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Lean. TeopeTnyeckas OLEHKa IPUMEHUMOCTH HOBBIX NMPEICTaBICHUH 00 3 PEKTUBHBIX HANPSHKEHHUSIX B TPyHTaX C
MO3UIMHA (PU3UKO-XUMHUYECKOH Teopuu akajgemuka B.J. OcuroBa K mecyaHbIM IpyHTaM Kak MpPEACTaBHUTEISIM Kiacca
00JIOMOUYHBIX OCaJOYHBIX MOpoA. HeoOXoauMOCTh TaKoH OLCHKHM BBI3BAHA TEM, YTO PACIpOCTPAHEHHBIC HAy4HBIC
IIpeCTaBiIeHUs] 0 GOPMUPOBAHUN CBOWCTB TPYHTOB 0a3MPYIOTCS Ha SKCHEPHUMEHTAIBHO MOATBEPKACHHBIX TEOpeTHYE-
CKHX paboTax KIIACCHMKOB TPYHTOBEIEHHS. JTH paboOTHl paccMarpuBaiu 3()(eKTHBHBIC HANpsHDKEHUS B TPYHTAX Kak
HaTPsDKCHUS, TICPEAAONIIecs Ha CKeJIeT TPYHTa 32 BRIYETOM MOPOBOTO JaBicHUsA. OCHOBHBIC MOJIOKECHHS HOBOTO TIOJI-
X071a HanboJiee TOYHO OMHUCHIBAIOT (GopMHpOBaHUE A(P(HEKTUBHBIX HATPSHKCHUH B TIIMHUCTHIX TPYHTAX.

Metoauka. TeopeTnyeckoe U SKCICPUMEHTATHHOE M3YYCHHE TTECYaHBIX TPYHTOB PAa3IMYHOTO TeHe3uca, obooime-
HUE W aHAJH3 MOJYYCHHBIX SKCIIEPUMEHTAIBHBIX JTaHHBIX, KOTOPBIE PACCMaTPHUBAIOT CTPYKTYPHBIE 0COOEHHOCTH TeC-
KOB — I'paHyJIOMETPHUYECKHH COCTaB, MOP(OJIOrnYecKkue 0COOCHHOCTH 3epeH, a Takke (OPMUPOBAHUE B MECKaX pas-
JIMYHOTO PO/ia SHEPreTHYECKUX KOHTAKTOB: KOAryJISLIMOHHOTO, (h)a30BOr0 U IMEPEXOIHOrO.

PesyabTaThl. B pe3ysipraTe aHaMMTHUECKOro 00OOLIEHUs ITOKAa3aHO, YTO, B 3aBUCUMOCTH OT CTPYKTYPHBIX OCO-
OcHHOCTEH, MOP(OIIOrUH MecUaHbIX 3epeH ((POPMBI U XapaKTepa MOBEPXHOCTH YACTHIL), MIECKU 00Jaal0T Pa3IuIHBIMA
3HAYEHHUSAMH ITIPEJIEIBHBIX INIOTHOCTEH CIIOXKEHHSI, BEIMYNHON ONTHMAIbHOM BIQKHOCTH YIUIOTHEHHMS, IPOYHOCTHBIMHA
xapakrepuctukamu. OneHnBaeTcs BIMSHUE CTPYKTYPHBIX 0COOCHHOCTEH MECKOB Ha YUCIO UCTUHHBIX KOHTAKTOB MEX-
Jly 3epHaMy, Ha JopMHUpOBaHNE Pa3IMYHBIX BUJIOB CBSI3aHHOW BOABI B TPYHTaX.

Hayunasi HoBU3HA. TeopeTruecKuii Moaxo ] i SKCIIEPUMEHTAIbHOE OATBEPKACHNE TIOMYICHHBIX HOBBIX HAyUIHBIX
MTOJIOKCHHUN 3aKITFOYAFOTCS B TOM, YTO HOBasl (pr3MKO-XxuMmUdecKkas Teopus GopMupoBaHus d(H(HEKTUBHBIX HAMIPSDKEHUM,
OTHCHIBAOIIAs CBSA3HBIC TPYHTHI, MOXKET OBITH IPUMEHUMA U JJIS1 HE MEHEe pacIpOCTPAHEHHBIX B IIOBEPXHOCTHOH 30HE
3€MHOM KOPHI [TECUYaHBIX TPYHTOB.

IpakTnyeckasi 3HaYMMOCcTh. OCHOBHOE MPAKTUYECKOE 3HAYCHHE ITONYUYEHHOTO TEOPETHYECKOTO MaTepHaia 3a-
KJIFOUEHO B BO3MOXHOCTSIX 00Jiee TOUHOM OLeHKH poiii 3((HEeKTHBHBIX HANPSHKEHUH B HOPMHUPOBAHUU HAIPSKEHHOTO
COCTOSIHHSI TPYHTOB Pa3HOT0 JINTOJIOrO-TIeTporpadMueckoro cocrasa. Pa3surue kiaccudeckoit Teopun GpopMupoBaHus
3 QEKTUBHBIX HaNpsDKeHWH Ha 6a3e (PU3MKO-XMMHUYECKHX IPEIICTABICHHUN SBJSIETCS MEPCIEKTUBHBIM HaIlpaBICHHEM
I'PYHTOBE/ICHHSI 1 MEXaHUKHU TPYHTOB.

KaroueBsble cioBa: s¢pdhexmusHnvle Hanpsidicenus, 2pyHm, NecKU, CmpyKmypHvle 0CoDeHHOCmU, MOPPONo2us, IHep-
2emudeckue KOHMAKmol, NIOMHOCHIb, NPOYHOCHb, 800d, QUUKO-XUMUYECKAS. MEOPUsL

MocranoBka mpodiemspl. ClOXUBIIMECS K HACTO-
SIIeMy BPEMEHH M TPaKTHYECKH HE OOHOBIIABIIMECS
MPEICTABICHNS O HANPSDKEHUAX B I'PYHTaX OCHOBAHbI
Ha paborax K. Tepmaru, a 3atem u paboTax y4eHBIX
mKonbl  akagemmka b.B. leparmna, ©Ha paboTax
IT.A. Pebunnepa u np. [1-3]. 1 31ech cnenyeT BhICKa-
3aTh Clie/lyollee: ONMMCAaHHOe B ITHX paborax ¢dopmu-
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pOBaHNE HaNpsHKCHUH B TPYHTAaX COOCTBEHHO K TPYH-
TaM HE OTHOCUTCS. B HHUX paccMaTpuBaIOTCs HEKUE OT-
BIICUCHHBIE TCOPETHUECKHUE MOJEIH HEKOero abCcTpakT-
HOTO TPYHTa, KOTOPBIE MPAKTUYECKH HE OTPAKarOT 0CO-
OCHHOCTEH peanbHOTO TPYHTA.

