTh HOJIY-
YeHHBIX paHee Pe3yabTaToB. [[151 anNpOKCHMAIlHM Pe3yJabTaTOB HCIIHI-
TaHHS Ha M0J3yYeCTh KOJbIeBbX o6pa3nos aBTop xHurd B 1964 r. [20]
BOCIO/IB30BAJICH Oe3pa3MepHOH BeJIMYHHON YPOBHS KPYTSAIIlero MOMeHTa
(kacaTesnbHOTO HaNPSXKEHHS T/7T7), KOTOpasl B AalbHelllleM Gblna MpPH-
MeHeHa JJis HoJiydeHHs 0606IeHHOTO ypaBHeHHS CABHTalolel MoJa3y-
9eCTH [VIBHHCTBIX T'PYHTOB, MO3BOJSAKINETO yYecTh M3MeHeHue HX CO-
CTOSIHMS ToA AefiCTBHEM 6, H MHOTHX JApyrux ¢axropos [33].

Jns nosydeHuss HHBapHAHTHHIX 3aBHCHMOCTeH MexAy JedopManHs-
MH CABHTra H KacaTeNbHBIMH HallpSXKeHHAMH OTHOCHTEJIbHO HOPMaJb-
Horo HanpsixKeHus I'. M. Tep-Crenaunsn B 1961 r: npeanoxu BocloNb-
30BaThCs KOG GHIMEHTOM MOGHIM3OBAHHOIO CONPOTHBJEHHS CABHTY

tgho= % — i = f (t/0), 11.13
€8x = e = [ (5/0) (11.13)
PaBHOMY B NpeJleIbHOM COCTOSHHH KO3¢GHIHEHTY TpeHus 1gbim=tJg.

Pasgenus obe yactn ypasHenusi llIBegosa—DBunrama (7.3) wa H+
+0 H yuuthBag (11.13), oH MOJyYHJ COOTHOLUEHHE

tgh = tghy, + -, (11.14)

CBA3BIBalONIee MeX]y cOO0H KacaTedbHOe HallpsXeHHe, CKODOCTE  Jle-
¢opMalHy CIBUra ¥ HOpMasibHOe HalpsKeHHE, TAe

_Hto . Ty
A= 0 tgﬁyp—m. (11.15)

B rnene TeopernyecKoro HcclegoBaHHA Aedopmanni dopmonsme-
HEHHS Mep3JjibIX H HeMeP3JibiX TJIWHHUCTBIX TPYHTOB pu CJA0XKHOM Ha-
NpsAXKeHHO-e(pOPMHUPOBAHHOM COCTOSIHHH, HEOJMHAKOBO CONPOTHBASIO-
LIHXCH CXATHIO H PACTAXKEHHIO, GONbIIYI W NJAOAOTBOpHYI0 paboTy
npopean C. C. BssoB uw 0. K. 3apenxus.

Hcxons w3 MonoxeHuil (eHOMEeHOJIOTHYECKOH TEOPHH NOJ3YYecTH,
C. C. Banos B 1962—1978 rr. monyyHa COOTHOLIEHHS, CBSI3BIBAMOLINE
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MeXay cOGOH WHTEHCHBHOCTH Halpsikenu#, jedopMalluil, cpelHee
1aBJeHHe M BPeMS KaK JJIsl NIOCTOSHHLIX, TaK W JJs [1ePeMEHHDBIX Ha-
NpsiKeHHH B (popmax 3alluCH TEOPHH CTapeHusi H HacJeCTBEHHOU NOJI-
syuectn. Ha ocuoBanuu pabor, BuNOannennwx C. C. DBanosbim,
H. K Ilekapckoit u P. B. MakcuMsiK B 06/1acT1H CTpyKTYPHOR MeXaHH-
ki rpyHToB, 0. K. 3apeukunit B 1970 r. npeioxkua cooTHoWEHHE AJS
CKOPOCTH 1edOpMHPOBaHHSA, OTPAKAIONIEE NI0BeIeHUe IPYHTA KaK B 00-
JAacTH 3aTyxaiomel, rak u He3aTyxamoue# NoJ3ydecTw ¢ yueTOM H3Me-
HEHHS ero MPOYHOCTHEIX CBOHCTB, KOTOPoe OblI0 TeopeTHYeCKH 060CHO-
BaHo aBTopoM coBMeCTHo ¢ C. C. BsitoBem (1970 r). C. C. BauoB
paspaboTas KHHETHUECKYIO TEOPHIO IOJ3yYeCTH M MPOUYHOCTH rPYHTOB,
NOJYYHJ COOTHOLIeHHe CKOPOCTH AehOPMHUDOBaHHS JJSI NMPOCTOro K
CNOXKHOTO HaNpsAKeHHO-I1e(hOPMHPOBAHHOTO COCTOSIHUME, M3  KOTOPOIO
MOXHO (Npu onpelefeHHHX [IONVILIEHUSX) NOJYUHTE ypaBHeHHE
0. K. 3apeuxoro. [TpoBenena sxcnepHMenTanbHAs NPOBEPKa NPUMEHH-
MOCTH [OJY4eHHBIX coOTHomeHHA No onbiTam C. 3. Topojeunxoro
C P. Mecusna [8,33].

I. A. T'enuieB Ha OCHOBaHMH PeOJOTHYECKOH MOAeJNH HAeaJbHOro
YIPYronJacTHYeCKOro Tela H YCJIOBHA HECXKHMAaeMOCTH  [1eCUZHOTO
rpyira B 1965 r. Hosy4Yun COOTHollleHHe, CBSI3HIBalOlliee MekAy cOGO#
HHTGHCHBHOCTH KacaTeJbHBIX HampsikeHud, nedopmaunii CaBuUra
CpejiHee HOpMaJIbHOE HANpsKeHHe

1

Y = (t. — fom), (11.16)
Go
a coBMectno ¢ Y1 JI. J1o/KHHKOBBIM H3 MoAeaH KeanBuua — —@dcxra
(YyCoXxHEHHON 3J1eMEHTOM TPeHHs) — YpaBHeHHe BHaa (2.44):
W= (=0 =Gy +n 20, (11.17)

KOTOPOe JJsl cJydasi MDHOBEHHOTO NDHJIOXKeHHS Harpy3KH 3aluChi-
BaeTc B CJelyloLleM BHJeE:
y,:—LZA»n[I—@m)t—lh-Q], (11.18)
Gy 0
rae A=om/(t:f); [— koadduuuent, ananorudnbiii ko3pPUIHEHTY
TPeHHus; | — KoaddHuHeHT BA3KOCTH; (o — MOAYJIbL CJABHra YyOpy-
roro 3JeMeHTa.

Ilna omnucands AONpeJeqbHOro IHOBeJEHHs TpyLTa TIpH CABHre ¢
yueToM BJusHHA om B. A. HoceneBuu B 1967 r. rpel10xun Teo-
PHIO TJIACTHYHOCTH AedOPMAIMOHHOrO THIA B BHIe BbipaXKeHHH,
aHaJorHyHoro 3akony [yka:

&,=-%—Kl—ku)04—-3u0m6uL (11.19)

rje &€, H 0, — KOMIOHEHTH TeH30POB JedopMalHid H HanpsaxKeHHi;
0., — eAHHHUHLI TeH30p KpoHnekepa; om=1/30.,; 6,,.

Henuuelinnii xapakTep AONpeleJbHOro IOBeJeHHA rpynTa OT-
paXxaimT caelylolHe (QYHKUHH:
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E (on, D)= V3 F (o) DO,
v}__ (11.20)
1 3 F (0m) DB
B (Om, D)= 5 — 56, e, ’
rie F(om)=aom-+b — ycaoBue npounoctd Museca — Ulieiixepa —
Borkuaa; e, = & + V 314(Dg) -0/9 0w ; 12 (Do) —BTOpOL HHBapHaHT
nesHatopa HanpsikeHmi; 0=/,(7%) — pepopMauus obrvema; D — ne-
BHATODHBIE napaMeTp, XapaKTePH3YIOWIHH CTelleHb JOCTHIKEHHs Hpe-
nennHoro paBHoBecHs 1o I'. M. JlomHze.

p_ Y@l _ VD) (11.21)
F (64) ac,,+b

A. JI. Toapaua B 1969 r. obobmun molAenr Kayzepepa H moity-
YHJI COOTHOILEHHE, TO3BOJSIONlee YUeCTh BJHSHHE IepBOro HHBapH-
auta teHsopa HanpsKeHui /i(7Ts) Ha HeJHHEHHYI0 3aBHCHMOCTH MEX-
AY HHTEHCHBHOCTAMH HanpsXeHuil, fedopMaluii u BpemeHeM A
IVIHHHCTHX TPYHTOB B (opMe ypaBHeHHH TEOpDHH HAaCJ/IeILCTBEHHOH
monisyuectd. JIAsi 3TOTO aBTOP BBeJd TNOHATHE MEpH  IOJ3YUECTH
gxetoro casura, 3aBuesmero ot /i {7Ts). [losyuyeHHble COOTHOIIEHHA
NpOBEpEHH [PH HCIBITAaHHH TOJBIX LHJIHHAPHYEeCKHX 00pasuoB Ha
KPYUEHHe B YCIOBHAX CJHOXKHOTO HalpsXKeHHo-AehOpMHPOBAHHOTO
cocTosiHUS Ha upHOope coOCTBeHHOH KOHCTPYKIHH.

§ 2. BJJMAHUE HAYAJNBHOIO COCTOSAHHSA TJIMHKHCTBIX T'PYHTOB
HA WX JNE®OPMALLHIO NMOJ3YYECTH NPH NMPOCTOM CABHI'E

Ing uccnenoBaHus 3aKOHOMepHOCTeH  NOJ3yyecTH — TAHHHCTHIX
(rpyHTOB OpH IpOCTOM CABHre ¢ VYUETOM H3MeHAEMOCTH HX COCTOS-
HHS KaK H TNpH OJHOMEepHOM YIJOTHeHMH (cM. ra. 6, § B), Tak H
IpH ONpeJEeNeHHH H3MEeHSeMOCTH MOJAYJA MIHOBeHHOH AedopManHH
caBura Gy (cm. ra. 10, § 2), HcnHTHBAWLT HA HOA3YYECTh HECKOAb-
Ko (He MeHee TpeX) cepuii 0Opa3loB-OMU3HENDB, Npe/BapUTEIbHO
VIIOTHEHHLX TOJ JeAcTBHeM pAa3NHYHBIX TNOCTOAHHLIX  YIJIOTRHAIO-
IWHX JaBJACHHH 0., B 3TOM cJlyude pe3ylbTaThl HCILITAHHS CepHH
00pasnos-6.1H31e OB NpeACcTaBASIOT B BHJAE HECKOJbKHX  ceMefCTB
KPHBBHIX TMOJIBYYECTH, COOTBETCTBYIOIIHX pPAa3IHYHHBIM  COCTOSIHHSM
rpyura [20].

3nech, KaK H paHee, 332 HHTETpadbHHIl M0Ka3aTeJb COCTOSHHS
TPYHTA NPHHHMAIGTCA YIAOTHAKOWee JAABJACHHE o, H IJAUTEALHOCTb
ero aeficreuss [20, 22]. Kax cnpasegnuso mucan B. A. ®aopuu
[35], cocrosHme u colpoTHBiEHHE TPyHTa CABHTY (H NOJA3ydecThb)
[IPH MOHOTOHHOM BO3PAacCTAHHH YIJIOTHSIOUIEH HArpyskH OJHO3HAUWHO
OIpeJeIAITCS €8 BeJAHYHHOH.

Ilpusenem 1nas npumepa pesyibratsl  (puc. 122) wucnuraHds
TPexX cepuH o6pasuos-Gansnenos ramHm 4—57 (cM. Tabn. 16) napy-
LWIEHHOTO C/I0XKeHHA Ha npubopax OJHONJIOCKOCTHOIO Cpe3a, BIepBHe
ZonyuenHble B paccMarpuBaeMolt obgactd  aBTopoM  Kuurw  [20].
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Prc. 122, CemeficTBa KPUBHIX [IOJ3YYECTH ONHOIIOCKOCTHOTO CABATa U KPHBHE 3d-
BUCHMOCTH AS;—T ANR PA3inuHbiXx MOMEHTOB BDEMEHM {, ONPEAEIeHHHE B Tpex pas-
JIHYHBIX COCTOSIHHAX TyHHL 4—587:
a—06,=01 MIla; 6—0,=02 MIa, 8—0,=04 Mla [-—1=0005 Ta; 2—1=
=0,01 MIla, 3 —1==0,0156 MITa; 4 — 1==0,02 MIla; 5§ — t=0,025 MIla, 6 — 1=0,03 MIla; 7 —

1=0,035 MIla, 8 —1=0,04 MIla, 9 — 1==0,045 MIJa; 10 — v=-J,03 MIlla

Cepun o6pasiuoB-61H3Hell0B MPUrOTOBJIEHH MyTeM I pPeABaPUTETBHO-
ro YNJIOTHEHHS BOJOHACHIIEHHOR NacTh nmopx pefictsHem o,=0,1; 0,2
H 04 MIla B teuedune oguoro mecsma.

OnuITHl NPoOBENEHB AN YTOUHEHHN MeTOAHKH IKCIEDHMEHTHPOBA-
HHS, KAYeCTBEHHOH OLIeHKH BJIHSTHHS COCTOSTHMS TPYHTa HA H3MeHS-
€MOCTh MOJIBYUHX CBOHCTB IVIHHHCTHX TPYHTOB TPH CABHIE H BLISICHE-
HHS BONPOCA BO3MOXHOCTH aNNPOKCHMAUHH ceMeHcTB KPHBHX IOJ-
3yuecTd (PHIUYECKHM ypapHEHHEM TeOpHM HacJA€ACTBeHHOH MOA3Yy-
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YEeCTH CTAPEUIHX MAaTepHaJ0B — YIpyro-noasydero tena (cMm. ra 2,
§ 3).

Tlo aHanoruu ¢ ypaBHeHHeM mOJA3YUeCTH YNOMSIHYTOH BBHIE TEO-
pun (2.132) Bunipaxenue (10.26) aAns pacauarTpHBaemMoro CJay4as
npeacTaBAeHO B Caeayiomiem Buge [20]:

Yvie=0(, 0) [ (v, 0z, 1), (11.22)

rie o {f, 0;) —Mepa mnoxsydecTH INpH CJABHIe, 3aBHCAILAS OT Be-
JHUHHK Oy [(T, 0z !) — GOYHKHHS KacaTeJbHOro HamnpsiKeHHs, 3aBH-
cAmas Kak oOT o0, TaKk H OT AJHTeNBbHOCTH ee JAelicTBusl { BCIER-
CTBHe HenoJOOHS KDHBHX MOJ3YUECTH.

Mepa nons3yuectd npH NOAO6HH KDHBHX 3anuchiBaeTcs B BHIE
npouspederdss ¢yHxuui (2.120) — ynaoTHsIOmMer  HArpysku — HJIH
cocTosHusA @ (0;) U BpemeHH ¢ (£):

o (¢, 0)=q (02) ¥ (), (11.23)

a eCJH B KaueCTBe MNePBOro NpHUONHMKEHHS NPHHSTh, 4TO  KpHBHE
I0JI3y4eCTH B paccMaTpHBaeMBX HHTepBajaXx H3MeHeHHs Kacarellb-
HOTO HanpsXeHus SBASIOTCH 3aTyXawwiumu, ¢ ydetom (2.121) 6y-
IeM HMeTh!

o (t, 6;)=¢ (0z) [l —exp (—AD], (11.24)
rie
— 4
@ (o) = A+ T (11.25)

A, Ay, A; u n—onpenensieMble U3 onbita mapaMerpbl. OcranbHHe
O003HAUeHHST HMEIOT NMpPeXHHE 3HATEHMS.

OKclepHMeHTalbHHe KPHBHE y:—7T B Clyude HemoJOOGHsT KPHBHX
NOJ3Y4yeCTH MOTrYT OHITh aNNPOKCHMHPOBAHH CTeleHHOH 3aBHCHMOCTBIO
Buaa (2.57) [20, 22]

Vi = 04 (02, ) v+Py (02, ) T2, (11.26)
a B Clyuae NOpOOHST KPHUBHIX MOJA3yUeCTH
Vi = 01 (62) T+ By (02) T (11.27)

Torpa w3 (11.27) an1s QyHKUHH KacarelbHOIO HanpsXKeHHS MOJY-
YUM BBIpaKeHHe

f@) =a(s) v+p (o) 7, (11.28)

KOTOpOe JOJI2KHO YAOBJAETBOPSTE yeaoBuio f(v=1)=1.

Ha puc. 123 cnjolHHMH THHHSIMU NTOKa3aHO CeMeHCTBO KpHBBIX,
omnpepesentoe npu t=0,005 MITa B Tpex pasauuliblx COCTOSTHUAX I'PYH-
Ta npu ¢:=0,1; 0,2 u 0,4 MITa. 310 cemeiicTBO, KOTOpOE MPHUHATO 3a
CeMeHCTBO KPHBHIX Mep 10J3yYecTH, anipPOKCHMHPOBAHO COOTHOLUEH HA-
Ma (11.24) wu (11.25) npu: A;=0,0195; A;=0,0824; 4;=0,022, A=
=0,091 u n=2.
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Puc. 123. Kpusee Mmeph monsysectn (t==0,005 MIla), ompeneienure B TpexX pas-
JHYHBIX COCTOSHHAX TJIMHH 4—DB7 H HX annpokcuManus (WTPHXOBLIE JHHHH):
I—o, =0,4 MIlla, 2—-0’2=0,2 MlTa, 3 — 0, =0,1 Mlla

s QYHKIHMH KacaTelbHOTO HANIPSIKEHHsi IOJNYUEHO COOTHOLMEHHe
Bupa (11.28)

f(x) =20 (107) +B (02) (107)°, (11.29)

I'le T— KacaTelbHoe Hanpsxenne B MIla.

CootnouteHne (11.29) ynoenersopsier ycaosuio f(r==0,005) =1
opu B(o,=0,1 MIla)=375; P(0,=0,2 MIla)=745 u (o=
=0,4 MIla)=14,8. OnuTamu yCTaHOBJIEHO, YTO IOKa3aTeldb cTeleHH
7—23 NIPaKTHYECKH He 3aBHCHT OT COCTOSIHHA TPYHTA.

B npapoit yacta puc. 122 WITpHXOBHMH JHHHAMH TOKA3aHH pe3dylib-
TaThl aNNPOKCHMAIHH ceMeHCTB KPHBHIX MOJN3YYeCTH IO BHPAXKEHHIO
(11.22) ¢ yuerom (11.24), (11.25) u (11.29). PesyabraTu aNipoKCH-
Malli{d BIOJHE YXOBIETBOPHTENbHH.

YpasHeHue (7.8) TeopHH HacheICTBeHHOH NOJA3y4eCTH B paccMart-
pusaeMoM ciaydae B otaHdde ot (11.22), 3anHcaHHOrO B upMe TEOPHH
crapends (7.5), NpHHHMaeT caeRYIOUHH BHI

v(t)=—”~”~~fr(ﬁ) e 40—
9,

Gy [0, (1)] o Gy [0, ()]

0

t
— [ e, oo 22=20 O g5 (13)
a9
60

Ona nonyvyeHus He TOJMBKO Ka4eCTBEHHHX, HO H KOJHYECTBEHHBIX
AaHHLIX O BIHSAHHH HAYaJbHOTO COCTOSIHHS TJIHHHCTHIX 'PYHTOB Ha HX
flosi3yydectb NPH CABHTe BHINOJHeH Coabllofl o6beM HCCHelOBAHHE pas-
JHYHBIX TTHHHCTHX TpyHTOB '[22, 23] N0 H3MOXEHHOH BhIIE MeTOJHKE
Ha Npubopax, KoTopble B Haufoabliell cTeNeHH OTBEYAOT NMpeLbsBisie-
MBIM K HUM TpeGoBaHHAM. Pe3ynbraThl HCOBITAHHA KHeBCKOH TJIHHHI
PacCMOTPEHH HHIKeE,

HcnblTane Ha nosasyyecth 4dertwipe cepHu 00pasuos-Oan3HenoB
KueBcKo# TaHHH (cM. ra. 10, § 5) npupogHoro cioxeHHust Ha MpH6opax
KPYyYeHHsl CIIOWIHHX o6pasios M-5, Kaxnas cepus o6pasnos H6aH3He-
HOB BbIpe3aHa H3 ogHoro MoHonuTa pasMmepamu 30>(30X30 ¢M u nmog-
BeprHyTa npejgBapHTeNbHOMY 06:KaTHIO M BOACHAchilleHHo. IlpexBsa-
PUTENBHO YIJIOTHAIOLLAsI HArPY3Ka ueThipex cepHil 06pasnoB-61H3HEN0B
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612 COOTBETCTBEHHO aoBedeHa jgo 0.=0,32; 0,55; 0.8 1 1,2 MIla
crynersmu 0,05 Mlla. QaHTeAbHOCTh NPCABAPHTENBHOIO YINOTHEIHSA
41 penb.

tHenbTansl 52 o6pasna, B ToM uHcae; npu 0,=0,32 MIla—12;
npu o,=0,05 MI1a — 14, npu ¢,=0,8 MITa — 16; npu o.=1,2 Mlla —
10 obpasuos. Ilpu KaxpoM 3HAUEHHH O, OLPENENEeHb MIHOBEHHOE T/0 H
CTaHLAPTHOE Ty CONPOTHBJEHHS TpyHTa cABury (Tabn. 34). Kpusme
I0I3Y4eCTH ONpeZeNeHsl IIPH NMPHMEPHO PAaBHBIX yPOBHSX KacaTellb-
HOTO HampsiKeHHA.

CeMmeiiCTBa SKCIEPHMEHTAJbHHX KPHBHIX, KOTOpHe Ha pHc. 124
NOKAa3aHbl CHJIOLIHEIMH JIMBHAMH, anipOKCHMHPOBAHHI N0 BHIPAXKEHHIO
(11.22), kpHuBble y; — v AN BCEX 3HAUGHHH 0, — CTeNeHHOH QyHKUHeH

]
Puc 124 CemeiictBa 3KCIEPHMEHTANb- 7; r
HbIX KDHBHIX IIDOCTOTO CABHTa YeTHIPeX
cOCTOSIHUA KHEBCKOH TNIHHH NPHPOLHO- 2260
ro CJAOXKEHHWS W HX alIpOKCHMAalus
(WTPUXOBHE JHHUH): qo5a
a—g ,=032 MIlla; 6—0, =055 MIla,
8 —0,=0,8 MIla; e—0,=12 MIla 0040
q030
4020
a q010

9789
i L 1 L i
§ 15 2% J2 4 ¥ dw

J ! i 1 L

| I | 1 i ! —]
g 8 15 2% 32 L4 48 5 tduu g 8 16 2% 32t,0nu




Ta6numa 34
Peay/ibTaThl OnpeAeaeHUs CONPOTHBACHUA CABUIV

oz , MIla Tf, 0 MITa Tf, e MITa
0,32 0,306 0,273
0,55 0,390 0,319
0,80 0,437 0,396
1.2 0,599 —

Buza (10.22), a 1na QyHKIHH KacaTeJbHOIO HANPAXKEHHs HCIOJIb30BA-
HO cootHolleHHe Buga (10.23) (raba. 35). ITo pesynbraram onpenene-
HHA QYHKIHE KacarTeJbHBHIX HANMpSKeHUH U aNMPOKCHMALHH 3KCIEpH-
MEHTANbHBIX KPUBBIX MOJ3YYeCTH MOJYYEHLl BHIPAXKEHHS Mephl Mons3y-
yectn Buna (7.15). Mapamerper A u m BHpaxenus (7.15) Taxkxe npu-
BegeHu B Tabn.3H.

TaGauma 35
TlapameTpH nOA3YYECTH KHEBCKOH TIIHHBI
0, . Mila B n A m
0,32 0,001908 2,995 0,00144 0,075
0,55 0,001266 2,866 0,000816 0,147
0,80 0,001554 2,931 0,000985 0,126
1,20 0,000611 2,931 0,000432 0,116
Cpennne 3HaueHHS —_— 2,931 — 0,116

Cynsa nmo gannbim Tabxn. 35, QyHKIHA KAacaTeNbHOI'O HanpsiKeHus
MpakTHYeCKH HE 3aBHCHT OT o, (n=2,391), uTo cornacyercs ¢ monay-
YeHHBIM paHee pPe3yAbTaTOM. B TO Xe BpeMsi MoJ3yuHe CBOHCTBA
rpynra oOycnoBieHH COCTOSHHEM TPYHTa — BenHYHHOHR o,. [loatomy
JAns onpefeneHHsa JdedopMaiMi [10A3y4eCTH NPOCTOrO CABUTA BMECTO
(7.5) cnemyer ucronb3oBath BelpaxeHde (11.22). Ecan yuecern (10.23)
u (7.15), Bupaxkenne (11.22) 3amumercs B cieAyoeM BUAE:

vi = o (, 6.) [ (¥, 6) = A (0z) 1" 772, (11.31)

rae A (6;) — QyHKIUSA, XapakTepu3ymouUlas H3MEHSEMOCTy MepH IOJ-
3yyecTH IPYHTa IPH €IMHHUHOM BpeMeHH (f=1) melcTBUSA KacaTelb-
HOTO HallpsiZKeHUs v=1 B 3aBHCHMOCTH OT G,.

Ins onpenenenns Bopaxenus o(f, o,) Buga (7.15) nocrpoeHo ce-
MeHCTBO 3KCNEPHMEHTANbHEIX KPUBHIX Mep NMOJ3Y4YeCTH, ONpe/eNeHHbIX
NpH PasnHUHHIX O, (puc. 125). B neBoit wactm puc. 125 nokasana
KPHBas U3MeHseMOCTH napamerpa A Bupaxenus (7.15) B 3aBUCHMOCTH
OT 0.

