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AnHOTanuA: B cTaTbe paccMaTpMBAIOTCA OCHOBHbIE 3aKOHOMEPHOCTH (OPMUPOBAHNS MHXKEHEPHO-T€0/I0-
TMYECKMX 0COOEHHOCTe! IpOTepMaTbHO-MEeTACOMATUYECKIX OPOJ, 00pa3yIoIuXcs B Hefipax U Ha IOBEPXHO-
CTHU COBPEMEHHBIX II/IPOTePMaIbHBIX CUCTEM B OOIACTAX aKTMBHOTO BY/IKaHNM3Ma 3a CUET IepepaboTKy IOpof
BY/IKQaHMYECKOTO TeHes)ica TepMaIbHbIMY BOJiAMU. AHA/IM3UPYIOTCS YC/IOBYS 00pa3oBaHMs 1 IIOCIE0BATe/IbHbIE
3TaIbl CTAHOBJIEHMS Pas/IMYHBIX TUIIOB TMAPOTEPMAIbHO-METACOMATHYECKNX ITOPOJ, I COOTBETCTBYIOLIVE UM
TeHJEHLUM B I3MEHEeHNM PU3NUeCKUX U PUBMKO-MeXaHNIECKIX CBOVICTB.

Abstract: The article discusses the main regularities of the formation of engineering-geological features of
hydrothermal-metasomatic rocks formed inside and on the surface of modern hydrothermal systems in areas of
active volcanism due to the processing of the initial rocks of volcanic genesis by thermal waters. The conditions and
successive stages of formation of various types of hydrothermal-metasomatic rocks and their corresponding trends
in changing physical and mechanical properties are analyzed.

KmroueBpie c1oBa: rufipoTepManbHO-MeTaCOMATHUYeCKIe TIOPOJIbI, HU3MKO-MeXaHINYeCKIe CBOVICTBA, IIPOY-
HOCTb, BTOPUYHbIE MIHEPAIb, CTelleHb M3MeHeH s, Kypnmo-KamyaTckas BynKkaHMIecKast fyri.

Keywords: hydrothermal-metasomatic rocks, physical-mechanical properties, strength, secondary minerals,

degree of alteration, Kuril-Kamchatka volcanic arc.

BBengenmue

BaxHerimyMn GpyHaMeHTaIbHBIMM 3aJadaMyl TPYHTOBe-
JIeHVS SIBJIAIOTCS paspaboTKa yyeHust 0 GOpMUpPOBaHUN
COCTaBa, CTPOEHMsI, COCTOSIHUS U CBOVICTB BCETO I/IO-
6a/1bHOr0 MHOT000pa3us IPyHTOB BEPXHIX TOPU3OHTOB
3€MHOJI KOPBI, BK/IIOYast TPYHTbI PAa3IMIHbBIX K/IACCOB
Yl TeHEeTUYEeCKUX TUIIOB; CO3JJaHNe YaCTHBIX U 001Ieit
Teopuit pOpMUPOBAHNA TPYHTOB U VX CBOVICTB, IIPO-
THO3 M3MEHEHMsI CBOJICTB IPYHTOB IOf] BO3/EICTBIEM
IPUPOJHBIX Y TEXHOTEHHBIX IIPUYMH B 6yayiuem [1,7,8].
B sTOM IT1aHe MOPOABI IMAPOTEPMAIbHO-MeTacOMaTIde-
CKOTO TeHe3Mca MPeCTAB/ISIT co007t BecbMa crerdu-
YeCKMII Y MaJION3yYEeHHBII OOBEKT.

MeTacoMaro3 Kak Ieo/IorM4ecKuil IPoLecc Mo ero
pomu B pOpMIPOBAHNM 3eMHOI KOPBI CTOUT B OFHOM
PALY C TUIIEPTeHe30M, CeIVIMEHTOT€HEe30M, MarMaTHU3MOM
u MetamopduamoM. [lop MeTacoMaTo30M IOHMMAETCSA

«BCSIKO€ 3aMellleHle TOPHOI TIOPOJbl C M3MeHEeHeM
XMMMYECKOTO COCTaBa», IPOUCXOHsIIIee KaK B 9K30TeH-
HBIX, TaK ¥ B 9HJIOTE€HHBIX YCJIOBUSX, «IIPY KOTOPOM
pacTBOpeHIe CTAPbIX MUHEPAIOB U OT/IOXKEHIE HOBBIX
MPOVUCXOAUT TOYTH OFHOBPEMEHHO, TaK YTO B TeUeHUe
mpoliecca 3aMelleH)s TOPOfa BCe BPeMs COXpaHseT
TBepfioe cocTossHMe» [2]. MeTacoMaTo3 OCyIecTBIIA-
eTCs 1107} BO3ZIeIICTBYeM TUIPOTEPMAIbHBIX U HaJKpPU-
TUYECKUX PACTBOPOB (SHIOTEHHBINI METACOMATO3) MK
MOBEPXHOCTHBIX M BaJJO3HBIX BOJ| (9K30TE€HHBIN MeTa-
COMaro3), KaK B IPOTPECCUBHBIX TaK U PerpecCUBHBIX
YCTIOBUSIX 0OI1ielt HallpaB/IeHHOCTY, B OY€Hb LIMPOKOM
IManas3oHe TeMIleparyp u jgasneHus. Hecmorps Ha To,
YTO B 00IeM ClTydae MeTacoMaTU4ecKye IPOI[eCCh
MOTYT OBITh KaK 9H/IOT€HHBIMH, TaK ¥ 9K30T€HHBIMI,
OfIHAKO K COOCTBEHHO METAaCOMATUIECKMM IIpOLieccaM
IPUHATO OTHOCUTD NPOLIECChI, CBSI3aHHbIE C SH/IOTEH-
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HBIMM CWIaMy 3eMIM, a TUIIePIreHHbll MeTacoMaTo3
BBIJIE/IATD B CAMOCTOATENbHYIO Tpymy [5].

YacTHBIM c/TyyaeM MeTacoMaTo3a SIBISeTCS ITUAPO-
TepMaJIbHBIN IIPOIlecC, MNPOKO PacIpOCTpPaHEHHDI
B BY/IKQHMYECKIX PailOHaX U MPefCTaBIIAIONIT cOO0I
MeTacoMaTudeckoe IpeoOpasoBHNUE IIOPOJ, MOJ BO3-
IeiiCTBMEM TOPAYMX PacTBOPOB (TeMIepaTypa Ho
400-450°C), BO3HMKAWOIINX B CBSI3U C MPOIECCOM
OCTBIBaHUsI MarMbl, BHE[IPUBIIENICS B 3eMHYI0 KOPY
Ha HebonbIION ITTyOuHe. PacTBOpPHI, B3auMopeii-
CTBYIOLIME C BMELAIOMIMY UX ITOPOfIaMi Ha3bIBAIOT
TYAPOTEPMaTbHBIMY PacTBOpaMM Ui QIIONAAMY, BHE
3aBYICIMOCTI OT TOTO, B KaKOM ()a30BOM COCTO-
AHUM (KUJKOM, IMapoOpasHOM MIM HaJKpUTUUe-
CKMM) OHM HaxopsaTrcsa. I[Ipeob6pasoBaHUA HMOPOJ
IPOMUCXOJAT B IIMPOKOM CIIEKTpe TepMOAVHaMUYe-
CKMX U TUIPOTEOXMMUYECKUX YCIOBUN, YTO IIPUBO-
IENUT K 60/IBIIOMY pasHOOOpasnio GopMUPYIOIUXCA
TUAPOTEepMaTbHO-METACOMATNYECKNX MOPOJ KaK II0
CTPYKTYPHO-MUHEPaTOTNYeCKIM XapaKTepUCTUKAM,
TaK U 10 cBoiicTBaM. IIpu ompeneneHHBIX yCIOBUAX
MO>KeT M3MEHUTBCS Jake MPUHAMIESKHOCTD TOPOABI
K OIIpefie/IeHHOMY K/IacCy MU rpyme rpyHTos [10,11].
B cBor ouepernp, M3MeHeHMe (PU3NKO-MeXaHNIECKUX
CBOJICTB IIOPOJ, B IIpoLiecce TUAPOTEPMAIbHON [es-
TEJIbHOCTM BJI€YeT 3a COOOII Le/IbIN PAJ Fe0IOTNYeCKIX
MOCTIEACTBUI, YTO OTMeYaeTCss MHOTMMH CIIel[MajIu-
CTaMU [/Is1 Pa3/IN4HbIX TeOTepPMaTbHBIX PallOHOB MIUpa:
U3MeHseTcsA penbed, aKTUBU3UPYIOTCA 9PO3NOH-
Hble ¥ 00Ba/IbHO-OIO/I3HEBbIE MPOIECCHI, IIPONCXO-
BAT fedopMaly IOBEPXHOCTH, TUPOTepMaTbHbIe
B3PBIBbI, MEHAETCS PEXXIM Y MECTOIIONIOKEHME IOBepX-
HOCTHBIX TepMonpossaennit u np. [11-13]. B cBasn
C 3TUM, IPONCXOJslllee B HACTOsAIIee BpeMs aKTMBHOE
OCBOEHIE Ire0TepMaIbHBIX PailOHOB, 00YCIOBIEHHOE
pasBUTMEM T€OTE€PMAIbHONM 9HEPTETUKY U TYPU3MA,
TO/DKHO BK/II0YATh OLIEHKY H>KEeHEPHO-Te0TOTMYeCKIX
YCTIOBMII COOTBETCTBYIOLMX TEPPUTOPUIL, B TOM YICIIE,
usydeHue GU3MKO-MeXaHNYEeCKUX CBOJICTB BY/IKAHOT€H-
HBIX, TU/IPOTE€PMa/IbHO-M3MEHEHHBIX U THIPOTepMalb-
HO-MeTacOMAaTNYeCKUX IIOPOF.

Llenb paboTHI 3aK/TI0YAaeTCS B BBIABICHUN OCHOB-
HBIX 3aKOHOMEPHOCTel (POPMUPOBAHNSA CBOJICTB IIOPOJ
TUAPOTEPMaIbHO-MeTAaCOMATIYeCKOTO IeHe3lca.

O6DbeKTOM UCCIefOBAHUSA ABAAIOTCA IOPOMIBI
TU/IPOTePMaIbHO-METACOMATIYECKOTO TeHe3Mca, 0opa-
30BaHHbIe B pe3y/bTaTe MepepaboTKM By/TKaHOTEHHBIX
TOJII B HeApax U Ha IOBEPXHOCTU IMAPOTEPMAIbHBIX
cucreM Kypuno-Kamyarckoit ByIKaHMYeCKOi ByTyu
B XOJi€ MIX 3BOJIIOLIMMN B IUIMOLI€H-YeTBEPTUYHOE BpeEMS.
OcHOBHBIe Ipeobpa3oBaHyA MOPOJ, IPOUCXOAAT OT
IIOBEPXHOCTH JI0 ITyOMHBI B HECKOIBKO COTEH METPOB
U TIepPBBIX KMJIOMETPOB 3a CYeT NMPOJO/DKUTETbHBIX
TUZIPOTepMaIbHO-MeTacOMaTUYeCKIX IIPOLIeCCOB, IIPO-
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UCXOAIIMX TIOf] JeiicTBUeM LVPKYINPYIOLUX B Mac-
CUBe TOpYMX (IIoNI0B C TeMIeparypoit fo 300-400°C
u Bbimle. IIpu pasrpyske maporuapoTepM Ha JHEBHOI
IIOBEPXHOCTU 00pasyloTCcs TepMabHbIe IO/, B IIpe-
Ienax KOTOPBIX MCXOJHbIE BY/IKAHOTE€HHbBIE TIOPOJBI
MHTEHCUBHO M3MeHEHBI U NpeBpallleHbl B IMIpoTep-
MaJIbHbIe ITIMHbI IV KPEMHUCTBIE TTIOPOJBI (OTIa/IUTBI).
C Lenbo BBIABIEHN OCHOBHBIX 3aKOHOMEPHOCTEI
(bopMMPOBaHNA COCTaBa U CBOVICTB IMAPOTEPMAIbHO-
MeTacoOMaTIYeCKMX MOPOJ, ObII pacCMOTPEHBI IIOCTIe-
ToBaTe/IbHbIE PANbI USMEHEHUIT — OT MICXO/IHBIX BYII-
KaHOTEHHBIX IT0POJI, BMEIAIOLINX TUPOTepPMajIbHbIe
CUCTEeMBI, /IO IIPOLYKTOB VX ITOJTHOTO IIpeobpa3oBaHus,
K KOTOPBIM OTHOCATCSI BTOPMYHbIE KBAPLUTHI, IPOIIN-
JINTBI, apTYUIM3UTDI, OA/INTHI, KBAapll-aly/lsIpOBbIe
METAacOMAaTUTBI Y UHbIE.

Teomormyeckne 1 reoTepMimrdeckue yCIoBusA
[ToBbIIeHHDBIT KOHBEKTUBHDII TEIIOBOI OTOK Kypu-
no-KaM4aTckoll ByJIKaHNYeCKOIl [yTU CBSA3aH C ee pac-
IIOJIO>KEHMEM B IpefienaX TMX0OKeaHCKOro «OTHeH-
HOTO KOJ/IbLIa» U TeKTOHMYECKON MOo3uIuell Haj, 30HO
cyomykunnu. B obuiem ciydae, reoorndeckime, rugpo-
reo7Iorn4ecKye ¥ reoTepMmIecKre yCaoBus pernoHa
6/1aronpuATHBI A1 GOPMMUPOBAHVIS TMAPOTEPMaIbHBIX
CUICTEM, OJJHAKO IIPOCTPAHCTBEHHOE pacIpefe/ieHNe
reoTepMIYECKMX YCIOBUII KpaliHe HepaBHOMepHO. IIpe-
obnafarolee YCI0 TUAPOTEPMATbHBIX CUCTEM PACILIO-
’KEHO B IIpefiefiaXx BOCTOYHOro ByTKaHIMYECKOTO MoACa,
BKmodas [OxxHyro Kamuarky, n Ha bonbioit Kypumib-
ckoit rpsafge. O6BIYHO OHUM IPUYPOUYEHBI K MeCTaM
nepecev4eHns pa3IOMOB M PAcIIONaraloTcsA rpynnamuy,
06pasys reoTepMabHbIN paioHbL. B T0Ka/IbHOM ITaHe
OOJIBIIMHCTBO M3 HUX IPUYPOYEHBI K BY/IKaHO-TEK-
TOHMYECKUM JIeNIPECCUAM WIN CTIO’KHOIIOCTPOEHHBIM
BYJIKaHMYECKUM MacCuBaM 4eTBEPTUYHOIO BO3PaCTa,
OT/IMYAIOIIMIMCS MHOTO(a30BbIM BY/IKaHM3MOM Vi HaJIU-
qyieM SKCTPY3MBHBIX TeJl KUCTIOTO CocTaBa [4].
JIBV>KeHMe BOABI B TMAPOTEPMAIPHBIX CUCTEMAX
onpepensaeTcsa pa3nudneM B IJIOTHOCTU HArpeTo
U XOJIONHOM BOABL. B pesynbraTe HarpeBa MOA3E€MHBIX
Boz (mo 300-400°C u BbIwIe), C TOC/IEAyIOMeN And-
depeHIuanyeil 0 IVIOTHOCTY BC/IEACTBYE Pa3HUIIBI
B TEMIIEPATYPeE, YCTAaHABIMBAETCA CUCTEMA X KOHBEK-
TUBHOTO JBIDKeHMA. 110 Mepe IBIDKEeHNMA K ITOBEPXHO-
CTU TepMasbHble BOfIbI MOTYT BCKUIIATh HA PAa3/TIMYHBIX
IIyOuHaXx, 06pasyst 30HbI KUIIEHNs, TAPO0OPa3OBaHIS,
C TocC/IefyloLlell KOHAeH caIell napa 1 GpopMmupoBa-
HIJ€EM BTOPUYHBIX KVUC/IBIX PACTBOPOB B IIPUIIOBEPX-
HOCTHBIX TOPM30HTaX. 3a CYET BbILIENEPEYMCIEHHbBIX
IIPOLIECCOB, a TaKXKe BC/IEMICTBIE B3aVIMOAIENICTBIA pac-
TBOPOB C IIOPOfiaMM, IPOUCXOANT AnddepeHumaysa
MX XVMMYECKOTO COCTaBa, BO3HUKAIOT PasHble TUIIbI
TepMajIbHBIX BOJ, XMMUYECKUI COCTaB KOTOPBIX CYyILje-
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CTBEHHO OT/INYAeTCsI OT IIePBOHAYATIBHOIO COCTaBa
DTyOMHHBIX ruapoTepM [6]. locTuras 3eMHOI IOBepX-
HOCTH, BOCXOJIsIIMe TIOTOKY PasTPy»KarTCs B BUME
Pas3IMYHBIX TEPMOIIPOSIBICHNIL.

®akTUyecKnii MaTepual M MeTORVIKA MCCIeNOBAHIA
MccnenoBanbl BMelaoIINe IIOPOABI JEBATY TU]PO-
TepMaJIbHBIX CUCTEM, IBe U3 KOTOPBIX PacIIONIOKeHbI
Ha Kypunbcknx o-Bax (Bynkan bapanckoro, o.MITypyn
u Cesepo-Ilapamymupckas, o. [lapamynmp), cemp —
Ha Kamuarckom nonyoctpose (ITayketckas, Kambasns-
Hble TepMasbHble oA, Komenesckad, MyTHoBcKas,
Bonbite-bannas, Teitsepnas, Iccosckast). bonpiras
4acTh paboT MPOBOAMIACH COBMECTHO C VIHCTUTYTOM
By/IKaHosoruu u ceticmonoruu JBO PAH (B wacTHOCTH,
¢ mabopatopueii reorepmun). O6pasibl OTOMpaNUCh U3
KepHa CKBOXIMH (MaKCUMaIbHOI ITy6uHoi o 1600 M),
€CTeCTBEHHbIX OOHa)KeHUI U MypQOB, MPOVTEHHBIX
Ha TepMaJ/bHBIX IOJAX. Beero mccmegosano 6omee
1300 o6pasros.

JlabopaTopHble MCC/IeOBAaHNA BKIIOYAIN M3ydeHNe
CTPYKTYPHO-MMHEPaIOrN4eCcKIX 0COOEHHOCTell ITIOPOJ
(MeTOmZaMM ONTUYECKOI M 3JIEKTPOHHOI MUKPOCKO-
MM, PEHTT€HOBCKOM A1(PPaKTOMETPII) U OIpefieTieHne
nokasaresneit GpusnMIeCcKX, IPOIYHOCTHBIX 1 edop-
MalJOHHBIX CBOMCTB. [/ 60sblieit 4acTu 06pasijos
OIIpeeANNCh CIeAYIoI/e TOKa3aTe/Mu: IIJIOTHOCTD,
IVIOTHOCTb TBEPABIX 4aCTUI], IOPUCTOCTh 0OIast
U OTKPBITasA, BeIM4YMHA BOJOIOITIOIIEHN ], MATHUTHAs
BOCIIPUMMYMBOCTD, CKOPOCTY PAcIIpOCTpaHeHNsl YIPy-
TUX BOJIH, JUHAMUYECKUe MOLYIb YIIPYTOCTU U KO3(-
¢unuent IlyaccoHa, IpOYHOCTh Ha OJTHOOCHOE CXKa-
THE U pacTsDKeHue, KoapPUIMeHT pasMAr4aeMOoCTI.
OKCIepMMeHTA/IbHbIe VICCIIeOBAHNA OCYIIeCTB/IANMNCDh
B COOTBETCTBUY C HAIIVIOHA/IbHBIMU CTaHapTamu. Ilog-
po6Has MeToAMKa OIpefe/IeHNIT U3I0KeHa B paboTax
[3,9]. ViccnemoBaHust MpoBeeHbI C MCIOTb30BaHNEM
0060pyOBaHMs, IOTYYEHHOTO B paMKax peanns3anun
IIporpammel pasBuTya MOCKOBCKOTO YHUBEPCHUTETA.

XapaKTepucTHKa NCXOFHBIX IIOPO,

BMemaronymy nopogaMm rufipoTepMaabHbIX CUCTEM
Kypuno-KamyaTckoit fyru ABIAIOTCA ByJTKAaHUTBI HEO-
TeH-4eTBEPTUYHOIO BO3PACTa, IpefiCTaBIeHHbIe 3P dy-
3UBHBIMU U BY/IKAHOT€HHO-0CaJJOYHbIMI 00pa30BaHM-
sMu. DTH [iBe TPYILIBI HOPOJ, KAPAMHAIBHO OT/INYAI0TCA
IO YCIOBMAM (pOPMUPOBAHNSA, CTPYKTYPHO-TIPOCTPAH-
CTBEHHOI OpraHM3anyy U CBOJICTBAM, HECMOTpPs Ha
CXOJIHBIV BellleCTBEHHBIN COCTaB.

Sppy3ustvie nopodvr 06pa3yIOTCS B pe3ynbraTe
OCTBIBaHMS U KPUCTA/IM3ALVMN TaBbl, B X0Ofle KOTOPBIX
(dbopMuUpPYyOTCA MPOYHBIe KPUCTA/UIN3ALMOHHbIE KOH-
TAKTBl MEXAY CTPYKTYPHBIMU 3/IeMEHTaMU, B KauecTBe
KOTOPBIX BBICTYHAIOT KPUCTA/I/Ibl OCHOBHBIX IIOPOZIO-
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00pasyolX MUHEPAIoB (IIarKoK/Iasbl, MMPOKCEHDI,
aM@uO07bL, MONIEBbIE MIIATEI, pedke OMBUHEL). [ToMmrmo
9TOT0, MUKPOIUTHI OCHOBHOI MacChl IIPOYHO CKpe-
IUIeHbl BYJIKAHNYECKMM CTEKJIOM, TIPefCTaB/ISAI0IINM
co6oit amopdHyio dasy. ITo obecrednBaeT BHICOKIE
3HaveHus IWIOTHOCTH (p=2.3-2.8 r/cM’), mpouHOCTHU
(Re=50-250 MI1a) 1 redopMaLIMOHHBIX XapaKTePUCTUK
(Vp>4.0 xm/c; En>30-50 I'Tla) (puc. 1). 9 dysusuble
HIOpPOJIbI HEB/IATOEMKI€, HETUTPOCKOIYHBIE, HEPa3MSIT-
JaeMble IIpy BofoHachIeHnn. CriefyeT OTMETUTb, YTO
0 CBOeV mpupofe Ppu3anKo-MexaHndecKkye CBONCTBA
3¢ y3MBHBIX IOPOJ, ABIAIOTCA CMHT€HETUYeCKIMIU, TO
ecTb pOpMMPYIOTCS OHOBPEMEHHO ¢ 0OpasoBaHUEeM
HOPOJBI 1 B la/IbHEIIIIeM MEHAIOTCS He3HAYNTEIbHO.

B ormrunme ot addys3nBoB, ByTKaHOT€HHO-0CA/[04-
Hble TIOPOJbI 00Pa3yI0TCA B XOfe MPOJO/KUTENTbHON
TUTUGUKALMN MBHAYATIBHO PBIX/IBIX IMPOKIACTUIECKIX
OT/IOKeHMUI, CPOPMMUPOBAHHBIX B pe3y/ibTaTe 9KCIIIO-
3UBHOII IeATENIbBHOCT BY/IKaHOB. C TeueH1eM BpeMeH!
NMPOKIACTUYECKMIT MaTepuasl YIUIOTHAETCA, B3aVIMO-
IeJICTBYeT C MOPOBBIMYU PAaCTBOPAMM, LIeMEHTHUPYETC.
Mexny oboMkamut popMUPYIOTCSI KOHTAKThI lleMeHTa-
IIMIOHHOTO THIIA. B KauecTBe 11leMeHTa 0OBIYHO BBICTYIIAET
I/IMHICTO-KPEMHEe3eMICTOe BellleCTBO, IIPU YIaCTH Kap-
O0HaTOB, 0Opasyroleecs B pe3y/IbTaTe pacKpUCTa/IIN3a-
IV BYJIKAHMYECKOTO CTEK/IA B IPOIIeCcce PEervOHATIbHOTO
anureHesa. BylkaHOreHHO-0CagOYHbIE IOPOLBI KpaiiHe
HEOIHOPOJHBI 110 PM3NKO-MEeXaHNIECKIM CBOMICTBAM
B 3aBUCYIMOCTH OT COCTaBa M Pa3MEpPHOCTY C/IaTAOIINX
UX 06/IOMKOB, THIIA ¥ COCTaBa LJeMEHTa, CTEIIeHN JINTH-
¢ukanyn. ITo cBoeit pupose UX CBOVICTBA SABIAIOTCS
SMUTEHETUYECKIIMI, TIOCKOBKY GOPMUPYIOTCS B XOfie
IUTMTeIbHOTO IPOIlecca BYTKaHOT€HHO-0CaJJO0YHOTO
JMTOreHe3a. VIMEHHO NO3TOMY BY/IKaHOT€HHO-0CA/I04-
HbIe TIOPOJIbI HEOTEHOBOTO BO3pacTa OoJiee YIIOTHEHBI
Y TUTUPUIMPOBAHBI U, COOTBETCTBEHHO, XapaKTepuU3y-
10TCs1 6071ee BBICOKVIMY 3HAYEHWSIMM CBOVICTB I10 CPaBHe-
HUIO C IUIEJICTOLIEHOBBIMY aHanmoramu (cM. puc. 1).

B 1je/10M, By/IKaHOTe€HHO-0CaJOYHbIe IOPOABI Ilepe-
pabaTbIBAIOTCH /lerde U OpICTpee 10 cpaBHEHUIO € 3¢ dy-
3MBaMy, a ITOKa3aTe/Iy UX IIOTHOCTHBIX, JedopMariy-
OHHBIX ¥ IIPOYHOCTHBIX CBOJICTB CYIIECTBEHHO HIDKE.
O6006111eHHBI s TTOPOJ [0 Mepe MOBBIIIEHNS YCTOM-
YUBOCTH K BO3JIEJICTBUIO TUPOTEPM BBIIIAUT CIIERY-
IOIVIM 06pa3oM: Ty (bl IIeM30- U BUTPOK/IACTIYECKIE >
Ty(}bI KPUCTANIO- ¥ TATOKIACTUYECKUE > 3P Py3nB-
Hble IOPOJIBI IIOPUCTBIE CTEKIOBAThIe > 3 y3UBHbIE
HOPOJBI MACCUBHBIE TOTHOKPUCTA/INYIecKne (puc. 2).

®opMupoBaHIe TUAPOTEPMAIbHO-MeTacoMaTIde-
CKNX IOPOJ, B IIpefenax COBpeMeHHbIX TUPOTEp-
MaJbHBIX CUCTEM

B npepenax rugpoTepManbHBIX CUCTEM ByTKaHOT€HHbBIE
IIOPOADBI NOABEPTAIOTCA BO3JENCTBUIO TEPMaIbHbBIX
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Taﬁm/ma. dusuveckne u (l)I/ISI/IKO-MeXZIHI/I‘ICCKI/[e CBOMCTBA T UAPOTEPMATIBHO-METACOMATUIECCKUX MTOPOJ

Kypuno-KamyaTckoro pernona

G dyaunHbie nopoael
[ITydoransie nopoas

o 3ddysnBHbIe o

Cpedne-svicokomemnepa- Bckunanue

Huskomemnepamypnote (T<250°C) myproie (T>250°C) cudpomepm

HuskomemnepamypHole nponunumot Cpedre- Keapuy-

No of obs

No of obs

5 10 15 20 25 30 35 40 45 50 55 60 65
MopuctocTe n,%

1.0 12 14 16 18 20

Benuunna Bogomnorio- 18 23 21 12 7 1 3 4
MnotHoGTb p, oM

meHna W% 8-31 14-48 12-28 7-17 4-11 0.1-5 2-4 0.3-10

CKOpOCTb IPOJOIbHbBIX 2.35 2.1 0.95 2.1 33 5.05 4.3 4.4

30 BOTH. VP KM/C 1.35-3.55 1.35-3.2 0.6-1.65 1.05-2.8 2.65-3.7 3.8-6.0 3.85-5.15 3.85-5.0

70t M r
Mopynb ynpyroctu 10.5 6.5 10.8 20.9 575 39.8 40.0
(mmuammaeckuit) Egn. -

60 | ITla 2.9-19.0 2.1-14.2 8.1-15.1 16.1-25.7 32.3-81.6 30.2-46.6 32.5-50.4

50 | Koadduuuent Ilyac- 0.23 0.27 0.13 0.16 0.21 0.21 0.19
COHa (L. JI.efl. 0.10-0.35 0.20-0.37 0.08-0.20 0.10-0.21 0.14-0.29 0.11-0.28 0.10-0.27

40 | Re 30 12 5 21 41 128 113 114
IIpounocts 3-84 3-27 1-11 7-38 24-60 62-210 77-158 78-196

No of obs

o

| 14 18 22 2
08 12 16 20 24

CKOpOCTh PacnpocTpaHeHus NPoaonbHLIX BONMHY,, kM/c

25 B
20 M
15
10
5

nnll i

06 10 0 34 . :

32 3 : :

B 3 . 3
28 . 6

No of obs

30

20

20 40 60 80 100 120 140 160 180 200 220 240
MpouHOCTL Ha ogHoocHoe ckatHeR, MMa

Puc. 1. O60611eHHBLI PsAL BY/TKAHOTEHHBIX IIOPOJ II0 Mepe MOBBILIEHNS X YCTONYNBOCTY K BO3HEICTBIUIO TUAPOTEPM.

BOJ U ITapa, UMPKYIMPYOIINX 10 IIOPOBO-TPEeIIH-
HOMY IIPOCTPAHCTBY, a TaK)Xe 00pa3yoNMX MajIoOIoN-
BJDKHbIE TIOPOBbIE PACTBOPDI, B Pe3y/IbTaTe Yero OHU
UCIIBITBIBAIOT CyIleCTBEHHbIE M3MEHEHN XMMIYECKOTO
Y MUHEPATbHOTO COCTABOB, CTPYKTYPHO-TEKCTYPHbIX

3 py3uBHBIE TTOPOIBI
MacCHBHBIE
MOIHOKPHCTAILTHYECKHE
3(py3HBHBIE IOPOJIBI
MOPHCTHIE CTEKIOBATHIE

Ty()BI KPHCTAIIO- H

JHTOKJIACTHYECKHE
TY(BI IEM30- H

BHTPOK/IACTHUECKHE

YeToHUHBOCTE TOPOJL K BO3IEHCTBHIO MIJIPOTEPM

HHTEHCHBHOCTE H NPOIOIANTENEHOCTE BOYISHCTRHA THAPOTEPM

Puc. 2. ImcTorpamMmpl pacnipefiefieHns oKasaTenei CBOMCTB
3¢ dy3nBHBIX 11 TyDOTEHHBIX IOPOA: @ — IVIOTHOCTD, 6 —
HOPUCTOCTD, B — CKOPOCTDb PacpOCTPaHeHMA IPOJIONbHBIX

BOJIH, I — IIPOYHOCTD Ha OJHOOCHOE COKaTue.

ocobeHHOCTeT, MOP(}OIOTHI ITIOPOBOTO IPOCTPAHCTBA,
BIUIOTD /IO TIPEBPAIljeHNsA B IUAPOTEepMaTbHO-METACO-
MaTu4ecKue IMOpofibl — BTOPUYHbBIE KBAPLUTHI, IPO-
IVIUTBI, apTYUIM3UTHI, OTA/INTHI, KBapIl-afy/IsApOBble
MeTacoOMaTHUThI, 0OMaatolIye NHBIMY PU3NIeCKIMU
" GUBUKO-MeXaHMYeCKVMIY CBOVICTBAMM 110 CPaBHEHMIO
C MICXOHBIMY ByJIKaHUTaMH (Tao7L.).
InppoTepManbHO-MeTacOMaTUYeCKMEe peaKLN
IPOTEKAIOT MOCTENEHHO 110 Mepe B3aMMOJeiCTBUA
«pacTBOp-nopopa». IIpu 3ToM cKOpOCTb peakuui,
VMHTEHCUBHOCTD M3MEHEHMsI VICXOIHBIX ITOPOJI, KOHeY-
HBIJ IPOIYKT IU/IPOTEPMAIbHOTO IIPOLIecca 3aBIUCAT OT
psAna GaKTOpPOB, ITTABHBIMU CPefyl KOTOPBIX ABJIAITCS
0COOEHHOCTH MCXOHBIX IIOPOJ, TEMIIEPaTypa, KIUCIOT-
HOCTb-1II€/IOYHOCTD, XMMIYECKWIT 11 arperaTHbIN COCTaB
TepMaJIbHBIX (JIIOVJIOB, JaBIEHNE, TIPOfIO/DKNTETbHOCTD
B3aMMOJEICTBIA (IIoNIa ¢ BMELIAOIIMI TOPOfIAMIL.
[Ipornecc mpeo6pa3oBaHys BKIIOYAET CIEAYIOLIe
nporeccel: (1) BplleTadMBaHye U paspylLIeHNe mep-
BUYHBIX MUHEPAJIOB; (2) KPUCTA/UIM3AINIO BTOPUYHBIX
MIHEpPAJIOB B IIOpaxX U TpeluHax; (3) MeTacomarnye-
CKO€ 3aMelleHVIe IEPBUYHBIX MIIHEpPajIoB BTOPMYHBIMI,
0oree yCTOMYMBBIMYU B M3MEHMBLINXCS ycIoBuAX. OT

Ha OJHOOCHOE
okarne. MIla | p.p 18 6 3
2-58 0.8-18 0.6-6

1-19 9-47 57-180 60-116 64-123

10 29 120 81 88

Koadduunenr pasmsr- 0.69 0.41 0.53
yaemoctu Kpasm. MIla 0.24-1.0 0.11-0.63 | 0.18-0.83

0.50 0.73 0.77 0.75 0.79
0.21-0.73 0.48-0.94 0.57-1.0 0.62-0.99 0.62-1.0

ITpoyHOCTD Ha pacTsKe- 3.4 2.1 0.3
nue Rp. MIla 0.6-9 1.3-34 0.01-1.5

0.4-6 4-9.9 6-21

28 65 12 8
16 2-17

a
50 40 nopoapl
[ Yenosus 06pasosanus
35 Tydbl nopod
40 30 / \
25 N — Q Mopoda / noxasameny | | Apaunit- | I1oonymo- Apeunnusuposannie Tpan- memnepa- | Bmopuunvie | adynsposvie
30 ceoiicme 3umol svie npo- MPAHCUTIbGANCKUE | CUTbBAHCKIE mypHble Keapyumol | Memacoma-
20 nuaumbl nponunumol nponunump, | "PONUAUMDL mumbl
20 15 IInotHOCTD 1.71 1.53 1.57 1.93 2.17 2.63 2.52 2.30
p, r/em? 1.32-2.14 0.99-1.97 1.30-1.91 1.72-2.19 2.0-2.33 2.42-2.80 2.45-2.75 2.0-2.70
10 IIn0THOCTD TBEPABIX 2.53 2.61 2.63 2.80 2.82 2.77 2.85 2.74
10 vacTui ps. r/cm’ 2.3-2.86 2.33-2.82 2.56-2.73 2.64-2.91 2.72-2.88 2.64-2.89 2.77-2.93 2.62-2.85
5
H [—| Hopucrocts n. % 35 43 41 31 24 6 13 16
olL—[1 0 — P -7 23-51 21-66 28-50 23-41 19-28 0.4-16 9-15 10-23
22 24 26 28
B 4
8 42 46 50 54 58 0
40 44 48 52 56

Kor-Bo 06pasios 124 41 39

41 21 162 9 27

BTOpHUHEE KEAPINITEL,
cpemme-
Ksapu-ajyspogsie TeMIEpaTypHEe
METACOMATHTEI MPOIILTHTED
(30Ha nepexona
AIAKOCTD —T1ap)

Veenmuenne QHUIHKO-MEXaHHUECKHX
CBOJCTB MOpOJ

100°C Temiteparypa rHipoTepM 400°C

Puc. 3. O6061ieHHast 3aBUCUMOCTD (PUSUKO-MeXaHIMIECKUX
CBOJICTB IU/POTePMA/IbHO-METACOMATNYECKUX TIOPOJ OT

TeMIIepaTyphl ITUAPOTEPM.

COYeTaHNs M KMHETUKY STUX IPOLIECCOB B OOJIBILIOIN
CTENMeHM 3aBUCUT OUHAMMKA M3MEHEHMUS CBOJVICTB
opof,.

Jna ka0t TMApOoTepManTbHO-MeTaCOMAaTUYeCKOI
MIOPOJIbI PACCMOTPUM NOC/IEA0BATE/IbHBIN PSAM, Y CTaAUN
ee 0Opa3oBaHMs U MMOKa3aHa AMHAMMKA M3MEHEeHUs
CBOJICTB.

Ha nauanvHom amane TUpoTepManbHOIl Iepepa-
OOTKM IIPOUCXOANUT PACKPUCTAIN3AINSA ByIKaHIYe-
CKOTO CTeKJ/Ia, KOTOpOe MPefCTaBsieT co6oit amopd-
HO€ BEIIIeCTBO U ABJIAETCH CAMBIM TePMOAVHAMUYIECKN
HEYCTOIYMBBIM KOMITIOHEHTOM. OHO COflep>KIT NopAaKa
50-60% xpeMHe3eMa, ITIMHO3€EM, XKele30, MarHuii,
IIe/I0YHbIE U IIeTI0YHO3eMeTbHbIE METAIIIBL U PAJ, APY-
TMX 57IEMEHTOB, KOTOPbIe IPU PACKPUCTAIIN3ALUN
MOTYT y4aCTBOBaTb B 00pa30BaHUY CAMBIX Pa3/IMIHBIX
BTOPMYHBIX MIHepasnoB. KpoMe Toro, mpu omnpepesneH-
HBIX YCTIOBMAX JAAaHHbIe KOMIIOHEHTBI MOTYT BBIIIe/Ia-
YUBATbCS, IEPEHOCUTDBCA PAacTBOPAMU U OTJAraTbCs
B IIOPOBO-TPEIIVHHOM IIPOCTPAHCTBE B BUJIE Pa3INU-
HBIX MUHepaIbHbIX (pa3. COOTBETCTBEHHO, B 3 y31B-
HBIX IIOPOZIaX Ha MePBOIi CTaauu IpeobpasyeTcs By/IKa-
HUYECKOe CTEKJIO, pacIoaraleecs B MHTEPCTULIUAX
MeXJy MUKPOJIITaMI OCHOBHOII Macchl. B TydoreHHbIX
MOPOJiaX B IEPBYI0 O4YePeNb M3MEHAIOTCA IIEM3O0BbIE
00/10MKM 11 BUTPOK/ITACTbl. OHOBPEMEHHO C PacKpu-
CTaJ/UIM3alMell CTeK/Ia HauYMHAITCA peoOpa3oBaHus
KPUCTA//IOB, HO CYLeCTBEHHO B MEHbIIEN CTEeNeHN.
Kpuctannsl, Kak IpaBuio, JOCTAaTOYHO YCTONYIMBBI
K BO3/IeJICTBUIO T€PMa/IbHBIX PaCTBOPOB, OJJHAKO OHMU
IPaKTNYeCKN BCETZa COfepKaT pas3nyuHble fedeKThl
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B BUJI€ TPELMHOK CIIAJIHOCTY, MUKPOIIOP, HapyLIEHWII
KPUCTA/UINYECKON pellleTKM, Ta30BO->KUKUX BKIIO-
YEeHMIT, BK/IIOYEHNII BYJTKAHNYECKOTO CTEK/Ia Y MHBIX.
VI3MeHeHNA KPUCTA/UIOB HAYMHAIOTCA B MeCTax fedek-
TOB, ITIOCTEIIEHHO PacIpOCTPAHAACh Ha OKpY)Kalollye
Y4acTKM U 3aXBaTbIBast 6osblIve 06beMbl. Takum o6pa-
30M, /Il Ha4a/IbHOI CTafiuy IpeoOpa3oBaHMA XapaK-
TepHO 3aMellleHye O0/IbIIeil YaCTV BYJTKaHNYEeCKOTO
CTeK/Ia U Haya/bHble M3MeHeHMs KpucTawios. Obiee
KO/IMYEeCTBO BTOPUYHBIX MUHEPAJIOB Y C1ab0V3MEHeH-
HBIX NTOpoJ, He npesblaeT 25-30%. [Ipu aToMm cBoiicTBa
MEHAIOTCS B HE3HAYMUTE/IbHONM CTENEHN, ¥ B OCHOBHOM
OHM IO-IPEXHEMY 3aBUCAT OT HMeTporpapuyecKux
0COOEHHOCTEN NCXOTHBIX OPOF,.

