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OBIIAA XAPAKTEPUCTUKA PABOTbBI

AKTYaJIbHOCTh TeMbl Auccepramuu. Kbeiprel3ctaH — ropHas crpana. bonee
90% ee muomaau 3aHUMAIOT ropel. [Ipu 3TOM Ha ee TeppPUTOPUH HIUPOKO PA3BUTHI
OpUPOAHBIE W  TMPUPOJHO-TEXHOTeHHBIE KaTacTpodbl. Haubonee omnacHeIMU
IPUPOJIHBIMU MPOLIECCAMU U SBICHUSAMU U3 HUX SBISIOTCS 3€MIICTPACEHUS, ONOJI3HU,
naBuHbl. [Ipryem upesBblyaiinbie cutyanuu, 1no aanHeiM MYC KP, cBsizaHHbIE C
aKTUBU3AIMEN OMOJ3HEBBIX MpPOLECCOB, cOCTaBIAIOT 8.4% ot ofmero uucia
3aperucTpupoBaHHbIX. HamOosiblliee KOJWYECTBO YPE3BBIYAWHBIX CHUTYyallMd OT
onoyizHeN otmevaeTcst B Ouickoit (46.6%) u xanan- Abdaackoit (32.2%) obnactsix. B
Uyiickoil (Cesepnblii Tsnb-1llans), Mccbik-Kynbckoil, HappiHCKO# 00nacTsx oHU
CcOCTaBJIAIOT OT 3.8 % 110 6.4%.

B Hacrosmee Bpems B KeIpreizctane 3apeructpupoBaHo cBbime 5000
COBPEMEHHBIX OMO3HEH. M3yueHnem 3THX OIOJI3HEW B pecHyOMKe 3aHUMAalNCh
KpynHbie ydeHble akagemuku W.T. Auntmaros, B.M. Hudanser, K.U. Koxorysos,
n.1.H., npodeccop A.E. Bopobwes, n.1.H., O.B. Hukonsckas, n.T.H., mpodeccop
VYcenoB K.OK. unen-kopp. HAH KP Ixxaman6aeB M.J[x., unen-kopp. HAH KP C.®.
Ycemanos, k.1.H., M1.A. Toproes, k.T.H., FO.I'. AnemuH, K.T.H., 3.A. AcuiioBa, K.(h-M.H.
C.b. Omypanues u ap.

Bormnpocam u3yudeHust 0nosi3HEN MOCBSIIEHO MHOKECTBO padOT U 3apyOeKHBIX
yueHbIX U yuyeHbix u3 ctpadn CHI: K. Tepuaru, E.Il. EMenbsnoBa. ['.M. [llaxyHsH,
B.B. Ktonuens, P.A. Huszos, K.A. I'ynaksn, ['.C. 3omorapes u ap.

AHanu3 nuTeparypsl MOKa3al, YTO aKTUBU3ALMS OMOJI3HEH OOBIYHO CBSI3aHA C
TEKTOHUKOW M CEHCMUYHOCTHIO, KOJIMYECTBOM OCAJKOB, CE30HHBIMH KOJIEOaHUSIMHU
temriepaTypbl. OgHaKO HECMOTpPsI Ha TO, YTO OOJIBIIOE KOJMYECTBO JIUTEPATYpPHI
HOCBSIILIEHO 3TOM mpoOseme, 1O HACTOSAILIEr0 BPEMEHM HET €AMHOIO MHEHHS O
MEXaHU3MaxX BO3HUKHOBEHUS M TEPEIBMIKEHUS OBICTPONMPOTEKAIONINX W JJIMHHBIX
[JIMHUCTBIX OIMOJI3HEW U OHU OCTAIOTCS HE MOJHOCTHIO BBISICHEHHBIMU.

CBs3b TeMbI JUCCEPTAIIMUA ¢ OCHOBHBIMHM HAYYHO-UCCJIEA0BATEJIbCKUMU
pabdorammu. Pesynbrathl gucceprauuu Boum B HUWP mo rpanty Poccuiickoro
HayuHoro donma Ne 23-27- 00444, https://rsc-/.ru/project/23-27-00444/,2023.r.

Heabo paGoTbl - SBISETCA YCTAaHOBJIEHHWE MEXaHW3Ma OCOOEHHOCTEH
BO3HUKHOBEHHUSI M TMEPEJBIKCHUSI MPOTSHKCHHBIX TJIWHUCTBIX OIMOJ3HEM Ha OCHOBE
BIIUSIHUS HAHOYACTHII.

3agaum uccJIe10BaHNM:
J{ns1 JOCTHKEHMS LIEJIH ONIPEICIICHBI CIICAYIOIIME OCHOBHBIE 3a/1a4UH:

1.  BBIACHUTH OCHOBHBIE WH)KEHEPHO-TEOJIOTHYECKUE YCIIOBUS
dbopMHUpOBaHUs, Pa3BUTHS W aKTUBU3AIMU OTOJ3HEBBIX IPOIIECCOB HAa CKJIOHAX
CesepHoro Tsanb-I11ans.

2. W3yunuth GU3NKO-XUMUYECKHE CBOMCTBA HAHOTPYOOK.

3.  IIpoBecTr HOBYIO HHTEPIPETALIMIO POJIU TJIUH B IEPEMEIIEHUN I€OMAaCChI
OTIOJI3HSI.


https://rsc/.ru/project/23-27-00444/%2C2023.г

4.  CocCTaBUTh HOBYIO THIIM3ALUIO OMOJI3HEM.

5. O0OCHOBaTh TPUITEPHBIE MEXAHU3MBbI, BO3/ICHCTBYIOIINE Ha
BO3HUKHOBEHUE U NEPEIBUIKEHUE OIOJI3HEBBIX IeOMacc.

6. OOOCHOBaTh MEXaHU3M IEPEABIKEHUS T'eéOMacC OIOJI3HEH Ha OCHOBE
BJIMSIHUSI HAHOYACTHULL.

Hayuynasi HoBU3HA pa®oThI 3aK/II0YA€TCS B CJIeAYIOIIEeM:

1. OnpeneneHbl  3JEKTPOHHBIE W (PU3UKO-XUMHUYCCKHE  CBOMCTBA
HAHOYACTHI] U HAHOTPYOOK.

2. YCTaHOBIICHBI OCHOBHBIE OCOOCHHOCTH TIIEPEABMIKCHUS TIIMHUCTBIX
OTOJI3HEN.

3. [TpennoxeHa HOBas THITH3AIMS OINOJ3HEH, KOTOpas BKIIIOYAET B ceOs, B

OTJIMYAE OT W3BECTHBIX, TPHU THUNA: TPAJULUMOHHBIE OIOJ3HU, OIIOJ3HHA C
reOXMMHUYECKUM MTPeoOpa30BaHuEM OO U OIOJI3HU CO CMA3KOil.

4. OOOCHOBaHBI ~ TPUITEPHBICE  MEXAaHU3Mbl  BO3JCHCTBYIOIIMX  Ha
BO3HUKHOBEHUE OIIOJI3HEM.

5. IIpencraBiena HOBasi MHTEpPIpPETAlXsl POJM TJIMH B IEPEMELICHUU
re€OMaccChl OIOJI3HS.

6. O060CHOBaH MeXaHU3M OBICTPOTO MEPEMEIIECHUS TTTMHUCTHIX OMOJI3HEN Ha
OCHOBE BJIMSIHUSI HAHOYACTHLL.

IIpakTHyeckasi 3HAYMMOCTb IOJYYECHHBIX Pe3yJIbTATOB!

[IpakTUyeckoe 3HaUECHUE PE3YJIbTATOB JUCCEPTALMOHHON pabOThI 3aAKIHOYAETCS
B TOM, YTO OHM BHECYT CYIIECTBEHHBI BKJIAJ B PEUICHWE BAKHEMIIEH HApOIHO-
XO3SIMCTBEHHOM 3a7]a4i — MPOTHO3a OIOJ3HEN, C TOUYKHU 3PECHUSI U3YUEHHS TTPOIIECCOB
IIOATOTOBKM, IEPEMEIICHUSI W TNO3HAHUS MEXAHU3MOB DPAa3BUTHS 3TOr0 IpoLEcca.
Pe3ynbTaTel paboThl BHEAPEHBI B TPakTUKY padoThl MHxkeHepHoi Axkagemuu KP (Akr
BHenpenus ot 14.03.2025 r.)

