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PUCK BOSHUKHOBEHHW S ONOJI3HEM MO/ BAUSHUEM HAHOUYACTHIL

I'A. A6oypaxmonos, A.E. Bopooves, K.A. Bopooves

AHHOomauyusi. PaccmoTpeHbl (hakTopbl, BAUSOLLME HA reoMaccy, NOSIBEHNE U pa3BUTUE OMON3HEN, PUCK BOSHUKHOBEHNS
OMOM3Hen noj BANSHMEM HaHovacTuu. PaspaboTaH HOBbIM MexaHU3M NepemeLLeHNs reoOMacchl OMON3Hs, B KOTOPOM
0Cc0o60 BaXKHYIO pOrb UIPaloT HAHOYACTWLbI, YCKOPSIOLLME [ABMXEHME OMOM3HS MO MOBEPXHOCTU 3epKarna CKOMbXEHMS.
Mpn nccnenoBaHWKM MCMOMBb30BaH MepapxXUyeckuii MeTod AeneHnem 3aJaHHOro MHOXEeCTBa MocnegoBaTerlbHO Ha
NOAYMHEHHbIE MOAMHOXECTBA, MOCTEMEHHO KOHKPEeTM3Mpys OObekT kraccudumkaumn. YCTaHOBMEHO, 4TO dopMma
yyacTKa OMOMN3HS YCMOXHAETCA B 3aBUCMMOCTUN OT 3HAYEeHWI NPOHULI@EeMOCTN NepeMeLLaeMori reoMaccehl U penbeda
MECTHOCTU, a Takke Mpou3pacTalollerl Ha CKIMOHe PacTUTENbHOCTU. HOBbIN MexaHu3M MepeMeLLeHNs OMoMn3HeMN,
OCHOBaHHbI# Ha y4yeTe B CMELLEeHWN reoMacchbl HaHO4acTUL, NO3BOMSET YTOYHUTb PUCK OMACHOCTW BO3HWKHOBEHUS
OMOMN3HEBBIX CMELLEHNI 1 CNOCOBCTBYET NPOrHO3MPOBAHMIO YCMOBUIA Y BPEMEHMN NX BO3HWKHOBEHUSI.

Kntoueenle criosa: PUCK; OMON3HN; BO3HUKHOBEHME; HAHOYAaCTULbl, reoOMacca, 3epKara CKOJIbXXEeHUS.

HAHOBOJIYKUYOJIOPAYH TAACUPU ACTBIHJA KEP KOUKY KOPKYHYUY

I'A. A6oypaxmonos, A.E. Bopoovee, K.A. Bopooves

AHHOmayusi. Makanaga reomaccara Taacvp aTyydy akToprop, Xep keukynepayH nanaga 6onyLuy xaHa eHyryLuy xaHa
HaHoGenyk4YenepayH TaacvMpu acTblHAa KeUKy KOPKyHyYy TankyynaHat. MInMmuii skaHbinbIK )kep K8UYKYHYH reomaccachiH
KbINABIPYYHYH JXaHbl MEXaHWU3MWUH WULUTEN YbIryyaa XaTaT, MblHAa HaHoGenykYenep e3reve MaaHunyy pongy ONHOWMT,
KEUKYHYH >XblfiMa 6eTu 6otoHYa XbIbILLbIH Te3aeTeT. Maunaeeae nepapxuvsinbik biIkMa KoraoHymnraH, 6epurreH kenTykTy
blpaaTTyy Typae 6arsiHyydy Tonyonopro Genyy, knaccuvKaunsHblH OGBEKTUCUH aKbIpbIHABIK MEHEH TakToo. Keuky
XKYPreH >xepavH opmMachl TallbifiraH reoMaccaHblH XaHa penbedTnH eTKepyMAYYNyK GaanyynykrapbiHa, OLWOHAOW
arne 9HKENWWLLTE OCKeH OWIIMK ecymMAyKTepre ’apalla Tataanjalla TypraHabirbl aHbikTanraH. XKep keukynepayH
KbIAMBISIbIHBIH XaHbl MeXaHU3MK, anaphblH >KbifblWbIHAArEl HaHoGenyk4YenepayH reomaccachbiH 3dcenke anyyra
HerusgenreH, KeukynepAyH >XbiMblbiHbIH KOPKYHYYyH TakTOOrO MYMKYHZAYK GepeT xaHa anapfblH naviga 6Gonyy
LIapTTapbIH aHa ybakTbiCblH Gormkongooro xapnam 6eper.

