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NPEJNCJIOBHE

Buenpenne pesysbraTos HaydyHHX HCCHeXOBaHuii B HapOXHOE XO3aficTBO, MO-
BhillIeHne 3G (EKTHBHOCTY ¥ KayecTBa CTPOHTRJNBCTBA, @ TaKKe CHHIKEHHE ero cTo-
HMOCTH SIBJSIOTCH TOCYHAPCTBEHHBIMM 3ajayaMW, NOCTaBNEHHBIMH HEpef CTPOH-
Tteasimp XXV cwveanom KIICC.

Vicnosb3oBanue MOJeBHX METOROB HCCEJOBAHUSA CTPOUTENbHBIX CBOKCTE IPYH-
TOB [Js pelleHHs YKa3aHHBIX 3afay NpHobpeTaeT B MOCAERHHE roxsl Bce GoJee
LIHPOKO® pacmpocrpanenue, DT0 OObACHAETCA TEM, YTO TIOJEBHE METOIbl HCCJe-
IOBaHufi [AOT BO3MOMKHOCTb, BO-IIEPBHIX, HCCNEAOBaThb CBOMCTBA TaKHX T'PYHTOB,
o06pasusl KOTOPHIX MPaKTHYECKH HEBO3MOXKHO OToOpaTth HJs HembTaHud B JaGo-
paropwu, H, BO-BTODHX, GoJiee MOJHO OLEHMTh CTPOMTEJbHBIE CBOHCTBA TIPYHTOB,
06pasibl KOTOPHIX MCMBITAHH B Ja6OPaTOPHH.

3a Bpewms, npolllefliee Tocsie BBIXOAA B CBET BTOPOTO H3/[1aHHS 3TOH KHHIH,
paspaboTano HOBOe OGOPYZOBaHHE, IMOJNYYeHE HOBHIE Pe3yJbTaThl HCCHeLOBaHHi
CBOWCTB I'PYHTOB Pa3JIHYHEIMY MOJEBEIMH MeTOAaMH (B COYRTAHHK € TPaLuUHOH-
HhMu), pazpaboraHbl HoBhle OCTH na uCnbITaHHA IPYWTOB lUTaMmaMmy, cTaThye-
CKHM ¥ [VHAaMWYeCKHM 30HIMDOBAHHEM, BpaIlaTeJbHBIM CPE30M H NPECCHOMET-
paMH, NpPOBEIEHB COBEUAHHS H KOH(EepeHLHH, MOCBAIEHHBE BOMPOCAM MOJEBBIX
HCCNeOBaHK, a TaKkKe YTBepXKJeH PeKOMeHIaTeNbHEH EBpPOmeicKkHii cTaHmgapT
Ha MerOognl 30HaNpoOBaHus. Iloaromy norpe6oBanuce KODeHHasi nepepaborka H
JONOMHEeHHe BTOPOTO H3JaHUSI KHWIH.

HanoxeHHblt B KHHre Marepuad B 3HAUHTEJBHOM Mepe SBJSeTCS Pe3yJbTaToM
MHOroJieTHell paGoThl MHCTHTYTa QYHIAMeHTHPOSKT MO pa3paboTKe K HCNOJb30-
BaHHIO MOJEBLIX METOXOB [/ OUEHKH CTPOMTEJBHEX CBOMCTB IPYHTOB, a TaKkKe
A0 NOJArOTOBKE HOPMATHBHEIX HOKYMEMTOB, BHIMOJHSABLIEHCS NOJ PYKOBOACTBOM If
IpH yuacTHH aBTOpoB. B pa3paboTke KOHCTPYKHME yCTAHOBOK, METOXMKH HpOBe-
HEeHHs HCCJieJOBaHHIT M OLEHKH WX Pe3yJbTaToOB HPHHHMAJ y4Yacthe GOJBILOH KOJI-
JIeKTHB TIPOEKTHPOBIIYKOB H H3BICKaTesed.

ABTOpH BecbMa UpH3HATENbHBl KaHX, TexH. Hayk JI, T. Mapuynosnckomy 3a
LlelHble 3aMeYaHMs, CASNAHHBIE UM MPH PEleH3UPOBAHHHM PYKOMHCH, a TaKkxkKe BCEM
TOBAapHINAM, INPHHHMABIUKM HENOCPeICTBEHHOe yuacTHe B pa3pafoTke K BHejpe-
HHI NOJIeBLIX METOJOB WCCJeOBAHHI B NMPAKTHKY CTPOHTENBCTBA. ABTOPH HPHHO-
car 6narogaprocth uHxkerepaM I1, [1. Tynaesy, B. Y. I'vosauky, 3. A. 'anonenko
H 3. K. [Iapunyy, ube TBOpYeCKOe ywacTue cnocoOGCTBOBAJO pEIlEHHIO MHOTHX Te-
OpEeTHYECKIX ¥ NPaKTHYECKHX BONPOCOB.

Beenenve, raaBu IV u VI Hanucarw 0. T, Tpodumenkosnm; rnasu I, IIT
H V — JI. H. BopoGroshiM; nepepaGorka raasst I, paHee cocrasnentoil A. M.
CMHPHUUKKM, BLITONHEHA aBTOpaMu coBMmecTtho; Inasa VII Hamucana apropamu
cosmectio ¢ 3. K. Ilapunyy. Obmee pemakruposanne kuurn sunodneHo IO, T.
TpoduMeHKOBEIM.



Baepenne

Vicnonb3oBaHie NOJIEBBIX METOXOB HCCJAEAOBAHHS CTPOUTENbHLIX CBORCTB I'PYRH-
TOB BO MHOTHX CJAy4asix NO3BOJIAET CYHIECTBEHHO CHH3HTb CTOHMOCTh CTPOWTENb-
crpa. DonbiuBe HENMPOM3BOAMTENLHLIE PACXORBl BLISLHIBAIOT KAK CTPOHTENBCTBO NO
MPOSKTaM ¢ H3JVILIHPAM 3aMacoM NMPOYHOCTH OCHOBaHHH COOpYyMKewuH, Tak H JONOJ-
HHTeNbHLEe PpaboTH N0 YCTPaHEHHIO HEZONYCTHMLIX AedopMarHil uiH Kaxe apapuil
BCJSACTBHE HENPaBUJIbHOH OLleHK¥ CBOMCTB FPYHTOB.

OnuT nokasbiBaeT, YTO TOJLKO KOMILIEKCHLE HCCAEHROBAHUS € MOMOIUBIO Ja-
60paTOPHLHX H NMOJEBHIX METOROB HO3BOJSIOT BCECTOPOHHE OLEHWTH (PH3HKO-MEXa-
HWYecKye CBOMCTBA TPYHTOB ¥ obecnmeuynTs KOCTOBEPHYIO OLSHKY HHXKeHepHO-re-
OJIOTHYECKHX YCJIOBHI CTPOMTENBHOH NJIOILAKKH.

B tegyeHHMe InHTENEHOTO BPEMEHH OCHOBHLIM METOIOM OUEHKH CTPOHTRJIBHHX
CBOMCTB IPYHTOB OnliH JabopaTOpHLIE HCCACLOBaHHS, TEXHIKA KOTOPHIX HEMpepLIB-
HO coBepiieHcTBOBasNach. OIHaKo pe3yabTaTsl J1ab0OpaTOPHBIX WCCJASHOBAHHE He
BCRrAa NMPaBHIBHO XapaKTEPHIYIOT CTPOHTEIbHEIE CBOICTBA FPYHTOB.

Hanpumep, B HEKOTOPHIX IPYHTaX (PLIXJLHIX NEeCKaX M IVIHHHCTLIX TPYHTax Te-
Kyuefl ¥ TEKyyemilacTHyHOH KOMCHCTEHLHR) HeBO3MOXHO 01obpaTth 06pasuu c He-
HapylwenHol cTpyKTypoH, a Bexb NpaBHJIbHAs OLEHKAa 3THX IPYHTOB OCOGEHHO He-
obxonHMa Anf YCIeliHoro NMPOeKTHPOBAHHS OCHOBaHHEA coopyxkeHu#. Kpowme Toro,
ot6op 00pas3uos rpyuta Ajs JiabopaTOpHLIX HCCJAEOBAHHK CBS3aH ¢ OypeHuHeM
GOoJIBINOr 0 YHCNA CKBAaXKHH, YTO YAOPOXKAET CTPOUTRJBCTBO H YAJHHSET CPOKH H3HLIl~
CKaTeJbCKHX pabort.

B cBsi3H ¢O (KasaHHbIM B IIOCNERHHE TOXB HOTYYHAH IIHPOKOE PACHpOCTpaHe-
HHE NoJIeBBle METOALl HCCJCKOBAHHS TPYHTOB B YCJIOBHSIX HX €CTECTBEHHOIO 3aJie-
TaHHs.

K noneBnlM MeTonaM HCCNEXOBAaHWH aBTOPL OTHOCAT Te HCHLITAHHS B HOJIEBLIX
VCIOBHUAX, KOTOPLIE MOAENHPYIOT Npomecchl, BO3WHKAIOUHE NPH HarpyXeHnn oc-
HOBaHHf HWJIH COOTBETCTBYIOUIHE NPeAEJbHLIM COCTOSIHHAM NpH pabore OCHOBaHHIL
Hekoroprie H3 HEX (TakHe, KaK HCILITaHHS IPYHTOB WITaMHAMH JUISl ONpenejieHHst
Monyas AedOpMalH¥ M HCNHTaHHS Ha CHEBHI LEJHKOB IPYHTa AJiS ONpenelieHHs
napaMerpoB CONPOTHBJEHHS CHEBHIY) H3BeCTHH yxXe AaBHO. B mocnendve ronowt
MOJYYHJH pacpocIPAHEHNe 30HAMPOBAaHHE TPYHTOB (IWHAMHYeCcKOoR M CTaTHYeC-
Koe}, BpallaTeJbHLIl cpe3 B CKBAaXKWHAX H ONpeneJieHHe MOAYNsS AeQOpMauHE
FPYHTA ¢ MOMOUILIO MPECCHOMETPHYCCKHX MCMLITaHHH.

Takue crenHdHYSCKHe MONEBhle MEeTOXbl HCCJIeKOBAHHS, KAK ONPELe/ieHHe BaaK-
HOCTH H IJIOTHOCTH YpYHTa, OCHOBaHHHE Ha MCNOJb30BAHHH pPagHOAKTHBYBIX
CBOHCTB 371€MEHTOB, a TAKXKe reo(HaNYecKHe B JaHHOH KHHTe He paccMaTPHBAIOTCH.

OcnoBHOe BHHMaHHE B KHHIC YAEJeHO CTaTHYECKOMY 30HZHPOBAHHIO KaK HaH-
6onece pacnpocipadeHHOMYy B MocCiefHee BpeMs METOAY NOJEBHX  MCCNCAOBaHuU
cBoficTB IpyHTOB. IlepBhiM HayuyHEIM TPHOOPOM, MPHMEHEHHBIM AN OLEHKH Mexa-
HHYecKOA NPOYHOCTH TpyHTa JIyHH, Ouit rpyHtoMep — nmeHerpomerp [36]. Camo-
3aMHCHIBAIILHE [EHEeTPOMETPHl HCHOJB30BaJHCh NPH NoJerax <«Amoasona-15» n
«Anonacra-16»> na Jlyny [69]. CraTnueckoe 30HIHPOBAHHE HAIINO TaKXe IIUPO-
KOe TpHMEHEHHe NPH HCCNENOBAHHW KOHTHHEHTANbHHX MenbboB HPH raybunax
BOAN %O 125 M H rayGHHE 30HAHPOBAHMS HHXKe AHA Bojoema a0 100 m.

Merox BpallaTeJpHOr0 cpe3a B CKBaX{HHe NPHMEHSIIOT NPH pacdere yCTOMYH-
BOCTH cyabhIX IJMHHCTHIX OCHOBauHH, oT6op 06pasuoB H3 KOTOpHX AJAA Jiabopa-
TOPHBIX HCCJeJOBAHH{I NPAKTHIECKH HEBO3MOMKEH.

B coorserctBHH ¢ TpeGosaHusiMH CTpOHTeABHLX HOPM H NpaBHJ NpPH pacdere
OCHOBaHHH COOpYKeHHH no XedopmainHsm HeOOXOXHMO ONpenessitb MOZYJb 1e-
¢dopmaumn rpynros. B Hactosiuee BpeMs HanbGosee nOCTOBEPHLIM Croco60M OLEeH-
Ku MOAyJas AedOpMALMH CYHTAETCS HCMBITAHHE TPYHTOB B IOJEBLIX VCIOBHAX C
nomowpio wramna, OxHaKo HM3-3a CAOKHOCTH, TPYAOEMKOCTH H LJHTENbHOCTH IPH-
MeHeHHe S5THX HCTLITAHHH NPH HHIXEeHepHO-TEOJOTHYSCKHX H3LICKAHHSIX OrpaHHyH-
Baercd. B 3THX YCJCOBHHX MOJIYHalOT PACHPOCTPAHEHHE NMPECCHOMETPHYECKHE WCHLI-
TaHHf, ¢ MOMOIIBIO KOTOPHX MOALYJb AedopMallHH onpejensiercss 3HayHTeIbHO HPo-
e u Ouerpee.

B nocnesHue ropbl HoBOE CTPOHTEJBCTBO BCE Haule MPHXOKHTCH BecTH HA NJio-
MajKax, paHee CYNTABIUHXCS HENPHTOKHLIMH JJIi CTPOHTENBCTBA H3-32 CJOKHHX
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HHKeHepHo-reosioruyeckux ycaosmil. Hapsiny ¢ sTHM NOCTOSHHO YBeJHUHMBAIOTCH
fponeThl NMPOM3BOACTBCHHBIX 3NdHWH ¥ 5Ta’KHOCTb KHJLIX JOMOB, YTO NPHBOIUT
K 3HAUHTENBHOMY DPOCTY Harpy3ok Ha ocHopanue. C y4yeTOM 3THX OOCTOSITENLCTB
nosBisercs HeoOXORHMOCTb NPOBENEHHS KOMIIJICKCHHX WHKeHepHO-reoJIOrndecKHx
H3LICKAHHI, MO3BOJISIOIHX Haubojee MOJHO OLEHHTb TPYHTH CTPOMTENBHON Mio-
HlaJIKH.

Takve KOMILJIEKCHLIE M3LICKAHUA MOTYT BKJIOYATh KAK TPaAKIHOHHBIE METOLL—
Oypexre CKBaxHH, NDOXOAKY mypdos, nabopaTopHue HCchegoBaHHs oTOOpaH-
HBIX W3 CKBaX#H H WypdoB o6pasuoB rpPyHIOB, TaK ¥ HOBLIE METOXW — 30HIHpPO-
BaHHe, JONAcTHLE H NMPecCHOMETPHYSCKHEe WCNMHTAaHWS, MCHLITaHua cBail H Mozenefi
cBall cTaTHYeCKHMH W AHMHAMHUeCKHMH Harpy3KamH, a Takxe reodpHsHuecKHe HcC-
chienopanus  (celicMOPasBelKY, 3JEKTPOpasBeiKy, PagHOdKTHBHLIE METOIL).

Ilonesue u snabopaTopHLle METOXL, BXOAslUfe B KOMIJIEKC HHXKEHEePHO-Teo-
JIOTHYECKHX M3LICKaHWil, NOJIKHL NPaBUIABHO OTpamaTh peajibHLIe NMpoueccH H fB-
JIeHHS], NPOHCXOAAIIHe B I'PYHTAX, HAXOASLIMXCS B €CTeCTBEHHOM COCTOSIHHH, a TaK-
e Te H3MeHeHHs, KOTOphle MPOH3OHAYT B HUX NPH SKCNJIYaTallHH COOPYXKeHHH.

CoorHomeriHe 06beMOB NOJeBLHX H JIaGOPAaTOPHLX METOHOB, BKJKUEHHLX B
KOMILIEKC HHXXEHePHO-TeOJIOTHUeCKHX H3LICKAHui, AOJXKHO 3aBHceTh OT Uejed H
3afay, CTOSIUMX NMepeX H3LICKAHHAMH, XapPaKTEPHCTHKH HPOEKTHPYEMLIX COOpyXKe-
HHl, CJIOKHOCTH WMHKEHePHO-TeOJIOTHUECKHX H THIPOTEeOJIOTHUeCKHX YCJIOBHE MJIO-
LIaJKH NPOEKTHPYEMOro CTPOHTENBCTBA ¥ TeXHHYECKOH BO3MOXHOCTH HX NpoBene-
nusa. [IpumeHeHne B KOMILIeKce W3LICKAHMH OTHEJBHLIX METOAOB  OOJIXKHO YETKO
0BOCHOBBIBATbLST TEXHHKO-3KOHOMHYEcKOH 3((eKTHBHOCTLIO HX HCNOML30BAHHA B
pelleHHH NOCTaBJEHHLIX 3afau.

Hcnonb3opaie KOMIIEKCHHX METOLOB M3LICKAHHA KOJXKHO 0becneduTsb, ¢ Of-
HOH CTOpOHLI, COKpalieHue CPOKOB H CIOHMOCTH He TOJIbKO HM3LICKaHHH, HO u CTPO-~
WTEJIBCTBA, @ ¢ EPYTofi — TeXHUUEeCKV NpaBHJbHble, SKOHOMHYECKH LeJecoobpasHule
¥ HajiexXXHLe PellleHHS OCHOBaHMIT ¥ QYHIaMEHTOB.



IFnasal

OCHOBHBIE $H3UKO-MEXAHHYECKHE CBONCTBA
FPYHTOB H UX XAPAKTEPHCTHKH

1. O6Gmue NoJaoXenus

Ilpu cTpouTeJbCTBE TOPOACKHX, IPOMBIIJIEHHBIX H CEJIBCKOXO-
3AHCTBEHHBIX 3JaHHII H COOpYXeHuii B OOJLIUMHCTBE CIydaeB B Ka-
YeCcTBe OCHOBaHHH HCIOJB3YIOTCH IMOBCEMECTHO pacnpocTpaHeHHble
rPYHTHl YeTBEPTHYHOTO BO3pacTa: JAeJIOBHAJIbHBIE, AJJIIOBHAJBHELE,
riasnuanbHbBe, (JAIOBHOTNIANNAJBHBE, 3JI0BHAJbHBIE, 30J0BLIE H JP.
YenoBus obpa3zoBaHHA M KPaTKas XapaKTEPUCTHKZ TAKHX TPYHTOB
npuBeneHH B 1abJ. 1.

Onuako cliefiyeT 3aMeTHTb, UTO YBeJIHUeHHE 3ITAXKHOCTH, a cle-
JOBaTeJIbHO, H MACCHl 3/1aHHH, a TaKke MOIIHOCTH TeXHOJOTHYEeCKO-
ro 06OpYA0BaHHS NPOMBIINEHHBIX COOPYXKEHHIT Bce dalle NPHBOIUT
K HeOOXOIHMOCTH OoJiblero 3ariybsiedus (QpyHIaMeHTOB (ualle BCe-
rO CRBAalHBIX) C OMHPaHHEM HX Ha KOPEHHBbIE IPYHTH AOYEeTBEPTHUHO-
ro Bo3pacta. Tag, B cTpouTeNbHON INpakTHke MOCKBBE HepenkH
cJiyyam ONUPAHHS CBalf Ha TPYHTHl MeJIOBOTO H IOPCKOIO BO3PacTOB,
a Ha y4yacTkax, TIe OHH B 3HAUYHTEJIbHO{l CcTeneHN pasMbITH (1O Ge-
peraM pekun MOCKBH), [a)ke Ha OTJIOKEHHS KaMEHHOYIOJLIOTO
BO3pacTa.

BoNbIIHHCTBO TIPOEKTHO-H3BICKATENLCKIX OpTaHH3auui, B TOM
yicne I'TIM ®ynnaMeHTIPOEKT, 3aHHMaercsi H3yueHHeM CBOLHCTB
TPYHTOB 4eTBepTHYHOTo Bo3pacta. CBOHCTBA I'PYHTOB OLLEHHBAIOTCH
COOTBETCTBYIOIIIUMH TOKA3aTeJIIMI — XapaKTepHCTHKAMH.

OnpeseneHre XapakTepUCTHK perJiaMeHTHpYeTcs TOCyLapCTBeH-
HBIMII CTaHZapTaMl. XapaKTEPHCTHKH pa3leSsIOTCA Ha IpsiMbie
(onyuaeMble HelIOCPEACTBEHHO B Iponecce JiaboOpaTOPHBIX M MOJe-
BBIX HCOEITAHHEY) ¥ NPOH3BO/IHBE (NOJiyuaeMBe pacueTaMH C HC-
MOJIL30OBAHHEM TIPSIMBIX XaPaKTEPHCTHK).

K npsMBIM XapakTepHCTHKaM TPYHTa OTHOCATCS: y/IeNbHHIl Bec
(TOCT 5181—78), nmorsocte* (FOCT 5182—78), npuponmas
BrnaxHocth (TOCT 5180—75), BilaxkHOCTL Ha TPaHHLE TEKYYECTH
n packarsiBanus (I'OCT 5183—77), 3epHoBoll (rpanyJioMeTpHuec-
kuit) cocras (I'OCT 12536—79), compotusyiieHne cpesy (TOCT
12248—78), monyns nedopmauun (TOCT 12374—77) u np.

K npon3BOIHBIM XapaKTepHCTHKAM OTHOCATCS: ITJIOTHOCTL CKeJie-
Ta IPYHTA, MOPUCTOCTh, KO3 PHIHEHT IOPUCTOCTH, CTelleHb BJJAXHO-
CTH, YHCJIO IJIACTHYHOCTH, MOKA3aTeNb KOHCHCTeHHMH, OTHOCHTEJIb-
Hasi IIOTHOCTb, YAEJLHOC CHEeNJieHHe, YTroJl BHYTPEHHEro TpeHHst
U Ap.

T'naBHBIME U3 NpPAMBIX XapaKTePHCTHK ABJISIOTCS IJIOTHOCTD IPYH-
T2 H MOAYJIb nedOopMalH, YHCIeHHBle 3HaYeHHA KOTOPBIX HCIOJIL3Y-

* Ilo CHull II-15-74 cooTBeTcTBYeT 06BEMHOMY Becy TpyHTa.



Tabnuua 1

XapakTepHCTHKa H YCJOBHH 06Pa30BaHUA KOHTHHEHTANBHBIX

Tpyntsi ek TPYHTOB 4Y€TBEPTHYHOIO BO3pacTa

AsnosuanpHue al T'aneunviky, rpasuii, neckd ¥ IJIHHHCTHE OGpasoBa-
HHf, OTJaraeMmnle PeKaMH ¥ DydYbsiME (B TOM YHCJEe
HENOCTOSIHHO ARCTBYIOLMH) B pycie, RoJvHE B
ycThe. OtTyioxeHusi OOLIYHO OXHOPORHLI, HO OTHENb-
HHE ClI0H MOTYT 3HauMTeJbHO OTJNHYAThCS 110 Xa-
paxkTepy Mmarepuana. [lo BpeMeHu OTJiOKeHHsT pas-
JIKYAT CcOBpeMEHHWH u apesuuit aqmosnil. Cospe-
MEHHLIE OTJIOXKEHWS, KaK PYCNOBBIE, TaK ¥ MNOHMEH-
HLe, HaHMeHee YIJIOTHEHH M JWINeHE CTPYKTYpHOB
HPOYHOCTH

HenoBranphne dl I'nnnucrue rpyHTH (MHOrAa ¢ BKJAOYEHWEM ¥ Ipo-
cJI0IMH  GoJlee  KpYNHOTO Marephala), oTJaraeMule
NOTOKaMH HROXIEBBIX W TalbX BOJ Ha CKJOHaxX H
B NMOJHOXKHH TOPp ¥ BO3BHIIeHHOCTel. OTJ0XKeHUA
00LIYHO HEeOJHOPOIHML, MJOXO OTCOPTHPOBAHBLl i Ma-
JI0 OKaTaHhl, COCTAB He BLIAEPXKaH MO NPOCTHPANHIO
1 raybune

Jlenuukosue (rasi- | gl O6s0MOuHLIT MaTepnall B BHAe BaNyHHHX IVIHH R
uHalbHLIE) cyryiHKoB (MopeHa), NepeHOCHMHIT i oTJaraeMsbli
nenHnkoM. OTNOXEHUS HCKJIOYHTENBHO HEONHOPOX-
HEl ¥ OTJIHYAKOTCS 3HAYHTENLHOM IVIOTHOCTBIO
BoxHonenunkoBue fgl [Mponykrel nepepaGoTkKH MOPEHH TalJbiMH BOJaMH
(baroBHOrNISLHAL- JIEAHHKOB, MNpeNcTaBleHHEIE TaJleYHHKaMmH, TIpaBleM,
Hble ¥ JHMHOIJS- neckaMH, cynecsiMd w ranHamn (JexroyHeMi). Ot-
UHaJbHBIE ) JIOEHHSl 3aHHMAT GoJblupe nyowann (MOpPEHHLIE
nosis]) M OTHOCHTEJBHO BLIAEPIKAHW IO MPOCTHpa-
HHIO

[Tpomosnancuue pl Cxolnbe ¢ AeTOBHANBHLHIMH CPYHTamH, OTJaraeMhul-
MH y NOJHOXbSA TOP

daopuanbHuEe el [IponykTel BHBETPHBAHHS TOPHBIX NOPOJ, OCTaBIIH-
ecs Ha mecte ofpasosaHusa. OHH XapakTepH3YIOTCS
OTCYTCTBHEM CJIOHCTOCTII II NMOCTENEHHBbIM NEPEXOROM
B MaTEePHUCKYIO NMOpOAy, HE OTCOPTHPOBaHH
DoJiosLie eol | Hionnble 1 GapxaHHHE INecKy, Jecc M JECCOBHUAHLIE
TPYHTH (MOocJefHHEe MOryT OLITh He TOJBKO 30J0BO-
ro npoicxoxneHns). OTNOKEHHS 3aHHMAOT 3HAYH-
TeJbHBIE NPOCTPAHCTBa, OTAHYAKTcs OoJbIIOH OX-
HOPOJHOCTBIO H, KaK NOpaBIIO, PHIXJLIM CJOXKeHHeM

I0TCSl JJI51 ONpeneJieHdss NpHpOoAHOro (OBITOBOro) AaBJeHHs, pacdera
YCTOHUYHBOCTH OTKOCOB, AABJIEHHS IPYHTa Ha NOMIOPHHE CTEHKH 1
Ha OCHOBapHe, OCAJOK M KPeHa COOpyKeHHil, a Takxke B APYIHX
cliyyasix.

Jlpyrue xapakTepHCTHKU, OTHOCSAIINECS K NMPAMBM, SBJSIOTCS
JHOO KlacCH(PHKAINOHHBIMH, JIHOO BCHOMOTaTeNbHBIMH H CJyXKaT
JUISL BBIYKCJIEHHS] TIPOM3BOAHBIX XapaKTepHCTHK HMJIM [/l KauyeCTBeH-
HOIt OLeHKH MPOYHOCTHHIX U Ne(pOPMaHOHHBIX CBOHCTB IPYHTOB.

BaxkuefillnMH K3 YHCJIA DPOH3BOAHBIX XapaKTePHCTHK SIBJSIIOTCH
CUelJIeHHE B YTOoJl BHyTpeHHero TpeHHd, OIpefelisiioniie IPOYHOCTh
rpyHToB. JIpyrue XapakTepHCTHKH, OTHOCSLUHECS K IPOU3BOJHHM,
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SIBJISIIOTCS JIHOGO KiaccHbHKAaIHMOHHBIME, JHO60 (HanpuMmep, Ko3ddu-
LIHEHT TOPHCTOCTH HJIM NJIOTHOCTH CKeJleTa IPYHTa) TNO3BOJAIOT CY-
JHTH O IVIOTHOCTH U CXXKHMaeMOCTH I'DYHTOB.

XapakTepUCTHKH CBOHCTB TDYHTOB pa3melsioT Ha (PH3HUECKHe,
onpenensiiollie HX (QH3HYECKOE COCTOSIHHME, H MeXaHHYeCKne, NO3BO-
JIMIONIHE ONEHHBATH NOBEJEHHE I'PYHTOB TNOJ AeHCTBHEM BHEIIHHX
CHJL

K ¢u3nuecknM XapakKTepHCTHKaM OTHOCHATCS: TpaHyJioMeTpuyec-
KUl cOCTaB, YIEJBbHBI BeC M MJIOTHOCTb TPYHTA, IJIOTHOCTL CKeJleTa
CPYHTA, BJIaXKHOCTD, YHCJIO TJIACTHYHOCTH H MOKA3aTeJb KOHCHCTEH-
UK, TOPHCTOCTb U KO(Q(QHIHEHT NOPHCTOCTH, BOAONPOHHIAEMOCTb
H HEKOTOpbIe JpyTHe.

K MexaHHYeCKHM XapaKTePHCTHKAM OTHOCATCS MOAY.Jb Aedop-
ManuH, KO3(QUUHEeHT yIJIOTHEHHS, CUellJIeHHe, YTroJI BHYTPEHHEro
TpeHHS H Ip.

2. OcHoBHble (pu3uuecKHe CBOHCTBA FPYHTOB
H HX XapaKTepHCTHKH

YiennHblii Bec FPyHTA Ps 3aBUCHT TONBKO OT BEJIHUHMHBl yJelb-
HBIX BECOB CJIaraloliX ero MHHepaJbHBIX YaCTHIL

sl MOHOMHHepaJIBHBIX TPYHTOB (COCTOSIIHX H3 KaKoro-JinGo
OZHOrO MUHepaJla) yAeNbHBI BeC ONpenessieTcsl YAeJbHBIM BECOM
obpasyoinero ux MHHepasna. Jlja nojuMHHepaJbHBIX TPYHTOB (B CO-
CTaB KOTOPHIX BXOJMT nBa MHHepasia H OoJiee) yJeNbHBII BeC OIl-
pelesifaeTcs CpeJHHM YAeJNbHBIM BECOM BCEX YACTHIL

VaoenvHbll BeC ANst GOJIBIIMHCTBA NMECYaHO-TJMHHCTBIX TPYHTOB
KoJleGJleTCsl B HeGOJBIWINX mpefenax (2,66—2,8 rc/em®) u mano
BJIHSIeT Ha 3HAaYCHUS NPOU3BOAHBIX XapaKTePHCTHK.

Han6oJsiee pacnpocTpaHeHHBe TPYHTH XapaKTepH3YIOTCS Clely-
IOU{HMH 3HAYeHHSIMM YJeJdbHOrO Beca, refem®:

Ilecok kpapuepmlii . . . . . . . . . . . . . 2,6b—2,67
Cynech annoBHAJIbHAS . . . . . « . . . . . 2,65—2,69
CyrJanHOK:
amwmopHadbHBEIN . . . . . . . . . . . . 2,656—2,68
MODEHHBIT . . . & . . . . . . . . . . 2,68—2,71
Tanna:
AIIOBHAMBHAS . &« v o« v e ok s e . 2,68—2,71
MOPEHHAasT . . . . « .« .+ < .« < . o« W . %,68—2,72
KOpDeHHas (opcKadg) . . . . . . . . . . 2,66—2,77

NaoTtHocte FPpyHTA * (ycx) OILpeeNsieTcss MacCol MHHepaJbHBIX
YaCTHIl U COZepKallelicsl B HOPax BOJHL.

Ls1s1 0fHOTO M TOTO 2Keé IPYHTa IVIOTHOCTh MOXKeT H3MEHSTHCS B
JIOCTATOYHO INHPOKHX MpefiesiaX B 3aBHCHMOCTH OT INOPHCTOCTH H CO-
JepKaHus B Nopax BOAbL JIJIsl BJIAXKHBIX TVINHHCTHIX TPYHTOB Xapak-
TEPHBIMH 3HAYEHHSIMH MJIOTHOCTH sBisiorest  1,95—2,1 1/M3, s
CYyXHX HeCBSI3HHX CBHIIYYHX TPYyHTOB — 1,58—1,65 1/M3.

* Tlo TOCT 5182-78 — o6beMHHIT Bec.



Tabnuna 2

- =
=z v, 7/, npu nopueroca n, % | 2 v, T/m%, 1pu nopuctocTH n, %
£ G | ¢
22 s | w0 | 4 | s0 s s | w0 | 5 |
0 1,69 | 1,56 ) 1,43 ] 1,3
0,5|1,8 | 1,76 | 1,65 { 1,55 0,5]11,921.,81]1,7 1,59
2,6 1 2,04 11,96 ] 1,88 1,8 2,681 1 2,092 1,92 | 1,84
0 1,71} 1,58} 1,45 | 1,32 0 1,771 1,63} 1,5 1,36
0,5(1,8 1,78 | 1,67 | 1,57 0,511,951 1,83 1,72 ] 1,61
2,641 1 2,0511,911,9 1,821 2,721 1 2,11 12,0311,95} 1,86
2,68 0 1,74 11,61 | 1,47 | 1,34 0 1,79 |1 1,65 | 1,52 | 1,38
0,5({1,97 (1,86 {1,74| 1,63
2,76 | 1 2,14 | 2,06 1,97 | 1,88

Ilpu pacyerax OGbITOBOTO JaBJIEHHs, YCTOHUYHBOCTH OTKOCOB H
JAaBJICHHSA TpyHTa Ha NOANOPDHBIE CTEHKH N B HEKOTOPBIX [ApPYIHX
cayvyasx NOJBL3YIOTCH 3HAYEHHEM IUIOTHOCTH TIPYHTa NpPHPOIZHOR
BJIAXKHOCTH.

3HayeHHsd MJIOTHOCTH IPyHTa B 3aBHCHMOCTH OT YJAECJLHOIO Beca
Ys, CTeNeHy BjakHoctd G U MOPHCTOCTH n NpHBEAEHH B Tabu. 2.

ﬂJIH TPYHTOB OAHOr0 COCTaBa, BO3palTa H reHesnca MnJIoTHOCTH
CKeJieTa TpyHTa CJIYXHT IIOKazarejieM IJIOTHOCTH CJIOXKEHHA H, CJie-
J0BaTeJIbHO, KOCBEeHHBLIM IIOKa3aTtejeM IPOYHOCTHBIX H nedopmanu-
OHHBIX XapaKTepPHCTHK.

3Hasg MJIOTHOCTEL U NPHPOAHYIO BJIAXKHOCTL TIPYHTA, MJIOTHOCTH
CKeJIeTa OllpeessioT no GopmyJe

m=:f¥v;. )

B Tabn. 3 npuBeseHH 3HAYEHAs IUIOTHOCTH CKeJIeTa HEKOTOPBIX
TPYHTOB.

panyiaomerpuueckuii €OCTaB TPYHTOB XapaKTepH3yeT CTENeHb
paszpobseHHocTH (RHCIEPCHOCTH) YaCTHII M MOKA3LIBAET NPOLEHT-
Hoe cojepxanue (10 macce) vactHi (Ppakuuil) PpasJHyYHON Kpym-
HOCTH.

JlagHble 0 rpaHyJOMETPHUYECKOM COCTaBe KPYNHOOGJIOMOUYHBIX H
IeCYAHBIX TPYHTOB HCIOJb3YIOT [JIABHBIM 06pa3oM AJIS ONpe/eleHust
HX KJIACCH(HMKAUKOHHOH NPHHAJIEXKHOCTH U CTENEHH HEOAHOPOAHO-
ctu U:

U = dgo/dye, )

roe des ¥ dio — nMaMeTpPer MACTHL, MEHblle KOTOPHIX B AAHHOM IPyHTe coXep-
PKHTCA (O Macce) COOTBeTcTBenHo 60 u 10% yactui

B 3aBHCHMOCTH OT 3HAYE€HHs CTeleHH HEeOJHOPOAHOCTH U pasJau-
YaioT CHeAyLHe NECKH:



XOPOIIO OTCOPTHPOBaHHWHE . . . . . . . . . . U=3

cpenHe OTCOPTHpOBaHHBE . . . . . . . . . . U=3+5
IJOXO OTCOPTHPOBaHHBE . . . . . . . . . . U=6=-10
HEOTCOPTHPOBAHHBIE . . . . . . .-, . . . . U>10
Tabnupa 3
TpyaT Vex, T IpynT Yer, T/
Tlecok anmoBraibHBI: Cyrnunor Kopemnunoi (top-| 1,54—1,66
OIHOPOAHBI 1,43—1,75 CrHif)
HEOJHOPONHEH 1,59—1,86 || ['mmua Kopennas: .
. opcKas ,32—1,34
Cyraunox: KaMEeHHOYroJbHast 1,41—1,69
JIeCCOBHIHBIH 1,16—1,73 (mepreaucrasn)
aJIMOBHAMBHBI 1,49—1,63
MOPEHH BT 1,43—2,01

Tlopucrocth M Koadpduunent nopucroctu. KonmuuecTsennyio xa-
PAKTEPHCTHKY o0beMa, 3aHHMaeMoro B rpyHre nopaMi (He3aBHCH-
MO OT TOTO, 3aNIOJHEHL! OHH BOJOH YaCTHYHO HJIH MOJHOCTEIO), onpe-
JesslOT ABa IOKAasaTeldsi: MOPHCTOCTb n U Ko3(hGhHIHeHT nopuCTo-
CTH €.

IloprcTocTh — 3T0 OTHOWEHME o0BeMa Nop KO BceMy obObeMmy
rpyHTa (BHpa)aercsi B NpoLeHTax); Ko3(Q(HRHEHT NOPHCTOCTH —
570 oTHOIUeHHe 0O0beMa nop K o6reMy, 3aHSITOMY CKEJeTOM IPYHTa
(BHIpa2KaCTCA B JOJAX €IHHHIH).

ITH IBe XapaKTEPHCTHKH CBA3LIBAIOT OJHY C JPYrofl ciaenywonmim
BhIpaxkenHeM {371eCb MOPHCTOCTb 0603HaYaeTcss B JIOJAX €HHHIBI):

- 3
1—n"
B GoJBIIHHCTBE CAYy4aeB NOPHCTOCTL H K03 (QHUNHEHT MOPHCTO-
CTH B 33BHCHMOCTH OT 3HAYEHHH Y/eJbHOTO Beca ys M IJIOTHOCTH
CKeJieTa Ycx BHIUUCISAIOT N0 opMynam:

n=1— Y. @)

Vs

e=(14+Ww) 1, ©)
Yew
Hns mecyaHBIX TPYHTOB, XapaKTepH3yeMblX OTKPHITOH MOPHCTO-
CcTbl0 (KOria BCe NMOpPHL coobuialoTcs MexkZy coboil H ¢ armoche-
pofl), HOPHCTOCTb MoOXKeT OBITh oflpelesleHa MPSIMBIM CIOCOOOM —
TaK Ha3blBAEMBIM METONOM HACHILCHHS. DTHM MeTOMAOM ONpe/eNsioT
FIOPHCTOCTD 11€CKOB HAPYIIEHHOTo CTPOEHUs NpH eCTeCTBEHHON MIOT-
HOCTH.
Ot pasMepa H (OPMEI TIOP B IPYHTE H OT 3HAYEHHS NOPHCTOCTH
33BHCHAT CKEMaeMOCTh, BOJIONPOHALAEMOCTh, BJAAaroeMKOCTb I HEKO-
TOpbie JIpyTHe BaKHeHIlde CBOHCTBA TPYHTOB.

e =
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Ta6auna 4

TTopUCTOCTH Kosdpdunuent
I'pyntsl n. % MOPHCTOCTH €
Tlecks uerBepTHUHBIE:
AN TIOBNANbHEE 38—45 0,61—0,72
GMOBHOTIALHAMbHEE (HJEBATHE) 41—45 0,7—0,82
Ilecku KopeHHBIE:
neieBaTee (IOPCKue) 4145 0,7—0,82
IOTHBE (MEJOBEE) 3138 0,45—0,61
Jlece m JeCCOBHIHBIE CYTJMHKY 38—60 0,61—1,5
CyIMHRH YeTBEpTHYHHE:
2JMOBKANbHER 36—44 0,56—0,79
MOpEHHEIe 26—38 0,35—0,61
I'anna verseprnunas:
anmoBHaibHas (NoBMEHHAsN) 4060 0,67—1,5
MopeHHas 36—46 0,56—0,85
I'nuna Kopexnas:
Mepreiicras (KaMeHHOYTOJLHASA) 28—43 0,39—0,75
10pcKas 4952 0,96—1,08
Ha 60—90 0,5—9

YncseHHble 3HaUeHHs NOPUCTOCTH MCHOJB3YIOT NIPH ONpedeseHHR
CXKHMaeMOCTH T'PYHTOB, YCJIOBHBIX PacueTHHX JaBJeHUil Ha OCHOBa-
HHS, CTelleHUd NPOCafOMHOCTH, CTelleH! YIJIOTHSeMOCTH H Jp. 3Haue-
HUA NOPUCTOCTH U KO3 duLMeHTa NOPUCTOCTH HEKOTOPHIX I'DYHTOB
npuBeleHs B Taba. 4,

B 3aBHCHMOCTH OT 3HauyeHHH KoadhulMenTa NOPUCTOCTH € B CO-
oreerctBrH co CHuIl I11-15-74 MOKHO OUEHHTb IJIOTHOCTD CJ0XKEHA S
neckoB (T1adu. 5).

Ta6auma 5

KosddulneHT NOpHCTOCTH S MecKoB
Tlecku cpeanelt nnor-
NJIOTHLIX HOCTH PHEIXABIX
I'paBesncThie KpyIHBE M Cpell- e<0,55 0,55<xe<0,7 e>0,7
Helt KpyIHOCTH
Menxgune e<0,6 0,6<e<0,758] ¢>0,75
IlunesaTeie e<0,6 0,6 <e<0,8 e>0,8

Illnpokoe pacnpocTpanenyHe NOJEBHX MeTOLOB HCCJef0BaHHS
IPYHTOB ¥ OOJIBLIOH ONBLIT X NpPHMEHEeHHs, HaKOIJIEHHHH psijIoM op-
raHH3aluf, SBUJHCHL oOcHOBaHHeM HJd Brawuyenud B CHull
11-15-74 3uayennit ko3¢ uuUEeHTa NTOPHCTOCTH NECKOB, TOJyYeHHbIX
B pe3yJbTare HCNHITAHME HMX CTATHYECKHM H IWUHAMHYECKUM 30HIH-
pOBaHHEM.
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CocrosiHHe TIHHUCTHX TPYHTOB B 3aBHCHMOCTH OT 3HAUEHHH KO-
s¢unpenTa MOPHCTOCTH NPSIMO He OLEHHBaercs, OJHAKO YO 3TOH
XapaKTepHCTHKe ONpe/essioT UX NPOYHOCTHHE H JehOpMalHOHHbIE
cBoficrBa (cM. Taba. 1—3 npun. 2 k CHull 11-15-74).

BJaXXHOCTh M CTeN€Hb BJAXXHOCTH TPYHTOB. B 3aBHCHMOCTH OT
cojlep>KaHHs BOJBI COCTOSIHHE H CBOHCTBAa IIECKOB MOTYT Pe3KO Me-
uaTbCA. Takue HX cBoficTBa, KaK CKHMaeMOCTb IpH JeficTBHH CTaTH-
YecKHX HarpysoK, YNJIOTHeMOCTb NPH AeHCTBHR NUHAMHYECKHX Ha-
TPY30K, Pa3KuKaeMOCTb H HEKOTOPBIE J(Pyrue, 3aBHCAT OT CTEeneHH
3anonHenHs nop Bonofi. OnHako B HaHOoJbIIelH cTelleHH BJIAXKHOCTb
BJHfieT Ha COCTOSIHHE M CBOHCTBA TJIMHHCTHIX I'DYHTOB, cTelleHb 3a-
HOJIHEHHS TIOP BOJOH KOTOPBHIX BO MHOTHX cJydasix Onuska K eju-
HHIE.

JIs rIHHHCTHX IPYHTOB O0Jee BaXKHHIM sipJisieTcs obuiee conep-
}KaHHe BJarH, onpellessioliee HX COCTOSIHHE: TBePAOe, TIaCTHYHOE
HJIH Tekyyee. JIN Tako#l OUEHKHM HCNOJb3yeTcsl MOKa3aresb KOHCH-
cTeHIHH /.

BaaxkHocTh HapsAlly ¢ JpyrHMH (akropaMi onpefensieT Xapak-
Tep NPOTEKaHHA B IVIHHHCTBIX IPYHTAX TaKHX NpOLECccOB, KaK ocal-
Ka OT HarpyskH, Habyxanue, ycajka, fydeHue, Ipocajika H T. JI.

ITo crenmeBH Bna*KHOCTH KpPYNMHOOOJOMOYHBlE H TecyaHbie IPYH-
TH TIOAPA3JiEJAIOT cordacHo Taba. 6.

TaGaunua 6

KpynHooGJsioMogHEe H niecYaHBle rpyHTH Crenesk BJIAXHOCTH
MasoBaaxune 0<G<0,5
Baaxuuie 0,5<(G<0,8
Hacrimienusie Bonof 0,8<G«1

nacTnyeckue CcBONCTBA TIJIHHHCTHIX TPYHTOB 3aBHCAT OT HX
BJIAXKHOCTH, TPaHyJOMETpHYECKOro cocTaBa, KauecTBa H KOJHYeCT-
Ba pacTBOpEeHHHIX B BOJe coJiefl H MOTYT NMpOSIBAATBECH NPHU Ofpeie-
JIeHHOH BJAXHOCTH Yy KaXKAOro BHAA TIJIMHHCTOTO (CBSI3HOIO)
rpyHTa.

ITokasaTensIMK NNaCTHYHOCTH SIBJSIIOTCS BJAaXKHOCTh Ha TIpeliesie
(rpanuue) tekysectd Wp u NiacruuHoctH (packareBanusi) W, H
yHcs0 naactHYHOCTH Ip. Tlpu BAAXKHOCTH MeHblle BJIAXKHOCTH Ha
rpanydle TeKyyeCcTH W OoJibllle BJIAXKHOCTH HA rpaHHlle pacKaTHBa-
HHS POSBJSAIOTCSA IJ1aCTHYeCKHe CBOACTBa I'IMHHCTHX rpyHTOB. I1pH
JAPYrofl BJa*KHOCTH NJIACTHYECKHe CBOHCTBA IIHHHCTHIX T'PYHTOB He
nposiBAsioTcs. BaakHocTh Ha TpaHHIE TeKy4YecTH M NJIacCTHYHOCTH
MCIOJAB3YIOT A8 KAaCCHOUKAUHH [MIHHECTHX PPYyHTOB, ONpelesenlis
HX KOHCHCTeHUHH Ir W CTeneHH yNJIOTHAEMOCTH.

BricOkHe 3HAYEHHS YHCAA NJACTHYHOCTH M BJAXKHOCTH HA rpaHH-
LC TEKyYecTH H PaCKaTHIBaAHHS CBOHCTBEHHBI KOPEHHHM BHCOKO/LlC-
NepCHBIM I'PYHTAM WJH IPYHTaM, B MHHeDaJOrHIeCcKdll cocTaB KOTO-
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PHX BXOIAT ruApoduibHbEEe MHHepAbl THIIa MOHTMOPHJIJIOHHTA HJIH
Oeftylenura.

3Hasa BJAAXKHOCTH Ha TpaHuuax T1JIaCTHYHOCTH, MOXKHO onpene-
JINTh IIPOH3BOIHYIO XapaKTEPHCTHKY — YHCJIO NJaCTHYHOCTH:

1, =W, —W, ©)

B 3aBHcHMOCTH OT yhcJia IIacTUYHOCTH IVIMHHCTHIE TPYHTH KJac-
cH(UIHPYIOT HA CYyNecH, CYTIMHKY K MNIHHLL (1abu. 7).

Ta6apua 7

THMHHCTHIR TpYHT UHCAO NIACTHIHOCTH
Cynecn 0,01<J,<0,07
Cyramnok 0,07<1,<0,17
T'auna I,>0,17

XapakrepHbie 3HAuUeHHs] BJAXKHOCTH HA TDAHHIE TeKyYyeCTH H
fI1aCTHYHOCTH, @ TaKKe YHCIA NJAACTHYHOCTH TPYHTOB Da3jIHYHOrO
TeHe3Hca 11 Bo3pacTa npHuBelieHsl B Tabu. 8.

Ta6anua 8

BnaxunocTs, %, Ha rpautye
Qucno nJac-
Tpynr Tel‘})'zecm pacxa&b;naﬂnn TH}‘:_OI‘(’)E‘)'“

Tauna wersepTiunasn:

NOKPOBHAsA 34—41 18—22 17—26

aJMOBHAIbHAS 37—64 3449 17—35
Tanna xopennas:

IOpCKas 61—88 19—37 3361

KaMeHHOYToJbHasA (MeprejHcTas) 38—53 19—24 19—29
CyriueoK 4CTBEPTHYHEBIN:

2JUTIOBH aJIbH B 19—31 1120 8—16

JNECCOBUAMBI (IPHIHENPOBCKUL) 28—34 14—20 12—17

néccoBupubifl (GapHaynbCKui) 21—23 14—16 7—9

MOPeHHBIH 23—32 10—17 10—17
CyruHok Kopenuoii (ropcruit) 3135 15—19 19—17
Cymnecs:

yeTBepTHYHAs (PMOBHOINALHANBEHAR 19—23 12—I19 3—7

xKopeHuast (MeJOBas) 2028 14—23 4—7
Jléce 20—24 16—19 3—7

ITokazaTesib KOHCHCTEHIIUY — Npou3BOAHasa XxapakTepHCTHKA, HC-
ToJyib3yeMas aJiA OlleHKH COCTOSHUSA INIHHUCTBIX IPYHTOB:

V—W,
"L=W/L_,W/p= )
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ITpu I;<<Q rpyHT HAXOJHTCS B TBEPIOM COCTOSIHHH; NpPH [1>1—
B TekyueM cocTosiHuH v npH O<{/;<C1 rpysr obnanaer miacTHy-
HOCTBIO.

I'nuHHcTble TPYHTH pasfiHyaloTcs MO NOKa3aTellio KOHCHCTeHIHH

coraiacHo tabJ. 9.
Tabauuga 9

TauEHCTbE FPYHTH TlokazaTedlb KOHCHCTEHIHH
Cynecu:
TBepable I1 <0
NAacTHYHBIE o<y 1
TeKyyHe Ir>1
CYF.T;I;fél;I;bI;Xe TJHHBL JL.<0
NOJIyTBEpble 0<I; <0,25
TYrONJACTHUHBIE 0,26<Iy 20,5
MATKOMJIACTHYHEE 0,5</1 <0,75
TeKy4en1acTHYHbIE 0,75l <1
TERYSBR Inn>1

ITokaszaTenn KOHCHCTEHLHH, ABJSIOUMHACA OCHOBHON (hH3MYeCKOH
XapaKTepHCTHKOH AJIs ONeHKH COCTOSIHHS TJIHHHUCTBHIX TPYHTOB, YYH-
THBaeTCs NpH ollpe/leNieHHH CNIOCOBHOCTH TJMHUCTHIX [PYHTOB K NJa-
CTHUECKHM He(pOpMauHaM, UX YCTOHYHBOCTH B CTCHKAX KOTJIOBAHOB
1 OTKOcaX BHEMOK, a Tak¥e Hecyuleil cnocobHocTH CBall H cBaHHHX
dyHNaMeRTOB ¥ B PAjle IPYTHX CAyHaeB.

3. OcHOBHble MeXAHMY1eCKHE CBOHCTBA FpyHTOB
H HX XapaKTEePHCTHKH

CxkumaeMocTh. Bee necuaHble W IMIHHHCTHe I'PYHTH B TOH HJH
HHOl ctenenu pedopMupyTes (yunoruswtores) nop HefcTBUEM Hpi-
JIOKEHHOH K HHM CTaTHYecKO# Harpy3ku. YIJIOTHeHHe BOJOHACH-
LleHHHIX NecyaHblX FPYHTOB MO JIEHCTBHEM HArpy3KH HNPOHCXOJNIT
CPaBHHUTRJBHO GBICTPO, TAK Kak Necku, obJajas /IOCTATOUHO BHICO-
KO BOJONPOHHIIAEMOCTBIO, JIETKO OT/aIT CBOGOAHYIO BOLy. Kpome
TOTO, C}KHMaeMOCTb NEeCKOB (32 HCKJIOUeHHeM pHIXJIBIX) HeBeJHKA.

YunorHesHe NOJ AeHcTBReM Harpy3Kd [VIHHHCTHX TPYHTOB (0CO-
OeHHO OYeHb BJAAKHHX WJIH BOJ/IOHACHIIEHHBX) H3-332 HX BecbMa
HU3KOH BOJOMNPOHHIIAEMOCTH H HAJWUHs CBA3aHHOH BOAHB NPOHCXO-
IHT 3HAYHTEJBHO MeJiJieHHee, YeM necuaHblX. Ocallkd cOOpyzKeHuUH,
BO3BOJHMEIX Ha IVIMHHACTHX IPYHTaX, AJATCS MecALAMH U IOLAMH H
BCJeJICTBHe BBICOKOR HAYaJIbHOH MOPHUCTOCTH IPYHTOB MOLYT HOCTH-
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Fath OpH GoJbmMX pasMepax QyHIaMeHTOB M OONBILOH MOIIHOCTH
€2KHMaeMOro I'NTUHHCTOrO CJI0OSl ReCATKOB CAHTHMETPOB.

Jedopmanus yOJIOTHEHHS TPYHTOB NOJ JeficTBHEM HarpyskH
HMeeT B 3HAYHTEJNbHOH CTeneHH HeoOpaTHUMBI Xapaktep. Konuwdect-
BEHHOH XapPaKTEePUCTHKOH CXKHMaeMOCTH TPYHTOB sIBJsIeTCSI MOJYJb
nedopmauun E, KrcfeM2,

Moaynre 1edopmanuy rpyHTOB OTAMYAETCS OT MOAYJISl YIPYrOCTH
TBePABIX TeJl H MaTtepHalOB TeM, UTO OH XapaKTepHU3yeT He TOJbKO
yIpyrue, HO ¥ HeoGpaTHMBle IJacTHYeCKHe jaegpopmanun, M3 storo
clie/lyeT, 4TO MOIyJb JehopManuu OTHOCMTCH TOJBKO K JE€HCTBMIO
BO3pPacCTaINX Harpy30K.

B ofumem BuIe MoJynb JeopMalii FPYHTOB SIBJSETCH HENOCTO-
STHHOH BeJIMYMHOMH, TaK KaK 3aBHCHMOCTb JedopMauMH OT AaBieHus
IS 'PYHTOB HMeeT HelMHeHHBil XapakTep, H 3aKoH ['yka B 3TOM
chiyuae TIPHMeHHM JIHIIbL B npejlenaX HeOONbIIHX HHTEPBAnOB H3Me-
HeHHs! 1aBJIEeHHS.

Ha monynb aedopManuu rIMHHCTHX I'PYHTOB B O0JbIIOH crene-
HH BJMfIET WX BAaXKHOCTb: NpH yBeNWYeHHMH BJaXKHOCTH OH CHHIKA-
eTcs.

Mopnynb nedopManu rpyHTOB ONpe/iessiioT JabopaTOpHBIMH Me-
TOJAMH — B KOMIPEeCCHOHHBbIX NMpubopax unu npubéopax TPexXOCHOTO
CXKaTHsl ¥ TNOJEeBBIMA METOAaMH — C TOMOIBI0O MCIHTAHUH LITaM-
namiu.

Kaxk npaBuno, 3HayeHus: Moayans necopMallii, NOJNyYeHHEIE B Ja-
6opaTopusix, 3auHXeHH. Haubonee N0CTOBeDHEIM MeTOJIOM Onpele-
JIeHUS MOLYJSL JAe(OpMaunHU CPyHTa SBJSIIOTCS I0JieBble HCILITa-
HUSI — HarpykeHHe ONBITHBIX WITAMIIOB CTATHYECKHMH Harpy3kKaMH.
B saBHCHMOCTH OT BHIA T'DYHTOB, HX COCTaBa H COCTOSIHHSI 3Hadye-
HHUA MOJiy/si nepOpManMH MOTYT H3MeHATbCS B INHPOKHX mpeledax.

Jlnsi XapakTepHCTHKH CXXuMaeMocTH B 1aba. 10 npuBeieHb 3Ha-
yenusi MoAyJsis jnedopManHn ANS NecYaHbX TPYHTOB — B 3aBHCHMO-

Tabauwa 10

'pyHTH E. krc/cm?®
Ilecuannie:
TPaBCINCTHE ¥ KPYINHBlE 300—500
cpefHesl KpPYnHOCTH 300—500
MeJKHe 180—480
NBIJIEBATHE 110—390
CauuHCcTHE YeTBEPTHYHOTO BO3PACTA:
OBl A TbHBIE * 70--320
JEeMOBHAJBHEIE * 50-—340
ozepuble * 70—280
03€PHO-aAMOBHANBHEE * 70—330
¢moBHOTAALNANBHEIE ** 70—400
MOpEHHEBIe ** 450—750

* CynecH, CYTAHHKH, TJHHBL
** CynecH, CyIJIHHKH.
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CTH OT TWIOTHOCTH CJIOXKeHHS (kKo3(dHIHeHTa NOPHCTOCTH) H IS
TJIHHHCTHIX — B 3aBHCHMOCTH 0T KO3(GHuIlHeHTa MOPHCTOCTH H KOH-
CUCTEHIAH.

YerBepTHYHble IVIHHACTBIE TPYHTHl TeKyuell U TeKy4ellJacTHYHOR
KOHCHCTEHIMH HMEIOT HACTOJBKO HH3KHe MOJYJH AedOopManuH,uro
NpaKTHUeCKH B KayecTBe eCTECTBEHHBIX OCHOBaHHH He MOTYT HC-
noJp30BaThcA. UeTBepTHYHBE [JIHHHCTBIE IPYHTH! TBEpJIOH KOHCHC-
TEHIHY BCTPeYaloTcsl pelKo. KopeHHble IVIMHB H CYIVINHKH B yCJO-
BHSIX NIPHPOJHOrO 3aJieraHHsl H3-3a BHCOKHX 3HAYEHMIT BJIaXXKHOCTH
Ha rpaHHie NJIACTHYHOCTH B GOJIBLIMHCTBE CJaydaeB He MOTYT Haxo-
JHTBCS B TEKydeM COCTOSIHMH [Ja)Ke NpH CTENEHH BJAXKHOCTH, paB-
HOil eIUHHILE.

ComnpotuBlieHHe CABUrY (IPOYHOCTb) fIBJNfE€TCS OCHOBHBHIM NPOY-
HOCTHBIM CBOHCTBOM TPYHTOB, OIlpe/lesleHie KOToporo Heo0XoanMo
JJIsl pacdera MPOYHOCTH OCHOBAHH 3JaHNH H COOPYXKeHHH, pacyeTa
YCTOHYHBOCTH OTKOCOB 3eMJSIHBIX BHIEMOK H O0pPTOB Kapbepos, Npo-
rHO3HPOBAHUS ONMOJI3HEBHIX NPOHECCOB M ABJEHH{, pacyeTa MOANOP-
HBIX CTEHOK H JIDYTHX OrpaXkZamIlHX KOHCTPYKUHH H T. A.

O60611eHH0l1 XapaKTepUCTHKOH CONPOTHBJCHHS CABHIY SIBJSETCS
obnjee CONMPOTHBIEHHE CABHTAIOIIHM HANpPsixkeHUM (KacaTesbHBIM
HaNpsAKEeHUAM) T NPH Pa3JHYHBIX HOPMAJBHO JeHCTBYIOWHX VIJIOT-
HAIOmMUX HanpsaxeHnax o. OJHAKO 5Ta XapaKrepHCTHKA NPaKTH4YeC-
KH He HCHOJb3yeTcH B MHXKeHEePHbIX pacuerax, a CJAYXKHT AJs onpe-
JleJieHAs 3HAUYeHUll yryia BHYTPEHHero TPeHUsl ¢ H ClellJIeHHs] TPYHTa
¢. OTH 1Ba NOKasaTeNsl INPAKTHYECKH H ABJASIOTCA IPOYHOCTHBIMU
XapakTepHCTHKAMH, NpHMeHseMbIMY B HHXKEHEDHBIX pacuerax.

B obuiem Buje B COOTBETCTBHH C 3aKOHOM KyJlOHa 3aBHCHMOCTD
MezKJly CABHTAIOIIMMK HaNpS?KeHHAMH T H HOPMaJbHO JieHCTBYlO-
IIHM K HHM YIUIOTHSAIOIIHM HanpsxKeHueM ¢ onpejessiercss no ¢op-
Myae

i=otlgopte, &
Ije (¢ — yroda BHYTPeHHero TpEHHA; ¢ — CHenJeHHe.

Bonpoc o Mpo4YHOCTH IPYHTOB fBJSETCH OJAHHM H3 IVIaBHeHALIHX
BOIIPOCOB MeXAHHKM I'PYHTOB, KOTOPOMY HOCBSIIEHO MHOXKECTBO HC-
ciefoBaHHi 1 ony6JHKOBaHHEIX pabor.

ITpodHOCTDL MECKOB, T. €. UX COIPOTHBJEHHE CABUIY, B COOTBETCT-
BHH ¢ 3aKOHOM Kynona 06ycnoBAHBaeTcs TOJBKO KOMPPHIHEHTOM
(yrnoMm) BHyTpeHHero TpeHHSI H 3aBHCHT OT HalpsiZKeHHs, HOpMalb-
HOTO 110 OTHOIIEHHIO K IJIOCKOCTH C/IBHTa:

1=o0tgo. ©)

Onnako Bhipaxkenne (9) cnpaBeAJHBO JJS CyXHX OJHOPOJIHBIX
10 COCTaBY MECKOB C 3€pHAMH B Bujie 1IapoB, HMEIIIUX I[JVaJKylo
noBepXHOCTh. PeanbHbifi mecuyaHblli rpyHT, He o6JalawllHi OTMe-
YeHHBIMH KayecTBaMH, Ha)Kke IPH OTCYTCTBHH HOPMAaJbHO JeHCTBYIO-
X YIVIOTHSIOIMUX HanpsiKeHuifi cnocobeH OKa3HBAaTb HEKOTOPOe
CONPOTHBJIEHHE CABHTY. DTO CONPOTHBJAeHHe OOyCJNOBJHBaeTcs NO-
BEDXHOCTHHIM HAaTs?KeHHeM IIJIEHOK BOJibl BJIAaXKHOTO IecKa, cuende-
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HHEM MeXJy 3epHaMH Pa3IM4HOH KPYIHOCTH M (OPMHL U CHelJeHu-
eM yIpouHeHHUS BclleJcTBHe oOpa30BaHus LeMeHTanHOHHHX cBS3eh.

Kak nokasblBalOT MHOIOYHCJEHHble ONBITH, YroJl BHYTPEHHEro
TPEHHS NECKOB BO3PACTaeT C yYBeJHYeHHeM IJIOTHOCTH HX CJOKeHHS,
pasMepoB 3epeH IecKa, CTeNeHH HEOJIHOPOMHOCTH HX IO KPYIHOCTH
H C yMeHbUIEHHEM CTelleHH HX OKaTaHHOCTH.

B neckax, B TOM YHCJIe BOJOHACHIIEHHHBX, YIJIOTHEHHe OT neHcT-
Bus 0OXHMawlell Harpys3kKH ¢ NPOHCXOJAHT OHICTpO; 3Ta HArpyska
cpasy NepefaeTcs Ha CKeJeT IPyHTa, BCJeJCTBHE yero NOBHIUaeTcs
conpoTuBieHde ciBury. I'pasuranuoHHas (cBoOonmasi) BOjpa BHITe-
CHSIETCSI H3 HOP HO Mepe yBeJHYeHHS IJIOTHOCTH, NMPU 3TOM CONpPO-
THBJIEHHE CHABUTY OCTAeTCsl NOCTOSHHBLIM. IT03TOMY npu HCnbITaHHSX
NEeCKOB Ha C/ABHT CKOPOCTb NMpPHJIOXEHHs K HHM HOpMaJbHOTO H Ka-
caTeNbHOrD HaNpsKeHHH, a TakKe CTeNeHb WX BJAXKHOCTH CKOJb-
KO-HHOYZb CYWECTBEHHOIO BJHAHHS Ha CONPOTHBJEHHE C/IBHTY He
OKAa3LIBAIOT.

EcTectBeliHO, BJMAHHE CTelleHU BOJOHACHIIEHHS I1€CYAHOTO
IPYHTA Ha CONPOTHBJIEHHE CIIBHIY BO3pacTaeT IO Mepe YMeHbIISHHS
pasmepa 3epeH H yBEJHUYeHHS CTelleHH MX HEOJIHOPOJHOCTH, a TakK-
JKe KOJIHYeCTBA MbleBaThiX H TAHHHCTHX pakpuii. Xapaxkrtep u
NpHPOJa NPOYHOCTH I[VIHHMCTHIX FPYHTOB, a CJeAoBaTelbHO, H NPO-
1leCCHl, CONMYTCTBYIOIHEe HX cpe3y (CABHIY), 3aBUCAT OT COCTOSHUS
IJOTHOCTH — BJIAXKHOCTH, B KOTOPOM HAaXOAMTCS TJIHHHCTBIH TPYHT.

I'nuHuCTHE TPYHTH 06Ja/5230T HEKOTOPOH JOCTATOYHO 3HAYHTE b
HOH CHJIOH CONPOTHBJIEHHSA CIBHTY — CHJIOH CLeNJeHHS nazke B TOM
clydae, KOrjia HOpMaJbHOe HanpsikeHHe OTcyTcrByeT. CrelJeHHe
00ycJIOBJIEHO HANHYHEM MEXKJy TBEPIBMH MHHEePaJbHHMH YacTHia-
MH I'PYHTa BHYTPEHHHX CBfi3eH, KOTOPbi€ CJ1araloTcsi H3 PasJHyHOTO
COOTHOILIEHHS CHJI MOJIEKYJSiDHOTO TNPHTSAXKEHHSI, MOBEPXHOCTHOIO:
HATSKEHHS NJIEHOK BOJbl, OGBOMAKHBAIIHX YaCTHLE, & TaKKe BOJ-
HO-KOJIJIOUAHBIX U JKECTKHX IIeMeHTallHOHHBIX CBS3eH,

Kak npaBuso, 3Ha4eHye yrJoB BHYTPEHHEIO TPeHus JAJs [JHHHAC-
THX [PYHTOB 3HAYHTEJbHO MeHblle HX 3HAYEHHS s NMecyaHblX M B
3aBHCHMOCTH OT BH/A H COCTOSIHHS TPYHTa H3MEHSeTcsl OBBLIYHO OT
0 o0 25—30°; npH 3TOM j/14 cynecel OHO BB, YeM JJISI CyTJIHHKOB,
a LI CYIJIHHKOB BHIIE, yeM A/ IMIHH. 3HayeHHe yIJoB BHYTPeHHe-
ro TPeHHsl YMeHblIaeTcs C yBeJHUYEeHHeM BJaXKHOCTH I'PYHTa, a Tak-
JKe C BozpacTaHdWeM ero IJIOTHOCTH TIPH HEH3MEHHOH BJa’kHO-
CTH, T. €. C YBEJHYEHHEM CTeNeHH BJAXKHOCTH TJIHHHCTOIO TIPyH-
TAa YIOJl BHYTDEHHEero TPeHHsI yMeHblnaercd. Bopa npu stoM ur-
paer Kak OH poOJib CMa3KH, yMeHbIIalONmel TpeHde MeX/ly 4acTHHa-
MH IPYHTA.

3HayeHHe COIPOTHBJIEHHSI CIBHTY [VIHHHCTHX TPYHTOB, IOJydae-
MOe JKCHepHMEeHTaJbHHM NMyTeM, B OOJbLIIOA CTelleHH 3aBHCHT OF
METOJHKH IIPOBEJEHHS ONBITa, BPEMEHH BBIIIEPKHBAHHS FPYHTA MOL
YOJIOTHAIOWEH Harpy3Kofl H CKOPOCTH NPHJOXKEHHS CABHTAIONHX
ycunui, Pasingaior cleiylomue cXeMBl HCHITaHUA 06pasnoBs rpyH-
TOB Ha CBWI:
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a) 1o cxeMe MeJJIEHHOIO CABHUIA: KOHCOJHAMPOBaHHOe JPEHHPO-
BaHHOe HCMBITaHUE, NPU KOTOPOM 10 NMPHJIOKEHHSI CABHIOBOTO YCH-
Jaus obpasell YIJOTHAIOT A0 MOPHCTOCTH H BJIAXKHOCTH, COOTBETCTBY-
IOMUX JefiCTBYIOmEMY Ha Hero HOPMAaJbHOMY VCHJHIO (Ji0 COCTOS-
HUA HOJHOH KoHcosujgaunu). Ilo sTofi cxeMe HcOBITaHHE NMPOBOHT-
¢sl B YCJIOBHSIX cBOOOAHOTO OTTOKA BOAH (ZApenupoBanue) mo I'OCT
12248—78 u BHNOJHAETCs: JJig NecuUaHBX H GOJIbIIHHCTBA IJIHHHC-
THX TpyHTOB. McnbiTanWe Mo 3TOH cXeMe JjaeT BO3MOKHOCTh OIle-
HHTb NPOYHOCTb IJIHHUCTHIX I'DYHTOB OCHOBaHHSl TNOCTPOEHHOIO CO-
OPY?KeHHS;

6) o cxeMe OHICTPOrO CABHTA: HEKOHCOJHAHPOBAaHHOE JPeHHPO-
BaHHOe HJH HeADEHHPOBaHHOE HCNEITaHHe, IPH KOTOPOM CABHIOBOE
ycHJHe NMpHKJajibiBaeTcs 6e3 NpejBapHTeNbHOIO YIUJIOTHEHHSI obpas-
a B YCJOBHSIX cBOOOJHOrO OTTOKa (/APEHHpPOBAHHOe HCIHTaHHe)
WM NPH OTCYTCTBUH TAKOH BO3MOXKHOCTH (HeJPeHHPOBAaHHOE HCIH-
tanne). Hekonconuanposanuole JApeHHpOBaHHbIE MCMBITAHHA IO
cxeMe OBICTPOro c/iBHra MpPOBOIAT Ha o6pa3uax BOJOHACHINCHHBIX
CYIVIHHKOB H TI'JIHH €CTEeCTBEHHOTO CJIOXKeHHd, HMeolux I >=0,5.

Jlns HcenenoBaHHS MPHPOJAHOIO COCTOSIHHSL TJIHHHCTBIX I'DYHTOB
HCIBITAHHS Ha CABUI OGBIMHO NPOBOJAT B YCJOBHAX 3aBepIleHHOMN
KOHcoauaaunn. MeToiHka oNpejiesieHAs] CONPOTHBJEHHS CIBHIY BHI-
6upaeTcsd ¢ yyeToM: THNA COOPY¥KEHHsl, BpeMeHH, 3aTPayHBaeMOro
Ha ero BO3BelleHHe, NOPA/Ka 3arpy3KH; BHla IPYHTa, CTeNEHH ero
VIJIOTHEHHOCTH, YCJOBHH 3ajieraHnsl, (pHIbTpALHOHHBIX CBOHCTB M
VCJOBHH JAPEHHDOBAHHS; CKOPOCTH OXKRJaeMbIX H3MeHeHHH Hanps-
KeHHH B IPYHTE; BO3MOXKHOCTH H3MeHEHHH CBOHCTB H COCTOSIHUA
rpyHTa, 0OYCHOBJEeHHBIX NpOBeJeHHEM TEXHHYECKHX MepONlPHATHH
(ycrpoiicTBa npeHaxka, MOBHIUEHAS YPOBHS FPYHTOBBIX BOJ INpH
CTPOHTEJBCTBE).

Ilpr Bo3BeneHNH Ha cJaaGbIX TJIHHHCTHIX BOJOHACHINEHHBIX I'PYH-
TaxX COOPYKeHHH B CXKaTble CPOKH H3 TOTOBHIX 3JEeMEeHTOB, @ TaK¥Ke
npn HeoBXO0AUMOCTH OBICTPOrO 3aNOJHeHHA He(TSHHIX pe3epByapoB,
YCTPOEHHBIX B 3THX I'PyHTaX, HX NMPOYHOCTHHE XaPAKTEPHCTHKH pe-
KOMeHJAyeTcsi ONpeeNTh N0 MeTO/IHKe GHICTPOro cnpura 6es npeju-
BapHTeNbHOrO YNJOTHeHHs1 (B OTJIHYHE OT METOJHKH MeJIeHHOrO
koHconuHposanyoro casura no FOCTy).

Hasg npaBuibHOH OUEHKH CBOHCTB TIPYHTOB KdaK OCHOBaHHH
COOpYZKeHHH pe3yJbTaThl HX HHXKEHePHO-T€OJIOTHYECKUX HCCNlel0Ba-
HHIl IOJI2KHBI COJlepXKaTh CBEJIeHHAl O HX I'e0JJOTHYEeCKOM BO3pacTe,
reHesyuce, a TakXke JlaHHble O CTPOEHHH (CTPYKType H TEKCType).
Jlanuble 0 cocTaBe, CTPOEHHH, XapakTepe CTPYKTYPHBIX cBfI3eH MO-
3BOJISIIOT BoJiee TOYHO NIPOTHO3MPOBATh XOJ NPOIECCOB H SIBJEHHH B
IPYHTaX, a TakxKe H3MEHEHHe UX NPOYHOCTHHIX U jiehOopMalHOHHBIX
CBOHCTB BO BPEMEHH.

B cBfi3u ¢ 3THM OCTaHOBHMcH GoJiee NOAPOOGHO Ha OJHOM BOIIPO-
ce, HMelomeM BOJblIoe 3HAYEHHE IPH OLEeHKe CBOHCTB I'DYHTOB, HO
BeCbMa PeiKO H3y4YaeMOM IIPH NPOBEJEHHH HHXKEHeDHO-IeoJIorHyeC-
KHX H3blICKaHHH. VIMeeTcsl B BHIY OLEHKa CTelleHH YIUIOTHEHHOCTH
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[VIHHHCTHIX TPYyHTOB, 3HAHHE KOTOPOH MO3BOJHT ONpejiefATh BO3-
MOXKHYIO OCa/IKy COOPYXKEHHSL.

HopmaJbHO yIIOTHEHHBIH T'DYHT XapakTepusyercst COOTBETCTBH-

eM MOPHUCTOCTH JeHACTBYIOILEMY Ha Hero NPUPOJHOMY JI&BJEHHIO.
Ilpr sromM NpeAnojaraercH, YTo
PYHT HHKOT[a He HCHBITHIBAJ 1aB- £
JeHusi, NpeBHILIAIONIEr0 CYyUeCcTBY- e‘ e
onlee, M 4YTO YIUJIOTHEHHE €ero B ¢
nponecce GOpMHPOBAaHHA NPOHCXO-
JIHJIO NIPH ONTHMAJbHBEIX YCJIOBHUSAX,
T. €. IpH NMOJHOM 3aMOJHEHHH NOp g
BOJOH H NMOJHOH KOHCOJHIAUHH. .
CooTHOLIEHHE MEeXK/y MOPHCTOCTBIO g
H JlaBJeHHeM B 3aBHCHMOCTH OT yC- 21 \le .
NOBHH YIIOTHEHHS TOKa3aHO Ha ¢ B =Sl
puc. 1. Mo

IapaenusamM pi, py ¥ ps, KOTO- g ]
pole UCIBITHIBAJ TPYHT Ha DPA3JHY- l=
HBIX CTajiufAX cBoero (HOpMHPOBA-

HHS, COOTBETCTBYIOT KO3(h(dHLHeEH- P Pe
Thl OPHCTOCTH €y, €, €;. Hopmans- Puc. 1. CoorHolleHHe MexXay NaBJje-
HO YIJIOTHEHHBIMH OOBIYHO OHI- .00 4 KOS(QHIHEHTOM MOPHCTO-
B2IOT YeTBEPTHUYHBIC TPYHTBl BOJIHO-  cTH B 3aBHCHMOCTHM OT YCJAOBHA ym-
ro NMpOMUCXOXKJeHHS, XapaKTepHu3ye-  JOTHEHHH

Mble KpHUBOH a6 Ha puc. 1.

HenoynnoTHeHHEIM Ha3BIBaeTCs IPYHT, NTOPHCTOCTb KOTOPOTO NPH
CYULeCTBYIOILEM PHPOLHOM JaBjeHHH O0Jblile MOPHCTOCTH, COOTBET-
CTBYIOLIlEH TAKOMYy »Ke NaBJEHHIO NPU ONTHMaJbHBIX YCIOBHAX JJiS
ynnoruenusi. KpuBasi as, Xapakrepusywluas yIJIOTHEHHE TakOro
rpyHTa, NpoiJerT Bblllle KPUBOH ab (cM. puc. 1). Crelenb He Oy ILIOT-
HeHHS NMPH  JIaBJEHUAX P1, P2 H P3 OyldeT COOTBETCTBEHHO paBHA
€l —ey; e;—es; e3—es.

Henoynanoruennoe cocrosiHiie rpyHta OObIYHO OOBACHAETCH Oj-
HOIl H3 TpeX IPHYHH:

VIUIOTHEHHe IPyHTA NPOHMCXONHAO NP HelocTaTKe BJark, BCJIel-
CTBHE Yero TPeHHe MeXX/1y 4acTHIlAMH CKeJera IPeBBIAaNo NPHPOX-
HOe JaBJjleHHe H NPensTCTBOBAJO NepeMemneHnro 4YactHi. K takuM
TPYHTaM OTHOCHATCS HEKOTOpPHe 30J0Bble 06pasoBaHus;

rpyHT QopMHpOBANCH B YCJOBHSX, KOT/ld 3KeCTKHEe KPHCTAJJH3a-
LHOHHBIE CBA3H MeXXAy 4YacTHuaMu o6pa30BmiBaJiick OblcTpee, yeM
YIAOTHAACA TPYHT. B ciyuae ocnabJieHns 3TuX cBsA3eH HJIH B Clydae
IpeBbllleHHS [aBJeHHS Hajl HX NPOYHOCTBIO MPOUCXONHT AOYTJIOTHE-
HHe IpyHTa. Takoe COCTOSIHHE XapaKTepHO JIIsi MPOCAIOUHBIX JIECCOB
U JIECCOBH/IHBIX CYTVIHHKOB;

IPYHT HaXOJHJCSH B COCTOSIHHH HE3aBepIICHHOH KOHCOJIHIANNH
BCJIEJICTBHE 3aTPYJHEHHS 110 KAaKHM-JTHOO NPHUHHAM OTTOKa BOJH H3
HEro, a JaBJjeHHe OT BHILUEJeXallHX CJOeB YacTHYHO NepeliaBaJtoch
Ha noposyio Boly. IIpuMepoM TakHX TPYHTOB SIBJIAIOTCS MOpPCKHe
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MJIBI, CTapuyHble aJJI0BHAJIbHEIE OTJIOXKEHHS H HEKOTOphle Jpy-
rue.

IlepeynJIOTHEHHBIM Ha3BIBAETCH IPYHT, IOPHCTOCTH KOTOPOTO NPH
CYILECTBYIOLIEM NPHPOAHOM JaBJEHHH MeHbIle IIOPHCTOCTH, COOTBET-
CTBYIOLIEH TAKOMY JIaBJEHHIO IPH ONTHMAJNBHBIX YCJIOBHSX IJs YII-
JIOTHEHMS.

IlepeynJioTHEHHOE COCTOSIHHE TPYHTA B €CTECTBEHHEIX YCAOBHAX
BO3HHKAEeT BCJELCTBHE OJHOH U3 IBYX NPHYHH:

yMeHbINAJO0Ch IPHPOJHOe JaBJeHHe Ha PYHT B pesyJbrare pas-
MBIBaHHSI BEPXHHX CJIOEB (HANPHMED, B JOJHHAX PEK) HJM TasgHHSA
JieJHHKa OPH OTCYTCTBHH YCJOBHH J1si Habyxanus (KpHBas JNeKOMII-
peccHu 6z ua puc. 1). Takoe cocTosiHHe XapakTepHO JUIS MOPEHHBIX
OTJIOKEHHH, 2 TaK¥kKe JIPYTHX NepeyIVIOTHEHHEIX TPYHTOB;

NpPOHCXOAUJA ycaJKa TJHHHCTBIX TPYHTOB BCJEACTBHE HX BHICHI-
xaHus (orpe3ok Oz Ha pHc. 1).

Heo6xoauMo HMerb B BHIY, UTO BeJTHYHHa IOPHCTOCTH HE3aBHCH-
MO OT yCJOBUH 0Opa3oBaHHS TPYHTA M JaBJeHHS, HCILITBIBAEMOTO
HM B IPOLLJIOM H HacTOSILIEM, He MOXKET CJIYXKHTb KPHTEPHEM cTelle-
HH YIUVIOTHEHHOCTH TPYHTA H €ro CKHMaeMocTu. [Jocide/dee nosoxe-
HHe HarjsJHO IUIIIOCTPHpYeTCH TeM 3Ke pHC. 1, H3 KOTOPOro BHJIHO,
4TO IPYHT ¢ KO3()(PHUHEHTOM IIOPHCTOCTH €2 MOMeT OLITb Kak HOp-
MajbHO YILIOTHEHHBIM, TaK F HCAOYIJOTHEHEBIM ¥ NEPeynAOTHeN-
HBIM (COOTBETCTBEHHO TOUKH €, &, ). IloaroMy mpH oueHKe CBOHCTB
IPYHTOB KAK OCHOBAHHH COOPYIKEHHH [IOJIKHA YYHTHIBATBLCH CTEIEHb
€ro yIVIOTHEHHOCTH. MeTOAB OIEHKH YIJIOTHEHHOCTH TJIMHHCTBIX
rpyuToB npusejenn B kHure K. Tepuaru u P. ITeka [27].

KocBeHHBIMH ITOKa3aTeNAMH JJ8 OUEHKH YIUIOTHEHHOCTH TpYH-
TOB SIBJASIIOTCH T'eOJIOTHYECKHH BO3PACT TPYHTOB IJIOHIAJKH CTPOH-
TENLCTBA, MOKAa3aTeJb KOHCHCTEHLHH, KOTOpBIH /A IepeylOTHEeH-
HBIX TPYHTOB, KaK npasuJo, Melbuie 0,5, H BHICOKOE CONPOTHBJEHHE
HeIpeHHPOBaHHOMY cABUTY (Gosbmie 1 krefcm?).

IF'nmasa II

HCCIHENOBAHHE II'PYHTOB
LITAMIAMH B HIYPPAX H CKBA)KMHAX

1. O6uHe noJNOXKeHus

Henoanzosanue 8 CCCP nporpeccHBHOr0 MeTOZa pacyera OCHO-
BaHUH, CJ0XKEHHBIX HECKAJBHBIMH IPYHTAMH, 1O NPeAebHBIM Aedop-
MauMsaM (ocankaM) oOyCJOBIMBAET JeTaJbHOE H3YYEHHE CKHMAEMO-
CTH KPYMHOOO/JOMOYNBIX, I€CYAHEIX H IJIHHHUCTHIX TPYHTOB MPH IPO-
BeJleHHH HHIKeHepHO-TeOJOrHUeCKHX H3bICKaHHuH.

JlaGopaTopHbie crocOOH! H3YYEHHST CXKHMAEMOCTH, BHIIOJIHsAEMbIE
Ha obpasuax TpyHTOB, He BCerJa MOrYT OTBeyaTh TPeOOBaHHMAM CO-
BPEMEHHOTO CTPOHMTEJNbCTBA. TaK, IPH CTPOHTENBCTBE BLICOTHBIX
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KHUJABIX 3/IaHHH, COOPYIKEHHH ¢ THAMKEJBIM TEeXHOJOTHYeCKHM 00opy-
JoBaHueM, B C/AyYasX MaccoBOH 3acTPORKH MHKpPOPaHOHOB COBpe-
MeHHBIMH MAHEJbHBIMH 3]aHHSMH, 2 TakK:Ke NMPH CTPOHTENBbCTBE Ha
TpyHTaX, oT60Op HeHapylleHHBEIX 00Pa3lOB M3 KOTODPBIX IPAaKTHYECKH
HEBO3MOJKEH, CKHMAaeMOCTh M3ydyaercs NOJNEBLIMH clocobaMmu, HaH-
fosee TOUHBIMHM W3 KOTOPHIX ABNAIOTCH HCOLITAHHS TPYHTOB INTaM-
namu B lypdax H CKBaxKHHaXx.

Co BpeMeHH Hayasna BHeApe- b, nec/em?
gus1 (KOHIA IpOLLIOrO  CTOJe- 2 2
THs1) METOJHKH HCIIBITAHHH IPYH-
TOB IUTAMIIAMH, OTJIHYAOUHXCH
LOCTATOYHOH CJOXKHOCTBIO H TPY-
IOEMKOCTbIO, B Heil He IIPOH30- ¢
1LJ0 CKOJBbKO-HHOYAL CYIUECT-
BeHHHIX u3MeHenuil. CoseprueH-
¢TBOBaNnch oOopyloBaHHve s S5,
HAarPyXKeHHsd INTAMIOB M H3Me-
puTeJqbHas amnmnaparypa, cosja-
BaJINCh HOBHIE BHABI YCTaHOBOK,

HO caMa MeTOjMKa HpOBeJeHUS
WCINBITAHUI IpaKTHYeCKH OCTa-
paaach, Oe3 HU3MeHeHHH, OTJHMYa-
sficb Bce TaKOH Ke CJOXKHOCTBIO

Y

S,MM

Puc. 2. 3aBUCHMOCTDL OCaAKH LITAMIA OT
Harpy3kd H cTajuu pedopMauuH rpysH-

TOB HOR Harpyskofi
1—3 — uoMepa YHacCTKOB

H TPYJIOEMKOCTEIO.

TocynapctBeHHBEIH cTaHAapT
12374—77 «Upyute. Merop no-
JIEBOrO HCIBITAHMA CTaTHYeCKUMHM Harpy3kaMmH», BBENEHHBIH C
1/V 1978 r., obecneynBaeT coOJIONEHHE Ha NMPAKTHKE €IHHOOGDa3Hs
BHINIOJIHEHHUS MCIOBITAHUHA, a [J1aBHOE — HHTEPIPETALHH HX pe3yJib-
TaTOB.

OO6wmui xapakTep NPOLECCOB, IPOUCXOASIIIMX B IPYHTE 110 XKeCT-
KUM HarpyeHHbIM dyHlaMeHToM (ILTUTOMH, WITAMIOM), OTOOpaxKeH
Ha pHC. 2 B BHIE 3aBUCHMOCTH OCajKHM ¢yHraMeHTa (IJIUTHI, HITAM-
na) or narpyskd. OTlesibHEE YHACTKH 3TOrO rpaduKka XxapakTepH3y-
J0T IpOIECCH, MPOTeKaiole B IPYUTe NPH Pa3JIHYHLIX Harpy3Kax.

H. M. TepceBanos (1930 r.) paccmarpuBaa TpH XapaKTepHbie
(asbl COCTOAHHS TPYHTAa B 3aBHCHMOCTH OT OCaJKH HarpyKeHHOro
mTamna.

VyacTtok I XapakrepHuayer ¢asy yIJIOTHeHMs rpyHTa 1m0z jefict-
BlieM CXKHMalei HarpyskH, KOrZa INPOHCXOAST NeperpylnupoBK4
TBepABIX YacTHI U OoJee KOMIIAKTHOe HX pasMelleHHe. ¥ IJIOTHEHHE
BHPa}aercs B yMeHbUIeHHH MOPHCTOCTH M Ha rpaduke S==f(p)
NpEACTABIEHO NPAMOJHHEHAHBIM (HJIH GJIH3KHM K NPSMOJHHEHHOMY)
Y4aCTKOM.

Yyacrok 2 xapakrepusyer ¢asy, npu KOTOPOH Hapsiny ¢ Aajb-
HeAINHM YIIJIOTHEHHEM BO3HHKAIT M Pa3BHMBAIOTCH MECTHLIE CIBMIH.
Hesnauntenpnbie 1 BOHMKAIOWHE 0 KPasiM MOLOLIBL GyH1aMeHTa
B HayaJsie 3TOH (asui, OHM IO Mepe BO3pacTaHUsi HArpy3KH mpHOOpe-
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TalT B Pa3BHTHH jpedopManuii AOMHHHDYOIIEe 3HAaYeHHe, NIpOaBIa-
sicb B 06pa30BaHHN KpHUBOJHHEHHBIX ITOBEPXHOCTEH CKOJbLIKEHHS.
YyacTok 2 HMeeT KpHBOJHHeHHOe ouepTamie, a ero KpyTH3Ha Xa-
pakrepusyer 00Jiee HHTEHCHBHOE 11O CPaBHEHHIO ¢ POCTOM HArpysk#
npupamenue nedopManuit (ocagky).

Yyacrok 3 xapakrepHsyer (asy paspylleHHs TpyHTa, T. €. je-
dopMaunH, CONyTCTBYIOLHEe 06GPA30BAHHI0 MOBEPXHOCTEH CKOJIbKe-
HHfl, OXBaTHIBAIOIIUX BCIO MOAOIIBY (PYHIaMEHTa, H BEIIHPAaHHIO H3-
TIOJ HEro rpyHrta. DTOT NpONecc CONPOBOK/IAeTcsd PEe3KUM BO3pacra-
HieM nepopMauti NpH he3HaYUTebHOM YBEJHYEHHH HArpysok, a Ha
KOHEYHOM 3Tane — Jaje IpH HX INOCTOSSHHOM 3HaYeHHH.

H. A. LisitoBuy [35] Ha ocroBe 0600UIeHHs Pa3THYHBIX HCCIEN0-
BaHHH 3TOro CJOXKHOrO Jlpolecca H Ha OCHOBE COOCTBEHHBIX ONBITOB
paccMaTpuBaer He TDH, a Ape (asbl, CYHTAs, UTO BO MHOTHX Cayda-
fix nepsas u Bropas (assl (o H. M. I'epceBanoBy) HaknaabiBarTcst
ongHa Ha Apyryr. IIpn 3ToM NMpouHOCTH M YCTOHUMBOCTD OCHOBAHMH
He HapylIarwTCs jaKe NPH BO3HHKHOBEHHHY JIOKAaJbHBIX CIBHTOB.
B cooTBeTcTBHH € 3THM paccMaTtpHBaroTcs: (Gassl YIJIOTHEHHS U JIO-
KaJbHBIX CIOBUroB; (ha3bl pasBUTHS 3HAYUTENIBHBIX CIBHIOB,

IlpsMoanHelinbIH  yyactok I (cM. pue. 2), XapaKTepH3YOiHHd
yILIOTHEHHe IpyHTa, CJayXur, coryacuo I'OCT 12374—77, nng Bui-
yHeseHHs Monynsa aedopManui. OfHaKO Ha 3TOM yiactke rpaduxa
He HCHepNBIBAeTCH Hecyllasi CMocOBHOCTb, H Ha IPYHT MOXKHO Iepe-
JaBaThb ellle HEeKOTOpYIO n06aBouHy0 HArpysKky [35].

310 nonoxenue 3adukcupoano B CHull II-15-74, cornacuo
KOTOPBIM Hecyiuas crnoco6HOCTh OCHOBAHHSA, CJIOXKEHHOTO HeCKasbHbI-
MH TPYHTaMH, JOJ3KHa ONpeleNATbcs HCXONS H3 YCJIOBHH, YTO B
rpyHTe 0o0pa3yioTcsl NOBEPXHOCTH CKOJIbXEHHS, OXBaThIBalOLIlie BCIO
nojolBy GyHnaMeHTa HIH COOPYIKEHHUS.

QopMyJja IAns onpeneneHHs Moaynis aedopMauHH (CKHMaeMo-
CTH) IO pe3yJsTaTaM HCIbITAHHH TPYHTOB HAaTrpyXEHHEM JKeCTKOro:
wraMna B coorBercrBul ¢ I'OCT 12374—77 uMeer BUA:

2y g 2P
E=(—p)od<, (10)

rie p — xoybouunent [Iyaccona, NpHHEMACMBIH PaBHEM A48 KPyNHOOGIOMOYHBIX
rpyrtos — 0,27, Ass MeckoB M cyneceit — 0,3, nnist cyraunkoB — 0,35, nna romd —
0,42; ® — Oe3pa3MepHtIi K03DPHLUHEHT. 3aBrcslIAi OT (QOpPMBI H XKEeCTKOCTH LITaM-
na; AJsi ¥ReCTKOro wmramna xpyrjoit ¢opmol w=0,79; d — nnamerp Litamma, CM;.
Ap — npupainesue naBieHdss HA WITaMI MEXAY Pn ¥ Ps, Krcfem? (3mech pe—
HarpyskKa, paBHasi NDHPOJHOMY AABJIEHHIO HA OTMETKE YCTAHOBKH WTaMma); AS —
npHpallleHye Ocajkd UTaMIa, cM, COOTBETCTBYIOIIee Ap.

Tlpn nepuoamveckom AeflCTBHH HArPy3KH OAHOH M TOH e BeJH-
YHHB (MHOTOKpPAaTHO NOBTOPSIOIIMMHCH UHKJIaMH Harpyska -— pas-
rpy3ka) Moxer OBITh JAOCTHTHYTO COCTOSIHHE, IIPH KOTOPOM VILIOT-
HEHHHIH TPYHT IPOSBJSAET JUIIL YIPYIYIO redopMalHio, T.€. TPYHT
npuoGpeTaeT yIPYroyIJOTHEHHOe cocTosiiue [35].

Ha opHO#l u3 mJOIIAAOK CTPOUTENLCTBA COOPYIKEHHH, BecbMa
YYBCTBHTEJIBHOTO K OCAQAKaM, a IJIaBHOe, K UX pPasHOCTH, YIpyroyi-
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JIOTHEHHOE COCTOSIHHE TPYHTA MOJ MTaMIoM OBIIO JOCTHIHYTO HOCTe
nposefeHns 280—300 uHKAOB HArpPy30K — Pasrpysok.

CrnoxHBI#l Xapakrep jnedopMauuil, NIPOTEKAIOLIHX B TPYHTE NPH
Harpy»eHHH IITaMIa U CKJAAAbIBAMIMXCA U3 JedopMauui ymJoT-
HEHHSI M C/BUTa, Pas3/IHYHBIMH aBTOPaMH TPaKTYeTcsl HO-Pa3HoOMY,
YTO CJeyer CYUTATb NPHYHHOH H Da3JHYHA B TEPMHHOJOTHH IO
stomy Bompocy. Benwunny E B dopmyne (10) HasbiBaroT no-paszo-
My: Moayap nedopMaunHu, MOnyab obmielt Aedopmanuy, MOAYJb
cxxuMaeMocti. Ha3zBaune «Monynb neOpMandd», Kak 3TO NPHHATO
B TOCT 12374—77 nanbosee npaBHJIbHO OTBEHAET IPOIECCY CIKH-
MaeMOCTH, XapaKTepHU3yeMOMY 3THM HOKazareseM. B nochenywrinem
MBI GyAeM NOJb30BATbCS 5THM TEDMHUHOM, HE OTCTYNmas OT NPHHATOrO
[OCTom.

PacemoTpum Bompoc O TOM, SIBJASETCH BeNMMyHHa E MOCTOAHHON
U nepeMeHHol. IToCKONBKY MORYab nedOPMAaUHU ABASETCH Xapak-
TEPUCTHKOl [JIsl OUEHKH TPYHTOB, MOBEJEHHE KOTOPHIX OMHCHIBAETCS
Teopuell JuHeHHO-AeQOPMHPYEMBIX TeJ, ONPELeNfATL BeNuduHy L
MOKHO TOJBKO JIJjsi Ha4aJbHOTO NPSMOJHHEHRHOTO yyacTKa rpaduka
S=[(p).

Kortanrenc yria Hak/JoHa 3TOH NPAMOB K OCH OPJMHAT U Xapak-
TepH3yeT MOAYJb JNe(OpPMauHH, SIBJASIOMUICA [PH NPHHATHX Orpa-
HUYEHHSIX BEJHYHMHOH NOCTOSHHOH AJf TPYHTa JAaHHOrO COCTa-
B4 M COCTOAHHMS UOPH JaHuoH MeToAHKe MembiTaHusi (pasme-
pax uITaMna, CKOPOCTH NPHJIOXKEHHS Harpy3KH u J1p.). 3TOT MO-
Avab  JnedopManuy CAYXHT JJs  ONpPEJeNeHHS OCajoK Coopy-
JKEeHHil, a TakXe SBJAAETCA 3TAJOHOM NpH OLEHKE MOAyJas Je-
dopMamiy, nOTy4eHHOrO mO JAaHHBIM 30HAHPOBAHHMS H NPECCHOMET-
pBYECKIX HCIObITaHHE.

ITonyuerne naHHBIX AJS BBIYHCIEHHS 3HaueHHs MOAyas nedop-
Mayuu ABJSETCS IVIaBHOH, HO He €IMHCTBEHHOHN 3ajzauel, pemaeMo
IOPH NpOBeleHHH HCOBITaHHR TPYHTOB wITaMnaMmi. [lo pesyabraraMm
3THX HCObITANUI MOXHO TakiXe ONpejeJHTh H OLEHHTb OCAJKY
ITPYHTa NOJ Harpyskof, ynpyryio AdedopMauiio TrPyHTa, Xapakrtep
NPOTEKAHUS BO BPEMEHH OCAJKH I'DYHTa mOJ HArpy3KoH, KpUTHYEC-
Ky (paspyliamollyio) Harpys3Ky, [OMOJHHTEJBHYIO OCaJKy (IIpo-
€aaKy) B IpOCajOYHBIX PYHTAX NMPH HX YBJAXKHEHHH MOJ HArpy3KOH
H Ip.

HcenblTande IPYHTOB CTATHYECKHMH HAarpy3KaMH HenoCpPenCcTBEH-
HO B Mecte HX 3ajeranus (in situ) ¢ uenbio onpenenenus gedopma-
[HH H BO3MOXKHO} OCaJIKH COOPYIKEHH{l, BO3BOLUMBIX Ha 3THX FPYH-
Tax, IPOBOAAT B PA3/IHYHBIX CTpaHax B TeueHHE MHOIHX JECATH-
JeTui.

ITpoToTHIOM COBPEMEHHEIX METOZOB HCCJENOBaHHUS IPYHTOB CTa-
THYECKHMH Harpy3kaMH spJjasietcs Mmeron Jlemana [1], xoropwii ¢
MoMeHTa cBoero onybsukosauns (1881 r.) coBepliencTBOBajICA U B
Hacrosiliee BpeMsi HMeeT MHOXXECTBO BapHAHTOB, KaxKIbll cO CBOH-
MH JOCTOMHCTBaMH H HejnoctaTkaMu. IIpH stom BBIGOP TOrO WiH
HHOTO MeTOJA HCCJE/0BAHHS CTPOUTENBHHX CBOJICTB I'DYHTOB 3aBu-
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CHT OT MeCTHBIX YCJIOBHH, XapaKrepa HCIBITYEMHX I'DYHTOB, IIPO€K-
THPYEMOTO COOpPYKEeHHS H T. IL.

B MHorouucsienubix akcnepuMenTax, nposeieHibx B CCCP u 3a
py0OexoM, BHSBIEHO OOMbLIOe BIHSHHE pasMepa IITamIa Ha BeJH-
yHIy ocafikd. BrepBrie TakHe onubTH ObUIA MOCTaBjeHH [IpeccoM B
1930 r. [1]. HcnblTanus nMpoOBOAW/IN B IOJIEBHIX YCJOBHSIX KBajipat-
HEIMH IITAaMIIaMH pa3JIHYyHOrO pa3Mepa, KOTOpHEe YCTaHaBJIMBAJH
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Puc. 3. 3aBucrMOcTh OcalkH LUTaMNa Puc. 4. 3aBucuMoCTb OCalKy WITaMna ot
OT NJOWaff UITaMNa AJs MeJKo3ep- miongand IitTaMna JAJs  NbUJIEBATHIX
HHCTHIX NEeCKOB BJaXKHHX CYFJIHHKOB

Ha OZHOPOJAHHIX MeJIKO3EPHHCTBIX CYXHX I€CKaX H Ha BJIa’KHHX Ilec-
YaHHCTHIX IVIMHAX. Pe3y/lbrathl ONHTOB ¢ JIECYaHBIMH IPYHTaMH II0-
Ka3aJ¥, 4TO IPH OJMHAKOBBEIX YJEJbHEX J/aBJAeHHAX OCAaIKH TeM
boJibme, yeM GoJblle IJIOMA/L ITaMna (pHC. 3).

M3z onbitoB Ilpecca Takike BHJHO, YTO TaKas 3aBHCHMOCThL yCTa-
HaBJIHBaeTcsi JIHIIb C HEKOTOPOIO ONpejeJeHHOro JJf KaXAOoro
rpyHra pasmepa mramna. Ilpu meHnbmiem pasmepe mramna uabuaio-
Jdaercsi obpatnas 3aBHcHMOCTh. [lyig HenbTaHHHX [IpeccoM meckoB
TAKHM OKasaJjcsg mramll, pasMmepe koroporo 30330 cM, a ans
[JIMH — 3HAYHTETbHO MEHBIIHM.

Ananornunbifi rpaQuk, BepaXKaromuil COOTHOLIEHHE MEXAY pas-
MEPOM KBaJPAaTHOIO IITAMIIa H OCAJIKOH IIPH OZHOM M TOM 2Ke y/eJNb-
oM nasnenu, npusoasat K. Tepuaru v P. Ilek [27].

OnbitamH QyHIaMeHTIIPOEKTa, IpoBeAeHHEIMH B Tafimere Ha
NbJIEBAThIX BJAXKHBIX CYIVIHHKAaX, MHHHMaJbHas ocajka OwJla 3ape-
rHCTpHpoBaHa y mtamna minomanbio 1200 em2. Ocajike 1mTaMIIoB,
HMEIOMHX MEHBIIYI0 H OONbUIyI0 IJIOMmIaAH, BO3pacradu (puc. 4).
Tlo-BuiuMOMY, IIpH NJIOUIAASAX LITAMIIOB MeHblLIe HEKOTOPOH BeJHYH-

24



HEl OCa/iKa NMPOHCXOJUT IJaBHBIM OOpPasOM BCJe/ICTBHE CMEMLIEHHS
CPYUTA B CTOPOHH H BHIIOPA €ro H3-NOJ INTaMIIa, a He TOJLRKO BCJles-
CTBHE BePTHKAJIBHOrO 06XaTHA IPYHTA.

Caenyer OTMETHTb, 4TO IIPH JOCTATOYHO KECTKOM HITAMITE CIKH-
MarolHe HANpPSKEHHsi MO INIOCKOCTH KOHTAKTA €ro ¢ IPYHTOM He
PAaBHHI cpelnell HHTEHCUBHOCTH HarpyskH. IIpH 31OM K KpasM Kecr-
KOro HITaMia JaBjieHHe Ha IPYHT YBeJHYHBaeTcsl, JHOCTHras Io
nepuMeTpy BecbMa OonbHIHX 3HaueHHH. EcTecTBEHHO, YTO BCJELCT-
8He ITOrO MO IEepPUMETPY IITaMIa BO3SHHKAIOT OCTATOYHBIE IJlacTH-
yeckue JaedopMauyH, oInpejessieMble MPOYHOCTHHIMH CBOHCTBAMH
TPYHTA U He XapaKTepH3YIOIIHe ero YINMOTHAEMOCTh (C:XUMaeMOCTh).

310 06CTOATENBCTBO NOATBEPKAAET OTMEUEHHOE BHIIIE MOJIONKE-
HHe O TOM, YTO IpPH HarpyxeHHH HrraMna ¢asbl YIJIOTHEHHS H pas-
BHUTHA MECTHHIX CABHroB, orobpaxkaeMble rpadukom S=f(p) (cM.
pHC. 2), HaKJa/(LIBAIOTCS OLHA Ha JIPYTYIO.

HauGonee nocroBepHble pe3ysnbrarhl MOTyT OBITh IOJYHEHE! IIPH
HCNBITAHHUSX ONBITHEIX (DYHIAMEeHTOB, IJIOUIA/H KOTOPHEIX PaBHBl HJIK
OJIN3KH IJIOMAAAM IpOeKTHpyeMbiX (QyHnamentoB. OJHAKO TaKHe
HCNBITAaHHA BCJAEACTBHE I'DOMO3ZKOCTH, BEICOKOH CTOHMOCTH H JLJ1H-
TEJBHOCTH HX IIPOBEJEHHS MOTYT OCYILECTBJSITHCA TOJBLKO B HCKJIHO-
YHTENbHBIX caydasax. [To3ToMy np# MacCOBHIX HCCJENOBAHHAX TPYH-
TOB NPHMEHSIOTCH IITAMOB 3HAYHTENBHO MEHBIIHX Pa3MepoB IO
CPaBHEUHIO ¢ pazMepaMu Oy YUK QYyHIAMEHTOB.

Bompoc o6 ONTHMaJbHEIX pasMepax IITAMIIOB, HECMOTPS Ha
00JBIIOe YHCIO NPOBEJIEHHDBIX TEOPETHIECKHX H IKCIEPHUMEHTANLHEIX
HceselOBaHUH, JO CHX IOp OCTaercs He BHoJine fcubiM. B HekoTO-
PHIX 3apy0exHBIX CTpAaHaX, OCHOBHIBASACH HA HCCJIENOBAHHUAX H OIbI-
tax, nono6HEIX onbiTaM Ilpecca, crajn NPpUMEHSATb INTAMIB MajbiX
pasmepoB. Tak, B CIIA naa nenblTaens NeCcKOB NpPHMEHSIOT KBal-
patHble HITaMOp MJomwanpo 900 cM?, a nas HeObTaHHs [IHH —
noma pto 3600 cm? [2].

B pykoBojcTBe IO BHIOODY peHIeHHH, CBS3aHHHIX C YCTPOHCTBOM
byn1aMenToB, OnyOAHKOBaHHOM HOpBEXCKHM TeOTeXHHYECKUM HH-
crurytom, H. IOy, JI. Breppym v B. Kbepucsau, kacasch Bonpoca
06 ocankax (QyHIaMeHTOB, IPUBOAAT B KayecTBe NpPHMepa WCIbITA-
HIE OJIHOPOAHOro Iecka IUramMnoM nJjomaibio 1000 cm?, BecbMa
Oan3kuM no naomann mramny, npuustoMy 8 CIIA. B sroit xe pa-
6oTe AJNA ONpeledeHHs] Ocaikn (QYHIAMEHTa, 3aJI0KEHHOrO Ha Iec-
Ke, [I0 JaHHBIM HCIBITAHHS IITAMIIOM, B BHje IpadHka NpHBOANTCS
COOTHOLIEHHe MeXy ocajKaMd (yuIaMeHTa S mupunoit b u mram-
ta S mmpuuoh by (puc. 5).

B CCCP png nenblTalHufl TPYHTOB  CTATHHECKOH HArPY3KOH HC-
TOJb3YT HITAMIIB 3HAYUTENBbHO OOJBIIHX pas3MepoB, yem 3a pybe-
koM. CraHzapTHEIMH 1018 HCNbITaHUE B mypdax, KOTJIOBaHax, max-
Tax, IITOJBHAX H pacceykax CYHTAIOTCH KeCTKHe KPYrJble B ILIake,
MIOCKHE H TIyXHe IItaMusl miomaiesio 2500, 5000 u 10000 cm?, a
Takxe mraMnbl naomaab 1000 cM? ¢ 3KeCTKHM KOJbUOM, LOMOJIHSA-
0mUM nao0maab mramna po 5000 cm?; 1Jig UCHHITaHHE B CKBAXKHHAX

25



HCHOJB3YIOT KPYIABH B miane mwraMn miomanbio 600 M2 Onnako
rae Obi HM NpPOM3BOMIM HCOBITAHMP rpyHTa CTATHYECKOH Harpys-
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Puc. 5. CoorHomenne Mexxny ocagKaMH
¢yunamenta S wwpuHoii & M mTamna
Si wwMpHEd># by npu paBHOM yIeJbHOM
naBJeHHH

UX ocTaercd HeH3IMEHHOH.

HamMeHslOTCa  TOJIL-
KO TEXHOJIOrHSI MCHOBITaHHE H
npHUMeHgeMoe 06opyLoBanye.
Hcobltauuss TpyHTOE CTaTHyec-
KMMH HarpyskaMH MOXHO pasje-
JIUThL Ha JBa OCHOBHHIX THIa: HC-
NeITaHUg B Wnypdax H ucnowiTa-
HUs B OYPOBBIX ckBakMHax, HMc-
OblTaHMs B mypdax Hepeako Ha-
3BIBAIOT <«IIOBEPXHOCTHBIMHU», a
HCIIBITaHHS B CKBAXXHHAX—<«IJIY=
OMHHBIMUY. DTH TEDPMHHE HEJb3S
IpHsHaTh OUPABJaHHLIMM, IIO-
CKONBKY rny0OMHA, Ha KOTOpOH
OpOU3BOAAT HCIBLITAHHE, He AB-
JIsleTcst ONpenessomuM IpHsHa-
KOM.

Ocofbie cnynTal CTATHYECKHX
HCIHITaHUl IPyHTa B MOA3EMHBIX

TOPHEIX Bblpa6OTKaX IO TE€XHHUKE BLBINOJIHEHHS MaJa0 4YyeM OTJuygalor-

¢s OT HenbiTanuil B mypogax.

2. Hcnbitanus rpysroB B mypdax

Oo6opynosanue. OcHOBHHIM

ofopyzoBaHueM s HMCHBITAHUH

TPYHTOB CTATHYECKOI! HAarpy3Kol SIBAAIOTCS IUTAMH, YCTAHOBKA g
ero Harpy>xeHHsi 1 U3MepHTeJbHAs amnmapatypa. ToJbKO B OTHe/b-
HBIX CAy4asix OpH HCCJIe0BAHMAX, NPOBOJHUMEIX OYTEM HCOBITAHHUS
IpyHTa Harpyskoll or YKJaABBaeMbIX 3JeMeHTOB COOPHBIX JKeseso-
OeTOHHBIX KOHCTPYKUHI, He Tpebyercs clennasbHblX IITAMIOB H yC-

TAaHOBOK.

W ramne. s venblTanuil rpyuTta B wypdax JOMKHBL OpHMe-
HATbCS LITAMIBI, HMewIlMe B Iake kpyrayio popMy. OAHAKO B He-
KOTOPHIX ¢ay4agX eine NpUMeHSIOT UIMpOKO HCNOJb30OBaBlUIHecs pa-

Hee INTaMIIHI,

AMelolMe B IJiaHe kBajpartayio ¢opMy. llramm,

CJy2KalMi /15 nepenayd Ha TPYHT HArpyskKH, fo/KeH 00Ja aTh He-
06X0MMOH KeCTKOCTbIO, 8 ero HHXKHsS MOBEPXHOCThb, CONMpHKacalo-
LafgcA C TPYHTOM, AOJKHA OBITH IJIOCKOH.

OreyecTBeHHast NPOMBIIIJIEHHOCTL UEHTPAJH30BaHHO He BBIIYyC-
KaeT YCTAaHOBOX M OOODYJOBAHHSA HAJISI HCILITAHHI TPYHTOB IliTaMIa-
Mu. Takue ycraHOBKH H ODOpPyHOBaHHe [Jif CBOMX HYXKJ H3TOTOB-
JIAIOT OT/leJIbHbIe IPOEKTHO-U3BICKATENbCKMe opranusauyn. ITostomy
B IPaKTHKe MCIBITAHHH TPYHTOB HITaMIaM#y NPHMEHSIOT Pa3anyHbe
KyCTapHble 1 MOJNYKyCTapHBI€ YCTAHOBKY, YTO B H3BecTHOH Mepe
CILEPIKHBaer BHeJPeHHe 3TOrO BHIA HcCJedOBaHHH U He crnocober-
BYET UX eInHoo0pasuio U craHpapriusanii.
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Hanbonbiiee paclnpoctpanedle B Hacrosilliee BpeMs HOJYUHIIH
MeTasIHYecKHe IITaMObl, Mpe/cTaBagiomue co60H CTaNbHYI0 IIHTY
c mpHUBapeHHBIMH K Hell pebpaMu xecrkoctH. HanGonee ymorpetu-
TeTbHE! IITAMIIB! CJELYOLHX pa3MepoB:

mwiomage, M2 . . . . . . . . . 2500 5000 10000
auamerp, €M . . . . . . . . . . 56,2 79,8 112,6

B nocaensee BpeMsi B IPOH3BOJICTBO BHEAPAETCH KPYIVILI IITAMI
kouctpykuun HHUHM ocropauMii M nmopseMuBIX coopyxkenHii u I'TIH
®OyugaMenTnpoekt niaomanbio 1000 cM?, nMeoHl XKeCTKOe KOJBILDO,
nonoJiusoiiee oy naouane 1o 5000 cm?. MenbitaHHe cratHye-
CKHMH HArPY3KaMH B 3TOM CJly4yae BHIIOJHSIOT IITAMIOM MJOMAIbIO
1000 cM2, 2 KOABIO CAYXKHT 438 CO3/1aHHS HEOOXONUMOH IPUrpy3KH.

Panee nng Henbirauuil B Wypgax yalle BCEro NpHMEHsJIH IITaMI
naomanbio 5000 e¢M2, a riTaMnbt IPYrHX pasMepoB MPHMEHAThL He
pekOMeH10BajOCh, B HacTofiiee BpeMs PHMEHEHHEe BO BCEX cJyya-
sIX HCMBEITAHHH rpyHTa B mypdax mramna miomanbo 5000 cM? He
MO2KeT ObITh IPH3HAHO HEeNecO00pasHBIM,

Ilpu vcnbiTaHUH cAa0bIX CUIBHOCXKHMAEMEIX IIHHHCTHX IPYHTOR
Texydyefl KOHCHCTEHLHMH cJejyeT NOPHMEHATh IITAMN MJIONIAAbI0
10000 cM2. Ha pesysbrarh HenbiTawuii  cnabbiX TPYHTOB HEpPELKO
BJHsSeT BBHIOp (BBIIABJMBAHME) TPYHTa H3-Moj mramma. Bo3Mmoxk-
HOCTb BO3HHKHOBEHHS BHIIOPA M €ro BJAHsHHe Ha pe3yJbTaTbl HUCHEL-
TaHllfl TeM MEHbIe, 4eM (OJiblle pPasMephl mWTaMna.

IlpuMenenne mWTaMnos GONBUIHX pa3MepoOB peKOMeHyercsl Tak-
e B cnyyae, ecylH HCIOBITYEMBIH CJIOH HEOZHOPOJEH, COCTOHT H3 He-
pelyrouminxes HeOOJBIINX NPOCNOEK TPYHTOB C PasNHYHBEIMH CBOHCT-
BaMH HJH CO€PKHT 3HAUHTEIbHOE KOJHUECTBO KPYIHBIX BKIIOYEHHH
WM THE3J{, COCTOSIUX 13 TPYHTOB, KOTODHE O CBOHM CBOHCTBAM
Pe3KO OTJHYATCH OT BMellatomero rpyHra. EcrecrBenno, uto B ta-
KUX cayyagx yeM Gosblle pa3Meph IITaMna, TeM Oodiee LOCTOBEPHEL
3HauyeHnsl Monydg pedopMaull HCOBITYEMOTO CJosg LPYHTa.