Ha smopom amane, Ipy yCUIEHNY CTeIleH! Iiepepa-
0OTKY, BYJIKAHIYECKOE CTEK/IO IOTHOCTBIO 3aMeIlaeTCs
BTOPMYHBIMYU MIHepaamMi (B Ty¢ax 9TO BUTPO- U IIEM-
30KJIaCThI, @ TAKXKe CTEK/IOBAThIN 0a3yC IMTOKIIACT).
Kpucramnisl npeo6pa3oBaHbl YaCTUYHO, IpUdeM 6otee
YCTOIYMBBIMMY SABJIAIOTCS KUC/IbIE TUIATMOK/IAa3bl M KIIM-
HOIIMIPOKCEHBI, @ MEHee YCTONYMBbIMY — OCHOBHbIE
ITaTMOK/Ia3bl, ONIVBUH, POMOMYECKMe MUPOKCEHBI.
Bcrpevatomuecs B Ty(OreHHBIX TOPOJAX 3epHA KBapIia
npeo6bpasoBaHMsIM He mofBepykeHbl. Ob1ee Kommye-
CTBO BTOPMYHBIX MUHEPAJIOB Y CpeflHEN3MEHEHHBIX
nopojp, Kone6nercs B guanasone ot 25-30% mo 70-75%.
CBoJicTBa M3MEHAIOTCA B 3HAUNTENbHOM cTereHu. [1pu
3TOM OCHOBHBIMM (PaKTOpaMy, BAVAIOMINMY Ha CBOJI-
CTBA, AABJIAIOTCSA TUII, KOMYECTBO 1 OpMa BbITE/IeHNA
BTOPMYHBIX MUHEPAJIOB, OIHAKO IIO-IIPEeXXHEMY OKa-
3bIBAIOT CBOE B/IMAHNE U IepBUYHbIE IeTporpaduye-
CK1te 0COOEHHOCTH, OCKO/IBKY COXPAHAIOTCS PEIMNKTBI
MICXOJIHBIX IIOPO.

Ha 3axnouumenvHom smane, IpU IPOLOTKNU-
TeJIbHOM BO3/I€JICTBUM T€PMa/IbHBIX BOJ, IPOVCXOIUT
IIO/IHAsA MMHepabHaA IIePeCTPONKa BYTKaHUTOB U UX
IpeBpalleHNe B TUAPOTepMaabHO-MeTacOMaTHIeCKue
MOPOJbI C HOBBIM MUHEPAJIbHBIM COCTaBOM, HO KaK
IPaBUJIO C IICeBJOMOPQHOI CTPYKTYPOIL, yHACIEHO-
BAaHHOJI OT MCXOAHOI Mopofbl. Tak B TMApOTEpMalb-
HO-MeTacoMaTM4YeCKMX IOpojax, 06pa3oBaHHBIM IO
a¢pdysuBaM, COXpaHAITCA TOPPUPOBBIE CTPYKTYPHI,
a 1o Ty¢oreHHBbIM IIOpofiaM — o6moMouHble. [1pu aToM
MUKPOCTpPO€HMe ITOPOJi MOXKET IpeTepIeBaTh Kapiu-
HaJIbHbIe M3MeHeHNuA. CBOIICTBa HOBOOOPa30BaHHBIX
U pOTEpPMaTbHO-METACOMATUUECKUX MOPOJ, IIOTHO-
CTBIO OIIpeHe/AITCS BTOPUYHBIMI MUHEpagaMu —
UX COCTaBOM, KO/INYECTBEHHBIMI COOTHOIIEHUAMI,
¢dopMoil BbIIENIEHN, @ TAKKe CTPYKTYPHBIMM XapaK-
TePUCTUKAMM ¥ BTOPMYHOI IOpUCTOCTbIO. VicxomHas
CTPYKTypa 0OBIYHO MjeHTUUIMpyeTcs 61arogaps
niceBoMop¢03aM BTOPMYHBIX MIHEPAJIOB IO KOMIIO-
HEHTaM IIepBUYHBIX IIOPOJI, OGHAKO BC/IECTBIE ITIY-
60Koit cTerneHy nepekpuctamsauuu (> 70%), mep-

10

MPYHTOBEOEHUE 1°2022

BUYHBIE OCOOCHHOCTY IMPAKTUYECK! He BIUAIOT Ha
CBOJICTBAa HOBOOOPa30BaHHbBIX METACOMAaTUTOB.

XOTs CKOPOCTb MMHepaTIorn4ecKnx nmpeobpazosa-
HUI ¥ JHAMMKA M3MEHEeHMs CBOJICTB B XOfie TUAPO-
TepMa/IbHO-MeTaCOMATIYeCKIX IPOLeCCOB pa3INyIHbI
11 9¢Qy3UBHBIX U BY/IKAHOT€HHO-0Ca/JOYHBIX IOPOJ,
CBOJICTBA 00OPa3yIOIINXCSA B KOHEYHOM MTOTe ITOPOJ,
UJICHTUIHBI.

OpHyM 13 T71aBHBIX aKTOPOB, BIMAIOIINX HAa 0CO-
OeHHOCTI IepepabOTKM OPOX U JUHAMIKY M3MEHEHN
CBOJICTB, SBJISIETCA TeMIleparypa rugporepM (puc. 3).
CpenHe-BBICOKOTEMIIEPATYPHBIE ITyOMHHbIE PaCTBOPBI
(T>250°C), HE3aBUCKMO OT UX XMMUYIECKOTO COCTaBa,
OKa3bIBAIOT IIO3UTUBHOE BIVHNE HA I3MEHEeHMe [IOKa-
3aTeseit GU3UKO-MeXaHIYEeCKUX CBOVICTB ITOPOY], BBI3BI-
Bas YIUIOTHEHMe, YIIPOUYHEHMe, CHIDKEeHNE TIOPUCTOCTH
U fepopMMUPYeMOCTI. DTO IPOUCXOANT, BO-IIEPBHIX,
BCJIEICTBME BBINAJIEHNS U3 PacTBOPOB U KPUCTAI-
NMM3aLNY BTOPUYHBIX MUHEPATIOB B IIyCTOTHOM IIPO-
CTPaHCTBe C 3aKOHOMEPHbIM CHIDKEHMEM NTOPUCTOCTH,
a BO-BTOPBIX, 32 CUET 3aMellleH) s IIepPBUYHBIX KOMIIO-
HEHTOB IIOPOJAbI IPOYHBIM KPUCTAINYECKIM arpera-
TOM, COCTOAIINM 13 KPEIIKO CPOIeHHBIX 3epeH KBaplia,
IIOJIEBBIX IIIIATOB, SMNUI0TA, CIIOAbI ¥ HEKOTOPBIX IpPy-
I'MIX MUHEpPAJIOB ¢ KPUCTA/UIM3ALVOHHBIMA U KPUCTAI-
NM3aIVIOHHO-1IJeMEHTALMOHHbIMY KOHTaKTaMM MEX[Y
HuMI. B memoM, rupporepManbHO-MeTacOMaTUYeCKIIe
HOPOJibl, 0Opa3oBaHHbIE MOf [AENCTBYEM ITTyOMHHBIX
BBICOKOTEMIIEPAaTyPHBIX PACTBOPOB (BTOPMYHbIE KBAp-
IIVTBI ¥ CpeJHeTeMIIepaTypHble IIPONMINTEI), OTHO-
CATCA K CKalIbHBIM IPYHTaM — IUIOTHBIM U OY€Hb IIOT-
HBIM, HU3KO- 1 CPeJHENIOPVCTBIM, IIPOYHBIM U O4€Hb
IIPOYHBIM, OOJIbIIIe YaCThI0 HEPa3MATdaeMbIM.

JIMHaMMKa M3MEHEHUII CBOVICTB IIOPOJ, B PE3Y/b-
TaTe BO3MENCTBUA HU3KOTEMIIEPAaTyPHbIX PaCTBOPOB
(T<250°C) HeogHO3HAYHA, XOTA B L|e/IOM IIpEBaINPYeT
TeH/ICHI[MS CHYDKEHMS IJIOTHOCTHBIX, IIPOYHOCTHBIX
U fepOpMALMIOHHBIX XapaKTePUCTUK. ITO 0OYCIOB-
JIEHO, BO-TIEPBBIX, ITpeobIajlaHMeM NpoIlecca BhIllela-
4yyBaHNA ¥ GOPMUPOBAHEM BTOPUYHOI IIOPUCTOCTH,
a BO-BTOPBIX — COCTaBOM BTOPMYHBIX MUHEPAJIOB,
Cpeny KOTOPbIX OOJIbIIast PO/Ib IPUHAICKUT T/INHN-
CTBIM MUHepajiaM U [eonTaM. B pesynbrare, IOMIUMO
($a30BbIX KOHTAKTOB (KpYCTa/UIN3AIIOHHO-JeMEeHTa-
IIMIOHHOTO TUIIA), XapaKTEPHbIX /I CKa/IbHBIX TPYHTOB,
(dbopMMpyeTCcss HEKOTOPOE YNC/IO KOHTAKTOB II€PEXOfi-
HOTO TUIIA, KOTOPbIE CYLeCTBEHHO OCTA0MAIOT TOPOJIBL.
Y nopop, 06pa3oBaHHbIX IIOf] BO3/IE/ICTBIEM HI3KOTEM-
IepaTypHBIX pacTBOPOB, IIPOYHOCTb Rc He mpeBbIlIaeT
50 MIIa, Vp<3,5 km/c, IOTHOCTDb p<2,2 r/cm?, opu-
cTocThb n>20%. HuskoTemneparypHsele ruipoTepMma-
JINTBI, KaK IIPaBIUJIO, HEBOJZOCTOIKI — IIPY B3aUMOeil-
CTBUU C BOJOV OOJIBIIMHCTBO M3 HUX Pa3MATYaIOTCH,
a B HEKOTOPBIX C/Ty4asax (IIpM BBICOKOM COfep>KaHUU
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IIMHUCTBIX MMHEPAJIOB) Jjake pasMoKaioT. [Topoabl,
copmmpoBaHHbBIE IO, BO3EIICTBIEM HU3KOTEMIIepa-
TYPHBIX TUAPOTEPM (OIAINTHI, APTUIIM3UTHI, HUZKO-
TeMIIepaTypHble IPONMINTH — I€OTIUTOBbIE, APIUTI-
JM3UPOBaHHBIE, TPAHCUIBBAHCKIE), MOTYT OTHOCUTBCSA
KaK K CKaJIbHBIM, TaK ¥ K IOJYCKa/JbHBIM I'PYHTaM —
CpefHeil ITIOTHOCT, CUTbHOTIOPUCTBIM, Pa3MATYaeMbIM
(cM. Ta6m1.). Ha TepMaIbHBIX MOJIAX B IPUIIOBEPXHOCT-
HOM FOPU30HTE B pe3y/bTare MpOLeCCOB apri/UIN3aIiI
BY/IKAHOTEHHbIe IOPOJbI IIPe0OPasyITCsA B IMAPOTEP-
MaJIbHbIe IJIMHBI, OTHOCAIIMECS K IPYIIIe AMCIIePCHBIX
CBSI3HBIX IPYHTOB.

Oco6pIMI, ¢ TOYKYM 3peHNUsT TePMOAMHAMMIYECKIX
U T€OXMMUYECKUX YCIOBUIL, ABMAIOTCS 30HBI (as3o-
BOTO IIepexoja «KMJKOCTb-Iap», BO3HUKAIOIME
B TU/IPOTEpPMaIbHOI CHCTeMe Ha pa3HbIX ITyOMHAX, I7ie
B pe3y/ibTaTe MPOIECCOB KUIIEHNs, TApO0OpasoBaHus
U HOCTIeAYIONIeil KOHieH Ay 06pasyoTcsl pa3Hble
TUIIBI TEPMA/IbHBIX BOJ, YTO OTPAXKAeTCsl Ha 0COOEHHO-
CTAX BTOPMYHOTO MUHEPAT000pa3oBaHMs M CBOCTBAX
nopoy. OHU PUKCUPYIOTCA KBapII-aAy/IApOBOIl MUHepa-
nm3anyert, KoTopast obecrednBaeT BHICOKYIO ITIOTHOCTD
(p=2.0-2.70 r/cm3), mpouHocTs (Rc cp >100 MIIa)
u fepopManmoHHbIe XapakTepuctuku (Vp cp >4 km/c;
En cp ~ 40 I'Tla) 3a c4eT mpOYHOI [jeMEHTAINI HOBO
00pa3oBaHHBIX KBapIeBbIX 3epeH (cM. Tao1.).

3akmoueHme

[uppoTepMaIbHO-MeTaCOMATIIECKIIE TIOPOAIBL, GOPMU-
pYIOLIVecs B pe3y/bTare IepepaboTKy BY/IKAHOT€HHbBIX
TOJIII B HEApax M Ha OBEPXHOCTH I'MAPOTEPMAaIbHBIX
CUCTEM B pa1710HaX BYHKaHM‘{eCKOﬂ AKTUBHOCTHU, OT/IN-
Yal0TCs OO/BIINM PasHOOOpa3neM MHXeHEPHO-TeO0TIO0-
TMYECKIX 0COOEHHOCTEN, BIVIOTH [JO IPUHA/IEKHOCTH
K TPYHTaM pas3/JIM4YHbIX KJTACCOB M IPYIIIl — CKaJIbHBIM,
HIOJTYCKa/IbHBIM U CBSISHBIM AVCIIEPCHBIM. ITO 00yCIOB-
JICHO HpOCTpaHCTBeHHO—BpeMeHHOﬁ N3MEHYMBOCTBHIO
TepMO,I[I/IHaMI/I‘-IeCKI/IX n FI/IJIPOFQOXI/IMI/I‘{ECKI/IX yC}IOBI/If;[

Ienetuyueckoe I'PYHTOBEACHNE

B TMJPOTEePMa/IbHbIX CUCTEMAX, IPUBOJALIEI K pas/ind-
HBIM COYeTAHVAM, KMHETVKe IIPOLIeCCOB BhIIIe/IaunBa-
HIsI, OCAKIEHNUS U 3aMelleHVsI TPV B3aVMOMeICTBUU
«pacTBOP-TIOPOfia», MHOTOOOPA3NI0 CTPYKTYPHO-MU-
HepaJIorMYecKux mpeobpasoBaHmil, TpaHchopMannm
CTPYKTYPHBIX CBAA3€ll U, KaK CIe[iCTBIE, pA3HOHAIIPAB-
JICHHOMY VI3MEHEHII0 PU3NKO-MeXaHNYeCKIX CBOVICTB
HOPOF,.

VicxopHble TOpOABI, IpencTaBaeHHbIe 3P dy3uB-
HBIMI U BYJIKAHOT€HHO-OCAa/JOYHBIMI T'€HETUYEeCKIMU
TUIIAMM, OTINYAIOTCA 1O CKOPOCTH NpeoOpa3oBaHMil
¥l IVHAMMIKe M3MEHEeHV CBOJICTB, OTHAKO B C/Ty4ae Ipo-
JO/DKUTENIBHOTO B3aMMOJEIICTBIUS «PacTBOP-IIOPOa»,
B KOHEYHOM WTOT€, 3TO He OTPA’KAeTCs Ha MH)KEHeP-
HO-Te0/IOTMYEeCKUX 0COOEHHOCTAX POPMUPYIOMINXCS
TUpOTepMaTbHO-METACOMATYECKIX TIOPO.

YCTaHOBIIEHO, YTO CpefjHe-BbICOKOTEMIIEPATYPHbIE
I/IyOMHHbIE PaCTBOPBI, HE3aBUCUMO OT MX XMMUIECKOTO
COCTaBa, BbI3bIBAIOT «IIO3UTUBHBIE» I3BMEHEHVISI CBOJICTB
¢ popMupoBaHMeM IIOTHBIX, IPOYHBIX, c1abopredop-
MMPYEMBbIX ITOPOJI, OTHOCAIIMXCA K TPYIIIe CKaTbHBIX
TPYHTOB. BosfieiicTBIe HM3KOTEMIIEPATyPHBIX PACTBO-
POB IIPUBOJUT K CYLECTBEHHO Pas/IMIHBIM CLIEHAPUAM,
XOTs B L|e/IOM IIpeo6/IajjaeT «HeraTUBHAs» TeH/ICHIIVS
B M3MEHEeHVM CBOICTB. PopMupyomyecs HOPOAbl MOTYT
OTHOCUTBCS K TPYIIIIaM CKaJIbHBIX, ITOTYCKa/TbHBIX 1 JIVIC-
IIEPCHBIX CBS3HBIX IPYHTOB. Cpeyt HU3KOTeMIIepaTyp-
HBIX Pa3HOBU/JHOCTe! IIpe00IajaloT TPYHTBI CPefHet
IVIOTHOCTH, CUJIBHOIIOPUCTBIE, NIPEUMYIIeCTBEHHO
MaJIOVl, IIOHVXKEHHO ¥ HU3KO IMPOYHOCTH, Pa3MAL-
vyaemble. «HeraTuBHbIe» MHXEHEPHO-T€OIOTMYECKe
XapaKTePYUCTUKI HU3KOTEMIIEPATYPHBIX METACOMATHUTOB
00ycIoB/IeHBI IIpeobIajanmeM Mpoliecca BhIlleTadn-
BaHI, @ TAKXKe BBICOKUM COfiep>KaHMeM ITIMHUCTBIX
¥ LIEOJIUTOBBIX MUHEPAJIOB, 32 CYET KOTOPBIX, IOMIMO
XapaKTepPHBIX /IS CKaJIbHBIX TPYHTOB (Pa30BBIX KOH-
TaKTOB, GOPMUPYIOTCSI KOHTAKThI IIEPEXOLHOTO THUIIA,
CYIeCTBEHHO OC/IA0/IAIONIE TOPOJIBL.
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XMMWYECKUV COCTAB TVOKTADIPUYECKNX ABYXC/IOVHBIX
[JIMHVCTHIX MUHEPAJIOB

CHEMICAL COMPOSITION OF DIOCTAHEDRAL TWO-LAYER CLAY
MINERALS
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Teonoeuueckuii giaxyﬂbmem, 2. Mocksa, 119991, Poccust
Moscow State University, Engineering and Environment Geology Department, bld.1,
Leninskie Gory, GSP-1, Moscow, 119991, Russia
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AnHoTanusA: B craTbe moKasaHo, YTO Bapyal[Myl XMMUYECKOIO COCTAaBa KAOMMHNUTA, PETUCTPUPYeMble IpK
aQHAIUTIYECKOM OIIpefie/leHNN VHANBIU/YaIbHBIX OKUCTIOB, MOTYT OBITH OOYC/IOB/IEHbI KaK M30MOPQHBIMU 3a-
MEIeHUAMY U OCOOEHHOCTAMM KPUCTA/UINYECKO CTPYKTYPBI, TaK M aficopOLyeil Ha MHANBUYaTbHBIX KPU-
CTa/UINTaX aMOPQHBIX OKVCIIOB M TUAPOOKICIOB KPEMHIS, a/UTIOMUHIS, XKe/le3a, MapraHiia, TuTaHa. JJononuu-
TEbHYIO HEOIIPee/IeHHOCTD B Pe3y/IbTaThl aHAMN30B BHOCAT METO/bI IO[TOTOBKM VHAMBI/YaIbHBIX 00PAsIIOB.
[IpuBeneHa XxapaKTePUCTUKA XMMIYECKOTO COCTaBa OTAE/IbHBIX MIHEPA/IOB IPYIIIbI KAOTMHITA U3 MECTOPOXK/ie-
HMIT, pa3pabaTbiBaeMbIX Ha Tepputopun Poccun.

Abstract: The article shows that the variations in the chemical composition of kaolinite recorded during the
analytical determination of individual oxides may be due to different reasons Among them, the following should be
noted: isomorphic substitutions, crystal structure features and adsorption of amorphous oxides and hydroxides of
silicon, aluminum, iron, manganese, titanium on individual clay crystallites. Additional uncertainty in the analysis
results is introduced by the methods of preparation of individual samples. The characteristic of the chemical compo-
sition of individual minerals of the kaolinite group from deposits developed on the territory of Russia is given.

KiroueBsble c/10Ba: KaO/IMHNT, TA/IYa3UT, AUKKNUT, HAKPUT, a0 aHbl, TM3MHTEPUTHI, MO/LSIPHBIE COOTHOIIIe-
HIUST OKUCTIOB, aficopOusi, n3oMopGHbIe 3aMeIleHsI.

Keywords: kaolinite, galloisite, dickite, nakrite, allophones, giesingerite, molar ratios of oxides, adsorption,

isomorphic substitutions.

BBegenue

He BBI3BIBaeT COMHEHMIT, YTO aHANIN3 M3MEHEHM
XMMMUYECKOTO COCTaBa ITIMHUCTBIX ITPYHTOB UTpaeT
3HAYMTETbHYIO POJIb IIPY MHTEPIPETALVIN LIMPOKOTO
CIIeKTpa 9K30T€HHBIX (ITUIePreHHBIX) IIPOLeCCOB, IPO-
TEKAIOLIVX B IPUIOBEPXHOCTHO YaCTH TUTOCPEPDI.
OcobeHHOe BHUMaHUE 9TOMY BOIIPOCY TPaJULINIOHHO
YHeAIOCh B TPYHTOBEJCHUY NP MCCIEeNOBAHMSX,
BBIITOJIHABIINXCS Ha MOHOMMHEPAJIbHBIX 00pasIiax.
OnHaKo B OPUIMHAIbHBIX MICCIENOBATEIbCKIX paboTax
BTOPOJT TIOIOBVHBI IIPOIIIOrO CTONIETHSI aBTOPHI, 32
PEnKUM MCK/ITIOUeHMeM, OTPAaHNYMBA/IICh YKa3aHMeM
MeCTOPOXKeHN, TTie IpousBeieH 0T6op 06pasIoB,
HaIlpUMep, «KAaOIMHUT IIPOCAHOBCKUII» [10, 16, 21].

Bonee Toro, B KpynmHbIX MOHOTpaduyecknx 06001e-
HMAX XVMUYeCKIUI aHa/IM3 ITIVHICTBIX MITHePasIoB 60
HOTHOCTBIO OTCYTCTBYeT [6], mnbo orpaHmYmMBaeTcs
IPOCTBIM PacYeTOM, OCHOBAHHOM Ha IJIea/TbHBIX CTPYK-
TypHBIX popmynax [17]. AHaOTMYHBIM 0OPa3OM CUTY-
aIvsi BBIDIAUT U B IOuBOBenenun [23]. [Jake B mepuo-
AMYeCKOl evaTy, HallpyMep B XXypHae «V/IHxeHepHas
reonorusi» (¢ 1993 r. «[eoakomorus: rupporeoaorus,
VH>KEHEPHas Ie0JIorys, TeOKPUOIOTrus»), OYKBaIbHO
eIVHIYHbIe TYOIVKALUY COREP)KAT CBEeHNA O XVMMMU-
YeCKOM COCTaBe INIMHUCTBIX TPYHTOB. OTYacTy Takas
cuTyanus oOyC/IOB/IeHa TeM, YTO XMMUYECKIil COCTaB
ABJIsIeTCA Haubo/lee MHTErPaIbHO XapaKTepUCTUKOI
U ero pacuimdpoBka B OOTBUIMHCTBE C/Ty4aeB IIPOCTO
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ype3MepHa 1 0OBIYHO He OTBeYaeT Le/IsIM OOJIBIIHCTBA
3KCIIEPUMEHTOB.

Pe3ynbraToM OTCYTCTBMSI CKOIBKO-HUOYAD TOK-
POOHBIX CBOJOK IO XMMIYECKOMY COCTAaBY ITIMHMUCTHIX
MMHEpPAJIOB B CIIELMANV3MPOBAHHON OTEYeCTBEHHOM
«TPYHTOBEYECKOII» IUTEPAType MPUBEIO K TOMY, YTO
B 0o600maromyx MoHorpadusx [13, 14, 25] o xummndye-
CKOMY COCTaBY ITIMHUCTBIX TPYHTOB IIPUBOAATCS TOTBKO
cBefieHNUs ob61jero xapakrepa. C Apyroit cTOpOHBI,
B JIUTEpAType MO CTPOUTENbCTBY, MaTepPHaTOBEIeHUIO
¥ Pa3/INYHBIM TEXHOJIOTUAM MMeEeTCsl OTPOMHOE KOJIM-
4eCTBO CBEJIEHMII He TONbKO I10 XMMUYECKIM COCTaBaM
KAO/IHOBBIX 3aJIe)Kelt, HO U [0 XMMUYECKMM COCTaBaM
IPOAYKTOB MX OOOralieHNs, aKkTUBALUN VU M3Me-
HeHus1. VIMEHHO HeOCTaTOK MOKOOHOI MHOPMAIUN
B IIpOdUIBHOI MHTepaType NOOYXAaeT IpefIpuHsITh
HEKOTOpbIe 0000I[eHNs 110 XMMIUYECKOMY COCTaBY, CTa-
pasichb B OCHOBHOM [Iep>KaTbCsl B paMKax OT€4eCTBEH-
HBIX MECTOPOXX/ICHWIT ¥ MCC/IEIOBAHMIA, BBIIOTHEHHBIX
Ha POCCUIICKMX 00pasljaX, BCIEACTBME YeTr0 COCTABBI
paHee 4acTo MCIOIb3yeMbIX B UCCTIETOBAHNAX KAOVHOB
YKPanHCKIX MECTOPOXK/IEHNIT leTa/IbHO He pacCMaTpu-
BaJINCh.

XMIM4IeCcKnii COCTaB KaOMMHNITA

Hamnb6onee pacnpocTpaHeHHbBIM MIHEPA/IOM HOATPYIIIIbI
ABJIAETCA KAOAMHUT. VIgeanbHblil XMMIUYECKUIT COCTAB
ISl KAOTVHUTOB, OTBEYAIOLIVX CTPYKTYPHOIT popMmyre
Alz(Si4OIO)(OH)8, BBIIJIAJIUT CIeAYIOIINUM 06pa3om:
46,54% SiOZ, 39,5% A1203, 13,96% HZO. OpHako B Ipu-
POJie TOUHBII COCTaB BCTPEYaeTCsl pefKo, e/ Boob1le
BcTpedaercs [18, 34]. Kaomuut o6pasyercs B pe3yib-
TaTe KUCIOTHOTO BbIIleTauMBaHys (BbIBETPUBAHUS)
IIe/IOYHBIX IIOPOJ 1, B IIEPBYI0 OYepPelb, BXOAAIMINX
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B MX COCTaB IIOJIEBBIX IIIATOB U CI0AbL. KaonmHUTH,
KOTOpBIE OCTAIOTCS Ha MeCTe 00pa3oBaHus, Ha3bIBAIOTCS
OCTATOYHBIMM VTN TIePBUIHBIMU. KaOMMHUTDI, KOTOpbIE
OCXJIAIOTCA IOC/Ie TPAHCIIOPTUPOBKM BOJOTOKAMI,
Ha3BIBAIOTCS OCAJOYHBIMU (II€PEOTIOKEHHBIMU) VTN
BTOPMYHBIMYU KQOTMHUTAMU. [{OTIONTHUTETBHO KAOMMHAT
MOXKeT KPUCTA/IN30BaThCs U3 PACTBOPOB, BCIEACTBIE
PAasIOKeHNUs WIN TUAPOTEPMATBHOTO MI3MEHEHMs Top-
HBIX [IOPOJ, OoraTeiX amoMuHMeM. I10CKONIbKY M3Me-
HEHVSIM MTOJJBEPraeTCsl He BCSI MAaTepPUHCKas MOPOJa,
3/TI0BYMAJIbHBIE TOKPOBBI (TI€PBUYHbIE U/ IEPEOTIO-
JKEHHBIE) COflepyKaT IIPUMeCH B Pa3/IMIHBIX KOMNYECTBAX
(tabm. 1). Hampumep, coepxaHue KaOMMHUTA B 7 Hau-
6o7ee KPyIHBIX MeCTOPOXKAeHMAX Uens61MHCKoiT 06/1a-
ctu (ITonmeraesckoe, bepnunckoe, Kmoun, Hukne-Y-
Benbckoe, CeBepo-Tomuuckoe, CeBeBpo-KpyrnnHckoe,
BepesoBckoe) n3MeHsieTCs B 04€Hb MIMPOKIX IIPefieax,
ot 39,09% mo 71,67% [3].

HecMoTpst Ha TO YTO IPOBEIEHBI COTHM XMMUIECKUX
aHa/IM30B KAOJIMHUTOB, IO CUX ITOP MaJIO YTO M3BECTHO
0 TOYHOM COCTaBe OO/IbIIMHCTBA (eC/ He BceX?) Uccre-
IOBaHHBIX 00pa3iioB. OKMUCITBI Fe, O, TiOZ, MgO u CaO
HOYTHM BCerfja MPUCYTCTBYIOT B pe3y/IbTaTax aHanm3a
Tak>ke, KaK U IeJIOYHble KOMIIOHEHTHI KZO n NaZO,
U He BCerzia yaaeTcs pacindpoBarhb IPUPOAY UX IPo-
VICXOXKIEHMSL.

B 6onpmmHCTBEe 00pa3Ii0B KAOMMHNTA MMEeTCs
us6piToK 60 SiO,, mn6o A1,0,. ITo Mpex/e Bcero
CBSI3aHO C MUHEPAJIbHBIMI IIPUMECSIMU, TAKUMU KaK
KBapll, aHaTa3, PyTUI, IMPUT, TMMOHUT, ITO/IEBOJ IIIIAT,
CJIIOfia, MOHTMOPVJUIOHUT, Pa3/IMyHble OKCUJIBI XKeme3a
Y TUTaHAa, KOTOpPbIe 0OBIYHO MPUCYTCTBYIOT B OIIONI-
HeHNe K pARy Apyrux MmHepanos. Si um Al B popme
TUJPOKCUJIOB, IIO-BUVIMOMY, MOTYT BCTPEYaTbCs B BUJIE

Tabnuna 1. XuMm4eckuit COCTaB KAaOMMHOB HEKOTOPBIX BaXKHeIIINX MecTOpoKaeHuit Poccuu (mo: [24])

Coodepacanue okcuoos, %

Obpasey
Sio, ALO+TiO, Fe O, ‘ CaO ‘ MgO ‘ ujenouu ‘ III
Yanranckoe MecTOpoxpeHne (AMypckas o671.)
TeHesuc — mepeoTIOXKeHHas KOPa BIBETPUBAHNA: KAOTIMHNUT- COlepKalliyie IeCKM.
B MuHepaIbHOM COCTaBe: KBapl, KAOMMHNT, IOEBOI IITIAT, TUPOOKICIIbI XKeesa.
Criperny 78,85-78,95 12,90-13,78 0,32-0,40 - - 2,37-2,53 4,23-3,95
O6orar,. 50,0-55,0 31,35-34,45 0,60-0,80 0,00-0,50 - 1,21-3,42 9,00-11,00

KomueivMckoe Mectopoxxperne (YensonHckas o671.).
aIUINTOB, TPAHNTO-TIOPGUPOB, IETMATITOB VI KBAPLIEBBIMY SKIUIAMIL.

(rpaHar, TypManuH, pyTiun), KapooHaThI.

Tenesnc — KOpa BBIBETPMBAHNA NHXXEKIMIOHHbBIX TICI;IKOKpaTOBbIX " METaHOKPATOBBIX THEICOB, IIPOHM3AaHHbIX MHOTOYMCIE€HHBIMI MEIKMMH T€IaMN

B MuHepanbHOM cocTaBe: KaomuHUT (10 37%), kBap1 (5o 50%), ruppocimona (1o 5%), myckoBut (5o 10,5%), IUIPOOKMCIIBI JKenle3a, py/HbIe IPUMeCcH

Chrpery 69,0-73,5 18,62-21,77 0,4-1,1

0,24-0,65 0,2-1,5 Cn-1,11 6,9-8,2

O6orarr,. 46,0-49,6 36,1-38,5 0,5-1,03

0,1-0,58 0,2-0,76 0,39-0,6 12,2-13,71

Mecropoxpenne JKypasmunsiit nor (YensOnnckas 0671.).
Tenesnuc — Kopa BbIBETPUBAHM: JIEIKOKPATOBBIX TPAaHUTOB.

B MuHepanbHOM cocTaBe: KaommHuT+ramnyasut (30-65%), kBapiy (35-70%), T0/IeBOIT LITIaT, CTIOfA.

Chripery 63,9-69,7 19,8-24,9 0,05-0,7 0,39-1,12 0,10-0,58 0,42-3,30 5,9-9,8
O6orar,. 46,5-49,19 35,3-38,6 0,4-1,04 0,41-1,05 0,10-0,80 0,42-2,20 12,0-18,6
14
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HOBEPXHOCTHBIX [/IEHOK HAa KPUCTA/UINTAX KAOTMHUTA.
XoTs1 MHOTVIE U3 9TUX TIpUMeceil 0OBIYHO MAeHTUM-
LMPYIOTCS, aHAJINM3 PelKO ObIBaeT JOCTATOYHO KOMuYe-
CTBEHHBIM, YTOOBI OIIPEIENTH, CBSI3AHO /TN BCE OTKIIO-
HeHMe OT UIeATTbHOTO COCTaBa C 3TUMU MPUMECIMNU
(Tabn. 2) [35].

Ienetuyueckoe I'PYHTOBEACHNE

JocTaTouHO HaBHO ycTaHOBIEHO [31], 4TO MOAp-
Hoe cootHomtenue SiO,/R O, KaOMMHUTOB BapbuUpPyeT OT
294:100 o 185:100, Torma KaKk TEOpeTMYECKy OHO HOJDKHO
coctaBmATh 200:100. O6pasiipl ¢ COOTHOLIEHEM O/TU3-
KM K 3:1 monmyynin HeopuimaabHOE Ha3BaHNe «aHayK-
cuThl» (Tab. 3). BO3MOYXXHO, IpIMYMHA 9TOTO 3aK/TF0YAETCsI

Ta6nuna 2. Xumudeckuit coctaB 06pa3nos kaonuuuta (%)

Oxncbt 1 2 3 4 5 6 7 8 9 10 11 12 13
SiO, 43,78 45,56 45,83 46,08 46,62 47,96 47,24 46,57 45,43 48,91 46,2 45,7 47,3
ALO, 40,06 37,65 40,04 38,05 34,87 36,05 36,81 35,34 35,98 36,67 34,4 34,96 27,6
Fe,O, 0,64 1,35 Ccrefipl 0,53 0,46 1,27 0,6 0,38 1,05 0,45 1,1 2,06 2,87
FeO - - - - - - - 0,25 0,22 0,57 -

MgO 0,16 0,07 0,22 0,25 0,2 0,45 0,51 0,1 0,68 0,6
CaO 0,36 0,1 0,27 0,14 - 0,21 0,25 0,39 0,11

K,0 - 0,11 0,01 0,18 0,06 0,17 0,41 0,42 1,8 1,52 3,25 0,17 0,3
Na,O - 0,16 0,01 0,15 0,07 = - 0,28 0,13 0,31 0,2 0,19 0,14
TiO, - 0,19 - - 2,66 0,61 0,56 0,43 0,63 0,27 1,92 0,92
H,O 1,02 0,76 0,88 0,68 0,05 2,9
H,0* 14,08 13,66 13,62 13,66 13,47 11,22 13,23 13,84 13,3 13,2 11,9 14,21 16,89
Cymma 100,10 99,61 100,88 99,72 98,46 98,54 99,05 97,88 98,37 101,91 97,89 100,00 99,52
SiO,/R,0, 1,84 2,01 1,95 2,06 2,27 2,26 2,18 2,24 2,15 2,27 2,28 2,22 2,91
SiO,/H,0 0,93 1,00 1,01 1,01 1,04 1,22 1,20 1,19 1,16 1,25 1,18 1,16 0,84

Ipumeuanue: 1 — ocmamounwiil, ok. Canun, Apxanzac, CIIIA; 2 — ocmamounoul, 2. [Tonmuak, Muuuzan, CIIA [31]; 3 — nepeomnoxcennoiii, Bradumuposckoe

Mm-Hue, Ykpauna [9]; 4 — ocmamounviil, IIpocanosckoe m-Hue, Yipauna; 5 — audpomepmanvuuiii, Mymmuosckuii eynxan, Kamuamia [27]; 6 — ocmamounouil,

m-Hue Ilonemaesckoe, Yensourckas obn.; 7 — ocmamounolil, M-Hue Enenumnckoe, Yensounckas oon.; 8 — ocmamounulil, m-rue XKypasnunouii noe, Yenabun-

ckas 067.; 9 — ocmamounviii, Kowencaiickoe m-nue, Openbypeckas 06n.; 10 — ocmamounouil, Apanuurckoe m-Hue, Openbypeckas 067.; 11 — ocmamounviil,
Jlombaposckoe m-rue, Openbypeckas 06n. [24]; 12 — nepeomnoncenuiii, Boposuucko-/Tio6vimunckoe m-nue, Hoseopoockas o6n. [4]; 13 — eudpomepmanvhoiil,

nepugepuiinas 3oHa napogozo xomna, Mymnoeckuti ynkan, Kamuamxa [27].

Ta6nuna 3. XumMudeckuit COCTaB MOHOMMHEPATbHBIX 00pasLoB Ipynnsl KaomuHuta (%)

P «aHayKcum» eannyasum ouKKum Hakpum

1 2 3 4 5 6 7 8 9 10 11 12 13
SiO, 47,3 53,8 48,8 44,00 42,62 38,55 44,75 45,92 45,53 46,58 44,75 45,91 46,32
AIZO3 27,6 32,48 35,18 37,58 39,52 32,35 36,94 38,97 39,25 39,01 38,48 39,65 39,65
Fe,O, 2,87 1,12 1,24 0,14 0,54 1,35 0,31 0,04 0,25 0,05 0,53 - 0,05
FeO - - - - - - 0,01 0,01 0,02 - - -
MgO 0,6 0,26 - 0,04 0,98 0,95 - 0,04 0,05 0,01 0,19 - -
CaO - 0,34 0,22 0,43 - 0,2 0,11 0,04 0,04 0,03 0,13 0,49 0,08
K,0 0,3 - 0,4 0,04 - 0,09 0,6 0,01 0,01 - - - -
Na,O 0,14 - 0,25 Crneppt - - - 0,02 0,12 - - - -
TiO2 0,92 - 0,61 - - - - 0,01 - - - -
H,O 2,9 0,94 1,16 4,00 - 14,36 2,53 0,5 0,3 0,1 0,61 - -
H,0* 16,89 10,98 12,81 14,30 16,25 12,24 14,89 14,2 14,2 13,9 14,4 13,77 14,21
Cymma 99,52 99,61 100,67 | 100,54 99,91 100,09 | 100,13 99,75 99,77 99,70 99,09 99,82 100,31
SiO,/R,0, 2,91 2,82 2,36 1,99 1,82 1,97 2,05 2,00 1,97 2,03 1,98 1,97 1,99
SiO,/H,0 0,84 1,47 1,14 0,92 0,79 0,43 0,90 0,97 0,96 1,01 0,93 1,00 0,98

IIpumeuanue: 1 — eudpomepmanvrotii, Mymmuosckuii eynkan, Kamuamea [27]; 2 — 2. Bununa, Yexus; 3 — 2. Horoman, Kanugoprnus, CIIA [31]; 4 — m-Hue
Kypasnumcxoe, FOxcnoui Ypan [12]; 5 — m-nue Kumnepcaiickoe, Oxcnviii Ypan [24]; 6 — m-nue Jlesuxa I1I, Ypan [26]; 7 — e. JTvesx, benveus [32]; 8 — m-nue
Kapa-Yex, LJenmpanvruiii Kazaxcman; 9 — m-nue Huxumoska, [Jonbacc, Ykpaura; 10 — m-nue Tubckoe, Ceseprasi Ocemust [11]; 11 — oxp. I Bpano, Benveust;
12 — sepuiuna Iaiikc-ITux, Konopado, CIIIA [31]; 13 — ceseprnas Kapenus, Qunnsnous [33]
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B TOM, YTO QJTIOMUHMI B «QHAYKCUTAaX» 3aHMMAET He BCe
KOOPJVHALVIOHHBIE o3Iy [26, 29], 4T0 1 onpepensier
U30BITOK KpeMHe3eMa. C Ipyroii CTOPOHBI, 9TOT U30BITOK
JIETKO PAacTBOPUM U, C/IeOBATENbHO, MOXET IIPUCYT-
CTBOBATh B Bujie aMOPPHOro KpeMHe3eMa, CK/IeNBao-
II[eTO YaCTHUI[BI KAOJIMHITA B arPeraThl, a ero KOMMYeCTBO
MOXKeT focTurarb 27,5% [30].