AHAJIU3 NOCJAEAHMX MCCIEeJOBAHUI M NyOJHKa-
umnii. B pabdote akamemuka B.M. Ocumnosa [1] uznara-
IOTCSI HOBBIE IIOAXOJbl K IPUHIIUIIAM 3TOM Ba)KHeHUIEH
Teopur (OpMHUPOBaHMS HANPSDKEHUH B TPYHTaX M OHH,
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B OTJIMYHME OT MHOTHX JPYTHUX HCCJIEJOBAaHUM, NAlOT
BO3MOXKHOCTh €€ NPUMEHEHHS ISl pa3iIM4YHbIX METPO-
rpa¢u4ecKnux pasHocTel TpyHTOB. B kimaccudeckoit me-
XaHWKE TPYHTOB M B TPYHTOBEIEHHH TOA 3PQEKTHB-
HBIMH HANpsODKEHUSIME B TPYHTax IOHMMAIOTCS — Te
HaNpsDKEHUs, YTO MEPEAaloTCsl Ha CKEJeT TPyHTa IpHU
MPUJI0KECHNH BHEITHEH HArPy3KH 3a BBIYETOM ITOPOBOTO
naBieHus. B pabore axkagemuka B.J. Ocunosa [1] Ha
cTp. 3 mokazaHbl OCHOBHbIE TpyaHocTu Teopun K. Tep-
naru. B 3Toit pabote paccMaTpuBarOTCs HOBBIE MOJIO-
JKeHHS (PU3NKO-XMMHUYECKOTO MO/IX0/a K OTpEIEICHUI0
3¢ (EeKTUBHBIX HaNpsDKEHUH, HO, TJIaBHBIM 00pa3oM, B
TJIMHUCTBHIX TPYHTaX. 3HAYUMOCTD U3Y4EHUS TIIMHUCTHIX
TPYHTOB C 3THX HOBBIX ITO3WINH COMHEHHH HE BBI3BIBA-
eT u, 6ojee TOro, OLEHMBAETCS HAMH HCKIIOYUTEIHHO
BbIcOKO. CormacHo yTBepkaeauio B.J. Ocumosa ,,me-
penava HampspKEHUH B MOPHCTBIX JUCIEPCHBIX Cpeax
UIET He MO BCe Mexk(a3HOW MOBEPXHOCTH, a TOIBKO B
MeCTax UX HauOOoJbIIEro cOMMKEHHsI — KoHTakTax. Ko-
JIMYCCTBO U XapaKTCPp HMHAWBUAYAJIbHBIX KOHTAKTOB —
Ba)KHEHUIIasl XapaKTePUCTUKA CTPYKTYP, ONpeAeIstomas
BEJIMYHMHY M XapakrTep nepenadd 3(Q(eKTuBHBIX Haps-
skeHuil“ [1]. PaccmarpuBaroTcs pa3iauuHblE T€OMETPU-
YecKHe THIIBI KOHTAKTOB, KOTOpBIE 00pasyroTcs s
CTPYKTYP Pa3HBIX TPYHTOB: MEXAy CHEepUICCKUMHU da-
CTHIAMH, CHEPUIECKUMHU U IUIOCKUMHU, MEXY TUIOCKH-
MU YacTHUIlaMu. BapuanToB o0pa3oBaHMsl pa3HBIX KOH-
TAaKTOB MHOKECTBO. J[/1 pa3HbIX IPyHTOB NMPeobafaoT
T€ WIN WHBIE TUIBI KOHTAKTOB B 3aBHCHMOCTH OT HaJH-
4usl B HUX 4acTHUIl TOW Wi uHO# Gopmbl. Ha crp. 3 pa-
6otsl B.. Ocumnosa [1] mokazano, uto K.Tepuaru ne
YYUTBIBAI B CBOEH TEOPHH ,,paclpe/ieieHue HampsiKe-
HUH Ha KOHTaKTax CTPYKTYPHBIX 3JIEMEHTOB M, B 4acT-
HOCTH: ,,0CO0EHHOCTH paclpeiecHNs] HaNpsHKCHUH Ha
KOHTaKTaxX pa3JIMYHbIX T€OMETPHUYECKHX M dHEpreTnde-
CKHMX THIIOB; CYyIIECTBOBAaHME HAa KOHTAaKTaX TOHKHX
TUIGHOK CBSI3aHHOHM BOJBI, 00OJanaromeil packInHUBAO-
MM JaBJICHHEM; Pa3BUTHE Ha KOHTAKTaX Pa3JIMYHBIX
HpoLeccoB (HU3UKO-XUMHYECKON NPUPOLBI, 00YCIOBIH-
BAIOMIMX CYLIECTBOBAHME BHYTPCHHUX HANpPsDKEHUH U
np.“. OmgHako, B 3T0# pabote, 1a u B paboTax MHOTHX
JIPYTUX CIIEHHAJIMCTOB, HAa HAIl B3TJIS, HE3aCIyKEHHO
000i#iJleHbl BHUMaHUEM IeCUaHble TPYHTHI, KOTOpbIE HE
MEHee LIMPOKO pPaclpOoCTPAaHEHbl B IOBEPXHOCTHOM
30HE 3€MHOH KOpBI M 00JaJaloT HEe MEHee BaKHBIMHU
CBOWMCTBAaMH, KOTOpBIE JOJDKHBI OBITH YYTEHBI B MHXKE-
HEpHOW IpaKTHKE.

B psime crareit yxe ObuM paccCMOTpPEHBI OTAEIBHBIC
acTeKThl (PU3UKO-XUMHYECKOW Teopun >(PQEeKTUBHBIX
HaNpspKeHWH TPUMEHHUTENFHO K TIeCYaHbIM TPyHTaM, a
uMeHHo B paborax II.A. Pe6unnepa, .M. I'oppkoBoii u
np. [4]. Yxe maBHO yCTaHOBICHO, YTO OJHOW M3 BaXK-
HEHIINX CTPYKTYPHBIX XapaKTEPUCTUK IIECKOB SIBISAETCS
MopGoJIOTHs X 3€peH, T.c. (opMa YacTUI] U XapakTep-
Has UX MOBepXHOCTh. Hamboisee xapakTepHoil (opmoii
NecYaHbIX YacTHll, IpHoOpeTacMoil B pe3yibraTe oOpa-
0OTKM W oONamaronield MHHUMAILHOW MMOBCPXHOCTHOM
SHEpruew, sBiseTcs cdepa WM IUINICON]] BPALICHHS H,
Kak MpaBHJIO, 3TO 3€pHA KBapIa. A BBI3BaHO 3TO, PEXK/IE
BCETO, TEM, YTO B KOHTHHEHTAJIBHBIX YCIOBHAX HAKOII-

JICHUS ¥ TIEPEOTIIOKEHHST 00pa3yloTcs, IPEUMYIIeCTBEH-
HO, KBAapIIEBbIC IIECKH, PEXE KBapPILEBO-IIOJCBOIIINA-
TOBBIC, XOTSI BCTPEYAIOTCA TaKXKE IOCTATOYHO YacTO
OJINTOMHKTOBBIC M JaKe MOJUMHKTOBBIE PAa3HOCTH, YTO
00yCIIOBIICHO KOHKPETHOM T'€HETHYECKOW 00CTAaHOBKOM
ux (HOPMUPOBAHUS M yCIOBHSIMH 3nUrenesa. Ilpeodina-
JlaHWE KBaplia IUKTYETCsl, TIaBHBIM 00pa3oM, €ro oco-
OCHHOCTSIMH, 2 UMEHHO — OOJIBIIONW YCTOHYHMBOCTHIO K
BBIBETPUBAHHUIO, & TaK)KE TBEPJOCTHIO U CONPOTHUBIIsIC-
MOCTBIO K HCTHPAHHIO KaK MpU MepeHoce B BOIHOW, TaK
u B Bo3aymHOH cpene. C TOUKH 3pEHUs OLIEHKH 00IINX
MOP(OJIOrHYECKUX 0COOCHHOCTEH MECKOB, KpOME yCTa-
HOBJICHUS (OPMBI YACTHIl, HEOOXOIUMBIM SIBISIETCS U
y4eT xapakTepa IOBEPXHOCTH IeCcYaHbIX 3epeH. B coe
BpeMs HaMH OBUI IIPEIUIOKEH MOKa3aTellb MOp(oIornu
MIECKOB, KOTOPBIH KOMIIJIEKCHO OMHCHIBAET KaK OCOOCH-
HOCTH (OPMBI, TaK M XapakTepa IOBEPXHOCTH Ilecya-
HBIX YaCTHI[ BO BCEM HCCIEIYyeMOM 00bEME MECUaHOTO
rpyHra. Merouka ornpejeneHus nokasareis Mopgdoio-
UM U3J0XEeHa JAOCTAaTOYHO MOAPOOHO M ObLIA HCIONb-
30BaHa B OOJBIIOM YHCIE MCCIENOBAHUN IE€CYaHBIX
I'PYHTOB.

B.M. Ocunos nuuer, 4To ,,AJ11 OLEHKH KOJIUYECTBa
KOHTaKkTOB Oepercs iro0as rOpU3OHTaJbHAs MOBEPX-
HOCTb... BHYTPH IOPHCTOTO Te€ja, OPHEHTHUPOBAHHAs
HOPMaJIbHO K HANpPABJICHUIO NPUIOKECHHUS BHEIIHETO
HampsoKeHUSA W jajnee ,,9UClI0 KOHTAKTOB B ... MOJe-
JSX ompenensercs pasMepoM u GopMol wacTul, cHo-
co00M MX YKJIaJKH M TECHO CBsI3aHA C MOPHCTOCTHIO.
UeM MeHbIIE pa3Mep YaCTHUI] U IUIOTHEE UX YHNAKOBKA,
TeM OOJIbIlIe KOHTAKTOB B €IMHUIIE TUIOIIAH TOPU30H-
tanpHOM moBepxHocTu® [1]. Ilo B.M. Ocumnosy:
,Hanboyiee MPOCTOW SBISACTCA 2n00yAApHAs MOoOeib,
npemioxennas I1.A. Peounnepom, E.Jl. lllykuneiM u
JI.A. MapronucoM ais CTPYKTYp, CIOKEHHBIX YacTH-
namu cdeprudeckod (HOpMbl M MMEIOUINX HOPUCTOCTh
6omnee 48%. IloznHee 3Ta Monenp OblTa pacmpocTpa-
HEHa Ha CTPYKTYPHI C IIOPUCTOCTHIO B MHTEpBaje oT 48
10 26%* [1]. PaccmarpuBaemast ,,r1o0ymsipHas MOAEIb
MOJXKET HCIONb30BAThCSl ISl IECKOB, IIECUAHUKOB,
aJIeBPOJINTOB M HEKOTOPBIX TOHKOJUCIEPCHBIX MOPOI,
CTPYKTYpPHBIE DJIEMEHTBI KOTODBIX (YacTHIIbI, MUKPO-
arperatbl) UMerOT Gopmy, OIH3KYyH K chepuueckon™
[1]. Otcroma cnenyet, uTo, B ciiyuyae U3y4eHHUS Iecya-
HBIX TPYHTOB, MpPEJUIOKCHHBIE 3aBUCHMOCTH MOTYT
OBITH MCTOIBb30BaHbl. OHaKO HEOOXOJMMO OTMETHUTH,
YTO JUISl pealIbHBIX NMPUPOAHBIX MECKOB HY)KHO YUUTBI-
BaTh, YTO YACTHUIIBI B HUX MOTYT OBITH CAaMOT'0 Pa3HOTO
IraMeTpa, ¢ caMod pasHOW (GOpMOH W KOJUYIECCTBO
3THX Pa3IMYHBIX YaCTHUIl MOKET BapbUPOBAThH B 3HAUU-
TeIbHBIX Mpenenax. Kpome toro, kak u 6bU10 OTMEUE-
HO BBIIIE, BA)KHYIO POJIb UTPAET MOPUCTOCTh H3ydae-
MOTO TPYHTA.