OcCHOBHBIE NOJIOKEHHUS TUCCEPTAIUN, BBIHOCUMbIE HA 3aIHUTY:

1. [IpucyrcTByromue B TOpPHOM Macce HAHOYACTUIIBI — 00pasyroT
HAHOCOJCP)KAIUKA CJIOM, KOTOpBIH oOecrneurBaeT IEpealIyl0 W IMPONYCKHYIO
CIIOCOOHOCTh MJIM TPOCKANIb3bIBAHUE TOPHOM MAaccChl OMOJI3HS, TaK KakK OMNpeeser
KayeCTBEHHOE M KOJIMYECTBEHHOE 3HAUCHHME TPEHHUs, a TaKxke MpeoOdpa3oBaHUe
BEKTOpa CHJI MEXAY CWIbHBIM U MPEPHIBUCTBIM TPEHUEM U IUIABHBIM CKOJIBKECHUEM.
[Tpu 5TOM, M3-32 CBOEH OTHOCUTEIHHO OOJIBIIION MJIOTHOCTH U 3HAYUTEIILHOM TIOIIA N
MOBEPXHOCTH, CJIOM HAaHOPa3MEpPHBIX YACTHUI[ BbI3BIBACT (PUBHKO-XUMHUYECKYIO
AKTUBALIMIO, YTO OKA3bIBAE€T CYLIECTBEHHOE BO3JCHCTBUE HA NEPEMEIICHHUE TOPHOU
MaccChl OTOJI3HS.

2. ['mobanibHOE M3MEHEHHUE KIIMMaTa, BhI3BIBAIOLIEE B HEKOTOPHIX paioHaX
3eMiIi HMHTEHCHBHBIE OCAJKH, SIBISIOLIEECS OAHUM U3 TPUITEPHBIX (PAKTOPOB,
HEM30€)KHO TPHUBOJIUT K YCHUJICHUIO OIOJI3HEBOM akKTUBHOCTU. JIyisi moiydeHus
KaYeCTBEHHO-KOJIMYECTBEHHOM  OLIEHKM BO3JCHCTBUS KJIMMara Ha  OMNOJI3HU
HEOOXOUMO OCYIIECTBISTh HU3MEPEHHUE W3MEHEHUs TeMIepaTyphl, aTMOCHEpHbIX
OCaJKOB, BETpPa M IOTOJHBIX CHCTEM B LIEJIOM, a TAKXKE MX MNPSIMOE U KOCBEHHOE
BJIMSIHUE HA YCTOMYMBOCTDH OTAEIbHBIX TOPHBIX CKJIOHOB.
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3. beicTpoe IIEpEMEILECHHE reOMaccChl TJIMHUCTBIX OIOJI3HEN
o0ecnieunBaeTcs HAHOUYACTUIIAMM TajlTya3uTa, BBIIOJHSIOUIMX POib d()PeKTUBHON
CMa3KM HIDKHETO CJIOS IEPEMELIAIOIIETO OIOI3H Ha MOBEPXHOCTIX CKOJIBKECHUS B
KAa4eCTBE IIPUPOIHBIX HAHOIIOIIUITHUKOB.

JINYHBIA BKJIAJA COUCKATEJSA 3aKJII0YAETCH:

- B TMPOBEJCHUU PETPOCHEKTUBHOIO aHajau3a, cOope, CUCTEMATU3ALMH U
00paboTKe MUTEepaTypHBIX U (HOHIOBBIX MAaTEPHAIOB O MPOU3ONICANINX OIMOI3HAX B
CesepnoM Tsub-1llane;

- B COCTaBJICHUU TUIM3AI[MH OTIOJI3HEH, B HOBOM UHTEPIPETAIIUU POJIH TJIMH MIPU
MePEMENICHIN Te€OMACChI OBICTPHIX OTOJI3HEH;

- B 0OOCHOBAaHHMM TPUTTEPHBIX MEXAHU3MOB BO3JCHCTBUSI Ha BO3SHUKHOBEHUE
OITOJI3HEH;

- B 000CHOBaHMHM HOBOTO MEXaHW3Ma TMEPE/IBIKECHUSI T€OMacc OIOJI3HEH Ha
OCHOBE BJIMSIHUSI HAHOYACTHUII.

AnpoOanus  pe3yJbTaToB  HccjaeaoBaHusl. OCHOBHbIE  pPE3yJbTaThI
UCCJIeIOBAHUS JTIOKJIAABIBAIIMCH, 00CYKIAIMCh U 0OJI00PEHbI Ha:

. Hayuno-npaktuueckoit kondepennuu “‘Hayka, oOpazoBaHue, THHOBAIUH
Y TEXHOJIOTUHU: OLIEHKH, TPOOJIeMBI, IyTH perieHus”, 28-29 anpens 2022 r., . bunikek;
. MexayHapoIHONW Hay4YHO-TIPAKTUUECKOW KOH(EpEeHIHH: “AKTyaabHbIC

BOIPOCHI T€0JOTUM, HWHHOBAIMOHHBIE METO/ABl MPOTHO3UPOBAHUA JOOBIUUM U
TEXHOJIOTHH 00OTaIllCHUS MOJIS3HBIX NCKonmaeMbIX ', 28 utoHg 2022 r., r. TamkeHT;

. XII Bceepoccuiickoi mkone-ceMuHape “MccnemoBaHus M TBOPUYECKHE
MPOEKTHI JIJI1 PA3BUTHSI U OCBOEHUS MPOOJIEMHBIX U TPUOPEIKHO-IETH(OBBIX 30H 10T
Poccun™, 2022 1., r. PocToB Ha [lony;

. XXX  MexnayHaponHod — HayyHol — koH(epeHuuu — “JlazepHo-
uHpopmarmonnpie TexHonorun”’, 12-17 centabps 2022 r., r. HoBopoccuiick,
KpacuHonmapckuii kpai;

. [X MexnyHapoaHoit HaydHO-TIpakTH4ecKoi KoHpepenimu ‘“Hayka
00II1ECTBO, TEXHOJIOTHH: MPOOJIEMBI M MEPCIIEKTUBBI B3aUMOJICUCTBHUSI B COBPEMEHHOM
mupe”. 9 mapta 2023 r., r. [leTpo3aBojck.

IV MexnyHapoaHoi HaydyHO-TIPaKTUYeCKON KoH(pepennu “HoBble BHI30OBBI —
HOBBIE HccienoBanus”, 8 mapta 2023 r., r. [leTpo3aBojack, B KOTOPOM aBTOp MOJIydriIa
nuriom odenutens I crenenu no cexuuu “TexHUYeCKrue HayKu .

ITosiHOTA OTpasKeHMil pe3yJIbTATOB UCCJIEIOBAHUNA B My IMKAIIUAX:

Pesynpratel  HMcCCleAOBaHMM, ~— OTPAXKAIOIIME  OCHOBHOE  COAEPMKAHHE
JUCCEePTAIMOHHON paboThl, OMyOJMKOBaHbI B 14 Hay4yHBIX TpyAax, B TOM yucie 7
BXOAAT B 0a3zy nanubix PUHII.

Crpykrypa n 00beM qUCCEePTALIUN.

Huccepransi COCTOWT W3 BBEACHHS, 3 TJIaB, BBIBOJOB U CIIHCKA
MCIIOJB30BaHHOM JIuTepatyphl. OHa cogepkuT 120 cTpaHUIl MAIMHOMMCHOTO TEKCTA,
BKitoUast 46 pucyHkoB u 4 Tabmunpl. CHOHUCOK JUTEPATyphl COIEPXHUT 97
oubmmorpaduuecKkux HaMMEHOBAHHM.