Taxum o6pasom, AA8 NONYUEHHS BHIPAKECHUS Mephi MOJ3YdIeCTH
o(f, 0;) ciaeayer U3 onwTa onpexeauth kak dysxknuwo A(s;), Tak H
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Prc. 125, CemeficTBO KPHBHIX Mep NOJ3YYecTH NpOCTOro cABHra o (f—U0) KuneBckoit
ranupl 32—72, NOCTPOeHHOE MO AAHHBIM HCOHITAHHS 06pasuoB B yeTHPEX ee coOCTOSA-
HHUSIX, HX ANNpPOKCHMALMA (WTPHXOBHIE JHHHH) H 3aBHCHMOCT @ ({—0)—a,

(GYHKIHIO H3MEHSEMOCTH NOKa3aTesst m B 3aBHCHMOCTH oT 0. [lapa-
METp M B CHJy HEemoAOGHS KpHBHX MOJI3YUeCTH AAaHHOTO CeMeicTBa
aBiasieTcss QYHKIHeH KacaTeJbHOTO HalpskeHHS w. [IpH anmnmpoxcuMa-
IIHH KPHBHX HAHHOIO CeMelCTBa MOJ3YYECTH OOLYHO IS YIPOILEHHS
BEIpaXKeHHSI Mephl IOJI3YYeCTH HCIIOJb3YeTCs CPEeJHEe 3HAYEHHE napa-
MeTpa Mm. [1OCKONBKY H3MEHAEMOCTh M NPH Nepexoje TpyHTa oOT
OIHOI'0 COCTOSIHHSL B JPYrO€ MeHbllle ero H3MEHAEMOCTH B IIpeAesaax on-
HOTO COCTOSIHHSI, TO H IIPH COBMECTHON anNmpOKCHMAIHH HECKOJBKHX
ceMeHACTB KPHBHIX MOJ3YYECTH MOMKHO M INPHHHMATh IMOCTOSHHOH Be-
JuuuHoOi. B paccmarpuBaeMoM npuMepe mp,=0,116 (cm. Taba. 35).
Torna, ecin A (o;) npeacraButs B Buge (11.25),

0,00718
2) = b 1 d — ) .
A (02) = 0,000001 + — =2 (11.32)

BhRIpaXX€HHEe MEpHl ITOJI3YHECTH IIpHMET CJIeILYEOH.lHﬁ BH/I:

© (t, o) = (0,000001 + ——M’L) fo.116,
10 6 + 1,874
KpuBble Mep NoJI3yuecTH, MOCTPOeHHbe 1Mo BHpaxeHHio (11.33), B
npaBofi yacTH pHc. 125 nokasaHbl IITPHXOBHMH JHHHSIMH.
Bripaxenune (11.31) pedopMmanun nossysecTs mpocToro CiaBHra
KHEBCKOH TJIMHH C Y4eTOM BHIpAXKeHHS (QYHKLUHH HanpsiKeHHS U Mephl
nojsyuecty (11. 33) sanmmercst B clefyOlEM OKOHYATEJLHOM BHIE:

0,00718
= [0,000001 2T )} 40,116 42,031
Vi ( 001 + —— 1’874)t T (11.34)

PesynbTathl annpoXcHMAaimHi BCex YeTHpeX CeMeHACTB IKCIEPHMEH-
TaJbHBHIX KPHBHX I10J3YyYeCTH MO Bhpaxenuio (11.34), xotopre Ha
puc. 124 noxa3aHbl IUTPHXOBHMH JHHHSMH, SBJAIOTCS BIOJHE YAOBJIET-
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BOPHTeJNbHBIMH. Bwmecte ¢
TeM cJeAyeT OTMETHTh, UTO,
ecau He Oplan OH clenasbl
jonyuieHus o  nofobuu
KDHBHIX TION3yUYeCTH, He3a-
BHCHMOCTH M OT @, 3TH
pesyabratel Ovl1n OBl 3HA-
YuTeabHo Jyduile.  Emte
fosblnero yJaydlleHHs aft-
NPOKCHMalluu ceMelicTB
KPHBHIX NOJ3Y4eCTH MOXK-
HO J0OHUThCA NMPH NpeacTaB-
JIeHHH 3aBHCHMOCTeH y; —
T B BHJle GHIHHeAHHIX AHA-
rpamMm (em. i 10, § 5).

B nensx HcenenoBaHust

17z=const

I

BJIHSIHHUSL CPejHero Hop- Sm
MaJIbHOTO HarnpsiKeHHUS Om S
Ha 32BHCHMOCTh HHTEHCHB-
HOCTb KacaTeJbHHX Ha- Puc  126. Kpusbe — yi—7y

. T—Om H Yi—Om AN DA3TAY-
TpAKEHUH T, — HHTEHCHB- HBIX SHAYeHHH O =CONSt, yi=
HOCTb [edopMAalHy CABUTa =const ® T,==const cOOTBET-
v. C. C. Banos [4] 0606- cteerno (no C C Bssosy)

U Ha cay4ad CJ0XKHOIO
HaNpsXeHHO-Ae(OPMUPOBAHHOTO COCTOSIHHSL Mep3JIbIX TPYHTOB rpadu-
KH CeMeHCTB KPHUBHIX [MOJA3YHYeCTH MpocToro c¢asura (cM. puc. 122), das
cocTaBsieHusl ypaBHeHusa noJizydecTd C. C. BANOBHM HCIOJNb30BAHO
ceMelcTBO KPHUBHIX T, — ¥, (puc. 126) ans pasnHYHBIX 3HAYEHHH Oy,
MOCTPOEHHBEIX Ha OCHOBAHHM CeMeHCTB KpHUBHIX MOJ3yuecTH 08pasnos
APe/BAPUTENBHO 00XKATHX PASNHUYHBIMH O, U TOJNYIEHHBIX U3 €70 TPaH-
copmanun ceMedicTBa KPHBHX To— Om H Yo — Om  AJIS PASJIHUYHBIX
Y. H T, COOTBETCTBEHHO.

Hanpumep, npu HeauHefHOH 3aBUCHMOCTH ¥y, — T, (QYHKIUA T,=
=17, (Y., Om) NpeACTaBJeHA B CleAYIOlleM BHAE:

o=@ (¥:) + @2 (v:» Om), (11.35)

rle nepBHH YneH NMpaBOf YacTH XapaKTepH3yeT HalpsKeHue Mpu UHC-
TOM CABHT€, a BTOPOH Y/IeH — ero H3MEHSeMOCTh 34 CUeT BJAHSHHA Om.

ITpu yyere daxropa Bpemenu f cooTHolienne (11.35) 3amuchiBa-
eTcs clleAVIOIMHAM 06pasom:

To=Q (Vi )+ @2 (Yoo Om, 1), (11.36)
a Xorja Xpusele pedopMHpPOBAHHA ¥y, — T, OKa3HBAKTCA NOLOOHBIMH,
o=@ (V) Fi ¢) + 92 (v:) Q (0m) Fs (), (11.37)

rae @;(y.) — xapaxkTepu3yeT 3aBHCHMOCTb T, —Y, IPH YHCTOM CIBHTe

(cm. puc. 126); xpuBasd om=0, @o(y.) — aHaJorHYHAs Mepa NOJ3Y-
YeCTH.

DYHKIHIO @g(Y.) ONPeneNsioOT annpoXcHManueil KpUBOH exHHUYHO-
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ro, H36LITOUHOTO HAJ HanpskeHHeM 4YHCTOTO CABHTa Op =0, HaNpsixKe-
HUsl Aom=1 (pHc. 127), T. e. KpHBOIi, NTOCTPOEHHON MO PA3HOCTH OpIH-
HaT KPUBLIX T, — y; UHCTOTO CABHUra 0m=0 U om=1 (cm. puc. 126, 3a-

W1 puxoBanHas gurypa); Q — QYHKIHA, aHaaorHunas GyHKLUHA Hanps-

§ig

6m Puc. 127, Kpuene y,—7:
H T,—Om I CPegHux
gL=7 HOpMAJIBHbIX HANDLKeHHH
m Om=>0m=0

KeHust F (o)) B TeopHM MOJ3yYeCTH, ompeensemas IO rpadHKy v; —
om (cM. puc. 127), xapaxrtepusyiollas HeNHHeHHYIO 3aBHCHMOCTD
MEKAY T; H O OPH 0 >0. [Ipu nHHeHHOH 3aBHCHMOCTH T, — Om (CM.
puc. 127) vi=0m tgp u Q(0m) =0m.

B uactHoM cayuae, xorga @i (y:) =@q(y:) u Fi1(t)y=Fz(f)=F(t), n3
{11.37) creayer:

=@ (y) Q(om) F (), (11.38)
rae Q(om)=1—Q (om). lIpa om=0 Q (6,=0) =1.

Ecnn npuaumath, 410 ceMeficTBO v; —y; COCTOHT H3 B3aHMONOA00-
HbIX KPHBHIX, KPHBHE T; — Op NMONUHHAITCS JHHEHHOMY 3aKOHy (CM.
puc. 127), a @ (y,) H @a(yi) XOPOLIO aNMPOKCHMHPYIOTCA CTeNeHHBLIMH
byuxuusamu (cM. puc. 126 1 127):

¢ (v) =4 Y =10 (Om = 0, Yo
@2 () =Boy™ =1, (Aom=1, v;)=1-tg¥ (v),

OCHOBHOE peosorudeckoe ypasueHue (11.37) ¢ yuetoM Q(0m) =om 3a-
nUHuIeTes B cmeﬂywmem BUJE;

(11.39)

A0le Fl t)—{'-Bo’lenzomFg(t). (1.{.40)
O6o3uauus Fl(t) =A(t)/Ao n Fp(t)=B(t)/By u3 (11.40) caenyer:
(t) ¥+ B (t) om v (11.41)

B ofmem ciyuae, Korga m,=ms, (11.40) ¢ yzetom (11.39) MozxHO
NpeACTaBUTh CleAYIONIHM 06pazoM:

T =A@ ym [I_H—((ZT—:)—]’ (11.42)

rae
AWM Y Tp(om=0, v)
B (1) yi» 1:1g ¥ (v:)

H(y:, )= (11.43)
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TMoayuennoe C, C. Banosuim (1962 r.) supaxenue (11.38) mo cy-
ILECTBY He OTAuMuaeTcs OT BhipaxeHus (11.22), monyueHHOro paHee
aBTOpOM KHUTH {[20] U3 KCNePUMCHTA NPH YCJOBHHM MOAOOHS KPHUBBIX
nonsyuecTH. [IpH Henmozobuu KpUBLIX monasyuectu BmecTo (11.27) ne-
NONb3ylOTCA BhipawkeHue (11.26) u coorBeTcTByBOUIlad emy QyHKuus
KacaTesNbHOTO HanpsxKeHns Buia (6.36).

PaccmorpenHbie Bhille cooTHollenusi (11.22), (11.34), (11.35) —
(11.38) moryr GHTbH yclemHO MPUMeHEHH AJs ofipejeleHus aedopma-
IHH GOpPMOU3MeHeHHsT TPYHTOB IIPH NPOCTOM H CJIOKHOM HanpsiKeHHo-
neOpMHPOBAHHOM COCTOSIHHU BCJIEJCTBHe JIOCTATOYHO MeJJIeHHOIO H3-
MeHeHHs HAnpfiXKeHHH B HaType. JIAA IIPOU3BOJBHOTO 3aKOHAa H3Me-
HAEMOCTH HamnpsAXeHuii o, C. C. Banos [4] Bmecro (11.35) noayuun
ypaBHeHHe 3aBHCHMOCTH T; —%Y; B BHJe HHTePBAJbHOIO COOTHOLICHHS
BonbuMana — BosbTeppa analordyHo TOMY, KakK 3TO ZejaeTcs B Teo-
PHH HacJeACTBEHHOH NMON3YYECTH:

=0 (v (Ol — [ S Gn—F) @2 [y @) 4, (11.49)
0

rae S(om — &) — pa3HOCTHOe AAPO HHTErpajbHOro ypaBHeHHs (11.44),
pPaBHOe CKOPOCTH HU3MeHeHHS HanpsXeHHH om NPH eAHHHUHOH AedopMa-
HA yi= 1.

H3 coBMecTHOTo pellleHHs1 060GUIEHHOIO YpaBHeHHS NJACTHYHOCTH
(11.44) c ypaBHeHHeM pellaKCalHH HaNpSixKeHHHd TeOPHH HACHEINCTBEH-
Hoit nonsydectH C. C. BANOBHM NOJYUEHO COOTHOIIEHHe, TO3BONSAI0NIee
onpenesiath T; B JI060i MOMeHT BpeMeHH £, BHI3BAHHYIO U3MEHAEMOCThIO
BO BpeMeHH nedOpManHH y; H CcpeJHeI0 HOPMANbHOTO HalpSKeHH:
Om. DTO COOTHOUIeHHe JOCTATOYHO TMOJHO YUYHTHIBAeT BJHAIOIHe Ha
Ae@opManuio GopMOH3MeHeHHSI TPYHTOB OCHOBHbie (hakTophl. Bmecre
C TeM OHO OYeHb CJIOXKHO KAK B CMBICHe oNpeJleJleHUs] BXOASIILHX B 3TO
COOTHOLIEHHE (PYHKIHA ¥ DapaMeTpoB, TaK H MPaKTHUECKOTO HCNOJMb-
30BaHHAL.

AxcnepumentamMu C. 3. Topoxnenuxoro [8] ycraHossena xopollas
annpokcHMallHa ceMefiCTB KPHBBIX TON3YyYECTH MEP3JOH IbIeBATOH -
cynecn (T=—10°C) Bupaxenuem Bupga (11.38). Dro noarsepxaaer
H MpPaBUJIbHOCTb PACCMOTPEHHHIX Bhillle pe3yabTaTOB aBTOPa KHHTH
[20].

B sakmodeHue OTMeTHM, 4TO, HCNOJAB3YS ceMeHCTBO KPHBBIX T, —
Yi H ¥i — Om (CM. puc. 126), M0 aHANOTHUHBIM PACCYK/AEHHAM MOMKHO
TOJYYHTh COOTHOIIEHHS H A Yi=%i(Ti, Om).

§ 3. OBOBLUIEHHOE YPABHEHHE HOJI3YYECTH IJIMHHCTbLIX TPYHTOB
NPH NPOCTOM CIABHTE

AHanH3 JaHHHX, NOJYYeHHBIX NMPH HCOHTAHHH THHHCTHX TPYHTOB
Ha mpocTtoit cABHr (cM. § 2), no3BosHN aBTOPY KHHTH OOHApYXHUTh
ABl€HHe HE3aBHCHMOCTH CABHIOBOH MOJ3YYECTH TJIHHHCTHIX TPYHTOB
OT HX COCTOSIHHA NMPH OAHHAKOBHIX YPOBHAX (IT0 OTHOLIEHHIO K COMNpO-
THBJICHHIO CIABHId T;) KacaTeJbHOTC HanpsuKeHHs t. [lanHble Taba. 36
o napamerpax Ay u Mg, MONyYeHHBIX ANNPOKCHMANHeldl KPHBBIX MOJ3Y-
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YECTH BCEX HETHIPEX COCTOSIHHEA KUeBCKOHA IHHEL {cM. § 2) &o Bhipaxe-
uu0 Buaa (7.15), MOATBepXAAIOT (32 HCKJAIOYEHHEM B3fITHX B CKOO-
Kax rpyOuix omHb0oK) cKasaHnHoe BHILE,

Ta6nuua 36
Iapamerpsl NoJA3yueCcTH KPHBBIX KHEBCKOH TJHHBI
T T
GZ , MIla ‘t_f,—() (m)m T, MIla Ao AO, m my mo, '
0,32 0,48 0,51 0,147 0,0030 0,003 0,183 0,187
0,55 0,48 0,189 (0,0008) 0,182
0,80 0,55 0,242 0,0033 0,197
1,20 0,53 0,320 0,0028 (0,357)
0,32 0,58 0,66 0,179 (0,0087) 0,022 0,089 0,107
0,b5 0,76 0,295 0,023 0,098
0,80 0,64 0,278 0,018 0,126
1,20 0,64 0,382 0,022 0,116
0,32 0,83 0,89 0,253 (0,023) 0,046 0,091 0,086
0,56 0,91 0,355 0,036 0,094
0,80 0,90 0,396 0,062 0,066
1,20 0,91 0,543 0,065 0,092

B ueasax KOTOJHUTENHHON NPOBEPKH H3J0KEHHOTO M NpeJJoXKeHHS
YTIPOLLEHHOT O MeTOa onpe/lesleHHs TapaMeTPOB NOJ3YYeCTH MIIHHHCTHX
TPYHTOB NPH CABHre ¢ YYETOM H3MEHAEMOCTH HX COCTOSHHS MJIOTHOCTH —
BJ1aJKHOCTH aBTOPOM JKHHTH coBMecTHO ¢ P. I'. Bagansuom |[33] npose-
JeHO ChelHalbHOe HCCAeJOBaHHe CJIOHUCTOTO HOBOMHXaHJOBCKOro CY-
rauHka H3 r. TroMenu. J[laHHBIe O CTaHZaPTHOM CONPOTHBJEHHH 3TOrO
TPyHTa CABHIY NPH DasJHUHMX ODHEHTALHsSX CJIOeB, OIpeJeeHHbe
HenbITaHueM o0pasuoB Ha npubopax KpyueHHs M-5, TpHBeqeHH B
tabn. 37. Ing cpaBueHds onpeJeleHBl TakKe CONPOTHBAEHHS CHBHTY
00pasuoB HaPYUIEHHOTO CJIOXKeHHs [IPH COXPaHeHHH NPHPOLHOH BiIaXK-
HOCTH ¥ 0GBbEeMHOH MacCH NOA AeHcTBHeM o,=0,5 MIla.

Ta6anuuma 37
JauHble © CONPOTHBIEHHH CHBHTY HOBOMHXAHJOBCKOro CYTJHHKA
o KoangectBo M oo = Mila
H €] » «CM ’
PHEHTALOHA CJIOEB Ho(:g;la’l::lauHOHBbIX tﬂr, St f, Sf
Tox yraom 45° 6 4899 0,181
Beprukansuas 2 4095 0,152
TopuaonTanbBas 3 3685 0,136
Croxenue HapylleHHOE 2 3170 0,118

BBujgy ABHOH aHH30TPONHMH MOJ3Y4YecTb TIPYHTa HCCAedOBaHa B
NepeMsiTOM COCTOSIHHH C COXDaHeHHeM  UPHPOJHOM  BJaXHOCTH H
06beMHO Macch. ONBITH NPOBEfEHH NPH TPEX PA3NHYHLIX 3HAYEHHAX
0.=0,3; 0,5 u 0,8 MIla. B uensix cpaBHeHHS BHINOJHEHO HCIIBITaHHE
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Puc. 128. Kpesue nonsyuecra obpas-
OB HOBOMHXAAAOBCKOH [HHH 4—74
APHPOXHOrO CAOXeHHA, OIpefeseHHbie
B TPEX PasauiHHX COCTOSHHAX TPYHTa,
HO IPH OXHOM H TOM K€ 3HaueHdAd
YPOBHH KpyTaAlllero MomeHTa Mior/
MiorlMeor, 1im==0,6:
1—0,=03; 2—uz=0.5; 3—02=
=0,8 MIla

1 4

1
2 F2i3m

129. CemefictBa Xpusex mon3y-

9eCTH NPOCTOro CABHra HepeMaTOH HO-
BOMHXAHJIOBCKOH [JIHHH, [OJy4YeHHbLIE
HCONTaHHEM 0GpPasuoB-OJH3HEIOB [PH
TPEX OXHHAZKOBHIX YPOBHSX KAacaTelb-
HOTO HampsSiMeHHA, HOCJHE NPeNBapH-
TeAbMOTO YIJIOTHEHHH UOY JaBJeHHSIMH
a:=0,3 Mlla (e); 0.=05 MIla (6)

1 0,=08 MIla (s):

b=l gt =04 2—altf g =066 ¥

3—gfrf 5p =093
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cepuu 06pasnoB NPUPOAHOTO CA0KEHHS TIPH TOPU3OHTAJBHOM pacioJo-
JKEHHMH CJIOEB B YCJOBUSX OJHHAKOBOTO YPOBHSI KacaTe/JbHOTO HaNpA-
KeHUS T/T7,6=0,66.

Jlanupie 00 OCHOBHBHIX (PU3HYECKHX CBOHCTBAX H CONPOTHUBJACHHSX
o6pasios capury npuBesens B Taba. 38. Kpusble nonsyuectd o6pasuos
OPUPOAHOTO CJOKEHUSA, ONpeleJeHHbe B TPeX Pas/HUYHBIX COCTOSHHAX,
HO TIPH ONHOM H TOM 3Ke YPOBHE T/T;s==0,66, npuBenenn Ha puc. 128.
CeMeHCTBa KPHBBIX MoJ3YyYECTH NePeMSITOrO IPyHTa Ha puc. 129 noxa-
33HB CILIOUIHBIME JHHUAMH.

Tabauua 38
JNannne 06 o6pasnax HOBOMHUXAUJOBCKOro CYrJHHKa
Po, KT/M3 I W Tf, st’ Mila
=0,041 MIla,
o, MHa | o, xr/u’ Caomenne =15y
r-4 s
npHpoHoe Hangée"- NPHPORHOE Hap;youe]eﬂ. npHpoaHoe "ap,,yo'ge“'
0,3 2610 1660 1740 0,348 0,329 0,127 0,127
0,5 2610 1660 1640 0,348 0,329 0,176 0,175
0,8 2610 1660 1690 0,348 0,329 0,265 0,266

ConocraB/ieHHe 3KCIePUMEHTAJbHBIX KPUBBIX TI0JI3YUeCTH, IPUBENEH-
HBHIX Ha puc. 128, nokasbiBaerT uX OoJbllylo 6aHM30CTh, YTO elle  pas
NOATBEPAKAAeT HE3aBHCUMOCThL NTOJI3YYECTH OT COCTOSHHSI TPYHTA  INPH
ONMHAKOBLIX YPOBHAX KacarteJbHoro Hanpsxenus, Mz conocrasneuns
3KCIepPUMEHTaNbHBIX KpUBbIX puC. 128 ¢ analoriYHbiMH KPHBHIMH, OI-
peneJIeHHBMY HCOBITaHHeM 06Pa3LoB HapyleHHoOro caoXeHud, obaama-
IOIMX NPaKTHIECKH OJUWHAKOBbIMH CONPOTHBACHHSAMH CIBHTY, TAKKE CJIe-
AyeT: 4To OHHU coBnagator, ClefoBaTebHO, B pacCMaTPHBAEMOM CJayuyae
Ko3(p(pullHeHT nepexofa OT AAaHHBIX HCIBITAaHUSA 0OPA3IlOB HAPYUIEHHOTO-
CIOKEHHS! K JAaHHBIM HCOBITaHUuA 06pasuoB NPHPOAHOTO CIOMKEHHS NP
TOPH3OHTANbHOM Paclo/IOKeHHH CJIOEB [PUMEPHO PABEH EIHHHLE,

Kak u Bo BceX BHIMONHEHHLIX paHee paGoTaX, 3aBHCHMOCTb Y4—T
Xopollo annpokCHMupyercst OGHIHHefHON HHarpaMMofl, a NoKasaTejb
CTeNeHH n QYHKIHMH KacaTeJbHOro HanpsxeHus [ (T) DpaKTHYECKH He
3ABHCHUT OT COCTOAHUHU rpysra, T. €. 0T a;.

[Tapamerpnr Aq u my BoipakeHus AedopManud MoJI3yYyecTH BHAA
(7.15), onpenesentbie alnpoKCUMalWed KPUBRIX OJ3YYeCTH BeeX TPex
CoCTOsIHUM TpyHTa (cM. puc. 129), npoBedenn B Taba. 39.

[IpuBesenusle B Tabs. 39 AaHHble NOJHOCTHIO NOATBEPIKAAIOT TIpa-
BUJBHOCTb CHEJAHHBIX BHIIE BHIBOJOb.

W3 taba. 39 caenyet, 4to, KaK # B APYTHX NOAOOHBIX SKCIEPHMEH-
TaX, I0Ka3aTeJb CTENeHH My B JaHHOM COCTOSHHH TPYHT2 He SBJAACTCS
ITocToANKOM BeIMYMHON W 33BHCHT OT YPOBHSA KacaTeNbHOTO HATIPSKe-
uusi. Hanpumep, npu 0,=0,3 MIla u t/t7=0,4; 0,65 u 0,92 310T nmoka-
3aresb NPUHUMAET COOTBETCTBEHHO C/EAyolHe 3HaueHus: my=0,166;
0,110 u 0,048. 310 u ABAAETCH IPUUHHON HENOAOOHS KPUBLIX [103YYeCTH
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Ta6numa 39
MapameTpsl NOJ3y4ecTH HOBOMHUXAHIOBCKOIO CYIVIMHKA NP CHBMIe

T

n Ay A m, m

¢_, MMla | T, MIIa
z 0, m

1"f. st

0,30 | 0,051 0,40 | 2,229 | 0,00155 | 0,00172 | 0,166 | 0,163

0,50 0,070 0,40 2,000 | (0,00396) 0,155
0,80 0,108 0,41 2,285 0,00188 0,168
0,30 0,083 0,65 2,229 0,01761 | 0,01641 | 0,110 0,117
0,50 0,119 0,68 2,000 0,01547 0,126
0,80 0,173 0,65 2,285 0,01615 0,116
0,30 0,117 0,92 2,229 0,04501 0,041 0,048 0,060
0,50 0,116 0,95 2,000 0,03491 0,066
0,80 0,244 0,92 2,285 0,04308 0,066

Crocob yuera HenopgoOUsA KPUBBIX NOJI3YYECTH NMPH HX ANNPOKCHMALHU
OBl paccMOTpeH BHIe (cM. M. 6, § 5).

B cOOTBeTCTBHH ¢ H3JIOXKEeHHHM Bhille  0000LIeHHOe  YpaBHeHHE
TOJ3YYeCTH TPYHTA HIPH NPOCTOM CABUTE RAJS JNOOOTO €rd0 COCTOSHHS,
MOKHO OyJeT 3anucaTs B caefytomteit popme (10.6) [20, 23]:

Ve = () | (v/57). (11.45)
CootnoweHue (11.45) ¢ yuetom (9.2) 3anuchiBaercs B BHJe
=0 f——1]), 1.46
v m()f(cztgfwrc) (11.46)
und ¢ yuerom (6.26)
= o () (———)". 11.47
v m()(ﬁztgfp—H) ( )

Uz (11.47) cnenyer, yto ANs onpeneseHds  AedopMauuu CABUTA
TPYHTA BO BpeMeHH C YYeTOM BJIHSAHHA O, ROCTATOUHO MMeTh  OJHO
CEMEHCTBO 3IKCIEePHMEHTANBHLIX KPHBHIX NOJA3ydecTu (cM. pue. 111) u
AuarpamMy caBura. M3 cemeficTBa KPHBHIX II0JISy4ecTH MOXKHO OIpe-
JIEIHTL Mepy MOJA3YYecTH o (f) H QYHKIUHIO YPOBHS KacaTeJhHOTO Ha-
npaxeHus f(t/1;), 8 13 RHArpaMMEl CABULA — MapaMeTphl COIPOTHRIL-
HHUA CABHTY @ H C.