N3no:xxenne ocHOBHOro MaTtepuana. Cremyer ocra-
HOBUTHCS Ha CIICAYIOIIEM: B TPEXMEPHOM Cllydae NpHu
pPacCMOTPEHHMHN YIAaKOBKH YaCTHI OJJMHAKOBOTO pa3Mepa
B 00beMe MOKeT ObITh yrakoBaHO He Oonee 12 mrapoB
WIN 3JUIMIICOMJIOB BpAIIEHMs, a 3TO O3HAYaeT, 4To U
YHUCJIO KAaCaHWi, T.€. YUCIIO KOHTAKTOB, TAKXe paBHO 12.
JlaHHast HIDKHSIS olieHKa Obuta u3BectHa emié M. HeroTo-

ISSN 2071-2227, HaykoBui BicHuK HI'Y, 2014, N2 2



rreonoriAa

Hy. B ToM ciydae, xorzia mapbl WIM 3JUTMIICOMIBI Bpa-
IIEHU UMEIOT Pa3HbIE pa3Mepbl, KOJINYECTBO UX B €IH-
HHULE 00beMa, a TEM CaMbIM M YHCJIO KOHTAKTOB, OIpE-
JIETUTh JOCTAaTOYHO CIIOXKHO. bonee Toro, B mMpupoIHBIX
NecKax HUKOI[a He BCTPEUaloTCsl CTPYKTYPhI, COCTOSIINE
13 UACAJIbHBIX HIAPOB WX 3JUIMIICOUI0B BpalllCHUA. Ko-
JIMYECTBO 3€PEH B YNAKOBKE ONPENENsieT M KOJIMYECTBO
TOYEYHBIX KOHTAKTOB, YTO, B OOINEM, XapaKTEpHO JUIs
MIECKOB, B COCTaBE KOTOPBIX MPE0OJIaJal0T MHHEPAIbI,
npuoOperatomue B rpoiecce o0pabOTKH, Kak IMPaBUIIO,
OKpYTIIy10 ()OPMY M TOJIBKO 33 PEIKHM HCKIIOUCHHEM —
IUIOCKYI0, HamnpuMmep, MpH HAJIWIUA B HUX CIIOJBI-
MYCKOBHTA.

Takum o00pazom, 9TOOBI HCIONB30BaTh IOIOXKEHUS
teopun B.M. OcumnoBa o ¢popmupoBaniu 3GPeKTHBHBIX
HaNpsDKeHUI B TPyHTaX, UCXOJM W3 (PU3MKO-XHMHYeC-
KOro nmoaxoja, ajist mpupoAHbIX MECYaHbIX I'PYHTOB CJIC-
JIyeT YYUTBIBaTh UX CTPYKTYPHbIE OCOOCHHOCTH: TpaHy-
JIOMETPUYECKUI COCTaB U CTENEHb OJHOPOJHOCTH TPYH-
Ta, Mopdosorndeckne 0coOCHHOCTH, MHHEPAIBHBIN CO-
craB. B xauecTBe mapamerpa, KOTOPBIH clieyeT U3y4aTh
B TIEPBYIO OYEPE.b, MPEIATACTCS UCTIONB30BATh OLCHKY
00paboTaHHOCTH TECYaHBIX TPYHTOB Pa3HOH pa3MEpHO-
CTH C HOMOIIBIO KOMIUIEKCHOTO ITOKa3aressi Mopdoio-
rui. Hamm ycraHOBIE€HO, 4TO MOP(OIOrHYECcKHe 0co-
OEHHOCTH TECKOB BO MHOTOM OIPEIEISIFOT MaKCHMalb-
HYI0 MOJIEKYJIAPHYIO BIarO€MKOCTb, IPEAEIbHBIC ILIOT-
HOCTH CJIOKEHHUSI TIECKOB, a TAaK)Ke MX NPOYHOCTHBIE U
JedopMalvoHHbIE CBOWCTBA.

[Ipennoxxennas teopus B.M. OcumnoBa pa3BuBaercs
B 00JacTH OIpEeAeIeHNs] KOaryJIHOHHBIX U (ha30BBIX
KOHTaKTOB B II€CYaHbIX TpyHTax IIPpH TOM, 4YTO
»---()A30BBIC KOHTAKTHI ITOJHOCTHIO BOCIIPHHHMAIOT BCE
obmme 3¢ ¢deKTUBHBIC HANpsDKEHUS W TepelaloT WX Ha
CKeJIeT TOopofbl... BimsHue dusmko-xummdecknx Qak-
TOpPOB Ha pacnpeneneHne 3QPEeKTUBHBIX HANPSIKEHUH Ha
HUX SBJISIETCSI MUHUMAJIBHBIM U MOXET HE YUUTBHIBATHCH.
B cBs3u ¢ 3TuM 3akoH Tepuaru ycreuHo NpUMEHSIETCS
JUIA prHHOO6J’IOMO'~IHle n 6OJ'II)IIJI/IHCTBa IIECYaHbIX II0-
poxa...“[1].

BaxHyo ponb B (OPMHUPOBaHMHM COCTOSHUSL U
CBOHCTB IecYaHbIX IPYHTOB MrpaeT Boja. [l Bcex pas-
MEpHOCTEH OOJIOMOYHBIX TPYHTOB COJlep)KaHHE B HHX
pa3MUHBIX KaTeropuil BoJbl, B OOJIBIIMHCTBE CITydyacs,
OTIpeesIeT UX COCTOSHUE W MMEHHO OHO JUKTYET Ipo-
SIBIICHHUE OOJBITIHCTBA X CBOUCTB. Ps KaTeropwii BOIBI
JUISL TIECYaHbIX PA3HOCTEH IPYHTOB IIPH 3TOM OTCYTCTBY-
€T, UCXOJs M3 MpEeACTaBICHN 00 aacopOIMOHHON TpH-
pozae hopMUpPOBaHUS BUAOB BOJIBI B TPYHTAX.

B monoxeHnsx (U3NKO-XMMHUYECKOH TeopuH OO0Jb-
0€ BHUMAHUEC YJCIACTCA POJIM TMAPATHBIX O6OHO‘ICK B
KOHTAKTaxX 4YacTHIl TPYHTOB U TOJBKO IOIYTHO YIIOMU-
HAeTCsl 0 KOHTAaKTHBIX B3aMMOJEHCTBUSX B Neckax. B pa-
6ote B.M. Ocunosa [1] rosoputcs: ,,Ilepenada Hamps-
JKEHUI B MOPHUCTHIX THUCIEPCHBIX CHCTEMax HMJIET HEe IO
BCEH MeX(a3HOW IMOBEPXHOCTH, a TOJBKO B MECTaxX HX
HanOobIIero cOMMKEHNsT — KOHTakTax. KommuectBo u
XapakTep WHIMBHIYAJIbHBIX KOHTAKTOB — Ba)KHEHIIas
XapaKTEePUCTHKA CTPYKTYp, ONpPENCIsIonas BEIUINHYy U
xapaktep mnepenadd 3PQPEeKTHBHBIX HampspkeHuil. U3
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MIEPEYHCIICHHBIX JJaJiee B 3TOH paboTe U B 0OMIEM-TO H3-
BECTHBIX T'€OMETPHUYECKHUX THIIOB KOHTAKTOB JJIsI IECKOB
XapaKTepHBI: ,, KOHTAKTHl MEXIY CPEPHUUECKUMH TaCTH-
aMu*, MO HAIIMM IPEICTABICHUSAM — KOHTaKThl MEXIY
SJUIMIICOMJIAMH BpallleHHus: WK cepaMul U dIUIUIICOHIa-
MU BpAICHUS, a TAK)KE KOHTAKThl Mexny chepamu (3-
JIMTIICOMJJaMH BpalIJ,eHl/Iﬂ) 1 IINIOCKMMH 4YaCTULaMH, 4YTO
XapaKTEepHO TOJBKO JUISl CIIOJUCTBIX TECKOB IPH OOJb-
LIIOM COZEpKaHWM B HUX cIoj. KOHTakThl MEXy Iioc-
KHMH YacTHLAMH B TIeCKaxX JOCTATO4HO peaku. Jlaxe
IIPY HAJIMYUH B TIECKAX YTJIOBATHIX 3€PEH C OTIAEIbHBIMU
IUTOCKMMH yYacTKaMH, OLICHUBAETCSI YHCII0O KOHTAKTOB HE
MEXIy OTJCIbHBIMU YacTUIAMH, a B LIEJIOM, T.€. AAeTCs
o0Immasi OLeHKa KOHTAKTOB BO BCEM H3y4aeMOM IIECKeE,
MO3TOMY KOHTaKThl MEXIY 3TUMHU OTICIBHBIMH IIOCKO-
CTAMU YaCTUILl HC ABJIAIOTCA ONPCACTIAIONUMU. B TCOPUHN
B.M. OcumnoBa roBopurcs 0 TOM, YTO B JUCHEPCHBIX
CBA3ZHBIX CHUCTCMax BCTPCUACTCA TpU ODHEPTCTUUCCKUX
TUIa KOHTAKTOB: KOAryJSIIMOHHBIN, IEepeXxoaHbIi (To-
4euHbIN), (ha3oBbIi [1].