BnarogapuocTu. ABTOp BBIpaXKaeT TIIYOOKYH0 TMPHU3HATEIBHOCTh U
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0JIaroTapHOCTh HAYYHOMY PYKOBOJHUTENIO, JOKTOPY TEXHUUECKUX HAYK, Ipodeccopy
Bopo6reBy A.E. 3a okazaHue IOMOIIM B HCCIEIOBaHMAX, opranuzaruu HUP
0o0ecreYnBaOIIMX  PE3yJbTAaTUBHOCTh  MPEJACTABISEMBIX  HCCIETOBAHUM, 3a
BCECTOPOHHIOI TOJJCPKKY, BHHMAaHHE, COBEThl W KOHCyJbTamuu. Ocolbyro
0J1aroJapHOCTh aBTOP BhIPAXKACT HAYYHOMY COTPYAHHUKY J1a00paTOPUU KOMIUIEKCHBIX
UCCIIEIOBAHUM T€OJIMHAMUYECKHX MpolieccoB B reodusnueckux noiasix HC PAH —
MyxamaneeBoit Bunepe AckapoBHe — 3a OECKOPBICTHYIO IMOMOIIb U MOIJICPKKY Ha
BCEX dTallax BHITIOJIHCHUS JUCCEPTAIMOHHON pabOThl. ABTOpP UCKPEHHE MPU3HATEIICH
BEAYLIEMY HAay4yHOMY COTPYIHHUKY, 3aBeAylonieMy Jjgadopatopueid TriIyOUHHBIX
MarHutoresurypudueckux uccienosannii HC PAH, k.r.-m.H, — baraneBoii Enene
AHATONBEBHE 3a KOHCTPYKTHUBHBIE COBETHI M KOHCYJbTallMH. ABTOP BBIPAXKAET
rIyOOYalllyl0 MPU3HATEIBHOCTh M 0OJIaroJapHOCTh COTpyAHUKaM HMHcTuTyTa
MaIIMHOBeAeHHUs, aBToMaTuku U reomexaunku HAK KP — 3a momos, coaeiicTBue u

MOJIACPKKY.
OCHOBHOE COJAEPKXAHUE PABOTbBI

B BBeaeHuMm 00OCHOBaHa aKTyaJlbHOCTb TE€Mbl MCCIEAOBAaHUS, OINpPEACIICHBI
HeJd M 3a7a4d paboThl, H3JI0KEHbl HayyHash HOBH3HA, OCHOBHBIE IOJIOXKEHUS,
BBIHOCMMBIE aBTOPOM Ha 3alIUTy M MUX IPAKTUYECKOE 3HAYEHUE, NPUBOJMUTCS
anpoOanus pe3ysbTaToB UCCIEAOBaHMs, 00BEM U CTPYKTYpa JUCCEPTALUH.

B nepgBoii riiaBe npuBencHBI CBEACHUSA U AHAIU3 CTPYKTYPHO-T€0JIOTHYECKUX
ycnoBuil tepputopurt CeBepHoro Tsup-Illans u paccMoTpeHa XapaKTepHUCTHKA
ONACHBIX CKJIOHOBBIX I'PABUTAIMOHHBIX IIpoLieccoB B KbIprei3crane.

I'opubie ycnoBus Tsaup-lllans ¢ no3unmii MOABEPKEHHOCTH YPE3BBIYAWHBIM
CUTyalUssM IPUPOAHOTO, TEXHOIEHHOTO, J3KOJIOTMYECKOr0 W COLHAIBHO-
OMOJIOTMYECKOr0 XapakTepa MPEeACTABIAIOTCS 0CO00 ySI3BUMBIMU. BBICOKOTOpPHOCTH
CTpaHbl CO37aeT OJaronpusiTHbIE YCIOBUS sl TEKTOHWYECKUX JBUIKEHHUU
00yClIaBIMBAIOLIMX Pa3BUTHE OMOJ3HEH, 00BaJOB, KAMHENA0B, Cele U MaBOAKOB,
JIABMH, 3€MJICTPSCEHUM, IOATOIJICHUN U UHBIX OIIACHBIX IPOLIECCOB.

[To nanapiM MUC KP nHa Teppuropun Keipreizckoit peciyOIMKi B HACTOSIIEE
Bpemst BbisiBIeHO Oosiee 5000 omomn3Hel, OT IpPeBHUX JI0 COBPEMEHHBIX BO3PACTOB,
KOTOPBIE IOJIYYUIIN PAa3BUTUE NPEUMYIECTBEHHO B HU3KO - U CPEIHETOPHBIX sIpycax
penbeda, peako B BBICOKOTOpHOM 30HE. KomMuecTBO 3THX OMOJIBHEH €XerogHo
BO3pacTacT B CBI3M C AaKTUBHU3aLMEHd B3aUMOJCUCTBYIOIIUX COBPEMEHHBIX
r€OIMHAMUYECKUX JIBUKEHUN, CEMCMUYHOCTH, MOJIBEMOM YPOBHS IMOA3EMHBIX BOI,
aHOMAaJIbHBIM KOJIMYECTBOM BBIMIABIINX aTMOC(EPHBIX OCAJKOB, a TAK)KE HHKEHEPHO -
XO35MCTBEHHOM JIEATEIbHOCTBIO YEJIOBEKa, HAPYIIAIOMIMK OallaHC YCTONYMBOCTH
CKJIOHA B TOPHBIX 30HAX.

B cBa3u ¢ ycuieHuMeM ONOJI3HEBOM AaKTMBHOCTH B IIOCIIENHEE IECATWIETHE,
U3Y4YCHHUE OIOJ3HEH, O00pa3yloluxcss B TIMHUCTBIX OTJIOKEHUSX TOPHBIX H
NpearopHbIx paiioHoB KbIprei3cTana, B HacTodllee Bpems, MpuoOpeTaeT O0iblloe
3Ha4YECHHUE.

B Hacrosmee BpeMsi B MUpe IPOUCXOAUT HHTEHCUBHOE Pa3BUTHE U IIEPEXO] K

6



IIMPOKOMY HCIOJB30BAHUIO PA3JIMYHBIX HAHOYACTHUI] BO MHOTHUX OTPacisiX HAayKH U
MIPOMBIIUICHHOCTH.

HaHoyacTuIilbl 3TO YacTHUIIBI C XapaKTepHBIM pazMepoM npubiusutensHo 1-100
HAaHOMETPOB, XOTs Obl MO OJHOMY U3MepeHuio (1 HaHomeTp - 310 1 MUIMapAHas
MeTpa).

IIpu sToM B KOHIIe XX BEKa OKOHYATEIBHO CTAJIO OYEBUIHO CYILECTBOBAHUE
onpeeeHHOW 00JacTH pa3MepOB YACTHIl BEIIECTBA — 00JIaCTh HAHOPA3MEPOB U UTO
HaHOPa3MEPHBIM UHTEPBaAl CTPOCHUS MATEPUM BCE-TAKHM MMEET CBOM OCOOEHHOCTH,
9TO Ha OSTOM YPOBHE BEIIECTBO O0OJIAJaeT WHBIMH CBOWCTBAMH, KOTOpPHIE HE
MIPOSIBJISIIOTCS B Makpomupe. U mpakTudecku B Ommkaiimme JecaTUIeTHs Oaaroaapst
WHTCHCUBHOMY  HAy4YHO-TEXHMYECKOMY TMPOrPECCYy HAHOTEXHOJOTHH  OKaXYT
OTPOMHOE BIUSHUE OOJBIIMHCTBY 00JIaCTEH e TEIBHOCTH YeIOBEYECKOT0 OOIIIeCTBa.
Campblii TPOCTON BUJ COBPEMEHHOW HAHONPOAYKIMU — HaHO4YacTUlbl. M3MenbueHue
10 Y4acCTHUIl pa3MEpOM B JIECSITKH WIM COTHH HAHOMETPOB MPHUIAET MaTrepuajiam u
mpoiieccaMm, CBS3aHHBIM C HHUMH, MPUHIUMIHAIBLHO WHBIE (U3UKO-MEXaHUYECKUE
cBorictBa. DopMaIbHBIMU NTPU3HAKAMHU HAHOYACTHUIL SIBJISIETCS UX MPEUMYIIECTBEHHO
chepudeckas popma u 3naueHust pazmepon (oT 1 10 250-300 um). (puc.1)

B pabote nepeurcieHsl HaHOpa3MepHbIE 00BbEKTHI, KOTOPbIE MOXHO OTHECTU K
HaHouactuiaMm. [lpu 3ToM, 0cO00 MOAYEPKHYTO, UYTO K OOBEKTAM HCCIIECIOBAHUM
HAaHOHAYKH OTHOCSITCS U YIbTPAAUCIIEPCHBIE CUCTEMBIL: 3TO MPEKIE BCETO PA3INYHBIE
[JIMHBI, KOTOPbIE U CJIaraloT B OOJBIIMHCTBE CBOEM M OIMNOJI3HEOMACHBIE CKJIOHBI
Cesepnoro u lOxunoro Tsaub-111ans.

atnaa norssepa

Hancracmaa sepaeasst OO0l NOMMODS 12 IR
CMOEMPMLIYYIOULN HACTHLICH

Pucynok 1. Hanouacrtuia



Bropas riaBa mocBsmieHa oOmield MeToAWKe uccienoBanuid. OmNucaHbl
COBPEMEHHBIE METOAUKHN U TEXHOJIOTUU MOUCKA HAYYHOU JIUTEPATyphl IO OIMOI3HAM,
METOJbI OINPENEICHUS] MEXaHUYECKUX CBOMCTB TPYHTOB, CJIArarolIUuX OIOJI3HEBHIE
CKJIOHBI. [ [pyBeIeH MPOKUH CIIEKTP HUHCTPYMEHTAIBHO-aHATUTUYECKUX METOJOB JJIS
u3ydeHus HaHodpdextoB. [IpuBeaeHbl pe3ynbTaThl oOmpeneiacHus (QpU3UKo-
XUMHUYECKUX CBOMCTB HAHOTPYOOK.