ITo cymecteyomum mouatuam [1, 22] mepa noasydecru w(f) siBad-
ercsi gedopMmalnHed MOJI3YYeCTH MpH ©JHMHUUHOM HanpsxeHHu t=1. B
paccMaTpHBaeMOM cjydyae, KOTRa KacaTelbHOe HalpfAKeHHe 3aMeHEHO
€r0 YPOBHEM, Mepy ITOJ3YUeCTH ClAeRyeT OTHECTH K €/ [HHHYHOMY YPOBHIO
Kacare/IbHOTO nanpsiXewus t/ty=1. B sTOoM ciyyae mepy mossyuecTd
JIAHHOTO COCTOSIHUSA TPYHTa C/IeAyeT ONpPeReJHTL U3 COOTHOLICHHS BH-
na (10.25)

vt (t/1p) v (/7))
== = 1.48
© = TRy (Tt (11.48)
tiae y: (t/ty) — Aebopmanusi HOA3YYECTH MPH JAHHOM  MOCTOAHHOM
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YpOBHE KacaTeJbHOro HanpsaxeHdus (t/y<l1); [(t/ts) — dyuxuns
YPOBHS KacaTe/bHOTO HampSDKEHHS NPH TOM Ke 3HAaUYeHHH T/Tf.

Tlosnyuenuas no BHpaxennio (11.48) mepa noasydectH siBjasercH
dukrusHofi. Oua BHUHCAAETCH TOALKO A5 ONpeleleHHs AedopMannu
0A3y4YecTH NpH T/t5<C1 BO BCEX COCTOAHHUAX IPYHTa.

3a Mepy NOJi3yYECTH IpyHTa NMPH CABHTe MOXHO IPHHHMATL TaKie
TedopMalHI0 BO BpeMeHH NpH KaKoM-JHG0, OTJIHYHOM OT eIUHHYHOTC
3HAUEeHHs, YPOBHe KacarelbHOro Hanpsxeudd. Hanpumep, B uawem
npuMepe 3THM 3HAUEHHEM MOXET CIAYXKHUTH 1/t),s=0,60, Ipu KoTopom
noJlyyeHa 3KCIePHMEHTanbHAsd KPHBas NoJjsydectH. Torza, oueBHIHO,
JDOJKHO ObITh YAOBJAETBOpeHO ycaoBue [(t/tss=0,650)=1.

B nenax poxasaresibcTBa NpaBHJAbHOCTH BHICKA3AHHBIX BHIe c0006-
paxkenHH H onpeAenedHs BHpaXeuus (11.45) njs HOBOMHXaWJIOBCKO-
IO CYVIHHKA 10 pe3yJbTATaM annpoKCHMaldH TONBKO OILHOTO ceMed-
CTBa 3KCNepPHMEHTANbHHX KPHBHX [M0J3y4YeCTH, ONpejesieHHOrO NpH
0,=0,8 MIla, nonyueno smpaxkenne BHzia (11.4D)

v = 0,043224 £ " (1, ). (11.49)

[Ipu monyyenun pupaxkenus (11.49) 3a mepy noasydecTu NPUHATA
SKCIepHMeHTajibHAsd KpHBasi npH +1/t7,se=0,65
Ecin ucnonb3osaTh AaHHHE O MapaMeTpax COIPOTHBJGHHA TPYHTA
casury (cm. Tab6a. 38), pupaxenue (11.49) mpumer cleAyOmHHA OKOH-
YaTeJdbHpd BHJ:
y: = 0,043224.£%116 (

T 2,285
o, tg 156°30° 4 0,041 )

Ha puc. 129 n1uHusiMu ¢ TpeyroJbHHKaMH NOKa3aHbl KpHBHE HOJ3Y-
UecTH, OCTPOEHHHE M0 BHpaxeHHo (11.50). Tam ke WTPUXOBRIMH JIH-
HUAMH OTMeYeHB KPHBHE, onpejesieHHble 110 COOTHOLIeHHIO

0,66C6 0,117 _2,205
v =0 (¢, o) f (%) (0,00091 + e 10,05)1 %, (11.51)
TOJIyYeHHOMY Ha OCHOBAHHH OTIHCAHHA BCeX TPex CeMeHCTB KpPHBHIX
nonsydectd (cM. puc. 129) po merony, moxpobuo paccMOTpeHHOMY TpH
olpejle/leHdy NapaMeTpoB NOA3YyuecTH KHeBCKOH Iinubl (cM. § 2).

M3 conocrasnenusn Bupaxenufi (11.50) u (11.51) creayet, 4T0 UX
COXHOCTb OAHOTO MOPAJKA, a Pe3yabTarThl anNpoKCcHMalluil ceMeHCTB
SKCIepHMEHTaJbHEX KPHBHX 10J3ydecTH (cM. puc. 129) no atum Bbi-
paXkeHHAM Majio OTIHYawTcH apyr ot apyra. CieroBaTenbHO, COOTHO-
wenne (11.47) mMoxer OLITh yCNEWHO IPUMEHEHO ]S ONpeAeNeHHs JLe-
PopMannu noN3yYecTH IPOCTOrO CABHIA € y4eTOM BRHAHHA 0, H pelle-
HHA NPAaKTHYECKHX 3aRay.

[Tpocrora u GoablHOE NPEHMYIIECTBO H3JIOKEHHOTO METOLA oNpeje-
JIeHHs YPABHeHHS INOJ3YYeCTH TJIHHHCTHIX TPYHTOB C yYeTOM H3MeHsde-
MOCTH HX COCTOSIHHA — BJHSHHA O, N0 CPAaBHEHHIO ¢ PACMOTPEHHHIM B
§ 2 cnocoboM He OCTaBAAIOT HHKAKOLQ COMHeHHS.

Onpelenenne napaMeTpoB NOJN3YYECTH IAHHHCTHIX TPYHTOB TPH NPoO-
CTOM CJABHIe MOXKHO emje Goablle ynpOCTHTb, eClH IPUMeHATb MeTOA bt
OJIHOTO, ABYX uJH TPpeX kpHBHX (cM. ra. 10, § 5). Xopoweit unmocTpa-

(11.50)
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Puc. 130 Pesysbprathl HcnuiTaHusi oGpasuoB-6Ju3EenoB rpyHra 46—75 HapylleHHO-

ro CTOMKEHHs Ha CABHIOBYIO TIOJ3YYeCTh NOJ AEACTBHEM PAaBHHIX YpOBHEH IOCTOSIH-

Hora 1==0,62 Ts, st ¥ BO3PACTAIOIIMX CTYNEHAMH KACATENLHOIO Hampsi:ReHus T==0,42,

0,62 u 0,89 14 5 NOcTE NpeABAPHTENBHOrO HX YNJIOTHEHHA NOA JABAEHHSMH Or=

=0,15 (1); 0:=0,25 (2) u 0.=0,35 MIla (3). Onpenesenre mapaMeTpoB MOJI3Y-

YeCcTH MO METOAY ABYX KPHBBIX H HOCTPOEHHe KDHBHX HON3YYECTH [JSI PasjuyHBIX
T/t7, ss=const (ITpUXOBHE JHHHH)

HHell cKa3aHHOMy MOTYT CJAYIKuUTh Pe3yAbTaTH HenbiTanusa {puc. 130)
NJMHBL HApyIIeHHOro cloxenHa (ps=—2810 kr/m% po=1850 kr/m3;
we=0,409; e;=1,12; wr=0,555; wp=0,3741; [,=0,181), mnonayueu-
Hble aBTOPOM KHHI'M cOBMecTHO ¢ P. Il. MaaaxsHoM.

B tpex pasnudubx coctosinusax rpyHra (o.==0,15; 025 u 0,35 MIIa)
HCIILITAHB Ha NOJN3Yy4ecTb N0 4YeThipe OOpasma-GausHela NPH OXHOM
MOCTOSIHHOM 1/14,5=0,62 u Bospactaiomux cryneusmu (t/t7=:0,4;
0,62 u 0,89) ypoBHAX KacaTeJbHoro HanpsKeHHN, ONEITH TOAHOCTHIO
NMOATBEpPAUJH NOAYIeHHble PaHee PE3YJbTATH O HE3aBHUCHMOCTH TOJ3Y-
YecTH NPHU CABHTE OT COCTOSAHHS TPYHTA NPH PABHBIX YPOBHAX Kaci-
TEJIbHOTO HallpsaXKeHusd (cM. puc. 130):

YpaBHeHHe NOJA3yYeCTH ONpelejeHo MeTOXOM JABYX KPHBLIX 1O pe-
3yAbTaTaM HCIBITauud 06pasioB-Oau3Henos npu o,=0,30 MIla., das
vi=vyt(tr, t 0.) ToJaydeHo caenyolmiee COOTHOLICHHE:

T 4,11

ve = () f (1/t.5) = (0,04 - 0,035 lg #) (620,2”0’012) .
Kpusble nonsygectu (cm. puc. 130 IITPHXOBHE JHHHH), NOCTPOEH-
Hble 110 TIOJNYYeHHOMY BblpaXKeHHI0, BIOJHe yAOBAETBOPUHTE/IbHO allIPOK-
CHMHDPYIOT 3KcllepuMeHTaJbHbBe KPHBHE BCeX TpexX COCTOAHuE TPynTa.
CaenoBarebHO, IpH DPHMEHEHWH YIPOIUEHHBIX METOJO08 ONpelelellHs
NapaMeTPOB NOA3Y4yeCTH NPOCTOTO CABHFA (C yUeTOM BJHAHHA  O:)
MOMKHO CyllleCTBEHHO COKPATHTh 00beM 3KcIepHMeHTAJNLHBIX Pabor Ge3
ywepba pas ux rousocru. HaoGopoT, Kak He pas ToBopHIOCH PaHee,
OPHMeHenHe YNOMAHYTHX Bblle MeTOAOB npuOJMIKaeT JaGopaTopubii

3KCIeDHMEHT K HaType.

[Ipu anNPOKCHMAIMH 3KCTIEPHMEHTANbHHEX KPHBBIX U ONpeReeHHs
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ypaBHEHHS [HOJ3YYECTH MB NOJb30BANUCL YIPOUIEHHoi GopMoil 3anucy
3akoHa aepopmupoBaHus B Buie (11.45). dus 3Toil Lenu Moryr GHITL
NpUMeHeHb! H ApYyrue GOPMbI 3aNIHCH ypaBHEHUA NOJ3YYecTH, NOAPOOHO
pacemotpennre B ra, 10, Cka3aHHoe oTHOCHTCA Kak K (opMe 3alHCKH
BBIpaKeHHsl Mepbl NMOJN3YUecTH, TaK U (YHKIHH YPOBHS KacaTeJbHOTO
HapAXKeHUd,

Hanpumep, Bupaxkenue (11.47) MOXKHO cyllecTBeHO YHNPOCTHTh, a
TOYHOCTh ANTPOKCHMAanud ceMeHCTB KPHBRIX NOJ3ydecTH 3HAYHTENbHO
NOBLICHTD, €CIH KPHUBYIO y¢—7T/T; NPEACTaBHThL B BHAe OuanHelnol
guarpaMMul (cM. puc. 119). B atoM cayyae paJas nepBod JHHEHHOH
obaactn (t/tr<typ/t7) OylaeM HMeThb

Y=o () (l) , (11.52)
Tf
a aAA BTOPOH JuHeliHOH obaacTu (typ/tr<<t/1;<1)
oll = !l (¢) ( T ) , (11.53)
Tf

rae o (¢) n o ({) — MepHl mosnsyuecTu ABYX JHHEHHBIX objacTeil fe-
(hopMHPOBaHHS; T'/Tf — OTPE30K, OTceKaeMOH NPAMOH BTOPOro JHHeH-
HOrO y4acTKa 3aBHCHMOCTH Yy: — T/1f Ha OCH t/t; (cM. puc. 119).

Korza nedopManus rpyHTa NPOTeKaeT B COOTBETCTBHH ¢ 3aKOHOM
BA3Koro TedeHuss HvloTona (2.38), Buipaxenue (11.45) MOXKHO 3amH-
caTb B CjIeIyIouEeM BHE:

Y = Kyv,o ¢ T/Tf (11.54)
Hiayu
Vi = —— /5y, (11.55)
No.0
Tle KVM H Ty 0 — OTHOCHTE/MbHAaA CKOPOCTb TeUeHHA U Ko3pdHu-

IIHEeHT BA3KOCTH TPYHTA, ONpeJe/sdeMHe N[O KCNeDUMEHTAJbHOH KPH-
BOH YpOBEHb KacaTelbHOre HANpPAKeHH: — OTHOCHTETbHAA CKODOCTh
TeUeHHH.

OKCHepUMEHTANbHBIME UCCIENOBAHUAMY, NPOBELEHHEIMH aBTOPOM
Kuurd coBMecTHo ¢ P. Il Bagaaanom, P. A. [Tocronaksaunom u P, I,
Maunaxsanom [33], ycraHoBaeHo, 4To 0606uieHHOe ypaBHenue (11.45)
CIpaBefJHBO He TOJNLKO A/ yYeTa BAHSHHS H3MEHAeMOCTH 17 (0;) TJH-
HHCTHIX TPYHTOB Ha HX NOJ3y4YHe CBOHCTBA MPH NPOCTOM CABHrE, HO
M M3MEHEHMS CONPOTUBJEHHS CABHIY O AEiICTBHEM TeMnepaTyPHHIX,
JAMHAMHYECKHX BO3JefCTBHI, BJIaXKHOCTH, a TaKxe NPH pejgaKcaluu
KacaTeJbHHX HanpsmeHuil, B cuay usnoxkenHoro ypasHenue (11.45),
KOTOpOe CBA3HIBAeT MeXAy co60f AepopMallHOHHbIe M NPOUYHOCTHLIE
CBOHCTBA TVIMHHCTBLIX TPYHTOB, HMEET CHJy 3aKOHA, €ro MOXKHO Ha3H-
BaTh 3aKOHOM nNOJ3y4YecTH NPH NPOCTOM CABHUTE H
NpefcTaBUTh B CJEAYIOWIEM BHJE:

ve =0 @) flv/v; (02, ¢, T°, ap, &, W], (11.56)
rie co(t) — Mepa NOJ3yYecTd JKO6Oro 3aIaHHOTO COCTOIHHA TPYyHTa;
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0 — YIJOTHSAIOLIee [aBjenne; I° — TeMneparypa; dp— aMIUIUTYI2
KoJsieGanuil; g — 4acTora KojebaHuil;, w — BJIaXXHOCTb.

DTOT 3aKOH MOXKHO NpPENCTaBHTL 1€ TOJAbKO B (POPMe 3alHCH Teo-
pun crapenua (11.56), no W TeopuH YUPOUHEHHS H HACJEACTBEHHOH
nonsyuect (7.6)— (7.8). DT cOOTHOLIEHHA MOIYT OHTb OGOOLIEHH Ha
cjlyuall cJIOXMHOro HAaUpSXKeHHO-AePOpMHUPOBAHHOTO COCTOAHHA.

10. K. 3apeuknit B 1970 r. npezsoxus peosnorniyeckoe ypaBHCHHE
COCTOSIHHST KBA3HOJAHOPOMIBX TJHHHCTLIX TPYHTOB, KOTOpPOE OTpaKaeT
NOBejfleHHe MaTepuasja Kak B OGJIACTH 3aTyxalolleH, Tak W B 00JacTH
HesaTyXalowwell NoJ3yYCCTH H CBSA3bIBAET MEXJY cOOOH IPOUHOCTL H
[I0J/13yYecTh, ITO ypaBHeHHe Oblo TeopeTuyeckd obocuoano C. C. Bsa-
aoseiM # 10, K, 3apeukum [11] w npexacrasieno B cieayolieM BHAe:

7\41 —
T exp (T T t>
Mo (1+ 1)k (11.57)

Te Mo — KOHCTaHTa [PYHTa, 3aBHCHALLAA OT ero HayaJbHOH CTPYKTY-
Pbl, COCTOSAHHA, TeMIIePaTyPH;

'Y:

g (11.58)
Tf,O__T

THOe T— OTHOCHTEJIbHBIA YPOBEHb HANPAXKEHUS; Tjg H Tjoc — MIHOBEH-

Has W NpejesibHO JUIHTeNbHAS NPOYHOCTH (CONPOTHBJIEHHE CHABHTY),

onpejenseMble BupaxenuaMu {9.2) u (11.4) (em. ra. 9 u 12),

W3 unrerpuposanusa (11.57) npu t=const nonyuaercs cooTHolle-
HHe B BHAe pfALA, H3 KOTOPOro B YACTHBIX CJAYYagX BHITEKAIOT 3aKOHHI
CTENEHHOro H JIorapudMuuecKore 1eopMHDPOBAHHS, BLIBEJEIHbEe B
1966 r. C. Mypasima u T. IlIu6ara; B 1968—1969 rr. JI. K. MuTuennom
H Jp. HCXOZS H3 TEODHH CKOpOCTeH mepeMelleHHs MOJEKYJad IJIEeHKH
cBsizaHHofl BOAK; B 1961 r. M. H. loabaiuTefinoM HCXo/sT H3 PacCMOT-
PeHust CKOPOCTH TNepeopHeHTAUHH MHHEpPaJbLHBIX Y4acTHU. IJTO COOTHO-
LIeHHe TIPH OTPaHHYEHHH ABYMS 4YJeHaMH ps/ld 3aNUCHIBAETCS CJely-
I0IIUM 00pasoM:

T - ¢
y(t)=y0+w(1nt+r?), (11.59)

T/e Yo — HadajbHad YCIOBHO-MTHOBeHHas AedopMaunus ciAsHra; T —
Tapamerp.

Hna ommcanna mpoilecca 3aTyxatllefd poNi3aydecTH B
1971 r. 0. K. 3apeukuit [11] Ha ocHOBaHWH 3KcHepPHMEHTAJLHLIX AaH-
HBIX HOJAYYHUJ PeOJIOTHUECKOE YpaBHEHHe COCTOSHHSA, KOTopoe 0GOOIIHI
Ha cayuyafl c/OXKHOTO HANPAXKEeHHO-NeDOPMHPOBAHHOTO COCTOAHHA B
BHJTE

Btz
¢ - : y 11-6
Ve T a0 Tu.a) T (T — 1) (11.0)

rie B, To— nmapaMeTpHl; Tifg H Tif,.o — COOTBETCTBEHHO MTHOBEHHAsd H
IpelelIbHO JJIMTeNAbHAs NPOYHOCTh IPYHTA.
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Bupaxeune (11.60} MOXKHO NpeACTAaBHThL TakKe B BHJie YPABHEHHS
Auuefinoil noszyuectd (10.6) u (11.45)

Bt T,
Vet = . - T (11.6])
«f,0 ¢ if, o
Tl — 1|+l ——
Tzf » th o

B 1976 r. C. C. Banos [4, 33] pa3paboTaj KHHETHUECKYIO TEOPHIO
IPOYHOCTH H TOJI3YYECTH TVIHHHCTBHIX TPYHTOB HCXOAA H3 PACCMOTPEHHA
MHKPOCTPYKTYPHOrO MeXaHu3aMa aedopmanuii. [la1s BHParkeHHs CKO-
poctH gehOPMHpPOBAHHS NpPH CABUre (C YUETOM Op) OH MOJIYUHJ CJC-
Jyiolliee BHpaxkeHUe B (hopMe 3anUCH TEOPHH TeUeHHs:

. T 1 n (1)
= _ s 11 62
¥ Mo (t+1) ( )

rae

_ A ouelkTC g T
N =Ae ; n(@)=k—X TTo—1

Om \ha
o=, (1— =)
' F.0 Hi o

rie A=6 g T° {y/V; &k — nocrosinnas Boabumana (:x/rpan); T°—
agcomoTHad teMneparypa (K); uo — HcXoiHas 3HePrusi aKTHBaUUH
(dx); V — Monsapunii oObem; (p— mepuojg TemaoBoro KoaebGaHus
3JeMeHTaPHbIX YacTHH; Ay H Ap — Oe3pa3MepHbIe CTPYKTYPHBIE Napa-
MeTpbl; T;,o—ycnosﬁo-nmosennoe comporuBaenue caBury; Heg n
A3 — mapaMeTpbl CBSI3HOCTH YCJOBHO-MIHOBEHHOTO  CONPOTHBJEHHUS
CABHIY.

M3 (11.62) npu t=const u n(v)==1 noayuyeno ypaBHeHHe Aedop-
MHPOBAHHSA I'PYHTA BO BPEMEHH

VO =%+ —"— [+ )7V ~1], (1164
Mo [1— 2 (7)]
KOTOpOe B 3aBHCHMOCTH OT 3HAYEHHA 7 XapaKTepH3yeT BO3pacTaHHe
(n<0), y6uBanne (n>0) unu nocrosinctBo (n=0) ckopocTH nOJA3Y-
YeCTH H TNpejcTaBideTcd B BHAe cTeneHHOH W sorapupmMHIeckoHt
(ynxuu#.

[Tapamerpul, BxoafAmue B Boipaxenus (11.62)—(11.64), noayuen-
uble C. C. BsiJIOBLIM H3 KHHETHYECKOH TEOPHH NPOYHOCTH H NOJA3YUECTH
TPYHTOB, COTJIACHO KOTOpo# neOpMHDPOBaHHE SIBJsIETCH TepMOAKTHBH-
POBaHHEIM HpOLleCccOM, OBYCJIOBJIGHHHIM CMELleHHeM 4YacTHil B Pe3yb-
TaTe COOGUIEHHsI UM 3SHEPTHH AKTHBALMH, JOJKHBI OHTh ONpPejeseHbl
H3 (pu3nuecKOro MUKpoaKkcnepuMenTa. OHAKO B CHIY HCKJIIOUHTENDIIOH
CNIOXKHOCTH MHKDO3KCIEpHMEHTAa YKa3aHHbe NapaMeTphl OnpelessdioT
U3 OOBIYHOIO MaKpO3KCHepHMEeHTa TOYHO TaK, KaK NpH (eHOMeHOJIOTH-
YeCKOM TIOAXOjie K peuieHHio 3Tof npoGaembl. Toria cMBICJA yKasaH-
HbIX TEOPETHYECKHX HCCAeJloBAHUE CBOAMTCH K NMOJYYEHHIO YPaBHeHHui,
napaMerphl KOTOPHIX HMEIOT OnpeliefieHHbIH (H3MYecKHHi CMBICI.

[as pemienust 3anad PeosOPHM M MeXAHHKH TPYHTOB' (H3HYECKad
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Puc. 131. CemeficTBo 9SKCHEPHMEHTANbHHX KDHBHIX TNOA3YIECTH HOBomuXalnoscrol
nepematoli rauHN (0,=0,5 MIla), kpuBbe y¢—Mar, Yi—T @ ve—T/Ts, o4 (@) 4 pe-
3yJbTaTH HX anmpUKcHManud (6), nBpeAcTaBliedde  3KCOepHMEHTANbHBIX RAHHBIX
HOJ3y4ecTH B KoopauuaTtax lgf—Ilgy: (8) H HX pasfenpHas annpoKCHMALHs

(cnpowHpie gaHHH) crenedHoR @yRKuuelt Buga (7.15):
I —v=007 Mlla, Tirj g =04 [[—v=01l9 Mlla, T/vj g =068 III —1=0,166 Mlla,

/1,5t =095, 7 —KpmBam Y,—M, i 2~ COBNANAIOUIHE KPHBBIE Yy ~— T M ¥p — U/Tf gt ; 83—

JKCrepHMeHTalbHAsA KpHBafA. Kpusble, MOCTPOEHHHe TO BhlpamedHaM: 4 — (11.45); 5’»—(]1.64);
6 —1=0,07 Mlla, A;=0,00396, m¢=0,1585;, 7 —1==0,113 Mlla, A,==Q,01547, my==0,125; 8§ — 1=
=@,166 MIla, A4,==0,03491, #,==0,066

CYHIHOCTbL NapaMeTPOB ypaBHEeHHH NOJI3YYECTH HE HMeeT BaxKHOTO 3Ha-
yeHHs BoobuIe, TeM OoJiee TOTAa, KOTJa OHH JOJIKHBI GHITH ONpefeseHEl
H3 OGBIYHOTO MakpoakcnepuMenTa. OUeBHIHO, TIABHBIM 3Jech SABJAET-
cAl JOCTATOUHO TOUHAf KAYECTBEHHAA H KOJHUECTBEHHas alNpOKCHMaA-
[HA KPHUBHIX MOJ3YYeCTH NPH NOCTOAHHBIX H NepeMeHHHX HaNpsiKeHH-
X C YUCTOM K&K O, TaK H APYTHX QAKTOPOB.

Ins onpeleneHus peOJOTHYECKHX YPABHEHHI TBepALIX TeJ Hau6o-
Jiee paHOHAJNBHEIM H JOCTYNHEIM $BasfeTcss QeHOMeHONOTHYeCKHH NOJ-
xof. Hempasd we cornacuTecq ¢ MuenneM M. Peitnepa [27] ormocu-
TeJbHO BHICKasanHoro [|. DHPHUHIOM coxKajeHuss 06 OTCYTCTBHH B €ro
padorax aTOMHO-MOJEKYJ/ISAPHOTO NOAXOAa K MNpoOjeMe TeyenHs:
«bBoioce, 4To A RosXKen pa3ouapoBaTh ero, TaK KaK s NPOAOJIKAIO cYH-
TaTh, YTO PEOJOTHA JOJKHA TJIABHHM 00Pa30oM 1PHHAAAEXKATh BMECTe
C KJIACCH4eCKOH MeXaHHKOH, TepMOAMHAMUKOH H JCKTPOAHHAMHUKOH K
(heHOMCHONOTHYeCKHM pasjiesaM (PHUIHKH...».