Jas1 HCnbITaHHS OJHOPOJHEIX MajJOCKHMAEMBIX IPYHTOB, a Tak-
e TYIHHHCTHIX IPYHTOB MONYTBEPJOH H TYTONNACTHUHONH KOHCHCTEH-
guit HeT HEOOXOAHMOCTH B MPHMEHEHHH MITaMNOB OOJBIIOTO pasMe-
p2. CpaBHHTEJNbHbIE HCIBITAHHA TaKHX I'DYHTOB INTAMIOAMH pa3Jigy-
HBEIX Pa3MepOB NIOKAa3asy, YTO IPAKTHIECKH Pe3yJbTaThl NOJyYatoTcs
OJIHHAKOBBIE.

Ilpu yMeHbIIEHHH pa3MepoB HITaMna OGJerdaercss H YCKOPAeTCs
NPON3BOJCTBO HCIBITAHH, YIPOIAETC YCTAHOBKA JJist HArPYy KeHuUs
mraMna (410 HHOrja OBIBAeT BajKHO) H, KPOME TOro, yaeNbHOE 1aB-
JIeHIIe MOJ MITAMIOM MOKHO JIOBOJHTH 10 00Jiee BBHICOKHX 3HAYEHHH.

B 3aBHCHMOCTH OT INIOTHOCTH NECYAHBIX H KOHCHCTEHUHH TJIHHHC-
TBIX TPYHTOB A8 HCOBITaHHMI HX ctarHyecKHMHu narpyskamu FOCT
12374—77 ycranaBauBaer WTaMObl CJAEAYIONIHX pa3MepoB:

B IJIOTHBIX IIECHAHBIX H [VIHHHCTHX TPYHTaX C KOHCHCTeHIHef
I <<0,25 — mramn miomwanbio 2500 em?;
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B KPYIHOOOJIOMOYHBIX, TECYaHEIX CpeiHEH B PBHIXJIOH IJIOTHOCTH, @
TakXe B I'VIMHHCTHIX rpyHTaXx ¢ KOHcHcreHuMed Jp>0,25 — mramn

mioma o 5000 cm2,

YcTaHOBKH AJf HAarpyxeHHs BelelcTBHe yBeanyeHus
3TaXKHOCTH, a CJIEOBATEJILHO, Beca 3/aHuil M coopyxeHHH, mpume-
HEHHSI KOHCTPYKUMH, YyBCTBHTEJBHEIX K OCajJKaM BOOOiIE U Hepas-
HOMEpPHBIM HX NpOfIBJIEHHAM B YaCTHOCTH, @ TAK¥Ke JPYIiX OCOGEHHG-
crell COBPEMEHHOrO CTPOHTEJIBCTBA
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OleHKe j1e(OpPMupyeMo-
CTH TpPYHTOB. JTO 0OGycC-
JIOBMJIO TOSiBJIEHHE pa3-
JUYHHX YCTaHOBOK H
mpHcmocobseHH AN
OJIEBHIX HCHBbITaHHH
TPYHTOB CTaTHYECKHMU
HarpyskamH,

Ilo cocoby mnepena-
Y1 Harpy3kd (ycusus)
Ha WITAMI YCTAaHOBKM
IJISi  MCOBITAHHSE TpyH-
TOB MOKHO pasjeJutb
Ha IBa THMNAa:
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NosIBUJack HeoOXOJUMOCTL B

Puc. 6. YcraHoBKa IJsi dcnbitanvs
TPYHTa IITAMIIOM C KOJbLEROH MpH-
Tpy3KO#

1 —pHeHHET KoJsblleBolt WTaMmo; 2-—
BHYTPEHHHH KpPYrami#l mwraMn; 3 -— gHyT-
PeHHASA KOJOHHA Tpy6; ¢ ~— HapymxHa®
KOJIOHHA Tpy6; 5—Bepxusisi Onopuas Gan-
Ka; 6 — HHMXKHAA onopHad Gauaka; 7 —
BEPXHHM JOMKpPAT; 8 — HHXHUN nOMKpaT;
9 — HacocHasi ctaHums; J0 — penepHoe
yeIpoiicTeo; /1 — BUWTOB2R  apKepHas
cBasi

Puc. 7. Ycranopka mifl BCNbITARHR
FPYHTa WITAMIOM C YHOPOM B CTeH-

KU mypoa

1 — THApaBANYECTKHII JOMKpaT; 2—ynop-
Hag Tpamepca; 3 -— BHHTOBhle pacnophl
ynopHOIi TpaBepcH; 4 — BEPTMKaNLHBE
croliky; 5 — ruapaBjHYecKHE ROMKpPATH
INSl CO3NaHUSl TOPM3OHTANLHOrO pacnopa;
6 ~— rOPU3OHTaJNbHbIE pacnophbl; 7—IuTaMm

K Hacocwpd yemuarobre

7 RS PAS7AS ZAF /AT RV ATTANTANTAN




NO3BOJAIOLIHE TIepejaBaTh HArpy3Ky (ycHiaHe) Ha mTamo ¢ 1o-
MOLIBIO THAPaBJAHYECKHX JAOMKPATOB (YCTAHOBKH C THJPABIHYECKH-
MU JOMKpaTaMH);

MO3BOJISIIOLIHE MepenaBaTh HarpysKy Ha IITaMIl HeIlOCpeACTBEH-
HBIM €ro Harpy:KeHHeM Ipy3oM (YCTAHOBKM ¢ HarpykaeMmMoH mJat-
(hopMoil HIH Pa3HOBHIHOCTH YCTAHOBOK TaKOro THIA).

Yeranosky ¢ eudpasauveckumy OOMKPATAMU COCTOSIT U3 OJIHOTC
HWJIH HECKOJIbKHX THAPaBJIHYECKHX NOMKPAaTOB M YCTPOHCTB NS yHno-
pa zomkpara. IMeioTes caenyiomue yerpo#ictBa AJs YIopa ruipas-
JinyecKoro AOMKparta: C BHHTOBBIMH aHKEPHHIMH CBafiMH, C YIOpOM
B CTeHKH mypda, ¢ YIOpoM B rpy30BYI0 I1at(GopMy.

B nocnearee BpeMs HAaXOZUT NPHMEHeHHE YCTAaHOBKA JJIS HCIIBI-
TaHMsi TPYHTOB HITAMIOM MaJloil IMJIOLIAaAH € KOJIbLIEBOH Harpyakoii
(xorcrpykurd HHUW ocHoBanuii M moaseMubix coopyxkernuit u I'TIH
OynpaMmentnpoekt). OcHOBHHE y3JH 3T0H cO0pHO-pa3bopHO# ycra-
HOBKU MOKa3aHH Ha pHc. 6.

Takas ycraHOBKa IpHMEHsIETCS TaKXKe C MeXaHHYeCKHUM Harpy-
JKeHHeM IHITaMIOB, AJs HEero HCHOOJNb3YIOTCS PhIYa’KHbe CHCTEMBI B
TapHpOBaKHble TPY3bL. ['PYHT HCIHITHIBAIOT BHYTPEHHHM HITaMIIOM,
HMeomuM Manyo miomais (1000 cM?) 1o cpaBHEHHIO € IVIOIAABIO
NPHHATHIX K YNOTPeOAEHHIO HITaMIIOB.

Buemnnii KoabUeBOH IUTAMI CJOYKHT AJIsi CO3ZaHHs NMPUTPY3KH,
IpeNsiTCTBYIOEHR BHIIOPY TPYHTa H3-TIOX MaJjoro mramna. Beawyn-
HY IPHUTPY3KH OOBIYHO NPHHUMAIOT PaBHOH NpHpoiHOMY (OBITOBOMY)
JAaBJEHUIO HA OTMETKE YCTaHOBKH IITAMIA H IOLJEPIKUBAIOT IOCTO-
SHHON Ha BCe BpeMsI HCILITAHHS.

Huxxe npuBejeHa TeXHHHUECKasi XapPaKIEPHCTHKA YCTAHOBKH A
HCOBITaHUSA TPYHTOB HITAMIIOM MaJIOH IJIOILANH C KOJBIEBOH INpH-
rpy3Koil.

ITnomane mwiramna, cM?:

BHYTPEHHEFO KPYIIOTO . . . « « . « o o & o . - 1060

BHELUHETO KOJIBLEBOTO . + v . o + o o o o o« o = 4000
MakcuManpHoe ycunpe, JOIyCKaeMoe IPH Harpy:KeHHH LITaM-
na, Kre:

BHYTPEHHEFO KPYIJIOTO . . . . - . - « « « o . - 5000

BHEIINEro KOJIBHEBOTO . . o . - & « -« « o + & 4000
MakcuManpiasi ry6rnHa NPOBEAEMHS HCIHBITaHAN B OTKPHTH‘(
BupaboTkax, M . . e e e e e e e e e .. 6
I'py30nonbeMHOCTD rlmpaa.nﬂqecxm nomxpama T . . . . 25
Macca ycTavOBKH € THADABJHYECKON CHCTEMOH HarpysKeHHs
IITAMIOB, KL . + & « o o « o o o « o « « o o o = 750

CyuecTByoiHe YCTaHOBKH JJjlsl HATPYXKeHHS MITaMIa ¢ YIOpoM
B creHKH mypda (pHc. 7) paccuMTaHB Ha IpHMeHeHHe HX IIpH HC-
nHTaHHgX B mypdax Ha raybuHe 3—5 M IOTaMIOM IJIONIAJbIO
5000 cM2? no mpenesbHOrO J1aBJIEHHS HA TPYHT D KrefeM?,

YrnopHaoe ycTpofictBO COCTOHT H3 TPaBEPCH!, KOTOpas yCTaHABIU-
Baercsl Ha TOJIOBKY JIOMKpara H siBJsgeTcss ONOpOH AJIS BHHTOBBIX
pacrnopoB. UeThlpe BUHTOBEIX YIIOpa YNHPAaKTCS HHXKHUMH KOHILAMH
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B TpaBepcy, a BEpXHHMH — Yepe3 BePTHKAJbHHE CTOHKH B CTEHKH
wypda. BepTukaJgbHble CTOHKH CHAYXKar AJIS KPemyieHHS BHHTOBBLIX
YIIOpOB, TOPH3OHTAJILHLIX AOMKPaTOB H PacnopoB. I OpH3OHTAJILHBIE
JOMKpaTH H Pacnophl NpenHasHadeHHl Ul NpeJBapHTENLHOr0 00-
JKaTHsl CTEHOK uIypda H co3jaHus HeOOXOJHMOrO TpPeHHs MEKIY
CTOllKaMu M CcTeHKaMH wypda. JlauHa pacnopoB 3aBUCHT OT LIHPH-
Hol wypda. Crenkn Iypda, y KOTOPHX YCTaHaBJIHBAIOTCS BEPTH-
KaJbHble CTOHKH, 10 BCEl 1IKPHHE KpenaT 6pychsaMH.

¥YcTaHOBKA AJIs1 HATPYXKEHHs LITaMia ¢ YIOpOM B CTEHKH IIypda
GoJsiee CJIOXKHA IpU MOHTaxe W TpeGyeT Oojee cuoxHoro obopy-
JIOBaHus, YeM YCTAaHOBKA ¢ BUHTOBHIMH CBasIMH, HO HMEET TO TIpe-
HMYILECTBO IlepeJ] nocaenHei, YT0 ee NPUMEHEHNe B MeHbIIeH cTerne-
HH 3aBHCHT OT XapakKTEPHCTHKH TIPYHTOB, CJaramliiX BePXHIOIO
gacTh toamy. Ee nesecoo6pazHo NpUMEHSTL B TOM ciydae, KOrjia
BHHTOBHle CBau He MOryT OLITb 3aBHHYEHH BCJEICTBHE BHICOKOII
IJIOTHOCTY TPYHTOB WJIH HaJIHYHs B HHX OOJLIIOro KoJniecTBa Kpyn-
HHIX BRKJIIOYWECHHH, a TaKXKe Koria He obeclieyuBaercss HeoOXoauMast
Hecymiasl cliocoOOHOCTL CBail HA BHAEPruBaHue.

¥YcTaHOBKA JU151 HArpysKeHHs HITaMna ¢ YIOpoM B rpy30Byio MJaT-
¢opmy 6osee rpoMO3Ka u BCaeACTBHE 3TOro Gosee TpyJNOeMKa IpH
MoHTaxe. OAHAaKO yCTAHOBKA 3TOr0 THIA OTIHYAETCH TEM IIPEHMY-
HIECTBOM, YTO MOXKET OHTh CMOHTHpPOBaHa 0€3 HCHOJbL30BAHUSA Clie-
nuansHoro o6opyloBaHHs, NMPH 3TOM INIPHMEHeHHe YIOPHOro s
JIOMKpaTa YCTPOHCTBA He 3aBHCUT OT THIA I'DYHTOB, KaK B yCTAHOB-
Kax APYroro tTuma (C aHKepHHIMH BUHTOBHMIH CBasiMK WJIHM C YIOPOM
B CTEHKH mypda).

¥YCcTaHOBKH TAaKOro THIIA HPHMEHAIOT B Clyyasix NpoBEAEHHS Iic-
NEITAHUI NPH OTCYTCTBHH CHELHAJH3HPOBAHHON H3BICKATEILCKOR -
OpraHyU3anyH, NOCKONbKY ee MOHTaiK MOXKET OHTh BHIIOSHEH CTPOH-
TENLHOH OpraHusanueil U3 HMEIOIHXCS MaTepuasoB (MeTajjnye-
cKux 6aJioK, 6eTOHHBIX GJOKOB H T. I1.).

¥cranoska ¢ Haepyscaemori naargopmoti. Cneunaau3upoBaHHH-
MH H3LICKaTeJbCKHMH OPraHH3anisMH, BeAyHIUMH OJIeBLe HCNBITA-
HHSI rPYHTOB, 3TOT CIIOCO6 HarpysKeHHs LITaMIla B HACTOsIIIEe BpCMs
NMOYTH He MpUMeHsieTCs, TaK Kak TpeOyeT yCTpOMCTBa rpOMO3AKOR
JIAaTQOPMB ¥ HaJHYHsl O0NbLIIOrO KOJHYEeCTBa yJ0OHO yKJajbiBae-
MO0 TapHupOBAaHHOTO rpy3a. Tem He MeHee HCHLITAHWS IUTAMIOM C
IIpHMEeHeHHeM HarpyxkaeMmofl IJIaTQOpMHL €llle MOryT BCTPeYaThCcsl B
MPaKkTHKe CTPOHTENLHLEIX OpraHH3alHil, NPOBOAAIKMX TaKuWe HCILITa-
HHS OT cjlyyas K cJIyyalo M NO3TOMY He paclosararwuix HeoGXodu-
MBIM 060pYyAOBaHIEM.

Cpeln yCcTaHOBOK, B KOTOPHX YCHJINE HA LITAMI MEpeacTcss ¢
HCIONbL30BaHMEeM TapHPOBAHHOIO Ipysa, 0co60€ MECTO 3aHHMAIOT
YCTAHOBKH ¥YpPaJbCcKOro TpecTa HHXKEHEPHO-CTPOUTESbHBIX H3LICKa-
Huit (YpanTHCH3): KPVY-600, KPY-2500, KPVY-5000 (kanarno-pu-
YayKHBIE YCTAHOBKH JJISl UCILITAHW{l TPYHTOB CTATHYECKHMH 11arpys-
KaMH IITaMnaMu NJOnaAb cooTBeTcTBeHHO 600, 2500 u 5000 ¢m?),

TexHnyeckas xapakTepHCTHKa W OMHcaHue yctaHoBKH KI'N-600,
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IpUMEHsIEMOH Ji1si HCOLITAHHSI TPYHTOB B CKBaXKHMHAX, HpPHBEJIEHH
{na ctp. 43).

KanatHo-priwaxknas ycranoska KPY-2500 npennasnauena ans
HCNLITaHus FPyHTa WTaMioM miomanbio 2500 cm? B wypdpax. B
KOHCTPYKTHBHOM OTHOUIEHHH YCTaHOBKa aHAJOrHYHA YCTaHOBKE
KPV-600 u paccuntana Ha neperauy ycunns 12500 krc.

KoMGuHupoBaHHas KaHATHO-pHYAaXHas ycraHoBKa KPY-5000
TaKKe NperHasHayeHa JUIsi HCILITAHUS PPYHTOB B liypdax u HMeeT
KOMOHHHPOBAHHLIE LITAMII, cOCTOSIHI H3 cOOCTBEHHO HITaMIa mio-
waaslo 1000 cm? H XecTKOro KoJiela, AOHOJHSIOMIero o0liyio Mio-
waap 10 5000 cm2. YeraHoBka KpoMe 0OOpyAOBaHusi YCTaHOBKH
KPVY-600 BkIroyaer IONOJHHTEJIbHYIO PHIYAXKHYIO CHCTEMY sl [e-
pesady YCHIHS Ha KEeCTKOE KOJbIO.

OCHOBHLIM HEJIOCTATKOM HA3BAHHHIX BHIIE YCTAHOBOK SIBJISETCH
HeoOXOJNMOCTE (B TeueHHE BCEro BpEMEHH HCILITAHHSI) NOCTOSHHOrO
KPYIJIOCYTOYHOrO MPHUCYTCTBUS HAGM0AaTeNs, B QYHKIHH KOTOpPOro
BXOJHUT He TONBKO CHSITHe TOKasaHuii 1o npubopaM, HO HHaA30p 3a
yCcTaHOBKOH. B yc/loBHSX NpOBeAeHHs UCHHITaHH{l B ropogax M Ha-
CeJeHHBIX NMYHKTAaX Takue 00s3aHHOCTH HaGJ01aTeNs NpUOGpeTaloT
nepBoCTENIeHHOE 3HAYeHHE. B CBS3H € OTMEYEHHLIM 3aCIyXKHBAaeT
BHUMAaHHsa ycTaHoBka MHIV-1 (ManoraGaprnTras mitaMnosas ycra-
HOBKa), paspaborannasi u BHeapenHas CeBepokaBkaszckum THCHU3
I10 CrtpofiusbickaHus, IpetHa3HauYeHHas s HCHLITAHHS TPYHTOB B
CKBaxKHHaxX mrtaMnoM miomansio 600 cm2, Harpyska na wrramn ne-
peaaeTcsi OT Ipy30BBIX NOJBECOK, Ha KOTOPHE C NOMOIILIO CEerMEHT-
HbIX pPHlYaroB YKJaIblBAETCSl TaPUPOBAHHHI rpy3 (Macca KazKAoro
rpysa 3 Kr).

Ocaznxu mtaMna perHCTpHpYIOTCS aBTOMaTUYeCKH JBYyMsi CaMo-
MIIIYIIMMHE PerucTparopaMu, pa3paboTaHHBHIMH Takxke B CeBKaB-
TUCH3. YnauHasi KOMIIOHOBKA YCTaHOBKH IO3BOJHNA Pa3MeCTHTH
ee B JIErKOMOHTHPYEMOM cOOpPHOM MeTaNJHYeCKOM IKady, HMeIolieM
paamMepnt: pauna —1700 MM, mipuna —535 MM, BeicoTa —1575 MM.
Hanuyne samnpaeMmorc 3amutHOro wmwxada c¢ npexocreperaronies
HAJTHUCBIO J1a€T BO3MOKHOCTL OCTABJSTb YCTAHOBKY 6e3 MPHCMOTpa
B HaceJIeHHHIX MyHKTaX. baaroxaps npuMeHEHHI0 CAMOMUIIYLIHX pe-
ructpaTtopoB pabora nmabaofaTesss HOCUT MEPHOLHYECKUH XapakTep.

INpuGopsl aA H3MepeHHsl 0CaJ(0K IPYHTA NOJ ITaMnoM. Brl-
YyhcaeHHe MOAY/s1 nedOpManuu no pe3yJbTaTaM HUCIHTAHUS FPYHTa
LITAaMIIOM 4BJISeTCS OCHOBHOM 3ahadell Takux ucciaexoBaHuil. Pe-
3yJIbTaTH BLIYHCJIEHHH B NEPBYIO OUepelb 3aBHCSAT OT TOYHOCTH H3-
MepeHHH ocaloK rpyHTa nox mraMnoM. Ilo3ToMy H3MepeHHe ocajok
JIOJIZKHO ITPOH3BOAUTLCS € OCOGON TIATEJNBHOCTHIO H HANEZKHOCTHIO.

Heo6xoanMocTh H3MepeHHs] OCafOK 110 CTYMEHSIM HarpyKeHus
ITaMNa ¢ PasfeJbHOH HX pErucTpauieii 3a BpPeMsl [PHJIOKEHHS
HAarpysku M 3a BpeMsl ee BBHIEDPIKKH JO IOJHOrO 3aryxaHus (10 yc-
JIOBHOH ctabusanzanvu) TpeGyeT npuMeHeHHs NpubGOPOB JOCTATOYHO
BLICOKOH TOYHOCTH. MHoroseTHell NpakTHKOA NpPOBELEHHS WCITHITA-
HUfl TPYHTOB CTATWYeCKHMH HAarpy3KaMH YCTaHOBJEHa LEJIecoot-

31



Pa3HOCTL NPUMeHEeHHS NPHUOOPOB JUIS PETHCTPALHH OCaJ0K, HME0-
X TOYHOCTb uaMepenusd 0,1 MM, BriociiecTBul ToyHOCTD HPHOOPOB
6b1a persamenTapoBana F'OCT 12374—77.

Cueayer cKasaTb, YTO JJIS KOHEUHOH oOmell BeJHYHHB OCAAKH
Taxas TOYHOCTb, 3a HCKJIOUEHHEM pEAKHUX CJyuyaeB HCHLITaHUS
CKaJbHBIX I'DYHTOB, MOXKeT NOKasaTbes HaaHinHed., Onnako, BBHIY
TOr0 YTO NpOlecC YIJIOTHEHHS TPYHTOB NOJ HArpys3koil, OCOOEHHO
TJIHHHCTHIX, SIBJISETCSl BecbMa AJINWTEJbHBIM, H3MEPEHHE OCaAOK HpPH-
60paMH ¢ TOYHOCTBIO, MEHEe YKA3aHHON, 3aTPyJHsIET CBOEBPEMEHHOE
BHISIBJIEHHE XapaKTepa NPOTeKaHUsl H 3aTyXaHHus 0caloK, BCleaCcTBHE
IEero yTHHSIIOTCS CPOKH MPOH3BOACTBA HCHLITAHMUS.

IlpumMeHeHne nisi U3MEPEHHs OCaJOK HUBEJHPA, KakK 3TO WHOIJA
JIesaeTcsl, He MOXKeT OLIThL peKoMeHAoBaHo. ToYHOCTH H3MepeHHs
ocafoK HUBEJUPOM, AayKe NPEIHM3HOHHLIM, B JIYYLIEM cJIydyae HE npe-
peimaet 0,5 MM, Kpome Toro, usMepeHue ocalloOK HHBEIHPOM He
MOJKET BECTHCH GecrpephlBHO, BEChbMa 3aTPyAHUTENBHO B HOUHBIE Ya-
Chl 1 TpebyeT ycTpoiicTBa HENOIBHIKHOrO penepa U Mapok Ha caMoi
yCTaHOBKe 15l HCHEITaHHS.

HcnosnpsoBaHne TPELN3HOHHOrO HHBEJAHPA MOXKET OKa3aThCsd
neJsiecoo6pasHLIM TOJBKO NPH TAaKOM HCNLEITAHHUM ONHBITHLHX (yHAA-
MEHTOB, KOTOPO€E BEAETCS JITHTeNbHOE BpeMsl, WJIH KOria HU3MepeHHs
NIPOU3BOAST CPAaBHHTEJNbHO PEAKO, @ NOCTOSHHLIE YCTAHOBKH C H3Me-
PUTETBHHIME pUGOPaMK MOrYT OHITb IOBpEK I€HHL.

J1s u3MepeHus 0caloK CAeNyeT MPHMEHSITh MeXaHHYeCKHe HpH-
6oprl. Cpenu HUX Hanbo/ee yAOOHHMH H IUHPOKO pacnpocTpaHeH-
HBIMH SIBJISIIOTCS HPorub6oMepsl KOHCTPyKUuH MakcuMmoBa THOA
{IM-3 uaun 6ITAQ-JIMCH, ynorpebasieMble A/Is H3MepeHHs: IPOoruGor
HPOJIETHBIX CTPOEHHH MOCTOB, NEPEKPHITHI 3 JaHHi W APYrux HHKe-
HEpPHHIX COOPY2KEeHHH.

Ocajnxa wTaMna H3MepsieTcsl He MeHee YeM JByMs nporuGoMepa-
MH, OPOBOJIOKHM OT KOTOPHIX 3aKPEmJISIIOT Ha IITaMne CHMMeTPHYHO
OTHOCHTENTBHO €0 LEeHTpa. 33 OCaAKY IUTaMia NPHHUMAKT cpelHee
apuMeTHIECKOE 13 oKa3aHUi 00OHX nPoruboMepoB.

CBaH, K KOTOPHIM KpensiTCsl penepHue NOCKH, HOMKHb! OBITb YAa-
JieHH OT Kpas wypda Ha paccTosHHe, obecneynBapilee X yCTOHYH-
Boctb (1—1,5 M). BBuny toro uro mporu6omepsl B GOJBIIHHCTBE
CJIy4yaeB He MOTYT OLITH YCTAHOBJICHH HENOCPe/CTBEHHO HaJ ILTaM-
1OoM, UX BHIHOCAT 32 Wyp@. ITo TpebyeT NpUMEHEHHs JONOJHHTENb-
HBIX CTPYOLUH ¢ POJIMKaMH, Yepe3 KOTOphle NEPEKHAHBAIOTCS Npo-
BOJIOKH, HyIllHe OT LITaMIa.

CJenyer OTMETHTh BO3MOXKHOCTb 3HAYHTEJALHLIX OIIHGOK (riaB-
HBIM 0Gpa3oM NPH HEeGOABIINX OoCajKax LITaMmna B MaJoOCKHMAaEMBIX
rpyHTaX) H3-3a jgedopManuil jepeBsHHLIX PENePHHIX CHCTEM B  pe-
3y/IbTaTe CYyTOYHHIX KoJeGaHull TeMnepaTyphsl U BJIaxKHOCTH BO3AYXa.

{Ipu ucnbITaHUM OYEHL MJIOTHBIX H CKAJbHBIX IPYHTOB (YTO, BIPO-
geM, IPOH3BOANTCS OYEHb PEJIKO H TOJBKO JUIS YHUKAJIbHHX 3/1aHH
WK COOPYIKeHHH, 0c060 UyBCTBUTEJbHLEIX K HepaBHOMEpPHHM 0cCaj-
KaM) abCco/MOTHLIE 3HAaYeHHsI OCAJI0K MOryT OLITb BecbMa HeGOJIBINH-
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mu. [1pu 3ToM Ha BesMunHy MonyJss nedOpMalrH 3aMeTHOE BIHSAHHE
MOXKET OKa3aTb OCajIKa B JeCATHe H jiaxke COThle JOJH MHJLIHMETpa.
B takux ciyyasx TOYHOCTb H3MEPEHHH, MOJNyYaeMBbIX C [OMOIIbIO
nporu6oMepoB, MOxKeT OKa3aTbcsl HEJOCTATOYHOH M HOSIBJISETCA He-
06X0o1MMOCTb B HpHMeHeHHH HHAHKaTopos yacoBoro tTuna MC u HII
¢ uenoil nenenus 0,01 mM.

HenrocTtaToK MHAHKATOPOB 32KJIOYAETCS B TOM, UTO OHH, SIBJIfASICH
TOYHBIMH npubopamu st 1aGopaTopHbXx paGoT, He MPHCHOCOOJEHH
K HCIOJB30BAaHHIO B NOJEBHX ycaoBHSX. OHH GHCTPO pXKABEIOT, Te-
PSIOT TOYHOCTb H BHXOAAT U3 CTposl. He MeHee CymiecTBEHHBbIH He-
JIOCTAaTOK MHAHKATOPOB COCTOHT B TOM, YTO OHH NO3BOJSIOT H3Me-
pATb ocajaKy liTaMna B npexejax no 10 mm. Ecan obmast ocazaka
npepuiaeT 10 MM, NpUXOAUTCS H3rOTOBJATH CHELHANBHOE IPHCIIO-
cobneHue.

HunpukaTtop, Kak 1 nporuboMep, YKpemjisieTcsl Ha penepHoR jgocke
€ NOMOIUBI0 CNEeNHAJBHOr0 KpOHIITeHHAa 1 cTpyOLUHbL. Tak Kak npu
UCTBITAHHY MJIOTHLHIX FPYHTOR 3a0HBKa cBail NOX PenepHylo TOCKY
HEBO3MOXKHA, NOocJefHssI YKpemisieTcs Ha cTofikax, 3aiieMEeHTHPOBAH-
HBIX B OTBEPCTHS, NPOOYpEHHbIE B IPYHTE.

HesaBHcHMO OT TOro, KAKUMH NPHGOPaMH HU3MEPSIIOT OCalKH, 9TH
npuGopsl HeOOGX0AUMO YCTaHABJIWBATh TOJLKO NO OKOHYaHHH MOH-
TaxKa ynopHOro ycTpodcTBa u Harpyxaemoil mnaatdopMe. Ilepen
HAyaJIOM HCIBITaHHA CTPEJKH NPOrHbOMepoOB W HHIHKATOPOB CTa-
BAT HA HyJ€BHle JeJIeHHs.

IMposenenune ucnbiTauuii, IloseBble NCOBTAHHS CTATHYECKUMH
HarpyskaMi [Jisi OnpejesieHHs MoxyJss JdedopMauuu (MJis CTaiuH
VILJIOTHEHHS rpyHTa, oTo0paxaeMol npsiMOJHHENRHOA 3aBHCHMOCTBIO
OCaJKH OT Harpysku) KpynHooGJOMOYHHX, NECYAHBIX M IVIMHHCTHIX
TPYHTOB (32 HCKJIIOUeHHEM BEYHOMEP3JHX, TEKYUYHX ¢ KO3 GdHIHEH-
TOM NOPHCTOCTH €2=1,0, a Tak¥Ke 3acojieHHBX H HabyXxawommnx) BH-
noausiioT B cootBetctBul ¢ [OCT 12374—77.

OnHako B psjAe clayyaeB npH H3yueHHH nepOpMHUPYEMOCTH rpyH-
TOB HEAOCTATOYHO OHPENEJUTh TOJLKO 3HayeHue E, TpeGyeTcs npo-
BezcHne GoJsiee IMHPOKHX Hccae0BaHui. JTO NPHBOAHUT K HeoGXoau-
MOCTH PYKOBOJACTBOBATLCS NPH NPOBEIeHHH HCOBITAHUE BeJOMCTBEH-
HBIMM HHCTPYKLHSIMH, TeXHOJIOrHYECKHMH KapTaMH, CIenunalbHO
COCTaBJIEHHEIMH porpaMMaMu paboT, TeXHHYeCKIMH YyCAOBUAMIL Ha
3KCIJIyaTalulo YCTAHOBOK H JPYrHMH JOKYMEHTaMH.

BBuay TOro 4TO sl HCNBITAHHI IPYHTOB CTaTHYECKHMH HArpys-
KaMl B Wypdax TpeOyloTcsi cpaBHRTENbHO OOJbIIHE 3aTPaThl H
JUINTEIbHOE BpeMd, HX OOBYHO NPOBOASIT HAa MNOCJIEAHHX CTaZHAX
IIPOEKTHPOBAaHHUsI ¥ HHXKEHEPHO-TE€OJOrHYeCKHX H3BICKaHHUM, Xoriaa
y2Ke HMeTCs reoJIornieckHe paspe3sl MJOHIAJAKH CTPOMUTEILCTBA,
JlaHHbBle O rPYHTOBBIX BOXAaX H (DH3HKO-MEXaHHYECKHX CBOHCTBAax
TPYHTOB I yTBEPKIeH reHepalibHull n1aH 3acTPOHKH.

UHclo HenbITaHWHA 3aBHCHT OT OLLeHKH CTEeNeHH HeOomXHOPOAHOCTH
TPYHTOB OCHOBaHHsl, TPeGOBAaHMI TOYHOCTH BHIYMCJIEHHS MOAyJAs [e-
¢opManmu E W Buaa coopyzeHHs. MHHHMaJbHOE YHCJIO YacTHHIX
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HCIBITAHHH MJIg onpenesieHHs BeuuuHb E JonXHO cocTaBasTh 3.
Jlonyckaetrcsi OrpaHWYHTLCS  JABYMSI HCOBITAHWSIMH, €CJH 3HAYEHHS
Monyns E, nofnyyeHHBE B 3THX HCOBITAHHSAX, HE pa3inyanTcs Gogee
yeMm Ha 25%. Mecta vcnuHTaHu# W uX rAayOHHE YCTaHABAHBAWT C
YYeTOM npexnnosnaraeMoil IHPHHL QyHIaMEHTOB U rIyOHHE HX 3aJ0-
KEHHS.

HcenrltanusaM noxBepraioT Bce OCHOBHLIE HECYIHE CJIOH I'PYHTOB.
Ecnu B npenenax aKTHBHOH 30HBI 3ajieraeT OJHH NOCTATOTHO MOIL-
HBIP O {HOPOAHLIH ciol, TO UCOLITAHKS IPOBOASIT HA OJIHOM TOPH3O0HTE
(riy6uHe), npHMepHO COOTBETCTBYIOLIEM OTMeTKe 3aJiOKEeHUs OC-
HOBHLIX (pyHnaMeHTOB. IIpu HEOJHOPOXHOM OCHOBAaHHH, CJIOKEHHOM
HECKOJLKHMH CJOAMH, COCTOSIIMMH U3 IPYHTOB C Pa3AuYHLIMH CBOfl-
CTBAMH, HCOLITHBAIOT BCe BCTPEYEHHHE CJIOW. MOIHOCTH WCHOBITYe-
MOro ciosi He [oJiKHa OHThb MeHee ABYX AmaMerpoB mrtamna. [lpu
Hayun4guu Gonee TOHKHMX CJOEB MJIH HX YePeNOBaHHH MOryT OHTH mO-
JydeHH TOJNBKO cpenHHe 3HaYeHHs nokasaTtedell JedopMHPYEMOCTH
JUisl KOMILIEKCA CJIOEB.

Ecan momHOCTh aKTHBHOI 30HH npeBHIIaeT 6 M (cYuTas OT MHO-
BEPXHOCTH 3€MJH), T. €. 6onblle IAyOHHB, JONYCTHMOH I MPOU3-
BO/JCTBa MCHHITaHU{l B Wypdax, To UCHLITAHWE HUIKHHX CJOEB NpPO-
H3BOASIT B CKBaxKHHAX, a B MCKIIUYHTEJIBHBIX CJyyasx-— B pacced-
KaX HIaxT, ClelHaJbHO NPOXOAMMHBX AN 3THX Lenefi.

Bo ns6exanne olInOOK npM yYCTaHOBJEHHH TiyOHHBI HUCNBITaHHA
U [JISl YBEPEHHOCTH B TOM, YTO MOIIHOCTDL CJOsI NOJ HITAMIIOM LOCTa-
TOYHA ISl MONYYEHHS] JOCTOBEPHHIX pEe3yNbTATOB, HCHOHTYeMEHE
y49acTKH KeJjaTesibHO pacnosiaraTh B HemocpelcTBeHHOH Gin3ocTH
(He nanee 3 M) OT paHee NPOHJEHHBIX Pa3BeNOYHBIX BLIPAbOTOK
HJU NPOXOJUTD crneiHanbHLIE JMOMONHHTENbHBHCE BHPAaboTKH y HaMe-
YeHHLIX MYHKTOB HMCHOBITAHMS, WKW N0 OKOHYAHWK HCIHITAHWUH Ans
onpe/ileieHHUsl OXHOPOAHOCTH I'pyHTa yriy06.saTh BHpaboOTKy Ha riy-
OuHy He MeHee ;jBYX nuaMeTpoB mitamna. [Ipp 3ToM paccrosmue
TeXHUYEeCKOl BHIpabOTKI OT MeCTa MCHBITAHNSA AOMKHO COCTABJAATH
He GoJee 10 M.

Ceuenve wWyp¢a B njaHe yCTAaHABNNBAeTCS B 3aBHCHMOCTH OT
XapaxTepa U CBOIICTB 'PYHTOB, THOA MOHTHPYyeMOH jjisl IPOBeNeHus
HCTLITAHKS YCTAHOBKH, a8 TakKxke rayOunHu mypda U HeobOXONHMOCTH
KpeleHHsl ero cTeHoK OT oOpyilenusi. Ilpn WcnHTaHWk rpyHTOB
mwramnoM miomansio 5000 cm? cevenne wypda Ha rayGuHe yCTaHOB-
KH LITaMna JoJKHo ObITb He MeHee 1,5 1,5 M.

HaneXHOCTb pe3yibTaTOB MCNBITAHHIT 3aBUCHT TakXe OT
TIHATEALHOrO COGMIONEeHHsT COOTBETCTBYWINHX TpebGoBaHuii u B
IepByw OYepeAb OT HPABMJIbIOH YCTaIlOBKK INTAMINA, BEJIHYHHLI
CTyneHel Harpy3kH MU COXpaHeHHs] NOCTOSIHHOrO 3ajaHHOro JiaB-
JIEHHS.

YcranaBnuBasg LiTaMn Ha AHO uypda unam KorioBaHa, ocoboe
BHHMaHHe HeoOXoauMo o6pamaTh Ha TIATEeNbHOCTb 3aYHCTKH U ro-
PH30HTANBHOCTD LJOIIAAKH, B IIOCKOCTH KOTOPO#l IUTaMI CONpHKa-
CAETCs1 C TPYHTOM.
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B rpyHTax, 3aTpynHSAOINX BHPABHHBAaHKHE (IIOArOTOBKY) NOBEPX-
HOCTH NJOHmAAKY, M5l obecnieyeHHsl noO Beceli MJIOCKOCTH IITaMna
6o/iee NOJTHOrO KOHTAKTa C FPYHTOM YyCTPAaHBAaIOT MOArOTOBKY K3
CJI051 MAJIOBJIAKHOIO NECKA MEJIKOro HJIM cpeixHed kKpynHocTtH. [lpu
HCNBITAHUN KPYNHOOGJIOMOYHEIX 'PYHTOB TOJINMHA CJIOS NOATOTOBKH
JosxkHa OblTh He GoJee 5 €M, 8 OPH HCNLITAHHU [JIHHHCTHIX TIpyH-
TOB — He Gosee 1—2 cM.

HeOpexuan 3ayncTKa AHA Wypda HJIH HH3KOE KAYeCTBO HOAro-
TOBKH NPHBOAUT K 3aBBHILUEHHIO 3HAYEHH OCalOK HA HEPBBIX CTyIe-
HaX Harpy3kd. OTKJIOHeHHe AHA 1Wypda OT MOPH3OHTANH BLI3LIBAST
HEpABHOMepHHEe OCAJAKM LITAMNA, €ro NEPEKOC, BO3PACTAWINHA ¢
YBEJHUEHHEM HArpy3KH, H B HEKOTOPBIX CJIyYasX BHIHY:KAECHHOE Hpe-
KpallleHlie UCTBITAHHI.

B Tex cayyasx, KOria HCOBITHBAIOTCS TEKyYelllaCTHYHEBIE, TEKy-
YHe, 4 MHOrAa H MSrKONJIACTHUHBIE [JTHHHUCTHE FPYHTHl, NOJyYaeMble
Pe3yabTaTH MOTYT HE BIOJHE OOBEeKTHBHO XapaKTepU30BATh CIKHMA-
€MOCTh IPYHTa BCJEACTBHE BO3MOXKHOIO €ro BHIHPAHMS H3-NIOK
mwramna. B uensix npeAynpexAeHHs TAKOro SIBJEHHS BOKPYr IITAM-
na HeoOGXOIMMO YCTPAWBATh NPHrPY3KH HJIH YCTAHABJIMBATH IUTAMI
B CMNENHANBHYIO BHIEMKY, IIMEIOIIYI0 OAMHAKOBHIE CO ILITAMIOM pas-
Mepsl H GopMy. Jas npeloTBpanieHHsl BHIMHpaHHs rpyHta GolBaer
JIOCTATOYHO yCTpoWcTBa BEleMKH ri1yOnHnoit 40—60 cm.

Jlas npeasxpaHeHHsl IPyHTAa BOKPYr LITAMIA OT BHICHIXaHHUS, YB-
Ja)KHEHHS] IJIKM npoMep3aHusl OHO Wyp(da NOKPHBAKT CJIOEM OIH-
JIOK, DJIaKa WK BOHWJIOKA, 3 HAX IIYPHOM YCTPAHUBAIOT JOHIATHIN
Hactha. lypd Takxke HEOOXOAHMMO 3auIMINATH OT NPOHHKHOBEHHSI
NOBEPXHOCTHHIX BOJL.

Panee yxe OTMeYaJOCh, YTO HArpyKeHHe IITAMIIA NPOU3BOIAT
cTynensiMu. Benuuuna cTyneHefi HArpy3KHM HA3HAYaeTcsl B 3aBHCH-
MOCTH OT C3KHMaeMOCTH HCIBITYEMBIX IPYHTOB: 4yeM GoJiee CXKHMaeM
IPYHT, TEM MeHbIIEeH JOJKHA OBITh BEJIHYHHA CTYNEHEH.

ITo FOCT 12374—77 npuHATH cJeIyIONIHE BeJIHYHHH CTyneHe:d
HArpy3KkH, Krc/cM2, s rpyHTOB:

KPYNHOOG.IOMOYHBIX T IJIOTHBIX NECYAHBIX . . . . . 1
NecYaHBIX CpejHeil wioTHOCTH . . . . . . . . . . . . 0,8
PHIXJBIX HECHAHBIX . - - -« « & & o « = o o o o + . 0

Bennynna crynexell Harpy3ku JJIsl IJIMHHCTHIX TPYHTOB B 32BH-
CHMOCTH OT BeJInunHul /1, U e npuBenena B taba. 11.

[TpenBaputenbHoe 10 Hayasna cOGCTBEHHO HCMBITAHHS YILIOTHE-
HHE rpyHTa noj LITaMnOM BRIMOJHSIIOT HArpy3KOH, paBHON mpHpOA-
HoMy (OBITOBOMY) nAaBJIEHHIO Pg HA 'PYHT HA OTMETKE [OJOLIBHI
witamna, Ho He Metee 0,5 krc/cM2. Ha nepBoft cTyneHn HArpy3Ku mpu
YIJIOTHEHHH YYHTBIBAIOT JaBJeHHe HAa TPYHT OT Beca yCTAaHOBKH. B
TEX cJy4asx, KOrja HCIBITAHUS NPOBOASTCS B NENSX YCTAHOBJEHHS
XapakTepa 3aBHCHMOCTH OCaJOK OT HArpy3kH B HpeAenax U KpHUBO-
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Tab6numa 11

CTyNeHH Harpy3KH, Krc/em? npu

Ko3ddHIHEHTE TIOPUCTOCTH
KoOHCHCTEHIHR T'PYHTa e P

0,5 0,5<e<0,8 e>0,8
1L<0,25 1 1 0,5
0,25<711<0,75 1 0,5 0,5
I1>9,75 0,5 0,25 0,25

JIHHefiHoro yyacTka rpaduka S=f(p), cTynenu Harpysku mocJe To-
JIYYEHHS YeTHIpeX 00fA3aTeNbHBX TOUEK MOTYT OLITh YMEeHbUICHHI.

I1pu HCONB30BAHKH JJIs1 HArPYXKEHHs] LITAMIOB T'HAPaBJHYeCKHX
JOMKpPATOB HEOOXOMHMO CJeAHTh 38 COXPaHeHHeM NOCTOSIHHOro 3a-
JaHHOro jpamjeHvs. BeiexcTBie ocaiKH rpyHTa noj IITAMOOM JAaB-
JeHtie Hen3GexHo majaer. Hepepko OHO MOXKeT najxaTh H H3-3a
He3HAYHTEJbHHIX yTeyeK MacJa B AIOMKpaTe WK nepopMauuii sjeMeH-
TOB YNOPHBIX ycTpoiicTB. ITo3TOMy BO H36eraHue moJayyeHHsl HeTOY-
HBIX JaHHBIX, 3aTPYJAHSIONIHX, a HHOLAA AeJaloUlHX HeBO3MOKHOM
HX OKOHYATEJIBHYIO 06paboTKy, HeOOXO/HMO TIATEJNBHO CAEHMTh 32
COXpaHEHHEM NOCTOSTHHOrO AaBJEHHS, IJIS 4ero esnecoobpasHo HMpH-
MEHSITb aBTOMaTHYECKHEe YCTPOHCTBA JJ15 €ro noJljepRanusl.

Has atoit nenu B I'TIM ®yugaMeHTIIPOEKT €NpPOCKTHPOBAHO H
H3TOTOBJIEHO HECKOJBLKO 3K3EMIJISIPOB aBTOMATHYECKOH HACOCHOM
CTaHIHH € HCNOJbL30BAHHEM arperaToB U y3JIOB, CEpHAHO H3rOTOBJfA-
e€MBIX OPOMBIIJIEHHOCTRIO. YCTaHOBKa mnpejcrasiiser cobofi Hacoc-
HYI0 CT2HIUIO C aBTOMATHYECKON NOAKAYKON Macna ans obecreucHus
COXpaHeHHsl MOCTOSTHHOrO fABJEHHS NPH 3aJaHHOf cTymeHH Harpys-
ku. [Ipu yMenblueHun (majieHHH) AaBJIEHHSI CHTHAJIOM, HOCTyNam-
MM OT 3JEKTPOKOHTAKTHOrO MaWOMETPa, HACOC ABTOMAaTHYECKH
BKJIIOUaeTcs B pabory, obecneynBasi NOjJAepiKaHHe MNOCTOAHHOrO
naBJeHns Ha wtamn. Hacocmas cTaHIlEsS COCTOHT H3 Hacoca THHA
HJIL 05-2. 5-400 ¢ perynuipyeMoil noiiayed 3J1eKTPOABHraTedsl ¥ 3jeK-
TPOKOHTAKTHOro MaHomerpa tina dKM-600.

[lepen HayanoM HCHHTAHUS CJAeAyeT ONPEACJHTb H 3aIHCATb B
KYpPHAJ HCTIBITAHU, KAKHM HOKa3aHUSIM MaHOMETpa COOTBETCTBYET
JABJIeHHe WITaMIa Ha rpyHT (Krc/cM?) mpu Harpyske Kaxkloii cTyme-
HH.

VpenvHoe naBieHHe WTaMNa Ha TPYHT pmr Onpefestor mo ¢op-
MmyJIe

P FI'IOI’III
Pz ="—p
Fmr

, an

Toe pu— AaBjeHHe MaHOMeTpa, Krc/cm?; Fropm B Fumr — IJIOLIaAb OOPLIHS IOM-
KpaTa % WTaMna, oMz,
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OGHIYHO YKCIO AeJIeHUll MaHoMeTpa He COBNAJAET CO CTyNEHSIMH
nAapJjeHuft Ha rpyur. s Toro wtoOH He NPOM3BOAUTHL OTCYETH IO
MaHOMETpPY Ha IJia3, PeKOMeHJyeTcsl CTyNeHW NABIEHUH HECKOJLKO
cMemiath B OONBINYKO HJIH MeHBIIYI0 CTODOHY € TaKHM pacueToM,
YTOGB OHH COOTBETCTBOBAJIH TOMY HJIH HHOMY YHCJIY JeJIeHHH MaHO-
MeTpa.

VlcnHTaHus npy HeoGXOAUMOCTH MOryT BLINOJIHATHCH 10 Tak Ha-
3BIBAEMOr0 KPHTHUECKOrO HJIM NpEAeJbHOro JAaBJjieHHs. 3a KpHTH-

7

] D, xeC/crm2

Lp?
Puc. 8. 3aBHCHMOCTD OCAAKH WTAMIA OT [ [[ j
T

HaBJieHus1 lfipeden rpo - &
nNOPULOHATbHOU

1 — y49acTOK NPSMO NPONOPUHOHANBHOR zapucu- ot L | [
MOCTH OCajiKa OT Marpy3kKHW; 2 — ocajxka 3a Bpe- ’_‘aaﬁucurmcmu R

MA Harpy»}eHHsi CTYReHH Harpy3KH Ha 1utaMIl;
3 — ocallKa 3a BPeMS BBIAEPXKH CTYHEHH Ha-
rpys3kH Ha wTamn; 4 — roJiHas OCajKa lmramna
OT CTYNEeHH HarPy3KH; 5 — NoJIHasi 3a Bce BpeMs 4
MCIILITAHHA ocajKa LiTaMna OT BCeX CryneHel

narpyskd; 6 — ynpyras pedopmaums rpysra;

7 — octatoydas pedopmaius rpyHra ~1

- i
S ]

S, 104

YecKoe IPHHUMAIOT TaKoe JaBJjieHue, IpH KOTOpoM HalJIo 1aeTcs 3Ha-
yHTeJbHOE YBeJIHueHHe Ocajkn (MO CpaBHEHHIO ¢ OCAnKOH 3a mpe-
JIBLAYIYIO CTyNeHb HArpy3KH) npH HeOOJLIIOM yBeJHYeHHWH Harpys-
KH WJH ocajKa, He 3aTyxamulas B TeueHHe JIITeJLHOrO BpeMeHH U
TIpOTeKaIoIas JOCTAaTOYHO PaBHOMEPHO.

[Ipu npenBapHTENbHOM YNJIOTHEHHH rpyHTa KaxXaylo CTyleHb
Harpy3kH BLIIEPKHMBAIOT He MeHee 5 MHH — A KPynHooOJo-
MOYHHIX R HeCYaHHX TPYHTOB H

Bpema, ¥
30 MuUH — i TJIHHUCTHX. Ko- 9 4 5 8 10 12 4 16 18

HEYHYIO CTyIleHb Harpy3ku I A0 =05 xec/ crr? ] 1
npeiBapHTEIbHOrO YIVIOTHEHHS, iz i
Tak ke KaK H mnocjenywomupe 2 2 f
CTyneHH, BHAEPKHBAOT 10 yc- SN 1‘
JOBHOW cCTabGWIU3anMH OCaiKkH. X 4 -
3a ycaoeHylo crabuiHsanmo W 3
ocaiKH NPHHUMAT ee npupa- ¥zhl L
meHue He GoJsee 0,1 MM 3a 1 y— D ]
ANlsi XpyMHOOGJIOMOUHBEIX ¥ Tec- S, D
YaHLIX IPYHTOB U 3a 2 U -— JJsa T
[VIMHHCTHIX.

10 ™ o S%K20/0,,0
Puc. 9. TI'padux ocagkH wWTamMna so
BPCMEHH 12 I i [ ]
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OCHOBHBIM NOKYMEHTOM NP IPOMU3BOJACTBE HCHBLITAHUS SIBJfET-
cs1 XKypHaJ, ob6s3atesbHas ¢GopMa Kotoporo yrteepxkaena Y'OCT
12374—77. OnHOBpEMEHHO ¢ BHECEHHEM 3anicell B KypHasJ HeNo-
CPEJICTBEHHO HA MeCTe NPOBE/ICHUS HCOHTaHUs PEKOMEHIyeTCs CTPO-
HUThb rpaduk 3aBHCHMOCTH OCaJAKH OT yIeJbHOro namjeHuss S=f(p)
(pHc. 8) v rpadHK, WIIOCTPHPYIOIIMHA NPOTEKAaHNEe OCAAKKH BO Bpe-
menu S=f(f) (puc. 9).

Taxkne paboune rpaduku, BHUEpYHBAEMblE HENOCPEACTBEHHO Ha
MecTe HCHLITaHHMs A0 OKOHYATeJLHOH ero KamepasbHoH 006paboTKy,
NO3BOJISIOT KOHTPOJHPOBATh XOA HCNLITAHHS, OOHapyxuBaTb BO3-
MOXHBl€ HeJOCTaTKH, YacTO BO3HWKAalomue npu HabMOAEHHAX B
HOYHOE BpEMS$l, YCTaHABANBATH KPUTHUECKYIO HArpy3Ky H T. A.

OG6paGoTrka pesysbraToB uciobiTaHuil. [lo pesysbraTam Hcmb-
TaHWsl PYHTOB CTaTIYeCKOll HArpy3kKoil OLEHHBAWT HX CKHMae-
MOCTb, KOJHYECTBEHHOHN XapaKTePUCTHKOE KOTOPOH CJYKHT MOILYJ/b
nedopmanny E. OcHoBaHueM /st 3TOfl OLEHKH fABJgeTcs rpaduk
S=f(p), Belpamanonuit 3aBUCUMOCTb OCAJAKH I'PYHTA IOJ INTAMIOM
oT yaeasHoro naBnenHs. Ilo ocn abecumce rpadmka  OTK/JIaAHBAIOT
3HayeHHs cTyneHell Harpy3ku (B macwrabe 1 cM—0,25 krc/cm?), no
OCH OpJHHAT — OCaJKH, COOTBETCTBYIOIHE 3THM CTYNEHSIM HAarpys-
ku (B macwrabe 1 cm —1 MM ocaaku). BcnomoraTesbHbBIMH Ma-
TepHaJaMu, KOTOphle HOJIKHH YYUTHIBATbCSl NPH aHaJH3e pe3yJib-
TATOB HCHBITAHHUS, ABJAAIOTCA: XYpHaJ HCOLTanus, rpaduk ocamaku
BO BpeMeHH S={(p), AaHHBle MHMKeHEepHO-TeOJIOrHYECKHX H3LICKa-
HUH (B 4acTHOCTH, eOJOrHYecKOoe CTpOeHHE yYacTKa B MecTe yCTa-
HOBKHM 1lTamna), pesyJbTaTsl jsaGopaTOpHLIX onpeneseHuil ¢usu-
KO-MEXAHHYECKHX CBOHCTB HCIHITAHHLIX TPYHTOB, @ TaKkKe AaHIIbe
O npeanoJlara€Mhx pasMepax (yHZAaMEHTOB H HArpy3kax Ha HHX.

Ha prc. 8 n3o6paxen rpaduk S=f(p), Ha KoTOpoM mnOKa3aHH
OCHOBHHE TOYKH H YYaCTKH, OTpaKarmiHe XOJ HCOHTAHUS PYHTa U
XapaKTepH3YIollHe ero CXXHMaeMoCcTb. TaK Kak HarpymxeHue mITaMmna
BEJEeTCS CTYyNEeHSIMH, rpadMK ocaiaKu IIMEeT CTyNeHYaTHH XapakTep.
ITockONAbKY HarpyXeHHe WTaMna OCYIIeCTBJSeTCS He MTrHOBEHHO, a
nporecc AJUTCSl B TedeHHe Oosee WJIH MeHee NPOAOIKHUTEIbHOrD
BpEMeHH, 4acTb OCaJKH I'PYHTA HPOMCXOAHT 3@ BpeMsi HarpyKeHHs.
IToatomy cyMmapHas ocajka 3a CTyHneHb Harpy3ku CKJIajBBaeTCs U3
OCaNIKH 32 BpeMsl HarpyeHus U OCaJKH 3a BpeMs HaGJoaeHus.

Moayas nedopmanvn E xapakTepH3yeTcsi KOTAaHreHCOM yrJa
HaKJOHA NpsSIMOJIHEHRHOro yyactka rpaduka S=f(p) k ocu opnu-
HaT. C Bo3pacTaHHeM AABJEHHS HA IPYHT NOJX IITAMIOM MpPAMOJH-
HeHHLI yyacToK rpagika NOCTENEeHHO NepeXOAHNT B KPHBOJIHHEHHEIH,
BHIIYKJIBIH BBepX y4yacToK. KoraHreHc yrsa Hak/JAOHAa K OCH OPAHHAT
KacaTesJIbHOH B JI00O# TOYKE 3TOro yyacTkKa ¢ Bo3pacTaHHeM jiaBJe-
HHUSI YBEeJWYHBAETCS, YTO HO3BOJSAET CYHTATh MOAYJIL AedopMalHi
TPYHTa BeJUYMHOI nepeMeHHOH, 3aBHCSLIEH OT AABJEeHHWs LITaMmna
Ha rpyHart. s pacdera ocanok COOpyXEHHH no npHHATOH B npak-
THKE TEOpPUH JIHHEHHO-AedopMHpYyeMOoro Tesia HeOGXOLHMO OJHO
NMOCTOSIHHOE 3HAUEHHE MOAYJs fAedopMalnuH, YTO H SBUJIOCH OCHO-
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BanueM mpuHsatoro B 'OCT 12374—77 nocTpoenHdst npsMOIHHEHRHO-
o y4acTka, Kak MHHHMYM, NG YeThHpeM TouykaM. Ilpu Gespedekr-
HOM NpOBeNeHHN MCOBTA4HWE H NpW NPABUJILHOM HA3HAYEHWH Be-
JUYHH CTyNeHel HarpyskH YeThipeX ToueK Ha rpaduke OblBaer
JOCTATOYHO AJs NOCTDOEHHss MO HHM METOINOM HaHUMEHBIIHX KBaj-
paToB MJIM rpagpHUecKH OCcpenHsIoneli npamMom.

3a HauaJbHOEe 3HAuyeHHe Pp U Sp (mepeasi BKJouYaeMasi B onpe-
JeJleHHe ONLITHAS TOYKa) NPHHUMAIOT yJAeJbHYIO HArpysky, paBHYK
Ps, 1 OCaJKy, COOTBETCTBYIOIIYIO 3TOIH HArpyske.

3a KOHeUHHIC 3HAYEeHHS P, U S, NPUHUMAIOT 3HAYeHUs p; u Si,
COOTBETCTBYIOIIHE YETBEPTOH TOYKe. B ciayuae Korja npH Harpyske
p: npupaieHve ocaaku OyneT B 2 pasa Oosqblle, YeM NPH Npeablly-
el cTyneHu Harpy3ku p,—1, a npu nocleayiomeif cTyneHn Harpys-
KN p;--1 npupamente ocaaxy OyaeT paBHO IPUPAINEHHIO OCAIKH HIH
Gosblle ero npH p;, 3a KOHeUHLle 3HauYeHusi pPn, U S, NPHHHMAIOT
pi—1 u S;—1. Ilpu sTOoM uHicao ToYeK, HEOOXOIHMEIX AN MOCTPOe-
HIsl OCpenHsomed NpsaAMOH, 10JKHO GHTh He MeHee 3. B NpoTHBHOM
ciyyae npu HCOLITAHHU IpyHT2 HeoOXOAMMO NPHHATL MEHBIIHE IO
BeJIHYHHE CTYNEHH yAEJNbHEIX HarpysokK.

[TocTpoenHasi ¢ y4€TOM NpHBEAeHHHX Boiule nosoxeHuin TOCT
12374—77 ocpeaundiomlasi npsMas HCHOJL3yeTCH JJIS BLIUKCIECHHS
3HaueHus MoxayJasa nedopmanuu E.

OO6HIYHO HCTIHITAHHS TPYHTOB IITaMIaMy BLHIIOJHSIOT ¢ GOJLIIHM,
YyeM yKas3aHO BLIIle, YUCJIOM CTyneHe# Harpys3ok. B sTHX cayuyasx,
€CJIM HCOHTaHHe JOBEZEHO IO HArpys3KH, SBASIONIENCA KPUTHUECKOI,
rpaduk S=f(p) npuobperaer KpHBOJHHERHOE OUEPTAHHE.

CymMapHas ocafika, 3a(UKclipoBaHHasg 3a BCe CTYHEHH Harpys-
KY, HasHBaeTcsl noaHoi ocanakoh. IlonHas ocanaka, T. e. Jdedopma-
LMfl, COCTOHT H3 OCTAaTOYHOH H ynpyrofl aedopmaiuii, KOTOpEe ornpe-
neJIgIoT HabJMI0IeHUSIME TIPY pasrpyske LITaMIa.

Y neqrHoe naBjeHne NOj LITAMOOM, COOTBETCTByIoIee Ha rpadu-
Ke S=f(p) Touke, xapakrepusywmiefi Hayajl0 KPHUBOJHHEHHOTO
yJacTKa, NpUHSTO HAa3HBaTh NPEAENOM NPONOPIHOHANLHON 3aBHCH-
MOCTH Pyp.

[lonnas ocazka, Tak e Kak ocTatouHas H yunpyras aebopma-
IHH, CJAYXHT TOJbKO JJIsT KaueCTBeHHOH XapaKTepHCTHKH T[pyHTA.
BenvuunHa noJHOR ocaAKH NpH PaBHHIX KPUTHYECKHX HArpy3Kax ykKa-
3bBaeT Ha GOJBIIYI0 MJIH MEHDLUIYI0 CKHUMAeMOCTb H HPOYHOCTL
rpyHTa.

Tax, y rJIHHHCTHIX rPYHTOB ynpyras Aedopmauns oOuuHO $OJb-
1€, 9eM y NECKOB. ¥ IeJIbHOE jaBJieHHe Ha rpyHT, COOTBETCTBYIONIEE
npenesyy npomOpPIHOHAJLHON 3aBHCHMOCTH, 10 H3BeCTHOH cTemneHH
SIBJIAICTCS. KOJIHUECTBEHHOH XapaKTepHUCTHKON W B HEKOTOPHX cJjyda-
SIX MOKET NPHUMEHSIThCS B KAaueCTBE YCJIOBHOrO PACYETHOro aBJje-
HUS HA IPYHT.

Caenyer oTMeTHTb, YTO rpadur S=f(p) uacTo HMeeT He TAKOM
HeaJbHLI{i BUJ, KaK ITOKasaHo Ha pHC. 8. PaccMOTpUM  HECKOJILKO
Hanbosiee YacTo BCTPEYAIONIUXCH PA3HOBHAHOCTEH 3TOro rpaduka.
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1. Ha wavanrroMm yuactke rpaduka po—p: (puc. 10) B npene-
Jlax NepBLIX CTyNeHell Harpy3ok HaOaoarTcs NpeyBeJHYeHHbe
OoCaJKH, KOTOphle YMEHBINAITCH NPH NOCJAEAVIOUUX cTynensx. Ta-
KHE OCaJIKH SIBJASIOTCH CJeACTBHEM IJIOXOH 3aYHCTKH TPYHTa MNOJ
mraMnoM (HepOBHAs, Pa3pHIXJIeHHasi WJHM NEepeyBJaXKHEeHHas IO~
BEPXHOCTh, HaJIUYHE BHICTYNAWOIIHX TBEPIABIX BKIIOUEHHH WM T. I.)
WIH BBI3BAHEI OTCYTCTBHEM COOTBETCTBYIOLIETO CJIOS MOATOTOBKH.

|
o P p,recfer?
£ Py P wecfem? 3
oy
N N
T4
= o 3
< |
S,pm & mm
Puc. 10. Tpadpuk S=f(p). Ilpe- Puc. 11. Tpadpux S=f(p). Orcyt-

yselndenHble OCaJKH Ha MEPBHIX
CTYIIEHAX Harpy3KH

CTBHE OCaJKH Ha MEPBBIX CTYTEHSX
Harpy3KkH

[Ipu HarpyKeHUM INTAMIa NMEePBBIMH CTYNEHSIMH HarpyskH ocal-
Ka MPOHCXOAMT He BCJIEJICTBHE YNJIOTHEHHS CJIOS HCHBITYEMOro I'pyH-
Ta MO Beefl IJIOLIAaAM IITaMMOa, a BCACACTBHE OGXKATHUS OTHAETBHBIX
BHICTYIAIOMIMX YYACTKOB, YNJOTHEHHUS pa3pbIXJIEHHOHI NMOBEpXHOCTH
HJH BBIMOpA M3-NOJX I[ITaMNa INepeyBJaxKHEHHOTO pPas3XkHKeHHOro
rPYHTa.

Tagum ob6pasom, ocagka AS (cM. puc. 10) He xapakrepnayer
CXKHMaeMOCTh HCOBITYEMOr0 TPYHTAa H MO3TOMY BO H30exaHuWe Hc-
KyCCTBEHHOTO 3aHHIKEHHUH ero Hecyllefl cnmocoOHOCTH He JOJIXKHa
yuUTHIBATECS MPH ompefesieHMH MoayJas nepopmannu E no rpadu-
Ky NPUBEJEHHOTO THNA.

2. Ha nepBbIX CTYNEHSIX Harpy3kH OCaJKH OTCYTCTBYIOT, ¥ KpHBas
rpad¥Ka HauMHAETCst He ¢ HyJIf, a NPH HEKOTOPOM YJEJbHOM JAaB-
Jgennn (puc. 11).

OtcyTcTBHE OCaJKH Ha NEPBHIX CTYNEHSAX HAarpyskd 4acTo MNbl-
TaTcaA OObACHUTDL TEM, UYTO M3MEPHUTENbHHE NMPHOOPH BKJIIOYAKOT
noclie OKOHUaHUsl MOHTaxa Bcell YCTAaHOBKH, H, CJI€JOBaTCIBHO,
oca[KH, MPOUCILIE N MO BO3JeHCTBHEM cOOCTBEHHOTO Beca ycTa-
HOBKM (KOTOpPHI BXOAUT B OOILYI0 Harpysky Ha INTaMIl), OCTaIOTCS
HEYUTEHHBIMH.
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HecomueHHO, 4TO HEKOTOpasi 4acTh OCaAKH, KOTOpasl MPOUCXOAUT
OT neficTBHS COGCTBEHHOIO BeCa YCTAHOBKHM, MOXKeT OCTaTbCsl HeHs-
MepenHoi. OnEako coGCTBEHHast MacCa yCTaHOBKH J1aiKe NMPH HCIH-
TaHuy B Hiypde Ha ray6ure 5 M He nmpesblllaet 500 Kr, H, caenoBa-
TEJIbHO, y/IE/NbHOE JIaBJieHHEe HAa TPYHT MNPH INTaMIle IJOHIAJBIO
5000 cm? cocraBnsier He Gonee 0,1 krc/cM2. DTO B HECKONBKO pas
MeHbllle JaBJICHHs, CO3/aBaeMOro Harpy3koH MepBOH CTyneHH
(0,25—0,5 krc/cM?), 1 He MOXKET CYIIECTBEHHO NMOBJMSTHL Ha OOILYIO

by prec/omn?

l |

Pr p,recfem?

Srue

Puc. 12. T'pagur S=f(p). Hesaro-
HOMEDHOE YMEHLIIEHHE OCajKH NpH
BO3PACTAHHH Harpy3KH

Puc. 13. Tpabuk S=f(p). Hepas-
HOMEpHHH NPHPOCT OCAZOK MO CTY-
NeHsM HATPY3KH

BEJIUUHHY OCaJKH, a TeM Gomnee OOBbACHUTH OTCYTCTBHE OCAJKM Ha
NepBHIX CTYNeHsIX HATPY3KH.

[TonblTKa OOBACHUTH OTCYTCTBHE OCAJKM BJIUSHHEM OBITOBOTO
AaBJeHUst TakKe HeyOeaurenpHa. B 6onbuiMHCTRE coryyaeB faxe MpH
HCIBITAHHAX Ha riyOune 20 M 1 Gosee (rae GBITOBOe JaBiEHHE Ipe-
BhlIaeT 3 Krc/cM?) ocaikp HaOmoAalTCs C Hauajga NpUIOKeHHs
Harpy3kH Nnepsoil CTyneHu.

PacemarpuBaemoe siBjieHHe, T. €. OTCYTCTBHE OCafOK Ha TEPBHIX
CTYNEHSX HarpysoOK, NO-BHANMOMY, OOBSCHAETCH He HAeHcTBHeM OHI-
TOBOrO JaBJeHHs UJIH COOCTBEHHOIO BECa YCTAHOBKH, @ CBOMCTBaMH
CaMOro I'PyHTa, ero CTPYKTypPHOH HPOYHOCTBIO, 8 TaKiKe TEM, YTO
TPYHT HaXOJAHTCS B NePEyNIOTHEHHOM COCTOSTHUH.

TonbKO NpH HMCNBITAHMH OYeHb C1abBIX CHJIBHOCKHMaEMBIX TPYH-~
TOB, KOrJia NepBble CTYNEH! Harpy3KH MNPUHUMAKIOTCS MeHblIe
0,25 krc/cM?, a gaBieHHe, COOTBETCTBYIOILEE MpEAENy NPONOpPIHO-
HaJbHOH 3aBHCHMOCTH, MaJo U He npeswsimaer 1—1,5 Krc/ecm?, ocan-
KH OT JeHCTBHS COOCTBEHHOTO BeCa YCTAHOBKH MOTYT MMEThb CyILECT-
BesHOe 3Hauenue. [Ipn 3TOM uMCleHHOe 3HAYeHHEe OCajKH, KOTopast
NPOH30LLNIa N0 BKJIIOUEHUS H3MEPHTENbHEIX NPUGOPOB, MPUHUMAaETCH
paBHBIM OTpe3Ky AS, oTcekaeMOMy Ha OCH OpPJMHAT MPOAOCIKEHUEM
npAMONMHeRHOro yyactka KpuBo# (cum. puc. 11).
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3. Ocanky, 3aKOHOMePHO BO3pacTalllue C yseJHueHneM Harpys-
K, IPU JOCTHKEHHMH HEKOTOPOrO HABJEHHHl py HAUHHAIOT YMEeHb-
mwaThcsd U KpuBas rpaduka craposutcs Gosee mosoroft (puc. 12).
Takoit sun rpacduk nprobperaer nNpu Haduuuy Ha HEOOJBINOH IJy-
O6HHe MO IIT@MNOM B CJIOE HCIBITYyeMOro IrPyHTa UiH NOJ HHM IPOcC-
JIoHKH 00Jiee MJIOTHOTO I'PYyHTa HJIM KPYNHEIX BKJIIOUEHHil (KaMHeH,
BaJjyHOB). Pe3ynbraThl TAKOro HUCHBITaHHSI HCNOJB30BATBCS HE MO-
ryT. I'pyHT NOA IITAMIOM AOJKeH OHITh HCHBITaH ¢ NOMOMIBIO INYyP-
¢a, a ucnplTague NOBTOPEHO HA HOBOM MeCTe.

4. Ocanku 3a OTAeNbHEIE TPOMEXKYTOUHBIE CTYIIeHH HATPY3KY H3-
mensiloTcss 6e3 BHAMMO# 3aKOHOMEPHOCTH M UMEIOT 3HaYeHHs, MeHb-
wre n 6ONbIINE, YeM 32 NPeJbAYLIYID H NOCTeAYIOIIHE CTYIeHH
Harpy3ku (puc. 13).

Takve OTKNOHeHHS OOBACHAITCH HEUCHPAaBHOCTAMY TIHApaBJI-
YeCKOTo JIOMEKpaTa, HanpHMep 3aKJAWHHBaHHMEM IITOKAa NPH IePeKo-
ce ynopHo#l Ganku BCJeACTBUE BHJACPrHBaHHs aHKEPHLIX CBaM, He-
HCIPaBHOCTHI0 U3MepHTEIbHHX IpHOOPOB, HeCBOEBPEMEHHBIM [OJY-
YeHreM OTCYETOB WJIH NoJyyeHHueM omuGounHbX orcyeros. OT ACNonh-
30BaHHA 3TOro rpadmKa ClenyeT OTKa3aThes.

3. HcnbiTaHus rpyHTOB B CKBaMKMHAX

Hcnbitarus rpyuTos B mypgax npoBoasiT NpH IVIyOHHE YCTAHOB-
KH IITaMna, He npesbianmel o6muno 5—6 M. [Ipr Heob6xoanmoc-
TH uCNBTapust Ha Cosbliell ryOuHe, a TakKe NPH HAMUYUH BHIIe
OTMETKH YCTAHOBKH MITaMna BOJOHACHILEHHEX T'PYHTOB, 3aTpy/Hs-
IOLIMX NPOXOAKY IypdoB, HCOBITAHUS LUTaMIaMy Nposoadar B Gypo-
BBHIX CKBaxK¥WHaX. YYUTHBAfA, YTO OCHOBHHIM (akTOPOM, Olpelesio-
INMM JOCTOBEPHOCThH YCTAHOBJIEHHS MoOAyasl JedopMaluy NpOOHBI-
MH Harpy3KaMH, fIBJSIeTCS KayeCTBO IOArOTOBKHM OCHOBAaHHSl TIPH
yCTaHOBKe LITaMMa, HCIEITAHHSA B CKBajKHMHax Cye/lyeT CUMTATh Me-
Hee HaJexkKHHIMH, yeM B Wypdax, u pe3yJbTaTH UX OLEHUBATH OCTO-
POKHO.

O6opynoBanye. OcHOBHEIM OBOpyIOBaHHEM [JIi HUCHHITaHHA
TPyHTa CTATHYECKOH HArpy3KOfl fIBJSAIOTCH LITaMIl ¥ YCTAHOBKa AN
ero HarpyzeHns.

Hltamne. Jlas ucnblTaHuil B CKaXKHHAX NCHONB3YIOT KPYrible
B Nade WraMnel naomagen 600 cM?, nuamerpom 27,7 cm. llramn
ONYCKaKWT B 3aKpeIutenHylo o6cajHeiMu TpyGaMH CKBazKHHY AvaMeT-
pom 325 MM Ha TpyOax amamerpom 219 mm. B 3aBucumocTu OT BH-
La IpyHTa M yCJOBUI NPOBEJEHHS ONHTAa HNPHMEHAKT pa3iHyHbe
IITAMIbl, KOHCTPYKUMS KOTODHIX oOnpeicasiercs HeoOXOAHMOCTBIO
TOAroTOBKY (BHpaBHuBaHNnf) 3a00si CKBaXKMHBI H JOCTHIKEHHH Ha-
HOoJiee MOJHOIO KOHTaKTa MEIKIYy HHXKHell INIOCKOCTbIO IITaMmna u
TPYHTOM.

YcTaHOBKH JJd HAarpyXeHus wWTaMODa NOpH Ipo-
H3BOJCTBE CTATHYECKHX HCNBITAHHH B CKBaXKHHAX, TaK XK€ KaK H PU
NPON3BOJACTBE HCMNHTAHUH B WIypgax, NOAPa3feJd0TCs Ha yCTaHOB-
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KM C THAPaBANYEeCKHMU JOMKPAaTaMH H YCTAHOBKH, B KOTOPHIX JaBJjie-
HHMe Ha LITaMI NMepelaercs HarpyxeHHeM TapHpPOBaHHBIM I'Dy30M,—
YCTAHOBKH C T'Py30M.

Yeranosku ¢ eudpasauveckumu Oomkparamu. dusi ynopa run-
PaBJMUYECKOTO JOMKpaTa NpH HCHHITAHHUSX TPYHTOB CTATHUECKHMH
Harpy3kaMu NpPUMEHSIOT YCTPOHCTB2 C BUHTOBHIMH aHKepPHBIMH CBa-
SIMH H C UCIIOJTB30BaHneM 06ca HOi TpyOHL.

B oranude ot HCOBITAHMIE IpYHTa IITaMIoM nuomaaso 5000 cm?
IPH HKCHOBITAHUAX ero HiTaMnoM miomaiesio 600 cm? Tpebyrotcs 3Ha-
YUTEJHLHO MEHBIINEe Harpy3kH, He npespunawmpe 3—6 tc. B coot-
BETCTBHH C 3THM JUISl YIOPHOTO YCTPOHCTBA, BOCIPHHHMAIONIErO pe-
aKTHBHOE yCHJHe OT AOMKpaTa, AOCTATOYHO OGBIYHO JBYX BHHTOBBIX
csafl.

Ynoproe yCTPOHCTBO C BUHTOBBIMH @HKEPHEIMH CBasiMH COCTOUT
u3 TpyOBI-CTONKHN JuaMeTpoM 219 MM, HHUXKHHE KOHEL KOTOpOH yuH-
paercd B INTaMM, a Ha BepXHUH, CHaOKeHHBIH NOIKIaIKOi H3 JHC-
TOBOrO kejie3a, YCTaHaBJIMBAeTCHd rUApaBAHUYCCKHil nOMKpat. JloM-
KpaT BHIIBHXKHOH T'OJIOBKOH yN#¥paercs B YNOPHYKO Oanky, yiAepiKu-
BaeMyl0 ABYMs BHHTOBHIMH CBafiMM H NPHKDPEMJIEHHYIO K HHM C II0-
MOIIbI0 aHKEePHBIX 601TOB H 0aJi0K aHKepHOH CHCTEMBEIL.

TMpu ycudnu, e npespunaioniem 6 Tc (yaeJbHOE AaBJEHHE TOI
mramnoM g0 10 krc/cM?), U paccTOSSHUM MEXKAY aHKepPHBIMH CBasi-
MH 3 M B KaueCcTBe YIHODHO#l NpHHHUMaeTrcs JByraBpoBas OaJka
Ne 40. Tpy0Oa-cTofika, JINHa KOTOpo#l onpefensiercs rayOUHol ycTa-
HOBKH LITaMIa, COCTOHT U3 OTJeJBHBX OTpPE3KOB, COeIHHSEeMEIX C
noMoripio MydT Ha pe3nbe. Jlig HCOBITaHME B CKBaXXHMHAX NPHMeEHS-
I0T T€ 7K€ BHHTOBBIE CBaH, YTO K AJs HCIBITaHH# B 1ypdax.

¥YnopHoe ycTpOHCTBO C UCHOJIb3OBaHHeM oOcainoil TpyOH B Ka-
yeCcTBE yropa I/isl IOMKpaTa MOXKHO NPHMEHSITh NpPH JOCTaTOYHOR
rny0liHe CKBaXKHHH, KOrna TpeHHe o6calHoil TpyOwl O rpyHT obecne~
yuBaeT He0OXOJMMOe CONPOTHBIEHNE BEICPTHBAHUIO.

Ycranosku ¢ epysom. 1lpu MCOBITAHHM INTAaMIOM IUJIOHIANBIO
600 cM? HeoOXOguMMasi Harpy3ka pelKo npesullaer 3——4 TC, 103TO-
My MOHTa) YCTAHOBKH [pH 3THX HUCHBITAHHUAX 3HAYUTEJBHO Npolie,
yeM NPH HUCHBITAHHAX LITaMNOM niomanpo 5000 cm?. dtuM oberosi-
TEeJbCTBOM, @ TaKiKe HaJeXHEIMHM pe3yJNbTataMyi HCOHTaHUE C TpH-
MeHEIHeM YCTAaHOBKII C TapMpOBaHHBIM IPY30M MOZKHO OGBACHUTH
LUIMPOKOe pacipocTpaHeHHe 3ToH yctaHosKH. Ilpm stom cneayer
IIMETh B BHIY: YEM MeHbIle IIOLIajAb INTaMNa, TeM MEHBUIYIO TOY-
HOCTB [IPH OIHOM H TOM JKe yJeJbHOM JAABJEHHH MO/ LITAMIIOM MOXK-
HO NOJIYYHTH IIPH HAUpYKEHHH THIPaBIHYeCKUM JIOMKpaTOM.

KanarHo-ppuaxnas ycraroska KPY-600 coctonT H3 pamhl, ykK-
penyIeHHOH Ha ONOPHEIX OajKaxX H CHaOXKeHHON ypaBHOBEUIEHHHIM
3arpy3ouHsiM peluaroM. Ha Konue pbluar uMeer rpy30BOH CErMeHT
C NPUKpENJIEHHLIM K HeMYy TPOCOM [/1fl IOABECKH Ipy3a.

Yeunue Ha mITaMI nepefaeTcs UITAHIOH, JKeCTKO CBSI3aHHOH C 3a-
rpy3ouHbiM phuaroM. Ocalkn mtaMna (QUKCHPYIOTCS CaMONHCIEM,
HMEIIIHM 4acOBOH MeXaHH3M. YCTaHOBKA yKpemJsieTcsl Ha maoman-
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Ke C NOMOIIbIO BHHTOBHIX aHKepHHX cBall. CerMeHT HA KOHIEe phya-
ra ofecneynBaeT NOCTOSIHHOE YCHJIME Ha LITaMI IO Mepe ero OCalKH.
Huske npuBeneHa KpaTKasi TeXHHUeCKast XapaKTepUCTHKA YCTAHOBKH

KPV¥-600.

MakcumanbHOE napJeHHe Ha WTamim, Krc . . . . . . . . 500
CooTHOUIEHHE NJIeY PHYa>KHOH YCTAHOBKH . . . . . . 4 . 1:30
Ilnomaze wramma, cm? . . e e e . e . 600
Pa3méepbl yCTaHOBKH, M:
BBICOTA « + + & v+ v v e e e e e e e e 1,2
WHPHHA .+ . . . o ot . . e e e e e e e .. 0,4
.11 L 3—4
Macca, Kr:
TDY38  © v v v e e e e e e e e e e e 170
YCTaHOBKH 6e3 TPyHTa M @HKEPOB . . . . . .« . . . 90
OOLIAST . . . v & v v a e e e e e e e 474

INpuGopsl nasi M3MepeHusl OCaAOK rpydTa mnoj mTamnom. Ilpn
UCMBHITAHUAX B CKBaXKHHAX IITaMnoMm miowansio 600 cm? uemoassy-
10T T€ ke NPUOOPEL, UTO U NPU UCHBITAHUAX HUX IITAMIOM IJIONIAIBI0
5000 cm2. Onucanne >THX NpUOOPOB, a TakXkKe CxeMa HX YCTAHOBKH
Oblil IpHUBEJIeHbl paHee.

IipoBeneHue mcnbiTanuil. JloCTOBEpPHOCTH pe3yibTATOB, NOJY-
YeHHBIX NMPH HCOBITAHMH TPYHTa LITAMOAMH, MO}KeT OwITh oDecneue-
Ha NpH COXpaHEeHHH ecTecTBEHHOrO COCTOSHHS TPYHTa HHUIKe IITaM-
a2 ¥ NJOTHOCTH NpUJeraHusi MTaMna K I'PYyHTY 10 Bcell NJOMIaAd
OCHOBaHHS HITAMIA.

Ecyiu npu Hensltarui B mypgax 3tH TpeGOBaHUS MOIKHO BHINOJ-
HUTH CPaBHUTENBHO Npocro Osarojapsi HemocpeacTBeHHOMY AOCTY-
Iy K MecTy HCOHTaHMS, TO DPU UCMOBITAHHAX B CKBa)KNHAaX, B KOTO-
PBIX 1I0AroTOBKAa 320051 W yCTaHOBKa IITaMna NPOU3BOJAATCH C NO-
BEPXHOCTH, BHIIOJTHUTEL yKa3aHHble TpeCOBaHUs JOBOJBHO TPY/IHO.
OcobenHo 3aTpyAHUTENbHA YCTAHOBKA LITAMIA B MEJKO3epPHHCTHIX
BOJIOHACHIIEHHBIX I'PyHTaX, HO3TOMY HCIBITAHHS B CKBAXKHHaX JOJI-
JKHBL IPOBOJIUTECS] ONBITHBIM NIEPCOHANIOM.

Bonbpuioe BEUMaHMe NPH YCTAHOBKe mTaMna tpebyercs y/eJsiTh
NPaBUJIBHOCTH ero 3ariy6JieHHsi OTHOCHTeJBbHO HH3a 06CalHHIX
Tpy6. Ilpn atom pabouas MIOCKOCTH LITAMNa JOJKHA OBITH pacno-
JIO}KeHa HEeCKONbKO HIiKe KPOMKH {(IpuMepHO Ha 2 cM) obcaiHbIxX
Tpy0. HecoOnoieHte atoro ycjioBust MoxkeT npusectd aubGo ¥ 00-
AaTHIO TPYHTOBO# npo0ky, ecorw wrtaMn OyneT octaBneH B olcan-
HBIX TPYDOaX, JUOO K HCNHTaHUI HapylleHHOro o0BajuBIIerocs B
3a0ofl rpyHTa, ecaiu mraMn OyzaeT onyueH HaMHOTO HHxe o0camgHbIX
Tpyb.

[ToAroToBKa K UCIEITAHUIO COCTOUT 43 OypPeHHsi CKBaXKHHBI C OT-
O0opoM 06pa3noB IPyHTa, 3aUUCTKH 320051 CKBAXKHUHLL IJS YCTAHOB-
KM [ITAMIIa, YCTAHOBKU IITaMna (B clyuae HEeBO3MOMKHOCTH INPEjBa-
pHTeNBHOH 3a4UCTKH 32004 MOC/IEHHe JiBe ONepanvy COBMENaloT),
MOHTaKa yCTpoiicTBa ANS HATPyKeHHS M YCTAHOBKH M3MepPHTeNbHON
annaparypsl. IIpn HenelTaHHN TPYHTa KPYIVIBIM INTAMIIOM JHaMET-
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poMm 27,7 ¢M CKBaxKWHY IJs HCOHTaHWA o6ca)KHuBaioT TpybamMu Au-
ameTpoM 325 MM.

B npounecce 6ypeHusi oco60e BHHMaHHe yHENST COO0JI01eHHI0
BEPTHKaJBHOCTH CKBaxKpHHE. C rayOHHB 1,0—2 M BblIle OTMETKH
HCNHITaHuS CKBAaXKHHY MPOX0ast 6YpPOBOfl MOKKOM, a nocjaenanue 3—
5 cM yraybasioT 3aUdCTHEIM HOXKOM (HMJIM IITaMIIOM, CHabiKeHHBIM
3a4YHCTHBIMI HOXKawmH).

Ilpu noaroroBke HCHBITAHHS B BOJOHACHIEHHBIX IPYHTax, CIO-
coOHBIX 06pa30BaTh NpOoOKy, B KOTOPBHIX Tpebyercs INpHMeHeHHe
HiTaMna ¢ 3a4YUCTHBIMH HOXXaMH, CKBaXKUHY A0 3aJaHHOH OTMeTKH
HCIBITAHIA YIIYONAKT BpallleHneM caMoro mramna. llpy  stom
mTaMn nocnae 3araybJjeHus ero o tpebyemofi orMetKn OT 3abos
CKBaXXHHBl He OTPHLIBaIOT. DypeHHe CKBajKMHBl, YCTaHOBKY IITaMmna
H HcOblTaHde B TaKHX IPyHTaX NPOH3BOISAT NPH COXPaHEHNH YPOBHSA
BOHl B CKBayKHHe, pABHOTO YPOBHIO BOjibl BHE CKBAXKHHEL

ITpni 6ypennH CKBazKHHBI B 30He Ha 30—40 cM BBlle OTMeTKH
YCTaHOBKH LITaMNa ¢ NMOMOLILI TIPYHTOHOCA OT6HparT oObpaser
TPYHTa HEHapylIeHHO#l CTPYKTYPH aJis nabopaTopHHIX onpenesie-
HHIL.

Ilo oxonuanun OypeHNnsi U NOArOTOBKHM 3a60si B CKBaiKHHy OIy-
CKalT TpyOy-CTOBKY, K HHMXHEMY KOHIly KOTOpPOil npHKpenJieH
mramn. [Ipn ucrnonb3oBaHWM yCTAHOBKH C NPOTHBOBECOM TPyOy-
CTOfIKY NOJBEIIHBAIOT C MOMOUIBIO XOMyTa Ha o6CaaHHX Tpybax, a
mITaMn B 3a60i1 ONyCKalT NOCHe MOHTaa Bcell yctaHoBKH. Tou-
HOCTb YCTAHOBKH WITamila Mo IeHTPY CKBaXXHMHH 06eCleydBaroT IeH-
TPHPYIOLIMM XOMYyTOM, YKpeNnJeHHbIM Ha Tpybe-CTOHKe HeloCpenct-
BeHHO Noj mtaMnoM. B Tex xe nensix, a takxe BO H3bexaHHe H3-
rub6a TpyOH-CTOMKH NPH HArpyxeHUH HeHTPHPYIOLINE XOMYTH yCTa-
HABJHMBAKT yepe3 KazKjble O M M0 BHICOTE TPYOH-CTOMKH,

ITocne ycTaHOBKHM LITaMNa MOHTHPYKOT YNOPHOE YCTPOHCTBO H
yCTAaHABJHBAIOT H3MEpPHTEJbHYI0 annaparypy. B mpomecce ncnrira-
HUIl BeAyT JKYpPHAJ, a pe3ynbTaThl HCHBITaHA#l OQOpMISAIOT B BHjE
rpapHka, Tak ke KakK MpH HCHBITAHHAX [ITaMIOM MJIOLIAIBIO
5000 cm2.

B 3axioueHde NpHBegeM MPHMephl HCHBITAHMI IITAMIOM MNPH
HHZKEeHEePHO-Te0JIOrNUeCKHX HU3BLICKaHUsIX, KOTOpHE O BHITOJHEHb!
I'TIM OyrpaMeHTnpoeRT A NOJYUYeHHsT 1aHHBIX, HEODXOUMBIX TPH
NPOEKTHPOBAHUH TeJeBH3HOHHOH Gamnn B Ocrankude (Mocksa) u

paanorenesusnorHoi nepepamnoileit craunud (PTIIC) ua rope Kok-
Twoe (Anma-Ara).

Tlpumep 1. C cenrsiops 1959 r. mo mapr 1960 r. I'TIM ®dynpamentnpoekr mpo-
BOZM/ HCC/€NOBAaHUS IO ONpPEAENEHHI0 B MOJEBHX YCIOBHAX CXXHMaeMOCTH IpYH-
TOB B OCHOBAaHHH IPOEKTHpPyeMmoii B To BpeMs Oamuu OO6LIecolo3HOM pagHoTeNnesH-
suornoit craruun B OcraHkuHe. [IpoektHpoBaHue 6amHu ocyliecteasnocs I'CITH
MpHucTepeTBa €BA3H IO PYKOBOJACTBOM IVIABHOTO KOHCTPYKTOPA BBHICOTHHIX 37ia-
HHfi — rJasHoro MHxeHepa npoekra H. B. Hukutura.

3naueunss mMoayss nebopMauny, oNpefelieHHBE AJS Pa3AHYHHX JHTOJOTHUe-
CKHX PasHOBHZAHOCTell TDYHTOB, HaxXoJslHXCS B aKTHBHOH 3oHe Nox ¢yHiamen-
TOM, NO/3KHH OBTH SIBHTBCS OCHOBOH IpH pacyere ocanoK GawnH. EcrecTBeHHO,
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49TO HCKJAKUMTeNhHas YHHKAJbHOCTH COOPYKEHHS,
JAJSl KOTOPOTO HCIIOJB30BANCH Her:tyGOKO 3aJ0IKeH-
HEIH QyHHaMeHT Ha ecTeCTBEHHOM OCHOB@HHH, Tpe-
6oBanu oco6of TINaTeNbHOCTH NPH BRIIOJHEHHH H3KI-
CKaTeNhCKHX pabor.

Hanmomuum, uyro 6aiuHst npexcTasiasieT coboii
camoe BHICOKoe B Mupe (533,8 M) croGozHo cTos-
mee coopyxenne (puc. 14). OcHoBHBIM QyHEaMeH-
ToM Oamnun Ha oTMeTKe -+0,0 M sBaseTcs [0-yroab-
Hasg KonbleBass [MJAHTa H3 MmpexaBapuTeldbHO Ha-
NpsizKeHHOro Xejie300eTOHa, HMeEINas ChenyrInHe
pa3Meprl: cpexuMit nuameTp Koiawia 61 m, ero wwm-
pua 9,5 m o TosmwHa oT 3 mo 4,5 m. Taybuna
3anoxenuss GynnaMenta oT mosia BeCTHOIOMS COCTaB-
ageT 4,65 M. K Hawany crpouTte’bcTsa moIomBa
dyHpamenTa pacnonaranach Ha TIyOHHe BCErO OKO-
70 2,9 M OT NOBEPXHOCTH IO AMKY.

B reonoruueckoM OTHOLUIEHHH ILTOMIAfKa CTPOM-
TEJLCTBA TeNeBH3HOHHOH  0alliHH xapaKTepH3yercs
caenyomuMl yeaosaamu (puc. [5). C mosepxnocts
NOJ| PacTHUTCNBHLIM c0eM A0 rayOusel 7,35—I11,6 m
3aJIeral0T Jie/JHHKOBHIE OTJIOXeHHs AHelPOBCKOH CTa-
JHH oneieHeHusl. DTH OTJIOXKEHHS NPeiCTaBAeHk IBY-
Msl CJIOSIMH MODEHHRIX  CYIJIMHKOB, pa3jelleHHHRIX
cJoeM cpeZiHe- H MeNKO3eDHHCTOrO Iecka MOIHO-
ctei0 oT 1,3 10 5 m. BepxHuit calo¥ cyralHKOB, Xa-
paKTepH3YIOIUMACH HanHuHeMm JHH3 [ecKa, BK.JIOUYe-
HHSMH YDaBHs, rajbkH, ebHs H BaJyHOB, HMeeT
MoOIHOCTL 4—5 M, BTOpOM caok — [—2,8 M. Huxe
3aseraloT (GUIOBHOrNALHANBHEE CpejiHe- H MeJKO3ep-
HHCTHIE [TeCKH ¢ TpocnosiMi cyrnuukon. Obmas moiml-
HOCTh 3Tolt Tonmmu cocTraBisier 6—8 M. UeTeepTHu-
HBlE OTJOXeHHF CMEeHSIOTCS IOPCKUMH IOpPOJaMH,
npeACTaBJeHHBIMH B BEPXHeH 4HacTH MecKaMH H
CHJIbHOOTIECYAHEHHKIMH  IJIHHAMH¥, @ B HHAXHefi —
YepHBHIMH H TeMHO-CepbIMH CHIOAMCTEIMH TJIHHAMH C
MPOCNOAMH 1ecka. BrJIo pelleHO HCIHTHBATL €Ta-
THYECKHMH Harpy3KaMH OCHOBHEE DPa3HOBHJHOCTH
OTJIOXKEHHH JHENPOBCKOTO OJefieHeHHs B (PJioBHO-
TISiMHANbIEE TeCKH. YUHTHBas 3HAYHTENBHYI) IJIY-
6uHY 3aJcraHyil OT MOBEPXHOCTH 3€MJIH IOPCKIX OT-
JIOXKEHHH, WCIHTaHHe HX LUTAMIAMH HEe MIPOBOJH-
nock. ViMes B BHAy HansnacToBaHHe TI'PYHTOB
OTHOCHTEJhHO AHEBHOH IOBEPXHOCTH M rJiayOHHY 3a-
JeraHusi noxseMHEIX Bol (3,8—4,8 ), mpoBoamau
CJeAyIOUIHe HCOHTAHHS  WITaMlaMH: MNAOHlaJhio
5000 cm2—p wypdax Ons NCPBOTO CJOS CYr.IHH-
KoB; momanplo 600 cm®-—B crKBaxuHax IS
IPYHTOB BCEX OCTaJhHEIX  JHTOJOrHYECKHX Ppa3HO-
BHIHOCTEH.

B uwensx obecrievenus HaubGonee  6.aronpHHT-
HEX YCNOBHH ;7151 3a4NCTKH 32605 CKBAaXIN M yCTa-
HOBKH WTamnoB mJjomanko 600 cmM? 6maa npeinpu-
HATa MOMKTKA OCYWECTBHTb MOHHXKCHHC YPOBHS
[PYHTOBEIX BOJ C HCIIOJh3OBAHHEM IIOTPYKHBIX Ha-
cocoB. OnHako Majias BOZOMPOHHLAEMOCTH IECKOB
H HalHYHe BOJOHENPOHHUAEMBIX CYIJNMIHCTLIX IIPO-
CJI0EB 3aTPYAHHIH OCYIECTBJEeHHe BOJONOHHMKeHHH,
a BEUABHBLIAsics B mpouecce OypeHHs AOCTaTOYHas
YCTOHUHBOCTL  IECKOB, I[O3BOJAKIIAS IPOXOAHTH
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Puc. 15. OcuoBaHue 1noj KOJplleBHIM (GyHIZaMeHTOM OaluHn (pa3BepTKa 110 KOJBLY
€ yKazauHeM y4yacTKa HCIIHTaHUii B wypdax H cKkBaxHHaxX)

a— ucnoitanusy Ne 4 ¥ 5 B cKBaxiune H Mcnbitanne Ne 3 B mypde; 6 — ucnwmitaHusg Ne 7, 8,
17 ¥ I8 B CKBa)kHHe H HcnpiTanue Ne 8 B wypde; 8 — HcnuiTanua Ne 10 u I3 B CKBayKHHe
# HCeObiTaHHe Ne 6 B lwypde; 2 — ueneiTanust Ne II, 14, 15 M 16 B CKBaxKHHe H MCNHITaHHE
Ne 12 B wmypde; KyabTypHuil cnoit: f-— GeTOnnOe IOKPHITHEe, HACHTIHOM TPDYHT M OTJOMEHHS
JHEenpPOBCKOFO OJICZIGHEHHs1; 2 — CYTJIHHKM; 3 — MeCKH CpefHell KPyNHOCTH; (OIIOBHOFISIIIHAJbL-
Hble OTJIOXKeHHsi; 4 — CyleCH; 5 -- [eCKH MbJieBaThle CJAIOJHCTHE C NPOCIOAMH CYNecH; OT-
JIOXEHHs] JHENpOBCKOIl CHCTEMBl: 6 — CYNECH; 7 — NeCKH MenKHe H CpeiHeli KPYnHOCTH; & —
nepecjapBalHe NECKOB H IJIHH; 9 — INIHHBI YepHBle, XKHPHbIE, CAIOANUCTHIE

CKBAXKHHE C HEKOTOPHM OlepexeHHeM TNyOGHHH 3a60si OTHOCHTENBHO HH3a 00-
cagHuX Tpy6, MOATBepAlNa ero HeuenecoobpasHocTb. Jlnsi Gojlee MOJHOrO H3y-
yeHdsl CKIMaeMOCTH IPYHTOB 1o Beell nuomazyd QyHAaMeHTa B KaXKAOM H3 YeThl-
pex ZAuaMerpaibHO NPOTHBOMOJOXKHEIX  YHAaCTKOB €ro KOoJbla ObliH 3aJ0XKeHH
ONHITHHE KYCTH, COCTOMIIHe H3 IIypda AJs HCNBITAaHHS CTAaTHYeCKHMH Harpyska-
MH wWitamMioM Ngomazbio 5000 cM?, ckBaxKMHH AHaMeTpoM 325 MM AJs HCIOHTAa-
HOH CTATHYECKUMH Harpy3kaMu LiTaMiom muoumlagbrd 600 cM? 1 tpex CKBaxuH
NSl TIOHHXeHHsI yPOBHsi IPYHTOBHIX BOJX B ONHTHOIl CKRaXHHe Ha BpeMsl ycTa-
HOBKH IuTamma (HagoOHOCTH B KOTOPDHX, KaK CKasaHo Bellle, B mpoluecce pabor
ornana).

Dlypput Ne 1 u Ne 2 n ckeaxkuna Ne [, npofineHHue ans ucmblTamufi, Ha
puc. 15 He moKa3aHH, TaK Kak OTHOCHTCS K IIEPBOHAYaNbLHOMY BapHAHTYy pacllo-
AozKeHus] OawHH, TloJoxeHue KOTopoli BIOCHEACTBHHI GHIO CMellleHo B 3amafHoM
HamnpapJeH Ha 60 wm.

Henmranns B mypdax mwrammom miomazelo 5000 cm? NPOBOANINCH YCTAHOB-
KOH © ynopoM B cTeHKH wypha roHcTpykinn I'TIM ®OyupamentnpoekT, ucnwira-
HHS B CKBaXXHHaX WITaMioM miomazeio 600 cm? — ycTaHoBKOR ¢ MoxBECHOM MIAT-
opMOH, Harpyxaemoli TAPHPOBAHHHM IPY30M.

CpofHbii rpadik HCIORITAHUE MOPEHHHX CYTJMHKOB IUTAMIOM  IJIOMAAbLI0
5000 cM? Ha oTMeTKe 3ajoxeHHs ¢QyHAaMenTa OawHp Nokasan Ha puc. 16. Kak
BHAHO M3 rpaguka, ucnuianug Ne 2, 3, 6 u 9 mokasanyu GIHSKyI0 CXOAHMOCTh B
ormmune ot nenuraHui Ne [2 w Ne I. B nepeoM ciyuae (ucnmiTamne Ne 12) ato
OOBACHSIETCA TEM, 4TO IWTaMi O YCTaHOBNeH Ha JIMH3Y BOJOHACHIUEHHOTO [JIH-
HHCTOTO mecka (MomHocteio 0,6—0,8 M), Bo BTOpOM (HMcnmiTanne Ne 1) — meyoc-
TATOYHO THIATEJILHOM MOATOTOBKON MJOMIAAKN AJIS YCTAHOBKH LUTaMia.

3Hauenuss MoAyns nedopMallHi MOPEHHHX CYILJHMHKOB IO PESYALTATaM HCIH-
TaHHl WTamMnoM miomanbo 5000 cM?, mozcunTamHHe AJS ABYX HHTEPBAJOB 3HA-
ueHHH yaedpHbx pasneHsii 0—2,6 1 0—5,5 krc/em?, npssenens! B taba. 12.
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TabGaunpma 12

Ocafixa mTamna, cM |  Mogyss medopMaun, Krefen®

Howmep HC- -
DLITARNS B HHTepBaJe YACJBHEX KabJeHHfl, Krc/owm

02,6 055 | 02,6 0—5.5

9 0, 0,47 940 650

3 013 0,48 1080 630

6 0,15 3,54 940 560

9 0,16 049 £80 620

1 0. '95 290 320

D 05 1 15 2 25 3 35 4 45Pkac/cH?

vl T T T
P E = §/sf’ﬁ Ll /{fz A3
4 E}m e
&
I3 Th "
g | T
70 r‘-»—-__[_ .  S—
N j_ Puc. 16. Cpozasnit
12— T}  rpaguK HcILTaHA{
14 #rd IPYHTOB  LUTAMIOM
nnouanko 5000 cm?
16 +— ——1————1——-—1\——-'%—‘
18
| i

—_ B | i
AEERRSSEENENE

S, MM
Ta6auna 13
Ocafika mrammna Moayie nedopma-
S, oM uud E, krcfemd
Homep Ceonorn-
HCNBITANHS HUcnutanublft rpyRT yeckU i B HMHTEpBaJe yHREILHHIX jaBiexHil,
HHACKC Krefon

025 | 0—a| o025 | 0

2 Ilecok cpeAHe3ePHHCTH & 0,7 1,1 700 700
7 € BKJIIOYCHHEM rpaBHs H 1,4 3,3 350 240
8 raJiIbkH (AJlg HCHIBITaHHS g[QD 0,75 1,45 660 540
10 Ne 7—cnaborAHBACTEIN) I 0,5 1,25 980 630
11 0,3 0,6 1640 3300
5 1,4 2,25 350 300
10 (l),g5 2,23 520 ;3350
ig Tlecox mbneBaThift fglQ, 0’7 1,§g :;(5)2 5&
16 1,0 3,35 490 230
20 1,2 2,15 410 370
17 CyrauHoK D 2,5 5,5 200 140
19 4 gy 1,3 25 350 310
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3uaueHus MOLyAs Ae(opMallH I'PYHTOB, HCIOEITAHHEIX INTAMIOM MIOLIAALIO
600 cM2 B CKBaKHHAaX, MOACYUHTAHB! TaK¥Ke AN ABYX HHTepBAloB AaBneHuit: 0—
2,5 1 0—4 Krc/cm2 OTH paHHBE ¢ YKa3aHHEM TeHeTHYECKHX THIOB H JIHTONOTHYe-
CKOH Pa3HOBHJHOCTH TPYHTOB mpuBefieHH B Tabs. 13.

3zech clefyeT OTMETHTh, YTO OIHMCHBAEMBle HCCIEAOBAHHS BBHIIONHSINCH 10
pbixona I'OCT 1237466 B mepHon, Korna OTCyTCTBOBAZNH HeTKHE pernaMeHTallHy
[0 Henosib3oBaHuo rpaduxka S=f(p) ansa pHuncneHus MoAyns Kedopmaiuu, B co-
OTBETCTBHH C 3THM 3HaueHHs] MOAYAs aepopManuu ONpeAeNnsinHCh AN ABYX HH-
TepBaNop yJeabHuX AasieHuit: 0—2,6 1 0—5,5 krc/cM? — OpH HCOBITZHUSX MPYH-
TOB wWTaMnaMH B wypgpax B 0—2,5 u 0—4 Krc/ecM2— IpH HCOBITaHHSIX TPYHTOB
B CKBaXHHAaXx.

Onpeznenentble TakuM o6pa3oM IOKa3aTeNH, XapaKTepH3yIoUlHe CKHMaeMOCThb
TPYHTOB, BMECTe C APYTHMH JAaHHHIMH NO3BOJMJM IPOTHO3MPOBATh OCAaAKy OailHh
B npeaenax 8—10 cMm. HabmogeHnus: 3a obuieit ocankofi pyHpamenra Gamnu I'TIM
QynpameHTOpoeKT Hauatel B Mapte 1961 r. — B meprox Bo3BeA€HHS OCHOBHOTO
¢ynaaveHra, [isns sToro Ha ocHoeHoM byHAaMenrte ObIO ycTaHOBJeHO 40 Mapok.

HabG.aofeHuss 3a NocJofiHBIM 06KaTHeM IPYHTOB B OCHOBaHMM OallH{ HavaThl
¢ 1963 r., T. e. ¢ MOMEHTa OKOHYAHHsI CTPOHTEJbCTBA (PyHAaMeHTa. DeToHHpOBaHHE
cTBosia OamHu ObNO 3aKOHueHO B ceHTsOpe 1966 r., u K siHBapio 1967 r. Ha rpyHT
Oblla mepefana HarpysKa, KoTopasi € yueToM Beca yHmaMeHTa H TPYHTa COCTa~
puaa 51400 rc.

Takum oGpasoM, cpejHee naBneHHe, NepefaBaeMO€ OCHOBHEIM (yHAAMEHTOM
GaliHH Ha IPYHTH OCHOBaHuS, COCTaBHJoO 2,75 Kre/cM2,

Jns HaGmozennit 3a MOCTORHEIM 00XKAaTHEM TPYHTOB OB YCTPOEHH YeThipe
KycTa r1yOHHHEIX MapoK, KaXJblH M3 KOTOPBIX COCTOHT H3 TpeX MapoK, YCTaHOB-
JeHHBIX Ha TriyOHHe OT NMOAOWBH OCHOBHOTO (yHAAaMeHTa cooTBeicTBeHHO 6, 12
a1 25 m.

Peaynbratel HaGMIOgeHAN 3a OCaZKoOH OCHOBHOrO ¢yHiaMmeHTa (cpesHue 3Ha-
geHHs no 40 mapkaM) H nmoclofiHbiM o€XXaTHeM TpyHTOB (CpefHHe 3HAYeHMs MO
YeTHIpeM MapKaMm Ha COOTBETCTBYIOLleM YPOBHe) 3a mepHoA ¢ siupaps 1964 r. mo
apryct 1978 r. mpueesenw Ha pHC. 17. 3a 3To Bpems ofwas (cpeansis) ocaaka
ocHoBHOTO $yHAameHTa GalllHu CocTapwia OKodo 6 cm.

CrenyeT OTMETHTh HCKJIOYHTEABHO PABHOMEpHYIO OCAAKy OCHOBHoro (yHaa-
MeHTa: PasHOCTb OCaOK OCHOBHOTO KosblieBoro ¢byHaaMeHTa ue Npepeicuia 1 cm.
CueuleHHe OT BepTHKaJH Bepxa GairHH Nps c10db He3HAuHTeNBHHIX KpeHax ¢yH-
JaMeHTa II0 TEOPEeTHYeCKHM mojcueTam He mpepbimraer 8-—10 cM. Hapsay c atn-
MM NAHHBIMA NPEACTABJISAIOT HHTepeC AaHHEE O MAaKCHMAaJbHHIX PACYETHHIX OTKJO-
HeHHsIX OT BepPTHKaJa# ocH OallHH B pe3yJbTare AeHCTBHS BeTPOBHIX Harpy3okK H
HepaBHOMEPHOCTH COJIHEYHOro HarpeBa, KOTOpHeE COCTABASIOT HA YPOBHE BEpXa
xKenezobeToHHoro ctBona (eeicora 385,5 M) 4,16 u 1,02 M, a Ha ypoBHe Bepxa
MeTannuueckofl aurentsl — 11,656 u 2,25 m.

Crnenyer OTMETHTB, UTO 3eMNETPSCEHHE C SMHIEHTPOM B IOrO-BOCTOUHBIX paii-
oHax PyMuHuH, npowenwee 4 mapta 1977 r. u oneHHBaemoe B Mockse cmioft 3—
4 Ganna, He oKa3alo BIHAHHS Ha noeeaenye OCTaHKHHCKOH GaluHH.

VuuTHBAs HCKMOYHTENBHYIO YHHKANBHOCTB coOpymeHus, ero astop H. B. Hu-
KITHH BCE e MpeJycMOoTpen crnocobHocth G6alllHi BOCIPHHHMATh AONOJHHTESbHBIE
YCHAHS, COOTBETCTBYIOLME TOJYKaM cunoit oxkono 8 Gannoe. Kaxk moxkasanu Ipo-
BEJIEHHBIE TIOCAE 3eMJETPACEHHS CIellHaJpHBe HaOMojeHHs H HCCHeJOBaHHS, NOA-
3eMHBle TOJMKH He BBHI3BaJu JAONOJHHTENBHHIX OCafoK H KpPeHoB (yHAaMeHTa, B
COOTBETCTBHH C 4eM He OTMEueHO H OTKJIOHEeHHe CTBona GalrHH.

B paGote [7] B uHcle NpoYHX cHAesaHBl CHAEAVIOIHE BHIBOAHI.

1. Moaynp aedopmanuu rpyHra noa Qyraamentamu Gonbwoll omopHoil nno-
11ajl, ollipefiesieH bl No GaKTHIECKOMY OGKaTHIO CJIOEB, MOXKET UMETh 3HAYHTENb-
no 6onblee 3HaYeHHe, 4eM NPHHATO CYHTATh.

2. Moayiu aedopManul, NoiydeHHble NpH HCNHTAHHAX INTaMIOM B Wypoax,
OKA3aJHCh 3aHHIKEHHBIMM B 1,5—2 paza mo cpaBHEHHIO € HaTyPHBIMH.

Takum o6pa3oM, 3TH aBTOpH! II0OJIAraioT, UTO OlleEKa AeGopMHPYEMOCTH TPYH-
TOB HCOBITAHHSMH IUTaMIOM He MOXET CYMTAThCH AOCTATOYHO [OCTOBEPHON AJSi
pacuera dbyHaamenToB GonbwHx nnomanef, OxHaKko HX BHIBOL O TOM, HTO 3Haue-
HHS MOAYASl AedopMalHH, NMOJyYeHHbIEe NPH CTATHYECKHX HCIBITAHHAX, 3aHHKEHH
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{10 CPaBHEHWIO C €ro 3HaueHHsMH, NOJyYeHHBIM B paGote [7], MoxeT GbiThb 0OY-
CJIOBJIEH H NPHHATOR CXEMOH pacyeTa KoipueBoro ¢yuaaMenta Ooupnix pas-
MepoB.
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Puc. 17. Tpaduk ocajiok Koubuesoro ¢yunamenta Gawgu B OcTaHkuHe H riyGuu-
HBIX MapoK

1 — KpuBas OCazloK KoJbUEBOro Gynzamenta; 2. 3, 4 — KpHBHe 0CAf0K ryGHHHBIX MapoK Ha
FUYOREAX COOTRETCTBeRNO 6, )2 Y 95 M; 5 — kpupasn YROALHRX Barpysox 5nod yBIaMeHTOM

Tipumep 2. Ilas (1poMTenpcTBa pajMOTENEBH3HOHHON Mepejaiollell CTaHIHH
(PTIIC) na rope Kok-TwGe B Aama-Ate ITIM ®PysnamcurnpoekT B 1975 1.
BBINOJHHUI KaK HHIKEHEPHO-TeoJiornyeCckue H3bICKaHUs, TakK H [POEKTHpOBaHHe oOC-
HOBaHHSl H GyHAAMEHTA TEeXHUYeCcKOro 3/1aHus H GaiuHH.

OpuruHaspHoe KOHCTPYKTHBHOE pelleHHe (yHAaMeHTa pajHoTeleBH3HOHHOM
craHiuy ¢ Gawned BHICOTOH 360,7 M ompe/lelsieTcs CIOKHEIMM MPHPOAKBIMH YCJIO-
BusiMK B paiione ropsl Kok-Tio6e.

CloxHOCTh NPUPOAMBIX YCJOBMI 3aK/0Yalach B BBHICOKONH pacueTsoli ceficMuy-
Hocty pafiona (10 GasuioB mo 12-Ganabsoli WKane), HaNMYKHK NPOCAACUHBIX ['DYH-
10B Ha ray6uny 1o 25 M, Gonplioll KpyTH3He BOCTOYHOIO H 3aMafHOrO CKJOHOB H
orpasuyeuyoll wupuue rpebua rope Kok-TioGe, umeromeir seicoty Gosee 1000 m.

locaennue gBa ofcTofTenpC1BA OKAasadd CYLIECTBEHHOE BJHsiHNe Ha KOHCT-
pykumio craHumyu. IlposeneHneie pacueTsl YCTOMYHBOCTH CKJIOHOB IO3BOJKJIH OIpe-
JeNUTh TPAHHLB BO3MOXHOIO ONO0JI3aHHsA OOOHX CKJIOHOB MPH  paspyLIMTeJbHBIX
semjeTpsacenusax. OHHM MOKa3anu, yToO [HEePBOHAYaJbHO 3aNPOEKTHPOBAHHAS KOHCT-
pykuusa Oalugu B BHJe CTBOJa ¢ JBYMsl NMOJKOCAMK He Moxer OBITh HPHHATA, TaK
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Kax [IMpUHA TIIOIMAJKH [PH 310M HOJIKHA ObiTh He Menee 110 M, a mmpuna ye
ToluuBOli 30HH rpeGHsa ropl cocrasnser ue Gonee 80 M.

VuurhBas CJlOXKHOCTH NPHPONHBIX ycnosHil, Ha nnomaaxe PTIIC T Qyu
JNaMeHTNpoeKT OBbL1 BHIIOJHEH COJBLIOH KOMONEKC PaGoT MPH NpOBECHHI HMdl
KaHuii Ha cTaguu pabouux 4epreeii: npoOypeHbl CKBaXKHHBL riayOuoit 40 ) m,
npoiifieda waxTa rAyOuHOH 29 M, BHNONHEHo G0O.TbIIOE YHCNO aGOpPATOPHEIX Gt
pefieieHni o 0ToOpaHHBIM MOHOJMTAM, HPOBEM€HB! HCIBITAHHA IPYHTOB UITOMIA
miomaasio 5000 ¢M2 M MCHBITAHKS HA CIBHI LEJHKOB IPYHTa B LIaxTe. DTOT Kum
niekc paGor Gblt nposeleH JlononuuTeNbHo K paGotaM, shinosHennsiM I'TIH Qyu

Puc. 18. CxeMa panuoTenesHsu-
OHHO}i GalllHH M TreoJIOrMYECKOTO
CTpOEHHs ee OCHoBaHus B Auma-
Arte na rope Kok-TioGe

1 — npocajgouHble CYTAHHKH, 2 — He-

Npocajioysbie CYFJHHKH; 3 — Balyu-
HO-TaJleyuble OTJOXKeHns

= =

JaMEHTNPOEKT paHee Ha CTA/lMH TEXHHYECKOro MNpOeKTa (MHKeHepHO-reoJioruyec-
KHX, 3JIeKTPO- U celicMopa3BejloYHbIX HCCle/loBanHtii).