B nanHoO# riaBe npuBeneHbl pazpaboTaHHbIE METOUYECKUE PEKOMEH AU T10
o0ecrieueHn0 OOBEKTUBHON HIEHTU(UKALMKA BCEro CHEKTpa HHGOPMAIMOHHBIX
PECYpPCOB, CIIyKalllUX JJIA MOMCKAa HAy4YHOW JIUTEpaTyphl B 00JIACTH MCCIEAOBAHUIMA
OTIOJI3HEH, POBEJIEHUH TOYHOTO M JOCTATOYHO MOJHOTO WH(OPMAIIMOHHOTO TTOMCKA
M0 3aJaHHOMY HalpaBJCHMIO, a TaKKe B KauyeCTBEHHOM OTOOpe Hamboee
aBTOPUTETHOW M 1LIEHHOM mNpoduibHON wuHPOpMaMK, AJii TOCIEAYIOUIETO €€
WCIIOJIb30BaHUs [IPU OCYILECTBICHUN UCCIIEIOBAHUM.

[Ipu sTOM, METOJMKHM TOMCKAa HAyYHOM JUTEpaTypbl BKIIOYAIOT B ceOs
CIEAYIOIINE OCHOBHBIE METOJIBI.

bubnuorpaduyeckuii aHanu3 NepBUYHBIX JOKYMEHTOB — 3TO OJMH U3 OCHOBHBIX
BUJIOB aHalM3a, KOTOPBIM MOJpa3yMeBaeT BblAEIEHUE HauOoyiee CyIIECTBEHHBIX
CBEJICHUH O IMyOJIMKAIUK, C UEJIbIO MOTYUYEHUS €€ XapaKTEPUCTUKN U UCTIOIb30BAHUS
MIpU TIOUCKE JOKYMEHTOB U MH(popManuu. MeToa annepuuHUpOBaHUs MPEANOoaraeT
IIOMCK JINTEPATYPHBIX HMCTOYHUKOB, IOCBAIIECHHBIX BOIIPOCAM OIIOI3HEHU, KOTOpBIE
MOTJIM OBbI JIONOJIHUTB XOJ] UCCIIECIOBAHUSI aBTOPA MPUHIIUITHAIBHBIMUA CBEJICHUSMU B
aToM cepe.

JleckpUNTUBHBIN MeTOJ Oa3upyeTcsi Ha MOUCKE B JIMTEPATYPHBIX MCTOYHHKAX
KJIIOYEBBIX (OMOPHBIX) CJIOB U CIOBOCOYETAHUN (JECKPUINTAX), TaK WM HHAYe
HCTOJIB3YIOIIUX TEPMUH “ONON3E€HBL B UX PA3JIMYHOM COUYETAHUU.

MeTton NEKOHCTPYKIHMHM OCHOBaH Ha TAKWX NPUHLMUIIAX ITIOMCKAa HAyYHOU
JUTEpaTypbl, KaK HayyHas OLEHKAa M TOJKOBAHME TEKCTa NEPBOMCTOYHUKA U
3aKJIF0UAETCs B IIEJIEHAIPABICHHOM 0TOOpE JTUTEPATypPHBIX HCTOUHUKOB, COJIEPIKALLUX
COOTBETCTBYIOIIMI MaTepual, OOBSICHSAIONINN 0a30Bble MPUHIUIBI, MEXaHU3MbI U
MIPOLIECCHI OMOJI3HEH, AJI OCIEAYIOMIETr0 BKIIOYEHHS €ro ()parMeHTOB B MOAXOISAIINE
MECTa OCYIIECTBISIEMON paboThl (¢ 00s3aTeTbHOM HYMEpPHOM CCHUIKOM Ha
MEPBOMCTOYHHUK).

Bo03MOk€EH MOUCK JINTEPATYPHBIX UCTOYHUKOB IO PE3YJBTATAM MX aCIEKTHOTO
aHaJli3a, KOTOPBIM MpeanosjaraeT MCCIEJOBaHUE IOCTaBICHHON mpobiembl (1is
KOTOPOM MILYTCSl JINTEPATypHbIE HCTOYHHKH), C MOMOIIBIO KOHKPETHOH TEOPHH,
TPYJIOB OIpPEJEIEHHOTO0 aBTOpa (OCHOBOIOJOXXHUKA TOW WJIM HMHOW MPOOJIEeMbI
BO3HUKHOBEHUSI  OINOJI3HEH), HMEIONIYI0 JOBOJBHO  BBICOKYIO  pEMyTaluio,
ONPEAEIAEMYIO HHACKC XUpLIa.

[Ipu >TOM, COBpEMEHHBI HHHOBAIIMOHHBIA MOUCK CIOCOOEH OCTaBISATh
NOTPEOUTENIO TAaKUE YCIYTd, Kak T'€HEpUPOBAHUE MPUHIMIIMAIBLHO HOBBIX HIACH,
YCOBEpIICHCTBOBAHNWE 3HAHWUN MO BbIOpAaHHONW TeMe WJIM OLEHKAa HCIOJIb3yeMBbIX
METOJIOB ¥ TEXHOJIOTUH.

B pabore omucaHbl OCHOBHBIE METOIbl W3YUYEHUS MEXAHUYECKHUX CBOMCTB
IPYHTOB, CIAralIIUX OIOJI3HEONAacHble CKJIOHBI. [Ipennoxkensl Gopmynbl  ams
OTpENENeHNsI MPOYHOCTH TOPHBIX MOPOJ MO TeOPU3UYECKUM KapoTakaM, MpH
OTCYTCTBUU 00Opa3I0B, HEOOXOIUMBIX ISl JAOOPATOPHBIX UCTIBITAHUM.
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Jlnst m3ydernss HaHOA(P(EKTOB (KaK B TOBEPXHOCTHBIX CJIOSIX, TaK U B
o0beMax HaHOYACTHI[), B paboTe MPUBEAEH IIMPOKUN CHEKTP MHCTPYMEHTAJILHO-
aHATUTHYECKUX METOAOoB. IIpu »STOM yKa3zaHO, YTO CKaHUpYIOLlas TYyHHEJIbHAs
mukpockonusgs (CTM) u aromHo - cunoBas mukpockonusi (ACM) sBusroTCS
OCHOBHBIMHM METO/IaMHU, UCIOJB3YEMBIX IJIS MPSIMOW BU3yadU3alliu CYIIECTBYIOIIEH
MOP(OJIOTUU U CTPYKTYPHI MMOBEPXHOCTU HAHOKaTanu3atopos. [Ipu 3ToM oTMeueHo,
YTO PEHTIE€HOBCKas (pOTOINEKTPOHHAs criekTpockonus (XPS) — 3To moBepxHOCTHO-
YYBCTBUTEIBHBIA METOJ, KOTOPBIA IIHUPOKO WCIOIB3YETCS I XapaKTEPUCTUKH
XUMHUYECKOTO COCTOSIHMSI M COCTaBa AJIEMEHTOB, MPUCYTCTBYIONIUX HAa TOBEPXHOCTH
HAHOKaTaJu3aTOPOB.