B 3akmioueHHe NpHBefeM pe3yJabTaTH ANNPOKCHMALHH OLHOTO Ce-
MEHCTBa 3KCHEPHMEHTAJbHBIX KPHBBIX TIOJ3YYeCTH NpOCTOTO CjBHra
pPaccMOTPEHHOTO BHIIe HOBOMHXaiJOBCKOrO rpyHrta (g.=0,6 MIla},
noaydyennbic asropom kuurd 1 P. I'. Bapananowm (23, 43] no Bhipaxke-
nuio Buga (11.45): 9:=0,01093-#%1%5.420 y C, C. Bsj0BEIM IO ynpo-
meHuoMy ypaBHeuuo (11.64) Baaa: 1};=r,--t""/n5 rie 1,5‘ =10/ {#¥} .
Kax Buano Ha puc. 131, pesyabraThl anmpOKCUMalHH KPHBHI,
OCYIIECTBJEHHbIX 1O NPHBEIEHHHM COOTHOLICHHSM, NPAKTHYECKH HE
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OTAHYAIOTCH APYr OT Apyra. Kak 6BIO cKa3aHO BHILIEC, PE3YJAbTATH
annNpoKCHMANHA 10 COOTHOWEHHIO (11.45) MOKHO CYILECTBEHHO yJayuy-
UIHTh, €CJH yYeCcThb M3VICHACMOCTb MapaMeTpd /M B 34BHCHMOCTH OT T
H KPHBYIO Yt — T NPeICTABUTL CHIHHEHHOH AHAI pAMMOILL.

§ 4 NNPUMEPBI NPUJOXEHHS OBOBIMEHHOITO YPABHEHHA (1145)
AJid PEIMEHHUA MPAKTHYECKHX 3AIAY

B measx MAMOCTPANHH NPAKTHYECKOrO TPHMEHeHHs 000BLICHHOTO
VPaBHEHHs] TOJ3YUeCTH [JIHHHCTBIX TPYHTOB IpH IIPOCTOM CABHIE
(11.45) ans pelieHHs NPAKTHYECKHX 3a/ay PacCMOTPHM mpactefiiine
HPHMEPH ONPEUENICHHST CKOPOCTEH CMENIEHHS] TMPYHTOBOH TOAIH (pHC.
132) noa coBereennblM BeCOM, PAcHOJIOXKEHHOH HAa HCTIOABHIKHOH Ha-
KJIOHHOI NOBEPXHOCTH. JTa 3ajaya BIEPBBlE PACCMOTPEHa H PeuUieHa
H. H. MacaoBbim [18] aas ciyuaeB jaedopMHPOBAHHS TVIHMHHCTBHIX
TPYHTOB B COOTBETCTBHH ¢ 34KOHAMH BA3KOro TeueHus Heiorona (2.38)
H BA3KOMJIACTHYECKOTO AeopMUpoBanusa bunrama (2.44).

Puc. 132 Cxewa K pellesuio
3a74YH O CKOPOCTH TEUEHHsS CJIOS
BSI3KOH TIPYHTOBOHM MacCH, pac-
TIO/I0KEHHOr0 Ha HAKJIOHHOH MO-
BepXHOCTH

Teuenue rpynra moguunsercs 3akoHy Hbiotona (2.38). Coraacho
pHc. 132 macca anemeHTapHOro 6J10Ka €10d I'PYHT4 C CEYEHHEM OCHO-
BaHus [

P=y(H—y F, (11.65)
a KacatejbHoe (cEBHramolulee 6J0K) yCHIHE
T =Psina. (11.66)

[Moncrasass P u3 (11.65) B (11.66) u paspenss noayueHHoe Ha
F, Gypem uMeTh BbipaxKeHHe CJBHrAwIIero (KacaTeJbHOro) Hanps-
JKEHHS

T=y ({—y) sina, (11.67)

rie H — MOIIHOCTbL CJIOsI; Y — TeKyllas KOOpAHHATa; o — yroJa Ha-
KJIOHA CJI0S1 K TOPH30HTY; y — oObeMubIH Bec rpyHTa (B MH/M3).
Hmes B BHAY, uTO coraacHo (2.13) dy=ds/dy, peosoruueckoe ypas-
HeHHe BA3Koro Tedenus (2.38) mpusenem K BHAY
dvy ds, dv,dt du,
TEN G SN gray TN aray " 4y
u, noactaBass B (11.67), noayunm

(11.68)
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doy,

Y (H—y) sine=mn -~ (11.69)

M3 (11.69) caeayer, 4TO CKOPOCTh TEUCHHS CJIOS
2
Uy = ( N sina (H—Y) dy= N sin a (Hy.__y__) , (11.70)
Y ! n 2

anpu y=H

Uy =

Y sina H2. (11.71)
21

Tenepb paccMOTpHUM 3Ty Ke 3ajady JJIs Caydas ydeTa BJIHSHHS
COGCTBEHHOM MACCH IpYHTa Ha €ro peoJorhyeckHe cBoficTsa. Jaa ato-
ro Beipaxenue (11.55) 3anuumeM B caenyromem suje [33]:

doy
—_n Y 11.72
U= (11.72)
HJIH
do, = —— dy. 11.73
y Y7 1o Y ( )
HopMasibHoe K HaKJOHHOH MIIOCKOCTH HampsiKeHHe ¢ PaBHO!
0 = (P-cosa)fF =y ({—y) cosa, (11.74)
a COMPOTHBJIEHHE IPYHTa CABHTY
1 =0-tgg+c=vy({d—y) cosa-igp+c. (11.75)
Torna, uMes 8 Buay (11.67) u (11.75), us (11.73) nonyuum
v, = v (H—y) sina dy. (11.76)

Mo [y (H—y) cosa tge+c]
Brimosinsisi uHTerpupoBanue B Apenenax 0-—y, w3 (11.65) moay-
YHM cjefylolilee BbIpaKeHHe g CKOPOCTH JAedopMHPOBaHHA cJ0d
rpyHTa:

¢
H—y+ s
vy = —B% |4 ¢ In veosatey | g1 77y
e tg @ y cos & tg @ H+ c
y cos a-tgg

yILOBJIETBOpSIIOILEE YCAOBHID Uy—,= 0.

s conocraBnenuss Buipaxenu# (11.70) n (11.77) onpenennm
CKOpOCTH TeueHus (ta6a. 40) ciaoa uaa momuocteio f/=10 M, pacno-
JIO}KEHHOTO Ha HENMOABHKHOA MOBEPXHOCTH, HAKJIOHEHHOH K TODPH30HTY
noX yraom o.=8°30" (cm. puc. 132), nas y=0; 2,5; 5,0; 7,6 u 10 m npu
CJACAYIONIHX JaHHKIX cBoficTBaX rpyHTa: y= 1730 kre/M3=0,0173 MH/m?;
p=15°30"; tg 9=0,268; ¢=0,02 MIla; 7;=0,289 MIla; n=0,159-107
MIla.c; no=n/t;=5,5-107 ¢, noayuennwx aBTopom kuurh, P. P. [ax-
cragoM u P. T. Banansnowm [33].

W3 ta6un. 40 BHAHO, 4TO OPH yueTe H3MEHSIEMOCTH BA3KOCTH TPYHTA
no rJgyGuHE TOJNINH ToA JeHCTBHEM COOCTBEHHOH MacCH pacueTHHIE
CKOPOCTH Te€UeHHus] YMEHbUIAITCA BECbMa CyIIeCTBEHHO,
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Ta6anuwa 40

OnpeaeneHHe CKOPOCTH TeueHHS Uy (B CM/C) HAKJIOHHOrO CJOSl Hiaa
no pasauuHbiM Qopmynam

Hy . M Ilo dopmyane (11.70) ITo dopmyne (11 77)
0,0 0,0 0,0
2,5 3,57-10-% 1,69-10-¢
5,0 6,12-10-¢ 3,18-10—¢
7,5 7,65-10—¢ 4,34.10-6
10,0 §,17-10-¢ 4,91-10-¢

Teuenue rpyHta nojunHsiercsi 3akoHy bunrama (2.44). Jlna storo
caydas H. H. Macaoseim (18, 19] noayueno caepyioliee BHIpaxKeHHE
CKOPOCTH TeYEHHSA ToJIIH ¢ yuetoM (11.10):

Ce

v, = _:l_ [Hy— y%2] [sina— cos a-tg%]———n y. (11.78)

[Tpu BoIpaXeHHH KacaTeJqbHOTO HANpPSKEHHS UYepe3 ero ypoBeHb
t/ts cootnowenue (2.44) caenyeT 3amHcaTh B BHAE
duy,
T/Tf = TyD/Tf + TlO dy ’ (11.79)

Tae Typ =0 1g@uCo

uaH ¢ yuetom (11.67) u (11.75):

T— Ty v (H—y) stne—1v,,
T YT eV (H—9) cose tgg el

W3 unrterpuposanus (11.80) B8 npenesax 0 — y nojaydum caeayio-
l[ee BHIpayKeHHe [JIs OnpejejJeHHs1 CKOPOCTH NMepeMeNleHHs ¢JIos TPyH-
Ta Ha HaKJOHHOH NJIOCKOCTH:

tga Ty c H—y+c/(ycosa-tg o)
Uy:——[y—{-/ n _ RO (1.81)
N 18 @ \y sina vy cosa-tg @ H-c/(ycosa-tg @)
KoTopoe Npu Typ =0 nepexoanT B cootnomenue (11.77).

[IpuseaeuHsle MPHMEpPH CBHICTEJLCTBYIOT O 3HaUYHTEJLHOM BJHA-
HHH YNJOTHSIOLIETO IaBJIGHHS Ha peoJioTHUecKoe moBelJeHHe FIHHH-
CTBIX TPYHTOB U TOBOPAT 0 HeOOXOAHMOCTH HX yyeTa HPH pelIeHHH
32444 PeOJIOTHH TVIHHHCTHIX TPYHTOB,

dv, = dy. (11.80)

FnaBa 12
OJAUTEJBHOE COMNPOTUBJEHHUE TJUHHUCTBIX
FPYHTOB CIABHUTIY
§ 1. BBEAEHHE

Bonpoc o BAHAHHH CKOPOCTH NPHJOMKEHHA H JIJIHTEJNLHOCTH AEHCT-
BHSl HaNPSIKEHHH Ha CONPOTHBJEHHe CABHIY I'IHHHCTHIX TPYHTOB SBJifA-
eTCs OAHHM. U3 OCHOBHBIX H BMECTe C TeM CIIOPHBIX B PEOJIOTHH TpYH-
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T0B :[4,24]. FIMeHHO nosromy nmpu PaCCMOTPEHHH METOAOB OINpenese-
HHS HX HaYaJbHOIO CONporupjenHs CABHIY MBI CO3HATeJNbHO o6o1I1H
3TOT BONpOC, MOCKOJBKY OH Hypaercs B cHellHaJbHOM H oJee 06CTO-
ATeNbHOM H3JI0XKeHHH,

M3 paccMoTpenHoro g ri. 9 MaTepHania Ham yiKe H3BECTHO, YTO H3-
MeHsIEMOCThL CONPOTHBNeHHg CABHTY TJIHHUCTHIX IPYHTOB BO BPEMEHH,
T.e. NJHTE€JAbHOE CompoTHBJACHHE CABHTY, 3aBHCHT OT
CKOpOCTH, BEJTHYHHEl H JUIHTENbHOCTH AeHCTBHSA KaK YIJIOTHSIOWKX, TAK
H KacaTeJbHHIX HANpsAXKenuh. [auteqbHas APOYHOCTD FJIHHACTHIX TPYH-
ToR OOVOTORICHA ABYMS (DAKTODAMY, KOTophle NPOAB/ASIOTCA B CaMbiX
pa3JHYHBIX COYETAHHAX' a) XapaKTepoOM BO3HHKHOBEHHS H H3MEHHEMO-
CTH BO BpeMEHH H3GHITOYHOTO AABJEHHS B MOPOBOH BOJAE Uy; 0)MO3Y-
YecThblD CKeJleTa BOAOHACHIIEHHOTO H HEBOJOHACHIIEHHOrO TPYHTOB.

Besnnunna H XapdKTep H3MeHEHHs BO BpPeMeHH H30LITOYHOro AaB-
JIEHHs] B NOPOBO# BOAE npu BceX YCJIOBHAX 3aBHCAT OT pa3MepOB 06-
pasua HJIH MacCHBa — OT maclurafuoro ¢akropa (cM. ra. 4). dto 03-
HayaeT, uyTO MOJYUEHHBle B JlaGOpATOPHEIX YCJIOBHAX pe3y/bTaTHl He
MOT'yT ObITh HeNOCPEeACTReHHO HepeHeceHsl g HATYDY. s Takoro mepe-
HOoca CiefyeT 3apaHeée onpeae/,HTh BEJHYHHBI H 3aKOHOMEPHOCTH H3-
MEHsIeMOCTH BO BpeMeHy u30HITOYHOrO HaBjeHud B MOPOBOH Bode B
JaHHOH TOYKe MAacCHBA MeToJaMH TeOpHH YIJOTHEeHHs BOAOHACHIIEeH-
HHIX MJIHHHCTBIX TPYHTOR ¢ y4eToMm (akTOpOB QHABTpALHH, HOJ3YTECTH
CKeJIeTa, CXKHMAeMOCTH [OPOBOH XKHAKOCTH H T. H. (cM. rJ. 3) W ofpe-
A@NHTb CONPOTHB/IEHHE rpyHTa CABHTY Mo cooTHomeHHwo (9.3). Orcio-
Aa Clelyer TaKXKe, YTO fpu BO3HHKHOBEHHH H3OBITOYHOTO AaBJCHHA B
NOPOBOH BOJle BOXOHACHIIEHHOrO I'PYHTa HEJb3s COMOCTaBJATL KCIe-
PHMEHTJIbHBIC AAHHEI®, foJAyYeHHBle H3 HCIOHTaHHA 06pa3lUoB pasjHy-
HBIX pasMeEpoB. s ux conocraBieHuss HEOGXOZHMO HCKJIOUHTh Mac-
wTabHbH GaKTop, T. €. BauAHHe H3GLITOYHOTO AaB/IEHHs B MOPOBOH BO-
A€ Ha NPOYHOCTHHIE CBOficTBa; H Bce MOKa3aTeH BHPA3HTb yepes 3 -
QeKTHBHEE HANPAKeHHs, BOCIpHHEMAaeMble CKEJIeTOM FPYHTA.
Tlpn TaxoM Nonxone ¥ paccmorpenuio pesyabTaTOR SKCHEPHMERTANS-
HBIX HCCeloBaHHH OYJeT HCK/WUYeH OJHH M3 OCHOBHBIX HCTOUHHKOB
OIIHOOK, MPHBOAAIIMA K NPOTHBOPEUHBLIM MHEHHAM CHEIHAJHCTOB B
BOnpoce o AJHTENLHOM CONPOTHBACHHH CABHIY BOJOHACHIIEHHBIX [JIH-
HHCTHIX TPYHTOB.,

CxasauHoe BHILE TGBOPHT O TOM, yTO 3aBHCHMOCTb CONDOTHBJEHHS
CHBHFX FMUHHCTHIX TPYUTOB OT AJHTEJLHOCTH AeHCTBHS CABHIAIOUINX
YCHIHHA HEOOXOAMMO, KaK u B caydgac HX yIIOTHeHHs (CM. L 3), OT-
HECTH K cKeJieTy. TOrAaq piHTe bHHIM CONPOTHBJGHHeM CABHTY [JIHHH-
CTEIX TPYHTOB GYAET HA3bIBAThCA H3MEHACMOCTh CONMPOTHBIEHHS CABH-

Ty BO BpeMeHH BC/ICACTBHe NMPOTEKAHHs IMOJ3YYECTH NOA AeHCTBHEM Ka-
CaTeJibHBIX HaNpAMXKeHH],

as yCTleOBJIEHHH BJIHSIHHS AJHTEJbHOCTH AeACTBHS KacaTeJbHBIX
HANPAXCHHH Ha NMPOYHoCTHHWE CBOACTBa CKejeTa IJIMHHCTHX T'DYHTOB
B YHCTOM BHJE, T. ¢. Ge3 BAHAHHS NMOGOYHEX (PAKTOPOR (M3GEITOUHOTO
A2BJCHHA B NODOBOH Boge, MOA3yHecTH cKeJeTa NMPH YIUVIOTHEHHH H T.
I.} AOMXHBI GHITH HCIBITaHBE Ha CABHI HOPMAJbHO YIJIOTHEHHLIE H Tle-
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peymIoTHEHHEE 06pasibl B yCJIOBHAX obecrneyens cBoGOIHOIO ApEHH-
pOBAHHS M PA3yN/IOTHEHHS BCJIEACTBHE SBJICHHS THIATAHCHH. O‘{EBHJ_'L:
HO, gTO 7Sl MCKJUEHHs BJHAHHS H3GHITOYHOIO AABJEHHS B IOPOBOU
BOZE HA CONPOTHBJEHHe CHABHIY Jy4ylle BCEro HCHBITATH TOHKHE KOJb-
WeBbIE HJIH CILIOLIHbE 06pasns Ha Kpydenne (cm. ra. 8—10) [20, 24].

PasyMeercs, H3/I0XKeHHOE BHIIE HH B KOEH cTeNMeHH He HCKJo4der
BO3MOIKHOCTb MCNHITAHHS PYHTOB HA OAHOOCHOE H TPEXOCHOE CXKaTHe.
QaHaKO 3TH HCIBITAHHS AOJKHLL GbITh BHMOJHEHB! ¢ Go/blIoil  TIIA-
TEJBHOCTBIO C 3aMepoM H3GHTOYHOro AaBJEHHA B NOPOBoi Bofe (CM.
ra. 4, § 3) Kak npH YMJIOTHEHHH, TAK H NPH BO3PACTAHHH PASHOOTH
raBHHX HoOpMAaJbHHIX HanpskeHuit [20, 24] He To/BKO y TOPHOB, HO
H B cepeJuHe o6pasma.

ITpu HcciieoBaHHH H3MEHSIEMOCTH COMNPOTHBIEHHS TJIHHHCTOTO
TPYHT4 CABHTY BO BPEMEHH Pas/HYAlOT CJEAYIOIIHE OCHOBHLIE TIOKa-
3aTeJIH.

l. MruoBeHHOe MWIH KPATKOBpPEMEHHOE T7p CONPOTHB-
JeHHe CABHIY, KOTOPOE ONPenesaloT KPaTKOBPEMEHHBIM HCHBITAHHEM
ofpasuos rpyHTa Ha cIBHT (0ZHOOCHOE H TPEXOCHOE cxKaTHe) npH OH-
CTpOM HpHAOKeHHH (C HHTepBaJoMm 5—10 ¢) paBHEIX cTyleHell Harpys-
KH. Be/IHuMHY cTYHeHH KacaTeJbHOro HalpsKEHHs BHIOHPAIOT ¢ TaKHM
pacyeToM, uTOoGH BpeMsi HCNHITAHHA o6pasma Obiio NPHMEPHO PaBHO
! mun (cM. 1. 9, § 4).

2. JanrtenbHOE CONPOTHBJAEHHE CABHUHTY 77— Npefensb-
HOe KacaTeJbHOe HallpsAXKeHHe, HCUepnhiBalollee MPOYHOCTL TPYHTA IpH
RAHHOH JJHTENBHOCTH ero aeficteus f.

3. I[IpellenbHO AJAHTENbHOE CONPOTHBJEHHE TpYVH-
Ta CABHIY T ~— KacaTeJbHOE HANpsKeHHe, MOA AeHCTBHEM KO-
TOPOTO HHKOTa He HCUEPTIBBAETCS POYHOCTh TPYHTA.

4. CranapTHOe CONMPOTHBJIEHHE CABUTY Tre, KOTOPOE
OnpeAendloT HCHBITaHHeM O6pAa3ioB DPH NEpPeMeHHOH CKOpPOCTH HmpHIO-
JKEeHHA paBHBIX CTYNEHEl KacaTe/bHOTO HANPAKEHHs 10 MeTody 3aTy-
xawomux gepopmannii  HUHMOCIT u I'OCT 12248—78 (cm. rai. 9,
§ 2) u OTHOCHT K KaTeropHu HauajJbHOTO (KPaTKOBPEMEHHOr0) ColPo-
THBJIEHHS CLBHTY.

AnanoruuHeiM 06pasoM noApasjaenseTcs M npOYHOCTb TPYHTA, Of-
peaessieMasi METOZAMH OAHO- H TPEXOCHOTO CXKATHA,

Kpupas 3aBHCHMOCTH CONPOTHBIEHHS CABUTY [MIHHHCTOTO rPyHTa
OT BpEéMeHH HA3HEBAETCA KPHBOH AJNHTEJNBHOIO COTMPOTHBJIE-
HH s cABUTY. Onpejesnentie Takoll KPHBOH MOXKHO BHITIOJHHTH MeTO-
Jamu: 1) HenbiTaHHeM 06pa3noB-G/JAH3HENOB Ha CABHr (OAHO- H TPCX-
OCHOE CKaTHe) NPH Pa3JHYHHIX CKOPOCTSX NMPHJIOKEIHS KacaTelbHOro
Hanpsi’kenHs; 2) HCOLHITaHHEM 0GPa3HOB-GJH3HENOB HA N0A3yYecTh NIpH
Pa3MHUHBLIX YPOBHSIX NOCTOSIHHOIO KacaTeJdbHOro HamnpszKenus (cM.
ra. 10).

Hcnwitanne 06pasuoB-GaH3HENOB NPH Pa3JHYHBIX CKOPOCTAX MPH-
JOMEHASA KacaTelbHOro HanpsiKeHHs. B JaHHOM COCTOSIHHH TpYyHTa,
XapaKTEpH3YeMOrg MNpPH NPOCTOM CABHTE BEJHYHHOH G,, HCIHBITHIBAIT
HECKOJIbKO 00pasioB-GJH3HEN0B NMOZ AeHCTBHEM KacaTelbHBIX HAmps-
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KeHH#l, Bo3pacTalUX PABHBIMH CTYNEHSAMH YePe3 PABHHIC MHTEpBaJIbl
BpemeHd. [las nodydyenus pasAnyHBIX ckOpOCTeH HATPYKEHHS H3Me-
HAloT HAH HOTEPBANBI NP HJQXKEHHS CTymeHefl OT 5 ¢ 10 HECKOJbKHX
AneH, HAH BEJHUHHY CTYNEHH KacaTeabnoro panpsikenus. C uenbmo
COMOCTABJEHHS] ONMPEAEISIOT TAKXKE CTAlnapTuoe CONpOTHBIECHHE CABH-
Iy MeTOJOM 3aTyxaloulux gedopManuit mo POCT 12248—78. M3 Kax-
JIOro OIEBEITA OrlpeﬂeJISHOT COI}pOTHBJ’IeHHe ‘C,ZLBHI‘Y 06pasua u JIJIHTeJH)'
110CTh HCMEITAHUS MPH TaHHOH CKOPOCTH HATPYXKCHHS, a4 N0 AaHHHIM HC-
NLITAHHS HECKOJBKHX OOGpasHoB-GJIH3HEUOB CTPOAT KPHBYIO AJHTE/]b-
HOTO CONPOTHBJENHA CABHTY (cM. puC. 3).

Ins onpeaenenusi KpuBo# ts=f({, 0,) HCOEITLIBAIOT He MeHee Tpex
cepufi 00paanoB-6/H3LeoB MPH PasJHUHBIX 3HAUCHHAX YIJIOTHSIOWCH

Puc. 133 CeMmefilcTBO KPHBHX
JJIATEBHOT O COMPOTHB/ICHHS
TpyHTa CHABHTY Ty—t AN pas-
JUYHBIX 3HA4YeHWH O, H AH-
Gz3 arpaMma CONpOTHBJEHUS CABHIY

[ Tf—0; TOpH JAAIHOM 33JaHHOM
- 3HAYEHHH MPOAOJNKUTENEHOCTH
6,1 6. JeHCcTBHA KacaTe/lbHbIX Halps-
} Z7 ZZz Kennh
67677672677 % *

HATPY3KH 0. [lo pe3yabTaraM ONLITOB CTPOAT CeMEHCTBO KPHBLIX AJH-
TeJLHOro CONPOTHBAeHHSI caBHTY (puc. 133). TpaHedhopmupys noay-
qellHoe CeMeHCTBO KPHBHX Ty —{¢ B ceMellcTBO Tf — Oz, CTPOAT JHa-
TPaMMHl CABHTa AJSl MOGHX 3HaueHH# BpeMeHH ! ASHCTBHA KacaTellb-
HbIX HANPSAXKEHUH,

Meton McnbiTanus cepuu o06pa3noB-0JIM3HEOB HA MOJ3YYECTh NPH
Pa3HbIX YPOBHSIX TOCTOSHHOIO KacaTelbHOTO HAaNpsixkeHHs. cnuTHBa-
I0T Ha TOJI3YyYeCTb HCCKONBLKO O6pa3iioB-0/IH31eU0B AaHHOTO COCTOS-
nus. Onpelensor HaualibHoe (MIHOBEHHOE HJIH CTAHJAPTHOE) CONMpo-
THBJICHHE CJABHTY H HCHBITHIBAICT Ha INOJI3Y4ecTs 00pasuul-Oau3Helns
OPH pPa3AHYHBIX YPOBHAX TNOCTOSIHHOTO KacaTesblioro HaOpsiKeHHA:
tv/t1=0,4;0,6: 0,7, 0,8 1 0,9,

ITo pesynbratam HCHBITaHHA CcepHH 0Gpa3loB-OJH3HEOB JaHHOIO
COCTOSTHHS CTPOsT cemeficTBO KPHBHX mos3yyecTH (pHc. [34) u ompe-
AeJdIOT BpeMsi AC MOMEHTa pa3pylicHusi. 3a MOMCHT paspylIeHHS
OPHHHMAOT BpeMs, IPH KOTOPOM JedopMaLHsl CABHTA H3 CTaiHH Tede-
HHS TNEepeXoJHT B CTAAHIO MOJ3Y4ecTH ¢ BO3PacTapllell CKOPOCThIO —
CTafiHI©O paspylleHHA, 3Has pe3y bTaTH oNpeflefiellud 1; H BpPEeMEHH
paspylleHns, cTpoAT KPHBYIO AJHTEIBHOIO CONPOTHBJEHHS CABHTY
(cm. puc. 134). [To panHBIM HCOHTAHHSA TPYHTa NPH pPa3HHX 3HaueHH-
X Oz, CTPOSAT CeMeHCTBO KPUBBIX JAJHTENBHOTO CONPOTHBJEHHS CABHUTY
H JHarpaMMBl CIBHIa JUI pAa3JH4YHbIX MOMEHTOB BpeMeHH ¢ (cM.
pue. 133).