Kaonuuutel, B KoTOpHIX OTHOWmEHMe SiO,/
R,0, menpme 200:100 nomyannu HeodunmanbHoe
HaszBaHMe «domeputel» [26]. V36bITOK IIMHO3eMa,
BUJIVIMO, TaK)Ke YaCTUYHO 0OYCIOB/IeH 3aMelljeHneM Si
B TETPAdAPUIECKOM C/I0€ MIHEPasa, OTHAKO OOJIbIIast
ero 4acThb aficopbupyeTcs Ha MOBEPXHOCTYU U CKOAX
KPUCTA/IATOB KaOJMHUTA B BUfe Al-rUipOKCO-MOHOB,
BO3MO>KHO, YaCTHYHO JefICTBYS KaK IleMeHT [26, 29].

AMopdHbIit KpeMHe3eM U IJIMHO3eM SIBJISIOTCS
OOIMMY KOMIIOHEHTaMI KAOMMHUTA U BCErfia Ompee-
JIAIOTCS QaHAIMTUYIECKH, B CBA3Y C 9TUM CJIeAyeT IIPOsIB-
JIATb 3HAYUTETBHYIO OCTOPOXKHOCTD IIPY MHTEPIPe Tl
3HavyeHnsA coorHomenns Si/Al kaommuanTa. K Tomy xe
JI0Ka3aHO, YTO KOJIMYECTBO OIpee/IsieMOro aHaMuTIde-
cKk1t aMOphHOT0o MaTepuaa 3aBUCUT OT pa3Mepa YacTuly
Y METOAVKM ITOAATOTOBKYM 00PA3IoB K aHAaM3y [34].

BonplIMHCTBO apaMeTpoB, TaK WM MHa4Ye OMU-
CBIBAIOLIVX KPUCTA/UIMYHOCTD, IJIOLIA/Ib YAETbHO
IIOBEPXHOCTY ¥ €MKOCTb KaTMOHHOTO OOMeHa, XOTs
U TIOKa3bIBAIOT TECHYIO OTPULIATE/IbHYIO VI IIOJIO-
KUTETbHYI0 KOPPEIALVIO APYT C JPYTOM, C XUMUIYe-
CKIM COCTAaBOM KAOJIMHUTOB KOPPEIUPYIOT BeCbMa
cmabo. VIckoueHme coCTaBIseT TOMBKO COMEepKaHye
TUTPOCKONNMYECKOI BOJBI , KOTOPOE YBEIMYMNBAETCS
C YBeIMYEHNEM IUIOLIATN YAeTbHON IIOBEPXHOCTY NN
yMeHbIIIeH/eM CTeTleH! KPUCTA/UINYHOCTH [34].

[TpocnexuBaeTcs cmabast TEHEHLNA K YBE/IMIEHIIO
mornspHoro cootHomenns SiO,/R O, y KaonuHuToB npu
YXYALIEHUY CTENeHV KPUCTA/UIMYHOCTY CTPYKTYPHI.
Tax 1 o6pasnos us Iimyxoserkoro u IIpocsaHoBcKOrO
Mectopoxaennit (nugekc Xunkmu 1,40-1,68) momnsp-
Hoe coorHomenue SiO_/R O, cocrasnzer 2,01-2,06,
IUISL KQOJIMHNTA U3 MECTOPOXK/IEHNUS XKYPaB/IMHBII JIOT
(nupexc Xunkmn 0,83) SiO,/R O, = 2,24 [24], a ana
obpasiia TMAPOTEPMATBHOTO KAOTMHNUTA U3 OKPECTHO-
cTeit BykaHa MyTHOBCKuii (3HaueHme nH/eKca XIMHKIN
menee 0,15) SiO /R O, = 2,91 [27].

Hesbicokoe comepxanne TiO, B pesynmbTaTax
ananmu3oB oT 0,5 10 2,2% (B cpeguem 1,13%), ecnu He
PErNCTPUPYIOTCSA MPUMECHbIe aHATa3 U PYTII, MOXKET
OBITH 0OYCTIOB/IEHO KaK abcopbuueil Ha MOBEPXHOCTI
KaO/IMHNUTA (B HEKOTOPBIX MCC/IEOBAHMSAX BbIsIB/ICHA
HIOJIOKUTEIbHAST KOPPESALVS COfepXKaHMs J/IeMeHTa
C TUCTIEPCHOCTHIO), TAK U M30MOP(HBIM 3aMellleHreM
JacTU KPeMHUA B TETPAAPUIECKOM cyioe [34].

MaxkcuManbHOe COfiepXKaHMe OKMUCM >Kee3a
Fe O, B 4MCTBIX KAOMMHUTAX U «aHAYKCUTAX» OOBIYHO
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He npesbliaeT 2% [26, 34], mpudeM ymaeTcs mpocie-
IUTH HEKOTOPOE YBeINdIeHVe ero Cofiep>KaHms B 6oyee
rpy6bIx ImHax. Takas xe TeHAeHLMA XapaKTepHa U i
IJIMHO3€Ma, 4TO, BEPOSITHEE BCETO, CBSI3aHO C IIpUMeC-
HBIMI TIOJIEBBIMU IIaTamu [34].

bonbirad yacTp kejnesa MPUCYTCTBYeT B BUJe
OKCUJOB U NMNMPUTA; OFHAKO HEKOTOpble U3 OKCUJIOB
xomiiekcywTcs ¢ TiO,, a HeKOTOpble BCTpeyaoTcs
B CJIIOf}aX I MOHTMOPU/ITIOHUTAX, OOBIYHO IPUCYTCTBY-
I0MX B 00pasiax B Bujie He3HAUYNTE/TbHBIX [IPUMeCeil.
OcraToyHble KAaOTVHUTEI XapaKTepPU3YIOTCA CpefHUM
cofiepyKaHneM FeZO3 0,68%, a ocafloyHbIle — B CPENHEM
cogepxat 1,36%. bomee Toro, XopoIo oKpucTanan3o-
BaHHbIe KAOMMHUTHI (Hampumep, 06pasIipl 13 mITaTa
Ixopmxws, CIIIA) copepxat B cpegHeM Bcero 0,2%
Fe 0., a mnoxo xpucraamsosanble — 1,9% [31].

Hannyne >xenesa B CTPYKType KaOMMHNUTA SKCIIepH-
MEHTa/IbHO He JI0Ka3aHo, OfHAKO IT0C/Ie yAja/ieH st 60/b-
IIMHCTBA MIHEPATbHBIX IIPYMeCeT U BBIeTaqBaHA
KAaOJIMHOBbIE IVIMHBI BCe ellle COXPaHAIT oKojo 0,3%
Fe,O,. [Ipennonaraet, 4T0 3TO KOMMIECTBO XKejle3a BCe
e, BEpOSITHO, IPUCYTCTBYeT B CTPYKTYpe KAOTIMHNTA
6naropaps nsomopdusmy [34].

BonbIIMHCTBO KAOMMHNUTOB COJEPXKAT 3aMEeTHbIE
Konmmdectsa MgO (mmnamason 0,01-1,0%; MomanbHbIE
3gauenus ot 0,2 mo 0,3%). VMccnemoBanns, BBIIIOTHEH-
HbIe C ITIOMOIIBIO 3JIEKTPOHHOTO 30HAA [35], yKa3blI-
BalOT, 4TO 9acTh MgO cBA3aHa C MOBEPXHOCTHBIMU
MuHepanbHbiMKu o6pasoBanuamu tuna TiO,-Fe O,,
a 9acTb — BXOJUT B COCTaB IIPYMECHOTO OMOTHUTA.

OpHO 13 OCHOBHBIX pa3IUuMil B XUMUYECKOM
COCTaBe KaONMMHUTOB OTHOCUTCA K cofiepxkanuio H O*
u H O OtyacTu 3T pasnmu4msa MOTYT OBITb peasib-
HBIMM, OHAKO HEKOTOPbIe MCC/IefOBaTeN CKIOHHBI
00BACHATH UX Ha/IM4MEM Ta/UTyasuTa U IPYTUX IpuMe-
ceif, pasMM4MAMU B pasMepe 3epHa I IJIOLIaAy TOBepX-
HOCTH, a TAaK)Xe B METOfIaX 00e3BOXKMBAHMA, UCTIONb-
30BaHHbBIX Tpu aHanuse. H O” mpakTuyecku nMHENHO
YBEIMYMBACTCA C YBeIMUEHMEM IIOLAAY II0BEPXHOCTI
Yl yMeHbIlIeHNeM pasMepa 3epHa [34].

Hannune 1ie/IouHBIX U 1[eI0YHO-3€MeIbHBIX 3JIe-
MEHTOB B pe3y/lbTaTax aHaJU30B, C OGHON CTOPOHBI,
00yC/I0B/IEHO IIPYCYTCTBMEM MIHEPA/IbHBIX ITpUMeceri,
IpeXXjie BCero MOJIeBbIX IIIATOB, CIIIOf U TPeXCIoii-
HBIX IIMHUCTBIX MMHEpAJIOB, a C APYyToil — cofepika-
HIEM BOOPACTBOPUMBIX COMEN 1 OOMEHHBIX KaTHO-
HOB. Hanpumep, xaonuunt n3 M-Hus KypaBnuHbii
nor copepxut 0,08-0,35% BOROpacTBOPUMBIX COJIEN
(cynbgarsl, rUApOKapOOHATHI M XIOPUJIBI), YTO SKBUBA-
JIEHTHO HpI/I6HI/I3I/ITeHbHO 0,1-0,2% coOoTBETCTBYOLINX
OKIJICJIOB B pe3y/IbTaTax aHanmsa [24].

Karnonoo6meHHas ciocoOHOCTh KAOMMHUTOB
OTHOCUTENIPHO HeBe/NIMKa U penKo npesbiaeT 18,0-
19,0 m-3kB./100 1 [27, 34]. B cmyyae MOHOKaTMOH-
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HOro 06MEHHOr0 KOMIUIeKca MakcumanbHast EKO mia
Ca-¢dopmbl OyzeT skBUBajeHTHa cofepanuio CaO
B 0,52%, a i1 Na-dopmbr — 0,59% Na,O. Tem He menee
BBICKAa3bIBAETCS U TOYKA 3PEHMs, YTO B OOJIBLINHCTBE
cmydaes BbIcokye sHaueHMsA EKO o6ycmoBneHs Heko-
TOPBIM COJlepXKaHMeM MOHTMOPW/TOHNTA [34].
MuHepanpl IMKUT ¥ HAKPUT IO COCTABY HE OT/IN-
YaOTCS OT KAOAMHNUTA, OFHAKO MIMEIOT MOHOK/IVMHHBIE
SYEVIKU: IUKUT — 2-CNIOMHYI0, @ HAKPUT — 6-CIIOMHYIO.
Haxpwut, camblil pegknii 3 MUHEPAIOB IPYIIIIBI
KAO/IMHITA, BEPOSATHO, 06pasyeTcsi TOMBKO IIPY TUPO-
TepMaJIbHON JleATeNnbHOCTY (Tabs1.3), AMKNUT TaKxKe
00pasyeTcs IperMYyIeCTBEHHO MO eVICTBIEM TU/PO-
TepMa/IbHBIX PACTBOP, XOTs JOBOIbHO 4acTO BCTpeda-
eTCcsl B BUJIe Ay TUTEHHO I/IMHBI B IIOpaX MeCYaHNKOB,
YTO/MBHBIX IUTIacTax u eonax [31]. Hecmorps Ha pas-
MY B TeHe3Nce, /IS AUKNTA XapaKTepHbI He3HAYM-
TelbHbIe BapyallMi B cofiep>kKaHum okucnoB. COOTHO-
urenus SiO,/AlL O, pasHbix 06pasIoB AUKUTA OMUIKM
K TEOPETUYECKOMY 3HAYEHMIO, U3MEHAACH oT 212:100 o
188:100, mpryeM OTHOCUTENIBHO BBICOKME 3HAYEHUA
XapaKTepHBI JJIs1 ay TUT€HHBIX JUMKUTOB. Bo3MoXxHO,
4TO lepUINT KpeMHe3eMa B COCTaBe I'MAPOTepMab-
HBIX JUKUTOB OOYCIOB/IEH IPUCYTCTBMEM aMOPQHBIX
TU/IPOKCOKOMIIEKCOB a/TIOMUHMSA, He PETUCTPUPYEMbIX
LY PEHTTeHOCTPYKTYPHOM aHajm3e [34].
IMapoTepManbHBI KQOMMHUT U OUKUT (TAbm. 3),
IO-BUJVMOMY, COIEep>KaT MeHbIlle 3arpsA3HAIMNX
BeI[eCTB, YeM BTOPIMYHbIE MM Ay TUTEHHBIE MIHEPaIbl
rpynmsl. KonndectBo aHanm3oB 06pasiioB HAKpuUTa Bce
ellje HeBE/MMKO. YCTaHOBJIEHO, YTO OHY MMEIOT COOTHO-
utenne SiO,/Al O, 6mM3KM K TEOPETUYECKOMY 3HAYEHUIO
2: 1, HO, HO-BUAMMOMY, He SBJIAIOTCSA 60JIee XMMUIECKU
YMCTBIMU, YeM OObUIMHCTBO AUKNUTOB. CopepykaHme
TiO2 KaK B HAKpUTe, TaK U B JUKNUTE, HIDKe, 4eM B 60JIb-
IIVHCTBE KAOVHNUTOB, HO pasHuIa B copepxanun Fe
MeHee 3aMeTHa. boblas 4acThb )kefle3a B HaKpUTe
U IMKNTE, II0-BUAVMOMY, BTOPMYHA, U1 CBA3aHA C KOH-
LEeHTPUPOBaHVEM ITOJBVDKHBIX I'MIPOOKUCIOB [34].

XMMI4eCcKuii COCTaB rajanyasura

TammyasuTsl IpefCTaBAAT OO0 MMPOKO PacIpo-
CTpaHEHHbIE MUHEPAJIbl KOPbI BHIBETPMBAHNA U 30HBI
OKMCJIEHNA NEPBUYHBIX CUIMKATOB, OJJHAKO CIy4Yan
HEIOCPENCTBEHHOTO 3aMellleHNsA Ta/l/IyasuTOM IIepBIY-
HBIX CM/IMKaTOB CPaBHUTENbHO penku [26]. TeopeTnye-
CKMII COCTAB aHAJIOTMYEH KAONMHUTY.

XMMMYecKye aHa/IM3bl rajulyasuTa — IOKa3bIBAIOT
0O/IbIIYI0 U3MEHYMBOCTD, YeM aHA/IM3bI JPYTUX MUHE-
PaJIOB TPYINIbI KAOJMHUTA, YTO OOBIYHO CBA3BIBAIOT
C Me/IKO3EPHICTOI1, CTabOKPUCTAIITIECKOI IPUPOION
Marepuasa, KOTopas 3aTpyfgHsAeT OOHapy>KeHue MpH-
Mecell. BpicoKoTeMneparypHas TMAPOKCUIbHAA BOJA
BO BceX 00pasljax, KpoMe [IByX, IIPEBBILIAET Teope-
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T4eckoe 3HaueHne 13,96%. Cunraercs, 4TO BHICOKOE
cofiep>KaHMe CBA3aHO C TeM, YTO BOJia 3aflep>KMBaeTCs
MEeXJY CTIOsIMU BO BpeMsi 06e3Bo>kuBaHys. CoOOTHOIIIe-
uue SiO, /Al O, konebnercs ot 165:100 o 206:100, xoTs1
OOJBIINHCTBO 3HAYEHUIT IPUXOFUTCS HA MHTEPBAI OT
180:100 o 200:100 (Tabm.3).

Cpennee conepxanue Fe O, B mpoananusupo-
BAaHHBIX Tajuryasutax cocrasnseT 0,43% [34], uto
HECKO/IbKO MeHblIIe, YeM I KaonnHnToB. Cofiep>kaHne
TiO, onmpenenserca He 9acTo, HO TAXKe €CIN PETUCTPHU-
pyeTcs, To MPUCYTCTBYeT B Konudectsax MeHee 0,1%.
9to Bcero b ot 1/10 o 1/20 xonndecTsa, 06Hapy-
JKEHHOTO B OOJIBIIMHCTBE OCTATOYHBIX ¥ OCAJOYHBIX
KaO/IMHUTOB. [a/1/1yasuThl, O-BUANMOMY, UMEIOT H0rIee
HusKoe cpeHee copiepxxanne TiO,, yem mo6bie gpyrue
BU/IbI I/IMHUCTBIX MUHEPAJIOB, J TOpasfio 6ojee HU3KOE
cofiepKaHue, 9eM IJIMHNUCThIe IIOPOABI B Ije/toM. Tak
A. B. Ponos u 3. B. Xne6HukoBa [19] ompemennu cpen-
nee copepxxanue TiO, B 1,15% s 3761 06pasios rm-
HICTBIX ITOpOf BocTouHo-EBpomnerickoit mmaTdopMerl.

boi1o onmcaHoO Tak)ke HECKO/IBKO TajlTya3suTOB,
oboralieHHbIX XKerne3oM (pepporayryasutsl), HUKeIEM,
XPOMOM U MeZIbIo (Jjajiee XMMMYeCKye COCTaBbl B %):

SiO, — 38,90; ALO, — 14,83; Fe, O, — 24,50; NiO —
1,50; MgO — cneppr; CaO — cneppr; -10,75; — 10,035
cymma — 100,51 — cunmkar-HuKeneBas pyja, CpeIHMIA
Ypan [2];

SiO, — 47,40; AL O, — 25,16; Fe O, — 9,64; FeO —
0.98; MgO — 1.68; CaO — 1.40; TiO, — 2.72; -5,81; —
11,50; cymma — 106,29 — Kopa BbIBETpUBaHUsA 110
aHpae3nTo-6a3anbpraM bapanosckoro BynkaHa [15];

SiO, — 45,15; ALLO, — 12,84; Fe,O, — 12,50;
MgO — 2,51; CaO — 2,30; Na,0O — 0,15; K,O- 0,80;
TiO, — 0,50; -16,92 ; — 6,64; cymma — 100,31 — Tam
xe [15];

SiO, — 38,15; ALLO, — 22,04; Fe,O, — 16,95;
FeO — 0,12; MgO — 0,73; CaO — 3,12;-7,92; — 10,35;
cymma — 99,38 — Imy6okas 6anka, TamaHCKMit TOTy-
octpos [8];

SiO, — 41,04; AIZO3 — 33,85; Fe,O, — 0,82; MgO —
0,55; Cr203 — 0,59; CaO — 1,24, NaZO + KZO — 0,30;
-10,72; — 11,01; cymma — 100,15 — KapcTOBbIE IIOTIO-
CTM B M3BECTHAKAX, CpefHui Ypan [5];

SiO, — 43,60; Al,O, — 34,37; Fe,0, — 0,12; CuO —
5,09; CaO — 0,20; + — 17,56; cymma — 100,94 —
IPOXXWUIKM B pygHOM Tene, KonbplBaHCKOe M-HIUE, 110
I1. I1. [Iununenko, 1915 (1ur. mo [26]).

CunTaercs, 4TO IOBBIIIEHHOE COTepKaHMe YKa3aH-
HBIX 57IeMEHTOB ITPENMYIIeCTBEHHO CBA3AHO C M30MOp-
(bHBIMY 3aMeIIeHNAMY ATIOMIHNA B OKTasIpUIeCKOM
crnoe [26, 34], XOTs MPSIMBIX JOKA3aTeNbCTB 3TOTO (akTa
He CYIL[eCTBYeT.

Ob6esBoxenHble ramryasuTsl uMeloT EKO B myarma-
30He 6—10 M-3kB./100r. OOMeHHbIe KaTVOHBI y TajlTy-
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asuTa PaCIoIOXKEeHbI HA BHELIHUX ITOBEPXHOCTSIX KPU-
CTaJUIOB, @ He B MEXC/IONHOM MonokeHun. [lo Tex mop,
II0Ka He YHACTCs MONMYyYUTh TOYHbIE XMMUYECKIe aHa-
3Bl MIHEPA/IOB KAO/IMHNUTA, OYIeT TPYAHO ONpefeNTh
YX 0OMEHHYIO CHOCOOHOCTD U MICTOYHUK 3apsfia [34].

XuMU4IecKoii cocTaB amrodpaHoB

Mo anodaHongaMn — MOHUMAIOT TOHKIE KOION]T-
HbIe VTN TBEPJIbIe IICEBIOPACTBOPBI [TIMHO3eMA U KPeM-
He3eMa IIepeMEeHHOTr0 COCTaBa, 00pa3oBaBIIMecs Ipu
COBMeCTHOM Koaryysuuu [23, 26] (tab. 4).

CornacHO NpyUBeeHHBIM aHa/IN3aM, COflepyKaHue
AL O, xonebnercs B mpenenax 23,5-42,7%, SiO, — 7,9~
41,15%, H,O — 23,2-48,55%. Kpome Toro, 4acTo ycra-
HaB/IMBAIOTCA CTEMyIolMe KOMIOHeHTHI (B %): Fe,O, (1o
0,8) (BcTpeuaroTcs n 6orarble >kele30M PasHOCTH),
MgO (no 0,75), CaO (no 2 u 60mburte), K,O+Na,O (10
0,3), CuO (mo 1,6 u 60mp1ne), ZnO (no 4), CO, (no 3,65),
PO, (10 1,3), SO, (10 0,2) [1, 26].

Cootnomenne SiO,/Al O, B annodanongax xorne-
O7eTcs B 3SHAYMTEIbHBIX Ipefenax (Tabm.4). Hanmensburee
cofepXKaHme KpeMHe3eMa XapaKTePHO IS [IPETTEPH-
TOB (CKapO6poMTOB) — MOneKynApHOe oTHONIeHne SiO,/
Ale3 B HuX MeHbite 0,5. AjutodaHon/sl, B KOTOPBIX
otnomrenne SiO,/Al O, cocrapnseT MpUOTNIUTENTHHO
0,5, BBIIE/IAIOTCS II0f] Ha3BaHMeEM KOJUIMPUTOB. TepMuH
a;todaH NPUHATO YIOTPeOIATh 1 annodaHONI0B
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C COOTHOIIIEHNEM OTHOILIEHNE SiOZ/Ale3 okosno 1,0,
XOTsI B HEKOTOPBIX anmodanonsax orHomenne SiO,/
ALO, mocturaet 2,0 u 6onee. AnnopaHOM/IbI C COOTHO-
uennem orHomenne SiO,/ALO, mexpy 1:1 u 2:1 HasbI-
BaloTCsl camonTamu. K 6orateiM KpeMHE3eMOM asiio-
dbaHOUAM OTHOCUTCS M LMMONIUT — KOJIIOMITHBII
MeJIoNIof{00HbI MIHepas coctaBa — [26]. IIpuBeneHHbIe
Ha3BaHN SIB/ISIIOTCS COBEPIIEHHO YCTIOBHBIMM, @ CAMBIM
PacIpOCTpaHEHHBIM MIHEPAIOM 13 9TOV TPYIIIIBI SIB/IS-
etcst a/ut0haH, KOTOPBIiT PACCMATPUBAETCS KAK CAMOCTO-
ATeNbHOE XMMIYeCKoe coefiiHeHne. BecbMa xapakrep-
HBIM 17151 @/710)aHOUMIOB SABJISIETCS Ha/IM4Me B COCTaBe
npumecu PO, — 6-10% [31], xap6onara nnm 6ukap-
6onara Kanbis (no 2%). IlocmemHnit BCTpedeH 1 Omu-
CaH B IIPOXXIMIKAX B KAMEHHOYTOJIbHBIX MI3BECTHAKAX
B Pasanckoit o6macty [26]. HexoTtopsle pasHocTy copep-
)KaT MOBBINIEHHOE KOMNYECTBO CynbdaTHOI cepbl —
cynbgarHble a/710($aHONABL; CBIHEICOAEP)KalIye pas-
HOCTM BbIJIe/IeHbI IIOf] Ha3BaHVeM IUTIOM60anoQpaHoB.
Annodansl BCTpevaroTCsl UCKIIOYNUTENTbHA KaK
9K30TeHHble 0Opa3oBaHys. YacTo OHM HAOIIORAITCS
B TPeIMHAX U ITYCTOTAX B 30HAaX OKMCIEHNUS PYAHBIX
MEeCTOPOXKIEHWIT U TOPHBIX OPOJ. VI3BeCTHBI, HATIPU-
Mep, HaXOfiK! a/utohaHa B MYCTOTAaX CPefu Mepreye,
B MECTOPOX/ICHUSX IVIVH, YITIeli, OypBIX YKeTe3HsKOB,
CBMHIIOBO-IIMHKOBBIX, MEJHBIX ¥ IpoYMX pyx [1].
K coxanenuio, mpakTU4ecKy BCe MCCIEeTOBAHHBIE

Tabnuia 4. Xummyeckuit cocras amnodpanonnos (%) (mo: [26])

Oxucnvt 1 2 3 4 5 6 7 8 9 10 11
Na,0+ K,0 - - - - - - 0,10 - 0,10 - -
CuO - - - - - - - 1,18 1,60 - -
MgO - - - 0,75 [9)(S185¢ - 0,10 - 0,29 - -
CaO - 1,66 0,89 3,86 1,75 1,96 0,02 0,23 0,02 0,28 2,45
ZnO - - - - - - - 1,63 4,06 - -
ALO, 42,75 43,75 47,44 36,38 34,43 35,00 32,29 32,63 30,41 35,60 23,52
Fe,O, 0,80 - - - - - 0,23 - 0,23 0,81 -
CO, - 0,84 0,79 3,65 1,37 1,53 0,72 - 0,65 - -
SiO, 7,90 11,48 14,49 16,66 19,66 22,51 27,61 30,39 32,30 41,14 28,80
PO, - - - - - - 1,31 - 0,02 - -
SO, - - - - - - 0,12 - 0.21 - -
H,O 18,05 14,43 13,33

48,55 42,22 36,39 37,71 41,41 39,53 33,06 23,19
H,O* 19,36 16,38 8,15
Copr, +H,0 20,77
Cymma 100,00 99,95 100,00 99,01 98,62 100,53 99,91 99,12 100,70 99,31 98,73
MonekynAapHoe OTHOILEHNeE:
Sio, 0,27 0,44 0,52 0,77 0,96 1,08 1,23 1,60 1,80 1,96 2,06
ALO, 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
H,0 6,48 5,48 4,38 5,89 6,84 6,42 6,53 5,75 5,76 3,34 -

IIpumeuanue: mecmo ombopa o6pasuyos: 1 — wpemmepum, Anenus; 2 — wipemmepum, Iloomockosve; 3 — konnupum, Auenus; 4 — annogan, Iloomockosve;
5 — annogan, IToomockosve; 6 — annogan, IToomockosve; 7 — camoum, wmam Kenmyxxu, CIIA; 8 — camoum, o. Capounus; 9 — camoum, o. Capounus;

10 — camoum, Xaxaccus; 11 — camoum, AHenus.
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006pasIbl CofepXKaT CYIeCTBEHHOE KOJIMYeCTBO MIHE-
PaJIbHBIX IIPUMeceit, IpeX/ie BCero rajuryasuTa, Komu-
YeCTBO KOTOPOTO MOXeT JocTturatb 56% [20]. Bonee
TOrO, a/UT0(aHOUIBI, IPENCTaBIIsisA cO00it MeTacTa-
OMIbHBIE COEMHEHNS, KOTOPbIE C TeUYeHVeM BpeMeHN
IpeBPAILAIOTCS B arperarsl JPYroro MuHepaabHOTO
cocraBa. B yacTHOCTH, J/11 COOCTBEHHO aiodaHa 3TOT
IpOoleccC Yallle BCeTo BBIpaXKaeTcs B TajUlyaTU3alnn
[26], B TO BpeMs Kak U3 BBICOKOKPEMHE3EMUCTBIX WU
BBICOKOITIMHO3EMUCTBIX PasHOCTEN 060CO6IA0TCA
cootBeTcTBeHHO Mopuukaruu SiO, [7], Hanpumep
KpUCTOOA/UIUT, MU TUAPOOKNCIOB aIIOMUHNUA —
6emuTa, rugpaprunta [26, 28].

VI3 MHOTOUMCIIeHHBIX Haxonok anodana B Poccun
A.T. berextunbiM [1] oHU oT™MeueHsl B JKypasnun-
ckom MecTopoxxaeHun anynura (Ypan); B MUHyCHH-
CKOM paiioHe y c. [lomexuno (Xakaccyus) B acCoOnMaIm
C aJIIOMOTHU/IPOKAJIBIIMTOM, Pa3BUBAIOLINMCS MeTa-
COMaTMYeCKUM IyTeM 1o amnodany; y a. bapanosxu
B VBaHOBCKOIT 06/mMacTy; y fi. Manesxu B Tynmbckoit 06ma-
ctu, B Xonepckom, /luneyxom u Pyrix Kee30pySHBIX
MECTOPOXIEHUAX [eHTPaAbHbIX obmacTeit EBpormeii-
cKoil yactu Poccun, B 0caflouHOM MeCTOPOXTEHUN
0TOeMMBAIUX [INH B OKPeCTHOCTsX Hanbunka u ap.

Ienetuyueckoe I'PYHTOBEACHNE

®. A. Hukomaescknm (1914) B 6acceitte p. CatHKN
[TogMOCKOBbE Ha KOHTAKTe MEX/[Y IOPCKMMU U KaMeH-
HOYTOJIbHBIMY OT/IOXKEHUAMMY ONVCaH peppuamnodan
cocrasa (uuT: Mo [26]):

0,48 - 0,69A1 0,x0,35 - 0,46Fe,0,4,5xSiO,
x5,155,343H,0.

K sTomy >xe Tumy annodaHOUZOB OTHOCATCS
607110C, OXpaH, CUHOINUT, MEIVHUT, ¥ IVIMHTUT: TPU
IoC/eHNE MUHEPAIbHbIE pasHOCTH cofepxkaT 21,00-
37,76% Fe O, [26].

XuMm4yecKkuii cocTaB TM3IHTEPUTOB
[m3uHrepuTsl — 3TO0 aMopdHble PeppoKpeMHMe-
Bble Te/lM C TIepeMeHHBbIM KOM4YeCTBOM OCHOBAHMIA
B cocTaBe. Takye MUHepanbHble 0Opa3oBaHNsA BO3HU-
KaIOT B TMIIEPT€HHBIX YC/IOBUAX PV BBIBETPUBAHNY
He(e/IMHOBBIX CUEHUTOB IIPY B3aMMHOI KOATy/IsALNN
KpeMHe3eMa I OKICIIOB JKe7le3a 13 PACTBOPOB CIOKHOTO
cocrasa [7, 22, 26].

Monekynspubie orHomenus SiO, : R O, (nmpenmy-
mectBenHo Fe O,) u RO nsmensiorcs B 04eHb MMpOKUX
npenenax: SiO, : R O, ot 1:1 1o 7,8:1,0; RO : R O, — ot

Ta6nuna 5. XuMmdeckuit COCTaB MMHePAIOB IPYIIIbI YMHITYCUT — Tu3UHreputa (%) (mo: [7, 22, 26])

Oxucnot 1 2 3 4 5 6 7 8 9 10 11
Zr0, - - - - - - - - - - 2,80
TR,0, - - - - - - - - - - 0,94
MgO 0,44 0,84 1,26 0,12 7,78 15,63 - 0,45 1,21 1,83 crefbl
CaO 1,18 1,44 0,83 0,33 - 0,38 - 0,42 0,64 3,75 1,90
ZnO - - - - - - - - - - -
MnO, - - - - - - - 8,95 3,69 - 13,54
MnO 0,27 - - - - - - - 4,36 2,71 -
Ale3 0,84 - - 2,09 - 0,60 - 2,96 1,70 3,49 crnenbl
Fe,O, 38,92 41,49 36,88 26,94 10,74 13,04 53,50 1,44 17,37 19,42 4,92
FeO 0,89 2,57 5,51 12,17 37,49 11,70 - - - 5,97 -
Sio, 33,60 37,91 36,64 35,46 29,51 40,97 23,21 35,08 40,53 38,72 37,24
TiO, 19) (51131 - - - - - - 0,22 1,84 1,64 9,56
Na,0 - - - - - - - 3,36 4,85 1,68 5,02
K,0 - - - - - - - 3,51 6,46 0,96 0,51
H,O 7,24 10,90 7,63 7,91 13,73 14,57 16,96

18,57 23,15 13,00 17,61
H,0* 16,58 5,85 8,79 15,34 5,86 6,87 5,86
Cymma 99,96 101,00 99,69 100,20 98,52 98,74 99,96 99,89 100,26 101,61 100,17
Mortexy/ispHOe OTHOLIEHNE:
SiO, 0,27 0,44 0,52 0,77 0,96 1,08 1,23 1,60 1,80 1,96 2,06
AIZO3 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
H,0 6,48 5,48 4,38 5,89 6,84 6,42 6,53 5,75 5,76 3,34 -

IIpumeuarnue: mecmo omobopa o6pasuyos: 1 — euszuneepum, Temioxe [5]; 2 — eusuneepum, Y3bexucman; 3 — eusumeepum, Bonvimw, Ykpauna; 4-6 — eusunee-

pum, Kapenus; 7 — eusunzepum, bonueus [16]; 8 — maneanuunenycyum, Xubumv; 9 — deppuuunenycyum, zopa FOxcnop, Xuburvy; 10 — Hampozusureepum,

Temioxe [5]; 11 — uunenycyum, Jlosozepo [14].
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0,0:1,0 mo 9,6:1,0; RO : SiO2 — 10 8,0:1,0. PasnoBumHO-
CTH, oboTaljeHHble MapraHileM — MaHTaHYMHITYCY-
UThI — cofiepxar fio 32% Mn, O, (Tabm.5).

3akmoueHue
Kak mokaspiBaeT IpOBeNEHHBINI aHA/IN3 HaMM4dMe
B COCTaBe AMOKTAadPNIeCKIX ABYXCIOMHBIX ITTMHUCTBIX
MUHEPAJIOB [IPAKTUYECKY TI0O0TO /1eMEHTa MOXKET
OBITH 0OYC/IOB/IEHO HECKONIBKMMY NIPUYMHAMY, YTO HE
II03BO/ISIET OFHO3HAYHO CYUTDH O KPUCTA/UIOXMMITIe-
CKUX IIpe0OpasoBaHNsIX CTPYKTYPbI MUHEPAJIOB.
Kaxas u3 pacCMOTpeHHbBIX MUHEPATIbHBIX Pa3HO-
CTelT OT/INYAETCsI BeCbMa IIMPOKOIT Bapyalyeil Xummde-
CKUX COCTABOB, YTO SIB/ISIETCS OTPKEHIEM MHOr000pa-
3U51 T€OIOTMYECKIIX OCTAHOBOK, B KOTOPBIX yKa3aHHbIE
MMHepa/bl 00pa3yTCs WM aKKyMYIUPYIOTCS, TeM
6oriee YTO Ha KOHEYHbIil PE3Y/IbTAT TAK)KE OKa3bIBAET
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B/IMsIHUE U TIOTOTOBKA 00pasoB K aHamn3y. Takum
06pa3oM, COBepIIIEHHO OYEBUIHO, YTO /ISl KOPPEKTHOI
VHTEpIpeTalNy Pe3y/IbTaTOB aHATUTUYECKOTO OIIperie-
JIEHVSI XUMIYECKOTO COCTaBa OMMCAHHBIX MUHEPAIOB
TPeOYIOTCsA KOMIUIEKCHBIE MCCIIEJOBAaHNA: COOCTBEHHO
KO/IMYEeCTBEHHOE OIIpefieieHIie COflep>KaHus OTeNb-
HBIX 9/IEMEHTOB B COCTABe, [TAPa//IeNIbHOE OIIPe/ieeHIIe
MUHEPAIbHOTO COCTABA M aHA/IN3 MOIBVDKHBIX (a/1CO-
poupoBaHHBIX) HOPM, 0COOEHHO KpeMHe3eMa 1 /TN -
HO3€eMa.

Pa6oTa BbIIIO/HEHA B paMKaX roCOI/KETHON TeMa-
TUKU Kadepyibl MHXKEHEPHOI U 9KOTOTUYECKOI! Teo-
poruu MI'Y um. M. B. JlomonocoBa: VMccrnenoBanue
MHOT000pasus MHXeHePHO-Te0/IOTNIeCKIX YCTOBUI
teppuropun Poccun.
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AnnoTanusa. B BuHOrpasapcTBe u BUHOAeMMM O60JIbIIIOe 3HAUEHNE MIMeeT KOHIIEIIVsI Teppyapa, sBIsIole-
roCsi COBOKYITHOCTBIO IOYBEHHO-KIMMATUYECKUX XapaKTEePUCTUK MECTHOCTU. B craTbe IpoaHalIM3MpOBaHBI
IapaMeTpUYecKyie MeTOABI OLIEHKI 3eMe/TbHbIX yIaCTKOB, KOTOPbIE TOTEHIIMAIBHO MOTYT OBITh VMCIIONb30BAHbI
IPUMEHNUTENBHO K Teppyapy. Hanbonee mopxopsammit MeToy anipoOupoBaH Ha IIpMMepe K/II04YeBbIX yIaCTKOB BI-
HOJIE/IbYECKOTO X035/ICTBA, PACIIONIOXKEHHOTO Ha MonyocTpoBe TaMaHb. BblsiBieHa HEOOXOMMOCTD OLEHKM He
TOJIBKO TIOBEPXHOCTHBIX TOPU30HTOB IIOYBBI, HO 11 607Iee ee TITyOOKIX CIOEeB.

Abstract. In viticulture and winemaking, the concept of terroir, which is a set of soil and climatic character-
istics of the area, is of great importance. The article analyzes parametric methods of land evaluation, which can
potentially be used in relation to terroir. The most suitable method is tested on the example of key areas of the
winery, located on the Taman Peninsula. The need to evaluate not only the surface horizons of the soil, but also the

deep layers is revealed.

KmoueBble croBa: Teppyap, BUHOTpPaji, IIOYBa, BMHOIPAlapCTBO, BUHOMENNE, IapaMeTpUIecKuil MeTof,

OlleHKa 10YB, TaMaHCKMit MOTyOCTPOB.

Keywords: terroir, grapes, soil, viticulture, winemaking, parametric method, soil evaluation, Taman Peninsula.

BBenenne

V13 MHOTOYMCIEHHBIX HAIIPABJIEHUI CEIbCKOTO X035i-
CTBa, BUHOTPAIapCTBO OT/INYAETCS HaMOOIbIIIeN JyB-
CTBUTEIBHOCTBIO K NMMOYBEHHO-KIMMaTU4EeCKUM YCIIO-
BUAM [26]. IlepcrieKTMBBI BO3/EIBIBAHNS TOTO WU
MHOTO COpTa BUHOTPaJia OIPee/IAI0TCA 9KONI0ro-3/1a-
bUyecKMHU YCTIOBMAMY PAllOHOB €TI0 BO3/e/IbIBAHMA.
B cBA3U ¢ 3TUM, MMEHHO B BMHOJ MUY M3HAYAIbHO
copMMIpOBaNIOCh TaKOE MOHATIE, KAK KOHLIETIIA Tep-
pyapa, BIMAHME KOTOPOJ BIIOCTIENACTBUN PacIpOCTpa-
HUJIOCh U Ha JIpyTHe OTPaciu CeTbCKOIO X03:AMCTBa
[28, 30]. CornacHO ompefe/eHNI0 MeXAYHAPOJHOI
opraHmsauuy BuHomenus [32], Teppyap — 3TO yHU-
KaJIbHasg U OTpaHMY€HHas TeppUTOPUsA, JJI KOTOPOIl
CYLIeCTBYIOT KOJZIEKTMBHbIE 3HAHMA O B3aMMOJeli-
CTBUU MeXJy GU3NYeCcKOil, 610TOrnYecKoit cpenoit
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U IpUMeHsAeMbIMI MeTOAMI BUHOTpajapcTBa. [lanHOoe
B3aMMOJIeliCTBYe OOecrieunBaeT yHIUKaIbHbIE XapakK-
TepUCTUKY ¥ Y3HABaeMOCTb TOBAPOB, IPOMCXOMASAIINX
U3 97O o6macTu. VIHBIMU c1OBaMM, Teppyap — 3TO
y4acTOK 3€M/IN, HA KOTOPOM IIPYPOJHbIE KOMIIOHEHTHI,
a MIMEHHO II0YBa, HeApa, penbed U KIMMAT, a TaKKe
peanusyeMble HA HUX arpOTeXHIYECKEe IIPUEMBI U TeX-
HOJIOTMY IIepepabOTKN CBIPbs, KOTOPBIE IPUAIOT UTO-
TOBOMY IIPOAYKTY YHUKA/IBLHOCTS [15, 29, 34, 35, 39, 40,
43], oTpaXkasch Ha KauecTBe, MAPKETHHIOBBIX U IHBIX
acIleKTax peannsalyy KOHEYHO IPOyKIINM.
ITockonbKy IOYBBI paCCMATPUBAIOTCA KaK IJIABHBIN
¢daxTop Teppyapa [29], B ero oljeHKe MOXXHO OTTAJIKM-
BaTbCs OT IIOAXOMIOB, IIPYMEHIEMbIX TPV OOHUTHPOBKE
nous. Teppyap Tak e, KaK 1 IIOYBa, AB/IAETCSI KOM-
IIJIEKCOM B3aMIMOJeJICTBYIOIINX KOMIIOHEHTOB, CJIe-
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IOBaTENbHO, €T0 OLEHKY MOXXHO OCYILIeCTBUTb Yepe3
UX IapaMeTpUsalnio. B cooTBeTcTBUY ¢ KOHIeNIMen
nouBoo6pasobanus B. B. [lokyuaesa, moysa sABnAeTCca
¢dyHKIMEN OT MTOYBOOOPA3YIOLINX TOPOJ, penbeda,
COBOKYITHOCTH >XVMBBIX OPTaHM3MOB, K/IMMATa, [IOM-
HO>KEHHOI1 Ha BpeMs, a Teppyap IpencTaBisieT coboit
COBOKYITHOCTb ITOYBE€HHO-KNMMAaTUYECKMX XapaKTepu-
CTUK MECTHOCTH B IIe7IoM [42].