IlpuBenienubiii cocTaB paboT NMOKA3HIBAET, YTO H3yueHHE CHKHMMAeMOCTH IPYH-
TOB B OCHOBaHHHM COOPYKEHHS SABJS/OCh BaXHO, HO HE e/MHCTBeHHON 3ajauefi,
BHINOJIHAEMOl MpH MPOEKTHPOBAHHH M pacyeTe OCHOBaHHMs coopyxeHus. He MeHee
BaXKHBIMH 33/la4aMH SBJSJIHNCH OlEHKa HNPOYHOCTH OCHOBAHHH, YCJIOBHMsS KOTOPOI
cle/lyeT CYMTaTh JOMHHMHDYIOLUMMHE IIpH pacyeTe mposBsekus 10-GannbHoli ceficMuy-
HOCTH, H OHEHKA MPOCaJOYHOCTH IPYHTOB OCHOBAHHA.

B reonoruueckoM OTHOIIGHHMHM IUIOIMA/lKa CTPOHMTENBCTBA  XapaKTEPH3yercs
CHeAYIOIHUME yCoBHsAMH., C MOBEPXHOCTH MO  PACIMTEJBHEIM CJIOEM 3asleraer
Tomua (Mowuocrh 41 M) JIECCOBHIHEIX CYINIHHKOB 30MI0BOIO NPOMCXOMKEHUS, KO-
Topas HO LBeTY M CTeNeHM MaKPONOPHCTOCTH MOJpa3fleNifercs Ha JBa crlos (Ha
puc. 18 37a Tonua obo3HadeHa uudpon I). Bepxuuii cnofi 3Toil TONIM MOIHOCTHIO
B Mecre pasmeiueHun PTIIC or 5 no 12 M mpejicraBieH MBELIEBATHIMK CHIBHO MaK-
PONOPHUCTBIMK CYTYIMHKAaMH TBepjoii KOHMCHCTEHuMHM € KoshduuMeHToM OTHOCH-
TenpHOIT mpocajiouocty 0,1 mpu 3amayuBaHuy, ¢ Harpyskoit 2—3 krc/eM?.

Huxuuit cjioff Tonu HMeeT MeHbLIYIO MaKpOLOPHCTOCTh M XapaKTepH3yeTcs
3HAYHTENBHO MEHBIIKM KO3 (HIHEeHTOM OTHOCHTENBHOl MPOCAaJIOYHOCTH; C riayOu-
HEl 17 M rpyHTH HempocajouHel, HuKe mop cioeM norpeGeHHoll mouBH 3aneraeT
TOMUIA HenpoCalJOYHBIX CYTJMHKOB MOIIHOCTBIO Oonee 45 M (ua puc, 18 sta Tos-
ma obo3Hauena uuQpoii 2). Tosmmuu CyrJIMHKOB, NMpOHH3AHHBIE KOPOTKHMH KpYTO-
HAaKJIOWEHHBIMH M BEPTHKANBHBIMM TpELIMHaMH, o00OpazoBanHe KOTOPHIX CBf3aHO C
JeficTBHeM cefiCMHYECKHMX SABJICHHH, MOBCEMECTHO MOJCTHJIAIOTCH BAlyHHO-TANEYHH-
KOBBIMH OTJOXMEHUAMH (Ha puc. 18 sta Tonma oGosHaueHa uudpoit 3).
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B oxkonuaTensHoM BapHaHTe OalllHs pHHATA B BHJE olHoro creosia (6e3 nox-
KOCOB), pasMElleHHOro B UEHTPE TeXHHMYecKoro 3famusa. I'nybuma sajomenus mno-
RolBE $YHIAVEHTA, UMEIOLIEro pa3Mepsl B iaHe 42)X54 M, onpezneinaacs HeoG-
XOLMMOCTBIO ONKPAHMA €r0 Ha HeNpoCagoyHble H c1aloNpocaliOuHbe  CYIJIMHKH
K COCTZBHI1a B CBSI3H ¢ KPYTHIM pespehoM oT 12 fo 32 m. Brcora kopo6uaroii ua-
¢TH (ynlamenTa 6blia npuuaTa pasHoll 13,6 M. JKesezoGeTontmlit cTakan LuaMmer-
pom 19 ™M na BEICOTY 32,6 M BXOAMT B KOHCTDYKUHIO OYHIaMeHTa H BHIIOJHIET
poJib 1oKoNA Oauiny, NpHAABAas HEOOXOAMMYIO XKEeCTKOCTh TEXHHYECKOMY 3LaHHIO.

CosmeinieHre pynnaMeHToB CallHH H-TEXHHYECKOrO 3JaHHs obecreuuBaer Hep-
BOj1 HeoOXONMMYIO YCTOHYMBOCTb, a OoJbLIME pa3MepEl COBMELIEHHOTO (YHIaMeH-
Ta MO3BOJIAIOT BOCIPHHMMATh OOJIbLINE FOPH3OHTANbHBIE HATPY3KH Ha OallHio,
ofycrios/iBaeMele [eHCTBHEM CeHCMUYECKHX ABJICHUE M BETpA (pacueTHHI MOMEHT
B ocnoBanuu Oamnyu cocrasiseT okodio 200000 1-M). Hcnerranus pas olenku
CXHMAEMOCTH BBHIIOJHAJMCH KPYIHEIM IITaMioM miollaieio 5000 cM2 u npoBonu-
Juch B liaxTe Ha raylunax 10 u 20,2 m. Mcnritanne Ha Kaxnoj ray6une BION-
HSIZTHCh ¢ IBYKPATHOH NOBTOPAEMOCTEIO.

Hayuenne cxumaemoctu rpystos B ocuoanuk PTIIC, seinonmennoe B naGo-
paropun Ha o0pasnax (KOMIIPECCHOHHBIE HCIBITAHMS) H B MOJEBL/X YCJIOBHSX HC-
TBITAHUSMH LITaMIaMH, MO3BOJIMJO NPHHATH HPH PacyeTe OCALOK CIENYIOIIHE HOp-
MaTHMBHBIE 3HAYeHHS MOLYJA NeOPMAlMH I'PYHTOB MPH €CTECTBEHHON BJAXKHOCTH
4 foCJe 3aMayHBaHHs.

Jnst néccoBHIMEIX CYTVIMHKOB BepXHero ciiosi tosmu I (cM. puc. 18) no nan-
HBEIM McOBEITapWi wramnamy: £=400 xrcfcmM? — npu ectectBenyoili Bnaxuocth; £=
=120 Krc/cm? — nocrne 2aMauMBaHMA; [0 JAHHBIM KOMIIPECCHOHHBIX HCIBITaHUIL,
3nauenue £ Oyiler coorsercrenno 300 u 80 krc/eM2

Jisi 1écCOBHIHBIX CYIJIMHKOB HMIKHETO CJIOS TOJIUM 2 1O JaHHBIM HCIBITAHHI
wramnami: E=1100 Krc/cM2 — mpu ecTecTBedHoll BlamuocrTy; E=400 Krcjcmi—
focie 3aMauNBaH¥s; MO JanHLHIM KOMIIPECCHOHHBIX MCIBITAHME, 3Hauenne £ Oymer
pasHo cooTBercTBenno 1000 u 500 Krc/cm?. ’

Iloayyennre Takum o6pasoM XapaKTEPHCTHKH CKMMAEMOCTH PYHTOB MO3BOJH-
JIH CYHTaTh, YTO 3HAYEHHS CpellHell OCAlKM M OTHOCHTEMBLHOrO KpeHa (yHIAMEHTHOM
TJIHTE, OIpeneseHHble C YUeTOM 3aMaiMBaHUA [PYHTOB OCHOBAHHA K PaBHEIE COOT-
BeTcTBeEHO b ¢v u 0,001, ne npeBBILIaOT UX NMPENEJBHO LOMYCTUMBIX 3HAYEHHN 715
CoOpYKeHH]i 0alIennoro THIA.

Onuy ¥3 BEIBOAOB NpOBELEHHHLIX HCCJENOBaHMi 3aKmodaercs B nHeoOXoaMMoO-
CTH BBHIIO.JIHEHUS] KeCTKMX TPeOOBaHMii K OCYILECTBJIGHHIO BOLO3AIUMTHBEIX MEpO-
NpHATHE, NPeIoXpaHsiouX rpyHTH ocHoBanus PTIIC or 3amaunpawms kak B8O
BpEMS CTPOMTEIBLCTBA, TAK M Ha BCE BPEMSA JKCITYATAIHH COOPYIKEHHH,

IF'nasa III
UCCJEJOBAHUE I'PYHTOB
HA CABUT B LIYP®AX U CKBA)KHHAX

1. O01He NOJOKeHHS

BepueMcst K paccMOTpeHHI0 rpaduka Ha puC. 2, XapaKTepH3yo-
1ero otTAeJibHHeE 3Tanbl AeOpMHPYEeMOCTH TPYHTA moj ¢yHIaMeH-
TOM (WJIII €ro MOJIeNbIo — MTaMIOM) NpH 3arpyxennn. dran I 3to-
o rpaq)m(a, KaK OTMeYaJoCh BhIlI€, OTHOCHTCS K npoleccy yIioT-
HeHHs TPyHTa NOJ HAarpyskoil. YIJOTHEHHE B NeCUaHBIX IpyHTaX
NPOHRCXONT 33 CYET BO3MOXKHOCTH OoJiee KOMIAKTHOrO paclosoxe-
HHSI yaCcTHL IrpyHTa OTHOCHUTENBHO OJHA JAPYIroH, YTO COMPOBOKIACT-
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€51 B3aMMHBIM IlepeMellleHieM YacTHI, KOTOpOe IPOHCXOAUT B BHIE
MHKDOCABHIOB 3JIEMEHTAPHHX YaCTHI, CJIAraloiiux NOopoay. YMJIoT-
HEHHe TJIHHHCTBIX rPYHTOB NPOHCXOAMT 3a CYET B3aHMHOro Iepeme-
IIeHH$ YacTHI [PYHTa, HO rJNaBHbBIM 06pa30oM 3@ CYeT YMEHbIIeHHsI
TOJILMHB! TJIEHOK CBSI3AHHOH BOJB, €€ BHIXKHMaHHs W3 rpyHTa H
<OMKenys YyacTHil TPyHTa MexAy coOOoMH.

[Ipu onpeaenenHoli Harpy3ke HampsiKeHHs] B rPyHTE MOryT AOC-
THTHYTh 3HaYeHWH, NpeBHINAOIIMX BHYTPEHHHE CBA3H B IPYHTE U
TpeHRe MeX1y ero yactuiaMu. OTjaesbHbple He3HauHTeNbHbIE 110 1LJI0-
11a/(# NOBEPXHOCTH CKOJIbXKEHMsI I0 Mepe BO3pacTaHUs Harpysku ob-
pasyoT 0O0IlyI0 NOBEPXHOCTb CKOJBbXKEHHS, 0 KOTOPOH NPOHCXOAAT
paspylleHue rpyrTta noja ¢GyHIaMeHTOM, HapylleHHe ero CILJIOMIHO-
CTH H TNOTepPs YCTOHYMBOCTH OCHOBAHHS. DTH NPOLECCH OTOOpaxarT
ydacTkH 2 u J rpaduka Ha pHc. 2.

CrocoGHOCTEL IPYHTa, He pa3pyliasich, BOCTIPHHUMAaTh HArpyskKy
XapakTepu3yeT ero NPOYHOCTh, NOKa3aTeseM KOTOPOH fABJsieTCs CO-
npoTuBJeHne casury. CONpoOTHBJIEHUE CABHIY CKIAABIBAETCS U3 CO-
NMPOTHBJICHHS TPEHHIO MeXKAYy cOO0H TBepIbIX HYacTHI] 110 NMOBEPXHOC-
TSIM CKOJbXEHHUS W M3 CONMPOTHUBJEHHS CBSI3HOCTH (cuemnseHnsi). B
GOJBIIMHCTBE CIyYaeB CABHrOBblE XapPAKTEPHCTHKH ONPEAeNSIOTCs
no o6pasuam rpyHra, otoOpaHHbBIM K3 MypHOB M CKBaxKHH, B jalo-
pPaTOPHBIX YCJOBHSIX Ha Cpe3HBIX npubopax mwim npubopax Tpexoc-
HOIO C)KaTusl.

O.1HaKo HeOOX0JIUMO HMEThL B BHAY, UTO Ha J1abopaTOPHBIX UCIbL-
TaHNsIX ONpeIessIIOTCS TPOYHOCTHBIE XapaKTePUCTHKH, CBOWCTBEH-
HblC He MaccCHBY IpyHTa, a o0pasuy, uMemwinemy HeOOaBIINE pa3Me-
pH. Benegersre storo nabopaTtopHble HCIBITAHNS HE MOCYT B NOJIHOM
Mepe 1aTh NPeACTaBJieHHsi O NOBEJeHHH TPyHTa B MacCHBe, YCTOfi-
YHBOCTb H MPOYHOCTH KOTOPOr0 BO MHOTOM ONPEAeNSIIOTCS CONMPOTHB-
JEeHHeM CABHTY B MeCTaxX KOHTAaKTa MEXJIY CJOSIMH, IO NOBepXHOC-
T5IM, 00pPa30BaHHBIM TpellMHAMHK, Ha ocsialJleHHbIX y4YacTKax MT. 1.
TlosToMy B psizme cay4aes NIpH pacyeTe YCTOHRYMBOCTH (HampHMep,
60JbIINX MAcCHBOB [PYHTa, OTKOCOB IJNy0OKMX BBEMOK ¥ T. 1)
JAHHBIX, TIOJYYeHHbIX NMPH J1abOpaTOPHBIX HCHbITAHHSX, ObIBaeT He-
JOCTaTOUYHO 1 NPHUXOJNTCH NPOBOAHTHL NMOJEBLlE HCNMbiTaHUs, Kpome
TOrO, NMOJeBble HCIHTaHNS Ha CJABHI OBIBAalOT HEOOXOAMMBl IPH HC-
cJeIOBaHUN cnabbiX IJIMHUCTHIX TPYHTOB, OTOOP 06pasioB M3 KOTO-
pBIX ass1 1abOpaTOPHBIX HUCHBITAHUIE C COXpaHeHHEM €CTECTBEHHOIrO
COCTOSIHHST TIP2KTHYECKH HEBO3MOXEH.

IToneBble MeTO[Bl ONpesiesieHNs] IPOYHOCTHHIX CBOfICTB PYHTOB
o xapakrepy ()OpMHPOBAHHs ILJIOCKOCTH CJABHra MOryt OBTbH NOj-
pasie’eHn Ha ABA THNA: HUCIBITAHNS, NPH BHINOJHEHNH KOTOPHIX OI-
Ha YacThb MPYHT2 CABHraeTcsi MO OTHOLIEHHIO K JPYrofl mo 3aBejioMo
3a/1aHHON TNJIOCKOCTH; WCNBITAHHS, NPH BHIOJHEHHH KOTOPHX IO-
BEPXHOCTb CABHra He 3ajfaeTcs; B 3TOM cJiyyde NOBEPXHOCTb CHABH-
ra (mnockas nnm KpHMBOJMHeliHasi) ob6pa3yeTcss B 3aBHCHMOCTH OT
cocTaBa H (PH3NKO-MeXaHHYeCKHX CBOHCTB IPyHTa, a TaKke OT Xa-
pakTepa NPHJIOXKEHNS! HArPY3KH.
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K nepeoMy 13 ykKasaHHEIX THIIOB OTHOCSATCSl MCIHITAHHS NyTEM
CABHIra IEJHKOB I'PYHTA, 3aKJIOUEHHBIX B CHellHaJbHble O6OHME
(Hanono6ue NMJIOCKOro CABHTa B cpe3HHIX JabopaTopHbix npubopax);
KO BTOPOMY — HCIIBITAaHMsl NyTeM OOpYLIeHHS 1€IHKOB IpyHTa, Ny-
TeM Cpe3d NPH3M TPyHTa NOJ JieHCTBHEM Harpysky, NPHJIOMKEHHOMH
MOJ YIJOM K IJIOCKOCTH ¢JBura (Meto1 BcecolosHnoro HayuHo-ucce-
J0BaTeJbCKOT0 MapKlleiilepckoro HHCTUTYTa), NyTeM 00pa30oBaHus
Npu3Mbl BRINHpAaHHs I'PyHTa (MeTox ypanbckoro IlpoMcrpolinuu-
NIpoeKTa), NyTeM DPa3faBJMBaHHs LEJHKOB TPYHTa H HEKOTOpHIE
JIpyrHe.

Ocoboe MecTo 3aHMMAIOT MCIBITAHUS Ha CJIBHT MO 32JaHHBIM IO-
BepXHOCTAM, BBHIOJHSIEMble B OypOBHIX CKBaxHHAX JIONACTHHIMH
npubopaMu (KpbWib4aTKaMH).

2. HenbiTaHUs TPYHTOB
Ha CJIBHUT 1O 3aJlaHHOM TOPH3OHTAJILHOM NJIOCKOCTH *

[Toneenbie ucnbiTaHHsi TPYHTOB Ha CABHT O 32JIaHHOH TOPH30H-
TaJIbHOI! INIOCKOCTH, TaK K€ KaK MCIBITaHHsl Ha JJabopaTOPHBIX Cpe3-
HbIX pHbopax, BHINOJHSIOTCS NOJ AefiCTBHEM Harpy3KH, I PHJIOXKEH-
HOH B HanlpaBJeHHH NJOCKOCTH CABHra (CABHralomas Harpyska), H
Harpy3KH, NPHJIOXKEHHOH HOPMaJbHO K MJOCKOCTH CABHra (YIJaOT-
HAIOIAasl HarpysKa).

Ilpu nocTpoeHKrn 3aBHCHMOCTH CONPOTHBJIEHHSI TPYHTa CABHUIY
OT HOpMaJbHOH Harpy3KH, HeOOXOAMMO# A1 ycTaHOBNeHuS napa-
METPOB, XapaKTePHIYIOUIUX NPOYHOCTh I'PYHTOB (YroJl BHYTPEHHEIro
TPEHHSI U CleNJeHne), TpefyeTcsi NpoBeJeHHe HCNBITaHHSI HA CABHT
He MeHee TPeX MOHOJHITOB OJMHAKOBOIO IO COCTABY H COCTOSIHHIO
ITPYHTa C H3MeHEHHeM Harpysku, AeHCTByHIlell HOpMaJbHO K MJOC-
KOCTH CJBHT.

C ygerom 3toro I'TIH PynaameHTNIPOEKT ANSl HCIHTAHHSA IPyH-
TOB Ha CJBHI MO 33IaHHOH TOPH3OHTAJbLHON IJIOCKOCTH B IOJEBBIX
YCJIOBHSIX H3roTOBJieHa CllelHajJbHasi TpPeXCeKUHOHHasi YCTaHOBKa
(puc. 19). Kaxmasi cekunsi yCTaHOBKH COCTOUT H3 KOJbLA-000HMEL ¢
00pe3HBIM HOXKOM, KPYIJIOrO HITaMIa, yCeTpoficTBa ajsi HArpyzKeHuns
LITaMIa, CHCTEMB! JJig Nepefayd TOPH3OHTAJBHBIX Harpy3ok, VCT-
poficTBa aJisi mepeMeineHusi o0pa3ua rpyHTa NPH CABHTE W M3MEPH-
TeJbHBEIX NPHOOPOB.

KoJbio-o6oiiMa npegHasHaueHo JJi1sl BbUIEJICHHS 1l€JAHKAa IpyHTa
U npexacTaByseT coOOH CTAaNbHOH MMJIHHADP AuaMeTpom 426 MM, Bb-
coroit 200 MM, CO CTEHKaMHu TOJNIHHHOH 12 MM H ¢ o6pe3HHM HO-
KOM, YKPeIJIeHHBIM B HHXKHeHl YaCTH KOJblla-000HMBbl.

HaznayeHne mitamMna-— paBHOMepHOoe pacnpefeseHne BEPTH-
KaJIbHOU Harpy3Kd Ha BcCedl BepxHeill IJIOCKOCTH LeJIiKa [PyHTa.
Illtamn gnamerpoM 390 MM, nunomaneso 1200 cM? umeeT Kpyraywo B

* C 1/VII 1980 r. gmefictByer TOCT 23741—79 «I'pynrel. Merons noneBbIX
UCHBITAHMH Ha cpe3 B TOPHHX BHpaboTRax».
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nnaune ¢opmy. K Hemy npeanaBssiioTcsi Te e TpeGoBaHus, 9TO M K
WTAMIy JJ1s UCOBITAHUE IPYHTa CTaTHUECKUMH HArpy3kKamH.

YeTpolicTBO 015t HarpyKeHHus IUTaMNa COCTOMT M3 THAPABAHYEC-
KOro JIOMKpaTa rpy3onoibeMHOCTBI0 50 T, ynopHBIX 6aJ0K H BHH-
TOBbIX aHKePHBIX cBaii. [Ipn nposeeHHn MCNBITAHHA B 1IaXTax yno-
poM AN JIOMKpaTa, CO3halouer0 BepTHKaJbHOE YCHJIHE, MOKeT
CJYKHTb KPOBJs BbIPaGOTKI.

CnBHr uenuka rpyHTa, 3aKJICUCHHOrO B KOAHHC-0GOfMY, npous-
BOJINTCA TMAPABJIMYECKHM JIOMKPATOM, paclOJIOXEHHLIM MeXAy

———______ e
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Prc. 19. ¥YcranoBka /1 NMOJEBLIX HCOBITAHHI IPYHTOB Ha cOBHMr Koncrpykumn I'TIH
DyHAAMEHTIIPOCKT

I — xonplO-000fiMa; 2~ wTamn; 3 -— cbeMHBIL YNOp; 4 — ruppapJndecKuit nOMKpaT; & —
YyiopHble 6aJKH; 6 — BHHTOBBIC aHKEPHEIE CpaH; 7 — yNOpHasA IMHTA

OIIOPHO# MJIMTOH M CheMHHIM ymnopoM. Jlnf nepememenus oGpasua
rpyHTa nof JeficTBHeM rOPM3OHTAJBLHOIO YCHJAWA M COXpPaHEeHHs MO-
CTOSIHHOH BeNWUMHB! YCHJUS, AeHCTBYIOLIEr0 HOpMaJjbHO NPH CHBU-
re, HCNOJNbL3YIOT O0OHMYy ¢ ponmkaMu. Jlns u3MepeHHs JaBjeHMs B
ZOMKpaTax IPHMEHSIIOT MAaHOMeTpPBl, & IJIf H3MepEeHHsI nepewmelle-
HH# — NporubomMephl.

B cayuasix npuMeHeHHst YCTAaHOBKHM C BHHTOBBIMH aHKEpHBIMH
CBasiMi MOHTaX HauMHAeTCs C 3aBHHUMBAHMS MX B IPYHT M KpemJe-
HEsl K HAM ynopuofl Ganku. ['nyGuHa norpyxennsi cBaii u HX yuCJIO
3aBHCAT OT BeJIMUUHBI 3aA2HHBIX BEPTHKAJbHBIX HArpysok. Cpas ¢
JIoMacThio AnaMeTpom 25 CM, 3aBuUHUEHHas Ha rayGuny 1,2—1,5 M, B
3aBHCHMOCTH OT BHJIA IPYyHTa BHIAECPKHBACT yCHJIHe Ha BHLEpruBa-
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nue ot 1,5 10 4 Tc. CBam caenyer 3aBHHYMBATH BepTHKaabHO. OT-
KJIOHEHHE OT BEPTHKAJH He JONXKHO NpeBHIIaTh 5°. ITpaBHIbBHOCTD
N0JI0XKeHNs1 yHnopHO# GasiKn NpoBepsT No ypoBHIO. OTKIOHEHNE OT
rOPH30HTAJIH JOIYCKAeTcsl He Bhille 2°

llesuk rpyHTa MCHBITHIBAETCH B TaKOH NOCNEAOBATEILHOCTH.
BHayase nmoaroToBJsiOT O6pazell rPYHTa JAMaMeTPOM, INpPeBHINAIO-
muM Ha 5—10 cM gmamerp Kosbia-o0ofiMb. 3aTeM cHenuanbHOi
JIONAaTOH TINATENbHO MO ICPH3IOHTAJM BHIPABHHBAIOT MECTO YCTAHOB-
Ki koabla. C nmoMonibio JOMKpaTa, ynupaemoro B 0anky, KOJbIO-
obofiMy BZaBJHBaKOT B IPYHT B ABa-TpH Npuema. I1o Mepe BraBim-
BaHUsl KOJbna-060#MEL I'PYHT BOKPYI' Hero yOHpaloT M IJIOLIAAKY
BHIPABHHBAIOT Ha OJIHOHl OTMETKE C IJIOCKOCTBbIO OyAyllero ciaBura.
Tlocoie yCTaHOBKHM KOJIbIa-000HMB! JIOMKPAaT CHMMAlOT M Ha Tilla-
TEJIHO BBIPOBHEHHBI IO rOPH3OHTANN BepXHMil Topel, o0pasua Ha-
CHINAIOT MeCYaHYI0 NOAYUKY BHCOTOH 1,5—2 cM.

Ha necuanyio noayumxy ofpasia mocjefoBaTesNbHO YCTaHABJH-
BAIOT IITaMI, YCTPOHCTBO AJs NepeMellleHusi oOpa3ia rpyHTa IIpH
CABHIe M JOMKpPAT, CO3JAI0ILHH BEePTHKANBHYIO HArpy3ky. 3aTeM
yCTaHaBJAMUBAIOT CHCTEMY YCTPOHCTB mJsl Nepenauyd Ha obpasern ro-
PH3OHTAJIbHHIX HArpy3ok. Ycunusi Ha oOpazer; InepesaloTcsl uepes
CBEMHBIl YIIOP, @ HAa CTEHKY TpaHIIeH — yepe3 YNOPHYIO MJNTY.

Uncno HenslTanuil (cABur oOpaznoB) B BeJIHYHHB BEPTHKANbHBIX
HarpysoK 3aBHCSAT OT THINA INPOEKTHPYEMOrO COOPYIKeHHs, YCJIOBMI
3aJieraHNs rpyHTOB M CTENEHN HX HeOIHOPO HOCTH. B HeOgHOPOAHBIX
rpyHTax nenecoo6paszHo NPOBOJUTL He MeHee UYETHIpEX CJIBHIOB, B
OJTHOPOJIHHIX MOXKHO OrPaHNUNTLCS TPEMS HCIILITAHUSIMHU, a B OTAENb-
HHX cJydagx gaxe AByMs. IJOBTOPHOCTL HCIIBITAHME NPHM OFZHUX W
TeX JKe BePTHKAJbHBIX HATPy3KaxX, KaK IIPAaBWJIO, NPHHHMAeETcs
TpexKpaTHOfi. B OT/eNIbHEIX CJIyyasix NPH HAEHTHYHBIX pe3y.abTaTaX
MOKHO OFPaHHYHTLCS JABYKDATHOH IOBTOPSIEMOCTHIO.

HcnblTagnsi HauMHAIOT ¢ 062KaTHS UeJHKa IPYyHTa 3aJlaHHON Bep-
THKAJbHOH HAarpy3KoH, KOTOPYIO NPUKJIaABBAT cTyneHssMu 1o 0,2—
0,5 krc/cM? ¢ BBUIEPIKKOH Ka)Kiaofi CTymeHH He MeHee 30 MMH AJs
[JIHHHCTBIX TPYHTOB M He MeHee 15 MuH jJs necuaHwX. BepTukasns-
HYIO Harpysky, JIOBEJeHHYIO /0 3aflaHHOH BeJNYHHB], NOAAEPKUBAIOT
MOCTOSIHHOH N0 KOHUA OnbiTa. 'OpH3OHTaNBHYIO Harpy3Ky NpHKJa-
IBIBAIOT CTYNEHSIMH C MHTepBaJaMH 110 BPeMeHH, JIOCTATOUHBIME (s
B3sITHSI OTCYETOB N0 npubopam.

MomMeHT HacTynJIeHUs c/iBUra o6pasila XapakTepuayeTcs NaJleHH-
eM /[aBJIeHHSI B MaHOMETpe JIOMKpaTa, CO3Aal0IIero CABHIaloiliHe
yCHJIHS, IPH HEIPEPLIBHOM YBeJinueHHH JedopMaiy, KOoTopoe ¢hHK-
cupyercst npubopamu. MenbltanHe npekpamalT npH  CMemeHHH
KOJblla Ha 2—3 cM.

Tlocsie HenuTaHusl Kak/aoro o6pasila NoBEpPXHOCTL CABHra HCCJe-
JAYIOT AJs YCTAHOBJEHUS] HAJWYHS BKJIOYEHHH, pasJMYHOr0 BHia
IPOCJOEK N APYIHX (PAKTOPOB, KOTOPHE MOIYT BJUSTHL HAa BCJIHYHHY
caBuramilero ycuiaus. [IpuHuMasi Bo BHHMaHHWe, YTO BJIaXKHOCTb
rpyHTa OKa3blBaeT OOJIbINOE BJHSHHE Ha BeJdWYHHY CHBHIAIOIUHX
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yCWIHii, U3 30HB ¢JIBUra oTGMparoT NpoObl rPyHTA JJIsl HCTBITAHHMA
H2 BJIAXKHOCTb.

Henvtanne nocheaywomnx o6pasiioB IpyHTa NPOBOAST B TaKOM
Xe TopsjiKe ¢ TOH JHUIL PasHHiell, YTO CABUT OCYIIECTBJISIETCS NPH
HHOI 3a/laHHOH BepTHKAaJbHON Harpyske.

ITocne oxkoHuaHHS HCNBITAHH{ CAEAYET 3aMePHTh OTKJIOHEHHE OT
MepPBOHAYANBHOrO MOJIOMKEHNs] BHHTOBHIX CBafl (M0 BEPTHKAaJH —C
NOMOIILBIO IKJIUMETPA) M YNOopHuHX Oasiok (10 ropH3oHTa/ M — C MO-
MOLIBIO YPOBHsi). B ciiyuae OTKJIOHEHHMH, NPEBHIIAIOIHNX 2—5°, ONbIT
HOBTOPAIOT ¢ 60Jiee XKECTKHUM 3aKpelsieHueM Bceil CHCTeMHBl yCTa-
HOBKH.

[lpu ucneITaHMyu rpyHTa Ha CABHr B IIypde Ha ryybuHax Godee
2 M COXPaHSIIOT YKa32aHHBIH MOPSJOK MOHTAXKa, NPUMEHsIs JUIIb JIO-
HOJIHATENBHYIC CTOfIKY MeXIy JIOMKPAaTOM H YHOPHOH Oaskoii.

B HIU ocuoBauuii u nofzemubix coopyxennit uM. H. M. Tepce-
BaHoBa paspalboTana M BHejipeHa ycrtaHoBka YCII-10, npu nposeze-
HHH ONIHITOB ¢ KOTOPO#H He TpeOyeTcsl BhIpe3aTh 1eJIMKH IPyHTa, Hajl-
BHrasi Ha HHMX KOJbla-060fiMbl. CABHr rpyHT2 IO rOPH30OHTaJbHOH
TJIOCKOCTH TPOH3BOJWTCS B 3TOM CJyyae ¢ NOMOIIbIO CPe3HHX ILJO-
[ aJl0K, cHabkeHHBIX pebpamu.

¥Ycranoska YCII-10 npegnazHaueHa njsi NpoBelleHHs! ONepaTHB-
HOro KOHTPOJISt B Npollecce YCTPOACTBA 3eMISHHIX COOPYXKEHHH —
Hacblnedl, IOTHH, 1aMb, a TaK¥Ke JJI5 ONpPe/iesieHHs B N0JEeBHX YCJIO-
BUsIX IIPOYHOCTHBIX X2aPaKTEPHCTHK CBSI3HHIX I'PYHTOB. BepTukanb-
Hble, HOpMaJibHble K MJIOCKOCTH C/IBUIOB M CABHUramomye YCHIHs CO3-
JfaTcsl JOMKpaTaMHu. JlJisi 3TOro ycTaHOBXa CHalXeHa BHHTOBHIME
AHKEPHBEIMH CBasIMH M YIOPHO#1 6ankoi.

HenbltaHus NPOBOJASIT NPH Pa3jMyYHbLIX 3HAUEHHSX BePTHKaJLHOM
NPHTPY3KH, 9TO NO3BOJASICT NOJYYHTh AaHHBEE, HEOOGXOAUMBIEC M5
BHIYHCJIeHHs YIJa BHYTPeHHero TPeHus U CllellJieHus.

Ocobennocte yecranoBkun YCII-10 cocTouT B TOM, 4TO CpesHHe
IJIOLAIKH, UMeIoniie NPAMOyroJbHyo GopMy, cHabKeHH Momnepey-
HbiMM pebpaMu, a TIO KpasiM — ere U NPOAOJbHEMH pebpamH, 3a-
rJyOJsIeMEIMH B TPYHT. YCTAaHOBKA HMEET CAEeNYIOILYI0 TeXHHUECKYIO
XapaKTePHCTHUKY.

PasMepsl cpe3HBIX NJOWANOK B MJAaHE, MM . . . . . . 800400
Pabounfi Xoa cpe3Holl MNOmMALKH, MM . . . . . . . . 40
Ycuive Ha oMY MNOIALKY, TC:

BEPTHKANMBHOE . . . . + . + & v « o o o o . no 10

ropH3oHTalbHOE . - e e e e Jo 10
BeprukanbHoe HDasiieHue Ha l‘pyHT, KI‘C/CM2 e e e e no 3
YHcNo TOMKpPaToB:

ofwee . . . e e e e e e e e 12
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ofman . . . e e e e e e e e e e 550

B rnaese II npuBefeHn JaHHBeEe TNO H3Y4eHHio CHKHUMaeMOCTH
FPYHTOB OCHOB2HHS paJNOTeJIEBH3HOHHOH Nepelarollell CTaHIMH
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(PTIIC) c GamHeii BeicoToi 360,7 M Ha rope Kok-Tiobe B Anma-Are.
Pemalomee BnusiHne Ha KOHCTPYKUHIO GYHAaMeHTa H CaMoil CTaH-
LMK OKa3aJli NPOYHOCTHHIE XapPaKTePHCTHKH IPYHTOB, JIeXalluX B ee
OCHOBaHuH. XOTSl B HACTOSIIEe BpeMsl Ha CKJIOHaXx rope Kok-Twobe ne
BhISIBJIEHO JlefiCTBHe ONOJI3HEBHX NPOIeccoB, psia GakTtopos (ocrar-
Kl OIOJI3HEBHIX IHPKOB, OMNOJI3HEBHE MAaCCHBEI Ha BOCTOYHOM CKJIO-
He, HaJIHUHe yYaCTKOB H THE3Jl NepPeMSITHX NOpPOj, OTMEUEHHHX TNPH
NIPOXOJKE 1IaXT H CKBaXKHH) yKa3bBaeT Ha HX NposBJIEHNEe B NPOIL-
JoM, 4To 0OYCJOBJIEHO aKTHBHOH TEKTOHHUECKOH NesiTeIbHOCThIO B
3TOM pafioHe.

BcenencteBie akTHBHOH TEKTOHHUECKOIH JesTENBHOCTH B paiioHe
PTIIC, orpann4eHHHX Pa3MepoB YCTOHUHBOM 30HH rpebHS rOpH A
pasmMeleHus CTaHIHu ¢ OallHel, a TakXe BO3MOXKHOIO YMEHbIIEHHS
IIHPHHE TpeOHSl B pe3yJibTaTe ONOJ3He#i NPH KaTaCTPOQHUECKHX
3eMJeTpsICeHHsIX, BO3MOXHHX B 2TOoM paiioHe, notpeboBajiocs Npo-
BeeHHe Pa3HOOOpa3HBIX HCIHTAHNH rPYyHTOB.

ITpouHoCTHHE CBOICTBA H XaPAKTEPHCTUKH I'PYHTOB H3y4aJlCh K
OIpe/IeNISVINCh KaK B MOJIeBHX, TaK H B JJaOOPAaTOPHHX YCJOBHAX Ha
MHOrOYHCAEeHHHX 0TO6p aHHBIX 06pa3suax ¢ MoaelHpPOBaHUeM MpPOIec-
coB, 06yCJOBJIEHHHX H3MEHEHHEM BJayKHOCTH, CEHCMHYECKHMH INPO-
[eccaMH, a TakKiKe MpPoueccaMH, CBSI3aHHBHIMH ¢ BO3BEAeHHEM H K-
cllyaraluefi COOpyrKeHH .

Ha nnoiua;ike Bo3BeaeHns CcTaHIHKM W OAallHH MOJIEBHE HCIBITA-
HUS Ha CABUI IPYHTOB NPOBOZUJNCH B TOH K€ LIAXTE, YTO H HCIH-
TaHusl IPH H3YYEHHH CXKHMaeMOCTH rpyHToB (cM. raasy II). Has
3TOro HCHOJIb30BaJIaCh TPEXCEKIHOHHAs CABHrOBASl YCTAHOBKA KOH-
crpykuuu ITIM OynzamMeHTHpoeKT, omuCaHue KOTOPOil NPHBEJIEHO
puille. Cpe3y no cxeme NpsiMOTO CABUIa NOJABEPrajiich FPYHTH ec-
TECTBEHHOH BJAXHOCTH: Ha IIyOHHaxX 5 u 9 M-— CHIBHO MakKpomno-
pHCTHe IpocajouHble CYLJIHHKH; 15 u 19,2 M— mMakponopuctble
CYIVIMHKHM NpocaiouHble g0 rayOuHH 17 M; 19,2; 25 u 28 m — gecco-
BHAHble €200 MAaKpOMOPHCTHE HENpoCajouYHHe CYrJMHHKH. OnbTh
NPOBOJIWIKCH C ABYKPAaTHOH NOBTOPSIEMOCTHIO TPH BEPTHKAJbHOM
obxKaTHU IeNHKOB YJeJbHEM gaBienneM l; 2; 3; 5 gre/cm? u 2; 4;
6 krc/cm?. JoMKpaThl A5 €O31aHHs BePTHKAJbHBX YCWIHH ynHpa-
JIHCb B KPOBJIIO HHII, B KOTODHX BHPE3aJHCb WUEJHKH TPYHTa gis
cpesos. [1oBepxHOCTh IPYHTa, N0 KOTOPOH NPOBOIUJCS CpPe3, TAK XKE
KakK IOBEPXHOCTb LEJHKAa, ocTapllerocsi B o0ofiMe 1O OKOHYaHHH
HCTIBITAHMS, TIATENHHO OCMATPHBAJACh H ONHCHBANACh.

I'paduku moseBHX HCnHTaHH{ rpyHToB B ocHopauuu PTIIC Ha
rope Kok-Tio6e, BHnonHeHHHe Ha miybuHax 15, 19; 25 u 28 M, npu-
BedeHH Ha puc. 20. [IpouHOCTHBIE XapaKTepHCTUKH IPYHTOB OCHOBa-
HUSI pagHOTeJCBU3HOHHOH Nepeiarowell cTadiun #a rope Kok-Tiobe
OBlIH omnpeeseHnl NOJEBEIME HCIHTAHHSAMI HA C/IBUr, C YUETOM MO-
NpPaBOK Ha TPEHIHHOBATOCTb, HA BO3MOKHOE NOBHILEHHE BJIAYXHOCTH
H Ha CEHCMHYHOCTb, ONpemeleHHBIX Ha of6paszuax rpyHtoB B Jabo-
patopuu I'TIM ®ynjnameHTnpoekt. B pesysbTate ucnbiTaHuii OTMe-
YeHH AOBOJIBHO BEICOKHE IPOYHOCTHHE XapPaKTe€PHCTHKH IPYHTOB B
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Puc. 20. I'pa¢uku pesysbTaroB MoJeBbX HCHOBHTaHHf TPYHTOB Ha CABHI B OCHOBa-
1y PTIIC wa rope Kox-Tro6e

@ — npH 3aMauyHBapHyW; 6 — NPH €CTeCTBEHHON prakmocTH; [, 2 — Ha rayGune 15 u 19,2 M;
8, 4 — Ha rayOuue 25 H 28 M

€CTCCTBCHHOM COCTOSIHHM, PE3KO€ CHHKEeHHe BeJHUYMNH CLeNdeHus "
HesHaunTenbHOE YMEHbIICHHE YTIJjia BHYTPEeHHEro TpPEHHS NPH yB-
JIaXKHeHHH,

3. HcnpiTaHug TPYHTOB HA CHBHI
N0 HHIMHAPHYECKOH MOBEPXHOCTH JONACTHLIMH NPHOOpaMH
B CKBaXHHaX

HcnbiTanne rpyHTOB JIONACTHRM NPHGOPOM 3aKIIOYAETCS B CABH-
re 10 NMJIMHAPMYECKOH MOBEPXHOCTH HeKoToporo ob6bema TpyHTa
myTem BpallleHsi KpeCToOOpasHOfi yonactu (KpBUIbYATKH, 06paso-
BaHHOH /[BYMsl B3aUMHO NepHEHANKYJISIPHHMH IJacTHHKaMH), 3a-
rnyOJieHHOH Ha IUTaHrax B TPYHT HMxke 3a60s ckBaxkuHbl. [Lnactun-
Kn, obpasyomue KpecroobpasHyio Jionactb, UMEIOT BhcoTy H u
mupuny D.

[1pu 3arny6i€HNN KPBUIBYATKY B IPYHT HHMKE AHa BHIPAabOTKH Ha
BeanuuHy Gonee H cpes rpyHTa HponcXOiMT N0 MOAHON NOBEPXROCTH
unJaHHApa BeicoToil H n anametpom D. [lpn 3arayGseHHn  KpbLib-
YaTKH B TPyHT HHXKE JIHA BHPAabOTKH Ha BesnynHy MeHee H cpes
NponcXoanT 1o 60KOBOMH NOBEPXHOCTH MUJIMHAPA, KMEIOLIETO BHCOTY,
PaBHyI0 3aryy06JI€eHHIO KPBLIBYATKH, M €r0 HUXKHeMY OCHOBAHMIO JiHa-
metpom D.

Ilnst THHHMCTHIX TPYHTOB TeKyyeii M MSCKOIJACTHYHOH KOHCHC-
TEHLHH H3-3a CJIOXKHOCTH, a B HEKOTOPBIX CJyyasiX HEBO3MOMKHOCTH
orGopa HeHapylUleHHBIX 00Pa3IOB TaKuX rPyHTOB Py GypeHHu CKBa-
JKMH HCHBITaHUSl HA CABUT B CKBaXKMHaX JIONACTHBIMH Mpubopamu
SIBJISIIOTCS IPAKTHUECKH €AMHCTBEHHBIM JOCTOBEPHBIM MRTOJOM Olpe-
JleJIeHNs! UX NPOYHOCTHHIX CBOJICTB,
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HcuplTanust jionacTHEIM NpHOOPOM CBSISHBIX TPYHTOB, B KOTOPHIX
OH NPEMMYHIECTBEHHO NPHUMeHSeTCs, MO3BOJSAIOT ONpEeeMUTh IBe MX
XapaKTEePUCTHKH:

CONMPOTHBJIEHHE CABHUIY, KOTOPOE OKa3BEIBaeTcsl OJH3KHM NpPOUHO-
CTH Ha CHBHI, ONpejesisieMOH HCIBITAHHSMH OJHOOCHBIM CKATHEM;

YYBCTBUTENBHOCTh (CTPYKTYPHYIO NPOYHOCTB), KOTOpasi Xapak-
TEepU3yeT BJHSHHE HapylUleHHs CTPYKTYpPbl Ha HPOYHOCTE I'PYHTa M
onpefieNisieTcsi OTHOLIEHHEM MEXKAY CONpPOTHBJIEHHEM I'PYHTA CIBHTY
B HeHApylIeHHOM M HapYUIEHHOM COCTOSIHHSX.

Ilpn 31OM cieayer MMeTb B BHAY, YTO UCOBITAHHS JIOMACTHHIM
npu6opOM He TNO3BOJSIIOT ONpEleNsiThb pas3fesibHO BeJMYHHBL CHeil-
JIEHHS] ¢ ¥ yIJla BHYTPEHHEro TPeHus ¢.

Hcnoab3ys JaHuble HCNBITAHUI TPyHTa JIONACTHBIMH NpubopaMH
JJsl TPYHTOB Texyuell W MATKOIJIACTHYHOH KOHCHCTEHLHH, B pacue-
Tax oOBMHO DpPUHHMAIOT, UTO NOJyuyaeMoe oOOMiee CONPOTHBIEHHE
CIBUTY PaBHO CLEMJIEHHIO TPYHTA. DTO OJIBKO K AefCTBHTENBHOCTH,
Tak Kax [Jisl 3TUX IPYHTOB yroJ BHYTPEHHErC TPEeHHsl OUeHb MaJl.

Hcenbitanns rpyHTOB JonacTHEIM NTPubOOPOM yepenylorcsi ¢ Oype-
HHEM CKBAaXKHHE], HEOOXOIHUMOCTE KpenJienusl KOTOpPOi onpenenseTcs
COCTOSIHHEM NPOXOAHMBIX IPYHTOB. InybnHa wucnbraHnit oOHYHO
orpanuyuBaercs 10—12 M. Bypenue ¢kBa)KMHBl 3aKaHYNIBAIOT BHIIIE
OTMETKH OUEpPEeNHOTO HCMBITAHHSA, ¢ T€M YTOOH KPLIIBYATKA NPU HC-
NBITAHHY HaX0AWJack HHXKe 3a60s CKBaKHHEl He MeHee uyeM Ha 5D,

Kpblibuartky, onyLiesny1o B 3a6oil CKBa>XHHbl Ha IITAHTAX, BIaB-
JuBaloT (WM 3a26uBalT) B IPYHT L0 32JaHHOH rayOHHB HCHBITa-
HHSl. Bpamalor KphlabuaTKy C NOMOMBIO CIelHaNbHOrO yCTpoiicT-
Ba — TOJICBKH, YCTaHaBJUBaeMOH Haj yCTbeM CKBAXKHWHBL H COE/HHS-
eMOfl ¢ KPBIJIBYATKO LITaHTaMHu.

Bpamas kpelapyaTky co ckopocteio 0,1—0,2° B 1 ¢, npou3BogsiT
cpe3 IpyHTa B HEHapyLIEeHHOM COCTOSIHMH M (PHKCHDPYIOT 3HaueHHe
MaKCHMAaJBHOIO KPYTSIIEro MOMeHTa. MHOrounc/iensbe UCHbTaHus
JonacTHBIMH NpUOOpaMu B pa3HBIX CTPaHaXxX NoKa3asH, UTO NOrpyKe-
HHe B TPYHT TOHKOH JIONACTH CylIecTBEHHO HE HapyliaeT CTPYKTYPY
rpyHTA.

[Tocne okoHYaHusi HCMBITAHHNS NO ONpelefieHNI0 COMPOTHBJCHNS
rPyHTa CIBHIY NPOH3BOASAT NATb-IIECTh HOJHHX 000OPOTOB KPHUIb-
yaTKu ¥ (UKCHPYIOT 3HaUeHHe KPyTsLlero MOMeHTa, COOTBETCTBYIO-
1iee TPOYHOCTH TPYHTa HA CABHI' B HApPYIIEHHOM COCTOSIHHH. 3aTeM
npubop CHHMAIOT, KPBIIBYATKY M LITAHTH H3BJIEKZIOT, a CKBAXHHY
JA0yrayO6asiior 4J/1s NOC/AeYIONIero HCIbITaHus.

B Tex cayyasx, Koria cpe3 rpyHTta KpbLIBUATKOH NPOUCXOAUT HO
DOJIHON [OBEPXHOCTH LHJMHJApA, CONPOTHBJEHHEe TpPYHTA CABHIY T,
krc/cM?, onpelensiercs no ¢opMmyde

T = Mmax/B. (12)
rie Mmpax ~— MaKCHMaabHBIE KPyTsiliuf MOMEHT, KIc-cM; B — noctosiHnasi, 3aBH-
calas OT UIMPHHBL JIONACTH D wu Breicotsl H KpBIb9aTKH, CM3, KOoTOpas onpepefa-

ercs 110 (popMye
dopmy. nD:H 1o __D_)
2 ' T3H)"

(13)
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UyBCTBUTENBHOCTD TPYHTA HAXOAAT KaK OTHOIIEHHE CONpPOTUB/IE-
HUil FPPyHTa CIOBUIY B HEHAapyIUEHHOM H HApPYLIEHHOM COCTOSIHHAX
HJIH OTHOIIEHHE MAKCHMAJpHOTO KPYTSHIErC MOMEHTAa K MOMEHTY,
3a(PUKCHPOBAHHOMY NOCJE NATH—IIECTH TOJHBIX 060POTOB KpPBIIb~
YaTKH.

[To crenenu WyBCTBHTENBHOCTH TJIKHHCTHIE I'PYHTH nojapasznes-
I0T Ha MaJiouyyBCTBUTeNbHBE (UYBCTBHTENBHOCT: 1-—4), YyBCTBH-
TeJbHBle (9yBCTBHTENbHOCTL 4—8), CBepXuyBCTBHTeJbHHE (YyBCT-
BHTEJBHOCTE GoJiee 8).

B nacrosiiiee BpeMsi HCIIBITAHHS TPYH-
TOB Ha Cpe3 KPHJIbUATKAMH DPUMEHSIOT-
cs AoCTAaTOYHO MHpOoKRo, OnmileMm Haubo-
Jiee pacnpocTpaHeHHHE JonacTHHE NpH-
6opH.

C 1971 r. MOCKOBCKUM 3aBOJOM CTPO-
HreapHHX Mamud I'naBcrpofimama Mu-
HHCTEPCTBA CTPOUTEJBLHOIO, JIOPOMKHOro
H KOMMYHaJIbHOTO MallHHOCTPOEHHs] Ha-
yaT cepuiHHI BHNYCK NEPEHOCHOH ycTa-
HoBgu CII-52 nnsi ucnbiTaHusi TPYHTOB
Ha CIBMT B NOJIEBHIX YCJIOBHAX, paspabo-
TaHHOI I'tik OyHIaMeHTIIPOEKT
(puc. 21).

Kpecroobpa3nasi sonacts (KpHJIb-

YaTKa) YCTAHOBKHM ONYCKaeTcsl B CKBa-
XKHHY Ha HITaHre, cobupaeMol H3 OT-
JeJBbHBEX 3BEHBEB € NOMOIUBIO COeIHHH-
TesbHHX My(T. COOCHOCTH MOJIOXKeHHS
IITAHC ¢ KPBUIbYATKOIl  OTHOCHTEIBHO n
CKBaXKiHBHl OCYLIECTBJSETCS LEHTPHPYIO- J
wuMy ma@damu. IpuGop nas cospanus i
U H3MepeHus] KPYTAIIEro MOMEHTa COCTO-
HT U3 TOJIOBKH, 3aKpeIvsieMOll B CTaHH-
He ¢ NOMOLIBIO 32>KMMHOTO YCTpPOHCTBA,
u mrypsana. OcHoBaHHeM CTaHUHB SIB-
JIsleTcsl KOJIBLIEBasl  MJHTa, NOJOXKeHHe
KOTOPOH HaJl YCTHEM CKBaXKHHH (DHKCH-
pyeTcsi ¢ MOMOLLBIO IINUJEK.

YcranoBka CI1-52 cuaGxena womii-
JIEKTOM CMEHHHIX KpecTooOpa3HuX Jona-
creit nuamerpom 60, 80 u 100 MM, BH-
cotoii cooTBercTBeHHO 120, 160 1 200 MM
I paccydTaHa Ha CO3JaHue MagcuMasb-

[ERRAN

O SOINON AN

ORI
J -

1
J

Puc. 21. ¥Ycranosra CI1-52 psist nosieBEIX HCNEITAHM TPYHTOB HA CABHT B CKBAXH-
Hax

1 — xpecroo6pazHaa NonacTk (KpEIbMaTKa); 2 — waii6a, LeHTPHPYIOLLAs NOJOMEHHEe IWTaHT
B CKBaXHHe; 3~ WTaHra; 4 — CTaHHHA; 5 — 3a)KHMHOE YCTPOICTBO AJ5i (PHKCALHH TNOJNOXKEHHS
H3MEPHTENBLHON TroJIOBKH; 6 — H3MepUTeJbHasw TrOJOBKa; 7 — Kojleco OIS BPAallleHHA JONAcTH
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Horo Kpyrtaiero momenta 1800 krc-cm. KoMnnekTt 3BenbeB ITAHT
NO3BOJIET TPOBOJAXTL WCNBITAHUS Ha raybune no 15 M. [1pu HOp-
MaJIbHOM BpAaIleHHH MaXOBHKa CKOPOCTb BpalleHusl KphIbYaTKH CO-
crasasier 0,1—0,2°B 1 c.

Kpecroobpasuble jonacti J0CTaToYHO GOJABIIMX pasMepoB H3ro-
TOBJIEHHl B3 TOHKHMX MJACTHH (TOJINHHA TNJACTHH COOTBETCTBEHHO
pasMepam KpBUJIBYATOK COCTaBjisieT 2, 3 ¥ 4 MM). 3TO TNO3BOJSIET
CuiiTaTh, YTO IPH BAABJHBAHHU KPBUIbYaATKH B IPYHT HMKe 3abos
CKBa’KHHBl €CTECTBEHHOE COCTOSIHHE I'PyHTa A0 NPOBEEHHS HCIBITA-
HUS HE Hapylluaercs.

B szaBucuMocTd oT pasMepoB D u H KpBUIBYATKH JIOMACTHOIO
npubopa ONUCAHHOH KOHCTPYKUHHM MOXKHO HCHBITBIBATH TJIHHHCTHIE
FPYHTBIl CO CJIEAYIONIHM CONMPOTHBJEHHEM CABUTY T:

D, MM. & . h t et e e e e et e e e e e 100 80 60
H, MM. . . . . . . e e e e e e e e e e 200 160 120
T, KEC/OMZ . L . 0 vt i i e e e e e e e e e e 0,5 1 2,4

B AocTaTouHO NPOYHBIX TPYHTAX € 0OLUAM CONPOTUBJIEHNEM CLBH-
ry Gonee 1 Krc/eM? dcrnofib30BaTh JIONAcTHEE NPUOOPH AJS OLUEHKH
NPOYHOCTH HEPAHHOHAJIBHO H3-32 HEBO3MOXKHOCTH  Pa3feJbHOro
onpellesieHHs] BEJHYMHBl yIvia BHYTPEHHErO TPEHHS W CHEMJeHHSs.
Jinip B OTAENBHBEIX CiydasiX OHH MOTYT OBLITb HCNOJb30BaHBL M5
OLIEHKH OTHOCHTENILHOH IIPOYHOCTH TPYHTOB Ha CABHT.

Jlonacruo#t npubop koucrpykuauy BHHMM tpancnoprHoro cTpou-
TENLCTBA COCTOMT W3 KPBLIbYAaTKH UeThpex TunopasmepoB (D=
=55 MMy H=110 MM; D=75 Mmmu H=150 mMm; D=75 MM H
H=200 mv; D=100 mm u H=200 MM), CTep>KHfI HeCyUIero
KPBIBYATKY, IITAHTH JHaAMeTpoM 34 MM, coOupaeMoil ¥3 OTHENbHBIX
3Bewbes anunoit 0,5; 1,5; 2,6 u 3 M, coepunuTe bHBIX MYDT HAUHOM
81 m (uHOrja nJs coefivHeHHsl 3BEHBEB IUTAHTH NPHMEHSIIOT KOHH-
yecKyio pe3n0ly), ueHTpHupyomux Myt auamerpom 74 u 111 MM, a
Takyke ONEPATHBHOIO CTOJHMKA, COCTOSILEro K3 ToJMoBKH Npubopa u
ONOpHBIX croek. IIpH npoBegeHHu wHcnblTaHuil rosoBka upubopa
KPeNuTCs K CTOHKaM 3axkumamu. s JonodnuTeNnbioro KpemnnieHds
npufopa HCHO.Ib30BaNHU TPOCOBLIE OTTSI2KKH, NPHUCOEAMHSIEMBEIE K KO-
crolisiM. HeoGxoakmo oTMeTHTb, UTO HCHBITAHUsl FPYHTOB Bpamja-
TeJIbHBIM CpPE30M [JHTeJbHOe BpeMsi PasJiiuHbIMH Opraliu3andsiMi
BHINOJIHSIJIHCD 1O PA3JIHYHBLIM METOAHMKAaM (paslble pasMepbl KPblib-
YaTOK, YCTAHOBKH MJisl NPHAAHUS BPaLlaTeJNbHOTO JBHIKEHUS, CKO-
pOCTU BpalleHusl, CHCTeMbl u3Mepenull U T.1.). DBogbillyo opraHu-
3yIOIIYI0 PONb B €AMHOOOPa3HH TNpOBeleHHs TakuX HCOBITaHui n
MHTepIpeTayy MNoJy4YaeMblX pe3ysnbTaTOB CLIrpajo BBeIEHWE B
zedicteue ¢ 1977 r. TOCT 21719—76 «I'pyutel. MeToA nonesoro
HCOBITAHKS BpamaTenbHbIM CPE3OMY,

PaceMOTpHM OCHOBHBIE TNOJIOXKEHMs! 3TOro JOKyMeHTa. Mcnbita-
HUSl BpamaTeJbHblM CPe30M IOJI>KHBEl BBHINOJHSATBLCS] TOJBLKO B TJIi-
HHCTBIX PYHTaX, UJaX, a TakxkKe 3aTop(oBaHHLIX rpyHTax. B necua-
HBIX TPyHTaX, IVIHHACTLIX, HaXOISIMIUXCS B TBEPJOM COCTCSIHHY, 2
TaKzKe B CKaJIbHBIX IPYHTaX HCIBITAHHS HE AOJIKHL! BLITOJHSTHCS.
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Hcenbitanus BpallaTeJbHBEIM CPe30M B COYETAHMH C APYTHMH BH-
[aMU HCNIHITAHAR JOJIKHBl BHINOJHSATLCA A5 OnpeaesieHus:

CONPOTHBMEHHS] CABUTY I'PYHTOB €CTECTBEHHOTO M HaPYILIEHHOTO
COCTOSIHHI;

NoKa3aTesiss CTPYKTYPHOH NMPOYHOCTH IPYHTOB B MacCHBe;

OAHOPOZHOCTH CBOMCTB I'PYHTOB IO IJouiaad W raybuHe;

CPaBHUTEeNLHOI OLEHKH COCTOSIHHSI U CBOHCTB TPYHTOB.

BecbMa BamxupiM nonoxernueM I'OCTa siBasieTcsi ycTaHOBJeHue
ennHo06pasust TUNOPa3MepoB OCHOBHOro pabouero oprana npubopa
B 32BHCHMOCTH OT BHJa M COCTOSIHMSI TpyHTa. IIpH uCOBITAHUAX
WJIOB, 3aTOp¢OBAHHEBIX TPYHTOB, TOP(HOB H IJIMHHUCTHIX TPYHTOB TEKy-
Yyeil H TEKy4enJacTHYHOH KOHCHCTEHIMI cjegyeT NPHMEHSITb O0Jib-
Wyl0 KpelibuaTKy (Tabs. 14); npu HCNHITaHWM CJIHHHCTHIX TPYHTOB

Tabauna 14
3naveHust napaMeTPoB NpPH THIIE
MapameTps KPBNILYATKH
Maslasi cpenusnst Gonbluan

PasMepsl KpEIBYaTKH, MM:

BLHICOTA 120 150 200

wMpuHa (auaMerTp) 60 75 100

ToyMumMHa Jonacreit (ne Gojee) 2 2,5 3
ITocroguuas kpelipyaTki B, cm3 790 1545 3660
Pasmeps uitaury, MM:

Hapyxuplfi guameTrp (ue Gosee) 33,5

IJTHHA 500; 1500; 3000

MSrKONJACTHYHOH U TeKyYeIIaCcTHUHOH KOHCHCTEHLMI, a TakxXe
YIWIOTHEHHBIX TOP(OB — CPElHIOI KPBUILYATKY; NPH HCTIBITAHHH
TJIHHUCTBIX TPYHTOB TYTOIJIACTHYHOR H MSATKONJIACTHYHON KOBCHC-
TEHLH U 3aTOP(POBAHHDLIX TPYHTOB — MaNYI0 KPLILYATKY.

IlonroToBnenHy0 KONOHHY WITAHT € LleHTPATOPAMH ¥ KPHUIbUAT-
KOil onyckaior Ha 3a00li CKBaXMHBI ¥ BJABJAWBAIOT B TPYHT M3 pac-
uera 3arnybnennst KpelnbyaTtky Ha 0,1—0,5 M Hike 3a6os. I1pu we-
[BITAHHH ¢ 3€MHOH TOBEPXHOCTH KPBUIBYATKY NJABHO BIABJHBAIOT
BEPTHKAJBHO B TPYHT 70 TpebyeMoi raybuHbl.

MakcuManbHbIi KPYyTAIEi MOMEHT (Mmax) ONpeaessioT Bpalle-
HHeM KpBUIBYATKH ¢ yIIoBoi ckopocteio  0,2—0,3 rpan/c (2—
3 paa/mun). TlpofomKasi BpawaTb KpblIbYaTKy € YTJIOBOE CKOPO-
cTeio 2—3 rpan/c (20—30 paji/MuH) 40 IBYyX—Tpex NMOAHBIX 060po-
TOB, ONPEJIEJAIOT 3HAYEHHE YCTAHOBUBIUErOCs KPYTSILIEr0 MOMEHTa
My(:T.

Ilpy ucnblTanusAX ¢ NOBEPXHOCTH 3eMJH JJsl yUeTa BJMSIHHS Tpe-
HHs IIT2HT M CTEPXKHA, HA KOTOPOM 3aKpeIvleHa KpblibyaTka, Ha
paccrosiuuy 0,5—1 M OT TOUKH HCIBITAHNA Ha Ty XK€ IyOHHY [O-
IPY?KaI0T KOJIOHHY IUTAHI CO CTePXKHEM KphlibuaTku (6e3 nonacreil)
U ONPeAeNsIoT BeJIHURHY KPYTSIHErO MOMEHTA.

ConpoTusieHHe IPYHTa CABHrY T, Krc/cM2, cjeflyeT BHIYHCASTD
Ha OCHOB2HWM HCXOJHBIX JAHHBIX 110 (HOPMyJaaM:
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JJisl FPyHTa €CTeCTBEHHOIC CJ0XKeHHS

M —M
Tmax = __m_%__o H (14)
JJas rpyHTa HapymEHHOFO CJIO2KEHN I
Tyer = MY“}“ Mo | (15)

Tlokaszarenp CTPYKTYPHOE npoyHocTd rpyHra B Maccue Il He-
06x04HMO onpele/siTb KaK OTHOUIeHHe 3HaYeHHE CONMPOTHBJIEHUS
FPYHTa CABUTY B €CTECTBEHHOM Tmay M HAPYWIEHHOM CJOXKEHHH Tycr:

g = TmaxlTyc'r~ (16)

TlpousocTe CTPYKTYPHEIX cBsi3ell IMIHHHCTHX FPYHTOB B MacCHBe

OLIEHHBAIOT CJeyIOIUM 06pazoM:

II.=1. . . IPOYHOCTL CTPYKTYpHHIX CBsizeH OTCYTCTBYET
I<lT.<2. .. » » » HH3Kast
2<Il <5, . . » » » cpennag

.>5. . . » » »  BBHICOKast

YacTHble 3HaUeHUS Tmax C/ICAYET HCHOJB30BaTh AJs1 CPaBHHUTENb-
HOH OIEeHKH COCTOSIHMSI H CBOHCTB IPYHTOB U BbISIBJIEHHSl HX OJHO-
POIHOCTH IO IJIOWIAAH ¥ TyOHHe.

Cneayer OTMETHTD, YTO B 3apy6eXHOH MpaxTHKe HCCJeJ0BaHHs
NpPOYHOCTH c;1a0bIX TJMHHCTHX TPYHTOB JIOMAcTHBIMH NpHOOpaMH
[OJIYYHJIH B MOCJAeRZHHE TOLH OYeHb IIHPOKOEe pacnpocTpaHeHHe.
B CIIA umeercs craszapr ASTM J1-2573, KOTOPHIM, B 4acTHOCTH,
OTHOILIIEHHE BHICOTH JIONACTH K ee HIMpHHE (IHaMeTPY) YCTaHOBAEHO
PaBHEIM 2, a CKOPOCTH Bpallenust kKpuindatky 0,1 06/c.

[Tonyuaemoe npH JIONACTHHX MCOBITAHHSIX cONPOTHBAEHHE CABU-
Ty He HMeeT CTPOroro TeopeTHIecKoro c00CHOBaHMS, U MPH HCHOJb-
30BaHHH ero B NPAKTHYECKHMX pacuyeTax BO3HHKAET BOMpoc o Heob-
XOIUMOCTH BBe/€HHS NONPABOYHHIX KO3 PHIHEHTOB.

JI. Boeppym [7] npoanannauposan 14 xopomo ZOKYMEHTHPOBaH-
HEIX cJiyYaeB paspylleHHs] HachNed Ha MIMHHCTHX OCHOBAHUSIX, s
KOTOpHX HMEJWCh JaHHBe JonacTHux Henutanpil. Ha ocuoBe pac-
YeTOB YCTOHYHBOCTH MO KPYIVIOMHWIMHAPHYECKHM [OBEPXHOCTSM
e CKONMbXeHUs (no meroaHke g==0)

12 v ‘ ﬁ OBLIH nOJIyYeHB! KOPpeKTHpyIoLlne

Koa(ppHUKEeHTHE, KOTOpHE Heo0xo-
JUMO BBOJHTH K TPOYHOCTH Cy NIPU
HeJJpeHHPOBaHHBIX UCTBITaHUSAX,
npuHUMaeMofl paBHOH ConpoTHB-
JeHHI0 CJABHTY 7, ONpeleJeHHOMY
HCOBITAHUSME JIONACTHHIM  11puGo-
pom (puc. 22).

B COOTBETCTBHH C YKa3aHHBIMU
Prc. 22. Ilonpasouruifi xo3QQUUR-  yiccneoBaHMAMH PACUETHOE COMPO-

eHT W IJs ONpejeNeHust CONpOTHB- P
JeRUS CABHTY 1O pe3ynbratam nona.  |HBJACHHE TPynta mna casur (cg)

CTREIX nennTaruil (no JI. Beeppymy)  CJleAyeT oOnpeAeasTh no dopMysne
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CE = e (17)

[Mocaeaymoiine vicnbTands pa3pyleHHbIX OCHOBaHME (yHIaMeH-
TOB H He3aKpenJeHHBIX BHIEMOK APYTHMM HCCAef0BATENSIMH NOATBEp-
JUJIY TIPHEMJIEMOCTD NMEPBOHAYANBHBIX peKoMenpauuii J1. boeppyma.

HecMoTpsi H2 OTCyTCTBHE TeOpeTHYecKOoro OOOCHOBaHHS, METON
JIONACTHBIX WCOBLITaHHWE paccMaTrpHBaeTcsi KaK JOCTATOMHO HaNEK-
HBIfl 17151 IpefBapHTENbHBIX PAcyeTOB YCTOAYHBOCTH OCHOBaHUM C
NpPUMEHEHHEM YKA32HHOrO Bhille KOPPEKTHPYIOILEro Kos(¢HLKHeHTa.

Crnexyer oTMeTHTb, YTO B TNOCJefHHe TOAL OBUI NPOBeleH Ppsiji
HCC/IeIOBaHMl N0 OnpefeJeHHi0o aHU3OTPONMHH TPYHTOB C HOMOILBIO
KpBUIbYATOK Pa3JIMYHBIX PasMepoB (NPU Pa3/iHUHBIX COOTHOILEHHSX
MEXKJy BBICOTOH W ILHPHUHOM JIONAaCTH), a2 TAKKe KPHUIBYATOK, MMe-
omux pombosuanyo opmy Jonacrefi. ITosyuennble faHHbIE NMOKa-
32714 NepCNeKTHBHOCTb TAaKHX HCCNeA0OBaHuM.

Ilpencrasasiior MHTepec NMONBITKH HCMOJb30BAThL JIOMACTHHIE MC-
OBITaH|sT 1Sl onpeaesaeHust Moayast necopManuu rpynra [63]. Pas-
[eJVB JIONAcTH HA BePTHKaJbHble NOJOCH H HCNOJb30BaB YHCJIeHHOe
HHTErpupoBanie ypaBHeHult MuHaJHa 11 TOPH3OHTAJNBLHOTO nepe-
MellleHHs] noji AefCTBHEM TOPHU3OHTAJbHOH CHJBl, aBTOPH paboThl
[63] monyunan cnexyoulyo GopMyJy AAs ONpeeJeHHs] MOAYJs Je-

¢opmanun:
M
E=gigDe » 18
rie M — KpyTsuHH MOMEHT NpH yrie mosopota © (pan); D —wnpura (nna-
MeTp) Jomacty; Jg — KO3(ppuLMeHT BIHMAHHS, KOTOPH ONpejensercs MO co-

CTaBJEHHOMY aBTOpOM rpaduMKy B 3aBucuMoctH oT oTtHoweHuss H/D, rpe H —
BBICOTA JIONACTH.

INpu H/D=2, npunsarom FOCT 21719—76, Jo =2 (MHHUMAJL-
HOe 3aryy6Jenye Bepxa JIONacTyd OT NOBEPXHOCTH I'PYHTa COCTAaBJsI-
er 5D). Ilpobusie pacyersl no popmyse (18) nokasasnu, yro oHa za-
€T MpHeMJIeMble pe3yAbTaThl MNPH ONpejejeHud MOAYJs nedopma-
uuy. [lostoMy npu  npoBeseHuM JIONACTHBIX  HCOBITAHHIE €€
peKoMeHJlyeTcsl McnoJab30BaTh. [1pyn HakonsieHwy pe3yJibTaToB HCIBI-
T2HHH 3TO NO3BOJHT YCTAHOBHTbH O0JACTb TNpHMEHEHHs (POPMYJEl
(18) (BO3MOXKHO, N0 NMOKa3aTeJI0 KOHCHCTEHIMH) M INONPaBOYHble
(nepexoanble) Koa(h¢UUHEeHTHl /s NPUBeaeHUs] 3HaYeHUsl NoJyydae-
Moro TakuM o6pa3oM MoAyJasd gedopManviv K 3HaUeHWI0 MOJAynsd jae-
dopMamul, NOJyyaeMOMy MO Pe3yJbTaTaM HCIBITAHHS TPYHTOB
CTAH[APTHHIM INTAMIIOM.

IF'nasa IV

HNCCAENOBAHME TPYHTOB
CTATHMYECKHM 30HOAHUPOBAHHEM
1. O6mue nosoXKeHus

Cratuyeckoe 30HAMpOBaHHe sIBJIsleTcsl OAHMM W3 Haubosiee 3¢-
(PEKTUBHBIX METOJOB HCCJeJOBaHHSI TPYHTOB B yCJIOBHSIX UX eCTecT-
BEHHOTO 3aJjieranHs. DTOT METOA HayaJu npuMeHsitb B 30-x rozax
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B I'onnanauu. B Hacrosmee BpeMsi B I'osnaHauM (Ha cTajud Kak
TeXHHYECKOro NMpoekTa, Tak W pabouux yepTexeH) AJNHHA U HeCy-
nias cnoco6HOCTL 3a0UBHBIX cBal 475l CBafHLIX (yHAaMEHTOB onpe-
AeJISIOTCSL IO Pe3yJpTaTaM CTATHYeCKOro 30HAvpoBaHus. B nocaei-
HUe roJbpl AuHaMmuyeckue GopMydbl AJs  OnpeAesieHHss Hecyuled
CIIOCOOHOCTH cBail He nmpuMensiiores, McnblTaHus cBafl cTaTHuecKOH
Harpy3Koi He NpOHM3BOAATCH Kaxke [Jsi HauboJsee BLICOKHX 3/aHull.
Jlumib B 0cOGBIX cJyyasix WM NpPU MPUMeHeHUH CBaii HOBOH KOHCT-
PYKI¥H BO3HHKaeT HeOOXOAHMOCTb B HCNBITAHHAX HX CTaTHYECKOH
Harpy3koit [49].

brnarogaps Bo3MoxHOCTH OLICTPOTO H 3KOHOMHYHOTO HCCJE10BA-
HHUSl TPYHTOB METOJ CTATUYECKOro 30HIHPOBaHHSl Hallleyl LINPOKOe
NpUMeHeHHe BO MHOrMX cTpaHax Esponbl, a Takxke B ABcTpanui,
SInonuu u CHIA. 3ouavipoBanie NPONU3BOASIT BAaBJUBAHHeM B IPYHT
KOHyca Ha INTaHrax, cBOOOJHO TNepeMeldaluiuxcsi B Tpybe, morpy-
aeMoil 0ZHOBpeMEHHO ¢ KoHycoM. HapyxHblil guaMerp TpyObl pa-
BEH [HaMeTpPy OCHOBaHHsl KOHyca. BaaBiuBaHue LITAHT ¢ KOHYCOM
H TpyOBl NMPOH3BOAAT AOMKPATOM, NpPH 3TOM H3MEpSIOT CONPOTHB-
JieHWie TPYHTa NOTPYKEHHIo KOHyca u ofllee ycuiade, HeobxoanMoe
[JIsl IOTPYKEHNst KOHYCa H TPYOHI.

B panoHeiiileM Hapsixy ¢ MeXaHWMECKHUMH 30HAHDPYIOIIMMH yCTa-
HOBKaMH, B KOTOPHIX yCHJIHe OT KOHyca K U3MEpHTEJIbHOMY YCTpOfi-
CTBY N€pefla€Tcs Uepes ITaHry, Obin  pa3paboTaHbl YCTAHOBKH C
TEH30METPHUECKHMH JaTYHKaMy Yy KOHyca ¥ aBTOMaTHyecKOH 3a-
NHCbI0 CONMPOTHBJEHHS TPYyHTa NMOrpyKeHIlo KoHyca. Bbwn Takxke
pa3paboransl, N0 npejioxkenno bBeremana [48)], HaKOHEeUHHKH 30H-
[0B, B KOTOPBIX HajJ OCHOBaHNeM KOHyca pacrojaraercst NoABHKHasi
My(dTa TpeHus TOro xe auaMerpa (36 MM), UTO U OCHOBaHHE KOHY-
ca, B pe3yJibTaTe Yero MOSIBJASIETCS] BO3MOIKHOCTb M3MEPSATbL CONpO-
THBJIEHHE TPYHTa TPEHHIO Ha Y4YacTKe GOKOBOH NOBEPXHOCTH 30HIA.

B CCCP craTuyeckoe 30HAHPOBaHHE HALLIO HIHPOKOe NpHMeHe-
HHe ¢ Havasga 60-x roios. 3toMy cnocobcTBoBaNu aBa dakropa.
Bo-nepBbIX, BCAE€ACTBHE HauaBHIerocsl IHPOKOro NPHMeHeHHsT cBaH-
HBIX (YliLaMeHTOB NOSBHAACH HEOOXOAHMOCTb B OCTATOUHO HaleK-
HOM METOMe OmpeieneHuss Hecylleil cnocobuocru cBafi. Bo-BTOpHIX,
pasBepHyBLI€eCs] B CTPaHe CTPOMTEJILCTBO HOBBIX NPEANPHATHE 1
COOpyXeHH# Bce Yalle NMPHXOAMJIOCH BECTH Ha CYHTABLINXCS paHee
HENPUTOAHBIMH [JIsT CTPOHTENbeTBa cnabplx rpyHrax. Otbop HeHna-
pylleHHBIX 00pa3uoB TAKUX c¢JabHX TrpyHTOB /15 n1abopaTOpHBIX
HCCNEeZOBAHME OBl NpakKTHYECKH HeBO3MOXKeH, 3T0 TnoTpeboBanio
HCNIOJb30BAHHSI METOA UCCJIEAOBAHHS] CBOHCTB IPYHTOB B YCJIOBHAX
WX eCTeCTBEHHOTO 3aferaHusl. TaKUM MeTO[OM CTasl METOJ CTaTH-
JeCKOro 30HAHPOBAHUS.

B pesynbrare npoBefeHHbIX paboTr no pa3paboTKe U HCNOJb30Ba-
HHIO METOHa CcTaTuyeckoro 3oHAupoBaHuss B 1967 r. B CHull
11-B.5-67 «CBaiinbie ¢pyHgaMenTsl. HopMbl npoeKkrupoBaHusi» Oblia
BKJIOUEHa PeKOMeHJaluus MO ONpefeJeHHI0 Hecylled CcrnocoGHOCTH
cBajl N0 faHHBIM CTaTHYecKOro 3oHauposaHnsi. B 1972 r. Obliu yT-
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BepXKAEHBl «YKa3aHHs NO 30HAMPOBaHHWIO TPYHTOB [AJsl CTPOUTEJNb-
crea» (CH 448—72), a B 1974 r. — T'OCT 20069—74 «I'pyHTHL
Merog noseBoro MchbITaHUsl CTATHYECKHM 30HAMPOBAHHEM>.

Mexx ayHaponHoO# opranusanueli 10 MeXaHuKe TPYHTOB 1 (yH/a-
MeHTocTpoeHnto (MOMI'n®) 6nuia cosgana EBponefickast Komuccus
N0 CTAaHAAPTH3AUMK 30HAHpPOBauusi. JTOH KoMuccHed pa3paboTanbl
pekoMeHaTe N bHBIE €Bponeickue CTaHAAPTH Ha 30HAKPOBaHHE, KO-
TOpble GbLTH yTBep:KAeHu ucnoakomom MOMIu® s 1977 r. Paspa-
GOTKa PEeKOMEHZATEJbHOrO CTaHJapTa Ha CTaTHUYecKOe 30HAHPOBA-
HHE CTaja BO3MOXKHOH Gyarofapsi TOMy, YTO, HecMOTpPsl Ha OoJblioe
pasHooOpasue HMELUXcsl B Pa3HbIX CTPaHax yCTaHOBOK [Jisl CTa-
THUYECKOTO 30HAMPOBaHUS, OCHOBHblE napaMeTphl UX 30HAOB TaKue
JKe, KaK ¥ B NEPBBIX roJJIaHACKHX yCTaHOBKaX, 2 MMEHHO: IJIoaab
ocHoBaHust KoHyca 10 c¢M?, yros npu Bepiiuse Konyca 60°, auamerp
3oH7a 36 MM.

2. YCTaHOBKH,
fipuMeHsieMble AAS CTATHYECKOro 30HIMPOBAHUS [PYHTa

OnHxa 13 nepBHX ro/JIaiACKNX YCTaHOBOK 7J1s1 CTATHYECKOro 30H-
AMPOBaHuUS, MOKa3aHHasl HA puc. 23, nocay:kuaa npoobpazom 6OJb-
IIHHCTBA COBPEMEHHBIX YCTAaHOBOK. IJTa yCTaHOBKA COCTOHT M3 OCHO-
BaH¥A U ABYX CTOEK, NPHKPEMJIEHHBIX K HACTHJY C MPOTHBOBECOM H3
HacblMHOTO rpyHTa. 1o crofikam ¢ noMolubio pyuyHoOll Jebeaku ne-
peMemiaercsi niatdopMa, B KOTOPOH 3aKpenJieH 1oMKpar. Jlomkpar
BaBJIUBalOIlKM yCTPOHCTBOM NOTPYzKaeT B rpyHT TPyOy nuaMerpom
36 MM M HaxOASIIYIOCSI BHYTPH TPyObl 1ITaHry AHaMeTpoM 15 M.
Ha Koune wiTaHru 3akpenyieH KOHYC, HMe#i niomais 0CHOBaHUS
10 cMm? u yroa npu BepinuHe 60°. ¥Ycunve, He06X0OAUMOE AJsl BiaB-
JINBaHKA TPYOH! H IUTAHrH, H3MEPSIIOT COEAHHEHHBIM C JOMKPaTOM
MaHOMeTpOM yepe3 Kaxable 20 cM ryOuHbl 3onanpoBaHusi. Koraa
JOMKpaT nepejaer yCHJHE HENMOCPEACTBEHHO Ha BAABJIMBAIOLIEE
YCTPORCTBO, Tpyba U KOHyC TMOrpyskamTCst B TPYHT OZHOBpEMEHHO.
Ecan goMKpar nepemaer ycuJlie MOPUIHA TOJBLKO Ha INTAHIY, TO TO-
rpyzKaeTcsl JUIIb KOHYC, MPH 3TOM MNepeMelleHHe LITAHIH OTHOCH-
TeJIbHO TPYOH — orpannyeHo — 10 M.

YeraHOBKA TO3BOJISIET M3MEPSATb CYMMapHOE€ CONPOTHBJIEHHE
BJABJIMBAHUIO (COCTOsILIEE U3 CONPOTHBIIEHHS FPYHTA TPEHUIO HA MO-
BEPXHOCTH TPYGbl ¥ CONMPOTHUBJIEHUS FPYHTa NOTPyXEHHI0 KOHyca) U
CONpOTHBJEHNe TPYHTa NMOrpy:KeHHio KOoHyca. I1o pa3HocTH 3THX co-
NPOTHBJIEHHE ONpeneJsioT CONPOTHBJICHHE IPYHTa TPEHHMIO HA TO-
BEPXHOCTH TPyOHL.

Pe3ynbraTol MCNBITAHUA NPEACTABJASIOT B BHE ABYX TrpadHKOB
(o6b1MHO cOBMeIaeMbIX Ha OHOM YepTeske), KOTOpHe 0TOOparkaloT:
nepBbifi — CONPOTHBJIEHIIe FPYHTa MOA OCTpueM, Krc/cM2, B 3aBHCH-
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MOCTH OT IJiyOHHBI 30HIHPOBaHHUS; BTOPOR — oflilee CONpOTHBACHHE
TPEeHHIO NPH NOTPYKeHHH TPYOBI 10 JaHHOH IJyOHHBI, BHpaKeHHOe
B KIC HJH TC.

Tlpu Hcnonb3oBaHLuE NepBOR TOJIJIAHJACKOR YCTaHOBKH /LISl CTATH-
YeCKOro 30H/INpOBaHus TPeGoBajoch NPOU3BOACTBO BeCbMa TPYIOEM-
KHX paboT no ee aHKepOBKe.

Puc. 23. Onua v3 nepsBeX rojulabi-
CKHX YCTAHOBOK AJiSi CTATHYECKOTrO
SOHIMpPOBAHHUS TPYHTA

1— nomkpart; 2 — naatdopma; 3 — BAae-

JHBaMOIee YCTPoHCTBO; 4 — CoeJHHHTE1b-
Puc. 24, CospemenHast Hecamoxoni- Hasi My(dTa; 5 — HACTHJA M3 HaCHIIHOTO

Hasn roJiaiacras YCTaHOBKa Ha rpyHTa; 6 — Tpy6a pnaMeTpom 36 MM;
ycuJHe saasiuBauns 10 ¢ 7 — wTadra nuameTpom 15 mm; §—Konyc

AHKepoBKY ONHOH H3 COBPEMEHHBIX TOJJIaHACKHX YCTAHOBOK JJisl
CTATHYECKOro 30HAWpOBaHusl (pHC. 24) NPOU3BOAAT C MOMOILBIO
BUHTOBHIX cBali. Jluamerp TpyG IUisi 30HAMpOBaHKd M IJOINaib OC-
HOBaHWs KOHyCa T€ e, YTO U Y TNepBol yCTAaHOBKH, NPHBEIEHHOIN
Ha puc. 23, ycunve saasausanus go 10 Tc.

Hwmeercas u Oonee Mom[Has roJsaHickasi 30HAUPOBOYHAs ycTa-
HOBKAa Ha mNpuuene ¢ ycuaueM BhaaBjakBaHHs 10 17,5 Tc. Omna
BKJIOYaeT B cebs BrapiUBaloniee yCTpoRCTBO, ABHraTe/ib C HACOCaMHK
u pamy. Bpaeausamoliee ycTpoORCTBO COCTOMT W3 JIByX THIpaBiuye-
CKHX UMJAMHAPOB JABOHHOrO AEHCTBHS M PACNONOKEHHBIX MeXK Ay HUMHU
JIBYX HITOKOB C H3MepHTEJbHBIMH MaHOMeTPaMH, U3 KOTOPHIX OAMH—
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i Hu3KEX Jasnenuft 0—2000 krc, a Apyrofi — yisi BHICOKHX [aB-
gennii 0—20000 krc. ManoMeTp IJisl HH3KMX JaBleHMil cnenyvalb-
HBIMH KJlanlaHaMy aBTOMATHYECKU 3aliMILEH OT neperpysku.

3oHJ — OOBIUHOH KOHCTPYKINM ¢ HAKOHEOYHHMKOM (rOJIOBKOH) Me-
xanpnueckoro thina (puc. 25). Ha ycTanoBke CMOHTHPOBAaHH JM3€JIb-
HBII JBUraTesb BO3AYIIHOIO OXJaxJeHHd MomHocTbio 11 4. c. mu

15
—

i el

2,

230

39

$357 60“ -

Puc. 25. HakoneuHuk mexaHnuecko- Puc. 26. Ileenckas 30HAMpOBOYHAA
TO THIA, TPHMEHAEMHH Ha TroJJlakl- YCTaHOBKAa ¢ OecrnipoOBOHOM nepenayef
CKHX YCTAHOBKax (pa3mepHl JaHH B CHTHaJa OT HAKOHEYHHKA K 3afHCH-
MM) Barolllefi annapatype

1 — KOXYX; 2 — KOHYC

TUpaBJN4ecKHl HAacoC ¢ H3MeHSoHelics BHIXOZHOH MOIHOCTBIO.
AnKepHEIe CBau IJMHOH 2 M HMEIOT B3alMO3aMeHsieMble JIONacTH
smamerpom 200, 300 1 420 mm. CBal  3aBHHYKMBAIOTCH € MOMOIBIO
MeXaHuuecKoro npuBoja.

Oco6eHHOCTBIO YCTAHOBKH HBJSIETC BO3MOXKHOCTB BpalleHus
HITaHr, obyeryalomero NpoxoxkJeHHe IJIOTHBIX NPOCJOIKOB IPYHTa
MIPH 30HMPOBAHUH.

Cepusi cOBpeMeHHLIX 30HAHPOBOYHHEIX YCTAHOBOK, pa3paboTaH-
Hux IlIBeJcKHM reoTexHUYeCKHM HWHCTUTYTOM, TOJYYMJa Ha3BaHHe
«TumGep Bup». ¥cTraHOBKKH MOHTHPYIOT Ha MajiorabapUTHLIX ryce-
HUYHBIX H KOJIECHBIX TPaKTopax. JTH YCTAHOBKH HMEIOT MHOrouesue-
BOE HA3HAYEeHHE W NOMHMO CTATHYECKOTO 30HAHPOBAHMS BLIMOJHSIOT
30HIHPOBaHHe 10 LIBEJCKOMY METONy C NpHIpy3Koi, GypeHue CKBa-
XiH ¢ or6opoM 06pasioB. YCTaHOBKH HMEIOT CUCTeMY 3alHcH pe-
3y.JIbTATOB 30HAHPOBAaHNS.
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Oana K3 WBEJCKHX 30HAHPOBOYHBIX YCTAHOBOK (pHC. 26) cMOH-
THPOBAHA Ha MaJsorabapUTHOM ryCEHHYHOM TPaKTOpe BEICOKO 1po-
xoauMoctH. OcoGeHHOCTHIO YCTAaHOBKH SIBJISIETCS HCIOJIb30BaHHE
GecnpoBOHOM Nepefayud CHrHa/jla OT HAKOHEUHMKA 30HJa K 3arHchl-
Ballllell annapartype. ITO JIOCTHTaercsi 3a CYeT TOrO, yr0 B HaKoO-
HEUYHHKE 30HJa BMOHTHPOBaH NepelaTyMK CHTHAJOB, 2 B 3aNUCHIBa-
IOllell annaparype — NPHEMHHMK CHrHAJOB.

Tonnanjickas 30HAMPOBOYHAsl ycraHoBKa «XucoH 20-T» cMoHTH-
poBaHa Ha TPeXOCHOM Trpy30BOM aBTOMOOHMJIE € PaCnOJIOKEHHUEM
BaBJHBAKOMIEr0 YCTPOHCTBA M 30HAMPOBOYHOH KOJOHHH IO LEHTPY
TSKECTH aBTOMOOHJISl, Ycuaue BAaBauBanus — 1o 20 T¢, a ycuaue
Ha nojbeM WiTaHr — Ao 25 1c. CropocTh BAaBsauBaHusl Gaarofapsi
HAJHYHIO LIeCTepeHYaToro riApaBIHYeCKOr0 HACOCA ¢ TPeMs mepe-
JAaTOYHLIMH OTHOLIEHHSIMH MOKeT MeHsIThesl oT 2 10 15 cM/c, a cKo-
pocTb u3BJiedenus 30HAa — ot 1,3 no 10 cm/c.

YcTaHOBKa HMeeT KOMIUIEKT 30HANPOBOUHHIX IUTAHI AHMAMETPOM
36 MM C MeXaHHYECKHMMH M TE€H30METPHUECKHMMH HaKOHeUYHUKaMH U
annaparypy AJsl 3alHCH Pe3yJbTaToB 30HIHpOBaHUs., [Ipw mpuMe-
HEHHU TEH30METPHUECKHX HAKOHEUHHKOB B IIPOIECCE 30HIUPOBaHHS
3aNUCHBAIOTCs CONPOTHBJEHHE IPyHTa KOHYCYy 30HAa u GOKOBOE Tpe-
HUE TPYHTa MO TEH30MeTpPHYeCKOU NoBepxHOCTH 30HJA. [lonmHoe co-
NPOTUBJEHHe 30HAA NpPH BAABJAUBAHWM €r0 B TPYHT ONpeJessiercs
no mMaHoMerpy. Ha ycraHoBke CMOHTHPOBaHEI TPH THApaBJIHYECKHX
JAOMKpaTta ¢ BHHTOBBIMH NOTPYKAaTENSIMHU, CAYKAIUUX AJS 3aBHHUH-
BaHHs aHKEPHBIX cBall B IPYHT B TeX CJAyyasX, KOria yCHJIHs OT
JleHiCTBHSL COGCTBEHHOrO Beca aBTOMOOMJsST C ONpHUrpysKoit HeJdocTa-
TOYHO., YCTAaHOBKA MOKeT OHITh UCNOMB30BaHa [Jst OypeHHs CKBa-
)HH 1 o160pa npo6 rpyHTa guaMerpom ao 125 mm.

Ha takux ycTaHOBKax NOCJEIHEr0 BLIIYCKa PE3YJLTATH 30HIH-
poBaHus BBAAKTCH NeYaTaloIIHM YCTPOHCTBOM, AaHHHE C KOTOPOro
nepenatorcess B 9BM ans o6paGoTKU pe3yJsbTaTOB 30HIMPOBAHHS M
BHJaYH FOTOBHIX rpa¢HKOB 30HAHPOBAHUA. AHAJOTHYEBIMH yCTPOH-
crBaMu OGOpYJOBaHHE H YCTAHOBKM TOJJIAHACKOH (GupMH «Dyrpo»,

¥YcraHoBka «lleHeTpomMaTuk» HTAJBAHCKOH (UPMH «DennanoH-
Ha» CMOHTHPOB4HA Ha aBTOMOOHJE BHICOKOfi MPOXO/JHMOCTH; €€ YCH~.
nve BAaBauBaHusa — A0 20 TC; BAAaBIHBawollee U aHKepylolee ycT-
poHCTBa NMpPUBOASTCH B AeHCTBUE OT ABHraTess aBTOMOOHJISL.

30HA YCTAaHOBKH AuaMeTpoM 36 MM CHabKeH T€H30METPHYECKHM
HaKOHEUYHUKOM. UyBCTBUTENLHbIE 3JIeMEHTH], pacnoJOXKeHHEe B Ha-
KOHEyHHKe 30HAa, 00eCNneyHBalT 3aMep CONPOTUBIEHHMS] IPYHTA KO-
Hycy 30HJla, TPEHHS TPYHTa 110 GOKOBOH MOBEPXHOCTH UYBCTBUTEJb-
HOM YaCTM HAKOHEYHHKA W OTKJOHEHHA HAKOHEUYHHKa 30HJa OT
BepTHKaJau (C MOMOIUbI0 MHKJIMHOMeTpa). 3alMCHBAOIAs anmnapa-
Typa obecneuHBaeT 3aNHCh BCeX 5TUX BeJIMYMH, HPH 3TOM Macuital
3aIKCH MOKeT MeHAThCS B LIMPOKHX IpefenaX. UyBCTBUTENLHLE
3JIEMEHTH HECKOJIbKHX THIOB O0ECIeYMBalT 3aMep CONPOTHBIEHHMH
rpyHTa KOoHycy 30HAa B npexnesax 0—100, 0—400 u 0—700 xkrc/em?,
YeranoBka «lleHerpomMaTnks O6CIyKUBaeTCsl JABYMsS ONEpaTOpPaMHu.
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Bo ®panunu ¢upmoit «Sol—Essais» («Mcenbtanua rpyHToB»)
JJIs1 CTATHYEeCKOIO 30HAMPOBAHUS TPYHTa IPHUMEHSIOTCS YCTaHOBKH
C THApABANYEeCKUM 30HAOM 0e3 nenrTpaipHol 1uTaHrd. Ha konie
30ufia MMeercs UMIWHAD ¢ mopwueM (puc. 27). Ha s37oMm mopiise
3aKpellTeH 30HAHUPOBOYHHII KOHYyc. JlaBieHHe IpYHTa HA OCHOBaHMe
KOHyCa NpH €O NOrpysKEeHWH NepelaeTcs uepe3 NOPIIEHbL Macjay B
uunuuape. Jasnenue macna usMepsieTcsi MaHOMETPOM, YCTaHOBJEH-
HHIM y niopepxHocTH 3emiH. CucreMa 3anoi-
HsleTCsl MACJIOM C NIOMOMIBIO PYYHOrO Hacoca.
IMorpy#enue 30H71a NPOU3BOISAT I'EAPABIH-
YecKHM ROMKpaTtoM. MMeeTcsl HeCKOJBKO
MOJH(QUKAIlUH TAKOro neHeTpoMerpa: Aua-
MetpoM 45, 75 u 110 mm. Tlpu 30HAHMpOBRa-
HUY H3MepSIOT CONPOTHBAEHHE KOHyca mo-
IpyXeHH0 B TPYHT U o0Liee COIIpOTHBJIC-
Hue 30H7a. Ha puc. 28 nokasan HakOHeu-
HHK YCTAHOBKHM JUUISl CTATHUYECKOrO 30HIH-
POBaHHS C 3JIEKTPOTeH30MeTPOM, paspabo-
TapHBIH H HCHOJB3YeMBIH  TOJIAHACKOH
upmoit «Pyrpos».

B ¢Bs3u ¢ ucnonp3oBanueM MexaHHUe-
CKUX 1§ TEH30MeTPHYECKHX HAKOHEUHHKOB
BO3HHMKAeT BONPOC O CONOCTABHMOCTH pe-
3yJbTATOB 30HIAMPOBAHHS TeMH H JPYTHMH.
Hnorpa BRICKA3HBAKOTC COMHEHHS B Ha-
JeXHOCTH U3MEpPeHHUs! CONPOTUBJIECHNUS I'DYH-
Ta TOrpys3eHHIO KOHYyCa C mnepefaueil ycy-
75l 4Epe3 WITAHIH B CBASH C BOSMOMKHMIM UX  p.o o7 Jeram dpan-
H3rHOOM M BO3HHKAIOIUHM TPEHHEM MEXAY  nysckofi yoraHoBkH ¢ 1t-
IITaHraMH H 3auHTHON TPYyOOH 30HAa. [To-  papauwveckuM Hakoneuny-
3TOMY NPEACTAaBASIOT MHTEPEC HCCACOBA-  KOM 30HIa
HUA TPYHTOB, IpPOBejeHHBIE QupMmoil «Pyr-
pO» Ha OAHOH H TOH Ke mJoIafKe YCTAHOBKAMH C MEXaHHUYECKHM H
TEH30MeTPHYECKNM HaKoseunbkaMu. Ha puc. 29 npusenentt rpadu-
KM OJHOTO M3 TaKHX McNHTaHui. Kak BHAHO u3 aTHX rpadukos, pe-
3yJapTaTh 30HAMPOBAHHS IIOYTH NOJHOCTBI) COBNAXAKIOT, HECMOTPS
Ha BHICOKOE CONpOTHBJEHME INOTPYXKEHHIO KOHYyCa, COCTaBJsollee
6onee 200 xkrefcm?,

8§ 7 5 3 4 3 2 1

e
<

Puc. 28. HakoHeudHK ¢ 3J€KTPOTEH3OMETPOM /51 YCTAHOBKH CTaTHYECKOrO 30HIu-
poBaHus rpyHTa ¢upMH «Pyrpo»

1— koHyc (mnomans ocrOBahMst 10 cM?): 2,- 3 — ynpyruii snemeHt ¢ patumkom; 4 — mydra
TpPeHHs!; 5 — peryJHpoOBOYHOe KOJLLO; 6 — YHMOTHCHHe; 7 — 3aMOK AR COENAMHEHHS CO LITaH-
roit; 8 — kabenn
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IlpoBesennble dUpMOH MCCAEXOBAaHMA TO3BOJUJU ell clenaTh
BEIBOJZ| O TOM, YTO HUKAKHX MONPABOYHBIX K03((PUIMEHTOB K JaHHKEIM,
ToyYeHHBIM HA YCTAHOBKAX € MeXaHWYeCKUM HAKOHEYHWKOM, BBO-
IHTH HE CJelyer.

Yxa3aHHOU $HpMO#t yCTAHOBKHM ¢ TeH30METPHYECKHMH AATUHKA-
Ml DPHMEHSIOTCS B OCHOBHOM JUISt H3MepeHWs! CONPOTHBJIeHHs TPYH-
T2 NOrpyXeHUIO Kouyca (Ha ycuame A0 5 tc). BMmecre ¢ Tem paspa-

o) , a

00 g,xecior 100 g, x2cfor?®
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Puc. 29. I'paduky sougupoBaHus MeXaHHYeCKHM (@) H TEH3OMeTpHueckuM (6) Ha-
KOHEYHHK dMH

60Tan H HAKOHRYHHK /sl OLHOBPeMEHHOro He3aBHCHMOrO M3Mepe-
Husi (3amucu) CONPOTHBJEHMSI TpPYHTAa NOrPyeHHI0O KOHyca H
MecTHOrO GOKOBOro Tpenns. Mydra TpeHHs pacliosioXkeHa Henocpen-
CTBEHHO HaJl KOHYCOM M MMeeT (KaK H Y HAKOHeYHHKA, NMPeJIOKeH-
Horo BeremanoM) nsomann GOKOBoW nosepxHoctu 150 cm2.

I1pu 3orRHpOBaHHM 30HZaMH AuameTpoM 36 MM Ha GoJIbLIYIO I.Ty-
6uHYy BO3MOXKHBI 3HAYUTEJbHbIE OTKJOHEHHSI 30HNA OT BEPTHKAJH,
YTO HEOZHOKPATHO Ha0.M104aJ0Ch NpPH Pa3UYHBEIX HCCJIeAOBaHUSIX.
B cBsisu ¢ 3tuM  QupMa «Dyrpo» B NOCIEHEE BpEMsI NPHMEHSET
TEeH3oMeTPHYeCKre HAKOHEYHHKH, B KOTOPHE BMOHTHPOBAHH HeOOMb-
ye HHKAHHOMeTpH {pHuc. 30). ABTOMaTHYECKHE BHK/IIOYATENhL COe-
JuHseT HHKJIAHOMETD C CaMOINHCIeM NpH KaXJOM HapaliuBaHHM
soufia (4epes 1 M). Ha anarpaMme 30HAMPOB2HHUSI CaMoNucel, 4ep-
TUT Ha COOTBETCTBYIOIIMX riayOuHAxX JMHUM, OTOGPaKAuKe B Onpe-
JlesIeHHOM MacllitaGe OTKJIOHeHHus sonaa. Ha puc. 31 nokasaum pe-
3yJIbTAThi 30HAHPOBAHMSA U OTKJIOHEHHS 30HMAa [56].

OueHuBasi MexaHH4YeckHle H TeH30MeTpuYeCKHe HAKOHEYHHKH,
¢upma «Pyrpo» npHBOAMT CNeAyloLide KaHHbe. Pe3ynbTaTH H3Me-
penuii TeH30MeTPHYECKHMY HAKOHEYHHKaMU HeCKOJIBKO TOYHee, YeM
MeXaHUYeCKMMH, o0co0eHHO B caalkX rpyHraX. CTOMMOCTb TEH30-
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MeTpHUYeCKHX HAKOHEUHNKOB B 15—20 pa3 Brilue, YeM MEXaHUYIECKIX,
a N8 ux o6eayykuBaHusi {C 3amHCBIO Pe3yJbTaToB) TpelyloTcs
CIICUNANNCTH BOJiee BHCOKOHA KBaNu(pEKaluy.

B 30H72X ¢ TEeH30METpHYECKMM HAKOHEUHHKOM HeT BHYTPEHHero
CTEp¥Hs, B CBSI3H C yeM BO3MOXKHH OOJipline OTKJOHEHHS 30HIa OT
BepTHKaJH. I109TOMy TEH30MeTpPUYECKHe HAKOHEYHHKH JIOJ/IKHLL
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Pruc. 30. Teusomerputeckuil HAKOHOUHHK ANA 30HAHPOBAHMS C WHKJIHHOMETPOM

1 ~—xonyc {(naouwiann ochopavnsi 10 cM®); 2 — mamixeTs: 3, 4 — ynpyruil 3JeMeHT C JaTume
KOM; § — 3am[dTHas OCOJNOYKA; 6 — WHKJIAMHOMETP; 7 — YINOTHeHRE; § — 3aMOK I8 CO€/HHE-
Hes co wranroft; ¢ — KaGean

O6uiTh 0GOpY/NOBABE Taxkke W HHKJANHOMeTpoM. [nst obecneyenusi
ReOOXOANMOf TOYHOCTH M3MEPEnHH TeHIOMETPINECKNE HAKONEYHNRR
W3roTOBNATCH GupMoll Tpex Monupukaumii: Ha mHasieHus 750,
5000 u 10000 wrc. Jlnst onpeenieHHOro 30HAVPOBAHNA HEOOXOAHMO
nipeABapUTEJHHO BHIOMpATh OJHH U3 TPeX HAKOHEYHHKOB, a 3aMeHa
HAKOHEYHUKA A2 30H7e #BIACTCH JOBOJBHO TPYNOEMKOH onepaunei.

OnenuBasi B LUeJIOM IpEMeHeHHe MeXaHHYeCKUX H TeH3oMeTpuye-
CKHX HAKOHEYHHKOB, CJIeAYET OTMETHTh, UTO MPAKTHKA [OKA3HBAET
¥“eoBX0MMOCThL KCIIONBb30BAHNA U TeX H JAPYTrHX HAKOHEYHHKOB B 33-
BHUCHMOCTH OT Pa3JUYHEIX YCJAOBHIL.

OaHUM 13 HEeJOCTATKOB YCTAHOBOK AJIR CTATHYECKOTO 30HAMPO-
BaHUs sBJfeTcs] HEBO3MOKHOCTh NPOXOMIEHHA [1axXe TOHKUX MPO-
CAOUKOR W BEJAKYCHKH TBEPAHK UGDOK B TEQNQTUHCCKOM paszpese.
B cBsiau ¢ »TUM B psiZe cTpaH paszpaboTannl KOMGHHHPOBAHHKE yC-
TAHOBKU CTATHYECKOIO M AMHAMHYECKOrO 30HAMpoBaHudA. Tak, Hop-
Bexkckoll pupumoir «Keonop» paszpaGorana kKoMOWHHPOBaHHAs ycTa-
HOBKA Ha KOJIECHOM TPAKTODHOM IIacCH, KOTOpPasi NO3BOJSET Bhi-
HOJHSATL KaK 30HANPOBaHMe {CTaTHYecKOoe H guHAMUYECKoe), TaK H
OypeHne CKBaxKUH AJS1 B3ATHA OOpasuOB IPYHTa W HCNIBITAHUH TPYH-
Ta JonacteuiM npubopom. Ha puc. 32 nokasana ¢pannysckas ycra-
HOBKAa AJSI CTATHYeCKOro H JHHAMHYeckoro 3oHaupoBaumns. CraTu-
4eCcKOe 30HIHPOBAaHHE HPOH3BOLHTCS TEH3OMETPHYECKHM HakOHeYy-
HukOM. Ilpu ROCTHXKEHHH TBepAOro MPOCJAONKA H MaKCHMAaNbHOIrO
CONPOTHBJICHHsS] 30HAMPOBaHHsI BJIOYaeTcs BHOpOyAapHas THHAMH-
dyeckas crucreMa 6e3 npeiBapHTeJbHOrO H3BJeUeHHUS HaKOHEUYHHKA.
Koucrpykuysi HakoHeYHHKa ofecleuyHBaerT BOCHPHATHE 3THX JlMHAa-
MHYECKUX HArpy3oK.

3akaHuyuBasi Ha 3TOM 00630p NpPUMEHSIEMOro 3a py6esxkoM olopy-
JOBaHus, OTMETHM, YTO B NpaKTHKe BMeeTCHd TEHAEHUHs paspabor-
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Kd KaK KOMOHHHDOBAHHBIX YCTAHOBOK, ITO3BOJISIIOLIMX MPOU3BOJHTH
H 30HAHPOBaHHe H OypeHUEe CKBAXKHH I pa3JuvHBIX BHAOB HCCHE-
JIOBaHHI TPYHTOB, TaK H CIeLVaJIN3HPOBAHHEIX YCTAHOBOK CTATHCTH-
YeCKOTO MJIH AHHAMHYECKOTO 30HIMPOBAHHSI.

Ozna u3 neppuix B CCCP yCcTaHOBOK [J1s1 CTATUYECKOIO 30HIUPO-
BaHusl cO CTaHAApTHHM KOHYCOM (IJorianmvio ocHoBanusi 10 cm? u
yriom npu Bepmuue 60°) 6plia  3alpOeKTHPOBAHA H HM3TOTOBIEHA
I'mpponpoektom B 1953 r. B ycTaHOBKe A/ CTATUHYECKOTO 30HAMPO-
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Puc. 31. I'paduk sounupopasss ¢ sanu- Prc, 32, Qpannyackas KOMOHHHPOBAH-
CbIO HHKJIHMHOMETPOM OTKJ/IOHEHMii 30HAAa  Has YCTanoBKa /I8 CTATHYECKOrO M JH-
OT BEepPTHKAJH HaMUYEeCKOTo 30HIMPOBAHHA

Bauust I'naponpoexra 3Y-3 ycuane 175 BAaBIMBaHUS KOHYCa H3Me-
psieTcs CTPYHHBEIM IMHAMOMETPOM, YCTAHOBJEHHHIM HenOCpPeJCTBEH-
HO Hajx KOHYcoM. T10aTOMYy 3aUMMTHHX TPYO, C NOMOUILIO KOTOPHIX
UCK/I04aeTcsl OOBMHO  BJIMSiHHE TpeHHs No OGOKOB&H TOBEpPXHOCTH
miTaHr, He TpebyeTcsl. BraBanBanve KOHyca Ha HITAHrax IPOH3BO-
ST BUHTOBBIM HOMKpParoM BpYYHYIO, YCHJHe BIABJHBaHUS AOCTHTA-
eT 10 Tc. B RoMnniekT 3om[a BXOHAT: LITAHTH JHAMeTpoM 42 MM,
KOHYCHBIHl HAKOHEYHHMK C IJIomajAblo OCHOBanus 10 cM? U yrioM npu
sepuinHe 60° cTpyHHH ZuHAMOMeTp, NaTpybOK C PajHOAKTHBHBEIM
Kancionem u cyetyHkoM [efirepa — Miosnepa, pa3nesneHHBIMH CBUH-
LOBEIM 3KpaHoM. Ha noBepXHOCTH 3eMsIU NpenyCMOTPEHE LIEHTPah-
Hasi cTaHLusl JJisl perucTpalliu CONPOTUBJIEHUs] KOHyCa NMOTPYXKeHHFo
B TPYHT U IlepecUeTHH NpuBOp n/st H3MEPeHHs IJIOTHOCTH T'PyHTa
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METOZOM paccesiHHOrO ramMMa-uaaydeHusi. Takum 06pasoM, yCTaHOB-
Xa NO03BOJs/Ia NPOM3BOAUTE CTAaTHYECKOE 30HAMPOBAHWE W PaiuO-
AKTHBHBIA KapoTax s ONpefeseHust IoTHOCTH rpynTa. Tlpombi-
JeHHbIH BBHIIYCK YCTAHOBOK I'MApONpOeKTa OpranusoBaH He GBI

B nocrenywomiem pas3palbOTKOfl yCTaHOBOK JAJsl  CTATHYECKOrO
30HIHpOBaHust 3aHMMannuch Bceerunreo, I'TIM @ynaaMeHTIPOEKT,
HUHnpomerpoii, BHUI tpancnoptaoro crpoutensctsa, JHHT
H Jp.

Puc. 33. YcraHopka past craTuueckoro aoHauposanns C-832M

1 — cTpesa; 2-— BHHTOBas aHKepHas CBasi; 3 — PeJAYKTOP MeXaHH3Ma 3aBHHYHBAHHSI aHKepPHOR
CBa¥M; 4 — 30HA; 5 — 3aXXHMMHOE YCTPOJiCTBO

Beerunreo paspabGorana KOMOMHHPOBAHHASI NEHETPALUOHHO-Ka-
poraxHas craiuus (CIIK) nJs craTtnyeckoro 30HIMPOBAHUSA H Pa-
anoakTuBHOro Kapotaxa [33]. CTaHuus COCTOUT U3 YCTAHOBKH JJISI
IOTrpYyKeHHUs BXZABJIHUBAHHEM H3MEPHTEJbHHX 30HAOB, CMOHTHPOBAH-
Hoit Ha waccu aBromMoGuns 3MJI-1567, u naboparopuu (Ha aBTOMO-
6une KAB3-663) nnsi 06paboTku MOCTyNameil 0T H3MEPUTENbHBIX
30H0B MH(OpMAaLUK W 3aNUCH ee B BHJe HENPEPLIBHBIX AHATPaMM.

MaxcumansHas riy6uHa 30HAMPOBaHus 25 M, yCHJIHe BAaBJHBA-
nuda 11,8 Tc. B KOMIJIeKT YCTAaHOBKH BXOJSIT Ba U3MEPHUTEJbHBIX
soHza auaMerpom 62 mMm. OfuH 30HI UMeeT TpPM AaTYHKA: IBA 3JeK-
TPOTEH30METPHYECKUX — JJI5l H3MEepeHHUsl CONPOTUBJEHHS TPYHTA HO-
IPYKeHHI0O HAKOHEUHHKA H TPEeHUS PYHTA NO LUJINHADPHIECKOMY KO-
XKYXy U OfMH JaTYUK raMMa-raMMa-Kaporaxa — JJIsl ONpeliesieHHs
NJIOTHOCTH IpyHTa. BTOpPO#l 30HA BK/IOYAET [NATYMK HeHTpOH-Heil-
TPOHHOrO KapoTaxka s HCCJAeLOBAHUS BJIAXKHOCTU FPYHTOB U AaT-
YUK raMMa-kaporaxka. ITpoMBIniIeHHBIH BBMYCK 3THX YCTaHOBOK
TaK¥Ke He OpraHH30BaH.

I1poMBILIIEHHOCTIO U3rOTOBASIOTCS ycTaHOBKa C-832M koHCT-
pykuuun HHUHMnpomerpost u yeranoBku C-979 u CII-59 KoHcTpyxkuun
I'TI1 ®yHaaMeHTHPOEKT.

VeraHnoBka jJs cTaTudeckoro 3oHAupoBannsi C-832M cmouTHpO-
BaHa Ha aBromoOuiae 3MJI-131 (puc. 33). Hnf xpensieHus ycraHOB-
KU W BOCIpUSATHS PeaKTHBHOH HArpy3KH BJaBJuBaHHUS HMeKTCS ABe
aHKepHble BUHTOBble CBaH, KOTOpble NOrpyKaloTcsl B IPYHT rHApaB-
JIUYeCKUM JIBUraTesieM uepe3 yepBsIYHBIE PeAyKTOPHL.
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Tuppapnuyecknil UMMMHADP BAABJAKMBAHHUS 30HIA yCTAHOBJEH Ha
cTpesie, NOAHUMAOMEHCS H3 TPAHCNOPTHOrO NOJIO)eHus1 B pabouee
ruapasnndecky. MakcumanpHasi TyOMHA 30HAMPOBAHMS COCTABIS-
et 21 M, MakcUManbHOE ycusine BlaBaMBaHus 13,6 Tc. [lnamerp
mTasru 3ou1a 34 MM, nJomase OCHOBAaHUYA kKoryca 10 cM2, yroa
npHu BeplunHe KoHyca 60°. HakoHeuHHK 20HAa ycranoBkm C-832M
(puc. 34) npexHasHaueH 1A U3MEPEHHs! CONPOTHRJIEHHSI TPYHTA HO-
FPY2KeHHI0 KOHYCA M MECTHOTO TPEHHS C NOMOLIbI0 MY(TH C IJIO-
H[a/1610 GOKOBOI IOBepXHocTH 350 cM2.

EXy~17
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Prc. 34. HakoHeuHHK 30HZA ycTaHoB- Puc. 35. VYcTaHOBKa IR CTaTMYECKOro
KH [N CTATHHECKOrO 3ouaupoBaumust  3omauporanus C-979
rpyura C-832M

v

1 — KOHYC; 2, 9 — MaHXeTH; 3 — LWIHHAD; 4 — YIPYrull 3JeMeHT € RaTYHKOM, BOCIPHHHMa-
OIHM YCHJIHE OT KOHyca M Npeo6pasyloliM ero B SJEKTDMYeCKH curuan; 5 — Hanpasigio-
uias wafiba; 6 — orpaHHYHTENIBHOE KOJBIO; 7 — YNPYTH# SJ€MEHT C paTYHKOM, BOCIDPHHMMAIO-
UM YCHTHe OT LUMJHHADA H npeoGpasyiollMM ero B 3JEKTPHY4eCKHH curuan; 8§ — Terlousons-
yHOHHBY yrop: 10— mydTta pysi coeannenys cO wTaHrofi: 11— NopbeMHHK; 12 — YIIODHEI!
WTOK, Nepeparopuil yCHIHE NPH BRABIHBAHHH depes ynpyrue 3fleMEHThl Ha LHAHHAD H KOHYCS
13 — 1apHK

IllTaHrn BO BpPeMsl ONyCKaHMS 30HAA aBTOMATHUECKH 3aXKUMAaIOT-
csl clequalibHBIM YCTPOHCTBOM, HAXOASIIIMMCS Ha KOHMuUEe UITOKA;
YCTPOHCTBO CKOJIB3UT IO LUTAHTe IO BepXHero nojoxenus. Jas us-
Gex<aHus NpOrHGa INTAHrH NPH BIABJAMBAaHMHM B IJOTHHE IPYHTH
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npefycMOTpeHa HanpaBlsioIasi BTyJKa-KOHAYKTOp. 3akpenJenHas
Ha TpaBepce, OHA NpPH 30HAHPOBAHHH HAXOAMUTCS HA TOBEPXHOCTH
3eMJTH.