Jlyis omucaHusl TOMOJOTHUM TMOBEPXHOCTH HAHOYACTHUI[ B paboTe MPEIsIo:KEHO
MCIIOJIb30BaTh METO/bI, KOTOPbIE OCHOBAHBI HA JIBYX Pa3JIMYHBIX MOAXOMAAX: IJIaTHAs
00pa0oTKa MOBEPXHOCTU B TPEXMEPHOM IPOCTPAHCTBE M, BO-BTOPBIX, 00pabOTKa
reOMETPUH MOBEPXHOCTU B MPOCTPAHCTBE M300paKEHUI HA OCHOBE CIELMAIBLHOTO
MaTeMaTUYeCKOro ammnapara. OTH MOAXOAbl HMEIOT pEIIAIoIIee 3HAYEHUe JUIsl
TAaKCOHOMHUHU TIOJIy4aeMOW JKCIEPUMEHTAIbHOM HHGOpPMAIIMKM O CBONCTBAX W
COCTOSIHUU MTOBEPXHOCTH HAHOYACTHIL.

CoBpemenHas mnpubopHas ©0a3a B COBOKYNMHOCTH C HCIOJb3YyeMbIMHU
M3BECTHBIMH ~ MAaTEeMAaTUYECKUMHU  METOJaMH, TNPUMEHSIONME  MOJEIH  C
COCPEIOTOYEHHBIMHM IMMapaMeTpaMHu, a TaKXe MOJEIU C pachpeneIeHHbIMU
napamMeTpamu, MO3BOJWIM YCTAHOBUTH BBIBOJ, O TOM, YTO OIMCAaHHUE TOIOJIOTHUU
MOBEPXHOCTH HAHOYACTUIl CTall OJHUM W3 BAXKHBIX M HEOOXOJUMBIX DSTaIoB
HCCIIEOBaHUN.

HanotpyOka mpencraBisger coO0i TOJYI0 BHYTPU MOJIEKYIY, COCTOSIIYIO U3
nopsinka 1000 000 atomoB yriaepona (MM APYroro XMMUYECKOIO 3JIEMEHTA, YacTo
MeETaJula) U NPeICTABISAIONIYIO OJJHOCIONHYIO UM MHOTOCIIONHYIO TPYOKY TMaMeTpOM
OKOJIO HAHOMETpa U JJIMHON B HECKOJIBKO JIECATKOB MUKPOH (pHcC. 2).

Pucynox 2. OiHO - 1 MHOTOCTEHHBIE HAHOTPYOKHU

DOTH HAHOTPYOKM TPEJCTABISAIOT COOOW IWJIMHIPUYECKUE CTPYKTYpHI,
oOpa3oBaHHbIE T'€KCAarOHAJbHO COOPAHHBIMM aTOMAaMM YIJIEpOJa WM JPYruX
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XUMUYECKUX 3JeMeHTOB. Ha uX MOBEpXHOCTM aTOMbI yriiepoja pacrojOKEHbl B
BEpIIMHAX MPABUIBHBIX IECTUYTOJILHUKOB. HE00X0AMMO OTMETUTH, YTO HAHOTPYOKHU
XapaKTEePU3YyIOTCS 3HAUYUTENbHBIM pa3zHooOpa3zueM (opM: OoJblliMe U MalIeHbKUE,
OJIHOCJIOMHBIE 1 MHOTOCJIOMHBIE, IPSIMBIE U CIIUPATIbHbIC, YHUKAJIBHON IPOYHOCTHIO.

[Tpu »TOM, MPOBEZICHHBIEC HCCIIEIOBAHMUS MMOKA3aJIM, YTO HAHOTPYOKHU 00J1ajatoT
JIOBOJILHO YHHKAQJIbHBIMH MEXaHHUCCKUMU CBOMCTBaMH (Tabmuia 1).

Tabnuma 1. Du3nko-MexXaHUIECKHEe XapaKTePUCTUKH YTIECPOTHBIX HAHOTPYOOK.

Moynp yIpyrocTtu 1000-1400 I'TTa
[Ipenen mpoyHOCTH Ha pa3phiB 30-100 I'TIa
TenmonpoBOIHOCTH BJIOJIb TPYOKHU 6000-7000 B(™ - k)
DnekrpoconpoTusienue npu 300 K 1043 - 107° Om-cm
MaxkcuMaibHasl IpoIrycKaeMas 107 — 10° A/CM2
TUIOTHOCTD TOKa
VY nenpHas MOBEPXHOCTHh OTKPBITHIX 6osee 1000 M7t
HaHOTPYOOK

Takke OOHApY>KE€HO, 4TO 2X CJIOWHYIO YIJIEPOJIHYIO HAHOTPYOKY MOKHO
UCIIOJIB30BaTh B KAaueCTBE LMJIMHIPUYECKOrO MOJAIIMIIHMKA HAa YPOBHE HAHO: €CJIH
BHEIIHIOIO YaCTh TaKOM TPyOKH 3aCTaBUTh BPAILAThCS, @ BHYTPEHHIOO YaCTh OCTABUTH
HENOJBW)XHOM, TO MOYKHO IOJYYWTH IOAIIMITHUK CKOJBXEHHUS, B KOTOPOM CHJIBI
TPEHHUS JOBOJIBHO C1a0bI€, T.K. IOBEPXHOCTh CKOJIBKEHUS SABJIAETCS ATOMHO-TJIAIKOM.

Tperbss rnaBa 1noOCBsllIeHAa pa3paboTKe MeXaHuM3Ma 00pa3oBaHUS U
nepeMenieHus ObICTPBIX U MPOTSKEHHBIX ONOJI3HENW HAa OCHOBE BIUSHUS HAHOYACTHIL.
[IpensiokeHa HOBast TUMU3ALMS OMOJI3HEH, OOOCHOBAHBI UX TPUITEPHBIE MEXaHU3MBbI
BO3/ICHCTBUSI HA BOSBHUKHOBEHUE ITUX OMOJI3HEM.

JleTanbHbIA aHAMU3 JUTEPATYPHBIX MCTOYHMKOB W MPOM3OLIECIUIMX B MHUPE
OMOJ3HEW IMOKa3ajld, YTO OCHOBHOM MPUYMHON 0Opa30BaHUSl OMOJ3HEU OOBIYHO
ABJISIETCSl HApYLIEHUE CIIOXKUBILIErOCS PABHOBECUS MEXKIY CABUTAIONICH CUIION
TsKecTH (00yCIIOBIIEHHOM I'paBUTAIMEN) U yIEepKUBAOIIUMH cuiiaMu (TpeHus). Kak
MPaBUJIO, OHO BbI3BIBAETCS:

e  YBEIMYEHHEM KPYTH3HBI OIOJI3HEONACHOTO CKJOHA (B pe3ylbTaTe €ro
MOJIMbIBa BOJIOM);

e  OCNa0JeHWEM TMPOYHOCTH MACCHMBA TOPHBIX TOpojd (T€OMAacchl),
IPOUCXOMSIIEE NPU BBIBETPUBAHMM WM NEPEYBIAXHEHUU JJIUTEIbHBIMU
aTMoc(hepHBIMU OCaJKaMU U MOA3EMHBIMU BOJIAMU;

e  BO3JEHCTBHEM CEHCMHYECKUX TOIYKOB;

. CTPOUTEIBHOU U MHOU XO3SMCTBEHHOM JAEATEIbHOCTHIO YETIOBEKA.

[Io MOUIHOCTH OMOJI3HEBOrO MPOLECCa, T.€. BOBJICUEHHUIO B JIBUJKEHHE MAacc
TOPHBIX TOPOJI, OMON3HU Aenarcs Ha: mansle — 10 10 Teic. M3, cpemune — 10-100
TeIc.M?, KpynHbIe — 100-1000 ThIC.M?, a Takxe 04eHb KpynHbIe — cBbime 1000 Thic.M3,

[To mpouCX0XKIEHUIO MTOPOJ], ClAararollue OMOI3HEONAaCHbIE CKIOHbI, OMOJI3HU
MOKHO Pa3[eNIUTh Ha TJIMHUCTBIE, KAMEHUCThIE U cMelaHHble. [Ipu 3ToM, mpakTuka
ITOKa3bIBAET, YTO OMOJI3HU B INIMHUCTHIX NOPOAAX PAa3BUBAIOTCS TOpa3o Yalle, YeM B
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KAMEHHUCTBIX. JTO CBA3aHO C IPOYHOCTHBIMH XapaKTEPUCTUKAMUIIOPO/, 1754
nehopMallMOHHBIMU U PEOJIOTMYECKHUMH CBOMCTBAMU.