B Takoit oTpaciu cenbCcKOro X03AMCTBa KaK BUHO-
TPafapCTBO 1 BUHOE/NE, B IIEPBYIO O4epeb, BAXKHDI He
CTOJIbKO ITOKa3aTe/y HEKOTOPBIX CBOJICTB I10YB, HAIIPU-
Mep, cofiepKaHye IIOYBEHHOTO OpPraHMYecKoro Bellle-
CTBa U/mmm GUTOHYTPUEHTOB, CKOTTBKO 0COOEHHOCTHI
MeCTHOCTY — crienuduka Teppyapa. ITo aToit mpuunse
TpebyeTcsA CKPYIy/Ie3HbIiT IIOXO0/ C 6OIBIINM IIPO-
CTPAaHCTBEHHBIM paspelleHNeM U IPUBA3KOI K MECTY,
a ITapaMeTpPUYeCKNIT METOJ, OLIeHKY II0YB CMOXeT 00e-
CIIEYNTD 3TY NPUBA3KY M Oy[ieT MepCHeKTVBHBIM I
IpYMEeHEHNA.

C nomo1ibIo KOMIUIEKCHOI OLIeHKM Teppyapa HaMu
OblIa MpeANpMHATA IONBITKA BBIABUTL Hamboree
OIITMMAJIbHbIe YYaCTKM BMHOJE/NIbYECKOTO X03A/CTBa,
pacnonarapomueca B nocenkax Cennon u beperosoit
Temprokckoro pariona KpacHopapckoro kpas, ¢ mep-
CIIEKTMBOI JaJbHENIIEeT0 pacliMpeHnsd IUIoIWajfen
BUHOTPaJHbIX HacapeHui. Ha ocHoBanum o63opa
CYIIECTBYIOIIMX TIO/IXOJ0B ITapaMeTPUIECKON OL€HKI
Ka4yecTBa IIOYB M CONOCTAB/IEHMSA MHIEKCUPYEMBIX
IapaMeTPOB € K/II0YeBbIMI (PaKTOpaMU BO3/E/IbIBAHNS
BUHOTPaJia, HaMu ObUI OIIpefie/ieH U alpoOupoBaH Ha
3eMeJ/IbHbIX Y4aCTKaX BUHOJENbYECKOTO X03A/ICTBa Hall-
6oree IPMOPNUTETHBIN TTOAXOT, OLIEHKM TT0YB.

ITapameTpuyeckuii MOgXox B MOYBEHHBIX MCCIENO-
BaHMUAX

B 3apy6exxHOM OIIbITe OIIeHKM II0YB OTIIPABHOI TOY-
KOIl B MCIIONb30BAHUNU MAPaMeTPUIECKOTO HMOIXO0/a
CTaJI TaKoJI IOKa3arenb, Kak Storie Index Rating [36],
KOTOPBIiT ObII paspaboTaH Ha OCHOBE JAHHBIX O IPO-
IYKTUBHOCTM CEeNbCKOXO3SI/ICTBEHHBIX KY/IBTYP U OBLI
OpMEHTUPOBAH Ha UCIOMb30BAHNE B OPOIIAEMOM 3€M-
nepemuu Kanudopuun. ITOT mokasarenb BIOCIEACTBUN
HEOJTHOKPATHO MOAMQUIIVPOBAJICA U afallTUPOBAJICS
K pasHbIM peruoHaM [37]. Storie Index Rating (SIR)
PacCYNTBHIBAETCS COITIACHO popMyTie:

SIR=AxBx(CxX, (1)

r7ie A — OlleHKa XapaKTepa oYBeHHOro npodus (ero
MOIIHOCTD, IUTOIOTMYECKIe 1 reoMOpOIOrndecKye
yCmoBusi); B — TeKCTypa IOBEPXHOCTHBIX TOPU30H-
T0B; C — YK/IOH MeCTHOCTU; X — CTelleHb JPeHUpPO-
BaHHOCTY ¥ 9POAMPOBAHHOCTH, YPOBEHb COAEP>KAHI
39/IeMeHTOB MIHEPa/IbHOTO MUTAHNS, KUCTOTHOCTD,
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XapakTep MUKpopenbeda.

HegoctarkoMm SIR gaBngetca ero Cy6”beKTI/IBHOCTb,
TaK KaK BapMaHThI OLEHKM Ji/Is KOHKPETHOTro (akTopa
W ToAQaKTOpa UMEIOT MNPOKNE [UATIA30Hb, @ UTO-
roBoe 3HaueHye SIR oHOI MOYBBI MOXKET OY€HDb CHM/IBHO
3aBJICETDb OT SKCIIEPTHOI OLIEHKM, HO B 60JIee IO3JHMX
uccnenoBanuax [31] ¢akrop cyObeKTUBHOCTH ObII
UCK/TIOYEH.

Puxpe (Riquier) ¢ coaBropamu [33] paspaboranu
IapaMeTpUYEeCKyI0 CCTeMY OLieHKM II04B C TOUKM 3pe-
HYs1 GaKTUIeCKOIl U TOTEHIVATbHON IPOLYKTUBHOCTI
CEbCKOXO3AMCTBEHHBIX KYNIbTYP, IPEAIIONaraouiyo
pacyeT UTOrOBOTO MHJEKCA Ha OCHOBE IEBATU (aKTo-
poB — Productivity Index (PI), KOTOpbIiT pacCUnTHIBA-
€TCsl B COOTBETCTBUY CO CIIeAyIoLIelt (popMyIIoit:

PI=HXxDXTxNxSx0xAxM, (2)

rge H — BnaxxHocTh, D — ApeHUPOBAHHOCTD, P —
apdexTuBHAA IMyOUHA, T — CTPYKTypa M TEKCTypa,
N — HacbIIeHHOCTb OCHOBAHMAMM, S — KOHIIEHTpa-
ISl PAaCTBOPUMBIX cortelt, O — cofiep>kaHVe OpraHnye-
CKOTO BelljeCTBa, A — eMKOCTb IOHHOTO 0OMeHa, 00y-
CTIOBJIEHHAs ITIMHUCTBIMY KOMIIOHeHTaMu, M — 3amac
37IEMEHTOB MIHEPAa/IbHOTO IUTaHNA PacTeHMIL.

OTHouIeHNe MeXy ITOTeHIMATbHbBIMU U (PaKTuU-
YeCKVMMU [OKa3aTe/AMY IIPORYKTUBHOCTY CeTbCKOXO-
34JICTBEHHBIX KY/IBTYp OTpaXkaeT KO3 PULMEeHT yryd-
meHnA no4ys. Ho npu stom PI xapakrepusyeT TOnbKO
BHYTPEHHME CBOJICTBA [10YB I He YYUTHIBAET BHEIIHME,
¢dusnko-reorpadmyeckne, PakTopsl, TaKMe KaK: SpOfy-
POBAaHHOCTD ITIOYB, MUKPOpenbed, YKIOH MECTHOCTH.

Cuc (Sys) co cBoumu Komteramu [38] paspaborannu
HapaMeTPUYECKyIo CUCTeMY OIpeJie/IeHNs NHIeKca
npurogHoctu (Capability Index) npumenuTenbHo
K IIO/Ty3aCyIIMBBIM 3€M/IAIM, IIPEIIONaraouyio, YTo
KIMMaTH4YeCK/e OTPAaHNYEeHNA He TUMUTHPYIOT Celb-
CKOXO03AJICTBEHHOE IIPON3BOACTBO. VIHIEKC I03BOIAeT
OLIEHUTD KaK BO3MOXXHOCT OPOIIIAeMOT0 3eMJIefleIi,
TaK ¥ IPUTOLHOCTD IIOYB JI/IA KOHKPETHBIX KY/IbTYp-
HBIX PaCTE€HMI1, BO3/Ie/IbIBAeMBbIX HA IIO/IMBHBIX 3€MJIAX.
Nupexc npurognocty (CI) mOYB [i/s1 OpOLIaeMOro 3eM-
Jefiens pacCUNTHIBAETCS MO popMyrTe:

CI=AxBxCxDxEXxFxG, (3)

rie A — TeKkcTypa mouBbl; B — rrybuna; C — copep-
xanne CaCOs; D — copep>xanue rurnca; E — yposenb
I[e/IOYHOCTY U CONMEHOCTH; F — peHnpoBaHHOCTD;
G — yxnoH penbeda. KaxoMy 13 BbllIeyKa3aHHBIX
[apaMeTpoOB MPICBANBAETCS YMCIOBOE 3HAYEHUE OT
0,1 mo 1,0.

Nupexc npopykruBHocTy nous (Soil Productivity
Index), paspaborannslit B Kutae, paccuntan Ha npu-
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MEHEHME CPefyl CEIbCKOXO3AMCTBEHHBIX OpraHu3al il
Pa3/IMYHbIX CETMEHTOB U OCHOBBIBACTCA HA y4eTe MH/IVI-
BUAYa/JIBHOTO BKJIaja Kaxporo ¢akropa [44]. [Tapa-
MeTpaM, KOTOpble MOXKHO KOTIMYeCTBEHHO M3MEPUTh,
nprcBanBaeTca QYHKIUA i, I/IA OMMCATeNbHBIX (ak-
Topos (Al, A5, A6, A7, A17) ucnonbayercs 6a/UIbHbII
PEITUHT Ha OCHOBE BBIBOJIOB 9KCIIEPTOB.

O6unit mokasarenb KadecrBa mo4ys (General
Indicator of Soil Quality — GISQ) ocHoBaH Ha y4eTe
MHOTOKOMIIOHEHTHBIX VH/IMKATOPOB, OTPa’KaIOI[UX
KayeCTBeHHbIe XapakTepucTuku [41]. B pamxax GISQ
PaccMaTpUBAIOTCA MATh CYOMHAMKATOPOB: MaKpOOMO-
THYeCKue coobuiecTBa, GpuandecKme u XMMUIecKme
XapaKTePUCTUKIY, IIOYBEHHOE OPraHMYecKoe Belle-
CTBO U MOPQO/IOrMs MOYBbI — KaXKABII 13 KOTOPBIX
Coflep>XXUT B cebe HAOOp MHAMKATOPOB OOjIee HU3KUX
nopsiKoB. Jasee 13 Kaxxoro Habopa GpakTopoB, OTHO-
CAIMXCSI K KOHKPETHOMY CYOMH/IVIKATOPY, BBIOMPAIOTCS
Hamboree sHaYMMBIe. B pesynbrare o601t 13 cyorHM-
KaTOPOB IIPEJICTAB/IACT CYMMY BbHIOPAaHHBIX ITepeMeH-
HBIX V, K&X/IbI/1 13 KOTOPBIX YMHOXKEH Ha CBOII BeC W:

SIq(l,S) =wivr + wyvy + -+ W, (4)

I[IpennosxeHHAs METONOMOTYA OCTYINPYET HEBO3-
MO>XHOCTb CO37jaHMs1 06111e11 GOPMYJIbI [/ BBIBEIEHMS
MHJIeKCa OL[eHKM JTI0OBIX pailoHOB, HO MIPU 3TOM OHA
II03BOJIsIET Pa3pabaThIBaTh PerrMoOHaIbHYI0 GOPMYIY
UL MHTEPeCYIOIeil TePPUTOPUM C TIOOBIMI BBIPAIIVI-
BaeMBIMI Ky/IbTYPaMIL.

B ornudme oT BbIllle MPeACTaBICHHBIX METONOB,
OCHOBAHHBIX Ha OI[€HKE TTOYBEHHO-TUTOIOTMIECKIMX
YCIIOBUIL, IIOYBEHHO-9KOMOrMYeckuit nupexkc (I191),
paspaboranublit B CCCP [7; 25], oxBaTbIBaeT He TONHKO
MOYBEHHYIO, HO ¥ KIMMaTU4YeCKYIo, a TAK>Ke arpoXu-
MIYECKYI0 COCTAB/IAONIYI0. DTOT METOH, MOXKET OBITH
VICIIO/Ib30BAH /I OLIEHKY Y4YacTKa l000ro Macimraba
U IO3BOJISIET CPABHUBATbH MEXAY COOOJ PernoHbI
PasNIMYHBIX IPUPOSHBIX 30H, NOMTyYas JOCTOBEPHBII
pesynbrat. [IouBeHHO-3KOIOTMYeCKIIT MHAIEKC paccu-
TBIBAETCS 10 C/IeAyIoleil popMyrie:

1) = 12’5(2 — V)H - Jlc Zt°>10° (KY —P)

KK + 100 A (5)

rme V — IUIOTHOCTD ciokeHusa (o6beMHas Macca)
B CpeflHeM Ji/IsI METPOBOTO CJIOSI IIOYBBI; 2 — MaKCH-
MaJ/IbHO BO3MOXKHAA IVIOTHOCTD CTIOKEHUSA IOYB IIPU
VX IIpefle/IbHOM YIUIOTHeHuM, r/cM’; IT — «monesHbIi»
06beM MeTpPOBOTO CJI0s TTOYBbI; [c — HOMONTHUTENTBHO
y4MTbIBaeMble CBOJICTBA MOYBLHL; X t° > 10° — cymma
aKTUBHBIX TeMIepaTyp 6onee 10° C; KY — xoaddu-
L[EeHT yBIaXHeHNs, P — nmomnpaska x atomy Koagdu-
nuenty; KK — xoadpuumeHT KOHTMHEHTATbHOCTY;
A — UTOTOBBIN arpoxXMMMUyIeckuil moxkasarenb, 12,5 —

24

MPYHTOBEOEHUE 1°2022

MHOJXUTEJb, KOTOPBIN IIPUBOLUT UTOTOBBIN pacdeT
K 100 emuHMIIaM MHIEKCA.

JlanHbIil oaxop 6a3upyeTcs Ha cyryb6o cybcTaH-
TUBHBIX XapaKT€PUCTUKAX — ITOYBEHHBIX arpOXyMmye-
CKUIX, K/IMMAaTHYeCKIX, IpIdYeM OCTeHA MOXET ObITh
paccumTaHa ¢ 60/IbIION KOJIeNl IPUBS3KY K MECTHOCTH.

Ha ocHose II9V nospHee 6611 pa3paboTaH NOYBEH-
Ho-arpoxmmMarndeckuit naaekc (ITAKI) [8]. opmyna
ero pacueTa cxoxa c popmynoit pacyera I19V], Ho mpn
3TOM OTCYTCTBYeT arpOXMMMYeCKasl COCTABIANIIAL,
KaK Haubosee mabuabHas 9acTb [27]. VIHgekc ucmosnb-
3yeTcs JjIs YCTAHOBJIEHUSA CTEIIEH) COOTBETCTBIA I10Y-
BEHHO-3KO0/IOTMYECKOTO MOTeHIIMa/Ia TAXOTHBIX 3eMeTTb
¢ 6MO/IOIMYeCKUM IOTEHINA/IOM BO3/Ie/IBIBAeMOIl Ha
3TO TEPPUTOPUY CENbCKOXO03AMCTBEHHOM KY/IbTYPhI:

MAKH = 12,0 X (2- Vi) X M x [] X

y (X°>10°C+¢° )x(KY -P+K,) (6)
KK +90

rae (2 — V) — pasHOCTb MEX][y MaKCUMa/lbHO BO3-
MO>KHBIM YIIOTHEHUEM IIOYBBI U YCPEHEHHOI BeJy-
YMHOJ IVIOTHOCTM CTIOXKEHMsSI METPOBOTO C/I0S1 JAaHHOII
IIOYBBI; M — IPaHy/IOMeTPUYECKUI COCTAaB IOYBLI; J] —
JIOTIOJTHUTEIbHO YYUTbIBaeMble CBOVICTBA ITOYB, BIIMAIO-
1ye Ha KynbTypy; (Xt">10°C + t°Im) — cyMMa aKTMBHBIX
TeMIIepaTyp B HACTOsILIee BpeMsi, KOTOPasi IPUBOANUTCS
C TIOTPABKOI1 t°I Ha reorpadyecKyo MNUpPOTy UCCTIeRY-
€MOJI TEPPUTOPUY, A TAKXKe KPYTU3HY U IKCIO3UIVIIO
cknoHa; (KY — P + Kn) — xoadduiueHT yBaxHeHus,
KOTOPBIIT TAK)Xe, KaK I CyMMa aKTUBHbIX TeMIIepaTyp,
MIMeeT IOTOMHUTENbHYIO MONPABKY Ha 9KCIO3UIINIO
u kpytusHy Kn cximona; KK — xoaddunment kontn-
HEHTa/IbHOCTY K/IMMATa.

ITockonbky ITAKM yunuTsiBaeT ykioH penbeda,
TO VICHO/Ib30BaHMeE 3TOTO VHJEKCA B OL[eHKe YYaCTKOB,
IpegHasHAYeHHbIX AJIA MOCafloK BUHOTpajia, uMeeT
Oonbloe 3Ha4YeHMe, TaK KaK MIMEHHO penbed ompepe-
€T IlepepaclpefieNieHNie TeIJIOBOV COMHEYHOI 3Hep-
TV, KOTOPask HAIPSIMYIO BIIVsieT Ha 6aaHC KMCTIOTHO-
CTM ¥ CAXapUCTOCTH STOTHOTO COKa [2].

Takum 06pa3om, aHaIU3 U3TOKEHHBIX METOJOB
OLICHKU IIOYB I03BOJISIET PacCMATpPUBATh IapaMeTpH-
J4ecKIII MOAXOf], KaK BeCbMa IepCIeKTUBHBII 1A TIPK-
MeHeHIsI B paCTEHNEBO/ICTBE, B YaCTHOCTI B BUHOTPa-
IapcTBe.

OG6'beKThI 1 METOABI

B kauecTBe 00'bEKTOB MCCIEOBAHNA ObIINM BHIOPAHBI
IOYBBI 3eMeNIbHBIX yYYaCTKOB BMHOJeIbYeCKUX
XO3SJICTB, PacIO/IOKEHHBIX B IIOCENIKax beperosoii
u CenHoit Temprokckoro pariona KpacHogapckoro kpas,
Tamanckoro nonyoctposa (puc. 1). KimroueBoit yaacTok
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B 1ocenike CeHHOI! y>Ke MCIIO/Ib3YeTCs I/1s BO3/ie/IbIBa-
Hus BuHoOrpasia copros lllaprone, Anurore, Pucnusr,
Camnepasu, Kabepue-CoBrnboH, KpacHocTomn3omnoTos-
CKUII. YYaCTOK B ITOCeNIKe beperoBoil paccMaTpuBaeTcs
IJIA 3aK/IafKy BUHOrpajgHuka B 2021 ropy.

Puc. 1. Cxema pacronoxxeHns K/I04eBbIX y4aCTKOB

uccnenoBanmsA: y4actok 1 — 1. CeHHOIL; y9acToK

2 — 1. beperosoit

Penbed TamaHCKOTO IOTYyOCTpOBAa — pPaBHUH-
HO-XOJIMUCTBIN C BBITAHYTBIMMU B 3allafiHO-IOr0O-3a-
MaJJHOM HAIIpaBJIeHUN IPAJAMU, PACIONATAIOIMUCA
Ky/ucoo6pasHo [1], kKoTopble pasfie/ieHbl OOMMPHBIMU
MEXTPS/IOBBIMM TTOHVDKeHUAMM [6, 13-14]. Bonbinas
YacTh MOHVOKEHU 3aHATH AuMmaHamu [9]. [psamsr
¥ XOJIMbI pac4IeHeHbI IIPOMOVHAMIY 1 OBparamu [9, 19].
3a4acTyio Ha BEpLIMHAX I'PsAJ, BCTPEYAIOTCA I'Psi3eBble
BY/IKaHBbI B BIJie TPA3€BbIX 03€P ¥ OTHENbHBIX METKMX
KOHYCOB [1].

CaMBbIMU IpEeBHUMU OTIOXKEHNAMU Ha TEpPUTOPUN
TamaHM ABIAIOTCA ITajleOreH-HeOreHOBble IIUHBI |1,
23]. ViMeHHO BBIXOZAaMM I1a/IEOT€H-HEOTEHOBBIX I/IMH
U COBpEMEHHBIMU OTI0XXEHUAMU T'PA3EBBIX COMOK
0o0pa3oBaHbI CKIaf4yaTble TPSAABI IOyOCTpoBa [22],
cpOopMUpPOBABIIMMUCS K KOHIIY HEOTeHa B pe3y/bTare
IPOVCXOAVBIINX MOFHATHI Teppurtopun [1, 23]. Ot0-
JKeHA TajleoreHa ¥ HYDKHero MYOIeHa IIpecTaBIeHbl
IJITHAMJ MaJKOIICKOM CBUTBI, KOTOPBIE U ABJIAKTCA
UCTOYHUKAM cofieil B mouBax [1]. YeTBepTuuHble OT/IO-
JKEeHMISI TIPeiCTaB/IeHbI JIECCOBUIHBIMY CYITIMHKaMu [9].

Knumar TaMaHCKOrO IIOTyOCTpOBa — yMepeH-
HO-KOHTMHEHTA/IbHBII C HEIOCTATOYHBIM YB/Ia>KHEHIEM
[3, 21]. Cpennsis temneparypa siuBaps —1,5° C, utons
+23,5° C. TomoBoe xkonn4yecTBO ocankoB 300-400 M,
MaKCUMYM KOTOPBIX IPUXOAUTCA Ha OCEHDb U 3UMY.
JIeroM XapaKTep OCa[JKOB IIPEVMYILECTBEHHO TMBHE-
Boro tumna [1,3].

CornacHO IpOBeJeHHBIX HaMM HaTYpPHBIX 60Ta-
HUYECKUX MCCIeNOBaHNI, ObIIO YCTAHOBIEHO, YTO
eCTeCTBEHHas paCTUTENTbHOCTD TaMaHM IIPeICTaBIeHa,
[JIaBHBIM 00pa3oM, pa3HOTPABHO-TUITYAKOBO-KOBbUIb-
HBIMJ CTEIIHBIMM COOOIIeCTBaMM, IPUYPOUEHHBIMU
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K pAfaM Tpsf U CONOK. B pasHOTpaBHO-IepPHOBUH-
HO-3/IaKOBBIX CTEITHBIX (PUTOLIeHO3aX siuMKaTOpaMu
BBICTYIIA/IV TIPEVMYIIeCTBEHHO A€PHOBMHHBIE 3/IaKNU
Festuca valesiaca Schleich. ex Gaudin, Stipa pennata L.,
pexxe — Koeleria cristata (Ledeb.) Schult n np. Ipynma
KOPHEBMIIHBIX 3/TAKOB CTeIlell ObIIa IpefcTaBIeHa
Agropyron pectinatum (M. Bieb.) Tzvelev, Bromopsis
riparia (Rehm.) Holub, Phleum phleoides (L.) Karst., Poa
angustifolia L. XapakTepHBbIM OBLIO TaKXXe 00WINe CTell-
HOTO pasHOTPaBbs. B ero cocras Ha y4acTKe IOCTOSIHHO
Bxopumu Ajuga glabra C. Presl, Artemisia austriaca Jacq.,
Salvia aethiopis L., Teucrium chamaedrys L. [lomumo
30HA/IBHOJ PAaCTUTENTbHOCTY B NPUOPEKHON 4acTu
TamaHCKOrO MOMTyoCTpOBa OBIIM PAaCIPOCTPaHEHBI
ricaMMOoWIbHasA, raouIbHasA, BOLHAA U IPUOpEKHAs
PaCTUTENIBHOCTD, @ TAKKe (PUTOLIEHO3DI, PACIIONOXKEH-
Hble Ha KPYTHIX IPUMOPCKIX CK/TOHAX.

B Hacrosiiee BpeMst TeppUTOPHsI TONTYyOCTPOBa Ha
90% pacmaxaHa u mpefcTaBiseT coOO0i CoueTaHue pas-
JINYHBIX 3eMeJIb CeNbCKOXO03AICTBEHHOIO Ha3HAYeH N,
IPEeMMYIeCTBEHHO — BUHOTPa/JHIKOB.

CornacHo o4BeHHO-TeorpaduIecKoMy paitoHu-
posanuio CCCP, 06beKT uCCIefoBaHNs IPUYPOUECH
K IIpenkaBKascKoli IPOBMHIINMM 30HBI OOBIKHOBEHHBIX
U I0KHBIX YepHO3eMOoB ctenu [5]. CooTBeTCTBEHHO,
€CTeCTBEHHBIII TIOKPOB IpeCTaB/IeH YepHO3eMaMu
IOKHBIMM 11 OOBIKHOBEHHBIMU [3] 1, 3avacTylo, ux
conoHueBatsiMu pasHocTsaMu [21]. Ilpu 6muskom 3are-
TaHUY 3aCOTIEHHBIX I/IMH (POPMUPYIOTCS COMOHIIBI [22].

ITockonbKy palioOH HalIEeTro UCCAELOBAHNA IIpefi-
CTaBJIAT cOOO0JT TEPPUTOPHIO APXEOTIOTNIECKIX M3BICKA-
HIIA, HaM1t GBI 3a7I0)KEH pelrpe3eHTaTUBHBII paspes Ha
K/TI0YeBOM y4acTKe «beperoBoit», MaKCMManbHO OTpa-
XKAIOIINIT XapaKTepUCTUKM Teppyapa. OT6op 06pasuos
TIIOYB OCYIIECTBIIA/ICA B COOTBETCTBUM C TOCYAAPCTBEH-
HBIMI HOPMAaTVBaMM, YyCTAaHOBJIEHHBIMM B Poccniickoit
Denepannn [4]. Ha K104eBBIX y4acTKax B IOCENKaxX
CenHoit u Beperosoit, 66110 0TOOpaHO 1O 3 CMeIIaH-
Hble IPOOBI METOJOM KOHBepTa ¢ rmybun 0-10, 40-50,
90-100 cm.

17151 IO7I€BOII ¥ aHATIMTIECKO IUATHOCTHUKM TTOYB
HNPUMEHSINCD CIEAYIOLIie MEeTORBI MCCIe[OBAHNUS:
IJIOTHOCTD CTIOXKEHNS OIpefe/isiiach OypOBBIM METOIOM
[20]; kap6oHaTs — rpaBuMeTpudecku [20], xmopun-u-
OHBI — apreHTOMeTpudecknu [20], TMrpockonmyeckas
B/IAKHOCTh — TePMOCTATHO-MAaCCOBBIM MeTofoM [20];
TPaHYIOMETPUYECKIUII COCTaB — ONTUYECKUM METO-
IIOM C IOMOIIbI0 Ta3epHoro audpakromerpa Shimadzu
2201; Benmu4uHa BojopopHoro nokasarens (pH) —
HOTEHUIMOMETPUYECKN B BOTHOI CYCIIEH3UU, KOTO-
past OblIa IPUTOTOB/IEHA B OTHOIIEHNM TT0YBa: BOJA
1:2,5 [20]; yrmepop opraHM4YecKMx CoefMHeHNiT — OKVC-
7eHueM XpoMoBoit cMecpio 1o V. B. Tiopuny B mopn-
¢duxanuu kadenpsr mousosenenust CII6I'Y [40]; conep-
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XKaHMe KapOOHATOB — I'PaBUMETPUYECKUM METOLOM
[20]; comep>xanue mopBmxHOTrO pocdopa 1 06MEHHOTO
Kanus B KapOOHATHBIX moyBax — metoxgoM b. I1. Maun-
ruHa [18]. AHanuTudyeckast pabora 6bIa BHIIIOTHEHA Ha
Kadeype MOYBOBENEHNA U 9KOIOTUY 1TOYB VIHCTUTYyTa
Hayk o 3emie CaHKT-IleTepOyprckoro rocygapcTBeH-
HOTO YHUBEPCUTETA.

PesynbraTel n 06cyxaeHne

JlaHHBIE O K/TI0YEBBIX TOYBEHHO-KIMMATHIeCKNX dak-
TOpax, ONpee/AIUX MPOJYKTUBHOCTb BUHOTPA]-
HBIX HAaCAXKIEHMUI U UX ONTUMMAbHBIX HUarasoHax
ObUIM B3ATHI U3 ucciaenopanmnit B. @. Banbkosa [2],
M. C. Kyxapckoro u M. H. Muxanaks [12], renepa-
JM30BaHBI B OfHY Tabmuiy (Tabm. 1) ¥ cONOCTaB/IeHbI
C IOKa3aTe/nsMy, YYUThIBaeMbIMI B ITapaMeTpude-
CKMX METOMIax OIleHKM mo4B. Ha ocHOBaHMU aHamm3a
OBbITN BBIAB/IEHBI MH/IEKCHI, Hanbosiee MOIXOIAIINE IS
oueHky teppyapa — GISQ, II9V u ITAKI. Vcnonb3o-
BaHue GISQ, B cuiy ero BapnabenbHOCTU U KOMITIEKC-
HOCTH SIBJISIETCSI OY€Hb IIePCIeKTYBHBIM B OIIEHKe IT0Y-
BEHHOTO (paKkTOpa, TeM He MeHee, B KOHTEKCTe TAHHOI
3aja4n, 6omee MpeAnoYTUTeNbHbIe MeTORNKY — [V
u ITAKI. K ux npenmy1iecTBaM MO>XXHO OTHECTU M3Ha-
YaJIbHYI0 OPMEHTALMIO Ha TIOCTCOBETCKOE MPOCTPaH-
CTBO, B IIpefie/lax KOTOPOTO PACIIONaraloTcss 00 bEeKThI
VICCTIEOBAHMA 1 YYeT KIMMATIYecKoro (GakTopa, 4To
B COBOKYITHOCTYU CJIaraeT LIeIOCTHYIO OLIEHKY Teppy-
apa. Koneunsiit BeI6op ObLI cfiennad B monb3y [1911, mo
npu4rHe ero 6ojee KOMIIEKCHOTO y4eTa IOYBEHHO-
arpOXMMIYECKUX XapaKTePUCTHK.

VccnenoBaHHbIe TOYBBI OTHOCUITUCDH K arpOYepHO-
3eMaM COJIOHI[eBATHIM HACBII[EHHBIM KapOOHATCOMep-
XKAI[M CpefiHe-Me/IKIM ITyOOKOIaXOTHBIM Kap6o-
HAaTHBIM MaJIOTyMYCHUPOBAaHHBIM CPeHECYTTMHUCTBIM
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Ha JIECCOBUIHBIX CYITIMHKAX, IOJCTUIAEMbIX Mali-
xornckumy rmvHamu [10]. Mopdonornyeckoe onmcanue
IIOYBEHHOTO paspesa Ha K/I04eBOM ydacTke «bepero-
BOIT» nIpyBefeHo B Tabmuue 2. IIpodunb xapaktepuso-
BAJICsI TIOCTENIEHHDbIM YTsDKeleHNeM IpaHy/IoMeTpude-
CKOT'O COCTaBa U yBeIMYeHMeM IITIOTHOCTY C/IOKEHMUS
BHM3 110 mpoduio moysbl. Ha ormeTkax 60-70 cm
TAHHBII IIOKa3aTe/lb y>Ke HaXOIUTCS B MHTepBaje MaK-
CHMaJIBHO HONYCTMMBIX 3HAUEHUI /711 BUHOIPAJa.
B npodune oTMevanoch NpuUCyTCTBUE JUCIEPCHBIX
KapOOHATOB, B HIDKHE yacTy npoduis Hab/oanach
OypHas peakLusA yITeKUCTBIX conelt ¢ 10-% comaHom
KMCTIOTOM.

HexoTopble XxuMmdecKue CBOVICTBA IIOYB K/II0YEBBIX
Y4acTKOB IIpMBeJieHbI B TabmIle 3. 3Ha4eHue BOTHOTO
pH Bapsupyer ot 6,04 B BepXHMX rOpM3OHTaX 0TOOpa
mo 8,1 B HIbKHMX ropusonTax. CopepkaHye opranmndye-
CKOTO YIJIEpOfia ¥ TyMYyCa CHYDKAETCS BHU3 10 IPOdU-
JISIM, COCTAB/IAET B BEPXHUX FOpU3OHTaX 2,89% 1 3,28%
COOTBeTCTBeHHO. O0eCIeYeHHOCTb I'yMYCOM JaHHBIX
I0YB — HM3Kasl.

Copepxanne CaCO, Ha K/1104eBOM yJacTKe «bepe-
TOBOJl» YBe/IMYMBAETCS BHU3 IO NPOUIIIO, JOCTH-
ras 4,42%, a Ha y4acTKe «CeHHOM» — CHMKAeTCA.
CopeprxaHue XJIOpKUJi-MOHOB Ha y4acTKe «CeHHOI»
TIOCTEINIEHHO YBeIMYMBAETCA C TTyOMHOI, a Ha yYacTKe
«beperosoit» oTMeJaeTca €ro HepaBHOMEPHOE pac-
npefeneHne, 4T0, BO3MOXKHO, AB/IAETCA CIEeACTBUEM
MOATATMBAHNUA JIETKOPACTBOPUMBIX COJIeil 13 IIOPOZbI
¥ TIOCTIeAYIOLell TTePUOINIEeCKOl IIPOMBIBKOIL, 160
UMIIy/IbBepU3aLMelt CoMell ¢ 3anmBa.

[panymomeTpryecKuii COCTaB BepXHUX FTOPM3OHTOB
B COOTBETCTBUE C KIaccudukanyeir KaunHckoro oTHO-
CIJICA K CpPeJHeMY CYITIMHKY, @ HIDKHUX — K TSDKe/IOMY,
MaKCUMasrbHOe cofiepKaHue ppakiym Gpusnyeckoit

Ta6nuua 1. Iumutupyromye ¢pakTopsl, ONpeaensioiye NPOFYKTMBHOCTh BUHOTPAJHBIX HACAKIEHUI U UX
y4eT B IapaMeTpUYeCKMX METOJaX MHTErPaabHON OLleHKU IO OP OIS

]\:/ZQ Ilapamempor meppyapa Munumym Onmumym Maxcumym
1 Copepxanue rymyca, % [2] 0,5-2,5 2,5-3,5 3,5-6,0
2 | pH, 2] 5,0-6,5 6,5-8,5 8,5-8,8
3 IInoTHOCTD, I/cM?® [2] - 1,1-1,35 1,35-1,50
4 Copepxanne ppakiyu pusmdeckoit rmusI (< 0,01 Mm), % [2] >10 30-40 40-65
5 O6menHsiit Na, % ot EKO [2] - 3-7 >10
6 TTI0THBIIT OCTATOK IPY XTIOPUSHO-CYIbdaTHOM 3acoenHnn, % [2] - 0,4-0,6 0,6-1,0
7 Conepxanne CaCO, [2] - 0,3-40,0 40-60
8 Ilupora, rpagycer [12] - 35-48 -

9 CyMMa aKTMBHBIX TeMIepaTyp, °C [12] - >2500 -
10 | Yucno peit ¢ remmneparypoii Boie 10° C [12] - >115 -
11 CpepiHerogoBoe KOMmu4ecTBO 0CafikoB, MM [12] - 500-800 -
12 BraxxnocTb Bo3ayxa, % [12] - 70-80 -
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ITpogomxenne Taom. 1.
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NeNe n/n SIR [36] PI [33] CI[38] SPI [44] GISQ [41] N [7] ITAKM [8]
1 + + + + +
2 + + + +
3 + + + +
4 + + + + + + +
5 + + +
6 + + + +
7 + + +
8 + +
9 + +
10 + +
11 + +
12 + +

Ta6nuna 2. Mop¢onornieckoe onmcaHue arpoyepHo3eMa COIOHIEBATOr0 y4acTKa 2 «beperosoii»

Topusonm, enybuna

Onucanue

PU, 0-34(37) nepexop, 3aMeTHbIN

Cyxo071, TeMHO-KaIITaHOBBI/, KOMKOBATO-TIOPOIIVCTBIN, CPeHECYTIMHVCTBIN, PefiKiie KOPHN, TPaHNUIIA POBHA,

BCAsn, 34(37)-70(73)

Cyxo0if, TeMHO-OPaHXeBaTO-OyPBlIil, IIBIOVICTO-0PEXOBATBII, CPETHECYITIMHICTBIA, TBEPABIiA, IVIOTHBII, BCKUIIAET
oT 10-% consAHOI KUCIOTbI, TPaHMIA Pa3MbITAs

Cca, 70(73)-120

KHNCIOThI

Cyxoit, OpaH)XeBaTO-0ypblil, IIbIONCTDIIL, TBEP/bII, IIOTHBII, TSKETOCYTIMHNUCTBIN, BCKMaeT oT 10-% comsHOi

Ta6mua 3. XumMuyeckne CBOVICTBA IIOYB MCCIERYeMbIX Y4aCTKOB

NeNe Inv6 IInommnocmo H sodnwiii | T % CaCo.. % CI cake./xe Opakyus P,0; ko
o youna, cm croncenus, ofcn’ | P E0OHUI My atty nousvl <0.01 mm, %
Mme/K2 nousbl

Vyactok 1 — «CeHHOI»

1 0-10 1,23 6,80 2,89 2,53 0,15 37 15 290

2 40-50 1,36 6,95 1,98 2,21 0,15 43 7 220

3 90-100 1,40 7,10 0,68 2,07 0,45 45 3 170
VYyacTok 2 — «beperosoit»

4 0-10 1,24 6,04 3,28 1,68 0,55 39 18,5 300

5 40-50 1,38 7,35 0,93 3,08 0,35 42 5 240

6 90-100 1,41 8,10 0,68 4,42 0,5 45 4 200

I/IVHBI B KOTOPBIX cOCTaBIsio 45%. Ha riy6uue 0-10 cm
comeprkanue ¢ppakuyy <0,01 MM HaXOWIOCH B IIpeienax
OITMMA/IbHBIX 3HAYEHMI! 71 BO3/eNbIBaHNA BUHOTPa/ia,
a Ha rry6mHe 40-50 cm 1 90-100 cM yrKe JOCTHTaIo MaK-
CMMaJIbHO JOIYCTUMBIX 3Ha4eHMAN. Bo Bcex ropmsoHTax
otbopa npob npeobnagana Gpakyisi CpemHert IbUIIL.

B Tabnuie 4 npuBefeHbl KIMMaTU4eCKUe TaHHBIE,
K03 PUIVEHTB], IPUCBOEHHBIE TApaMeTpaM Teppyapa,
B COOTBETCTBUM C MeTOAVKOI pacdeTa IOV u pesynb-
TUPYIOLIAs OLjeHKa.

B cuny TeppuTtopmanbHoit 611M30CTY ¥ OfMHAKO-
BOJI CTETIEHM ONTUMMU3ALMNA arPOXVMUYECKNUX CBOVICTB

IIyTeM BHECEHNA OPTaHNYECKVX M MUHEPAIbHBIX YIO-
OpeHMIT, IPOMEXYTOUHbIe KIMIMaTUYeCKUe 1 arpoXu-
MI4YecKue KoaQpPUIMEeHThl YIaCTKOB IPAaKTUYEeCK He
otnnyanuch. Ha utorossie mokasatenu 119V okassi-
Ba/IU BIIMSAHVE IIPOMEXXYTOYHbIE TIOUYBEHHbIE K03 -
LVEHTBL.