ITogbem ¥ omycKaHue CTpesibl, BJaBJAuBaHHe H BhiJepruBaHHe
30H[a, a TaK¥ke 3aBHHUMBAaHUEe H BHIBHHUNBAHHE aHKepPHHIX CBail
OPOH3BOZUT ONEpPATOp C NyJibra ynpabienus. CKOPOCTh BAaBIHBA-
HES 30H7a 10 3 M/MHH.

CONnpOTHBJIEHHE TPYHTa NOrpyXeHHI0 KOHyCa W TpeHHe N0 GOKO-
BO# NOBEPXHOCTU My(TH BOCHPHHHMAIOTCS CEenHAJbHBIMH 3JIEKTPO-
TEH30METPHUYECKHMU JaTUMKAMKU M aBTOMAaTHYECKH (HKCHPYIOTCS B
Buje rpadukoB AByMs camonumynmwmu npubopamu MC-03. MsMe-
puTespHas alnapaTtypa uepes cneluaJbHBIH Npeo6pasoBaTesib NUTa-
eT1csl OT aKKyMyasaTopoB aBtoMobuss. JlnanasoH wamepeHHUi: conpo-
TUBJIEHNS] KOHYCa 30HIa Ha Tpex miKajaax — 0—50, 0—200 n 0—
300 krcfcm?; Tpemus no MydTte Ha tpex Mmkajgax —0—I, 0—3 u
0—9 grc/em2 Tlorpeninocth uaMepenuii ne Godee 2,5%.

Paspa6orannas ['TIM ®dyunaMeHTNpoeKT H H3TOTOBAABIIAACSH
cepuitHo MOCKOBCKUM 32BOJOM CTPOHUTENBHEX MAUIHH Iepe/BHKHas
yCTanoBKa Jjsi ctaTtHueckoro sonaupoBanus C-979 (CII-36), noka-
3aHHas HA PHC. 3D, COCTOYUT U3 TPeX OCHOBHHIX YaCTeH: 30H/a, BAaB-
JIHBAIOLIEro YCTPOHCTBA K H3MEPUTEJNLHOH annapaTyphl.

30H[ COCTOMT H3 CTaJBHBIX TpPYO auamerpom 36/20 Mw, miTaHr
anamerpoM 18 MM B HakoHeyHHKa. HakOoHEUHHK ¢ KOHYCOM ILJIO-
wanpw ocHoBaHusa 10 cM? (nuamMeTp OCHOBaHHSI KOHyca 36 wmw,
yroa npu BepiiuHe 60°) npuHST OJMHAaKOBHIM Ha ycraHoBkax C-979
u CI1-59. Kononna wmitadr 30HAa cobupaercs U3 CeKuuil AJHHOH
1 M. BraBnmuBarouiee ycTpoOHCTBO COCTOHT H3 THAPAaBJIHYIECKOTO HOM-
Kpata JBOHHOIO JeHCTBHSl ¥ JABUJIbLHOH roOJIOBKH, KOTOPHE CMOHTH-
POBaHB! Ha JBYX CTOIKaxX, YCTAHOBJEeHHHX Ha o0uiell pame. daBie-
HHE B JIOMKDaTax CO3JAeTcsl MacJOHACOCHOH CTaHIHeH, CMOHTHPO-
BAaHHOH Ha OT/JleJIbHOM OJHOOCHOM LIACCH.

KoHeTpykuusi 30HA2 1n03BOJSIET U3MEPSITh PA3LeNbHO CONPOTHE-
JieHHe I'DYHTa NOTPY:KeHHIO KOHyca n obljee CONPOTHBJIEHHE TPYHTA
BHaBnuBanmo 30H1a. ConpoTuBJeHHe rPYHTa 110 OOKOBOM MOBepXHO-
CTH 30H1a ONpeJessieTcsl KaK Pa3HOCTh H3MEPEHHHBIX CONPOTHBIIEHHUH.

ConpoTuBienue rpyHTa NOrpYKEHHI0 KOHyCa U3MepsieTcsl JUHA-
momerpom JJOCM-5 ¢ Meccypo#, paccyuTaHHHM Ha MakCUMalbHOe
yeuwane 5 1¢. O6iiee cONpoTHB/IEHHE IPYHTA NOTPYKEHUIO 30HJA OIl-
pellesisieTcsl MO IaBJeHHIO B THJPAaBJHYECKOH CHCTEME YCTAHOBKH,
H3MepsieMOMY MaHOMeTpOM. Besi ycTaHOBKA CMOHTHPOBaHA Ha Of-
HOOCHOM IacCH. AHKepOBKa YCTAHOBKH mpH paboTe MPOM3BOJUTCS
C NOMOIILIO YeThIpeX BHHTOBEIX CBal, NOrPY>KaeMBIX BPYUHYIO HJIM
ClenHaJbpHOH  YCTAaHOBKOH JAJAS 3aBUHYUBAHHSA BUHTOBHIX CBail
(¥3BC). Makcumanbhas raybuna 30HAMpPOBaHHsI 15 M, Makcu-
MaJikHOe yCHuiue BraBauBauug 10 Tc.

YcranoBka pnsf ctaTHueckoro 3oHaupoBanus CIT-59 (puc. 36)
BbIIycKaaachk J0 1978 r. MOCKOBCKHM 3aBOAOM CTPOUTENBHHX Ma-
mnH, a ¢ 1978 r. Brinyckaercss OpcKUM 3aBOAOM CTPOUTENBHHX Ma-
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1IMH. YCTaHOBKa CMOHTHPOBaHA na 6ase TpakTtopa T-16M u cocrouTt
H3 MeXaHH3Ma JJIsl 3aBHHYMBAHHsI aHKepPHOH cBau (Bpaiiaresas),
30H/2, BLABJHUBAIIEr0 K H3MEPUTEJNBHOIO YCTPOHCTB U THAPABIH-
YeCKOH CHCTEMH,

MaxkcuMaapHbi KPYTAILLHHA MOMEHT BpamaTtens 625 krc- M, Y1ciIo
060poToB 5—6 B | MuH. AHKepHasi cBas UMeeT CMeHHHE JONACTH
nunamerpom 250 u 350 mm. LleHTpasbHBI KaHas JIONACTH SIBJASIETCS
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Puc. 36. YcraHoBka Ans cTaTHieckoro 3oHauposanus CIT-59
Puc. 37. HakoHeuHHKH 30HAA YCTanOBKH JNIs1 cTaTHieckoro 3oHAupoBanus CI1-59

@ — KOHHYECKHY HAKOHMEUHHK g/t 30HAHPOBaHMS; 6 — NOMOJHHTENBHBII HaKOHEYHHK JRJAS
OYHCTKH CTBOJIA BHHTOBOH cBaH; ] — HapyiKHbie 3BEHbST 30HAa; 2 — BHYTPEHHHE 3BCHbS 30HIa;
3 —- HH)XXHEe 3BeHO; 4 — HanpapJslollass HHXHero 3BeHa; 5 — BHYTPEHHHH cTep¥KeHb; 6 -— KO-
HYCHHI{ HaKOHe4HHMK

HaNPaBJSIIOIKM KOHAYKTOPOM TpH BAaBJHBaHMU 30HAa. 30HA (puC.
37, a) cobupaercs n3 cexkuMit Aaunoi 1 M. HapyxkHble 3BeHbsl 30HAA
H3TOTOBJIeHH U3 TpyO 36)X8 MM (Mapka craan 30XI'CA) H coemn-
HAOTCA MeXky coboi Ha pesnbe. BHyTpeHHue 3BeHbsl 30HIa H3rO-
TOBJEHH U3 cTepkHeil muamerpoM 18 MM (Mapka cranu 45) u coe-
AMHAKOTCS MexXAy co6oit Ha ckonb3sinlell nocajke. HuxHee KOpoTkoe
3BEHO 30HNA WMeeT 30HIUDYIOUMHA KOHYCHEIFI HAKOHEYHMK, COelH-
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HeHHHI{I ¢ BHYyTpeHHHM cTepkHeM. KOHyc HakOHeUYHHKa CKOJIB3UT O
HAMpaBJAKIEN HUKHEro 3BeHa W HMeeT cBoGoJHHIH xo0x 10 40 MM.
30H NONOJHUTENBLHO cHabixaeTcs HAKOHEUHHKOM u3 TpyO AHaMer-
pom 36 MM (puc. 37, 6), Ucnoab3yeMBIM JAJS NPOAABANBAHHSA I'PYH-
TOBO# NpoOKH B CTBOJIe aHKepHOH cBaH, oOpasyouteficss HHOra NpHu
33aBHHYUBAHWMYU CBaM B NecYaHble IPYHTH. SOHL NOrpyXaercd B rPyHT
THAPABINYECKUM JOMKPATOM BAABJHBAIOLIErO yCTPOHCTBA Yepe3 us-
MePUTEJBLHYIO TOJIOBKY, KOTOpas MO3BOJNAET OJHOBPEMEHHO U Hempe-
PHIBHO U3MEpSITh CONMPOTHBJIEHHE I'PYHTa BIAARJUBAHHIO KOHYyCA H CO-
IPOTHBJIEHHe TPYHTa TPeHHIO Mo GOKOBOP NOBepXHOCTH 30HAA.

Jlunanason usMepeHuii: ycunuii nox soniom — 0,1—5 te, yeuaui
Ha GoKOBO# moBepxHOcTH 30HAA — 0,1—10 7c. Tlorpemnocty H3Me-
penuit He Gosee 2%.

I'uxpaBiauueckasl cHCTeMa yCcTaHOBKM paboTaer OT ImipaBinyec-
Koro Hacoca mrectepenuyaroro tuna HII-10E, npusomumoro B Iefi-
CTBHe OT KOpoOkH or6opa MouiHocTH 6as0BOro ABHraTeNlsl TpakTopa
T-16M. Ilyner ynpaBienMsi YCTAaHOBKOH pACHOJOXKEH B Ky30Be
waccu. Texnuueckast xapakrtepuctiuka ycranoBru CIT-59 npuBeneHna
HUIKe.

I'ny6una songmpoBamus, M . . . . . . . . . B2
MakcuMalibuoe ycullue BAaBJHMBaHuS 3on,1a TC e e . 10
CxopocTh BHaBJMBapus 30Hza, MMHAH . . - . . . . . JO2
Ta6apwiubie pasMepsl, MM:
IUIEHE . ¢ . v i e e e e e e e e e e e 4150
WMpHHa . . e e e e e e 1460
BbHICOTA B pa6oqu noNoMeHuH e e e e e e e 3700
»  » TPaHCNOPTHOM TMOJOXEHHH . . . . . . . 2500
Macca, kr:
HapecHoro o6opypoBaHust . . . . . . . . . . . 900
obmas . . . - . . - < . . 4 . e . 2700

C 1981 r. OpckHM 3aBOMOM CTPOHTEJNBHEIX MaHIMH [0 4epTEXKAM
I'TI ®ynnaMeHTNpOEKT HAYAT HANYCK YCTAHOBOK JJIS CTaTHYeCKO-
ro 3ouaupoBanus CI1-72, cMoHTHPOBaHHBIX Ha 6a3e aBTOMOGHJIA
3WUJ1-157, uT0 3HAYHTENLHO NOBEHCHIO MOOHJIBHOCTL YCTAHOBOK. Y-
tanoBku CII-72 cualxeHH annapatypoil nsil aBTOMAaTHYeCKOH 3a-
IUCH Pe3yJILTaTOB 30HAMPOBAHUS.

Hapsany c cepuiiHo wusroroBasieMBIMH ycraHoBkamMu C-979 u
CIT-59 I'TTH ®yraaMeHTHPOEKT HCMNONL3YeT pa3paboOTaHHYIO U H3-
rOTOBJIEHHYIO MM YCTaHOBKY ¥3K-7, cMOHTHPOBAaHHYIO Ha HIaccH aB-
TomoGunss 3MJI-131 1NOBHUIEHHOH HNPOXOXHMOCTH. 3OHA, KaK H
BA4BJIHBawLlee yCTPOACTBO (THADOUMJIMHAD), NpeAcraBiasier cobGol
yHHOHIHPOBaHHHI y3ea oT cepuiiHoli ycranoBxku CIT-59.

Jlns BOCHpHATHS PEeaKTHBHOrO YCHJIHSI BIABJIHBAHUA HCHOJL3Y-
ercsl 0/lHA aHKepHAA CBas, Yepe3 KOTOPYK NPOXOXMT 30HA NPH 30H-
JMpOBaHHHY rpyHTa. B 3aBHcHMoOcTH 0T Hecymleél cmocoGHOCTH TpyH-
Ta NPUMEHSIOT BHHTOBYI CBAK0 C JIONACTHIO jaupaMmerpoM 250 wau
350 MM u maroM 50 MM. MexaHH3M [Jl 3aBUHUMBAHHA aHKEPHOMH
CBal COCTOMT K3 OJHOCTYNEHYaToro 4epBSAYHOro peiaykropa (mepe-
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AatoyHoe oTHOWeHue 1 :40), IpUBOA KOTOPOro OCYIIECTBJAETCS
THAPABJIHUECKHM ABHraTeseM NMopuiHeBoro tuna 21.0.25,

HcnonuutebHBle THAPABINYECKHE MEXAaHH3MBl (B2BIMBAIOIIHKLT
THAPOLMJIHHADP, THAPOMOTOP) mnHTAaOTCA OT MacnoHacoca H-403,
IPUBOA KOTOPOTO OCYIIECTBJISIETCS OT TPAHCHOPTHOTO JABHUTATENS
apTroMo0u.aa. MakcumaJsibHast raybuna 3ouauposanus 20 .

Hapsay co cnenuaausipoBaHHBIMH YCTaHOBKAaMH /IS CTATHYEC-
KOTO 30HAMPOBAHMA NpeACTABJAIOT HHTEepeC pasJfinyHble KOMOHHHPO-
BaHHBble YCTAHOBKH. B wacTHOCTH, ¥YpaJdbCKUM TpPECTOM HHXKEHepHO-
CTPOUTENIBHBIX W3BICKAHH CO3[1aH U H3rOTOBJIEH KOMILIEKC OypoBOro
M onbITHOro oGopyaoBaHusa Ha Gase Gyposoit ycraHoBku ¥YI'B-50M.
YcraHoBka ocHallleHa HabOpOM NMPHCTABOK M MHCTPYMEHTOB, NO3BO-
JSIIOLIRX NPOU3BOAUTL: CTATHYECKOE U TMHAMUYECKOE 30HIHPOBaHHE,
Oypenne NYIOK H CKBAXUH MOJ HITaMObl miomanbio 600 cm?, 6ype-
HHe U 00yCTPOHCTBO CKBAXHUH AJ5 Ollpelie/leHUs IJIOTHOCTY H BJaxX-
HOCTH T'PYHTOB, ONBITHBIE OTKauku. IlpHcTaBKa AJs CTAaTHYECKOTO
3onaupoBanus Maccoit 140 Kr MMeeT 30HA CTAHAAPTHBHIX Pa3MepOB.

Credyer OTMeTuTb, YTO TeXHHYEeCKHe XapPaKTeDHUCTHKH CEPHHHO
BHIIYCKaeMBbIX YCTAHOBOK JJIS1 CTATHYeCKOro 30HAHpOoBaHusa C-832M,
C-979 u CII-59 noasocteio oTBevalT Tpeboranusm TOCT
20069—74 «I'pyutbl. MeTOq NOJEBOTO UCHBITAHUS CTATHYECKHM 30H-
JAHPOBAHHEM>.

3. O EsponeiicKkoM cTaHaapre Ha 30HLHUPOBaHHE

Oo6mue nonoxenns. Ha cocroasmemess 8 1974 r. 8 Ctokrosbme
EsponeiickomM cHMIIO3HYyMe 1O 30HAHPOBAHHUIO GBIIH OOCYKIEHBI TAK-
Ke npobaeMbl CTAHAAPTH32UUHM U BHIfIBJIeHAa HeOOXOMUMOCTD NpPOBe-
JIeHUs craHfaprusauuu  obopynoBanus. B 1975 r. ucmoakomom
MexayHapoAHOro o6mecTsa IO MeXaHHKe TPYHTOB H (GyHIaMEHTO-
crpoernro (MOMI'u®) 6n1a yrBepxkiena Komuecus no crannaptu-
3anny 3oHAUpoBaHuA B EBpone, B KOTOPYIO OB BKJIOYEH M Ipef-
crasuresp o1 CCCP (I0. I'. Tpodumenxor). B Teuenne nmyx Jer
3TOH KOMHCCcHeR OblLIM NOATOTOBJIEHB IPOEKTHl 4eThIpEX CTAH1apTOB:
Ha CTATHYeCKOe 30HAUPOBAHIe; Ha AHHAMHYECKOE 30HIHPOBAHHUE; Ha
ucnbTannsa Ha neHerpauuio (SPT); Ha 3oHaupoBaHue ¢ NPUTPY3KOH
(WBEACKUH MeTOn).

Ha 3acenanun ucnonkoma MOMI'u® 8 uroae 1977 r. 8 Toxuo no
npeasoxenuto npeacepartens Komucenu B. Bpomca (IllBenus) stu
crannapte OBUIH YTBepKAeHBl B Ka4eCTBe peKOMeBJaTenbHbX. MMe-
eTCsi B BUJY, YTO B CTAThAX, MPEACTABJAAEMBIX Ha MeXKIYHapOIAHBE
koudepenuy N0 QyHIaAMeHTOCTPOEHHI0O U B xypraa MOMIu®
«I'eoTeXHHKa», MPH ONMHUCAHHUH CBOMCTB TPYHTOB CJI€AyeT OTPaxaTh
pe3yabTaThl 30HAUPOBaHUS XOTH Obl OAHHM M3 CTaHIapTH3HPOBaH-
HBIX METOJIOB C T€M, YTOOH Pe3yJbTaThl 3THX HCNBITAHHE MOXKHO OH-
JIO J1erye OI€HHUTD.

Ilpu crapgapTH3allidl CTATHYECKOIO 30HAHPOBaHUSA 32 OCHOBY
OB NPHHAT 30HI, HCIOJB3OBAHHHH B IEpPBBIX TOJJIAHACKUX yCTa-
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HoBKax (nuamerpom 35,7 MM), TaK KaK OH HOJYYHJ TOBCEMECTHOE
pacnpoctpaneniie, B Tom yucie u B CCCP (ITOCT 20069—74).

HauGoabiie TpynHOCTH BO3HUKIM IPH Pa3palboTKe CTaHaapra
Ha JUHAMHYECKOe 30HMPOBAHHE W3-3@ OrPOMHOIO pasHooOpasus
JIMaMeTpoB 30HIOB, MAacCh MOJOTOB U BHICOTH HX IAJIEHHS B pas-
JHYHBIX CTpaHax. PekomenllyemMoe CTannapToM O6GODyIOBaHHE U
TeXHHKa HCMHTAHHH He UMEIOT NPAKTUUECKH NpPOTOTHIA HH B ONHORH
cTpaHe u ABJAKTCH Kak Obl CHHTE30M NPHMEHSEMBbIX B Pa3JIHUYHBIX
CTpaHax yCTaHOBOK.

Meto 30HAMPOBAHHUSA € NPHUTPY3KOH MOJYUHJS PacnpocTpaHeHue
TOJBKO B CKau[MHaBCKHUX CTPaHax M 3/leChb He pacCMaTpPUBAETCH.

Cratyuueckoe 30HAHPOBaHUE COCTOUT B MOTPYXKEHHH 30HIa C Ha-
KOHEYHHKOM (TOJIOBKOfT), MO3BOJAIOIIHM H3MepATb CONPOTHBJIEHHE
TPYHTA KOHYCY 30HJd, MeCTHOE TpeHHe Ha yJaCTKe HaKOHeuHHKa
(mydra Tpeuus) m (uam) obllee CONPOTHBJEHHE TPEHHIO Ha GOKO-
BOIl MOBepXHOCTH 30H/A.

TonoBKu 30HAa pas3felfiOTCs NO $HOpPMe Ha TOJOBKH C IPOCTHIM
KOHYCOM, B KOTOPHIX LMJHHAPHYecKas 4Yactb IOJ KOHYCOM OOHYHO
paBHa AHaMeTpy OCHOB2HHS KOHYCa, U TOJIOBKH ¢ KOHYCOM H KOXKY-
XOM, B KOTOPHIX HaJ KOHYCOM HMeeTCs CJerkKa KOHUYeCKasi YacTb
{KoxyX) msnuHON Gonee AHameTpa OCHOBaHMA KoHyca. I'onoBka 30H-
Jla MOXeT COJepXaTb My(dTy TpeHMs, Ha KOTOPOHl OnpelessieTCst
MeCTHOEe COIPOTHBJIEHHE TPEHHIO.

HsMeputenbHOe yCTpPORCTBO BKJIKOUAeT COOCTBEHHO H3MEPHUTENb-
Hble NpHOOPH U CPefICTBa Nepeflaud HHGOPMALWH OT TOJOBKH 30HAa
K MecTaM, IJle OHa PerucTpdpyeTcsi BU3YaJbHO HJIU 3aIHMCHBAETCH.

PaznuuaroT caenyiolliiie H3MepUTEJbHEE YCTAHOBKH: 3JIeKTpHUe-
CKUe, B KOTOPHIX HCNOJBb30BaHBl TEH30METPHYECKHE MJIH BUOpAIHOH-
Hble JaTYHKH B roJIOBKe 30H/[4; MeXaHHUYeCKue, B KOTOPHX HCIOJIb3y-
€TCA CHCTEMa BHYTpPEHHHX LITAHT [ mepefadyd YCHJIMA Ha IOJOBKY
30HJa, W THJpaBJHYeCKHe (UJH [HeBMaTHyecKHe), B KOTOPHX B
TOJIOBKY 30HIAa BMOHTHpPOBaHH THApaBJHyecKHe (MHeBMaTHUeCKHe)
YCTpPOHCTBA.

30HAMpOBAaHHE MOXKET OBITh HENPEePHBHEIM H  IPEPHBHCTHIM.
Ilpu HenpepHBHOM 30HIWDPOBRHHHM CONPOTUBJEHHE TIPYHTA KOHYCY
H3MepsieTCA NpPH ONHOBPEMEHHOM NOTpyKeHUH Bcero 3ouzpa. Ilpu
NPepHBUCTOM 30HAMPOBAHHMH CONPOTHBJEHHe TpyHTa KOHYCY H3Me-
psieTcs IpH HEeNOABHKHOM IOJIOXKeHHMH 30HAA. IIpH nHanuuny MydTH
TPEHHS] U3MepsSIeTC CyMMa CONPOTHBJIEHMH I'PYHTa KOHYCY H MeCT-
HOMY TPEHHIO IPH BJIaBJHBAaHHH KOHyca M MydTH IPH HENOABHKHOM
OCTAaJIbHOK YaCTH TOJOBKH 30HA.

PexomeHnyeMble pasmepnl 30Haa. PegroMenlyeMbie TOJIOBKU (Ha-
KOHEYHHKH) 30HAa ¢ My(QTOH TpeHHs U Ge3 Hee MPHBEIEHB HA PHC.
38. T'onoska 3onx2 Ha AnuHe 1000 MM f0/12KHa HMETh HAMETD, paB-
HHH J¥aMeTPy OCHOBaHHfl KOHyca, ¢ gomyckoM —O0,3 1 41 mMm.
YacTb roJIOBKH 30HAa ¢ My(TOH TpeHHs, pACIOJOXKEeHHas Bhille
MY(QTH, NOJXKHA HMeTb TOT 3Ke [uaMeTp, uTo U My({Ta TpeHus Ha
aiause 450 MM (12 nuamerpos) ¢ momyckom —0,3 MM. B octanbnom
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rOJIOBKA 30H4a ¢ My(TOfl TpeHHs [OJ2KHA COOTBETCTBOBATH TOJIOBKE
30114 6e3 MydTHL.

JuaMeTp ocHOBaHUST KOHyca 35,7 MM C YyIJIOM mpH Bepiunze 60°
Haj konycom J0/i&Ha OBITh HHUIUMHAPHYECKAS YACThb BHICOTOH 5 MM,
IllepoxoBaTocTh NOBEPXHOCTH KOHyCa JONycKaercsi He 0OJsiee 5 MKM.

Juamerp My(QTH TpeHHS AOJKeH ObITb PaBeH AHAMETDY OCHO-
BauHs KoHyca ¢ nonyckoMm 0,35 mm. Ilsomanb GOKOBOH NOBEPXHO-

cTH My(dTH, PAaCHOOJOKEeHHOH HEMNo-
0) : CPECTBEHHO HAaJl KOHYCOM, MOJIKHA
L 6eiTe 150 cm? ¢ ponyckoM +2% (cm.
i puc. 38).
1 Hapyxuele wranrs 3084a, ecau
9 OHH CJIYKaT JJsl u3MepeHus: 0O6IIero
TPEHHS], NOJIZKHbBI HMETb fuaMeTp 36 MM
| , ¢ pomyckom =1 mm, a luamerp BHYT-
pPEHHHX IUTAHT J0JXKeH 6biTh Ha 0,5—
1 MM MeHbllle BHYTPEHHErOo AHAMETpa
HapyKHBIX WTAaHT. TOPIBI BHYTPEHHHX
IITAHr JOJKHBI GBITH CTPOrO IepIeH-
JMUKYJSIDHBL OCH IUTAHT, H WX HOBEPX-
HOCTb JOJXKHa ObiTh TILATENIHHO OT-

000

1000
N 133 Tmm (nnowads 150 cm?) .

i wndoBana.
=y - Lj / Ilpn OGosbwofi rayOuHe 30HAHPO-
v BaHHS /5 yMeHblleHHsI OOIEro co-
IPOTHBJIEHHS] TPEHHIO MOXKHO IIpHMe-
} 557, HATb CHHKAWOLIEe TPeHHEe Y3KOE KOJb-

[0 Ha IOTAHrax HJIH HCIOJb30BAaTh
Puc. 38, Pexomennyembie Hako-  yitaHrd mesbliero auamerpa. Kosbio
HeYHHKH [Ji11 30HAUPOBAHHUA IIO " HepeXOJI Ha MeHbHIPIﬁ ILPIaMeTp OJI-

Eeponefickomy cranpapry (pas-
MepHl [12HBl B MM) HHBl HAXOAHTBLCH He OsuxKe 1000 Mm

a— 6es MydhTH Tpenmsi; 6 —c My®- OT Konyca.

Tolt TpeHus; [ — wWTaHra; 2 — 3asop Ilpu NpuMeHeHHH B H3MEDHTE!b-

¢ ynmommmTenem; §—wMydTa TPOWMR 0¥ CcHcTeMe  3aNHCHLIBAIOMHX  YCT-
POHCTB PEeKOMEHAYeTCsl MpenyCcMarpH-

BaThb BO3MOXKHOCTb HENOCPeLCTBEeHHOH BH3YaJbHOH 3alUCH pe3yiib-

TaToB.

Pexomenayemasi Texnonorus HenblTanmuid. PekoMeHIyeTcsl MeTOR
HeNpPepLIBHOTO 30HAHPOBAHHS CO CKOPOCTBIO 2 cM/C C JIOMyCKOM
=+0,5 cM/c. PesysabTarsl 30HIHPOBAHKS 3AMHCHIBAIOTCS C HHTEPBAJIOM
He Gosiee 0,2 M. I'ny6runa 30HAMPOBAHUS [OJIKHA H3MEPSITLCH C TOY-
HocThi0 MuHEMyM 10 cm. TouHOCTL HW3MepeHufi ¢ yueToM BCeX BO3-
MOXHBIX oI6GOK (TpeHHe B yCTpoHcTBaXx, olubKi NpHOOPOB, BHe-
IeHTPeHHOCTb HArpPy3KH, TeMIepaTypHbLI (akTop H Ap.) AOJKHA
cocTaBisaTh 5% uaMepsieMoil BenuyrHL nau 1% makcHMaabHOrO H3-
MepsieMOro yCHJIHSL.

Jlo Hagana HCNBITAHHS HEOGXOMHUMO NPOBEPHTb MPSMOTHHEH-
HOCTb 30H[1a, 0COOEHHO NEePBLIX NATH 3BeHbeB (5 M). IIpoBepka mpo-
HM3BOJHUTCS NyTeM CcOOPKH STUX 3BeHbLEB, YCTAHOBKH HX BePTHKAJIb-
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HO Ha [IOBEPXHOCTH 3e€MJH ¥ BpaueHHs. OTKIOHEeHHe 30HIa OT OCH
IpH BpallleHHH YKa3biBAET HA €ro HenpsiMoJuHefiHOCTb. Takoi 30HI
caenyeT NepeMOHTHPOBATD.

Paccrosiude MeXIy COCEJIHHMH TOUKAMH 30HAHPOBAHHSA NOJKHO
6bith He Menee 1 M. Ilepex HavasiOoM 30HAMPOBAHMS JOXKHH OHTBb
TINATEJBHO IPOBEPEHHl BCE 3a30phl H YILIOTHeHHe Ha TOJIOBKE 30H/AA.

Tlepenaua curnana OT W3MEPHTENbHLIX YCTPOHCTB B rOJiOBKe 30H-
Jla Ha TOBEPXHOCTh NOJXKHA MPOH3BOAMTHCS N0 HeNpepLIBHOMY Kale-
JII0, KOTOPHIH MpeJIBapUTENIbHO IPONycKaeTcss BHyTpH wradr. Ilpu
IpUMEHEHHH 3JeKTPUYECKHX TOJIOBOK 30HJOB JIOJXKHA OBTL mpely-
CMOTPEHa BO3MOXKHOCTBb TEMIEpaTypHOH KOMIeHCALUH H3MepeHHH,

Tlpu waguwuwy MaHOMETpPOB MX KaauOpOBKa IPOH3BOJIHTCH MO
kpaineit mepe 1 pas B 6 Mec. B koMnJieKTe YCTAHOBKH NOJ/IKHO OLITh
O 1Ba MapoMeTpa KaxJoro tuma. Ilepuosndyecky MNOKa3aHUS HC-
NOB3yeMOr0 MaHOMeTPa IPOBEpSIOT N0 MOKA3aHUAM 3aMacHOro.

Js1 mpoBepKH BepPTHKAJBHOCTH 30HAA B IPYHTE MOTYT HCIOJb-
30BATBCH HHKJIWHOMETPHl, BMOHTHPOBAHHBIE B rOJOBKY 30HMA.

Pernctpaums pesyibTaToB. /{15 NOCTpoeHHS rpaduKka pesyJbra-
TOB 30HJAUPOBAHUS PeKOMEHYIOTCS CJelyloliHe MaciiTaObi

rnyGuHa 3cHAMpOBaHMA . . . . . . . lecu=lM
yaeNbHOE CONPOTHBJIEHHE TPYHTa KOHYCY
30HOA Q¢ . - - . . . . .1 cm=20 xrc/em? (2 MIla)

yJieIbHOEe CONPOTHBJCHHE rpyma Tpeﬂmo
wa mydre Tpéwmst fs . . . . . . . . 1 cu=5 krc/em? (0,5 MIla)

ofliee CONPOTHBJIEHHE TIPyHTa INOTpyxKe-

Huo 3oHpa Q; . . . . . 1 cm=500 krc (5 xH)
ofluee CcoONpoTHBJICHHE rpyma Tpeﬂmo Ha
somae Qse . . . . . .. . . 1 cu=500 krc (5 kH)

Ecnyn 30H1HMpOBaHHE BBINOJHAJIOCH B COOTBETCTBHU CO CTaHIap-
TOM, Ha rpaduke (B IpaBOM HHMXKHeM yray) craeurcs 6ykea S, moc-
Jie KOTOpO# craBHTCS OYKBa, yKasbBalom@asi THI YCTAaHOBKH: M —
MexaHnyeckasi, E — anekrpuueckasi, H — ruapasianueckast.

B xypwasne 30MAMpOBaHHS (BHYTpPEeHHEM JOKyMeHTe OpraHu3a-
[MM) JOJXHBl OBITh YKa3aHB HOMep FOJIOBKH 30H[A, flata H HOMEp
cepTudHKaTa NPOBEpKH H3MEPUTENBHBIX YCTPOHCTE.

OTkjIoHeHHs OT pexkoMeHayeMoro crampapra. Ilpu soraupoBa-
HUH C OTKJIOHEHHEM OT PEKOMEHIYeMOrO CTAHIAPTAa BCe OTKJIOHEHHS
JIOJIKHBl OHITHL YETKO H AICHO YKasaHbl Ha rpaduke. Ecau Auametp
OCHOBAHHSA KOHYCA U YToJ NPH BepIUHHe He COOTBETCTBYIOT CTaH-
napty, To 6ykBa S Ha rpaduke He cTaBHTCS, a nocie 6yks M, E unu
H cranosurcsi: B=...,, a=...,, IJile B—nameTp OCHOBaHHS KOHYCa,
o, — YroJi IpU BeplIKHHE.

Ecnn mydra Tpewus pacmosaraeTcsi He HeNOCPEACTBEHHO Haj
KOHYCOM, TO MHHHMa/IbHOe PACCTOSIHHE OT OCHOBAHHA KOHyCa IO HH-
3a My THl 10J1%HO OBITh paBHO 3 B.

Ecnn nyomans MyQThl TpeHHsI He COOTBETCTBYET CTaHAApTy, TO
oHa He nosxua OviTh Oosbiue 350 cm? u menbme 100 cM2. B stom
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cnyyae Ha rpaduke OykBa S He ctaBuTes, a nocne 6ykeel M, E u H
YKa3HBaeTCsl: PacCTOsiHHe MyGTB TpPeHHS OT OCHOBAaHHS KOHycCa
h=—..., nyiomaas 60KOBOM MOBEPXHOCTH MYPTH Ag=...

Ilpu nmpepbiBHCTOM 30HAWPOBAHHH MHHHMAJBHOE IepeMeleHue
KOHyCa HJIH My(TH TPeHHst ROMKHO OHTb pasro 0,5 AnaMeTpa OCHO-
BaHHSl KOHYyCAa.

PekomeHyeMast CTaHIapTOM TOJIOBKA 30H[A OTJIHYAETCH OT YIIO-
TpebJisieMBIX B Pa3HUHBIX cTPaHax. [TosToMy B cTaHiapre mpuBege-
Hbl HAXOMSfII{HE IIHPOKOE NpPHMEHEHHE FOJIOBKH 30HAOB H MM JAHBI
cokpalennbie 0603Hauenus. Tak, roJoOBKe 30H/a FOJIaHACKOR yCTa-
HOBKH, MOKAa3aHHOH HA puc. 25, npucBoeno oGosnavenne M, ronos-
Ke soHna ycranoBku CII-59M, nokasauHoél Ha puc. 37, a, — M3,
roJIOBKe 30HAA yctaHOBKM C-832M, mnokasaHHoit Ha puc. 34, —FE,
As=350.

Jlnsi noBBIIEHHS TOYHOCTH Pe3yJbTaToB, NOJYYEHHBIX NPH 30H-
JHPOBAHHH B CNalbiX TPYHTAX C MAJBIM CONPOTHBJIEHHEM, PEKOMEH-
RyeTCsi IPH IPOH3BOJCTBE 3aMepPOB C IIOBEPXHOCTH IPYyHTA BHOCHTD
NONPAaBKy HA MAacCy BHYTPEHHHX IUTAHT — NPHN ONpeNesieHHH CONPO-
THBJIEHHSI KOHYCY 30HAa M Ha MacCy BHYTPEHHHX H HAPYKHBIX
IITAHT — OPH OnpejesneHuy OOmero CONPOTHBJIEHHSI IPYHTA MOTPY-
HKEHHIO 30H/1a.

B naiueit cTpase KOHCTPYKIIHH YCTAHOBOK, PAKTHKA NPOBEICHHSA
CTATHYECKOrO 30HIHPOBRAHHS W O0OpaGOTKa pe3yJNbTATOB BecbMa
6aM3KH K peKoMenjaiysM 31oro EBpomneiicKoro cTanjapra.

4. Ob6nacTb NpUMeHeHHs: 30HANPOBAHUS

OO6nacTy NpuMeHeHHs CTATHUECKOrO W JAWHAMHueCKOro (CM. Tak-
e Iy1aBy V) 30HAHPOBAHHS PErIaMeHTHPOBAHA BBEIEHHBIMH B JIei-
ctBHe ¢ uionst 1973 r. «YKa3aHuaME 110 30HIHPOBAHHIO TPYHTOB [J1s1
crpoutenscteay (CH 448—72), nanHble H3 KOTOPBIX NpPHBENEHBI B
Tabn. 15.

B coorsercreun ¢ TOCT 20069—74 MeTO[ CTATHYECKOTO 30H[IH-
POBaHHS B COUETAHHH C JPYTHMH BHAAMH HHXEHEPHO-TeOJOTHIeCKHX
HCC/IeIOBAHME FPYHTOB CJ/Ie/lyeT IPHMEHSTh IJsi OlpefleseHHA:

HHXKEHEDHO-TEOJIOTHYECKHX  3JeMEHTOB  {MOHMIHOCTH, TpPaHHUBI
pacnpocTpaHeHHst TPYHTOB pasJiMuHOrO COCTaBa M COCTOSIHHSA);

OMHOPOAHOCTH I'PYHTOB N0 MJIOIIAMY U ray6OuHe;

INyOHHB! 3aJIeTaHHST KPOBJIH CKAJbHBIX M KpYMHOOGJOMOYHHBIX
TPYHTOB;

npuOAMKEeHHOH KOJHYeCTBEHHON OLEHKH XapaKTepHCTHK IPYHTOB
(IJIOTHOCTH, YyrJjla BHYTPeHHerO TpeHHsl, MOAyAs JedhOopManuu
HT A4.);

CONpPOTHBJIEHHS TPYHTa NOJ cBaeH 4 N0 ee 6OKOBOH MOBEPXHOCTH;

cTeneHM YIUIOTHEHHS W YIPOYHEHHS BO BPEMEHH HCKYCCTBEHHO
CJIOKEHHBIX (HACHIIHBIX ¥ HAMBIBHBIX) TPYHTOB, BHIGOpa MecT pac-
[0/TOKEHHUS ONBITHBIX MJIOIAAOK /ISl IeTAJNbHOIO H3yyeHHs (PH3HKO-
MeXaHHUYeCKHX CBOHCTB IPyHTOB.

84



Ta6aupga 15

Cnocol6 SOHAUPOBAHKA

I'pyHTW
AunaMude ki cTaTHYeCKHHA

Mepanple Bcex BHIOB
CxalibHple He ponyckaercs

Kpynnoo6aomounpe

ecuanbe M TIMHHCTHIE C cofepikaHuen | LlONyCKaetcs po ray6unbl He Goxee

KPYNHOOGIOMOYHEIX MartepuanoB (B % XK 40 m 25 M
0bpeMy)
[Tecuantse:
KPynHele, cpeflHell KPYNHOCTH, MeJKHe
¥ nNeJdeBaTeE (BnaXHbie H Manlo- Jonyckaercs
BJa¥KHble)

KpynHee, cpefiHell KDYIIHOCTH W MeJ-
KHe (BOICHACHILEHHUEE)
nbJIeBaTHE (BOAOHACHIUEHHEIE)

He nonyckaercs * l Jlonyckaercs

I'nuHucteie (CYTIMHKH Y TJIMHB)

TBepabe, TNOJYTBepJHe H Tyromnia- Honyckaetcs
CTHYHEIE

MArKOMIACTHYHEIE, TeKyuellIACTHYHEIE N

U TeKyuHe He nonyckaercs Jonyckaercs

* HonyckaeTcsl NO CheLganbHO paspaGOTaHHOH MerTojuKe npu TPOBefeHHH
SKCNEePHMENTANbHHX PaGoT.

CrenyeT nonyepkHyTh HE3aMEHHMOCTb CTATHYECKOTO 30HAHPOBA-
HUs] IpH NPOBEIEHHH H3BLICKAHHE 1151 TPOEKTHPOBAHUS CBafHBIX
¢ynunamentoB. B coorsetctBru co CHHuII 11-17-77 «Caafinbie ¢yn-
naMenthi». CTaTHYeCKOe 30HLHPOBAHME HCHOJB3yeTCs NPH MOJyye-
HHH KaK Npe/(BAPDHTENIBHHX JAHHBX H3BCKAHUMH, I[O3BOJAIOIIHNX
NPOEKTHOH OPTraHH3alHK ONPEENHTh BO3MOXKHOCTH H Lelecoobpas-
HOCTH IIPUMEHEHHS CBaHHEIX (PYHAAMEHTOB, TaK H IIOJIHBIX JAHHBIX,
HeoOXOMUMBEIX I COCTaBieHus] pabouBX uepTexeir cafinoro ¢gyn-
JlaMeHTa.

IlpakTika MOKasHBAET, UTO C NOMOIIBIO CTATHUECKOTO 30HIUPO-
BaHHAl MOX(HO ZOCTAaTOYHO TOYHO ONpeJesiTh Hecyllylo CIOCOGHOCTD
CBail, 4yTO NMO3BOJIsSleT BO MHOTHX c/yyasix oGoiTuCh 6e3 10porocTos-
LHX H TPYIOEMKHUX HCHOBITAHHH CBay CTATHYECKOH Harpy3Koi.

5. IpoBenenne ucnvitanmit

3OHILI/IpOBaHI/Ie cllenyeT BBIIOJIHATH 110 nporpamMmmMe, CocTaBJisie-
Moit coriacuo TpeGosanusim CHull I1-9-78 «Hmxenepiibie Habicka-
HHS [17151 CTPOMTeNbCTBA. (OCHOBHBIE TNOJOXKeHus» U AeHCTBYIOLMX
HOPMaTHUBHHX JAOKYMEHTOB Ha HHYXEeHEPHBbIE H3BICKAHUA H IIPOEKTH-
poBanue. B nporpamme paGor B 3aBHCHMOCTH OT KOHKpeTHHIX 3372y,



NOCTaBJAEHHBIX Iepes] 30HAHPOBAHHEM, CJIOKHOCTH M H3YYeHHOCTH
HHKeHePHO-TeOJIOrHYeCKHX YCJIOBHH INOmanku, ocobenHocrelt 06b-
€KTOB CTPOHTEJIbCTBA H CTAJAHH NPOEKTHPOBAHHS YCTAHABJHBAIOTCS
YHCJI0 TOYeK 30HHPOBAHHS H HX B3aWMHOE PaCIOJIOXKeHHe, rayOuHa
30HAHPOBaHHS, a8 TAKXKe OUePenHOCThb BHIIOJHEHHS paboT IO 30HIH-
POBAHHIO H APYIHX HHXKeHEPHO-reOJOrHYyeCKHX HCC/eOBaHUI IpyH-
TOB.

I'mybuna 30HoHpOBaHMS NOJMXKHA OBITh, K&K HPABHJO, HE MeHee
10 M. Ona moxer 6bITh MeHee 10 M, HO He MeHee 5 M IPH HW3BICKAHH-
SIX MO 3aCTPOIKy CPABHUTEJBHO JIETKHMH COODYXKeHHSIMH (MaJio-
9Ta)KHble A0M3, OTJE/JBHBIE CEMBbCKOXO3SHCTBEHHEE COOPYIKEHHS).
I'nyOuna 30HIHpPOBaHHS MOXKET TAKMKe 0KasaTtbcs MeHee 10 M mpH
6,TH3KOM K NOBEPXHOCTH 3aJleTaHHH KOPEHHBIX MMOPOJ, a TAKKE TBEP-
JBbIX MJHHHCTBIX HJIH IJIOTHBIX HECBSI3HBIX TPYHTOB BBICOKOH Hecyiueh
cnocobrocTH. Ilpu atom Heo6xomuMo ybeWTBCH B TOM, YTO MOJ KO-
HyCOM 30H/la JAEHCTBHTEABHO HAXOAWTCH HECYIHH CJOH [OCTATOYHOH
MOIIHOCTH, 4@ He TOHKHH NPOCJOeK IVIOTHOTO I'pyHTa HJIH faxe OT-
JNeJbHBIH BasyH. YOeIUTBCS B 9TOM MOXKHO, IpOOYPHB XOTS OB OJHY
CKBAaXXHHy H 3arJyOHB ee B IJIOTHHIH CJI0fi MHHHMyM Ha 3 M.

Tlpu HCnoONB30BaHHH 3OHAMPOBAHHSA [JIf HHIKEHEPHHX H3BICKa-
Hufl IpH IPOEKTHPOBAHHH CBAHHBIX (YRIAMEHTOR IMTyOHHY 30HAHPO-
BaHHUS CJeAyeT HAa3HAYATh HHIKE NPOEKTHPyeMOl: [VyOHHBI nOrpyKe-
HUSI HHZXKHHX KOHIIOB CBail B HeCKaJbHBIX IPyHTaX, KaK NpaBujo, He
MeHee uem Ha 5 m. [Ipu cBafiHbix KycTax ¢ Harpy3koit Ha Kyct Gosee
300 Tc, a TaKXKe NPH CIJIOIIHOM CBAHHOM MOJe MOJ BCEM COOpyKe-
HueM ryOuny 3oHaHpoBaHus ckBaxuH (b0Y% obmero uncaa) cre-
IyeT HA3HAYATDH HHXKe NPOeKTHPYeMOH IMyOHHBI NOTPYXKEeHUST HHIK-
Hero KOHIla CBal, Kak NPaBuHJIO, He MeHee yeM Ha 10 M.

ITpu npoBeneHry HHXEHEPHBIX W3bICKaHHII 1107 KOHKpeTHBlE 31a-
HHSI H COOpYKeHHsl 30HIHPOBaHHe TPYHTOB HeOOXOAHMO NPOH3BO-
JMTh B IIpejieNlax uX KOHTYpPOB HJIH HA PACCTOSHHAX OT KOHTYPOB He
Gosniee 5 M. Jlis monydeHusi CONOCTABHMBIX AAHHBIX YaCThb TOUEK
30HHPOBAHKS PACNOJaralT Ha PacCTOsiHHH He OoJee b M OT rop-
HBIX BBIp2GOTOK, B KOTOPbIX IPOH3BOAAT OTOOP MOHOJIMTOBR IJIsl Ja-
6OpaTOPHBIX HCCJeNOBAHHI H BBHIIOJHSIOT JPYrHe MOJIeBBie HCCJe-
JIOBaHusI rpyHTOB., TOUKa 30HAMPOBaHMA HOKHAZ HAXOLHTBCA Ha
paccTosiHUM He MeHee 1 M OT rpaHuibl BHIpaGOTKH H He MeHee 2 M
OT OCH HCHBITYeMOil cBau. TOYKH 30HAHPOBAHHS 3aKPEIJIAIOT HA
MeCTHOCTH BpeMeHHbIMH MapKamu. I1yiaHOBO-BuiICOTHAsT TNIPHUBSI3KA
TOYEK 30HJMPOBAHUSA J0JKHA OBITH BHIIOJHEHA 2 pasa — 10 H NOcC-
Jle IpOBeeHHST 30HIHPOBAHHUSL.

YcTaHoBKA, ¢ MOMOImbI0O KOTOpPOH MPOH3BOAMWTCS CTaTHUYECKOe
30HIHpOBaHKe, AOJKHA oTBeyath Tpebopauusaim I'OCT 20069—74.
BrimonHsieTcst CTaTHUeCKOe 30HAHPOBAHHE B COOTBETCTBHH C HMEIO-
IHMHCH 8 YCTAHOBOK HHCTPYKUMSMH IO HX 3Kclayartauuu. I1pu
BBHUIOJTHEHHH 30HJAHPOBaHHS HeoOXonMMo CoGaIOfaTh TpebGoBaHHSA
CHuIT II1-4-79 «Texnrika 6e30nacHOCTH B CTPOHTEJBCTBE», «PyKo-
BOJCTBA MO TeXHHKe 0e30MacHOCTH IPH HHKeHepIo-H3bICKaTeNbCKHX
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paborax mas crpoutenncrBa» (M., Crpoituspar, 1971) u<«Ilpasun
6e3o0nacHOCTH PH reosioropasseioynbix pabotax» (M., Henpa, 1979).

Kaxpass ycraHoBKa JOJIKHA MPOUTH: €XKeroJHO ~— MOJHYIO Mpo-
BEPKY COCTOSIHHSI H3MepHTeJbHOH annapatypbl coryacio I'OCT
2405—72, TOCT 15614—70, TOCT 9500—75; 1 pa3 B kBapras —
TEKYIIYI0 IPOBEPKY COCTOSIHHSI YCTAHOBKM H H3MEPHTEJbHOH anna-
paTyphl; mepHOIUYECKH, MOCJe OCYIIEeCTBJAeHHSI 30HAHDOBAHUS B
15 TOuKax, — NPOBEpPKy NPSMOJHHEHHOCTH M CTeneHH M3HOCa 30HJa.

IIpsiMoauHeifHOCTb 30H[a NPOBEPAIOT MyTeM COOPKH 3BeHbER 30H-
Zla B OTPE3KH AJTHHOMN He Gosiee 3 M, Ha pOBHOH mosepxHOCTH. OTKJIO0-
HeHMe OTpe3Ka 30HAA OT UPSAMOH JHHMM He JOJXKHO IPEeBHUIATh
5 MM B J10060i1 MJIOCKOCTH MO BCell VIMHE TPOBEPSEMOro OTPe3Ka.
AnanornysHo NpoBepsIOT conpsizKeHHe MexkAy co00it OTTApPHPOBAHHBIX
OTpe3KoB 30u14. IIpH 30HAMPOBAHUM MECTOMOJOXKEHHe KaxKI0ro
3BeHa B 30HJe JOJIKHO COOTBETCTBOBATHL €r0 NOJOXKEHHIO NPH TapH-
poBOuHOi1 c6opKe.

CraTHueckoe 30HIUPOBAHHE CJAEAYET OCYLIECTBJIATbH UHKIAMH, B
COCTaB KOTOPBIX BXOJST:

paBHOMepHOe BAABJHMBAaHHE 30HAA C IepHOAHYECKOH — uepes
20 c¢M (Tpu pes3sKHX U3MeHEHHSIX CONPOTHBJIEHHSI TPYHTa KOHYyCY 30H-
na —uepes 10 cM) — peructpainueil BeJHYHH CONPOTHBJEHHSI I'DyH-
Ta BILABJHBAHHIO HJIH HENPePHBHOH aBTOMATHUYECKON 3aNHCbIO 3THX
BeJUYMH HA JHArpaMMHBIX JieHTaX NpuGOpOB;

HOJHATHE IITOKA NOMKpata (HJH 3aXBaTHBAIOLIETO YCTPOIiCTBA)
B BepXHee IOJIOXKeHHe ¥ HapamuBanue (Mo mepe HeoOXOIMMOCTH)
CJelyIOLIEero 3BeHa IITaHr.

I'nyb6una BAaBJHBaHUS 30HIA B [PYHT OIpe/e/IETCS N0 MepHOMH
pefike MJIH AMArpaMMHHIM JieHTaM (IpH CHHXPOHHOM JBHKEHHH
JeHT u 30H71a). CKOpPOCTb MOrPyKeHHsT 30HAa /IS ONpeleseHHs
XapakTepUCTHK TPYHTOB U Hecyinell cnocOOHOCTH CBal AOMXKHA CO-
XPaHSAThCS MOCTOSIHHOM M OHTh He 60siee 1 M/MuH. OCTaHOBKH HO-
NyCKalTCH TOJbKO IS HapamuBaHus mrtadru 3o0n71a. CKOpOCTh H3-
BJICUEHHS 30H;14 He OrPaHUYHBAETCS.

Pesysnbrath 30HAHpOBaHMSA 3anMchHBawTcs B «)KypHase craTH-
4eCKOro 30HAHpoBaHus rpyHtoe» (mpua. 1 k FTOCT 20069—74) unn
aBTOMATHUYECKH Ha AMAarpaMMHoOIl JieHTe. B xypHaJse PUKCHPYIOT DO-
sIBJIeHHe IIOCTOPOHHHUX LIYyMOB (CKpekerta, yiapoB H T. II.) U pe3Kue
H3MeHeHHs] CKODOCTH NOrpyXeHHUsl 30H7A.

HenbiTanne 3akaHUHBaeTCs IOCJTe [IOCTHZXKEHHST KOHYCOM 30HJA
3anaHHON ryOHHB MK NpelleIbHBIX YCUJIMIT Ha KOHYC MJIH Ha 30HJ
B ejioM. I1pH u3BJleueHUH IITAHTY 30HJA HEOOXOAUMO OCMATPHBATE,
Hannune nckpusienui, rimy60KHX napanuH ¥ NOBpeXAeHUI MTaHTH
U KoHyca (UKCHPYIOT B «)KypHalle CTATHYECKOrO0 30HAHPOBAHUS
rpyuToBy. Ilocne OKOHUaHHST 30HAMPOBAHUST TOUKY 30HAHPOBAHHS
TAMIIOHHPYIOT (TPYHTOM, JepeBsiHHOH NpPOOKOH H T. I.) U 3aKpervisi-
IOT 3HAKOM € COOTBETCTBYIOLIEH MapPKHPOBKOH.

Kamepanbhyio 06naboTKy pe3yJbTaTOB 30HAUPOBAHUS BHIIOJHS-
IOT 1O JIaHHBIM, BHeCeHHHM B «)KypHaj CTaTHYeCKOro 30HIHMpOBa-
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HUSl TPYHTOB», WM JHArDAMMHBIM JIEHTaM, MOJIyYeHHBIM TP aBTO-
MaTHYeCKO# 3aIMHCH Pe3y/bTaToB. Pe3ysnbTaThl CTaTHYECKOro 30HIH~
poBauusi 0pOPMASIOT B BUJle COBMellleHHBIX TpadhHKOB H3MEHEHH IO
rayOute 1oxasartesieil 30HAMPOBAHMSI U HHKeHepHO-Te0JOrHYeCKHX
KOJIOHOK TOPHBIX BHIPAGOTOK (CKBAxXKHH), PACHOJONKEHHHX BOJIH3U
TOYEK 30HAHPOBAHHUSL.

CoBmMeluentble rpagUKH PeKOMEHAYeTCS BHIIOJHATH B CJAEAYIO-
mux Macmrabax:

ray6uHa 30HmupoBaHus (Mo BepTHkamu) . 1:100
ylle/NbHOE CONPOTHBJIEHHE TPyHTa KOHYCY
3ona (O TOpM3OHTaNM) TpPH erc MOrpy-
XKeHuW, g=* . . . . . . . . . .
CONpPOTHBJEHHE TPYHTa TPEHHIO 1O GOKO-
BOH TIOBEPXHOCTH 30HNa Pgq (IO ropH3oH-
TADH) « + « « + & « « « « + « « o 1cm=051C (5 KH)
yllesbHOE CONPOTHB/eHue TPYHTA TPEHHIO

(1o ropu3OHTaNM) p; Ha Y4acTKe GOKOBOH

HoBepxHocTH 30Haa (Mydre Tpenus) . . 1 em=0,1 &rcfem? (10xkIla)

1 cM=20 xkrc/em? (2 MIla)

TIpH MHKeHepHO-reOJIOrHUECKOll OIleHKe CTPOUTEJBHBIX ILI0INa-
JIOK Pe3ylbTaThl CTATHYECKOrO 30HAHPOBAHHSI PACCMAaTpHBAIOT COB-
MEeCTHO C JaHHHIMH OypeHusi, rpadukamMy HOrpyxKeHHs MPOOHBIX
cBail ¥ APYTHMH MarepHajaMH HCCIeOBAHUS TPYHTOB.

Ilpu HCnoAB30BaHHUM PEe3yJbTAaTOB CTATHUECKOTO 30HIUPOBAHHSA
ISl omnpefleneHdst (PU3HKO-MeXaHHYeCKHX CBOHCTB IpyHTOB HeoOXO-
JHMO HMeTh B BUAy ciaenywouiee. I[10CKONBKY HaHHBIE CTATHYCCKOrO
30HAMPOBAHHS HCIONB3YIOT IJIsl ONpe/lesleHHs] HOPMaTHBHLIX Xapak-
TEPUCTHK TPYHTOB, NpH 06paboTKe pe3ysbTaTOB 30HIUPOBAHHSA CJle-
IlyeT ONMpeleNiATh BHAYale cpelHeapH(pMeTHYeCKHEe 3HAYEHHS JJis
BBIIEJIEHHOTO  HHXKEHepHO-TeOJIOTHYECKOro CJ0s (MJIH pacueTHOro
yuacTKa) MO [JAHHBIM OJIHOTO 30HIMPOBAHHSA, a 3aTeM CpelHeapHo-
MeTHyeCKHe 3HAYeHUs IS JAHHOIO CJOsl (y49acTKa IO BEHICOTE) Mo
NaHHBIM BCEeX OTHOCSIUMXCSl K paccMaTpuBaeMOll ILIOIIAlKe TOURK
30HANPOBAHUS.

Tlpu HeoOXOAMMOCTH OnpelelieHHSl PACUeTHBIX XapaKTepHCTAK
Ko3(hHIHeHT 6e30MaCHOCTH MO IPYyHTY Kp ompenensieTcsi COIVIACHO
CHulIT 11-15-74.

6. O TeopeTHYECKUX pElIEeHNAX 3aayH
0 30HAUPOBAHHH TPYHTA

PaccMmoTpuM BOMPOC O BO3MOZKHOCTH HCINOJNb30BAHUs TEOPETH-
YeCKUX DeIleHHH AJs onpefesieHHs (PH3HKO-MeXaHUYeCKHX CBOHCTB
IPYHTOB 11O AaHHBIM 30HAMpoBanus. Cuutas, yTo Npy BAABAHBAHUU
IUJIHHAPHYECKOrO 30HJa C KOHHYECKHM HAKOHEYHHKOM B IPYHT IpO-
HUCXOJSIT CUMMETPHYHBIl CABUI TPYHTA H3-NOJ OCTPHS U BIABJUBA-
HHE ero MO KPHBOJHHEHHBIM NMOBEPXHOCTSIM CKOJBXKEHUSI B OKpYyKa-

* B TOCT 20069—74 npunste oGo3HaueHve pg, B CHull 11-17-77 — gs.
C yuetom EBponeiickoro cTasfapTa Jaliee Be3lle TPUHATO 06O3HaueHHe gs.
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oIl cTepxKeHb MacCHB, JJs ONpelleNicHHs] CONPOTHBJIEHHS] KOHyca
30H/la NOTPYIKEHHIO, T. €. ONpelesieHu sl NPOYHOCTHBIX XaPaKTEePUCTUK
rPYHTa IO Pe3yJbTaTaMm 30HAHPOBAHHS, HCHOJb30BANH HMelolHecs
pelieHHs] TEOPUH TNpeleNbHOro paBHOBecHsl. B 3apy6exHON NPaKTH-
Ke 310 peluenus [Ipannras — Tepuaru, Kako — Kepusens, Meitep-
roda u ap.

HauGonee nosnHO pelieHHe OceCUHMMETPHYHOH 3anayn TeOpHUH
[peleJbHOTO paBHOBeCHS O NMOrPY XeHHH KOHyCa 30HJa B HeCBA3HBIE
(necyaubie) rpyHTHl paspaboraHo B Tpynax B. I'. Bepesanuesa [2,
3]. B pewenun npuHsTO OpUCIHZKEHHOE OYePTAHNE CHMMETPHUHBIX
o0beMJIIOLHX JHUHUH CKOJILXKEHHS B BHIe KOoMOMHaLWu AyrH Jora-
PHOMHYecKOH cCHHpaJH H NpAMOH JHHHM. [IpH 3THX [AOOyIIEeHUAX
noJiydena ¢popMyana [ ONpeJie/TeHHs NPEeleIbHOrO aBJEHHS H Hal-
JleHbl 3HAYEHHS BXOAAIUX B Hee KO3(GHUIMEHTOB, 3aBUCAILUX OT
Yyria BHYTPEeHHEro TPeHHS FPYHTA ¢ M OTHOCHTENBLHOrO 3aray6JieHust
3ou1a hld.

Onnako noJyyeHHOe pellleHHe OPH MPUMEHEHHH K 30H/AY MaJoro
JuaMeTpa faeT 3aHMKeHHble 3HAYEeHHUS MpenesbHOro aasaedus. Ilo-
3TOMY NpH OIlpejlesIeHHH YI/ia BHYTPEHHEro TPpeHHs cpelbl NO 3aMme-
PEHHOMY CONpPOTUBJIEHHIO KOHyca IMOJNYYaloTcsl 3HAYHTENBHO 3aBbI-
lIeHHble 3HAYEHUS .

VicenenoBanusi MOCHENHHX JIET, B nepByo ouepels A. Becuua
[90], nokasaay, 4TO paspylleHHe OCHOBAHHS NpPU NMOTPYXKEHHH TOH-
KOrO CTEPIKHSI C KOHYCOM MPOHCXOIMT BCJEJCTBHE CABMra MpH Ipo-
Jaenusanuu. HMccsenoBaHusi no MOrpys:kKeHHI0O KOHyCa € Pa3IHYHBIM
yriom NpH BeplinHe, NPOBeJeHHBIE PSAOM CHEIHAJHCTOB, IOKA3aJH,
4TO NPH NOTPY?KeHHH KOHyCa c YryoMm NpH BepiuinHe MmeHee 30° pas-
pyuleHHe OCHOBAHHSI MPOHCXOAUT BCJAeICTBHE CIBUCA FPyHTa B CTO-
POHBI, @ KOHyca ¢ yriom Gojsee 90° — BclecTBre CXaTUS TPYHTA
o] KOHycOM. B mepBoM cJyvae cOnpOTHBJIEHHE 30HIUPOBAHHIO OII-
pellefisieTcsl COMPOTHBJIEHHEM I'PYHTa HA CIBHI, T. €. YIJIOM BHYTpeH-
HEro TPeHHS ¢ H YJeJbHBIM CLeNJeHHEM C; BO BTOPOM — CONPOTHB-
JieHHeM TPYHTa CXKaTHio, T. €. MoayJeM Jledopmauuu E ¥ Ko3(pPH-
uuenToMm [Tyaccona p.

J1s NpOMeXyTOYHBIX 3HAYEHHH yraa NpH BepLIMHE ¢, T. €. NpH
30°<< < 90°, cOnpOTHBJIEHHE MOCPYIKEHUIO 30HIA 3aBHCHT Kak OT
NIPOYHOCTHHIX (¢, ¢), Tak H gaedopmauuoHHbx (E, u) cBO#HCTB
TPYHTOB.

Pentennie 3aflayn O NOrpPy:KeHHH 30HIJ, BKIIOUAoulee OJHOBpE-
MEHHO mnpoyYHOCTHHe (¢, ¢) u AedopmanuoHHbe (£, p) xapakre-
PUCTHKH TDYHTa, JOJXKHO OBITH NOJYyYeHO Ha OCHOBE pacCMOTPeHUS
CMelUaHHOH 3a7aYH TeOPHH MPelebHOrC PaBHOBECHSI U TEOpHH Y-
pyrocti. K coxanenuio, 3ta 331a4a noKa ellle He pellleHa.

B cBsisy c 3THM NpPeJACTABJsIeT HHTEpPeC MEeTOJ pelleHHs, mpes-
JIOXKEHHBIH psioM Hccaefosaresneil (Bumonom uw pap., Jlananuem,
Becuuem). B uactnoctn, Becuu B paGore [90] paccmarpuBaer Ta-
KyI0 cXeMy paspyllleHHSI OCHOBAHHS NpH NOrPyzKeHHH KOHyca, cOo-
[71acHO KOTOPOH MHOrpyxeHHe KOHyca NepHEeHIHKYJSPHO HampasJe-
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HHIO JBHXKEHHs 30HJa BHI3HBAET BAABJHBaHHE TpPyHTa IO
[IOBEPXHOCTH LHJIMH/PHYECKOTO KOJblla AMAMETPOM, paBHLIM J[Ha-
MeTpy OCHOBaHHS KOHyca. 3ajaya O NOrpyXeHHH 30HJa peuaercs
nyTeM IpUpaBHUBAHWS HOPMAJbHOTO NaBJIEHHS YO 3TOMY KOJbIly K
NpeferbHOMY JaBJEHHIO, HeOOXOAHMOMY JJI paCIIMpEHHS LHIHHA-
puueckoit noAOCTH B CeCKOHEYHOW TPYHTOBOW CpPefie M onpefense-
MoMy 110 dopMynam Gomee panneil paGorsi Becuya [88]. Ipu atom
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Piic. 39. Cxema JMHHu{I CKOABXKEHNS NMOJ 30HIOM MaJOTO nHaMerpa

NPHHUMAETCs, YTO cpelna SIBJSAETCS HAeanbHO YHNpyromJacTHYHOI,
XapakTepuayeMoil MmokazaTensaMu OpodHocTH (@, ¢) u nedopmariu
E, n).

3aJI0XeHHas B pelleHHH Hjes IPUBJEKAET CBoefi TPOCTOTOH W
Ka)keTcst (usHyecku obocHoBaHHON. OZHAKO IpOBENEHHBIE HaMH
pacueTH 1o npuBegenHoll B pabote [90] dopMyne s onpenenenus
CONPOTYBJEHAS 30HAMPOBAHWIO TYTOMNACTHUHHX M NOJYTBEPALIX
[VIUH, /IS KOTOPHIX MMEIOTCSl HaneXHble naboparophble JaHHBE O
BEJMYMHAX @ H ¢, IOKAa3aJy, uTo 3Ta GopMyJia Jaer 3aBLILIEHHOE B
2—3 pasa CONpPOTUBJICEHHE 30HIWPOBAHHIO IO CPAaBHEHHUIO ¢ (PAKTH-
yeckH 3aMepelunM. [TostoMy sTa Qopmysa He MoxeT GLITh peKo-
MEHI0BaHa AJIS1 IPaKTUYECKOro MpHMEeHEeHUS.

Conporupiienne 30HANPOBaHHIO 30HJAOM MAaJIOro juaMerpa Jo-
CTATOYHO NMPOCTO MOXKHO ONpPELEJIUTh METOJAOM TEOpPHH NpEeNesbHOro
pPaBHOBECHS, €CJIM TIPHHATH JUHHIO CKOJbXKEHUSA B BHIE €AMHOH Jio-
rapupMaueckoii kpuBoii. Paccmorpum puc. 39. IloBepxHocTh KoHycCa
nepesaeT AaBJieHHe Ha TPYHT, BHI3BIBAIOIEE paspyuleHue TPYHTA H
€ro CIBUT Ha TIOBEPXHOCTH CKOJIbXKEHHH, HAUUHAIOuIeHCs] y BEPIUUHEI
KOHyca (ToukKa @). 3a BepxHOp TpaHuLy CABuraemoro obbema
TPyHTa NPHMEM TOPH3OHTAJNBHYIO IJIOCKOCTb Ha ypOBHE OCHOBAaHHS
KOHYyCa.

B cBsian ¢ MannM A¥aMeTpoM 30HA2 ypaBuenlie JIHHNHM CKOJbIKe-
HUSI MOXKHO NOJYYHTL caenyiomum obpasoM. Hanpsikenus mon Ko-
HyCOM 3aMeHseM OJIHOH paBHOJeHCTBYWOUIEH CWIOH, NPHUIOKEHHON
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1o ocu 3ouaa. HaunGonbllee rnaBhoe HanpsikeHHEe B TPYHTE OYZAET
IeficTBOBATh MO HaNpaBJCHHI PAaZHYCOB, BLIXONAWHX H3 TOYKH
NIPUJIOXKEHYs CHJIBL KaK H3BECTHO, yIroj MEXKAy KacaTeJbHOH K JiH-
HHH CKOJIbXKEHHS] H HauOOJbIIHM TJIABHBIM HAIPs2KEHHEM COCTaBJIsA-
et 1t/4—q/2. [TosToMy

dz /7 @
£ — 3+ __ql, 19
o=t —a) (19)
OTKyAa
5 ew(f+g)
z= 2 dcos ce (20)
H

5 o (5]
dsinae 21)

Ir=

OnpenenuB ypaBHeHHe KPHBOH CKOJbxeHHs, HalijeM Hanpsxke-
HYe B IPYHTE B TOUKe @ nyTeM peumtenuss auddepeHuuasbHOTO ypas-
HCHUS NpEJEeJbHOIO pPaBHOBECHS J[Jsl OCECHMMETPHYHOH 3ajayH,
cocrasyennoro B. I'. BepeszanueBnm [2]. [IpefenbHoe cOnpoOTHBJe-
HHe TpyHTa noj 3araybaennnM KoHycom (h/d>10) Gyzer

0, = g = (Y-t cclg @) i@ (D) 180 geig. (22
I —sing

HHrepecHo OTMETHTb, 4TO NOJYYEHHOE ypaBHEHHE aAHAJOTHYHO
YPABHEHHUIO NJIOCKOH 3a7a4H TEOPHU NpeJesibHOTO PABHOBECHSA AJfA
OCHOBaHHH NIpH BEPTHKaJbHOH HArpyske, moaydeHHomy [lpanarnem
[74], 3a uckaloyeHvem IOKa3aTessl CTENEHH NMPU OCHOBAHHH HATY-
panbHHIX Jorapu¢dMoB e, KOTOpHlii paBen (m-+2) tg ¢ BmecTo mig o
y Ilpannras.

Huxe 6yieT nokasaHo, YTO pe3yJbTATH, NOJyYeHHbie 10 (HOPMY-
Je (22), cornacyoTcs ¢ pe3ysabTaTaMH, NOJYYEHHBMH B ONBITAX KaK
JU1 IeCYAHbIX, TAK | JJIS TJIMHUCTLIX TPYHTOB.

Qopmyny (22) pas ompejesieHHs CONPOTUBJIEHHS TPYHTA TOTPY-
KEHUIO KOHYCa 3amyiueM B 0OBYHO NPHHATOM BHIE

ga = YhNg -+ cN,, (23)
rac
Nq — ud_s.l:n_q) e(ﬂ'l'?) tgo : ‘ (24)
I —sing
No=(N,—1)ctgg. (25)

I'pacdukn Ny u N, npuBenens! Ha puc. 40.
Ecnn packpHTh HeonpegeneHHOCTb ¢opmyn (22) u (25) mnpu
¢=0, TO noJay4YHM

Ne=an+2=5,14.
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Pac. 40. I'paduxu koapduunentos Ng i Ne

Takum o6pasom, snauenue Koadpunuenta Ne (npu ¢=0), nony-
yeHHOe 0 $opmyse (22), paBHO ero 3HAYEHHUIO, MOJNYYEHHOMY AJs
cayyast maocko# sanauu B. B. CokonoBckuM. OTMeTHM, YTO JAJist oce-
cummeTpruHOi 3aaayu mo A. 0. Mununckomy [13] npu maeasnbho
CBSI3HOH cpelie, T. €. npu ¢=0, NpelesbHOe JapjeHHE Ha WITaMM
pasuo 5,14 ¢ y kpas mrramna u 6,6 ¢ B nentpe. YuurniBas, 4to dop-
Myna (22) BHBenena JJisi KOHyCa MaJjoro AMaMeTpa, MOXKHO CUMTATh
BIIOJIHE JIOTHYHBIM, YTO B 3TOM CJyude CpeflHee JaBjeHUe NOL KOHY-
coMm cocrasasierT 5,14 c.

Paccmorpum npumenenne GopMyan (22) OTAenbHO NJst Hecua-
HBIX U [IMHUCTHX rPYHTOB.

Ilecuannie rpyHThl. lI3BeCTHO, YTO B COBPEMEHHOH TEOpUHU Ipe-
IeJbHOr0 PaBHOBECHS YCJIOBHE NPOYHOCTH NPHHUMAETCS O JIMHEH-
HOMY 32KOHY, NpeasnoxennoMy KysJoHoM. Mexny TeM MHOrcumcJIeH-
Hble Ja60paTOPHBE UCTILITAHUS IIECKA HA CABHUr NOKA3LIBAIOT, YTO B
JHAIa30He MaJbiX HOPMaJIbHHX [ABJICHHH 3aBUCHMOCTb MeEXIy Ka-
caTeNbHBIMM Y HOpPMAaJIbHBIMY HANPSXKEHUAMY HeslnHefiHa. Xapakrep-
HB rpad¥K HCOBITAHAS Necka NpUBeleH Ha puc. 41, U3 KOToporo
BHJIHO, YTO 10 HOpMAJbHOro AaBJjeHUs OoKoJO 1 Krc/cm? rpaduk uc-
OLITAHUS] MMEET SIBHO BLipa)KeHHBIH KpUBOJHHERHLI xapaktep. B
HHTEPBaJe yMeHbluenusi aasaenust ot 1 no 0,1—0,2 xkrcfcm?  yron
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BHYTpeHHEro Tpemns pospactact na 5—7° [37]. ITostomy ¢opmy-
705 (22) MOKHO HOJNLIOBATLCS HPpH GLITOBOM fAaBjehnd 1 krc/cm? n
GoJee, T. €. AJA rJyGun 308ANpOBanus Goree 5—6 M.

O6pa6otaB pesynbTathl Hccaefosannii B, A. §lpowenko [37],
B. I'. Bepesannes [3] npenoxui ciaenyouyio GopMyay AJs onpe-

4, 2p00

N

T, kzc/(:n2 I

2 [~ - N 77
L'y \

1 N

7 4 \ —
) > , ) u
J

\[ A l \ , %
0 7 2 6, x2c/cH [V B 0 yheackn®

Puc. 41. Kpupomineiinas orubawomas  Puc. 42. I'padpuk ypennieHus yrna puyT-
npepenbHBIX KpyroB Mopa pas necka  penpero TpeHHs necKa TpH  naBJeHHR
NpH MaJdblX JaBJeHHsiX menee 1 xrc/cm?®

JeNeHusl yIiia BHYTPEHHEro TPEHUs NecKOB MNpH AaBleHun p==vyh
Menee 1 Krc/cme:

-] [-] l
¢ =(p1+3,l51n—;. (26

rae (p(l) — yroJ1 BHyTpeHHero Tpeuusi npu p=1 grc/cm2

G®opmyay (26) nas mpakTuueckoro npuMeHeHusi yaobnee mpefi-
CTaBHTL B BHIE

° ° 1
Aq):(p -—q)1=3,151n"p—. (27)

dopmyana (27) npeacrasneHa ua rpaduke puc. 42. M3 rpagpuka
BUAHO, HACKOJIBKO CJeAyeT YBEJIHYUTL yros BHYTPEHHEro TpeHHS,
eCJIH OH OmpezesieH nJs riyOuHb sonaupoBanus, rae yh<<1 kre/em?.
Ecnu yh=1 Krc/cM?, 10 BenWunHa ¢ npuHUMaercss 6e3 NONPaBKH.

K coxanenuo, nmeercss oUeHb MaJio HaJlexXHEIX Ja@HHBIX O 3aBH-
CHUMOCTH MEXJY ¢ W g, AJisl PeasibubX MECKOB, Tak KaK HeHaJeiKHbl
JaHHple O BeJIVUHHE yrJja BHYTPeHHero TpeHus, onpelenseMoro B
naBopaToOpuy Ha HapYIUEHHHIX B TO@ unu WHOH cremeHH oOpa3uax.
ITo3TOMY BOCHOJb3yeMcsl HMEIOIVMHUCS OCPEAHCHHEIMH JAaHHBEIMH O
CBSAZM MEXIY @ U (..

Ha puc. 43 (xpuBas 1) mokasansl pe3yabraTel onpegeserns Ng
no IOJIy4EHHOMY Bhillle peutenuio — ¢opmyna (24). Kpusas 2 mo-
ctpoeHa no gaHHbiM K. Kepusess [69], KoTopbli A5 ONBITOB € riec-
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kamu (p=34, 38,b u 42°) naer caenymouyw ¢HopMysy Auas ollpeie-
Jenus koaddunuenta Ny

Ng=¢ 89, (28)

Ha puc. 43 kpusast 3 mocrpoera 1o jganueiM B. A. flpourenko
[37] npu p=1 krc/cm?, IONYUEHHBIM [IpH 30HAHPOBAHUM [1ECKOB pa3-
JIMYHOrO COCTABA U COCTOSIHWSI 30HAOM AuaMerpoM 3,6 cMm. HcnbiTh-
BasJuch 3TH mecky B crabuiaoMerpe M-2. Ha 3ToM Xe pucyHKe Ioka-
3aHa 3aBHCHUMOCTb MexKAy HOPMATUBHBIM 3HayeHWeM yIJyia BHYTpeH-

HeTO TPEHHUsl ¢ H @i, IpU-
Ng usatas B CH 448—72 npm
20| | 111 ] yh=1 xkrc/cm?  (xpuBas
l
1

4).

/ PaccmoTrpenne rpadu-
Ka, NpHUBeJeHHOTO HAa pHC.
R 43, 103BOJIsieT CAEIATDh CJie-
aylolwive BeIBOAH. M3 rpa-
71717 ¢uKa BUJHO, YTO TEOPETH-
200 ya yeckasl KpuBasi, IOCTPOCH-
: Hass no ¢opmyne (24),
0 | Y IIOYTH TMOJHOCTBIO COBIAAA-
A7 €T ¢ SMINPUYECKOH KPUBOH,
% IOCTPOCHHOH TIO (opMmyJtie
A (28). IlpoBenenHble cpas-
1 )2 HHUTEJIbHBIE pacUYeThl NMOKa-

AL 3aJH, YTO Ha BCEM WHTep-
(
|

S S -
1
s
TR

1
J

-
~d

280

h
||

260

120

80

] pane ¢=0—40° wmakcu-
Y MaJbHBIE pacxoxgeHust

/// | ! IL f MEXAY ISTUMH KPHBBEIMU
cocraBysiior +4Y% . MoxHo
CUMTATh, YTO UMEETCSl TaK-
JKe XOopollee COOTBETCTBUE
MEeXAYy KpUBOH, NOCTPOEH-
HOW 1o ¢opmyse  (24),
¥ pannpiMu CH 448—72 B untepBane ¢==30—40° Tt. e Jas
OOLIYHBIX TECKOB — OT PHIXJIBIX [0 NJIOTHHIX. PacxoxIeHHe B 3Hade-
HUAIX yrJia BHYTPEHHETrO TPEHHUS JJIsi 3TOr0 WHTEpPBAaJZia COCTABJSIET
Meree 1°. TIpu ga=<C60 krc/em? CH 448—72 gaer 3aBhilleHlHble 3Ha-
YeHus ¢, YTO MOJATBEPIKIAETCS NMPAKTUKOH WCIIONb30BAHUS 30HIHUPO-
panust. KpuBas 8, nocrpoennasi no JaHHBIM NMEPBBIX JIET MpUMeHe-
Husl 30HAHPOBaHUs B Hallefl cTpaHe, AaeT 3HAYEHUs ¢, IPHMEPHO Ha
1/2° menbline 3HayeHnH, npuBefennux B CH 448—72.

PaccMorpeB IipuBelieHHBle Ha puc. 43 rpaduky, MOXXHO PeKOMeH-
noBath ¢opMyay (24), noJaydeHHYIO MeTOZOM TEOPHUH [IpPeleNbHOTO
PaBHOBeCHS, IJISt OIIpeleJieHust YIiia BHyTPeHHero TpeHus IeCKOB 110
JaHHBEIM 30HAHPOBaHUS. PekOMeHAAUMH 10 ONpele/eHHIO ¢, UCIIONb-
3yeMOro B IPAaKTHYECKUX pacyerax, 110 pe3ysbTataM 30HAUPOBAHUSA
IplBefeHH Hike (CM. 1. 7 3TOH IyiaBhl).

=

2% 28 30 32 34 36 38 y,z009

Puc. 43. Ypaduxn kosdduunenta N,
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Crnenyer OTMETHTHL, WTD HMCCTCS MHOTO TEOPDETHYECKHX W 3IMIH-
pHuecKUX (GOpMyJ, a Taxkc 0OOOLIEHHBIX rpaduKoB (CM., HaNIpHMep,
reHepasbHbli qoknajn Mciteproda na EBpomneifiCKOM CHMIIO3WyMe IO
3oHAMpoBaHu0 [68]) o B3aumocesizu Mexnay ¢ 4 g.. [Ipu paccmor-
peHuH ONyOnMKOBAaHHBLIX 3KCIEPDUMEHTANbHBIX HAHHHX CJelyer B
NepPBYIO OYepeAb OLEHUTDb JaBJeHUe NPUrpy3ku (rayOuHy 30HIMPO-
BAHU$), TAK KAK IIPH AaBJeHUsX MeHee 1 Krc/cM? yron BHYTPEHHEro
TPEHHSI IepEMeHeH H ¢ yMEeHbUIEHHeM NIpUTpPY3KH 3HAYHTEJIbHO BO3-
pactaer (cM. puc. 42). ITostoMy OJHOMY H TOMY 3Ke 3HAaYeHUID CO-
NPOTUBJIEHUS 30HAUPOBAHUIO G5, TIOJYUYEHHOMY Ha pa3HBIX riybuHax,
6YAyT COOTBETCTBOBATL IIECKM € PA3NMYHBIM YIJIOM BHYTPEHHETO
tpenus. Tak, gs= 140 krc/cM?, noNyyeHHOMY Ha ryiyOUHAX 30HAMPO-
Banusa 2, 4 ¥ 6 M, 6YLyT COOTBETCTBOBATb NECKU C YI.IOM BHYTpEH-
Hero Tpenus 38, 36 n 35°.

OnennBasi pa3nuuHble TeopeTHYecKne GOpPMyJNLl, NIPH OTCYTCTBHH
TOYHOro (KOPpeKTHOT0) pellleHlsi BcerAa cjenyeT YYUTHIBATb, SUis
pelleHNs] KAKOH NpaKkTUYeCKOH 3a4ayu OHW HCHOJb3yloTcsa. Hanpu-
Mep, ecau ¢opMyJia ¢ 3aBHILUEHHLHIM 3HAaYeHueM Ng HCIOAb3yeTCSH
IJI51 onpeJiesieHusI yrjaa BHYTPeHHErO TPeHUsI TpyHTa [0 pe3yJibra-
TaM 30HJVUPOBAHUSA, TO MosayuaeTcst 60Jee HaAexKHLIH pe3ynbrar,
yeM NpM UCHOJNb30BaHWU 3aHuKeHHOro sHauenust Ng. Onnako wc-
[0JIb30BaHUe TOH 2Ke (POPMYJHI € 3aBLIIEHHBIM 3HaueHueM N, 178
OTIpeslesieHNs, CKaxeM, CONPOTUBJIEHUS TPYHTA MO HWKHHM KOHIIOM
CBau MO HM3BECTHOMY yrJly BHYTPEHHErO TPEHHS HACT HEHAAEXKHBIH
pe3yabraT. 3TO 3aMeuaHie OTHOCUTCH M KO BCEM APYyrUM GopMyiaMm
IIPY OTCYTCTBUH TOYHOrO PelIeHNUs.

TFaunpcroie rpysTol. 151 TIMHKUCTBIX TPYHTOB MUMeeTCs BO3MOXK-
HOCTb IpOW3BecTH 6o0Jiee meTasibHYKO IPOBEPKY pe3yJbTaroB, MOJY-
yaeMbIx 110 ¢opmyde (23), rak kak B ['TIM PyHiameHTIpoeKT MMe-
€TCH JOCTATOYHO NAHHBIX O CONPOTUBJEHNH 30HIUPOBAHHIO TJIHHHC-
THIX TPYHTOB OT TBEPAOH A0 MSATKOIJIACTUYHOH KOHCUCTEHIUH ([p=
=0—0,75). IlpenBapuTtesnbuasi oLeHKA [I0Ka3ajla, YyTO [Js TBEp-
IBIX ¥ TOJYTBEPABIX TJHMHUCTHIX TPYHTOB PE3yJbTaThl ONpeReneHust
CONPOTHRJIEHNSI KOHYCa NOTPYXKEHHUIO B IPYHT, nojyyaeMble 1o ¢op-
myne (23), U pe3ysbTaThl 3TOTO ONpeneIeHNsi, NOJNyYyaeMble B noJie-
BLHIX YCJIOBUSIX, BeCbMa Onu3KH. JIJ5 TYronjacTHYHBIX ¥ MACKOIJIa-
CTHYHBIX TPYHTOB K ¢opmyie (23) HeoOXOQUMO BBECTH 3IMIMPUYEC-
Ky10 HONPaBKYy, YYHUTHIBAIOUIYK0 KOHCUCTeHLMp rpyHTa. C ydeToM
3TO#i nomparku (OpMyJibl 4Jis ONpefesieHdss CONPOTUBJIEHH:A 30HIU-
pOBaHNIO I'TIMHUCTHIX TPYHTOB NPUMYT BHI,

g,= (vaN,+eN,) (1 - B); (29)
NJIu
g, = vhNT 4+ o, (30)
raie +
1+4sing
T ey P (mddtge (2.
N=N,(1 IL)_I_Simpe (1—1%); (31)
N=N (1—13). (32)
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Ipaduku pynkuuii Ny u NT npusenendt na puc. 44 u 45.

Hamyu nposefeHa cratHCTHYecKass o0paboTKa pe3ysnbTaToB 52
CTAaTHYECKHX 30HAVPOBAHHI M JabopaTOpHLIX ONpejesieHuii xapak-
TEPHCTHK CONPOTHBJICHUS CABHTY TJIHHHCTHIX TPYHTOB 4eTBEPTHYHO-
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Pic. 45. T'paguxn kospduumenta N7

ro Bo3pacTta OT HOJYTBEPIOIl 0 MATKOIJIACTHYHOH KOHCHCTEHLHH.
Hmelouvecss faHHbE IO TEKydyemsacTUYHbIM TpyHTaM (/.>0,75)
npu 06paboTKe He MCNOJAb3OBAJUCh H3-332 MaJOf HAJEXKHOCTH Kak
JabopaTopHHX ONpele]eHUl NPpoYHOCTH Ha o0pasnax caabbix rpyH-
TOB, TaK M INOJIEBLHIX ONpelesienuli CONpPOTHUBJCHUSA 30HAMPOBAHMIO
takux rpyHroB. O6pasnml Ay j1abopaTOpHBIX UCCHAeN0OBaHHE OTOH-
paJiiCh M3 CKBaXWH, PaCHOJOXKEHHBIX B HEIOCPeNCTBEHHON Oau30-

96



CTH OT ToYeK 3omuiponanns, Jlabopatopuoe oupejenciue conpoTin-
JIEHMSI CABUTY HPOHIBOJARAOCH B YCJOBIX 0JUIONIOCKOCTHONO C/BY-
ra (FOCT 12248—66), a souauponanye - - yeranoskamu tana C-979
(CII-36) no mMerosxe F'OCT 20069 -71.

B nporuccce o6paGorki IKCHCPUMCHTANILHOTO MaTepuania olpe-
Jensiach KOPPCJsiulonHasi CBsI3b MeXJy u3MepeHHBIM cONpOTHBJIe-
HUEeM rpynTa Konycy 30HA2 ¢T U CONpOTHBJIEHHEM 30HAHPOBAHMIO
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Puc. 46. ConoctaBJjieHVe COnpOTHBJIENHS 30HIH-
POBAHUIO, ONPEeNEHHOTO TEOpeTHUeCKH H 3a-
MEDEHHOTO B NOIEBEIX YCJIOBHIX

q* no ¢opmyse (30). Ilpu s3ToM u 3amepenHoe, U ONpeAENIeHHOE Te-

OpEeTHYECKH CONPOTUBJICHHS! 30HAMPOBAHUIO NPUHUMAJMCH AJsl OZA-
HO! U TOH e rnyOMHH, COOTBETCTBYOmEH Traybune orGopa obpas-
OB TpyHTA.

B yKazaHHHX 3KCOEPUMEHTAX CONPOTUBJIEHNE 30HAUPOBAHHIO H3-
MeHsisiochk ot 7 10 60 kre/cM?, a ruiyGuHa 3oHIUpOBaHus ot 1,8 no0
14 M. I'pyHTH uUMeJH CJEOYIUIME XapaKTEPUCTHKU: MOKa3arelb
naactuunoctd 0—0,75, yron BHyTpenHero tpeHus 11—25°, yneabhoe
cuennenue 0,13—0,76 krc/cm?2,

Marematuyeckast o6paborka Beex 52 napHBIX ONpejeseHUl 4ana
ko3¢ dunvent xkoppensinvu r==0,8. Beposituas ommbka Koap$uuu-

€HTAa Koppem{unn
1—r2

Ego = 0,674 = 0,034,

n

ITH NauHble aHAJNH3a NMOKA3HBAIOT, YTO MEXJY OIlpeeNeHHbLIM
TEOPETUYECKH CONMPOTHBJIEHHEM 30HIMPOBAHUIO W 3aMEPEHHBIM CO-
OPOTHBJIEHHEM HMEETCS! XOPONIast KOppesnns.
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Ha puc. 46 nokasano conocrapjieHue OACYUTAHHHIX 110 Gopmyie
(30) 3Hauenuii CONPOTHBIEHUA 30HAMPOBAHMIO T CO 3HAYCHHSIMH

COIIPOTUBJIEHUS] 30HAMPOBAHUIO, 3aMEPEHHLIMH B IIOJIEBHX YCJIOBU-
siX 7. Kak BujHO, NIMEETCs NOCTATOYHO TeCHasi CBSI3b MEXIY yKa-

saHHbIMH BesimyunaMu. Tosbko B 11 cnyuasx u3 52 ¢® ornvuaercs
ot g Gonee yem ua 30%. CpeaHsisi BeHUMHA OTHOCHTENBHOH TO-

rpeltHocTy cocrasiasier 22%-—B cTopoHy 3aBhuendss u 19%—B
CTOPOHY 3aHWKEHHS CONPOTHBJEHUS TPYHTA NOTPYKEHUIO KOHYCA.

IlpuBeneHHble JaHHBE NIOKA3HBAOT BO3MOXKHOCTh TEOPETHYECKO-
IO ONpeAeJeHHUs] CONPOTUBJICHHS 30HAVPOBAHUIO IO IPOYHOCTHHIM
JauubiM (@ W €) ¥ NOKA3aTeJI0 KOHCHCTEHiMH. [IpH HAKOMIeHUH
NPAaKTUYECKUX AAHHEBIX, BEPOSITHO, NMOSIBUTCS BO3MOXKHOCTb OIlpeje-
JIATH CONPOTHBJICHHE TPVHTA I10j HUXKHUMH KOH[[@MH 326MBHLIX CBaii
pPacYeTHRIM IIyTeM He N0 MOKa3aTeJI0 KOHCHCTEHUMH [r, KakK 3TO Ie-
JiaeTCst B HacCTOsLICE BPEMs, a 110 NPOYHOCTHBIM jAaHHbIM (@ U C).
CJaenyer Tak»ke OTMETHTDb, 4TO IJil MHOTHX TJIMHHACTHIX FPYHTOB KO-
Jebanus 3HaYCHWH yIia BHYTPEHHEIO TPEHUst OYeHb HeGOoJnilue,
OCOOEHHO eCJIH pacCMATpHBATh PETHOHAJBHBIC TPYHTH, YTO TTO3BOJIS-
eT 10 JaHHHM 30HANPOBAHMS, 3aJaBLIICh ¢, ONPENENsTh yAEIbHOE
cuenjenye rpyura ¢. Hanudue Teoperudeckoii GpopMyJsnl AJIs OIpe-
JEeJEeHUsT CONPOTUBJICHUS TNUHUCTHIX IPYHTOB 30HAMPOBAHMIO naeT
BO3MOXKHOCTL IIPOM3BECTH B3aMMOIIPOBEPKY AAHHBIX TOJIEBHIX U Ja-
60paTOpHLIX MCCNEAOBAHUI 3TUX TPYHTOB H IPU GONBLUINX PacXOK-
JenusX HafiTH UX NPUYUHY.

7. Ucnonb3oBanye pe3ysbTAaTOB 30HAMPOBAHUS IPYHTA
OpH NPOEKTHPOBAHUH (YHIaMeHTOB

O6mue paunpie. [Ipu MCHONL30BaHUM NPUBOAMMBIX pajlee 3a-
BHCUMOCTeH OTHEJbHBIX (PUIHKO-MEXAHWYECKHX CBOHCTB TPYHTOB
OT COIIPOTHBJICHUS IPYyHTa IOTPYIKCHUIO KOHYCa CJegyeT UMeTh B
BMIY, YTO [JiIfl PealIbHbIX FPYHTOB HET ABYX TaKUX IIOKA3aTeNiell nuX
CBOICTB, KOTOpHle Gbl OJHO3HAYHO OIpenesasan onuH apyroro. Tak,
CONPOTHBJEHNE I'PYHTA NOTPY2KEHUIO KOHYCA B IECKAX 3aBHCUT OT
UX IJIOTHOCTY, COOTHOUIEHUsS: BEPTUKAJBHOTO U TOPHU3OHTAJIBHOIO
JIaBJiCHUYl, NaBJEHUS TOKPBLIBAIOUIUX IIJIACTOB, CTEIIEHU BOAOHACHI-
mieHust, GOpMEI 3€peH IeCKa U UX IIePOXOBATOCTH, HAJNUYUS €CTECT~
BEHHBIX LEMEHTAUWOHHHIX CBa3eli 1 1p. CyenoBaresnbHo, BCE IPHBO-
JUMble fajiee 3aBUCHMOCTH ABJAAIOTCS NpHOAMKeHHbIMU. OnxHAxKo
3TO 3aMeyaHue OTHOCHUTCH He TOJBKO K METOLY CTATHYECKOTO 30HIM-
pOBaHMS, HO ¥ K JIOOLIM ApyTuM (B TOM 4uCle U JaGopaTopHBIM)
MeTOZaM OIpencscHust GU3UKO-MEXaHUYECKUX CBOHCTB I'pyHTOB. ITo-
3TOMY KaXblii pa3s IpH MOJyYEHUH B pe3yabTaTe KAaKOTO-JIUG0 UCTIH-
TaHWS KOJINYECTBEHHBIX XaPaKTePUCTHK IPYHTa He0OGX0aUuMO Ol €HHTh
BJIMSIHME Ha MoclefHue chenMPHUYeCKUx CBOHCTB AAHHOTO TPyHTA.
Hanpumep, npy 0OAHHAKOBLIX NJOTHOCTH H TPAHYJIOMETPHYECKOM CO-
CTaBE TeCKa CONPOTHBJICHME €O NOTPYKEHHUI0 KOHYCY MOMKET Pesko
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MEHSIThC B 3aBHCUMOCTHM OT XapakTepa HNEeMEeHTArHOHHHX cBsisel
Mexk1y €ro OTAEJIbHBIMH YaCTHIAMH, OT BJIAXHOCTH U T. 1.

Ha puc. 47, B3sitom u3 Dokyana Becuwua nHa VIII Mexnyuapoi-
HOM KOHTpecce 10 MeXaHHKe IPyHTOB H (yHzaaMeurocrpoeHuio [89],
npuBefeHH rpadyku 30HAMPOBAHUS YUCTOTO NIECKA W TOrO e IecKa
c ao6aBko#i 10% caioasl. ¥roa BHYTPEHHErO TPEHUs, OINpPENEseHHEI]
10 HCIHITAHISIM B J1a6OpaTOpHH, B 060HX CAYyYasiX NpPaKTHYECKH OIU-

HakoB —39 u 39,3° cooTBETCTBEH-
g 50 100 150 gurecftr?  HO, OpHaxo TpadMKH 30HIUPOBA-
‘ o ‘ HUsl BECbMa Pa3JHYHHL, [IpHYEM IIpe-

8;,
0 100 200 300x2E jor®

12
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Puc. 47. Kpusue sonnpposanust un-  Puc. 48. I'paHMKM 30MAHPOBaNMS KBapile-
croro mecka (I) u mecka ¢ gpobas- Boro (I) u rmaykommrosoro (2) mecka
xoii 10% cmoanl (2)

JeJIbHOE COIpPOTHBJICHNE 30HAMPOBAHHUIO MI€CKa € nob6aBKo# caOaH B
2 ¢ JUMUIIHUM pasa MeHblUe IpeAesbHOro COINPOTHBJICHHS YHUCTOrO
necka.

CyulecTBeHHOe BJIMSIHHE MHHEpPaNbHOrO COCTaBa IleCKa Ha CO-
npOTUBIEHHE TPYHTa KOHYCY 30HAA M0Ka3ano u B pabore [46]. ITe-
cok B pafione r. Aursepnena Gosee yeM Ha 50% cocrour u3 riayxko-
HMTA, CONPOTHBJEHHE Pa3AABJNBAHUIO KOTOPOrO 3HAUMTEJBHO HU-
K€ COTPOTHBJIEHUs kBapua. Ha puc. 48 nokasaHw pe3yJabTaThl 30H-
JVpPOBaHHs B INIOTHBIX KBAPLEBOM M IJIayKOHWTOBOM neckax. Ilpu
OJUHAKOBOH IUIOTHOCTU COIIPOTUBJIEHWE T'PDYHTA KOHYCYy 30HIAa B
KBapueBoM necke cocrasisier 200—300 krc/cM?, a B rJayKoHHTO-
BoM — ToJbkO 100 krec/cM2.

ITpu 6osbllOM oGBeMe U3LICKATeNbCKUX paboT B KaXKAOM KOH-
KpPeTHOM CJyuae IJisf MEeCTHBIX I'DYHTOBHIX YCJOBHE ClCAyeT IIPOM3-
BOAUTH IAPaNJeNbHO 30HAUPOBAHWE U UCCNELOBAHUE CBOACTB I'PyH-
TOB (IJIOTHOCTH, yIJia BHYTPEHHETO TPEHHUs, MOIyns xpedopMmanuu
¥ [p.) TpaZULIHOHHLIMH METORaMU (0T60pOM 00PasioB U HCIHTAHU-
eM 1ux B Jaboparopuu, ucnbiTanuem mramnom). Ha ocHoBe cpaBhu-
TEJIbHO HeGOJIbUWOro YUCaa TAKUX NapasjieJibHbX UCILITAHUA MOXKHO
YCTaHOBUTH KOppeisiiyoHHble 3aBUCHUMOCTH COIPOTHBJICHUS 30HIH-
POBAHMIO OT Pa3JIMYHBIX CBOHCTB TPYHTOB [A3HHOH CTPOUTENbHOH
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MJIOMAAKH. DTH 3aBHCHMOCTH, YCTaHOBJEHHbE JJISl JIOKAJbHBEIX yC-
JIOBH#, NO3BOJISAIT OHPEAENATH CBOHCTBA TPYHTOB HO pe3yJbTataM
CTATHYECKOro 30HIHPOBAHHS TOUHEE H HaJexHel, YeM 10 OCpeJHeH-
HBIM JlaHHBIM, PEKOMEHyeMbIM LaJiee,

Kak yxke yxaseBanocs, FTOCT 20069—74 ycraHaBiuBaer, 4YTO
CTaTHYeCKOe 30HIHPOBAHHE CJIeAYyeT BLINOJHATL HENPEPHIBHO CO
ckopoctrio He Gosee 1 M/mMun (1,7 cM/c). ITostomy mpezacraBiaser
HHTepeC PacCMOTPETh HPEeABAapPHTEJIbHO HMEIONIHECs JaHHble O BJIHHA-
HHH CKODPOCTH 30HJHPOBAHHSI HA YIEJbHOE CONPOTHBJIEHHE [PYHTa
KOHYCY 30H/Ja HPH €r0 HOIPyKeHHH.

O BJANSHNM CKOPOCTH 3OHAMPOBAHHS M YIJa NPH BEpUINHE 30H-
AAa Ha Pe3yJbrathl 30HAMpPOBaHHS. BUHsiHHEe CKOPOCTH 30HIMpOBa-
HHs1 B KPYNMHO3€PHHCTBIX HPAKTHUECKH CyXHX IPYHTaxX HCCJIeNoBa-
Jaock JK. Kepusesem [57]. 3oHIHPOBaHNEe NPOH3BOJAHJIOCHL 30HIOM
IMapesa nuamerpom 45 MM C H3MeHEHHEM CKOPOCTH 30HIHPOBAHHS OT
0,35 no 15—20 cm/Muu. MccrenoBaHus NOKasaJjH, YTO NPH yBesnde-
HHH CKOPOCTH 30HIHMpOBaHHsi B 10 pa3 conpoTHB/IeHHe NOTPYyKEHHIO
KOHyca Bo3pacTtaet Bcero Ha 49%.

B pa6ote [38] npuBeneHbl pe3yibTaTbl 30HAMWPOBAHHS 30HIOM
AuaMeTpoM 3,6 ¢M pasJIHYHBIX FPYHTOB HPH H3MEHEHHH CKOPOCTH
soHHpoBaHuyd B 10 paz— ot 2 Mm/c 10 2 cMm/c. PeaynwraThl 3Kcne-
PHMEHTOB B IECKax IOKal3aJH, YTO OTHOIUEHHE COIPOTHBJIEHHH 30H-
JHPOBAHHIO MPH YKa3aHHBIX CKOPOCTSX COCTABHJIO B MENKHX CYXHX
neckax 1,08, a B MeJixux BoJoHachlImeHHbIX —0,78.

B BOJOHACBHIIIEHHBIX IPYHTaX CONPOTHBJIEHHE 30HAHUPOBAHHIO C
H3MeHEeHHEM CKOPOCTH 3aBHCHT OT H3MEHEHHs NOPOBOIO LABJEHHS B
30He TOJIOBKH 30H[a. B 3TOf CBSI3H NpeacTaBisieT HHTEPEC HCCJIEN0-
Banne IlImMepTMana [79] o BJHSHHH HODOBOTrO NaBJEHHSI Ha CONPO-
THBJIeHHE 30H/JHPOBaHHIO. B HCC/IeJOBaHHH Ha OTJEJbHBIX MpHMepax
NOKa3aHo, YyTO GOJbINAsT pa3HHL@ B CONPOTHBJIEHHH 30HANPOBAHHIO B
[ecKax W rJiHHax MOKeT ObITh OObsICHEHA IOPOBLIM HaBJEHHEM, BO3-
HHKAIOUIHM TPH 30HAHPOBaHHH. I1pH 3TOM B IVIHHAaX BO3HHKAeT HO-
JIOXKHUTEJBHOE [OPOBOE [ABJIEHHE, YMEHbIUAMOLIEE CONPOTHBJICHHE
30H/HPOBAHHIO, @ B BOJOHACHIIIEHHBIX IJIOTHBIX HeCKax — OTpHia-
TeJIbHOE NOPOBOE JaBJIEHHe, YBEJHYHBAIOLEe CONPOTHBJEHHE 30H-
JIHPOBAHHIO.

3oHHpOBaHKe NMECKOB IPOH3BOIHJIOCH Ha IJIOMAJKe, CJOXKEH-
HOH 10 rJyOHHBL 4—5 M MEJKHM IIecKoM C HeOOJbIUHMH CHJaMH
CLEMJIeHHs:, a ¢ IIYOHHB 5 M — MEJNKHM H CpPeRHHM Neckamu. ITeckn
Ha BClo Iy6uHy IJoTHHie. I'pyHTOBbIE BOABI 3ajieraior Ha IayGuHe
2,1 M. 3oumHpoBaHHE NPOH3BOJHIOCH MeXaHHYeCKHM 30HIOM.
B opHORt cepHH ONBITOB H3MEPEHHS CONPOTHBJIEHHSI 30HIHPOBA-
HHIO TPOH3BOJHJIHChL Yepe3 Kaxjble 20 ¢M NPH HENpepLIBHOM IO-
IPYKEHHH 30HJa Ha LJHNY OXHOTO 3BeHa 30HAa 1 M, B Apyro#
CepHH H3MepeHHs! TakxkKe IPOH3BOAHJHCL 4Yepe3d 20 cM, HO ¢ Oc-
T4HOBKOH 30HZA NpH Kaxaom 3amepe. IIpu 30HIHpOBaHHH C OC-
TaHOBKaMH TpeGoBasioch B 2—3 pa3a OoJsblile BpeMeHH, YeM IIpU
HeNpepbIBHOM.
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Pe3syJbTaThl 9THX IKCNEPHMEHTOB NOKa3blBaloT, YTO IpH Golee
GLICTPOM 30HAHPOBAHHH CONPOTHBJIEHHE MOTrPYIKEHHIO KoHyca GoJib-
me npuMepHo Ha 25% B BepxHeM cJjoe necka U Ha 8% — B HHK-~
HeM, DTy pasHHIy B CONPOTHBJEHHH 30HJHPOBAHHIO aBTOp O0bACHS-
€T BO3HHKHOBEHHeM MOPOBOro narienHsi. [IoCKONbKY NeCKH MJIOTHHE,
norpyeHne B HHX 30HJa BbI3bIBAET HX pasphiXjeHHe H pasBHTHe
OTPHIATENBHOTO NMOPOBOIO J@BJIEHHSI, KOTOPOE yBEJIHYHBAET COIPO-
THBJEeHHe 30HAupOBaHHIO. IIpH Gonee MejsleHHOM 30HIHPOBaHHH
yacTh BO3HHKIIETO OTPHLATEJBHOrO IIO-

pOBOro JaBJeHHsi pacceHsaercst u conpo- 0 W X 3 g,wecfen’

THBJIEHHE 30HIMPOBAHHIO YMeHpINdeTCH. I
ITpOTHBOMOJIOKHEIH pe3ysibTaTr HoJy- s

yeH NPH 30HIUPOBAHHH B CaGOM TVIHHH- C

CTOM ONecYaHeHHOM TIPYHTE€ C HH3KHM 3
koaduurenToM QUIbTPALHHE, HMEIOIEM
CJIEYIOULYI0 HEOObIYHYIO XapaKTEePHCTH-
Ky: uucao miactuyHocern 0,19, Biax-
HOCTb Ha TpaHHie nuacTHyHoctb 0,18, .
ecTecTBeHHasi BjaaxuHocth 0,35; copep-
skanne yactun Kpynhee 0,1 mm — 809
u opraHuyecknx BemecTB— 6%. [pyu-
TOBLI€ BOJABI 3ajerai0T Ha rjaybune 2 M. g
VMenbliieHpe CKOPOCTH 30HLHPORAHMS
IO CpaBHEHHIO CO CTaHAApTHOH CKo-
poctsio ¢ 1,5 o /s cM/c mpHBesIO K yBe-
JIHYEHHIO CONMpPOTHBJEHHSI 30HAHPOBaHHIO 12
npuMepHo Ha 18%, a yMeHblueHHe 1o Fyet
Yiooo CM/C— K YBEJHUEHHIO CONPOTHB- Puc. 49. Bamsinue CKOpOCTH
neHust 3ouauposanno ha 489%. Mame- sonauposams B rimuHaX ua
peHHe IOPOBOr0 JdBJIEHHs Ibe3oMmer- — SONPOTHBICHHS TIOTPYKEHHIO
poM, HMelomHM (GopMy H pasMeps! 30H- SORA3 Ga

1, 2—1upH CKOPOCTH COOTBETCT-
Ja, NoKasaso, YTO NPH CKOPOCTH 30H-  genno 0,3 u 0,9 M/mun
auposaHnsi oT '/3 mo 5 cMm/c mopopoe
IapjeHHe NpaKTHYeCKH He BO3HHKa-
er. OHAKO TIPH OCTAHOBKe Mbe30MeTpa y2Ke 4yepes 4—O6 MuH BO3-
HHKaeT IOpOBOe AaBjeHHe, paBHOe MpHMepHO 1 M BOA. CT., KQTOPOE
3aTeM MeJJIEHHO yMeHbluaercs, npuueM 90% auccunaunnn 3aHnMaer
okoJsio 1 4. BOSHHKHOBEHHEM I10JIOXKHTEJBHOIO MOPOBOrO JIABJIEHHS
aBTOp OOBSICHSIET yBEJHUEHHE CONpOTHBJIEHHS 30HIHPOBAaHHIO NPH
oyeHb MaJbIX CKOPOCTSIX.

BMecTe ¢ TeM aBTOp YKa3bIBaeT, yTo HapsJy C BO3SHHKHOBEHHEM
[OJIOKHTEILHOTO MOPOBOro JAdB/JIEHHS HENOUCPEACTBEHHO MOZ KOHY-
COM 30H[AA Haj HHM IOSIBJASETCS 30HAa OTPHUATEJIbHOIO IOPOBOro
napJjennsi. BosjefcTBHe 3THX ABYX (akTOpOB MOXKET JaTb PasJH4-
Hble pe3yJbTaTH. B yacTHOCTH, B paGore [82] npuBoasTCs AaHHBIE
O 30HAHPOBAHHH B [JIHHAX, KOTOphle NOKa3bIBAIOT, YTO YBeJHYEHIe
CKOpOCTH 30HAHpoBaHHs B 3 pasa (¢ 0,3 1o 0,9 M/MHH) NPHBOIHT K
yBeJIHUEHHIO CONPOTHBJICHHS! [VIHH OrpyMeHHI0 30HAA NPHMEPHO Ha
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20% (puc. 49). B paGore [33] nmpHBeneHb NaHHbLIE HKCHEPHMEHTOB
N0 30HAMPOBAHHIO JIECCOBMJHLIX CYTJIHHKOB IIPH CKOPOCTSIX IOIPY-
wkewus 30812 ot 0,1 no 3,5 M/mun. IIpn conpoTHpNeHHH TPYHTa IIO-
IPYXkKEHHIO KOHyca (nuaMeTpoM ocHoBaHHs 80 mM) 8—12 krefem?
H3MeHeHHe CKOPDOCTH 30HIOHPOBAHHSI B YKa3aHHBIX WHPOKHX mpene-
Jax (B 35 pa3) NpaKTHYECKH He BJHSJIO Ha Pe3ysbTaThl 30HAMPOBa-
HHSL
B pabore [38] nonyueno, uTo cONPOTHB/EHHE 30HAUPOBAHHKIO MIPH
CKOpPOCTH 2 CM/C 1O OTHOIIEHHIO K CONPOTHBJEHHIO IPH CKOPOCTH

gy, mecfom’
5 [_. T T TTTITT
4t i
3} | -
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Puc. 50. Bansinse CKOpOCTH 30HJHPOBAHHA Ha ¢s B JIEHTOYHBIX TIHHAX

2 MM/C COCT@BJISIET; JJIsI MATKONJIACTHYHHX rauH —1,35—1,45, a pns
BO/IOHACBIIEHHBIX MbUIeBaThiX I'pyHTOB —0,53—0,88. ¥YMeHbuienue
CONPOTHBJIEHHs! CJ1abbIX INBLJIEBATHIX IPYHTOB IPH YBEJHUYeHHH CKO-
POCTH 30HJHPOBaHHS aBTOpBl pa6oThl [38] OOGBACHSIOT BO3MOMKHBIM
paspylleHHEM HX CTPYKTYPbl BCJeJCTBHEe BO3HHKHOBEHHSI I1OpPOBOTO
ItaBJICHHS.

HurepecHble naHHbie 06 H3MEHEHHH CONPOTHBJEHHSI 30HAHPOBA-
HHIO JIEHTOUHBIX I'JIMH B LIMPOKOM JIHana3OHe H3MeHEHHs] CKOpPOCTH
npusesneHsl B pabore [50]. Ha puc. 50 nokasan rpaduk 3oHaupoBa-
HHs1 Ha TJayOHHe 7—8 M NpH pPas3juuHOi CKOpPOCTH, NpHuUeM KaxKias
TOYKa MOJIyYeHa KaK cpejlHee 3HayeHHe CONPOTHBJEHHH 30HAHPOBa-
HHIO Ha 3TOH IJyOHHE.

Astopbl pa6ots! [50] OODBACHSIOT CAOXKHBIH XapaKTep KpHBOH
KoMOHHalHel BSI3KHX H APEHHPYIOIUHX CBONHCTB IpPYHTAa, NpH 5TOM
YOpH30HTaJbHas YWIOmMAAKa KpHBOH NpH cKopoctsix okoso 0,05 cm/c
oTobpaxaeT NPOYHOCTHblE CBOHCTBA IPYHTA NPH JPEHHPOBAHHEIX HC-
IBITAHUAX, a IJIOIajKa NpH CKOPOCTH OKOJIo 5 cM/c— npH Helpe-
HHAPOBAaHHBIX (OLICTPBIX) HCIBITAHHSAX,

B pa6ote [51] npuBeneHb! pe3y/bTaThl 30HAHPOBAHHS TeKydYe-
MJIACTHYHBIX OaHTKOKCKHX IJIHH, XapaKTEPH3YeMBIX KOHCHCTEHUHEH
0k0J10 1, B1axuocrbto 0,5—1,5 H NpoYHOCTHIO PH HEAPEHHPOBAHHBIX
weneitannsx 0,1 krefem?. Kak BunHo u3 rpaduka (pHc. 1), nameHe-
Hile ckopocTH 3ouaupoBanus B 30 pas (¢ 0,1 no 3 cM/c) He mpHBO-
IHT K CYINECTBEHHOMY M3MEHEHHIO CONPOTHBIEHHS 30HAHPOBAaHHIO,
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BbLI3bIBasl JIMIUL HEKOTOPOe yBeJMYeHHe CONMPOTHBJIEHHS 30HAHPOBA-
HHIO,

HlBTepecHrie naHHbe O BJHSHHY CKOPOCTH 30HAMPOBAHHA Ha CO-
NpOTHBJIEHHE TIOFPYKeHNIO KOHyCa NpHBeaeH: B pabore [4]. Hccie-
JOBaHHS NPOBOAWIHCH B NOJYTBEPABIX IVIHHAX CO CJEAYIOIHMH
CROMCTBAMH: BJAAXKHOCTH Ha rpannue texywectu —0,84, na rpauunue
packatHBauusa —0,27, ectectBennas Baaxuocts 0,22—0,31, c==
=1,05 Tc/M?, p==18°, E==300 xrcfem?, koadpduuvent QuabTpauHn
10-% em/e.

g3.xec/em?
am 20 3 4 50 60 W 8 g, Ketjore?
X T T
H 4 ‘ -
' ity —
Pl N
-7 Lo
7 g 40 80 120 0 o>
8 A
~ 2 Pue. 52. Bansinme yria npy Bsep-
LIMHE KOHYCA O HA ¢a
72 4 —
A Puc. 51, Binsinye cKOpPOCTH 30HAH-
g POBAHUS Ha gs B TEKYdeNVIaCTHIHbIX
TIHHAX
% o fnpr U=3 cMjc; 2 TipH p=2 cwM/c:
Hm 3 — npe v=0,9 cMic; §-— npu =01 cMic
¥

PesynbTaThl 30HAHPOBAHHSA TEH30MeTPHYECKHM HAKOHEUHHKOM
auaMeTpoM 3,6 cM OpH CKOPOCTSAX 30HAHpOBanus 2 cMm/c {ABa 30H-
nvpopaHus) u 0,17 cm/c (ABa 30HAMPOBAHHS) NOKA3LIBAKOT, ¥TO pas-
HULB NPAKTUYECKY HET.

[Ipnsesennbifi 00630p COBpEeMEHHLIX NAHHBIX O BJAHAHMH CKOPOCTH
30HAMpOBaHHsl Ha CONPOTHBJIEHHE TPYHTa NMOrpyXKeHHI0 KOHyca I[o-
Ka3biBA€T, UTO NOJHOH SICHOCTH B 3TOM Bonpoce Her. [Ipu Tex He-
GosbIUHX KoJ1eGaHUsIX CKOPOCTH, KOTOPHe MOryT OHTh B DpaKTHKE
30H/IHPOBaHNs, BIHsIHHE CKOPOCTH, KakK IpaBHJO, HeCyUleCTBEHHO.
Bmecre ¢ TeM B c1a6bhiX BOAOHACHLAUEHHLIX IMHHHCTHX H NeCYaHHX
rpYHTaXx BJHsiHHe CKODOCTH 30HJMPOBaHHSI MONKET OKas3aTbCH C¥-
mecTBeHHBM, ITo9TOMy pexoMeHIyeTCsi IpH HEC/Ie0BaHAY Cialuix
MaJIOH3YUeHHBIX TPYHTOB H NpPH NPOEKTHPOBAHHA OTBETCTBEHHEIX €O~
OpyKeHH# NPOBECTH HECKOJNBKO 30HAMPOBaHHN CO CTaHAAPTHOW CKO-
POCTBHIO, a TaKKe CO CKOPOCTBIO, B 5—10 pa3 MeHuile CTaHKapTHOH.