TylyHOyy ce3dep: KOPKYHYY; Xep Keuky; nanaa 6onyy; HaHobenykyenep; reomacca; TairanaHyy4dy 6eTrep.

RISK OF LANDSLIDES CAUSED BY NANOPARTICLES

G.A. Abdurakhmonov, A.E. Vorobyov, K.A. Vorobyov

Abstract: The article discusses factors influencing geomass, the occurrence and development of landslides and the risk
of landslides under the influence of nanoparticles. The scientific novelty lies in the development of a new mechanism
for moving landslide geomass, in which nanoparticles play a particularly important role, accelerating the movement
of the landslide along the surface of the sliding surface. The study used a hierarchical method, dividing a given set
sequentially into subordinate subsets, gradually specifying the object of classification. It has been established that
the shape of the landslide site becomes more complex depending on the permeability values of the transported
geomass and the terrain, as well as the higher vegetation growing on the slope. A new mechanism for the movement of
landslides, based on taking into account the geomass of nanoparticles in their displacement, makes it possible to clarify
the risk of landslide displacements and helps predict the conditions and time of their occurrence.

Keywords: risk; landslides; occurrence; nanoparticles; geomass; slip surfaces.
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Beenenue. Ha reomaccy oka3bIBaeT BIMSHAE MHOXECTBO (DAKTOPOB, CPEAN HHUX: 3€MIICTPSICCHUS, HACHI-
IIEHUE BIArod U Jp., MOSIBICHUE PA3IMUHBIX TPUITEPHBIX MEXaHU3MOB (I1OJpE3Ka FOPHBIX CKJIOHOB, YMEHb-
IIIEHUE BBICHIEH PACTUTEIHLHOCTH, CTPOUTENHCTBO 3JaHUM W COOPYKEHHUW TMOAMNPYKUBAIOIINX WIIU TIepe-
pachpeaessolX NOTOKU HNOA3EMHBIX BOA U T. A.) [1, 2], a Takke XapaKTEPUCTHKU U MOKa3aTeId CaMon
reoMacchl (B TOM YHCIIC HAINYME HAHOYACTHUI] IMIMHAPHYECKUX U ceprueckux opwm [1, 3, 4]). Bee onn
B COBOKYITHOCTH IIPUBOJST K MOSIBICHUIO HECKOIBKHUX JAETEPMUHUPOBAHHBIX U HEJETEPMUHUPOBAHHBIX CXEM
BO3HHMKHOBEHUS M PAa3BUTHS OIOJI3HEH (XapaKTEpU3yEeMBIX Pa3lIHdHON CKOPOCTHIO U JUINTEIBHOCTHIO MTPOTE-
KaroIlero nporecca, BUJ0M, KOHQHUTYpalueH, IIoNa o 1 00beMOM OTOJI3HS), BBIJEIIEMBIX ITyTEM aHaJN3a
(YHKIIMOHATIBHBIX B3aMMOCBS3EH MEX/Ty BIUSIOMNME (HaKTOpPaMH, MEXaHU3MAaMH U OMIOJI3HIMHU.

Pesynbrarsl BBIIOIHEHHBIX aBTOpAMM HCCIIEA0BAaHUN MOKa3anu [2, 5], YTO BOSHUKHOBEHUE U pa3BUTUE
OIIOJI3HEH HE UMEET XapaKTepa ClIydyaliHOro paclpeieieHusl.

MeTtoasbl uccienoBanns. B xoze uccienoBanus ObUT HCIIOIb30BaH UEPAPXUUECKUI METOJ, KOT/a 3a/IaH-
HOE MHOKECTBO ITOCIICIOBATEIBHO ACTUTCS Ha MOJUYUHEHHBIC TOJMHOXKECTBA, TOCTEIICHHO KOHKPETH3HPYS
00BeKT Kraccudukanny. OCHOBaHUEM JUISl TAKOTO JICNICHUS CITYXKHUT BEIOPaHHBIH CYIIECTBEHHBII MPU3HAK.