[Ipu sTOoM, NIpeasiokeHHast HOBast TUNIM3alus (puc.3) onoy3Hel pas3ienser ux Ha
TPU KPYIHBIX BUAA.

z
H
:
|
g
o

Pucynok 3. Tunuzanus omonsHen

[IpensiokeHHass HOBasi TUMM3AIMS OIOJ3HEH, TO3BOJIMIIA Pa3/IeuTh UX Ha 3
KPYMHBIX BHUA: TPATUIIMOHHBIE, CO CMa3KOM U C TEOXUMUYECKUM MpeoOpazoBaHUEM
mopoa. Ilo mnpuymHE BO3HWKHOBEHHS MOXKHO pa3leiuTh Ha TMPHUPOJHBIE U
TexHoreHHbIe. [Ipu 3TOM OOJNBIIYI0 POJIb UTPAET U XO3SHUCTBEHHAs JEATEIHLHOCTD
YeJIoBeKa: TMOJApe3Ka, MPUTPY3Ka, YBIAKHEHHE CKJIOHA, YHUYTOXKEHUE (QJIOPHI H
COTpSICEHHE CKJIOHA, BKITIOUAsl 3eMJIETPSCEHUSI.

B paboTte 000CHOBaH MEXaHU3M TPUTTEPHOTO BO3ACHCTBUS HA BOSHUKHOBEHUE
OTIOJI3HEM, 00YCIOBICHHOE HEKOTOPOU MOTEPEl yCTOMYMBOCTH M3-32 MEXAaHUYECKOTO
paspylieHusl TeoMacchl Ha KPYTBIX CKJIOHAX COTpSACATEIbHBIM BO3ICHCTBHEM CO
CTOPOHBI CHJIBHBIX 3EMJICTPSICEHUH WM TEXHOTEHHBIX HCTOYHHKOB BHOpAIMH
(HampuMep, MacCOBBIX B3PBIBOB, PabOThI MOIIHOW TEXHUKH H T.1.). [lpu sTOM,
BUOpaIusi OT 3EeMJICTPSICEHUs, HM3-3a MOTepu AP(HEKTUBHOTO HAMPSHKEHUS MOXKET
BbI3BaTh  PA3KMKCHHE  MEJIKO3EPHUCTHIX  OTJIOXKEHHA C  OZHOPOTHBIM
IpaHyJIOMETPUYECKUM COCTaBOM. 3EMIICTPSICEHHsS] TakKe MOTYT YBEIUYHBAThH
HaMPsDKCHUS CABUTA HAa CKJIOHE, CHIDKAsT KOd(D@PUITMEHT Oe30MacHOCTH 10 YPOBHS
HUKE eauHUIBL. [IpuyueM, BOJTHBI OT 3€MIICTPSCEHUN TMPOXOAS Yepe3 T'e€OMAaCCHUB,
CO3/Mal0T YCKOPEHHS, KOTOpPhIE H3MEHSIOT TpaBUTAIIMOHHBIC CHJIBI Ha CKIIOHE.
BeprtukanbpHble YCKOpEHHUs TIOCIEIOBATEIIbHO HM3MEHSIOT HArpy3Ky Ha CKIOH, a
TOPU30HTAJIBLHBIC YCKOPEHUS BBI3BIBAIOT CUITY CJIBUTA W3-3a MHEPIIMH OTOJI3HSI.

AHanu3 IpOU30IICAIINX B MUPE OMOJI3HEH MOKA3hIBACT TAKKE, YTO €Ie OTHUM
TPUITEPOM Ha BO3HUKHOBCHHS MOXKET CIY)KUTh CHJIBHBIH W TPOJOJDKUTEIHHBIN
JIOK[Tb, KOTOPHIA TOJBOJAUT BOAY K KOHTAaKTHOMY CJIOIO, CO37IaBasi TOBEPXHOCTH
CKOJILKCHHS B €T0 JHUIIE. DTO NBMKCHHE MTPOUCXOUT IO MOBEPXHOCTU CKOIHKCHHS,

KOTOpad O0OBIYHO NpeaACTaBIsACT cOo0O0M MIACTHUYHBIN MMOTOJIOK M3 CJIOS WJIa M TJIMHBL.
11



IIpp »>TOM, ONOJI3HH, CHPOBOLMPOBAHHBIE JOXKISIMH, B OCHOBHOM BBI3BaHbI
YCIIOBUSIMHU, KOTOpBIE CHOCOOCTBYIOT BHE3AIIHOMY YBEJIMUYEHHUIO J1aBJICHHUS BOJbI B
nopax M MEpPEKPBITUIO IOYBBI, T.K. YBEJIWYEHHE COJEp)KaHUs BOJAbI B IOYBaX
CYLIECTBEHHO CHIDKaeT OOIyl0 yCTOMYMBOCTH CcKiIOHa. M korma BiaXHOCTH
MIPEBBIIIAET CYIIECTBYIOMIME MPEAEibl MJIACTUYHOCTH, TO TOPHBIA CKJIOH HAYMHAET
1e(pOopMUPOBATHCSI.

[Ipu 5TOM BBIAENIEH €LI€ OJWH JOMOJHUTEIbHBIH MEXaHU3M IPOSIBICHUS
Tpurrepaoro s¢ddexra mociae CUIBHBIX U MPOJOJDKUTENBHBIX JOXKIECH TpU
BO3HUKHOBEHUHU KaTacTPO(UUECKUX OIOI3HEH B KOTOPOM OCHOBHOW NPUYUHOU
BO3HMKHOBEHUH 3TOr0 Ipolecca SBISETCA pa3kIKeHHe (Kak reomMacchl Oyayliero
OMOJ3HS, TaK U MOACTWIAIOIIMX IPYHTOB, M MIOPOJT) TOKAECBBIMU OCATKAMH.

B nuccepranmonHoit paboTte mpeacTaBieHa HOBask HHTEPIPETAIUs POJIH IJIMH B
[IEPEMELICHUN I€OMacChl ONOJI3HA. [ IMHA — 3TO Pa3HOBHJIHOCTb MEJIKO3EPHUCTOrO
MIOYBEHHOTO MaTepHaa, CoepKallero pa3HooOpa3Hble TIMHUCTBIE MaTepualibl. Kak
MPaBUJIO, TJUHBI CTAHOBSTCSA IUIACTUYHBIMM BO BJIAXXHOM COCTOSIHUM U3-3a
MOJIEKYJISIPHOH IJIEHKU BOJIbI, OKPY>KAIOLIEH YaCTHUIIbI TJINHBI.

Ponp rmuH B nepenBMKEHMM TOPHOM MAcChl OIOJI3HS M3Y4aJIUCh MHOTMMU
HCCJIEIOBATENSAIMHA, HO JHIIb C Pa3BUTUEM DSJIEKTPOHHON TEXHUKHU BU3YyaJU3ALMU
HaHOOOBEKTOB TMOSBHJIACH BO3MOXKHOCTb HCCIEAOBaTh TJMHBI, KaK OOBEKTHI,
COCTOSILME U3 HAHOCIIOEB U CIIOKEHHBIE HAHOYACTULIAMM. JleTanu3npoBaHa CTPyKTypa
IJIMH Ha HAaHOYpoBHe. J{aHa cBoaka PU3MKO-XUMUYECKUX CBOWCTB HAHOYACTHULI TJIHHBI,
TaKMX Kak HaHO(QOPMBI, YJeIbHas IIOAAb MOBEPXHOCTH, J3€Ta-MIOTEHIIA.