B paGore [72] npupeieHb Takxe JaHHbie O BJIHSHAM yria NpH
BepliHHe KOHyca Ha CONMPOTHBJIEHHe 30HAHpOoBaHHIO. Ha puc. 52 no-
Ka3zaHa dKClePHMEHTAJbHAd 3aBHCHMOCTb CONPOTHBJIEHHS 30HIAHPO-~
BaHHp CJa6oH CAHHB OT YyIJla IOpH BepliiHe KOHYCa 30HAR, H3Me~
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usipiierocst ot b 1o 180°. ITnomaae ocHoBanus konyca 6,45 cM?, cko-
pocth 3oHAMpoBaHus 1 cM/c. Kak BHAHO U3 rpaduka, NpH yrje Npu
BeplunHe KoHyca o=30--180° (1n/10CKOCTL) CONPOTHBJIEHHE 30HAIH-
POBAHHIO He H3MEHSETCSl. ITO MOXKHO OOBSICHHThL TeM, YTO NPH BIAAB-
JIHBAHHU IIJIOCKOTO 30H[a IIOJl €ero NojouBoii o6pasyercsi YHJIOTHEH-
Hoe KoHycooOpas3Hoe sinpo, npeBpaijaroliee IJIOCKHA mTaMn B KO-
HyC.

Crnenyer OTMeTHTb, 4TO B pabore [44] naHo pemenne B TOYHOM
TIOCTAHOBKE 3ajayyi O NOTPYXKEHHH KJIHHA (IJIOCKas 3ajaga) ¢ Ho-
CTOSIHHOH CKOPOCTBIO B IJIacTHYECKY1o cpeny ¢ ¢==0. ApTophi pabo-
Thi [44] nenalor BBHIBOJ, YTO CONPOTHBJIEHHE LIEPOXOBATOrO KJHHA
TIOrpyKEHHIO YMEHBIIAETCSI C YBCJIMYEHHEM YIJa IpPH BEPIUHHE ¢ [0
67°, ocTaBasicb 34T€M MOCTOSIHHBIM, BCJENCTBHE TOrO, YTO NpH C.>=>
=67° nepen xJMHOM 0Opasyercsl YIJIOTHEHHOE SIIPO C TAKHM K€ Yr-
JoM npu BepuinHe, Ilpu TakoM YCJIOBHH Ha NMOrpyeHHe KOHyca 3a-
TPayuBaeTCs MUHHMYM 5HEPIHH.

B pabore [67] npuBeneHb! pe3yJbTarThl KCHEpPHMEHTOB IO YO-
TPYKeHHIO KOHyca (LUEPOXOBATOro H IJajKOro) B IVIHHBI H IECKH.
DKCcIepHMEHThl IOKa3aJH, YTO JiJiIsl IIePOXOBATOr0 KOHYCa CONPOTHB-
JieHH€e NOrpyzKeHHIO I B IIHHAX H B IeCKaX CTAHOBHUTCSt MOCTOSTHHBIM
npu a==60°.

IlpuBeieHHble naHHbIE IO3BOJISIOT CYHTATD, YTO YroJ1 NPH Bepluu-
He KOHyca o, paBHbiil 60°, BbIOpaH JJIst YCTAHOBOK CTaTHYECKOrO
30HOHPOBaHHUsI NPaBHIbHO. YBeJHUYEHHe HTOr0 YIJla CYIIECTBEHHOrD
BJIMSIHHSI Ha CONpPOTHBJIEHHe 30HIHPOBAHHIO He OKA3LIBAET, 4 €ro
yMeHbIIEHHE MOXKET NPHBECTH K HEKOTOPOMY INOBHIUEHHIO CONPOTHEB-
JIeHHS] 30HAHPOBaHUIO.

B pabore [47] HccaenoBadioch TaKKe BJHsIHHe JHaMeTpa 30HAA
Ha CONPOTHBJEHHE 30HAHPOBAHMIO. 3O0HJUPOBaHHe IPOH3BOJHIOCH
sonaaMu puamerpom 3,6, b u 25 cm. CratucTHyeckH of6paboTaHHOE
cpejiHee CONPOTHBJIEHHE 30HIHPOBaHHIO Ha raybHHe 10 M okasanoch
COOTBeTCTBEHHO paBHBIM 30,2, 29,3 u 22,4 krc/cM?, T. €. IpH yBeJHYe-
HMHM JHaMeTpa B 7 pas CONpPOTHBJEHHE 30HHPOBAHHIO YMEHbBIIHIOCH
B 1,35 pasa.

B sTO# ke pafoTe NMOKasaHo, YTO B 3HAYHTENHLHO 6OJIbIUEH CTe-
IEHH, YeM JHaMeTp 30HMa, Ha COIPOTHBJIEHUE 30HIHPOBAHHIO BJINseT
KOHCTPYKUHS 30Hna. Ha pnc. 53 nokasaubl craTHCTHYECKH 0606-
HieHHble Pe3yJIbTaThl 3OHAUPOBAHHS NOMYTBEPABIX IVIHH MexaHHde-
CKHMMH 30HJaMH JHaMeTpoM 3,6 CM PasJIHYHO/ KOHCTPYKIHU: KOHY-
coM Ge3 nepexonHoil yacTH (cpeliHee no 16 HCNBITAHHAM); KOHYCOM
¢ koxKyxXoM (cM. puc. 25; cpenHee no 4 ucnbtanusaMm). Kak BHIHO U3
PHCYHKA, CONPOTHBJEHHE KOHyca ¢ KOXKYXOM 3HayHTeJIbHO BHIIIE,
4YTO OOBACHSETCS CONPOTHBJEHHEM IPYHTa TPEHHIO 1o GOKOBOH MO-
BepxHOocTH KoxKyxa. Otcrona HeoOXONHMO CHeNath BHIBOJ, UTO INPH
OlleHKe Pe3y/IbTaTOB Pa3JIHYHLIX 30HAHPOBAHHA H KOPpessluil Mexk-
Ly pesysabTaTaMu 30HJHPOBaHHS H (DH3HKO-MeXaHHYECKHMH Xapax-
TepHCTHKaMH FPYHTOB BCErAa ciaefyeT YUHTHIBATH KOHCTPYXIHIO 30H-
Ra, IJsi KOTOpOH KOppesdsiuMH OBWIH 1NOJyYeHbl, B wacTHOCTH,
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npHBOJHMble HHXe pekoMeHjannu u3 CH 448—72 no onpenenenuio
(pHU3UKO-MEeXaHHYECKHX CBOHCTB I'PYHTOB OBUIH TMOJYYEHB! B OCHOB-
HOM M0 JaHHBIM 30HAHpOBaHHS ycTaHoBkaMu C-979 u CII-59 ¢ ko-
HYCOM, NMOKa3aHHBIM Ha pHc. 37, a.

310 O6CTOSTENLCTBO CJIeyeT YYHTHIBATL H MpH pa3paboTKe HO-
BbIX KOHCTPYKIHIA 30HAA, TAK KaK IJIA KaxKJAOH HOBOH KOHCTPYKIIHH
rorpebyercsi NpOBEeJeHHe BHOBb GOJIBLIOIC YHCJA Pa3JIMYHBIX COMO-
CTAaBUTENbHBIX HCIBITAHHI JJISI yCTa-

HOBJIEHHSI 3aBHCHMOCTeil juis  30H/1a 0 0 e o gl
JlaHHoro THNa. B 3Tofi cBsizam npen- /
CTaBJsieTCs NpaBHIbHBIM NYTh, MO KO- X
TOPOMY NomIa JabopaTopHsl MexaHH- 4 \
ku rpyHToB B Hendte (I'onnannus). A
Ilpu paspaboTKe TEH3OMETPHUECKOTO
HAKOHEYHHKA [Jisi 30MJHDPOBAHHS ero
KOHCTPYKIHsl noabupanach Tak, uTO- \
OBl CONPOTHBJEHHe 30HAUPOBAHHIO OH- 12 \
JIO TAKUM e, KaK H B TPaJHIIHOHHEIX h
MeXaHHYeCKHX TOJIAaHACKHX YCTAaHOB- /¢ \

Kax. 3T0 NO3BOJHJIO IipH o6paboTke \

pesy/IbTaTOB  30HJHMPOBAMHSl TeH3O- | N

MeTpHYECKHMH 30H/JaMH HCIIOJ1b30BaTh Hom

BeCh paHee HAaKOMNJEHHBIH ONBIT IO

30H/IHPOBAHHIO. Puc, 53. BnusHue KOHCTPYK-
Onpeznesienne XxapakTepa Hanjac- M 30HAA Ha Ga

TOBaHHUS M BMAA IpyHTa. Ha npononb- I — xonyc Ges nepexolrofi HacTi

: - 2.
HOM NpOQHJIe cTPOMTENbHOM MJIoma - HOHyC ¢ Kontyxon

KH, IIOCTPOEHHOM IO JaHHBIM CTaTHYe-
CKOTO 30HJHpoBaHHs (pHC. 54), BecbMa OTYETJIMBO BBIAEIAKTCS
OTJeJIbHble MPOCNOHKH H JMH3B H BHAeH OOIHH XapakTep 3ajera-
HHSl TPYHTOB Pa3JIHYHOH MPOYHOCTH.

Ilpu 3onaupoBanMH ycraHoBkoit C-832, nospossiouieli onpefe-
JIHTh BEJUYHHY MECTHOTO TPEHHS IPYHTa, BHI IPYHTOB MOXKHO Olle-
HHTBb IO Pe3y.bTaTaM COBMECTHOro pPacCMOTpPEHHsl YAEJBLHOrO CcO-
APOTUBJIEHHS TPYHTa NOrpy:KeHHI0 KOHyca §3 H YIEJbHOTO TPEeHHS
rpyuta f. Tak, no naussim HHUHnpoMcTposi, ¢.ff nyist neckoB uame-
Hstercs ot 50 no 200, a gas rauH— ot 10 jo 20. ITH DpesyabTaTh
IIPHMEPHO COOTBETCTBYIOT pe3yJbTaTaM 3KCNEePHMEHTOB DereMa-
Ha [48].

HekoTopble NaHmble 1JIs1 ONpejiesIeHHs] TeOJIOrHYeCKOro paspesa
IO pe3yJbraTaM CTaTHYeCKOro 30HAHpPOBaHHs HpHBeJeHB! B pabore
[6]. Onnako, yyuThIBasi HEJOCTATOYHYIO JOCTOBEPHOCTL TAKOrO On-
pelesieHHsl TEOJIOrHYeCKOro pas3pes3a, Kak MPaBHJIO, IPOH3BOAAT
Takxke OypeHHe HeCKOJIbKHX re0JJOrHYeCKHX CKBaXKHH.

CraTtnyeckoe 30HAHPOBaHHE TO3BOJSET HE TOJbKO ONpeleNluTh
rPaHHIbl Pa3JHYHbIX HAIJIACTOBAHHH TPYHTOB, HO H ODHApPYKHUTH
BecbMa TOHKHE IIpOCJIOH TPYHTOB B Ipejejax OJHOrO IJacTa.
B. TopuGyn u ap. [86] npuBoasit pe3ysbTaTh 30HAHPOBaHHSI KOHY-
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coM nyomanpio 10 cM? MeTKO3epHHCTOrO MecKa B CTaJbHOM pesep-
syape nuamerpom 105 cM u BeicoTo#l 195 cm. Delim npoeepeHs nse
CEPHH ONLITOB. B NepBofl cepHM ONBITOB B IJIOTHO yTPaMOOBAHHOM
flecke OBLJIH CJeNaHbl TPH pHIXJble MPOCJHOHKH IecKa TOMIHHON 7,5,
15 1 30 cM. Bo BTOpO#i CepHH B PHIXJIO YJIOXKEHHOM Necke HMelHCh
TIPOCJIOAKHA MJIOTHOTO llecKa TOR e TOJIUHHBL. BOBcex cayuasix aTe
fIpOCJIORKH OBbLJIH OTYETIIUBO OOHAPY2KeHBl 30HIUPOBaHHEM.

Puc. 54. Ilponoapunii npodusb NACIIALKH, TOCTPOEHHLIH MO pe3ysibTaTaM CTATH-
WECKOro 30HJIHPOBaHUA (IYHKTUPOM NOKa3aHa TIPaHHUA 30H C Pas/MuHBIM )

OnpepeneHre NIOTHOCTH NMECYAHBLIX M KOHCHCTEHIMM IJIMHUCTHIX
rpynroB. llioTHOCTH necyanblX IpPYHTOB fIBJSETCS, KaK H3BECTHO,
OJIHOfi H3 'OCHOBHBIX XapaKTepPHCTHK, HCIOJb3YEeMLIX IIpH pacyere
ocHOBaHUi coopyxkenuil. OnHAKO onpenesieHde IJOTHOCTH TecKa B
JabopaTopHH no 06pasnaM rpyHra, OTOOPAaHHBIM H3 CKBaXKMH, maer
COMHHTEJIbHbIE Pe3yJabTaThl, TAK KakK NPaKTHYeCKH HEeBO3MOMKNIO CO-
XpaHuThb HeHapyleHHoe CJOoKeHHe IpYHTa NpH OTOOpe 00pasuoB H
HX TpaHCNOPTHPOBaHUH. DT0 Ke OGCTOATENbCTBO 3aTpy/AHsET ycTa-
HOBJIEHHEe KOPpPeJAHOHHBIX CBsI3efl MeX/[Ay CONpOTHBJIEHHEM 30HiH-
POBaHHIO §3 U HJIOTHOCTBIO NECKOB B YCJIOBHSIX HX €CTECTBEHHOrO 3a-
Jgeranusi. [ToaToMy 1151 yCTaHOBJIeHHES] YKa3aHIIbIX CBS3ell pasjnyHble
HCCJIeIOBATeNH NPOBOJAUIIH ONBITH B pe3epByapax (Konoanax) MM
IPYFHX €MKOCTSIX, B KOTODBIX NecOK yKJaJBIBaJcs NOCIOiHe N0 3a-
JaHHOH NOCTOSIHHOH IJIOTHOCTH.

B pesynbrare 0600lieHNsi QAHHBIX SKCIEPHMEHTOB, a TaKxke
OnbiTa CTATHYECKOrO0 3CHAUPOBAHHA Ha CTPOHTEIbHEIX Naomajkax
8 CH 448-72 u CHull 11-15-74 paub pexoMeHZAHH AJIs ONpese-
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Tabnuna 16

Tleckn 9, Krc/em® TIJI0THOCTL CJIo3KEHHs

Kpynunie u cpennelt kpynso- | Bonee 150 [MTnotubie

ctu (HE3aBHCHMO OT BJax- | 150—50 Cpeanefl noTHOCTH

HOCTH) Meree 50 Prixabe

Menkne  (mesaBucumo ot | Bosee 120 [Tnotrele

BIaHOCTH) 120—40 Cpenueil 1NOTHOCTH
Menee 40 Prixawe

[NbieBaThie ManoBsiaxubie u | Bosee 100 IMnotueie

BAAXKHLIE 100—30 Cpensell TVIOTHOCTH
Menee 30 Prxiawe

INeineBaThie  BOAOHacwHIeH- | Bonee 70 [NnoTrEE

HblE 70—20 Cpenuefl IWIOTHOCTH
Megee 20 Prixane

JieHusl IIOTHOCTH NEeCKOB B 3aBHCHMOCTH OT TpaHyJOMETPHYECKOro
cocTaBa H CONPOTHBJIEHHS NOIPYXKEHHIO KOHyca ¢s (TabJ. 16).
JlauHbBIMH TabJy. 16 pekoMeHIyeTcsl MOJL30OBATHCS AJS [VTYOHHBI

30HIHPOBaHHS 2 M H GoJee,

Hajo uMerb B BHAY, YTO TakHe (GakKTOpbl, KaK CTENeHb IiepOXo-
BATOCTH 3epeH, KO3dGHUHEHT HEOAHOPOAHOCTH, HAJHYHe Jaxe Ma-

JIOTO KOJIMYECTBA NBIIEBATHIX YaCTHIL
H JAp., MOTyT BBI3BaTh CYLIECTBEHHOE
OTKJIOHeHHE OT CpenHuX UuHQp, yka-
3aHHBIX B Ta6J. 16. IlpuBegemM, B yac-
THOCTH, Pe€3yJbTaTthl JKCIEPHMEHTOB,
BuinosHeHHblXx Mycom [70]. MM Obuiu
npoBefeHbl 30HAWPOBAHHS HCKYCCT-
BEHHO OTCHIIAHHBIX TOHKHMH CJIOSIMH
OIHOPOIHBIX H HEOJHOPOJHBIX MECKOB
B KOTJOBaHe rJay6uHoit 3,8 M (puc.
55). Kak BHIHO H3 PHCYHKa, CONpPO-
THBJIEHHE 30HJHPOBAHHIO NPH OfHHA-
KOBOH IIJIOTHOCTH BBILE Y OLHOPOI-
HBIX NIeCKOB (BepXHss KpHBas).
PaccMoTpHM HeKOTOpBIE NOMOJHH-
TeJbHblE DPEKOMEeHJAlHH N0 OleHKe
IJIOTHOCTH necka. B pa6ore [76] as-
TOPB! NMPHBOAAT 0606uteHHbIH rpagHK
3aBHCHMOCTH MEXIY OTHOCHTEJbHOR
IJIOTHOCTBIO H CONPOTHBJIEHHEM 30H-
JHPOBAHHIO HA OCHOBAaHHH CBOHX pa-
Hee OnyGJIHKOBAHHBIX OINBITOB Ha Iec-
Kax TpexX BHAOB. Bce jaHHbBIe 10BOJBHO

L, 2
g}, xec/crt

400! J

% Dz
7
7
200 P
L3 e
. i ]
Ryl
100 "‘,’/\4
J / o T4
o [ 4
¢ 75 7D

Puc, 55. I'padHK 30HAUPOBAHHA
OJHOPOAHHIX H  HEOAHOPOAHBIX
neCUaHLX TPYHTOB (HHIKHSS KpH-
Bafl OQTHOCHTCA K HEOAHOpPOZHO-
MY KPYNHOMY MECKY, BEpXHAS—
K OJHOPOXHOMY MECKY CpelHeMy
H MEJIKOMY)

1 — OYeHb IJIOTHBIi; 2 — NJOTHHINA;

3 — cpenHeil NJIOTHOCTH; 4 — pHIXJBIL
J0 <penHeil IJIOTHOCTH; 5 — puIXJbif
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XOpOUIO YKJAABIBAIOTCS Ha OXHY KPHBYIO, COIVIACHO KOTOPOH MecKH
cpenueit miaotHocru (0,33<CD=<C0,66) nMeoT conpoTHBIEHHE 30H/IH-
poBaunwo or 20 no 85 krc/em? (370 no tabia. 16 npuMepHO cooTBeT-
CTBYeT JAHHBIM JiJIsl NIbUIEBATHIX I1ECKOB).,

B paGore [71] npHBeaeHb! pe3yJAbTaThi TIIATEIbHO BBUTOTHEHHBIX
ONBITOB B HACBIISIX U3 OMHOPOIHBX (4=2,2) MeJKHX H CpeIHHX
TIeCKOB H HeolHOponHO#i (#=D5,7) cMecH necka u rpapusi. [lapan-
JieJIbHble HCIIBITAHHS B NOJIEBBIX YCJIOBHSAX NJIOTHOCTH H COMPOTHBJIE-
HHSI 30H/HPOBAHHIO IO3BOJIHJH CHIEJATh BBIBOJ, UTO CPEeAHss IJIOT-
HOCTb HECBSI3HBIX FPYHTOB COOTBETCTBYET CONPOTHBJEHHIO 30HAHPO-
BauuIo B npejnenax 75—150 kre/eM? (310 1o 1264, 16 npuMepHO co-
OTBETCTBYET NAHHBIM JJI51 IeCKOB KPYINHBIX H CpelHell KPYNHOCTH).

JKcnepHMeHTalbHble JabopaTOpHble JaHHBE MOKa3biBAIOT, YTO
MeX/y YIJIOM BHYTPEHHErO TPEHHS ¢ H KO9(PPHUHEHTOM MOPHUCTOCTH
e cyulectByerT o6parHO NpPONOPUHOHAJbHAST 3aBHCHMOCTb, KOTOpasi
JUTSl IECKOB MEJIKHX H Ccpe/iHeil KPYIHOCTH Ha OCHOBe J1aGopaTOpPHBIX
JaHHBIX MOXeTt ObiTh BhipaxeHa GopMyJIoi

tg o =0,4/e. (33)
KoM6uunpys ¢opmynn (28) u (33), NOJy4HM 3aBHCHMOCTb
e=2,8yh/In gs. (39)

Kak n3BecTHO, NlecKH cpejHeli KPYNHOCTH OTHOCSTCS K CpefHe-
miotHeiM npu e=0,55—0,7, a Menkue — npu 0,6=<Ce<C0,75. B co-
OTBeTCTBUH ¢ dopMyJioil (34) cOnpOTHBJIEHHE 30HAMPOBAHHIO 1JIs
NeCcKOB cpefHefi KpynmHOCTH M HJOTHOCTH Oyner paBHO bHbH—
165 kre/em?, a st Meakux neckoB —40—110 kre/em?2.

Takum o6pa3oM, ouleHKa NJIOTHOCTH IIeCKOB IO NPHGJHKEHHO
¢opmyse (34) naer npakTHUYECKM Te e Pe3yJbTaThi, YTO H Tab6J. 16.
Ora dopMysa Moxer ObiTh TAKMKE HCIOJb30BAHA IJIsl MPHGIIHIKEH-
HO#l OlleHKH KO3((HuHEHTa NMOPHCTOCTH MEJKHX H CpPelHHX NeCKOB
10 IaHHBIM 30HIHPOBAHUSI.

JkcnepHMenTHi, BeimosHenHble B I'TIM ®yHnamenrtnpoekt mJsi
I'TUHHCTHX TPYHTOB, NMOKa3aJd, YTO CYUECTBYET KOPpPEeTsiLHOHHAS
CBSI3b MEX/y CONPOTHBJEHHEM TPYHTA NOrPYIKEHHIO KOHyca H KOH-
cHcTeHUHell TpyHTa. B pesysbrare ofpaboTkn MmarepuasioB 207 3k-
CIEPHMEHTOB B IVIHHAX H CYIJIMHKAaX aJJIIOBHAJBHOrO, (hJIIOBHOIJIS-
HHaJbHOTO H IJISIHaJbHOTO (MOpEHHbie) NPOHCXOXKIEeHHs Obuia mo-
JydeHa cJeayrmas KOppeasilHOHHAS 3aBHCHMOCTD:

Iy =0,65—0,013g,. (35)

Koaddpunuenr koppeasuuu r=>0,71, cpenrekBaapatiuunas ommub-
Ka cocrasiigeT 0,24. 310 rOBOPHT O TOM, UYTO KOHCHCTEHIHSI IPYHTOB
MOKeT OBiTh ONpefieJieHa CTATHYECKHM 30HAHPOBAHHEM BeChbMa OpH-4
eHTHpoBOUYHO. B Ta6s. 17 npusoasitcs NpHOINKEHHBE TaHHBE O KOH-
CHCTEHLHH [VIHHHCTOrO IPYHTa B 3aBHCHMOCTH OT COINpPOTHBJIEHHS 110~
IPYIKEHHIO KOHYCA (a.

OmnpenejleHne yraa BHYTPEHHETO TPEHMSI HECBSI3HBIX PYHTOB.
B Hacrosiuiee BpeMsi yrosi BHYTPEHHETO TPEHHS INecYaHBIX TIPYHTOB
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TaGauna 17

Py — KoHcHaCcTeHIHA
s’

rpyHTa

FIIMHECTOrO 9

]
. krefem KoHCHCTEHIHA FJIHHHCTOI'O IFPYHTa

>50 Teepaas
30—50 IMonyrBepnas

10—30 TyronnacreuBas
<10 MrsrkonnacTHuBass u  TeKyderJac-
THYHast

JUIsi IPaKTHYECKHX IleJlell cJieflyeT ONpefeJATb B COOTBETCTBHH €
«YKa3aHHSIMH IO 30HJHPOBAHHIO TPYHTOB JUJIE CTPOHTEIbCTBA»
(CH 448—72), KOTOPLIMH YCTAHOBJIEHA 3dBHCHMOCTb MeEXKIy CO-
NpOTHBJIEHHEM 30HAHPOBAHHIO W YIJIOM BHYTPEHHEro TPeHHs ¢ 1Jis
KBapLEBHX H KBApIEBO-TIOJEBOIUNATOBLIX neckos (Taba. 18).

160 240 320 g, wec/em?

HM g 80

Ve

&
N
e

rog \§§< L2750
2 WA NN
\

U

:ae g\““'\%% ‘ N
RN N N

Jvux?c/tﬂf

Puc. 56. 3aBHCcHMOCTB yraa BHYTPEHHEro
TPEHHSL @ OT NPHIPY3KH YA H CONPOTHBJERHS
NeCKa HOrPYIKEHHIO KORYCa Js

JauuueiMu Tabda. 18 MOKHO NoJb3oBaThbesl AJs BeIOOpa THNA (PYH-
JAaMeHTa, a TaKike JJis IPOEKTHPOBAHHSA OCHOBAHHE H QYyHIaMEHTOB

snanuii U coopyxeuuit 111 u

IV xnaccos. Has npoekTrpoBaHus oc-

HOBaHHH H ¢yHLaMeHTOB 31aHuil H coopyxenui I u Il knaccos Hop-
MATHBHEIE XAPAKTEPHCTHKH IOJXKHBl YTOUHSTBCS JAJIsi KOHKPETHOrO

Ta6arnuna 18

@y FPaj, NpH CONPOTHBIICHHH MOTPYIKeHHIO
TnyGuna KOHYyca, Krcfcm?®
TleckH 30HAMPO -
BaHH4 i, M
0 | 20 | w0 | ] 120 | 200 | 30
Kpynare 2 28 30 32 34 36 38 40
Cpezngefi KPynHOCTH Su 26 28 30 32 34 36 38
H MeJKie 6osee
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Y4acTKa M3BICKAHHH Ha OCHOBE CONOCTABJEHHS NAHHBIX 30HAHPOBAa-
HHSl ¢ Pe3yJbTaTaMH HCCIefIOBaHui CBORCTB IPYHTOB JaGOpaTOPHBI-
MH U MOJIEBBIMH METOLaMH.

Ykaszannass Tabauna Oblia CcOCTaBJeHa ¢ yueTroM paGoTH
B. A. Slpomenko [37], KOTOPHIM Ha OCHOBe 3KCIepPHMEHTaJbHbIX
JaHHHX, a TakXe Teopetuueckux peulenuii B. I'. Depesannesa Oubl-
Jla cocTapjieHa TabJuua s ONpellesIeHUs yIjla BHYTPEHHEIro Tpe-
HHSl NECKOB IO J@HHLIM CTAaTHUECKOTO 30HAHPOBAHHS C YYETOM €ro
rinyouun, Ha ocnoee a3roii Tabauubsl maMu cocrasjen rpaduk
(puc. 56) 3aBHCHMOCTH yrJia BHYTPEHHEro TPEHHSl ¢ OT NPHUIPY3KH
v/ M CONPOTHBJICHUS NlecKa DOIPYXKEHHIO KOHyca ¢ (Ha rpaduke
rnyOuna 30HAHPOBAHHUS, COOTBETCTBYIOUIASl PA3JHUYHBIM BeJHYHHAM
IPUIPY3KH, NOJCUMTaHA AJ18 IVIOTHOCTH mecka 1,6 T/m3).

CpaBHeHue AaHHBIX TaGs. 18 ¢ rpaduroM (cM. puc. 56) nokazwi-
BaeT, UTO PaCXOXJCHHS B 3HAUEHHSX ¢ He NpeBocxoaaT 1°. I1o nos-
BOJISIeT PEKOMEHAOBATEL npH IyGHHAX, OTJIMUHBEIX OT YKA3aHHBIX B
tabsuue (2 M 5 M), HCNOMBL30BAThL rpad UK, NPUBeLEHHHH Ha puc. 56,
JJIs1 onpefiesleHus] yIJla BHYTPEHHEro TPEeHHs! MeCKOB.

B 1O Xe Bpems ciesyer MMeThb B BUY, UTO CpaBHEHHE TIpuBe-
JeHHHX Ha puc. 43 Kpupeoii 2 (sKcnepumMenTaabubii rpaduk K. Ke-
pu3enss) u KpuBOH I (TeopeTHueckoe pelleHde 3alaul NpelebHOrO
paBHOBeCHsI) ¢ KDHBOHR 4, mOCTpOeHHOH mo JgannuiM Tabha. 18 (CH
448—74) nnsa rnyOUHE 5 M, DOKa3bIBaeT, YTO HMeeTCs BO3MOXKHOCTH
HOBBICHTL NIPUMePHO Ha 1° 3HAauYeHMsl ¢ IPH CONPOTHUBJIEHHH 30HAH-
posanuio Gosee 160 krc/em?. CreayeT TakKe yUHTHIBATH, UTO IIPH
CONPOTHRJIEHHH 30HIHPOBaHHIO MeHee 80 krc/cM? manHbie TaGa. 18
MOTYT [aTh 3aBHILICHHHE 3HAYeHHS ¢, UTO OCOGEHHO ONacHO, Tak
KaK OTHOCHTCH K TeCKaM, GJIM3KHM K PBHIXJIOMY CJIOMKEHHIO.

Onpepnesnenne MPOYHOCTHBIX XAPAKTEPUCTHK TJIMHHCTBIX TPYHTOB.
B pa6ore [32] o6o6uienbl u cTaTUCTHYECKH 06paboTaHH HMelHe-
cs B ['TIM @ynnaMentnpoekt pesynbratu 202 nabopaTopHBIX onpe-
JleJIeHHHt XaPaKTePHCTHK CONPOTHBJEHHS CABHIY TJIHHHCTHX MPYHTOB
YeTBEPTHYHOIO BO3PAcTa M CTaTHYECKOTrO 30HJAMPOBAHMS, BHIIOJHEH-
HOTO B HEMOCpeACTBEeHHOH Gsu3ocTd (He Aasiee O M) OT CKBaXKUH, U3
KOTOPHX OTOMpaJjuch o0pasubl Aas JaGopaTOpPHEIX ONpeleseHH.
YkasanHble JaHHbie OBUIM NOJY4YeHBl IPH CTAHLAPTHHIX JabopaTop-
HBIX ONpeJle/IeHHAX XaPAKTEePHCTHK CONPOTHBJEHHS CIBHIY B YCJO-
BUSIX OIHOINIOCKOCTHOTO cpe3a NpH HOPMAaJBHBIX AaBJdeHHsix 1 u
3 krc/em? (ITOCT 12248—66) u 30onaMpoBaHHSI YCTAHOBKaMH THIIA
C-979 (CII-36) no meronuke FOCT 20069 74.

HcnbiTyeMbie TPYHTH DpeACTaBasid COGOH IVIHHBI M CYTVIHHKH
yeTHPeX JIMTOJIOTO-TeHeTHYECKHX THIIOB U3 Pa3JIMYHBEIX PafiOHOB CTpa-
Hbl (Mockse 1 Mockogckoit 06.1., PeiGuncka, Craporo Ockona, yKe-
Jesnoropcka, Hoeoky3snenka, Kpacnosipcka u ap.). [lokasatenu ux
OCHOBHBIX (DPH3HUYECKHX CBOHCTB IpHBelleHb B Taba. 19.

Crarucrudeckass o6paGoTKa 3KCIEPHMEHTAJBHOTO MaTepHana
IPOM3BOJAMJIACE TIO JBYM METOAMKAM: ONpeNeJIsiich KOpPPeJsiHOH-
HBEle 3aBHCHMOCTH MeXJy ¢; U XapaKTepHCTHKAMH CONPOTHBJIEHHS
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Tabauma 19

Jlutonoro-rewernaec- | I8N0 | fipupopuas | Inornocts, | Kosddmument | IMoxasatens
KHit THI FPYHTOB 06,_3?;- BJIAXKHOCTD /M3 MOpHCTOCTH | KOHCHCTeHI MM
Anmosuasabhble 114 0,2—0,4 |1,78—1,96 | 0,56—1,08 | 0,4—1
JHenoBpuasbhbie 25 | 0,15—0,27 | 1,86—1,98 | 0,6—0,9 | 0,05—0,6
(Henpocapounbie)
DnoBHOrNSIYANb- 32 j0,16—0,25| 1,90—2,1 0,47—0,8 0—0,6
Hbie
Fnanuanbubie 31 | 0,11—0,21 | 2,02—2,24 | 0,35—0,69 0—0,6
Ta6auma 20
g, - xre/em? @. rpan ¢, Krejem? 9, Kre/em® @. Tpan ¢, Krc/cm?
5 16 0,18 35 23 0,53
10 17 0,24 40 24 0,58
15 18 0,3 45 25 0,64
20 19 0,36 50 26 0,7
25 20 0,41 55 27 0,76
30 22 0,47 60 28 0,82

CIBATY @ M ¢ (OTJAeNbHO 7151 KaXKJIOH) ; OIpeleIsuCh KOpPeasiiiHOH-
Hble 3aBHCHMOCTH MEKJY ¢, U CONPOTHBJIEHHEM IPyHTa CIBHIY T; H
Tz IPH HOPMaJbHBIX AapJdenusx 1 u 3 krcfem?, Anann3 marepuasa
[I0OKa3aJl, 4To NojyyaeMble ypaBHEHHS] perpecCHH He 3aBHCST OT BIIa
FJMHACTOTO TPyHTa (IVIMHA MM CYIJIMHOK) W €ro JINTOJIOrO-TeHeTH-
yeckoro tuna. IToatoMy koppessiinonnsie 3aBHCHMOCTH OIlpe/lesIeHEl
JUIst Beell COBOKYNHOCTH KCNEPHMEHTANbHBIX 3HAYEHHil.

O6paboTka MarepHasa mo NepBOH MeTOAHKe NOKasana, YTO KO-
3(pdHINEeHT KOPPeJSIiHY MeXAY ¢z U XapaKTepHCTHKaMH CONpPOTHB-
JleHHst CIBHIY ¢ H ¢ cocTamjsieT cooreerctBenno 0,71 u 0,7, 1. e,
ces3b cnabas. BMecre ¢ Tem craticruyeckast oGpaboTKa nokasaJia
JUIS YKa3aHHBIX YeTBePTHUHBIX IPYHTOB yBejHueHHe ¢ OJLHOBpEMEH-
HO ¢ yBeJHUEHHEM YIeJbHOro CLelJIeHWs ¢, B pe3yJibraTe 4Yero u
6nl1a paspaboraHa BTOpPasi MeTOMHKA.

O6paboTka MaTepHaJa no 3TOH BTOPOH METOJMKE Hajia CJedy-
Iol11e Pe3yJIbTaTh:

T, = 0,016g; + 0,39; (36)
T3 = 0,025¢; + 0,92, (37

Kospduurent koppensinnu 115 Gopmya (36) u (37) cocrapns-
et coorBeTcTBeHHO 0,8 u 0,81, T. e. CBsI3b TecHas.

[lpunuMas Bo BHHMaHHe, 4TO T; =C-}p:tg @, H3 YKa3aHHEIX 3aBH-
cHMocTefl JIETKO TOJIyYHTh pacyeTHole GOpMyJinl /151 ONpelesleHHst @
HC:

tg ¢ = 0,0045g; + 0,26;
¢=0,0116¢; + 0,125,

(398)
(39



B ta6n. 20 npusenentl NofcuMTaHHbHE 1o ¢dopmyaaMm (38)
{39) 3HaueHHS NPOYHOCTHBIX XapPAKTEPHCTHK @ M € DPH gz=5—
60 kre/eM?, 17151 KOTOPOTO TOJIyYeHH pacueTHBle GopMmyasl. [1pu aTom
cpeflHee KBaJpaTHYECKOE OTKJIOHEHHE [Js YAeJbHOTO CLCIUVICHUS
rpynra cocraBasier 0,1 krc/cM2?, a Jas yryla BHYTPEHHEro Tpe-
Hus —2°,

BrifipfleHHOe NIpU cTaTHCTHYeCKOfi 06paboTkKe 3IKCIlepHMeHTAb-
HOTO MaTepHaJia 3aKOHOMEPHOe yBeJHYeHHe ¢ OJHOBPEMEHHO C yBe-

¢, kec/em?
[
0,6
& 7 L
l~../ /
0 < 2
[/
04 Prc. 57, 3aBHCHMOCTL  YI€JBHOTO
}/ cLernJienuss oT COHpOTHBJIeHHH 30H-
/ JHPOBAHHEIO §a
42 of 1, 2-npn OwbrOBOM pasAeHHn 0,5 H
i 1 xrefem?

0T 20 W60 g9 necsom’

JIMYeHHEM YJEJILHOTO CUENJVIeHHs1 ¢ NO03BoJIsieT HCNOJL30BaTh MOJY-
ueHHyl0 paHee (opMysy (29) Ans pasmesibHOrO OompeleseHusl Xa-
PaKTEePHCTHK [IPOYHOCTH I'PYHTA @ M C.
Uz dpopmyn (38) u (39) moayuum
tg @ =0,39c}0,21. (40)
HanoMuuM ¢gopMyay (29) ans onpellesleHus Ga:
g, = (vhN,+cN,) (1— 17).

Ha puc. 57 nokasans! rpa(uky 3aBHCHMOCTH yAJIBHOTO Cliensie-
HUSL OT COIPOTHBJIEHUS 30HIHPOBAHUIO s AJsl OBLITOBHIX JaBJjeHHH
0,5 u 1 krc/eMm2, ocTpoeHHBEle Ha OCHOBE COBMECTHOTO pellleHHs ypaB-
Henuii (40) u (29). Ha sToM xe rpaduke KPyXKKaMH NOKa3zaHa 3a-
BHCHUMOCTE € OT g3 o TaGJl. 20.

CreflyeT OTMETHTb BecbMa OJIM3KHe pe3yJbTaTh, MOJYyYeHHbe
OPH TEOPETHYECKOM peELIeHHM y NPH CTAaTHCTHYeCKoil 00paboTke
IKCIIePHMEHTANBHEIX NaHHBX. BMecTe ¢ TeM TeoperHyeckoe pellle-
HHE TO3BOJSNO OLEHWTb H YYECTb BJHAHHMe OHITOBOTO JHaBJIEHHS.
Cnefyer TakxKe OTMETHTb, YTO B COOTBETCTBHH ¢ (opmynoi (29)
NPH MOCTPOEHHH TEOPETHYECKHX TpaMKOB Ha PHC. 57 NPHHATO MO
ocd abCcUUCC UCIpaBJeHHOE 3HaueHHE CONPOTHBJIEHHS 30HIHPOBA-
HHI0, PaBHOE

s @1

T’

Onpenenup no rpaguky ynelbHOe cLellieHde ¢, no ¢opmyne (40)
HaxoJST yros BHYTPEHHETO TPeHMS.
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Onpepnesienne Monyas nedopMauuu rpyHToB. Muorue uccaefo-
BaTeJIH VKa3bBaIOT Ha HaJHYHe KOPPEJSHOHHON 3aBHCHMOCTH Me-
XKy CONpPOTHBJEHHEM IpyHTa IOIPYKEHHIO KOHyca 30HAa M MOIy-
JeMm nedopMauMu Ipynta. Bnepsble Takasi 3apucuMocTh Gbuia ycra-
HoBJeHa B 1940 r. bioucManoM Ha OCHOBE TE€OPETHYECKOIO pellleHus].
On paccMatpuBan nmeHeTpoMeTp B (opMe MOJyllapa ¥ HCHOJAL30BAJ
¢dopmysy Dyccunecka nJ1 onpenededHs Hanpsixenufl. BroucMmaH
DpUHSJ, YTO NOJ HeHeTPOMETPOM MPOHCXOJIHUT TOJLKO BEpTHKAJIbHOE
yIpyroe cxarue IPyHTa U IOKa3aJ, uTo

3
E=—g¢s. 42
2 qs (42)

DToii 3aBHCHMOCTBIO NOJB3ywoTcsl B Toananauu v Beawrun u B
HacTOsIIlee BpeMsl.

Ta ke 3aflaya o BAABJUBaHUHU chepHICCKOro 30H1a B OeCKoHey-
HO ynpyryio cpelly paccmorpena B. M. ®epponckum Ha ocHOBe pe-
ntenusi KenbBHHA O cHJle, TPHJIOXKEHHOH BHYTpH YHOpyroro mojymnpo-
crpancTea [33]. [Ipn Besnuune nedopManuu rpyHTa, papHoOil paiu-
ycy 30HAa, NoayieHa dopmyJia

Ee 3 (1-+p) B—4w)

32(1—p) g3 (43)
rae o — Koapduumnent, papHeit 1—2.
ITpunuMas o=2, noayyuM:
s neckoB (u==0,3)
E = 2g3; “49
JIIA TIHHUCTHIX rpyHTOB (n=0,35--0,42)
E=(1,9—2)gs. (45)

A. BecuueM [87] mpeasoxena criefyiolnasi SMOMpHYecKasl 3aBH-
CHMOCTbD 117151 IeCYAHKIX TPYHTOB:

E=2(1-4D?qs, (46)
rne D — OTHOCHTENbHAS! TIOTHOCTD TecKa.

Takum ob6pasom, otnouwenue Efg, NOMKHO M3MeHSIThCS OT 2 —
JUJIi OdeHb PHIXJIEIX HDEeCKOB 10 4 — 1151 OYeHb IJIOTHHIX TeCKOB.

HutepecHo oTMeTHTBb, uTO JabopaTopHble 3KcOepuMeHTH [82]
NOKa3aJIi KayeCTBEHHO ADPYIyl0 3aBHCHMOCTBL E OT gs IpH M3MeHe-
HHY IJIOTHOCTH CJIOXKEHHSI TlecKa. B yKasanHBIX 3KCHepHMeHTax
3HayeHHe oOTHollenusl E/g, xonebajock ot 2,7 po 10,8, npu atoM
MeHblllNe 3HAYEHHS OTHOCHMJIHCH K 00Jiee BBHICOKHM 3HAYEHUSIM (s,
T. e. 6oJlee IVIOTHHIM IlecKaM. DTO aBTOp paGoOTHl OGBSICHSET TeM,
4TO IpH CONPOTHBJIEHHH 30HAMpOBaHHIO, GodbiieM 100 krc/cm?, na-
YHHAETCS] HHTEHCHBHOE Pa3pyLIeHHe YacTUI[ lecKa.

Ha puc. 58 npuseser nonyyerHolii B pabore [82] rpaduk 3apa-
cumocTH Ef(1 — pu?) ot gs. B cnenuanbno paspaboTaHHBIX H IIpOBe-
JeHHBIX 3KCIepHMenTax MOAyJ b AedopMalyi H CONpOTHBJIEHHE IIO-
rpyXenHio KoHyca (muamerpoM 10 MM) onpenensinuce Ha o6pasiax
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(mmametpom 250 MM) rpyHTa pas/JHYHOH IJIOTHOCTH M NpH pasfHi-
Ho#ll mpurpyske (o 5,6 krc/cm?).

[Iposenennble 3KCNepUMEHTH IIOKa3aljd, H4TO COOTHOLICHHE
E/(1—p?) u g; ne 3aBUCAT OT NpPHTPYy3KH, NOPHCTOCTH TPYHTA, pas-
Mepa 4acTHIl H HEOJHOPOAHOCTH cocTapa rpyHnra. [Ipu aTtoM aBTOp
pabotsl [82] cumraer, uTO cHesaHHB paHee B paGore [83] BuBOZ
O CYIUeCTBEHHOM BJIMSIHMM NPHUIpPY3KH Ha OTHouenue E/fg, nosyuen

E 2
0 sop 1000 1= _
E, k2cjcm®
1050 T + f L
. NG
850 NN )
10 aTyA s
* 650 A D
\ s
- o 4 .
200 2 450 e |
\ NP P T
'y -
* 250 - td
) o s oA
JHU - V
50 —~
g, -rec/on? ' 0 20 40 60 8O 100 120 140160180200 220 K2cer®

Puc. 58. 3asucnMocte Mexay ¢z Puc. 59. 3apucumoctes Moayns nedhopmaiyH
E E 10 HCOLITaHWAM LITAMIOM OT s AJSi mec-
KOB

n
1—pe

M3 SKCIEPUMEHTOB, B KOTOPHIX He OBLIO BO3SMOXHOCTH €O3/1aBaTh 3a-
nannywno Opurpysky. ITosnyuenuele B pabore [82] skchepuMeHTa b
Hble JlaHHble TO3BOJISIIOT CYHTaTh, YTO IJ1S HEeCYaHBIX TPYHTOB ycCTa-
HOBJIcHHasl B KOHKDETHHIX 3KCIEpHMEHTaX 3aBHCHMOCTL E 0T gj
HMeeT JOCTAaTOYHO OOIRuil XapakTep.

E. ne bepom u A. Maprencom [45] onyGnukoBand JaHHBIE O
¢aKTHYECKHX OCaJKaxX LIeCTH MOCTOB C ONOPAaMH Ha IJIOTHHLIX HEeCKaX
H O pacyeTHBIX OCajJKax 3THX ONOp, ONPEJesIeHHBLIX [0 Pe3yJbTaTaM
CTATHYECKOTO 30HJHPOBAHHS € HCNONB3OBaHHeM (opMyaH  (42).
J1s Bcex WIECTH CJiyyaep OTHOLLEHHWEe BHIYHMCJIEHHOH OCaIKM K (ak-
THYCCKO# cocTaBuio 12 (B cpenuneM 1,5).

B nannoM ciyyae pesysbTaThi CTAaTHYECKOrO 30HIMPOBAHMS HC-
MOJIb30BAJIH /1Sl OIipeflesieHHs] HepaBHOMepHO#i ocaiku onop. Jlis
BTOTO U3 PE3yJbTaTOB TpeX 30HAMPOBaHH NpPHHUMAJNH HauboJbilee
H HauMeHblllee 3HAYCHHS CONPOTHBJIEHHSI TPYHTA MOJ KOHYCOM 30H-
113, IO KOTOPHIM ONpefle/IsyIi MHHAMaJbHYI0 M MaKCHMaJsbHy10, a
TaKxke HepaBHOMEPHYIO OCaJKu.

Hau6osnee nocToBepHO KOPPEISIIMOHHAS 3aBHCHMOCTb MEALY
MozyJieM He(OpMalHH H CONPOTHBJEHHEM IPYHTa NOTPYXKEHHIO KO-
Hyca MoxeT OHTL onpe/le/leHa HAa OCHOBe MapaJlliesbHBIX HCIILITa-
HU# rpyHTa WiTaminoM nJom@azaeto 5000 ecm? no meroanke TOCT
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12374—77 u craTiueckuM 30HAHMpoBanueM. K HacTosuleMy Bpeme-
HHM y HAac B CTPal¢ HAKOIJIEHO NOCTaTOYHO JAaHHHIX O TAKHX MapaJ-
JeJIbHHX HCIBLITallisiX, NPOBOAMBIINXCS Pa3JIMUHEIMHM OPraHU3alMs-
mu. HenpiTanusi 110Kasail, 4yTo ¢ AOCTATOYHOH IWISi HPAKTHYECKHX
IeJiefi TOYHOCTBIO 3aBHCHMOCTb E OT g, MOXerT OBITb INPHHATA JH-
HeHHOH.

B CH 448-72 nanpbl ciaedyoline peKOMEHAAUMH OJs omnpenele-
HUs HOPMATHBHBIX 3Ha4YeHHMH MOAYyJsi AedopMalluu:

JUJIS1 IECKOB

E" = 3q3; 47

IJIST TJIMH

Ev =1T7q,. (48)

Jasi Toro uro6H MOKAa3aTh BO3MOXKHYIO CTeleHb OTKJIOHEHHMS OT
3TUX peKkOMeHIaluill, a Takke TOYHOCTb ONpeneJIeHHsi MOAyJ/s Ie-
(opMaInMi ¢ NOMOLILI0 CTATHYECKOrO 30HAHMPOBaHIifi, MPHBEJEM He-
KOTOpHe naHHble mpopeneHHbIX I'TIM ®ynpaMeHTNpPOEKT Hccjeno-
BaHuil.

Jlasi BiaXKHBIX MEJIKHX TeCKOB aJlJIIOBHAJILHOTO MPOHCXOXK AEHHS
cpeJHeH MJOTHOCTH M MJIOTHBIX 3aBHCHMOCTH MEXJY CONpPOTHMBJIEHH-
€M TPyHTa NMOTPY3KeHHI0 KOHyca H MoayJseM nedOpMalMH, Oonpele-
JIGHHHM 10 Pe3yJibTATAM HCNBITAHHMH MECKOB B IIaxXTaX IITaMIoM
nJomaaeo 5000 cM? Ha raybunax ot 2 no 15 M, noayyena us 50 uc-
NHTAaHUHE. Pe3ysJbTaThl 3THX HCNBIT2HUfl B BHiae rpadHKa MoKasaHbl
Ha puc. 59. Moayan nedopManuu usmenssics ot 100 no 850 krefem?,
a COTMPOTHBJIEHHE TPyHTa HOTpPyXKeHHIO Konyca —ot 30 1o

180 krc/em?,  KoppensinvonHasi 3aBHCHMOCTL £ OT ¢ BHIpaxeHa
ypaBHEHHEM perpeccuu

E = 3,4¢5 1+ 130. (49)

IIpu sTOoM Koaddunuent Koppemsiuuu cocrasnsiet 0,8, a cpenne-
KBaApaTHYHOE OTKJOHenHe 185 krefem?.

Kak BHAHO M3 3THX NaHHBIX, Mexay E U g, UMeeTcs TecHAasi KOp-
pesnsinvoHHas cBs3b. CpaBHeHHe 3HayeHMH MOAyns Ne(OpMalHH,
onpeneneHHEX no ¢dopmynam (47) u (49), nokasbBaeT, YTO MOAYJIb
nedopMaliuy, onpefeneHHbil no ¢Gopmysne (49), npu g.=
=30 krefeM?® — B 2 pasa, a npu gz=200 Krc/ecM®> — na 40% Goab-
Ile, yem OnpefesleHHHH no ¢opmyne (47). Ha puc. 59 nyHkTHpOM
nokasana 3aBUCHMocTh L 0T ¢; no ¢opmyne, pekoMenayemoil CH
448—72.

B ynoMmsinyToii panee pabore [71] mMoaysn nedopMaiuu onpeie-
JISIJICS IO AaHHHM OCaJKH HAachMM TNMOJ HaTPy3KOil H COOTBETCTBOBAJ

E = 5¢s. (50)

I'paguk, mocrpoenntbiii no onbitaM I'TIM ®ynaaMeRTnpoekT (cM.
puc. 59), u nannble paGoTH [71] nokaswBawoT, YTO HMEETCSI BO3MOXK-
HOCTL NPHUHSTHS 60Jiee BHICOKHX 3HauyeHWH MOayJsi AeopManvu He-

CBSAISHBIX I‘IJYHTOB, OIdHAaKO B KaxXJaoM c.nyqae JJIf 3TOroO Tpe6yeTcsr
coenraabHoe 000CHOBAHUE,
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CJenyer OTMETHTb, YTO BO MHOTHX CTpaHaXx MpH onpeAe/IeHHH MO-
Iysist feOpManKH NeCKOB CTAaTHYECKUM 30HIHPOBaHHEM MOJB3YIOT-
cs1 cooTHoluenneM E= (1,6—2) g;. D10 CBSA3AHO ¢ TeM, UTO HpH OI-
pesieJieHHH 3aBHCHMOCTH MexXAy MoayieM aedopmauvu W CONpOTHEB-
JieHMeM 30HJUPOBaHHI0 OGepyT S3HaueHHs MOAyJeit nedpopMauHH,
nodiydenxnbie IPY MCIETAHNK 06pasioB B Ja6OPAaTOPHK HAH TOAEBHX
HCIHTaHUAX O¥eHb MajbiMp mtamnamu. M1 B Tom u B Apyrom ciy-

Ewecfers?
450F

400 —q’ﬂ“
750

00

250

200

150

100

30 “W Q},ch/m’

Ppuc. 60. Iasrcumocts Mopyas nebopmaumm E
OT @ B [IHHHCTHX TCpyHTax IpH KCIBTaHHAX
1 TaMIIOM

J ~ FABHBI; 2 — CYIVIHHKH

yae mosryyaloT 3aHiXeHHble 3HAYCHHSI MOAyJsl Repopmauuy, 4ro U
NPHBOJKT K HH3KOMy KOadduumerty (1,5—2) B dopmyse mepexo-
Jla OT CONpPOTHBJICHHS! 30HAHPOBAHHIO K MOAYJIO fe)OpMalLyH.

[TpuBeneHHble JaHHbBIE MOKa3HBAIOT 11€J4eCo00pa3HOCTb IS
KPYNHHEX 00bEKTOB NpOBeJleHHs] NapaJl/ieIbHBIX HCTIHTaHHi TPyHTOB
MITAMIOM il 30HJHPOBAHHEM, YTO MO3BOJHUT NMPHHATH AJSI MECTHRIX
ycaoBuil 60siee BHICOKHE 3HauyeHHs] MOJYJIsl 1eOpMaLiHy.

Jloist cBSI3HBIX TPYHTOB 3aBUCHMOCTL E OT g, moka3aHHas Ha
puc. 60, nonydena no 97 MCHBHITAHHSM YETBePTHYHBIX [VIHH H CYIJIHH-
KOB. Mojynb ZedopMaliu rpyHTOB H3Mensuics oT 20 no 390 Krefem?,
a conpoTHBJEeHHe TPYHTa NOTPYXEeHHI0 KoHyca — oT 2 1o 50 xre/em2,
KoppessiuvonHasi 3apucnMocts £ OT g3 BHpaXeHa ypaBHEHHeM pe+
I peccHH

E=17,8j3+ 20, (51)

[Tpu 310M Koaduunent koppeasiuuu coctabiser 0,88, a cpenHe-
KBaPaTH4HOe OTKJIOHeHHe — 42 Krefem?.
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CpaBHenue 3HaYeHHH MOAYJIsA, ONpe/leleHHbIX TIo popMynam SSI)
u (48), nokasnlBaer, 4T0 MOAY/Ib AedopMaluy, ONpeleseHHbl O
gopmyae (51), mpm  gs==10 xrc/em? —na 40%, _a mpH =
=B xrefeM? — na 17% Oosbiue, yeM onpeleneEHu#l no dopMmyJe
(48). Ha puc. 60 nyHKTHMpPOM IlOKa3ana 3aBucuMOCTb E OT gs, mpu-
naras B CH 448—72 [cM. dopmyay (48)].

Pesyabrats Gonpuoro uucsa
napanaiefbHHX WCHHLITAHHE TJIH- Uagf"‘""/"’”'?
HUCTBIX TPYHTOB CTATHYeCKUM 25
S0HJUPOBAHHEM M HCOMTAHH 00
00pa3LoB B OOMeTpe NpHBele-
HE B paGore [77]. [I'pyntm
NpelcTaB/ieHH T[JAHHAMH, HME-
IIMMHE  BJIaXKHOCTE Ha TpaHuLe
TeKky4ecTH Menee 0,5, npounocts
IPH  HeAPEeHHPOBAHHOM CJBHI'€
or 0,1 no 1,5 xrc/eM? u compo-
THBJIEHNC TIOTPYXEHHIO KOHYyCa 5 w B %,«?c/mz
oT 2 1o 40 krc/em2. IlpuBenen-

HEUL B paGote rpaguk noxask- Puc. 61. 3apucuMocTb 010OMETPUYECKOTO
BAET, 4TO Pe3yJIbTATH CPaBHEHHS Mogyasn gmedopmanue {Och OPAHHAT)
NPaKTH4YeCKH HE 3aBUCHT OT BH- OT ¢, B INIMHECTHIX TPYHT2X

A& TJIMHUCTOTO TPYHTA, NOITOMY

Ha puc. 61 npupesen o6oGuien-

HEl IPaMK 3aBHCHMOCTH OJOMeTPHUTECKOTO MOAYJIS Ne(OPMANHH OT
CONPOTHBJIEHHs1 30HAMpPOBaHuID. Kak BuAHO u3 rpaduka, OTHOLIe-
nue d=F/q, uamensiercs ot 2 no 8, cocTaBass B cpenneM 4. Yuuthl-
Basl, UTO yKa3aHHOe OTHOLUEeHHe ONpeReNeHO AJs MOAyJAs nedopma-
LHH, MOACYHTAHHOIO MO JafOpaTOPHHIM HCIILITAHMAM, MOXKHO CYH-
TaTh, ¥TO AJIA1 MOAYJS JleQOpMantH, OIpEeLeNeHHOro 10 UCTILITAHMA M
LITAMIIOM, 3TO OTHOLeHMe Oyzner B 2-—4 pasa GoJiblie.

V3 npupejieHHbIX TaHHBIX TaKXKe BHIHA [eNlecOOGPa3HOCTb B He-
KOTOPHIX CJIy4YasiX YCTAHOBJIGHHS! MeCTHHIX 3aBHCHUMOCTell E OT ga,
0COGEHHO )15 cnabbiX TPYHTOB ¢ ¢3<<20 Kre/cM2, BMecTe ¢ TeM npu-
XOIMTCH Y4YMTHIBAThL, YTO NPOBeJleHHe MCOHITAHHH cJalblX IPYHTOB
HITAMIIOM sIBJIieTCS TPYAOeMKoii paGoTo. IToaroMy peliienne o Me-
TO/€ olpee/ieHuss MOnyssi JehopMaLuH CJefyeT NPHHMMAaThL Ha
OCHOB€ TIIATEJIbHbIX TeXHHKO-9KOHOMHYECKUX CpaBHEHHH.

HockonbKy Monynb medopManun HCNONb3yeTcss NPH ONPefee-
HUH OCaJIOK 3/IaHHfl M COOPyKeHMH, PAaCCMOTPHM OJMH M3 BO3MOXK-
HBEIX METOLOB OIpeNeseHUsl OCaJOK IO PEe3yJbTaTaM CTaTHYeCKOro
30H/IMPOBAHHUS, IPHMEHEHHE KOTOPOro OCOGEHHO 1eiecoo6pasuo aJs
cioucroit cpeabl. Meron paspa6oran IlimeprmanoM [78]. O6niuno
OCaJIKy OCHOBAHHS ONPENENSIIOT, NIPHHHMAas KaKoOfi-THOO 3aKOH pac-
Npclielennsl HanpsixeHus mo ray6une (manpnMep, Byccunecka) u
CHMTAIOT, YTO pacnpellesieHHe OTHOCHTENBHBIX aedopMauuii o riayou-
He NOJOGHO pacnpe/lesIeHHI0 BePTHKAJLHBIX HalpsSXKeHHH. B aTOoM
¢1yvae HaHGOMbLINE OTHOCHTEbHbIE 1ehpOPMALHH TOJKHB GH GHTh
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HENOCPeICTBEHHC Nox NMoAcwBoH (ynnaMenta. OnHako B JeHCTBH-
TeJBHOCTH 3TOrO He NMPOHCXOAUT, NOTOMY YTO OcajKa 3aBHCHT He
TOJIBKO OT CYHIECTBYIOLLErO H AONOJHHTEJLHOTO BEePTHKAJbHBIX Ha-
NpsizKeHUuH, HO TaKXKe H OT CYLIECTBYIOLErO0 H JAOMOJHHTENbHOTO
HamnpsXeHUil CABHra H HMX COOTBETCTBYIOLIMX OTHOLUEHHH K paspy-
HaKnieMy HanpsKeHHIo CABUTa.

lllMepTMaH Ha OCHOBE MMEIOLIMXCH TEOPETHYECKHX pelleHlH M
SKCIEpPUMEHTOB O pacnpenesieHHH Ocaiku GyHAaMeHTa Ha NeCcyaHOM

‘. Ve y S LITA
101] E/
Wy prnn NN
7

4z, 42,

B Y
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N

Sl

q.\ 1 1 It P

7 I w0 2 500 £

Puc. 62. Cxema k pacuery ocanku no merony llmeprvana

OCHOBAHMH Mo IJyCHHE [PHHHMAaeT, YTO MaKCUMaJjibHasi OTHOCH-
TellbHasi ocajka HabmiofaeTcsd Ha riaybune B/2, rpe B — umipuna
(nmaMetrp) GhyHAaMeHTA.

TeopernueckHe pellleHHsl METOIOM KOHEYHBIX 3J€MEHTOB JJIs
IUPOKOro JHana3oHa M3MeHeHHs AnaMmeTpa ¢yHAaMenta (oT 30cMm
no 30 M) moKasaJsM, 4TO OCafika 3aTyXaeT [MOYTH TMOJHOCTEIO Ha
rnybune 2B. I'paduk oTHOCHTENIbHO OCaJKH, XapaKTEPU3YEMBIH TaK
Ha3blBaeMbIM KO2(OHLHEeHTOM BJHSHHUS OCaJKH [, MOKa3aH HA PHC.
62 (npu MakcuMaslbHOM 3HayenHH [;,=0,6 Ha rayGuue z= B/2).
¥YMHOKasA KO3(DPUUHEHT BJAUAHUS ocanoK Ha P/E, nosydaioT OTHO-
CHTEJIbHYIO OCaJKy.

B aToMm ciyuae ocanka QynnaMeHTa onpefeJisieTcss no (GopMmyde
(Bce oGosnauenns cM. Ha puc. 62)

2B
/I,

S = (pL— Po) ‘ I (_1?) Az, (52)
0

B ¢opmyne (52) mamm 118 ynpouleHHsl ONyIieHH aBa Ko3¢pdu-
LIMEHTa, YYUTHIBAIONHE BJIUSHHe 3ariybJyenus QyHxaMeHTa U yBeJu-
yeHue OCaJKi BO BPeMeHH, NOCKOJIbKY METOABI UX ONpe/esieHHs] He-
HaJleXHbL.

Ha puc. 62 nokasanbl BCrioMoraTeJbHble NOCTPOEHUS JJISI BEIYHC-
nenuii no ¢popmyne (52). Ha rny6uny no 2B nox ¢yHnamentom na-
HOCSIT 3HAYEHHsI MOAYJA JeOpPMaLuH Pa3JIMYHBIX CJloeR (Ha puc. 62

118



TpH cjos1). Onpencasior cepellHHy KaKIOro €l10s ¥ COOTBETCTBYIO-
LIee 3TOMy YPOBHIO 3HaueHMe [,. Jisi KaXjioro cjosi ONpelessiioT
3HaveHus [:Az/E 1 cyMMupyIoT HX.
OTMeTHM, YTO [JIS OJHOPOIHOIO OCHOBAHHS € MOCTOSTHHLIM MOy~
JeM pedopManuu ocajgka pyniaMeHra OyleT
S = 0,6 (171; pe) B . 3)

Jlis onpenesienusi MOLyJssi AedopMalMM I1€CUaHOTO OCHOBAaHUS
HIMepTMan HMCHOAB3YeT pe3yJbTaThi CTATHYECKOTO 30HAHPOBaHHMSA
TOJLJIAHACKIM KOHYCOM IUIOmaAbio ocHOBauusi 10 cM?, a TakxKe HC-
NILITAHUS TPYHTA KECTKUM litaMnoM pa3MmepoM 30330 ¢M u BHHTO-
BOf1 cBaeli ¢ Jonacthio miaowmaasio 900 cm2. Beero 6m10 npopesieHO
12 penwiTanuit WTaMIOM u 53 HCOBITaHHS BHHTOBOH cBaeil. Mcnonk-
3ysl NaHHble HCOBTAHUil M Pe3ysnbTaThl CTATHYECKOTO 30HIMPOBaHMSA,
aBTOp NOJIyYaeT CJAeAyIOIIyI (OpMyJsy AJs ofpelelleHHsT MOLyJ st
JedopMaiiuu:
E =2q,. 549

TTogctaBie B Qopmyay (52) suauenue E, monyuesnoe mo ¢op-
myJe (54), aBTOp cpaBHMJ pacyeTHHe OCajiKH IO 3TOH (HopMyJe ¢
HMEIOLMMHKCA B JHTepaType LaHHBIMH O (PaKTHYECKOH ocalke COOpY-
JKeHHll. M paccMoTpeHH maHHBe N0 16 miomajkaM ¢ paz/iMYHbBIMH
coopyxxkenusiMn B 10 cTpaHax mupa. CpaBHeHue NOKa3aJjo XOPOLIYio
CXO0IUMOCThb pe3yabTaToB: B 21 ciydyae u3 36 pacCyMTaHHHX pacxox-
JleHHs1 MeXJy pacueTHOll M 3aMepeHHOH OCajJKaMH He IpeBbIILaJIH
#420%, npn 3TOM TOJBLKO B TPeX cAyyasix (pakTHYeCKasi ocalKa mpe-
BHIIIAJIa pacueTHy!0 Gosee yueM Ha 209%.

YuuThBasl IPOCTOTY pPacyera OcaJoK IO YKa3aHHOMY METOAY H
XOpOILIY0 CXOAHMOCTBL pacyeTHHX OCANOK C (PAKTHYECKHMMH, MOXKHO
PEKOMEH/I0BATb 3TOT MeTOj JAJISi OPHEHTHPOBOYHBIX PacyeToB OCafIOK
Tlecyanblx ocHopanufl. IIpu 3ToM Molysb ZHepopMauyy NO HAHHHIM
€TaTHYECKOr0 30HAMPOBaHUA cjellyeT NPHHUMATL no ¢opMyJte (54),
TaK KaK PeKOMEHIyeMEBll MeTOj JaeT HauJyyllyilo CXOAHMOCTHL pac-
YeTHBIX H (haKTIUeCKUX OCcaJOK HMEeHHO NPH 3TOM 3HaYeHHHM MOAyJs
IeopMainy.

CrelyeT OTMeTHTH, 4TO rpauk (cM. puc. 62) KoadduuuneHra
BAHAHNA OCaAKH IIOJYYEH Ha OCHOBE TECOPCTHYECKHX pemeHHﬁ AJisl
¢yHIaMeHTa Ha NOBePXHOCTH (He3zarnyOnennoro). OgHako NpH Mc-
NoJB30BaHUH 14 ONpejlesieHusl MonyJsl neopMalny IpyHTa rpadu-
Ka CTaTHYECKOIO 30HI¥pOBaHHUS He Tpebyercs yuera saryyCJieHMS
¢yHnaMeHTa, TaK KakK Jaxe IJ5 CPaBHUTENBHO OZHOPOJIHOTO TPyH-
Ta CONPOTHBJIEHHE NOTPYKEHHIO KOHyCa BoO3pacTaeT ¢ rJyGHHOMH.
TlostoMy cpenHee conpoTHBJIEHHE 30HIWPOBAHHIO B HHTepBaJje 3a-
rny6aenust 0—2B (nng ¢ynnaMenTa Ha NOBEePXHOCTH) OyleT MeHb-
e, yeM CpellHee CONPOTHBJIEHHE 30HAMPOBAaHHIC B HHTepBaJje
B—3B (zns ¢yniamenra, 3araybJeHHOro Ha raybuny B).

CaieayeT TakKe HMeTh B BHIY, 4TO rpaduk [, moayuen anas cay-
yasi KPyrJioro wid KBaapaTHOro (QyHnaMeHnta (OCeCHMMeTpPUYHAS
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3ajava). Onnako llIMepTMaH peKOMEHAYET HCHNOJBL30BaTh 5TOT Me-
TOA ¥ JJISl pacyera NMpsSIMOYroJbHEX (yHAaMeHTOB. C yBEIHYEHHEM
oTHouIeHus1 L/B mpsiMOyroJbHOro ¢pyHiaaMenTa ofiias Harpyska Ha
ocHOBaHMe (IIPH NOCTISIHHBIX B M p) BO3pacraeT, YTO NOJIKHO BhHI-
3BaTh OOJBIIYI0 OCAaJIKy NMPSIMOYTOJLHOrO ¢yHIaMeHTa HO cpaBHe-
HHIO ¢ KBajpatHeiM. O[HAaKO §pH 3HAUYUTEJbHOH Besaudune L/B
0Ca/Ka MPOUCXOAUT B YCJIOBHAX IJIOCKOH neopManini.

Ilpu mnepexoje oT ocecHMMETpUuHOH JedOpMalUH K IJIOCKOM
NPOHCXOAHUT HEKOTOPOE YBEJHUYEHHE yrJa BHYTPEHHEIO TPEHHS TeC-
YaHOTO OCHOBaHMS. YBEJHYCHHE NPOYHOCTH OCHOBAHHSI NMPHBOAHT K
YMEHBIIEHHIO €ro cxuMmaemoctd. Takum o6pa3om, npu ocajkax
KBa,JpaTHOIO H NPSIMOYFOJIbHOTO (pYBAAMEHTOB ACHCTBYIOT JABa IIpO-
THBONOJIOXKHEIX MO pe3yabraTaM (akTopa, B H3BECTHOH Mepe KOM-
NEHCHPYOIINX OJMH APYroil.

B npuBeneHHOM BHILIE pacueTe npUHATO, WTO rpacduk I, HE 3a-
BHCHT OT MOCJ€IOBATEAbHOCTH YePeAoBaHus cjHabhiX U NJOTHHIX Ha-
nynactoBanuii rpyHToB. Ilpn Haauuum B npefenax rayCuHu 2B ot
nofolBH (pyHAAMEHTA NJOTHBIX NPAKTHUYECKH HECKHMAEMBIX TPYyH-
TCB AeOpPManuy OCHOBAHUSI HUKE KPOBJH STOTO CJIOSI He YYHTHIBa-
10TCSL.

Onpepenenne rayGHHB 3aJi0KeHMs (yHpaMeHTa M HOPMATHB-
HOTO naBJjienust Ha rpyHT. IIpu BHOOpe Hecyllero cJost (HasHaue-
HHUH rIyOHEB 3aJ103KeHHsT (GYHIaMEHTa) HCNOJB3YIOT Tpaduk conpo-
THUBJIEHUS] [PYHTa NOrPYIKCHHIO KOHYCa, YYHTHIBASl OJIHOPOJAHOCTDH K
BBLIEPIKAHHOCTD CJI0s1 TPyHTA. I1pH 3TOM caeyeT UMeTh B BHAY, YTO,
KOr/la KOHyc 30HAa eme He powes Ha 40—50 c¢M /0 NMIOTHOIO He-
CYLLErO ¢JI0sl, CONPOTHUBRJICHHE TPYHTa NMOTPYKEHHI0 KOHyca HayHHa-
eT HHOrJa Pe3Ko BospacTaThk. 1103TOMYy IpH OnpeneseHHN FJIyOHHE
3aJ0keHls QYHIaMEHTOB HAPSAY ¢ JaHHBIMHM 30BANPOBAHUS HEOO-
XOJIHMO HCNOJb30BaTh MMEIOLHECS] JaHHEIC IO [eOJOTHYeCKHM BhI-
paboTKaM H CTPEMHTHCS K TOMY, YTOOH OOCCNECYHUTh HEKOTOpPOE 3a-
rayGJyerre (yH/iaMeHTa B BHIOpaHHBIH (0Jee MNPOYHHIE Hecylluit
CJIOH.

Ilpu npoexTupoBannu byHiamMentoB coopyxkenuii 111 u IV kaac-
cOB ¢ nojoumBo# mKHpuHOi oT 0,6 10 1,5 M ¥ raIyOHHOH 3a70KEHUS OT
1 10 2,5 M B COOTBETCTBHH C «YKa3aHHSIMU 1O 30HAHPOBAHUIO TPYH-
TOB Jns ctpourtesbctea» (CH 448—72) paspewaercst onpeiensith
YCJOBHbIC pacyeTHble AABJCHHSI HA CYIJIMHKH M [JIHHL B 3aBHCHMO-
CTH OT CONPOTHBJICHHS IPYHTA NOTPYKeHHUI0 KOHyca:

@i krefem .. . . .. 10 20 30 40 50 60
Ry, xrcfem® . . . ... 1,2 2,2 3,1 4 4,9 5,8

B Tex ke yCJOBHSIX PacyeTHbBie HABJEHHS IJ51 NECKOB NMPHHUMA-
1orest mo taba. 1 npua. 4 x CHull I1-15-74, coctaBieHHO# HAa OCHO-
BaHHH NAHHHX O MJOTHOCTH, MOJYYEHHHIX N0 Pe3yJbTaTaM CTaTHYeC-
KOro 3oHaupoBanus (cM. TabJ. 16).

Ilpu mpoekTupoBanuu coopyxkeHuit I u Il knaccoB ycJoOBHHE
pacueTHBHIE JlaBJieHHsI Ha TPYHT AOJKHB TNPHHHMAaThCs Ha OCHOBE
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KOMIIEKCHOFO H3YYEHHS HHXEHEPHO-TCOJOrNIYCeCKUX YCIOBHH H CTPO-
HTEJNbHEIX CBOHCTB FPYHTOB Jab0paTOPHEIMH M IOJEBHIMH METOJAMHU.

Onpenenenune Hecyuieii cnoco6HocTH cBad. IIpuMenenHe cTaTH-
YECKOrO 30HAHPOBAaHHsSl IJIs1 ONpEJe/ICHUsl CONPOTHBJCHHS TPyHTa
0] OCTPHEM CBaM SIBJSIETCS OAHUM M3 [VIaBHHX HanpasJeHHil B HcC-
0JB30BAHHH 3TOTO METOJA.

310 o6bscHAETCS TEM, UTO BAaBJMBaHHC 30HAAa B TPYHT aHa/lO-
rAYHO 3a0HBKe CBaH: 30HMA SIBJAseTcsl Kak OH MoJenbio cBau. Kak
[NOKA3HBAIOT UCCAEICBaHUS B 1a6OpPATOPHHIX UM MOJEBHIX YCIOBHAX,
sIBJIEHUs], IPOUCXO/SiuIMe Npu 3abUBKe B IPyHT cBail { pa3HOro Io-
NEepeYHOro CeYEHHs, HICHTHYHH U He 3aBUCAT OT UX pa3Mmepa. Hccae-
JIOBaHHsl NOTPYXKEHHUS 30H/a B NecYaHhHe FPYHTH MOKa3aju, 4TO Jie-
¢opManuu CABUra W YIJIOTHCHHs (CXKaTusl) TPYHTAa NPOUCXOAAT ¥
HIRKHEH YacTH 30HJa, NpH 3TOM HauboJbUINe HANpPSiXKEHUS CIKaTHS
HaXxoasTCcsl npuMepHo Ha 4d HHMxe ocTpusl 30HAA. Takasi Kaprtuna
IedopMmanuii rpyHTa NOKa3HBaeT, YTO CONPOTHB/IEHHE NMOTPYKEHHIO
30HNA NOJIKHO ONpEJeNATLCS KAK MPOYHOCTHHMH (g, €), TaK U Je-
tdopmanuonauMi (£, p) cBoiicTBamu rpyHta. B cBSI3u ¢ 3THM TCO-
peTHYecKoe peulcHe 3a/a4YH O CONPOTHBJICHUH FPYHTA NOTPYIKEHHIO
CBaW ABJSCTCS HCKJIIOUUTEIBHO TPyAHHM. [lostomy nprmenenue
30H/12, IMUTHPYIOLLEro paboTy cBan B FPyHTe, /sl OlipelejCHUS He-
CYLIeH CnocOOHOCTH CBai SIBJSCTCS ONpPaBJaHHHM W BeChMa LeJe-
co0OpasHEIM.

B HacTOsilllee BpeMs B OTEUECTBEHHOH NPaKTHKE CTPOUTEILCTBA
HakoIJeH OOIIMPHHE MaTepHasg no pesynabraraM WCOHTaHHH cBai
CTaTHYECKOH HATPY3KOH C OJHOBPEMCHHHM HCIBITAHHEM TPYHTOB
CTATHYCCKUM 30HUPOBaHHEM.

Pesyabrarel npoBefieHHHX 32 pyGeXoM HCOBITaHUE OuaM 0606-
meHH 3. Mensenbaxom B nokaaze «Onpejenenre nomyckaeMol Ha-
TPy3KH Ha OCTPHE CBau NPH MOMOIIH CTATHUCCKOTO 30HAMPOBAHUS»
[66], npencraBienHoM Ha V Mex/yHapOZHOM KOHIpeCCe MO Mexa-
HHKe IPYHTOB H (QyHIaMeHTOCTpOeHHIO. B nokiaane o6o0iierns nau-
Hble 88 HCNHTaHUE cBail H NPOBEJCHHHX NapaJjiej]bHO HCIHTAHUH
IpYHTa CTATHYCCKHUM 30HANpoBaHHeM. Iljomans nonepeunoro ceye-
HHs cBai cocTtaBasana 109—11684 cM?, compoTHB/IEHHE NOTPYIKEHUIO
konyca — 25—180 krc/cm?. IToyTu BO BCexX CaIyyasix HCNHTaHUA Npo-
BOIMJIH B NECKaX,

O603nauuB yepes F, OTHOWICHHE CONPOTHBJIEHHS FPYHTa NOIPy-
JKCHHIO KOHYCa 3 K IIPE/Ie/IbHOMY CONPOTHBJEHHIO TPYHTA NOJ CBacH
R, na ocnoBe MareMarnyeCKofi 0OpaGOTKM faHHHIX BeeX 88 HcnHTa-
BHH . Mensenbax noayyus cAeayOLY GOpMyIy:

Fy=1+5.107 g3 4, (55)
rpe A— njaomanp nomnepevyHoro ceYeHns CBam, cmZ

V3 nawwux Taba. 21 BHAHO, YTO NpPeAETHLHOE CONPOTHBJICHHE
[pyHTa MO/ OCTPHEM CBaH MEHbIUE, YCM IO KOHYCOM 30HJA, NpH
3TOM IpeJeNbHOE CONPOTHBJACHHE TPYHTA yMCHBLIAETCsl NPH YBEJH-
YeHUH gUaMeTpa CBaH.
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Tabauna 21

F, npa q3 , Krc/em?
A, cn2
50 100 200
1000 1,06 1,2 1,5
2000 1,2 1,4 2
[ 8
0 109 grple® 0 50 100 gl,xec/cﬂz
No T -
& x, o e{'_’\
B3 =
j 3:0_1 === 5 g o ;__-9 \ 5 \
< ! 22=B o560
0 sS85 SaEBA
0 ; Rl s =
Al s %
# 281
Z 2 p, mefi?
P, mo/m? P, mG/rr2

Puc. 63. I'paduku NpenesbrOro CONPOTHRIIEHUSI IECKOB OCHOBAHHS

@ — OueHb NAOTHBIX; 6 — MJIOTHBIX; & — CDeAHeil INIOTHOCTH; [ -— o6LuBLIe CBaM; 2— cBaR
GONBILIOIC AnaMerpa; 3 — 30HA AHaMETPOM 45 MM

Cratuctuyeckass 06paboTka JaHHHX 88 MUCNHITaHUi NOKA3HBAET,
uto npu Fy=2 uMeercst 95%-Has rapaHTusl TOro, 4To (pakTHYecKoe
COOTHOILUCHHE COMPOTHBJICHHS I'DYHTa NOJ KOHYCOM 30HIAA M NOL
OCTPHEM CBaH HE NPEBHCHT 2.

W3 taba. 21 BujgHO TakXe, 9TO NPH INOCTOSHHOM NHAMETPE CBan
Pa3HMNa MEXIY CONPOTHBJIEHHEM IPYHTA NOJI KOHYCOM 30HIA H NOZK
OCTpUEM CBau YMEHBLIACTCS NPHM YMEHbINEHHM pecyuedl cnocoGHo-
CTH I'pyHTa.

Ananoruynble BeiBOAH ObUIM nogydyeHs JK. Kepusenem [57] Ha
OCHCBE NIPOBEIEHHHIX MM ONHITOB U 060OONICHUs1 onyOJHKOBaHHBIX
matepHanoB. JK. Kepusenp NpoBoAHT ONBITH MO MOTPYIKCHHIO CBail
¥ 30HJOB B ONBLITHOM €/1e300€TOHHOM KOJIOAlle nuaMeTpoM 6,4 M u
ray6unoii 10,25 M, B KOTOPHH NOCAOAHO YKJAABIBAMH NECOK, YIJIOT-
HsieMB BUGPUPOBaHKHEM [0 Pa3iuuHO# 3ajaHuoi nioruoctd. O606-
masi uMeowrecss wmarepuadnsl, JK. Kepuseab mnoctpous rpadbuku
(puc. 63), KoTOpHE MOATBEPXKNAOT CAENaHHLE BHIIE BHBOLH O
TOM, YTC CONPOTHBJIEHHE IPYHTa noj KOHyCOM 30HJa 0ojblue, 4eM
1oy OCTPHEM CBaH.

BecbMa uHTepecHyro HHTEpnperanvio rpagukos K. Kepusens
naet Broucon [75]. Ha puc. 64 noctpoen (mass o6b-eMHOro Beca
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rpyHTa, paBHOrO eIMHHIEe) KpHBLHIE [PelenbHOro CONPOTHBICHHS
IrPYHTa B 3aBHCHMOCTH OT OTHOCHTEJLHOIO TOTrPYMKECHHS OCTPHS B
TPYHT M pHaMeTpa cBau. V3 rpaduka BHAHO, YTO NPH NOCTOSHHOM
Ipe/IeIbHOM J12BJICHHH OTHOCHTENBLHOE 3aray6jcHue octpusi OyAeT
MHHHMaJbHbIM npy JuaMerpax cBau 30—40 cm. VI3 pucynka BuIHO
Takxke, 4TO ONpeJACICHHOMY MNpPEAeJbHOMY CONPOTHBJCHHIO IPYHTa
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Puc. 64. I'pagukn npenesproro co- e § ‘
NPOTHBJIERHSI TPYHTA TOJ OCTpHEM ;,____7 il
CBaH B 33BHCHMOCTH OT 3araybne- : g‘
HHst €€ B TPYHT ll 1 [

Hm

Puc. 65. I'padukn 06001eHHBIX pe3y/bTaToB ONLITOR JK. Kepusens B meckax pas-
JIMYHO#H TIOTHOCTH

1 — 1pu 'VCH:I,SS, D=72%, ¢=35° mnecok puxJami; 2 — npu VCR=|'69' D=86,5%, ¢=38,5°,
IecOK cpefHeft MIOTHOCTH; 3 — Npy Yop=1,75, D=%%, ¢—42°, necok oyeHn wioThudi; 4, 5, 6
H 7 — NIpH AuaMerpPe HaKOHEYHMKa COOTBETCTBERHO 42, 216, 110 n 320 MM

H OTHOCHTEJBHOMY 3aray0JIeHHI0O OCTPUSI COOTBETCTBYIOT JBa AHa-
MeTrpa, OJIUH H3 KOTOPHIX MEHBIIE «KPHTHYECKOro» nuamerpa (pas-
goro 30—40 cm), a apyroit Goablue.

HMeercss HEKOTOpOe CXOJACTBO MeExJAy (opMoii KpHUBLIX Ha pHC.
64 u xpuBHIX, nony4eHHEIX IlpeccoM, a Ttakxe Kernepom u Ilefiau-
rOM B mpolecce HCIBTAHHS TIPYHTOB IITaMnoM Ha NOBEPXHCCTH.
YkasauHHE OonbITH OKa3aJjH, YTO 0caZika Noj AaHHOM YAeJbpHOH Ha-
rpyskofi 6yzer MUHHMasnbHOH Npu JHAMETpe ITaMna OKoJjo 25 cM
(cM. puc. 3). ITH 3KcnepuMEHTH BH3BaJH Torna (B 1930 r.) Gogb-
Wy IOHCKYCCHIO, OAHAKO B NMOCAEAYIOMEM OBUIH NOATBEPIK/IEHH
PsLIOM HcclenoBaTenei.

I'paduk, nokasaHHb Ha puc. 64, oTinyaercst OT rpadUKoOB Ha-
3BaHHBIX HCCJAenOBaTeJeH TEM, YTO 0PH HCNHTaHHH cBafi no OCH
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OpIMHAT OTKJaAbIBaJH OTHOCHTE/IbHOE 3arJybJeHHe OcTpus CBaf,
a NPM HCOBITAHHM TPYHTOB INTAMIIOM HA NOBEPXHOCTH — OCALKY
mramna. FHTepecHO OTMETHTDb, YTO BEJIHYNHA «KPHTHUCCKOIO» JHa-
MeTpa B OOOMX CJydasiX noYTH OAMHaKoBa. BMecte ¢ Tem MOXHO
npeanonarath, 4TO Aae MAJIS OJHOrO BHIA HCIBITaHHH BENTHYHHA
KPHTHYECKOro» AHaMeTpa 3aBHCHT OT BHJl@ HUCNHITYeMHIX TPYHTOB.

K. Kepusear o6paboran pe3ysbTaTH HCIOBITaHH, coOpaHHbIE
D. Men3en6axomM, pa3/ie/IHB UX HA HECKOJBKO I'PYNN B 3aBHCHMOCTH

TaG6nuua 22
3nayeHvs TIoKa3aTeJell 1IpH
IJIOTHOCTH IecKa, rfcMm?
ITokasarenn
1,58 1,68 1,75
Yron BryTpenmero Tpeunsi (IO TPEXOCHBIM MCIIEL- 35 38 42
TaHHAM), Tpaj
IlpenenvHoe CONPOTHBJIEHHE TPYHTA TOTPYIKEHHIO 20 120 340
KOHYca, Krefem?
Kputnueckas FAy6uHa 30HAMPOBaHms, M, JJs
30HJ0OB IHAMETPOM, MM:
110—320 1,8 3,2 4
42 1,8 3,2 1

OT CONPOTHBJICHHS I'PYHTa NOrpyxeHuo kovyca. OH nokasas, 4To
NpH HeGOJBIIUX CONPOTHBJICHHUSIX I'PYHTA CONPOTHBIEHUE MOJ KOHY-
COM MeHbIlle, YeM TIOX ocTpueM cBaH. Vi3 88 ucnbitasuil, 06061men-
HEIX D. MeH3en6axoM, B 32 HCNHITAHHSAX CONPOTHBJIEHHE TPYHTA MO
KOHYCOM 30H/ia OBbLIO MEHbUIE, YeM nOJ, OCTpPHEM CBaH.

Ha puc. 65 nokasann pesynbratsl 6oJiee NO3AHEX SKCHEPHMEH-
T0B JK. Kepusens, npoBeicHHEIX B TOM xe Kosoaue. Crenyer o6pa-
THTb BHHMaHHE Ha HCKIIOUHTEIbHY!O TILATEIbHOCTb IPOBEAEHHS
YKasaHHHIX 9KcIepuMeHTOB. Tak, KaXX/bl# ONEIT NOBTOpSICS 3 pasa
Dpu ONHOH W TOH e IJIOTHOCTH necka, NpHYeM KaxkJLlf pa3 nociae
HOBOIO MOC/JOHHOrO 3ano/JHEHHs KOJOALA NECKOM ¢ 3aJaHHOH MIOT-
HOCTHIO, NPOJONKHTENBHOCTL KOTOPOro cocraBasiia 2 Mec. Kak
BLJIHO U3 3TOI'O PUCYHKa, /151 OUCHB IJIOTHOIO Tecka CONpOTHBJIEHHE
30HAMPOBAHNIO B 3HAayHTEeJbHOH Mepe 3aBHCUT OT juaMeTpa.
C yMeHbuieHHEM TUIOTHOCTH NeCKa BJMSIHHE NHAMETPA HA COTpPOTHB-
JIEHHE 30HIMPOBaHHIO yMeHbuiaercsd. KaxI0# nJOTHOCTH Hecka
COOTBETCTBYET ONPEUEIEHHOE npeaelbHOe CONPOTHBJIEHHE IPyHTA
NOrPYXXCHHIO KOHYCA, KOTOpOE HAcTyNaeT ¢ ONPeACNCHHON IJIyOUHE,
Ha3bIBAeMOH KPHTHUIECKOMH.

XapakTepuCTHKH MECKOB UM KpHTHUECKasl rIy6HHA 30HAMpOBaHHS
IJ1s1 IeCKOB Pa3JIMYHOH MJIOTHOCTH TPHBENEHH B TabJ. 22,

ToBopst 0 KpuTuueckoii riyGHHe 30HAHPOBANUs, CJEAyeT OTMe-
THTDb, 4TO B pabote [76] aBTOpH Ha OCHOBe COGCTBEHHHIX ONLITOB B
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neckax u onbtoB JK. Kepusedst galoT clenywilyl 3MOHPHYECKYIO
dopMyJy /st OTpeneNeHNs] KPUTHYECKOH TyOHHbL Ayp, CM:

hp=25Vd (1 +). (56)

rne d — IHamMeTp 30HAA, CM; §s — CONPOTHBJEHHE S30HJHPOBAHHIO, KIc/cMZ.

IIpu Hasuyuy npUrpy3KH KpUTHYECKast rayOuHa cOCTaBJsIET MpH-
MepHO TOJOBHHY FayOHHEL, onpefesieMoii no ¢opmyiae (56).

OnbITOB B IVIHHUCTHIX TPYHTAX, aHAJOrHYHBIX N0 Macltaly Onbi-
tam JK. Kepuseasi, He npoBojguioch. BMecTe ¢ TeM HMEIOIHECs NaH-
Hble MapaJ/LIeJbHbIX HCIBITAHHHA TPYHTOB CBacH-IITAMNOM Y 30HIH-
pPOBaHHEM NOKAa3blBAIOT, YTO NPE/ICJIbHOE CONPOTUBIEHHE TPYHTA NOJK
CBaeil MeHblIe, YeM Mo 30HA0M Auamerpom 36 mMm. Ilpu 3TOM C no-
BblIIEHHEM TBEPJOCTH IVIHHHCTBIX TPYHTOB 3Ta PasHHIaA CONPOTHB-
JIeHUH BO3pacTaer.

C yuetom Bcero HakomJenHoro onsrra B CHuIl I11-5.5-67 mpn
onpeneJeHUH HECyLIe# CIIOCOOHOCTH cBail OBJIO PEKOMEHIOBAHO
HOPMATHBHOE CONPOTHBJIEHHE IPYHTA NOJA OCTPHEM 3a0OMBHOH cBaH
onpeneJaaTs no ¢opMmyse

Re = 0,5¢, (57)

rne :/-;,—cpezmee CONMpoTHBJEHHE 10 rpadHKy 30HAMpOBaHHSl HA ydacTKe, pacrno-
JIOXKeNHoM B fpeaenax oxHoro d Bre ¥ 4d HHXe OTMETKH OCTDHA TIpoeKTHpye-
Moft cBau (d — nHaMmerp Kpyriofi HiM CTOPOHA KBajparHofi cBam).

HopMmaTuBHOE CONpOTHBJAEHHE IPyHTa N0 GOKOBOH NOBEPXHOCTH
CcBay MPHHHMAJOCH PaBHEIM COIPOTHBJIEHHIO I'PYHTA 0 GOKOBOH no-
BEepXHOCTH 30HHa. Jra pekomenpanuss CHull I1-B.5-67 ycnemmno
NpUMEHsIach AJS OnpenescHust Hecylle#d cnoco6HocTH cBail. Onua-
KO B OTHEJLHBIX CJydYasiX PacXOxKACHHE MexXJy 3HAUYCHUSIMH Hecy-
me# cnocoGHOCTH CBaM, ONpe/ieJeHHBIMH 10 JI2HHBIM CTaTHYECKOTo
30H/IMPOBaHUSl U MO pe3yJbTarTaM HCOBITAHHH CTaTHYECKOA Harpys-
KOJi, OKa3biBa/JOCh 3HAYHTEJ]BHBIM, BCJAE/ICTBHE 4ero norpeGoBasoch
JnaJjbhelllee YTOUHEHHE METOJMKH OMpejeJaeHusl Hecyulefi cnoco6-
HOCTH CBai 10 JAHHBIM CTATHYCCKOTO 30HHPOBaHUS.

HUucrturyr @ynnamenTnpoektT npoBea GoJee 150 mapassenbubix
ucnetanuil 3a6UBHBIX CBafl CTATHYECKOHR HArpy3kol M IPyHTa CTaTH-
YeCKHM 30H/HpPOBaHHEM ¢ NOMoubio yeraHoBku CII-36, paspaboran-
HOH uM. McnbiTanusi BHNOJHSINChE HA MJOMAAKAX, PACNOJOXKEHHEIX
B pasanunblx pafionax Coberckoro Coio3a M CJIOXKEHHBIX NCCYAHBI-
MH M [JMHUCTHIMH TPYHTAMH Da3JHYHOTO BO3pacTa M NPOHCXONKAE-
Hus. D710 no3Boaunao npopeputhk pekomenaanun CHwuIl 11-5.5-67 no
onpeneaeHui0 Hecyulefi CHOCOOHOCTH 3aOUBHBIX CBall B INHPOKOM
JHana3oHe NOJyYacMbIX NIpH 30HAHPOBAHKH XapaKTEPHCTHK IPYHTOB
1 M3MeHeHui Hecymel cnoco6HocTH cBait [30].

Ha puc. 66 npuBeneHH pe3yJbTaThl CONMOCTABJICHHS NOACYUTAH-
ubix, cornacio CHull 11-B5.5-67, 3Hayenn#i HOpMATHBHOIO CONPOTUB-
JienHst cBafi P, cO 3HayeHHSIMH HOPMaTHBHOIO CONpPOTHBJCHHS CBail
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Pg;, HalilcHHEIME 1O JaHHBIM UX CTATHYECKNX HCNLITAHHE NPH Ocasl-
Ke cBan 8 MM (/o ocanku coopyxeHuii S=8 cm).

ConocraB/ieHne BHIIOJAHEHO AJst 153 NapaJ/eabHBIX HCNBITaHuH,
IpoBe/ileHHLIX Ha 57 miomankax. Iiy6una morpyXenusi csaii nsme-
Hanach ot 3 10 11 M, onepeyHoe ceuenne—or 25X 25 10 3535 cm.
Cpennee yleibHoe CONpOTHBJIeHHE IpyHTa non KOHYCOM 30Haa Ha
pacueTHOM y4acrke, paBHOM 5d (d — cTOpoHa CeyeHusi cBaH), u3-

Py mce

A

| A
1201

80 $0 7
—y °81f’

X A A e

Puc. 66. ConocraBneHye HOPMATHBHOTO CONpPOTHBJEHUS CBaM, OTPEAEJEHHOTO CTa-
THYECKHM HCnbITaHHeM # 1O pesyJbTataM CTaTHYCCKOro 30HAHNPOBAHNS
a—nmno npexseit peKomenpaluu CHulIl I1-B.5-67; 6 —no pexkoMeHAALMH, BKJIOYERHOH B

CHuI1 11-6.5-67 8 1972 r.; I — nuuus OTKJOHEMHMs conpoTubiesuii Ha 30%; 2 — nunus abco~
JIOTHOH CXOAMMOCTH CONpOTHBICHMEA

MeHanack oT 8 o 320 krc/cM2, obulee CONpOTHBIEHHE TPEHHIO MO
GokoBol noBepXuocTH 3ouida — ot 0,5 10 9,7 tc. HopMaTnBHOE cO-
npoTtusJenne cBail Per u3mensaoch ot 12 1o 120 Tc.

Kax BugHO uz pHe. 66, @, 3Hai€Hus1 HOpMATHBHOIO COMPOTHBAE-
HHf cBali P; BOMHOIHX CJy4Yasix CyLIeCTBEHHO OTJ/IHYAIOTCH OT 3Ha-
yeHHil HOpMATHRHOIO COTPOTHBJAEHHS Pgcr, n0JyYaeMbIX HETOCPEACT-
BeHHO MO [aHHBIM CTATHYeCKHX ncnbiTaHué cpail. Tak, noutn B 509
cayyaeB (B 70 u3 153 HcnwiTaHnil) oTkiaouenuss Ps ot Pgp npeBhima-
10T 30%, npuyem OTHOCHTEIRHASI TOrPEIIHOCTL [pPH OnpeneJeHHH
HOPMAaTHBHOIO CONMPOTHBJIEeHUs1 cBall MO J@HHHIM 30H/MPOBaHHS 10-
cruraet 144% B cTopoHy 3aBhieHNss H 529% B CTOPOHY 3aHHKeHHs
Hecymiell cnocoGHocTH cBail. Cpe/iHsist OTHOCHTENBHAS TIOrPEIIHOCTh
€ocTaBJisleT COOTBeTCTBeHHO 40 1 —25%.

Anann3 u craTuCTHYeckKasi o6paGoTKa pe3yJbTaTOB yKas3aHHBIX
153 napannenbybiXx HCOHTAHHN NOKa3ajdH, YyTO TOYHOCTL Onpefefe-
HHS HeCyllelt cnocoOHOCTH CBai MO JAHHBEIM CTATHYECKOTO 30HIHPO-
BaHHsl MOXeT OHITb CYIeCTBEHHO NOBHILEHA, €CAH TepeXOiHbBe KO-
3bOunKHenTH OT COMPOTHBJEHHSI TPYHTa TOHN KOHYyCOM 30HAa K
CONPOTHBJIEHHIO TpyHTa NOJA OCTpHEM CBaM W OT YIeJLHOrO COnpo-
THBJEHUS T[pyHTa 10 OOKOBOH MNOBepXHOCTH 30HMA K YIeNbHOMY
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COTIPOTHUBJIEHHIO FPYHTa 10 OGOKOBOH NOBEPXHOCTU CBau NPHHMMATH
He [MOCTOSIHHEIMH, a 33BHCSIMMH COOTBETCTBEHHO OT CPELHero
VAEALHOIO CONPOTHBJICHHS TPYHTa noJ KOHYycOM 30HIA ¢s; M CPe-
HEro yAeJLHOrO CONPOTHBJIEHHS] I'PYHTA N0 OGOKOBOH NOBEPXHOCTH
3onia f. B atoM cayuae ¢dopMmysaa njst onpenesneHus: HOPMaTHBHOIO
CONPOTHUBJEHNS CBafi MO JaHHBIM 30HAUPOBaHUs OyneT HUMETb BHI,

PP =, q,F+ A, fUh, (58)

rae F — nomanp ToNepeyHoro ceuenusi cBau; U — NepumeTp TOMepeyHOro ceye-
Hus cBan; h— rnyOuna 3a6HBKH CBaH; Ai, Az — TMepexonHble KoabbhulHeHTH.

3HayeHHsl NepeXOAHKX KOG GhUIIMEHTOB A U A; NPHUBEAECHH HUIKE:

gs, krcfem® . L L. .. 25 50 75 100 150 200
MM ... ... 0,75 0,6 0,5 0,4 0,3 0,25

fooe/m® .00 L L. 2 4 6 8 10

Y R 1 0,7 0,5 0,4

PeaysbraTH CONOCTABJEHHS] NOJACYUTAHHHX 1o dopmynae (58)
3HAaYeHHH HOPMATHBHOIO CONPOTHBIEHHs CcBail PP*® o 3HauYCHUSIME

Pcr, nafileHHBIMY 1O pPe3yJbTaTaM CTATHYECKHX HCTHITAHUH CBaii,
npuBenenn Ha puc. 66, 6, Kak BUAHO M3 pHCYHKa, CXOAHMOCTH OI-
peneneHHHX no (opmyJe (58) 3HaYeHHH HOPMATHBHOIO COMPOTHB-
JICHHUs CBall CO 3HAYCHHAMH, NOJYYEHHBIMH 1O JAHHHEIM CTaTHYECKHX
HCNBEITaHUH, 3HAaUHTEJABHO BEHIlE CXOOMMOCTH, NOJYYeHHOE npu Hc-
NOJb30BaHUN NOCTOSIHHBIX KO3((UNHUCHTOB IEpexoja OT COnpPOTUB-
JIEHHUS] 30HA K CONPOTHBJICHUIO CBaH,

Tak, muwb B 23 cayvasx u3 153 (15%) ork/i10HeHHst PR oT

P.; npepnator 30%, npuyem MakcuManbHasi OTHOCHTETbHAs MO-
IpelnHOCTh cocTaBasieT 75%, YTO MOYTH B 2 pasa MEHbINE, YeM IPH
NOCTOSIHHBIX KOo3thunuentax. CpenHsiss OTHOCHTE/IbHAsE NOrpeLl-
Hocth coctaBssier 20% B cropony 3aBwinenust u 16% B cTopony
3aHUXKEHUS Hecyllel cnocoBGHOCTH CBai, T. €. Tak¥Ke NOYTH B 2 pasa
MCHBIE, YCM NPH HCNOJb30BAaHHH NOCTOSHHBIX KO3(D(HIHCHTOB ne-
pexosia OT CONPOTHUBJICHHS IPYHTa Nnoja KOHYCOM 30HAA K CONPOTHB-
JICHHIO TPYHTA IIOJ OCTPHEM CBal U OT YACJBHOIO CONPOTHBJCHUS
rpyHTa no G0KOBOH NOBEPXHOCTH 30HAA K YAEJbHOMY CONPOTHBJIE-
HHIO rpyHTa No GOKOBOH NOBEPXHOCTH CBaH.

B koune 1972 r. 3Ta yrouHeHHAasi PeKOMeHIAnusi OLHOBPEMEHHO
C METONHMKOil onpeneJCHHsl Hecylled CHOCOOHOCTH CBaH no pesylib-
TaTaMm CTATHYECKOTO 30HAHpOBaHHsl ycTaHOBKoi C-832 Onlia BKIIIO-
yena B CHulT I1-B.5-67%.

C HeGOMBLIIMMHE H3MEHEHHSIMH 5Ta PEKOMEHpanusi BKJIIOYCHA H B
neficreyronue ¢ 1 ssuBaps 1979 r. CHull 11-17-77. ITpu 3TOM HeEo6-
X0nuMo uMmeTh B BuLy, uto no CHull II-17-77 B kayectBe HecyLiei
cnocoGHOCTH NMPHHUMAETCsl pacyeTHasl HArpyska, nomyckaemasi Ha
CBalo, YMHOXEHHast Ha Ko3(pGUUMEHT HaleXHOCTH (KOTOPHIH npu
HCNHITAHUE cBafi CTAaTHYeCKOH HAarpy3koii nNpHHEMAeTCsl pPaBHHIM

«=1,25), B 10 Bpemsi kak nmo CHull II-B.5-67 3a necymyiw cno-
coOHOCTL MPUHHMMAJIACh pacyeTHash Harpyska Ha CBawp. B CBs3H ¢

127



3THM HeOGX0AMMO OBLLIO NOBHICHTH nepeXojHble KO3(bHIUMEHTH Ay U
Az (xoroprie B CHull o6o3HayeHH B H Bz). PaKTHUCCKH B pe3yJib-
TaTe HEKOTOPOIO YTOYHEHHS] H OKPYIVIEHHs] 3HayeHHiH K03 unHeHTHl
1 ObuTH MOBLILIEHH B cpenHeM Ha 15%, a koahouuHeHTH P2 — Ha
35%.

B Bacrosiuee BpeMs, no pekoMennanusam CHull II-17-77, gacr-
HOe 3HayeHHE npeleJbHOrO CONpOTHBIEHHS 3a0HBHOH cBaM B TOYKE
30HAHpOBaHus P;, TC, ONPEAETISIOT 0 hopMyJie

@y = Ry F+ fhU, (59)

rie R, — conpoTHBJeHHe TPYHTA NOX HHIXEHM KOHIOM CBaH, 1O JAAHHLIM 30H/HpO-
BaHus, 1c¢/mM% F — nnomane nonepesHoro cedeHuss csam, M2 [ — conpoTHBJAEHHE
TPyHTa W0 GOKOBOH NOBEPXHOCTH CBaH NO AaHHEIM 30HAMPOBaBHsd, Tc/M%; h-— ray-
6nHa 3a6uBKH cBaH, M; U — RepuMeTp NONEPeUHOro CeYEeRusl CBaH, M.

ConporuBJaenue rpyHTa NOJ HUXKHUM KOHIIOM CBaH, T¢/M2, no pe-
3yJbTaTaM 30HAHPOBAHHs OIpele/sieTcH N0 GhopMyJie

s = P19, {60)

rae Pi — Koaddnuuent, NpuHEMaeMHH: TpH 30HIHPOBAHHH YCTAHOBKAMH THIA
C-979, ¢QurcapylomumH ofllee CONPOTHBJEHHE T'pYHTa L0 GOKOBOH TNOBEPXHOCTH
s0HA2, no Tabsa. 23; npu 3onauposamuH ycraHoBkamu (-832, ¢HKCHpyOLIHMH
yZeTbHOE CONpOTHBJIERHMe IPYHTa IO GOKOBOH TNOBEPXHOCTH 30HAA BOJH3M €ro Ha-
KOHEUHHKa, — paBHuiM 0,5; ¢s — cpenHee 3HaueHHe CONpOTHBJEHHsi IPYyHTa, Tc/M?,
noJ HaKOHEUHHKOM 30HJAa, TOJYYEHHOe H3 ONBbITA Ha YYACTKe, paCNOJOXKEHHOM B
npefiedax onHoro d Buille H 4d HHZKe OTMETKH OCTpHS NPOEKTHPYEMOH CBaH.

ConpotuBienre rpyHra no 60KOBOH NOBEpXHOCTH CBam f, Tc/M2,

[0 pesyJipTaTaM 30HAHPOBAHUS Onpepensercs No dopMmylaaM:
OpH 30HANPOBAHUM ycTaHOBKaMu THna C-979

= Bafs; (61
IIpH 30HIHPOBAHHH YCTAHOBKAMH C-832
. ZBi fai li
f=—" (62)

rne Ps, B: — xo3pQunEeHTH, npHHHMaeMble nio Tabn. 23; f; — cpenee yzesnbHoe
CONMpPOTHBJIEHHE I'pyHTa 10 GOKOBOiI TNOBEPXHOCTH 30HIZ, TC/M?, ONpeje/IsieMOe Kak
YacTHoe OT JeJieHHs] H3MepeHHOro obulero CONPOTHBJIEHHs I'pyHTa No GOKOBOH IO-
BEpXHOCTH 30HIA HA INIOLIajbL ero GOKOBOH NOBEPXHOCTH B Npelelax OT NOBEepX-
HOCTH TpYHTa B TOYKe 30HANpPOBAHHSI JO YPOBISL PACNOJOXKeHHS HHJKHEro KOHIA
cBaH B BHIGpaHHOM HecyuieM c10¢: fai — CpeliHee yleJbHOe CONPOTHBEHHE i-10O
cja0si TpYHTa NO GOKOBOH NOBEPXHOCTH 30HAA, Tc/M?; [i — tonumHa i-ro chos
rpyHra, M; h — To XKe, 4to M B dopmyne {(59).

Koadounuentrt B, P2 # f: nepexoga oT CONPOTUBJACHUS TPYHTA
IIpy 30HAHPOBAaHUHM MOJ HAKOHEYHHKOM 30HIA g3 K CONPOTHRJICHHUIO
IrPYHTa NOJ HHUIKHHM KOHLOM cBad K; H OT CONpPOTHBJEHHSI TPYyHTa
N0 GOKOBOiI NOBEPXHOCTH 30HNA fi, fai K COMPOTHUBJEHHIO IPYHTA NO
GOKOBOI NOBEPXHOCTH CBau | npuBeneHH B Tab. 23.

B cBsi3u ¢ UCnONB30OBaHHMEM AJIS1 ONpencseHHs Hecylleld cnocos-
HOCTH 320HMBHBIX CBai YCTAaHOBOK CTAaTHYECCKOIO 30HIAHPOBAHKUA ABYX
THNOB — C H3MCPCHHEM OGLL[BI‘O TPEHHUA NO HNJHHE 30HJA H JOKaJb-
HOIO TPCHHS NO AJIHHE MY(QTH TPEHNA, PACNIOIOXCHHOR HaJ KOHYCOM
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TaGauna 23

Koadbdunpent Bi nepexosa
v Kosdduurent ﬁl fo . | Kospbmment Bs oT fsi K j mpu raybune
nepexona ofT g, 8 3L nepexoka OT [ PpacmoIoIKe s CIOs1 FPYH -
TC/M? <R ° TC/M? X F 8 Ta, M
2 1t | 2 | 3 h
<250 0,8 <2 1,5 0,5 10,53(0,57 (0,6
500 0,65 4 1 0,2110,33] 0,441 0,55
750 0,55 6 0,75 0,17 10,270,391 0,5
1000 0,45 8 0,6 0,1510,24|0,37 | 0,5
1500 0,35 10 0,5 0,140,221 0,36 | 0,5
> 2000 0,3 >12 — 0,12(10,2 (0,35](0,5

Npumeuanne. [Ipu rny6uHe pacmosoxenns ci1osi oT 3 M Jio h 3uaueHne Koag-
¢unuenta PB; onpenensiercss HuTeplonsipe#t, i —To ke, 4To H B (popMyae (39).
30H/1a, — BO3HHKaeT BONPOC O TOYHOCTH ONpejeseHHs Hecyulel cno-
COGHOCTH CBau 3THMH NBYMS MeTOJaMH.

Pe3yabTaTh cpaBHEHHS STHX BYX METOIOB NpHBejeHH B pabore
[31]. s cpaBHeHHMst MCNOMB30BaHH AaHHble 153 HMCNbITaHUE CBalt
souauposanrem yctagoBkod C-979 n 102 uenblTanust cBaH yCTaHOB-
koii C-832. IlonyueHnble pe3yJbTaTel CpaBHEHHS IIPUBEJEHH B
Ta6s. 24.

Ta6bauna 24

QOTKJIOHEHRe, %, OT PE3YJLTAaTOB MCHOLITaBuS
cBaM cTaTHYecKo# narpysKoft

MeToJ onpelieierms NpPefeLHOT0 CONPOTHB-~ cpenee
JieBHsi CBay
Goxee 30 B CTOPORY B CTOPOHY 3a-
3aBrLIllieHUs HHXXEHH S
Tipn u3MepeHun oOmero TpeHns 15 20 16
To xe, JOKANLHOIO TpEHHS 41 57 22

Kak BuaHO H3 TabJ. 24, CXOAMMOCTb MeXXIY NOJYYEHHHMH TIO
pacyeTy H (pakTHYeCKUMH (1O MCNHTaHHSIM) 3HAYEHHSMH IIRE/eqb-
HOrO CONPOTUBJIEHHS CBail 3HAYUTENBHO JIyyllie NPH H3MEPEHHU OG-
Lero TpeHHs no GOKOBOH IIOBEPXHOCTH 30HJA, Ye€M npu H3MEpeHHH
JIOKaJbHOro TpeHus. I103TOMy nJas onpelienieHus Hecyilei CrocoGHo-
CTH cBal lenecoobpasHee H3MepsTh O6lee TpeHHe no GOKOBOH mo-
BepPXHOCTH 30HAA. Klamepenust JOKajbHOTO TpeHHS MOryT OHITH WO-
Jie3HH NPH OupefleseHHH BHAA H CBOHCTB I'DYHTOB, B YacTHOCTH NpH
OIeHKE YCTOHUHBOCTH OCHOBaHHUH.

Caenyer otMeTuTh, 410 B I'TTH @yHiaMenTnpoekT 6u1H 0Gpado-
TaHH PE3YJIbTAaTH YKa3anHHX 153 mapaJjjesibHEIX HCnLTaHU CBail
U 30HIHPOBaHHS JJA ONPEJEJEeHUs HeCyuled criocOOHOCTH CBau 1o
o6uIeMy CONPOTUBJIEHHIO 30HANpoBanN. MaTemaTuyeckas oGpaboT-
Ka pe3yJibTaTOB 3KCIIepHMEHTOB nokasajia [84], yTo B 3TOM cCJyyae
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CXOAHMOCTb HECKOJIBKO XYK€, UeM IIPH OllpejesieHHH Hecylled Cro-
cOOHOCTH CBaH IO JAHHHIM Pa3JIeNIbHOTO 3aMepa CONPOTHBJEHHS KO-
Hyca H TpPeHHs rpyHta no 60KoBofi mnomepxHOocTH 30HAA. CpenHee
OTKJIOHEHHE B CTOPOHY 3aBhIIIEHUS COCTaBua0 28%, B cTOPOHY 3aHU-
xKenusl — 21Y%. Onpenenenre mecymeli cnocoGHOCTH cBad 1o obiie-
MY COIPOTHBJIEHHIO 30HIAMPOBAHHIO TO3BOJIMJAO OB 3HAYHTENBHO
YIPOCTHTh KOHCTPYKIHIO YCTAHOBOK JJISI CTATHYECKOTO 30HIHPOBA-
Hus. OnHaKO NpPH NPOEKTHPOBAHHH CBaiiHbIX (YHAAMEHTOB OJHHM
U3 IJ1aBHBIX BOIPOCOB SIBJSETCHA NPaBHJILHOE OllpefiejeHHe HeCyile-
ro €105, KOTOPBI HanboJiee HAZEKHO ONpelensercs M0 CONpPOTHBIE-
HHIO KOHyCa 30H[A.

TlosTOMy IIpH NPOEKTHPOBAHHH CBAfiHBIX (PYHAAMEHTOB CJelyeT
CUHTATh HauboJsee UeNecO0OPA3HBIM HCIIOJB30BAHUE YCTAHOBOK CTa-
THYECKOTO 30HIHPOBAHUS C Pa3fiesibHbIM 3aMepPOM COIPOTHUBJEHUS
KOHyCa 30HJa W TPEHHs TPYHTa IO IIOBEPXHOCTH BCETO 30HIA.

Js1 BUHTOBOKH cBau YacTHOe 3HAYEHHE INIPejeJIbHOTO CONPOTHB-
JIEHH$l, TI0 JlaHHBIM 30HAHPOBAHHS, B PACCMATPHBAEMOll TOUKE ONpe-
JIeJIAI0T, KaK M JJig 3a0HUBHOH cBaH, no ¢opmyne (59) co caeayrwo-
[IUMH H3MEHEeHHSIMH:

BeJIMYHHA h JNOJKHA OHITh yMeHblleHa Ha BEJHUHHY JHaMeTpa
JIOTIACTH;

cpejlHee 3HAueHHe COIPOTUBJIEHHSI TPYHTA NOJ7, HAKOHEYHHKOM
30H/[a (3 IIPUHYIMAETCH HA yYacTKe, PABHOM OJHOMY IHAMETPY JIO-
[1aCTH, BHIUE HJH HHUXKe JONACTH B 3aBHCHMOCTH OT HalpaBJeHHS
HArpyskH;

ko3 dUIHEeHT B, NepeXxola OT ¢; K Ry NMPU 30HAHPOBAaHYH ycTa-
Hoskoli Tuna C-979 npunHuMaeres 1o taéa. 25,

Ta6nnuma 25

Kosddwuuent B, mpu Harpyskax
q_, TC/MZ
3 CIKHMAIOLHX | BHIlepPT HBAIOLIHX
250 0,45 0,38
500 0,32 0,27
750 0,26 0,22
1000 0,23 0,19
1500 — —
> 2000 — —

Jlasi BHHTOBHX CBail B IIeCYaHLIX FPYHTAX, HACBHIIIEHHBIX BOLOH,
3HaueHHs1 ko3¢ duuMenTa nepexosa f$; AOJNKHB OHTH yMeHbLIEHb B
2 pasa.