ITo pesynbpraTam oueHKY, 60jIee BHICOKMIT IIOYBEH-
HbI1 61 ObUI HOMTYYeH /IS Y9aCcTKa, PacIoI0OKeHHOTO
B mocenke beperoBoit (Tabmuia Ne4), Ho, ecnu pac-
CMaTpUBATh HIDKeNIeXKallyie TOPU3OHTHI, TO KapTUHA
HECKOJIBKO MEHIACH 1 60iee BBICOKME 3HAYEHVIS ObUIN
BbISIBJIEHBI Ha y4acTKe B nocenke CeHHOIt. [JaHHbIe
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Ta6muua 4. [Tapamerpsr pacyera IIOU

Yuacmox 1 (n. Cennoit) Yuacmox 2 (n. bepezosoti)

Kosgppu- Inybuna, cm

Inybuna, cm
yueHm

0-10 40-50 | 90-100 | 0-10 40-50 | 90-100

2-V 077 | 0,64 0,6 077 | 063 | 059
I 098 | 098 | 098 | 098 | 098 | 097
Tcl* 091 | 078 0,7 0,96 0,7 0,7
I uror 824 | 587 | 494 | 869 | 519 | 481
P,0, 093 | 093 | 093 | 093 | 093 | 093
K,0 095 | 095 | 095 | 095 | 095 | 0095
pH 1 1 1 1 1 1

A uror 088 | 088 | 08 | 08 | 08 | 088

Yt°>10°[41] 3550 3550 3550 3550 3550 3550

KVY-P [19] 0,58 0,58 0,58 0,58 0,58 0,58
t°max [41] 25,6 25,6 25,6 25,6 25,6 25,6
t°min [41] 0,7 0,7 0,7 0,7 0,7 0,7
(0} 45,26 45,26 45,26 45,34 45,34 45,34
KK 162,215 | 162,215 | 162,215 | 161,98 | 161,98 | 161,98
K nror 7,85 7,85 7,85 7,86 7,86 7,86
151 57,17 40,73 34,27 60,36 36,01 33,38

Ipumeuarue. *[lc] — 0ONONHUMENLHO YUUMDbIBAEMOE CBOLICNBO NOUBDL
(codeprcarue eymyca)

pasmruysA o00ycIoBIeHbI 60/Iee BEICOKMMI ITOKa3are-
IAMM IZIOTHOCTY CTIOXKEHNSA ¥ MEHBIINM COJlep)KaHVeM
TyMyca Ha yJacTke 2.

Takum o6pasom, morny6unHbI pacder II9OU
VISl KJIIOYEeBBIX YYaCTKOB, II03BOINM/I HaM IIPU OIle-
HMBAHNUM y4eCTh Ka4eCTBEHHBbIE XapaKTePUCTUKN He
TONIBKO ITAXOTHBIX TOPU3OHTOB, HO U HIKENEXKAI[NX,
4TO B KOHTEKCTe BMHOTPAZapCTBa UTPaeT pellaiolee
3HaYyeHMe.

MPYHTOBEOEHUE 1°2022

Ilns oLeHKM NOYB M Teppyapa Heob6XOAuUMO
VICTIO/Ib30BaHMe NTOYBEHHO-3KOMOTMYECKVX MHIEKCOB,
IIOCKOJIbKY YYMTBIBaeMble IIpU pacyeTe MH/eKca Imapa-
MeTPbI COIIOCTABUMBI C YC/IOBUAMY IPOM3PACTAHNA
BIHOTPAJIa.

IIpu oleHKe IOYB HEOOXONUMO YUUTHIBATD He
TO/IBKO CBOVICTBA ITAXOTHBIX, HO 1 HIDKE/eXKAINX FOpy-
30HTOB II0YB, YTO OCOOEHHO aKTya/lbHO /IS 3eMelb,
BBIOPAHHBIX IIOJ] TOCAJKM BUHOTPafia, 06/Ia/jaioero
ITy60KOI KOPHEBOJ CHCTEMOIL.

3aknrouyeHue

JIns palloHaTbHOTO OCBOEHMA TEPPUTOPUIL IO, BUHO-
rpajiapcTBO, TpebyeTcs mapaMeTpusalys U Koaude-
CTBEHHas OlleHKa I104B U Teppyapa. Ha HacTosAmMmiz
MOMEHT, TaKMM INOAXOJ0M MOXXeT C/IYXXUTb CUCTeMa
pacueTa MMOYBEHHO-3KOJIOTMYECKOTO MHJEKCa, KOTO-
pas OTHOCUTENbHO JPYTUX TapaMeTPUIECKIX METO/IOB
OLIEHKM KaueCTBa II0YB, SIB/ISETCS Hanbosmee MOXOisi-
1IeN JJ1s1 JaHHOM 3ajaun, BCAENCTBIE COIIOCTABUMOCTI
YUUTBIBaeMBbIX ITAPAMETPOB C IKOTOTMIECKIMIY YCTIOBU-
SIMU IPOM3PACTaHUsI BUHOTPAJA.

JlaHHDIIT BHIBOJ, OBbIT Cie/IaH IO pe3y/IbTaTaM CpaB-
HUTEJIBHOTO aHa/IN3a 3apYOEKHBIX U OTEYeCTBEHHBIX
napaMeTpudeckux MeTonoB. Ha ocHoBaHMM pacyeTa
IS x/m04eBBIX yYaCTKOB, 60JIee BBICOKYIO OL[eHKY
HOTY4YM IIAXOTHBI TOPU3OHT y4acTKa B IocenKe bepe-
roBoii. TeM He MeHee, B KOHTEKCTe BMHOTPAZapCTBa,
OIleHKA TOJIBKO IOBEPXHOCTHBIX TOPM3OHTOB HENO-
CTAaTOYHO perpe3eHTaTMBHA. Hamum 6bUIu Taxoke mpo-
aHa/IM3MPOBAHbI HIDKeJIeXXalllie TOPU3OHThI, KOTOpble
OKa3a/ich yxKe 60JIee IpUBIEKaTeIbHBIMM Ha yYacTKe
B nocenike CeHHoll. KoHeuHOe pelleHNe 0 MecTe, Ife
X03S11CTBO OyfieT pacIIpsATb CBOU TEPPUTOPUY, OyHeT
IPUHATO PYKOBOJCTBOM IpeAIpUATHUs, OfHAKO Hallle
JVICCTIEIOBaHye TTO3BOIsIeT O0jiee KOMIUIEKCHO paccMa-
TPUBaTb IOCTAB/ICHHYIO 3a/ja4y.
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AnHoTanuA. B cTaTbe 060CHOBBIBaETCA HEOOXOAMMOCTD PACCMOTPEHMA OCATOK TPYHTOB OCHOBAHMA 371a-
HUI ¥ COOPY)XEHNII He KaK ABJIEH)s, BbI3BAHHOTO YIUIOTHEHMEM TPYHTOB OCHOBAHMsA, a KaK MHOTO(aKTOp-
HOTO MHTETPaJIbHOTO NH)XeHEPHO-Te0IOTMYeCKOTo IPOIlecca, CBA3aHHOTO C BePTUKATbHBIM OCeJaHNeM I'PYH-
TOB OCHOBaHMsI, 00YC/ITOB/IEHHBIM yMeHbIlleHeM 00béMa TPyHTa 3a c4eT ero AeopManuyu Mo Harpy3Kamu
WM u3MeHeHus (YXyALIeHNs) ero IMPOYHOCTHBIX 1 ie(pOPMALMOHHBIX CBOVICTB, BBI3BAHHOTO IIPUPOHBIMU
Yl TEXHOT€HHBIMU BO3JIe/ICTBUAMU. ABTOpaMM BIIepBble GOPMYINPYETCs ONpefieeHNe «OCaK IPYHTOB OC-
HOBaHMsI» KaK MHOT0(aKTOPHOTO aHTPOIIOTeHHO 0OYC/IOB/IEHHOTO T'e0/I0rnYecKoro mpoiecca. Ormedaercs,
YTO pacyeTHbIe IIPOTHO3HbIE OCATKV TPYHTOB OCHOBAHMA, PACCUUTBIBaeMble METO/[OM ITOCTIOITHOTO CyMMMUPO-
BaHMs, KaK [IPaBUJIO, IPEBBINIAIOT PaKTUIeCKIe 3HAYeHM I C1ab0CKMaeMbIX IPyHTOB Ha 40-60%, a s
CHIPHOCKVMMAEMBIX TPYHTOB OHU OKa3bIBAIOTCSI B HECKOJIBKO pa3 Bblllle. Takoe HECOOTBETCTBME PACUeTHBIX
u axTryecky HabIIOZaeMbIX 3HaYE€HNIT OCAaJlOK I'PYHTOB OCHOBAHMs aBTOPHI BUJAT B MEXaHMYECKOM IOJI-
Xojie TIpM MOJEeNMPOBAHNM IIPOL[ecca OCa/JKM TPYHTOB OCHOBAaHMS, B TO BpeMs KaK 0CaJjka [PYHTOB OCHOBa-
HIA AB/IAETCSA MHOTO(AKTOPHBIM H)KEHEPHO-TE0IOIMYECKIM TIPOLIeCCOM, M3MEHAIONIIMCA B IIPOCTPAHCTBE
U BpeMeHM. B paboTe mokasaH IIMPOKMII [UAa30H Pas/INIHbIX IIPUPOLHBIX F€OJIOTNIECKUX Y TEXHOT€HHBIX
IPOLECCOB, BIMAIOMINX Ha CKOPOCTD, BEIMUNHY U JJINTEIBHOCTb OCAZOK I'PYHTOB OCHOBAHNUA KOHKPETHBIX
3[AaHUI ¥ COOPY>KEHMIA.

Annotation. The article substantiates the need to consider the soil sediment of the foundation of any struc-
ture not as a vertical displacement of the structure due to compression, compaction or other changes in the
rocks lying at its base, but as a multifactorial integral engineering-geological process associated with vertical
subsidence of the soil of the base of buildings and structures, due to a decrease in soil volume due to its deforma-
tion under load or changes (deterioration) of its strength and deformation properties in the process of natural
and technogenic effects. For the first time, S. N. Sotnikov’s graph of the inaccuracy in calculating the settlement
of soil of the base, calculated by the method of layer-by-layer summation to the actually observed. It is noted
that the estimated predicted precipitation of base soils provided by the project for slightly compressible soils,
as a rule, is 40-60% higher than actual ones, and for highly compressible soils (weak soils), actual precipitation
can be several times higher than calculated. The authors see such a discrepancy in the mechanical approach to
modeling the process of sedimentation of base soils, while sediment of base soils is a multifactorial engineering
and geological process that changes in space and time. A number of examples in various regions of the country
show a wide range of different natural geological and technogenic processes that affect the unevenness, size and
duration of sedimentation of base soils under various buildings and structures. Examples of management and
regulation of these processes are given.
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Beemenue

Bce mpupogHble IPOLecChl BBIAEMATCSA HA OCHOBE
CYIIeCTBEHHBIX KOMIIOHEHTOB CPefibl, UX OIIpefiesiA0-
myx. Tak, cOrIacHO MOC/IETHNM HAay4YHBIM pa3paboT-
KaM, Te0JIoTM4ecKuil poliecc onpefendeTcsa u3MeHe-
HIeM KOMIIIEKCa KOMIIOHEHTOB Te0IOTMYeCKOIl Cpefibl
BO BPEMEHM U IPOCTPAHCTBE IO BO3AEIICTBIEM TIPU-
POJHBIX U TEXHOTeHHBIX (pakTopoB. Ha mpakrtuke reo-
JIoTM4YecKas cpefia BHICTYIAeT He KaK BepXHAA 4acTb
nmuTocdepsl BooOIe, @ KaK KOHKpeTHas e€ 4acTb —
reo/IorM4ecKoe Telo, KOTopoe ClaefyeT paccMaTpu-
BaTb KaK IMTOCUCTEMY II0J] Ha3BAHMEM «TPYHTOBBIN
MacCuB».

Bce mpupopHble 1 TeXHOTeHHbIe Te0/IoTYecKue
IIPOLIECCHI IPOTEKAIOT MCKIIYNTENbHO BHYTPY TPYHTO-
BBIX MaccuBOB. [Tpyu aTOM 607bIIast YaCTh MPUPOSHBIX
¥l QaHTPOIIOTEHHO O0YC/IOB/IEHHBIX (TEXHOTEHHBIX WU
MH)KEHEPHO-T€0/IOTMYeCKIX) Te0/IOTNIeCKIX IpoIiec-
COB, B KOHEUHOM MTOTe, ITPOSBIIAETCA HA MOBEPXHO-
CTU 3eM/IM B BUJe SIBJICHN:, HO 3HaUMTebHasA 4acTb
TaKUX IIPOLECCOB, IPOTEKAIUX BHYTPU IPYHTOBOTO
MacCKBa, HUKAK (VI IPaKTUYeCK! He3aMeTHO IJIA
71a3 HabmofjaTenns) He POSIBIIAIOTCA B penbede [5].
K omHOMY 13 TaKMX, UCK/TIOUUTENBHO IHXEHEPHO-Teo-
JIOTMYECKIX, IIPOL[ECCOB, C HAIIell TOYKY 3peHNusd, Cie-
AyeT OTHOCUTD OCa[IKy TPYHTOB OCHOBAHMSL.

IlocnepHee ynnoMuHaHMe B OT€YECTBEHHOI NNTe-
paType 06 ocajike Kak TeoJIorM4ecKoM Iporecce (Tod-
Hee, ABJIEHUN) MOXXHO HaiiTu B kuure I1. M. ITanro-
koBa (1978 r.), B pa3paboTaHHOI UM KaaccupuUKaIumn
UH)XEHEPHO-Te0/IOTMYeCKUX sABNeHnit [7]. B mocnenume
IecATIIeTNA B HAIell CTPaHe IIOf, BANAHNEM BeYIX
HaYYHBIX IIKO/ B VH)KEHEPHOII Te0JIOTH, BO3IIaB-
JI1eMBIX TAaKMMU aBTOPUTETHENIIVMY YYeHbIMM KaK
I. K. boupapux, B. T. TpodumoB u fip., 10 HETOHATHBIM
HaM IIpMYMHAM, TEPMUH OCAfIKa, KaK MH)XeHepHO-Teo-
JIOTMYECKMII IIPOLIECC, BBIIAJI U3 TeHETUKO-MOP(OIOTH-
4eCKIX MHKeHEePHO-TeOIOTMYeCKMX KIaccuuKammii.

B mH>XeHepHOJ IreoNorny ocajika Kak MHXXeHep-
HO-TeOJIOTMYeCKNIT IPOLiecc BIIepBbIe ObII paccMoO-
TpeH V. B. IIonoBeIM B K/IacCMYeCKOM y4eOHUKe MO
MH)XeHepHOII reoyiornu u B padote B. A. IIpukioHcKOro
emé B 1951 . [9,10]. 3arem B 1960 1. ocapky ommcan
H. 4. lenncos B yueOHUKe IO MH>KEHEPHOI Teo0yIo-
i Jyisi crpouteneit, B 1975 ropy JI. 1. Benblit B y4e6-
HIKe JI/Is1 By30B I10 MIH)KeHEPHOI! Fe0JI0TMY, BO3SMOXKHO
IIepBbIM, [jaJl COBPEMEHHYI0 TPAKTOBKY OIpefie/IeHNs
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OCaJKM TPYHTOB KaK MH)XeHEPHO-TeOJI0TUUeCKOTO
npouecca [1,3]. OgHako yxe B 1977 rogy B MHOTO-
ToMHOM y4e6HMKe B. JI. JlomTazze «VIHxeHepHas reo-
JIOTVsA» B TEKCTe U B KJIACCUDUKALNU TeONTOTNIeCKIX
IPOLIECCOB TEPMUH «OCaTKa» yXKe OTCYTCTBYeT [6].
B 6onee mo3gHux paboTax TaKMX M3BECTHBIX MHXKe-
Hep-reosnoros, kak I. K. boupapuk, I. C. 3onoTapes,
0. B. Tpxuunuckoii, B. T. Tpodumos u gp., ocagka
KaK MH)XeHEePHO-Te0/IOIMYeCKIii IIPOollecC 3aMeHAETCs
TEPMUHOM «YIUIOTHEHME». B NpMHIMIIMAIbHON cXeMe
K/IaccrUKanuy COBpeMEeHHbIX 9K30T€HHBIX IIPOLIeCCOB
Ha Teppuropun 3anagHo-Cubupckoit st B. T. Tpo-
¢umoB (1986) BbIensAeT Ha MOCIENHEN CTYIEHN paH-
MpoBaHuA (IIOATNUII) /LS TUIIA TIPOLIECCOB, BBI3BAHHbIX
YIJIOTHEHMEM VI KOHBEKTMBHBIM IIepeMellleH/eM MaccC
TPYHTA, yIUIOTHEHNE, KaK «3/IeMEHTapHbBII» IIPUPOIHBII
TeoJIOrMYeCKIil POLeCce, IPUBOAAIINIT K 00pa3oBaHMIO
ABJICHNII, BBIPAXEHHBIX WM B pefibede, WM B TPYHTO-
BOJI TO/IIE, MU B penbede U TPYHTOBOI TOIIE OFHO-
BpeMeHHO [5,18].

Ecnu mpuMeHNTDb TaKoil jKe IMOAXOM K PaHXU-
POBAHMIO MH)XEHEPHO-Te0TOrNYeCKIX IPOLeCCOoB,
TO B KJIacce MPOLeCCOB, BbI3BAHHBIX M3MEHEHUAMU
HaIpsHKEHHO-1e(OPMUPYEMOro COCTOSHNUA IPYHTO-
BOTO MaccuBa (T.e. HeVICTBMEM TPaBUTALMOHHBIX CUJI
Ha 1akopax 1o B. T. Tpodumosy, 1986), MOXHO Bblfie-
JIATH TUII IIPOLIECCOB, OOYCTIOB/IEHHBIX YIVIOTHEHNEM
U KOHBEKTMBHBIM IIepeMelleHNeM Macc IPyHTa, a B
HOC/IefIHeM — IOATHUII «OCaika TPYHTOB OCHOBAHMI».

Takum 06pa3oM, CTAaHOBUTCA OYEBUTHBIM, YTO
«371eMEeHTapHBbIM» IPUPOSHBIM I'€0JTOTMYECKIM VN
MH)XeHePHO-Ie0/IOTMYeCKMM IPOLleCCOM, BbI3BaH-
HBIM IIPOCTPAHCTBEHHO-BPEMEHHBIMI M3MEHEHUAMMU
HaIpPsDKeHHO-IepOPMUPYEMOTO COCTOSIHUS TPYHTO-
BBIX MacCUBOB 32 CUeT TPABUTALNM VMIN MCKIIOYN-
TEIbHO MEXaHIYEeCKOTO BO3ZENICTBUA, OyIeT SABIAThCA
«yIUIOTHEHMe». B clydae TOIMOMTHUTEIBHOIO Y4acTUsA
B IOJOOHBIX VI3MEHEHMAX HaNpsKeHHO-TedopMupye-
MOTO COCTOSIHVSI TPYHTOB T€XHOT€HHBIX BO3JeJICTBMIIA
«37IEMEHTAPHBIM» IIPOIIECCOM OYAeT «OCajika TPYHTOB
OCHOBAHUA», HO Y>Xe KaK MCK/II0UNTe/TbHO NHXKeHep-
HO-T€O0IOTMYECKNII IIPOLieCC.

37iech YMECTHO OTMETUTD, YTO B IH>KE€HEPHOII reo-
JIOTMM IIOJ, TEPMVHOM «YIIJIOTHEHVE TOPHBIX IIOPOf»
MOHMMAEeTCs IOBBIIIEeHNE ITIOTHOCTY TOPHBIX IIOPOJ,
07, IeiicTBMeM BHELIHMX Harpy3oK 3a cueT yMeHblIle-
HIA UX MOPUCTOCTH (TO €CTb, MCKIIOYUTETbHO MeXa-

MrPYHTOBEOEHWE 1°2022

HUYeCcKuit npomecc) [2,3], a onpeneneHne TepMmuHa
«OCafika TPYHTOB OCHOBAHWsI» B COBPEMEHHOII Te0sIo-
TUYECKOIt TUTepaType OTCYTCTBYET.

Ocapka IpyHTOB OCHOBAaHMA — WH>KEHEPHO-T€O0/I0-
IMYeCKUII IpoIecc

B TONKOBBIX V1 TEPMIHOTIOINYECKIX T€OTOTMYECKIX CTIO-
BapsIX CYLIECTBYIOT ONpefie/ieHNsI TEPMUHOB «OCaKa»
(momonHMTENbHAS, TOTTHASI, KOHEYHAsl, HEpaBHOMEp-
Has, cypdo3noHHasA, IPOBATbHAS U IP.) U «OCAJKa
COOpPY>KeHUsI» B OCHOBHOM B KayeCTBe TeXHUYECKUX
TepMMHOB [2,12]. B TO >Xe BpeMs onpepeneHns TepMu-
HOB «OCaJjKa OTTaMBAIOIEr0 TPYHTa», «OCA/IKa TEIIo-
Basi», «OCafika Py MPOTAMBAHUM» (C HALIEN TOYKK
3peHus, IIOCTIeHIe TEPMUHBI SB/ISAIOTCS CUHOHUMAMM )
B 9TMX )K€ ICTOYHMKAX ¥ B T€OKPUOTOTMIECKOI JINTe-
parype HAlTCSA Kak Jyisl TIOMTHOL[EHHBIX MEP3/TOTHBIX
(KpMOTEHHBIX 1 MOCTKPUOTEHHBIX) MPOIeccoB [4,8],
a, cornacHo yrBepxpeHusaM B. T. Tpopumosa (2017),
BCe Mep3/IOTHBIE IPOLIeCCHI JO/DKHBI PACCMaTPUBATHCS
B VH>)KEHEPHOJ Te0JIOTUY C MO3ULIMY VIH)KeHepHO-Teo-
JIOTMYECKON OLIEHKY MX POJIN KaK T€0IOTMIECKIUX PO-
[1€CCOB, BBI3BAHHBIX MIPUPOJHBIMU U TEXHOTEHHBIMMI
¢dakropamu [13]. Takum 06pas3om, ciaenys MOFOOHOI
JIOTMKe, «OCaJIKa TPYHTOB OCHOBaHMs» JO/DKHA TaKKe
SABJIAITBCS IHKEHEPHO-T€OIOTMYEeCKUM IIPOLIECCOM.

PaccmaTpuBast 0Cafiky IpyHTOB OCHOBAHMS, MHXKe-
Hep-TeoJIoT [O/DKEH BUAETH B Hell eAMHCTBO Ipolfecca
u saBneHus. Kak mporecc, ocajika TpyHTOB OCHOBAaHUS
SIBJISIETCST CTIOXKHBIM Te€OJVHAMUYECKIM IIPOLeCCOM
nepopMUPOBaHNA IPYHTOBOI TOMIM, OKa3bIBAIO-
VM BJIMsIHNE Ha BCe 97IEMEHTBI [PYHTOBOTO MacCKBa
B aKTUBHOIT 30He OCHOBaHMsA COOpy>KeHMs1. Ee MOXXHO
paccMaTpuBaTh KaK MHXeHEPHO-T€OIOrMYeCKUIl Ipo-
11eCC, IPUBOJSAIINI K M3MEHEHUIO COCTOSIHMS, a TaKXKe
IIPOYHOCTHBIX U 1e(OPMALMOHHBIX CBOVICTB TPYHTOB
OCHOBAHMAL.

Ocajika TPYHTOB OCHOBaHMsI, KaK SIBJIEHIE, MOXET
HAO/IIOaThCsl B BUJie KOHEYHON fedopManinm camoro
MaccyBa (10 3HAYeHMSIM BelIM4MH 0CafioK QyHIaMeHTa)
WM Kak fedopMaliOHHble HAPYLIEHNUS B KOHCTPYK-
LVISIX 3[JAHNSA WU COOPY>KEHUSL.

Kak 6b110 OKa3aHO B HAIIVX ITOCTETHMUX yOIu-
KaIVAX, IIPOLeCC OCA/IKV ITPYHTOB OCHOBAHUA SABIIA-
eTCsl peakiyeli TPYHTOBOTO MacCUBa Ha BO3JeliCTBIE
HOPMa/IbHOI HArPy3KM OT 3[aHVSI VTN COOPY>KEHMSL.
OpnHako ocajika [PYHTOB OCHOBAHNUS BO3HUKAET U IIPU
AMHAMIYECKUX BO3[ECTBISIX, HAIIpUMep BUOpaluy,
Ha TPYHTOBBIN MacCKB. B ¢BA3Y ¢ 3TUM, C Hallel TOYKK
3peHMs, MOJ «OCAJKOI IPYHTOB OCHOBAHMUS» CIIEAyeT
HOHMMATH IPOCTPAHCTBEHHO-BPEMEHHOE OJHOHATIPAB-
JleHHOe (IIpenMYyIIeCTBEHHO BePTUKAIbHOE, Pa3MIHOe
[0 POJO/DKUTENBHOCTY TeOPMUPOBAHNS) U3Me-
HeHMe KOOPAVHAT PasIMYHbIX YacTeil TPYHTOBOTO
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MAacCuBa B aKTMBHOJ 30HE OCHOBAaHMA COOPY>KEHMH,
CBsA3aHHOE ¢ TpaHcPOpMaIell HanpsDKeHHO-Tedop-
MMPYEMOI0 COCTOAHMA, BIIAXKHOCTY M KOHIIEHT Pl UM
IOPOBOr0 PacTBOpAa I'PYHTOB IIPM BO3JENCTBUM HA
HUX CTaTMYECKUX Y JUHAMUYECKUX HATPY30K WMV TIOf,
B/IVISIHUEM JPYIUX TeONOIMYeCKNX U MHXXEHEPHO-Te0-
JIOTMYECKMX NPOLIECCOB.

B 6onpmmHCTBe C1y4aeB, B CUIY OTCYTCTBUS
ABHOTO BU3YaJbHOTO IPOABIEHNA JAHHOTO IIpoLecca
B penbede, 0 HeM MOXKHO CYAMUTH TOJIBKO 110 Hapyllle-
HVISIM B KOHCTPYKIVSX (ZeOpMaIiOHHBIM TpeIiHaM,
KpeHaM KOHCTPYKIMII, BEIMYMHAM OCaJIOK LIOKOJIEN
" QYHIAMEHTOB), BBIAB/IAEMBIX, KaK IPaBUJIO, IIPK
IPOBeeHNY FeOTeXHNIECKOro (Teofe3n4ecKoro) MOHN-
TOPMHIA, 4 TAaK)Ke 110 HE3HAYUTE/IbHBIM IIOHVDKEHUAM
MOBEPXHOCTY I'PYHTOBOT'O MacCUBa HEINOCPECTBEHHO
B IIPMKOHTAKTHBIX YacTAX IO MepUMETPYy 3[aHUIL.
IlocnepHue JO/DKHBI Y€TKO OTAMYATHCA UCCIefoBaTe-
MU OT fedopMaluil IOBEPXHOCTH 3eM/IM (TPYHTO-
BOTO MacClBa), CBA3AHHBIX C YIUIOTHEHMEM HAChIITHBIX
TPYHTOB B IIa3yXaX KOT/JIOBaHa.

YunrtbiBasg Bo3pacTarolye TeMIIbI CTPOUTENbCTBA,
MO>XHO YTBEPXJATh, YTO OCaZiKa TPYHTOB OCHOBAaHMA
3aHUIT ¥ COOPY>KeHMIT ABIAeTCA U OyeT ABIATbCA
OYE€Hb PACIIPOCTPAHEHHBIM VHXXEHEPHO-TE0NIO0rnYe-
cKMM npoueccoM. HepaBHOMepHasA ocajiKa, BbI3BaHHasA
OOBIYHO VIV HEOTHOPORHOCTHIO OCHOBAHMSA, WM Pas3-
JIMYHBIMA BO3JEICTBUAMM Ha HETO CO CTOPOHBI COO-
PY>K€HUs, VI JIOKAaJIbHBIM BHEIIHMM BO3JIENICTBHEM,
4acTO MPUBOAUT K lepopMany 30aHNUIT 1 COOPY>KEHMIT
BIUIOTD JJO X aBapUiTHOTO cocTossHuA. Ilo aroit npu-
4yHe Ba)KHeIIIIIel! 3ajaueil COBpeMEHHOTO (pyH/IaMeHTO-
CTPOEHUS AB/IAETCS paspaboTKa Hae)KHON METORMKI
pacyeTa IIPOrHO3MPYEMbIX Ha CTafiyM IIPOEKTA BEMYNH
0CaJIOK TPYHTOB OCHOBAHMA.

3JHa4yeHMs 0CaJIOK, IOTy4eHHble pacyeTHbIM MeTO-
ZOM IIOCTIOMHOTO CYMMMUPOBaHMNA, NPUMEHAEMbBIM
IIpY IPOTHO3MPOBAHMM OCaJOK TPYHTOB OCHOBAaHMIA
B IIPOEKTHBIX pelleHNsX, Ha MPAKTNKe B OOJIBIINH-
CTBE CIIy4aeB KpaliHe pelKO COBIAAI0T 10 BeIMYMHE
¢ paxTnyeckyrmu. JJake Ha YHUKa/IbHBIX COBPEeMEHHBIX
00BbeKTaxX IIPOUCXOAAT OCATKY, KOTOPble HAMHOTO IIpe-
BBIIIAIOT PacyeTHbIC 3HAYEHMs U1 BBI3BIBAIOT HEOOXOM-
MOCTb IIPUMEHEHNS JOPOTOCTOALMX MEPOIIPUATUN 1A
JIMKBUJALIMY OIIACHOTO pasBUTUA Ipouecca. Hanpumep,
B KauecTBe IOATBEP)KEHMI MOXKHO IIPUBECTH >KUJION
moM-6anrHio Ha JIeHMHIPaJiICKOM IPOCIEKTe B TOPOfe
Mockse. BennunHa ocaiky IeHTPaTbHOI BBICOTHOM
4acTM 3[aHNA HAMHOTO IIPEBBICUIA OCAJKy BHEIIHNX
MaJIO9TaXKHBIX 4yacTeil. Tosiy rpyHTOB OCHOBaHUA
IPUIIIOCh 3aMOPO3UTD 1A IIPEKPAIeHNA OCaIKAL.

CraTHCTHKY 11O IPOTHO3aM OCafIKil TPYHTOB OCHO-
BaHUA IPUBE B CBOEN JOKTOPCKON AUCCEPTaAlUN
netep6yprckuit yuensiit C. H. Cornukos [11]. [Tpu-
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Puc. 1. Ipaduk pacrpeyenieHns MOrPeLUIHOCTEl pacyéTa 0CafKM 3TAHUIT U COOPYIKEHUIT METOLOM IIOCTIONHOTO CyMMMPOBAHNS
K paxrudecku HabmoaeHHbIM (110 C. H. CoTHUKOBY, 1986, ¢ yTOYHEHUAMM):
« - 3HaveHMs1 Ky 1t c/1abbIxX TPYHTOB (JIEHTOYHBIX ITIMH, MIOB, 3aTOP(OBaHHBIX CyIIeceil M CYITIMHKOB M IP.); ® - 1711 MOPEHHBIX
CYI/IHKOB IIO/TYTBEPHOI 1 TBEPAO/t KOHCUCTEHLY; A - CylecYaHO-CYI/IMHUCTBIX TPYHTOB Pas/INYHO KOHCUCTEHLIN;
X - VISt CHa60CKIMMAEeMBIX TPYHTOB, B OCHOBHOM IIE€CKOB.

BeJIeHHBIIT HIDKe TpayK ObIT BIiepBble ONyOIMKOBAH
B [MOC/IefiHelt Hattert pabote B Havare 2020 roga [17].
C. H. CoTHUKOB IpOaHaNMM3MpOBal COOTBETCTBUE
pacueTHO U GaKTUIeCKOIl OCA/IKV 3TaHWIT M COOPYIKe-
HMit 110 146 06'beKTaM, VICIIOIb3ys COOCTBEHHBIE HAOIO-
[leHNs1, OTeYeCTBEHHbIE U 3apyOe)XHbIe Ty OIMKALIN.
Ha rpaduke o ocu abcipyce 0T/IoxeHa MOJTHas BeJ-
4yHa akTIYecKoit ocafky B canTuMetpax. [To ocu opan-
HAT OTHOIIEHNE 3TOJ BeIMYMHBI K pacyeTHOI OcajiKe,
MOTy4YeHHO MEeTOHOM IIOCTOIHOTO CyMMMPOBAHIA,
KOTOPBIII CEeTOMIHA, COITIACHO CTPOMUTEIbHBIM IIPABMIAM
CII 22.13330.2016, ocTaeTcss OCHOBHBIM METOZIOM IIPO-
€KTMPOBAHMA NPUPOTHO-TEXHNYECKOI CUCTeMBI QyHIa-
MeHT-ocHoBaHMe. C Hallell TOUKY 3peHMsI, aHa/Iu3 Ipa-
¢rKa He HOTepsT AKTYa/IbHOCTD U1 HA CETOHSALIHWIA JIeHb.
TeopeTndeckn, mpyu HafieXKHOM IIPOTHO3€ OCATOK
TPYHTOB OCHOBAHVISI, BCE TOUKY JJO/DKHBI OBV OBI JIeUb
Ha TOPU3OHTAIbHYIO IIPAMYIO €O 3HadeHMeM K =1 /m60
CTPYIIMPOBATHCS BAOIDb HEe B CUIY IIOTPEIIHOCTEN
usmepenus (K = S4/S, — oTHOIeHME S| — ¢dakrTuye-
CKOJ OCajiKM K SP pacdeTHoit ocagke). OgHako rpyn-
NMPOBKM HeT. TOUKM IIOYTV PaBHOMEPHO PACCeSHBI 11O
OO rpaduKa, YTO CBUMIETEIbCTBYET O OOMBIIOM pac-
XOXKJEHIY IIPOTHO30B C peaIbHbIMM OCaIKaMU 3[aHMIA
U COOPY>KEHUIA.
ITo TpyHTOBBIM yC/IOBMAM BCE OOBEKTHI HAabIIO-
mennit C. H. COTHMKOBBIM ObI/IM pa3fie/ieHbl Ha fiBe
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TPYIIIBL: BO3BEJEHHBIE HA «CMAa0bIX» IPyHTaxX (MIax,
JICHTOYHBIX IJIMHAX, 3aTOP(POBAHHBIX CYIIECAX U AP.)
¥ Ha IVIOTHBIX TPYHTaX (KOpeHHbIX IOPOfiaX PasHOTo
COCTaBa, IVIMHAX ¥ MOPeHe MOyTBEepPAOi U TBEPAOI
KOHCHUCTEHIIVH, TIECKAX IIOTHBIX U CPeHEl ITIOTHOCTI
¥ 7p.). Pesynbrare! o c1aboc)kuMaeMbIM IPyHTaM Hpy-
BeJIeHBI B BUJie [UarOHAIbHBIX KPECTUKOB.

ITo pesynbrataM HabMIOLEeHMII M PacyeTOB
C. H. COoTHMKOBBIM 6BUIN OIIpefie/ileHbl OTHOIIEHMS
S o dbakTMUIeCKoi OCaiKM K SP — pacyeTHON ocajxe,
o6osHaveHHble Ha rpaduke K =S ¢/Sp' Ha nHem BupHO,
4TO OCajKa 60/IbIINHCTBA 00BEKTOB Ha IVIOTHBIX TPYH-
Tax 612 He 60mee 25 cM, Ha c1abbix He 6oree 60 cM.

Ocajpika 9 00beKTOB Ha C1aOBIX TPYHTAX MPEBBICKTIA
1 M. OHM He MOKa3aHbI Ha TpaduKe U3-3a MaciITaba.
Pacyer S B 6onbIIMHCTBE CTy4Yae IPUBOAWIT K OONIb-
M omnbkam. Tak oTknoHeHMe S oT S, He 6onnee YeM
Ha £10% ObIIO OTMe4eHO TONBKO B 16 cimyyasx (11%).
CoBmajieHne pe3yabTaTOB pacyeToB ¢ (aKTUIECKON
0CaJKOl MOXKHO pacCMaTpuBaTh KaK CIydaiiHOe sBJie-
HIl€, @ He KaK IIPaBUJIO.

Ha o6bekTax ¢ IIOTHBIMU, C/TIa60CKUMaeMbIMU
TPYHTaMl OCHOBaHMs pacueTHas ocajika oKasajach
CUJIPHO 3aBBILIEHHOI B CpaBHEHUM C GaKTUIECKU
pocturaytoi. OTHOIIEHME PacYeTHON OCaAKM K (ak-
TUYECKO [/ 3TUX TPYHTOB flocTuraer 5 u gaxe 10, . e.
IOTPEIIHOCTh COCTAB/IIET COTHM MPOLeHTOB. OXHAKO
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TaKMe MOTPEeIHOCTY pacyeTa HEONACHbI I 3[4aHNUI
U COOPY>KeHIIT Ha OJTHOPOJZHOM OCHOBAHNU, B 0O/Ib-
IIMHCTBE C/Ty4aeB OHU He TPeOYIOT JOIONTHUTENbHBIX
MEPOIPUATUI NIPU SKCIUTyaTallUM, & TUIIDb CBUJIETENb-
CTBYIOT O 3HAUNMTE/IbHOM Ilepepacxojie MaTepuaaos
U pabovero BpeMeHM Jyisl YCTpoOiicTBa QyH/JaMeHTa.

Ha o6bexTax co «CmabpIMy» IpyHTaMy, HAIIPOTHB,
pacuyeTHas ocajika, KaK IpaBUIO, MeHblle (akTIye-
ckoit. [IpeBpinieHne GpakTUECKOM OCAIKM HaJ| pacyeT-
Hoit focturaet 200%, 94TO, HECOMHEHHO, Tpe6yeT Mepo-
HPUATHIL TIO0 YCWIEHNIO QYHAMEHTA U 3aKpeIlIeHIIO
TPYHTOB I10CJIE 3aBEPIIEHNA CTPOUTENbCTBA.

ITpyymHBI HeJOMYCTYMBIX IIOTPEMIHOCTEN IPY TIPO-
rHose ocaku cormacHo C. B. YXoBy cBOmATCA K IBYM
IYHKTaM: 1) HeCOBEpIIEHCTBO PacyeTHOI MOJeIN
B MeXaHVKe I'PYHTOB; 2) HOTPEIIHOCTY JAHHBIX U3bI-
CKaHUII, 3aK/Ia/ibIBaeMBbIX B pacueT [14].

BennyuHa norpemHocTy onpeneneHnsa XapakTepu-
CTUK MaccyBa OCHOBaHUA IIPU U3BICKAaHMAX U €€ BIIN-
sIHJe Ha MOIPeIIHOCTb pacyeTa OCafKM Mbl YaCTUYHO
paccMoTpeny B penbIayIiux paborax [15,16] u npu-
HIIM K 3aK/II0YEHUIO, YTO A7 OIpe/ie/IeHHbIX TUIIOB
(dyHIaMeHTa IOTPENIHOCTI OIIpefieIeHIs Te0IoTIYe-
CKMX I'PaHUI] ¥ XapaKTepUCTUK IPYHTOB IIPU COBpe-
MEHHBIX METOMaX M3bICKAaHMUII MOI'YT JJaThb OTK/IOHe-
HIE B pacyeTe OCafIki TPyHTOB OCHOBaHMA 10 50% oT
pacdyeTHOro 3HaueHusA. B cBA3U ¢ 3TUM, aKTyaJIbHbIM
OKa3bIBaeTCS BBISICHEHME IPUPOLABI MOTPEIIHOCTEN
IIEPBOrO POJia, T.€. CBA3aHHBIX C HETOYHOCTBIO MOJENN
Ipoliecca 0CafKy TPyHTOB ocHOBaHM:A. VI B aTOM cydae
HaJIo TOBOPUTD He TOJIBKO O TeOMeXaHIYecKoil, HO 11 00
MH)KEHEPHO-TeO0IOTMYECKO MOJIE/N ITpoLecca.

PacyeTHble reoMeXaHMYECKNE MOZENN IpoLecca
ocafikyt 6asupyOTCA Ha MpefCTaBIeHUN, YTO OCa/iKa
€CTb CKaTye TPyHTa I0J] Harpy3Koll 1o 3aKoHY Iyka
VUIN MHBIM 3aKOHaM, YYUTBIBAIOINM (PUIbTPALIVIOH-
HYI0 KOHCONMMJALNIO, TIJTACTUYIECKYIO COCTaBIAILIYI0
nedopmarym u fpyrue ocobennocty rpyura. Ho mpo-
I1eCC OCafIK/l TPYHTOB OCHOBAHU, KOTOPBIl PUKCHUPY-
€TcsA Teofie3sN4ecKMM MeTOlaMy 10 MapKaM Ha CTeHaX
3[aHNA ¥ HaKJIOHaM €T0 apXUTeKTYPHBIX Ocell, MUMeeT
6oree CIIOXKHYIO IPUPOAY, YeM TOJIBKO CXKaTue TPYH-
TOB OCHOBAHIS OT MEXaHMYECKON CTATMYeCKO 1/VIn
IVHaMJ4€eCKOJl Harpy3oK.