[TokazaHo, YTO HAHOTPYOKM Tajulya3uTa OO0JIaJal0T TaKUMHU YHUKAJIbHBIMU
(pu3nYeCKUMHU, XUMUYECKUMU CBOWCTBAMH, KOTOpPbIE MPHUCYTCTBYS B TOPHOW macce
00pa3yloT HAaHOCOAEPKALUN CJIOH, 00eCeYMBAIOIINNA TEPENAIONIYI0 U TTPOITYCKHYIO
CIOCOOHOCTh WJIM TPOCKAJIb3bIBAHUE TOPHOM MAacchl OMNOJ3HS, T.K. OINpEIEsieT
KaueCTBEHHOE M KOJMYECTBEHHOE 3HAYCHHE TPEHUs, a Takke mpeoOpa3oBaHHe
BEKTOpPA CHUJI MEKIY CUIIbHBIM U MPEPHIBUCTHIM TPEHUEM U IUIABHBIM CKOJIbKEHUEM.
[Tpu 5TOM, M3-3a CBOEH OTHOCUTEIHHO OOJIBIIION MJIOTHOCTH U 3HAYUTEIILHOM TIOIIA N
MOBEPXHOCTU CJIOS HAHOPa3MEpPHBIX YacTHUI[ BBI3bIBAET (PU3HKO-XUMHUECKYIO
AKTHUBAILMIO, YTO OKAa3bIBAET CYIIECTBEHHOE BO3JCHCTBUE HA NEPEMELICHUE TOPHOU
Macchl onoi3Hs. Ilpu 3TOM HEOOXOAMMO OTMETUTbH, YTO HAHOTPYOKH MPUPOIHOTO
rajylyasuTta, Kak NpaBWJIO, MMEIOT BBICOKOE COJEp>KaHHE BOIbl M3-3a HAIWYMS
€IMHUYHBIX CJIOEB, Pa3/IEJICHHBIX MOJIEKYJIaMU BOJIbI, @ TAK)KE METAJUIMYECKUX YaCTHIL

(puc.4)

Pucynok 4. I'anya3uToBble HAHOTPYOKH C pa3IMuYHBIM MAarHUTHBIM HAlOJIHEHHEM
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B nuccepranmu 000CHOBaH HOBBIM MeXaHU3M OBICTPOTO TEpPEMEIICHUS
reOMacchl ONOJI3HEN, CBA3aHHBIN ¢ HAHOYACTULIAMU TJIMH U, IPEKIE BCETO, TaJlTya3nTa,
BBITTOJIHSAIOLIUX POJIb 3PPEKTUBHON CMa3Ki Ha IOBEPXHOCTX CKOJIbKeHuUs. [Ipu aTom
JaHHBIA MEXaHM3M 3aKJIIOYaeTcs B YYaCTUM HAHOYACTUL[ HI)KHETO  CIIOS
MEPEMEILAIOLIETOCS OIOJI3HS B KAUECTBE IPUPOIHBIX HAHOMOAMUIIHUKOB. [Ipu 3TOM,
raJulya3uT SIBJSIETCSl YIEHOM CEMEMCTBA KAOJIMHOBBIX ATIOMMOCHUIIMKATOB, HO, B TO
BpEeMsI KaK HaHOYACTHUIbl KAOJMHUTA UMEIOT IUIACTUHYATYIO (POpMY, TO HAHOYACTHULIBI
rajulyasurta npeICTaBIsSIIOT co00i HaHOTPYOKkHU (MMerormmu JuyuHy 0,5-2 MKkM

¥ BHemHHA auametp okosio 200 HM, ¢ auamerpoM npoceera 10-15 HM), B
KOTOPBIX JINCTHI aTIOMOCHIIMKATa CBEPHYTHI B criupaiib (puc. 5). OObIYHO 000JI0UKH
rajiTya3uToOBbIX TPyOOK BKIO4al0T 15-20 cioes.

\T/ \T T/ \r T BHewHasa cunmkoHoBas
nosepxHocTs (-SI-O-S1-)

0.7nm

le
<
'
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:
X

BryTperHan BHyTpeHHAA anioMUHONOBas

@ nosepxHocrs OH® nogepxHocTo (-Al-OH-)
aToM KNCI0pOMa & aTOM aioMUHONE

e aToM cunukoHa (7 Monekyna H20

Pucynok 5. Cxema cTpoeHHs rajtya3suToBOM HAaHOTPYOKU

Kpowme Toro, rayimya3uTsl, B 3aBUCUMOCTH OT YCIIOBUN KPUCTAUTH3AIUHN U
T€OJIOTUYECKOT0 CTPOEHUS, MOTYT UMETh U IPYTyI0 MOP(OJIOTHIO (TaKylo, Kak,
Hanpumep, cheponanbHas Wid quckoBast) (puc.6).

(A) |®) (C) (D)

Pucynox 6. I'eoMopdostorus rIIMHUCTBIX HAHOYACTHII:
a) ogHOpoiHas cdepa; 6) OTHOPOIHBIN UUTMHAP; B) OJHOPOIHBIN IHCK; T)
TIOJIBIN TWJTUHIIP
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BbIBO/bI

B nucceprannu 1aHo HOBOE PENIEHUE AKTYaIbHON HAYYHO-TEXHUYECKOU 3a1a41
— YCTAHOBJICHHE OCOOCHHOCTEW BO3HMKHOBEHHSI U TMEPEMEIICHUS MPOTIKEHHbIX
TJIMHUCTBIX OIOJI3HEW Ha OCHOBE BJIUSHUS HAHOYACTHLI.

OcCHOBHBIE Hay4YHbIC U MPAKTUUYECKUE PE3YJIbTaThl AUCCEPTALUOHHON pabOThHI
3aKJIFOYAOTCA B CJIEIYIOIIEM.

1. Ha ocHoBe aHanu3a, MpoM30IIECAIINX B MUPE OBICTPHIX U MPOTKEHHBIX
ONOJI3HEN YCTAaHOBIIEHO, YTO JO CUX MOP HET €AMHOIO MHEHUS O UX BO3HUKHOBEHUH U
MEPEIBUKEHUY F€OMACChHI Ha JaJTbHUE PACCTOSHUSL.

2. OnpeneneHbl PU3NKO-XUMUYECKUE CBOMCTBA HAHOYACTHI] U HAHOTPYOOK.
HccnenoBanus mokaszaid, YTO HAHOTPYOKH OO0Namar0T YHHKAJIbHBIMH BBICOKUMU
MEXaHMUYECKMUMH CBOMCTBaMH, a 2-X CIOHHYIO YTJIEPOAHYI0 HAHOTPYOKY MOKHO
UCIIOJIB30BAaTh B KAYECTBE LMJIMHAPUYECKOrO MOAIUIMIIHUKA HA YPOBHE HAHO-: €CIIH
BHEIITHIOIO YaCTh TAKOW TPYOKHU 3aCTaBUTh BPAIIAThCs, @ BHYTPEHHIOIO YAaCTh OCTABUTH
HEIMOJABMKHOW, TO MOYXHO MOJIYYUTh IOAUIMIIHUK CKOJIBKEHUS, B KOTOPOM CHJIBI
TPEHUS OYEHB CJIA0bIE T.K. TOBEPXHOCTh CKOJIBKEHHUSI SIBJISIETCSI aTOMHO TJIAJIKOM.

3. [IpencraBieHa HOBasE HHTEPIPETALMS POJM IJIMH B MEPEMEIICHUU
reoMaccel onoi3Hs. JleranusupoBaHa CTPyKTypa IVIMH HAa HAHOYpPOBHE. /laHa cBOAKa
(U3UKO-XMMUYECKUX CBOMCTB HAHOYACTHI] TJIMHBI, TAKUX KaK HAHO(GOPMBI, yJIeTbHas
IJTOIIAb TIOBEPXHOCTH, J3€Ta- MTOTCHIIHAIL

4. BreisiBieHo, 4TO  HAHOTPYOKM  rajulyasuta oO0JafgaloT  TaKUMHU
bU3UYECKUMHU, XUMUYECKUMU CBOWCTBAMHU, KOTOPbIC MPUCYTCTBYS B TOPHOM Macce
00pa3yloT HAaHOCOJEPKALUK CIOM, 00eCEeYNBAOIINNA TEPENAIONLYI0 U TTPOITYCKHYIO
CIIOCOOHOCTh WJIM TPOCKAJIb3bIBAHHE TOPHOM MAacChl OMOJI3HSA, T.K. OIMpEACsieT
KaueCTBEHHOEC W KOJWYECTBEHHOE 3HAYEHHME TPEHHUs, a TaKxke MpeoOpa3oBaHUe
BEKTOpPA CHJI MEK]ly CUJIIBHBIM U MPEPHIBUCTHIM TPEHUEM U TUIABHBIM CKOJIbLKCHUEM.
ITpu 3TOM, M3-32 CBOCH OTHOCHTEIHHO OOJIBIIION IJIOTHOCTH U 3HAYUTEIIBHOM TUIOIA TN
MOBEPXHOCTH CJIOM HAHOPA3MEPHBIX YAaCTHUI[ BBI3bIBAET (PUBHKO-XUMHUYECKYIO
AKTUBALMIO, YTO OKAa3bIBAET CYIIECTBEHHOE BO3JCHCTBHUE HA NEPEMELICHHUE TOPHOU
MacCChI OIIOJI3HS.