OcHoBHas1 4yacThb. [Ipu pazpaboTke cXeM BOHHKHOBEHHS W Pa3BUTHs HanOoliee TUITUYHBIX OIMON3HEH
HCIIOB30BAJINCH PE3YIIBTAThl X MPeIBAPUTENHLHON Kilaccudukanny [6—8].

W3BecTHO, uTO Opdorpaduyeckue, reosorndecKkue (JIUTOIOTUS) U TEOMOP(POIOTHYSCKUE XapaKTePH-
CTHKH OIIOJI3HEBOOIIACHBIX TEPPUTOPUII OIIPENEIIAIOT TT0Ka3aTeNIn NMPOYHOCTH MacCHBa TOPHBIX ITOPOJ, 00y-
CJIaBIMBasl UX MOJPA3JEJICHUE HA PA3JIMYHbIE YPOBHU B IIPOCTPAHCTBEHHBIX CTPYKTypax. [Ipu aToM, onons3uu
MOTYT OBbITh BbI3BaHbI COBOKYIIHBIM BO3ACHCTBHEM KPYTOIO pelibe(ha MECTHOCTH (TOPHOTO CKJIOHA), CIA0bIX
(MaoCBsI3aHHBIX) TEOJIOTHYECKUX 00PAa30BaHUM U YTHETCHHOTO COCTOSIHUS IIPOU3PACTAOIIEH Ha CKIIOHE pac-
TUTEIBHOCTH.

JIuronorudeckue U CTPYKTYypHBIE Pa3IUyuus TEPPUTOPUIL, IOABEPKEHHBIX OIOI3HEBON ONACHOCTH, J0-
BOJIbHO YaCTO MPUBOMAT K PA3IUUUI0 IPOUHOCTH U BOAONPOHUIIAEMOCTH NOACTHIAOLIUX IPYHTOB U MOPOA.

OtH (akTops! (Tabnuia 1), COBMECTHO C CYIIECTBYIOIINMH TIOKA3aTeIIMU TOPHOTO CKIIOHA (IIPEXkIe BCe-
IO — YIJIOM €ro YKJIOHa U (popMOii pestbeda) 1 IMOTOKOM HOJI3EMHBIX BOZ (MOIIHOCTBIO, CKOPOCTBIO M ()OPMOi
IIPOTEKaHMs, 00yCITaBINBAIOIINX HHCKC BIAXKHOCTH T€OMACCHI), OTPECIISIOT IPOCTPAHCTBEHHYIO KOH(PHTY-
paLuIo ONOI3HEH, UX MPOCTPAHCTBEHHBIC XaPAKTEPUCTUKU U YUACTKU PACIIONOKEHHS], OJTOKEHUS W OPH-
CHTAIIMH HAa MECTHOCTH.

T'opHBIE CKIIOHBI OOBIYHO PACCMATPUBAIOTCS KAK TOTEHLUANIbHBIE CIIA0ble 30HBI, HOBEPXHOCTD pa3pylie-
HUSI B HUX YK€ TOTOBA, a COCTOSIHUEC TPYHTOBBIX BOJI 3a4acTyl0 ONarompHsATCTBYyeT WX paspymieHuio. Ilpu
3TOM, CKIIOHBI, IEPECEUEHHBIEC PA3IOMAMU WM JINHEAMEHTAMU, SIBJISIOTCS OTCHIIUAIBHO HEYCTOHUUBBIMHU.

KpyTH3Ha TOpHBIX CKIIOHOB, KaK IPaBHJIO, CBA3aHA C POCTOM YACTOTHI BOSHHKHOBEHUS OMON3HEH (Kak
C TOUKH 3pEHUS UX IUIOLAaU, TaKk U 00beMoB). Tak, OMoNI3HU NajeHusl HAaOMI0ATCsA Ha OPTOKIMHATIBHBIX
CKJIOHAX, YTO CBA3aHO C HAJMYHUEM BBIPAXKCHHBIX TPCIIWH B HAIIPABJICHUH, NEPIICHAUKYIAPHOM HJIA KOCOM
K HaIlJIaCTOBAHUIO, a TAKIKE KPYThIM penbedoMm. IIpu 3ToM HemTyOOKUe OMOI3HU B OCHOBHOM BO3HUKAIOT IIPU
HaKJIOHaX TOPHBIX CKJIOHOB OT 20° 110 38°, NepeKphIThIX YETBEPTUUHBIMU OTIIOKEHUSIMH.