Onpenenus gacTHble 3HA4YeHHs NPELEJLHOTO COIPOTHBJICHHSA 3a-
GHBHOIl MJIW BHHTOBO CBaH B TOUKEe 30HAMPOBAHUSA Ps, TC, HECYILYIO
ClIocOOHOCTL 3a0MBHOH BUCSIYell u BHHTOBOH CBal OIpeiessiior Mo
dopmyJie

=, (63)

130



rie m— koahduLueHT ycToBHE paGoOTH, NpPHHKMAaeMblil A/ 3a0HBHBIX cBaif —
m=1, [Js BHHTOBHIX cBail — o Tab1. 26; n—YKCJO TOYEeK 3OHAHPOBaHHUS; P —
YyacTHOE 3HAHCHHE DpPEeHeNbHOrO CONPOTHBJCHHS CBaH, TC, Ry — Koadduuuent Ges-
ONACHOCTH IO IPYHTY, 3aBHCAMUN OT NOJYYEHHBIX YaCTHHX 3HAYEHHH IpeJeSIbHOTO
CONMpOTHBJEHNs cBaH @; B TOYKAX 3OHAMPOBAHMS § YHCIa 3THX TOYEK IIPH 3Ha-
ueHHH JoBepHTeNbHOR BeposTiocTH =095 B coorsercteun ¢ I'OCT 205622-—75.

Ta6auuma 26

KosddHuneHT m npH Harpyskax

TpyHTH RBIIEPTHRAIO- 3HakKormnepe-
CKEMAOLHMX WHX MEHHBIX

Tauns # CYyTIHHKIN:

TBepAble, MONYTBEpAReE H TYyro- 0,8 0,7 0,7

IJIaCTHYHBIE

MATKOIJIACTHYHEIE 0,8 0,7 0,6

TeKy4elacTHIHEe 0,7 0,6 0,4
Ilecku MmanoBiaXKHElE W CYNECH TBep- 0,8 0,7 0,5
JEe
ITeckn BaaHble W CyMecH NJACTHYHbIE 0,7 0,6 0,4
Tleckn BOZOHACHILEHHBIE W CYOECH Te-

0,6 0,5 0,3

KyuHe

[To CHull 11-17-77 npu NpOBeleHHH W3LICKAHME IS KaXKAOTO
3/aHHST WIH COOPYIKEHHS HeOOXOIMMO OCYUIECTBJSATH 30HAHPOBAHHE
He MeHee YeM B NSTH TOUKaXx. [Ipw Hanuvum fanHBIX OSTH 30HAMPO-
BaHHil peKOMeHJyercs IO aHAJOTHH C METOAMKOH, NPHHATOH Upu
HCOILITAHHHK CBall CTATHUECKOH HATPY3KOH, NPHHUMAThL HECYILYIO CIO-
COOHOCTL CBaW PAaBHOH MHHHMAJBLHOMY YaCTHOMY 3HAYEHHIO P,, a
ko3¢ uumenT 06e30macHOCTH 0O TPYHTY kp— PaBHBIM  €JIMHALE.
B »sToM canyuae Hecymiast cliocOGHOCTE cBau 6yleT

min
3 .
b= e = @pn, (64)

Onnako B IPAKTHKe, KaK NIPABHJIO, UMeeTCs LIECThb TOYeK 30HIM-
poBanusi u Gosee, 4TO NO3BOJSET OUPeNENUTh HeCYILYIO CIIOCOGHOCTD
cBal NyTeM CTATHCTHYECKOH 06pabOTKH MONyueHHBIX AaHHBIX, PYKO-
BojncTBysick Tpe6oBanusmMu FOCT 20522--75. Jlast 310TO NpOM3BO-
IAT CleLyIollue BhIUHCJEHUS.

OnpenensioT HOpMaTHBHOE 3HAYEHHE NpeJeJbHOTO CONPOTHBJIE-
HHSI CBAaH [0 AaHHBIM 30HAHPOBAHUS:

n
1 )
= - 2 D, (65)
1
e [ U3MeHSEeTCS OT 1 A0 n.

Haxonsit cpellHee KBaIpaTHUECKOe OTKJIOHeHHE AJS Dy

= —_—

n—1

n
! \ (¢§—<bsi)2 ; (66)
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[Tpexne uem mepeliTé K JajdbHEHLIMM pacyeTaM, HeO0OXOANMO
NPOU3BECTH CTATHCTHYECKYI0 MPOBEPKY /IS HCKJIIOUEHHS YACTHHIX
3HayeHWH (MaKCHMAJBHLIX ¥ MHHMMAJIbHBLIX), JJA KOTOPHIX HE Bbl-
MOJIHSAETCS] YCIOBHe

| — @, ) < vo (67)

(584

rie v — CTaTHCTHYecKuH KpPHTEpHA, NPHHEMaeMpifi B 3aBHCHMOCTH OT 4HC/a OI-
peneneHnit 72 cornacHo 7abn. 27; Ocw-— CMEIUEHHAsl OLEHKA CPeiMero Keajpa-
THYHOTO OTKJOHeHHS D, onpenensemas no dopmyne

G = l/ %z (@ —o,)2 . (68)

Yactuble 3HaueHusi Py, HE YIOBJIETBOPAIOIIHE HepaBeHCTBY
(67), u3 paabHeiiIero pacCMOTPEHHSA HCEJIIOYAIOTCH.
Kosd¢uuuent Bapuauum v Haxouat no dopmyJie

v=0/P}. (69)

,ZIaJIee OIIpeeJIAIOT II0Ka3aTeJb TOYHOCTH OUEHKH CpPEIHero 3Ha-
JCHUS

o= tav/]/n , (70)
rae f, — KO3((}HLHeHT, 3aBHCAIlUE OT AOBEPHTEJRHOH BePOSATHOCTH @ M YHC.I2
HCILITAHHH.

Jlast pacueToB 10 Hecyllel crnoco6HocTH o.=0,95. 3raueHus Ko-
spunnenta tq npn aa=>0,95 npusenens B Tabma. 27.
TaGanua 27

3nayeHus ¢y ¥ V OPH 9HCJIe HCnbITaHub
K
ovbment 6 | 7] 8] 9 )] 2] 5] w]|w
to 2,0011,9411,9 [1,86|1,8311,8 {1,76{1,73|1,3
v 2,07 12,18 12,27 { 2,35 2,52 2,64 (2,78 3,07

Kos(pdunuent 6€301aCHOCTH 110 TPYHTY PaBeH
1

=—. 71
Fer I—p )

Hecynias crnoco6HocTh cBan 6yneT paBHa
& =Dk, (72)

B coorBerctBun co CHull II-17-77 xo3q¢uuHeHT HamexKHOCTH
ky Tipu OmpesieieHHH HecylleHl CINOCOBHOCTH CBaW TO pe3ysbTaTaM
CTATHYECKOTO 30HAWPOBaHUA INpHHEUMaetcs pasHbiM 1,25, IMosTomy
pacueTHas Harpyska, Tc, JOIlycKaeMmasi Ha cBaio, 6y/eT paBHa

P = @by = ®/1,25. (73)

[TpuBenem npuMep onpesesneHdss pacyeTHON HarpyskH, JHOIYCKa-
eMOil Ha 3a0HBHYIO CBaIO, 110 JAHHBIM CTATHYECKOTO 30H/IMPOBAHHUS.
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Tpumep 3. HMmeeTca ceMb TOUEK 30HAMpOBarHS. B KayecTBe mMepBOro BapHAaHTa
npumeM, YTeo AAA 3ariyCrneHusi B Hecywluil caoff AnuHa cBafl HoJKHAa ObiTh 8 M,
ceyenue cBaii npuHuMaeM 3030 cm. Ing stoft rmy6uHe! mo rpadukaM 30HAMPO-
BaHHMS oOmpefienseM ¢ WM f; 3aTeM YacTHYHBIE 3HAYEHHMS MPEJENLHOrO CONpOTHBJIE-
HHs cBaH Di; B TOYKAX 30HAHPOBAHHA. JTH JAaHHBe CBOAHM B Tabn. 28,

TaGauna 28

TouKa 30HIHPOBAHKES 2, 4’? - %, ( ¢'; — d’ai)Q

1 58 —5,7 32,49
2 8 -1 59'29
3 54 -1,7 2,89
4 42 10,3 106,09
5 50 23 5,29
6 54 —1,7 2,89
7 48 4,3 18,49

=366 2=227,43

HopMaTtuBHOE 3HayeHue NPeAENBPHOrO CONPOTHBAeHHs cBan mo ¢opmyne (65)
COCTaBHT

&, = 366/7 = 52,3 1c.

CpenHee KBanpaTHYECKOE OTKJIOHeHMe I D, no ¢opmyne (66) pasno

/1
o= — 297,43 = 6,53 1C.
l/ 71 53 1C

JlenaeM mpoBepKY Ha HCKMIOUEHHE IPyGLIX OMIHOOK, ANS HEro BHUHCISEM Ccm
Ocym = 227,43/7 = 5,7 1c.

ITo Tabn, 27 maxomum, yto mpu n=7 v=2,18, torna voen=12,43 tc.

HauGonvinee abcomornoe OTKNOHeHHe Pp OT CPERHEr0 COCTABNAET (AN TOY-
ki 4) 10,3, uto Menbwe 12,43. TakuM 06pasoM, HM OJHO W3 ONLITHBIX 3HaYEHUH
&, He clelyeT UCKIIOYATE U3 PACCMOTPEHHS.

Kosdduuuent Bapuamuu v nmo ¢opmyne (69) cocraBut

v=0/P} = 6,53/52,3=0,125.
ITokasaTens TOUHOCTH OLEHKH 5 mo ¢popmyne (70) pasen
fpv _ 1,94-0,125

p:V; 2.65 ==(0,0915,

Ko} punment Gesonacroctu no rpyuty no gopmyne (71) paser

1 1

by = = =1,1
" 1—p 1—0,0915

Hecymas crocobuocth can @ mo ¢opmyne (72) coctasHT
52,3
= pH ek b
& <b3/1,1 T 47,8 1c.

Pacuernas parpyska, monyckaeMmas Ha cBalo, o opmyne (73) pasna
P=¢lky=47,8/1,26=2381c.
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OTMmeTHM, YTO ecaH OH GBLIO NPOBENEHO TOJBKO MSTh MEPBHIX 30HAHPOBABUIL,
TO HeCylyH CHOCOGHOCTH CBAaR CNef0BaJso Obl PHHATHL HAaHMEHBUIE) M3 MATH:

@ =T = 42 1c,

Takum o6pazom, B JaHHOM cllyyae B pe3yJbTaTe JBYX HKONOJHU-
TeJILHHX 30HAMPOBaHUH Hecyillass criOCOOHOCTH cBau OHla IpUHATA
na 13% 6Goaswe. OTciofia caeayeT CAeNaTh BHIBOJ, YTO IIPH IPOBe-
JI€HVH H3LICKAHHH /I KAaXIOro 37aHHsl HIH COOPYMKEHMS CJeayer
HMeThb, KAK MUHHMYM, LIECTh TOYEK 30HAHPOBAHMUS.

OTtMeruM, 4TO, €C/M IIO TeOJIOTHUECKHM YCJIOBHSM B Mpejenax
riy6HHbl 30HAUPOBAHHUS MOKHO NPUMEHSTH CBAW Pas3IuYHON AJHHHI,
pacueTHy10 HArpysKy Ha CBaK CJejyeT ONpeleNsTb NPH PANIUTHEIX
BO3MOXKHBIX JJIMHAX CBai, ¢ TeM 4YTOORl IIPH NIPOCKTHPOBAHUU CBAii-
HOro )yHaMeHTa pPeasibHOTO COOPYIKEHHS MOXKHO OGBUJIO HA OCHOBE
TEXHHUKO-5KOHOMHUYECKUX CPaBHeHHil BHOpaTh ONTHMAJbLHBIH Bapu-
anT pyHAaMeHTa.

Fnava V

HCCJIIENOBAHHE TPYHTOB
JUHAMUYECKUM 30HIHPOBAHHEM

1. O6mpe noJioxKeHus

CrenpanuctaM, 3aHUMAaOUIMMCH  HHIKEHEePHO-TeoJIOTHUeCKU MU
H3BICKAHUSIMH, XOPOUIO H3BECTHO, UTO IIPH OYpPeHUH CKBaXKHH 0To6paTh
obpa3sel rnecyaHoro IpyHTa HEHAPYHIEHHOTO CTPOEHHS, OCOOEHHO Ha-
XOASAILErOCsl HHXKe YPOBHS IPYHTOBHX BOJI, fIBJfAETCS CJIOKHOH, TPY-
JIOEMKOH, a HHOTZA NPAKTUUECKH HEBHIIIOJHHMOI 3anaueil.

IATuM caefyer OOBICHUTh YaCTOE OTCYTCTBHE B OTYETAX O BHIIOJ-
HeHHBIX WHIKEHEPHO-TEOJOTHYECKHUX H3BLICKAHUAX [AHHBIX O ILJIOTHO-
CTH CJIOKEHHS IIPOfiA€HHBIX CKBaXWHaMH II€eCYAHHX TIPYHTOB.
B 6oabIMHCTBE CyuaeB OLEHKA NJIOTHOCTH IIeCKOB JAaeTCsi 110 KOC-
BEHHBIM TOKa3aTensM, HalpuMep 10 XapaKTepy COMPOTHUBJEHHS
ITeCKOB BHeJIpeHHI0 DyPOBHX HAKOHEUHHMKOB, YTO HOCHT YCJOBHHI H,
KOHEUHO, cyObeKTHBHHE Xxapaktep. IlostoMy, pacnosaras auib
JaHHBIMH O TPAaHYJOMETPHUYECKOM COCTaBe U HEKOTOPHIX IPyrux ¢u-
3HUECKHX XAPAKTEPHUCTHKAX I[eCUYAHBX TPYHTOB, IIPOEKTHPOBIIHKH
JIUIIEHE BO3MOXKHOCTH OLUEHHBATbH IIJIOTHOCTh CJIOXKEHHS IIECKOB H
UX MexaHudeckue cBOHCTBA. EcTecTBEHHO, UTO TaKoe NOJOXKEHHE He
MOrJ0 YAOBJETBOPHTb NPOEKTHHE M H3HCKATENbCKHE OpTraHH3aliH
u norpe6oBasio oT HUX paspaborku crocoba OUEHKH MJIOTHOCTH Iec-
YAHBIX TPYHTOB B COCTOSIHHH €CTECTBEHHOTO 3aseTaHusi Kak npu 6y-
peHHH CKBaXKuH, Tak U 6e3 Ux OypeHus.

Ocofenno ocTpo HeOOXOAUMOCTH OLEHKH IJIOTHOCTH CJIOXKEHUS
necyaHblX TPYHTOB BO3HUKAET [1PH NPOEKTHPOBAHHMH H CTPOHTENILCTBE
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IRAPOTEXHHUYECKHUX COOPYKEeHnH (NJOTHH, 10308, 3Aanunil 19C) B
yCJIOBUSX PaBHUHHBIX PeK. B OTeuecTBeHHOH IPaKTHKE CTPOHTENDb-
CTBa POAOHAYAJLHHKOM C€IOCO6a OLEHKH ILJIOTHOCTR CJIOIKEHHs Iiec-
yanblx OoCcHOBaHHMi 6e3 Oypenus ckBaxkuu siBisiercst B. A. Jlypanrte
(nacturyt I'mpponpoekr).

K HnacrosimmeMy BpeMeHH paspaboTanHblii ['MApONpOEKTOM ciio-
co0 OLEHKH IIJIOTHOCTH CJIOXKEHHs! IIeCKOB C [OMOIUBK HCOBLITAHUR
JAUHAMHU4YeCKHM 30HIAHPOBAHHEM 30HJAOM C KOHHYECKHM HAKOHEYHH-
KOM IIOJIYUHJI LIAPOKOE PACIPOCTPaHEHHE N TPUMEHSIETCS MHOTOUHC-
JIEHHBIMH H3HICKaTeJbCKMMM oprauusauusiva. C 1 sueaps 1975 r.
aeficrsyer FOCT 19912—74 «MeToj 1n107€BOTO MCNBITAHHS AHHAMHU-
YeCKNM 30HIYPOBAHHEM>.

ABTOpH cunTalOT HEOOXOAHUMBIM OOBSACHHTH NOHSTHS «30HIHPO-
BaHHE» M «TeHeTpauusi». IIpn norpykennn HakOHEYHHKa Ha TayOH-
Hy, OOJBIIYI0 €0 BBICOTH, HCHLITAHHSI HA3LIBAKOT 30HANPOBOUHEIMH;
Ipy IOTPYKEHNN HAKOHEUHHKA HA TAyOHHY, MEHBIIYIO €ro BBICOTHI,
UCIIBITAHHSE Ha3bIBAIOT NIEHETPAIMOHHBIMH.

2. lunaMuueckoe 30HAUPOBAHHE KOHYCOM

JuHaMnyeckoe 30HIMPOBAHKME KOHYCOM 3aKMIOYaeTcsi B 3a0nBke
(yrnapaMu MOJIOTA) B IPYHT 30HJA, IPEACTABJSIONIEr0 co6Oi KOJMOH-
Hy IUITAHT, OKAHUWBAIOLIHMXCSi HMHBEHTAPHBIM (M3BJEKAaeMBIM 110
OKOHYAHWH HCIILITAHHS BMeCTe CO HITAHraMu) RJH CheMHBIM (OcCTa-
IOUIMMCSI B TPYHTE€) KOHHUECKMM HAaKOHEUHHKOM-KOHYCOM. [lnamerp
OCHOBaHHUsI KOHYca OOBIYHO 6OJbllle gHaMeTpa LUTAHT.

3a6uBKy B TPYHT KOJOHHB! IHTAHI C KOHYCOM, AHAMETP OCHOBa-
HHS$I KOTOPOTO PaBeH JINAMeTPY LUTAHT, HA3LIBAIOT UCNILITAHNEM TPYH-
TOB CTEPIKHEBLIM 30HAOM.

Tnaybuny norpyxenust (3a6mnBkn) 30HIA S OT ONpPeAeJeHHOTO
yucia yiapos (3aa0ra) M yucja ynapoB N, 3aTpauvBaeMblX Ha HH-
TepBaJ NOrpyxeHns 30H4a (00bUHO 10 cM), NPUHSATO HA3LIBATDL M0-
KazaTensiMu 30HAHPOBAHAUS.

TlokazaTesn 30HIUPOBAHHNA UMeOT TeM GONbUIYIO NPaKTHYECKYIO
LEHHOCTD, yeM GoJbllle HAKOIIEHO AAHHBIX JUISi YCTAHOBJECHUS KOP-
pEeANMOHHBIX 3aBUCHUMOCTel Mexny N u S u passHuYHBIMH (PU3HKO-
MEXAHHYECKNMH CBOHCTBAMH FPYHTOB, 4TO BO3MOXKHO JHIIb IIPH CO-
XpPaHeHHH IOCTOSIHHBIMH TapaMeTPOB U METOAMKH JNHAMHYECKOTO
30HMpOBaHusi. Takas OCOOEHHOCTh WCIBITAHHH TPYHTOB AMHAaMHye-
CKHM 30HJMPOBAaHHEM KOHYCOM jie/laeT BeCbMa BaXKHBIM CTAHAAPTH-
33110 IIPUMEHsIEMOT0 060PYy AOBAHNUS.

B oTeuecTBeHHO! NPAKTHKE CTPONTENLCTBA HaHOOMbIIee pacipo-
CTpaHeHHne I0JAyYHIa METONHKA UCIIBITAHMH TPYHTOB JHHAMHUYECKUM
30HAMPOBAHHEM KOHYCOM, paspaborannasi B I'mapomnpoekte. Co-
[J1IaCcHO 5TOP METOjAHKE, JJISi HCIIBITAHHS TPUMEHSIIOT 30HI, COCTOSI-
1MH B3 WTAHT ¢ HAPYXKHBIM JHAaMeTpPoM 42 MM, cOeIUHSIEMBIX MeXK-
Ay co6OH HHUNNENbHbIMH COeJMHEHHSIMH, N KOHYCa C AHaMeTpoM
ocHOBaHusi 74 MM H yrjom packpotusi 60°. Konyc Moxer GHITH HH-
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BEHTAPHBIM M CheMHBIM. B NepBOM ciyyae HUXKHHI KOHel[ IITAHT
coeluHsIeTCst ¢ KOHYycOM Ha pe3bbe (puc. 67, a), BO BTOPOM — CBO-
6onHOU nocafKkol U KpelJieHHeM K KOHILY IITAHT C MOMOLIbIO IHIIHJIb-
Kii, KOTOpas npu NojbeMe LITAHT cpesaetcs (puc. 67, 6).

[Tpu ucnbitanun 3a6uBKa H M3BNEUeHHE 30HAA IPOU3BOIAATCH
paspaborannsiMu B I'mjpponpoekre ycranoBkamu YBII-15 (ycranos-

) 0352-008
9 93043 g

40

Puc. 67. Konnyeckuifi HakOHeuHHK AJS
HCOHTaEHH  TPYHTOB  JHHAMMYECKHM
30HANPOBAHUEM

a4 — HHBEHTapHBIU (H3BJeKaeMblll u3 rpyHTa);
6 — cpeMHBI (OCTAIOWMIICA B I'PYHTE)

Puc, 68. Cxema 6ypoBofi ycTaHOBKH
YBII-156M pas HCOBITAHHE YPYHTOB IH-
HaMHYeCKHM 30HIMpOBaHHCM

1l — pama; 2 — pyudasi depBsiuHag JieGenka;
3 — peuratenp Y/-2; 4— penykrop PM-250;
& — nnaHeTapHasi JeGepka; 6 — CKnapgHas
Maura; 7 — HaBecHoe oGoOpyaoBauHe AJNA 30H-
AUpOBaHUus

Ka 6yposas nenetpaluonHas) U YBII-16M (MOJAepHH3HDPOBAHHBIH
Bapuant) (puc. 68). Ykasanuble yCTaHOBKI, IpeJHa3HayeHHble TAK-
e W A yAapHO-KaHAaTHOro OypeHHsi MeNKHX CKBaxKHH, CEpHMHO
BHIycKaloTcst cooTBeTeTBeHHO ¢ 1950 r. n 1966 r. Huxe npusesiena
TeXHUUecKas XapaKTepucTHka ycranoBku YBII-15.

O6uwi Bua ycranosku ¥ BI1-15M nokasan Ha puc. 69.

[TocTOoSHCTBO mapameTpoB JAUHAMHUECKOTO 30HAMPOBAHHSA HApy-
maT JAa OOCTOATENbCTBA: H3MEHeHHe COOTHOLIEHHS MeExJIy Mac-
caMu COyZAapsieMBbIX 3JIeMEHTOB — IIpH NOCTOSHHOH Macce yAapHHKa
Macca 30HAA yBeJWUYMBAETCH 10 Mepe ero 3arjyCGaeHust B IPYHT H
HApallluBaHUs LITAHT; BO3pacTaHHe IO Mepe 3ariybJjenust 30HAA
TpeHus ero 60KOBOH NOBEPXHOCTH O IPYHT.
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Homuuaavnad riy6una, M:

Gypewust . . . . . . . . . . . .. . .. 15
30HAHPOBAHUS . . . - . . . . . . . . . . 2
Juamerp GypeuHs, MM . . . -« . . . . .le8, 127 n 108
BricoTa Mautel 10 OCH Kponﬁ.noxa Moo 5,6
MakcuMallbHasi TPYSOMOABEMHOCTh MauTel, T . . . . b
Bricota nagenust MonoTa, M ., . . . . . .. . . 0,8
Macca monota, kr . . . . 60

Momnocte fBHraTens Y,D, 2 an 3000 O6/MP1H .n c .

I'abapursl ycTaHOBKH (TPaHCHOPTHOE TOJIOXKEHHE), M:

MIMHA . . . . . . e e e e e e e . . . . 4,05
BBICOTA . . . & o o« e e e e W .. 2,27
WHPHHE . . . . . o . o« . e o ... o« . . 1,8
O6mas macca, Xr . . . . . « . . . . . . . . 100

Paccmorpum noapobHee sTu BaxKHble MOMeHTHL. Ilpu Macce 1 M
UITAHr ¢ HullensiMu 6,85 Kr, Macce HHBEHTAPHOTO KOHyca 2 Kr H
Macce HanpaBJsAOILed WTAaHTH € NoA6a6koM (TepeXOIHHKOM) H PO-
qukaMmi 61 Kr (Bce 3TO BMeCTe COCTaBifgeT Maccy 3JeMeHTa, IO KO-
TOPOMY TNIPOU3BOJAUTCS YAAapP) COOTHOIIEHHE MeXIY MaccaMu coyna-
pAeMBIX 3JIEMEHTOB COCTaBHUT NPH JJIHHE 30HAA, M:

1. ... ... e e e e .. e . (6,851-21-61):60=1,16
10, ... oo . (6,85. 10421 61):60=2,19
15, 0 0 e e ... (6,85-15+2161):60=2,76

Takum 06pasoM, Ha NPOTSKEHHH ONBITA COOTHONIEHHE MeXIY
Maccoll 30H1a H ylapHHKa uaMeHsietcs: 6oJiee yuem B 2 pasa. Ciuedo-
BATEJIbHO, TIPH NOCTOSIHCTBE BCEX IMPOUHX YCJIOBHUH H OJHOPOIHOCTH
HcCNeyeMOH TOJIM FPYHTOB B pe3yJibTaTe BJHSHHUSA TOJBKO 3TOrO
(dakTopa uncj0 ynapos Ha kKaxjable 10 cM norpykeHHs 30HIAa C TJy-
6unoft 6yneT BO3pacTarb, YTO He MOXKeT He YUHTHBATbes IpH o6pa-
60TKe pe3ysbTaTOB HCIIBITAHMS.

He Menee BaxkHbIM fIBJIsIeTCS yueT BO3PACTAIOLIErO ¢ IyOHHOM
TpeHHs 110 OOKOBOI NOBEPXHOCTH 30HIA. B CBA3HBIX YCTOHYHBHIX
IPOTHB OOPYIIEHUS] FPYHTAX IIPH IBHUXKEHHH 30HA2 (C IHAMETPOM
OCHOBaHH#, OOJBLINM JHAMETPa IITAHT) MeXAY CTeHKaMH CKBAaKH-
HBl U HapyXKHO{l NOBEPXHOCTbIO HITAHr OOpa3yeTcss KOJLLEBOE IPO-
crpaHcTBO (3a30p). CTeHKH 30HAMPOBOUHBIX CKBAXKHH OOBLIYHO peb-
pHCTBlE, NIPH 3TOM PACCTOSHHE MEKJY KOJbLEBBIMH BBHICTYyIIAMH, OG-
pasyolMMH PeOPHCTOCTD HA CTEHKAX CKBAXKWHBl, COOTBETCTBYET
BeJIHYUHE MOrPyzKeHUst 30HJa OT KaxkKJIoro yaapa.

Crenyer HMeTb B BUJY, 4TO H HA yYacTKaX CONPHKOCHOBEHHS H3-
rufaronleiicst KOJIOHHB! INTAHT €O CTEHKAMH CKBaXKMH B MOMEHT yJa-
pa uMeeTcs TpeHue. HacTh 3Hepruu yjapa 3aTpauusaeTcs Ha O6pa-
30BaHHe €aMoOro npojoabHoro wusruba. Ilpu stom uyem OGoJblie
COIIPOTHBIIEHHE, KOTOPOE HCIbIThIBAeT KOHYC, TeM O6OJbluas 4acTb
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Puc. 70. Tpaduk m3aMencHus uucsa
yZapoBR no rnyOkHe IO pesyJbra-
TaM YCOBITaHMii TPYHTOB AHHAMHYE-
CKHM 30HAMPOBaHHEM

Puc. 69. Ycranoeka YBI1-15Mm

SHEPruM yAapa pacxolyercs Ha NPOJAOJbLHEIT H3TUG KOJOHHH LITAHT,
cBOGOIHO pa3MeleHHBIX B CKBAXKHHE.

Ilpu 30BNUpOBaHNMM B HEYCTOHUMBHIX I'PYHTaX (BOJOHACHIIEHHLIX
[ecKaX, TEKyYHX TJIMHHUCTBIX IPYHTaX) KOJbie€BOil 3a30p 3arlOJiHS-
ercss TPYHTOM, OOpYLIAIOLIMMCS €O CTEHOK CKBAaXKHHEI, a TaKxKe
BHIIMPAIONINM H3-110]{ KOHYyca, MO3TOMY 30HJ HCIHBITHBAaeT COIpo-
THBJEHEE B pPE3yJbTaTe TPEHHUsl 10 €ro IOBEPXHOCTH TPYyHTA Hapy-
LeHHO# cTpyKTypH. CiiefoBaTeNbHO, B HauaJjie 30HAMPOBAHHUS HA
©MH WHTEepPBaJl NOTPYXKEHHsi 30HAa OYy[eT 3aTpaueHO MeHblIce YHC-
JI0 y7apoB, YeM Ha TAKO# JKe MHTepBaJ, HO Ha GoJbluell raybnme.

Jlais corocTaBiieHHs! Pe3YJIbTATOB 30HIIHPOBAHUS HE3ABHCHMO OT
TyIyOMHBL IIpH (aKTHUECKH OIpe/ieJIeHHOM H3 OIHITa YHCJE YAapoB
Ng, 3aTpaueHnblXx Ha BHIOPAHHBIH HHTEPBAJ TMOrpyxKeHHsi 30HAA S=
=10 cM, BBOAAT COOTBETCTBYIOIME IIOIPABKH U TAKHM 06pa3om
IIOZICYMUTHIBAIOT UCIIPABJICHHOE YHCJIO ynapoB Ny uiu npocro N.

QakTuyecKoe YHCJIO YAAPOB HA MHTEPBAJ IOTPYKEHHS Onpeje-
Ji70T M60 HENOCPEACTBEHHBIM IOACHETOM, JHGO 1O BEJHUYHHE IIO-
IPYXKEHHS 30HJA OT MPHHATOrO YHCAA ynapoB MOJoTa (3aJjora) 1o

OpMyJle
Popmy Ng = 10n/S. (74)

B oTeyecTBeHHOIl NpaKTHKe HCOHITAHUE TPYHTOB NHHAMHYECKHM

30HIUPOBAHMEM KOHYCOM IpHUMEHsIoTest paspaborannble B. A. Jly-
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paHTe TIONPABKH, YUHTHIBAOLINE YBenueHHe ¢ rJyCHHOA MacChl 30H-
Ja ¥ TPeHus TPYHTA 1O ero GOKOBOIH MOBePXHOCTH. 3HAUEHHH Nonpa-
BOK JJsi ONpeJieJieHHsi HCIPABJIEHHOTO 4HCja yAAapOB IPHBENEHH B

Tabia. 29.
Ta6auuwa 29

, TonpaBKa Ans yieTa | Tlonpaexa gya yueta
,_-’:d E( ] ;:é ‘f::f ) X
- - ot © T X o
52 gf | 887 | <85% |3 g5 | gas | w8
SEx gE 585 | $298 | 5ix 53 528 | Eegg
588 | E8 | BUR | £eBe 538 ) ER | BUE | 2eRB
1 0,0—1,5 1 1 8 10,5—12 0,84 0,62
2 1,6—3 0,98 0,92 9 12—13,5 0,83 0,59
3 3—4,5 0,94 0,84 10 13,5—156 | 0,82 0,56
4 4,5—6 0,93 0,79 | 11 15—16,5 | 0,81 0,54
5 6—7,5 0,9 0,73 12 16,5—18 0,79 0,51
6 7,5—9 0,88 0,69 13 18—19,5 | 0,78 0,49
7 9-10,5 0,86 0,65 14 19,521 0,77 0,42

PesysabpraThl UCHBITAHHH TPYHTOB JIHHAMHYECKHM 3OHIMPOBAHHEM
KOHYCOM 3aHOCSIT B KyPHaJ H oTOGpaxaloT Ha rpagike B Buie 3a-
BHCHMOCTH MCIIPaBJEHHOrO YWCHA YA2pOB Ha KaXibe 10 cM norpy-
JKenus 30HAa oT ray6unbl 3oHnuposanus (puc. 70). IlpeuMymectBo
HCOBITaHHSI TPYHTOB JMHAMHMYeCKHM 30HAHPOBaHHEM KOHyCOM 3a-
KJIoyaeTcss B TOM, YTO HOJyYAKOMMecs 3aBHCHMOCTH, HMCIOIIHe He-
IpepHIBHLIE U OOBIYHO CTYIeHYaTblil BHA, XapakTePUIYIOT IPYHT MO
Bcefl rayGuHe nccjaenyeMoii ToMu. Ilpu wcnbiTaHuy rpyHTOB B fa-
60paTOPHH MOKHO NOJYYUTh TOJbKO BBIGOPOUHBIE NAHHLIE B OTAENb-
HBIX TOUKaX HCCJenyeMOro paspesa.

PesynbraThl HenbTaHH NPHUHATO BHIYEPUYHBATL B CJIEAYIOIHUX
macurrabax:

BEPTHKAJBHOM — | ¢M  cOOTBeTcTByeT 1 M rJ1yOHHBI 30HAHPO-
BaHUN;

rOPHU3OHTANbHOM — | cM COOTBETCTBYeT JBYM WCIHPaBJieHHBIM
yiapam MOJoTa.

B HeKoTOpBHIX chiyuasix noKasaTejaeM jMHaMUYEeCKOro 30HAHpOBa-
HHs KOHYCOM IIPHHATO CYHTATh HE YUCJIO ynapoB Ha 10 cMm morpyxe-
Hug 30u7a N, a ray6uHy ero NorpyKeHusi Or NIpHHATOrO 4Yucia yzna-
poe (oGrunO 10 ynapos).

Caenyer noiyepKHYTb, YTO Pe3ynbraThi HCNHTAaHHA TPYHTOB
IUHAMHYECKHM 30HIHPOBAHHEM KOHYCOM JHUIL NPHOJMIKEHHO Xa-
paKTepH3yIoT (HINKO-MexaHHYEeCKHe CBOHCTBa TPYHTOB W MOTYT
ObITh HCHONB30BAHBI JJIs1 TEX HJU HHBIX pacyetoB IPOYHOCTH H [e-
$OopMHPYEeMOCTH TPYHTOB OCHOBaHMS ¢ GOJIbUIMMH OTOBOPKaMH. JTO
NO3BOJIIET OTHECTH METOJ MCIBITAHHH TPYHTOB JHHAMHYECKHM 30H-
JHPOBAHHEM KOHYCOM K CONYTCTBYIOLIEMY METOAY, KOTOPH MOMKeT
3(Q(PeKTUBHO NPHMEHSITLCS NPH NPOBEJIEHUH KOMIVIEKCHBIX HCCJIEN0-
BaHH{i. ITO NOJOKeHNe MOATBEPIKNACTCA TeM, YTO HEPENIKO Ha Iipak-
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THKE HMEIOTCS CJydaH, KOrja, NpOoBels LepPHIO HCIHITaHHi I'PYHTOB
JHHAMHYECKHM 30HIHPOBAaHHEM, H3BICKAaTeJH IPH OLEHKE YCJIOBHH
CTPOMTENEHOR MJOIIANKH He HCIOJB3YIOT Pe3YJbTaThl STHX HCIH-
TaHuii.

BropoctenenHast pojp AHHAMHYECKOTO 30HAHPOBAHHS KOHYCOM B
coCTaBe WMHKeHepHO-TeOJIOrHYECKHX HCCJAelOBaBHil oTMeyaeTcs H B
3apy0exEoOl NpaKTHKe H3BICKaHHH, B yacTHOCTH B pabore I'. Canr-
aepa {23], o6o0malomell onblT H3yYeHHs TPYHTOB C MOMOILbIO 30H-
JIHPOBaHHs B psle eBpomneiickux crpaH, a takxke B CHIA n Kanane.
3nech HEOGXOMUMO OTMETHTB, UTO HCIBITAHHY TPYHTOB JHHaMHYeC-
KHM 30HAHpOBaHHeM KOHyCOM 3a py0OekoM HMeIOT MeHbllee IIpHMe-
HeHHe, a HX MeToJHKa otiinyaercs ot npuHaToii 8 CCCP. B 10 xe
BpeMsl B OINpeJeJeHHBEIX YCJIOBHAX HCIBITAHHMSI TPYHTOB AHHaMHye-
CKHM 30HJHpOBaHHeM MOryT OblTh BecbMa 3(P(eKTHBHBIMH, a B He-
KOTOPHIX CAy4YasiX H €JHHCTBEHHO NPHTOAHHIMH AJfl HCCJAeNOBaHHs
YCJIOBHI{ 3aJieraHHsi H CBOWCTB IPYHTOB, HallpHMep IPH HCCJIEAOBa-
HHH NJIOTHOCTH €CTECTBEHHBIX H HCKYCCTBEHHO HAMEBITHIX M€CKOB,
0ocob6eHHO KOTZla OBM 3aJieral0T HHXKe YPOBHS TPYHTOBHIX BOIL.

OcHoBHOl 3ajaueil, pemaeMoll MpH HCHNBITAaHHAX TPYHTOB [HHA-
MHYEeCKHM 30HAHPOBAaHHeM (IIPH YCJOBHH, YTO COCTaB HCCAENYEMBIX
TPYHTOB MO AaHHLIM OypeHus He BLI3BIBA€T COMHEHHS), ABASETCS
BBISIBJIEHHE B ONHOPOJAHBIX IO JIHTOJOTHYECKOMY COCTaBY, IVIABHBIM
06pa3oM IecyaHblX, OTJIOXKEHHAX YUACTKOB, OTJHUAIOIHXCH KaK 6o-
Jiee DHIXJIBIM, Tak H GoJjiee IJIOTHEIM ciaoXxeHHeM. ITpocrora onbrToB
¥ GBHCTPOTa MX BHINOJHEHHS MO3BOJSIOT ONPesesTh rPaHHIbl TAKHX
y4acTKOB (OKOHTYDHBATh YYACTKH) C AOCTATOYHON CTENEHBIO Jera-
JIH3a A,

He Menee Ba’KHO [IPH 3THX HCOBITAHHAX ONPENENHTh IOJOXKEHHE
rpaHil, pasaessolX JUTOJOTHYECKHE CJIOH B MHOTOCJOHHON TOJ-
we. He uMes BO3MOXXHOCTH pacnoJiarath CKBaxKHHB GIH3KO OAHY
OT pyro#l, 4acTo Ha reoJIOrHYecKHX pas3pesax TakKue rpaHullbl MOKa-
3bIBAIOT BecbMa ychoBHO. IIpHMeHeRHe HCIBITaHUE TPYHTOB JHHaMH-
JeCKHM 30HJHPOBaHHEM IIO3BOJISIET ONPEeNeNsiTh 3TH IpPaHHUBl ¢ JO-
CTaTOYHOH CTENeHbI0 TOYHOCTH. JlJIsl 3TOro Yacth TOYEK 30HIHPOBE-
HHSI pacroJaraloT psiloM CO CKBaXKHHaMH. BHIIONHSIA JHHAMHYECKOe
39HIUpOBaHHE B NPOMEKYTKAaX MeXKJy CKBaXkKHHAaMH, II0 Xapakrepy
HOrpy’KeHHsl 30HJAa ONpeleNsiloT rpaHuibl MeXxay chaosMil. 310 B
3HAYMTENBHOH cTeleHd cnocoOCTByer NOBHIIEHUIO HANEXHOCTH U
JIOCTOBEPHOCTH Pe3yJbTAaTOB H3BICKaHHII B TeX Cjiyuafx, KOrJa IIo
YCJIOBUSAIM CTPOMTENBCTBA IPAHHIBl MEXKAY CJAOSMH PYHTOB HE0GXO-
JMMO HAHOCHTE Ha paspe3dl ¢ BBICOKOH TOYHOCTbIO (HampHMep, HNpH
IpOeKTHPOBAHNUH CBaiiHBIX QYH/IaMEHTOB).

ConocrasneHde pe3ylbTaToOB HCIOBITaHHH TPYHTOB JHHAMHYECKHM
30HAHPOBaHHEM C JlaHHBIMH J1aGOPaTOPHBIX HCCJAEAOBAHHHA TO3BOJU-
JI0O YCTAHOBHTE ONpEefleJICHHBIC KODPEJALHOHHEE 3aBHCHMOCTH MeX-
Iy TOKasaTeJsIMH 30HIHPOBaHHS W HEKOTOPBIMH CBONCTBAMH T'PyH-
ToB. OfiHaKO YCTaHOBJEHAE TaKHX 3aBHCHMOCTEH (HampHMep, MeX1y
JHCJIOM YAapOB, 3arTpayliBaeMBIX Ha MOrpyKeHHe 30HAa, H ILUIOT-
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HOCTBIO NIECKOB) SIBJASETCH BeCbMa CJ0XKHBIM. OObACHAETCS 3TO TEM,
91O TOrpyKeHle 30HAA 3aBHCHT OT MHOTHX OJTHOBpeMeHHO AeficTBY-
o1HX (aKTOPOB, a BHISIBJAEHHE BJIHAHHUA KaKOro-1H6G0 OZHOTO H3 HHX
IIpH COXpaHeHHH NMOCTOAHCTBA JPYTHX B eCTeCTBeHHBIX YCJIOBHSIX CO-
NPAZKEHO €O 3HAYATENABLHBIMH TPYAHOCTSIMH.

C uiona 1973 1. I'ocerpoem CCCP 6blnn BBeJleHB «YKa3aHusi 1o
30HIHPOBAHHIO TPYHTOB AJs cTpoHTenscrBay (CH 448—72), rae 3a
[OKa3aTe/ib [JHHAMHYECKOro 30HAHPOBaHHA, B OTJIHYHE OT paHee HC-
MOJIb3yEMBIX HOKa3aTeJleli, HpPHHSATO YCJIOBHOE JAHHAMHYECKOe CO-
NMPOTHUBJIEHHSI TPYHTa Py. YCNOBHOE JAWHaMHYECKOEe COHNPOTHBIEHHE
o pe3ynbraTaM HCIOHITAHHE BBIYHCASAETCA C MpHMeHEHHEeM psna
K03 dHIMeHTOB, 3aBHCALIMX OT THHAa 00opylnOBaHHs (JerKoe, TSKe-
Jioe, OCHOBHOE) H riyOHHB MHTepBajioB 3a6HBKH 30HJAa C yueTOM
YHPYroTo Xapakrepa yJlapa MoJoTa H 30H[a.

IIpuBenemM OCHOBHEIE RanboJiee BaxHble nonoxenuss CH 448—72
u FOCT 19912—74. 3a ocHOBHOoe o6OpyLOBaHHE HPHHATA yCTaHOB-
ka YIIb-15M, onHcanue KOTOPOil NpHBENEHO BHIIE. DTHM 06Opyno-
BaHHeM cJIeyer NPOBOLHTE IMIABHBEIM 06pa30M HCHBITaHHSA NeCYaHbIX
TPYHTOB B IIHPOKOM [IHANA30HE HX HJOTHOCTH HpPH YCJIOBHOM JHHA-
MHYeCKOM COIPOTHBJEHHH py OT 7 mo 175 krcfem?. Takoi fuanazoH
KoNeGaHHi 3HaUYeHHH py XapakrepeH [Jifl IeCKOB OT OYeHb pPHIXJOro
JI0 OYeHb NJOTHOro cjoxeHus. IIpH HCNBITaHHH HeCKOB ¢ p; MeHee
7 krc/em? (GoJee 175 krc/eM?) 3a6uBKa 30HHa2 JMOJIXKHA MPOH3BO-
AMTBCH ynapaMmu MeHbluell (6onbuefi) sHepruu. Jns sToro B NepBoM
cJiydae cjaeflyer npuMeHsTh MoJioT Maccolt 30 kr, cOpacriBaeMEBIH C
Bbicotsl 40 ¢M, Bo BropoM — MosoT Maccol 120 kr, cOpackiBaeMBIil
¢ BeIcoTH 100 cM.

Yenoeroe puHaMuYeckoe conporuBiaeHne, krefem?, mo I'OCT
19912—74, BHiyucasgercs no HopmyJe

Kil, on
PR=""ps (75)

rae K — ko3¢ duuyent, yuuThBaWLHE NOTepPH 3Hepriu npu yzaape (tabn. 30);
ITo — xo3dduuvent, yuutpipaomuil T nprMensiemoro obopynrosauus (tabn. 31);
< — ko3 dNUeHT, YUHRTHIBAOLHMI TpeHHe HITAHT O IPYHT;, 7 — YiCIO YAapoB B
sanore; h —- ray6uHa NorpyzieHns 30H1a 3a 3aJ0r.

Ta6nuua 30
[ny6Hma soMAHpPOBA- Kos¢duuuenr K paa o6opy nosanus
HH#, M JIerKOro OCHOBHOTO l THAKENOTO
0,5—1,5 0,52 0,65 0,75
>1,5—4 0,49 0,62 0,72
>4—38 0,47 0,58 ! 0,69
> 8—12 0,45 0,55 0,65
> 12—16 0,43 0,52 0,63
> 16—20 0,41 0,49 0,6
flpumeuanne. 3Hauenns KoapdruuenTa K paccadTanbl o hopmyde
M 2M.
K= __L*__e_? . (76)
M+ M
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rie Mw— Macca MonoTa, Kr; M, — cyMMapHas Macca 30HAQ, OTOJOBKZ M ONHpA-
IOIEACS Ha HEero paMmhl, Kr; ¢ — Ko3¢hOHIHeHT Insl yu4eTa YOPYTOCTH Xapakrepa
yiapa MoJoTa H 30HAA, NPHUATHI paBHEM 0,56.

Tabamyga 31

Tun o6opy noOBaling 17 o KTC Jem

Jlerkoe 30
OcHoBHOe 110
Tsxenoe 280

Npumeuanne. Kosdduuuent I7,, kre/cM, BouucaeH no ¢GopMmyJie
o= MyHJF, (17)

rie Mw-—macca Mosota, kr; f/ — BhicoTa naneHus MonoTa, cM; F— miomanb
TIOTIEPEYHOTO CceueHHsT KOHyca, cM2.

3nauenns Koapduurenra P, YYMTHIBAIOIETO TpeHHEe IUTaHT
rpynr, FOCT 19912—74 pekomennyer onpeznessith ONBITHEIM IIyTeM,
NpOBO/ISI CONOCTABHTENbHBIE HCIIHITAHHS KakK OGBIYHBIM IyTeM, 3a0H-
Bag 30H] Ha BCIO riy0uny, Tak i 3a0HBas 30HI M3 320051 CKBaXKHHHI,
pasOypusaemoji no HHreppasnaM. Ilpy He3HAYHTENBHOH BeJHYMHE
CHJI TPEHHS IPyHTa N0 OOKOBOH MOBEPXHOCTH IITAHT KOG GHLHEeHT P
IpMHEMaeTca PaBHBIM ejuHuue. JlJag necyaHwlx rpyHTOB (HACBHIIEH-
HBEIX BOJOH MEJKHX H CpelHeil KpYIHOCTH) 3HaYeHHA KO3(pdHunenTa
@ B 3aBHCHMOCTH OT IJyCGHHBEI 30HIHPOBAHHS MOXKHO TNPHHHMATh

T'nybuna 3omnjn-
poBauusi, M . .0,5—1,5 >1,—4>4—8 >8-12 >12—16 >16—20
Kosopduunent ¢ 1 0,92 0,8 0,76 0,68 0,60

Ilpu 3onnHpoBaHH¥ YyHCJIO yAapop (3ajor) NPHHHMAlOT B 3aBU-
CHMOCTH OT COCTaBA ¥ COCTOSIHHSA I'DYHTOB B npefiesnax 1—20 yna-
poB, HCXONs M3 rJyOMHEI NorpyseHus 30H/2 3a 3a7or Ha 10—15cmM.
3onMpoBanue ClelyeT BBIIOJHATE HCIPEPHIBHO C OCTAHOBKaMH
TOJIBKO JIJIsl HapalmMBaHHs INTAHT ¥ N3MEPEeHHA IJIyOHNHBl NMOrpyKe-
HH3s 30H]IA.

Peructpaunio riyOunpt NOrpyKeHHs 30HA2 3a 3aJ0r IPOM3BO-
st B «Kypnajie [IHHaMHUECKOrO 30HAKpPOBaHusi», GopmMa KOTOPOro
npueenexa B Npui. 1 k TOCT 19912—74.

B coorsercrun ¢ 'OCT 19912—74 pesynbrathl AHHaMHYECKOTO
3oHIHpoBanKs oQopMJisiior B BHle rpadHKa, NOKa3aHHOro Ha DHC.
70. Macmralb rpaduka: no BeprHKa/Ju — rJyOHHA 30HAMPOBaHHS
1:100, no ropu3oHTalN — yCJOBHOE NHHAMHYECKOE CONPOTHBIEHHE
B 1 cm — 20 krc/cm®. Ionyyenubie rpaduKH peKOMENLYCeTCs OCpes-
HATHL 110 HHTEepPBaliaM C BBIYHCJIEHHeM cpejHero IJs HHTepBasna Io-
Ka3aTeJisi 30HIHPOBAHHS.

Bsenennas CH 448-72 u I'OCT 19912—74 ouenka sonauposa-
HUS 10 3HAYEHHAM YCJOBHOrO NHHAMHYECKOTO COIPOTHBJEHHS Tpe-
Oyer HOBOro NOJXO/Na K HCIOJIb30BAHHIO pPe3yJbTAaTOB HCIHITAHHH.
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OjHaKo 3T0 HCNOJAb30BaHNe MoXeT OBTh 0co0enHo 3¢ (deKTHBHBIM,
€CJIM pe3yAbTaThl OUEHKH 10 HOBOH MeToiHKe OynyT cpaBHHBATbCS
C pesysAbTaTaMH, NOJYUEHHBIMH Ha OCHOBAHMH PaHee NpHUMEHSABILHX-

Csi METOJIOB, OTOOPaKAIOIHUX MHOTOJETHUH OINBIT HCILITAHMH IPyH-
TOB JHHAMHUYECKHM 30HAWPOBaHHEM.

3. Bansinve coctaBa ¥ COCTOSIHHSA TPYHTOB
Ha NOKa3arejH AMHAMHYECKOI0 30HAUPOBAHHS KOHYCOM

TInoTHOCTE CJOKCHHUS HEeCYaHbIX TPYHTOB SBJSETCH NOKA3aTeleM,
KOTODHH B NepByIO Ouepejb MMeJicsi B BUAY IIpH pa3paborke MeTo-
ANKH HCNBITaHNS TPYHTOBR JAHHAMHYECKHM 30H/IMDOBaHEEM.

Cpasnenue pabor {5, 11, 18], B xoTOpPHX UpuBOAKTCH 3aBHCU-
MOCTH NOKa3aTesl 30H1HpoBanus N (B BHe uHcia ynapos Ha 10.cm
MOrpy2KEHHS 30HAa) OT NJOTHOCTH CJOXKEHHSI IIeCKOB, NOKa3bBaer,
y10 3HaueHusi N, COOTBETCTBYIONIHE TPAHHIAM MeXAy pPHIXJIBIMH
necKaMH K neckKaMH CpejiHeH IJOTHOCTH, a TAKXKe MeXAy CpelHeh
TJIOTHOCTH H NJIOTHBIMH yeTBepTHUHBIMH NMeCKaMH pas3sityHOro refe-
3HCa, N0 JaHHEIM Pa3HHX aBTOPOB, H3MEHSAIOTCA B 2 pasa.

Hureppan 3nauenuii nokasarejeii 30HAMPOBAHUS J1S1 NECKOB
pas3nuyHOf IJIOTHOCTH (B Iepecuyere € YCJAOBHONO JHHAMHYECKOIO
CONPOTHBJICHHA HA UMCJ0 ynapos Ha 10 cM MOrpyxkeHds 30HMA), 1O
nanubiMm CH 448—72, umeer eme Oosnpliud Ananasod. Tak, LIS
rayOuab 30HAMpoBants 10 M K cpelHensNOTHBIM JOAXKHE OHTBH OT-
HeCeHH NeCKH KPYNHbIe W CPenHell KPYNHOCTH NP 3Hauenusix N or
7 no 27.

Jannbie o NJIOTHOCTH CIOXKEHHsI IECKOB PAa3JHYyHON KPYNHOCTH U
BJIAXKHOCTH, ONpeJe/sieMue N0 3HaUeHHAM yCJIOBHOro J#HaMHYeCKO-
ro conporusyenns (no CH 448—72), npuBeflesnrr B Tabn. 32.

Tabauyua 32
Yleckn Pp, KP cfem® JINOTHOCTE CIOXKEHHS
Kpynueie u cpeiHed KpyHHOCTH < 35 Prixaele
HE3aBHCHMO OT BJIAKHOCTH 35—125 Cpengeit njorHocTH
> 125 ITsnoTHEIE
Menkue ManosaaxHbe < 30 Puixnane
30—110 CpejHell IOTHOCTH
>110 ITnoTHBIE
IluineBaTole  ManoOBJAXKHLBE  H <20 PrixJibie
MeJKHEe BOAOHACHINCHHBIE 20—85 CpenHell IOTHOCTH
> 85 TlnoTHEIR

Tlokasarenn 30HMpOBaHKSA, ONpEHENSIONME JIJIOTHOCTH INECKOB,
H3MEHSIOTCS, NO-BHAHMOMY, B OoJibLiell cTeNEHH [Jisi KOPEHHBIX mec-
koB. Tak, B paGore [18] npuBomsTcs pesysnbratel HCNBTAHME AHHA-
MHYE€CKHM 30HIHPOBAMHEM KOHYCOM HHXKHEMEJOBEHIX MECKOB Ha O]l-
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HO¥ M3 moma ok Psszanu. TH Necky, XapakTepH3yloluyecs cpenHeil
IJIOTHOCTRIO (110 AaHHBIM JabopaTopHBIX oNpeleieHHit Ha o6pasuax,
oTOoOpaHHBIX pPeXyIIUM KOJNBLOM), B TO Xe BpeMs o006JalaioT ypes-
BHUaH#HO BHICOKHMH 3HAYEHHSIMH [OKasaTesNeHl 30HAHPOBAaHHS: HA
10 cM morpyzkeHusl 30H1a IPHXOAMIOCH 3aTpaynBarh 46 1 50 ynapos
monota. [IpuBenenube JaHHBE rOBOPAT O TOM, YTO NpH DaBHOH
NJIOTHOCTH TEeCKH MOTYT XapaKTepH30BaTbCs PA3JHYHBIMHM 3HAUEHH-
SIMH TIOKa3aTesiel 30HIKpPOBaHHs. 10 OOBSICHIETCS pPasHbIMU yCJO-
BUAMH MX GOPMHPOBAHMS M 3aji€TaHuisl, pa3jHYHLIMH CTelleHbio Y-
DOYHEHHs, pa3MepoM M (opMOHl 3epeH, CTeneHbld BOJOHACHILIe-
HHS H T. 1.

Haunble, npusefenHble B paGorax {11, 18], mnokasuBator, 4To0
MeCKH OJIHOTO M TOTO K€ reHe3uca (B JaHHOM Ciayuyae alljoBHalb-
HBIE) TIpu OJIHO M TO# Ke IJIOTHOCTH MOIYT XapaKTepH3oBaThCs IMO-
Ka3aTeJsiIMH 30H/HPOBaHHfA, pasnuyaromumucs B 1,50—2 pasa.

Bivanue Ha nmOKasaTedH 30HAMPOBAHHS COJepKamlefics B MeCKe
BOJB CJeNyeT pacCMaTpHBaTh JJIs JBYX BO3MOXKHBIX COCTOSIHHH, Om-
penejsieMblX NOJIOKEHHEM YPOBHS TMOA3EMHBIX BOJ M XapaKrepH3y-
eMBIX 3HaYeHHEeM OTHOCHTEJBbHOH BIaXKHOCTH: COCTOSHHS NOJIHOTO
HaCHILIEHUS BOJOM IleCcKa, 3aNieralniero HHiKE YPOBHf IPYHTOBBLIX
Boji (BOJOHACHIIEHHblE TIECKH); COCTOSHHS HENOJHOTO HACHIIEHHS
BOJIOH MecKa, 3ajeralnlero Bhllle YpOBHS FPYHTOBHIX BOJ (BJaXXHbIE
HeCKH ¢ OTHOCHTENBbHOH BJIAXKHOCTBIO MeHee 1).

B pHXABIX BOJOHACHIIEHHBIX TeCKaxX CONpOTHBJIeHHe 3a0uBKe
30HAa 3HAaYMTEJbHO yMeHblIaercsi. Hekoropble mccienoBatenn [9,
11] ouennBalor 3To ymenbinenne Ha 30—409% u naxe B 2 pasa. Ilo
Mepe yBeJHYeHUsl TWIOTHOCTU BOJOHACHILIEHHE Ha CONPOTHBIIEHHE
3a0HBKe 30H/a BJAMSIET B MeHbllel creneHH. I1J0THBE necKH He3aBH-
CHMO OT TOrO, BHINOJHAETCS 30HIHMPOBaHHE BHIIE MJIH HHXKE YPOBHSH
IIOI3€MHBIX BOJ, OKa3HIBAIOT IPAKTHYECKH OAWHAKOBOE COMPOTHE-
JeHHe.

Pasznuune B pesysnbraTaX 30HAMPOBAHHA NECKOB, GJH3KHUX IO
rPaHyIOMEeTPUIECKOMY COCTaBy (HanpHuMep, MexIy NecKaMu Kpyi-
HBIMH H cpeJlHei KDYNHOCTH, Cpe/lHell KDYNHOCTH ¥ MeJIKHMH H T. 11.),
MeHee 3aMeTHO. 3THM, HO-BHIHMOMY, CleayeT OObSCHHTb MHEHHE
MHOTMX HCCJeJloBaTeJielh O TOM, YTO TPaHyJOMETPHYECKHH COCTaB
He BJHSET Ha noKasaTteNH 30HAMpoBaHus [4]. Ogmako Gonboi
ONBbIT IPUMEHEHHsI [HHAMHYEeCKOrO 30HIMDOBAHHS IO3BOJHI YiKe
npH pa3paloTKe HEKOTOPHIX BEIOMCTBEHHHX HHCTPYKLUMiH, a BIO-
cnepcreun npu noproroeke PCH 32—70 u CH 448—72 pasrpauu-
YHUTH 0KA3aTeNH 30HANPOBAHUA AJSl IECKOB KPYNHBIX, CpeaHeil
KPYTHOCTH M MEJKHX.

B Hacrosiliee BpeMsi OTCYTCTBYIOT 3KCNEPHMEHTAJbHBIE J[aHHBIE
10 ONpefeJeHNIO BJHSHES Ha I0OKa3aTeJH 30HIHPOBaHHs (GOPMH,
OKaTaHHOCTH M LIEPOXOBATOCTH HNOBEPXHOCTH 3€PeH MecKa, OJAHAKO
HaJYue TAKoro BJHSIHHUS HECOMHEHHO.M3BeCTHO, UTO B 3ePHHMCTHIX
(HecBA3HBIX) TPYHTaX € YBeJHYEeHHeM KOJIHYECTBA KPYIHBIX BKJIIO-
YyeHHIl U yMeHbleHHeM CTeNeHH OKaTaHHOCTH 3epeH MpH NMPOYHX
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PaBHBEIX ycoBHSX (TVIOTHOCTH, BJAXKHOCTH H T. JI.) BO3pacTaer yrodn
BHYTpeHHero Tpenus. g ecKoB CpefRNX MO KPYMHOCTH, ONHOPO-
HOCTH M NJOTHOCTH YroJ BHYTpPeHHero TpeHHs B 3aBHCHMOCTH OT
OKAaTaHHOCTH 3epeH MOXKET H3MEHNThCH B LUHPOKUX Npenenax: 27°—
JJIS OueHb XOPOLIO OKaTaHHBIX 3epeH u 33° — JJIs IJI0X0 OKAaTaHHBIX
3epeH.

Bougnae MHOTHX OJHOBPEMeHHO peHcTBYIOILHX (PAaKTOpPOB 3a-
TpyAHsAeT paspaboTKy CTPOrHX M TOUHBIX 3aBHCHMOCTEH MeXny 3Ha-
YeHHMAMH YIJIa BHYTPEHHEro TPeHns ¢ MeCYaHblX IPYHTOB H MOKA3a-

TaGanua 33
@Y, rpaz, nus neckos o', TPaj, AJls NecKoB
Py sz
Krefem® | o ymmmx moesae || T/ | kpyneeax ]

u cpenHefi { MEJNKHX ThIX M cpeZfHell | MeJKHX MblIeBa~
KDYNHOCTH KPYNHOCTH| THIX

20 30 28 26 110 38 35 32

35 33 30 28 140 40 37 34

70 36 33 30 175 41 38 36

TeqsiMH EX AHHaAMHYeCKOro 3ouauposaHmusl. OAHAKO H3-3a TpYIHO-
crell, CBI3aHHBIX ¢ oT0opoM 0o0pasuoB necKa HeHapyllleHHOH CTPYK-
TYPHI NS OUpefeseHHs @ TPALHIHOHHEIMU ClTocOGaMH, Pe3yabTaThl
HCHITAHHA TPYHTOB AHMHAMHYECKHM 30HIHpOBaHHeM liesecoobpasHo
Hcrnonb30Barh XOTd OBl IS OpHEHTHPOBOUHOH OLEHKH 3HaueHHH
yrjia BHyTpEHHErO TpEHHS.

3HaueHHsl yIJia BHYTpeHHero Tpeuus, no mauubim CH 448—72,
LISl TeCKOB PAa3JHYHOH KDYITHOCTH B 3aBHCHMOCTH OT YIE€ALHOrO JiH-
HaMHYECKOro COIPOTHBJIEHHS IIpUBefieHk B TalJ. 33.

ITo Mepe 3arnybnenvs 30HZa IpHponHoe (GBITOBOE) MaBJeHHEe
Ha ypOBHe €ro OCTPHs 3aMeTHO BO3pacTaer M Ha raybOuHe 30HAHpO-
BaHHs 10—15 M B 3aBHCHMOCTH OT XapaKTepa H YCJOBH{I HAMJIACTO-
BaHHs TPYHTOB jpocturaer 2—3 krefcm?. B 10 XKe Bpems mpu anmse
30HAa 15 M JaBJieHHe OT ero coOCTBeHHOro Beca (C yYeTOM Beca
YyacTH yZapHOro YCTPOHCTBA, ONHPAIOLLerocs Ha BEPXHHH KOHel
LITAHr) NOJ KOHYCOM cocrasiaser okojo 4 krc/cm?, Takum oGpasom,
JaBA€HHe OT Beca 30HAA IOJ KOHYCOM YPABHOBELIHBAET MPHPOLHOE
(6eToBOE) mamJsenne. Bospllas yacTb aBTOPOB IIPH OLEHKE PE3YJlb-
TAaTOB HCOBITAHHII PEKOMEHJIYET BeJHUMHY OBITOBOTO MIABJIEHHS HE
yunreisate [4, 11]. Takoe Muenne oCHOBHIBAaeTCs Ha 3KCIEPUMEH-
TaNbHON MPOBEPKe BJIHSHHUA 3TOro Gakropa, BeloaHeHnoi B, A, Jly-
pauTe B NOJEBHX YCJOBHfIX IPH H3yueHHH IIECKOB OCHOBAHHA CO-
opyxennit Bomxckoit I'2C nmenn B. Y. Jlenuna.

B npenenax 3HavyeHHHl GHITOBOrO faBjeHHsi s rJayOud 15—
20 m (MakcuMaJbHOH riyGHHBI NIPOBe/eHHs HCNBITAHMH) TPH OLEH-
Ke Mojly4aeMblX pesyJbTartoB (¢ yueroM BBOLHMBIX MONPaBOYHEIX
K03 QHIHEHTOB) paccMaTpHBaeMblli (GaKTOp HE MOKeT OKas3aTh
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CKOJIBKO-HUOYAb 32METHOI'O BJIHSIHHSI Ha KOHeYHble pe3ysbraTthl. Oi-
HaKo JaHHBIE, OCHOBaHHHle HA JabOPaTrOPHBIX METOAaX H3YUCHHA
3TO0rO pakropa (Ipu NPOBENEHUH HCIOBITAHHH HMCK/Io4aJach HeoOXxo-
JHUMOCTb BBEJeHHS NMONPaBOYHBIX KO3()(pHuUHEeHTOB HA raybHHY), NO-
Ka3BIBAeT, YTO HANPAKEHHOE COCTOSHHE ECKa CYLUECTBEHHO BJIHAET
Ha CONPOTHBJEHHE 30HAA IIPH €ro NOTPyKeHHH. DTO BJNAHHE TEM
3aMetHee, uem Gosbllell NJIOTHOCTBIO 001a1A10T IECKH.

IlpuBesennble BhIe cooOpaXKeHHsl MO3BOJAIOT CLENATh BHBOJ O
TOM, YTO IIPM UCOBITAHHWA TPYHTOB [AMHaMHUECKHM 30HAMPOBaHHEM
H OLEHKE FOJIy4aeMbIX Pe3yJibTaTOB B HACTOAINEE BPeMS BEJHYHHE
GEITOBOrO JaBJIEHHA He JOJKHA yuHthiBaTbcs. OnHaKO IpPH Jajb-
HelilleM COBEpPUICHCTBOBaHMM METOJOB HCIBITaHHS TPYHTOB 3a0HB-
KOH 30H/1a MOXET BO3HHKHYTb HEOOXOJMMOCTE yUeTa HalpsKEeHHOro
COCTOSIHHSI TPYHT@ B 3@BHCHMOCTH OT IJIyGHHBI.

B konue 40-x ropos B. A. Jlypanre crensiajbHO IOCTaBIEHHBIMH
ONBITaMH Ha aJJIIOBHaJIbHBIX NTeCKaX YCTAHOBHJ, UYTO IPH paBHOM
IIJIOTHOCTH CONpPOTHBJIEHHe 3a0MBKe 30HAa IECKOB B HapyUIEHHOM
COCTOSIHHH (NepesonayeHHBX) pe3Ko CHHXKAeTCs II0 CPaBHEHHIO C
COIPOTHBJIEHHEM 3a0HBKe 30HIa TEX K€ [IECKOB B €CTECTBEHHOM CO-
crosnuu. Ilocaepyromumu HcenepoBarenamu (M. B. Hyanepom)
OB10 YCTaHOBJIEHO, UTO CONPOTHBJIEHHE MOUPYKEHHIO 30HAa IECKOB
HCKYCCTBEHHOIO CJIOXKEHHS (HAMBITHIX CPEICTBAMH THAPOMEXaHH3a-
LUK MOABONHEIM WJIH HaJBOJHBIM CIOCOGOM) CO BpEMEHEM 3aMEeTHO
BO3pacraeT, IpH 9TOM HMX IJIOTHOCTH M3MEHSETCs He CTOJb 3Haul-
TEJIBHO, @ BJIaXKHOCTh COXPaHAETCH OCTOSHHOM,

Takum o6pa3oM, HCIBITAHHS TPYHTOB JHHAMHUECKHM 30HJHDPOBA-
HHEM KOHYCOM IO3BOJIHJM YCTAHOBHTH HaJHYHe Y IIECKOB CTPYKTYp-
Hoifi npounocTH, o6ycnosnuBawmiel; 6o/iee BLICOKHE HX NPOUYHOCTHLIE
H nedopmanHoHHble cBolictBa. HanmHune cTpyKTypHOIl IPOYHOCTH
o0bsicHsieTc (JOPMHPOBAHHEM LEMEHTAIMOHHBX CBA3eH MeXIy 3ep-
HaMH IecKa, KOTOphle Ha3BaHb! CLUEMJIEHHEM YIIPOUHEHUSI.

Paccmarpnsas BOIpoc O IPHPOJE IMPOYHOCTH I'JIHHHCTHIX MOPO,
H. 51. denncop [10] ormeuaer, uTo BeNMHUHHA CUENJEHHS YIPOYHE-
HHUA HE 32BHCHT OT ILIOTHOCTH NOpOJ. J{/1s BO3HHKHOBEHHS CLEIIe-
HHS YIPOUHEHHS MOCJTE OKOHUaHMSA YIJIoTHeHHs Tpebyercs Bpemf, B
TeueHHe KOTOPOTO IPOSIBJSeTCs BJIHsiHHE cBoeoOpasHoll «IpHXKHBae-
MOCTH» yacTHIl. ¥TpOuHeHHEe NEeCKOB TpeOyeT nasibHeHINero Hayue-
HHS.

B zakJouenue paccCMOTPHM HEKOTOPHIE NaHHBE, IDPHBe/leHHEIE B
EpponefickoM crangapre Ha AHHaMHueckKoe 30oHAHpoBanue. CraH-
JapToM MPeI1yCMOTPEHO 30HAHPOBaHHE IBYX THIOB:

— 30HAMpOBaHHE ¢ 32008 CKBaXKHUHBI, CTEHKH KOTOpPOH 3aKpel-
Jiepnl oGcagHBIMH TPyOaMH HJH TJIHHHMCTHIM pacrBopom (Dynamic
probing A — nunamuueckoe onpoGoBanue A);

B — zonmnposanne 6e3 Oypenus ckpaxuun (Dynamic probing
B — guramnueckoe onpoGoBanye B). AHrJHACKHII TepMWH «pro-
bing» (onpoGoBanHe) NPHUMEHEH, YTOOH MOJUEPKHYTH HENPEPHIB-
HOCTH 10 I/IyOHHE noJyuaeMoi AHarpammbl 30HAHPOBAHHS.
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Ta6anuuna 34

THN 30HZHPOREEHS
XapaktepHucTHKa 060DPYIOBaHHS

paKTep A | B
Macca MoJ10Ta, KU 63,5+0,5
BricoTa najenus MoJIoTa, M 0,754-0,02
Ilnomaznb OCHOBAaHHS KOHYca, CM2
JuaveTp OCHOBaHHA KOHYcCA, CM 62i0 2 l+0 2
Vros npH BeplikHe KOHYCA, TPAX 90
JlnaMeTp WTAHT, MM 40—45 | 32-+0,3

OcHoBHBlE XapaKTePHUCTHKH OOOpPYNOBaHHS NS 30HIHDPOBAHHUSA
YKa3aHHBIX THIOB npHBeleHE B taba. 34. Brlcora UHIHHAPHYECKOR
yacTH KOHyca paBHa ero nHamerpy.

3onaMpoBaHye yKa3aHHHIX THIIOB [pPHMeEHsieTCs AJIsi OIpensne-
HHA! [JIOTHOCTH [ecKa B TeX Clyuasx, Korja craTHYecKoe 30HAHPO-
BaHHe 3aTpyJHeHO; ¢c1albiX IPocsioeB B eCYaHBEIX TPYHTAX; MJIOTHBIX
HeCYyLUMX cJ0eB (HAmpHMep, N/ cBal-croeK), a TaKXe BHAA PYyHTa
M HaJIMuMg B HeM KPYIHBIX BEloueHui. Meton He peKoMeHAyeris
AJIS HCIIOJIB30BAHKS B CBSI3HBIX (DJIMHHCTBIX) TPYHTAX H DHIXJEBX He-
CBA3HBIX TPYHTAaX.

B Hcnetanuax tuna A TpeHue MO LITAHraM HCKJIOYEHO BCJEACT-
Bie OypeHHsl CKBaXKHH C KpellleHHeM CTeHOK o0CalHbMH TpyGamu
WJIH TJIMHMCTBIM pacTBOpOM. B mcnbranusx tHna B o0si3arenbHbIM
ABJSETCH M3MepeHHe TPEHHH [0 LITaHray NyreM BpalleHHs LITaHT
¥ OIpeJiesleHHsl KPyTALLEro MOMeHTa, AJIfA uero ycraHoBka obopyny-
€TCH CHelHanbpHbM yeTpoticTBoM. Uepes kamaHil MeTp rayOuibl 30H-
JIMpOBaHUsl NoMXeH ObITh MPOM3BeJeH NOJNHBI obopor urranr. 11pu
raybune Gosee 10 m obopor WITAaHr AOJKEH MPOH3BOJNHTHCH YEPE3
kaxnable 20 cm.

Ilokasarenem CONPOTHBIIEHHS IPYHTA MOTPYXKEHHIO KOHyCa fABJS-
ercsl UMCJO0 yaapoB AJs NOrpyxenust konyca Ha 20 cm, obosnauae-
MO€ pg HJH pp. M3mepsieMbl#i Ipenes CONPOTHBJIEHHHA B HCIHITAHHUAX
oboux tHnos — 5—100 ynapos na 20 cm mOrpy:eHHs 30H1a.

PesynbTatel 30HIUPOBAHAA MOTYT OBITH TAK¥Ke IPEeJCTABJEHH B
Bulle JHHAMHUYECKOro COIPOTHBJIEHHS (gq HIH gb), PaBHOro 3Haye-
HHIO paborhl MOJIOTE, [ACJAEHHOMY Ha MJOLIaJAb OCHOBAHHA KOHYCA H
IOrpYy2KE€HHE €ro 3a OJAHMH yaap (¢ NONpaBOYHBIM KO3¢h(HIHEHTOM
Ha Maccy WITAHT IpH UCIBHTAHKK THIIA B).

M3 npuBenenHoro BIle KpaTKOro H3jloxeHHs EBporeiickoro
CTaHJapTa Ha JHHAMHYECKOe 30HJHpOoBaHHe BHIHO, UTO B HEM IIpe-
JyCMOTPeHBl cHepHaJbHble Mepbl Kak IJIs HCKJIOUeHHHA TpPEHHsA
LITAaHT O rpyHT (30HAHpPOBaHHe THOA A), TaK H AN €ro H3MepeHHs
(3onnupoBanHe THNa B), B pesynbrare uero 3HauMTEJbHO MOBHILA-
ercs 00BeKTHBHOCTH H3MepenHii, OHAKO fae NPH TaKHX YCIOBHAX
IMHaMHYeCKoe 30HIHPOBaHHNe NpPHMeHAeTCs JHIIb B OTJENBHBIX CIy-
yasx HCCIe0BaHHS €CUAHBIX TPYHTOB.
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4, IunaMuuecKoe 30HANPOBaHKEe NPoGooTOOPHUKOM
(3a6HUBHLIM TPYHTOHOCOM )

VicnblTanusi rpyHTOB AHHAMHUYECKHM 30HAHpOBaHHeM IPoDoOT-
O0pHMKOM (3a6HBHBIM TPYHTOHOCOM) B OTeueCTBeHHOH IIpPaKTHKe
IpYMeHeHU He NOJyuuJH. B TO >Ke BpeMs 5TOT MeTox LIHPOKO HC-
NoJIb3YeTCsi BO MHOTHX 3apyGeKHBIX CTpaHax, rze €ro NpHMeHeHHe
JJIS OLLEHKH CTPOHTEJbHBIX CBOHCTB TPYHTOB, I'JIaBHEIM 06pasoM
ecuaHblX, NOCTHIAO0 OOJbIIOro COBEPIIEHCTBA. YUMTHIBAS 3TO, aBTO-
PEl CYHTAIOT 1eN1eCOOOPa3HEIM BKJIIOUHTH B TPEThe H3JAHHE KHHIH
OIHCAaHNe MeTo/la NHHAMHYECKOro 30HAHPOBaHHUs MPOGOOTOOPHUKOM,
a TakKxe NPHUBECTH Pe3YJbTaThl HCIOJb30BAHUS €ro [J8 HCCIeN0Ba-
HHSI TpYHTOB Ha HEKOTOpHX obwekrax I'TIN PynnameHTnpoeKr.

B CIIA meron HCOBITAHHH AMHAMHUECKHM 30HIHPOBAHHEM IIPO-
600TGOPHHKOM, TA€ OH IIHPOKO NPHMEHSETCH, MOTYUH HAaHMEHOBA-
Hne «CraHpaprHble HCOBITAHHS HA Henerpapuio» (Standart Pene-
fration Test—SPT). MsBecrublli Moj HA3BAHUEM <«CTAHIAPTHBIR»,
3TOT MeTOJ 3aKJIuaeTcs B 3a0HBKe B rPYHT HHXKe 32005 CKBaKHHBI
PasbpeMHOro nNpo6ooTGopHUKa (FPYHTOHOCA) CIenHalbHOH KOHCTPYK-
nuu. Ucnonansyembiit i or6opa npob rpyHTa rPYHTOHOC OfHOBpE-
MEHHO CJIYXHUT HAKOHEUHHNKOM H BMeCTe CO IITAHraMH Npe/CTaBlsAeT
c000¥i 3a0HUBHOI 30H/I.

IlpoGoorGopHuk mpencraBasier cofoil NoJblil crakaH, A yao6-
cTBa H3BJleueHus o0paspa IPyHTa pa3pesaHHBIl [0 JJIMHE Ha nBe
nosoBAHbE. C NOMOINBI0 NEpPeXOAHUKa (OH CJAYIKHT IS COeIHHEHHS
npo6oOT6OPHUKA CO LITAHraMH) M pexyiiero aliMaka pa3beMHEBE
JEeTajsd COEJHHSIIOTCS B OJIHO pejioe, obpasys 3a6HBHOH I'DYHTOHOC
C HADYXKHBIM pHaMerpoM 51 M.

HssectHyt nBa crmocoGa 3a6uBKH NMPOGOOTGOPHHKA: € Pacmodo-
KEeHHeM MOJIOTa M NpHCHocobJeHHH pJis ero nogbema H cOpachiBa-
HHf Ha NOBEPXHOCTH 3€MJIH HaJ YCTbeM CKBaxKuHbl (Haubosee pac-
IPOCTPaHeHHBIH €nocob); ¢ PacHONOXKEHHeM MOJOTa U MPHUCHOCO6-
JeHuH [Js ero noxbeMa H cO6pachHBaHHA B caMOH CKBAajKUHe HaJ
npo6ooTOOPHHKOM.

B nepsom ciyuae mo Mepe 3a0HMBKM 30H/IA B TPYHT paccTosHie
Mexy nogb6abkoM U Npo6oOTGOPHHKOM IO Mepe YriyGJieHHs CKBa-
XKHHB YBeJHUYHBAEeTCs, a CAEA0BATEeNbHO, BO3PACTAIOT IIOTEPH IPY
nepefaue UMIOyJbca ynapa; BO BTOPOM CJyyae 3TO PacCcTOsHHe CO-
XpaHsieTcs: HEH3MeHHbIM, OIHAKO H3MEHSIOTCS yCJIOBHA paboTnl Mo-
JOTa, TAK KaK NPH HCOBITAHHH HUYKEe YPOBHS TPYHTOBHIX BOJ MOJIOT
paboraer B Bone. B nmpakruke I'TIU QyHnaMeHTIPOCKT NPHMEHSAICS
[EePBHI U3 YKa3aHHHX CIOCOO0B HCIILITAHHSA.

Creiyer OTMeTHTb, UTO JHMHAMHUECKOe 30HJHpOBaHHe MNpoGooT-
GOpHHKOM B [TeCKaX, 3aJIerai0UX HHKe YPOBHS FPYHTOBHIX BOJ, BO3-
MOXHO JHlIb B TeX CJAyuasx, Korja meckH obJajnarT A0CTaTOuHOMN
VCTOHUHBOCTHIO ¥ He 06pasyrT Ipobok B o6cannblx Tpybax. B Boso-
HACBIIIEHHBIX [IeCKaX, €CTeCTBEHHOE COCTOSIHHE KOTODHIX B IIpolecce
OypeHlsl HapyllaeTcs (YTO CONPOBOXJAeTess IOABEMOM IiecKa B
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o6casnbix Tpy6ax W NPHBOAMT K HEOGXOAHMOCTH 3araybasTh UX HH-
e 3a00s CKBaXKuHHB), AHHAMHYeCKOE 30HJHpOBaHHE IPo6ooTGOpHH-
KOM IIPHMEHATH HEJNb35.

JluHaMHueckoe 30HAHMPOBaHHe NPOGOOTOOPHHKOM OTHOCHTCH K
YHCJIy MCNBIT2HUI, IPOBOAHMBIX BEHIOODOUHO HA OIpPENENEeHHHX HH-
TepBajiax riyOMHB CKBaXKHHEI, NPHYEM Hpouecch OypeHHs H HCNH-
TaHHA YEPeAYIoTCs. YUuThIBasi 310, 3a6uBKy npoboorbopuuka H Gy-
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Puc. 71. Tpaduk pe3yspTaToOB HCULITAHHS TPYHTOB AHHAMHYECKHM 30HIHDOBAHHEM
11po6o0TOOPHHEKOM, COBMEIIEHHEI ¢ KOJOHKOI 6ypPOBOil CKBaXKHHHI

pPeHHE CKBaXKHHBI 11e1eco00pa3HO NPOBOAHTE € MPUMEHEHHEM OAIHX U
TEX e MeXaHH3MOB uWiH NpHchocoOienufi. B npakruke I'TTU ®yh-
JlaMeHTIIPOEKT AJIsi 3TOr0 HCIOJB30BafdHCh yctanoBKH YIIB-16 m
VITB-15m u c6opHO-pa3GopHas MeTalNHyecKas BEHIUKA ¢ IPHCHOCO-
OnennaMi nas OypeHHs CKBaXKHHHI H 3a0HBKH 30HA KOHCTPYKUHH
3TOro UHCTHTYTA.

Jlannble ncenbTanus Npo6ooTGOPHHKOM 3aHOCST B GypoBoil XKyp-
Ham, a ¥X pe3yJbraThl 0OpPMASIOT B BUAE rpaguka, B KOTOPOM reo-
Jioruyeckoe Onucanue CKBaxKUHB COBMEIEHO ¢ pe3y/bTaraMu HCIb-
Tanufl (puc. 71).

B unTepBane morpyxeuus npo6oor6opHuka ua 30 c¢M 3aTpauel-
HBle yAAphl MOJIOTA HNOJACYHTHBAIOT AN KaxkiabxX 10 ¢M paszesbHO,
BeJleACTBYe uero rpadpuky HMelOT CTyNEeHUaTe i BHA,
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Vicnbiranus DPOOGOOTOOPHUKOM BLINOJHAKT [VIABHBIM 06pa3oM B
NECYaHBIX TPYHTAX ¥ CAYXKAT IJIs OLEHKH HX OTHOCHTEJbHOH NAOT-
HocTH. XapakTePUCTHKY IWVIOTHOCTH TNECKOB NO JAHHBIM JHHa-
MUYECKOTO 30HAHPOBaHUA npobOOTOOPHUKOM, NpPHUBENEHHYIO B
ta6a. 35, cnefyeT CYHTATh HOCTATOUHO HAJEXKHOH, TAK KaK OHa NOI-
TBEPIK/AAETCA MHOTHMH HCCenoBaTensiMu [27].
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3l iy o S Prc. 73. 3aBICHMOCTD YHC/A YAAPOB
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Puc. 72. 3aBHCHMOCTb YHCJA Y/aPOB TIPU [MHAMHUYECKOM 30HAMPOBauuH tpoGooT-
GOPHIKOM OT MOPUCTOCTH MECYAHBIX IPYHTOB (B nOJyJorapudMuueckoM mactuTabe)

1 — no naunmm JIBopXKaka; 2 — no narubiM TTIH ©OyHgaMeHTOPOEKT

Tabanupa 35

HHCI0 YAapoB Ha | OrnocHTe nHas TJ0T-
30 cM NOTPYXKEHHA HOCTbL TECKOB [VIOTHOCTL CTIOIKEHKS NeCKOB
npo6GocTOOPHHKA

0—4 0,2 Ouelt PHIXJAHH

59 0,2—0,33 PrIxaui

10—29 0,33--0,66 Cpefanell NIIOTHOCTH

30—50 0,66—1 Tnotaei

50 1 QOyenb FTOTHBIR

LocTarouno 4YeTKas 3aBHCHMOCTL MEXXAY UKCJIOM YIapos, 3a-
TpauHBaeMbIX Ha IIOrpykeHue npolooTOOpHHKA, H HNOPHCTOCTBIO
MEeJIKO3EPHUCTBIX AJIIOBUAJIBHBIX NEeCKOB, 3aJieralollifiX BhIllle YPOB-
HA IPYHTOBLIX BOJI, NOKa3aHa Ha puc. 72. IlopacrocTh neckos opueH-
THPOBOYHO MOXKET ObITh HailjleHa U3 CJEAYIOUMX BBIPAMXKEHHH:

1O ONHITHLIM TOYKaM 2

n=46—7,61gN; (78)
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[0 ONMBITHBIM TOUKaM [
n=60—201gN. (79)

Hekoropoe pacxoxneniie npuBeJeHHLIX BhHILIe 32BHCHMOCTER MO-
KeT CAYKUTb ellle OJIHMM HOITBepXKAEHUEM TOTO, YTO Pe3yNbTaThi
3a0uBKH 30HAa 32BUCAT OT MHOTUX OLHOBPEMEHHO BAMSIIOWNX (ak-
TOPOB, K KOTOPHIM NMOMUMO MOPUCTOCTH OTHOCATCH TpaHYJOMETpHYE-
CKU{l COCTaB, BIAXHOCTb, GOPMa U OKaTAaHHOCTb 3CPEH U T. M., 2
TaKKe OT YCJOBUI NPOBENEHHS UCHHTAHMH (ry1aBHHM o0pa3oM ray-
6nHbl 30HAUpOBaHUA). BaxHefuell XapakTepHCTUKOH NECKOB, HC-
MOJIb3yeMOfi B OCHOBHBIX pacyeTax OCHOBAHHH COOpYJ>KeHUH, sABnd-
€TCs yTrOoJ1 BHyTpeHHero tpeHus. Kak oTMeyajoch BLILIE, COXPaHUTH
NpPHPONHOE CTPOEHKE NeCKoB NpH OypeHny cKBaKu¥ u 0TOope o6pas-
12 rpyHTa npH HeoGXOAHMOCTH POBEAEHUS €r0 KOHCepBalHH, TpPaH-
CHOPTHPOBAHUS, PACKOHCEPBAUMY ¥ HEODXOMUMEX UCHLITAHWH B Ja-
fopatopuu npaktHuecku He ynaercs. Ocobyio CHOKHOCThL NPecTas-
JseT 3Ta 337242 NpH U3YYCHWH NECKOB, 3aJ/eralolliux HUXKe YpOBHS
TPYHTOBLIX BOJ.

YuurtbiBasi 3710, He Caelyer IpeHeOperarb BO3MOMKHOCTBLIO XOTS
661 TpUGAMIKEHHO ONpPefeNsiTh YIoJ BHYTPEHHEro TPEHUS [eCKOB 110
RaugHbIM JMHAaMHyecKkoro 3oHanpoBapus. ConocTasieHle UuCaa yaa-
poB npu 3a0nBKe NPOGOOTOGOPHUKA U 3HAYeHUH yrJia BHYTpPEHHETO
TPEHHSl TNIECKOB NOKA3BIBaeT HaJUdve KOPPENSUUOHHHX 3aBHCHMOC-
Tefl MeXKy 3TUMH BeJUYAHAMU.

Ha puc. 73 npuBenena 3aBHCUMOCTL YucJ/a yaapoB Ha 30 cm no-
rpyxenus npo6oorbopHuka OT IUIOTHOCTH INeCKa H 3HAYeHHH yria
BHyTpeHHero tpeHus (rpadHk 3auMcTBOBaH H3 pabote [23]). Pe-
3yJbTATH CONOCTABJIEHHSI JIOKa3aTelsl 30HAUpoBaHus npobootrbop-
HIKOM H 3HAUEHHWH yrja BHYTDEHHETO TPeHUS IIeCKOB (N0 AaHHLIM
T'TIN ®ynnamenTnpoekT) npuBeAelsl HHKe:

gnco yAapoB ua 30 cMm morpy-
®eHust npoboorbopunka N . . 10 16 22 30 40 60
@, rpag . . . . . . . . . 80 32 34 36 38 40

YeraHoBJICHEE KOPPEJSIHOHHBIX 32BHCHUMOCTEH MEXKAYy pesy/ib-
TATaMH YCKOPEHHBIX MeTO/IOB NOJICBBIX HCNBITAHUE (K HUM OTHOCHT-
csl BCC BH/Bl 30HAHDPOBAHHS, B TOM YMCJe 30HAMDPOBaHUE MpobOOT-
6opHMKOM) M 3HadeHuAMH MoAyasi aedopmaunu £ colpskeHo ¢ He-
O0X0AMMOCTBIO BLITOJHEHNS AOCTATOUHO IPOMO3JAKHX M TPY/OEMKHX
UCIILITAHU{ [PYHTOB lITaMIaMH B Wypdax I CkBa)KMHaX. DTHM CJe-
LlyeT OODBSICHHTD OTpavHyeHHblfi 00beM uHpopMauud no JaHHOMY
BONPOCY KaK B OTeUECTBEHHOH, Tak u 3apyOeskHol uteparype. Oco-
OBlil HHTEpeC B CBSI3H C THM JOJIKHO HPEJCTABJISATL COMOCTaBJCHUE
JAHHBIX, OCHOBAHHBIX Ha OONBUWIOM YHCJE HCOLITAHMH INTAMOAMH.

WNnerutyrom ®OYHAAMEHTHPOEKT AMSt NJOTHHIX ¥ CpefHel IJOT-
HOCTH [1eCKOB Ha ocHOBaHuMW 80 HcHbITaHuii npoGHLIME Harpyskamu
Ao 4—b Kre/eMm? mitamMnaMmu naowmaneio 5000 cM? v dCnbiTaHuilt nu-
HAMHUYCCKHM 30HABpOBaHNEM NPOGOOTOOPHUKOM NOQJyYeHA 3aBHCH-
MOCTb MeXAYy 3THMH NOKa3aTessMu, UMelollast Bup,

E = (350 + 500) 1g N. (80)
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Menbliee 3Hauenne £ OTHOCHTCSl K DeckaM cpeAHell MJIOTHOCTH,
Gosbiiee — K NMJIOTHBHIM.

Cieayer o6paTuTh BHIMaHHe Ha TO, UTO [IPHBOLHMbIE B HEKOTO-
pbIX paborax 3asucHMOCTH Mexay N uMoaysem JnedbopMalHH HE MO-
I'YT CUMTATLCS YAOBJETBOPHTEABHBIMY, €CJH OHH OCHOBAaHH Ha JaH-
HBIX J12aDOpaTOpHBIX OnpelelleHHH B KOMIPECCHOHHHIX npubopax.
WaBecTHO, UTO B 3THX CAyYafX 3HAYEHUS MOLYNS nepopMaLni oObY-
HO OBIBAIOT B 3HAUUTEJLHON CTENEHU 3AHIKEHHBIMU,

O TOM, HACKOJALKO PAaCHPOCTPAHEHH HCOLITAHUS AWHAMUUECKHM
3oHJHpOBanNeM NpoOOOTOOPHHKOM 3a pyOekoM, CBUIETENLCTBYIOT
cneayroune nanusle. B CHIA [27] nonycruMmas Harpyska Ha necua-
HbIC TPYHTHE OCHOBAaHHH B 32BHCUMOCTH OT UIMpPHHL (yHIaMeHTa B
psife caydaes onpelesnsiercsl nO NaHHBIM UCNBITAHKA AHHAMBYECKHM
30HAMpOBaHUeM Mpo6ooTOOpHUKOM. BechMa LINPOKO npHMEHSETCS
JUHAMHAYCCKOE 30HIHpOBaHHe NPOBGOOTOOPHHKOM JJIfl OUCHKH MJIOT-
HOCTY NEeCKOB B $IMOHHM, B YACTHOCTH NPU HCCJeLOBaHHY INeCUaHBIX
TPYHTOB OCHOBaHMil coopyxkeHu#t B r. Hunrara, nozsepriiemcss B
1964 r. cunpHOMY 3eMaeTpsiceHnIo. OCHOBHBIM KPHTEPHEM IJIS1 OLEH-
KH MECKOB, XapaKTepH3YIOIIM HX COCTOSHME JO B Noche 3eMJeTps-
CeHUsl, a TakXke MPOIECCH 110 YIVIOTHEHHIO H Pa3ynJOTHEeHHIO B pas-
JHUHBIX 30HaX, OBl IPHHAT MOKa3aTesb 30HAHpoBauus npo6ootTbop-
HukoM. IIpHBONUMEIE XapaKTEPUCTUKH CTENEHH TIOBPeXKACHHA
37aHU{l TakKe OonpefielleHbl B 3aBUCUMOCTY OT CONPOTHBICHUS CTaH-
LapTHOI neHeTpanyi.

OcHOBOI 17151 pekoMeHayeMoro EBponefickoro CTannapra Ha 30H-
InpoBaHne npoboorbopaukoM (SPT) mnocayxun amepukaHckuii
ONnBIT TaKHX HcnblTauufl, o0606menHuit B craugapre ASTMD
1586—67 (yrounensoMm B 1974 r.).

Fnasa VI

NCCHAENOBAHUNE FPYHTOB
B CKBA)KHHAX C TPMMEHEHWEM DPECCHOMETPA

1. KoneTpykuuy npeccuioMeTpoB

B dacrosiniee BpeMs, Korfia B cootBercTBHH co CHuIT I1-15-74
«OcHoBaune 3naHull ¥ coopyxenuii. HopMul npoektuposaHusi» pac-
YeT OCHOBAHME [0AXKEH NMPOU3BOAKTLCS 10 nedopManusiM 1Js Bcex
3[aHHI ¥ COOpYKeHHMIl, €CIH OCHOBAHHE CJOKEHO HeCKaJbHBIMU
rpyHTaMy, ocoboe 3HaueHne npHobperaer onpejeyeHue MOLYASl Le-
dopmanuu rpyura. Hanbonee nocrosepHbIM MeTOIOM OINpejelIeHHs
Moayns naedopMaluy sSBJASETCS ONUCAHHLIE paHee MeToi HCNBITaHHA
rpyHata wraMioM B wypdax. OnHako AJs NpOBeAeHHA TAKHX HCIBI-
TaHull TpeGyIOTCA TPOMO3JKas annapatypa H BHIIOJHEHHe TPYAOCM-
KHX 3eMJSIHBIX pabGor npy npoxozke wypdos. [TosToMy nauubii Me-
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TOZ He MOJYYUJl IHPOKOTO PACHPOCTPAHEHNS B IPUMEHSIETC TOALKO
CIENVaI3HPOBAHHBIMYE  NPOEKTHO-U3KICKATEIbLCKHMH  OPraHu3anH-
SIMH.

IMpu onpexnencHuy OCAAOK COOPYIKEHHI UCTOJbL3YIOT 3HayeHHsd
MoAynsl nedopMauuM TPYyHTa, ONPEACICHHHE B KOMIIPECCHOHHBIX
npubopax 8 j1aboparopuil H CKOPPEKTHPOBAHHLIC IIYTEM CONOCTABJIC-
HUS UX C Pe3ynbTaTaMy HCIBITAHUI TOro e rpyHTa wrammnoM. Kak
YKa3blBaJOCh paHee, 3HayeHUs MOAyns nehopMallii, MOJyucHHBE
MpY HCOHTAHUY TPYHTOB B KOMIIDECCHOHHOM npubope B HECKOJbKO
(2—6) pa3z MeHblle 3HAYCHHH, ONPeneseHHBIX PN HCOBITAHMHN MX
LITAMIIOM B NOJEeBBIX ycnoBuax. llpu uCnoJgp30BAHHH B pacyeTax
3HayeHuH Moayns medopManHH C TAKUMH NOIPaBKaMH KOHCTPYKUHS
(hyunaMenra Oyaer MK HCHAOEXKHOH, HIV HeSKOHOMHUHOH. ITosToMy
6biIi yavaTel MOMCKH OoJiee NMPOCTHIX NOJIEBHIX METOJ0B Ofpenele-
HUA MoAyns gedopMauyvn rpyHTa. BecbhMa MepCNEKTHBHBIM OKa3alj-
Csi METOJ| onpeneeHust MOnyns fedopMmaunu nyTeMm o06KaTHa rpyH-
Ta B CKBaXKHHE C W3MEePEHHEM [aBjeHns 00KaTHA 1 COOTBETCTBYIO-
mux nedopmauuil. I1py TakoM Merofe He TpebyerCcs HUKaKHX aHKep-
HBIX YCTPOICTB.

Brnepsble naes onpeleseHHsl MeXaHMUIeCKUX CBOHCTB FPYHTOB B
CKBajXXUHE C MOMOIILIO YIIPYTOr0 Pe3VHOBOTO UHJIHHApPa Obila BHIC-
KazaHa u peamnsosana A. A. Kratoposeim 8 1930 r. Xors wu3-3a
KOHCTPYKTHBHBIX HEIOCTAaTKOB Pa3paboTauHasg MM YCTAHOBKa pac-
NPOCTPaHeHHUsT He nojyuynia, sacayra A. A. KratopoBa B paspabort-
Ke HOBOTO MeTOfa omnpefenedus ned)OpMaTHBHBIX CBOHCTB T'PYHTOB
gecoMuernHa. B 1933 r. Kernepom 6pi1 pazpaborasbl aHaJOruyHble
ycradoBke A. A. KTatopoBa yCT2HOBKH ABYX THIIOB: B OJHO{l U3 HUX
[aBlleHNe Ha CTEHKH CKBAMKHHBI CO3[aBajioCh MEeXaHNUCCKH, a B Apy-
roil — nmHeBMaTudeck. OIHAKO 3TU YCTAHOBKH TaKKe He NOJNYUYNIU
pacnpocTpaHeHus n3-3a PAfa KOHCTPYKTHMBHBIX HENOCTATKOB. B mo-
CNCAYIOIIEM 3Ta Hies B Pa3HBIX CTPaHaxX NOJYyYHJa Passinis#oe KOH-
CTPYKTHBHOE O(hOpMJIEHNE.

B IOrociasun pis MCOBITAHHSL CKaJbHBIX I'DPYHTOB paspaborad
TaK HasplBaeMbilt puaaromerp [62]. INpubop mpeacrasaser coGof
Metaannyeckuit nunuHap asaMmerpoM 200 u suicotoét 900 MM, onyc-
KaeMblil B CKBa)KuHy. I1of ACHCTBMEM paclOJOXKEHHBIX BHYTPH PHI-
yaros, NPUBOAUMBX B JBHMKEHHE PYUHBIM MacASHBIM HACOCOM, IH-
JNUHIP MOMKET PacllupAThCs, O0KKHMasi CTeHKY CKBaXKuHH. ledop-
My} U3MEpPSIOT TEH30METPAMH C IATUHKaMH,

Bo BHUM runporexsukn umenn B. E. BeneHeesa paspaGorau
npubop, KoropeiM B 1958—1959 rr. 6bnn HccnenoBanbl gedopMa-
THBHBlC CBOHCTBA CKaJbHBIX NOPOJ, 3ajeralouiix B OCHOBaHHU Oe-
ronsoii miotuubl bpatckoit 'C [12]. [na nposeneHHs ONLITOB HC-
NOJIb30BAJH BEPTUKAJBHYIO CKBAXKHHY-WIAXTY naHaMerpoMm 915 mm u
ray6unoii okono 50 M. Ilpubop nuaMerpom 910 B gaunoit 1200 MM
COCTOMT M3 MOJIOFO CBAPHOTO KOPNyCa M BHEIUIHeH ABYXCJOHHOH pe-
3NHOTKaHeBOH obGonoukn. Mexny 3Toli 060410YKOfI B KOpnycoMm OG-
pasyercsi repMeTHYecKas KOJbLEeBasl NoJoCTb, B KOTOPOH CO3LaeTcst

153



naslleHue, neperaBaeMoe Ha CTEHKH CKBaXXMHbL. Kopnyc mmeer nBa
oTBepcTUs — NS Nojaun paboyell KMAKOCTH H AJsi OTBOAA BO3X1Y-
xa. MakcuMansuoe masienue paboueit xuaxkoctu 100 xrc/cm®. B
KauecTBe H3MEPUTENbHBIX NPHOOPOB HCIONB3YIOT PeOXOpAHBIC K-
TpoMexaHHYeckue jedopmoMerpsl. TouHocTs naMepenus Jedopma-
nui 0,002 MM.

[Ipu o6xxaTHu HPECCHOMETPOM HeCKaJbHLIX I'DYHTOB Ha OrpaHH-
YeHHOH AJIHHC B CKBa’KHHe MOXET NMPOW30UTH BbINHpaHue (Maacti-

Puc. 75. Cxema cOBpeMEHHOrO aHIVHICKO-
TO mpeccHOMeTpa

} — npuOGOp KOHMTPONS DACIHPEHHA; 2 — NaTyHK
naBjieHns; 3 — nojava TOKa K AaTyMKaM npec-
cuoMeTpa; 4 — 6annoH ¢ BO3NYXOM; 5—KOHTPOJIbL
NOAayYH BO3AYXa; 6 — KOHTPOJb NOCTOSHCTBA Je-
¢dopmanuy; 7 ~— HCTQUHUX TOKa;, & — 3JeKTPOH-
Hull BOJLTMETD; 9 — cHrHaa ot npubopa KoOuT-
pons pacuMpenMs; 10 - cHrHaJj OT JaTdHKa AaB-
JIEHHRA

<4 Puc. 74. I1peccuomerp Menapa

i — MpefoOXpaHUTENBbHAsT Kamepa; 2-— HaMepH-
TeabHas Kamepa; J3-— njacTmaccoBas TpyOKa;
4 — GalJOH CO CXMATHIM raszoMm

yeckHe aeOpMauHH) TCPYHTA IO KpasiM Harpy»XeHHHX yYacTKOB,
BCJIEACTBHE UETO Pe3yJnpTaTH HCCe[0BaHHil NCKaxawrcsd. B cefzn
€ 3TUM JVIS ONIPefiefIeHBsl MOAY IS AedOpManl HeCKaJlbHBIX TPYHTOB
¢panuysckuii unxenep JI. Menap paspaboraj KOHCTPYKUHIO NpU-
6opa, CoCTOAMLIEro U3 TPEX KaMmep.

Cpenusisi xaMepa fABasiercs paGoucii, a nse KpaifiHue, HaXOIs-
muyecs Nop TeM Ke AaBJIeHHEM, YTO U CPeAHsas, obecreynBaT CO3-
JaHue AN cpeJHel KaMepsl panualbHO-CHMMETPUYHOTO IIJIOCKOTO
noJas Hanpsi:KeHud. DTOT npubOP, NOJAYUNBIUHI HAUMEHOBaHUE Ipec-
CHOMETpPa, B HACTOfIleCe BpEeMsl NPUMEHSIOT HE TOJbLKO BO PpaHuuy,
rae coznana cnenHajpHas ¢upma «IpeccnoMerps, 3aHnMaloniasics
HCCJAelOBaHKEM CBOMCTB FPYHTOB, HO ¥ B APYriux crpaHax. [lpeccn-
oMerpoM JI. MeHapa yKe NpOBECHO MHOMXKECTBO HCIBITaHUMH, pe-
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3yJbTaThl KOTOPHIX WIHPOKO KCIOJNbL30BAHL [JISl OIpeAelcHHs MOJY-
ns pedopMauui U Hecyllell CIOCOGHOCTH IPYHTOB.

TIpeccuomerp JI. Menapa (puc. 74) coCTOHT U3 LUIHHAPHIECKOTO
30HAa AMaMeTpoM oT 32 fo 115 MM, OnyCKaeMoro B CKBaXKWHY, H W3-
MepHTENIbHOH anmaparypbli, HaxOAslIedCs Ha NOBEPXHOCTH. 30HI,
COCTOSAIIIME K3 TPEX OTCEKOB, obecneyuBaeT CO3LAHKHE BOKPYF Cpel-
HETo OTCeKa WIIVHAPHIECKOTO nosa HanpskeHu#. [1py ucnbTanuax
TPYHTa 30H] 1 H3MepUTesbHAfl CHCTEMA 3alOJHAIOTCH BOIOI M BO
BCEX TpEX KaMepax C MOMOIIbIO CXKaTOro BO3AYXa, NOCTYNAICIICIO H3
Gansnona yepes penykTop, cO3naeTcs oQuHakoBoe nasienue. Jledop-
Mauus cpenHeli kaMephl, COCAIHCHHON € H3MEpPUTEJNBHBIM LHJHH-
JpOM, 3aMepsIeTCsl N0 H3MEHCHHIO YPOBHSl XKHAKOCTH B LWJIWHApE.

Ha puc. 75 npuseacHa cxemMa OJHOro 13 COBpeMeHHBIX aHINi-
ckux npeccuoMerpoB [60], ncnone3yeMBlx s uCClelOBAHHS TBEP-
ABIX W TMOJYTBEDPABIX IVIHH B CKBa)uHax amamerpom 150 mm. Hua-
Merp npeccuoMetrpa 13D MM, NMHHA UHINHADHYECKOH YaCTH OKOJIO
500 MM, y mpeccuomerpa Her KpaliHHX NpenoXpa’uTENbHBIX KaMep,
XapakTepHbIX Jia npeccuoMerpa MeHapa. llpenbiayline Molenn
3TOro npeccHoMerpa uMenH GoJibliee OTHOWICHHE NJIHHBL K JUaMeT-
py, HO Ans yoo6CTBa UCTIONbL30BAHNS IpeccHuoMeTpa ero aAnnHa Oblia
yMennileda. Kak nokasano 8 pabore [92], npn oTHocuTenbHBIX ne-
dopManisax npeccuoMerpa e=u/fr, He npesbinawmux 10%, coxpa-
HAIOTCA yCIOoBUS MIOCKOH gedopMauii npeccuoMeTpa IpH OTHOLIE-
HUH €r0 JJINHH K [UAMeTDPY, paBHOM 2.

Awrauiickuii npeccuoMerTp — NPeCCHOMETDP BO3AYILIHOTO THIA.
JlaBieHne BO3JyXa U3MEpPACTCS C NOMOIUbIC NATYHKOB, TOMEIEHHBIX
BHYTPH KaMephl NPECCHOMETPa, W 3IJEKTPOHHOTO BOJbLTMETpa Ha
nyHkre ynpasiaenus. HMcrouHnkoM TOKa asasiiorcst 6arapen, BO3LYX
nozgaercs U3 6annona. OTCyTCTBHE BOAM B CUCTEME cO3712€T VIOGCT-
Ba AJA pabOTH NIPU HHU3KIX TeMIlepatypax H uHzbaslisieT OT HETOU-
HOCTU H3MepeHUH, BO3MOKHOH Ja’ke NpH BeCcbMa HeGOJBIIHX yTeu-
Kax B CHCTEME.

Jedopmaunu cpenneii yactu NpecCHOMETPa 3aMepPSIIOTCH IO Liec-
TU pajHycam uiau 6one¢ 8 ONHOHU NIOCKOCTH C IOMOINLIC CIEelHAND-
HOTO yCTpoiicTBa.

Koucrpyknua npeccroMerpa obeclleulBaeT NpoOBenCHHE WMCIBITA-
HUH C TOCTOSIHHOH CKOPOCTbIo AeOPMalMM CTEHKH CKBaXKHHH 1y-
TeM aBTOMATHYECKOIO PeryNHpOBAHUS CYMME HalpshKeHB#i Ha no-
TEHIUOMETpaxX YNpaBJsoUAM [OTCHIUOMETPOM. ITOT YIIpaBJIsio-
LH TIOTeHUNOMETD MOXKeT OHITL YCTAHOBJEH Ha pa3fIBYHBIC CKOPOC-
TH AedOpMalid Wiy 32lporpaMMHPOBaH Ha HUKJIUYHYIO HArpy3Ky,
a Takmke MOXKeT yIpaeiaaThesl BpyuHylo. OOBUHO HCOHITAHHA NPOBO-
RAT OpH NMOCTOIHHOH CKOpOCTH JedopMainii, obecreunsarollel J1o-
cTHXXeHUe CTajuu paspylleHus rpyara 3a 20—30 muu. Bo BpeMms uc-
NBITAaHUA TPOU3BOAUTCA 3aNHCh NaBJEHUS BO3NyXa B NPECCUOMETpE
u pedopMannél ero CTCHKU.

B namel crpare mpeccuoMerp Brnepsuie Gbli pazpaborad 8 I'TIH
dyuamMeHTIpoeKkT. B nanevHelilieM pazpaboTKOH KOHCTPYKUMH npec-
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cuoMmetpoB 3aHuMaauck HHH ocHoBanuit m nopseMHBIX CcOOpYyKe-
Hu#l, Bcecolo3HBIfl HayyHO-UCCNeJOBATEbCKUH HHCTHTYT THAPOTEo-
JIOTHH H WHXKeHepHOB reosioruH (Bcernnreo), Bcecorosublii Bayu#Ho-
HCCIIeJOBATENBbCKHIT ~ HHCTUTYT  TPaHCHOPTHOTO CTPOMTENLCTBEA,
Ypanbckuil NONHTEXHUYCCKUH UHCTUTYT ¥ Ap. DeuH  pa3paboraubl
IpeccHoMeTPHl ABYX TUNOB: C TUADABIHYECKOH CHCTEMOI! U3MepeHUs
nedopManrii, HazpiBACMble B JalbHellIEM THAPABIWUCCKHMH, U C

7 z2 37
VAR

Puc. 76. Tlpeccnometp
HITI-21

1 — cHApsii CKBa*XKHHHBIH;

2 — INAHT BHICOKOIO faB-

Jennsi; 3—6anyoH CXKaTo-

ro Bo3ayxa; 4 — pepgykTop;

5 — neGepKa; 6 — HWITATUB;
7 — yKazatenb  pedopMalRii; 8 — MaHOMETp;
9 — 670K ynpaBJeHHs; [0 -— 3JeKTPHYCCKHUIl Ka-
6ean

Puc. 77. Tunpasauyeckas npecCHOMETpHueckasi ycranoBka I10-6A

{ — aBroMoGunb YA3-469B; 2 -— maMmepHTeJdpHbl MaHOMCTP:; 3-— GalJIOH CKAaTOro BO3AYXa:
4 — 30HK; 5 — py4Han Jaebegka; 6 — NyJsT yNpaBJeHus; 7 — ypOBHEMED

JEKTPHUECKOH cuCTeMOll uU3MepeHus AedopManil, HasulBaeMbie B
nanbHelllleM 3nexkTponHesMartuyeckuMiu. OJHAKO HH OJAMH U3 mpec-
CHOMETPOB B IIPOMBIIINEHHOM MacmTalbe OKa HE U3TOTOBJIACTCS.

Ipeccuomerp I-76 xoncrpykunn HHH ocHosanuli 1 moazemMHbIX
coopyKeHrii pa6oTaer 10 BO3NYLIHO-THAPABJINYECKOl CXeMe, NpH
KOTOpOH JaBJfieHHE B IpeccUOMeTpe CO3MAeTCA rasoMm (asoToM), a
neOpMaliHi H3MEPSIOTCH N0 H3MCHEHHIO YPOBHA KHMIAKOCTH {BOJHI,
antudpuza). JJuamerp cksaxud 76 v 108 MM, riy6uHa HCTBITAHUE
10 25 M, MaKCHMaJIbHOE [aBJjieHue Ha TPYHT 25 krc/cM?, JUIHHA Ha-
IPYKAEMOT0 yYacTKa CKBAXKUHB 460 MM, usMepsieMoe pajiiajbHOE
nepeMeruere o 40 MM. DTUM NPECCHOMETPOM MOKHO OnpeledsTh
Moayae gedopMmanns rpyHtos ot 10 no 20000 xre/eM?.
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B nocneauee Bpems B HHI ocHosasuii 1 noaseMuuX coopyxe-
Huil paszpaboTaH aBTOMATH3HPOBAHHBLIM THAPABIUYECKHH IpECCHO-
metp [TA-108 [9], mpusuun neficTBUs KOTOPOrO OCHOBAH Ha HEIpe-
PHIBHOH 10f1aue 8 30HJ PeTyAKPYeMOrO KOJIHYECTBA KHMIKOCTH, obec-
neyusalollel 3aRaHHYI0 CKOPOCTb MepeMEIIeHHs] CTEHOK CKBAXKHHBI
(0,003—0,3 mmM/Mun). [TokazaHusa KATYHKOB J2BJCHHSA KHAKOCTH B
CHCTEMEe H pacXoja KUAKOCTU PErUCTPHPYIOTCS aBTOMAaTHYECKH C
NOMOIIPI0 YPaBHOBEIICHHOTO 3JIEKTPOHHOTO MOCTa Ha JIEHTE B BUIe
18YX rpadrKoB, KOTOpPHEe UCMONL3YIOTCH A nOCTpoeHHs OOHUHOK
KPHBOH «JaBjeHHe — NepeMenieHue>.

Fpeccuomerp HUTTI-21 (puc. 76) xoHctpykuun Bcermsreo npepn-
crasasier cobGol anekTponHeBMaTHueckuii npubop nias HCOHITaHW#
TPYHTOB B CKkBaxkuHax guaMerpom 108—112 mM. Ilpeccuomerp co-
CTOUT H3 [IBYX OCHOBHBIX V3JIOB — 30HZa M GJIOKa ynpasicHus. 30HI,
B CBOIO 0Yepeb, COCTOHT U3 CGOPHON MeTaJJnyeckoil TpyOul ¢ 3Jac-
Tuunoil py6amkoil. O cobupaercs U3 UATH CEKuil BEICOTON Mo 15—
20 cM (Tpu cpenHHe CeKIHMM — H3MepHTeJbHBE, HBE KpaHHHe —
IpUTrPY30UHbE).

Mexny cexl#fiMH YCTaHOBJIEHH ONOpHBE Wai6bl, IPENSTCTBYIO-
LIKe BHIXOAY KpaeB 3JaCTHUYHOH pybalnkn u3 3ajenku. B Tpex cpen-
HHX CEeKLHAX pasMelleHo nmo nsa AedopMoMerpa ¢ npeobpasosare-
JIIMU TTOTEHIIHOMeTpPHUYECKOro Tuma. biok ynpasieHust BKIOYaeT
ykaszarenb aegopMauuil (cpenHuX no mecTu AaTuHkaMm) M o6pasno-
BBl MaHOMETp AJIA oNpejeieBus [aBJCHUA BO3AyXA.

FipuGopom HMITI-21 mMoxHO Npou3BOANTL HCIHTAHUS 10 rayHu-
HBl 25 M IpH MaKCUMaNLHOM fnasnenun 24 krcfcm?. HamepsaeMoe pa-
nuanpHoe mnepeMenierve 60 MM —npmr gaasjaenuu 6 kre/em? u
20 MM — npu naenenun 24 krc/cm?. Macca npnéopa 85 Kr.