B neckax Taxske BO3MOXXHBI BCE TPH THIIA SHEPTETH-
4eCKMX KOHTAaKTOB. [Ipeobnanaer, mpexie Bcero, Koary-
JSIIMOHHBI THIT (U1 TIECKOB C NPHUPOJHON BIAXKHO-
CTBIO, IIECKOB 30HBI KaNMIIISIPHOI KaliMbl U C MPHUPOA-
HOW IUIOTHOCTBIO), 3aT€M MEPEXOMHBI TOYEHHBIA THII
(Ut MaJIOBNIAXKHBIX YNJIOTHEHHBIX IECKOB C  BIJIAXKHO-
CTBIO 30HBI a’3palyi) W, HAKOHEN, (a30BBIA THUI (I
IJIOTHBIX CYXHUX MNECKOB U IUIOTHOCTBIO, CTpeMﬂH.leﬁCH K
MPEEeNIbHO IJIOTHOMY CJOXEHUI0O U C BIaXHOCTBIO,
OJIM3KOW K MaKCUMaJIBHOW TUTpOCKONMYecKoit). MmeHHO
KOaryJISIUOHHBIA THUII SHEPTeTHYECKOro KOHTaKTa pea-
JM3yeTcsl B MecKax IPH B3aUMOJAEHCTBUM YacTHI] C CO-
XpaHEHUEM TEPMOJMHAMUYECKH YCTOMYMBON MPOCIONKHU
BOJIbI Ha KOHTaKTe. [Ipn HamMuuy B ecKax MbUICBATHIX U
TeM OoJiee TIIMHUCTBIX YaCTUI] OTMEUCHHBIE SHEpreTHYe-
CKHE THUIbl KOHTaKTOB ITPOSIBIAIOTCS 0OJiee OTYETINBO.
[Tpumepom (a30BOro KOHTaKTa MOTYT CIYXKHThb BBICY-
LIEHHbIE 00pa3lbl NIMHUCTHIX MIECKOB, IPEICTABIAIONINE
co00# ,,lICeBIONECUaHUKN , AaNbHEHIINNA MPOLECC JIU-
TU(GUKALUHE TIPUBOJUT YK€ K 00pa30oBaHHIO MCTHHHBIX
IICCYAaHUKOB HAa I''TIMHUCTOM LICMCHTC. Hanmuumne B meckax
TOTO WJIM MHOTO BU/A CBSI3aHHOW BOJIBI BO MHOTOM OIIpe-
Jiensier 00pa3oBaHUE KOAryJISIIIMOHHBIX KOHTAKTOB, T.K.
TIOBEPXHOCTHBIE T'MJIPATHBIC IUICHKU IPOTHBOJIEHCTBYIOT
COMMKEHUIO YacTHUI, YTO COOTBETCTBYET yTBEPXKICHHUIO:
,»HaJIMYME HA KOAryISALIHOHHBIX KOHTaKTaX TOHKHX aj-
COpPOLIMOHHKIX TUICHOK 00YCIIOBICHO OaIaHCOM CHIT TIpH-
TSOKEHHUS U OTTAJIKMBAHUSL, KOTOPBIE OMPEACNSAIOT CyIIe-
CTBOBaHME PACKJIMHMBAIOINETO JABJICHUA HAa KOHTaKTe™
[1]. Peanu3zanus 3p(heKTUBHBIX HANPSHKEHUH B IECYAHBIX
IPYHTaxX, IO TIOJIy4YEHHBIM IaHHBIM O (OPMHPOBAHHU
CBSI3aHHOW BOJIbI BOKPYT IIECUaHBIX YacTHI chepuieckon
(OpMBI, OCYIIECTBIISIETCSI B YCIOBUIX KOATYJISIIIMOHHOTO
KOHTaKTa.

VcTrHHBIE KOHTaKTHl peanu3yloTcs HE TOJBKO 3a
CYEeT COINPHUKOCHOBEHUS ,,0a3aNBbHOW COCTaBIIAIOIICH
(hOpMBI YacTHII, HO ¥ CONPUKOCHOBEHNUS 3a CUET JeTayeit
MIOBEPXHOCTH YacTUIlbl. [10BEPXHOCTH MECUYAHBIX YACTHI
¢dbopMupyercst 3a c4eT pazHOro Buja 00pabOTKH YacTHIL
TPEHUEM B BOJHOW WM BO3IYIIHOM cpene, a Takke
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HaJIMYMEM pa3IMYHOTO POJia M COCTaBa aJcopOMpOBaH-
HBIX IUICHOK Ha YaCTHIIAX TBEPIOrO BemlecTBa. B peais-
HBIX TPUPOITHBIX ,,[IECUAHBIX' CHCTEMaX BEIWYHUHBI TUIO-
mIafeil KoaryJsUOHHBIX KOHTAKTOB MOTYT OBITH 3HAYH-
TENbHO OOJBIINMU, YeM pacyeTHbIC. BeNInduHbI yaens-
HOM MOBEPXHOCTH MECKOB C YaCTULIAMH C Pa3BUTOH Mo-
BEPXHOCTBIO U IIJICHKAMH TJIMHHUCTOTO COCTaBa Cylile-
CTBEHHO OOJIBIIIE, YeM Y NIECKOB C OKPYIJIBIMH (OKaTaH-
HBIMH) YacTHLAMH C TJIaJKOH, MOJMPOBAHHOW MSTKHM
TpPEHHEM B BOJI€, TIOBEPXHOCTHIO. DTO 3HAYMT, YTO TOJ-
IHa aacopOMpPOBaHHON THAPATHOW WM COJBBATHOM
000JI0YKH TarKe 3HAYUTENBbHO OoJblie. DTO TOBOPHUT O
TOM, YTO 30HA MEPEKPHITHS THAPATHBIX WA CONbBATHBIX
TUIGHOK TaKXXe yBEIMYMUBACTCSA, a 3HAYAT W BO3PACTAIOT
Mpenensl peann3alndl pacKiInHuBaromero >¢¢ekxra. B
1esnoM (OPMHPOBAHUE KOATYJSAIIMOHHOTO KOHTAaKTa B
MECUaHbIX TPYHTAaX OTBEYaeT MOJOXKEHUIM (HU3HKO-
XUMHUYECKOW Teopur 3(G(GEKTUBHBIX HAMPSHKCHUH 10
B.M. Ocunosy.

[TepexoHbIE KOHTAaKThl PEAIN3YIOTCS KaK 3a CYeT
HEMOCPECTBEHHOTO COTNPHKOCHOBEHUS! YACTHIL, TaK M
KOaryJSIHOHHBIX KOHTAKTOB. VICTHHHBIE KOHTaKTHI pea-
JMU3YIOTCS Ha YYacTKax, T OTCYTCTBYIOT THIpPATHBIC
WIN COJbBaTHbIE IIeHKH. OJHAKO, IPH TOM, YTO Iepe-
XOJHBIE KOHTaKTHI 00JagaroT CBOMCTBOM METacTaOMIIb-
HOCTH, T.€. CIIOCOOHOCTH NEpPEXOAUTh B KOAryJSIHOH-
HBIM KOHTAKT, B IECKaX ,,CyXHe* yUaCTKHU, KaK U B CIy4yae
[JIMH, TIPH YBIQKHEHUH M CHITUU BHEIIHETO NaBJICHUS,
0COOEHHO B MEJNKHUX, IBIICBATHIX W TJIMHUCTBIX Pa3HO-
CTSIX, XUMHYECKHE CBS3U Pa3phIBAIOTCA M BECh KOHTAKT
npeoOpa3yercss B KOAryJSAIUOHHBIA. EcTecTBeHHO, 4TO
NPOSIBJICHUE Pa3pblBa XMMHUYECKHUX CBS3€H B IECKax He
HACTOJBKO SIPKO BBIPaXKEHO Kak B riuHaX. OJHaKo, mpu
9KCHEPUMEHTAIFHO YCTaHOBJIEHHOM BIIMSIHUM MOPQOIIO-
run Ha (opMHpoBaHME (U3MUYECKN CBSI3aHHOW BOABI Ha
YacTUIaX, MOKHO yTBEPKIATh, YTO JJIS MECKOB Xapak-
TEPHBI U KOATyJSIHOHHBIN, W TEPEeXOAHBIA THI KOHTAK-
TOB, KaK IMOKa3aHo B pabotax [1.A. Pebunnepa.