5. YCTaHOBIIEH MEXaHW3M TPUITEPHOrO BO3JIEUCTBUS HAa BO3HUKHOBEHHUE
OTIOJI3HEM, 00YCIOBICHHOE HEKOTOPOU MOTEPEl yCTOMYMBOCTH M3-32 MEXAaHUYECKOTO
pa3pylIeHus T€OMacChl Ha KPYTHIX CKJIOHAX COTPACATEIbHBIM BO3JACHCTBHUEM CO
CTOPOHBI CHJIBHBIX 3EMJIETPSCEHHH WIM TEXHOTC€HHBIX MCTOYHUKOB BHOpaIuu,
KOTOphIE H3-3a MOTepU A(PPEKTUBHOIO HAMPSHKEHUS MOTYT BBI3BATh Pa3KMKEHUE
MEJIKO3EPHUCTHIX OTJIOKEHUN C OJHOPOJAHBIM IPaHyJIOMETPUUECKAM COCTABOM.

6. OOo0CHOBaH HOBBI MEXaHU3M OBICTPOrO TMEPEMEIICHUS TE€OMAaCChI
OTIOJI3HEH, CBSI3aHHBIM C HAHOYACTHUIIAMHU TJIMH M, MPEXKIE BCEro, raulya3ura,
BBITIOJTHSAIOMIMX POJTH AP(HEKTUBHON CMa3KH Ha MTOBEPXHOCTSIX CKOJBKEHUSI.

7. Pesynprarel uccnenqoBaHUN HCHONB3YIOTCA B IMPAKTUKE JEATEIBHOCTH
WNuxenepHoit akamemun Hayk Keipreizckord PecryOnuku Mpu HMCCIEIOBAaHUU H
MPOTHO3€ OBICTPHIX W TPOTSHKEHHBIX TIWHUCTHIX OIMOJ3HEW Ha OIMOI3HEOMACHBIX
peruonax ctpanbl. (AKT BHeapeHus oT 14.03.2025 r.).
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KOPYTYHIY

Koxorynosa I'ynmupa Kamun6exkoBHanbiH "HaHoOeyKkuenepayH TaaCUpUHUH
HETM3WHJE Kep KOUKYJOepIyH Maiiia 0onyy jkKaHa >KbUIBIIIBIHBIH ©3Te4eJyKTepy"
nereH temanaarbl quccepranusicel 25.00.20 agucturu 60r0HYA TEXHUKA WIIMMACPUHUH
KaHAUAAaThl WIMMUN JJapa)kacblH ajlyyra apHairat. - "['eomexaHuka, TOO TEKTEpUHUH
KaPBUTYyCy, KeH a3pOTra30IMHAMHUKACHI )KaHa TOO-KeH TeTUTO(U3UKACH".

Herunsru ce3nep: xep KoUKy, HAHOTPpyOKa, TUNTEIITUPYY, MEXAHU3M, YOIIO,
rajuryasur.

JuccepranisiHbIH U3UJ1/160 00BEKTHCH O0JIYIT CO3YJITaH YOIo Kep KOUKYIepy
OoJIym caHaar.

N3unneenyH nmpeaMeTH )ep KOUKYHYH T€OMAacCaChIHBIH TMaijga 0oiyy >kaHa
KBUTBIIIBIHBIH MEXaHU3MU OOJIyIl caHasar.

JucceprauMsiibiH  M3WJI160 O0BEKTHCH OOJYN CO3YyJraH 4domo Kep
KOUKyJepy 0oyl caHaniar.

N3nanee bikmManapbl: 1a00paTOPUSIIBIK, TAOUTBII.

AJIBIHTAH HATBHINKAJAP KAHA AJaPAbIH KAHbIYBLIABITBI: KEHEUTHIITCH
y3yH 4YOMO >Kep KOYKYJOPYHYH TMaijia OOJYIIyHYH >KaHa >KBUIBIIIBIHBIH JKaHBbI
MEXaHU3MHU UIITEINI YbIKTHI, )K€p KOUKYIOPIYH JKbUIBIIIBIHIATE YOIOHYH POJYHYH
YKaHbI YCUMEJICHUIITN CYHYIITAJbI; KOUKYIOPAYH KaHbl TUITSIITAPUIUIIN TY3YJIIY.

Kouaonyy 4yeiipecy ToOJIyy aiilMakTap/bl ©346IITYPYY YUYPYHIa YOTIOIYY KEP
KOUKYJIOPAYH Maiiaa O0yIIyH *aHa )KbUIBIIIBIH OO0JIYKO0JII00 JKaHa ajJIbiH ayy.

16



PE3IOME

Huccepramst  KoxorynoBoit  I'ymbmupsl KamunbGexkoBHBI Ha — Temy
“Oco0eHHOCTH BO3HMKHOBEHMSI M TIEPEIBMIKEHUS OIOJI3HEW Ha OCHOBE BIIMSHUSA
HAaHOYACTHI]  HA COUCKAHUE YYEHOW CTENEHW KaHAUAAaTa TEXHUYECKUX HayK IO
crennasibHOCTH 25.00.20. — “T'eomexanunka, pa3pyleHHe MOpOa B3PbIBOM, pyAHUYHAS
a’pora3zoJMHaMHUKa U TOpHas Teriodu3uka’.

KiloueBble ci10Ba: omoj3eHb, HAHOTPYOKa, TUMH3AIUS, MEXaHU3M, IJIMHA,
raJuuryasur.

O0beKTOM HCCIeI0BAHMA UCCEPTALMU SIBISIOTCS IIPOTSKEHHBIE TIIMHACTBIC
OIIOJI3HH.

IIpeamMeroM mccjieq0BaHHMA  SIBJISIETCA  MEXAHM3M  BO3HUKHOBEHHS U
MEPEABUKEHUS TEOMACC OMOJI3HEN.

Henabio ucciaenoBaHMsl SIBIIICTCS YCTAaHOBJIEHHWE MEXaHU3Ma OCOOEHHOCTEH
BO3HMKHOBEHUS M TEPEJBHKEHUS MPOTSKEHHBIX TIIMHUCTBIX OMOJI3HEH Ha OCHOBE
BJIMSIHUS HAHOYACTHII.

Metoabl ncciae0BaHus: 1a00OpaTOpHbIE, HATYPHBIE.

ITosryyeHHble pe3yabTaThl U HX HOBH3HA: pa3pab0oTaH HOBBI MeXaHU3M
BO3HMKHOBEHUS M  MEPEABMKEHUS  MPOTSHKEHHBIX — [VIMHHCTBIX  OMOJI3HEM,
MPE/ACTABICHA HOBasg WHTEpPHpPETAlMs pOJM TIJIHMH B MEPEMELIECHUU OIMOJ3HEH;
COCTaBJICHA HOBAasl TUIIHU3AIUS OTOJI3HEH.

OO0s1acTb NpUMEHeHMsl TPOTHO3 W MPEAYNPEKIECHUE BO3HUKHOBEHUS H
NEPENBIKEHNUSI TPOTSIKEHHBIX T[JIMHUCTBIX OMNOJ3HEM MpPH OCBOEHUM T'OPHBIX
TEPPUTOPHUH.
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SUMMARY

Dissertation of Gulmira Kamchibekovna Kozhogulova on the topic "Features of
the occurrence and movement of landslides based on the influence of nanoparticles”
for the degree of candidate of Technical Sciences in specialty 25.00.20. —
"Geomechanics, rock destruction by explosion, mining aerogasdynamics and mining
thermophysics".

Keywords: landslide, nanotube, typing, mechanism, clay, galloisite.

The object of the dissertation research is extensive clay landslides.

The subject of research is the mechanism of occurrence and movement of
landslides geomass.

The aim of the study is to establish the mechanism of features of the occurrence
and movement of extended clay landslides based on the influence of nanoparticles.

Research methods: laboratory, full-scale (field).

The results obtained and their novelty: a new mechanism for the occurrence
and movement of extended clay landslides has been developed, a new interpretation of
the role of clays in the movement of landslides has been presented; a new typification
of landslides has been compiled.

Scope of application is forecasting and preventing the occurrence and
movement of long clay landslides during the development of mountainous territories.
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