Ocajika TpyHTOB OCHOBaHMA AB/IAETCSA MHOTO(]aK-
TOPHBIM MHTETPa/bHbIM MHXEHEPHO-T€0/IOTMYeCKIM
MPOLIECCOM, IPOTEKAIOLIVIM B OCHOBaHUM 3JaHNA C y4a-
CTHEM KOHCTPYKIIMM COOPY>KEHMA U OKPY KaIoLIell eTo
IPUPOSHO-TEXHUYECKOI Cpelibl, KOTOpas He BXOJUT
B pacueTHbINI 06beM “TTyKoBULbI OcHOBaHMsA. Ha Benu-
YYHY OCAJKM, TOMMMO CTaTUYECKNUX U IMHAMUYECKNUX
Harpy3oK, OKa3bIBAIOT BIMAHNE Pa3/IIHbIE T€0NIOTIYe-
CKHe U VIHXeHePHO-Te0JIOTM4ecKyie IPOLecchl, IpoTe-
Kaloll[Jie B aKTMBHOI 30He OCHOBAHUI 3[AHWIT ¥ COOPY-
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>KEHMII Ha NPOTSKEHUM BCETO MX XKM3HEHHOTO LMKIIA.
Takumu nmporeccamy MOryT ObITH HabyXaHMe, yCafiKa,
pa3yIUIOTHEHMe 32 cYeT NOATOIIEHNS U yTedeK U3
BOJOHECYIUX KOMMYHMKaumit, cydpdosns, mpoueccs
IIy4eHNA ¥ OTTAaMBaHNA, €C/IV IPOMEP3aHKe pacipo-
CTpaHsAeTcs NOJ PpyHaMeHT 1 Apyrye. [JomoMHUTeNb-
HYIO OCaJIKy MO>XET BBI3bIBATh IOLTOIIJIEHNE, 13-3a
KOTOPOTO B OO/IBIIVHCTBE CTy4aeB MEHSIOTCS CBOICTBA
IIMHJUCTBHIX TPYHTOB. C MOATOINIEHNEM YacTO CBA3aHO
VI3MEHEHME COCTaBa IPYHTOB U MOHHOT'O COCTaBa IIOf-
3eMHBIX BOJI, YTO B/IMsAET Ha JlepOpMaIIOHHBIE XapaK-
TEPUCTUKY TPYHTOB U BefleT K MPUpPAIIEeHNI0 OCaKIL.
V3MeHeHMe HANIPYKEHHOTO COCTOSHMSA MacCUBa OCHO-
BaHNA, B CBA3Y C IPOBOJVIMBIMU PAJLOM 3€M/IAHBIMA
paboTaMu 10 YCTPOICTBY KOTJIOBAHOB, TPaHIIEN i
KOMMYHMKALIUI ¥ BEPTUKAIbHON IUVIAHUPOBKY U JJaXKe
3aMeHOIl ac(asbTHOTO MOKPBITHS, MOXKET BbI3bIBATD
TOIOJIHUTE/IbHYIO AeOpMaLNIo TPYHTOBOTO OCHO-
BaHMA 3KCIUTyaTUPYEMBbIX 3JaHMI, 0cajjKa KOTOPBIX
6bu1a maBHO 3aBepuieHa. Cyddosusa pasymioTHsaeT
THleCYaHble TPYHTBI OOBIYHO B OT/E/IbHBIX MECTaX OCHO-
BaHIA U BbI3bIBaeT HEPABHOMEPHYIO OCA[JKy HEKOTO-
PBIX JacTell COOPY>XKeHMA B pa3lIN4YHble IEPUOMBI €T0
3KCIUTyaTalyu.

PaccMoTpuM Haubosee mokasaTe/lbHBIN IIpuUMep
IPOABJIEHN NPOLIECCA OCAfKMU IPYHTOB OCHOBaHUA
B )KM3HEHHOM IIMKJI€ COOPY>KeHUs, KOIfia «CIenas»
Bepa KOHCTPYKTOPOB B 4MC/IO U (OPMYITy IIpUBea
K HEOJHOKPATHBIM 0CaJl0YHbIM IeOpMaIIAM 3[aHN.
B 1990 r. gBO€E M3 AaBTOPOB HACTOSAIIEN CTaTb/ IIPOBO-
AUV VICCTIEIOBAHMA TPUYHBI BO30OHOBYMBIINXCSA OCa-
IOYHBIX TedopMannit 4-X 3TaXKHOTO Kopryca 061eXII-
TUA TEXHNYIECKOTO YUMINILA MM. LfecapeBuda AeKces
(panee «Komcomorten») B I. EropbeBcke. 3nanune 6b110
IIOCTPOEHO B IIEPBbIE ITOCTIEBOCHHBIE TOJbI HA JIEHTOY-
HoM (yHpaMeHTe, 3aokeHHOM B 1941 1. Ha dacane
3[jaHNA Ha BCIO €r0 BBICOTY MMeNTach CKBO3Has, MI3BM-
JIMCTasd, HO B I€JIOM BepTUKaJIbHasA TPeIIMHA OTPHIBA.
BuyTpu 3maHuA oHa nepeceKana CTEHBI U IEPEKPBITUA
CO CMEIEeHMEM IIOTIOB Ha HECKOJIBKO CAaHTMMETPOB.
B 3agannu Ha o6cneoBaHme 3jaHNsA ObIIO YKa3aHO, 4TO
TpellVHa BO3HUKIIA B IIPOIlecce CTPOUTENbCTBA, ObIIa
3afiellaHa Iepef cadeir oobekTa 3akazunky. Tperuna
BO300HOBWIACH IIOCTIE TPEX JIeT SKCIUTyaTaluy, BHOBb
Obl/Ia 3ajieNTaHa ¥ BOSHUK/IA B TPeTHil pas yepes 40 et
IIOCJIe TIOCTPOVIKM Kopiryca. B MoMeHT 06cnenoBanus
3maHue OBUIO MOATOIIEHO, @ B TIOfjBasie CTOs/Ia BOZA
cnoeM 10-15 cm.

Bypennem u mypdamn 6bI0 yCTAaHOBIEHO, YTO
3maHye o6mexxnTnsA EropbeBcKOro TeXHU4ECKOro yum-
JNIA CTOUT Ha (PIIOBMOIIAIANTBHBIX OT/IOXKEHMX.
IpyHTBI OCHOBaHMA ONHOJI MOTOBUHBI 3MaHNUA Mpef-
CTaBJIEHBI CYTJIMHKOM, IPYTOJ MOTOBMHBI — IIECKOM.
3HaveHMsA MORY/Ielt eOpMaI IIeCKOB 1 CYITINHKOB
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B YC/IOBVAX IOJTOIUIEHNA OBUIM CYIIECTBEHHO pas-
JIVYHBI, TaK KaK CYIJIMHKM IIPU 3aMadMBaHUM CTaIN
6osnpiie onBep)KeHsl gedopmarusam. [lo aHamornm
C COCeHMMN YYaCTKaMM MOXKHO 3aK/IIOYUTD, YTO 1O
3aMauMBaHNUA IEeCKN U CYIIMHOK 00/magam 61muskumm
3HaYeHUsAMM Mofyns obueit nedopmanuu (E), mpu-
MepHO E = 18 MIIa. Ilo sToit npuunHe, BUAMMO, OHA
IIpY pacyeTe OCafiKu ObIIV 0OBEHEHBI B OIMH PacyeT-
HBIV TeOJIOTMYECKIIL 3JIEMEHT, a, C/IEIOBATe/IbHO, 3[TaHNe
II0 IIPOEKTY HO/DKHO ObITIO MMEeTb OVIHAKOBYIO OCa/IKy
BO BCEX YacTsX.

ITpu 9TOM He OBITIO YYTEHO, YTO MECKY, KaK yIIpyras
cpena, OBICTPO CKMMAIOTCA OT Harpys3Ku B IIpoliecce
CTPOUTENbCTBA, TOTAA KaK CYIIMHKA lepopMUPYIOTCS
MeJlJIeHHO U 60riee [INTe/IbHO BO BpeMeHM, obnazast
CBOJICTBOM IITAaCTUYHOCTH.

Y>Ke B XOfje CTPOUTENBCTBA ECKNU (HaKTUIECKH TIOTI-
HOCTBIO TIpeKpaTu feopMUpOBaThCs MOJ HATPY3KOIt
3paHus. Jlexxalnas Ha IecKax ero 4acThb ocejla Ha pac-
YeTHYIO Be/IVYMHY, TOTia KaK CYIJIMHKM 3a 3TO BpeMs He
Habpasmy pacyeTHYIO BeIMUUHY AedopMaluy, IO3TOMY
HaJ| TPaHMNI[ell TIECKOB U CYIIMHKOB K KOHIIY CTPOM-
TeNbCTBA MOSBUIACH OCAIOYHAs TPELINHA, e€ 3afleNanu
U CMIa/IU IOM B 9KCIUTyaTanmio. Yepes Tpu ropa ocagka
IIOJIOBVHBI 3/1aHNsA, PACIIOJIOKEHHO Ha CYI/IMHKAX,
3aBepuIMiIach 1 Ha acaje 3faHMs BHOBb IPOSBUIIACH
TpewmnHa. B TpeTuit pa3 TpelmnHa BO3HUK/IA OCTIE
HOJTOIIEHNSI OCHOBAaHMs, Korfa fedopmarmoHHas
CIIOCOOHOCTD CYITIMHKOB BO3POC/IA M3-3a MI3MEHEHU
MX COCTOSHMA U IOJIOBMHA 3[aHMA, CTOAINAA HAa HUX,
IOIIOJIHUTENbHO ocena. Hamr nmporuos sakimoyancs
B TOM, YTO B YETBEPTHIN pPa3 TPel[nHa He BO30OHO-
BUTCS, TaK KaK IPYHTBHI IOTHOCTBIO YIVIOTHUINCDH
B YC/IOBUSAX 3aMa4VBaHMA.
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3axnioyeHue

[TpuBeneHHbIe IPUMepHl TOKA3BIBAIOT, YTO pacyeT
0CaJIKVl METOJOM ITOC/IONHOTO CYMMMPOBaHMA 6e3 mpo-
THO3a BO3/IEJICTBUII HA OCHOBAHNE B IIPOLiecce CTPOU-
Te/IbCTBA VM IIPU KCIUTYaTAlV 34aHNI IPUBOANUT K TPy-
ObIM oIMOKaM B IIPOEKTaX, KOTOpble 000pauNBaIOTCs
T/ 3aCTPOIIMIKA HOBBIMY PAcXOfjlaMI Ha YKpeIUleHne
OCHOBaHWIT, PYHIZAMEHTOB, HOT/IA /JaXKe HECYIIVIX KOH-
CTPYKIIWIA, @ TAK)Ke Ha PEMOHT (pacajoB.

B reopmHaMuke MH>XeHEPHO-T€OIOTMYECKIIL IIPO-
I1eCC OCa/IK/ TPYHTOB OCHOBAHNA JaBHO BBIAJI 13 BHU-
MaHUA uccrenoBareneit. PacdeTs: MeTomoM mocoitHoro
CYMMUpPOBaHMs He 00ecIeurBaoT TpeOyeMoil TOYHO-
CTU U CYI[eCTBEHHBIM 00pa3oM pacxomATcsa ¢ GpaKTH-
4eCcKM HaO/MogaeMbIMI BeIMYMHAMM OCalOK TPYHTOB
OCHOBaHMA.

[TpoexkTupoBaHMe COBPEMEHHBIX 3[JaHMIT U COO-
PYKeHUIT IUKTYeT HeOOXOAUMOCTb PacCMOTpPEeHNs
M3BICKATEe/IAMIU VM TEOTeXHUKAMI OCaJK!U I'PYHTOB
OCHOBaHMA KaK MHOTO(aKTOPHOTO MHTEIPaTbHOTO
MH>KeHEepHO-TeO0OTMYeCcKOro Ipoliecca ! Ha OCHOBa-
HUM 9TOTO pa3pabOTKM HaJieXKHOI METOMKY pacyeTa
0CaJIOK Pa3/IMYHBIX II0 COCTABY U COCTOSHUIO TPYHTOB
OCHOBAaHMA 3[JaHUI ¥ COOPY>KEHMII Ha BECh UX XKU3HEH-
HBIN LUK

l3noxxeHHas B paboTe apryMeHTaLMs, C Hallel
TOYKY 3PEHMs, JOBOIBHO YOEAUTETbHO CBUAETENb-
CTBYeT O HEOOXOMMOCTY HajIbHEJIIero N3ydeHNs
OCafIKil TPYHTOB OCHOBAaHMs KaK Hambojee pacmpo-
CTPaHEHHOTO MH>KeHEePHO-T€0/IOTMYeCcKOro Ipolecca.
B craTbe Taxke BIepBble IPUBOJUTCS OIpefie/ieHNe
OCaJIK! I'PYHTOB OCHOBaHMS KaK MHOTO(aKTOPHOTO
VH>KeHepHO-Te0/IOTMYeCKOT0 IIpoIiecca.
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AnHoTamusA: B craTbe paccMaTpMBAIOTCS IpoOIeMaTyKa U 3ailadyl HOBOTO pasfiesia TPYHTOBEMIEHUs — Te-
OpeTndecKoro rpyHToBefeHns. OTMedaeTcs, YTO TeOpPEeTHIEeCKOe TPYHTOBeNeHNe — pasfiell TPyHTOBELEHMs
0 Hambosee OOLINX 3aKOHAX, MaTeMaTHYeCK! OIVCHIBAIOLINX COCTAB, CTPOEHIE, CBOICTBA IPYHTOB 1 MX HOp-
MIPOBaHIe, IPOLeCChl B HUX, a TAK)Ke M3BMEHEeHNsI TPYHTOB ITOf BIUAHIEM BHYTPEHHMX 1 BHEIIHUX (PaKTOPOB.
IToxa3aHo, YTO OCHOBHOII 1I€/IbI0 TEOPETUYECKOTO TPYHTOBEICHNA AB/IAETCA N3YdeHMe i MaTeMaTIdeCKoe OIyca-
Hye Hanborree 061X 3aKOHOB (POPMMPOBAHNS COCTABA, CTPOEHNS 1 CBOJICTB IPYHTOB, 3aKOHOB VX V3MEHEHIsI
TI0]] BIIVMSIHVEM BHYTPeHHNX (PaKTOPOB M BHELIHMX BO3JIEVICTBUIL, @ TAK)Ke B3aMOMEVICTBIS MeXAY IPYHTaMI,
IpeCTaB/sIEMbIX B MaTeMaTNIecKoil popme. B kauecTBe OCHOBHOTO CI1oco6a IIO3HAHNUS TEOPETUYECKOTO IPYH-
TOBeJleHMsI BBICTYNIAIOT He SMIMpPUIECK)e METOMBI UCCIEMOBAHNIL, KaK B KIACCUYECKOM TPYHTOBENEHMN, a MC-
TI0/Ib30BaHIE CO3/JaBaeMbIX TEOPETUYECKIX, B IIEPBYI0 OYepe/ib MaTeMaTUIeCKIX, MOJieTIell sIBJIEHNUI B IPYHTaxX
¥ ¥IX COIIOCTABJIeHME C PeaTbHOCTBIO.

Abstract: The article deals with the problems and tasks of a new section of Soil Science — Theoretical soil
science. It is noted that Theoretical soil science is a section of soil science about the most general laws that mathe-
matically describe the composition, structure, properties of soils and their formation, processes in them, as well as
changes in soils under the influence of internal and external factors. It is shown that the main goal of Theoretical
soil science is the study and mathematical description of the most general laws of the formation of the composi-
tion, structure and properties of soils, the laws of their change under the influence of internal factors and external
influences, as well as the interaction between soils, represented in mathematical form. The main method of un-
derstanding Theoretical soil science is not empirical research methods, as in classical soil science, but the use of
theoretical (primarily mathematical) models of phenomena in soil and their comparison with reality.

KiroueBble cmoBa: TeopeTnyecKoe IPyHTOBE/EHIE, TeOPUs TPYHTOBENEHNsI, MaTeMaTN4ecKoe MOJIe/MpoBa-
HIie, MOJIe/Ib TPYHTA, UCKYCCTBEHHBII MHTEJUIEKT, M(POBMU3AIA IPYHTOBEIEHIS

Key words: Theoretical soil science, theory of soil science, mathematical modeling, soil model, artificial intel-
ligence, digitalization of soil science

IpyHTOBeNEeHNE, KAK OCHOBHOII HayuHbIll pasfen  OpHAKO Ha MPOTSIKEHMM NEPBBIX TpeX ueTBepTeil XX

MH>KE€HEPHOI Te0/IornH, IOCTOAHHO pasBuBaercs. Bos-
HUKHYB 13 He[lp IOYBOBEMIeHNA B CBA3Y C 3alIpOCaMMU
CTPOUTENBCTBA, OHO CHavasa, B 1920-1930-e roppl, pas-
BUBAJIOCh B OCHOBHOM KaK «IOPOXXHOE ITPYHTOBEIEHUE»
[2,6]. 3arem B 1940-1960-€ romp! TPYHTBI CTA/IN M3Y9aThCS
B CBA3Y C PACIIMPAIOLIIMMMUCA 3aIIPOCAMM CTPOUTENID-
CTBa pas3/IMYHbIX MHXeHEpHBIX coopyxkeHuil. IIpu sTom
OCHOBHOJ €T0 LIEJIbIO AB/IANTOCH ONPefeeHNe PA3INMIHbIX
TI0Ka3aTesiell FPYHTOB, HEOOXOVIMBIX /I IPAKTIIECKIX
PacyeToB 1 IPOEKTUPOBAHNA MHKEHEPHDBIX COOPYKEHMIA.
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BeKa IPYHTOBeJIeHIe BO MHOTOM OCTaBa/IOCh OMICATeNb-
HOJI HayKoi1, B KOTOPOII IIpeobasjany sMnmupudecKye
METOZIbI MCCIeloBaHmit. VI 3TO eCTeCTBeHHO — HaJaslb-
HBIil 9TaI Pa3BUTHs 000 Te0IOINYeCKOl HayKy BCerya
OBUI OIVICATeTbHBIM, SMIIPUYecKNM. IIpy aTOM yke Ha
aTare CBOEro CTAHOBJIEHMs TPYHTOBeIeHNe Pa3BIBAIOCh
Ha 6ase UCmopuKo-z2e0n02u1eck0z0 no0xo0a Kak meope-
MU1eCKOl 0CHOBbL CICTEeMBI MI3y4eHNsA TPYHTOB [12-14].
Hanee, mo Mepe HakomIeHNA (HaKTOB, HOBBIX JlaH-
HBIX 1 YBe/M4yeHus: o6beMa cobpanHoi nHGOopManny,
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HayKa, KaK [IPaBIJIO, IIEPEXOfM/Ia B CTA/IUIO TeOpeTmnyIe-
CKMX 00001IeHNIT: YCTaHABIMBAIOTCS 3aKOHOMEPHOCTH,
BBIPAbATHIBAIOTCS 3aKOHBI, 0O'bEMHsIEMbIE B TEOPUN,
HOPOMCXOANT €€ MaTeMaTu3auysi. IT0 MPOU3OUIIO U B
TPYHTOBeJIeH!M — HauMHas C IIOC/IeiHel yeTBepTi XX
BeKa CTajIM BBIAB/IATHCS Haubosee ob1ye 3aKOHOMep-
HOCTV OPMMPOBAHNSA COCTaBa, CTPOEHNS U CBOJICTB
Pas3IMYHBIX TPYHTOB, 661N CHOPMYIMPOBAHBI 3aKOHBI
TPYHTOBEJEHN, Hadamach ero unudposusanys [4,6].

ITocnenHee 06CTOATENBCTBO ABAAETCA Hambosee
Ba)XHBIM, TaK KaK IIepeBOJ; Ha fA3BIK MaTeMaTUKI He
TO/IBKO HAaKOIUIEHHOVI TPYHTOBEYeCKOI MHPOpMaINH,
HO U YCTaHOBJ/IEHHBIX 3aKOHOMEPHOCTEN 1 3aKOHOB
TPYHTOBeJieHMs, pa3paboTKa MaTeMaTIYeCKIX MOJIeTIel,
OMMCBHIBAIOIIVX IPYHTBI, X MH)KEHEPHO-T€0/IOTNYeCKIe
0COOEHHOCTH U TIPOLIECCH B HUX, IIO3BOJIAIOT IIPOTHO-
3MpOBaTh CBOJICTBA U MTOBEfjeHE TPYHTOB B Pas/iny-
HBIX YC/IOBVISIX, UTO SIBJISIETCS aKTyasIbHeliIIell 3a1adeit
COBPEMEHHOTO IPYHTOBE/ICHU.

Pewrenne 3T0i1 3agaun, Ha HaIl B3I/, BO3MOXHO
B PaMKaX caMOCTOSTe/IbHOTO HOBOTO pasfiesia IPyHTO-
BeJICHVISI — MeopemutecKozo 2pyHimo6e0eHus.

Teopemuueckoe epyHmosederue — pasoen epyHmose-
OeHUS 0 Haubonee OOULUX 3AKOHAX, MAMEMAMUYECKU ONU-
COLBAIOUAUX COCTNAB, CIPOEHUe, C60TICBA ZPYHIN08 U UX
opmuposatue, Npoyeccol 8 HUX, a MaKHe USMeHeHUS
2PYHMOB MO0 BNUTHUEM BHYMPEHHUX U BHEUHUX PaKmo-
pos. ITpu aTOM TeopeTndeckoe rPyHTOBEEeHNEe COOTHO-
CUTCA ¢ OOIIUM IPYHTOBefIeHIIeM IIPYMEPHO TaK ke, KaK
MexaHuKa COOTHOCUTCS C mMeopemuueckoli MexaHuKot
U NPUKIAOHOT MEXAHUKOT, WIN Pu3uka ¢ meopemude-
cKkoti pusukoti v T.11. B rpyHTOBEEHNY, KaK 11, HATIpUMep,
B MeXaHIKe, MO>KHO BBIIE/INTh TEOPETUYECKIIT pasyern
(TeopeTnyecKoe TPyHTOBEJIEHIE), @ TAKXKe Pasfien pu-
K/TQ{HOTO XapaKTepa, BKITIOYAIOLINIT JOPOXKHOE 1 a9po-
IPOMHOE IPYHTOBEIeHIe, CTPOUTENbHOE TPYHTOBEICHIE,
MOPCKOe IPYHTOBefIeHNe U T.II. VIMEHHO TeopeTndecKmit
pasfienl [PyHTOBEEHNsA U SBJISIETCS] pacCMaTpPUBaeMbIM
HOBBIM Pasfie/loM — TeOPETUIECKVM IPYHTOBEICHVIEM.

O6vexmvl TeOPETUYECKOTO TPYHTOBEAEHNSI — 3TO
TPYHTBI ¥ TPYHTOBbIE TOJILII.

IIpeomem uccnedo8anus TeOpPeTNIECKOTO IPYH-
TOBeleHNsA — Hamuboiee ob1e MaTeMaTm4ecKue
MOJIe/IN COCTaBa, CTPOEHMS ¥ CBOVICTB IPYHTOB, IIPO-
11eCCOB B HUX, MaTeMaTn4decKue Mopieny GOopMUpPOBaAHNUS
CBOJICTB TPYHTOB.

Hanomumnm, uto, cormacuo K.9. I[Tnoxorankosy [9],
nof (MaTeMaTU4YeCKMM) MOJeTIMPOBaHMEM IIOHNMAETCsI
crienmuyeckas YeJloBeyecKas JessTeIbHOCTD, Pa3Bep-
THIBAKOLIASACA MTO3TAMHO (OHTOIOIM3M, THOCEOTIOIU3M,
METOJOTIOT3M) B KOHKPETHOI [I03HAaBaTeNbHOM CUTya-
LIV U IPUBOJAIIAS K CO3/[AHUIO0 CBEPXMOJIENN, KOTOPast
ABJISAETCS CYICTEMHOV COOPKOIT OT/Ie/IbHBIX 9/IeMEHTap-
HBIX aKTOB MOJIe/IPOBAHUSI.

TeopeTnueckoe TpyHTOBefieHIe

B 5TOM OTHOIIEHNN TeOpeTIYecKOe TPYHTOBEIeHIIe
OIMpaeTCcsA Ha BCI0 HAKOIUIEHHYI 06a3y COBpEeMEHHOTO
(KTaccHYecKoro) TpyHTOBe/EHIS, KaK OCHOBHOTO Hay4-
HOTO HAIlpaBJ/IeHNs MH>KEHEPHOI Te0/IOTUY, BKIII0Yast
TaKMe ero CMeXXHble HaIpaB/IeHNs KaK AMHAMI4YecKoe
TPYHTOBeJIeHe I pETMOHA/IbHOE TPYHTOBECHIE, 11 Pa3-
BIBAETCS MO3TAITHO.

OcHO8HAS Ueb TEOPETNIECKOTO TPYHTOBEEHNS —
U3ydeHMe ¥ MaTeMaTH4YecKoe ONMCaHMe Hambonee
061MX 3aKOHOB OPMUPOBAHNUS COCTaBa, CTPOEHNS
¥ CBOVICTB TPYHTOB, 3aKOHOB VIX MI3MEHEHVS IIOJ BIIN-
AHMEM BHYTPEHHUX (PaKTOPOB ¥ BHEIIHUX BO3Jeil-
CTBWUIA, @ TAaK)Ke B3aMMOJECTBUsI MEX/y IPYHTaMM,
IpefCTaB/IsAeMbIX B MaTeMaTU4eckoit popme. B kaue-
CTBE OCHOBHOTO CIIOCO0a IMO3HAHNUA TEOPETUYECKOTO
TPYHTOBEJIeHM BHICTYIIAIOT He SMIMPUIECKIE METOJIbI
MICCTIE[JOBAHNI, KaK B K/IaCCUYECKOM IPYHTOBEJIEHNUN,
a MICTIO/Ib30BaHMe CO3/JaBaeMbIX TEOPETUYECKIX, B IIep-
BYIO O4epefb MaTeMaTu4eCKuX, MOMeNeN ABIEeHMI
B IPYHTAX J MX COIOCTaBJIEHIe C PeaIbHOCTBIO.

B Takoil TpaKTOBKe TeOpeTHM4ecKoe IPyHTOBexe-
HIle CTAHOBUTCSI CAMOCTOSITE/IbHBIM METOIOM M3yde-
HISI TPYHTOB, HECMOTPS Ha TO YTO €TO COfiep)KaHIe
dbopMupyercs, eCTeCTBEHHO, C YI€TOM pe3y/IbTaToB
VHXXEHEPHO-T€0/IOTMYeCKIX U3bICKAHWII, BKIIIOYast 9KC-
HepUMeHTa/IbHbIe Ta0OpaTOPHBIE U MO/IeBbIe NCCIEN0-
BaHUA IpyHTOB. IlogyepKkHEM, YTO OCHOBHOI 1]€/1bIO
TEOPeTUYEeCKOTO I'PYHTOBE/IEHNUS ABJISIETCSI OTKPBITHE
u noHuMaHne (00bsAcHeHMe) Hanbosee 00X 3aKOHOB
(bopMMPOBaHMA COCTaBa, CTPOEHNUA U CBOJICTB IPYH-
TOB ¥ BO3MOXKHOE IIpefICKa3aHMe ellje HeM3BeCTHBIX
SIBJIEHUIT B IpyHTaX. TakuM 06pa3oM, TeopeTudeckoe
TPYHTOBEfIeHVIe MOYKeT BBIIIOTTHATD M 00BSCHUTEIbHYIO,
¥ IPOTHOCTUYECKYI0 PYHKIIUIL.

IIpodyxmom TeopeTU4ecKOro TPyHTOBENEeHMA
ABJIAIOTCA TPYHTOBeAUecKue Teopun. PaspabaTpiBaeMble
B TEOPETUYECKOM I'PYHTOBENEHUN MaTeMaTUIeCKIe
MOJIe/IV TPYHTOB JO/DKHBI 3aBepIIaThCst 000CHOBaHIEM
Hay4YHBIX TEOPUIA.

IIpob6nemamuka TeOPETUYECKOTO TPYHTOBEIEHNUA
BKJIIOYaeT B cebs psifi HepelleHHBIX ¥ aKTyalbHbBIX
KPYIIHBIX TEOPETUIECKIX BOIIPOCOB, XKAYIINX CBOETO
pemennsa. HamoMHuM, 4To Hay4yHas mpo6mema — 9To0
Oco3HaHMe 1 GpOPMYIMpOBaHye KOHIEHINNA O He3Ha-
HMJ HEKOTOPOTO fBJIEHN, IPeAMeTa, IpoLecca I T.II.
COBOKYITHOCTB psifia TAKMX MPOOIEM COCTaB/IsAET IPO-
OmeMaTuKy faHHOI ob6macTy 3HaHus [5,6]. B ob6mactu
TEOPETUYECKOTO IPYHTOBENEHNS ero MpobaeMaruka,
II0 HallleMy MHEHMIO, BBIIJIAAUT CIEAYIOLIM 06pa3oM:

1. IIpobnema yugpposusayuu epynmosederus. Kax
06ocHo6amyb, obecneuumyv U peanu3osamv yuGposuU3a-
yuto epyHmosedueckoti ungpopmayuu? K Hacrosmemy
BpeMeH! HaKOIUIeH 60/IbIIoil 06beM (paKTMIecKuX
JQHHBIX O TPYHTAX Pa3HBIX TUIIOB B PAa3IMYHBIX PETy-
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oHax ctpaHsl. [lofaBsronas 4acTpb 910Nt MHPOpMa-
IV XPaHUTCS Ha OYMa)KHBIX HOCUTEIIAX, B OTYETAX,
dboHaax U T.II. ¥ He ZOCTYIIHA Ji/IsI IIMPOKOTO Kpyra
nccnenoBarenell. Heooxoguma yHI/I(bMKauM;{ BCell 3TON
uH}pOpMaIu, epeBoy ee Ha 7IEKTPOHHbIE HOCUTENN,
CO37laHMe Ha 3TOJ1 OCHOBE OOJIBUINMX IPYHTOBEIECKNX
6a3 manubix (Big data) [4]. [Ipu aTOM OHM JO/KHBI
COTIPOBOXKAATHCS CO3[AHMEM CUCTEM YIIPaBIeHMs Ha
OCHOBE MCKYCCTBEHHOTO MHTE/UIEKTA ¥ BBICTYIIATh KaK
9KCIIEPTHbIE TPYHTOBENYECKIE CYCTEMBL.

2. IIpobnema gpopmuposarus modenu epyHmos. Kax
(na xaxoii ocHose, Ha Kakoil 6ase) co30amv mMamema-
MU4eCKy10 MOOenb POPMUPOBAHUS COCMABA, CPOEHUS
u ceoticma epynma? IIpobnema, cBsi3aHHas C 3aKOHOMeP-
HOCTAMMU (HOPMUPOBAHUS NHKEHEPHO-TEOTOTMIECKIX
0COOEHHOCTeV TPYHTOB I1O7], B/IVISTHUEM TIPUPOIHBIX IIPO-
I1€CCOB J TEXHOTE€HHBIX BO3JENICTBIIL, OCTAETCS U3BEU-
HOI1 Ip006/1eMOJT TPYHTOBEeH S, KOTOPOIl 3aHNMA/NCh
¥ 3aHMMAIOTCSI MHOTV€ BUJIHBIE VIH>KEHEPBI-T€O/IOT .
B urore eé paspaboTku 6b11 chOpMyIMPOBaH OCHOBHO
3aKOH rpyHTOBeneHus [2,14]. [Tpu aToM, Kak mopdep-
KMBanoch B [13,14], Heo6XomuMO pa3nuyath MOHIATHS
«TeHe3VC TPYHTOB» U «Te€HE3MC CBOJICTB IPYHTOB».

Ha coBpeMeHHOM aTarne pasBUTHs TPYHTOBENEHNS
BBISIB/IEHBI MHOTOYVIC/IEHHBIE YaCTHbIE 3aKOHOMEPHOCTH
(dbopMupoBaHNs COCTaBa, CTPOEHNSA 1 CBOVICTB TPYHTOB
pasHbix THNOB. Ha3pena He06XOAMMOCTD UX 00001eHNs
B BUJIe TEOPUH, aHA/IM3a Ha MaTEMaTN4eCKOl OCHOBE
U CO3[JaHMS MaTeMaTMIecKol Momenu (Mopesert), orm-
CbIBAIOILIEN STV 3aKOHOMEPHOCTH U IIO3BOJIAIOLIEN C €€
IIOMOLIIBIO TIPOTHO3MPOBATh M3MEeHEeHNe CBOJICTB IPYH-
TOB B Pa3/IMYHbIX yCI0BUsX. IIpyu 9TOM 10 MOZEIbIO
¢dbopMupoBaHMA CBOIICTBA (COCTaBa, COCTOAHMNSA) IPYHTa
HOHMMAETCSI «aOCTPaKTHAsI MOJIE/Ib, OIMCHIBAOIIAsI TEM
VULV IHBIM CTTOCOOOM C TOJI MJIV IHOVI CTETIEHbIO CXeMa-
TU3ALUY CIIOCO6 (Tpoliecc, MeXaHM3M) CTaHOBJICHNUS
[IAaHHOTO IOKasarens rpyHTa» [14]. Cocob mpepcras-
JIEHVISI MOZIEI MOXKeT OBITh pa3/MYHbIM. B paMKax Teo-
PeTNYECKOro TPYHTOBEECHNSA PACCMAaTPUBAIOTCS JIOTUKO
(TeopeTuko)-rpadudeckas 1 MaTeMaTyeckas MOJIe/N.

3. IIpobnema uepapxuu epynmos. Kakosa mamema-
muueckas MoOesb, ONUCLIBAIOWAT UePAPXUI0 ePYyHMA
om 06pasya 00 MAcCUBA U y4umuvl8arou,as IMepoxceHm-
Hocmb cucmempi? Jta mpobeMa TakKe OblIa 0603Ha-
YeHa JOBOJIbHO IaBHO. B pasHoit popme, Kak HEOO-
XOIMMOCTb M3y4eHNsI TPYHTOB OT YPOBHsI oOpasia
IO MaccuBa, OHa BbICKasbiBanach E.M. CepreeBpiM
[12]. B HacTosimee BpeMsl e€ pellleHMe MIPEAIIONaraeTcs
OCYILIeCTBUTD Ha 6a3e TeOpuu CUCTEMHOTO aHaan3a
C TIOCTIEYIOLIVM MaTeMaTU4eCKVM IpeACTaBIeHEM.

3adauu TeopeTYECKOTO IPYHTOBEEHNS BBITEKAIOT
3 Bbllle CPOPMYIMPOBAHHBIX L[e/IN U IIPOOTEeMaTUKIL.
B Hanboree o61ieM Bujie X MO>KHO IIPECTABUTD B CIIe-
AYIOIeM BUIE:
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1) PazpaboraTbh MeTOROMOrMYECKIIE OCHOBBI T€O-
PeTUYeCcKOro IPyHTOBENEHNs, ONMPAIOIecs Ha ero
OHTOJIOTMIO U CYILECTBYIOI[YI0O HOMOJIOTMYECKYI0 6a3y
obmiero rpyHTOBefieHNA [6]. DTO BCcmoMoraTenbHas
3ajjaya, pelieHne KOTOPOil, TeM He MeHee, sIB/IIeTCs
Heo0XOJ[IMOJT OCHOBOJ Pa3BUTHS BCETO HAIIPAB/ICHS;

2) OcyuecTBUTD LM(PPOBU3ALNIO TPYHTOBELIECKOI
nHbOpMALUM 1 MaTEMATHYeCKOe oIycaHue (pefcTas-
JIeHUe) COCTaBa, CTPOEHMS 1 CBOJICTB IPYHTOB PasHbIX
K/IaCCOB KaK (PaKTONTOTMYIECKOI OCHOBBI TeOpeTuYe-
CKOTO IPYHTOBeZleHMs1. [JaHHYIO 3afiauy Tak>ke MOXKHO
paccMaTpuBaTh KaK BCIIOMOTATe/IbHYIO, HO €€ pelleHue
SIB/ISIETCSL 00513aTENbHBIM U HEOOXOIVMBIM YCIOBMEM
JUISL BCETO TEOPETUYECKOTO IPYHTOBEAEHNS;

3) Co3parp MaTeMaTU4eCcKyie MOJIE/N, OMMCHIBAO-
1[yie IPOTeKaHye B TPYHTaxX Haubosee 06IMX XuMude-
CKUX, GU3UKO-XUMUYECKIX, QUSUIECKIUX, OMOTHIECKIX
1 PU3MKO-MeXaHMIeCKUX IPOL[eCCOB HAa OCHOBE QYH-
JaMEHTA/IbHBIX 3aKOHOMEPHOCTEI M TeOPeTUIeCKIX
IpecTaBIeHNiT 00Iero rpyHToBeieHns. ITo Hanbo-
Nee éMKasi IO COflepXKaHMIo U 00beMy 3afjada, KOTO-
past pa3buBaeTCs Ha IIe/blil PsIi KOHKPETHBIX 3a/ad,
CBSI3QHHBIX C NIPMHAJIEKHOCTHIO TPYHTOB K PasHBIM
KJIaccaM, @ TaKXKe C MHOr0oOpasyeM IIPOLeccoB B HUX
Yl IPOSIB/IEHMEM Pa3/INIHBIX CBOVICTB;

4) Pazpaboratb oruko-rpapuyeckue ¥ MareMa-
TYecKye Mofienu GOPMUPOBAHNSI COCTAaBa, CTPOEHNUS
U CBOVICTB I'PYHTOB;

5) OcyuiecTBUTD IepeBOj; BepOalTbHBIX 3aKOHOB
Yl TEOpUiT OOIIero IPYHTOBEJEHNUS B MaTeMaTNIeCKYI0
¢dopmy. ChopmynnpoBaHHbIe K HACTOSIEMY BpeMeHM
COOCTBEHHBIE 3aKOHBI TPYHTOBE/EHsI, @ TAKXXe 60/b-
IIMHCTBO TEOPUII, ONMMCHIBAKIUX PAa3INIHbIE IPO-
1IecChl B IPYHTAX, IPeACTaB/IeHbl B BepOanbHOIL (C/10-
BeCHOI1) popMe, 4TO 3aTPYAHsET UX IpUMeHeHMe [5,6].
IIpencraBieHne UX B MaTeMaTnydeckoil popme 1mo3Bo-
T 601ee 3¢ PeKTUBHOE UX VICIIO/b30BAHNE;

6) Pazpaborartp MaTeMaTH4eCKy0 MOJe/Nb IPYHTa
KaK MepapXn4ecKoil CUCTEMBI OT MUKPO- 1O MaKpoO-
ypOBHs. ITO BaKHellIIas 3ajjaya TeOPETUIECKOTO
TPYHTOBEJIeHN, pellleHne KOTOPOIl II03BOIAT YUUTHI-
BaTh IIPOsABJIEHNe MacIITabHOro a¢dekTa B rpyHTaxX
I Pa3HBIX CBOJICTB, a TaKXe OyeT CllocoOCTBOBATh
HOBBIIIEHNIO TOYHOCTY VH)XEHEPHO-Te0/IOTMYeCKUX
IIPOTHO30B ¥ Ka4yecTBa IPOEKTUPOBAHMS VHXeHEPHBIX
COOpPY>KEHMIA.

Memooonozuueckoii 0cHO801i TOCTVDKEHIS BBILIEY-
Ka3aHHOI LIe/IV U 3a/jad TeOPETUIECKOrO IPYHTOBEEeHNS
ABJIAIOTCA BBIPAOOTKA M 0OOCHOBaHME COOTBETCTBYIO-
/X MaTeMaTMYeCKMX MOJie/ieil, a CaMo mMarmemamu-
ueckoe MOOenuposaHue, B TOM UICTI€ BHIYMCTUTENbHbIE
9KCIIEPUMEHTBI, TPV STOM CTAHOBUTCSI OCHOBHBIM T€O-
PeTUYeCKMM MeTOIOM 0000IeHNsA TPYHTOBEYECKOI
uHbopManuu u eé mpenctasnenyst. OTHOBpeMeHHO Teo-
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peTndecKoe IPyHTOBeeHMe OIIMPAETCA U Ha BCe IIpodne
MeTOJIbI VICCTIEIlOBAHNS TEOPETUYECKOTO YPOBHSL: JIOTH-
YeCKMII ¥ CUCTeMHBI aHa/IN3, TeAYKIMIO U MHAYKINIO,
aHasormio, popManmusanmio, TMIU3ALUI0 U Knaccudu-
LYPOBaHNe, TEOPETUKO-TUITOTETUIECKIIT METOJ, U Jip.,
a TaK)Ke 3aKOHBI TpyHTOBeneHus [5,6,8].