CrnemyeT BHOBb OCTAaHOBHTBHCS HA POJIH CTPYKTYPHBIX
napamMeTpoB TEeCKOB B (pOPMHUPOBAHHMH IUIOTHOCTH HX
CIIO’KEHUSI, HCXOSl U3 TOTO, YTO IUIOTHOCTh, B COYECTAaHHH
C BII&)KHOCTBIO TPYHTa, B 3HAYMTENHLHON Mepe CKasbIBa-
eTCs Ha HaNpsDKEHHOM COCTOSHMM II€CYAHOTO TpyHTa U
MOJKET OINpPENeNaTh OCOOCHHOCTH peanusaiuu 3(dek-
TUBHBIX HanpspkeHui. MI3BecTHO, YTO MpeneNbHbIe MI0T-
HOCTH CJIO)KEHHS TIECKOB SIBIISIIOTCS TTapaMeTpaMu, KOTO-
pBle  JOCTATOYHO HIMPOKO HCHONB3YIOTCS JJISI OLEHKH
0COOEHHOCTEH COCTOSHIS TIeCYaHbIX TpyHTOB. HaMu ObI-
JIO YCTaHOBJICHO, YTO TIPENeNbHBIEe TNIOTHOCTH — MaKCH-
MalbHas 00BEMHAs Macca CKeJeTa  MHHUMAallbHasl 00b-
eMHasi Macca CKeJeTa HaxoJsITcA B OINpee/IeHHOH 3aBH-
CUMOCTH OT mokasatensi Mopdonoruu. C pocToM Mopu-
CTOCTH, IIPU TIOCTOSIHHOM BEJIMYMHE IoKa3zarelnsi Mopgo-
JIOTHH, YHCJIO 3€peH B eIUHUIE 00beMa eCTECTBEHHO
yMmeHbInaercs. Kak n3BecTHO, MpH yHakoBKE YacTHIl OA-
HOTO JMaMeTpa Ha BEJIMYHHY (OpPMUpYIOLIEHCS MOpH-
CTOCTH BIMSIET JHIIb Mopdojorus ydactum. B ciydae,
KOTZIa YHaKOBBIBAIOTCS YacTHIIBI PAa3HOTO pasMmepa, 10
cBOe (opme sBiAoIIecs 00padOTaHHBIMHA HITH HEO0O-
paboTaHHBIMHU, OHH, B 3aBUCHMOCTH OT CBOETO pa3Mmepa,

HUMEIOT BO3MOXKHOCTH IIEPEMEIAThCs B OTAEIBHBIC MTOPHI
MeXay Oosiee KpyIHBIMH YacTHIIAMH. 37ECh CIEAYET OT-
METHUTBH (paKT TOTO, YTO 0OpabOOTAHHBIX YACTHUI[ B €AWHU-
Iy o0beMa yKiamelBaeTcs OoJblne, 4eM HeoOpaboraH-
HBIX, YTO OOBSCHAET POCT IMpPEAETbHBIX IUIOTHOCTEH
CJIOKEHUS TIECKOB.

Beime Hamu yxke ObUIO yKa3aHO, 4TO OJHHMM U3
Ba)XXHBIX (haKTOPOB (POPMHUPOBAHMUS IFIOTHOCTH MTECYAHBIX
TPYHTOB B €CTECTBEHHBIX YCIIOBUSIX SIBIISIETCS UX
BJI@XXHOCTB, T.€. COJIEPXKaHUE B TPYHTE PA3IMYHBIX BUIOB
Boxbl. COOCTBEHHO /ISl TIECKOB, KakK YTBEPXKIAETCS
MHOTHMH HCCIICIOBATENSIMH, CIIEIyeT paccMaTpUBATh
00ITHOCTD ,,ITIOTHOCTB-BIAXHOCTL [5]. HeoOxommmo
OTMETUTh, HYTO OIEHKM TPENEeNbHBIX IUIOTHOCTEH
CJIO’KCHHUS TIECKOB BBIMIOIHSAIOTCS B MX BO3AYIIHO-CyXOM
COCTOSTHMM, HO 3TO O3HAyaeT, 4TO B IECKaXx B 3TOM
Cllyyae BCEeTJa MIPUCYTCTBYET ONPEAEICHHOE KOINYECTBO
CBSI3aHHOW BOJbI, KOTOPOH TeM OoJjblle, 4eM MeHee
00pabOoTaHBl YACTHIIBI ITECKOB.

W3 pe3ynbTaToB HCCIIEOBAHUH CIIENYeT, YTO IS
MECKOB  CIeQyeT paccMarpuBarh, B  OOJBLIMHCTBE
CllyyaeB, KOTZla OHM HE HAXOISTCS B HEBOJIOHACHINICH-
HOM COCTOSIHMHM, HanOoyiee XapaKTepHble KOaryJsiiu-
OHHBIE U ITPEXOIHBIE KOHTAKTHI, KOTOPHIE, KaK MOKa3aHO
B pabore B.M. OcumoBa, ompenensioT (GpopMHUpPOBaHHUE
3¢ GEKTUBHBIX HANPSHKCHUH C TO3UIOUN (PH3UKO-XUMU-
gyeckoit Teopu [1].

Hcxons U3 coBpeMEHHbIX MPEACTaBICHUN O POJIU BU-
JIOB BOJBI B IPyHTax, S9KCIIEPUMECHTAILHO MOJyYeHHas B
HallMX HCCIEAO0BAHUAX 3aBUCHUMOCTh MEXIY MaKCH-
MaJIbHOHM YIJIOTHSEMOCTBIO TIECKOB U HMX BJIAXXHOCTBIO
onuchIBaeTcs  cieAylomuM  obpazoM. [loBbleHHAs
IUTIOTHOCTh MECKa IPH MAJBIX 3HAYEHHSX BIAKHOCTH
00ycCIIOBIMBAETCS BO3MOXKHOCTBIO JTOCTATOYHO CBOOOA-
HOH TepeyINakoBKH €ro 3epeH IPH MEXaHWYEeCKOM BO3-
neiictBun (TpamOoBaHWH) W (OPMHPOBAHHUEM HEKOEH
,,[ICEBJIOTEKCAarOHAaJIbHON YNAKOBKM YacCTUL Pa3HOTo
pasmepa 1 MOp(OJIOTHU U, TEM CaMbIM, JOCTHKEHHS BbI-
COKHX 3Ha4€HHI IUNIOTHOCTH CKEJNETa, a 3TO OTBEUYAeT Me-
TOIUKE OMpEAENEHHs INPeNeIbHO-IUIOTHOIO COCTOSHMSA
BO3JYIIHO-CyXOro necka. I[Ipu nanpHeieM yBenuueHuu
BJIQXHOCTH YIUIOTHSAEMOTO IecKa, BOJa, KOTOpas aJicop-
OupoBaHa Ha MOBEPXHOCTH (TOJILKO Ha HauboJee ee mie-
POXOBATHIX y4acTKax M, B OCHOBHOM, B YIJIax IOp MEXIY
3epHaMH, B HX ,,JICEBJOMCTUHHBIX * KOHTAKTax), 32 CUYET
MEHHCKOBBIX cWJI, GopMHpYeT ,,lleMeHTUpyomee” ne-
CTBHE M TEM CaMbIM MPEISITCTBYeT CBOOOIHOI mepeyna-
KOBKE YaCTHII IIPH MEXaHWIECKUX BO3JCHCTBHSAX.