YpanbCKuM MOJNUTEXHMICCKUM HHCTITYTOM pa3paloraHul KOH-
cTpykuus npeccuomerpos I1-89 u I1-89-3. Ipeccuomerp 11-89 nme-
eT TUAPaBIUYECKYI0 CUCTeMY 3aMepos jedopManuii CTEHOK CKBAXKH-
Hbl 0 BO3AYLIHO-THAPABJIUUECKYIO CUCTEMY CO3LaHUs [aBJCHUS C 110-
MOIIBLI0 PYYHOrOo asTOMOGWILHOro Hacoca. [lpubGop npenHasHadeH
A6 HCIHITaHUsI TPYHTOB B CKBa)kuHax pguamerpoM 90—100 MM, riy-
OHHOI He Oojlee 5 M P MAakKCUMaJIbHOM JaBJeHWH B KaMepe
5 Kkref/em?,

Tlpeccuomerp I1-89-2 uMeeT 3JeKTpUUYECKYl0 CUCTEMY 3aMepoB
ne)opManuii CTEHKH CKBAXKUHBl M BO3JYLIHYIO CHCTEMY CO3[LaHUfA
nasnenus. IlpensasHadeH nna #CnelTasus TPYHTOB B CKBAaXKHHAX
nuametpoM 90—100 MM, riybudoil 1o 15 M mpH MaKCUMAJLHOM fas-
aennn 1o 5 Krefem?,

B I'lIM @yupnamentnpoerr paspaboranbl, H3rOTOBJEHL M HC-
101L3YIOTCSI  [IPECCHOMETPEl  ABYX THIOB — THAPABIUYECKHHA W
»IeKTPOIIHEBM aTUYE€CKHL.

Tunpasavueckuil npeccuomerp ITP-6A (puc. 77) cocront wus
30H/42, MyJbTa YNPasJCHUs ¥ BCIOMOTaTENbLHBIX YCTPOHCTB. 30HLI
SOCTOMT H3 TPeX KaMep — cpenHedt pa6ouefl 1 nByX KpaffHEX IIpH-
"py30uHbiX. BHenHuii nuaMmerp 3oHaa 95 mM. 3oH7 BKIouaeT B cebs
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CTasLHON HAKOHEYHUK, LEeHTPAJLHYIO H JIIBe KpalHKNe BTYJKH, ABe
pesuropble 000JIOUKU — BHYTPCHHIOK TOHKOCTEHHYIO H BHEINHIOK U3
pesunbl ToMmuuHo# 4—5 MM. Ha craspHOM HakOHeYHUKE BMEIOTCA
TPH WTYLEPa, Ciy>KaiiX JJis Nofaul Bonu (3uMoli — antudpuza) s

%

e
k¢ Y ‘,l
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7’50

Puc. 78. OGuasi cxema 3nexTpolucEMatTwdeckofi npec-
CHOMETPHYECKOH ycTagoBKH [1¢-7

, I — 30H1; 2-—pacnpenenu‘renbnag KopOOka; 8 — ManoMmerp; 94—
6allZIOH CXATOr0 BO3AYXa; S—perncrpHpyiowult npu6op MC/-3

Pruc. 79. SnexTpoiHeBMAaTHUCCKHIl IpecCHOMETD

pabouyio W IPHrpysouHble KaMephl, YJAJleHHs NySHPLKOB BO3LYXa
u3 pabouell KaMepsbl, CO3MAHHA [ABJIEHHA Ha CTEHKH CKBAXHHB H

ONOPOKHEHHT KaMeDP npeccuoMerpa.
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YnpaBAeHHe BCeMH OnepauHsMH NpOH3BOAHTCA € MyJbTa ynpas-
JieHHsI C NOMOIIBIO ABYX BeHTHJell. JIyNbT ynpasieHHs COelHHEH C
BO3AyLIHHM GannoHoM Yepe3 penyKtop. Ha nynsre HMewTCs MaHO-
MeTp i H3MepeHHsl ZABJCHHS B pabouell kKaMepe H ypoBHeMep s
onpejenenns ee AedopManuil. TouHOCTh M3MepenHus pafiyca CKBa-
#uHe 0,1 mm. IlpeccHoMerp paccuntan Ha paboTy B nONEBBIX yc-
NOBHSIX NPH TeMmnepaType Bo3xyxa or 40 mno —25°C. Huamerp
CKBaxXHH 1nsl wcnuitadus 108 MM, MakcuManbHBI [MaMeTp pac-
wHpesus KaMepo 136 MM, MakcumanbHas rayOuna nenbranni 20 M,
MakcuManibHoe AaBiaeHne 8 krc/cm?, s yno6cTBa 3KcnayaTaunuu
Bce 06Opy/nOBaHHE CMOHTHPOBaHO Ha astomoOune YA3-469b.

SOnexTponueBMaruuyeckKnit npeccuomerp [1P-7 (puc. 78, 79) co-
CTOHT W3 30HJA, H3MEPHTEJBHON CHCTeMBl H BCHOMOrarelbHHX YCT-
poficrB. 3084 npenctasnsieT coboi TPyOy ¢ onHoi paboueli kaMmepod
xuamerpoM 90 MM u znunoit 400 mMm. HaMeputenpHast cHcTeMa BKJIIO-
yaeT TeH3OMeTpHUYecKHe AaTYBKH, peructpupyonmi npu6op MCI-3
H MaHOMeTp JIsi DerficTpaliH [aBleHHst B cucteMe. TouHOCTB H3-
mepenus nedopmannuii 0,1 Mm. [Ipubop paccuntas Ha npoBeneHHe
HcnbITaHHA Ha ryOHHy 70 20 M npH MakCHMAaJNBHOM JaBJleHHH BO3-
Iyxa 8 krc/cM? B AONyCTHMOM JHaMeTpe pacIIHPeHHS KaMephl
135 Mm. :

Crefyer OTMeTHTb, YTO HEKOTOpPOe YCJOXKHEeHHe KOHCTPYKUHH
SIEKTPONHEBMATHIECKHX NPECCHOMETPOR 1O CPaBHEHHIO € BO3LYIUHO-
TULAPABAHYECKHMH BIOJIHE KOMMEHCHPYETCS BO3MOXHOCTBLIO HX HC-
NONB30BAHAS KPYIJOTORHUHO, N2aXKe NPH HH3KUX OTPHIATEAbHBIX
TeMNnepaTypax.

2. TeopeTnyeckHe NOJOKEHHN, HCHOJb3YyeMble
npH o6paGoTke pe3yAbTaTOB HCUBITAHUH NPECCHOMETPOM

B nayane npomecca oGxaTHs I'PyHTa B CTEHKaX CKBaMHHBI npec-
CHOMETPOM MEXK/Y NnaBJeHHeM Ha TPYHT p H nedopmanueit rpyura u
CyllecTByeT JHHef{Hasl 3aBHCHMOCTb. 3aTeM N0 Mepe VBENHUEHHS
ZaBJIeHHsl Ha TPYHT BOKPYr npeccHoMerpa oGpasyeTcsi 30Ha nJjac-
THUYCCKHX RedOpManuil, nepexoasuias B 30HY ynpyrux nedopmaunit
{puc. 80, 81).

3oHa nnacTuecknx nedopMaimil, onpenensgeMas pansuycoM Ry,
YBEJIHUHBAETCA A0 TOrO MOMeHTa, KOria AaBlieHue Ha IPYHT JOCTH-
raeT NpefeJibHONR BEJHYHHEl Prp. 38 NpefeNiaMu 30HB pafuycoM Ry
rPYHT HaXOAHTCA B 30He ynpyrofi nedopmauun. B uMmewomuxcs teo-
PeTHYECKHX DelIeHHsX, CBA3LIBAIONIMX [aBienuss u JedhOpMalmy,
IrPYHT B Iipefenax 30Hbl niacTHYecKHX nedOpManuii paccMarpHBa-
ercst Kak NOAYHHSAIOINICS 3aKoRY npounocty Kynona — Mopa n xa-
PaKTepH3yeTCsl YIJIOM BHYTpEHHero TPEHHSl ¢ H YIESJBHHIM ClenJe-
HueM ¢. I'pyur 3a npezesiamu 30HLI pazuycom R, paccMaTpuBaercs
KaK JHHeHHo-JedOopMHpYyeMoe TeJlo, XapaKTepH3yeMoe MOAyJAeM mne-
dopmaunn E u koapdunnentom Iyaccona p.



Moznyab nedopManus onpenedsioT AJsi CTaAHH YIPYrux aedop-
Mauui. YUHTHIBasi, YTO NPECCHOMETP MMEET OrPAHHYEHHYIO AJMHY,
MOZyJIb JiepOPMANKK TPyHTa HAXOAAT N0 (opmye

_ptp)rp
= ” .

E (81)

riae P—KOoIpPUIMENT, 3aBUCSILIHH OT OTHOLIEHHS IJHHBE OGXKHMAaeMOro yyacrka ]
K ero jguamerpy d; pu —xospdunnenr Ilyaccona; ro— paamyC CKBaKHHB; P ~—
JaBIeHHE Ha CTEHKH CKBAXHELL, 4 — JiedopMalius CTCHKH CKBAXKHHBL

124

17

Puc. 81. I'papuk medopManuu rpyH-
Ta NPH BO3PACTAHHH JIABJICKHS

I, Il — daspl pedopmaumii COOTBETCTBEH-
HO YHPYIHX H IJIACTHYECKHX

Puc. 80. K pacueTy nedopmanuu 1 HanpsixesHus: y npeccHoMeTpa

Ilpu 6oapmol naune yvacrka parpyskn =1 n popmyna (81)
NEPEXOAUT B H3BEeCTHYIO (QopMmyay Jisme. IlpaktHuecku yxe 1py
l[2ry=4 p=1. Takum o6pasoMm, ajs NPECCUOMETPOB, AJHHA KOTO-
PbIX paBHa YeThIDEM X JuaMeTpam U OoJiee, MOAYIb jAedopManuu
ONPEAENSAIOT, IONb3Ysich pellieHreM Jisme.

Hcnoabsys pelienue NJIOCKOH yHPYroNJacTHYECKOH OCECHMMET-
PHYHOH 3a/1aY¥ MEX4HUKH T'DYHTOB, MOXKHO IO JIaHHBIM NIPECCHOMET-
pHYECKHX M3MEpEeHHH, noBeeHHBIX 40 CTA/JHMH NJIACTHYECKHX nedop-
Mauuil rpyHTa, ONPeie]MTh YroJ BHYTPEHHEIO TPEHMsI TPYHTA @ H
yIeJbHOE CleNJeHue ¢,

B pa6orax [20, 24] noaydena caepyromasi opmyda nas onpe-
JleJIeHHsT JepopMauuit TPyHTA u CTEHKH CKBaXKHHBI PalMyCOM Fyg
B 3aBHCHMOCTH OT JaBJEHHS HAa CTEHKY p Ha CTAJHMH YNPYIONJacTH-
YeckuX nedopmanmii rpyHra:

I-+sng
p+ccige ] sin @ (82
(1 Fsing) (po+ ccle @) + ™

rae P0—6bITOBoe TOPH3QHTANbHOE JlaBJieHHe Ha OTMETKe HCNBITaHHSA.
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B wyacrtaoMm cayyae Aas Cbmyqeﬁ cpeanl npu ¢=0 umeem
1-sing

e of S [__P___] sing
E ° * (14 sing) py

Jas uneansHo cBA3HOH cpednl (p=0), packpblB HeONpeaesieH-
HOCTBb BEIpaxenus (82), noayunm

' 83)

P—Py—C
u=l+u roce ¢ . 84)
E

dopmyna (84) mas onpemenernust fedopManufi Ha NOBEPXHOCTH
CKBaXKUMHH Jnis [JAacTHYHOH cpeisl Owuia nosgydeHa JI. Mewna-
pom [65].

ITokaxeM, Kak, HCHOJL3YS pellieHde (82) H MOCTpOeHHe KPYros
Mopa, MOxkHO onpefesuTh AeopMaTHBHEE XapaKTePHCTHKH ¢ H C
ucneltyemoro rpyHta [29]. Ecaun passenuTs 3HaueHue u, onpefie-
JeHHOe no ¢opmyJe (82), Ha NPOHIBONHYIO U IO P, TO HOJAYUHM

u(p) _psin(p-l—ccosq)
v (p) 1--sing
IIpaBas wacth BHpaxenusi (85) npexacrasiisieT coboi monypas-

HOCTb TVIABHBIX HAINPSIKEHHH O, U Oy B IPYHTE Yy CTEHKH CKBaXH-
HBL, T. €.

(85)

psing+ccosg 9,0

= =1=R, 86
1 +sing 2 T=R (%6)
rae R — pazuyc kpyra nanpsixenuit Mopa.
Orciona
R = u(p)/u’ (p) = udp/du: &N

IOas onpenenenust paguyca kpyroB Mopa R mo rpaduky ucnol-
TaHUsA IPYHTa NPECCHOMETPOM p—i BOCIOJb3yeMCHl H3BeCTHHIM H3
auddepeHnHaJbHON [€OMETPHH CBOHCTBOM ILJIOCKOR KPHBOH, 3ahaH-
HOH ypaBHeHHeM y=[(x) (puc. 82).

y (x)/y’ (x) = AB (nopxacaresipHas);

Takum obpasom, AJas noctpoeHust kpyroB Mopa HeoOXOmMMO Ha
KPHBOJIHHEHHOM y4acTKe rpaduika HCIOBITAHHI NpeCCHOMEeTPOM BHIG-
paTh NiBe-TPH TOYKH H IIOCTPOUTH JJsi HUX mojakacatenbHble. Ha
puc. 83 1sis1 npuMepa MokKazaHH HeOOXOAMMEle NIOCTPOEHHS AJisl TOU-
K 2 NIPECCHOMETPHYECKON KPHBOH p—uL. Iloist TOUKH 2 NaBJERHE po
onpenensiercss Toukoil 2”7, KacatenwHasi kK kpuBoil p—u B TOuke 2
nepecekaetr och abcuucce B Touke 2. Otpesok 2—2” saBasieTcs HOj-
KacaTeJbHOH it TOYKH Z, T. €. paauycoMm Kpyra Mopa pns Touru 2
(naBnenus p;). Ha mixneM rpaduke (rpa¢uk o—t) MOKas3aHO NO-
cTpoenue KpyroB Mopa. U3 touku O,, siBasionieficst npoeknueil Toy-
KH 2/, paguycom R, crpoutcst Kpyr Mopa. Ilo nojiyyeHHHM TaKUM
06pa3oM 3HaueHHSIM R H COOTBETCTBYIOIIHM HM [aBJIEHHSIM p CTPO-
AT Kpyru Mopa, Kak 370 NOKasaHO Ha puc. 83, H oNpeleNsioT 3Haye-
HHUSI @ U C TPYHTA,
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B paGore [34] Ha oCHOBe 3KCNEPUMEHTOB OBIJIO YCTaHOBJEHO,
YTO yTOJ BHYTPEHHErO TPEeHHS! IDYHTa, NOJYUeHHHH NOCTPOEeHHEM
NpenenbHblX KPYTOB HANPSIKEHUH N0 3HAYEHHSIM Or H Og AJS IpYH-
Ta, PacnoJOXeHHOro BOJH3H CKBAXKUHBI, IPAKTHYECKH COBNAjaer C
YyIJIOM BHYTDEHHEIO TpPeHHs, olpeleleHHBM [0 cTabHioOMerpHue-
CKHM HCIBITAHUSM, YTO NOATBEPXKAAET PaBOMEPHOCTh HCIOJAb30BA-
HUSI TIPEAJIOXKEHHOTO METOAA.

y “ T
) :

Mixy,50) \
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Puc. 83. IlocTpoense Kpyros { la A\ |
Mopa no rpaguKy MCHHTaHuA 1% |
rPYHT2 NPECCHOMETPOM © V3 .

TMonyuennoe pellleHne HNO3BOJISIET TAKKe TNONYYHTH MOJHBIA Tpa-
¢¥K 3aBHCHMOCTH «AedoPMalUsl i — HANPSXKEHHE CABHTA T» JJs
TPYHTA Y CTEHKH CKBaXKHHB], TAK KAK KacaTeJbHble HANPSIXKEHUS PaB-
HBl pazuycy kpyra Mopa no ¢opmyne (86). Ha puc. 83 mokasano
COTBETCTBYIOLlee NOCTPOEHHe KpyroB Mopa njst TOMKH 2, IO KOTO-
pPEIM ISl TOYKH 2' ONpENeNsioTCsl KacaTeNbHOE HaNpPsKeHHE Ta,
paBHoe R W pedopManusi ug. AHAJOTHYHO NOCTPOEHH KPYTH
Mopa pasa npyrux Touek, IO KOTOPHIM ONpejelieHa Bes KpuUBas
u—. IlocTpoenne Takux rpadUKoB AMs1 NPOBEAEHHEIX PeasibHBIX HC-
NBITAHHE NPECCHOMETPOM NOKAa3hIBaeT, 4TO Ha rpaduke u—t, Kak
NpaBHJIO, HMEeTCs TOYKA MAKCUMAaJIbHOTO 3HAaYeHHsI KacaTeJbHOTO
Hanpsixetusi (Touka k Ha prc. 83). [1pu mIpeBBILIEHHH 3TOTO Kaca-
TeJBHOTO Halpsi2KeHHsI H COOTBETCTBYIOLUETO €My HAaBJiEHHS pp CO-
NIPOTHBJEHHE TPYHTa CABHTY (a, clenoBaTeJbHO, H pajHyC Kpyra
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Mopa) nauunaer yMenbuathcsi. Kpyr Mopa, nocrpoennbiii ans co-
OTBeTCTBYIOLEeH TOYKH k Ha NPECCHOMeTPHYECKOH KDUBOH, OrpaHuH-
Baer Ty yacth rpacuka, ijisi KOTOPoil rpyHT HAXOAUTCS B AONpene/b-
HOM COCTOSIHMH, T. €. Ty ¥acTbh, [Jisl KOTOPOH MOXKHO NPUMEHSITH pe-
HIEHHS] TEOPHH MPeJesIbHOrO PaBHOBecusl. TakuM o6pa3oM, PEKOMEH-
JyeMoe BHIIIe IOCTPoeHue KPYroB Mopa s onpefesleHusl yrJsa
BHYTPEHHEIO TPEHHS @ ¥ YJeJAbHOrO CLElVIEHAS ¢ ClaeayeT NPOU3BO-

o) 5)
4 i Fe o
[ / 3o r:.‘)UU* Jo
P | 20) A= 0504 gp
// 100
10 564 10
g_ T 125] 8
= 6
10 - 701
4F = 1 4
[ ﬁ
5 2t — 2
1 1 J 1
J | 0 W 20 30 40yepad 0 0 20 30 40¢.coad
2 4
o TV e F 3 3 et Puc. 85. 'paduk nas onpgne.neﬂus{ KO-
1
2 R spdumuentos Fe(a) u Fq(6)
7 :7
p=25° 2*-\
L) .
- @ <« Puc. 84. Onpenenenne ¢ ¥ ¢ no rpa-
'ﬂ' MKy HCNHITaHHS rpyHTa NpPeccHoMer-
< 2 poM

JUTb Ha yYacTKe NPeCCHOMETPHYECKOH KPHBOH OT OKOHYaHHS ynpy-
rofl ctagun A0 TOYKH K.

Ha puc. 83 npusenen ¢akrHueckuii rpaduk u—t OGHOrO U3 HC-
NbITaHUE FPYHTa npeccHOMeTPOM. B 1o ke BpeMsi B COOTBETCTBHH C
¢opmynoii (86) paxuyc kpyra Mopa, T. e. CONPOTHB/IEHHE CABHIY T,
HENDEPHBHO YBEJIHYHUBAETCSI C YBEJNMUEHHEM NaBJIEHHsI P, a 3HAYHUT,
u gepopmanuu u. Takum o6pasom, rpaduk u—t He JOJKeH Ol
HMeTb MakcuMyMma (Toukd nepeaoma). OJHAKO, Kak yxKe OTMeda-
JIOCH Bhillle, HALIM MCNBITAHUS U MHOrOYHCJEHHHBE 3apy0OexkHble UC-
NBITAHUS] IPECCHOMETPOM, O KOTOPHIX OyZeT CKasaHo paJiee, IOUTH
Bcerna nawT rpaQuk 4—t ¢ TOYKOH MAKCHMAaJbHOIO 3HaYeHHs T,
7. €. C TOYKOR nepenoma,

910 OOBSICHSIETCS] T€M, YTO NPH UCNBITAHWH TPYHTA IPECCHOMET-
POM NPOMCXOAMT PsAJ SIBJEHHH, He YUHUTHIBAEMEIX IIPH TEOpPETHYe-
CKHX pellleHHSIX, 8 Takxke ocoOennocTsiMu camoro rpyura. Kak us-
BECTHO, NPU HCOBITAHHSIX HA CABHI Yy MHOTHX IPYHTOB (0cobeHHO
TIECKOB BhHIle CPeJiHEel NJIOTHOCTH H HJIACTHYHBIX I'VIMHHCTBIX TpYyH-
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TOB) OTYETJIHBO NPOSIBJSETCS HAJHYHE NpefesbHOro (IHKOBOIO) cO-
APOTHBJEHHS! CABUTY, NI0CJE KOTOPOro CONPOTHBJIEHNE 3HAYHTENHHO
najzaer. KpoMe toro, conpotHBieHHe COBHTY 3aBHCHT OT CKOPOCTH
CABHUra TPYHTa BOKDYT NPECCHOMETPA, KOTOPAsl epeMeHHa W YMeHb-
maercsi OOpPaTHO MPONOPIHOHANBHO KBAIpaTy PacCTOSHHS OT OCH.
ITostoMy rpaduKH t—7 JOMKHH B 3HAYUTENbLHOH CTENEHH OTJIHYATh-
€5l 7Sl YY9aCTKOB IPYHTa, HAXOASIIHXCS HeNOCPeJCTBEHHO ¥ CKBaXKH-~
HHl H Ha PacCTOSIHUH OT Hee. 3a BpeMsi CABHra NPOHCXOMHT HEKOTO-
poe npeHHpoOBaHKie BOAOHACHIIEHHOTO IPYHTa M H3MeHEHHe ero 00b-
eMa, 4TO TakXe He yuHUTHIBaeTcs B Teopur. KpoMe toro, npu Gype-
HHY CKBAXKHHH ¥ YCT2HOBKe B Hefi npeccuomerpa HeusOeXXHO Hapy-
11aeTcsi CTPYKTypa rpyHra.

Hanoxenue Bcex nepeyHcleHHBX (PakTOPOB H NPHBOIHT K TOMY,
4TO (PAKTHUECKHH rpaHK 4—t IPH OTHOCHUTEJBHOH AedpOopMaluK
npHaMepHO 5—7Y HMeeT MaKCHMyM CONPOTHBJEHHS CABUTY, IOKa3aH-
bl Ha puc. 83. BaxHO OZHAKO, YTO 3TO NHKOBOE CONPOTHBJICHHE
cJBury GJMH3KO COMPOTHBIEHHIO CABHIY, ONpeaensieMoMy no popmy-
Jie (86) (TeoperHueckoe pellleHHe), HO MPHU 3HAUMTEJNBHO Gonpluedt
OTHOCUTENLHOH aedopmanun (npumepro 40—50%).

Bce u3710xKeHHOE [O3BOJSIET PEKOMEHAOBATH [IPUMEHSTD OIHCAH-
HBIH BHIIe CcrlOoco6 MOCTPOeHHs! rpadHKa u—T AJsi PeaJibHBIX HCIBI-
TaHHH NpecCHOMeTPOM, ONpefielleHHsI N0 HEMY Tmax M COOTBETCTBY-
IOUIUX pp B Up, NOCTPOEHHST KPYroB Mopa masi KpHBOJNHHEHHOrO
yuyacTtka rpauka, OTrpaHHYeHHOTO TOYKOH R, H ONpeneseHHs N0
HUM yrila BHYTPeHHETrO TPEHHS ¥ YAeJbHOIO CHeNJeHus! TPYHTA.

B pa6ore [24] npuBedeHH Pe3yabTaThl ONPedeNeHASs @ H € M4
OJIHOrO HCHBITAHHS, BHUHCJAEHHEE MO TPEM AOBOJBHO CJOKHBIM Me-
TomMKaM c UpuMeHeHneM DBM «Hanpu», nas kotopoil cocraBiieHbl
ciienvanensie nporpammel. Ha puc. 84 nokasano olpepenende
@ M ¢ jJig TOro e HCIBITAHUs], HO N0 NPeAJiaraeMOMy 3Jech METOLY.
Pesynbrats BceXx pacuetoB NpHuBeneHH B TabJ. 36. Kak BuaHo wus
3THX [aHHHIX, PEKOMEHIYEMBIH MeTOH ONpelesieHHs ¢ ¥ € C Io-
MOLIbI0 KpyroB Mopa naer BNOJHEe YAOBJEeTBOPHTENLHBIE Pe3YJib-
TaTHL.

B uacTHBIX caygasix AJsl Chlly4eH H uJeaJlbHO CBSI3SHOH CpPefibl ¢
U ¢ MoryT GHTH Noay4yeHH Oe3 nocrpoenusi Kpyros Mopa. Tak, nis
ceinyyeit cpennl npu ¢=0 u3 ypaBHeHus (83) nonyyum

u(p)  sing

= =R, 88

W) 1tsing " ©9

TaGauuna 36

Cnocof6 pacuera Q ¢, Krcjem?
Judpdepernuamapii 24°23° 0,544
HuTerpanbHbtii 23°50" 0,539
YrpolleHHbIH HHTErp aJbHEIH 22°30° 0,533
Tlo npepsiaraeMOMy METORY 25° 0,5
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OTCI0aa

(89)

sing = -p_-——E B
Jns wneanvno cBs3HOH cpeabl npH ¢=0 u3 ypaBHeHusi (84%)
MOJNYYUM
ulp) _
u’ (p)

Takum oGpa3oM, sl UAeaNbHO CBA3HOH Cpejibl BeJHUHHA NOA-
KacaTeJIbHOM B JIIOOOH TOYKe KPHBOJHHeHHOH dacTu rpaduka HCIH-
TAHUA NOCTOSIHHA K PaBHAa BeJHYMHe YAEJbHOro ClellJIeHHsi TPYHTA.

PaccMoTpuM najiee BONPOC O NpefeNbHOM AaBJeHHH Ha CPYHT
[P NpeccHOMeTPHYECKUX HCObiTaHHsAX. s rpydra, obaaparouiero
TPpeHHeM H CLelJIeHHeM, 3a/laya OlpeaeseHus NPpeJesibHOTO AaBJeHNHA
pellleHa H aOBelleHa X0 BUAa, yAOOHOrO sl MPaKTHYECKOIO MpHMe-
Henusi, A. Becuuem [88].

PerieHne ynpyroujiacTH4ecKofi IIOCKOH OCeCHMMETPHUHOH 3apa-
94 UM NOJYUYEHO B MPeANOJOXKeHHH, YTO TPYHT B NJIaCTHYeCKOR 30He
cxkuMaeM. OfHAKO yYeT CKHUMAaeMOCTH IpyHTa NPHBOAHMT K BecbMa
TPYZOeMKOMYy HTePalHOHHOMY IIpoileccy ONpeneseHus IpefesbHOro
JlaBJIeHHUs1 Ha TPYHT, He ONPaBiaHHOMY NPH HAJHYUH MHOTHX APYTHX
IonylleHWfl B pelleHHH 3ajaud. I103T0My mnpHBeleM NoOJdydYeHHBIE
A. BecnueM ¢GopMynbl 4nisi OnpeaeieHst NPeaebHOrO JaBJEHUS Pnp
MPH YCJOBHH HECXKHMaeMOCTH TPYHTa B IJlacTHyeCKOH 30He. BMecte
¢ TeM HeoOXOAMMO OTMETHTb, YTO JJIsi TBePABIX IVIHH ¥ IJIOTHHIX I1ec-
KOB BJIHstHHE H3MeHeHHsI 00beMa B MJacCTHYeCKOfi 30He MOXKeT OLITh
cymectBeHHBIM, Tak, no ganaeiM A. Becnya, ANist yKasaHHBIX MaJo-
CXXHMaeMbIX TPYHTOB NPH Ae(OPMALHH NJACTHYECKOK 30HH, COOT-
BeTcTByIOUEeH 1%, mpeaenbHoe JaBleHHe HAa TPYHT MOXET YMeHb-
unTcs B 2 pasa.

IlpenenbHoe paBJeHue Ha TPYHT

pup = cF ¢ poFg, o)

IRe po— NpHPOAHOEe rOpH3OHTANBLHOE XaBJIEHHE B TPYHTE Ha OTMETKE HCHLITa-
nust; Fe, Fg — GeapaamepHiie KO3 QHIHEHTH.

Kospdunuenrn F u Fq onpenedsitor no gopmyam:

c=R. (90)

sing
E 14 sing
F,=(1-}sin [ ] ; (92)
o= s S U Wy et o €D s g
F,=(F;—1)cigg. (93)
A. BECPI'IEM HCIIOJABb30BaHO 0603}xaqe1me

I E G

r = —_— — .
2(0+wctroteg) s
Benuyuna I, Ha3BaHHasi IOKa3aTesleM }KECTKOCTH, PeACTaBasieT

co0ofi OTHOIIEHHE MOAYJsi ciBHra rpyHTa G K ero HavaJbHOMY CO-

NMPOTHBJEHHUIO cIBHra S=C-}+polg .

(99
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Ha puc. 85 npuBenen sauMcTBOBaHHBIH 13 paGorh [88] rpaduk
IJist onpefenenns F, u F,.

ITpu ¢=0
P e =1 (95)
Fo=Inl+1. (96)
Takum o6pasom, npu ¢=0
E
pop =1+ Ing ]+ e N

Qopmynia (97) pnas wjiealbHO NJacTHYeckKoro rpyHra 6muia pa-
Hee nosyydena JI. Menapom [65].

OTMeTHM, 4TO NpHBefeHHOe BHiue peluenne A. Becnya st ompe-
JEJIeHHA NpelienbHOll HaTPY3KHM Ha TPYHT Y CTEHKH CKBaXKHHBl MO-
KeT GHITH NOJIYYEHO HemocpeAcTBeHHO M3 popmynm (82), ecnu npu-
HATB, 4TO NpelespHOi Harpy3ke COOTBETCTBYeT AeOpMaliusi CTeHKH
CKBaXHHH, PaBHasi N€PBOHAYAJBHOMY PajHyCy CKBAaXKHUHBl (U==rq).

Jsist necnonb3oBaHys npHBENEHHBIX BHIle GOpMyJ MpeaesLHOTOo
JNaBJieBHsT Ha TPYHT HeOGXOAUMO MMeTh JAHHHE O BeJHyHHE K03(-
¢HLHenTa JXecTKOCTH IpyHTa /. B nureparype no4Tn Her NAHHBIX O
BeJIHYMHE 3TOro Kosh(QUuHeHTa B 3aBHCHMOCTH OT KaKHX-1ubo ¢u-
3HKO-MeXaHWYeCKuX CBOHCTB IpyHTOB. 103TOMYy pacCMOTpUM HEKOTO-
ptle pexomennaunu, noayuenusie B I'TIN dyunamentopoekr B pe-
3yJpTaTe NPOBEEHNUS HCCefOBaHuilL

Jlnst TAMBHCTBIX TPYHTOB KO3GGUIUMEHT KeCTKOCTH Obll onpefe-
Jen A. A. JoGpoBoabckuM H aBTOpamu Ha ocuose 70 wcenuiTanuil
o6pasuoB rpyHTa B nabopaTOpHU. 3HAUCHHS ¢ U ¢ TPHHUMANUCH 110
pesyJbTaTaM MeIUIEHHOro C/BHTa 00paslOB nocje YIJIOTHEeHHS MOJ
Bonoii. Moznyns jedopMaluuK paccYUTHBAJICA [0 AAHHBIM KOMIIpec-
CHOHHHIX ¥ cTabunoMeTpHUYECKNX HCOHTauuii ¢ pBeJeHWeM nonpa-
BOYHBIX KO3G(QUUHeHTOB, MOAy4YeHHBIX CONMOCTaBJieHHeM 3THX faH-
HHX C pe3yJbTaraMy HCOBHTaHufi IITaMNaMil Ha TOanKaxX, OTKyla
orbupanuce obpasubl. IIpu 3TOM BrigBlIeHa YeTKasi 3aBHCUMOCTBb
NOKAa3aTeJsist 3KeCTKOCTH OT NOKA3aTeJisi KOHCHCTCHIMH.

4,

.
i

08p—2

a 50 100 150 200 250 300 350
I

Puc. 86. PesynbraThl 3KCTIEPHMEHTOB AJs ONPEAENCHHsT CBs3H MEKAY MOKa3areifi-
M xecTKocTH J H koHcHcTeHuME [z (Och OpAHHAT)

1 — pusi TSHH, 2 — AAf  CYTJAHHKA
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PeayabTaTel 3KCIEPHMEHTOB AJs1 AaBjeHuss p=1 krc/cM? moka-
3anbl Ha puc. 86. C focTaTOYHO BEICOKHM KO3QQUIHEHTOM KOppess-
mn (r==-—~0,76) noaydena cjeanyolias JHHeHHAast 3aBUCHMOCTh:

I =320(1—1I.). (98)

Ilpu npyrom nassienun p; kK Gopmyne (98) BBOAHTCSH AONOJHH-
TeNbHBH K03 bHLNHEHT £, HA KOTOPHIH CJlefyeT YMHOXHTEH NPaByio
4acTb QOPMYJIBI: -

o = 1,2+pilpy | (%9
rne p1=1 krc/em?,

Jns1 mecyaHBIX TPDYHTOB JAHHBIX J1a0OPaTOPHHX ONpeIesCHHUH,
JNIOCTATOUHBIX JJisi CTaTHUCTHYecKOR oOpabotku, Het. IlosToMy aBTO-
PH PeKOMeHAYIOT NOKa3aTesb JKeCTKOCTH OIpenefisiTb NPUOIHKEHHO
10 JAHHBIM CTATHYECKOTO 30HIHPOBAaHMS, HCNOJB3Ysl CBS3b MeEXAY
MonyJsieM ne¢OpMalHM H CONPOTHBJIEHHEM 30HAHPOBAHUIO [dopmy-
apl (47) n (94)]. Ilpu 3T70M HEOOXOAMMO YUHMTHIBATH KPHBOJMHEH-
HOCTb orubatoiledl npenesbHHX Kpyros Mopa aJst Necka NPH MaJbX
(MeHee 1 krc/cM?) paBJieHHSIX.

C ydeToM CKa3aHHOIO AJis1 ONpeldejeHHs INOKa3aTessl XeCTKOCTH
IIeCKOB MOZKHO NOJYUHTD CJeAYIoUyo GopMyay:

I =2q3/pe.» (100)
TX€ p6 — BEPTHKAJBHOE JABJEHHE MPUrPY3KH HA YPOBHE HCHBITAHMSL

®opmyany (100) moxHO npuMeHsITh NPH ps==1 krc/em?. Menoan-
3yst gopmyasl (98) u (100) u rpacduku Ha puc. 85 nys onpeneseHus
ko3ppuurentoB F, u Fq, no ¢dopmyne (91) MOKHO onpenesuTh npe-
JeJIbHOE CONPOTHBJEHHE TPYHTa Y KaAMepPH NIpecCHOMeTpa.

3. Hekoropble faHHble 00 onbiTe
onpenesaeHust MoayJas aedopmanun rpynra npeccHoMeTpom

Kak y:ke oTMeuasioch, OCHOBO Ass1 onlpeAeseHust Moayas aedop-
MAalMH TPYHTA 10 Pe3yJbTaTaM NPECCHOMETPUUYECKHX HCOBITAHHHA
siBaisieTcst popmyna Jlssme:

E— (14 ) relp

Ar

IlpunsiThiM 3a 3TaJOH COCOGOM OIEHKH CIKHMAeMOCTH TPYHTOB
B HacCTOsI1lee BpeMsI CYHTAETCsl UCNBITAHHE TPYHTOB B MOJEBHIX YCJIO-
BHSIX C NMOMOWIBIO ITaMna miomanpio 5000 cm2. Kak 1nokKasmpBawoT
MHOrOYHCJIEHHBle NapaJlienbHble ONpeneneHuss MORyas gedopMauuu
110 NpeCcCHOMETPHYECKHM H INTAMIIOBBIM HCNBITAHWUSIM, [POBedeH-
HBIM pa3jIMYHBIMH OPraHW3aUUsIMH, MOAYJb pedopMalyu, oOmpere-
JeHHblf no ¢opmyae (101), ob6ryHO B 2—3 pasa MeHblle MOIYJst
nedopManuy, ONPeReSIEHHOro 0 pe3yJbTaTaM LUTAMIOBHIX HCIHBITA-
Hiil. B nuTepatype MMeEIOTCS MHOTOUHCHEHHBIE OOBSICHEHHS 3TOro
pacXOXJeHHUs: aHH3OTPONUS TPYHTA, T. €. PA3JUyHAS CKHUMAeMOCTL
B BePTHKaJIbHOM KM TOPH3CHTAJbHOM HalpaBJeHHNX, Pa3iuyHasi CHo-

: (101)
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COOHOCTh TPYHTA K BOCHPHSITHIO CXHMAIOUIUX M PacTATHBAIOIMX
YCUJIMH, pas/ingHasi cTelleHb KOHCOJHAALHUHU TPYHTA [IPH NPECCHOMET-
pUYECKHX M JHTAMIOBBIX HCOBLITAHUSAX, ocjabiieHHe NPOYHOCTH NPH-
CTEHHOTO CJIOsi TPYHTA B CKBaxHHe M JP.

Ha Ham B3rssig, pacxoxIeHHe B 3HAYEHHSIX MoZLyJed nedopma-
LHH, ONpefeJleHHBX MO IPecCHOMeTPHYECKHUM H IITAMIOBBIM HCHE-
TaHHUsIM, ITPOHUCXOAMT IJaBHBIM 00Pa30OM H3-3a Pa3HOro Ipenena Ju-
HeHHOH 3aBHCHMOCTH AeopMalyii OT HANPSIKEHHH NOA MITAMIOM ¥
NpeccHOMETPOM.

OObIYHO NPY HCNBITAHHK TPYHTOB IITaMIIOM MOAYJb AedopManuu
IPYHTa HaXOAsT AJs fasjaedHuit po 3—4 krc/cm2. Jlonesrle HUcnbITa-
HUs OCHOBAHMH IITaMIIaMH NOKa3HBAalOT, YTO HapylleHHe JIMHEHHOH
3dBHCHMOCTH MeXJy OCAaZKOH M [aBJeHHEM Ha TPYHT IIPOUCKORMT
NpH HaBJIeHHsX, OJH3KMX VCIOBHEIM pacieTHHEIM JRaBJEHHSM 110
CHull 11-15-74. Jnga rpyuta ¢ ¢=20° u ¢=0,5 krc/cM? npu ray6u-
He HCMHITaHHst 2 M pacyeTHoe JaBjeHHe NMOA WTaMnoM (T. e. mpenaen
AHuHeiHOH 3aBUcHMOcTH) Oynet 4 krcfem?. T1pH mpeccuoMeTpPHYECKHX
UCHBITAHUAX 006JacTh HDPefeNbHEX COCTOSIHHI HOSIBJIsieTCsl YK€ IpU
p=Ccos ¢, T. €. 47151 PaCCMOTPEHHOTrO npuMepa (¢ yuyeToM GHITOBOTO
IaBJeHUs) NpH naBieHHH MeHee 1 krc/cm2, I'paduku ocpenHeHHBIX
HCIBITAHUH I'PYHTA IITAMIIOM H NPeCCHOMETPOM, NOCTPOEHHBIE B Of-
HOM U TOM e Macliutabe, 6yAyT UMeTb BHJ, NOKa3aHHHEIH Ha puc. 87.

Bonee panHee HapylleHHe JHHEAHOH 3aBHCUMOCTH JedOpManuu
OT JaBJIeHHUs NIPH NPECCHOMETPHYECKUX UCNBITAHUSX, YE€M NIPU LITAM-
NMOBBIX, CYHMECTBEHHO CKAa3blBAETCs IPH ONpejAeJeHWH MOAYJIs Jde-
¢opManyy nsi O6BIYHO NPHHHMaeMblX HHTEPBAJOB 1aBJEHHS Ha
rpyHr 10 3—4 krc/cm?. PaccMOTPEM 3TO NMOJOMKEHNE IS HEJPEHHUPO-
BAHHBIX OBICTPHIX MCNBITAHHMH TIWHHCTHIX TPYHTOB, Korna =0 u
NPOYHOCTH I'PYHTA ONpelesisieTcsi YAeNbHBIM CONPOTHBJIEHHEM CHABH-
ry cx Ilpu npeccuoMeTpHYECKUX HCIBITAHUSAX MaKCHMaJbHEIE HaNps-
JKeHusi CABHra paBHH JABJEHHIO HA CTEHKH CKBAXHHH U HapyIIeHHe
JIHHERHOH 3aBHCHMOCTH Je(OpMalui CTeHKH OT AaBJEHHs NPOU3OR-
JIET MPH TOPH3OHTANBHOM NaBJEHUH Prp=Cr. IIPH UCHIBITAHUYN IITAM-
[IOM [0 €r0 OCH BO3HHKAIOT CABUTAIOLIHe HaNpPsxkKeHusi, paBHble NPHU-
MepHO 0,3 NpHIOKeHHOr0 BePTHKaJbHOrO fAabieHust. Takum ob6pa-

K
¢ X [ o {
U, MM o X‘ %
20 3 [ %Y,xo Xo ¢ X Xx o 2
Kxo Xx X
2 le X __|® A3
0 1 2 Ax; XTE
©
_%% 2 ! X x [Xx |X 4
o 1 2 3 4 p.xeciom? a3 0.5 a,7 a9 €

Puc. 87. Cpapuntenpubie rpagukn  Puc. 88, 3Hauemne Kos¢¢HuMenTa k no
uenbiTauHs rpynta wramnoM (/) B ZaHHEIM NAPHHIX HCOBITAHHH TPYHTOB LITa-
npeccHoMeTpoM (2) MIOM H NpeCCHOMeTPOM

1 — pyis meckoB; 2 — piA cynecH; 3 — pas €y~
[JIHHKOB; 4 == IJISl IAHH
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30M, NMPHJIOKEHHOe BEPTHKAJIbHOe NaBJieHHe, IPH KOTOPOM MakKcH-
MaJbHble HaNpsZKeHHsT ¢ABHra OYIAYT PaBHB Cy, AONXKHO OBITL PABHO
pu=3,33Cy. DTH naHHble IOKA3BIBAKOT, YTO HApPYyLIeHHEe JHHeHHOH
3aBHCHMOCTH JeopMalUi OT HanpsikKeHHH NPH NpecCHOMeTpHYec-
KHX HCOBITAHUSIX HACTYNalOT NPH NaBJeHHsIX, IPUMepHO B 3 pa3a
MEHBIIHX AaBJeHH# NPH IITAMOOBHIX HCMBITAHUSX.

YMeHbLIEHHE PaCUETHOTO MOAYJs AeQOpManuy I'PyHTa B 3aBHCH-
MOCTH OT YBeJHUYEHHs] NaBJeHHs NOKa)KeM Ha ciaenylorleM IpHUMepe.
ITycTe MBI HMeeM TPYHT € mokasaTtedsimi: ¢=20°, ¢=0,5 krc/cM? 1
E =200 krc/eM?. MenblTaHust IPOBOASITCS MPecCHOMETPOM JHaMeT-
pom 10 cM. B cootBeteTBuu ¢ dpopmydol (82) pacdeTHhle nedpopma-
LIHH TPYHTA ¥ CTEHKU CKBaXKHHBI COCTABSAT:

p, KrcJem®. . . .. .. ... 0,5 1 2 3 4 5
U, MM. . . . « . .. ... . 06 0,4 1,6 4,5 9,8 20

Monyas nedopmaunu no dopmyne (101) nnst paziHYHBIX HHTEP-
BaJIOB NaBJjeHusi paBeH: Ep—o5=200 krc/em?; FEp—==162 xkrc/em?;
E¢—2=82 xrc/em?. Takum 00pa3om, naxe IJsi HHTepBaJia HaBIeHUS
0—2 krc/cM? Monyne nedbOpManui OKasbiBaeTcs B 2,5 pa3a MeHbIle
MOJYJst, ONpPeneNsieMOro jJisi HHTepBaja JHHeRHOH 3aBHCHMOCTH
neopManuy oT AaBieHus. B 3T0M COCTOHT OCHOBHasi NPHYHHA TOTO,
qTO JiJ1st OAHOTO M TOTO JKe HHTepBaJa AaBJeHUd ONpejeseHHEle Ipec-
CHOMETPHYECKUMH HCNLITAHUSIMH MOAYJIU AeOpMauHH MeHbllie MO-
AyJed, onpeneseHHbIX [ITAMIOBEIMH HCIBITAHUS M,

OTtmerum, yto B paGote [6] cnenana monwTka naTh ApYyroe o0b-
sICHEHHE NOJIYyYaeMbIM pa3JiHyHblM 3HAYEeHHSIM MOAyJsi neOpManuu
CPYHTA MPU NPeCcCHOMEeTPHUYECKHUX H IUTAMNOBBIX UCTHBITAHHUSX, XOTS
U B TOM H B JIPYIOM cllyyae MOAyJb AedOpMalLliill ONpenessieTcss Ha
OCHOBe pelleHHH, NONYYeHHLIX 15 JHHeHHO-JeOopMUDPYeMOli CpeAHL.

Heobx0oMMO OTMETHTB, UTO ONLIT HCHOLITAHHS TPYHTOB C€amoO3a-
OypuBalOUMHUCS NPECCHOMeTPAaMHU, NPH NOTPYKEHUH KOTOPHIX MOU-
TH He HapylliaeTcsi MPUPOJHOe CJOXeHHe rpyHTa (cM. panee m. 7),
NOKa3bIBaeT, YTo MOJAYJaH nedOpMauuH, NOJyUeHHbEle B 3TOM CJaydae
OpH MPeccHOMETPHUECKUX HCHBITAHUSX, OJU3KH MOIYJSM, NOJyUYeH-
HblM [PU LUTAMIOBBIX UCNBITAHUAX, Oe3 BBeNeHHS KaKoro-iubo ne-
pexoaHoro kKos¢dunuenra. Ito oOBSICHsETCS TeM, YTO JO HayaJja
HCOBLITAHUS TPYHTa NPeccHOMeTPOM OBLIO COXpaHEHO NPUPOJHOE Ha-
NpsixkeHHOE COCTOSTHHe MaccuBa TPYHTAa M TOYHO ONpenesieHO NpH-
pPOZHOE FOPU3OHTAJILHOE fAaBJIeHHe B TPYHTeE.

B npakTHke Moaynp JeOpPManuH MPHHSATO OUpeJeisars AN
OOBIYHBIX [aBJeHUH nox coopyxenusamMu (1o 2—4 kre/cM?), nosToMy
BO3HHKJa HeoOXOJHMOCTH BBecTH B (opmyny (101) nompaBoumnbri
Ko3¢pbHunuenT, Sonpnl e Junus [24].

s yeTaHOBJEHHS] COOTHOLIEHHSI MeXKZAY 3HAYeHHSIMH MOAyJeH
JebopManuu, onpeeeHHBIMH N0 IPecCHOMeTpUUeCKUM Egp H 1mITaM-
noBbiM Ey venbitanusiv, B HUM ocHoBaHuE M NMOg3eMHBIX COOPYye-
Hufi Oblal mpousBeneH cOOp NMacnopToB NpPeCcCHOMETPHUYECKHX HCIIBI-
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TaHUH, IPOBELECHHKIX PAa3JHUHBIME opranusanusivi. Beero 6bino co6-
pano 200 nacnoproB. Kos¢pduurenth nepexona k=~FEw/Enp onpene-
JISUIUCE /IS YEeTBEPTHUHHX TIECKORB, cylecell, CYIJIMHKOB U IJIHH aJi-
JIIOBHAJIBHHIX, NEJIOBHAJBHHX, 03€pHO-AJJIIOBHAJBHLIX H 3JI0BHANE-
HBIX IIPHM cTeleHH BJaaxHoct G>=0,7, 3aneraouiux Ha TJay6HHAX
o 10 m,

Kosgpdunuent k onpenensanu aByms crrocoGamu: 110 pe3ynbTaTaM
NapHBX HCOHTAHHY INTAMIOM H IIPECCHOMETPOM (pPe3yJbTaTH TaKO-
TrO cpaBHEHHS] NIpHBeJCHHl Ha pHC. 88); CpaBHEHHEM 3aBHCHMOCTH
Monyneit nepopmanuu Eyn u Eny, or kKo03dQuuHEHTa IIOPHCTOCTH
TPYHTA.

Ha ocHoBanuu crarucruyeckoil o6paboTKH ONBITHHIX NaHHBIX B
pabGore [24] ompeneneHml caenymoinne ko2pPHUHEHTH Hepexona k&
COOTBETCTBCHHO IJISl NeCUAHBIX U T[JIHHUCTHIX I'PYHTOB HpH IiyGuHe
HX UCIHTaHHs 10 10 M B 3aBHCHMOCTH OT KO3 QUIIHEHTa IOPUCTOC-
TH IpyHTOB €: 11pu e< 0,0 k=2,5; upu e>0,8 k=2.

HaxomyieHHBIH onBIT onpeneseHus Monyss nedopMalyl HCIIOJb-
3oBaH nipu cocrasiaenuy 'OCT 20276—74 «[pyutsl. Meron noJseBo-
r'0 OIpeneJeHHST MOAYNISA neOpMalHH IPECCHOMETPAMHY.

W3 ckazannoro panee BHAHO, YTO MPH IPECCHOMETPHUECKHX HC-
IDHITAHHAX MOXKHO NOJYYUTH MOAYJE aedopMauyH, COOTBETCTBYIO-
PR MORYJ/II0, IONYYCHHOMY IPH UCHHTAHUAX WTaMnoMm 6Gez noupa-
BOYHOTO K03 dUNHEHTa, eCcjH OIpefesaTh €ro A0 AaBJICHHS
1 xrc/em?. Onnako ansi GONBIMMHCTBA TPYHTOB JiedopManus CTeHOK
CKB4XXMHBL Npu NnaBJieHHH 1 xrc/cm? 3HAUMTENBHO MeHblle 1| MM H
HA/EeXXHOCTh €€ H3MepeHHs BeChbMa HeBeIHKA.

Jns npeoaoJsienust 3ToH TPYJAHOCTH JJISI TleCYaHBIX TPYHTOB  MO-
nysnb nedopMauiy MOXKHO ONpedeJisiTh ciaenyomum obpazoM. B co-
OTBETCTBHH ¢ hopMyJioli (82) nsis yrjioB BHyTPeHHero TpeHust or 30
o 40° otHomienne peopManuii CTEHOK CKBaxKHHE IIPH AaBJeHHH 3
u 1 krc/eMm? cocraBasger cootBercTBeHHo 27 u 17, uan B cpennem 22,

T. €.
Uy sfty_y = 22. (102)

Hcnonp3yst 310 cpeliHee OTHoOIleHue Aedopmanuii, MOXKHO onpe-
AeJuTH MOnyJib nedopManii nJis HHTepBana gaBjaenuil no 1 krc/em?,
BHIYUCJISIA COOTBETCTBYIOIYIO Ne(pOPMAnHI0 Uo—g IO  JgedopManuy
npu p=3 Krcf/cm2.

Ilo popmyae (101) moxynp nedopManuu paBeH

Pt
E=(1+pr uojl

Ipuuss p=0,3, pi=1, uo—1==1o_3/22, nosyuum
To

Up3 °
Moaysb nebopManun NECYAHBIX TPYHTOB, ONpefeJeHHHH 1o

dopmyse (103) Ge3 Kakux-u60 NONOJHHTEJILHBIX KO3 QHIHEHTOB,
OKa3EIBaeTcsl GJHIKHM MOAYJ0 aedopMauHH, ONPEAeJeHHOMY MO

E=28 (103)
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HCILITAHUSM 1UTAMIIOM JJisl JaBJeduii jo 3 Krc/em?. D10 TIOATBEp-
xpaercs onbtamu I'TIM @ynmaMeHTIpoeKkT 110 napaJiieJbHOMY HC-
IBITAHHIO TPYHTOB IUTAMIIOM H [IPECCHOMETPOM.

YuuTHBaA HEHaNeXHOCThb H3IMEpeHHs MaJBIX JedopManHi CTeHOK
CKBaXKUHBL IIPH HH3KUX JABJEHHSIX H [POCTOTY OlpeleleHHs ¢ H ¢
II0 H3JI0XKEHHOMY panee crocoby MOCTpoeHus KpyroB Mopa, MOXHO
TaKxKe ONpenessiTh MOAYJ L jjedopMalty, noyas3yack dopMynon (82)
[pH U3BECTHHIX U, p, ¢ U €. B 3TOM C/iydae 1aBJeHHS HeOGXORAMMO
JOBOJIUTH J0 TaKWUX 3HA4eHHH, IPH KOTOPHIX KPUBOJHHEHHOCTDL rpa-
buka «zaBneHne — gedopManusi» IPOABJSETC BIOJHE OTYETAHBO.

4. UcnpiTanue rpynToB NpPecCHOMETPOM

Kak yxe ykassBaJoch, B HACTOsIIIEE BpeMs H3rOTOBJISIOTCS IIpec-
CHOMETPH! [BYX THUIIOB — I'HJAPABJHYECKHE W 3JEKTPOIHeBMaTHye-
ckue pasnuuHbiX mMomuukaumit. Oco6eHHOCTH PAa6GOTH ITHX IIpec-
CHOMETPOB JOJXHE! OBITh OTPaXKEHH B TEXHHUYECKOM IIACIIOPTE NpH-
60pOB M HHCTPYKUHUU 10 HX 3KCIIyaTaHH.

TexHnyeckul nacnopT ¥ HHCTPYKIHS [0 SKCIUIyaTalHU KaxKIoIo
IpeccHOMEeTPa AOJIXKHB BKIIOUATh: T€XHHYECKHe HAHHBEIe H ONUCcaHHe
KOHCTPYKUHH getaJsell H y3J0B; YKa3aHuS 110 3aBOACKOH c6opKe; TO-
pPSIOK TpoBelenus] TApHPOBOYHHIX HCIBITAHHUA;, NOPANOK Onlepalui
[0 [IPOBeNeHHI0 UCIBTAaHU IPYHTOB; YKa3auus II0 TeXHuke 6e30-
IIACHOCTH; IlepeyeHb BO3MOXKHBIX HEHCIIpaBHOCTEH M Cnmocobbl  HX
ycTpaHneHnsl. B pesyJipraTe TapHPOBOUHBIX HCHEBITAHHH olpejessieT-
cs1 NaBJeHye, 3aTpaulBaeMoe Ha PacliHpeHue 3JaCTHYHBIX 0060J10YeK
KaMep npeccuoMerpa (puc. 89), u nposepsiercsl rpagyHpoOBKa H3Me-
PUTEJIbHBIX YCTPOHCTB.

HcobiTanus rpyHTOB IpEeccCHOMeTpOM NIPOBOAAT Ha ryiybunax, ol-
penenseMelx paboyefi nporpaMMoOil HCOBITAHUE H I'eOJIOTHUECKHMH
ycaoBusiMH. JlnaMerp CKBAXKHH YKAa3HBaeTCs B TeXHHUECKHX NaHHBIX
TIpecCHOMeTPOB H nIpuHHMaercs ob6uluHo Ha 10—20 MM GoJiblile BHell-
Hero jnuamerpa npeccHoMerpa. BypeHue JOJKHO IPOHIBOJHTBCS C
MUHHMAaJbHBIM HapylleHHeM NPHPOJHOrO CJOMKEHHS U BJAXKHOCTH
[PYHTa, JJA UEr0 PEKOMEHAYETCSI  pp
npuMeHeHHe BpawartensHoro Gype- T
HUSL. I

B BOjOHACHIIEHHBIX TJTHHHCTHIX
IPYHTaX ¥ [leCKax NPOXOAKa CKBa- 4%
KHH NIOJI2KHA HPOU3BOANILCA € 06-  apl ..
cankoll MX TpyGaMu ¢ BHYTPEHHHUM T
JuaMerpoM, Ha 5—10 MM GosbIUHM “
AuaMerpaM Ipeccuometpa. Huas
IIpOBeJEHHs] HCIBITAHUST B CKBaXKH- 2] Py 5 ;

Hy, obcaxennyio TpybamH, onycka- 0 2 P, Kec/err®
eTcsl npeccHoMerp, a obcannwle

Tpy6BI TOAHMMAIOTCS Ha BEICOTY, Puc. 89. T'papux HCILITAHHS TPYhe
paBHYIO JuiHHe peccHoMerpa. Cie- o [PECCHOMETPOM )

JIyeT, OAHAKO, HMETb B BUHLY, UTO  nenmem o e g P22

171



ONKIT HCINBITAHHA OYEHb CJIabHIX MaJoyCTOHYUBHIX IPYHTOB IpeCCHO-
METPOM BeCbMa MaJ H JOCTOBEPHOCThH MOJYYAeMHX PE3yJABTAaTOB He
nposepeHa. [lo3ToMy B TaKux IPYHTOBEIX YCJOBHSIX JJf ONpejpese-
HUA Moznyna medopManHy HAPAAY C UCHBITAHMAMH T[IPECCHOMETPOM
LeJsiecooOpa3Ho NPOBOAHTH CTATHYECKOE 30HAHPOBAHHE [PYHTOB.

Ilpu npoxojxe cKBaxKHHBI Ha OTMETKE HaMEYeHHOIO [POBEIEHHS
ucnoltanusa B «KypHasn HCHBITAHHA TPYHTA MPECCUOMETPOM» 3aHO-
CHTCHL KpaTKasl BU3yaJibHasi XaPaKTepHCTHKa IPYHTa, OTpaxkKaioulas
VIS CBA3SHEIX IPYHTOB KOHCHCTEHIIHIO, a JIJfl HECBS3HBIX — ILJIOT-
HOCTb cJioxkenusl. Ilo 3THM XapakTepHCTHKaM B JaJipHeilueM
omnpenensieTcs npupallleHHe Harpy3Ku [pU niepexofe OT OJHOH ee
CTyneHd K Jpyrod. bBosee noxgpobHas XapakTepHUCTHKA TIPYHTOB,
BCKpPBIRaeMEIX OypoBOH CcKBa’XHHOH, npuBomutcsi B OypoBOM XKyp-
HaJe.

IlepepuiB BO BpeMeHH MeXKIy OKOHYaHHEM NPOXOAKH OIBITHOIO
yyacTKa CKBaXKHHEI WJIH NOABEMOM oGcamHBX TPyO M HayaJjloM HC-
IBITAHUSA CKUMaeMOCTU T'PYHTOB He JOJIXKEH IIpeBblliaTh 2 u— npu
HCIEBEITAaHHH TPYHTOB, 3aJieraloiUX BHIUE YPOBHS IPYHTOBHIX BOJ, U
15 MHH-— OpH HCOHTAHWH TPYHTOB, 3aJieraloNlUHX HHXKE YPOBHSA
rpyuroBrix BoZA. Ilpu 3TOM cjiegyeT HCIOAb30BATh BCE BO3MOMKHOCTH
IJIsl COKpallleHHsl 3TOT0 BPEeMeHH.

Bornpoc o BausHUM pacCTOsHUA 33608 U YCTBS CKBAXWHBI OT
npeccHOMeTpPa Ha pe3yJbTaThl UCOBITAHHE paccMOTpPeH B pabote
[14], n2 KOTOpPO# BHAHO, YTO NPH PACCTOSHHM KaMEpLl IPECCHOMET-
pa ot 3206051 B yCThsl CKBAXKHHH GoJsiee 2r9 B 6r9 COOTBETCTBEHHO
OHH NpPaKTHYECKH He BJIHAKT Ha Pe3yJbTaTh HCHIBITAHHI.

Ilpn npoBeseHHH HCIHTAHWE A onpeleneHus Moayias aedop-
Mamiy TrpyHra chaeayer pykooactsoBateea I'OCT  20276—74
«I'pynTil. MeTon noneBoro onpenenenns Moaynas jedopmalun npec-
cHoMeTpaMH». DTHM CTaHZAapPTOM YCTaHaBJUBaeTCs MeToJ olipene-
nenus mMonyns gedopManMH [ecYaHHX H TJIHHHCTHX rpyHTtoB. Ha
CKaJbHEBIEe, KPyITHOOGJIOMOYHEIE, TTpOocafioyHbie u Habyxaionue (IpH
HCNEITAHUAX C 3aMayHBaHHeM) CPYHTH CTaHAapT HE PACIPOCTPaHs-
eTcsl.

CTtagaaptoM IpefyCMOTPEHO MpHMEHeHHe NpeCCHOMEeTPOB [Ha-
MeTpoM OT 76 7o 127 MM H IIPOH3BOACTBO HCILITAHHHA B CKBaXKHHaX
Ha raybunax ve 6oxee 20 m. Ilpu paccrosHHu 1 M M MeHee g0 OT-
METKH, Ha KOTOpoifi GyIeT NPOHIBOJAUTBCS HCNBITAHHE IIPECCHOMET-
poM, 3ampeliaeTcss I[pHMeHeHHe YAApHO-KAHATHOrO H IMHEKOBOIO
crnocoboB GypeHHA CKBajXXHH.

MuuuMaJibHas TOMIIMHa CJOS TPYHTa, CXKHMaeMOCTb KOTOPOTO
omnpeaesseTcs ¢ NOMOLIBIO [IpeCCHOMETpa, AOJIXKHA COCTaBJATL He
menee 1,5 nnunnl KaMepel npeccuoMmerpa. JlyauHa KaMepBl 30Hza
JOKHA GHITH He MeHee UeTHIpeX ee BHelHHX auamerpor. Ilpu npn-
MEHEHHN KaMep, COCTOSIIHX H3 TpeX ceKUui u GoJiee, oO1as aJauna
CeKUHH A0MKHa OHTb He MeHee YeThIPeX HX BHEIIHHX JHaMETPOB.

Pagnanvible nepeMeiieHHsi 060JI0YKH KaMepn 30HJa MOTYT H3-
MepATbCA IyTeMm H3MepeHHs o6beMa KHIKOCTH, pacxoldyeMofi Haee
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paciiHpeHue, HIH IHCTAHIHOHHBIMU NaTYHKaMU Ke MeHee YyeM B lec-
TH TOYKaX, PaCIIOJIOKEHHBIX N0 TPeM AuaMeTpaM. Toykn 3aMepa
JOJKHBI paCrofiarathCs B [E€HTPaNbHOR YacTH KaMePH B mpeienax
1/ ee gawnbl. Paguanbible nepeMellends JOJIXKHE —H3MepAThCH  C
TOYHOCTHIO He MeHee 0,1 MM B IIpeZenax H3IMEHeHHH HaYyallbHOTO JH-
aMeTpa KaMepn B 1,5 paza. JlaBnenue, nepenaBaeMoe Ha CTEHKM
CKBaKHHEl, JOJMKHO H3IMEPATLCA C TOYHOCTBIO He Menee (0,1 krc/cm2.

IlpH HCUHTaHHM TPYHTA NaBJ€HHE B IPeCCHOMETPe IOBBIHAIOT
cryneuaMu. Kaxgas cTynrenb NaBJIeHHs CcO37aeTcs B TeyenHe 11—
2 mun. CTyneHH RaBIeHHH NPUHHMAIOTCA: JO MOMEHTa COIPHKOCHO-
Benus o6ONMOYKH KaMepH 30H/J2 CO CTEHKAMH CKBaXKUHH — 10
0,25 krc/cM?, najiee — B 3aBHCHMOCTH OT THIIa H BHZa rpyura. Jas
MeCYAHKIX TIIOTHHEIX TI'PYHTOB CTYNEHH NaBJeHUA IPHHHMAIOTCA IO
1 krc/cm2, gns TecYaHBIX cpelHell NJOTHOCTH H IIHHHCTHX KOHCHC-
renmed Ir,<<0,5—0,5 kre/cM?2, 1Jis TIeCYaHBIX PHIXJABIX H TIWHHCTHIX
koncucrennuedt 1r.>0,5—0,25 krc/cm2.

ITpu onpenenenuu AaBlieHUll Ha CTEHKY CKBaXKHHEl B CJy4yae IIpH-
MEHEHHUS 'HApaBJUYECKOro NpeccHoMeTpa He3aBUCHMO OT OOBOIHEH-
HOCTH CKBa3KHHEI HEOGXONHMO K JaBJEHHIO, H3IMepsieMOMy MaHOMeT-
poM, NpHOaBJAATh THAPaBAHYECKoe AaBieHue CToNGa KHUIKOCTH B
rHApOMarucTpany peccCHOMeTpa.

Kaxnywo cryneHb ZlaBJjenis BBEIEPKHBAIOT BO BPeMeHU JIO YC-
JIOBHO# cTabunudanuu nedopMaliuy, 3a KOTOPYIO NPUHHMAIOT NIPH-
pallleHde paZuyca CKBaxKuHbt He OoJsiee 0,1 MM 3a BpeMs, onpenesis-
€MOe B 3aBHCHMOCTH OT BHJa HCHBITYEMBIX I'PYHTOB H PEXKUMa HCIbI-
rTanuii. Pexum ucnbITanuil MoxKeT OHITh MEAJCHHHR H GHICTPHI.

Bpems ycnoBrO#i crabunuzanuu gedopMalliy  [PH MeLJIeHHOM
pexuMe, MUH, IPHHAMAETCS AJisl TPYHTOR:

TIeCUaHEIX HEBOJOHACHIIEHHEIX . .. .

TlecYaHbIX BOXOHACHIUIEHHBIX H IMIHHHCTHIX KOHcHcTeHimed [, <0,25 30
[JIMHHCTBIX KOHcHcTeHnmel [Jp>0,25 e e e e e e .. . 60

BpeMsi ycnoBrOH ctabunuzanuu gedopmanuu npH GHCTPOM pe-
KUMe, MUH, IPHHEMAeTCH AJIS TPYHTOB:

ITeCuUaHbIX e e e e e e s e e s e 3
FJMHHCTEIX . .« o o o o« o o . . 6

Cornacro cTanhapTy, HCTIHTAHHA TPYHTOB NPECCHOMETPaMH IO
GHICTPOMY peKUMY IIPOH3BOIAT TOJBKO B ClIyUasiX, €CJIH CONOCTaBU-
TeNbHble MapajyiesbHble HCHHTAHUs BHIIOJHEHH [IPeCCHOMETPaMu
10 MEIJEeHHOMY U OLICTPOMYy peXHMaM AJA KaxKJO0ro BBHIIEJNICHHOTO
HHKEHEPHO-TeOJIOrHYeCKOro CJ0Sl B padOHe NPOBeJeHHsl H3BICKaHHIl.

Ilpu npHMeHeHUN NPECCHOMETPOB C TOYHOCTHIO H3MEpPEeHHA Tepe-
MellleHHH, npeBbianoilell 0,1 MM, BpeMs yCJIOBHOI cTaGuiH3auHU
AedopManuii yMeHbllaeTCs IPONOPIHOHAJNBHO YBEJHYEHHIO TOYHO-
CTH U3MepeHHs llepeMellenHii cTeHoK ckBaxuH, OTcyeTH no upubo-
paM AJIs H3MepeHHs IlepeMellenHll Ha KaxKJOH CTylleHH JaBJlIeHHS
UPOU3BOJAAT B 3aBUCHMOCTH OT BHIA TPYHTOB U PeXHUMa HCIBITAHUH.

Ilpu MemyieHHOM DeXXHMe HCHBITaHHH OTCYETH TIPOH3IBOAAT: JJs
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HCCHENLN IPYITOB — Yepe3 Kax/Jble 5 MHH B TeYGHHE IIepPBHIX
15 MuiL, janee Yepes 15 MHH no ycJOBHOH crabunuzanuu nedpopma-
LHH; AJS TNHHUCTHX I'DYHTOB — yepe3z kKaxzawle 10 MHH B TeueHue
nepssix 30 MuH, gajee yeped 30 MHH 10 YCJAOBHOY CTabHIH3ANMY 18-
dbopmanuu.

Ilpu 6GulcTpPOM peXuMe HCHBITAaHHH OTCUETH IIPOH3BOJAAT: AJs
MECYAHHX IPYHTOB Yepes Kax Ayl MUHYTY B TeyeHHe NePBBHIX 3 MUH,
Jaliee yepe3s 3 MHUH A0 YCJIOBHOH crabusnzanun jgedopMmauuy; 1nas
TMHHHCTHIX TPYHTOB — 4yepe3 Kaxjaule 2 MHH B TCUECHHE IMIepPBHX
6 Mun, nasnee yepes KaxAbe 6 MHUH 10 YCJAOBHO# cTabunuzauuy je-
dopmanuii.

CnenyeT oTMeTHTh, yro npu npuuaroit B FOCT 20276—74 meto-
JHKE NPHJIOXKEHHA HArPY30K IIPH MENJIEHHHX HCIEITaHHAX CKO-
POCTb YCJAOBHON CTAOHIU3ANMU NepeMellleHUH TpYHTa COOTBeTCTRYET
0,003—0,007 MM/MHH [DpH HCOBITaHHH B mneckax u  0,002—
0,003 MM/MuH — NpH HCIBITAHHH B rydHax. [Ipu TaKHX CKOPOCTAX
BpeMs ORHOTO UCNBITAHUSA COCTaBJseT MHOrO 4acoB, a HHoraa U 6o-
Jiee CyTOK. ITO BO MHOrO paz GoJipilie, 4eM 3a pybexoM, Te OIHO
HCIBITaHue npoBogHTcs B Teyenue 0,5—1 u (ckopocCTh nepeMellcHH
rpyara 0,1—1 mM/mun). Ilpn npuaarex no aroMy I'OCTy Meanen-
HEIX HCHBITAHUAX TEPALTCH CMEICH 3TOrO IIOJIEBOrO METOAA HCHHITA-
HUil, OZHHM H3 OCHOBHEIX MPEHMYIIECTB KOTOPOro fIBJNARTCA BO3MOIK-
HOCTb OHICTPOrO ONpefencHUs Monyasa AedopMauny IpyHTa B 3apa-
Hee NpoOYpPEHHON CKBaXKHHe Ha HECKOJbKHX rOpU30HTaX.

IMpunsatue B TOCT 20276—74 Manofl CKOPOCTH HCIBITAHHE MOr-
J0 6Bl UMETh HEKOTOPOe ONpaBJaHHE B ClIy4ae HCIONL30BaHHA HX
pe3yJpTaToOB JJs ONpPeAeNneHHs NPOYHOCTHHIX moKazarteJsefi rpyHTa
(p u €¢) IO MeTOAY KOHCOJHIHPOBAHHOrO cjBura. OIHAKO B HacTOA-
Iee BpeMs TH HCHBEITAHHSA HCIIONB3YIOTCHA JIJISL ONPEeNeJeHHs MOAY-
a5 pedopManuy, 3HaYeHHe KOTOPOro CPaBHUTENLHO Maji0 3aBUCHT
OT CKOpPOCTH NIPHJIOKEHUS Harpy3kd (110 3apybeKHHM JAHHHM,
Erpen==0,75Evenper) . YUHTHBas TakkKe, YTO IIPU ONpe]eseHUH MOy-
a5 gedopMauHH 110 NIPECCHOMETPHUECKHM HCIILITaHHAM HCHONB3YeTCs
SMIHPHYCCKUH KO3 QuIMEHT nepexoja, B 3aBHCHMOCTH OT TJy-
OuHE HCOHTaRHA paBHBI 3—1,5, ciaexoBano 66 PEKOMRH/10BATh HC-
NILITAHHSE IPOBOHTE B OCHOBHOM 110 cCXeMe GEICTpOro CABHra, YMeHb-
IIHB TIepeXOJHHH KO3 PHUHEHT cooTBeTcTBeHHO 10 2,56—1,2. Oneit
I'TIN ®yrnaMeHTNIPOeKT MOATBepXkIAaeT Lenecoo6pazHOCTb UMEHHO
TaKOro IOJX0Ja K IPeCCHOMETPUHYECKHM UCIbITaHHAM. B paGore [9],
B KOTOPOH HPHBEIEHH PE3YJbTaThi HCHHITAaHHE aBTOMAaTHUYECKOrO
IIpeccHOMeTpa IPH NOCTOAHHOH CKOpocTu nedopManHH rpyHTa, Tak-
XKe NOJIYYSHO, UTO YBenHUYeHHe ckopocTd neopMauud B 3,1 pasa no
CpPaBHEHHIO CO CTRHAAPTHON NPHBEJO NPH UCHBITAHHU B CYTJIHHKAaX K
yBeJHUeHHIo Monynsa aedopmanuu Ha 26%.

KocBeHHBIM TOATBEPKJEHHEM IPAaBHILHOCTH TAKOTO MOAXoAA B-
JIIIOTCH HCHEITAHHS CTAaTHYRCKHM 30HJHPOBaHHEM CO CKOPOCTBIO
sounupoBaunus, no FOCT 20069—74,1 m/muu (1,7 cm/c). Onnako,
KakK Nnoka3aHo B ryiase 1V, npu 570M BIIOJIHE BO3MOXKHO YCTAHOBHTH
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KOppeNsiHOHHBE 33aBHCUMOCTH 1 JAe()OPMANUOHHBIX H IIPOYHOCTHHIX
CBOHCTB TPYHTOB IO JAaHHBIM 30HJUPOBAHHA C HNaHHBIMH Mel-
JIEHHBIX HCHOBITAaHHI IHTaMIIOM B TI0Je H MEJJEHHOro CABHTa B
JaGopatopun. Ilpu >TOM KoppelfiliHOHHBEIE 3aBHCHMOCTH [OJyYya-
I0TCA JIOCTaTOYHO TECHBIMH He TOJIBKO JJfl [IeCYaHHIX TI'PYHTOB,
rie BJAHSIHHE CKOPOCTH TIPHJIOXKEHHS HaTPY3KH HEeCYIIeCTBEHHO, HO U
JIJISl TIIHHANCTHIX.

Hanoxennble cooOpaxeHusl MO3BOJAIOT PeKOMeHI0BaTh MNPOBO-
JUTH OoJbllle HCTIBITAaHUA MO cXeMe OLICTPOro CABHIa, HaKallJHBas
JIaHHBIE JJf MMOCJeAYyIOLlero nepexoga K OBICTPHIM HCHBITAHUAM
IIpecCHOMETPaMH, C BHECEHHEM COOTBETCTBYIOLIHX H3MEHeHHi B
I'OCT Ha npoBeneHHe IPeCCHOMETPHYCCKHX HCNBITAHHMA.

IlpenenvHoe JaBneHue NP UCHEITAHHH yCTAHABJIHBAeTCH IIPO-
rpaMMoii B 3aBHCUMOCTH OT ero nesjH. I1pu npou3BojicTRe HCIBITa Ul
JJs ompenelerus Monyss nedopManpu HEOOXOAHMO HMeTb MHHH-
MyM YeTbipe TOYKU JAJISl IOCTPOEHUS NPAMOJIMHeHHOrO yyacTka rpa-
¢uka «Harpyska — pedopMauusa». Jlns onpeneseHus IPOYHOCTHHIX
XapaKTePHCTHK I'PYHTa MCHBITanHs HeoOXOJHMO BECTH 10 naBJeHuii,
ofecneyHBaIOLIHX MOJYYeHHe KPHBOJUHEHHOrO yyacTka rpagHxa
«Harpyska — gepopmanus». [Ipu 370M cjenyeT YYUTHBATh BO3MOXK-
HOCTH IIPECCHOMETPa, OlpeJesseMble HIH NPeNeJbHBIM [ABJEHHEM B
€ro KaMepe, HJH npefenwvHoll gedopmanteil kaMeprl. Haunbonaee nosn-
HEIM HCOBITAHHE OYZET B TOM cJyyae, €CJH er0 ynacTCH JOBECTH
IO AaBJCHHS, COOTBETCTBYIOLIEro Npeaeay NPOYHOCTH I'PYHTA.

Pazrpyaky npeccHoMeTpa OCyLIeCTBJSAIOT CTYNEHSIMH, pPaBHBIMH
JBONHBIM CTYNEHAM Harpy:KenHs. Pe3ynbTaThl UCNBEITaHHS 3aMHCH-
BaloT B «)KypHasn UCIILITaHHS TPYHTA NIPECCHOMETPOM>.

Tlo pesynbraTaM ucnbTaRuil CTPOUTCH rpadHK 3aBHCHMOCTH NPH-
palnenus gepopManHu (IPHPalleHHs pajHyca IIpeccHOMeTpa) OT
JAaBJIEHHs B KaMepe npeccioMerpa. I'paduk peKoMmenayeTcsl CTPOUTD
B caenyloueM Macmrtabe: ans p (no ropuzontamu)—1 krc/cM? pa-
Ber 20 uny 40 MM; naa Ar (Do BepTHKalH)—1 MM paBeH 5 HJH
10 mM. Ha rpadux (cM. puc. 89)Hanocarcs TapupoBoyHas kpusas I,
noJiyueHHasi IPH CBOOOIHOM paciiHPEeHHH NpeCCHOMeTpa, H KpHBas
11, nonyyenHas 1o pe3yJbTaTaM HCHEITAHHA T'PYHTa B CKBajKHHE.
Ha nayasbuom yyacTke kpuBasi I cormagaer ¢ KpUBOH [— mpoHc-
XOJuT CBOGOAHOE paCUiMpeHHe NMpecCHOMeTpa B CKBaXKHHE. J3aTeM
HAYMHAETCA KOPOTKHE nepeXOoNHHl yyacTOK, COOTBETCTBYIOHIHH 00-
KATHIO HEPOBHOCTEH CTCHOK CKBaXKUHHL

YyacTok auHEHHON 3aBHCHMOCTH MeXAy naBieHueM o nedopma-
nneit (MexXAy NaBJCHHSAMH Py H Pg) HCIOMNB3YETCH IJIfl ONPEILSeHHS
Moaysnsa nedopManuy. Ilocsie MOCTHIKEHUS AaBJEHHS Py HAYHHAET-
Cf CTajHA HHTEHCHBHOIO Pas3BHTHA INIAaCTHYECKHX gedopManuil B
TPYHTE.

Ilpu onpenenennu Moiyns nedopManuud TrpyHTa HEOGXOAHMO
pacyeTHYI0 pa3HOCTb [ABJEHHH HAa y4YaCTKe Pp—pPn YMEHBUIHTH HA
BeJIHYHHY NIOTEPH NaBJIeHHUs Ha paciliipeHHe 06OJOYKH TIPEcCHOMET-
pa oT Ary 10 Ary, T. €. Ha BEJIHYHHY P2—D],
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Kak nokazana npaktuka olpeleneHuss Moayna JgedopManpy
npeccuoMetrpoM KorcTpykunuu ITIHM ®ynnamenTtnpoekr, BJHAHHE
JaBJeHHS Ha pacTsXeHHe PE3UHOBOH 06oJioykd (IPH AHAMETpe
CKBaXKHHH Gonbilie puaMerpa lipeccHoMerpa Ha 10—20 MM) Hecy-
mectBerno. Tak, npu monyne medopmanun rpynta 200—250 krc/cm?
pasHuia Mexay MoayheM nedopMaluH, ONpPeNCNeHHBIM C YYETOM
JaBJIeHHS, 3aTPAYyHBA€MOro Ha PacTAXKeHHe Pe3HHEl, H MOAYJeM, Oll-
peneneHHbM 6e3 yyera 3TOro AaBjieHHs, coctaBiser Bcero 2%.
ITpu mMonyse nedopmanuu 50 Kre/cM? 1a pazuuna cocrasaser 10%.
Jins npakTHYecKuX Henell YKa3aHHBIMH IIOTPENHOCTSAMH B OIpene-
Jlenuy MOnyas nedopManuu MOXKHO Ipenebpeyb, T. e. He BCerna cle-
Ayer IPOBOJHTh TAPHPOBOYHHE HATPYyKEeHHs KaMephl IIpeccHoMeTpa.

5. O6pa6oTKa pe3yabTATOB MCIIBITAHUH

Monyne nedopmainuu rpysara, cornacao 'OCT 20276—74, on-
pelesasioT 1o popMy.ie
E—Kr, 22 (104)

Ar

IJle 7o — HAYAJBHEI PaJHyC CKBAXKHHEL, CM, COOTBETCTBYIOUIHH 3HAUEHHSAM pm H
Ary Ha rpauke HCIBITaHHSA; Ap — IpHpalleHHe JNaBJeHHS Ha CTEHKY CKBaXKHHbL!
MEXAY ABYMSA TOUKAMH, B3STHIMH HA OCpefHeHHO! npsmMo#, Krc/cm?; Ar — npupa-
LleHHe TlepeEMelleHHsi CTEHKH CKBaXKHHEI (IO pafMycy), cooTBeTcTBYmoulee Ap, cM;
K — xoppeKTHpyO1 il MHOXHTEIb.

Kak yKe ykasHBaJOCh, MOAYNb JedOpMaluMH BHYHCASIOT IAS
AUHERHOro y4yacTka rpaduka HcnmTaHuii Ar=f(p). dnsa atoro ye-
pe3 ONEITHBIE TOYKH rpaduka IPOBORST rpaduyeckd OCPEAHEHHYIO
npsaMyo. 3a HayalbHble 3HAUYEHHS Pg ¥ Ary (NepBasi OIBITHAS TOYKA,
BKJIIOUEHHASl B OCpPeaHeHHe) NPHHHMAIOT 3Hayenus p U Ar, COOTBeT-
CTBYIOILIHE MOMEHTY IIOJHOro 06KaTHs HEpOBHOCTEH CTEHOK CKBa-
KUHEL., 3a KOHeUHEIe 3HAYEHHUSA pp U Arg (Ipezen mporopnHoOHaibHO-
CTH) IPHHHMAIOT 3HAYEHHS D U Ar, COOTBETCTBYIOILHE TOYKE, OTPaHH-
quBajoleil TUHEHHBI y4acTOK rpaQuKa HCIBITaHHS.

Kosdodunuenr K onpeznensercs, Kak nNpasBHJo, 110 pedyabTaTaM
COLIOCTABUTENBHBIX [apalJeJbHLHX HCIBITAaHH TPYHTa IUTaMIOM
(F'OCT 12374—77) u 1pecCHOMETPOM.

Jlas npoekTHpOBaHus OCHOBaHHH H (PyHIAaMeHTOB 3JaHHi U CO-
opyxeunii [I—IV knaccos 3nayenne Koadpdunuenta K npu meanes-
HOM pexkyMe HCNHTaHH{l 'PYHTOB NPECCHOMETPOM JOIyCKaeTcs HpH-
HuMath mo Taba. 37 (I'OCT 20276—74), a takxe o ¢dopmyne
IPHJ. 3 K HEMY.

IlpaktHKa onpenenenuii Monyns nedopMaruy Mo NPecCHOMETPH-
yeckuM ucniberanuaM B I'TINM @ynpaMenTnpoekT MNOKa3HBaeT, YTO
3Hayenus Koadpduuuenta K, pekomennyeMmule Tabn. 37, Gojee pe-
aJbHH, yeM 3nayenus K, nonydaeMrule 1o ¢gopmyse npua. 3 Kk FOCT
20276—74.

Ilpu GHCTPOM pexHMe HCIBHITaHHH T'PYHTOB [IPeCCHOMETPOM 3HA-
yenue Kos(pdunuenta K, onpenenedHoe 1o tabn. 37, JOJIKHO KOp-
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Taéauuwa 37

I )51 npu rlyOnHe HCTBITAHUS. M
TpyuTs TeHeTHyeckne TUMBI Koagguusenr K np yorue
TpyHion B <5 5<h<I0 10 < b <20
Tlecyanple W rim- |AJVIIOBHATBHEE, Je- 3 2 1,5
HHCTEIE JIOBHAJILHEIE H O3ep-
HHe

Mpnmeyanne, [Ons IIHHHCTHX 3J10BHAJBHEIX IPYHTOB JOIyCKAaeTcsl yMeHbIle-
HHe KO3ddnipenta K Ha 209 nna Bcex rayGHH HCNBITaHHH.

PEKTHPOBATLCH NYTEM YMHOMKEHHS Ha AONOJHHTENbHBI ko3 duiu-
et K;. 3navenue K03Qdunuenta K; onpenensercs N0 pelyibTaTaM
CONMOCTABUTENLHEIX Napaie/IbRbIX HCHBITAHHE TIPECCHOMETPOM, BEI-
TIOTHEHHHX 110 MEeJJIEHHOMY U GBICTPOMY pexkHMaM HCIETaHHH.

Crnenyer OTMeTHTD, YyTO IIPH IPOBEIEHHH MAapaJliedbHBIX HCIHTA-
HUl IITaMIIOM U MPecCHOMEeTpoM, 0683aTeNbHBX JJf COOpPYZKEeHUH
I knnacca u peKOMEHyeMBIX HaMU JJ/15 IJIOI1aI0K C MaJOHCCHeI0BaH-
HBIMH CJIOXHBIMH TPYHTOBBIMU YCJAOBUSIMH, MOJXHO OrPaHUYHTHCH
JBYMSl HMCOBITAHHSAMH IITAMIIOM, €CJAH IONYYeHHEE II0 3THM JBYM
HCTIHITaHUAM 3HAYCHHS MoxyJell nedopMannu OTIHYAIOTCA OT CpPel-
mero He Gonee yeM Ha 25Y%. Ecnu nosyyennvle 3HayeHAs OTVIHYA-
10Tcsl B foJipliiell CTelleHy, TO CellyeT NPOBEeCTH TPeThbe HClIHTaHUe U
TIPHHATD JJIsl CPAaBHEHH s HauHMeHblIee H3 TpeX 3HayeHui.

Ilo pesynbraTaM OnpenesieHds MOy Ae¢OPMalHH IIpecCHOMeT-
poM no ycrauoBiaeHHby TOCT 20522—75 npaBujiiaM  BEIYHCJASIETCS
HOpMaTHBHO® 3HayeHHe Mojynsa AedopMauun. PacyeTHble 3HayeHHS
Moayns medopManHi NPHHUMAIOTCH PaBHHIMU HODMAaTHBHEIM.

3Hayende Monyns gedopManHd BHPaxAT B UENBIX YHCHA C
ToyHOCTEIO 10 10 Krc/em? mpu E>100 krcfcM?, ¢ TOYHOCTBIO [0
5 krcfem? mpu E=20—100 krc/cM? u ¢ TOYHOCTBIG OO0 1 Krcfcm?
npu E <20 krc/cM?, npu 310M o

VKa3blBAIOT BUJI TPYHTa, a ’ 1 ]
TAaKXK€ 3HayeHHA IIOTHOCTH \ /
CJIOJKEHHUS U BJIAXKHOCTH. 8

Ounpenenende  IIPOYHOCT- \
HBIX XApPAaKTEPHCTHK TrpyHTa 5
(¢, ¢, T) IO JaHHBIM ApPeccHo- \
METPHYECKHUX  HCCAeTOBaHHN /
He pernaMmenTHpoBano. Jnga 4
OpPHEHTHPOBOUHKIX PACYeTOB U EL?-— —d - 74_.,4
HaKOIlJIeHHs OIIbITa PEeKOMEH- 2 _f‘___‘
AyeTCH I ONpefe/IeHHs ¢ M / |
€ HCTIONB3OBATh IIPHBEACHHBIH o gu p '
panee MeTo[ IIOCTPOEHHH KPY- 0 ! : 3 4 T Precjem®

roB Mopa BHHBA -

. opa, cpasi M KaxK Puc. 90. Ilpumep mocTpoenns rpadgmxa
ABIH Da3 NOJYYCHHEIC NAHHBIE  Ar (ocb opamHar) — 7 MO pe3y/bTatTam
C pesyJbTaTaMu JiabOpaTOp-  Hchbtaums
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HEIX OlIpejeneHiHl NPOUHOCTHBIX CBOficTB rpyHroB. IIpn mncmoJinso-
BaHHH MeTOJa INIOCTpPOeHHsi Kpyroe Mopa rpaduk HCIHTaHHH, MO-
Kazanubfl Ha puc. 89, HeoGXOAUMO NepeCTpaHBaTh TakK, KakK I0Ka-
3aHo Ha puc. 90.

Onmur I'TIM ®ynpaMenTnpoeKT NOKA3BIBAeT, YTO IIPH HCIILITAHHH
IPYHTA 110 GHICTPOMY peXNUMY MaKCHMaJ/JbHOe obluee CONPOTHBIICHUE
rpyHTa cOoBUry T no kpusoil T—Ar (puc. 83 un 90) 6/H3K0 COnpoOTHB-
JIGHRIO CABWIY, NOJYUYEHHOMY I10 Pe3yJbTATaM JOMACTHEX HCIBITa-
HHI.

Ha puc. 90 a1 npuMepa nokazaHu pe3yJbTaTh [PeCCHOMETPH-
YeCKHX MCIHTAHUY CYyTJIMHKa Ha raybure 8 M. 'paduk ucnwiraung
Ha puc. 90 mocTpoeH HayuHas OT TOYKH @ Ipa(HKa IOJIEBEIX HCITH-
HHH, B KOTOPOH HauHHaeTcs oOxaTHe IPYHT2 B CTEHKE CKBAXKHHEL
ITOI TOYKE COOTBETCTBYIOT JaBJjeHHe py==1,9 krc/cm? (paBHOe NpH-
MepHO OHITOBOMY HaBJEHUIO Ps) ¥ HAUAJBHHN paJuyC CKBaxKHHBI
ro=>53 Mm. Kak BuaHO U3 rpaduka 1—Ar, IpeaelbHoe COPOTHBJIE-
HUe CABUTY To==1 Krc/cM?, JlonacTHHE HCILITaHKS, IIPOBE/ICHHEIE HA
5TOH XKe ray6uHe, naan v4=0,95 krc/cM?, T. e. paCXoXKaeHHe B jaH-
HOM cJlyyae cocTaBu/I0 Bcero 5%. ITIpoBeneHHble HAMH aHAJOTHYHEE
CpaBHeHUsl Ha Pa3JHYHEIX IJIOLIAJKaX II0Kaza/H, YTO PacXOXkKjeHHs
B 3HayeHHsAX COCTaBAfIOT, KaK [IpaBuHJo, He Gojee 4-20Y,.

Heneltanue rpyHTa B MOJEBHX YCJIOBHSX NPECCHOMETPOM MMEET
pPAX IPEeMMYLIECTB MO CPAaBHEHHIO C HCHIHTaHHeM wrTaMmunoMm. [lpu
[poBeAeHNH HCNBITaHHA IIPeCCHOMETPOM OTIazaer HeoOXOXMMOCTh B
TPyAoeMKHX paboTax 10 npoxonke mypdoB B CKBaxKHHE BGOJBLIOTO
JHaMeTpa H MOHMTaxy IpoMozakoro obopyzaoBaHus. B CBSiI3H C 2TUM
3aTpaThl TPY.la B BpeMeHU COKpaalTcs npuMmepHo B 10 pas mo
CpaBHEHHIO C 3aTpaTaMK TPyZAa IIPH IIpPOBeIEHHWH HCIEITAHHH TpyH-
Ta B myp(dax. 3To No3BOISET IPOBECTR GOJIBLIIOE YHCJIO HCDHITAHAMH
FPYHTa NPECCAOMETPOM B PA3JIHYHHIX TOYKAX HCCJaeiyeMoH IJI0-
a3 KH H Ha PasjHyHHX [MyOHHAaX, YTO JaeT BOIMOXKHOCTH HaleKPO
OUEHHTDH BEPOSITHHE 3HAYEHHS MOIyJaA AeQOpMailHu rpyHTa.

YyuTHBas [IePCIEKTHBHOCTh 3TOrO0 Merojia W HeoGXOIHMOCTH ero
JHalbHefilllero CoBepIIEHCTBOBAHHUSA, [IPUBEAEM HEKOTOPHE HaHHHE O
3apy6eXHOM ONBITE H COBPEMEHHHIX HallpaBJICHHAX Pa3BUTHSA [IPec-
CHOMETPHYECKHX HCCJen0BaHHH.

6. 3apyGexKHblil ONBIT NPECCHOMETPUUECKHX HCMLITAHHH

Tlpexne Bcero ciexyer OTMETHTB, YTO 3a Py0eKoM BCe HIPECCHO-
MeTpHYeCKHe HCITHITAaHH S NPOBOAATCS 10 cXeMe GLICTPOoro HeApeHHpo-
BaHHOTO CABHCa C IIOCTOAHHON CKOPOCTBIO NPIJIOKEHHS HATPY3KH,
obecneyuBalonleil jJOCTHXKeHHe pazpyuliaioniell Harpy3ku 3a 20—
30 muu. Ilo Takoil ke cxeMe NPOBOASATCS HCHBITAHHA JIOMAaCTHHMHA
npubopaMn # HebGosbliHMp (mjowanbio jgo 900 cm?) wramnoamu.
BricTpoTa 3THX NOAEBHX METOJ0B UCHHITAHUH fABJSIETCS ONHUM U3
CYLIECTBEHHBIX HX IPEUMYILECTB.

Henoiranus npoBoasArcs o chaexyiomieil Texuosoruu. Jas mpo-
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XOJKU CKBasKuUH HCHONB3YeTCH BpallaTenbHoe OypeHiue. B HeycToll-
YUBBIX I'PYHTaX CKBaXKUHHHB YVKpenJasiorcsl o6cagHbMH TpybaMu, He
poxoasniumu Ha 1—1,5 M 10 HaMeueHHOro ypoBHSl HCIBITAHHHA, WM
JIHHHCTHM pacTBopoM. Jluamerp ckBaxkupbl OoJblie [guaMerpa
npeccuoMerpa #Ha 22 MM (Dpy  DpeccHOMeTpe nHaMeTpoOM  OKOJO
60 mM) nin 15 MM (npu npeccHoMerpe gHaMerpoM 135 mMm). Bpewms
MexXay OKonyauueM OypeHHs H HayaJOM HCIBITaHHS — OKOJIO
15 mun. CTynleHH HArpy3oK BBEIOHPAIOTCS TaKUMi, YTOOB TIOJYYHTH
Ha rpaduke ucnblTanuii 15—16 Toyek OT HayaJsia MCOBITaHUS 10 IIpe-
JEJBHOrO paCliHpeHHsi IPEeCCHOMEeTPa, CcOCTABJAIILEro okosno 25%
ero paxuyca. JlaBnenne Ha KaxJIOH CTylIeHH NOLHHMAaercs B Teye-
uie 30 ¢, nocie yero IPOU3BOJUTCS NEPBHIH OTcyeT no npubopam.
Janpuefiline orcyersl npouzBoastcs yepez 15 u 30 ¢, 1 u 2 mug,
IIOCJIe Yero NPHKJaABBaeTCH CJAeAyiollas CTyneHb Harpyskd. llo
9THM HNaHINBM CTPOUTCH rpaduK <«raBjaenHe — obbeM Kamephl V.
OHOBpEMEHHO HZMEPHIOTCH TaKXKe nedopMallus TEYEHHS Ha KaXKIoH
CTYNEHH Harpy230K U U3MeHeHHe oObeMa H3MepHTENbHOH KaMephl
mexkay 30 ¢ 1 2 MHH, KOTOPEIE TaK:XKe HaHOCATCH HA rpadHkK.

PekoMeHrayeTcs KaJquGpoOBKY JaBJieHHS, 3aTPayHBaeMoro Ha CBO-
6onnoe pacuiiperte MeMGpaH IIPeCCHOMETPAa, NMPOH3IBOAHUTL Iepea
KaXK7bIM KCIBEITAHHEM H NOcJe IOCJAeJHero UWCHBITAHHA B AaHHHI
JIEHb.

Cnenyer OTMEeTHTb, YTO IOTEPH [aBJieHHS] BCJEJACTBHE TOrO, YTO
KaMephBl H3[OTOBJEHH H3 TOJCTOH Pe3UHE!, GBIBAIOT CyLleCTBEHHHMH.
B pesynabrare npu paBHBEIX CTYIIEHSIX HArpy30K IO MaHOMETPY Ha
CTEHKY CKBaXKUHBI Ilepefaercs BCe MeHbliiee JaBJICHHE, COCTaBIS0-
mee B KOHIEe HenbITauuil Jquiib 20Y% DpuiIOXKeHHOH CTYIeHH Ha-
IPY3KH.

HUmerorcs ARa nHanpaBsiedus HCIOJb3OBaHHS IIpecCHOMeTpuye-
CKHX JIaHHBIX: HAXOXKIEHHEe SMINHPHYECKUX CBsizell IpeeJbHOIO JaB-
JIGHHSl Ha TPYHT, ONIpeJeJIeHHOr0 NMPecCHOMETPOM, C AOIYyCKaeMEIM
JNaBJeHHeM 107 nofoiBol (pyHmaMeHTa WJd CBaH; olpeneleHHe OC-
HOBHHIX JedopManHOHHBIX (E) U IPOYHOCTHBIX (¢, € HJIM T) CBOHCTB
IPYHTOB JIJiAl HCIOJB30BaHUs HX B PaCyeTHHIX (HOPMYJaX MeXaHHKH
rpyuroB. ITepBoe nanpapaenue pazsuBasioch JI. Menapom. OHo nped-
CTaBJIsSeT CPaBHUTEJIbHO HebOJIbINOf HHTEpPeC, TaK KaK HCIOJb3OBa-
HHE YHCTO IMIHPHYECKUX JaHHBIX BCerja OrPaHHYE€HO KOHKPeTHHIMH
yCJOBHSIMH HX NMOJYYEHHS,

Ocuosononaramomefi pa6oToll BTOPOr0 HalpaBJ€HHS ABJISETCSH
pabora I'i6cona u Anaepcora [55], B KOTOPO# IPYHT paccMaTpHBa-
€TCHl KaK YIPYrolJiacTHyeckasi cpefa. B CBf3d C TeM, YTO B II€PBHIX
[pecCHOMeTpaX H3MepeHue AedopMauull CTEHKH CKBaXKHHBL IIPOHU3-
BOJUJIOCH 110 06BEMY 3aKayerHOH KHJIKOCTH, ¢GopMyia AJA ollpene-
JeHHs MoiyJs fedopMalii HMesaa caenyioliui BUL:

2Vy (1 -+ 1) Ap

AV

rae Vo —o6beM u3MepHTENBHOH KaMepH! NpPECccHOMeTpa B Hauyasle dasnl HaMepe-
amii; AV — n3meHenne oGbeMa KaMepel IPH H3MEHEHHH naBJjeHus Ap.

E= , (105)
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Ara dopmyna uaentuyna dopmyne Jisme. Oas  onpenenenns
npejensHOro (paspyluaiolero) naesneHus pr B pabore [55] npuee-
IeHa clenywouias hopmyna:

G
pL——poz(ln Eﬂ—+1)c,,=1v,,c,,, (106)

TAe Po— HayanAbHOE TOPH3OHTANbHOE AaBJeHHe B IpyHTe; G — MOAYJb CABUTE;
Cs — NPOYHOCTb TPYHTA HA CABHI IPH HeAPEHHPOBAHHEIX WMCTIBITAHHAX.

B pa6ote [64] nokasano, uto koadduurent Np H3MeHsercsl OT
6 1o 6,75. Mcnonn3ys 3T0T K09Q(HHIHEHT H ONpefeNHB IKcnepHMeH-
TaJbHO pazpylUlamolllee JaBjeHHe, MNOJB3ysich ¢opmynoi (106),
MOXKHO HafTH IPOYHOCTH I'pyHTa Ha cABHT Cy.

B navaJse 70-x rofoB NOYTH OLHOBPEMEHHO NOSBUICS Psif paboT,
B KOTODEIX paccMaTpHBaeTcs 3ajlaya HarpyxkKeHuf I'PyHTa IpeccHo-
MEeTPOM, IPH 3TOM IPYHT CYHTAETCS OLHOPOAHHIM H HECIKHMaeMBIM.
Kpowme Toro, npeanosiaraercsi, 9T0 IPyHT NOJHOCTHIO BOJOHACHIIEH
H BO BpeM# HCBLITaHHsl He HpoucXoaur JApenuponanus (IlaneMep
[73]), Jlananmii [61], Barenen u ap. [41]).

B coorBercTBUN ¢ yKasaHHHMH JODYUIEHHSIMH HaNpsIKEHHS
CIBUra B TPYHTE y PacUIMpsuOLIeHCs CKBRajKUHE ONpenessioTesl MO

dopmyne
f—te(te@tel, (107)
2 de

rpe & -— OTHOCHTeabHasd AEQ)OpMaHﬂH CT€HOK CKBaXXHHEBI, pasHas U/fo.
MakcumanvHas pedopMmanisa CABHTA Yy CTEHKH CKBaXKHHBL

7=2. (108)
Moayas caBara rpyHTa onpezednsieTcs no ¢gopmydie
1 Ap
G = 7_A_s— . (109)
a MOAyJb AedopMalil —
E=(l+u)—i%. (110)

Ilpu mansix oTHOCUTENBHBEX nedopmanusx e=AV/2V, u popmy-
aut (105) 1 (110) naot oouHakKoBOe 3HaueHHe MOAYJNs fedopMaly.
Ilpn onpenenennn MomyJis AedopMalnui PEeKOMEHAYETCS HCIOJB30-
BaTh Y3KHii HHTEPBaJ LaBJEHHH OT p=po N0 p==pPo-+Cyx HNu onpe-
JIeJITh €ro N0 KacaTeNbHOH K rpadHKy UCHHTaHHA B TOYKE Po. ITOT
MOAyJab feopManuH, onpenesieHHEH pH YKa3aHHBIX HH3KHX JaBle-
HHSIX, HCOOJIK3YETCSL B pacyeTrax OcafkKu (PyHAaMEHTOR 6e3 KaKuX-
160 JONOJNHUTENBHEIX KO3 UIINEHTOB.

Ilpu HeGoNbUIHX OTHOCHTENBHHIX JedopMavusix (a npH 5TOM Me-
TOLE MaKCHMaJibHBEle HanpsoKeHHsl CABHIa DOAYYalOTCA IPH OTHOCH-
TeNbHBIX Aedopmanusx okono 5%) Bmecto dopmynwr (107) moxer
68ITE ¢ 60MBLIOH TOUHOCTHIO HPHHATA JopMya

dp
T=2¢8 Je (111)
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dta Qpopmyna aHanornyHa Qopmyne (87), DOJyYEHHOH HaMH DPH
ApYrux ponyueHusx. Moayns caBura nNpH HCNOAb30BAHUH GOPMYIB
{111) Oyper onpenensathes N0 opmyse

G =1/2%. (112)

CpaBnusas Merons I'mbcona—Amnnepcona u IlanbMmepa, cheny-
€T OTMETHTh, UTO OHH [AIOT OJWHAKOBHE 3HAayeHHs MOJYNsd CIBUIa
(monyns pedopmaunn). ConpoTuBIeHHsT CIABUTY, HOJYYEHHBEE TO
9TUM METOJaM, HMEIOT Pa3Hble 3HauUeHHs: B NEepBOM MeTOje Coupo-
TUBJIEHHE CIBHIY ONpPeAesisioT, HCXOASl H3 TeOpHH DpPeAesbBOro co-
CTOSIHHUS, KOTOpOE JIOCTHraeTcA NPH OOMBIIHX OTHOCHTENBHHIX Jle-
dopmanusx (Gosee 30% y pacwmpszonierocst NpeccHOMeTpa); BO
BTOPOM ONPEAeNsIOT BCIO KPHBYIO CONPOTHBJIEHHA CABHIY, B TOM
uHC/e ee NHKOBOE 3HAYCHHE, KOTOPOE JOCTHraeTcsi BPH OTHOCHTEJIb-
Hex gedopmanuax okono 5% . Ha puc. 91, 3auMcTBOBaHHOM H3 pa-
6orel {91], npuBedeHH pE3YJNbTATH ONpelelieHHA CONPOTHBJEHHA
CIBUIY TMOJYTBEPIOH IMIHHBl YKA3aHHEIMH ABYMSI METOJaMH.

Ipu n1060M MeToje aHali3a JAHHEIX NPecCHOMETPHYECKHX HC-
NBITAHHE CYHIECTBEHHOE 3HAUYEHHE HMeeT NpaBWIBHOE ONpejeseHue
HayaJpHOI'O TOPH3OHTANBHOIO L AaBJIEeHHA BrpyHTe pp. B sapylGexxHol
IPAKTHKE ero OnpelesisioT, DOJb3YyACh ABYMsI KDPHBHIMH, NOJYYeH-
HBIMH NIPU HCHOBITaHHH NpecCHOMeTPOM: O0BYHON KPHBOH «HaNpsKe-
Hue — nepopmanusi> (P—V) n kpuBoil tTeueHusi (P—AVie), KOTO-
pas onpegessieTcst JUISL KaXKAOrO [aBJIeHHA MO U3MeHeHHI0 o0beMa
Kamepws Mexiay 30 ¢ H 2 MUH NOCJe DPUTIOMKEHHST Harpysku (puc.
92). Ha stom pucyHKe Ha KpuBO#l p—V nokasaHa TOYKa, COOTBETCT-
BYIOIIAasi AaBJEHUIO Py, — TOUKA, B KOTOPOil HauHHaeTcs JHHefiHas
yacTe rpaguka p—V, Kak 3T0 NPHHSTO M B Haulefl mpakTHke. Bume-
CTe ¢ TEM JaBJeHHe pPg COOTBETCTBYET TOYKe Ha KPHBOH P—AViey,

B KOTOpOH AV5eq magaer 10 Haubollee HUIKOro MNOCTOSTHHOTO 3Ha-
YeHHS.

v, cm¥ Vrey.cM*
7200
T, Kecfem? B i]ﬁo
1 1 goof
12 ~ — / 150
+—1 it i 1000V
08 S N— 140
| 00}~
2 138
44 800\
e 120
700
0 2 4 5 6% 10
600&‘ e e S
Puc. 91. Onpepenenie conporHeic- g ——= ] - 7 b, rg/en?
HUsl TOAYTBEPHOH [VIMHEI CABHTY IO ’
meronam  IubGcona — Anpepcona Puc. 92. Tpaduk HCNEITaHWsl npeccu-
(kpuBast I} u Ilanemepa (kpupas omeTpoM Mo 3apyOexHOofl MpaKTHKe
2) I — xpueas p—V; Il — KpuBas TeueHHs
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Jliis onpeneneHus pazpylaollero JaBJeHHsT Ha IPYHT HCDOJb-
3yt Qopmyay, nonydeHHy I'nGcoHOM W AHLEPCOHOM H CRA3HIBa-
IONYI0 LaRJEHHS B CTaJHH MJlacTHUECKHX Aedopmanuii:

AV
p=p; + CHII]T’ (113)

rpe V— o6mnfi 06beM H3MEPHTENBHOH kaMepnl npy Raslenun p; AV=V—V,
(Vo — ofbem IpH naBsiesd Po).

3TO ypaBHEHHe NMOKa3BIBAET, UTO KpURas, HaHeCeHHAsl B KOOPIH-
Harax p—In(AV/V), nonxkna GuiTh GNMU3KOM K NPsSIMOH, DOJNyYaeMOi
Ha TOCJIeIHHX CTYNEHSIX HCHBITaHHM, ecyu IpeNnoso)eHHe 06 yupy-
NJIaCTHYECKHX CBOICTBaxX IPYHTa OTBeyaeT NeHCTBHUTENbHOCTH.

IKCTpanoJsiltst 9TOM KpHBOH Ao 3Hauenus In(AV/V)=0, xoro-
poe cOOTBeTCTBYeT OeclpepHBHOMY YyBeNMuueHHIo o0beMa KaMepH
(tak kak AV/V=AV/(Vy+AV)=]1, ecniu AV=c0), pacrt 3nauenue
paspyluamluero AaBJIeHus pPy.

Ha puc. 93 npusefen rpaduk, noJyueHHB B paGore [64] npu
IPECCHOMETPHUECKHX HCNBITAHHAX B MONYTBEPABIX JOHAOHCKHX IJIH-
Hax Ha rayGuHax ot 4 mo 25,3 M B ckBaxkuHe guamerpom 60 mwm,
Tlyuktupom Ha puc. 93 nOKasaHa 3KCTPANONAIHUA KPUBHIX, MO3BOJS-
01125 ONpeNeNHTh pa3pylualolinee JaBlieHne Ha TPYHT B CKBalKHHE.

B nazpannoil pabore [64] mpHBeleHB HHTEpeCHBle PE3YJIBTATHI
onpejesieHHsT NPOYHOCTH JIOHZOHCKHX TJIMH MpH HeJPeHWPOBAHHBIX
ucnutaruax (Cy) WTaMnoMm nuaMerpoM 860 MM B CKBaXKHUHe jAHA-
MeTpom 900 MM B mpeccHOMETpOM JHAMETPOM 58 MM C JIIHHO UaMe-
pHTeNbHON KaMmephl 216 MM Ha pasauyHeX rayOuHax h. Ilo pesyne-
TaTaM MITaMOOBHX Henwtauuil Cy onpejessyiocs no GopMyle

gup ~— h

Cu= 9,6

, (114)

IIe gnp — NpeesbHoe (paspylualllee) naBierye NOK WTAMIOM.

PezyibraT npeccHOMETPHYECKHX HCOHTaHUH 00pabaTHBAJNCH
no mMeroaam I'm6cona — Anpepcona [Qopmyna (116)] u Ilanemepa.
Meton IlansMepa, Kak yxKe OTMeYasloch, JaeT NMHKOBEE (HaHOOMb-
mue) 3nayenusi Cy, Xopollo BHAHHE Ha puc. 91. Onnako u noayuen-
Hble o MeTony ['u6cona — AunmepcoHa 3HayeHHS Cy 3HAYMTENHLHO
GoJiee BHICOKHE, YeM 3HAUEHHS!, MOJyYeHHBle NPH HCHHITAaHHH INTaM-
noM. Artopsl patoTel [64] OOBACHSIOT 9TO pacXoK/JeHHE CTPYKTY-
pOit TPEIIMHOBATHX JIOHILOHCKHX IJHH. B Hebonpmiom o6bheMe rpyH-
Ta, HCOBITYEMOrO MPECCHOMETPOM, He OTParKaloTCsi HCTHHHEI Xapax-
Tep TPEIHHOBATOCTYH JIOHJOHCKHX INIHH U oclabnenns UX MPOYHOCTH
3THMH TpPelHHaMH.

CrnenyeT OTMETHTB, YTO B ITHX IKCHEDHMEHTAaX MOLYJbL CABHra
(Monyns nedopMainui) OnpeneNiANy NPEeCCHOMETPHYECKEMH U IITaM-
HOBHIMH HCHIBITAHHAMH TakKe 10 ryyOmHE 25,3 M. Monaynu chBura,
onpejiefisieMble MO HCNEITAHHAM IPECCHOMETPOM, OBUIH MEeHBIIE Of-
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Puc. 95. CpapneHne pac- ]
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OC3J0K HCKYCCTBEHHBO OT- _ PrComossue
CHITAHHOH TOpHI o Fa ] om e Egpol, I
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1970 rr.; 1 — pacuerHas He- E 25
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ocajlka Ha xoHer { cTajWu; N
3 -~ (paKTHUECKasi ocajka Ha S 75
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pelessieMblX 110 HCOLITAHUAM wITaMnom Axamerpom 865 Mm B 3 pa-
3a~— Ha ray6uHe 10 M u B 1,5 paza — Ha ruyGuue 25,3 M. ABTOpH
3KCIIePHMEHTOR OOBSICHAIOT 3TO 3HAUMTENBHBIM HapylleHdem CJO-
JKEHHS TPYHTa B CTEHKaX CKBaXKUHBI NpH OypeHuHX H pasMsirdeHxeM
TJIMHB B pe3yJbTaTe pasrpy3Ky.

Ananoraunble pe3ysnbTaThl, NOJyyeHHble BO MHOTHX JIPyrUX CaIy-
4asxX, MOCJIYXKMJINM TOJUKOM IJst pa3paGoTku B AHrinu A PpaHuuH
¢ Hayasia 70-X rof0o8 TaK Has3HBaeMHIX caMo3albypuBalolMXCA mpec-
CHOMETPOB, KOTOpHE GyIyT pacCMOTpPEHH janee.

BMecte ¢ TeM BpoposKaercs COBepUICHCTBOBAHHE KOHCTPYKLMH
OOLIYHBIX TpeccAOMeTpPOB, B YaCTHOCTH OTMeYaeTcsi TeHIeHLHA K
yBEJHUEHMIO HX JHaMeTpa u AnuHH. HMMmeercsa papn nyGaukanuii, Ha-
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npumep [52] u [53], B KOTOPHIX NPHBOASTCS HaHHblE HHCTPYMEH-
TaJbHHX HaOJIOLeHUY 3a OCaJKoll COOPYIKEHHH H pacyeToB OcajoK
METOJ0M KOHEYHEBIX 9JIeMEHTOB € HCHOJb30BaHHEM MOAYNA aedopma-
[[AH, ONpeleJIeHHOro MpeccHOMETPOM MPH YKa3aHHHIX BHIIEe HM3KHX
naBneHHsix (B UHTEPRaje OT p=pp 40 p=po-+ Cy unH N0 Kacaresb-
HOH K rpaduKy B TOYKe p==p,). Takue cpaBHeHHsT NOKA3BIBAIOT, YTO
BO MHOTHX CJIyUasiX OCajiKH, ONpefieJIeHHBe ¢ HCMOJNb30BaHueM yKa-
3aHHBIX MOZyJed, BecbMa OJH3KH 3aMEPeHHBIM HHCTPYMEHTaJAbHO,
NpHYeM OTKJIOHEHHSI TeOpPeTHYECKHX OCafl0K OT 3aMepPeHHBIX GhiBa-
IOT B CTOPOHY KaK NpeyBeJMUeHHs;, TaK H IPeyMeHbUIEHUsT OCaloK,
T. e. MOAy/b RedopMaiyy, NOAYYEHHBIH M0 HCHBTAHHSM IMPECCHO-
METPOM, MOXKeT OBITh H MeHbLIE H GOJbIIe NEHCTBUTENBHOrO MOAYJIS
neopManyH IpyHTa MO COOPYKEHHEM.

B kayecTBe npuMepa HeNnocpeaCTBEHHOrO HCHOJNB30BAHHS MOLY-
st AepOpMantH, NOJYYEeHHOTO NMPH NPeccHOMETPHYECKUX HCHBITAHH-
s1X, IpHBeeM naHHble u3 paborh [52]. B 3amajnofi wactH Kanagw
onpenensiii OCafKy HCKyCCTBEHHO OTCHIIAHHON ropbl AJNsT 32HATHH
FOPHOJABDKHBIM cNOPTOM. McKyceTseHHas ropa Oblia co3/iaHa 3a 1Ba
JieTHux ce3oHa (1969 u 1970 rr.), uMeer ¢GopMy KOHyca ¢ AHaMeT-
poM ocHoBanusy 160 M u BBHcoTOl 39 M. OcHOBaHHE 3TOH rOpPHL CIO-
2KEHO H3 TPeX CJIoeB Pa3/HYHBIX MO CBOHCTBAM MOPEHHBIX I'JiHH, 3a-
Jieranix Ha cjaHmax Mejoporo nepuona. Ha puc. 94 mokasausl
9TH TPU CJIOS MOpEHB, a TaKKe NpPUBEJEHH 3HAUEHHsT MOAYyAS Ie-
dopmanun, onpeneneHHble B 1a00paTOPHH W HPECCHOMETPOM, HMe-
ouyim guamerp 119 mm u anuny 100 cm. Ilpeccnomerprueckue uc-
NEBEITaHUs TPOU3BOIMJINCHL B CKBaXKHHe ¢ INPUMEHEHHEM TIJIHHHCTOrO
pactBopa AJsi YMEHBUIEHHS H3MEHEHHsi BJajKHOCTH I'PYHTa B CTeH-
KaX CKBaXKHHHL.