Takum 06pasom, TeopeTnyeckoe TPyHTOBEfCHNE,
CTPOTO TOBOps, U3y4yaeT He CaMy TPYHTBI M UX CBOII-
CTBa, a CBOVICTBA CO3/IaBAEMbIX TEOPETUIECKNX MOJIeTIeN
B X COIIOCTABJICHNY C peaIbHBIM IIOBefIeHIIeM IPYHTOB.

CoepemenHoe cocmosiHue TeOPeTNIECKOTO IPYH-
TOBEJIeHVIs1 MOXKHO OXapaKTep130BaTh KaK Ha4aIbHYIO
craguio ero pasButusa. OTaenbHble ero pasmenst Gop-
MIPYIOTCS HepaBHOMEPHO, OfHAKO HEKOTOPbIe OCHOB-
Hble TeHJEHIN y>Ke MOXXHO chopmynnposarb. OHU
SIBJISIIOTCS CTIEYIOLIVIMIL:

1) ITpoucxXoauT aKTUBHOE pa3BuUTHE UUPPOBU-
3aIuy IPyHTOBeAYeCKON MHPOPMALNY, CO3/AAI0TCS
0a3pl TPYHTOBEAYECKIX JAHHBIX, SKCIIEPTHbIE CUCTEMBI,
KakK 97IeMeHThI 6a3 6onbiunx gaHHbIX (Big data). ITpo-
necc nydpoBusayy TPyHTOBEEeHNS OyIeT HapacTaThb
B O/ypKaiiie Tofbl X OJHOBPEMEHHO Oy/ieT yBemnyu-
BaTbCA JO/I IPYMEHEeHN s TEeXHOJIOTHI ICKYCCTBEHHOTO
MHTEJUIEKTa B TPYHTOBefeHNN [4].

2) Bo BceM Mmpe oTMevaeTcs yBenMYeHMe Y1CIa
IPUK/IaIHBIX KOMIIBIOTEPHBIX IIPOTPaMM, MOJEINPYIO-
I[UX pas3/INYHble CBOJICTBA TPYHTOB, 0COOEHHO PU3N-
KO-MeXaHI4ecKie, ¥ MPOL[eCcChl B HUX.

3) Cpenyt HUX HanborIee MMPOKO pa3pabaTbIBAIOTCS
Y BHEZIPSIIOTCS TPUKJIafHbIe IPOrPaMMbl MO PYIO-
mye GpU3NKO-MeXaHMYecKue CBOJicTBa rpyHToB. Haun-
HadA ¢ 1960-X Tof[0B NPOIIIOTO CTONETUA, B MEXaHUKY
TPYHTOB CTa/lN BHEPATHCA pacdyeTHbIe (YMCTIeHHBIE)
MeTofbl. I10SIBUMNCH IPUKIIaHble IPOTPAMMBI, IPK-
MeHsieMble /IS pacyeTa fedopmarinii, 0caiok coopy-
JKEeHMIT U T.IL., M3 KOTOPBIX Ha IIepBOE MECTO BBIIIIN
OCHOBaHHbIE Ha MeTOJle KOHeYHbIX 31eMeHToB (MKI)
[11,15-17];

Hanpumep, nporpamma Plaxis (Hugepnanpbr)
nonyuuna Haubojee MMPOKOE paclpocTpaHeHte
B mocnenHee Bpems. OHa [laeT pellieHuss pa3nuIHbIX
reOTEXHMYECKNUX 3a/]a4 METOIOM KOHEYHBIX 3/IEMEHTOB.
B mporpamme peanu3oBaHbl COBpeMeHHbIE MO
TPYHTa, KOTOpbIe 0TOOPaXKaIOT HE/IMHEIHOE, 3aBUCUMOe
OT HAIpsDKEHVS U OT BpeMeHM, IIOBefieHNe Pas/INIHbIX
TPYHTOB I ITO3BOIAIOT aJANITYPOBATh M3y4aeMblil 00b-
eKT IIOfl KOHKPETHYIO 3afady. B To >ke Bpems aTa mpo-
rpaMMa OCHOBaHa IIPEVIMYIIeCTBEHHO Ha (PU3MKO-Me-
XaHMYECKMX MOJE/AX Te/l (TeopuM CIUIOMIHON CPefibl)
Y He YYUTBIBaeT MHOXXeCTBO (PU3UKO-XMMUIECKUX
SBJICHWIT, KOTOPBIE PeasbHO NPUCYTCTBYIOT B IPYHTaX.
JlanbHeriiee pa3BuUTIe 3TOrO IPOrPAMMHOTO IIPOAYKTa
OCYILeCTB/IACTCS MMEHHO B 9TOM HAIIPAB/ICHNUN C LE/IbI0
JIMKBUIAIIY JAHHOTO HEMOCTATKA.
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4) Hapspy ¢ MmofenupoBanueM GU3NKO-MeXaHM!-
YECKUX CBOJICTB I'PYHTOB, LIMPOKOE PACIPOCTpPaHe-
HJE NIO/IyYaloT MPOTrPaMMbl MOJEIVPOBaHNs TEIIO-
BBIX II0JIell B MEP3/IbIX ¥ IIPOMEP3A0IINX ITPyHTaX.
Hampumep, nporpamma Frost 3D 1o3BonseT NOIy4YaTh
HayYHO-00OCHOBaHHbIE ITPOTHO3bI TEIUIOBBIX PEXXIMOB
MHOTOJIETHEMEP3/IbIX TPYHTOB B yC/IOBUAX TEIIOBOTO
BIIVIAHMSA TPyOOIPOBOJOB, JOOBIBAIOIINX CKBA)KVH,
TUAPOTEeXHNYECKNX U OPYTUX COOPYKEHUI € YIeTOM
TepMOCTabU/NMN3anUy IPyHTA U T.I. [IporpaMMHbI
KoMIuieKC bopeii 3D npegHasHaveH [/ pacdeTa AVHA-
MUKI M3MEHEHMIT TeMIIEPaTyPHOTO IO/l MHOTO/IETHE-
MepP3/IbIX TPYHTOB OCHOBAHUII 3[aHUI ¥ COOPY>KEHMI
C Y4€TOM TeIVIOBOTO BJIMAHNUA Ce30HHOAENCTBYIOLINX
OX/TXKZIAIOLINX YCTPOVICTB (TepMOCTAONUIN3aTOPOB),
a TaK)Ke MH)XeHepHBIX 3[laHuil u coopyxenuii. OH pea-
NU3yeT MaTeMaTMYeCcKUIl allapaT YMC/IeHHOTO MOJie-
TMPOBAaHMS PacPpOCTPaHEHNA TeMIIepaTyPHBIX MOJIeit
B IPYHTOBOM MaccuBe ¢ y4eToM (a3oBoro mepexona
He3aMep3lieil BOIbI B CIIEKTPe OTPULAaTe/IbHBIX TeM-
neparyp.

5) BaxxHOII 0COOEHHOCTBIO COBPEMEHHOT0 dTana
Pa3BUTHA TEOPETUIECKOTO TPYHTOBENEHNUS ABJIACTCS
paccMOTpeHMe U MOJe/IPOBaHNe TPYHTOB He TONbKO
Ha OCHOBE MeopuL CNaouHoL cpedvl (KaK 3TO peamnsy-
eTcs B OONBIIMHCTBE NPUKIAHBIX IIPOTpaMM Ha 6ase
MKD), HO 1 Ha OCHOBe MeopuU OUCKPeMHOTL CPedbl, YTO
0COOEHHO aKTYaJIbHO I MOAEMTUPOBAHMS JVICIIEPC-
HBIX TPYHTOB U IIpOLieccoB B HUX. Tak, Harpumep, A.b.
®apees [15] 0606y paboTel B 06/71aCTH pelieHns
HeJIVHENHBIX 3a7ja4 MEXaHMKM CBIIIY4YUX TeJl, B TOM
YyIC/Ie AMCIEePCHBIX PYHTOB METONOM KOHEUHBIX 37Ie-
MeHTOB. B.B. PeBenko [11] paccMoTpen mprMeHeHMe
MI'S K IMCKpETHO-KOHTUHYAIbHOI MOJEIN TPYHTA.
B aroit Mopenu fiyist o6acTeit CABUTOB UCIIOIb3YETCs
IVMCKpETHasA Cpefia, Ioly4YaeMas C IOMOIIbIO0 Paspes3oB
CKOJIbXKeHMsI KOHTMHYa/IbHOII cpepbl. [l1s1 obmacreit BHe
COBUTOB UCIIONIb3yeTCA KOHTHMHYa/IbHAS Cpefia.

6) JlpyruM BaXHBIM IIPYMEPOM peann3alui MeTo-
JOJIOTUM TEOPETUYEeCKOTO IPYHTOBeleHNA Ha bOase
MOJIe/IM JVICKPETHOI Cpefibl SIBIIAETCA YVCTeHHOE MOJie-
nupoBaHKe fieOpMUpPOBaHNA U IPOYHOCTH AUCIIEPC-
HBIX TPYHTOB C nomoubio nporpamMmel PFC (Particle
Flow Code) [7,18]. BO3MO>XXHOCTY 3TO} IIPOrpaMMbl
H03BOJIAIOT Y4eCThb BIVAHVE Pa3/IMIHOTO (3a/1laBaeMoro)
TPaHY/IOMETPUYECKOTO COCTaBa JVCIIEPCHBIX TPYHTOB
Ha paclipefie/ieHNie KOHTAaKTHBIX HAIIPsDKEHUI B MeCTax
CONIPMKOCHOBEHMSI YaCTNL], HAITIAGHO U3YIUTD Kap-
TUHY 3aTyXaHus (pelakcaluy) HanpspDKeHuit B o6'beMe
TPYHTa IIpu ero aedopMmupoannu (Hampumep, Ipu
YIUIOTHEHMU, PUC. 1) ¥ IJIOCKOCTHOM CABUTE, @ TaKXe
MOZENTUPOBATh CaM IJIOCKOCTHOI cABUT (puc. 2).

B xadecTBe mpumMepa BO3MOXKHOCTEN 3TOI Ipo-
rpaMMbl Ha puc.l IpuBefieHbl pe3y/lIbTaTbl MaTeMaTH-
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YeCKOT0 MOJIe/IMPOBaHNsA Ilepepaclperie/ieHnsa KOH-
TaKTHBIX HAalIPsKEHMIT OT BEPTUKATbHON paBHOMEPHO
pacnpenenenHoit Harpy3sku 400 kIla B rpyHTOBOI
OupycrepcHoit cMmec. IIpu 9TOM MIMpyHA IEHTHI OTpa-
JKaeT BEIMYVHY KOHTAaKTHOTO HAIPsDKEHMA: YEM OHO
Oorblile, TeM IIVpe JIEHTA.

W3 pucynka 1 BUJJHO, YTO OCHOBHAasA IO/ Hal-
OONBUINX HANpsDKEeHUIT BO3HMKAaeT HAa KOHTAKTax
6orlee KPYIHBIX YaCTUI], @ HA KOHTAKTaX KPYITHBIX
JaCTUIL] C MEJIKMMM IMPOMCXOAUT IIOCTENIEHHOE pacce-
UBaHMe HaNpsDKeHui. MofenupoBaHue IIOKasbIBaeT,
9TO C YMEHBIIEHNEM B CMECAX JOMM YaCTUI] KPYIIHBIX
(bpakumit yMeHbIIAETCS U JOIA OOIBIINX KOHTAKTHBIX
HaIPsO>KEHMIT M OHOBPEMEHHO PacTeT IO/A MEHBIINX
HaIpsDKEHUI, a ux ofliee pacrpeseneHne B o0beMe
TPYHTa CTAHOBUTCS H0JIee paBHOMEPHBIM.

ITporpaMMa no3BOIA€T aHAJOTMYHO HAITANHBIM
06pa3oM OLIEHUTD Iepepaclpefe/ieHne KOHTaKTHBIX
HaIpsDKEHUI MEX/y 4acTUIIaMI B IPYHTaxX PasHOTo
IPaHY/IOMeTPUYECKOrO COCTaBa U IPU MHBIX BUIAX
nepopMIpOBaHNA, @ TAKXKE IIPU CABUTE.

ITOT NpUMEpP IOKA3bIBAET, YTO MaTeMaTUIECKOE
MOJieTMpOBaHle Ha OCHOBE TEOPUM IVICKPETHONM Cpebl
TaeT BO3MOXKHOCTD HAITIAGHO NPEfCTaBUTh HEBUAIMOE
I[71a3y IlepepaclpefiefieHlie KOHTaKTHbIX HaIPsDKeHUI
MEX]ly YaCTUIIAMI TPYHTOBBIX CMeceli 1 JTydllle TIOHATh
XapaKTepHble 0COOEHHOCTU U 3aKOHOMEPHOCTH 3TOTO
mporecca.

Hpyroii, He MEHee BayKHbII ¥ MTHTEPECHBIN IIPUMED,
MIOKA3aHHBI Ha PUC.2, WITIOCTPUPYET BO3MOXHOCTH
nporpaMmbl PFC 11 MaTemaTmdeckoro Mopienmposa-
HIUA 9KCIIEPMMEHTOB IO OLleHKe MPOYHOCTY TPYHTOB

MPYHTOBEOEHUE 1°2022

3aJJaHHOTO I'PaHY/IOMETPUYECKOTO COCTaBa M POPMBI
JaCTHI] HA CIBUL.

B atom cnydae nporpamma PFC nossonser npo-
U3BECTV VIMUTAIVIO CABUTA C ITOJTyYeHMeM JuarpaMm
C/IBUTa B KOOP[MHATaX «KacaTe/lbHble HAIpsKe-
Hus (1) — medopmanys casura» (puc. 2a) Ipu pasHbIX
HOPMaJIbHBIX HANPsDKeHMAX (0), a IO HUM IOCTPO-
UTb JYIarpaMMY C[IBUTa B KOOpAVHATaX 3akoHa Kynona
«KacaTe/IbHbIe HAIPsDKeHNA (T) — HOpMasIbHbIe HAIIps-
xeHns (0)» (puc. 26), 10 KOTOPOI MOXKHO OIIPEfe/TUTD
YTOJI BHYTPEHHETO TPEeHM TPYHTa ().

O6pamraer Ha cebA BHMMaHNeE ITOTy49aeMblil IIPU
3TOM «IMJIO0OPa3HBI» XapaKTep 3aBUCUMOCTEI
KacaTe/IbHOTO HAIPsDKeHMs OT Aedopmarnuu caBura
(puc.2a), KOTOPBIT OOBIYHO He PUKCUPYETCs B IKCIIe-
PMMEHTaxX la)ke B aBTOMATV3VPOBAHHbIX B IIpHOOpax
VIS MCIIBITAaHMIT TPYHTOB Ha cipur. Ho mpu mMaTtema-
TIYECKOM MOJeMPOBAHNN 3Ta OCOOEHHOCTD C/IBUTA,
00yC/IOB/IeHHAs! HEOHOPOAHOCTBIO CTPYKTYPbI MCIIBI-
THIBAE€MOTO I'PYHTa ¥ MOP(OJIOrKeli ero CTpyKTypHBIX
37IEMEHTOB, YeTKO IPOABIIAETCA U 0ObACHACTCA MeXa-
HIYECKMM 3allell/IeHNeM MeXIY 4acTULAMM PasHOM
($bopMBI, KOTOpPOE TO YBETMYMBAETCA, TO CHYDKAETCS
B IIpoOIlecce C/IBUTA M KadeHMs JacTull. boree Toro, n3
Pe3y/IbTaTOB 9TOTO MOJIEMPOBAHNUA CIEAYeT, YTO YeM
Oorbllle HOpMa/nbHasA Harpy3ka Ha TPYHT, TeM B 00/Ib-
el Mepe MPOABIAETCA CKAYKOOOPa3HBIl XapaKTep
U3MeHeHNs KacaTe/lbHBbIX HampspkeHuit. CiaemoBa-
TE/IbHO, 3a/laBasi B MOJIE/IM Pa3lIN4HyI0 MOP(}OIOTruio
YJaCTHI] ¥ TPAaHy/IOMeTPUYECKIII COCTAB IPYHTA, MOXKHO
BBIACHUTD 3aKOHOMEPHOCTY BIVMAHNUA 3TUX HaKTOpOB
Ha IapaMeTpbl COIPOTYB/ICHNS CABUTY Ha 6a3e 9Toil
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Puc. 1. PacipepienieH1te KOHTaKTHBIX HAIIPsXKEHWIT (JIEHTBI) BHYTpY OMIMCIIEPCHOI TPYHTOBOI CMeCH, COCTOALLEN

u3 dpakumit 4-2 MM (cBeT/Ible mapuku) 1 1-0,5 MM (TEMHbIE IAPUKI) IPU BePTUKATbHOI paBHOMEPHO-PacCIIpele/IeHHOI!
Harpyske P=400 kITa. Cmech dpakrmit: 4-2 Mm (80%) + 0,5-1 MM (20%)
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Mogienu. B 3ToM, B TOM 4McIIe, ¥ COCTOUT METOfIOTIOTH -
YeCKUII CMBICTI Pean3aluy BO3SMOXKHOCTEN TeopeTnye-
CKOTO TPYHTOBEJEHNA.

B camoMm obmiem crrydae B paMKax TeOpPeTUYECKOro
rpyHToBefiennsa nporpammy PFC moxxHO paccmarpu-
BaTh KaK IIPMMeHEHNe MeTO/a BhIYMCINTEe/IbHBIX 9KC-
IEPUMEHTOB, PACCMaTPUBAEMBbIX HIDKE.

Becpma nepcrieKTMBHBIM HallpaBIeHNEM TeOPeTH-
4eCKOTO TPYHTOBENEHM, pa3BMBAIOIMMCA B HACTOALLEe
BpeMs, SIBNIAETCA UCC/IEOBaHNEe Pa3INYHbIX CBOVICTB
TPYHTOB Ha OCHOBE UMCJ/ICHHDIX U/ 8bI4UCIUIMENbHBLX
3KCNepuMenmos, MUPOKO NPUMEHAEMBIX B MEXaHUKe
KOMIIO3UTHBIX MaTepnanos [3]. CyTb MeTofa BbIYVCIN-
Te/IbHBIX 9KCIIEPMMEHTOB COCTOUT B TOM, YTO MCCTIENO-
BaHMA BeyTCs He Ha MaTepyalbHbIX 00beKTax (TPyH-
Tax), @ Ha UMMTAIVIOHHOJ MaTeMaTN4eCKOil MOJIEe/:
BCJIe]l 332 IIOCTPOEHMEM MaTeMaTU4YeCKON MOJeny
MPOBOAMTCSA €€ YMCIEHHOE UCCTIENOBAaHME C TIOMOIIBIO
BBIYVMC/IUTENIBHBIX U IOTMYECKUX NPOLENYP, IO3BOIA-
I0ll[ee «IIPOUTPaTh» NOBEfICHIE VICCTIEAYeMOro 00beKTa
(B TaHHOM CTy4ae TPYHTA) B pa3/IMYHbIX YCTIOBUAX MU
B Pa3/IMYHbIX MOAVM(UKAIVIAX U HOTYYUTDb TAKUM 00pa-
30M HOBYIO MH(OPMALUIO.

Hau6onpiiee 41cIo pelraeMblX 3TUM METOLOM
3a/jad CBA3AHO C OLIEHKOI (PU3UKO-MeXaHUIeCKUX
CBOJICTB I'PYHTOB. B aT0i1 06/1acT MOXKHO Ha3BaTh
paboTHI IO MaTeMAaTHYeCKOMY MOJeTMPOBAHNIO TIPO-
1jecca HeJIMHETHOM KOHCOMMALIVM TPYHTOB C IIOMOIIbIO
YJCIEHHOTO MOJE/INPOBaHNA YIPYrOIZIACTUYECKOTO
mepopMupoBaHUsA BOLOHACHIIIEHHOTO I'PYHTA IIOK
HarpysKoii IIpu OTTOKe >KuAKoCTH [1], a Takxke mccre-
TOBaHMS 110 M3YYEeHNIO PU3UKO-MeXaHNYECKIX CBOJICTB
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TeopeTnyeckoe rpyHTOBe/IeHNE

TPYHTOB II0 M3BECTHBIM IIapaMeTpaM CTPYKTYPhI UX
HOpOBOro mpocTpancTsa [10].

Taxme uccnenosanms nposogarca 8 MI'Y Ha ocHoBe
IIapaMeTPOB CTPYKTYPHI IOPOBOTO IPOCTPAHCTBA II0
wrockuM POM-usobpaxennsim (2D-mopenb), a Takxke
II0 TPeXMEPHOMY M300pa>keHNI0 CTPYKTYPBbI, TIONTy-
YaeMOMY C IIOMOIIbI0 PEHTT€HOBCKOro ToMorpada
(3D-momenb). IIpu M3BeCTHOM MUHEPATBHOM COCTaBe
TPYHTa yIIpyrye KOHCTAHTBI €T0 TBEPAOTO MUHEPasIb-
HOTO MaTpPMKCa 3aal0TCs IO CIIPABOYHBIM [JAHHBIM,
a medopMalLMOHHBIE MM IIPOYHOCTHBIE XapaKTe-
PUCTUKM HOJTyYAIOTCS BBIYMC/IATETBHBIM METOOM.
B wactHOCTH, OmIpefieieHne BOIYMCTUTETbHBIM METOOM
MOJ Y/ YIPYTOCTY M3BECTHAKA IO JaHHBIM 2D u 3D
MOJIe/IPOBAHMA TT0Ka3a/I0 HAWIYYIIYI0 CXOAUMOCTD
C 9KCIIepUMEHTOM (IIpy pasHMuLie BCeTo B 5-7%) mis
TpeXMepHOro MofienpoBanus (puc.3).

[Togo6HbBIe MCCIefOBAHMS CBOVICTB TPYHTOB Ha
OCHOBE BBIYMC/TUTEIBHBIX METOIOB MO3BOJISIOT BBIsI-
BUTD Hanbosee 061I1e 3aKOHOMEPHOCTH UX M3MEHeHNUs
¥ IPOTHO3MPOBATD VX ITApaMeTPhl B Pa3INYHbIX YCIIO-
BUSIX VIV B 3aBUCHMOCTM OT Pas3/INuHbIX (PaKTOPOB.

7) [ pyrum Ba)KHBIM HaIlpaBieHUEM TeOpeTude-
CKOTO TPYHTOBEJeHNUs SABJISACTCA NPpUMeHeHUe UCKYC-
CTBeHHO020 UHMe/IeKMa ISl PellleHUs TPYHTOBefe-
CKyx 3afiay [4]. B o6macty rpyHTOBEEHNS IPYMEHEeHe
VICKyCCTBEHHOTO MHTE/UIEKTa IIOKa OTPaHNYeHo, HO
B OrmpkaiiimeM OyaylieM MOXKeT AaThb HanOONbUIINIT
addekT mpn paspaboTke MH>KEHEPHO-T€OTIOTMUECKIX
(TpyHTOBEIYeCKNUX) KCIIEPTHBIX (MHTE/UIEKTya/IbHBIX)
CUCTeM JUIs pellleHNs pas/INYHbIX VH)XeHepHO-T€0/I0TH -
YeCKVX 3afiad, KIaccupuumpoBaHms U CUCTEMATU3ALN
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IIOCTPOEHHAs I10 pesyabTaTaM MofiempoBannsA B nporpamme PFC
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TPYHTOB, OLieHKe MH)XeHEPHO-T€0/IOTMYeCKIUX YCIOBIIT
u T.II [4].

Takum 06pa3oM, TeopeTuIecKoe TPYHTOBeeHIe
ABJISIETCSL AKTYa/IbHBIM U MIEPCIIEKTUBHBIM Pa3fienioM
IUIsI pa3BUTHSI HA COBPEMEHHOM 3Talle, KOTOpOe OTBe-
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JaeT o01elt TeHAeHIMN 111 poBMU3aALUYN MH)KEHEPHOIT
reonoruu. VIMEHHO ¢ ero pasButueM OymeT CBsi3aHa
a/IbHeIIIIIas 9BOJTIOLNS TPYHTOBENEHVSI KAK OCHOBHOTO
Hay4HOTO HAIllpaB/IeHN)s VH)XEeHEPHOII T'€OTOT UL
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VcaaxkmeBcknmit cO60p — KpPYIHEIINIT IIPaBOC/IaB-
HBIJI XpaM B MUpe, IIOCTpOeHHbIN 170 et Hasap, Top-
noctb u yKpauenue Cankr-Ilerepbypra. V1 Bce atu
TOJIbI IPOJIO/KAIOTCS HepaBHOMEpPHbIE OCAfIKM TPaH/IN-
03HOTO COOPY>KEHMA.

ABTOpBI Ty6/IMKaLMY IPeCIefyI0T CKPOMHYIO Iie/Ib:
JIOTIOJTHUTD MMEIOIYI0Cs MHPOpMALNIO 00 NCTOpUN
neopMUpOBaHA ITAMATHIKA pe3y/IbTaTaMy CPAaBHU-
TeJIbHO He[lABHMX reofiesnueckux usmepennit. Ho s
TOTO, YTOOBI HOBBIE PE3Y/IbTAThl OPTAHMYHO BOLIIN
B KOIIWJIKY IaHHBIX, HEOOXOIMIMO XOTsI OBI KPaTKO O3Ha-
KOMUTBCA € UICTOPUYIECKMM KOHTEKCTOM.

I/ 3TOro BOCIO/Ib3yeMcs TAKMMU UCTOPUYECKIMMU
UCTOYHMKAMU KaK «’KypHan KoMurera [ paccMo-
TPeHMs 3aMedaHUll apxurekTopa Mopion Ha cTpo-
uTenbHble paboTel VcaakmueBckoro cobopar, KHUra
H. II. Hukutnuna [3], a Takke COXpaHMBIINMUCA
B apxuBax 3anuckon H. Y. Manenna «DyHmaMeHThI
U CBaitHOe ocHOBaHMe JcaakueBckoro co6opa (OmsIT
KPUTUYECKOII OLIEHKM U UX YCTPONCTB)», HAIVICAaHHO
B 1947 r. u ot4eTOM JIeHMHTPafCKOTO MOMUTEXHUYE-
ckoro nHcTUTyTa (JIIIN), HamcanubIM B 1954 T. oxt
pykosozcTsoM B. A. ®nopuna u 1. M. TaprakoBckoro.

1. KpaTknit McTOpM4YecKuii 3KCKypcC IO CTPOUTENbCTBY
B mcropum cTpouTenbCcTBa CYLIECTBYIOWETO XpaMa
MOYKHO BBIIENIUTD Tpy 9Tana. Ilepsviii sman oTHOCUTCA
K BO3Be[IeHMIO TaK HasblBaeMoro ITperbero Jcaaku-
€BCKOTr0o co60pa, HauaToro o mpoekTy A. Punambau
¥ OKOHYEHHOTO0 110 IpoeKkTy B. bpenna (nepsble fBa
co6opa MeTpOBCKOTO BpeMEHY He VIMEIOT OTHOIIEHNS
K MICTOPUM CTPOUTENDCTBA CYLIECTBYIOLIETO COOPY-
JKE€HUs — OHM CTOSIN NPYMEPHO Ha MecTe MemHOro
BcaiHuKa). Co60p HMKaK He COOTBETCTBOBAJI 3aMBICITY
Anexcanppa I npespatnute Cankr-IleTepOypr B camyto
KpacuBylo ctomuiy EBpomnbl. 3afjaHne Ha IpOeKTUPO-
BaHMe HOBOTO co6opa cofepxao TpeboBaHMe O Iepe-
CTPOJIKE PUHANIBAVEBCKON LIEPKBI ¢ MaKCUMaJIbHbIM

JVICIIO/Ib30BaHMEM YacTell CTapOoro 3IaHMs.

Ha coxpaHuBIIeMcs yepTe>ke CBailHONM OOMKM
u QyH/IaMeHTOB, pa3paboTaHHOM PyHanban, mopgky-
HOJIbHBIE MMJIOHBI OCHOBBIBA/INCh Ha CBAAX JIIMHO
5 cax. (10,65 M), Bce ocTa/bHbIe CBay OB 110 4 CaX.
(8,52 M). CpenHee pacCTOsIHME MEX/Y OCAMU CBail
cocTaBAIo 62 cM. Bepxymku cBait 6b1m cpy6ieHbl Ha
ry6uHe 3,65 M OT OBEPXHOCTY 3EMJIN.

Bmopoii aman victopuyu Ha4dancs ¢ ofoOpeHus
MMIIEpaTOpPOM IlepBOHavyanbHOro npoekra O. MoH-
¢deppaHa, I0 KOTOpOMY OBIIIO IIpeanonoxeHo Vca-
aKMeBCKIIT cO00p IPOTUB IepBOHAYA/IbHOTO ITAHA
PuHanbay yBenmmunuTh Ha TpeThbio yacTb. Hax cobo-
POM, COIVIACHO NepBOHAYATbHOMY IIIaHY, I/ITAHMPOBa-
7I0Ch YCTPOUTD BEINYECTBEHHBII KYIIO/, OKPYKeHHBbII
4eTbIpbMs MeHbIIMMI. [Ipenmonaranocs coxpaHeHue
YeThIpeX MIIOHOB, MOANEP>KMBAIOLINX IIeHTPaIbHYIO
IJIaBY, I BCEX CT€H, KpOMe 3aIllaJiHOl, U KOJIOKOJIbHI,
MOJIyKPYT/Ible BBICTYIIBI C TPeX CTOPOH CTPOEHUA
Punanbay paséupanucs (puc. 1) [3].

PykoBOACTBO CTPONTENBCTBOM COOOpA BO3/IAraioch
Ha 3aMedvaTe/IbHOTO MICIIAHCKOTO MHXeHepa A. beran-
Kypa, OCHOBATe/IA POCCUIICKON MHYKEHEPHO ILKOJIBI,
IIOCKOTIbKY MMeIOCh HEKOTOpOoe HefloBepye K CTPOM-
Te/IbHOMY onbITy MoHdeppana. OgHaKO 3aHATOCTD
BeTtaHkypa Apyrumm nopydeHusAMN He Jaja eMy BO3-
MOYXHOCTH TIOTPY3UTBCS TIOTHOCTBIO B MIPOEKTIPOBa-
HIte cobopa. beTaHKypy MBI 00513aHBI, IIPEX/e BCETO,
pa3paboTKOIT MeTofja MO’beMa IPAHUTHBIX KOJIOHH Ha
HOPTUKY ¥ TIOAKYNO/NbHBI OapabaH. B ocTampHOM OH
0CTaBaJICA, CKOpee, KOHCYIbTAaHTOM CBOETO IIPOTeXe
(nmenHo Betankyp npencraBun MoHbeppaHa nMmime-
paropy).

Becnoit 1818 r. Hayanuch paboTel o pazbopke
CTEH CTapoil LIePKBY, BO3BEIEHNUIO IIOfICOOHBIX CTPO-
eHMIT, 3eM/IsIHbIe PabOThI, OT/IMB BOABI 113 KOT/IOBA-
HOB. OiHaKo B ceHTAOpe 1821 I. CTPOUTENBCTBO OBIIO
OCTaHOBJ/IEHO, OCHOBAaHMEM Yero MOCTyXKIIa 3aIucKa
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Puc. 1. ITnan u Bup VicaakneBckoro cobopa 1o mpoexty MoHgeppaHa, yTBepxjeHHOMY B 1818 I.
(mman coBMelieH ¢ aHoM cobopa Punanban) [3]

A. A. Mopton, 3acTaBMBIIast IEpeCMOTPETb BECh TPOEKT
3aHOBO. DTUM JIe/IOM 3aHAJICA CTIelMaTbHO OPTaHU30-
BaHHBI KOMUTET, B KOTOPbIN BOIL/IY JIyYIIe POCCHI-
CKJe apXUTEKTOPBIL.

Kak cregyer 13 IpOTOKOJIOB €ro 3acefaHMuii, IIaB-
HbIJ1 HEJOCTATOK IIPOEKTA OIIIOHEHT BUJIETT B TOM, YTO
«II0 CIeTAaHHOMY T-HOM MoHdeppaHOM ITaHy 1 mpu-
HATOTO B VICTIOJIHEHE OHOTO CIIOCOOY IOYTU HET BO3-
MOYXHOCTY OCTaBUTDb HbIHE CYILIEeCTBYIOLIE YeThIpe
CTONONIIA, NOAieP>KMBABIIVE IPEKHUI KUPINYHBIN
(dboHaph C KyINOJIOM, ... YTO HOBBI POHAPD C KYyIO-
JIOM JOJDKeH ObITh BO3ABUTHYT Ha IBYX CTApPBIX U ABYX
HOBBIX CTOOMUILAX, KOTOPBIE OYAYT IMETh HEOAMHAKO-
BYIO OCaJIKy».

YeHBI KOMUTETA COITTACHIIICH ¢ MOJIOM B TOM, 4TO
«II1 TMPOYHOCTH ¥ 6€30IIaCHOCTH JIydIlle BCe YeThIpe
CTO/MONIA, JO/DKEHCTBYIOIVE IOAAeP)KNBATh KaMeH-
HbIIT GOHAPD C KYIIOJIOM, CIe/IaTh HOBBIE».

OrBeTbl MoHpeppaHa 06 ycTpoiicTBe HOBBIX (yH-
IlaMeHTOB cob0pa CIIy)KaT BecbMa IieHHON MHpOpMa-
111elt 0 paboTax, BHIITOTTHEHHBIX IO M3MEHEHMs TPOEKTa
(ITOCKOMIBKY MPOEKTHAA JOKYMEHTAIVIS B STOT IIePUOf,
MoHpeppaHOM HamIexXamum o6pasoM He 0popMIIA-
J1ach, pa3paboOTKy JOCTATOYHO JeTalbHON «paboderi»
TOKyMEeHTALMM Ha IOCTeRYIoLleM 3Tare paboT cie-
IlyeT OTHECTH K IIO/IOKUTE/IbHBIM Pe3y/IbTaTaM paboThl
KOMMTETA).

ITo moBopy ycTpoiicTBa CBaliHOr0 OCHOBaHM:A MOH-
deppaH jaeT KOMUTETY C/Ief[yIOLVe TTOACHEHNA, BeCbMa
CyILeCTBEHHBIE JIA TIOHMMaHMA HaMU KOHCTPYKLINU
Y TEXHOJIOTMM YCTPOVICTBA PYHAAMEHTOB:
¢ «HOBbIe PYHIAMEHTbI YCTPOEHBI He IIOJ] OHUMM CTe-

HaMI1, HO CHE/IaHBI ... CIUIOLIHOI0 MacCoIo IO BCeMY
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IPOCTPAHCTBY NPE/IIOIAraeMOoli IIPUCTPOVIKI»;
«HOBbIe (PYHJAMEHTBI ONYIeHbl HapaBHE C IIPEeX-
HMMY OCHOBAHVSIMU LIePKBII»;

«II0 BBIPBITUM 3eM/IU ObUIM OUTHI TPeXCaXKeHHbIE
(6,4 M — 371ech 1 laee KypCUBOM IIPYMEYaHNs aBTO-
POB CTaThM) €I0OBOTO JepeBa CBau, OT 6-TH [0 7-MU
BepuIKOB (26...30 cM) B oTpybe, Tak 4TO IpoOMe-
XKYTKM MEXLy HUMM OBUIY PaBHBI UX TOJIIVHE» (BO
BCEX IPOYUX NOKYMEHTaX yKa3aHo, 4TO I CBail
VICTIOZIb30BAJIaCh COCHA);

«CUU CBaM, MMeIOLIVe CBEPXY >Ke/le3Hble KOMbIla,
ObIIM BKOMaumBaeMsl 6a6ow B 90 nynos (1,4 1)
BECOMD»;

«I10 HAOUTUY CBail 3eM/Is MEXXAY HUMU TaK OTBEp-
JieTa, 4TO HeNb3s ObI/IO OHYIO BBIKOBBIPUBATD JKenle3-
HBIM JIOMOM»;

«I71s1 TOAPYOKM CUX CBall IO BaTepIacy OCTaB/IeHa
OblTa Ha BpeMs BOJiA ... KOTZIa OHasl IOJH/IACH JIO
Ke/IaeMOJl ¥IM BBIIIMHBI, TOTA OH II0 CeMY YPOBHIO
IpUKa3an CPyOUTh CBam»;

«IIOCTIe CEeTO OKOJIO CBail OuMINeHa OblTa 3eM/Is [0
8-Mu BepIIKOB (35 cM) ITTyOMHBI ¥ CUM ITYCTbIe MeCTa
OBIIV HAKPETIKO HAOUTBI 1jeOHeM»;

«TaKyM 00pa3oM IUIOIIA/ib, COCTABIAINIAs HOBOE
OCHOBaHMe, ObITa MOKPBITA ABEHATLIATIO THICAIAMM
CTa TPUJLATBIO CBAsIMI»;

«KpbUIblia OBUIV OCHOBAHBI Ha BCIO BBILIMHY HA y0er,
Habbl CIY>KUTb KOHTpQOpcaMu ... LeNoil Macce
HOBBIX ITPUCTPOEK», TIOCKOIbKY «CUY KPBUIbLIa HAXO-
AWIMCh Ha KOIIAHHOM 3eMJIe, CTIefICTBEHHO OcCajKa
OHBIX OT/e/N/Ia OBl X OT APYTUX HPUCTPOEK»;

«BCe ITyCThIe MECTa B MOPTUKAX, Ha KOUX He IPefIo-
JIaTajIoch HUKAKOTO I'Py3a, ObUINM BbIBEIEHBI OTOOP-
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HOIO IUVIUTOIO C MOAOMBKON psAaMM, a He IPOCTO
3a0y4eHbl».

OmnacHOCTb pa3BUTHUA CYIIECTBEHHON HEpAaBHOMEP-
HOCTH OCafIOK MEX/1y CTapbIMJL ¥ HOBBIMU KOHCTPYKIIN-
AMM ObIIO He eVHCTBEHHBIM HEJOCTATKOM IIPOEKTHOTO
pemrenys. CyljecTBeHHbIe IIPO6IEMBl UMeNT U KYIIOTL,
KOTOPBIJI HE ONMPAJICA HEMOCPEICTBEHHO Ha IOJKY-
MOJIbHbIE MMJIOHBI.

I[To pe3ynbTaTaM pacCMOTPEHMs MPOeKTa OBIIO
PELIEHO [OMOXUTh MMIIEPATOPY, YTO «4JIEHBI CETO
KOMMTETa MOYNTAIOT HY>KHBIM IO UCIPaBIeHNA HeJlo-
CTaTKOB B IIPOEKTE ... BCe CTPOUTeIbHbIe paboThl Vca-
aKMEeBCKOTO cO60pa OCTAHOBUTD».

Tpemuii sman ViCTOpUN CTPOUTENbCTBA HAYA/ICA
THOCJIe TIOJTHON Nepefieniky MoHpeppaHOM IPOeKTa IO
3aMe4aHNAM KOMUTETA.

b mpesHa3HaYeHbl K pa3bopKe fiBa CTapbIX
PUMHANbAVEBCKNUX 3allafHbIX MIIOHA. YeThbIpe HOBBIX
mtoHa MoHgeppaH paccTaBUI TaK, YTOOBI MTOJKY-
HOJIbHBII 6apabaH OMMpasIcs Ha INMIOHBI.

K 1825 . pyH/raMeHTBI IO CTApOMY NIPOEKTY OBLIN
MOYTU TOJTHOCTDIO 3aKOHYeHbl. DyHIaMEHTHI 1O,
IVJIOHBI PUHAJIB/IMEBCKOI IIePKBYU ObUIM OCTABIEHBI
0e3 M3MeHeHMIl, a HOCTPOEHHBIE BIIOC/IECTBUY Paso-
OpaHBbI 10 HIDKHUX PAJOB IpaHuTHON Kinaaku. OyHpa-
MEHTBI I0f] BOCTOYHBIE MOJIKYIIO/IbHbIE TIMIOHBI OBbIIN
YCUJIEHBI IPUJENKON K HUM HOBBIX 9acTell Knanku. Ilox
JeThIpe KOJIOKOIbHY 1 J1BA IIOPTHKA (I0XKHBIN U ceBep-
HBII1), @ BIIOC/IENCTBAY BOCTOYHBIN 1 3alafHblil, ObUIN
yCTpOeHBI Jo6aBOYHbIe PYHZAMEHTHI, OCHOBaHHbIE
TaKXXe Ha CBasAX.