Bb110 TOATBEPKAEHO HKCIIEPUMEHTAIBHO, YTO B TIPO-
Iecce MEepeynakoBKH YacTHI] OAMHAKOBOTO pa3Mepa Cy-
MIECTBEHHBIM 00pa30M MPOSBISAIOTCA WX Mopdoioruye-
CKHE OCOOEHHOCTH, U OBUTH MOyYEHBI JaHHbBIE, KOTOpPbIE
YCTAHOBIJIM pa3jiMuusl B 3HAYCHUSIX MaKCHMaJIbHON MO-
JIEKYJISIPHOW BJIArOEMKOCTH M ONTUMAaJIbHOHW BIIQXKHOCTH
YIUIOTHEHHs 110 OTIETbHBIM (pakuusM necka. Hexoro-
PBIM CIIEJICTBHEM OIMCAHHOTO SIBIIsIETCs (DaKT TOTO, YTO
IpU  BJIQKHOCTH MAaKCUMAaJbHOW THUTPOCKONMMYHOCTH
HaOMojaeTcsl CHIDKEHNE aOCOJIOTHBIX 3HAYEHWH ILIOT-
HOCTH. JlanbHeillllee yBEIMUYEHUE BJIAXXHOCTU 10 3Haue-
HUM, OMM3KUX K MaKCUMAalbHONH MOJEKYJSIPHOW BIIAro-
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€MKOCTH, IPUBOIUT K TOMY, UYTO BOIBI, aICOPOHPyEeMOit
Ha IMOBEPXHOCTH, CTAHOBUTCS KOJMYECTBEHHO OOJbIIE.
Orta Boaa ,,CKpaabiBaeT  CHavaja ,,Ae(GeKTh” MOBEPXHO-
CTH, a 3aTeM U MeJKue ,,ae(exTsr” GopMbl, HopMUpYyET
KBazuchepsl ,,4aCTHIA-BONA“, YTO CHW)KAeT BIUSHHE
MOP(OJIOTHYECKUX OCOOEHHOCTEH IECKOB, IO3BOJISIET
OCYILIECTBIISIThCSL OOJiee CBOOOAHOW IepeynakoBKe 4Ya-
CTHI] U JTOCTHXXECHHUIO Ooyiee BBICOKHMX 3HAUYCHMH IIOTHO-
cti. Hanmume takux kBazucdep oOyCIOBIEHO TeM, YTO
WMEHHO TPH BJIAKHOCTH, ONM3KOW K BEJIWYWHE MaKCH-
MaJIbHOW MOJIEKYJISIPHOM BJIaroeMKOCTH, BOJIa HA YaCTHU-
[ax yIep>KUBaeTCs OYCHH IPOYHO 32 CUET MOBEPXHOCT-
HBIX cujl. M3BECTHO, 4TO MPOYHOCBSI3aHHAS BOJA MOXKET
OBITh yJajieHa W3 IPyHTa TOJBKO IPU OUYEHb BBICOKHX
JABJICHUSIX W TemrepaTrypax [2]. MakcumanbHas IJI0T-
HOCTb MOXET OBITh JOCTUTHYTa NPU ONTUMAJIBHOU
BJI&YKHOCTH, KOTOpas HECKOJIBKO IIPEBBINIAET BEITHYHHY
MaKCHMaJIbHOH MOJIEKYJISIPHOIM BJIarOeMKOCTH. DTH He-
OoJipIIMe KOJIMYECTBA BIaru oOpasyroT oOmiue BOAHBIE
000JIOYKH BOKPYT' HECKOJBKHMX YacTHIl M WUTPAIOT POIIb
CMa3KH TP UX MEPEeMENICHISIX M0]] MEXaHHIEeCKUM BO3-
JeficTBHEM, OTHOBPEMEHHO TPOSBIISIIOT HEKUE [IEMEHTH-
pyIoIie CBOWCTBA, TPETSTCTBYIONINE pPa3yITOTHCHHUIO
rpyHTa. JlanpHeillllee yBIaKHEHUE IECKa MPUBOAMUT K
peanu3aiyi PacKIMHUBAIOMIET0 (P QeKTa 1, eCTCCTBEH-
HO, K YMEHBIIICHHIO JOCTUTaeMOM IJIOTHOCTH MIPHU MeXa-
HUYECKOM BO37eicTBUM. [IpoBeeHHbIN aHaTU3 0COOEH-
HOCTeW MOpP(OJIOTMU HM3YYEHHBIX TECKOB B acleKTe UX
BIMSHUS Ha (OPMHPOBAHHE MAaKCUMAaJbHOW IUIOTHOCTH
IIPY ONITHMAIILHO BJIQKHOCTH YTUIOTHEHUS TI0Ka3all, 4To
C pocToM 00pabOTaHHOCTH YACTHI[ ITeCKa PACTET BEJH-
YMHA MAaKCUMAJIFHO JIOCTUTaeMOM IJIOTHOCTH TTECKOB.

W3noxeHHOE BBIIE UMEET HETOCPEACTBEHHOE OTHO-
IICHHE K TTOJIOKEHUSIM (QU3UKO-XUMHYECKOH TEOpHH d-
(heKTUBHBIX HANPSHKCHUN B TPyHTaX. TONBKO IpH HAJH-
YHHM KOHTAKTOB MEXAY YaCTHUILAMH U BO3HHMKAIOT Harmps-
JKEHHS, NPU OTCYTCTBHM KOHTAaKTOB PEYH O HAIHYUH
HaTpsHKCHUH B TPyHTE HE UIET.

[Mponomkast paccMOTpEHHE KOHTAKTOB Pa3IMYHOIO
BUJIa M UX IUIOLIAJIeH, CIeqyeT cKa3arb, 4To Ul mecya-
HBIX YaCTHI[ PA3JIMIHON MOP(HOIOTHH IJIONIA s (ha30Bo-
ro (,,liceBI0(a3oBOro*) KOHTAKTa MOXET OBITH OIpese-
JIeHa TI0 3aBUCHMOCTSIM, M3JIOKEHHBIM B paboTte
B.U. Ocunosa [1]. DToT BUA KOHTaKTa Hanboee Xapakx-
TEPEH IS TIECKOB C BEIMYMHOHN BIIAYKHOCTH OT BO3IYII-
HO-CYXOTO COCTOSIHUSI 10 BIQKHOCTH MAaKCHMAIbHOM
TUTPOCKONIMYHOCTH M OT HEe O 3HAYCHHH IPENebHO
IUIOTHOTO COCTOSIHUS TIECKOB B BO3IYIIHO-CYXOM COCTO-
sHuM. Bce 3To 0oOycnoBnuBaercsi TeM (akToM, 4TO B
MIPUPOJIHBIX YCIOBHAX y MECKOB HpPaKTHYeCKH HE (op-
MHUpyeTcs aOCONIIOTHO cyxoe cocrosiHue. JlanbHeiinee
YBEJIMYECHUE BIAXHOCTH U JIOCTIKEHUE OoJiee MIOTHOTO
CIIOKEHUS YK€ MOXKET IPUBECTH K (POPMUPOBAHUIO Tie-
PEXOJHOTO THIA KOHTAaKTa, a Jajee NPH ONTUMAaJIbHOM
BJIXKHOCTH — K 00pa30BaHUIO KOATyJSIIHOHHOTO KOHTAK-
Ta.

CrtpyKkTypHasi IPOYHOCTh MECYAHBIX IOPOJ OIpeie-
JSETCA HE TONBKO MPOYHOCTBIO OTNENBHBIX MUHEPAIb-
HBIX 3€peH U OOJIOMKOB, a TaKkKe MPOYHOCTHIO YKazaH-
HBIX BBIIIE€ CTPYKTYPHBIX CBSA3EH, KOTOpPBIE (OPMUPYIOT-
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csl, KaK W3BECTHO, B PE3YyJIbTATEe CIOXKHBIX M MaJOU3y-
YEHHBIX (PU3MKO-XMMHUUYECKHX MPOLIECCOB B IECYAHBIX
nmoponax [1].

[To pesyapTaTaM MHOTOYHCIEHHBIX MCCIIEIOBaHUI
YCTaHOBJICHO, YTO CHJIBL, TI0 CBOEW MPHUPOJE OIpeaess-
IOIIHE NMPOYHOCTh CBS3CH B TPYHTaX, pasieisaioT Ha XU-
MHUYECKHE, CO3MAIONINE CBSI3b MEKIY aTOMaMHU, W (PU3U-
YEeCKHe, peali3yoIecs, MPEUMYIIECTBEHHO, MEXKIY
MolrekynamMu. K XUMHYECKAM CHJIaM OTHOCST Te, KOTO-
pBie 00YCIIOBIIMBAIOT HOHHYIO M KOBAJICHTHBIC CBS3H, a K
¢usnyeckum — cunbl BaH-nmep-Baanbca, mompaszmense-
MBbI€ Ha IWIOJIEHBIE (OpPUEHTAIIMOHHBIE), NHYKIIHOHHEIC
U IucrepcuoHHble. [IpoMexyTouHOe MOJI0KEHHE MEXKIY
XUMHUYECKHUMHU U HU3MYECKUMH CHIaMH 3aHUMAOT BOJIO-
pOJIHBIE CBS3M Kak MokazaHo B padorax [1.A. PeOunaepa
u V.M. I'opbkoBOiA.

W3BecTHO, YTO MO MPOYHOCTHEO CTPYKTYPHBIX CBSI3EH
TPYHTOB TOHMMAIOT COMPOTHBICHUE CTPYKTYPHOU CETKH
paspytieHuro. B aToM cMeiciie, chopMHUpOBaHHAS B PE3yIIh-
TaTe TeHe3rca U TPOIIECCOB AUTEHE3a CTPYKTYpa IeCYaHo-
TO TpyHTa NpEJCTABISIET cOOOH ONpeieNeHHYI0 CTPYKTYp-
HYIO CETKY, 3JIEMEHTHI KOTOPOW — YaCTHIIBI TIeCKa — CBS3a-
HBI CTPYKTYPHBIMH B3aUMOJICHCTBHSIMH, B TOM YHCIIE U 3a
cger MOpQOIIOruIecKux OocoOeHHOCTeH. B cBs3m ¢ 3THM
ObUT MpOBEIEH KOMIUIEKC WCCIIEAOBAaHHUN MPOYHOCTH Iec-
YaHBIX TPYHTOB B Pa3JIYHOM COCTOSIHUH TI0 BIQKHOCTH.