Mertonsl npHroTOBJACHHS OGpasl OB U HCIMEITAHHA KaK Ha CABHI, TdK
H Ha nmos3yyecTb obuuHbe (cM. ra, 7, 9 u 10).
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Puc. 134 CemeiicTBO KpPHBHX IOA3Y4eCTH H IOCTDOGHHas Ha €ro OCHOBe KpHBas

LJIHTEJIBHOTO CONPOTHBJEHHS TPYHTA CABHTY. Tj, 0, Tjt H Tf, o — COOTBETCTBEHHO Ha-

YyasbHOe (KpPaTKOBpeMeHHOe, MTHOBEHHOe), NJHTENbHOE H TPeJelbHO AJHTEJNBHOE CO-
IPOTHBJCHHA TPYHTA CHABHTY

§ 2. CYILECTBYIOLWMUE NPERCTABJIEHHS O NPUPOAE H3MEHSAEMOCTH
CONPOTHBJIEHHA TJIMHUCTLIX FPYHTOB CHABHUIY BO BPEMEHH

1. TlepBrie HccenOBaHHS TO BJHSAHHIO CKOPOCTH NMPHJIOKEHHS Ha-
rPY3KH (AJHTENBHOCTH HCHBITAHHS) HA CONPOTHBJIEHHE T[UIHHHCTHIX
rpyuToB cABHry BuinoaneHs B 30-x rogax H. I1. AuaxoBnim (1934),
K. Tepuarn (1936) u X. Tupemanom (1937). Anasoruunble HeciegoBa-
HH B JasabHefimem mpoBegenst A. A. Huunnmoposuuem (1948),
H. H. Macnosum (1949), B. B. Oxorunum u I'. @. Borzanosem (1950),
1. JI. Koranom u A. H. Uyxposo#i (1959), C. P. Mecusiom (1961—
1966), B. B. )KuxoBuu (1963—1968), P. 3. Hamko (1964—1965),
A. B. CkemnronoM u II. Jlapowens (1965), M, H. Toapamrefinom #
C. C. baGunko#t (1973) u wmuoruMu apyramu [24]. IamensiemocTs
NPOYHOCTH TPYHTA NPH pPAa3JHYHBEIX PeXHMaX HATPYKeHHd MeTOAOM
TpexocHoro cxkatua B 1958 r. uccaenoBana JI, Beeppymowm, H. Camon-
com u JI. TapGaeGom u ap. ‘[4(2.

Hceneposannsivu H. TI. AnaxoBa yCTaHOB/IEHO Bo3pacTaHue Tf
OpHMepPHO B [Ba pasa NpH YBEJIHYECHHH CKopocTh cpeza oT 0,8 o
88 mm/muH, a no gaHHEIM A. A. HuunnopoBHua BospacTaHHe Tp HMeeET
MEeCTO MPH CKOpOcTAX cpesa 80—120 mM/MHH, TOrla KaK NPpH Majbix
CKOpOCTSIX Cpe3a T; H3MeHAeTcs He3HAuHTeNbHO. 31eCh 3aCay:KHBAIOT
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0C0oGOr0 BHUMAHHS Pe3yJbTaTh ONLTOB, nodydeHHble A. A. Huyunopo-
BuueM. MM ycTaHOBJIEHO, 4TO H3MeHenue 17 00yCJAOBACHO HE BOSHHKHO-
BEHHEM H3OLITOUHOTO HJIH OTPHIATeJbHOro AaBjeHusl B MOPOBOH Boxe,
a 3aBHCHMOCTBIO €r0 BSI3KOrG CONPOTHBAGHHS OT CKOPOCTH Cpesa.

ITo K. Tepuaru, npH MajbiX HOPMAaJbHHIX AaBJCHHAX YBe/JIHYEHHE
CKOPOCTH cpe3a BHI3bIBAeT PE3KOe BO3pacTaHHe vy, a NpH OOJbIIMX
Aasaerusx — cHuxenue, [To X. Tuaemany, yeenuuenne nauTeNbHOCTH
cpesa or 9 4 Ao 16 gHel MPHBOAMT K BECbMa HE3HAUMTENLHOMY H3Me-
HeHH10 77 (#a 5—8%) B cTOPOHY yBEJHUEHHSI.

HanoKeHHoe BHIIIE MNO3BOJAAET 33KAIOUHTb, YTO NPH VBEIHUYECHHH
IOJMTEJbHOCTH (YMEHbIIEHHH CKODOCTH) cpe3a OOHAPYKHBaeTc He
TOJIBKG YMEHbIIEHHE, HO H yBeJHueHHe vy KauecTBEHHO aHaJornyHbie
pesyabTath nodyunau B. B. Oxorun u I, @. Barnanos, f. JI. Koran n
A. H. Yyxposa, C. P. Mecusn, B. B. J)KuxoBuy, P. 3. [lamxko, JI. Bbep-
pym, H. Cumonc n Tap6ne6 u ap. [24].

2. OnpepeneHHe AJMUTeNbHOH HPOYHOCTH MO METOAY MCIBITAHHS M-
JHHApPHYeCKuX 00pa3ioB NPH OJHOOCHOM CHKATHH H NPH H3YYEHHH CHJI
*Mep3aHHsl MEP3JLIX [PYHTOB BrepBbie BunoaHenn B 1937 r. H, A, Lu-
ropuyeM u B 1948 r. M. H. Tonpawrefinom. Hccnefosanust AnuTesb-
HOH MPOYHOCTH Mep3JbIX TPYHTOB B AajbHeliuleM Obljin IIpOBeflCHH
C. C. BanoBem [4] coBmecTHO ¢ coTpyauukamu: C, E. Ipeunmennm
(1963 r.) u np.

Bosabioe BHHMaHMe K npobieMe ANHTENbHOH MPOYHOCTH MeP3JIHX
IPpYHTOB OO6YCJOBJCHO BHLICOKOH MIHOBEHHOH IIpPOYHOCTBIO, TeueHHeM
npu m000M ypoBHe HANpSAXKEHHA M KaTaCTpO(QHUECKHM CHHIKEHHEM
IPOYHOCTH BO BpeMeHu (Ao 15 pa3) MX OCHOBHOrO KOMIIOHEHTA —
Jbaa. Pe3yabTaTh 3THX ucc/eqoBaHuid ObIM B ONpee/NeHHOH CTeNeHH
pacnpocTpaHeHHl Ha OGBIKHOBEHHbIE TJIHHHCTbIE PPYHTBL.

ITepBule uccnenoBaHus AJIMTENBHOA NPOYHOCTH OOLIKHOBEHHBIX (He-
MEp3JAHIX) TJIMHHCTHX IPYHTOB NpH OJHOOCHOM H TPEXOCHOM C3KATHH
npoBegenbl B 1951 r. A, Kasarpauze u C. YuaconoMm. B ux ommHTax,
KOTOpbi€ NPOBOAMAHCH Ha Npubopax TPEXOCHOro CXKATHA MO 3aKPHTOH
cucTeMe (NpH OTCYTCTBHU JIpeHaKa), OLIIO yCTaHOBJIEHO HacTyILJIEHHE
paspyuiernsa obpasnoB npu nanpsaxennsx 80—409% or npefleabHLIX HX
3ayeHul, onpeieNeHHHX ucnbITaHHEM o0pa3uoB B TeueHue 15 Mud.
Onptal P, Xedenn no HenuTaHHio 0GpasloB Ha TPEXOCHOE M OAHOOC-
HOe cxKaTHe [24] mokasanu yBeJqHYeHHe HAYAJLHOH KPATKOBpPEMeHHOM
npoynocTH rpynta Ha 20—30%, a Ha KoJbIeBOH cpe3 — OTCyTCTBHE
CYUIECTBeHHOIO BJIHAHHMS Ha CONPOTHBJEHHE CIBHTY MPOJAOJKHTENb-
HOCTH cpesa.

B nanbHefimiem o6uupHble paGoThi IO HCC/AEIOBAHHIO LJIMTENLHOMR
NPOYHOCTH TVIMHHCTHIX TPYHTOB ObIMH BHIINOJNHEHBl KaK y Hac, Tak H 3a
pyGe:xxoM. He ocTanaBauBasich Ha H3J0kKEHHH pe3yabTaToB paboT OT-
AeJbHBIX aBTOPOB, OTMETUM, YTO B OJAHHX paboTax BHISBJICHO yMeHblle-
HHE Ha4aJ/IbHOTO CONPOTHBJAEHHs cABHTy oT 10 zo 50%, a B Apyrux —
YCTaHOBJICHAa HE3aBMCHMOCTb NPOYHOCTHBIX CBOMCTB TJIMHHCTHX TPYH-
TOB OT AJHTeNbHOCTH AeHcTBUA MOCTOSIHHBIX HArPy3OK HJH K€ HEeKO-
TOpoe HX BO3pacTaHue [24].

3. Uro6sl monyyuTh mpeicTaBieHue 0§ H3MeHsSeMOCTH CONpOTHBJIe-
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HHS TAHHHCTBIX FPYHTOB CIABHTY, paccMOTpHM (cM. pHc. 103,6) Kpushie
H3MEHSIEMOCTH T OT AeQOpMAalHH CHBHTa, MOAYUEHHHE HCOHTAHHEM
00pasioB pasJHUHBIX TPYHTOB NPH MOCTOSHABIX CKOPOCTAX Aed)opMAIHH
(B pexkHMe KOHTPOMIA HANPSIKEHHIT),

OKCIEPHMEHTH MOKA3IBAIOT, YTO XApakTep KPHBHX T —y 3aBH-
CHT OT cOCTaBA H COCTOSIHHA MJIOTHOCTH — BJIAXKHOCTH H CTPYKTYpHO#
MPOYHOCTH IPYHTOB (puc. 135). Hampumep, kpusas I na puc. 135, no
. Tponony u K. Usny [20], cooTBeTcTByeT «4HCTOM TMIHHE» HH3KOLO
CTPYKTYPHOrO MOPARKA (HOPMAJBHO YIJOTHEHHAs [JIHHA IJAaCTHYHOR
KOHCHCTeHUlHH, He o6nafaomas cuenjenueM ynpounenus) [20]. Kpu-
Bhie 2 H 3 COOTBETCTBYIOT CMECAM MECKA, MBUIH H [VIHHH, 06180 HM
HH3KHM H CPeIHHM CTDYKTYPHBIM MOPSZKOM (TJTHHBI MepeymnJaoTHeH-

KOE PAIPYUENUE
Apyanoe paspy Puc. 135. XapakTepnble KpHBEIE HaNpspKeHHE — Je-
—  (GopMauus TPYHTOB ¢ DA3JHMYHLIME XapaKTepPHCTHKA-

"’ ° o
§ 4 MU OCHOBHOW TDPYHTOBOW MAacChl NOpH OnpeAeNenHA
§ % = HX NPOYHOCTH B PEXHME KOHTpoJs HanpsixeHu# (o
8 7 y J. Tponony u C. UYsmy):
§ ] —uucTasd riauHa; 2 M 3 — CMeCH NecKa H TJHHHK HH3KOR
] . M CpelHeH YYBCTBHTENbHOCTH, 4 — IJIHHHCTble TPYHTH TNO-
x JIAacMUNECHBE  yyrpeproli n TBepRof KORCHCTEHIMM. % — NOTeps MPOYHOCTH

meyeHue OCHOBHON TFAHHHCTOX Macchi — yBeJHYEHHE Tpeuda MeXAY

YaCTHOAMH
Aepopmayua

Hhle, TYTOMJIACTHYHON KoHcHcTenuuu). Kpusas 4 coorBeTcTByer miu-
HHCTOMY CpyHTY, 06/1aJalolleMy BHICOKHM CTPYKTYPHHM NOPSIAKOM
(cTpyKTypHO#l MPOUHOCTBIO), HAXOLAIICMYCsT B MOJYTBEPAOM H TBEp-
JoM cocTosinuAX (cM. pHe. 103,6).

PaccMoTpeHHe KPHBHX, NPHBEAEGHHHX Ha puc. 103,6 u 135, noka-
3HBaeT, 4To AedOpMalHs OJIACTHIHOrO IpyHTa (KpHBas [) B OT/IHYHE
OT TPYHTOB TYrOnJacTHYHOW KOHCHCTEHUHH (KpHBHE 2 H 3) me compo-
BOXKI2eTCsl NOHHKEUHEM MPOYHOCTH. KpHBHEC T — ¢ TPYHTOB TyronJja-
CTHUHON KOHCHCTEHIHH HMEIOT JKCTPEeMaJbHLIH XapakTep CONPOTHB-
JIEHHS C/IBHT'Y KOTOPBIX XapaKTepH3YIOTCS NHKOBBIM Tj H OCTATOYHHIM
3gaueHudamy T (cM. . 9, § 1). Habaogacmooe naMenenne conpoTHs-
senns casury J. Tposaomom u K. Usnow oObscHaercs moTepeit mpoy-
HOCTH OCHOBHOH TJHHHCTOH Macchl (pa3pyLieHHeM CTPYKTYphl) H yBe-
JIHUEHHEM TPEHHs MeXAy YaCTHIAMH KPYNHHX PasMepOB BCJEe/ICTBHE
00pasoBaliusag 3ePHHCTOH CTPYKTYPH, CTAOHJIH3HPOBAHHOH TIJIHHHCTOH
maccoil, Uto Ke kacaeTcst KpuBoH 4 (em, pHe. 135), cooTBeTcTByONIEH
TPyHTaM [OJYTBEPIOH H TBEpAOH KOHCHCTEHIHH, TO OHA [OKa3hiBAeT
XPYNKOC paspylieHHe MaTepHasa MpH JOCTHXKEHHH AedopMalHH onpe-
JCICHHOH BeJIHYHHDL

J7s onpenc/cHHs MTHOBEHHOTO, MPEAEILHO AJHTENBHOLO CONMpO-
THBJICHHSI C/BUTY H YCJOBHA MCAJNEHHOH MJIacTHYECKOH Ae(OpMAIHH
CKpPHITONJIACTHUHKX IaAuHHeTHX rpynto H. H. Macaos [18] noan3y-
eTcsd MpeaJoXKeHHHM HM ycaosueM mpousocTH (9.12). Ilpuunny us-
MEeHSIeMOCTH T; IIHHHCTHX TPYHTOB B mpoiecce nojasydects H. H. Mac-
J0B [18] BHAMT B HApyLIEHHH KCCTKHX CTPYKTYPHBIX CBA3eH mMpH HO-
craTouno Goapliux Aedopmanusx casura (cc=0). B cooTsercTBHH C
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H3J0KCHHBIM TIpeJeJbHC JAJHTeJbHOE CONPOTHBJACHHE CABHIY CKDBITO-
3JMaCTHUYHBX H NJIACTHYHBIX TJIHHHCTHIX TPYHTOB COOTBETCTBEHNIO OMpe-
AENACTCA CACAYVIOUIHMH BhIDAXKEHHSIMH:

Tf,wzoz‘tgcpw—i*zmn (12-1)
Toe=Ty. (12.2)

Takasa TPAaKTOBKA CHHXKEHHsSI CONDOTHBJEHHS TIVIMHHCTHIX TPYHTOB
cABHTY, 6€3yC/A0BHO, TBASETCS NPABHIALHOM,

B 3apy6exnpx paGoTax, onyO/IHKOBaHHBIX 3HAUHTEBLHO TIO3IKE, B
YacTHOCTH B TpyZax IV MeXAyHAapOIZHOrOo KOHTpecca [0 MeXaHHKe
rpyuToB H ¢yHAamMenTocTpoenHo (Jlommon, 1957), npusegensl coob-
paxenns J. Xenkeasi, P. Poy u 1p. o Bo3aMoHOCTH oGpaltenus no-
Horo cuemiieHns ¢ (mo H. H. MacnoBy ¢y=2y-+¢.) B HyAb H HeoGXo-
JUUMOCTH €0 HCKJIOUEHHST NIPH OLEHKe JJHTEJNbHOH NPOYHOCTH I'PYHTOB.

ConocTaBisiga XZHarpaMMbl CABHI'Aa HEPEYIJIOTHEHHOH JOHIOHCKOH
TJIHHBI, OCTPOSHHKIE TI0 JAHHEIM HHKOBHX H OCTATOUHHIX 3HAUCHHH co-
NpOTHBJAEHHA rpyHTa cABHry, A. B, CkeMnToH oTMedaeT, 4TO NpPH nepe-
XOAe OT T K T, CHEIVIEHHE NMPAKTHYECKH CTAHOBHTCS paBHBIM HYJIO. B
JOKA3aTeJbCTBO 3TOMY OH NDHBOJHT Pe3yJabTaThl HCOHTAHHS HA OJHO-
IVIOCKOCTHO# cpe3 o0pasuoB INIHHH H3 YoJ0H-Byna B BHAE HacTH H
MPHPOJSHOTO CAOKEHUS, NOKA3aBIIHE NPAKTHIECKOE PAaBEHCTBO OCTATOU-
HBIX 3HAYeHHHA CONPOTHBACHHA HX CIBHIY.

Taknum oOpasom, DOHHIKeHHe MIHOBEHHOIO CONPOTHBJACHHA CABHIY
TPH YBeNHUeHHH Jed)OpMALlHH TIPHCYLIE I'PYHTaM, o01agalomHM MOBH-
HIEHHOH CTPYKTYPHOH NPOYHOCTBIO — CUENJIEHHEM YNPOYHeHHA, H fAB-
JeTCs] pe3yJbTAaTOM pa3pylieHHs HX cTPYKTyphl. ClenoBaTelbHO, KakK
otMmeuaior M. H. loapamreiin u C. C. Ba6uuxas, A. H. Epmonaesa,
B. U. Kpuisiosa u B. @. PeavroB [24], mog npemesbHO AJMHTEIbHBIM
CONpPOTHBJEHHEM C/IBHI'Y I'NIHHHCTHIX I'DYHTOB CJELyeT NMOHHMATh Kaca-
TeJHHO® HANPKEHHe, NPH KOTOPOM HAcTynaeT MAKCHMAJbHO BO3MOXK-
HOe HapylIeHHe CTPYKTYDH|, OCTaBlleficsi TIpH MeHbIUHX Harpyskax
NpaKTHYECKH HeHapylieHHOH.

4, CHHXeHHe MTHOBEHHOrO COTPOTHBJACHHA TVIHHHCTHIX TI'PYHTOB
CABHIY BCJE/ICTBHE T0JI3yYeCTH KPOME PaspYILEHHsI CTPYKTYPHl 00bsic-
HSIeTCsI TaKiKe H3MEICHHEM CJIOMEHHS MIHHHCTLIX YacTHL — HX ODHEH-
THPOBKO# MapananensHo noBepxHocTH ckoabkenus (M. H. ToapamTeiin,
A. Ckemnron wu _I1. Jlapomeas, C. C. Bsaos, H. K. Ilekapckas u
P. B. Makenwmsk).

OpHeHTanHs YaCcTHH NPHBOJAHT K YBEAHUCHHIO CHJ OTTAJKHBAHHS H
BO3HHKHOBEHHIO OTPHUATEJBHOIO NMOPOBOTO LABJEHHSA, BCJAEICTBHE de-
ro K HHM TPHTATHBAIOTCS MOJEKYJAnl BOJAB W3 OJMHMaHWHX yYacTKOB,
BO3pacTaeT BJaKHOCTh 30HHI CABHra H yMeHbllaercs cucniacHHe, Opu-
eHTalHsT YacTHI[ IPOHCXOAHT TOCTENeHHO — BO BpemenH. [lo3atoMy ¢
yBeJHYCHHEM NJIHTEJbHOCTH JEHCTBHsI HArpy3KH HMeeT MECTO CHHKe-
HHe npouHoctu rpyuta (M. H. Toapawrefin, 1961). Orpuuartenbnoe
IIopoBoe JaBJEHHE YBeJHYHBAeT BUYTPCHHEE TPEHHE, TAK KaK CK/IakH-
Ba@TCH C BHEIIHHM HOPMAJBHEIM HANPSKEHHEM H JaBJCHHEM MAaCChl
rpyHTAa.

B. A. ®aopun, H. JI. Koran u B. A, HoceneBuu [24], HaoGopor,
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CYMTAIOT, UTO NMEPEeOpPHEHTALHS HACTHIL IPYHTA, CBA3aHHAs C paspylle-
HHMEM XDYIKHX CBs3ell, 3aKaHUHBAETCA B TIEPBOA CTalHM AedOpMHPO-
BaHHA — B CTaJHH 3aTyxatoniefl nonsyyectd (cm. puc, 111). B craguu
TEUEHHs] Pa3pYIIeHHe CBs3ell MeXAy YacTHIIAMH MOJHOCTHIO KOMIIEHCH-
pyeTcs BOSHHKHOBEHHEM HOBBIX, I0ITOMY TPETbs CTalHs MOJ3YYECTH C
BO3pacTaIlell CKOPOCThIO HEe JOJIKHA HacTynaTh BooOuie. Tem cambim
OHH [OJHOCTLIO OTPHIAIOT BO3MOXKHOCTb KAKOro-iHOO CHHKEHHS CO-
OPOTHBJEHHS TJHHHCTBIX TDYHTOB CHABHIY. 3aTyXawUIHd XapakTtep
KDHBOH MOJI3y4ecTH B IepBOK CTaaHH JACGOPMHPOBAHHMS CUHTAETCH
CNeNCTBHEM YIPOUYHEHHS IPYHTA H OPHEHTHPOBKH YacTHI ¢ mpeof.a-
JlaHHeM NPoilecca YCTAHOBJEHHs HOBLIX CBf3el MeXay YacCTHIAMH.

SI. J1. Koran u B. A. Hocenesuu (1961 r.) paspymeHHe o6pasuos
npH T<Tfs: OOBSCHAIOT YCJIOBHEM HX HCIBLITaHHS Ha Ipubopax OJHO-
TPEXOCHOTO CXKAaTHsI H OPSIMOro (OAHOIJIOCKOCTHOro) cABHra. B mocien-
HeM cJyyae, MO HX MHEHHIO, YMEHbIUCHHe IJIOLIAJH CPe3a BHIIOJHSIET
Ty e caMylo poJib, KaKylo BHIOJMHAET 06pa3oBaHHe MICHKH NMPH HCIb-
TaHHH MeTaJJIOB Ha pactsikeHHe. [TosToMy aas yKasaHHOH IleJH OHH
PEKOMEHAYIOT HCIOJb30BAaTh NPHOOPHl KOJbieBOro cpe3a. C 3THM MHe-
HHEeM HeJb3sl He COTJIaCHThCH.

5. CHHXXeHHe NMPOYHOCTH BOAOHACHILEHHBIX T[JHHHCTBIX TPYHTOB
B. A. ®nopun [35] o6bscHAeT YCIOBHEM HCIBITAHHA MO 3aKpBHITOH CH-
cTeMe, IpPOSIBJeHHe KOTOPOrO B €CTECTBEHHBIX YCJAOBHAX SIBIAETCS
MasnoBepOosTHBM. OiHaKO ONyGJIHKOBAHO HECKOJBKO paboT, aBTOpHl KO-
TOPHIX CTaBAT IOJ COMHEHHe BJHSHHE NOPOBOIO AaBJeHHs i[24].

Onwirel JI. Breppyma, H. Cumonca u M. Tap6ieba, BHINOJIHCHHBE
B 1958 r. [24], noxasbiBaOT, YTO MPH HCMHTAHHH UHJIHHAPHYECKHX 06-
pasloOB B 3aKPHITOH CHCTeME C HapacTaHHeM BpeMeHH pa3pyleHHs
(ANHTENBHOCTH pa3pyIUeHHs1) NPOYHOCTb TPYHTA YMEHbIIAeTcs, a Ko-
s¢p¢HuIHeHT NOPOBOro AaBJeHHS (B MOMEHT paspyIIeHHs) HECKOJbKO
Bospacraer. OHH cuuTalOT, YTO 3a(DHKCHPOBAHHOE HapacTaHHe KO3(-
¢unHeHTa MOPOBOro AaBJeHHS HEJOCTATOUHO AJsl OObsCHEHHS HaOJIo-
JlaeMOro yMeHbIIEeHHs T; BO BpeMeHH. CHHMKEHHME Tj OHH CUHTAIOT pe-
3yNbTAaTOM CHHYKEHHS HCTHHHOTO CLEIJICHHS HJIH HCTHHHOIO yrja BHYT-
PEHHEro TpeHHs BO BpemeHH. He3aBHCHMOCTB Ty OT AJIHTENBHOCTH
APEHHPOBAHHBIX HCNHTAHHA (OTKpbITasg cHcTeMa) OGBACHSIOT KOMIIEH-
CailMedl yMEHDIICHHs! CHEIJIEHHS H TPeHHs, HapaCTaHHEM BO BpEMEHH
CONPOTHBJIEHHS CABHIY BCJEJACTBHE YMEHBIIEHHS BJIa’KHOCTH B TeYeHHe
OMNHTA.

IMoBbiienHe NPOYHOCTH TVIHHHCTHX TPYHTOB NPH YBeJMYECHHH HOp-
maabHoro fasnenusi H. SI. Jlenncos [10] cBasbiBan ¢ yBeauueHHEM
TJIOTHOCTH H CHEIVICHHSl MeXKJAy 4YacTHUaMH. B cuay Heo6paTHMOCTH
Gonbelt yacTH AedOpMaunHH YNJIOTHEHHS yMeHbUICHHE HOPMAJbHOTO
HANPsKEHHs BCJEACTBHe NeHCTBHS MOPOBOro AaBJIeHHS He CKa3blBa-
€TCHl Ha HavaJbHHX NPOYHOCTHHX cBolicTBax rpynros [10].