Kaxk BuAHO, MOAyJaH, NOJyueHHBE NMPU NpeccCHOMETPHUECKHX HC-
NBITAHUSIX, IpUMepHO B 2 pa3a 6oJblUle MOnyJefi, olpeleieHHEX B
JabopaTopuH, 3a UCKIIOYeHHEM caMOH BepXHell yacTH pazpesa. Hau-
Gonpluas rayOHHA HCOblTaHu# npeccHoMerpom Oblna 27 M. Onpene-
JIeHHBIH AJIA 3TOH IMyOHHLI MOAYAL JedOpManuu NPHHAT 151 BCero
cnost II. Monynu nedopmanyu HHxKe 3TOW rayOuHe (Anst cnosi I11)
ObLIM IPUHATH B 2 pasa OOJBIIMMY, YeM OllpellelieHHBe B Jabopa-
TOPHH.

Pacyer ocanku Obli NpOH3BeNeH, KaK ANA OCECHMMETPHYHOM 3a-
JjauH, — MeTOJOM KOHEYHBIX 3JieMeHTOB. llpuioxkeHHe Harpysku
NpenycMaTpUBaJOCh 3a ABE CTYNEHH B COOTBETCTBHH C PeallbHBIM
CPOKOM CTPOMTENBCTBA ropbl. Monyab nedopmaniu MaTepualia ro-
phl OBl NPHHAT 24 Krcfcm?, npH 3TOM GBLIO ONpeeseHo, YTO H3Me-
HeHHe 3Toro Moznyas negopmanuu B 10 pa3 IPHBOAHT K H3IMEHEHHIO
pacueTHO# ocafku Ha 6%.

PaccynTaHHBle ¥ 3aMepeHHBle OCAaIKU IAst 00eHX CTaJuil CTPOH-
TeJIbCTBa MOKa3aHK Ha pHc. 956. Jlyisi neproél cTaguu CTPOUTENbCTRa
CXOIHMOCTb MOJIYYEeHHBIX pe3yJIbTaTOB OYeHb XOpOLiast, AJf BTOPOH
CTaZuu pacyeTHas oCalKa MeHblle QaKTHueCKOH ImpuMepHo Ha 30Y%.
¥Ykazannoe B obuieM HeGOJbIOE pacXoxkieHue arTOph paGoTH [52]
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OOBACHAIOT AByMs O0CTOSITENbCTBAMH: 3a IepHoJ BTOPOH CTaluH
CTPOHTEABLCTBA MPOM30LIJA KOHCOJHJAIHOHHAST OCAJKa, He YYHTbI-
BaeMas HpH OLICTPBHIX NPECCHOMETPHYECKHX HCNLITaHHAX; OCHOBaHHE
ropbl OBJIO HAarpy»keHo HOYTH [0 NPENeNbHOrO COCTOSHUA, H MOITO-
My MOZYsAb HedOpPMandH CHEoBajo ONpEqeNsiTh He MO HayajbHOH
yacTH rpa¢pKa HCObITaHHH, a NPH JaBJeHusX, GJH3KUX npelelis-
HOMY.

7. CoBpeMeHHble HanpaBJeHHs
B Pa3BHTUH NPECCHOMETPHYECKHX UCCJIE/0BAHMI

HauGonbiuuit HHTEpEC mpeccHOMeTpHUYECKHe HCCJIeAOBaHus KMe-
10T U1 onpenesieHlst Ae(OpMaiHOHHbIX H NPOYHOCTHBIX CBOICTR
c1abBlX [THHHCTBIX T'PYHTOBR, H3 KOTOpBIX OTGOp OOpasiop HeHapy-
UIEHHOfi CTPYKTYpbl s HCHBITAHHI B Na00paToOpuB HPaKTHYECKH
HeBozMoxkeH. OfHaKo GypeHHe CKBajKMH JAJsi IPECCHOMETPHUECKHX
HCNBITAHUE HMEHHO B 3THX IPyHTax MNpeACTaBisieT HaHOOJBIIHE
TPYAHOCTH, TaK Kak Tpebyercss uwiH obcallka CKBaX*KHH, WIH HpuMe-
HEHHEe [JIHHHCTOrO pacTBOpa.

C npyroii cTopoHbl, NpH GypeHHH CKBaXkKHH B JOCTATOYHO YCTOH-
YHBBIX TPyHTaX MNPOHMCXOJNT HapyUIEHHE €CTEeCTBEHHOH CTPYKTypH
IPYHTa B CTEHKaX CKBaXKHMHbI, a He HCHBITbIBalonive ObITOBOrO LaB-
JIEHHST [JIHHHCTble IPYHTHL Pa3Msiryalorcsi, BCJAEJICTRHE Yero pesylib-
TaThl DpeccHOMEeTpHUeCKHX HCMbITaHuiI HCKaXkaloTesi. I1osTomy ecre-
CTBEHHB! ObLIM MOUCKH cnocofa MOrPyKEeHHsT NMpeccHOMeTpa Ha OT-
METKY HCIBITaHHSI 6e3 00CaiKy CKBaXKHHH K (e3 HapylleHHs CTPYK-
Typbl TpYHTa B ee cTeHKaX. Takoil cnoco, 3akmogalomyicss B Ipu-
MEHEHHH TaK Ha3blBaeMblX €aM03a0ypUBAIOIUXCs TNPeCCHOMETPOB,
nouTH OXHOBpeMeHHO (B KoHlle 60-x romoB) Guin HaiigeH Bo ®pan-
wnn  (Barenenom u ap.) u B Aurnun (Potom u np.). Mnes atux
NIpecCCHOMETPOB COCTOHT B TOM, YTO BIEpE]H KaMephl HpeccHoMeTpa
pacnonaraercs OypoBasi TOJNIOBKA, BHYTPH KOTOpod pa3melueH Oypo-
BOIl HAKOHEYHHK IS pa3paboTKH IPYHTa, YAajseMOro B BIE INJa-
Ma HO MeXIyTpyOHoMy mnpocTpaHcTBy. I'pyHT paspabaTbiBaercs
OJHOBPEMEHHO ¢ BJaBJHBaHHeM HNpufopa AOMKPATOM OGBIMHO CO
ckopocThio 0,1—1 m/MEH. [lnaMerp npeccHOMeTpa TOYHO paBeH aHa-
MeTpy OypoBOH TOJIOBKH, B pe3yJibTaTe Yero o0ecneyHraeTcsl HCHbI-
TaHHe IPyHTa NeACTBHTENLHO HEHAPYIUEHHOH CTPYKTYPbL

Ha puc. 96 nokazana cxeMa ¢paHIy3cKoro npeccuomerpa (aBro-
dopepa) Darenena u ap. [39]. ABTopbl OTMEUaOT, YTO C MOMEHTa
co3/aHusT caMo3afypHBaoNerocss npeccHoMeTpa paspaGoTaHO yxe
TpHU «OKOJIEHHsI» npubopa:

nepBoe (1966—1971 rr.) — BpameHre GypoBOoro HaKOHEUYHIKa
NpoH3BOANJIOCH OYPOBOH YCTaHOBKOH ¢ MOBEPXHOCTH IpyHTa yepel
IITaHrH, NPpHOOP NPHMEHsWICH TONBKO B MSITKHX I'DYHTax OpH riayGH-
He OypeHus 20 M;

Bropoe (1972—1975 rr.) — BpaweHue OypoBOro HAaKOHEYHHKa
DpOH3BOAKJIOCH [MAPABIHYECKHM JBMraTesieM, paclojlaraemMblM He-
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Puc. 96. Cxema ¢panuysckoro camosa- Puc. 97. TopusonragpHeli neReTpo-

6ypHBAIOLIEro NpeccHOMeTpa MeTp

! — wrarra; 2 — HanpaBasoowuil GnoK; 3 — 1 — pexxywHit Kpaii; 2— 6ypoBoii HaKOHEY-
NPECCHOMETD; 4 — camo3abypuBaOLHRcs HUK; 3 — NyaHCOH; 4 — nonada Macaa

6a0K; 5 — OYpPOBOil HaKOHEYHMK; 6 — pexy-

wHid Kpai

NOCPEACTBEHHO Haj H3MepHUTesnbHOfi KaMepowW; NpW 3TOM OThajaer
HaJ00HOCTL BO BpalllaloIHuXCst IITAHrax, a rayouHa GypeHnst MOXeT
nocturath 100 m;

tperbe (1976 r.) — BpameHue OypOBOr0 HAKOHeYyHHKA TaKXe
TIPOH3BOAMTCS MMAPABAMYECKAM ABHraTeJieM, HO y2Ke 3aKJIIOUEHHBIM
BHYTpH OYpPOBO}i TONOBKH. DTO NMO3BOJseT NOrpyxaTh OAHOf Bypo-
BOW TOJIOBKOH HEJyXO CepHI0 CO3JlaHHBIX aBTOpaMu npubopor: npec-
CHOMETP; U3MepHTeJIbHYI0 KaMepy Anist olipejesieHHst obwero u a¢-
(PEKTHBHOrO IrOpPH30HTAJBLHOrO JaBNEHNH| B IPYHTe; NpHOOp AJS H3-
MepeHusi IPOHHLI2eMOCTH I'PyHTa; UpHOOp AJil ONpefesIeHUst TPeHMUS,
COCTOSIIIUE H3 TOHKOCTEHHOrO CTaJbHOTO LUJIHHApA € AaTUUKaAMU;
nprbop ANs NEHETPAIUOHHEIX HCHBITAHHN, COCTOANIMN U3 CTAJBHOTO
[UJINHAPA ¢ OKHaMH, yepe3 KOTOphle ¢ NMOMOILbIO T'MPaBJIHYECKOTO
JBHraTeJist BbIABUIalOTCS NOPIIHM AJ5 MeHeTPalMH TrpyHTa B rOpH-
30HTAJLHOM HaNpaBJeHUn; OpHOOp AJS onpejelsieHUsT NJOTHOCTH H
BJIaJKHOCTH TPYHTaA paJHOaKTHBHBIMH MeTOLaMu; NpHOOp AJsT Onpe-
IeJleHHsT CONPOTHRJIEHHSI TPYHTA CJIRHIY, COCTOSHIUH H3 CTAJIbHOrO
IHMJIHHApa ¢ pebpaMH BAOJL 0o0pa3ylolleli UHAJNHApa IJIs Cpesa
rPYHTa NpH MOBOPOTe UMJHHApaA. JTOT NpHOOP MOXKET 3aMEeHUTh
JIONACTHOH NpHOOp H YBeJMHYHTh TOYIOCTL OllpejeNendsi CONPOTHB-
JIeHUsI TPYHTa CABHIY BCJEJCTBHE HCKJIOUEHHMS Oflepalil BAARIHBA-
HH$ Jonacreli, Hapyuiawell cTpyKTypy I'pyHTa.
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W3 nepeulcnenHbix nupubopos nepsble Tpu (mpeccHoMeTp, NpH-
GOpHL AN ONpEACNIEeHHS 1ABJEHNISA I'PYHTA H NIPOHULAEMOCTH IPYHTA)
yKe HCNOJNb3YIOTCH B NPAaKTHKe, OCTaJbHHE INPHMEHSIOTCH TOKa
OrpaHHYeHHO — JIHIIL AJIst HAYYHLIX HCCJIe10BaHuii.

TlpencraBasieT uHTEpeC yNOMSIHYTH{ BEIIIe TOPHIOHTAALHLIN Ie-
HetpoMeTtp [43], B KOTOPOM HCHOJb3yeTCsT ONMHCAHHAS BHIIE CAMO-
safypuBaiomiasicss ronoska. Ilenerpomerp (puc. 97) npeacrasisieT
co6Goli LUAMHAPHYECKYIO KaMepy nuamerpom 132 MM, u3 KoTopoi
OpH HCOHTAHHK BBIXOLHT IMyaHCOH auaMeTpoM 36 MM (IJIOLIAIBiO
10 c¢m?). Brixoa nyauncona 16 mm. MakcumanpHOe AaBJjieHHe Ha My-
ancon 250 krc/em?. Co cTOPOHBL, NPOTHBONOJOKHOfi ITyaHCOHY, Ha
KaMepe HMeeTcst Meccio3a JJisi H3MePeHHS OPH3OHTANLHOIO Japdie-
Hust Ha npubop. Ilo pesynbTataM HCNLITAHHST CTPOUTCS IPa(UK «OT-
HOCHTeNbHas JedopManus — JaBjleHde Ha NyaHcoH». 3nast gedop-
ManMH U JaBJeH¥s, MOXKHO ONpPeIesiHTh MOAYJL sedopmanuu. Ilo
JaHHBIM aBTOPOR npubopa, MoAyNb AedOpManul, ONpeieeHHbIH M0
HCHBITAHESIM 3THM NpubopoM, npumMepHo B 2 pasa SoJiblle, 4eM onpe-
JIeJIEHHBI 110 HCMBITAHHASIM caM03a0ypHBAIONIHMCST [IPECCHOMETPOM.

Ha IX Konrpecce no MexaHuKe TPYHTOR U (hyHA2MEHTOCTPOEHHO
B Toruo B 1977 r. wuranesiHcKHe chenuasnucTel C. MapueTty u
M. Mayreps [85] cnenanm coobumenne 0 npuéope AJst onpeeseHust
Moayust aedopManii — IVIOCKOM IHunaTtoMmerpe. IIpu6op (puc. 98)
npeacTaBnsieT co0O0fi MJOCKYI0 KOPOOOUYKY B (opMe OOHUHON Y3KOM
Jonartsl, B OOKOBOH CTeHKe KOTOPOW HMeeTcst BbLABHIKHAs MeMOpa-
Ha anaMerpom 6 cM. IlpuGop morpyxaercsi B IPYHT BAaBJIMBaHHEM
YCT2HOBKOW CTaTHYECKOrO 30HAMPOBAHHA Ha 3afaHHyl0 IJNyOHHY,
rie ¢ NOMOIIBIO JaBNEHHsT BO3AyXa HAa MeMOpaHy H3MepsieTcst Ha-
yaJgbHOe FOPH3OHTa/lbHOE JaBJeHHe IpyHTa. 3ateM HOJ AaRJeHHEM
raza, nocTynamuero no ru6KOMy ULTaHry, MeMGpaHa BAaBJlHBaETCS
B IPYHT Ha 3ajaHHyl0 rayounHy (1 MM) u 3aMepsieTcsi gaBJeHue
BAaBNIMBaHHA. 3Has AeQOpManHio BAABJUBAHHSA H PazHOCTh JapJje-
HHll BAaBJHBAHHMSI M HadajbHOrO, MOYKHO OUpPEIeNUTb MOIyJIb je-
¢opManuy rpyHTa NpaxkTHYeCKH HEeHAPYIUEHHOH CTPYKTYphL

Ha IX Konrpecce B BHICTYIIEHHH SIIOHCKOTO CIELHAAKUCTa
. Ecacu [85] npupejeHn NaHHBie O AajbHeHIleM Pa3BHTHH HAeH
npeccHoMeTpa, NO3BOJSIOWIEIO ONPefessiTh IHHAMHYeCKHe CBOWCT-
Ba rpyutos. Ilpubop (puc. 99) cocrouT uH3 BHYTpPeHHeH KaMephl C
NMOpLIHEM ¥ BHeIlHefi pe3nHOBOil o6odouku (auaMerpom 80 u nau-
Hoit 400 Mm). [luHaMuweckast Harpyska Ccoz3faercst 3a cYeT XOja
HNOPUIHST BO BHYTPEHHeH KaMepe npeccuoMmerpa. C HOMOILILIO CcepBO-
MeXaHH3Ma MOXHO 3aJaTh Harpy3Ky CHHYCOMIANbHYIO, IO TPEYTONb-
HUKY W IPSIMOYroJibHHUKY ¢ 4actorofi 0,5—20 I'n. [lasneune B npec-
cuomerpe 10 30 Krcf/em?. Jlo AHHAMHYeCKHX HCNBITAHHE NPOBOAST
CTaTH4eCKOe HCULITaHHe Ha OTMETKe HECKONBKO BhHIlle HaMEUEHHBIX
JHMHAMBUYECKHX HCTIBITaHuH, U3 KOTOPOTO OIpPeaesisiioT CONPOTHRIEHUE
casury Cu, MofyJib cignra G M NPHPOIHOE FOPH3OHTANbLHOE AaBJe-
Hue. Ilpy AWHAMHYECKHX BCNHLITAHUSIX MOJYYalOT IETNIO «HaIpsiKe-
HHst — feopMapuH», 10 KOTOPOHi onpeje]siioT AHHAMHYECKHE MO-
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Puc. 98. Tlaockuil aunatomerp

Puc. 99. Tlpeccnomerp pns aunamu-
YeCKHX HCIHTaHufi IPYHTa

1 — pesuHoBasi 060JI0YKa; 2 — poyia; 2 — TeH-
301aTYMK; 4 -— NODWIEHb; § — OCcUMAJIOrpad;
6 — 3anuCh  Pe3yJBTaTOB; 7 — MaCIOHACOC:
& — NpEeLEsHOHHBIT MaHOMETp: 9 — BaKyyM-
Hacoc; 10 — pescpryap AJIf BOAH

Aynb, KOOQQUIMEHT 3aTyXaHud ¥ JHHAMHYECKHH Ko3(¢HUUHMeHT pe-
aKuuy rpyHTa.

IlpuBenem pe3ysbraThl HEKOTOPHIX HCCJENOBANMI, BHIIOJHEHHBIX
€ MOMOIBI0 ONHCAHHBIX BHIIE caM03a0ypHBAONHXCHA peccHOMET-
poe [42].

Ilo ucnbiTannsim B €1aboM  TJIMHHCTOM TPYHTE IOJyYeHO, 4TO
MoAyJu fedopManuu, onpelesIeHHBE 10 rpaduKy astodopepa (Kak
0 HAKJIOHY KacaTeJibHOU B Hauase rpaduka Ep, tak u B3gThil Ans
Tex ke JaBJeHH, yTo H y npeccuomerpa E), B Heckonbko pasz (8 4
H GoJiee) Gogblile MOAYNs Ae¢OpManyH, OlpelesieHHOro no rpaduxy
npeccroMerpa. 1o HenbITaHUSM NAOTHHX NecKOB Ha ryGuHe 13 M
OTHOLleHHe MOIYJs Neopmanun aBToQopepa K Monyno aedopma-
IHH OpeccHOMETpa cocTaBsieT 0kodo 1,3.

ApTophl paGoTH [42] KOHCTATHPYIOT TaKkKe, YTO, B TO BpeMs
Kak no rpaduky mpeccHomeTpa IpellelibHOe JapjieHne OGHYHO
onpejensieTcst NPH YBeJAnyeHHH o0beMa KaMmepst B 2 pa3sa, T. €.
npu OTHOCHTeNbHOW Jedopmanyu okoao 40Y%, na rpadure as-
Todopepa TpeleNbHOE jaBJeHHe JOCTHTAeTCs npH OTHOCHTENL-
noii nedopmanuu 10% -—B MIACTHYHBIX TVIMHMCTHX TIPYHTax H
20% —B MWIOTHHIX MeCYaHBIX TPYHTax. DTH JaHHbLIE NOKa3BIBAlOT,
470 HapylleHHe CTPYKTypbl TpPYHTa TeM cyllecTBenmHee, 4eM OH
cnabee.

ConpotuBlenue GHCTPOMY CABHIY (HelpeHHpOBaHHHE HCHEITa-
HHs) chalblX [VIHH ¢ CYTAMHKOB HCC/IEI0BaA0Ch TPeMst CIOCOGaMH:
JIOACTHHIMY ACHEITAaHUSIMM, B NpHOOpax TPEXOCHOro CXKaTHsi B Jia-
6opatopunt 1 aBtodopepom. CONpOTHBJIEHHE CABUTY, ONpedesieHHOe
aBTOOpepOM, NPUMEPHO B 2 paza BhIle, YeM ONpeliesieHHOE B MpH-
Gope TpexocHoro cxkatusi. OTHOlIeHHe CONPOTUBJEHHH cABUrY K,
onpeaesneHHOe aBTOGHOpPEPOM, K ONpe/leIeHHOMY JIONACTHBIM MpHGo-
pOM 3aBHCHUT OT NPOYHOCTHOH XapakTepHCTHKN rpyHta. Ecnu 3a
IPOYHOCTHYIO XapaKTepPHCTHKY TIpYHTa MPHHATL CONPOTUBJIEHHE
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CABHry IPH JIOMACTHBIX HCMBITAHASX Cy, TO HONyYaAKTCS CleAyouye
JlaHHBIE:

anst ruH opu paMmeHeHuH Cy ot 0,25 po 0,7 kre/em? oTHOmeHune
cenpoTyBieHnii £ namensierest ot 1,8 no 0,78;

IJIST CYrAHHKOR Npy mameHenuu Cy ot 0,15 10 0,4 kref/em? oTHO-
UIeHye CONPOTHRIEHHUH B n3meHsieTest ot 1,5 1o 0,75.

OTH JaHHHe BHOBB NMOJATBEPIKIAIOT CYIIECTBEHHOE HapylIeH#e
CTPYKTYPH! NPX HCHBITaHHU CNabbIX TPYHTOB.

Ecny pa6ota [42] mocBsilneHa HCUBITAHMIO CJAaGHX IJIHHHCTHX
rpyHTOB aBTOQOpepoM, TO paGoTa [91] nocesineHa HCOHTAHHIO MO-
JYTBEPABIX JIOHAOHCKYX TJIHH €aMo3abypyBaoiyMcst aHIJIAHCKAM
npeccriometpom (puc. 100). JIoHnOHCK#E [VIHHB — 3TO CHJIBHO mepe-
yIJIOTHEHHBIE TJ#HBL, copepxkanye 55—60% yacthn pasmepom Me-
Hee 0,002 MM, ¢ BNIAXKHOCTEIO Ha Npenedie tekyuectd 0,6—0,8, Bnax-
HOCThIO Ha npenene naactauoctd 0,26—0,3 H ecTecTREHHOH ByiaK-
HOCTHIO, NIPYMEPHO PaBHOI BJIa)XHOCTH Ha IIpellesie NMNACTAUHOCTH.
I'muna €coCTOMT X3 OTHENBHEX TBEPABIX BKJAIOUEHHiI pasmepoM 6—
S50 MM, MPOCTPAHCTRO MeKAY KOTOPBIMA 3alOJHEHO HJaCTHYHONR
raunofi. C rAyGaHBl 9 M pa3Mep BKIIOUEHHH NOCTENEHHO yBEIHUABA-
eTcst ¥ Ha rayGuHe 25 M poctaraet 75—325 MM, BrIoueHust Jerko
pasiessuoTCs MO TPelHHaM.

Mognyns neopManHH IpH HEIPEHHPOBaHHBIX HCMBITAHASX Olpe-
neasuiest (prc. 101) mpeccuomeTpoM, B npuGopax TPEXOCHOIO c¥Ka-
THs Ha obpazmax axamerpoM 38 # 98 MM ¥ HCORITaHAEM INTaMIOOM
adameTpom 865 MM B cKBakurHe Auamerpom 900 mm. Mz storo pu-
CyHKa BXJHO, 4TO Jajke Ha oOpasle guaMeTpom 98 MM B npadope
TPEXOCHOIO CKaTdst NOJyYyaeTcsi B HECKONBKO pa3 3aHUKEHHOe 3Ha-
yeHre MOAynst fepopMmanuu. B TO 3Ke BpeMst MOAyax AedopMalii,
omnpeJiefieHHble ¢ MOMOIIBIO CaM03alypHBaIOIIErocs: IMpeccaoMeTpa,
XOpOLIO COTJACYIOTCST ¢ MOAYJSIMH, HOJyJeHHBIMH [0 HCHBITAHASTM
ITaMIoM AHamMeTpoM 865 Mm.

ConpoTyBieHre CABHIY NIPA HeIPeHHPOBAHHBIX HCHHTAHHAX OM-
pedensuiock (puc. 102): mo uHCUHTaHASM CcaMo3a(ypHBAOIIHEMCS
npeccHoMeTpoM ¢ 06paGoTKOH AaHHBIX no MeTonam I'mGcona — AH-
nepcona H Ilanemepa, B UprGope TpPeXOcHOro cxatusi (OGpasNbE
nmametpoM 38 B 98 MM), MO MCUBTAHASIM INTAMIOM AMaMeTPOM
865 MM M MO jaHHEIM CTAaTHYECKOrO 30HAMPOBaHHsA. Ilpx 3ToM co-
NPOTHRJIEHHE COBHIY MO JAaHHBIM CTATHYECKOTO 30HA¥POBAHAS ONpe-
ZIeNISiNochk HCXOAd M3 cooTHollennst Cy=¢,/20. VcnbiTauns npeccuo-
METPOM NPOBOAHNHCH CO CKODOCTbIO, ofecleunBamoleli nposegeHue
OJHOrO HCIBITAHAS B TeUeHHe | 4.

Kak BHAHO Y3 pACyHKa, HaxboJee BHICOKHE 3HAYEHHs! CONPOTHB-
JIEH¥sI CABATY NOJydeHbl NPH HCIHTAHHY [peccHoMeTpoM. BMecTe ¢
TE€M 3TH 3HAYEHHS CONPOTHRJEHHs CIBHTY LOBO.IBHO OJNIM3K:A 3HaUe-
HHSIM, ONpeJieJIeHHbIM 110 JaHHBM CTAaTHYECKOrO 30HAHPOBAHHS.

3akanyxpas; 0030p Pe3yNbTATOB WCHBITAHHIl TPYHTOB HOBLIMM
npubopami, HeOOXONUMO OTMETHTE caeayiomee, Jlnst nosyyenns
HauboOJee JOCTOBEDHBIX XapPaKTePUCTHK IPYHTOB (HeOpMallHOHHBIX
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Puc. 101. Onpenenenne Puc. 102, Conpotusnenue
2 MOAYJs Ae()OopMaLHH JIOH- CABHTY JIOHJIOHCKHUX IJIHH, OIl-
~ JAOHCKHUX T'JUH caMosa6y- perenenHoe
PHBAIOIIUMCA NpeccHoMeT- 1 — NpeCCHOMETPOM  NO  METOAY
pOM (TO‘lKH) ITanbMepa; 2 — npeccHoMeTpoM
no meropy TI'mGcoHa — AHpepco-
1-—no ofpasuaM nuaMeTpoM Ha; 3 — N0 TDPEXOCHLIM HCINBITAHH-
@ 38 mMM; 2—mno ofpasngaM AM; 4— nO LITAaMIOBBIM MCNHITa-
nnaMeTrpoM 98 wMMm; 3-— no HHUSIM; §— NO JAaHHLIM cTaTHYe-
HCNBLITAHHAM 1ITAaMNOM aHa- CKOro 30HaHpoBaHHSA
MeTpoM 865 MM
—1
7

Puc. 100. Anraufickufi camo3abypuBaroluiicst npeccuOMeTp

1 — GypoBoit HaKOHeHYHHK; 2 — camozalypmBawliuiics 6J0K; 3 — npeccHoMeTp; 4 — Kabeab H
BO3ayIluHasi Tpy6Ga; 5§ — BuIGypeHHas nopoja; 6 — NpoMEIBOYHasl BOAa

H NpPOYHOCTHBIX) HX HCIIHITaHHE CJefyeT IpOBOAUTL HpuHOOpamy,
ofecneyuBalOUMH HaHMeHbIlIee HapylleHHEe ecTecTBEHHOTO CJoXKe-
HHSI TPYHT4 W CO3JaHHe B HeM HamnpspkeHHH no 3aJaHHON TpaeKTo-
pun. Ilpy moseBuX HCOBEITAHHSX NMPUOOPOM, He HApyHIAIOUIHM ecTe-
CTBEHHOIO CJOXEHHsI TPYHTa, B TOM yHcje JeficTBYIOLHX B HEM Ha-
npsixkennil, Heo6x0JUMO BO3[eflcTBOBATL HAa IPYHTOBLIH MaccHB
€037aB B HEM TY }Xe TPaeKTOpHI0 HANPAKEHHH, YTO BO3HHKAET B HEN
110, CTPOSALIMMCS 1 IIOCTPOEHHBIM COOpY2KeHHeM.

Onnaxo TaKkoro cOBepHIeHHOro JabopaTOpPHOTO HJIH  MOJIEBOTO
npubopa HeT, H MH Ka)XAHH pa3 ompelesnsieM HEKOTOPYiO mpuGi-
JKeHHYIO X@apaKTepHCTHKY TrpyHTa, KOTOPYIO 3aKJajblBaeM B pacuer
YUHTHIBAIOUIH CTENeHb NOCTOBEPHOCTH 3TOI HmpHOJMIKeHHOH Xapak-
TepucTHKM. Tak, npu ompeseneHuu MolyJsi nedopmauun 3a Hanbo-
Jiee 1OCTOBEePHYIO XapaKTepHCTHKY y Hac B cTpaHe NPHHUMAIOTCSA pe-
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3yJAbTATH HCMNHTaHHS IpyHTa WiraMnoMm miaomaneio 5000 cm?. Bcee
MeTOAH pacyeTra OCHOBaHHH MO JedopMalnusiM CTPOSITCSI HA OCHOBE
noxbopa Takoil cXeMH OCHOBAHHS, HCIOJb30BaHHE B KOTOPOH MOLy-
a5 JedopMalll, MNOJYYeHHOIO NpPH IUTaMIOBHX HCMBHITAHUSIX, AAJO
0L HaWAYYIIYI0 CXOJAHMMOCTb pAacYeTHHX H ¢(aKTHYECKHX OCaJoK
COOpY:KeHHIi.

IToT Xe MOAYJb JedopMannH, NOJAYYEHHHH MO HCIBITAHHSAM
rpyHTa HITAMIOM, NOCJAYZKHJ OCHOBOH A7ns pa3paboTKU MeTOLOB
ompejeneHuss MoayJss JedopMaluM MO pe3ynbTaTaM 30HIHPOBaHHS
[dopmyasr (47) u (48)] u npeccuoMeTpHyecKuX MCHHTaHHH (Qop-
Myaa 104).

TlpounocTHHe XxapakTepHCTHKH I'PYHTa B Hailleil cTpaHe omnpele-
JISIIOT B JabopaTtopusix Ha cpe3HbX npubopax. IlpuseneHHbe paHee
topMysas u TabaHuH 145 ONpeleseHHsl ¢ U € N0 pe3yJbTaTaM CTa-
THUYECKOTO 30HAHPOBAHHSI MOCTPOEHHl HA 5TOM NpPHHLHIIE.

Onunako H3J0XKeHHB! BHIIe NPHHIHI ONpeAeJeHHs NPOYHOCTHBIX
U AedhOpManHOHHHX XapaKTepHCTHK IPYHTA IO pe3ysbTaTaM HCILi-
TaHWHd ero pasju4YHbMH npubopaMu He MOXKeT JaTh JOCTOBEPHOID
oTBera A4 cAabHX rPYHTOB, TAK KaK IITAMMNOBHE HCNHTAHUS H3-32
HX CJOXHOCTH B 3THX [pYHTax MOYTH He HPOBOAATCS, a oT6op He-
HapyuleHHbIX 00pa3nos H3 c1abuX TIJHHHCTHX PYHTOB H PBIXJBIX
MeCKOB MJisl n1abopaTOPHBHX HCNBITAHHH NPAKTHYECKH HEBO3MOXKEH.
B sroMm cayyae wenoab3yloT Apyro# myrth, Kak 6bJO cpenano Beep-
pymoM [7]. Kak yxe 6bsio ckazano pamee (raasa IIl), mo morepe
YCTOIUHBOCTH psila peajbHHX COOpPYXeHHH B cJalBX TJHHUCTHX
rpyHrax GHJ onpejiesieH NONpPAaBOYHHIE KO3GQHIHEHT (B 3aBICHMO-
CTH OT 4HCJa INACTHYHOCTH) K CONPOTHBJEHHIO HelpeHH POBAaHHOMY
cIBUTY, OIpefeJeHHOMY JONacTHHM npubopoM.

M3 cka3aHHOro sICHO, YTO HU OJHH HOBHIl mnpHOOP HJAH HOBas
TEXHOJIOrUsi Ha cTapoM npubope He MOLYT NMOAYYHTb LIHPOKOTO pac<
NpOCTpaHEHHs IO TeX MOop, IOKa pe3yabTaThl HCNHTaHHE TpyHTa
STHM mpubopoM He OyLyT CKOppejJHpoBaHH ¢ anpoOHpoBaHHBIMH
pe3ysbTaTaMH OmNpeneieHHsl XapaKTepuCTHK I'pyHTa JHO0 HIHPOKO
npoBsepeHs 06paTHHM pacyeToM MO MOTepe YCTOHUHBOCTH MMM ocai-
Ke TMOCTPOEHHHX COOpY¥KeHHH.

TFmasa VII

KOMIIJIEKCHDBIE
HH)XEHEPHO-TEOJIOTHYECKHE HCCJIEJLOBAHUA

1. OO1He NoJoXKeHNs!

Ilpu nporeleHHH HHXXeHEPHO-reOJOrH4YeCKHX H3bCKaHuil Hapsiay
c o6LIUMH 3aja4yaMy ollpe/le/leHHsl XapaKTepa HaNJacTOBAHHUN rpyH-
TOB, HX KJacCHGUKANHOHHBIX [OKa3areJed, YCJOBHI 3aJjeranusd,
COCTOSIHUS] H CBOMCTB, @ TaK»Ke FHAPOTe0JOrH4ecKUX YCI0BHHE OOHYHO
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NpelycMaTpHBAIOTCA IJlaBHLie HCCJEIOBAHMSA, OT KOTOPHIX 3aBHCHUT
yclelllHOe pellleHHe BONPOCOB NPOEKTHPOBAHHA W CTPOHTEILCTBA
JAHHOTO, KOHKPETHOrO COOPYIKEHHS.

TakuMu OCHOBHHIMM HCCJIEOBaHHSIMM MOTYT OniTb, HalpuMep:
OnpejleJieHNe NPOYHOCTHLIX XapaKTepHCTHK I'PYHTOB MpH pacuerax
YCTOMUMBOCTH OCHOBAHMH COOPYXKEHHH H OTKOCOB IJyOOKHX BHEMOK;
onpejiejieHe CKHMaeMOCTH IDYHTOB NpPH pacyeTax OCaJoK H Ipo-
TrHO3UpOBaHKMe KPEeHOB COOPYIKEHHI; onpe/esncHue rayO6uHn 3a6HBKH
cBall 1 OLlCHKa MX HeCyuleld CIOCOGHOCTH NpH pacuyerax CBafiHHIX
¢$yHI1aMeHTOB H T. II.

BcenejcTBue pasindKil YCJOBHi 3aJleTaHus, COCTOSIHMSI H CBOHCTB
IrPYHTOB U MHOroo6pasus Tpe6oBaHuil K pellaeMbM 3alayaM HHXKe-
HepHO-re0JIOrMYecKrie H3bICKAHMS YacTO HOCAT XapaKTep HayYHOro
uccleoBanus, TpeOyoLlero 1jifl BLIOJHEHHS KBaJu(PUIHPOBAHHHIX
crnenuanuctoB. Ilpu HcclenoBaHMAX JIONXKHB  YUYHTHLBATLCA H3MeH-
YHBHIA W CJHOXKHBIA XapaKTep IPYHTOB, BJIHSIHHE Ha HX COCTOSIHHE
pexuMa NnouseMHHX BOJ H BHELIHHMX YCJIOBHH, 0COOeHHOCTH BO3jeil-
CTBHH H2 OCHOBaHHEe BO3BOJNMOIO COOpPYXKEeHHSl METOJ0B BHIIOJIHE-
HHfl CTPOHTEJLHLIX paboT M T. 1.

Ecan TakKe yYHUTHIBATL yBesHN4yeHHe 3TaXKHOCTH 3JaHHMH M Mac-
Cbi COOpYXKCHHUIl, BHe/|peHHe HOBLIX CTPOMTOILHEIX MAaTepHaJOB H
KOHCTPYKUHi, y6LicTpeHne TeMNoB NPOH3BOJACTBA paGoT M T. I, TO
CTaHeT OYeBHJHLIM, YTO PE3YJbLTATH H3bICKaHHi, NpOBOIMMHX Tpa-
JMLHMOHHBIMH MeTofaMH (IIPOXOAKOH TeOJOTHYEeCKHX BhpaGOTOK M
Ja6OpaTOpHLIME OIpe/IeseHUsIMI) B pfJe Cy4aeB He MOryT VAOB-
JIeTBOPHUTD 32/1a4aM NPOEKTHPOBaHHUSI.

Ins pelleHus 3THX 34724 NPH HHXXEeHePHO-TeOJOrHYeCKHX H3bl-
CKaHNAX BCe LIMPE MCIOJbL3YIOT JIOJEBHI€ METO/L, KOTOPHiEe CTAJMH
BaXKHOH COCTaBHOH YaCTHIO HCCJE/I0BaHNH, TAK KaK NMO3BOJSIOT HaH-
GoJsee MOJHO H JOCTOBEPHO OLEHHBATL NPUPO/JHbE YCJIOBHS CTPOH-
TeJIbHBIX TJIOIL A JIOK.

HHxxeHepHO-Te0JOTHYeCKHE U3bCKAHNUSA, BHIOJHAEMbE C HCIOJ/b-
30BaHHEM OT[eJbHLX BHAOB WJH TPYIN IOJEBHLIX MeTO/IO0B, IPHUHATO
Ha3bHBaTh KOMIJIEKCHBIMI HccdefoBanuaMi. Cilenyer oTMeTHTh, 4TO
cocTaB paboT, BKIIOYAaeMbiX B KOMIJIEKCHbIE HHXKeHepHO-Te0Jornye-
CKHe H3BiCKaHMA, ellle BO MHOI'OM 3aBHCHT OT ONbITA M KBaJuuKa-
UHH pabOTHHUKOB, TEXHMYECKOH OCHAIIEHHOCTH H3HCKaTEeJbCKHX
opraHusaluil ¥ He BCerja B NOJHOH Mepe OTBeuaeT 3a/1a4aM IPOEKTH-
poBanus. PexkoMeHjanun 0 HanboJdee panMOHAJLHHX COCTaBax Ta-
KHX KOMILJIEKCOB B JEHCTBYIOIHX HOPMaTHBHLIX NOKYMEHTax OTCYT-
CTBYIOT U HYXKJAAIOTCA B COOTBETCTBYIOILHMX paspaborkax. C yueroM
STHX OBCTOATENLCTB HUXe NPHBOJAATCH NPUMEPH KOMIUIEKCHBIX HC-
caenoBanuii u3 npakrtuku I'TIM @ynnaMeHTnpOeKT, B TedeHue psi-
da JeT LIHMPOKO HCHOJIBL3YIOIero pa3Hoo6pasHrie moJeBble Me-
TOJAb JIJIf HCCJeJOBaHMA CTPOHTENbHBIX INVIOUIA/IOK pPasjHYHBIX
COOpYXKEeHHH.

B cocraB KOMIJIEKCHHX HHIXKE€HEepPHO-TeOJOrHYyecKHX HCCIe/10Ba-
HH[ /I OPOEKTHPOBAaHiA CBalHLIX (YHIAMeHTOB LeJecooOpasHo

192



‘:‘. /’_\‘
’ .‘v. - ' ' . ) B . - 3
LB et o | — = .w 5t

e T y

- p-
» s *
. -~ - - .

-

™
.
- a -

Puc. 103. Konep nns 3a6HBKH Mofnenei cait

BKJIIOUAaTh pa3paloTaHHBII B MOCAEAHHE TOAH MeToJi HWCNHTaHUR
rpyHTa HHBEHTapHHIMH CBasAMH-MOJEJSAMH AJIS OmnpellesieHHsT Hecy-
el crnoco6HOCTH MPOU3BO/ICTBEHHBIX CBail.

Husenrapurie cBan MaJjoro cedenusi (Mo/lely cBail) norpyxa-
10T 3a0MBKOH A0 OTMETOK, paBHBIX Mpe/noJaraeMuM OTMeTKaM pac-
NOJIOXKEeHHs HMXXHHX KOHLOB IPOH3BOJACTBEHHBIX cBaii [28]. B pe-
3yJbTaTe 3TOr0 CyUIeCTBEHHO YMEHBIUAeTCsl CTOMMOCTh M COKpalla-
I0TCSl CPOKH IpOBefleHHsl ONHTHBIX pabor, TIOCKOJIBKY yMEHbIlIaeTcs
YUCJIO UCTIHITaHUE NPOOHHIX CBali HATYPaJIbHOIO hasMepa MJIM Jaxe
OHH MOJIHOCTBIO HCKIIYaKTCA.

D¢dPeKkTHBHOCTE NpUMeHeHHs HHBEHTAPDHBHIX CBail MaJoro cede-
HHS BMeCTO NPOCHEIX cBail 06yC/I0BAMBACTCS CIeAYIOUMME (AaKTO-
paMmu:

BO3MOKHOCTHI0 MHOTOKDPATHOTO MCIOJIb30BAHMsI 3TUX CBail TpH
HCIHTAHHAX;

HCNOJIb30BaHHeM 3HaYHTeJLHO oJiee JIeTKOro, MoGHJILHOTO H Je-
IeBOro Konposoro o60py oBaHusa aJig 3a6UBKH;

IpHUMeHeHHeM Gonoee JIETKOrO U MEHee MeTaJujoeMKoro oGopyzno-
BaHHf /il ICTIHTAHKH cBall cTaTHYeCKUMH Harpy3Kamu;

MeHbIlIell MPOAONIKUTENbHOCTEIO HCITLITAHHIA.

HuseHTapHad cBasi MaJjoro ceueHHs npeicrabaser coGoil Merasi-
JHYIecKyo TpyOy BHemHuM JuaMerpoM 114 MM ¢ konuuecKHM HaKo-
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NCUIKOM, COCTOSILIYIO W3 OTJeJbHBIX 3BeHBeB JJWHOU 2 M, coelH-
lCHHBIX MeXJy coboit Ha pe3snbe.

3abuBKa M H3BJeUeHHe MOJeJeH cBall, a TaKXKe MOHTaX yIOpHOI
KOHCTPYKIHH 7151 UX UCILITAHHH CTaTHYECKUMH Harpy3kaMu NpOH3-
BOJSITCS C NOMOMIBIO CHENHANbHOM CAMOXOIHOH YCTaHOBKH, CMOHTH-
poBaHHOl na 6aze nmacc apromobunsa [A3-53 (puc. 103), Bkmoua-
IoLlell Konep i/ 3a0UBKH cBall, cHaGXXeHHbI MeXaHW4eCKUM MOJIO-
ToM Maccoit 400 kr, cBOGOIHO ManawuKM ¢ BeicOTH 1—1,5 M, aBYX-
IJIYHZKePHHH (cnapeHHblil) JOMKpar rpy3onoibeMHOCTbIO 40 T aas
H3BJeueHus1 cBafl mocJje HCNBITAHHH W MOHTaXKHbHl KpaH rpy30mnoisb-
eMHocTbI0 500 Kr.

Hcnbltaudss HHBEHTAPHBIX CBall MaJioro ceucHHs CTATHYECKUMH
Harpy3kaMH NPOH3BOJATCS C NOMOIbI0 COOPHOH yCTaHOBKH, COCTOS-
el U3 rUApaBJanyeckoro JOMKpara rpysonopseMHocTbio 50 T, yera-
HaBJHBAeMOI'0 Ha HCHOBITYeMYIO MOjesb CBaH; YNOPHOH KOHCTPYKLMH
(6amaouHoit HaKM Oe36anouHOll), BOCHPHUHHMAKIIEH peaKTHBHBIE Ha-
FPY3KH OT IOMKpara W mHepejamolled MX Ha aHKephl; HHBEHTAPHHX
aHKepoR (MeTaJJHuecKHX TPyO, BHHTORHIX CBail UM aHKEPOB ¢ pas-
JBUTAIONHMUCS JIONACTSAMHU) U pelepHOH cucteMu ¢ npubopamu 14
n3MepeHus lepeMenieHHH cBall B mporecce HCIBITAHHUS.

3abuBKa UHBeHTApHBIX CBail Masoro ceueHus, NOJArOTOBKA M MpO-
BeJeHHE HX HCMBITAHHH CTATHYECKUMH HAarpy3KaMH OCYILeCTRBJSIOT-
cs ¢ yuerom Ttpebosaunii 'OCT 5686—78. OfHako Ha OCHORAHHH
AHAJIM32 ONBITHBHIX JaHHBIX KPUTEpPHi YCJOBHOH craGHan3aiM oca-
JIOK Ha KaxKJo# CTyNeHH HACPY3KH NMPH CTATHYECKHX HCIBITAHHSIX
npuHAT uHeM, 4eM B ['OCTe, — ycnoBHasn crabuaiizanusi cuiTaeTcs
JOCTUTHYTO#, ecan mpHpaileHde nepeMeienuit He 6omee 0,1 MM 1a-
6mwopaercs B Tedenre 30 miil, a He 2 4, kak no 'OCTy. [lpuMenenue
TAKOTO KPHTepPHsI MO3BOJISET CYILIECTBEHHO COKPATHTL BpeMsl mpo-
BejIeHUs] HCIBITAHU cBafl MaJoro ceueHus.

HcenoiTaHus MHBEHTAPHBIX CBAll MaJoro CeuyeHHsi JOJIKHH 06si3a-
TeJIbHO COUYeTATbCSl CO CTATHYECKMM 30HAMPOBAaHHEM TPYHTOB, 1O
JaHHBIM KOTOPOrO HaMeualoTcsi MecTa il YHCJIO HCNBITAHMM, onpee-
Jsiercss Heo6XOJUMOCTL MPOBeeHHs HCHOBITAHHH NPOGHLIX cBall Ha-
TypanbHOro pa3mepa.

PesyapraTel Habmiogednit 3a 3abuBKOH WHBEHTapHBIX cBafi Ma-
JIOTO ceyeHHusi, KAK U pe3yJbTaTH AHHAMHUYECKHX HCObITaHuil npob-
HbIX cBa#l, HCIOOMBL3YIOTCA ANSl NOATBEpXKIEHHUS BO3MOXKHOCTH 3a-
OHEKH NpPOH3BOACTBEHHBIX cBail 10 HaMeYeHHBIX TAyOuH U AJas mo-
TIOJTHUTEIbHON OpeHKH OJHOPOAHOCTH TPYHTOB IJIOLNAIKH.

PeayabraTsl HCOBITAHHE HHBEHTAPHBIX CBall MaJoOro ceueHns CTa-
THYeCKHMH Harpy3kaMH HCIOJB3YIOTCS IJisl ONpelesieHHsl HecyLIeH
cnocoOHOCTH TPOH3BOACTBEHHLIX CBai Ha BAaBJHBaHue. [Ipu 3TOM
yacTHOe 3HAUeHHe NpelelIbHOrO CONpPOTHBIEHHSl CBAU ONpeJessieTcs
1o sMOHpHIecKol ¢GopMye

u
L = u“ oo (115)
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rae (P;;—‘laCTHOe 3Hauelue npeaedbHOrO CONpOTHBJICHHUSA CBaH, COOTBETCTBYIOLLEE
ocaake A, onpeneisiemoii cornacuo CHull 11-17-77; ucs — mepuMerp HaTypadbHOR
CBaH,; Um — NepuUMeTp HHB@HTapHOﬁ CBAaH MaJyoro CeycHHd; (pgp — YacTHOE 3Haue-
HHe MNpeleJbHOrO CONPOTHBJEHHS HHBEHTAPHOR CBaH, NPHHAMAaeMOe DaBHBIM TOM
Harpyske Ha rpaduKe «OCajika — Harpyska», NIpH KOTOPOil Ocanka HHBEHTADPHON
CBaym paBHa YKa3auHOM ocazmke A,

TlpaBoMepHOCTE NpHMeHeHus 3TOH GOPMyJH NOATBeprkAaeTC
pesyabraTamu 0006LIeHus;, aHanu3a u CTAaTHCTHYCCKOH o6paboTKH
Jauuplx 70 mapanjenbHBX HWCNBITAHHH HWHBEHTApPHHX M HaTYypHBIX
CBall CTAaTHYCCKHMH HATPYy3KaMy, NPOBeJCHHHX B PasjauyHBX [PYH-
TOEHX ycJoBHsAX. CeueHne HATypHHX cBail coctaBHyio 30X30 cm K
25X 25 cM, raybHHa NOrpyKeHus HATYPHHIX ¥ MHBEHTapHBX CBail us-
Mmeusitack ot 5 1o 10,5 M. Ctatuctnueckasg o6paboTKa mpoBoauiIach
KakK pa3fe’bHO LS TMHHUCTHX W NecYaHBX IPYHTOB, TakK u I71s 00-
nieli COBOKYNMHOCTH TpPYyHTOBHX ycaoeuft [28]. Ilpu ocanke A=
=16 MM cpennee no 46 pcnbTaHuAM OTHONIeHHe (aKTHYeCKHX Ha-
TPY30K Ha CcBaw K pacuerHuM coctaeuio 1,01, kos¢pdunuent sapua-
nuu coorsercteoBan 0,23.

Tlpu onpenenennn no pesyaprataM MUCOBTAHHME MHBeHTAaPHBIX
CBal MaJoro ceueHus pacyeTHON HArpyskH, JONYCKaeMoOi Ha HATyp-
HYI10 CBal0, CJIeIyeT PYKOBOJACTBOBATHCH NpHBEeJEHHHMH paHee pe-
KOMeHZanudMu 10 ONpeJeseHHI0 JAonyckaeMoll Ha CBal pacyeTHOH
Harpy3ku 1o pes3yJbTaTaMm CTaTHYecKoro 3oHaHpoBanus (ctp. 131).
Ilpu sToM cilegyeT uMerh B BHAY, UTO YHCJAO HCIHTaHHi MOJeJeH
cBafl AJd KaxJIoro 3JaHus wlu COOpyXeHusl JOJXKHO OHTL He Me-
Hee 5.

2. MpumMepni KOMIVIEKCHBIX M3BICKAHUI [l IPOEKTHPOBAHUSA
CBaliHBIX GYyHAAMEHTOB B TOJIIE FJIHHUCTLIX FPYHTOR

H3bickanns nas cTpoutenncTea o6bekToB KpacHosipckoro aJjio-
munuesoro 3asoia (KpA3). Bce ocHoBube oO6bektn KpA3a crpo-
ATCS Ha CBaMHBX (QyHoaMeHTax H3 KeJje300eTOHHHX 3a0HBHHX
cBaii.

IIlupokoe mpuMeHeHHe cBafHBX (YHAAMEHTOB OO6YCJOBICHO
reoJIOrHYecKuMu OCOOEHHOCTSIMu paiioHa CTPOMTENLCTBA, A€ C MO0-
BEPXHOCTH 3aJeralwT OeJI0BHANBHO-aJJIOBHAABHHE JecCOBHAHBIE
CYIJIMHKH, TpocafoyHBe B BepxHel yactu ciaos. Huxe storo cios,
MOIIHOCTL KOTOPOTO B Mpeledax NJOUIAJAKH CTPOHTENBCTBA pas-
JHYHA, 3ajeralT ajqiioBuajJbHBE CYTAuHKH TBEpAOH, NOJyTBeploi,
TYrOmJNacTHYHOH ¥ perke MATKOTJIACTHUHON KOHCHCTEHIMM.

B nmojo6HEIX reosornyecKHX YCJIOBuAX, XapaKTepu3yeMbX HeKo-
TOPHM YJyulleHHeM (U3BKO-MeXaHHYEeCKHX CBOHCTB IPYHTOB C [Jy-
OuHOM, OOBHYHO OKa3hBaercsl Hesnecoo6pa3HHM NpHMeHeHne ¢yHIa-
MEHTOB Ha BucauuX cBasx. OCHOBHOII 3afaueil IPOBOIMMEX H3HICKa-
HuH B TAKUX YCJOBUSX ABJISETCA NPOrHO3UPOBaHue Hecyllel cnoco6-
HOCTH CBaif, KOTOPHE MOXHO MNOTPYXaTh Ha Pa3jMuYHY0 IayOuHy
6e3 ocnoxkHeHn#, OOHYHO HAGMIOAAOMMXCH NPH HAJHMYMH TPYIHO-
NPOXOAUMEIX CJIOCB FPYHTOB.
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XapakTep BO3BOAHMMBIX COOPYXEHHH H HX KOHCTPYKTHBHHIE OCO-
H6ennocTH Ha crponTtenberBe KpA3a obycioBianBajn TakHe pacyer-
fible HarpyskHu Ha cBaH, KOTOpble MOIJIM OHITh MOJNYUeHH IpH HX HO-
TPYXeHHH B TOALLY aJJIIOBHAJbHLIX CYTJIHHKOB, IPHHATHX B JJaHHOM
caydae 3a Hecymuit cJoi. EcTecTBeHHO, UTO MOHSTHE <«HeCyLH#
CJOfi» B Jl@HHBLIX YCJOBHAIX SIBJAAETCS YCJAOBHLIM (IPU OTCYTCTBHH
SIBHO BHP2JXeHHOro Hecyniero cjos).

C yueroMm HakoIJEHHOro Ha 0ObEKTax CTpoHTenbcTBa KpacHodp-
CKOTO aJIOMHHHEBOro 3aBoja ONHTAa ycTpoiicTBa cBaliHbHX (PyH1aMeH-
TOB H [IPUMeHeHHsl CTaTHUYCCKOrO 30HAMPOBAHHUA JIJs OLEHKH HECY-
el cnocob6HOCTH cBail B KOMILJIEKC HHXXeHePHO-TeOJOTHYeCKHX H3Hl-
CKauHil He BKJIOUHIH 3a0HBKY H HCOBTAaHUS MOPOGHHX cBafl U
TpOBOJNJHN €ro B cOCTaBe CJELyIomHX paboT: NPOXOiKa CKBaXKUH,
JabopatopHbele onpejeneHus (BKJOUAsi KOMIPECCHOHHBIE HCOHITA-
HHs1 ¢ 3aMaudBaHHeM JJig OllpesesieHHd NPocajoyHOCTH) H HCOHITa-
Husd FPYHTOB CTAaTHUYECKHM 30HAHpOBaHHeM ycraunoBkoii C-979.

B pesyaprate onpelesneHuss Hecyuleil cnoco6HOCTH cBail npwm
Pasnn4HOi ryiybuHe HX MOrpyXKeHud, N0 AAHHHM HCOLITAHU{ rpyH-
TOB CTaTHYECKUM 30HAMpOBaHHeM, OblJa pEKOMEHIOBaHa CJeIYyIO-
nias xecynias cnocoOHocTh cBail: npu AjauHe cBan 6—7 M — 40 Tc;
7—8 m—451c; 8—9 M — 60 Tc 1 9—10 M — 65 TcC.

Dyp3kas cXOQUMOCTb pe3ysabTaTOB paHee BHIIOJHEHHHIX OIpele-
Jenull Hecyulel cnoco6HOCTH cBall CTATHYECKHMH HCOBITAHUSMU C
YKa3aHHBIMH BHIIE JAHHEIMH CTaTHUeCKOrO 30HJHWPOBAHHSA MO3BOJH-
Jia B jaJsibHefillleM OTKAa3aThCAd HA 3TOH [JIOIMAJKe OT TPYJOeMKHX
paboT MO cTaTHYECKOMY HCOHTAHHIO CBajli HECMOTPS Ha TO, YTO TaM
exercIHo 3abueanoch okoJio 8000 cBail

H3pickanusa AJin CTPOMTEJLCTEA NPOH3BOACTEEHHHIX NOMeIleHH#
B JKenesnoropcke. CpaBHuTenbHO HeboJsbllas B [JaHe IJOLIAJKa
{pazmepom 20050 M), pacnosokeHHass BAOJL GPOBKH BHCOKOTO I
obOpuBHCTOrO 6epera AOJUHB PEKH, CJIOXEHA JIeCCOBHAHLIMH YeTBep-
TUYHBIMH 30JI0BO-IeJI0BHAaJbHEIMU H 62JOUHBIMU OTJOXKEHUSIMH. D0-
JIOBO-eJIIOBHAJIbHEIE OTJIOZKEHHUS, 3aJieraiolliyie Kak ¢ NOBEpPXHOCTH,
TaK W Ha YacTH MJIOMIANKH Mo 6aJOUYHLIMH OTJOXEHUAMH (Ha TJIy-
6une 7—I13 M), npeacTaBieHbl JeCCOBUAHBIMH CYTJIHHKAMH, CYE€CAMHU
U rIHHaMH. banounHe OTJ/IOXKeHHst COCTOAT U3  JIGCCOBUIHHIX CY-
TyIMHROB. CymnecH, CYTJHHKN H TJIHHB XapaKTePU3YIOTCH Pa3jIHYHON
KOHCHCTeHHedl, npiyeM no raybrHe B NIPOCTHPAHUIO OJHH CJIOH Yac-
TO 3aMeHAI0TCA APYTHMH.

TlpuBescHHble faHHBE XapaKTEPU3YIOT MJIOIAIKY CTPOHTEILCT-
Ba KakK BecbMa Pa3HOPOJAHYIO MO COCTaBY FPYHTOB M HX (HU3HKO-Me-
XaHHUeCKHM CBOHCTBaM.

B sTHX ycnoBHSX AJs NPOEKTHPOBaHHA CBAafHLIX QyHIaMeHTOB
6blI0 HEOOXOMIIMO MpOBedeHNHE KOMIUJIGKCHBIX H3BICKaHUi ¢ JocTa-
TOUHO} JeTaJu3anuedi XxapakTepa 3aJieraHHs FPYHTOB U HX COCTOSI-
HUSI B OCHOBAHHH Ka)XJIOro MNPOEKTHPYEeMOIro coopyxeHusl. Jlas
3TOro MHXKeHepPHO-TeOJIOFHUeCKHH KOMIIEKC Ha Mmaomajke OB BH-

MOJIHEH B cocTaBe cielylmux pabor:
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OypeHHe CKBaxKMH ¢ Oor6opoM o6pasunoB rpyHra (11 ckBaxkus
rnyounoit 10—20,4 M);

nabopaTopHble HCCIeLOBaHUS AJIS OnpejeleHus] KiacCHpHKALKU-
OHHBIX NOKa3aTeJsieli U NPOYHOCTHEIX CBOUCTB I'PYHTOB;

HCIBITAHHS CPYHTOB Ha cJABHI sonactHbIM npubopom CII-52 (31
HCIBITAHUE) ;

cTaTiiecKoe 30HAHpoBaHue ycTaHOBKOfl C-979 (16 Touex);

UCILITAHHS! ONLITHHIX CBall jauHaMuueckumu (17 ucnuTaHwil) u
cratugeckuMH (11 ucnwiTanuit) Harpy3skamu.

BrutodeHne B cOCTaR KOMIJIEKCHBIX H3BICKAHHHA HMCOBLITAHWH JIO-
MAacTHBIM NPUOOPOM BLI3LIBAJIOCHL TeM, YTO B psifie caydaeB (TeKyue-
NJIACTHYHBIE CYTJIMHKH, MJACTHYHBIE H TeKyYHe cylecu) npn GypeHun
CKBaXXHH 0TOOpaTh 00paslltl TPYHTA HEHAPYLIEHHOH CTPYKTYDH He
NpencTaBlIslIoch BO3MOXKHBM. MenblTaHus JonacTHelM npHOOpOM Ha
cpe3 B CKBaXXHHAX MO3BOJUJIH YCTAHOBUTh IO YMeHbLIEHHIO ITPOYHO-
CTH JIECCOBH/IHBIX CYIVIHHKOB MepeX0O[ UX OT CJIOS MATKOMJIACTHYHHIX
Pa3HocTel K CIOI0 TeKYYelllacTHYHBIX PasHOCTel; CONpOTHRIEHNE. B
3TOM cJydade yMEHbIagach B 2 pasa. 3HAUWTEJIbHOE YMEHbILUEHHE
npouHocTH HabJuogaercs TakxkKe MPH Mepexofe OT TBepAHX cymecefl
K CynecIM B ITACTHYHOM COCTOSHHH — CONPOTHBJEHHe cpe3y YMeHb-
magock B 1,5 pasa.

HlcnHTaHUSMH TPYHTOB CTATHYECKHM 3O0HIHPOBAHHEM H JIONACT-
HHIM IpUOOPOM Ha cpe3 B CKBaxKHHAX OblJl BLIIBJIEH XapakTep H3Me-
HeHHsl NPOUHOCTH M MJIOTHOCTH TPYHTOB B JHTDJOTHYECKHX CJOSIX,
YTO MO3BOJIKWJIO CPABHHUTh WX MO 3THM IOKA3aTeNsIM H HAa3HAUYHTD He-
CYIIMiT CJIOH Jnd cBail (Kak 4 B OpedbloynieM cJydae, NOHATHe
«HecyIlii cnoft» 3xecy HOCHUT YCJAOBHHIH Xapakrep). ITo stum nas-
HHIM OblJIH BHIGPAHB! YyYaCTKH PaCHOJIOXKeHHSI KYCTOB ONBITHBIX CBaii,
Pe3yJbTATH HCIBITAHUH KOTOPHIX NO3BOJIHJH PEKOMEHIOBAaTb HeCy-
11110 cOCOGHOCTL cBail.

HcnblTanis cBai cTaTHYECKHMH Harpy3kKaMu IOKasaJH, YTO CTe-
NeHb HEOJHOPOAHOCTH 3ajleraHus TPYHTOB Ha miomlajike 6bsia ore-
HEeHa NpaBHJIBHO — Hecyllas crnocobHOCTD cBail AJHHON 8 M, MO HaH-
HBIM HCOHITaHuf, Kogaebasnack ot 30 no 80 Tc.

3uauends Hecyllel cNOCOGHOCTH CBail, pacCUHTAHHLIE IO Pe3yJib-
TaTaM JHCOBITAHH{l TPYHTOB CTATHYECKUM 30HAHPOBAHHEM M Ompejle-
JIEHHble MCOHTAHWSAMU ONBITHBIX CBall CTATHUECKHMH Harpy3kaMu,
oKaszaguch GJU3KUMH MeX 1y coboii.

H3apickanus pas crpouteasctea B Mosjgarckoit CCP. I'eonoru-
YecKOe CTpOeHHe TeppHTOPHH TaKHX ropojioB, Kak Kummnnes, Benb-
sl # Tapakmnusi, o6ycnoBANBAaEeT NPUMeHEHHE B OCHOBHOM CBaHHBIX
¢yunamenToB. [110MAAKA CTPOUTENbLCTBA, KAK HNPAaBUJIO, C MOBEpPX-
HOCTH Ha riybuHy 6—12 M cJIOXKEHH YeTBepTHUHLIME aJJI0BHAJSBHO-
JIeNIOBHAJbHLIME CYIVIHHKAMH OT TYTOIIACTHYHOH [0 TeKy4Yell KOH-
CHCTeHUIMH. B ToJile ai/I0BHANbHLEIX CYIJIHHKOB 3ajieraioT HpoC/oH
U JIMH3H CYIeCH W NecKa pa3jiHyHOH MOIUIHOCTH. AJUIIOBHAJLHO-Ie-
JIIOBHAJIbHBIE TPYHTH NOACTHJIAOTCS HCOreHOBHIMHU 3€J1€HOBATO-CEPHI-
MM H TE€MHO-CEPbIMH IJIHHAMH CapMaTCKOIo fpyca, KOTOpHE B KPOB-
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Je Ha raybuny 1—2 M Xxapakrepu3yioTcs TYronJiacTH4HON H MOJy-
TBEpAOH  KOHCHCTCHLMSIMH, HHXKe — MOJYTBepnoil u TBepoil.
I'pyHTOBBIE BOJ(BI NPHYPOUEHE! K YETBEPTHYHBIM OTJIOXKEHHSIMH H 3a-
Jleralot, Kak npasuio, Ha raybuse ot 1,5 1o 5 M.

B 3a8BHCHMOCTH OT KOHCTPYKTHBHBIX XaPaKTePHCTHK MPOEKTHpYe-
MBIX COOPY2KE€HMH B YKa3aHHBIX MHXKEHEPHO-Fe0JOrHYeCKHX YCJIOBH-
X OpHHATAA B NPOEKTe HArpy3Ka Ha cBalo Moxker OniTh ofecneueHa
OpH pasauuHOll AJiHHe cBail, T. e. Npu 3araybuaedun cBail B pasnuy-
HEle JIMTOJIOrO-TeHeTHYeCKHE Pa3HOBHIHOCTH TPYHTOB.

Tlpu pewlennn Bonmpoca o AauHe M Hecyulefl crnocoGHOCTH cBail
IJs1 KOHKPETHBIX COOpPYKeHu# HJin KOMIJIeKca COOpYKeHiuii Hapsny
c OOLIeNPHHSATHIME MeToZaMu (NPOXOAKOH WMHIKEeHepHO-reoJsorupyec-
KHX CKBa)XuH, 71a60paTOpHEIMu ONpereTeHisIMH OCHOBHEIX [OKa3a-
TeJeli GH3HKO-MeXaHHYeCKHX CBONCTB [PYHTOB, HCOBITAHUSIMH TPYH-
TOB CTAaTHYeCKHM 3CHIHPOBaHHEM, HCOLITAHHSIMH XeJe300eTOHHEIX
cBafi NUHAMHYECKHMH U CTAaTHYECKHMHU HAarpy3kaMu) crajiy HIHPOKO
NPUMEHATLCS HCOHTAHUS MOjeJel cBail IHHaMu4YecKHMH M cTaTHde-
CKMMH Harpy3KaMu.

ITpy 06061eHnH pe3yAbTATOB NapaJsesNbHblX HCOLITAaHHH HATYp-
HHX Xene306eTOHHBIX cBail n Mojesell cBait Ha CTPOMTENBHBIX MJIO-
maznkax Kumnneera n bBensuor kosddrument nepexona oT Hecylei
crnocobHOCTH Mojesn cBam amamerpom 114 MM K Hecywelt cnocob-
HocTH keJje306eToHHOl cBau ceueHueM 30X 30 cM cOOTEETCTBOBAJ
3, T. e. 6Bl O6JI30K OTHOLIEHHIO NepHMeTPOB CRam M MOIEJ]M CBai.

Hakonsennsiil 0NKWT NapajjenbHblX HCOBITaHEN Keqe306eTCHHBIX
cBail u Monedell cBail nossoans I'TIM ®yugaMeHTnpoekT Ha Teppu-
topun Monznaeckoit CCP B aHanoruiHblX C[PYHTOBHIX  YCJOBHSIX
COKPaTHTh 10 MHHMMyMa 4YHCJAO HCOBITAHHEA HATYpPHHIX CBai, a C
1975 r. IpakKTHYECKH H3BATH HX 13 KOMIUIEKCa HWHIKEeHEepHO-Te0JOrH-
YecKHX H3bICKaHui, 3aMeHHB LCOBITaHHEM Mozejell cBaif, 4TO TNpH-
BeJO K 3HAUHUTEJLHOMY COKPAINEHHI0O CTOMMOCTH # CPOKOB  H3Hl-
CKaHuii.

OaHHMM 13 NPHMepOB KOMILIeKca HHXeHEePHO-TeOJOrn4eckKux i3nl-
CKaHu#, BKJIOYAIoero B ceds1 ucouTauusl Mojienell cBail, SBIS0TCH
M3bICKaHIs], BHIOJHEHHBe Ha [J0INaJAKe CTPOUTEJbCTRBA KHABIX 10-
MOB B MukpopaiioHe Ilambintensl-11 B r. Benbusl. 3agaua wu3bicKa-
Huji cocTofAsa B Bbljade peKoMeHjauuil o njamuHe n Hecyulelt cnocob-
HOCTH cBail jJif NpOeKTHpOBaHuA cBalHuIX GYHIAMEHTOB HBeHaiIa-
TH 9-3TaXKHHX XWIbX KPYHNHONAHEJbHBIX JOMOB.

B npoekrte 6uli npuHATH 3a0uBHEIE XeJe300€TOHHBIE CBAM AJdH-
Hoii 5 M u ceuenneM 3030 cM, pacnojoxkeHue cBail ORHOPHNHOE,
wiar cBail — 0,99 M, pocTBepKH — MOHOJHTHBIE, KeJe300eTOHHEIE,
JIeHTOUHBIe, UNCJIOo cBail Ha oauH aoM — 222, Obuee uucj0 cBail Ha
Bce noMa craBujio 2664. Harpy3ka Ha cBaio no OpoeKTy cOcTaBuJjia
ot 25 mo 35 Tc.

[Tnomanka crpouTenserBa Ha rnybuny 4—I10 M OT NOBEpPXHOCTH
3eMJsii CJIOXKEHa YeTBepTHUHLIME aJUIIOBHAJLHEIME CYIJIMHKaMH, Ie-
PEKpPHITEIMI CBePXYy HACHNHBIMH TPYHTaMu (MOLIHOCTHIO 10 1 M) H
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NOYBEHHO-PACTHTeIbHEM cJloeM (Tonmuuoi 1o 1 M). KoHcucTenmus
CYTJIMHKOB B BepXHeli 4acTH pa3pesa (L0 3 M) — OT TYTOIJIACTHUHOM
JI0 TeKyueii, HHXXe — TYromnacTHyHas ¥ noaytBepias. Ha raybune
4—10 M aJjyoBHAJbHBIE OTJOXKEHUS! NMOJACTHJIAIOTCS HEOTeHOBBIMH
[JTMHAMH CapMaTcKOro fIpyca C rHe3jaMH THIca U TOHKHMH MpO-
CJIOSIMY  BOJOHACBHIILIEHHOTO INecKa. KOHCHCTeHLHs IJHH TBepaas H
nonyTeeplad. [ pyHTOBBle BOAB NPHYpOYEHH K AJUJIIOBHAJBHBIM Cy-
ITHHKAM W 3ajeraior Ha raybuue 1,2—2.5 m. CeilicMuYHOCTB paiio-
Ha 7 6a7J0B,

Jlast peuleHHsT TOCTaBJeHHOM 3ajaud mocie aHajau3a Mare-
pHaNoB TpeuIecTBYIONINX  H3BICKAHHU  HMHXKeHepHO-reo.Jornge-
CKHfi KOMIUIEKC Ha IJIOUlajJKe OBJI BBIIOJHEH B COCTaBe Clie/ylo-
mux pabor:

OypeHre HIECTH CKBayKUH AUaMeTpoM 168 MM KOJOHKOBBIM CIO-
coboM Ha riybuny a0 15 M ¢ oT6opOM MOHOJHTOB;

nabopaTopHele omnpefleieHHst (U3MKO-MeXaHHYECKHX CBOICTB
IPYHTOB;

CTaTHUECKOE 30HJMpOBaHMe TpyHTa HA raybuny g0 15 M
(31 Touka);

HCIBITaHNsA 2Kele3006eTOHHBIX cBafl (ceuenneM 30330 cM) crartu-
YyecKO#l BAaBjauBalolleil Harpy3koil (ABa HCNBITAHHSA);

HCOBITAHUST MeTaJJIMUecKUX Mofelell cpaii (Auamerpom 114 mm)
JHHAMHYECKOH H CTAaTHYCCKON BJaBjuBampoleil Harpyskamu (12 uc-
NBITaHH) .

B pesysbraTe YTOYHEHHS XapaKTepa HalJacTOBaHHil B MecTax
OTCYTCTBHSI CKBaXXMH, OLEHKH IPOYHOCTHBIX W JedOpPMaTHBHBIX
CBOMCTB BCeX BblJIeJIeHHHX B pa3pe3e JIUTOJIOTO-TeHeTHYeCKUX THIIOB
IPYHTOB NOJEeBBIMH H 7a00paTOPHBIMM METOMaMH, a TaKXKe BEHIsIBIe-
HHSl CTelleHN OJHOPOAHOCTH TPYHTOB MO NPOYHOCTHBIM CBOHCTBaM
MeTOJOM CTATHYeCKOro 30HAUPOBAaHHS B mJjaHe W mo raybuie GBUIH
HaMedeHBl MeCTa MapaJjijiefIbHbIX HCNBITAHUH XKele306eTOHHBIX cBail
U MoJZeJseil cBail (B IBYX KyCTax) U MECTa HUCTIHITAHHH OJHHOUYHBIX
Moxenell cBafi JHHAMHYECKHMH M CTATHYECKHMH HArpy3KaMH.

JlauHble cTaTHYeCKOro 30HAUPOBAHHS TPYHTOB IMO3BOJHJH MIPO-
FHO3HPOBAThL HECYULYIO CNOCOOHOCTh Kede300eTOHHBIX CBall ceyeHH-
eM 3030 cM Npu yCJIOBHH HX 3arJyGJICHHST Ha Pa3jIMUHbBE OTMETKH
KaK B ajJlloBHaJibHBle CYIVIHHKH, TAK U B CApMaTCKHE TJIMHEL

PeaysbraTh mapasnJefbHHX HCIBTAHHH XeJe306eTOHHHX cBail u
Mojesell cBall MOATBepAUJH ClAenaHHBIH paHee BHIBOJA O TOM, UTO B
JIAHHBIX HHYXeHEPHO-TeOJOTHHICCKUX YCJAOBHAX K03 (HIHEHT Hepexo-
1a OT Hecyweil cnocoGHOCTH MeTaJJHYEeCKOH MOJeNnH CBail AHaMeT-
pom 114 MM K Hecyulefi cnocoOHOCTH ke e300€TOHHON cBaW cede-
HreM 30330 cM paBeH 3.

Xoponlasi CXOAHMOCTb Hecyllell crnocOOGHOCTH cBai, NOJydeHHON
pasJugHBIMH MeTOAaMH: MO pe3yJbraTaM CTaTHUECKOro 30HIHpPOBa-
HHA, O HCOBLITAHHSIM MOJeJiell cBail U keje300eTOHHBIX cBall cTATH-
YecKOH BaBIHBAKONICH HArpy3KOM, ~— MO3BOJHIa IPH MHHHMYyMeE
HUCMHTAHHI 2Ke]e300eTOHHHX CcBail (ABa HCIBITaHHSI) PEKOMEHIO-
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BATL JUIMHY 1 HCCYIIYIO cnocOGHOCTDL CBali KOHKPETHO [Jisi KaxKAOro
xmjoro aoMa (u3 12 npoektupyeMbix). B saBucHMocTH oT 0coGeH-
HOCTeH HamJIacTOBAHHUSI FPYHTOB H IJIYOHHBI 3aJieTaHHsl CapMaTCKuX
[JIHH B OCHOBaHHH Kax/A0I0 A0Ma GBI PeKOMeHIOBaHbi ¢BaH AJIH-
HO# ot 6 10 8 M ¢ Hecynieit cmoco6rOcTEIO 30 M 35 TC.

3. KommjekcHble H3bicKaHMsi JJisi NPOeKTHPOBaHUs (YHIAMEHTOB
HA eCTeCTBEHHOM OCHOBAHMM
M CBaliHBLIX GYHAAMEHTOB B NECYAHO-TJAMHMCTBIX FPYHTAX

H3bickaHMs 1Jsi CTPOMTENbCTBA KOHBEHEpHOH rajepeM ABTO-
3aBopa umenn M. A. Jluxauema. llenbio usbickaHuil, IPOBOAMMBIX
Ha IJIOMAJIKe CTPOHTEbCTBA KOHBEHepHOH rajiepenl ABTOMOGHJIBLHO-
ro 3aBojla umenu M. A. JIuxauesa nnas coctaBiieHHsl paGoyux yepTte-
Jefl, ABJSJNCh: OIpefie/icHNe HOPMaTHBHBIX 3HaueHHil nokasaTesel
CBOHCTB H COCTOSIHHSI I'PYHTOB [IpU BapHaHTe (PYyHIAMEHTOB Ha eCTe-
CTBEHHOM OCHOBaHUH; BEIGOP HecCyillero cJjiosi 1715 CBail, olpeaenenue
HX AJHHBEI W Hecyllefi cnocoGHOCTH NPH BapuaHTe CBaHHLIX QyHAa-
MEHTOB.

[lnomanxa cTpoOUTENbCTBA, PACHOJOKEHHas B Npeiesiax NepBot
Ha/JrofiMeHHOft Teppackl peKu MOCKBE, cjoxKeHa (CBepXy BHH3) Ha-
CHIMHLIMH, aJIJIIOBH&JLHHIMH BEPXHEYETBEPTHYHOrO BO3pacTa M 10p-
CKHMH (BOJIXXCKOTO ¥ OKC(OPJCKOIO SIPYCOB) OTJIONEHHSMHU.

Hacbinuble rpyHTEI MOILIHOCTBIO A0 5 M COCTOSIT H3 CYIVIMHKOB,
fHecKa H CTPOHTEILHOIO MyCopa.

AnnoBuasibible OTJIOXEHHsI IepeMeHHOH MoulHOocTH (0T 3,5 10
12 M) npencraBieHbl IIECKAMU C NPOCAOSIMH CYIJIHHKOB H pexe Cy-
neceli; npeo6saalaloT MeCKu MeJkKHe H CpeiHeil KpYIHOCTH.

IOpckue oTN0:K€eHHS! CHIIBHO Pa3MbITH, BCJEACTBHE Yero uX KpoB-
Jsi pe3Ko KojeGjieTcsl MO BHICOTE, NpEeACTaBJ/IeHEl CYIIechlo, INepexo-
nsiied B CYIVIHHKH (peiKe IVIMHBI) BOJIKCKOrO sipyca; Ha 4acTH IUIOo-
LIaJKH CKBaXHHAMH BCKPHITH OTJIOXKEHHS OKCQOPICKOIO spyca,
Tipe/icTaByieHHble [JHHAMH. I'pyHTOBBIE BOABI NPHYPOYEHH K ajilo-
BHaJIbHBIM TIECKaM.

IlpoexTnpyeMoe coopy:keHue npejacrapiasier c0GOH TpaHCIOPT-
Hyl0 rajepelo obuiefi npoTsxkeHHOcThIo Gosee 500 M B BHIE 2- M
3-3TaXKHOH PaMHOH KOHCTPYKIUH C IIepEMEeHHEIM IIaroM KOJIOHH.
Oxana yacTe onop raJjieped IpeiycMOTpeHa Ha CBafiHHIX (QyHIaMeH-
Tax, Apyras (B MecTax NPHMEBIKaHHS K CYMeCTBYIOIHM 3aHHAM H
B HX Npejesiax) — Ha eCTeCTBeHHOM OCHOBAaHHH.

Ha nnomanke crpoutenscTBa rajepel B pasjiuyHoe BpeMst GELI
BLINOJTHEH HHXKEHEPHO-re0JOrHYeCKHH KOMIIIEKC B COCTABE CJIENYIO-
mux pabor:

O6ypeHue ckBaxuH jguaMerpom 168 mwm, rayGuHoit 4,5—!17 M, a
TaK¥Xe CKBaXKHH JHaMeTpoM 325 MM — Ajsl IpOBeleHHs! HCIBITaHHI
rPYHTOB LITaMIIOM;
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ApoxojKa wypdoB 175 06¢se/0BaHUsI HYHIAaMEHTOB CYLIECTBYO-
IMUX 37aHH{l B MecTax NPHMBLIKAHHS K HUM rajeped M NpPOBeJleHHE
HUCIBITAHUE CTATHYECKHMH Harpy3kaMH HITaMIIaMA;

HCTLITaHHS CPYHTOB INTaMOaMu: mJjomanabio 5000 cM? — BOCeMb
HenblTaHui; niomajeio 1000 cM? ¢ KecTKol KOJbLEeBOH NpHrpy3-
KO¥ — CeMb UCIBITaHHH; miomansio 600 ¢cM? — IBa HCIbITAHHSA,

UCIEITAHHS] TPYHTOB NPECCHOMETPOM Ha pa3HLIX OTMETKaX B
ckBaxunHax (20 ucIbITaHUH), & TaKKe THHAMHYECKOe 30H/HPOBAHHE;

HCNBITaHHSI [PYHTOB MeTaJUIHYECKUMH MOJIeJISiMU CBall IIpH JIH-
HaMHYECKUX M CTaTHUECKHUX Harpyskax (BOCEMb HCNLITaHHH);

JabGopaTopHble ONpe/iesieHUsl 10 00pasnaM rpydra.

IlpoBe/ieHHbIH KOMIUIEKC HCC/IEOBAHHE IIO3BOJHJ ONPENENHTh
OCHOBHHE TOKa3aTeJH [PYHTOB, HeOOXOAHMEE IJis pacyeTa QyHIa-
MEHTOB Ha €CTeCTBEHHOM OCHOBAHUH H CBaHHBIX ¢yHnamentoB. He-
KOTOpLIe pe3yJbTaThl ITHX HCCAENOBAHHI NPHBOJAATCS HHIKE.

Hau6oapinee pacnpocTpaHeHHe Ha IVIOINAJIKE IIPEANOJAraeMoro
CTPOHTEJILCTBA HMEIOT aJulloBHaJbHLIE IECKH, KOTOPLIE II0 TPaHyJIo-
METPHUECKOMY COCTaBYy XapaKTepH3YIOTCSl KaK MeJKHe H CpejHedt
KpynuocTH. ITo OCHOBHEIM MOKasaTenaM (rpaHyJOMeTPHUYECKOMY CO-
CTaBy, IJIOTHOCTH, NOPHCTOCTH) IEeCKH OXHOPOAHLe, B 310M yGexk-
JAI0T W Pe3yabTaTbl HCNBITAHHH [HHAMHYECKHM 30HIHPOBAHHEM,
KOTOpHe NOKA3aJHM, YTO NEeCKH B OCHOBHOM MMEIOT CDEIHENJIOTHOE
cJioXeHue,

CxuMaeMOCTb MECKOB HCCJAeNOBasach HITAMIOM H IPECCHOMET-
pOM, KOTOpLIe MOKa3aJH yBeJIHYeHHe 3HAaUeHHH MOJAyJs CKHMaeMo-
ctu ¢ ray6uHoii. Ilpu sToM OTMeuaeTCsl xopollasi CXOJAHMOCThL pe-
3yJIbTATOB HCIBITAHHH eCKOB LITAaMIIOM H IMpeccHoMeTpoM. JTH mec-
KH PEKOMEHIOBaHb! B KauecTBE €CTECTBEHHOrO OCHOBAaHHS, a TaKKe
B KauecTBe HECYLIEro CJI0s IJisl CBaiHLIX (PYyHIAMEHTOB.

IOpckue OT/IOKEHHMsT H3YYaJHCh B OCHOBHOM B s1aGOpaTOpPHH MO
obpasnam oroGpaHHbIM H3 ckBaxkmH. Ha yvactkax ¢ pocratouso
BLICOKHM 3aJleraHHeM KPOBJH IOPCKHX OTJIONKEHHH OHM PEKOMEeHJO0-
BaHHI B KayecTBe HeCyIIero cJiosl JJjisl ¢Bail.

Kak BHIHO H3 H3JI0}KE€HHOrO, BCE OCHOBHLHIE XapaKT€PHCTHKH
TPYHTOB (IJIOTHOCTb, MOAYJL Ae(QOpMAalliH, MOKA3aTeNnH AJIsl Ope-
JesieHHs] HecylleH CIOCOOHOCTH CBad) NMPH INPOEKTHPOBAHHU 3TOrO
BaXXHOTO 06'bEKTa JJisl GONbIIEH JOCTOBEPHOCTH OMpeNeNsiiuch ABY-
Msl crnoco6amMu — JJaGopaTOpHbBIMH H  TIOJIEBLIMH HCCJeL0BAHHSIMH.

Habickanus pisi  CTPOMTeALCTBA  oboraTuTeanHoli  $abpukn
Crpoinenckoro ropHo-o6oratutesbHoro koméunara (F'OK) B Bea-
roponckoii o6nacru. IlpoekTHpyeMble cOOpyxeHHst o6oraTHTeIbHOR
¢abpukn 'OKa xapakTepu3yloTCsi BHICOKHUMH HarpyskamMu Ha ¢yH-
JaMentel nox kKojdouHy (ot 1000 po 3200 T1). Ilponersl 3maHuM
060pY/I0BAHEL MOCTOBLIMH KPaHaMH TIDPY30IoxbeMHOCTRIO OT 10 10
125 1. 'pyHTH OCHOBaHHS Ha psifie OGBEKTOB JOJI3KHEI HCIBITHBATE
IVHaMHUYeCKoe BO3JelcTBHe OT APOGHJIOK C 4aCTOTOH rOpH3OHTalb-
HBIX KOJleGaHUH Ha YpOBHe MOJOIIBH (PyHAaMEHTOB apo6usok 5 I
OtmMetKa 3a/10eHHS QyHIAMEHTOB OT MUHYC 4 10 munyc 16 m.
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3ajtavya H3bIcKaHM¥, noctaenenHas nepen I'NIM @ynpamentipo-
€KT, COCTOSlIa B YTOYHEHHH HH¥KEHEPHO-IeOJOIHYECKOro CTPOEHHs
IJIOIA/IKH CTPOUTENbCTBA H BHJIade 3aKJIOYeHHH O peKoMeHaye-
MBbIX TUNAaX QYHAAMEHTOB.

OcoGeHHOCTEIO HHKEHEPHO-TeOJIOTHYECKHX H3LICKaHUH Ha [aH-
HOH IJIOWa/IKe SIBUJIOCH H3yYeHHe KpaliHe HEOJHOPOAHBIX IO CBOHM
CBOMICTBAM ¥ H3MEHYHBLIX IO YCJIOBHSIM 3aJl€raHisi KOPeHHBIX TOPOJL,
HAXO/AIIHXCA B OCHOBAHHH NPOEKTHPYEMBIX COOPYKEeHHH, Ha KOTO-
pHle CyLeCTBYIOL[HE HOPMATHBHBiIE [IOKYMEHTHl He paclpoCTpaHs-
I0TCS.

Ilnomaika MPOEKTHPYEMOTO CTPOUTENLCTBA NMPUYpPOUYEHA K BOO-
pasjelly U ero CKJOHaM C nepenajamMi aGCcOMIOTHHIX OTMeToK 10 M.
Ilo nauueiM usbickauuil TTIM @yHaaMeHTIPOEKT, IJ0ManKka CTPOU-
TeJBCTBA C OTMETOK [HAa KOTJIOB2Ha CJOMKeHa MaJleOTeHOBBIMH N Heo-
reHOBLIMH MOPCKHMH OTJIOXKEHHSIMH MOJITAaBCKOTO H KHEBCKOTO Sipy-
COB, IPEACTaBJEeHHbIMH NE€CKaMH H IVIHHaMH, IePEKPHITLIMH CBEPXY
caoeM AEeNIOBHAJIBHLIX CYTJIHHKOB MoluiHocThio 1,5—2,5 M. Ilasneoren-
HeOTeHOBbie OTJIOXKEHHS! 3aJIeraloT Ha Pa3MbiToil IOBEPXHOCTH Mep-
resiefi caToHCKOro sipyca. Ilecku monrasckoro sipyca (Pgs—NPt),

BHINMOJHSIOLIHE 3PO3HOHHbIEe QOPMEI 1peBHerO pelkeda, B OCHOBAHHU
coopyxeHHl oboratutesibHON (aCpHKH pacnpocTpaHeHbl He IOBCe-
MEeCTHO M XapakTepyloTCsl BeCbMa HeBbLJep:KaHHOH MOI{HOCTBIO HO
mpoctupadnio ¢nosi (ot 3 go 15 M). Ha oTAesJbHBIX yyacTKax OHH
yIaJieHbl IPH BCKPLITHH KOTJIOBaHA.

Kpoast riue knesckoro spyca (Pghk') meposmas, oTMeTkn ee

PE3KO KOJIe6JIIOTCS /laXKe Ha He3HAuuTeJLHOM paccrosiHuH. Ilepenan
OTMETOK KPOBJH cocTanasieT 16 M. [ ANHE B KPOBJle CHJIBHO BHIBETpE-
nble, TpelllHHOBATHe, MOINHOCTD [VIHH Ha OT/IEJBHBIX YYacTKax H3-
MeHsieTes1 oT D jo 13 M.

BonoHOCHBIT TOPH30HT, 3aKJIOYEHHHIH B IeCKax IOJTaBCKOrO
fApyca, JIOKaJbHbifl, MajJOMOLHLIH, ManoeGUTHLI U He HMEET I0-
BCEMECTHOrO pacnpocTpaneHus. B mpouecce 3KCIayaTtanun 3/aHuil
H COOpPYKEHHH Ha IJIOLIAJKe OXHUAAIOTCH IocTelleHHOe OOBOJHeHUe
FPYHTOB 1 06pa3oBaHue CIVIONIHOTO BOAOHOCHOTO TOPU30OHTA.

Cllo:KHOCTh H3BICKAHHH 3aKJ0Yajach TakyXKe B TOM, YTO IO Ma-
TepuajaM NpeAllleCTBYIOIIHX H3BICKAHHH Ha [JaHHOH Iomazke (Ha
CTaJHH MPOEKTHOrO 3aJaHusl) OTJOXEeHHsl IIOJTABCKOTO sipyca Ha
OCHOBAaHHHU Pe3yJbTaTOB ONpelesieHHs] HX HJACTHYHOCTH H KOHCHC-
TEHUHH B cooTBeTcTBUH ¢ jaedcteyiomumMun CHull umenoranucek kak
CYTJIMHKH M CyIleCh OT MATKOIJIAaCTUYHEIX IO IOJYTBEPJ/LIX, @ OTJO-
KeHHsI KHEeBCKOrO fIPYyCa — KaK CYrJAHHKH (pere IVIHHBI) Tyroma-
CTUYHEIE H NOJyTBepabe. JIJisl yKa3aHHEX OTJOXEeHH Ha OCHOBAHHH
Ja6opaTOPHLIX aHaJH30B PEKOMEHJIOBaJHCh CPABHHTEJIBHO HH3KHE
Monysn jeopmanuu (E=200 krc/em?).

Ilpr TakoM reoJIOrHYeCcKOM pa3spe3e NMPaKTHYECKH [JIS BCEX IIPO-
eKTHPYEeMLIX Ha IUIOINaJKe COOPYKeHHi Obll peKOMeH/0BaH cBaii-
ueift Tun ¢ynnamentoB. OnHako npu 3aCHBKe CTaHAApTHBIM 06Opy-
JI0OBaHUEM IlepBOr0 INPOCGHOrO KycTa cBail Ha IUJIOLIAaflKe KOpIyca
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apobJaeHnus, Ile B OCHOBaHHH 3aJIeralT NecKH MOJTABCKOTO SIpyca,
CBaH MOCpyxaJjuck Bcero Ha 1—2 M.

Ha ocHoBaHnu aHasnsa MaTtepHaJsoB MPeIIIeCTBYIONINX H3LICKa-
Hiifl, B COOTBETCTBUH C KOHCTPYKTHBHLIMH XapaKTepHCTHKaMH IIPO-
€KTHPYEMBIX COOpPYXKE€HHUil U € yueTOM TeX IIpPOLecCOB H SIBJICHHI],
KOTOpLle Oy/yT nperTeplneBaTh TPyHTH OCHOBAHHS NPH 3KCIIyaTallHH
coopyxeHufl, I'TIM ®yHiaMeHTIPOEKT HJs1 peLIeHHS] MOCTaBJEHHLIX
3ajla4y NPOBEJI KOMILJIEKC HHIKeHepPHO-TeOJOrHYeCKUX M3bICKaHHu{ B
cocTaBe caeayonmx pabor:

GypeHHe CKBaXKHH H NPOXoJka mypdoB ¢ 0OT6OPOM MOHOJHTOB
Ha TeX yyacTKax, Ije [eOJOrHUeCKHH pa3pe3 OCHOBaHHS cOOpyiKe-
Hu# U060 He GLLN HCCJeLOBaH, Jubo Tpe6GoBas YTOYHEHHS;

HCIIBITAHHE TPYHTa CTaTHYECKHM 30HIUPOBAHHEM IO OIpejelieH-
HOH ceTKe (95 TOUeK);

HCMEITAHHE CPyHTa [AHHAMHYECKHM 30HIHPOBAaHHEM ¢ IeJbH0
onpejiefieHHsT  BO3MOXKHOCTH Pa3)KHIKEHHs! TeckoB  (OSATh TO-
YeK);

Ja6opaToOpHHe HCC/leIoBaHuS 06Pas3loB IPYHTA;

HCIBITaHHS CPYHTOB WTaMmom miomajpio 5000 cM? B mypdax
Ha raybuly 10 7 M (23 ucnblTaHus);

HCIILITAHUSI TPYHTOB IpeccHOMeTPoM B ckBaxkuHax (20 ucnbl-
TaHuh);

HCIIBITAHUA NMPOOHBIX CBafi AUHaMHYecKUMH Harpyskamu (14 uc-
nblTaHui);

HUCIbITAHUsl NMPOGHBIX CBafl CTAaTHYECKUMH HarpyskaMu (LIeCTb
HCIBLITAHHR).

IloneBrie MeTOAE! HCCHAEJOBAHHS IPYHTOB, BXO/SIIIIHE B KOMILJIEKC
HH2K€HEPHO-TEOJOrHUECKHX H3BICKaHHil, HO3BOJHJIH ONEHHTb NMPOYHO-
CTHble U neQOpMaTHBHLIE CBOWCTBA TPYHTOB B YCJOBHSIX MX €CTECT-
BEHHOTO 3aJleraHHsl U BHISBUTb UX HEJOOLEHKY JaGopaTOPHLIMU Me-
TOJIAMH.

Ilo pesyneTaTam CTaTHYECKOrO 30HJAMPOBaHHSI GBHIJIO YCTAHOBJe-
HO, UTO HecyaHble H IVIHHMCTLIE TCPYHTsl, <Claralpue IUIOLAanKy,
HMeIOT BBICOKHE MOKa3aTeNdd IPOYHOCTHEIX U JgedOopMaTHBHBIX
CBOICTB, KOTOpHEe KpaliHe HeOJHOPOJHE KakK B IJIaHe, TAK H IO Jy-
OuHe.

BruaroueHrble B cocTaB H3LICKaHH# J1aGoOpaTOPHEE METOLLI, OIl-
penessiiolie COCTaB U CTPOeHHE TrPYHTOB (NeTporpaduueckuii aHa-
JIH3), COJISTHOKHCJBIE U INeJIOYHLIE BEITSXKKH), [OKa3aJH, YyTo OTJO-
JKEHHS TIOJATABCKOro sIPyca, HMEeHyeMble IPejIIecTBYIONUMI H3bI-
CKaHHAMH KaK CyIlecH H CYIVIHHKH, pexe IeCKH, NpeACTaBasioT
co0Ofi B OCHOBHOM ¢J1a0blfi MeCUaHUK Ha TIHHHCTOM LeMeHTe. Ha
OTJIebHBIX YyYacTKaxX IecuaHble YACTHIE CIIEMEHTHPOBaHLI OKHCJa-
MH 2KeJjie3a U CBOGOJHOH KPEeMHEKHCJOTO A0 COCTOSIHHS MPOYHOro
fnecyaHuKa.

Ilo pe3sysnbTaTaM CTaTHYECKOTO 30HJIHPOBAHHUSI TPENENOBUIHLIE
TJIMHBEL B KpOBJe c¢Jos (Ha rayOouHy 3—4 M) obJafanu HH3KHM
yIesJbHbIM CONPOTHBJIeHHeM KOHycy 3oHna. Ilpu mpoxoake mypdos
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3Ta 30Ha [JIHH XapakTepH30BaJach BLICOKOH CTENEHbIO HX BHIBETPe-
Joctd. C yBeJauueHHeM IJYyGHHH 3ajieTraHust IVIMH 3HAYCHHSA (s yBe-
JHYHBAJHCH, HOCKOJILKY CTeNeHb MX BBIBETPEJIOCTH 3HAYHUTEeJbHO
cHMKasack. KpoMe Toro, 6BII0 OTMEUEHO, UTO B cAyyade 3ajeraHus
TpeneJIOBUJHLIX TVIHH NOJ CJIOEM MOJATABCKUX IECKOB 3HAaueHHs HX
yZeJbHOrO CONPOTHBJEHHS KOHYCY 30HIA BEIIe, Y4eM B TeX CJyuasx,
KOI/la B YeTBEPTHYHOE BpeMsl OHH He GbLIM 3allHIIEeHE OT BLIBETPH-
BaHHA CJOEM INOJTABCKUX NMECKOB HJIH MOIIHOCThL ITOr0 ¢Josi Gblia
He3HayuTelbHa (MeHee 2 M).

Pesynbrarh HenBITaHUE TPeNeNOBHAHEIX TVIHH IITaMIIOM IIOX-
TBEePIWIH JaHHEE CTATHYECKOrO 30HAHMPOBAHHS H BLISIBHJIH HH3KHE
3HAUCHHUs TIOKasaTesefi uX JAedopMaTHBHBIX cpofictB  (E=
=100 krc/cM?), KOTOphHle MO Mepe yBeJaHueHHs I'VIyGHHEI 3ajeraHus
[JIUH pe3ko Bo3pacranu (E=400—600 krc/cm?).

[losieBble MeTOZEl WCCHeNOBAHUS NPOUHOCTHHIX H gedopMaTHB-
HHIX CBOFCTB IEeCKOB MOJITABCKOTO sipyca (cTaTHUYECKOe 30HAHPOBA-
HHe, IPEeCCHOMETPE!, IITAMIL) IOKa3ajH XOPOIUyI0 CXOLHMOCTL pe-
3yJbTATOB HCIBLITaHU{i PA3NHYHLIME METOJAMY H BLISSBHJIH BLICOKHE
3HayeHHMs TIoKasaTelefi NPOYHOCTHHX H AePopMaTHBHBIX CBOHCTB
aTix rpyutoB (E=600—1300 Krc/cM?), uTO MO3BOJIHJIO HCIOJbL30-
Barh HX B KaueCTBe €CTECTBEHHOTO OCHOBaHHS IJIsI NIPOCKTHPYEMBIX
COOpYyKeHHil.

B pesysabrare NnpoBeleHHHX MOJEBLIX H J1a00paTOPHLIX HCCJeH0-
BaHUI IIOSIBHJIaCh BO3MOXKHOCTH XapaKTepPH30BaTh NPOUHOCTHLHIE H
nedopMaTHBHble CBOHCTBA IPYHTOB He TOJLKO B YCJIOBHSX HX ecCTe-
CTBEHHOI'O 3aJeranHusi Ha U3yuaeMol IIolajKe, HO H C yUeTOM TeX
siBNeHHii, KOTOpHEe OyAyT BO3HHKATh B IPYHTax IPH IKCIJIyaTalHH
HpPOEKTHPYEMBIX coopyKeHuil, Tak, 10 JaHHLIM AHHAMHUECKOIO 30H-
JIUPOBAHHUS, IVMIHHHCTHIE ITeCKH HMOJTABCKOrO sIpyca, HaXoJsiiuecs Ha
OTJEJBHEIX YYacTKaX B BOAOHACHIIEHHOM COCTOSIHHH, XapakTepuao-
BaJIUCh CHOCOGHOCTBIO K Pa3kKUXKEeHUIO NPH JHHaMHYECKOM BO3jeii-
ctBuH. JlosTOMy M5 ITeCKOB, 3aJieraloliNX B OCHOBAHHH KOPIIyCOB,
KOTOpble OYAYT MOJBEPKEHH NeHCTBHIO AHHAMHYeCKHX HAarpy3ox, H
npuieramiliux K HUM yYacTKOB B 3HauyeHHsi MOAYJs nedopManuu H
YJIeJIbHOTO ClelJieHHsi Gbil BBeJEH MOHHKAOIMUE KO3(hQHIUEHT,
papubiil 0,5, HoJayueHHBIH IPU JIEACTBYH HA BOLOHACHIIEHHBIH [PYHT
JHHAMHYEeCKUX BO3/eficTBHI ¢ YacTOTON rOPHU30OHTAJIEHEIX KOJeOaHui
5 I't npu 1a6opaTOPHHIX HCNEITAHHSIX TPYHTOB B YCJOBHSIX TpeXoc-
HOrO CXKaTus B CTACHJIOMETPE CO CNenHaJLHO BHOPOIPHCTABKOM.
¥Yron BHYTpPEHHEro TPEeHHsi IPH 3TOM YMeHbIIHJcsS Ha 2—3°

BaaumokoppekTHpOBKa JaHHLIX, NOJYYEHHBIX Ha THIOBHIX (KJIIO-
YeBbIX) yYaCTKax pasjHYHLIMH MeTONaMH, YCTAHOBJIEHHE TapHpo-
BOUHLIX 3aBHCUMOCTefl MexXny IOKa3aTeNsiMH, INOJYUeHHBEIMH IoJie-
BLIMH H J1a60paTOPHBEIMH MeTOAaMH, HO3BOJINJIN NyTEM COOTBETCTBY-
IOLeH UHTEePNPEeTAlHH 3IKCTPANOAHPOBATL pe3YJbTATH JeTaJbHBIX
HCCJIe/IOBAHHA TPYHTOB THIIOBEIX yUaCTKOB Ha BCIO HU3yyaeMyl Tep-
PHTOPHIO KakK B IJIaHe, TAK U Ha [VIYOHHY aKTHBHOH 30HHL Ilpumepn
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TAKOH KOppeasiiuH JJis TeCKOB MNOJTABCKOIO spyca H aJIEBPOJHTO-
BHIX TJIHH KHEBCKOTrO sipyca NpHBeJEHE B Tabu. 38.

Kaxk Buano u3 Ta6J. 38, npeccHOMeTpHUYECKHE HCHBITAHUS HOKa-
3aJH, YTO B JaHHOM CJiydyae MepPexoHbH KO3(QQHUHMEHT OT IIPECCHO-
METPHYECKOrO0 MOJyJs RedopMaunu K wWraMnoBoMy K cocraBisier

Tabaunma 38
3naveHHe riokasaTens 3HaueHHE NoOKasaTeds
s Asa
aneBpoOJIH- aJieBpOJIH~
ToKasaTenb - TOBBIX TlokasaTenp TOBBIX
nosTas- | TVHH KH- HecKOoB rJMH Kd-
CKROro €BCKOI'0 oI TaBCKO~ eBCKOro
apyca sipyca (ue- ro spyca | apyca (ue-
BEIBETPE- BBIBETpE-
JIpie) Jipie)
Monyns  nmedop- or E wnpeccno-} 1,65 1
maumn E, xrc/em?, METpHYECKOro
1O HCTIBITAHMSAM: K IITAMAOBOMY
utamnoM miao-j 1300 400
AAbIo ConpoTusJenue 400 60
5000 cm? 30HAUPOBAHUIO (3,
Krcfem?
Ja6opaTopHBIM 130 80
patop Kos¢¢uurent ne-| 3,25 6,7
pexoaa oT ¢s Kk E
TIpeccroMe- 790 400 no HUCNBITAHUAM
TPUYECKEM LTamnom
(Ge3  xo3ddu-
npenra K) Monayns  nedop-
mamun  E, Kre/em?,
pEKOMeH 1 yeMblit
Kosdouuuenr me- AJlg  PACYeTOB TPH
pexoaa: Harpyske:
or E Jna6opa- 10 5 craTHuecKoH 1300 400
TOPHOro K
LITAMTIOBOMY IUHaMHYeCKOM 650 400

1,60 — s neckoB u 1| — nas e, KoadduumeHT mnepexoma oT
COIPOTUBJIEHHS] 30HAHPOBAHHIO ¢z K LUTAMIOBOMY MOJyJI0 pedop-
Manuu cocTaBuid 3,25 — 1nist neckos U 6,7 — [ TJHH, T. €. BecbMa
BJM30K PEeKOMEeHI0BaHHOMY B ruase IV,

Ha ocHoBaHuH MarepuanoB HHKEeHEPHO-reoJOrHuecKHX H3BICKa-
HHE OLs BEIGpaHbl YYacTKH PacHOJiOXKEHHs KYCTOB ONBITHEIX CBafi,
Pe3yAbTaTH HCIBITAHHE KOTOPHIX MO3BOJHJAH YTOYHHTL DPe3yJIbTaThl
TIPeCCHOMETPUYECKHX HCCJIELOBAHWH TPYHTOB H OLEHHTL Hecy-
IYyI0 CcnoCOGHOCTL CBafi B PAas3iHUHLIX HHXKeHePHO-TeOJOTHUECKHX
YCIOBHSX.
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IlpoGuas 3a6uBKa cBafl, IpoBe/leNHas Ha IJOMIA/IKaX CTPOHMTENb-
CTBa, MOATBEPAN/A JAHHbIE CTATHUECKOrO 30HIHPOBAHHS O BLICOKOM
[IJIOTHOCTH CJIOYKEHHS MeCYaHO! TOJIIH W PAa3JHYHOR CTelleHH BLIBET-
peJIoCTH TPENeJOBHIHEIX IVIHH B MJaHe W IO rJyG6HHe,

Hecymas cnocoOHOCTh cBaii, 3a6UTHX B TpPEIEJOBHIHLIE INIHHEL
Ha ryyOuny ot 7 10 9 M, cocrapiasier ot 60 no 120 Tc v Ha HaHHOH
IJIOI{AJKe 32BHCHUT He CTOJIBKO OT MX JUIHHBI, CKOJIBKO OT H3MeHeHHSI
CTeNeHHU MPOYHOCTH [VINH B IIJIaHe H IO riayOuHe.

JleTalbHLIE aHa/Mu3 Pe3yJbTaTOB HCCJeI0BaHHsi PYHTOB B OCHO-
BAHHH KayKJOro KOHKPETHOIO COOPYXKEHIHsI Ha BCIO riyGHHY aKTHB-
HO¥Y 30HB! TO3BOJIMJI BLHIAEJHTh €[HHble HHIKEeHePHO-reoJIornyecKue
TOPH30HTH (B YCJOBHSIX HX CTpaTHrpadHyecKoil H JHTOJOrO-reHeTH-
YecKO¥ OJIHOPOJHOCTH) H OIIPE/IEJSHTL PacueTHLIE MOKA3ATeNaH OCHOB-
HBIX NapaMeTpPoB (PH3UKO-MeXaHHYeCKHX CBOHNCTB TIpPYHTOB, Xapak-
TEPHBIX [ Ka¥X/10ro BLIIeJIEHHOTO rOPH30HTA, 8 TaKKe PEKOMEH/0-
BaTh 3HaY€HHe HECyumeH CIOCOGHOCTH CBall B 3aBHCHMOCTH OT
rayOMHB MX NOTpy:KeHHsi, XapakTepa NpOpe3aeMbIX IPYHTOB I He-
CYIEero cJosl.

[TpoBeneHHbII KOMILIEKC HHIKeHEPHO-TeOJOTHYEeCKHX H3BICKAHMUIT
Ha I10IaJIKe IIPOEKTHPYEMOro CTPORTENLCTBA NO3B0JAHA THddepeH-
UHPOBAHHO NOJOHTH K BHIOOPY THIIa (PYHAAMEHTOB Pa3/JHYHEX CO-
opyxeHnfi oboratutesnbHoii pabpakun CrofineHckoro I'OKa.

[Ipn 3anseraHuy B OCHOBAHHM COODPYXKCHHSI MECKOB IOJTABCKOrO
sipyca, Kak IPaBujo, peKoMeHaoBascs GyHAaMeHT Ha eCTeCTReHHOM
OCHOBAHHH; NPH 3aJI€raHHH B OCHOBAHHHM TPEIeJOBHIHLIX TJIHH KH-
€BCKOTO sipyca B 3aBHCHMOCTH OT CTEeIleHH HX BLIBETPEJIOCTH H OCO-
6eHHOCTell NPOCKTHPYEMOro COOpy:KeHHsl — JuO0 (PyHIaMeHT Ha
eCTeCTBEHHOM OCHOBaHHMH, JJHOO CBafHBIfL.

Mccaenosanns (GpH3nKo-MeXaHHUECKHX CBOHCTB cJalbIX CPYyH-
TOB HAa Pa3JAHYHBIX 3tanax paboThl mo ux ynjxotHenwmto. [{yis1 pas-
paGoTKi pexoMeHzaaumii mo HauboJsiee 3QOPEKTHBHEIM METOAaM YCT-
pofictea ¢yHnaMeHTOB B cnabux rpyHrax B Jlareuiickoit CCP 6bau
BEIMIOJIHEHEl KCIEepPUMEHTaJIbHEIE HCCJIel0BAHNHS Ha ONBITHOH IJjIO-
maake. O/HOH M3 3aJlau ITHX HCCJAETOBAaHHH SBJSJIOCh H3yYeHHe
rJy6HHHOTO YIUIOTHEHHS C1a6GhIX TPYHTOB NeCYaHEIMH U OYMa>KHBIMH
JipeHaMH ¢ NPHUIPYy3KOH HNyTeM YCTPOHCTBA NecYaHEX GaHKETOK BH-
coTofi 5 M.

Ou3nKO-MeXaHHYeCKHe CBOJICTBA M COCTOSIHHE TPYHTOB Ha BCeX
3Talax ONBITHOrO ynjoTHeHust uayyanuch I'TIM PyHnameHTnpoekT
¢ IIHPOKHM NIpHMeHeHHMeM IOJIeBBIX MeTOAoB. Hekoroprie pesyibra-
TH 3THX HCCJIeAOBaHHI IPHBE/IEHE! HHUIKE,

JKcrepuMeHTa/lbHas IVIOUIA/lKa, Paclo/OXKeHHasi B paiioHe BI-
cOKOH NOUMH pekn Jlayrapel, cJi0K€Ha HACHIIHHMH (HJIH HAMBIBHBI-
MH) meckaMmu (MOINHOCTL cyiosi 2,4—3,3 M) M 03epHO-aJTI0BHAJBHEI-
MH OTJIOXEHHSIMH, IIP€JCTaBJIEHHLIMH IIeCKOM (MOLIHOCTE CJIOSI
1,1—2,2 M), topdoM (MoiHOCTL csos 0,5—2 M) ¥ ujIoM (MOLIHOCTh
ciost 6—8,2 m). O6mas riy6GnHa, 10 KOTOPOH MPOBOJMINCE HCCJIe-
noBaHusl, cocTasisiet 21 M.

206



Ha miomaake B npejesiax ONBITHEIX KyCTOB (IJIOmalb KaxKjo-
ro kycra 1616 M, uncio KycTOoB — 9) B npollecce YNJIOTHEHHS
FPYHTOB OBl BHIMOJHEH HHKEHEPHO-reOJIOrHYeCKHil KOMNJIEKC B CO-
CcTaBse CJeayoIux pador:

OypeHHe CKBaXkKHH JJIsi H3y4YeHHs] XapakTepa HallJlaCTOBaHHS
CPYHTOB (1ecTh CKBaXHH);

OypeHHe CKBaykKHH /7151 BLINOJIHEHHS! HCHLITAHHHA BpallaTelsbHEM
cpe3oM (55 CKBaxKHH);

UCIBITAHAS FPYHTOB JMHAMHUECKHM 30HjAHpoBaHHeM (40 Henbl-
TaHui1);

HUCILITAHHs1 TPYHTOB CTaTHYEeCKHM 30HJAHpoBaHHem (5! HcmblTa-
HEE);

UCIHITAHHS TPYHTOB METOJIOM BpamiaTesbHOro cpesa (252 ucnbl-
TaHus);

sabopaTopHble HcclenoBaHHsl Ha OOpaslax HeHapyLI€HHOW
(31 o6pazen} n HapylleHHOH (75 06pa3snoB) CTPYKTYPHL.

CraTHYecKOe 30HJHpPOBAaHHE BHMNOJHANOChL ycTraHOBKof C-979,
onHaMu4eckoe — ycraHoBkofi ¥YDBII-15, wucnbiTanug Ha cpes — Jjo-
nactaeim npua6opom CIT-52. MccienoBaHusl NPOBOAHIHCL B LIECTh
3Tanos:

0 — 10 Hayasa ONBITHEIX pPaGOT NMO YNJIOTHEHHIO TPYHTOR;

I — cpasy ke mocJse NMOTPYKEHHS JPEH H YCTPOHCTBa NPULPY3a;
rpy3a;

II, III u IV — cooreeTcTBeHHO uepe3 15, 30 u 60 muei mocse
yCTpOHCTBA NPUTPY3a;

V — nocJie CHSATHSI IPUTPY3a.

CpaBHeHHe pe3yJLTaTOB HCCJAELOBaHHI, NPOBEJIEHHEIX PA3JIHYHLI-
MH M€TOJaMH, MOKa3aJo, YTO HauGosee YyBCTBHTEJbHBIM H3 HHX
B JNaHHLIX YCNOBHSIX OKa3alicsl MEeTOJ{ BpamareabHOro cpesa. DTHM
MeTOJ0M Ha Bcex 3Tanax paGoThHl MO YIUIOTHEHHIO ClaGBX TPYHTOB
necyaHbIMH H OyMamHBIMH JipeHaMH 3adMKCHPOBaHO yBeJIHYEHHE
CONPOTHBJEHHS Cpe3y KaK JJs 1opda, Tak H JJIs uJa.

XapaKTepHbIM NIPH 3TOM SBHJOCH TO, YTO HaHOOJIbLiee YIJOTHE-
HHE TPYHTOB BeeX JIHTOJOTHYECKHX pasHocTel (topd, uJ, necok)
NPOHCXOMHUT HEIOCpeACTBEHHO IIOCJie YCTPONCTBA ApPEH U IpPUIPY-
3a. Tak, /sl KycTa C necYaHLIMH ApeHaMu ¢ maroMm 1,5 M Ha srane |
CONPOTHBJIEHHE Cpe3y YBEJHYHJIOChL (HAa PasyHuHBIX ray6HHaX) Ha
35—53%. Ha mocieaywomux stanax 3aQpHKCHPOBAHO HE3HAYHTENb-
HOe yBeJIUeHHe COMPOTUBJIEHUS! Cpe3y.

Meron ctaTHUECKOro 30H/JHPOBAHHSI IS OIEHKH YIJOTHEHHS
HJIOB OKa3aJICs MEHee UYBCTBHTENBLHLIM BCJEACTBHE TOro, 4YTO abco-
JIIOTHOE 3HAYeHHE CONPOTHBJIEHHS] BHEJPEHHIO KOHYC2 B ITHX [PYyH-
TaxX Kak [0 yIJOTHeHHs JApeHaMH, TaK H NOCJ]e YIJOTHEHHS! BechbMa
He6onboe (Ro 10 kre/cM?). Bosiee 3amMeTHBIM 3/leCh OKa3aJ0Ch BO3-
pacTaHue TpeHHs N0 GOKOBOH NOBEPXHOCTH 30Hzaa (Ha 1,5—2 Tc) mo
CpPaBHEHHIO C HyJeBLIM 3TanoM. Pe3ynbTaTH HCHBITAHHH CTaTHYEC-
KHM 30HJHPOBaHHEM TakzKe IOKa3aJ/il, YTO OCIIOBHOE YIJIOTHEHHE
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CPYHTOB NPOUCXONUT HEMOCPEACTBEHHO B IpollecCe YCTPOHCTBa
IpeH U HpUrpysa.

MeTto IHHaAMHYECKOTO 30HAHPOBaHHs 1751 HCCIel0BaHul, Tpeby-
IOIHX BLICOKOH TOYHOCTH NpPH HeOO/bIIMX a6COJIOTHLHIX 3HAaueHHAX
NPOYHOCTHHX XapaKTePHCTHK TIPYHTOB, OKa3dadcsl Majo3¢deKTHB-
HBIM.

De3 npHMeHeHHs IIOJIEBLIX METOAOB INPaKTHYeCKH Obuwio Ol
HEBO3MOXKHO NPOBECTH HCCJeNOBaHHe YBeJIHYEHHS! NPOYHOCTH CJa-
OLIX IPYHTOB B Ipollecce HX YIJIOTHEHHs.
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