AHanu3 MONYyYeHHBIX 3KCIIEPHUMEHTAIBHBIX TaHHBIX
MoKazall, YTO MAaKCHMaJbHbIC 3HAYCHUS IMPOYHOCTH II0-
JIYYCHBI TIPU BJIAXKHOCTSX, OJU3KUX K HYIIO (B 30HE BO3-
JYITHO-CYXOTO COCTOSIHHSA), 3TO MPAaKTUYECKH 30HA (ha-
30BOT0 KOHTAKTa, BTOPOH kK€ MaKCHMyM CMEIIeH K 30HE
BIIQXKHOCTH, OJIM3KOHN K BETMYMHE ONTHUMAIBLHON BIaXK-
HOCcTH. OOBJACHEHHE 3aKIIOYCHO B CIEAYIOMIEM: IIpH
BIIQXKHOCTH OT HYJIS IO BIQXHOCTH MaKCHMAbHOW THT-
POCKOITMYHOCTH — 3€pHA MecKa MPH MPHIOKEHIH K HUM
Harpy30K UCHBITHIBAIOT MaKCUMaIbHOE TpeHue (0coOeH-
HO B TeCKax C HeoOpaOOTaHHBIMH 3€PHAMH), U MEXKIY
HUMH, B O0OJIBIIEH Mepe, IPOSBIAETCS Takasg KOMIOHEHTa
CIIETUIEHHsI KaK ,,CLeIJICHUe-3alleTUIeHus , a OTcroja U
MaKCUMYM KacaTeIbHBIX HANPsDKCHHMA, YIia BHYTPEHHE-
IO TPEHUSI U CIICTUICHUS.

[Tpu HEKOTOPOM YBEITMYECHUH BIIAYKHOCTU, OT MAKCH-
MaJbHOM THUTPOCKONMMYHOCTH IO MaKCHUMAaJTbHOH MoIre-
KYJISIDPHOW BJIarOEMKOCTH, IMOCTEIICHHBIA POCT BIIard Ha
YacTUIaX 3a CUET 3allOHEHHS BOJOU Ne(eKTOB Xapakx-
Tepa TOBEPXHOCTH UTPAET POIIb CMa3KH, a OTCIOIa — TIa-
nIeHre aOCOMOTHBIX 3HAYCHUH MPOYHOCTH. JTO, HAa HAII
B3I, OTBEYAET NMEPEXOTHOMY (TOYSYHOMY) THILY dHEp-
TeTUYECKOr0 KOHTAKTa, YTO JAAaHO B Pe3yibTaTax HCCIie-
noBanuii [1.A. Pebunnepa u ap. aBTopos [4]

B 30HE BIaKHOCTH, OT BEJIMYHUHBI MAKCUMAJIBHON MO-
JIEKYJISIPHOM BJIArOEMKOCTH [0 ,,0NTUMAJBHOM ™ BIIaXKHO-
CTH, 3€pHA TTeCKa TOKPHITHI BOJHBIMHA 000JI0YKaMH, KOTO-
pBIC CKpaIbIBAIOT B 3HAYUTEIHHON Mepe uX Mop(hoIoru-
Yeckre OCOOCHHOCTH, YTO TPUBOAUT K OoJiee IUIOTHOMY
COCTOSIHHIO TIECYaHOTO TpyHTa. Kpome TOro BO3MOXKHO
(hopmupoBaHHue ,,BOMHOTO IceBIoLeMeHTa . Bce 310 Be-
JIeT K TIOCTEIICHHOMY POCTY BEJMYWH IMPOYHOCTHBIX ITapa-
METPOB, 3HAUEHHs KOTOPBIX IOCTUTAIOT BTOPOTO MAaKCH-
MyMa IIpH BIAXKHOCTH, OJIM3KOH K ,,0NTHMAaTbHON BIaXK-
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HOCTH, HO MX a0OCOJIIOTHBIC 3HAYCHUs MEHBINE, YeM IIpU
BIIQXKHOCTSIX B BO3YIIHO-CYXOM COCTOSIHHHM, TaK Kak IIpU
3TOM B HauOONBIIEH Mepe, Kak yXKe OTMEedYaloch, NpH
MPOYMX PABHBIX YCIOBHSX MPOSBISIOTCS Mopoiormye-
CKHE OCOOCHHOCTH 3€peH IECKOB. 3[eCh MOKa Mbl HE MO-
JKEM YTBEp)KZIaTb, UYTO pealnu3yeTcsl B MOJIHOI Mepe Koa-
T'yJSILMOHHBIN THIT SHEPTETHUECKOIO KOHTAKTA.

[Tpu monHO# BJIIArOEMKOCTH CIIBUT MPOMCXOAUT NPHU
HaJIMYMH OOJIBIIOTO KOJIMYECTBA TPABUTALIMOHHOM BIIar,
MMEHHO I10 BOJHBIM 000JI0YKaM, TaK KaK YacTHUIIbI [IeCKa,
3a CUeT HAJIMYUS 3THX 000JI0YEK, OYTH HE B3aHMMOJICH-
CTBYIOT JAPYI C JpyroM, a OTCIO/Ia W IaJCHHE MaKCH-
MaJIbHbIX KacaTEIbHBIX HaNpPSDKEHUH, yriia BHYTPEHHETO
TPEHUS U CLETIIICHUS.

BeiBoabl. PaccMoTpeHHe pe3ynbTaToB  BBIINOJHEH-
HBIX AKCIIEPUMEHTAJBHBIX HCCIEJOBaHUN Ha OOJIBIIOM
quciie 00pa3IoB MECYAHbIX TPYHTOB PA3IMYHOTO T'€HE3U-
ca W WX TeOpeTHYeCKUW aHaiau3 Ha 0a3e COBPEMEHHOM
¢usuKo-xumMudecko Teopuu (GopmupoBanHus dddek-
TUBHBIX HAaNpsHKCHUH, pa3BUTHE KIACCHYECKUX IPEe-
CTaBJICHUH 00 STHX HANpPSDKEHUSIX ITOKA3bIBAET, YTO OC-
HOBHBIC IOJIOKEHHSI 3TOH HOBOHM TEOpHH, B 3HAYUTENb-
HOH Mepe, MOTYT OBITh PacIpoCTpaHEHbl Ha IEeCYaHbIe
TPYHTBI, MCIIOJIb30BaHNE KOTOPBIX, KAK M TJIMHHUCTHIX, B
WHKCHEPHO! MPAKTHKE BEChMA 3HAUYUTEIBHO.

Cnucok autepatypsl / References
1. Ocurop B.M. ®wusuko-xumudeckas Teopus 3¢dek-
TUBHBIX HanpspkeHui B rpynTax / Ocumos B.U. // UT'D
PAH. - M.: U®3 PAH, 2012. - 74 c.

Osipov, V.I. (2012), “Physico-Chemical Theory of
Effective Stress in Soil”, IEG RAS, IPE RAS, Moscow,
Russia.

2. 'pynaToBenenue: 6-¢ m3n.; moxa pen. Tpopumosa B.T. —
M.: Hayxa, 2005. — 1024c.

Trofimov, V.T. (2005), Gruntovedeniye [Soil Sci-
ence], Nauka, Moscow, Russia.

3. Friedman, E. (2005), Packing Unit Squares in
Squares: a Survey and New Results, Stetson University,
DeLand, available at: http://www.combinatorics.org
/Surveys/ds7.html

4. [ToranoB A. T'eoskosiormyeckast oueHka GopMupoBa-
HUSI TIPOYHOCTH TIeCYaHbIX TPYHTOB (B acnekre (u3uko-
XUMHUUYECKOH Teopun J(PQEKTUBHBIX HANpsHKEHUH) /
A. IToramoB, A.Jl. IToramos, A.A. IllumenkoBa // Bect-
HUK MI'CY —2013. —Ne 2. — C.166—-181.

Potapov, I.A., Shimenkova, A.A. and Potapov, A.D.

(2013), “Formation of different types of power contacts
in the sandy soils in the aspect of physical-chemical theo-
ry of effective stress”, Vestnik MGSU, no.11, pp. 210—
218.
5. ITotanoB A./l. Pojib MJIOTHOCTH-BIIAXKHOCTH ITECUAHBIX
IpyHTOB B (hopmMupoBaHuM d()(HEKTHUBHBIX HATPSHKEHUH C
no3unuii pusuko-xumuueckor Teopuu / A.Jl. Iloramos,
N.A. Tlotanos, A.A. lllumenkosa // Becthuk MI'CY —
2012. —Ne 12. - C. 104-110.

Potapov, A.D., Potapov, L.A. and Shimenkova, A.A.
(2012), “The role of density, moisture content of sandy
soils in the formation of effective stress in terms of physi-
co-chemical theory”. Vestnik MGSU, no. 12, pp. 104—-110.