BosnukHOBeHHe H3GLITOUHOrO AaBJEHHS] B NMOPOBOH BOJe ROMOHA-
CHIIEHHOTO TJIMHHCTOrO TpyHTa OOYyCJOBJEHO KaK €ro ymJOTHEHHEM
HOJ eHCTBHEM YIJIOTHSONIEH HArPY3KH, TaK M M3MEHEHHEM peXuMa
TPYHTOBHX BOJ NO NMPHYHHAM, He 3aBHCSUIMM OT BHEIUHEH HArpysKH.

B nepeom cayuae nposiBiense H3OHTOYHOrO JAaBJeHH B NOPOBOH
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BOfe CBSI3AHO C YACTHUHBIM HJIH MOJHBIM BOCHPHATHEM NOPOBOE BoAGH
BHeUIHeH Harpysku. Ecsum 3a HadajJbHOe COCTOSIHHE TPYHTA HDHHAT
MOMEHT NPHJOKEHHH H30BITOYHOH yNJOTHsIIOUICH HArpPYy3KH Aoz, 1O
BeJIHIHHA H3OBITOYHOrO HMOPOBOTC HaBJeHHS, OYyIET ofycJoBJIEHA €€
snaueHneM. CiefoBaTenbHo, Kak cnpaseganso ormegaior 5. JI. Kora#
[24] u M. E. Xapp [36], u3GnlTounOe aaBJcHHe B MOPOBOH BOJE HE
npHBEAET K yBeJHUEHHIO (DH3HKO-XHMHUECKOrO B3aHMOJAEHCTBHA MEXIY
YaCTHI[AMH TPYHTa B YCJOBHSIX 3aKPHITOH CHCTEMbBI, TOCKOJIbLKY He
6yleT M3MeHEHO HadaJbHOe 3(ppekTHBHOe AamieHHe. [loatomy H3GHI-
TOUHOE JaBJcHHe B HOPOBOH BOAE He MOXET CHH3HTb HaUaJ/JbHOE COTPO-
THBJIEHHE TPYHTa CABHTY, KOTOpOE BCELEO 3aBUCHT OT €ro MIOTHOCTH
B MOMEHT NPHJIOKEeHHS H3OBITOUHOTO AaBJeHH.

Ecnu naxe mpencTaBuTh, 4TO BHEUIHSiA Harpy3Ka MOJHOCTBIO nepe-
aaeTcsi Ha moposylo Boay (Aup=~A0:), TO B 3TOM cjy4Yae HauyajJbHasx
NPOYHOCTh TPYHTA HE M3MEHHTCH, OHA OCTAHETCSl TAaKOH, Kakoi OHa
J0 MPHIOKeHHs H3OBITOYHOro [aBjaeHHA Ao, CJaeloBaTe/bHO, NPH
HCIILITAHHM IOJHOCTbIO BOJOHACHIIEHHBIX Hec’)KHMaeMOH NMOpPOBOR BO-
nofl 06pasilop Ha TPEXOCHOe CXKATHE MO 3aKPHITOM CHCTeMe (IPH He-
Me/JICHHO M MoJHOH mepejave BHemHell Harpy3kH Ha TNOPOBYIO BOAY)
onpeaensieTcsi MPOYHOCTb, COOTBETCTBYIOILASt COCTOSIHHIO TPyHTa MO
NIpHJIOKEHHsT u30bTouHOIO JaBaenusi. [Tostomy, mo [I. Teitnopy, us-
MEHSIEMOCTb TIPOYHOCTH I'PYHTA OT AJHTEJbHOCTH NMPHJIOMKEHHS Pa3HO-
CTH TPYHTa, a MO Mepe TepenayH 4acTH BHeliHel HATPY3KH HA [IOPOBYIO
HHIO NepBOHAYAJbHON NPOYHOCTH IPYHTA, a KPHBAS AJHMTEJNbHOH NpoY-
HOCTH PACHOJOXKHTCS HHMKe KpHBOH, ONpeae/leHHOH HCIBITaHHEM
06pasiloB Mo OTKPBITOH cHCTeMe,

B cayvae cxHMacMOCTH mopoBOH BoAH BHauaslc OyAyT HMeTH Me-
CTO HEKOTOpoe YNJOTHeHHe H Bo3pacTaHHe MepBOHAYaJbHOH APOYHO-
CTH TPYHTA, 2 IO Mepe nepejaul YacTH BHeIlHeHd HATPY3KH Ha HOPOBYIO
BOJY — CHH}KEHHEe NPOYHOCTH BO BpeMeHH 0 cTabHAH3AlHH u3bHTOU-
HEIX HaropoB B NopoBoii Boge. OueBHIHO, 4TO BBHAY YaCTHYHOH Heo6-
paTHMOCTH JNed)OpMAalHH YIJIOTHEHHS MHHHMAJNbHOE 3HaUCHHE NPOYHO-
cTH OyJeT BHIIe, YeM HavajbHas NPOYHOCTb, KOTOPOH o6mafan rpydT
A0 TNpHAOXKEeHHs H30BITOUHOrO YIJIOTHAIOMero aaBiaeHHA. [Tockoasky
NMOBLILIEHHe [aBJeHHS B MOPOBOH BojC ABjsieTcd AJHTEJNbHHM IpOIec-
COM TO, IO Bcell BEpPOSITHOCTH, ITHM MOXHO OOGBSICHHTbL HabJI0JaeMule

B J1abOpaTOPHBIX yCJOBHAIX H B HaType CJayuad Pa3pyuleHHA TPYHTOB
IO HCTEYEHHH OIpEeACJeHHOTO BPEMEHH mocje ux HarpysxenHsa. Ouye-
BH/IHO, DA3pYyLICHHe [PYHTa NPOH3OHAET B MOMeHT COBINaleHHA ocCTa-
TOYHOTO CONPOTHBJICHHS] I'PYHTA CABHIY C MHKOBBIM 3HAUCHHEM H3OLI-
TOYHOTO JaBJCHHA B MOPOBOH BOAE,

Bo3smoxHOCT pacceHBaHHA BO BPEMEHH H3GHTOYHOTrO [JaBJEHHs B
NopOBOH BOAE NPHBEAET K NMOCTENEHHOMY INOBHIIEHHIO 3((eKTHBHOIO
NaBJeHHS — K YIJIOTHEHHIO, NOBBIMICHHIO HayajpHOH NPOYHOCTH TPYH-
Ta B pPe3yabTaTe KOJJIOHIHO-XHMHYECKOTO B3aHMOACHCTBHA MEXKILY

vyacTHaMH [10] H yBejaHYeHHIO cyMMapHOil IIOMWAAH KOHTAKTOB B 30-
He pedopmaunn [24]. B stom cayuae, kKaK GHJIO CKa3aHO B Hauaje
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raaset (cMm. § 1), nproBperact oueHb BaxKHOE 3HadeHHe MacllTaCHBIA
$axkTop, KOTOpHHd H 0OYyCNOB/JAHBAET XapaKiep KPHBOH JJIHTENbHOTO
COTIPOTHUBJIEHUSI TPYHTOB CABHTY.

§ 3. BIHAHUE OJQUTENBHOCTH CPE3A HA CONPOTUBJIEHHUE
FTHHUCTBIX TPYHTOB COBHTY

JlanTesibHOe CONPOTHRJICHHEe TVIHHHCTHIX IPYHTOB CABHIY ONpelels-
10T HCOBITaHHeM cepHH 00pa3nos-GJH3HELOB Ha MOJ3YyyeCTh NMPH pas-
HBHIX YPOBHfIX IOCTOSIHHOTO KacaTeJbHOro HanpskeHus t<lt7. s
YCTAHOBJIEHHs] XapaKTepa H3MeHAeMOCTH T; B 3aBHCHMOCTH OT [JiM-
TeJbHOCTH AeHCTBHS T=const, nojydeHure u3 ONHTOB AaHHble COLO-
CTaBJSAIOT C HAUAJbHHIM (KPATKOBPEMEHHBHIM) CONPOTHB/ICHHEM CABHTY
rpyHTa, KOTOpOE B Pa3HbIX ;a6opaTOpHAX OIPEJesioT PasJHYHBIME
MeTOJaMH, OTJAHYAIOIMHMUCH APYr OT Apyra AJHTEAbHOCTbIO HCIBITA-
Hus (cpesa) o6pasuoB. Bo m3berkaHHe MyTaHHUB @pPH OLEHKe JJIH-
TEJbHOTO CONPOTHBJEHHSI CABHTY H JJs HOJYYeHHsi BO3MOMKHOCTH CO-
TIOCTABJEHHST NAHHBIX, MMOJIYICHHBIX Pa3JMYHBIMH MeTOAZAMH, HeoOXOMH-
MO 3HaTh BJHSIHHE JJIHTEJBHOCTH HCIBITaHWS Ha NPOYHOCTHBIE CBO#-
CTBAa IVIHHHCTHIX TPYHTOB. JTO TO3BOJHT OJHOBPEMEHHO TOJNYYIHTD KPH-
BYIO JIJIMTEJbHOrO COTPOTHBJIEHHS CHABHLY H OLEHHTb 3aBHCHMOCTb
T; OT BpeMeHH JeficTBHS KacaTeNbHOro HanpsiXeHus MeTOJNOM HCIH-
TaHHSA 00pa3lloB-0MH3HEIOB NpH PAa3MHYHBIX CKOPOCTAX HArpyXeHHS.

Hmxe npuBeneHsl pe3ynbTaThl HCCNEJOBAHHI aBTOpa KHHTH, MPO-
BeJleHHbIX Ha mpubopax omHomIockocTHoro copeza I'TII-30 m na mpu-
6opax cpesa KosblleBhX ofGpasuos HUC Tmapompoekra (cm. roi. 8).
Ha xaxpoM u3 yKasaHHBIX NPHOGOPOB TPYHTH HCOLHITAHH JABYMS Ce-
PHAMH, TIPH TATH HIH UIECTH pPEXHMaX HarpyXeHHsd H JByX-TpexX 3Ha-
YeHHAX BHICOTH 0Gpasna. HToObl HCKIIOYHTD BJIHSHHe AOTOJNHHTEJIbHO-
ro yiUIOTHEHHSI B IIpolecce cpe3a, OMBITH IIPOBeAeHbl KOHCOJHIHPO-
BaHHO-JIPEHHPOBAHHEIM H KOHCOJIKJIHPOBAHHO-HELNEHH POBAHHBIM
(yckopenneiM) Mertodamu (cm. i 9, § 2 u 4).

B cnyuae yckopeHHOro MeTOna HCHBITaHHS 06pa3lioB NPaKTHYECKH
HCKJIOYeHd BO3MOXKKHOCTb OTTOKA MOPOBOH BOALI H PacCEeHBAHHS H30H-
TOYHOTO jaBJjIeHHs, BO3HHKaloumlero B Hefl mpu chasure. [Joatomy
NojlyYeHHHe H3 OMNblTa AaHHBe OyAyT XapaKTepH3OBATh CONMPOTHBIIE-
Hue TPYHTa CABHMIY, COOTBETCTBYIOLIEE ero COCTOSIHHIO MOCJie 3aBep-
lfleHHs1 NpeJBaPHTEIbHOIO YIJIOTHeHHs. DTOro Henb3ss C€KasaTh OTHO-
CHTEJIbHO JAaHHBIX, MOJYYEHHBX HCNEITAHHEM O0Pas3lOB KOHCOJHIHPO-
BaHHO-JPEHHPOBAHHEIM METOOM, ©CAH B Ipoliecce CABHIra HMeeT
MeCTO HX YIJIOTHEHHe HJH PasyilJIOTHEHHe,

1. B Ta6a. 41 mpuBeneHsl pesyabraTol [24] omnpeneneHdst conpo-
THBJIEHHSI CABHTY TpeX pPAasJHUHBIX IJIHCTHLIX TPYHTOB (cM. Ta6a. H)
HAPYUIEHHOro CJOXKEHHS NMpPH Pas3IuYHON AJTHTCIbHOCTH HCTBITaHuS 06-
Pas3noB-61H3HEIOB,

OmnpiTel mpoBefieHE Ha NMPuGOPAX OAHOIVIOCKOCTHOrO cpe3a Iocie
HPEeABAPHTENbHOTO YIJIOTHeHHs1 00pasunoB-OJiH3HeIloB B BHJEe NacTH
TeKyued KOHCHCTeHIHH B TeueHHe 20-—24 ameit, OGpasub CyraHHKA
(2—57) u ramub (4—57) HopManbHO YIJIOTHEHH NOJ JAeHCTBHEM
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0:=0,1 MIla, a wacoppsipcKol IMIHHB BHAYAaJe YIJIOTHEHH 1OZ 7aB-
neuwem 0,2 MITa, a satem pasrpyxenn A0 0,1 MIla n wcnbitaum
Ha cpe3. YNJIOTHAOWAS Harpy3ka IpuJoXeHa CTyneHsvd no 0,0125
MIla yepes Kamawle AROe cyToK. IlpujoxkeHa CTyNeHSIMH H CABHTra-
I0Iias HArpyska, BeJHUHHA KOTOPOH TpH HCMpITAHHH CyriAuHKa H IMx-
HH ObJia pasHa At=0,005 MIla, a wuacoBbspcKOi IMHHE At=
=0,0025 MIla. HuarepBaasl NPHAOKeHHs cTynmeHell KacaTeJdbHOro Ha-
NPSKeHHsI H3MEHSIMCh B Hpeaedax or 5 ¢ a0 1 4 (cm, Tabm. 41).

Ta6anuua 41

PeayanTaThl HCNbLITAKUMA HA cpe3 o0pasuor rpynrom
NpPH pa3aHYHBIX DPEXHMAX HArpyHKeHus

PexXHM HaTpPYheHHA PexxuM HarpyKeeus
Hutepraa mnpuno-
KEHHA Kacarenb- JLNUTeNbHOCTD CoNnpoTHBICHKE JUTeNbHOCTD ConporHBlieHue
HBIX HaOpsiKeHui onbiITa, MHH | LABHTY T g, Mlla OMNbITa, MHY CABHTY T g MFla
Cyranunok 2—57, h=35 mM, [Uacosbapckas FJAMHa,
Ar=0,006 MIIa h=35 mM, A1=0,0025 Mlla
5¢ 1,55 0,0925 1,0 0,0325
30 ¢ 9,0 0,0925 55 0,0287
1 mun 17,5 0,090 10,2 0,0262
30 muH 482 0,0825 310 0,0275
1 u 930 0,080 670 0,0287
IIo TOCTy 172 0,0825 146 0,0262
h=15 MM, At=0,005 MIla h=15 mm, At=0,0025 Mlla
5¢ 1,55 0,0925 1,0 0,0312
30 ¢ 9,0 0,095 6,0 0,0312
1 MHH 17,05 0,0875 L1,5 0,030
30 muu 453 0,080 310 0,0275
1 u 907 0,080 601 0,0275
ITo T'OCTy 160 0,080 88 0,0275
Tnuna4—57, h=15 uM, At=
=0,005 MIla
5¢ 0,9 0,055
30 ¢ 5 0,050
1 mun 10 0,050
30 mun 340 0,060
ly 661 0,060
Tlo TOCTy 128 | 0060

O6pa3ubl-OsH3Hellsl HCTIHITAHBI Ha CABHT M N0 CTAHAAPTHOH MeTH-
auKe zaTyxawowux aedopmaunit HUMOCIIa (I'OCT 12248—78). B
9THX OTIbITaX 32 YCJAOBHYIO cTaOHiAM3anuio AedopMallud CABHra TpH-
HATa CKopocTh, pasHas 0,01 mm 3a 2 Mus (0,005 Mum/muH).

OKcllepHMeHTaMH yCTaHOBJeHO (cM. Taba. 41):

a) CONPOTHBJACHHe TIJHHHCTHIX T[PYHTOR CIABHTY 3aBHCHT OT JJH-
TEeNBHOCTH cpe3a; 0) BJAUAHHE IJHTEJbHOCTH Cpe3a Ha CONPOTHBIE-
HHEe CIBHTY OTpPaHMUHBAETCS CPAaBHHTEJbHO HEOOJbIIMM HHTEPBANOM
BpemeHH. .CONPOTHBCHHST TPYHTOB CABHIY, ollpejeleHHple NMPH NMPHJIO-
KEHHH CTyneHell KacaTeJbHOTO HaNpsKeHHsA C HHTepBajdamu 30 H
60 MMHH H MO MeTOAy CTAHAAPTHOTO Cpe3a, TIPAKTHUECKH DPABHBI,
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HECMOTPsi Ha GOJBIIYIO PadHHIY MeKAy AJIHTeJbHOCTAMH HX cpesa.
Ipun yBeJqHueHHH MJHTeJbHOCTH cpe3a o0pasnos Gosdee 4Yem B 600
pas HauGoJbllee yMeHbIIEHHe T; [0 CPABHCHHI0O C «MTHOBEHHBIM»
CONPOTHRJEHHEM CABHIY cOCTaBAsieT OpuMmepHo 15%.

2. PaccMoTpeHHBle BhIIe TPYHTHI HCIBITAHBL Ha KOJbLEBOH Cpes
HAOCJAe TNpeJBapHTeILHOIC VILIOTHEHHs Hoja gefictBHeM o0,=0,2 MIla
B teueHne 20—30 nxefi. CKopOCTH INIDHJIOXKEHHS CTyleHel KacaTeJb-
HOTO HaIpsKCHHs NpexHHe. B Tpouecce cABHra 3apHKCHPOBAHO
yMenbilleHHe o0beMa obGpasuos mo 1,5%.

PesynbraTel HOmbITaHEs o6pasnos IpyHTa 2—57 NOKa3aHe Ha
puc. 136, a aAByXx Jpyrux rpyHToB NpHBEAEHH B Tabua. 42.

TAMNG My, HoCM
48,7030 ¢ 251 6,79

409201209 608

goszelmrspf
Tst

i 1 i i 1 Loy bl L
G078 755%8”0 80 760 24§ JFIg 400 480 7800 tmun

Puc. 136. KpuBasg AJMTENbHOTO CONDOTHBNEHHS CYIVIMHKa 2—57 CABUry, ompejeneH-
Has MCOBITaHHEM O00pasioB ma IPHGOpaX KOJBUEBOrO Cpe3a IpHU pas/HIHEIX CKOPOCTAX
cpesa (0,=0,2 MIla)

Ta6bauua 42

Pe3ynbTaThl HCIBITAHHSE HA KOJbUEBOH CPe3 06PasuoB IPYHTOB NPH Pa3JHYHBIX
pemUMaX HArpyXeHus

Hnrepran PexHM parpyXeHus Hnrtepsan PeXHM HarpyxeHus
NPUAOXKEHHA ConpoTHBIe- APHJIOXEHUA ConpoTHBJie-
KDPYTAIMUX MO- JnarenabHocTs | ghe CABHTY KPYTHAIIHX MO-{JIJHTeAbHOCTE HHe CABHTY

MEHTOB OnbiTa, MHH Ty MIla MEeHTOB onmra, MHE T MIla
Inuna 4--57, h=24 mm, AMior= Yacosbsipckas rauHa 6—57, h=
=18 H-m =24 MM, AM(o»=09 H'm
5c 15 0,103 5¢ 1,0 0,037

1 Mun 11,6 0,082 1 muH 106 0,034
1y 600 0,077 1y 630 0,034
12 4 7980 0,078 12 4 7920, 0,035
ITo TOCTy 180 0,077 ITo TOCTy 178 0,037

OnuTH [M0Ka3aldH, YTO MTHOBEHHOe CONPOTHBIEHHE CABHTY CyI-
JrHKa (rpyHT 2—57) W ramusl (rpyHT 4—57) yMeHblUaeTcs BO Bpe-
MeHd coorseTcTBeHHo Ha 20 u 30%, a t; 4YacOBRBAPCKOH TIJIHHBI
TpPaKTHYECKH Ha 3aBHCHT OT JAJIHTEJBHOCTH HCHHITaHHs. B o6omx
PACCMOTPEHHBIX BHIIe BapUAHTaX HCIBITAHHSA TPYHTOB YCTAHOBJEHO,
4YTO YBEJIHYEHHE MJIHTeNBHOCTH HONHTaHMs BHauale [PHBOAMT K
CHHXEHHIO Tf, a B JalbHefllleM OHO JH60 NPAKTHUECKH He CKa3blBa-
€TCl HA BeJMYHHE T; JHGO NPHBOAHT K HEKOTOPOMY YIIPOUHEHHIO
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rpyHta. 3Jecb, KaK K B NEPBOM BapHaHTe HCINTAHHS, H3MEHEHHE
JUIMTeNbHOCTH cpe3a ot 180 MuH 10 7920 MHH He OKa3ano 3aMmeT-
HOrO BAHSIHHS Ha BeJHYMHY CONPOTHBJEGHHS TPYHTOB CABHIY.

[lpuBefenHble Bbllle PE3yTbTaTHl NO3BOJHIH aBTOpy KHHTH B
1961 r. BlepBble BHLICKAa3aTh HEKOTOpHe IMPEABAPHTENbHBIE coobpa-
JKeHHS O NpPHPOfle M3MEHAEMOCTH Tf B 3aBHCHMOCTH OT AJMHTEJbHOCTH
cpesa H 0 HpeAlosaraeMofl BeIHYHHe OpefenpHo AAHTEJbHO-
ro CONPOTHBJEHHS TJIHHHCTHX FPYHTOB CABHIY, NOJyYHBIIHE
B paJbHefilileM noJMHOe 3KcHepHMeHTalbHoe NoxTBepXAeHHe [24].

HsmensemMOCTsr Bo BPEMeHH COTPOTHBJIEHHS IIHHHCTHIX TPYHTOB
CABHrYy, 06fajal0MHX NPEHMYLIeCTBEHHO CBA3AMY BOAHO-KOJJIOHAAMb-
HOTO XapaKTepa, NpH HeGOJBIUHX AMHTENbHOCTAX HCHBITaHHA (NPH
OTCYTCTBHH VINIOTHGHHS H THKCOTPONHOTO YINPOYHEHHSI) XapaKTepH-
3yeTcss HEKOTOPBIM yMeHbIIeHHEeM Ty, BCJAENCTBHE CHHIKEHHS BS3KOTO
CONPOTHBJCHHS H HapyuleHus cTpyKTypH. IIpu Gonee mjauTeNbHBIX
HCOBITAHHAX, KOTJa Ha IIPOYHOCTHHX CBOMCTBaX TIpyHTa CKa3blBa-
ercsl BAHSHHe CTPYKTYPHOrO YIPOYHEHHst 3a CYeT MNepeopHeHTAUHH
YaCTHI, M Jpyrdx (u3HKo-XHMHUYECKHX Tpoueccos, HalamwoAaoTcs
cTaGHIM3aLHsA MPOYHOCTHHIX CBOHCTB HJIH K€ HX BO3paCTaHHe (BOIpO-
Chl YUpPOYHEHHS TJIHHACTHIX TPYHTOB B I[poOliecCe ION3yYeCTH pac-
CMOTpeHH B clepyiomieM Naparpade). Ilpy 3ToM MHHHMMAalbHOe 3Ha-
YeHHe CONPOTHBJIEHHS IVIHHHCTBIX TPYHTOB CHBHTY JIOCTHraeTcd He
fIpu f=o00, a UpH NJIHTETbHOCTH HCIHTaHHS, GJIH3KOH 10 IIPOAOJIKH-
TEJBHOCTH K HCHOBITAHHIO 10 CTaHAapTHOH MeETOJHKe —— MeToJHKe
saryxamolux nedopMmaunii cnsura [24]. OueBHaHO, UYTO Xapakrep
H3MeHSIeMOCTH Ty BO 'BPeMEHH 3aBHCHT OT CBOHCTB IPyHTa, a HaH-
MeHblllee ero 3HauyeHHe OOYCJOBJEHO CYMMapHBHIM 3HAUYeHHEM CHJI
BHYTpeHHer0 TpeHHs H CTPYKTYDHOPO CHEIUIeHHss B MOMEHT paspylle-
HHs (cpe3a).

IIpuBeieHHble Bblule PacCyXJAeHHS, a TaKXKe DE3YJbTaThl IKCIEpH-
MEHTOB WO3BOJHIH 3akMiounTs [24], 4To craHAapTHoe CONpPOTHBJAeE-
HUEe OABHTY HCCJeJOBAHHHIX [PYHTOB, OllpefleleHHoe MeTOJAOM  3a-
TyXalIuX JehopMauufl cIBHra, NPHMEpPHO PABHO IpelelbHO JJH-
TeJbHOMY CONPOTHBJIEHHIO CABHTA Tf,5¢ 22T co.

Hedopmanus casura colpoBOXKJAaeTcss H3MEHEHHSIMH B CTPYKTY-
pe TPyHTa — H3MEHEHHEM IPOYHOCTH CTPYKTYPHBIX cBszeir. [losToMy
CKOPOCTb HAKOIIEHHS Ne(QOPMAalHH H CHHUXKEHHE Ty, IPYHTA 3aBHCHT
OT NPOYHOCTH H CKOPOCTH paspylleHHs CTapblX, a TakKxke BO3HHKHO-
BEHHs1 HOBBIX CTPYKTYDHBIX CBSi3efl MeXIy uvacTHuaMH. Uem MeHb-
e CTPYKTYpHass INpPOYHOCTh TIpyHTa, TeM MeHplle H BO3MOXKHOE
yMEHbIUEHHE T7, BCJEACTBHE pa3pyUIEHHsT CTPYKTYpsl H HaoGOpOT.
IIpr 3ToM paspymenHe >KecTKMX CTPYKTYDHEIX CBf3el (CTpyKTypa
ClemsieHHs) uMeeT HeoODaTHMELR xapakTep.

HeficTBHTeNbHO, eCH B NpHBEACHHBIX Bbillle [pHMEDAX JJIHTENb-
HOCTb Cpe3a o6pa3suos TPAKTHYECKH He cKashiBaeTcs HA BeJHYHHE
HadaJIbHOTO («MrHOBEHHOr0») CONPOTHBJEHHS CHBHLY 4YaCOBbApC-
KOH r/HHBL, oG/Najamollell BBICOKOR NOPAGTOCTBIO, BAAXKHOCTBIO H
HeGOJbIUION CTPYKTYDHOR NMPOYHOCTBIO, TO CHHJKeHHE T, CyIJHHKa

325



(rpyutr 2—57) w ramHbl (tpynr 4—57) npm o0.=0,1 MIla cocras-
ager 15%, a npu 0.=0,2 MIla ono moxommr no 30%, IpH HCHbITa-
HHH MEOTHUeCKOH TIVIHHBl TNpPHPOJHOrO CJIOXKEHHS TBEpAOH M TOJY-
TBEpAOH KOHCHCTeHUHMH, Io AaHHbIM B. B. )Kmxosmy [24], oHO ymxe
coctasiasger 409%.