Bce cBan 3abuBanuch, Kak TOrfa ObIIO IPUHATO,
«4aCTOKOJIOM», KOTJIa PAcCTOsIHIE MEXAY HUMMU ObITIO
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paBHoO ux guametpy. [Toce cpyOKm royo cBaii 1o BaTep-
nacy NpeIyuchIBagoch NPOCTPAHCTBO MEXTY CBasAMU
«3a1e6eHNTD CIVIONIb C YTPaMOOBKOI 1 3a/INTh XKUIKIM
pacTBopoM». OyHIAMEHTHI IO CBAasIM IIPeACTABILAIN
€o00J1 CIVIOLIHYIO KJIAIKy 13 TPAaHUTA U IUIUTBI U3BECT-
HAKa. B MecTax HauOO/bIINX HArpy30K (IIVJIOHBI, YI/IBI
3[jaHNA) NIPYMEHA/NIACh K/IafIKa U3 TPAHUTA, IO CTe-
HaMI U psifiaMyl KOJIOHH — 4depefjoBaHue N3BeCTHAKOBON
KJIAfKU ¢ psAgamy rpanuta. Kimagka Ha M3BeCTKOBOM
pacTBOpe 06pa3oBbIBajIa MACCUBHBIIT Oy TOBBIT QyH/IA-
MEHT TOJILMHOM 7,5 M C pacloloKeHNeM IOf[OMIBbI Ha
a6 COMIOTHOI OTMETKE OKOJIO «- 2,6» M. YeTporicTBo Bcex
(dyHIaMeHTOB 3aBepIIIOCh B 1827 T.

[IpunsTele Kk 1825 r. B oTHOLIEHUM ITaHa U (yH-
JaMeHTOB coOO0pa pellleHNs y>Ke He MEeHIUCh (puc. 2).

2. O6 uH>XKeHepHBIX U3bICKaHUAX Havyana XIX B.
Y MH)KEHEePHO-Te0IOTNIEeCKIX YCTOBUAX TEPPUTOPUA
Mopron ynpekan MoudeppaHa B TOM, YTO OH He
3HAJ JaXke, «KaK ITy00Ko Hago6HO 6yzeT BecTn QyH-
TaMEHTBI; YTO OH IPeAIIoNaraj CAelaTh UX CIUIOIb
13 OOBIKHOBEHHOJI OYTOBOJ IUINTBI, YIOTpeOIsieMoit
B YAaCTHBIX JOMaX; YTO OH HUTZE He BeJlesl VICIIBITATh
COHJIOI0 (30HZIOM) ITyOMHY PYHAAMEHTOB, C KOTOPBIMU
OH JIO/DKEH OBI/I BEPCTATh HOBBIE, ,,».

31ech YMECTHO YIIOMAHYTb O METOAAX MCCIefoBa-
HUA TPYHTOB Havyana XIX B.

B cBoeit kunre «VcaakueBcuit co60p», M3LAHHON
B 1845 1. [5], MoH(eppaH ccblTaeTCst Ha TPYJ, apXUTEK-
topa V. M. Jlema, usgannslit B 1803 r. B Cankr-Ilerep-
Oypre [2]. B HeM npuBoguTCS Clepyiollee onucaHyue
U3bICKaHMiT TOTO BpeMeHn: «Hamexxnt cenarsb mpexpe
VICTIIBITAHMe 3eM/I) B TeX MeCTax, I7ie paboTy IpOu3BO-

6

Puc. 2. O. Mondeppan. [Tpoexr VcaakneBckoro cobopa: a — mian 1825 r.; 6 — ¢acay, Bapuant 1835 1. [5]
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AUTD U CBay OMTb HaOOHO: /IS Cero yHnoTpebnaeTcs
LIYII, HA3bIBAEMBIIl «TPEIaH», COCTOALNIT B )KETIE3HOM
IpYyTe, Y KOTOPOTO HIDKHUIT KOHEI] CflellaH Haropobme
JIOKKM, VITU CIIMPAJIN, HATIO/HSAIOLIENCS TIPOCBEPTIEH-
HOI 3eMJIEN».

«ITo Mepe TOrO, KaKk OH HM3IYCKAETCs, TAKOBY
U [UIMHY €ro [eNAal0T, IPUTOM C PasHBIMU KOTEeHAM,
Of{HO B JIpPyroe BCTAaBI€HHBIMM, Aa0bl COCTABIISIIN OHU
c0060i1 OffH, KOTOPBIIT [[Ba YeIOBEKA HABOPAYMBAIOT
IOCPeICTBOM pbruara. Hajiexxur 3amedars, 4To Korga
3a0MBaeTCs CBas B IIECYAHYIO 3€MIIIO, TO IIOBEPXHOCTD
ee IpeTeprieBaeT BelIMKOe TPEHNeE. ..B TAKMX CIyIasx
II0 HEeYIOTpeO/IeHNM LTyTia MOYKHO OyfieT ommbaThCs. ..
B OCHOBAaHMM BCeTa HAMJISKUT UCIBITATh TPYHTHI
3eMJ/IN CBepJIeHMEM, JaObl YBEPUTHCS B €€ TBEPHO-
CTH... JIOIDKHO OCTeperaTbcsi YTOOBI He OLIMOUTHCS CO
B3I/ISAAY B JOOPOTE TOYBBI 3€MHOI 11 HaIlepey paccMma-
TPUBATD TOBOJIBHO /I OHA KPeIKa K Iep>KaHII0 KaMeH-
HOTO COOPY)KeHNS M HaloOHO OUTH CBaM U eaTh U3
JilepeBa peLIeTKI: 10 HAGUTIN CBal 1 11O BbIEMKe 3eMJII
pacrepToit, cpybaTh MM HACAAUTH 110 YPOBHIO IOIIe-
pedHble 1 IIPOfJO/IbHbIe OPYChsI, M HAOYTUTD KAMHEM».

Moudeppan Bozpaxkan Ha 3amMedanue Moion, «4To
YHOTpe6/IeHHOE UM CPERCTBO OBIIO TyHIlle COHIBI, KOTO-
past MOIIa TI0Ka3aTh TO/IBKO CBOJCTBA TPYHTA 3€MJIN»,
YTO OH «BeJlel BBIPBITh Y CEBEPHOTO YITIa JOBOIBHO
IIVPOKMUIL POB», OTKA4Yajl BOLY, OCMOTpeN GyHAaMEHTHI
VI C/Ie/Iajl B HUX IIPOJIOMBI «[IJIs1 Y3HAHVSI CTEIIEHN TBep-
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noctu dpyHpameHTa». OTcofa cenyet, 4ro MoHpeppan
VCTIBITAaHUI TPYHTOB BCE >Ke He IIPOBOJWIL.

IlepBble MH>KEHEPHO-TEOIOTMYECKIEe N3bICKaHNUA,
B COBPEMEHHOM ITOHMMAaHUI 9TOTO TEPMMHA, ObIIN
BBINIOJIHEHBI TpecToM «J/leHKaHanusanua» B 1927-
1939 rogax (puc. 3) [3]. VMiccnemoBanus cBOWCTB IpyH-
TOB OCHOBAHUs cOO0pa OBV BBIIIOTHEHBI B 1954 T.
tpectoM I'PUM B paMKkax ucciefoBaHuii, IpOBOAK-
MmbIx JIIIV. CornacHO MH>XeHEPHO-Te0IOTUYeCKIM
M3BICKaHNAM HeJaBHETro BpeMeHu BpemeHu (2009 r.),
VHULMAPOBAHHBIM [OpHBIM YHUBepcuTeTOM, Vcaa-
KIEBCKNIT cOOOpP pacrosaraeTcsl Ha CK/IOHe ITTy0OoKOit
HOrpeOeHHOI JOMNHBI, MOHVKAIOLIEMCS B CeBEpPHOM
HamnpasjieHun. B roro-sanagHoit yactu VcaakueBckoro
cobopa KpOBJIs OT/IOXKEHWIT BeH/a HAXOAUTCSA Ha ITIy-
6une 44,5 M. Kak ormeuaer P. 9.JTamko [1], usmMmeHeHne
MOIIJHOCTU Ye€TBEPTUYHOI TOMIY B IIpefesax KOHTypa
cobopa Ha 20-25 M MMeeT NIPUHIUINATIbHOE 3HAYe-
HIE Il OLIEHKY YC/IOBUIA PasBUTHS HEPaBHOMEPHBIX
nedopmaruit cobopa. B paspese 4eTBepTUYHBIX OTIIO-
YKEHUI IPOCTIeXMBAIOTCS MEXXMOPEHHDIE, TeJHIKOBbIE,
03epHO-JIe[IHNKOBBIE ¥ 03€pPHO-MOPCKUe (JTMTOPUHO-
Bble) 0Opa30BaHMs, IePEKPbIThIE TEXHOTEHHBIMY TPYH-
TaMu. B BepxHeli 9acTu paspesa OTMEYAIOTCA IPOCION
tTopda n 3aTropdoBaHHBIX OTIOKeHMIT. [Ipn usbIcKa-
HYsX 2009 T. ypOBEeHb IPYHTOBBIX BOJ, ObIT 3aUKCUPO-
BaH Ha Imy6uHe 1,8...2,0 M oT noBepxHocTH. VIccneno-
BaHM, BBIIIOTTHEHHBIE TIOf, pyKoBoACcTBOM P. 3. Jlamko
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Puc. 3. Vin>xeHepHO-Te0nornyecKuil paspes o CKBaKIHaM TpecTa JIeHKaHamm3alms, BbIIOTHEHHBIM B 1927-1939 rogax

(H. I1. Hukntyg, 1939): a — m1aH pacronoxeHust CKBakiH; 6 — paspes; uudpamm 0603HaueHBbI CJIOM TPYHTA, COXPAHEHO aBTOPCKOE

HalUMEHOBaHUe C/I0€B: 1 — HACBIIHOI ITPYHT; 2 — TOIMIA CYT/IMHOK; 3 — MEJIKUII IeCOK; 4 — CpeHMIA IECOK; 5 — TOLIMIA CYITIMHOK;

6 — MeJIKMIA I/IMHUCTDII IIeCOK; 7 — CPeJHUI CYITIMHOK; 8 — >KUPHBIIL CYIIMHOK; 9 — CIIOMCTBIN )XUPHBII CYTIMHOK;

10 — neHToYHasA IMHA; 11 — cBeTIas IIMHA; 12 — BaJyHHBIN CYT/IMHOK.
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[1], moka3pIBaIOT, YTO 11O CpaBHEHMIO ¢ JaHHbIMU JITIV
3a MOCJIeJJHME M0/IBEKA MPOM3OILJIO CylleCTBEHHOE
HeTaTMBHOE M3MeHeH!e XMMIYEeCKOTO COCTaBa IPyH-
TOBBIX BOJ] 32 CYET yTe4YeK M3 CUCTEMBI BOLOOTBENECHNA,
PAacCIIONIOXEHHOI! 10 KOHTYpPY cobopa.

JInTOpMHOBBIE CyIleCH M 03€PHO-TIEIHUKOBbIE CYT-
JIMHKY MMEIOT TEKYYYIO, PeXKe TeKy4YelJIaCTUYHYIO
KOHCHCTEHIIMM, UX eCTEeCTBEHHasA BIaXKHOCTb U3MEHs-
ercsa oT 34 10 51%. IlecyaHble TUTOPUMHOBBIE PA3HOCTH
B OCHOBaHMY COO0pa NMEIOT BHIPa)KEHHBIE IUIBIBYHHbBIE
CBOJICTBA 32 CYET BBICOKOI MUKPOOHOII TOPaKEHHOCTH.
BoponponuitaeMocTb IIeCKOB CHIDKAETCA [0 3SHAYEeHUIA,
XapaKTepHBIX /A IIMHUCTBIX pasHocTeit. Vccneno-
BaHHbIE 03€pHO-TI€THUKOBbIE ¥ MOPEHHbIE ITIMHUCTbIE
TPYHTBI XapaKTepU3YIOTCs KaK KBa3UIIIACTUYHbBIE OT/IO-
>keHus [1].

3. OO0 o1eHKe Hecyell CIOCOOHOCTH CBaii

B cBoeM mucbMme Moudeppany ot 3 anpens 1818 r.
BeTaHKyp yKa3bIBaJI, 4YTO «HY>KHO 3a0UTb CBau OT 6 JI0
7 BepuIKOB B auamertpe (26,4 ... 30,8 cM) o oTKa3a,
T.e. OuTh cBam 6abamu Becom ot 75 o 80 mymos (1,2 ...
1,3 1), mogHATHIMU Ha BbICOTY 11-12 dyToB (3,35 ...
3,65 M), 10 Tex Iop, IOKa, Moay4ns 10 ygapos, oHu
He OITYCKAIOTCA HU Ha OMH JIoViM», 4eM Mondeppan
U PYKOBOJZICTBOBAJICA IIPY CTPOUTENTBCTBE.

IlepByto OLleHKY Harpy3Ku, IPUXOMAIIEIICs Ha CBAO,
man B 1912 r. I1. V1. Imutpues, npodeccop VHCcTUTYTA
TPaX/IaHCKUX MH>KEHEPOB, BbIIIOTTHUBIINI CTATUYECKIe
pacyeThl 3/IeMEHTOB KOHCTpyKuuu cobopa. Io ero mop-
cYeTaM, Ha OJJHY CBal0 IIPUMXOAMUTIOCH B CpefiHeM 18 T.

H. Y. Maneus B 1947 r., BBIIIOTHUT IIEPBYIO pacyeT-
HYIO OIIeHKY HeCyIIeil CHOCOOHOCTY IepeBAHHOM CBan
IJIHOM 6,4 M, oIIpefenyB ee paBHOI npumMepHO 18 T. I1o
€ro OIleHKe, ITpY 001IeM KOJIMYeCTBe CBall IOl PMHA/Ib-
IVEeBCKYI0 LIepKOBb ¥ HOBBIN co60p B 24 000 mTyk
u Bece Bcero coopy»xenus B 300 000 T, Ha KaXX/1y10 CBaro
npuxopgutcsa no 12,5 1. Yaensie JIIIN B 1954 1. mpuinm
K BBIBOZIy O TOM, YTO Ha Ka)KIYI0 CBAI0 IPUXOIUTCS
B cpemHeM 15 T, a Ha cBay IOJ, MMJIOHAMM KYyIIO/Ia —
22,5 1. IIpm 3TOM OTM€Yanoch, YTO NPpU YPOBHE IPYH-
TOBBIX BOZ HA OTMeTKe +1,0 M 11 pacIonoKeHn ToioB
CBall Ha OTMETKe —2,6 M HaJl HUMU MMeeTcs 6oree 3 M
TPYHTOBBIX BOJI, YTO 3allMIIAET JPeBECUHY OT THUEHNA.

OpHaKO OCHOBBIBATHCA B BONPOCE COXPAHHOCTHU
CBall TO/IBKO HA MX rapaHTMPOBAHHOM IIOJIO>KEHUY
HIDKe YPOBHA TPYHTOBBIX BOJ, IIPeACTaB/IsAeTCA HelO-
crarouHbpIM. CriefyeT IPUHATb BO BHUMAaHUE Pe3y/b-
tarbl uccnegoBanus P. 3. [Tamko 1], cornmacHo KOTopsM
Ob1a 3apuKcrpoBaHa 6MONOPaKEHHOCTDh HPParMeHToB
IepeBa (COCHBI), M3B/IEYEHHBIX 113 TEXHOTEHHOTO C/IOS
py 6ypeHny CKBOXMHBI € ITyOuHbI 2,5 M (661710 06Ha-
PY’XEeHO BOCEMb BUOB MUKPOMULIETOB — JIeCTPYKTO-
POB Pa3IMYHBIX MaTEPUAJIOB).

TeopeTnueckoe TpyHTOBefieHIe

OneHka Hecyllell CIOCOOHOCTY JepeBAHHBIX
CBall MHTepecoBala MHOTUX MccefoBarteneil. OgHako
IIpefiCTAaB/AETCA, YTO 3TOT BOIPOC He SIBJIACTCA CTOMb
CYIIECTBEHHBIM, ITIOCKONIbKY MCTOPUYECKE CBaVl UMENN
OTpaHMYEHHYIO (BBICOTOJI CBOJIA JlepeBa) AIMHY 1 03-
TOMY HUKAK He MOI/IM B MHXXEHEPHO-T€0IOTMYECKNUX
ycnousax CaHkT-Ilerepbypra mocTnyub Hajge>XHBIX
MajIOCKMMaeMbIX clioeB TpyHTa. Ilop ocTpusaMu cpait
OCTaBaIach MOIIIHAsI TOMIIA CTA0bIX BOMOHACHIIIIEHHBIX
[JIMHUCTBIX OT/IOXKEHUIA, II03TOMY YCTPOIICTBO CBail-
HOTO IO/ TIOHMMAJOCh KaK «yIVIOTHEeHNe IPyHTa CBa-
AMu». IloBepXHOCTHBIE ITeCYaHbIE OTIIOXKEHNS, CITyXKa-
1I[yie OCHOBaHMEM PARXOBOII IIeTepOyprcKoil 3aCTpoOiiKy,
HEeIIOXO CHPABJSANINCD C Nlepepacipelie/ieHneM J1aB-
JIeHMA OT 3[aHNsA Ha C/1abble MOACTUIAONINE TPYHTDI,
UTpas posb IPUPOAHOI NeCYAHOI OAYLIKY, €CIIN 37a-
HUe He ObUTO BBICOKMM (He BbIllle KapHU3a UMIIEPATOP-
CKOTO 3MMHETO IBOPIIA), B UeM, COTEPIKANCS He TONbKO
9TUYECKUII ACIIEKT, HO ¥ SMIIMPUYECKY HAJIICHHOE T€0-
TeXHIYeCKOoe YC/I0BMe 6e30I1acHOCTY TOCTpoliky. CBan
3a0VBa/INCh IIPYU CTPOMUTENBCTBE 0COOO OTBETCTBEHHBIX,
BBICOKMX U TsDKEbIX 3MaHMil. 3a0uBKa ciocob6cTBO-
BaJ/Ia YIZIOTHEHUIO TPYHTAa MEXAY CBasMU U BBIIIOJI-
HsJIa PO/Ib BEPTUKAIBHOTO ApMMUPOBAHNSA €CTECTBEHHOI
IIeCYaHON IOJYIUKM, IOBBIIIAs €€ )KECTKOCTb U TeM
CaMBIM CITIOCOOCTBY, B HEKOTOPOJI CTEIIeHN, CHVYDKEHUIO
HEpaBHOMEPHOCTHU OCafioK. PasymeeTrcs, 3To HUKaK He
VICK/TIOYAJIO PasBUTH CYIECTBEHHBIX OCaZOK C/1aboro
OCHOBAaHM CBATHOTO (PyHJAMEHTa.

MMeromuecs ncciefoBanNsa NHXEHEPHO-Te€0IOTU-
YeCKMX yCIOBUII NTaMATHMKA IO3BOJIAIOT C IOMOILBIO
COBPEMEHHBIX MH)XeHEPHBIX METOJIOB pacyeTa OLlEHUTD
BeJIMYMHY OCafIKM cOO0pa, KOTOpask COCTAB/IAET IIPH-
mepHo 1,0 M. Takum o6pa30M, CBallHOE I10JIe, B OCHOBA-
HJM KOTOPOTO 3a/IeraeT TOJIA C/Ta0bbIX BOJOHACHIIIEH-
HBIX [IMHVCTBIX TPYHTOB, He B COCTOSTHUY 00eCIIeYnThb
OesomacHble Ocafiku coopyxeHus. Kak nsBecto, uem
6osbiie aOCOMIOTHBIE OCAMIKY, TEM BBIIIE U UX HEPaB-
HOMEPHOCTb.

B To ke Bpems, Kak nokaspiBarT pacuerst JIITN,
BBINO/THEHHBIE B 1954 I, yCTPOJICTBO CBAallHOIO OCHOBA-
HIIS1 C POCTBEPKOM B BUJIe MaCCUBHON OYTOBOII IINTHI
obecreunsio HeOOXOANUMYIO YCTONYNBOCTD OCHOBAHUS
CTOJIb TSXKETIOTO COOPY KEHMS.

4. O pasButuu gedopmaiuii B mpouecce CTpOUTEIb-
CTBa
B 1827 1. 6bU11 C/IO>KEHBI CTUIOOATHI IIOPTUKOB, K OCEHN
1830 r. ¢ YeTBIpeX CTOPOH KOHTypa OyAYIIMX CTEH
cobopa Ha cBOuX cTmnobarax, elie He 00/IMIIOBAaHHBIX
TPaHUTOM, CTOS/IN YeTbIpe MopTHKa. C BOCTOUHOI! CTO-
POHBI, [T03aJ¥l BOCTOYHOTO NMOPTMKA, BO3BbIIIANINCh
CTapble aJITapHble YaCTy PUHATbAUEBCKOTO cobopa.
KoneuHo e, Bo3BefieHne 60/tee IETKNX MOPTUKOB

49



TeopeTnyeckoe rpyHTOBefIeHNE

JI0 YCTPOJICTBAa OCHOBHOTO, TOpa3fo Oojiee TAXeNoro,
obbeMa 3aHNA NIPUBEIO K Pa3BUTHIO CYLIECTBEHHBIX
HepaBHOMEPHBIX 0cafjok. MHorIMe ucciefoBaTeny cTa-
BIJIU TaKYIO TTOC/IE[OBATE/IBHOCTD paboT B BUHY MOH-
deppaHny, XOTs ¥ IpU3HABaIN, YTO TaK AEICTBOBAThH
IIPUXOJMIIOCH 1711 YCTAHOBKY I'PaH/MIO3HBIX MOHOIATOB
TPaHUTHBIX KOJIOHH, YTO TPe6OBaI0 JOCTaTOYHOTO
IPOCTPaHCTBa.

Knagka cTeH, BHYTPEHHUX CTONOOB U NMUIOHOB
(13 KMpIMYa ¢ TPAHUTHBIMU IPOCTIONMKAMI B HYDKHEI
JacTV 3laHMA U U3 TIeCYaHNKa — B BepXHell) HadaIach
OJHOBPEMEHHO U Belach 10 BCEMY IIepUMeTPy 3AaHMS.
CreHbI BO3BOAMINCH TOMIIMTHONM OKOJIO 2,5 M.

B Teuenne 1836-1837 rIT. ObIIM IOTHOCTHIO 3aKOH-
YeHbl aHTa0/IeMEHT BOKPYT BCETo 3JaHMsA U 6O0Jb-
IIas 4acThb aTTMKA. BHYTpu 3gaHusA OblIM BO3BeJeHBI
NUIOHBI ¥ CBeJeHbl IIOAKYIIONIbHBIE apKy C TapycaMI.
K 184 r. 3ganue cobopa 66110 BuepHe 3akoHueHO. OcTa-
Ba/IMCh HeOOIbIIINE TOMENKY 1 YCTPOICTBO MHTEPbEPOB.
OrtkpbiTe cobopa cocrosnoch 30 mast 1858 .

[IpeTeprieB ocajiKy, OCHOBHOJ 00beM 3JaHUSA
HOTAHYN 32 c060i1 PpoHTOHBL. CMeljeHye KOTOHHBI
OT BepTUKaIM NMPUBEIO K BO3pACTaHNIO MECTHBIX
HAIpsDKEHNI, YTPOXXaBUINX 00pa3oBaHMeM TPeIyH.
Jns MCKII0YeHNA MECTHOTO CMATHA B OIIOPHON 4acTy
KONMoHH MoHdeppan B 1841 1. paciopsanics 3arHatb
MefiHbIe KIVHbS B 00pa30BaBIIYIOCS I[e/Tb MEX/Y HIK-
Hell TIOCTE/bI0 KOTIOHHBI ¥ BEPXHMM OCHOBaHMEM Tpa-
HUTHOI OIIOPBL.

Opnako gedopmanyy npogo/mKunuch n B 1873 r.,
M KOTZIa CTa/Iy JIONAaThCA IePEeKOCUBILNECH aPXUTPABBI,
oy, mopTuku VcaakmeBckoro cobopa ObIIM yCTaHOB-
JIEHBI JIeCa, pacCYMTAHHbIE Ha BOCIPUATHE Beca aHTa-
6remeHTa ¢ PpOHTOHOM. BepxHue yacTu pasrpy>keHHBIX
KOJIOHH OBbITV OCBOOOXK/IEHBI OT OPOH30BbIX KamuTesneit
¥I CpyO/IeHBI BbIIIE acTparasna (B apXUTeKTYPHOM Opfiepe
acTpara HaXOgUTCA MeX/ly CTBOJIOM KOTIOHHBI U Kalll-
Te/bI0). DTI PabOTHI PACTSAHYINCD HA LE/IBIX YETBEPTD
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Beka (mo 1895 1.).

K 1927 r., mo cob6cTBeHHOMY HaOIIOZEeHUIO
H. I1. HukutnHa, mocne cHATUA OPOH30BBIX 0Opamite-
Huit 6a3 KOJIOHH, B X HYDKHEI 4acTH, a TaKXKe B rpa-
HUTHOJI IIOCTaBKe OOHAPY>XMINCH CYIleCTBEHHbIE
paspyurerna. Oco6eHHO OHM ObIIV BULHBI Ha KOJIOHHE
Ne 47, BxopAen cBOeN 4eTBEPTHIO C€YEHMA B TENO
KJIaJIK! I0TO-3aMaHOM KOOKOMbHY (puc. 4).

lTeome3snueckmue u3MepeHUA, BHINOTHEHHDBIE
H. II. HUKuTuHBIM, 3a/I0)KIIN OCHOBY BCEJl CUCTEMBI
nocnenyomux Habmogernit. H. IT. Hukutun ycra-
HOBWJL, 4TO K 1927 I. 0cajjouHOe ABVOKeHUe 3TaHNA
ObITIO HATIPaB/IeHO C BOCTOKA Ha 3alaj U C ceBepa Ha
1or. PasHuIa ocajjok caMo¥l BbICOKOJ TOYKU (y OKHa
I10]], CEBEPO-BOCTOYHBIM IIPULENIOM) ¥ CaMOJ HU3KO
(y OKHa Ioro-3amagHoTro yIJIa, BbIXOAsIero Ha Vcaa-
KUEBCKYIO IIIL.), PACIIOJIOXKEHHBIX IIOYTY IO JYIaTOHA/IN
smanus (90 m), coctasisina 0,472 m. [Tpu atom s16710k0
KpecCTa LIEHTPA/IbHOTO KYIIO/Ia CMECTUIOCh Ha 270 MM
B 3aIa/IHYIO CTOPOHY.

Hamnbonpine oTkI0HeHUs OBepXy (B HaIpaB-
JIeHUM OT cobopa) MOTY4YM/IN KOJTIOHHBI CeBEPHOTO
U I0)KHOTO NTOPTUKOB, 3afle/IaHHbIE B YITIbI KOJIOKO-
JIEH: HA CEBEPHOM IIOPTUKE KOJIOHHA Ne 45 — 120 MM,
Ne 46 — 97 MM; Ha I0)KHOM — KOJIOHHa Ne 47 — 153 MM,
Ne 48 — 145 MM (pacriono>keHue KOJIOHH — CM. pUC. 5).
Packomnorast rpaHMUTHas MOACTaBKa IOJ KaXK0i1 KOJIOH-
HOJI ObIIa yCHyIeHa TpeMs XKeme3HbIMU XoMyTamu. Co
BpeMeHeM IOJ00HOMY «IIPOTe3UPOBAHNIO» MPUIIIOCH
MOABEPTHYTD 1 /IpyTie KOJTOHHbI TIOPTUKOB.

Teopmesnuecknue u3MepeHus, OpraHM30BaHHbIE
H. II. HuxutunsiM B 1927 T. ¥ IpOBOAMMBIE C T€X IIOP
C OIIpefie/IeHHON MepuoANYHOCTbIO TpecToM I'PUN
I,0 HACTOAIIETO BpeMeHY, T03BOIWIN OL€HUTD ajlb-
Helllllee pasBUTHE OCafoK. VIsMepeHns mpupauieHuit
0CaJIoK IIUJIOHOB, OIpefie/IeHHBIX IO Ieofle3NYeCcKUM
MapkKaM B nepuoj, ¢ 1927 o 2008 rr., fanym BO3MOX-
HOCTb OLIEHUTD, YTO OCaJKa NMIJIOHOB Ha MPOTKEHUN

Puc. 4. Tpewynsl B KonmoHHe Ne 47 u ee rpaHuTHOI 6ase [3]
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nocnefHux 80 JIeT MPOKUCXOANIa PABHOMEPHO, C OfiMHA-
KOBOJI CKOPOCTBI0 paBHoII 0,3 MM/Tof. CreHbI cobopa 3a
3TOT K€ IIPOMEXXYTOK BpeMeHU TaK>Ke MOMY4M/IN PaB-
HOMepHbIe ocafikit. O6 9TOM CBUAETENbCTBYIOT SIIOPHI,
HOCTPOEHHBIE 110 A0COMIOTHBIM OTMETKaM MMIIOCTOB
rajiepeii B CTUI00ATHON 4acTu cobopa U MMIIOCTaM
KOJIOHH 4YeTbIpeX KOJIOKO/IeH (puc. 5). IMIopbl HAKO-
IUIEHHBIX HEPaBHOMEPHBIX OCAfIOK, TOCTPOEHHBIE T10
nsMmepenyaM I'PUN 1961 r. mpakTudecky He M3MEHU-
ek ¢ 1927 1. Takum 06pazoM, CTabMIN3NPOBAIUCD
He 0CaJIKMf, a HaKOIIeHJe HePaBHOMEPHOCTI OCaToK
OCHOBHOTO 06'beéMa COOPY>KEHMA.

Hab6rmiofaeMast cerofHsa HepaBHOMEPHOCTb OCafiOK
cdopmupoBanach, BepoATHEE BCETO, ellje B IpoIecce
CTPOUTENbCTBA 3aHNA. VIMEHHO II03TOMY IIpH Iiepe-
najie OTMETOK Ha II0JIMeTpa I10 fuaroHanyu cobopa (B
HAIIPaB/IEHNUM C CEBEPO-BOCTOKA K I0r0-3aI1ajly) Mbl He
Ha6/I0/laeM COOTBETCTBYIOIIETO 3HAYNTETbHOTO pac-
KPBITH TPELIMH B K/IajKe. B mporjecce cTrpontenbcTsa
cobopa IPOUCXOANIO HepaBHOMEPHOE Harpy>KeHue
OCHOBAHM: B a/ITAPHOI YaCTY 3[aHNUA COXPAHATNICDH
PUHATIbMEBCKIe MIIOHBI, TI0JIOBMHA IISITHA 3aCTPOIKI
y>Ke UCIIBIThIBA/IA HATPY3KY M CTPOUTENBCTBO cobopa
10 npoekTy MoHpeppaHa AB/ANOCH IIOBTOPHBIM €€
npuntoxenueM. O4eBUIHO, BCIECTBME 9TOTO 06CTO-
ATENbCTBA BOCTOYHAA 4acTh cOOOpa MpeTepIiesa Ham-
MeHbIIIMe OCaJKM, a 3alajHasi — HaubOosblilNe, XapaK-
TepUYOLIMECs 3a Ipefie/laMy CTapOro CBAHOTO MOJLA
TPEYTO/IbHOIL SMI0POIT 0CafiOK (II0 OCY BOCTOK-3aIlaf).
BecbMma 3HaMeHaTe/NIbHO, YTO OOlIee MafeHe KPOBIu

Puc. 5. IIpodumu, MOCTpOEHHBIE IT0 a0COMIOTHBIM OTMETKaM

(M) MMIIOCTOB rajepeit B cTua06aTHON YacTy cobopa (CuHmMit
I[BET) ¥ MIMIIOCTaM KOJIOHH YeThIpeX KOMOKOJIeH (3e/eHblil [[BeT);
KPacCHBIM LIBETOM YKa3aHbI HOMepa KOTOHH, IPMMbIKAIOIINX

K KO/OKOnbHAM (n3mepenns [PYN, 1961 r.).
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OT/JI0>KEHUII BEHNIa, OPMEHTHPOBAHHOE B HalIpaBJIe-
HIM C I0Ta Ha CE€Bep, He M3MEHNIO XapaKTep OcefJlaHMs.
9TO CBUETENbCTBYET O TOM OYEBUHOM 0OCTOSATE/b-
CTBe, YTO IIPeMMYyIIeCTBEHHOE pa3BuTue fedopmanmit
TPYHTa NPOMCXOANT HEMOCPEACTBEHHO O, ITOJ0LIBO
CBAITHOTO IOJIA (€CTEeCTBEHHO MeCYaHOI IOJYIIKM,
YIUIOTHEHHOI KOPOTKVMMU JA€PeBSHHBIMM CBasIMI).

JlocTaTo4HO BbBICOKAss NPOCTpPaHCTBeHHas
YKeCTKOCTb, KOTOPYIO IpHoOpesIo 3aHme Mocae Bo3-
BeJIeHVs1 er0 OCHOBHOTO 00'beMa, He ITO3BO/IIIIA flajee
YBE/INYMBATbCA HEPABHOMEPHOCTU OCafIoK. B TO Xe
BpeMs [I IOPTUKOB, OKa3aBIIMXCA B 30HE BIMAHUA
OCHOBHOTO 00'beMa 3[jaHMsI U He IMEIOIINX COTOCTABU-
MOJ C HUM IIPOCTPAaHCTBEHHOI XKECTKOCTY, HEPABHO-
MEPHOCTb OCafIOK CO BpeMeHeM IPOJi0jDbKajla HapacTaTh.
Ecny npuHATH 3a HOMb IOJIOKEHNE HAPY>XHOM MPO-
IOJIBHOII CTEeHBI cOO0pa B 30He pernepa «[7maBHayka 1»,
TO 3a mpouegune 56 1eT ocafKy MOPTUKOB OTCTAIN OT
Hee Ha 10 ... 15 MM (HanbosblIEe OTCTaBaHME 3aAMETHO
IS CEBEPHOTO HOpTHKA) (puc. 6).

5. BMecTO 3aKTI09eHNA: 0 HEOOGXOAUMOCTH MO EIN-
POBaHUA IPOCTPAHCTBEHHOI PAGOThI KOHCTPYKIUN
COOpYKeHUs

B crarbe, noceAmeHHON ucTopun cospanns Vcaa-
KIEBCKOTo cobopa, onybnukosanHoi C. VITbyHBIM
B xypHasne «HoBoe Bpems» 3a 1916 ron, 6b110 IpuBe-
meHo MHTepBbIO ¢ mpodeccopom II. V. Imutpuensim,
BBIITOJIHMBIIMM B 1912 I. IpUKNUIOYHbIE PACYEThI KOH-
CTpyKIuit cobopa: «be3 pacueTHaro mcciefoBaHmsa
YCTOYMBOCTY Y IIPOYHOCTY COO0pa, — TOBOPMII IPO.
I1. V1. IMuTpueB,— Hemb3s CyAUTD BIIOJTHE O COCTOSHUN
cobopa, y4ecTb BIVsIHME B OYAYIIeM BCEBO3MOXKHBIX
($akTOpOB XXU3HU Ha PaBHOBECHOE COCTOSHME MacC
co6opa U HaMeTUTb PALVIOHA/IbHbIE IPUEMBI JJIA TI0TI-
HAaro MCIIpaB/IeHNA 1 IpUBeleHNA cobopa B HafllIexXa-
it BuA. Bee Oypet rajateIbHO U IPUAETCA UATY OLTY-
nbo. Ho mogo6Has rafjateIbHOCTb HETOMYCTUMA AJIS
TAaKOI'O0 MOHYMEHTA/IbHArO MaMATHMKA, KAKUM SABJIAETCA
VicaaxkueBckuit cobop».

B0o3MOXXHOCTb pacueToB TaKOil CIOXKHON CTPYK-
TYpBI Kak VcaakmeBcKuit coO60p MOSBMIACH y)Ke B Hallle
BpeMs, 61arofjapss pa3BUTHIO BBIYVCTUTEIbHON TeX-
HIUKJ U pacYeTHBIX NPOTPaMM, Peaau3yIoLux coBpe-
MEHHBbIE YJCTIEHHbIE METOJBL.

IIpuMepom Takoro MoJenMpoBaHUA ABIAETCA
pacdeT, BBINONTHEHHBIN 111 Hukonbckoro Mopckoro
cobopa B r. Kponmragre, mocrpoensoro B 1902-
1913 rr. [l1s1 onpefenieHns OCHOBHBIX IPUYMH BO3HUK-
HOBeHIA Jie(heKTOB B €r0 KOHCTPYKLMM CIIeI[Va/TVICTaMI
MHCTUTYTa «[eOpeKOHCTPYKLMs» OBIIO BBIIIOTHEHO
4ICTIeHHOE MOJIe/IVPOBaHe PabOThI CUCTEMBI «OCHOBA-
H1te-(pyH/JTaMeHThI-Ha/j3eMHble KOHCTPYKIIMI», TI03BO-
NUBlIee NaThb yOenuTenbHOe 0ObsACHEHNE IPUYNH
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Puc. 6. lepopMupoBaHHas cxeMa KOHCTPYKIMIT CTUIOOATHOI YacTy VcaakneBCcKoro cobopa Ha CTafuu IIO/I3y4eCTH 3a IEPUOT,

1952-2008 rr. ITopmucano orcraBanue gedopManyuy B ToUKe (MM) OT OCaZloK Hapy>KHOII IPOIOTIbHO CTeHbI co60pa B 30He perepa

I'maBnayka 1

pasBuTHs fedopMaunil, BBIABUTD OIACHBIE YYaCTKA
KOHCTPYKI[WI U TIPEJ/IOKUTh MUHVMAJIbHBI (IIPY 9TOM
HeOoOXOAVMMBIIl U JOCTATOYHBIII) IepedyeHb HeoOXO1-
MBIX paboT 10 obecreueHNI0 MeXaH4ecKoii be3ormac-
HOCTM ITaMATHMKA [4].
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K coxxanennto, st VicaakmeBckoro co6opa mogo6-

HbI€ paC4Y€Thbl 00 CUX IIOP HE BBIIIO/IHEHDI, XOTA 3TO
COOPYJKEHNE, KaK HMKAaKO€ OpYyroe, 0CO00eHHO OCTpO
B HUX HYXXIA€TCA.
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13 martynov30am@gmail.com

PycakoB Anexceit BaneHTHHOBMY, JOKTOP reorpadmyecKux HayK, 3aBeAyoLyit Kadeapoit TOYBOBEEHISI
¥ 9Kojtoruy 1mo4B VIHcTuTyTa Hayk o 3emse CaHKT-IleTep6yprckoro rocyapcTBeHHOTO YHIUBEPCUTETA,
npodeccop

Poccns, 199178, r. Cankr-IletepOypr,16-s munns, f. 29, ten. 8 (812) 321-33-62

spp-06@mail.ru
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Camapun Eprennit Hukomaesud, JOKTOp reoy1oro-MuHepaTorndeckux HayK, Kadegpa NHXeHEepHOI

Y1 9KOJIOTMYECKOI1 Te0/IOTMY Te0/TOrNYecKoro gakynbreTa MOCKOBCKOTO rOCYapCTBEHHOTO YHUBEPCUTETA
um. M. B. JlomoHocoBa, mpodeccop

Poccns, 119991, . MockBa, Jlenunckue ropsr 1. 1, TCIT-12 ten. 8 (495) 939-24-00

samarinen@mail.ru

®ponosa I0mua BragumupoBHa, KaHANAT T€0/IOr0-MIHEPATOTMYEeCKIX HayK, Kadeapa NH>KeHePHOI

Y1 9KOJIOTMYECKOII Te0/IOTUY Te0/IOrNYecKoro axyabreTa MOCKOBCKOrO rOCYapCTBEHHOTO YHUBEPCUTETA
M. M. B. JloMmoHOCOBa, JOLIEHT

Poccnms, 119234, r. Mocksa, Jlenunckue Topsr, g. 1, TCII-1, Ten.: +7 (916) 701-04-95

ju_frolova@mail.ru

IMamxuH Anekceit leoprimeBmy, OKTOP Te0/I0r0-MIUHEPATOTNYECKIX HAayK, TeHePaTbHbII JUPEKTOP
nHcTUTyTa «leopexoncTpykuus» (OO0 VCII «TeopeKOHCTPyKLMs»)

Poccns, 190005, . Cankr-Iletep6ypr, Vi3amaiinoBckuii p., 1. 4, ka6. 414

9563513@gmail.com
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