10

Merta. TeoperndHa OL[iHKA 3aCTOCOBHOCTI HOBUX YsIB-
JIeHb 00 eeKTUBHUX HANpPYXKEHb y IPyHTaX 3 MO3HLIH
¢izuKo-ximMiuHOI Teopii akagemika B.I. Ocunosa g0 mimra-
HHX IPYHTIB SIK IPEICTABHHKIB KJIACY YJIaMKOBHX OCaI0-
BuX mopia. HeoOXigHicTh Takoi OIIHKM BHKJIMKaHA THM,
110 MOIIMPEH] HAYKOBI YSIBJICHHS 11010 ()OPMYyBaHHS BJIa-
CTHBOCTEH I'PYHTIB 0a3yIOThCS Ha €KCIIEPUMEHTAIILHO ITi/I-
TBEPIUKEHHUX TEOPETHYHUX POOOTAX KIIACHKIB IPYHTO3HAB-
crBa. Lli poboTn posrisnanu edpeKTUBHI HANPYTH y IPYH-
Tax SK Halpyrw, IO IEpelaroThCsi Ha CKEJIET IPYHTY 3a
BUPAXyBaHHSM ITOPOBOro TUCKY. OCHOBHI TIOJIOXKEHHS HO-
BOTO MiJXOAy HaHOUIBII TOYHO ONMCYIOTH (HOPMyBaHHS
e(eKTUBHUX HANPY>KEHb Y MIMHUCTUX IPYHTaX.

Mertomuka. TeopeTHyHE Ta EKCIEPUMEHTAIbLHE BU-
BYCHHS IMMIaHUX IPYHTIB PI3HOTO TeHE3NCY, y3araJbHCHHS
Ta aHAJI3 OTPUMAHUX €KCIIEPHMEHTATBHUX JaHUX, 10 PO3-
[ISIIAOTh CTPYKTYPHI OCOOJIMBOCTI IMICKIB — IPaHyJIOMET-
pUYHUI CK1a, MOP(OJIOTivHI 0COOIUBOCTI 3€PEH, a TAKOK
(hopMyBaHHSI B IiCKaX Pi3HOTO POy EHEPreTHYHUX KOHTaK-
TIB: KOaryJsiiiHoro, )a3o0BOro Ta NepexiiHoro.

PesyabraTn. Y pe3ynbTaTi aHAIITUYHOTO Y3arajib-
HEHHS TI0Ka3aHO, IO, Y 3aJIeKHOCTI BiJl CTPYKTYpPHHUX
ocobmmBocTeid, Mopdororii mimanux 3epeH (popmu Ta
XapakTepy IMOBEpPXHI YAaCTHHOK), MICKH BOJOMAIIOTH Pi3-
HUMH 3HAYCHHSAMH IPaHUYHOI IIITBHOCTI CKJIagaHHs, Be-
JUYUHOI0 ONTHMAIBHOI BOJIOTOCTI YIIITBHEHHS, Xapak-
TePUCTUKAMHU MIITHOCTI. OIHIOETHCS BIUTUB CTPYKTYp-
HHUX OCOOJIMBOCTEH MiCKIB Ha YHMCJIO ICTUHHUX KOHTAKTIiB
MIXK 3¢pHaMHu, Ha (QOpPMyBaHHS PI3HHUX BHIIB 3B'I3aHOT
BOJH Y IPYHTaXx.

HaykoBa HoBH3Ha. TeopeTHYHUI MiAXix Ta eKcie-
PUMEHTAJIbHE MiTBEPIKCHHS OTPUMAHHX HOBHX HAayKO-
BUX MOJIOKCHb MOJATAIOTh Y TOMY, IIO0 HOBa (i3HKO-
XiMigHa Teopist (opMyBaHHSA e€(PEKTHBHUX HAaIpy>KEHb,
sKa OIKCYE 3B’s3HI IPYHTH, MOXXe OyTH 3aCTOCOBHA i
IUTE. HE MCHII TOMIMPEHHUX Yy MOBEPXHEBil 30HI 3eMHOI
KOPH TIIIAHUX IPYHTIB.

MpakTtuyna 3HayuMmicTb. OCHOBHE IpaKkTHYHE
3HAYEHHS OTPUMAHOrO TEOPETHYHOTO MaTepialy IHOJs-
ra€ B MOKJIMBOCTSX OUITBII TOYHOT OIIHKH POJIi ePeKTH-
BHHUX HallpyXeHb y (DOpPMyBaHHI HANpy>KEHOTO CTaHY
IPYHTIB PI3HOTO JITOJOrO-MeTpOrpad)iyHOro CKIALTY.
Po3BuTOoK KiacuyHOi Teopii GopMyBaHHS e()EKTUBHHX
HanpykeHb Ha 0a3i (pi3UKO-XIMIYHUX YSBJIEHb € Iepc-
NEKTHBHUM HampsMOM IPYHTO3HABCTBA Ta MEXaHIKU
TPYHTIB.

KawuoBi cioBa: epexmusni nanpyeu, epynm, nicku,
CMpYKmMYpHi  ocobausocmi, Mmopghonozis, eHepeemuyHi
KOHmMaKmu, winbHicmos, MiyHicms, 800a, Qisuxko-xiviuHa
meopis

Purpose. The purpose of research materials, which
are described in the article, is a theoretical evaluation of
the applicability of new ideas about effective stresses in
the soil from the standpoint of physical and chemical
theory of academician V.I. Osipov to sandy soils, as rep-
resentatives of the class of clastic sedimentary rocks.
Such an evaluation is of importance; as the common sci-
entific understanding of the formation of soil properties
is based on the experimentally confirmed theoretical
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works of the classics of soil science. These works con-
sidered effective stress in soil as a stress transmitted to
soil skeleton excluding pore pressure. The main provi-
sions of the new approach describe formation of effective
stress in the clay soils most accurately.

Methodology. The main methods of research were
theoretical and experimental study of sandy soils of dif-
ferent origin; generalization analysis of the experimental
data which consider the structural characteristics of sand:
grain size distribution; morphological characteristics of
grains; formation of coagulation, phase, and transition
power contacts.

Findings. The analytical synthesis showed that the
difference in structural characteristics and sand grains
morphology (particles’ shape and surface nature) causes
different values of ultimate composition density, opti-
mum moisture content for firming, and strength charac-
teristics. The sand structural features effect on the num-
ber of real contacts between its grains and the formation
of different types of bound water in soil has been consid-
ered.

Chen Zijian, Deng Jingen, Yu Baohua,
Yan Chuanliang

Originality. The theoretical approach and its ex-
perimental proof allowed the new physical-chemical
theory of effective stress formation in cohesive soils
which can be applied for sandy soils widespread in the
earth crust.

Practical value. We now have the possibility to
assess the influence of effective stresses on formation
of the stress condition of the soils of different litholog-
ical and petrographic composition more accurately.
The development of the classical theory of effective
stresses formation on the basis of physico-chemical
concepts is a promising area of soil science and soil
mechanics.

Keywords: effective stresses, soil, sand, structural
features, morphology, power contacts, density, strength,
water, physical and chemical theory
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PORE PRESSURE PREDICTION IN THE DONGFANG 1-1
GAS FIELD, YINGGEHAI BASIN

Yen 3isin, Jlenr Minren, FOii Baoxya,
YyaubJsH b

JepxaBHa ToloBHA JIabopaTopis HAPTOBUX PecypciB i po3Bia-
ku, Kuraiicekuii yHiBepcuret Hadtu, M.Ilekin, KHP,
e-mail: 13488780158@163.com

IHPOI'HO3YBAHHA ITOPOBOI'O TUCKY B I'A3OBOMY
POJOBMUIII DONGFANG 1-1 TA3OHOCHOI'O BACEHHY YINGGEHAI

Dongfang 1-1 gas field is a high temperature and high pressure area. An accurate pore pressure prediction is
very important for safe drilling in this area. The authors have analyzed and classified the overpressure
mechanisms on the base of loading and unloading, which are the relationships of vertical effective stress and
acoustic velocity. Then, the logging responses for different overpressure mechanisms have been discussed. Based
on the above, the new method of pore pressure prediction by means of the DT-density crossplot and DT-density-
depth crossplot has been proposed. The method has been applied to analyze the overpressure causes and predict a
high temperature and high pressure well in DF1-1 gas filed, Yinggehai Basin. The results show that the
overpressure in DF1-1 gas filed is caused by three factors: disequilibrium compaction, aquathermal expansion and
hydrocarbon generation. Their contribution to the overpressure in different formations is different. By using the
DT-density crossplot and the DT-density-depth crossplot the contribution can be distinguished and feasible
prediction model can be chosen. The authors have proved that the Eaton method is only suitable for
disequilibrium compaction; but the Bowers method is effective for the overpressure caused by disequilibrium
compaction or fluid volume expansion. This method improves the pore pressure prediction accuracy in DF 1-1 gas
filed effectively. It is of importance to the drilling engineering.

Keywords: DF [-1 gas filed, high temperature, high pressure, overpressure mechanism, loading, unloading, pore
pressure prediction

Introduction. The Dongfang 1-1 (DF1-1) gas filed
is the largest gas filed in China. It is located in the

Yinggehai Sea Basin, about 100 km to the west of
Yinggehai town, Hainan province (Fig. 1). The water
depth is about 64—70 m. The gas reserve of the field is
estimated to excess a hundred billion cubic over the gas-
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