Crabuinusallus CONPOTHBJEHHS CABHTY TIPYHT2 IpH AJUTEJbHOCTH
ONbiTA, PABHOW BpeMeHH, HeoOXONHMOMY JJs HCNBITaHHA OOPa3LOB
[0 CTAHAAPTHOM METORHKE, CBHIETEJbCTBYeT O BO3MOMKHO IIOJHOM
paspymieHHH CTPYKTYpel TpPyHTa, HO60 JdaibHefimiee yBesmdyeHHe INPo-
JONXKHTEJBHOCTH HCIBITAHHS He NPHBOAMT K CHHXKeHHIO e€ro Tpod-
HocTHBIX ©Boficte [35]. MHaue roBopsi, BO3MOXKHO NOJHOe paspyuie-
HHe CTPYKTYpHl IpaKTHYeCKH 3aBepIiaeTcss B IIpefejaX BDEMEHH,
HeoOXOAHMOro JAJisi HCOBITAHHA TPYHTa NO MeToly 3aTyXamllux He-
bopmanni [24].

B ynowsanyroii Belte pabore JI. DBereppyma, H. CumoHnca =n
H. Tapbneba AJHTeNbHOCTh HCILITAHHA IHIHHADHYECKHX OOPasIoB
raunpl U3 QPopenbio (6aus r. Ocao) Ha TpexocHoe cxKaTHe (BJIaXK-
Hoctp 35,2—565,2%, npenest rekyuectn 36,4—59,4%, npegen naactuy-
HoctH 18,8—32,0) kouseGaercs or 10 mmu go 500 u. Ilepen ucmbl-
TaHHeM 00pasupl NOABEPraJuCh BCECTOPOHHeMYy VILIOTHeHHIO Iamje-
auamu 0,1; 0,2 n 0,4 MIla B TedeHwe Tpex JHell. ¥YcCTaHOBJeEHO,
YTO YBeJHUYEHHe [JHTEJIBHOCTH HCIBITAHHA N0 3aKphITOH  CACTeMe
NPHBOAHT K CHHXKEHHIO NPOYHOCTH rpynra o 90%  (puc. 137,a),
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Puc. 137. KpuBhle purenbHON NPOUHOCTH HOPMAIBLHO YIUIOTHEHHOH MODCKOH IJIHHBI
u3 r. PopHeOo, onpezeneHHble HCOBHITaMHEM O6pasnoB HA TPEXOCHOE C:KaTHe MO 3a-
KPHTOH (@) u OTKpHTOH (6) CcHCTeMaM NPH DAa3MHYMBIX CKOPOCTAX DA3NABIHBAHHA
o6pasnog:
1 —Ao=0,05, 2—Ao=0,1;: 3— A0=0,2; 4—Ac=0,4 MIa

KOTOpOe INPaKTHYeCKH 3aBepuwaercsl B Npeflenax f{=2—5 u (3awuc-
KJoyeHHeM o0pasunoB, yNIOTHEHHLIX Nox JaBiendHeM 0,2 MIla). Ilpu
HCOBITAHHH OGPA3NoB MO OTKPHITON CHCTeMe BJAHSHHe AJTHTEJNLHOCTH
HCIBITAHHA Ha ITPOYHOCTHBIE CBOHCTBA rPyHTa He OblIo oOHapyKeHO
(puc. 137, 6).
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Mpusenennste B ctarbe M. H. Tonpawmreiina u C. C. BaGuuken
pe3yAbTATRl ONBITOB, MoJdyueHHHEe B 1959 I. MpH OAHOOCHOM  CxKaTuy
IHJAHHAPHYECKHX 00pPa3lLos HAPYIIEHHOro CJIOMKEHHs, [MOKa3aJH CHu-
JKeHHe TPOYHOCTH TMMIHH oT 17 go 34% mnpu yBesMYeHHH HHTePBasa
IPHJIOKEHHs CTyneHeH Harpysku oT 5 ¢ Ao 24 4. B stofi cTarsne
HeT faHHKIX 32aBHCHMOCTH T; OT JAJHTeNbHOCTH HCHBITAHHS, OJHAKO
cyis mo pe3yAbTaTaM APYrHx NOAOOHBIX ONBITOB (CcM. HHXKe), cie-
AyeT HoJarath, YT0 YKa3aHHOe BbilIe CHMIKCHHe NMPOYHOCTH TMPAKTH-
YeCKM 3aKAHUMBAETCS] B TeueHHe ABYX-ISITH yacoB.

Pesynprarsl onbitos §1. JI. Korana u A. W. Uyxposo#l, mosayues-
Hble Ha cpe3Hbx npubopax HHHWMHMHCa npu aauTesqbHOCTH HCHbBITA-
Husg t=1; 7; 60; 300 u 5000 mun H onyGaumkoBaHHBle B 1959 r.,
TOJIHOCTRIO COTJIACYIOTCS ¢ HAINHMM pe3yabTaTaMH. 3a(HKCHpoBaH-
HOe B ONbITaX yNPOUHEHHe HOPMAJILHO YIJIOTHeHHBIX [PYHTOB HApPY-
UIEHHOTO  CJIOKEHHSt [OcJe HEKOTOPOro CHHiKeHHA 1Tj,(fex] MuH)
06bsicHAETCs YIIOTHeHHem Hx B mnporecce capura. Henbiranua 06-
pPAa3IOB MPHPOLHOIO CJOMEHHS NOKA3aJH Kak cHuxende (mo 15%),
TaK H yBequdeHue- (no 27%) v;; TpPH yBeJTHUEHHH JJHTEJBHOCTH
cpesa ot 300 go 5000 MHum.

B apyro#t pa6ore M. H. Toabpuiteiina u C. C. BaGuuko#, ony6-
AukoBaHHofi B 1964 r. [24], Takke oCHapy:KeHO CHHXKeHHe Typ IpPH
CHHXXEHHH CKOPOCTH KoJbleBoro cpesa B 1000 pas B cayuae Hcou-
TaHHA o0pasloB B TeueHue 5—6 cyT.

Hakonen, mo gaumaniM A. B. Ckemnrtona u II. Jlapowear [24],
TONYYeHHBIM TPH HEJPEHHPOBAHHBIX TPEXOCHBIX HCNBITaHMAX OOpas-
OB NepeyMJIOTHEHHOH KOpHUYHeBOH JOHAOHCKOH TJHHBL, [pH YyBeJH-
YeHHH JAJHTENbHOCTH McnbiTaHud OT 15 MHH no 8 nHeli MpoYHOCTB
cuuxkaercs Ha 20%. IlpHueM, KaK H B ONHCAHHLIX BHIUIe ONHTAX,
CHHXKeHHe HAYaJbHOH HIPOYHOCTH HAOMIONAETCs B TEuEeHHE HECKOJb-
KHX 1YacCOB.

Bo Bcex pacCMOTpeHHEX BhHIe pPaGoTaX TPYHTH He HCMBITAHEI
no MeTony 3aTtyXalolmHX aedopMauHil H, cleloBaTel]bHO, IMOJyYeH-
HEle pe3yJbTaThl He CONOCTaBJeHpl CO  CTaHNApTHBIM  COMpOTHBJE-
HHEM CABHTY Tf st.

PesynbTaThl H3/10XKEHHBIX BHUle HCCASAOBAHHHA MOJHOCTBIO TOA-
TBePXKJAIOT BBLIBOJ aBTOpa KHHTH O IPHOJHXEHHOM paBEeHCTBE
T4,5t22T#,00, KOTOPBI B CBoe BpeMs Obl1 NOAKPEIVIEH 3KCIHEPHMEH-
TAMH TION3YyuecTH rpyHTa npu t=0,86—0,9 175 B TeueHne 5—6 wmec,
MOKa3aBUIHMH He paspylleHHe, a YNpOYHeHHe oOpasloB Iocjae JJIH-
TeJIbHOTO CABHra. OTOT BRIBOJ, ObLI TMOATBEpPXKAEH He TOJIbKO APYTHMH
pabGoramu aBropa KHHry [24], mo ® paGoramm B. B. JKuxosuy,
P. 9. Jamko u ap., [24]. Auanoruunble pe3yJabTaTsl OBUTH NMOJYYeHB!
takxke C. C. Banosmim w H. K. Ilekapckoii mpH KOJAbIEBOM cpese
Iopcko¥t rTHHHE GaT-6ofiocckoro ropuzonra, C. C. Banoseim, H. K. Ile-
kapckod u P. B. Maxkcumsak mpr HcnblTanuH o0pasuos Kao/lHHa B
YCHIOBHSAX KPYUYeHHs] PA3JIMUHBIMH CKOPOCTSIMH; MX PaGOTHl OMYyO.JIHKO-
BaHbI COOTBETCTBEHHO B [965 u 1968 rr. [24].

CxaszaHHOe BHIIE TOJHOCTBIO COrJACyeTcsi TakKe C Pe3yabTaTaMH
ony6aHKoBaHHEX B 1964 r, paGor A. Ckemnrona, M. H. Tonpamreiina
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# C. C. Babuukoi [24], NMOCBAIIEHHBIX HCCAEJOBAHHIO H3MEHAEMOCTH
7 TpH HCTBITAHHH TPYHTOB B PEkKHME KOHTPONS HANPSKEHHAMH (CM.
puc. 103). OnbTaMH yCTAHOBJEHO, YTO €CJH Tf, KaK OOHYHO, 3aBHCHT
OT JJHTENBHOCTH HCIBITAHHS (CKOPOCTH cpes3a), TO T, — cTabH.IU3H-
pOBaHHOe (OCTATOYHOE) CONPOTHBJEHHE CJABHTY HE 3aBHCHT OT 3TOTO
¢akTopa M PaBHO TPENeNbHO JIHTEABHOH MPOYHOCTH IPYHTA, MONYYEH-
HOH 1O MeToAy KoHTpouas aebopmaunuH moasydectd (cm. § 4). Ecuu
COTIOCTABUTh Tfst (OTpeleleHHoe MO MeToAHKe 3aTyXalolHX JedopMa-
UM B peXXHMe KOHTpoas AehopManHaMHu) ¢ 1, (OmpeaensieMblM HCIIH-
TaHHeM O0paslOB B PeXXHMe KOHTPOJSA HANPSAKEHHAMH), TO MH YBe-
peHbl B TOM, UTO OHH OKaXKyTCHA paBHBIMH. Takoe comocraBiieHHe HeoG6-
XOJHMO CeJATh.

B szakaioyenne ormernM, uto M. H, TCoapamreitn, C. C. Bsio
[4] u npyrHe HccienoBaTeNH, KOTOpble B PEOJIOrHIO OOLIKHOBEHHBIX
[JIHHHCTHIX TPYHTOB NepeHecJH HeKOTOpHe TepMHHH IPOYHOCTH H3
06J1acTH Mep3JIHX TPYHTOB, TOJA TEPMHHOM <«CTaHAAPTHASA MPOYHOCTb»
(conpOTHBJIEHHe CABHry) INOHHMAlOT «MI'HOBEHHYIO IIPOYHOCTb», OIIpe-
JleJIeMylo HemHTanHeM o0pasuoB B TeueHue | muu. [lo BBedeHHs 3To-
ro Meroga B J1a00paTOPHYIO MPAKTHKY B MEXaHHKe IPYHTOB CONPOTHB-
JIeHHe C/IBHTY ONpefelsiaH no oOLIeNpHHATOR TOTfa MeTOAHKe 3aTyXa-
Iomux gedhopmaiuit, KOTOpy aBTOp Ha3BaJ CTaHAapTHOH.

Eciu pJis MepsiibiX IPYHTOB, KOTOpHIE CJYXAT MaTepPHANOM [IJid
BO3BEIEHUS KPATKOBPEMEHHO CJAYXXAUIHX OTPaXJAOIIHX KOHCTPYKIHII,
paccmoTpeHHe aedopmanHii B mpejgenax H3MEHSEMOCTH Tj OT Tfg A0
Tf,st HMEET BIIOJIHE OIIpeJeieHHBIH CMBIC], TO 3TOro HeJb3sl CKa3aTh OT-
HOCHTEJIbHO HeMep3JblX TVIHHHCTHIX [PYHTOB, MJIHTEJIBHOCTH paboThl
KOTOpHIX HCUHCJseTCA AecsiTKaMH H cOTHAMH Jiet. [lostomy Bce pac-
YeThl Ha MPOYHOCTh H NMOJ3YYeCTh HEMEP3JbIX INIHHHCTHX TPYHTOB A0JI-
JKHH OBIThb OCHOBaHB Ha CTaHAapTHOH NpPOYHOCTH Tjst, KOTOpAs 3Ha-
YHTeJbHO HH3KEe MTHOBEHHOTO COTPOTHBJIEHHS CABHIY Tfo. UTOGH H3-
6exaTth HeJOpasyMeHHH IIPH PacCMOTPEHHH BOIpoca 06 H3MeHSTeMOCTH
CONIPOTHBJICHHA TJIHHHCTHX TPYHTOB C/ABHTY, CJeLyeT YKa3aTh MeTo-
JIHKY ollpe/leJieHHsI Haya IbHOH NPOYHOCTH.

Kak ormeyaer C. C. Banos [4], npH olienke ycTOHUMBOCTH rpyH-
TOBOTO MAacCHBA II0 «NHKOBOH» («MTHOBEHHOM») MPOYHOCTH CJIefyeT B
pacueT BBOAHTh CHeNHAJBHHH Ko3h(HUHEHT, a eciiH HCXOZHTb H3
«OCTATOUHOH» IIPOYHOCTH T, (CTAHAAPTHOH NMPOYHOCTH MO aBTOPY KHH-
TH), TO BO3MOXHAs MOTrPeIlHOCTb N0 CPABHEHHIO C HATYPOH LpH IIH-
pPOKoM NAHamna3oHe cKopocTH cMeienus (1 cM/rog-—-- 100 cm/cyr), mo
A. Ckemnrony, He npesbicut 2—5%,

§ 4. BJAHAHUE NOJ3YHECTH HA CONPOTHBJIEHHE
FJIAHUCTBLIX TPYHTOB CABHIY

Hsnoxennoe sHie (cM. § 3) nano Ham mpejacraBjeHHe O Xapak-
Tepe H3MEHSEeMOCTH CONpPOTHBJIEHHS IVIHHUCTBIX TPYHTOB CABHTY B 3a-
BHCHMOCTH OT JJIHTENBHOCTH HX HCTBITaHHA (Cpe3a) H o BEJHYHHE
[pefeNbHO JJIHTEJBHOrO CONPOTHBJIEHHS CABHIY T;. B 1€IAX TMOA-
TBEPXKACHHS PACCMOTPEHHLIX Pe3y/bTAaTOB, BHSCHEHHS MPHPOAW pas-
YIPOYHEHHS H YNPOYHEHHS TJIMHHCTHIX TPYHTOB BCJAEACTBHE IIOJI3yue-
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CTH IpHBe/eM AaHHBI¢ HCHLITAHHS 06pas3ioB HapYIIEHHOTO H HPHPOA-
HOTO CJIOXKEHHA Ha NOJ3y4YecTb HPH MPOCTOM CABHTE IIOA JAEHCTBHEM
PAa3/IHYHBIX [0 BEJHYHHE ITOCTOSTHHBIX KacaTeJbHBIX HanpsixeHH#, DT
JAHHBIE TOJYUeHBl aBTOPOM KHHTH MPH HCIEITaHHH 06pasnoB-6iH3He-
1oB Ha npHOOpax OJHOMJIOCKOCTHOIO, KOJIbIIEBOTO Cpe3a H KpyUeHHS
KOJIbIEBHX (2 TakXKe CIJIOMHLIX) 06pa3L0B MPH MPAKTHYCCKH MOCTOSH-
HOM HX ofbeMe.

1. Ha npu6opax I'TTI-30 u xoabuesoro cpesa HHUC TuaponpoexTa
B 1962 r. HcnobiTansl 18 o6pasioB-6aH3HENOB CYrJIHHKa 2—57 (cm.
Taba. 5) mon AeficrBueM 0,=0,2 MIIa. Bce o6pasusl noABEprHyTH
OpeABapHTEIbHOMY VIUVIOTHEHHIO ¢ BOJOHACHILEHHEM OKOJO YeThlpex
mecsueB. Boabluass npoaoaKHTENbHOCTh YINIOTHEHHSI OHJa BbI3BaHA
HeOOXOAHMOCTBIO HCKJ/IOUEHHS AafbHefIlero yniOTHEHHS M CTPYKTYp-
HOrO YIpPOYHEHHs (THKCOTPONHS, CHHEpe3HC H T. II.) H HX BJHSHHS
Ha Tj.

O6pasum-6nusHennt Ha npubopax I'TTI-30 HcnblTanbl Tpems rpyn-
IaMH 1o yersipe obpasuna B kKaxaoll. O6pasubl mepBoll rpynnsl HCObl-
TaHBl Ha cpe3 No cTaHAapTHoli wmeroaHke (cm. ra. 9, § 2), o6pasusl
BTOPOH TPyNNH HONapHO HCNHTAHH Ha NOJA3YyYecTb NPH JABYX YPOBHSX
TIOCTOSIHHOTO KacartensHoro HampssxkeHus 1=08 u 0,9 17, a ocranin-
Hble ObIIH OCTaBieHBl MOJ JeHCTBHEM O, B TeUeHHE BCETO BPEMEHH
HCObBTaHHA 06pa3luoB BTOPOH rpynnbl Ha MOA3y49ecTb s TOcJeny-
IOLEero HCOBITAHHS Ha cpe3 Mo cTaHZAPTHOH MeTOJIHKe H BBISICHEHHS
BJIHSHHA YIJIOTHEHHS M CTapeHHs HAa COMPOTHBJCHHE CIBHIY.

Hcnbitanne o6pasuoB Benoch B Tedenne 208 qHeil B ycJOBHAX
IIpakTHYECKH [OCTOSHHON TemmnepaTyphl (20°4-3°C), BramuocT# BO3-

Tab6auma 43
Pesyabratel McnbiTamnst o6pasunoB cyriMpka 2—57 Ha cpes
T f,St,t nocjie HCNBITAHHS HA N0J-
ayuects (B MIla) mpu 1; Hocae AAATeNb-
Houmep onmita Tf,st» Mila H'Osrto VILOTHEHHSA,
T=0,81 g7 T=097f, x¢ MIia
520 0,150 — — _—
521 0,150 - - —_
522, 0,150 - — —_
523 0,150 - — —
524 — 0,162 — —
525 — 0,175 — —
526 — - 0,200 —
527 — — 0,187 —
528 — — — 0,162
529 — — — 0,150
530 — - — 0,162
531 — — — 0,150
Cpennve 3HaUeHHUs,
MIHa 0,150 0,169 0,194 0,156
T, oty 1T, 0t — 1 s b e 1,03
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ayxa (88—97%) ® OTCYTCTBHSI OCTOPOHHHX Bozaeficteuii. B Teuenne
BCCTO ONBITA HE OBLIO OTMEUEHO SIBJICHHE HACTYIVICHHS TPETbeH CTaiHu
noJI3yuecTH ¢ Bo3pacratwoiiefi ckopoctbio. O6pasukl, NOABEPIHYTHE He-
NBITAHHIO HAa HOJ3YyuecTb, & TaKxKe KOHTPOJbHbE, OCTABJCHHEIE IOJ
VIJIOTHAONIEH HArPy3KOil A0 OKOH4aHHs HCIbITalHs 00pasloB Ha NOJ-
3yuecThb, IOC/IE ONbITa GBIAH CPE3aHHl O TOH XKe CTaHAAPTHOM METONH-
xe (taGua, 43).

OnmuTH N0Ka3alu, 4T0 Tfst 06PA3LUOB IPYHTA, HOABEPTHYTHIX CEMHU-
MECSYHOMY HCHBITAHHIO HA CIBHT, CYLICCTBEHHO BO3POCJO IO CPaBHE-
HHIO C HAuaJgbHBIM CTaHJApPTHBIM CONPOTHBJACHHEM CABHry. Uro XKe
KacaeTcss KOHTPOJbHBIX 00pa3loB-O/MH3HELOB, He MOABEPTHYTHX HCIH-
TAHHIO HA IOJA3yUECTh MPH CABHTE, TO HX Tjfe 1O CPABHEHHIO C Hadyallb-
HHIM €ro 3HaueHHEM IPAKTHUECKH He H3MeHMJoch. Cre/lloBaTesbHO,
nocjie YeTHPeXMECSUHOTO YIJNOTHEHHs fa/bHellllee CEMHUMECAUHOE Ha-
XoXacHHe 06pasioB Moj YIJIOTHSIOMmER Harpyskod MmpaKTHUeCTH He
NOBJIMAJIO HAa WX IPOUHOCTh. A 3To O3HauaeT, YTO BO3PACTAHHE CONMPO-
THBJIEHHSl TPYHTA CABHTY NOCJE IJHTENBHOTO CABHra o0yCJOBJEHO yiI-
pOUHEHHEM B pe3yJbTaTe HOJ3YUECTH.

PesyabTaThl HCHbITaHHs LIeCTH 00pa3no-0Ju3HelloB HA npuOopax
KOJIBILEBOTO Cpe3a, IOJYUeHHble MO H3J0XKCHHOH BBIle MeTOLHKe IIpH
NPOJOJKHTEJIBHOCTH CABHrosofi moasyuectH 112 nHefl, npHBeLeHbl B
taba. 44. TlonyueHuble pe3ysAbTaTH KaueCTBEHHO COBHAJAKT C pac-
CMOTpPEHHHMH BHIIIe. B 5THX onbiTax 3ad)HKCHPOBAHO H3MEHEHHE BJaXK-
HOCTH o6pasuos Ha 0,6%, o6bema — 10 0,2%.

Tabanuia 44

PesyabTaTl uCnbiTanus o6pa3uos cyraunka 2—57 Ha Koabuesolt cpes

CraHnapTHOE COTPOTHBJRHHE CHBHTY OOCIE
nosnsyiecta T f,s¢,¢ (8 MIla) npu
Homep omuiTa Tf,st .« Mila
T=0,8Tf 5f T=097F sf
572 0,073 — —
573 -0,081 — —
576 — 0,104 —
578 — 0,104 —
574 — — 0,114
577 — — 0,113
CpelHHe 3HAUEHHSA,
MIla 0,077 0,104 0,113
Tf, st, t/Ts, st I — l 1,35 | 1,47

Ha puc. 138, rae npuBeleHH KpHBHIE NOJA3yUeCcTH 0OpaslloB, HCIBI-
TaHHBIX Ha MPHOOpax KOJABLEBOTO Ccpe3a, BHAHO, YTO B HAyaJe Ipolec-
Ca IOJ3YUeCTH HMeeT MeCTO MHTEHCHBHOE CHHIKEHHe CKOpOCTH Aedop-
MAall¥H, a 3aTeM HAcTymaeT CTaJHsl TEUEHHS, HE epeXOoAdIas B CTalHIO
paspyLieHHsl.
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2. Ha npuGopax kpydyeHHSI KOJbIEBHIX 06pasuoB B 1966 r. Inpoge-
IeHa CEepHsl IJAHTeJbHHX ONEITOB Ha CABHIOBYIO NOJA3yuects. Mcembita-
Hbl 06pasubl raMHH 9—63 INPHPOIHOrO CJAOKEHHA (ps=2680 Kkr/m3;
wo=0,445; w;=0,424; wp=0,244; [p=0,18) npn v=0,5; 0,7, 0,8 u
0,95 71,6 (puc. 139).

Bee 06pasubl 10 HCOHTAHAA Ha CABHI NPEABAPHTEJBHO YIVIOTHCHBI
non aefcrsueM 670=0,5 MIla B Teuenne 54 gHedi, a sarem pasrpyxe-

A4 5,MM
052

92%

2

975

408 o

! L 1 { . | _t ol

1
7 woozp J7 40 s sy 0 80 W AUt

Puc. 138. Kpupnle noasyuecTd cyriHHKa 2-—57, onpefieseHusle HembTaHHeM o6pa3uos
Ha npufopax KoJbueBoro cpesa:
1—1=081Tf g3 2—1=09 7§ ¢

Hu J0 0,=0,4 MIla u BHAepXaHb noJ »Tof HarPy3KOH elle AeBATh
nuefi. Jlannble 06 OCHOBHBIX (PH3MUeCKHX CBOHCTBax o0pasuoB Jo H
nocJie ONbITa NPHBeAeHH B Taba, 45,

Ta6bauna 45
Iokasatean ocHOBHBIX (H3IHYeCKHUX CBOHMCTB 06pasuoB TJHHBI

PexxuM HCNBITaHHS

Iokasatenuy bUaHUICCKHX Tf,st,¢ (8 MIla) mocae mcnBITAHAS HA noA-
cBolicTB 06Gpa310B Tf, st (B M{1a) 3ayuecThk P 'l:/-rf,st
A0 cABHTa
05 | o7 | o3 | o
w 0,300 l 0,2805 \ 0,306 I 0,316 0,303
p, Kr/m3 1890 1830 1840 1840 1880

ITpu nenbiTanun 06pasiuoB Ha CABHIOBYIO NOJI3YUECTb KacaTeJbHbIE
nanpsixerns 1o v=0,5; 0,7 u 0,95 17, nHoBeneHb CO CKOPOCTBIO HX Ha-
TPYXKeHHA [pH HCOHTAaHBH Do cTanzaptHoll Metonuke. [Ipu v=0,8v4
KacaTeJbHble HANPSIKEHHUS NOBEAEHB JO 3afaHHOH BENHUYHHBI B Telue-
HHE TpeX C NMOJOBHHOH MECALER.

B oranune ot npoBeneHHbX B 1962—1965 rr. Heenenopannit B pac-
CMaTpHBaeMoM caydyae obpasen rpyHTa, HCIHTBIBAGMBIH HaA HOJA3Y-
YecTb npH t=0,957s4, cpe3diica Ha 427-i JeHb ONBITA Ha NMOJA3YUYECTh.
Ocraapuble 00pa3nH-6JAH3HENB HOCJIE ONHTA HA MOJ3Y4ecTb GbIJH
Cpe3anH no cranfapToil MeTonuke (Tabu. 46).

OnuiTH nokKasadu, 4yTo GOJbIIAS HPONOJZKHTEJIbHOCTh MOJN3YYECTH
NpaKTHYCCKH HE MHOBJIHAMA HA BEJHUHHY HAYaJbHOTO CONPOTHBJICHHS
CABHTY B CHJIy AOCTATOYHO BHICOKOH IIOTHOCTH H NIPOYHOCTH TPYHTA.
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Ta6auua 46
PesyabTaThl HCOWTAHAS TIuEM 9—63 Ha cABMr mpH Tr,::=0,151 MIla

Hcoorange ofpasua Ha Doa- C°,§‘g’§f§'”,ﬁ,‘§,“3“y‘f,e°§’;"” JnurenpHOCTD
ayueeTb IDH YTf,sf, MIla Tf.st Mila T§, 5,7 f5t OnbiTa, AHH
0.5 0,144 0,96 145
0,7, 0,157 1,04 485
08 0,153 1,01 485
0,95 0,147 0,97 427

Yro ®e Kacaercsi cpesa oOpasila uepe3 427 jguei#l Ioc/je MOMEHTa Ha-
rpyxenuss npu v=097vse (YTOUHEHHAs BEJIHYHHA), TO 3TO MOXKHO
OGBACHHTh KaK BJIHSHHEM TeMmeparypsl [24], Tak H ollpenejenHol
NPHOJIHIKEHHOCTBIO PABEHCTBA Tf,6t22Tf 0. 110 IpHUHHE NOCJELHErO, KaK
YKa3BelBaJ aBTOp KHUTH euie B 1965 r., He HCKIIOYE€HA BO3MOXKHOCTL H
CHHIKEHHS CTAaHAAPTHOTO CONPOTHBJEHHS CABHIY B NPEaeNax HeCKOJb-
KHX INIPOLGHTOB INIPH HCKJIOYHTEJbHO IJMHTEJbHOM HCIBLITAHHH TVIHHH-
CTHIX TPYHTOB, 00jafaloNIHX BHICOKOH CTPYyKTypHOH npouHocThio. On-
HAaKO ecJH ydYecTb, YTO pa30pOoC ONBITHHIX AAHHEIX NPH OIpeNe/IeHHH

q06 =07 T st
7

| Maii-aBeycm 79642
) 1 b 1 R W B L !

1
g 30 60 97 720 180 20 qo0  F69 420 ¢,0nu

Puc. 139. Kpusnle moasyuecTH riHHH 9—63 mpupopmoro CJIOXKEHHA, ompeneneHHbIR

HCIILITAHHEM KOJBIEBHX 06paslloB-GJH3HENOB Ha Kpyuerne {0z =05 MIla, o, f=
=0,4 MIIa)

T; B JyyllleM cJyuae goJeGaercd B mpemenax =+10%, To ykazanHHM

H3MEeHeHHEeM CONpOTHBJCHHS IVIHHHCTBHIX TPYHTOB CABHTY MOXKHO IIpe-

HeGpeub.

CorocTaBjedHe JaHHHX, TpPHBEeIeHHHX B Taba. 46, ¢ AaHHBIMH
MCIIBITAHHSA TOTO Xe I'pyHTa HOPH ABYX APYIHX COCTOSHHAX H IpOJOJ-
AKHTEJBHOCTAX NOJA3ydYecTH (TabJ. 47) noKasHBaer, 4TO IO Mepe yMeHb-
MIeHHA YIJIOTHAIOMER HATPY3KH H CHHKGHMS Ty €r0 H3MEHSIEeMOCTb
BC/IeICTBHE BJIMSIHUS IIOJI3YYeCTH CABHra HOCTENeHHO MOBHILIACTCH.

3. Ha puc. 140 mokasanwl pe3yabTaThl oueHb AJHTEJLHBIX HCIIBITA-
Hufl (oxoso 800 pHeft) o6pa3moB rauun 19—63 nPHPOAHOTO CAOKEHHSA
(ps=2620 xr/M3; pp=1920 Kr/mM3; w,=0,262; w;=0,4684; wp=0,2571;
Ip=0,2113; £,=0,736; S,=0,969) npn pasubix ypOBHAX KacaTeJbHOTO
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v Megr=085 Mpgp,tim
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Puc. 140. KpuBne ponzyvecTd rauHn 19—69, onpeneieHHEle HCOHITAHMEM KOABLEBHIX
o6pa3uoB-6ansHeuoB Ha Kpyderue (0,=02 MIla)

Tabnuua 47

Pe3yIbTaTHl HCOGITAHMA HA CABHT 06pa3gos ramHel §—63 o m MochAe HCMBITAHAN
Ha MOJ3yYecThb

OaateqabHOCTh, THH
15,5t (8 Mlla) Tf,s¢,¢ (8 MIIa) nocie ucMBITanHA PR T/T§ of
J0 HCRBITAHHA YIUIOTHEHHA [ HOA3YIeCTH
.07 { 0.9
oz, 0==02 MIla, 0z, 1==0,1 MIla
0,038 0,048 (1,26)* 0,055 (1,4b) 87 30
0z, 0=0,4 MIla, 0z, 1=0,2 MIla
0,077 0,089 (1,15) 0,089 (1,27) 67 72

* B cko6kax RamH 3paveHus Tf,sf #{Tf g

Hanpaxenns (kpyramero MomenTa) Mior/Miorsim=0,1; 0,3; 0,5; 0,7 u
0,85 (0:=0,2 MIla). OnnTH BBHIIOJHEHE 4BTOPOM KHHIH COBMECTHO
¢ P. P. l'ancranom B 1969—1971 rr.

OKClNepHMEHTaMH YCTAaHOBJEHO, YTO HPH YK23aHHHIX YPOBHAX Kpy-
THIIHX MOMEHTOB KPHBHE MON3YUeCTH JIHOO 3aTyxatoT, JHGO pa3BHBa-
IOTCSl TPAKTHYECKH ¢ TMOCTOAHHOH CKOPOCTBIO (B Npefiesax MOCTOSHHBIX
TeMnepatyp). AnaJlOrHuHHe Pe3y/bTaTH NOJyYeHbl M HPH HCIBITAHHH
MHOTHX JPYTHX pa3HOBHAHOCTEH TIJHHHCTHIX TPYHTOB NPHPOLHOTO
CIOZKEHHA NPH KPYUEHHH CILIOUHBIX 06pa3uoB Ha mpubopax M-5
[24]. Takue Xe ganune moayuenn P. 3. Jamxko u A. A. Karasom B
1965 r. npu HCceAOBaHHH NOJ3YUECTH CIAOHX BOJOHACHILEHHHX IJIH-
HHCTHIX TPYHTOB Ha npHbopax oiuomiocKoctHoro cpesa, C. C. Bsio-
BeiM B H. K. ITekapckoft mpu ucnblTanHM [IHHBE GaT1-6af0CCKOrO ropH-
30HTa HA NPHOOpax KOJBIEBOTO Cpe3a H MHOIHMH JPYTHMH.
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4. OKcrepHMEHTBl MOKA3LIBAIOT, UTO HE3aBHCHMO OT BH/A, CJOMKE-
HHA H COCTOSHHS IPH <1, ., = (2 (em. ra. 10, § 1) zedopma-
MK TOJ3YYECTH OGBIKHOBEHHBIX TJHHHCTHIX IPYHTOB NPH CABHIE IpPO-
TEK2I0T TOJBKO B CTAJAHMAX 3aTyXalomel NMON3YUECTH H TEUEHHS, TOTAA
KaK [IpH Tfo==>T>Tf,et NOABJSIOTCS BCE TPH CTAAHH Ze(OPMHPOBAHH —
3aTyXaloWel IOJA3yUeCTH, TEUEHHS M IOJ3YUECTH C BO3pacTalomek
CKOpocTbIO — paspylienus (puc. 141). B nociiegneM cayuae AauTe/qb-
HOCTb TEUCHHs OYCHb HEBEJIHKA, BEPHEE NPAaKTHUCCKH 3Ta CTaZHd OT-
CYTCTBYeT.

Takum o6pasom, kpHBHE nonsyuectu (cm. puc. 2), KoTopLle THIHY-
HBl JJIs1 pAjla TBEPABIX TeJa (METAJJIOB NPH BHICOKHX TeMIepaTypax,
IJ1acTMACC, JdbZa H MEP3JHX IPYHTOB), AJs1 OOHKHOBEHHHX TVIHHHCTHX
TPYHTOB ABAAOTCS THNHUHBIMK TOJIBKO B ONPEXEJIEHHBIX, HE XapaKTep-
HBIX Ansl HHX, ycaoBusX, OHH B IVIHHHCTHX TPYHTaX o6HapyXKHBAlOTCSH

A
0,06
0,04

0021 A Puc. 141. KpHBble 1N0J3ydYecTH OpK
. 1 . |, CHBHIE H IJIHTEILHOTO CONPOTHBICHHS:

L CABUTY Kao/auHa (MCIHTAHHS HAa Kpy-
g 0 & 00 740 f,MUH geuge), mo C C. Bsnomy, H. K. Ile-

\ .
0,008—— r : . — kapckoii 1 P. B. MaxcHMmsx

A

8,072
0,076

020
Ty MNa

B npegenax KpaTkoBpemenHoro (l—=8 u) H3MeHEHHs CONPOTHBJCHHT
CABHTY OT Tj, AO Tf,5¢t="Tf,c0, HCOOXOAHMOTO MAJIsI HCIBITAHHA TVIHHHCTHIX
IPYHTOB Ha cpe3 no cTamfapruolt MeTonuke. CJaeaoBare/bHO, NPH
T<Tjst TAMHHCTBIA TPYHT HE MOKeET Pa3pyllaThcs, a NOciac cTafHH Te-
YeHHsS] — yCTaHOBHBIIEfcA NOJSYUECTH HE HACTYNHT CTAalHs paspyiie-
Husl 6es BJHSHHS ROTMOJHHTEJbHOrO BHellnero ¢axropa. bBesycisosro,
npaea B. B. )KuxoBuu [24], Korfa oTmeuaeT, yTo HabJiofaeMble B Ha-
Type paspylIeHHs IVIHHHCTHX TPYHTOB (OIOJ3HEBHE ABJCHHST H TP.}
SBJSIOTCS HE Pe3y/bTaTOM CHHXKEHHSl NPOUHOCTH 3THX TPYHTOB B IIPO-
zecce NMOJ3YYeCTH, a CAeACTBHEM pa3yNPOUHEHHA MOy AeHCTBHEM IPH-
POAHHX (GakTOpPOB (BHIBETPHBaHHE, YBJIaXKHEHHe, CEHCMHYECKHE H BHO-
palMOHHbIe BO3ZEHCTBHA H T. Z.) H H3MEHAEMOCTH HANPSKEHHOTO CO-
crosuusl. Ilocneasee Moxer GHTH OOYC/OBJCHO TaKKE NPOSIBACHHEM
IHKa H30BLITOUHOTO ZABJIEHHS B IOPOBOH BOAE HE B MOMEHT Harpyke-
HHf, a Iocjie HEKOTOPOLO BPEMeHH IOJA3YydYeCTH CKejera B pedyJbrare
IIOCTENCHHOA INepellayn YacTH BHEIIHeH Harpyskd Ha MOPOBYIO BORY
(cM. § 2).

Onuramu X. Cuna [20] ycraHOBJeHo, uTo HaGJaiofaemMoe nocie
CABHIOBOH IOJI3yuecTH YIPOYHEHHE TVIHHHCTBHIX TPYHTOB IO CPaBHEHHIO
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€ HAYAJbHOH NPOYHOCTBHIO OOYCJIOBJIEHO II€ H3MEHeHHEM 06DbEeMa H He
u3mereddem BaaxunoctH. [l Tposon u K. Usw [20] s10 siBjienne cBs-
3BIBAIOT C yJYYIIEHHEM KOJUIOHAHON CTPYKTYDH M pacceHBAHHEM MTOPO-
BOrO /4BJCHHS B 30HE NMOTEHUHAJBHOTO Pa3pyllenus c¢ o6pa3oBaHHEM
YycToftyHBOH TpeyrosbHOH CTPYKTYpH. ABTOPOM KHHrH nokasaHo |[24],

YTO NpPH OTCYTCTBHH MEAJIEHHOH AeOpMaiHH CABHrOBOil MOJI3YYECTH
YOPOUHEHHS TPyHTa He HpoHcXoaHT. CJelloBaTelbHo, SBJCHHE YIPOY-
HEHHS B [VIHHHCTBIX TPYHTAX, NPOLECC CTAPEHHS B KOTOPHIX HJH 3a-
sepiuen, WIH He 0Ka3hiBACT BJIHSHHS BBHAY HeOOJbLIOrO BpEeMEHH DKC-
NepHMEHTHPOBAHHA, NPH OTCYTCTBHH JedopMamul oObeMa BCELENo
©OOYC/IOBJAEHO CTPYKTYPHBIMH H3MEHEHHSIMH B IPOLECCE MOA3YUYECTH.
Hnaue rosops, IIHHACTHE CPYHTE 06J1aAaI0T CBOfiCTBOM p e ONEe K CH H
(Y. JI. ¥Yunxuncon, 1964 r.) — cBoficteoM o00pa3oBaHusi CTPYKTyphl
TOJbKO MoA AelicTBHEM HeBOJNBUIKX CKOPOCTEH CABHIOBOH NOJ3YUeCTH.

Hapsaay c ynpoynensneM asTopoM KuuMrH coBMecrHo ¢ P. I'. Baaa-
JITHOM oOHapyXkeHo cHHKeHHe Tr Ha 4—209, mo otHolIeHHIo K HAuab-
HOMY €0 3HAYEHHIO BCJEACTBHE MOJ3YUECTH [VIHHHCTHIX TpYHTOB IpH
©/v;=0,5 (cM. Taba. 46) u (tabn. 48).

Tabauma 48
PesyanTaTel ONpefejeHHss MCHOBEHHOr0 CONPOTHBIIEHHS! CABHTY KMEBCKOM [JHHM
0z » MIla T§,0 » MIla M tor IM tor,1im T f,0,t . Mla
0,32 0,277 0,80 0,301
0,61 0,282
0,399 0,242
1,2 0,598 0,80 0,674
0,698 0,676
0,400 0,651
0,800 0,694
{Crynenyaroe narpyxenne)

Ilo namaM gauubIM, pa3pyllcHHe HAYadbHOH CTPYKTYphl INIHHHCTHIX
TPYHTOB 3aBepluaetcs npH 7/7;220,5, uTo COOTBETCTBYET NMpeaeay CTPYK-
TYypHOH NPOYHOCTH TpyHTa HpH CABHIe — NEPBOMY IMpelebHOMY Ha-
npsixKeHuo caBura (cM. ra. 10, § 1), xapakTepHsylouieMy Hepexon Ae-
dopMaluu NoA’ydecTH H3 CTaAHH 3aTyXaloOUHX AedopMauui B CTagHIO
TCUCHHS. ﬂaJIbHeﬁLUee BO3pacTanke KacareJIbHOTO HaHpH}KeHHH " ae-
dopmanun cABHra HPHBOAHT K 3aJCUHBAHHIO Ae(eKTOBR CTPYKTYpH, K
TOBHIULICHHIO CTPYKTYPHOH NPOUHOCTH TPpyHTA IO NpHUHHAM, H3JIOMKEH-
HLIM BHILIE.

PesioMupys us/ioKeHHO® BHILEC, MOXKHO €lle pa3 yTBepXKAaTh, UTO
Tfst22Tf,00, @ BpeMs CHHIKEHHSI MTHOBEHHOIO CONPOTHBJIEHHSI CABHIY
Ttp A0 Tfst PABHO BPEMEHH HCOBITaHHS o6paslioB Ho CTaHZapTHOH Me-
TOIHKe, KOTopoe KoJsebjeTcst B npeaenax 1—8 u. CiepoBaTtenbHo, 3a-
KOHOMEPHOCTb MOJI3YUECTH [VIHHHCTHIX TPYHTOB THpH CABHre, Kak 00
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3TOM TrOBOpPHJIOCH Beimie (cM. ri. 10}, cienyer onpepensth npu 1< tss,
OCKOJIBKY HpH HX HCOHTAHHH B YCAOBHAX T>>Tfst PA3pyIeHHe rpyHTa
HACTYMHT 32 yKa3aHHOE BHLIE BpeMs. TOT HepHOA AedOpMHUPOBAHHS
1S OGHIKHOBEHHBIX TJHHHCTHX TFPYHTOB, 33 HCKJIOUEHHEeM CIelHalb-
HBIX CJAyYaeB, HE NpeACTaBAfeT NPaKTHYECKOro HHTepeca.

JONOHATEAbHBIM [0Ka3aTeJIbCTBOM  CKa3aHHOMY CAYXKHT ¥ CHH-
JKEHHE MIHOBEHHOTO CONDOTHBJICHHA TJHHHCTHIX TPYHTOB CABHIY
BCJIeACTBHE moJasydect B mpelenax 10—&0%, paBuoe uamensiemocTH
ero Jo CTaHAapTHOIO CONpPOTHBJCHHA cABHTY. CJlelOBaTeNbHO, ECJH
MOJL30BaThCd EAHHOH METOAMKOH ONpe/elIeHHA HaYajbHOrO (KpaTKo-
BPEMEHHOrO) CONPOTHBJICHHA IJIHHHCTHIX MPYHTOB CABHTY, TO NOJYYEH-
Hble pPa3HBIMH HCCJACJOBATENAMH pe3yAbTaTH OydyT HpaKTHUECKH
OJHHAKOBLIMH, [IpHueM, NOCKONBKY CTaHJapTHOE CONPOTHBAEHHE CIABH-
Iy IBJASIETCS [OCTATOUHO CTaOH/BHBIM HOKa3arejJeM IPOYHOCTH, YEro
Heib35 CKa3aTh O MIHOBEHHOM COIDPOTHBJEHHH TPYHTOB CJBHIY, BCe
IKCIEPHUMEHTHl MO HCCJAEIOBAHHIO PEOJIOTHYECKHX CBOHCTB MOMKHBI
ORITb COTJIACOBAHH C £r0 3HaUCHHEM.

C. C. Baaos [4, 24] cuuTaeT, 4To OTCYTCTBHE CTAAMH HOJ3YUECTH
¢ Bo3pacTaoliefi CKopocTbl0 (pa3pylieHHA) NPH t<<Tjg B ONBITAX
aBTOpa KHHIH 00yCJIOBJIEHO CTECHEHHBIM ycJOBHEeM G60KoBoOro nedop-
MHpOBaHHg 06pasnoB HPH HX KOJABUEBOM Cpe3e H KPYYEHHH, HOCKOJIb-
Ky Pa3BHTHE YKa3aHHOH CTafiHH CBA3aHO C ABJCHHEM [JHJATaHCHH
(pasynaoTHenns) rpyuta. C TakHM MHCHHEM HHKaK HeJib3l COTJACHTh-
csl, TMOCKOJBKY B YKa3aHHBIX ONBITAX CBOGOAHAS MHJIATAHCHA TPyHTa
BO3MO3KHa B HalpaB/ieHHH NeACTBHA HOPMAJBHOIO HANpPSXKeHHud (UTO
yacTo HAG/MI0LaeTC B ZKCIEPHMCHTE), a NPH T>Tsst BCELAA NpPOSBIS-
ercsl cragus paspymeHns (cM. puc. 14). Bbua u oaun caydait paspy-
weHnst ob6pasua ueped 427 gHeft moche HarpyxkeuHus: (cM. Tabua. 64 u
puc. 139). CaenoBartenbHO, OTCYTCTBHE TpeTbed CTaAWM NOA3YUECTH B
OnHTax aBTOpa KHHIH OOGYCJOBJIEHO He KOHCTPYKIHMell mpubopa, a Hc-
MHTa#HEM 00pasloB Harpy3KamH, He IPeBOCXOASNIMMH CTaHAapTHEIE,
T. €. IPeleqbHO IJAHTEJBHEIM CONPOTHBJEHHEM TIJIHHHCTHBIX TDYHTOB
CHABHTY.

B sakaroueHne OTMeTHM, YTO OIHCaHHHE B Jauteparype [4, 24]
caydam cpesa (paspylleHHs) o6pasloB B Ipolecce MOA3YYECTH B
OCHOBHOM 00ycJ/IOBJIeHH HX HCTHITaHWeM HOX AEHCTBHEM Harpysok,
NpeBOCXOASAIINX NpeaeNbHO-ANHTEIbHOe CONpOTHBAeHHe ciaBHry. Ilpn
HCIHTAaHHH IHJAHHIDHUECKHX 006pa3noB Ha ONXHOOCHOE H TPEXOCHOEe
cKartue nobGaBaseTcs TakXKe BJIHAHHE IOCTENEHHOrO (OYeHb MeJJIeH-
HOTO IIPH CKATHH OYEHb ILJIOTHBIX B HOPOYHBIX TPYHTOB, COAEPIKAIIHX
He6oJIbIIOe KOJHUECTBO 3allleMJEHHOrOo rasa B mopoBofl Boje) Bo3pa-
CTaHHs H3GHITOYHOIO NaBJECHHS B NOPOBOA BOJe A0 HHKOBOTO 3Haye-
HHS (CM. IL. 4, § 6).

PaccmoTpeHHoe sBJeHHE MOMKeT GHITh 06yCJIOBJEHO TaKkKe YMEHb-
eHHeM IIoNiafn cpe3a obpasua IpH OFKHOIJIOCKOCTHOM cpese BooO-
me, 4/ TPYHTOB C XKECTKHMH CTPYKTYPHHIMH CBS3SIMH B 0COOCHHOCTH.
B nocaennem ciyuae HabGaronaeTcs Xpynkoe paspyuienue o6pasuos Ges
HACTYIJICHHS CTAJHH ION3YYeCTH ¢ BO3pacTaloulefi CKOpoCThiO (paspy-
menns), 3apurcupoBannoe B onnitax A. M. Ckubunxoro (1961 r.) u
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C. E. Morunesckoit (1960 r.) npu Harpyskax, 6JH3KHX K NPEAeNbHbIM.

[TocKOMILKY CTaHAAPTHOE COMPOTHBJIEHHE CHABHry HECKOJIbKO BHIlIE
IpeJe/bHO-AJIHTeIbHOTO €10 3HAYeHHsT (oHK 6yayT TOMKAECTBEHHO paB-
Hbl IPH OueHb JJIHTEJbHHX MPOAOTIKHTCBHOCTAX onpefeeHHS Tfst),
IIPH HCIHITAHHK TPYHTOB, HPOYHOCTH KOTOPHIX B liponecce caBura NpakK-
THUECKH He Bo3pacTaeT (cM. Taba. 46) B CHAY MX Goabwioit crpykTyp-
HOH INpPOYHOCTH, BO3MOXHO ¥ HeGO/bIIOE CHHXKCHHE Trs; B mpolecce
noasyuectd. Kak 6HJO oTMeyeHO BHINE, YKa3aHHOE CHHKEHHE Npoymo-
CTH TVIHHHCTHIX TPYHTOBR He NpeBLILIaeT HeCKOJbKHX HPOUEHTOB H HM
MOKHO npenebpeds, ITO MOAHOCTBIO corsacyeTcs ¢ gaunbMu A, Cxemn-
TOHA O CHHJKEHHH OCTATOYHOTO CONPOTHBJIEHHSA CABHIY T, (cM. § 3) Ha
2—59 NpH OYCHb HIHPDOKOM AHAla3oHe H3MEHeHusn CKOpOCTef/'I cMmelle-
HHS TpyHTA.

C nanoxeHHOM TOYKH 3peHHS OYCHb HHTEPECHBl ONMBITHL (RPOAOJ-
AKHTEJIbHOCTBIO 3,5 rofa) A. Buuiona u A. JlaBeuGepu no HCHHTaHHIO
Ha IOJA3YYeCTb B YCJAOBHSIX TPEXOCHOIO CHKATHFA TPEHHHOBATOH, CHILHO
NepeynJOTHeHHOA JOHAOHCKOH TJIHHHI 30LeHa. [IHKoBas IPOYHOCTB
TPyHTa OmpejieieHa HCIHTanueM o6pa3uoB B Teuyenne 5 quedt. Onwita-
MH yCTaHOBJIEHO, 4TO Ha BCeX LIeCTH YPOBHAX HanpsiKeHHs (01—03)
AeopMalHH HOCHJH 3aTyXalOWHA XapaKTep — OTCYTCTBOBaJa CTalHs
Teuenns. [Ipu 90—106%-x marpyskax (B cpegHem 100%) nosnoe pas-
pyiucHre 06pa3na GHA0 3aUKCHPOBAHO Yepe3 ABa AHA IOC/]e MOMEGH-
Ta 3arpyXenus, a npd 80—94%-x (B cpenneM 899%) marpyskax —
yepes 1250 aueft. 3Mech wHTepecHBIM sIBJIAETCH To, YTo B NEPBOM Cay-
uae TPeThs cTaaus (CTafHs paspyuleHHs) HACTynmaa uepe3 CyTKH, a
BO BTOpOM cJiydae npHMepuo 4epe3 100 nnet nocse momenta 3arpyxe-
HHSL.

Paspymeﬂne nepBoro 06pasua IPON3OIJIO, Kak OGHIUYHO, B npene-
Jlax BpEMEHH OmpeflesieHusi Ha4aJbHOH (MHKOBOH) NpOUHOCTH TpyHTA.
Paspyenne BTOporo o6pasua uepes 1250 guefl, no mpuHATOMY HaMH
ycaosrio (cM. §1) npumepuo uwepes 100 nwelt, Ha mam B3rasg, obyc-
JIOBJICHO, C ONHOH CTODOHBI, CHHMKCHHEM NHKOBOH NPOYHOCTH 10 BeJH-
UHHBl OCTaTOYHOH, a € JApYyro#,— OUeHb MENJICHHbIM NOBBHIILIEHHEM MOPO-
BOro [JaBJieHHsl IO NMHKOBOTO CBOETO 3HAUCHHS BeaeJCTBHE OY4eHb Ma-
JIBIX CKOPOCTeH NOJ3YYeCTH CKejera.
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