B ycnoBusix BEIBETpUBaHMS FOPHBIX OPOJ (HAIIPUMED, APTUIIIMTOB U IECYAHUKOB) U UX MOCIEAYIOIIEe
paspylIieHue, OCYIIECTBIIEMOE Yepe3 TPEIINHBI, CIIOCOOHBI BBI3BATH KPYIMHOMACIITAOHBIC OMOI3HU CKajb-
HBIX OPOJ B (popMe perpecCHBHON MM MHO)KECTBEHHOH aKTUBHOCTH, IIPH YIJIaX OTKOCOB TOPHBIX CKIIOHOB
Jaxke Heckolbko MeHee 40°. Mmeromascs ciaokHas CeTh TPEIMH Ha TaKUX CKajlaX JIEJaeT 9Ty TEPPUTOPUIO
OYeHb BOCIIPUIMYHBOHN K OOPYIIEHUIO CKIIOHOB T'OPHBIX ITOPOJI BO BPEMsI CHIIBHBIX JTOXKAEH M OypHOTO Ta-
SIHUsI CHETra M JibJa, a TaKXE K CEHCMHUYECKHUM SIBJICHUSIM HJIH J'IIO6OMy KPYIIHOMY BHCIIHECMY HAIIPSAKCHUIO
U BO3IEHUCTBHIO.

[IpakTHuecku Bce MOKa3arenu, o0yClIaBIMBaIOINEe BOSHUKHOBCHUE OTOI3HEH, OMPEAEISIOT UX OCHOB-
HBIE XapaKTepUCTHUKH U TapamMeTpbl. Tak, B YaCTHOCTH, 3HAYMMBIE M KPYITHBIC (DaKTOPHI BIHAIOT Ha CTPYKTY-
PY, pazMep U CI0XKHOCTh (POPMBI OTIOJI3HEH Ha JIaHAmAPTHOM ypoBHE (Tadnwma 2).
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Tabnuna 1 — Cxema nposiieHusi (akTopoB BOSHUKHOBEHUS M PA3BUTHUS OTIOJI3HEH
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Tabnuna 2 — Tunuzanust cxem U GOpM OIOI3HEH Mo BUY crieliM(PUIeCKUX MPU3HAKOB

Ne Crierupuyeckue mpu3Haku
IIpuunnsl dopma onomn3Hs
n/m OTIOI3HS
| OTpbIB 1 MageHne Hanwnune BeIpaXXEHHOTO 3epKaia upkoobOpasHasi, ¢ HATHIHEM
TOPHBIX TOPOJ CKOJIBXKCHU S 6prOB 1 BAJIOB BbIAABJIMBAHUS
Hanume TpenHOBaThIX CKATBHBIX 10~
2 CKOITb)KeHHNE TeOMaCChl Konycoobpa3znast
POZ Ha KPYTOM TOPHOM CKJIOHE
Hanuye npurpy3ku 0OBOJHEHHBIX [THH
. ®poHTaNbHAS, C HATMYN-
CTpyKTypHO-IIITaCTHYECKOE ¢ IpeobalatoIuM BO3ICHCTBHEM THAPO-
3 eM OpOBKH OTpbIBa TOPHOTO
BbIJIaBJIMBAaHHE T€OMACCHI CTaTUYECKOTO U THAPOJMHAMHYECKOTO

CKJIOHa
JaBJICHUA

Hanwuuue reomaccel B JKUIKOM COCTOsIHHH,
Teuenune reomacchl

4 . CBSI3aHHOH C TIOBBILICHHOW OOBOJHEHHO- | BrITsiHYTast hopma
B BHE celiei

CTBIO
5 Cyddosnonnoe cmerenne Hanmane cy(h(po3HOHHBIX IPOIECCOB, INocTenenHoe nepemenieHne
reOMacchl CBSI3aHHBIX C IIPOCATOYHBIMH SIBIICHUSIMH | «TOJIOBBD) T€OMACCHI

HepeﬂBI/I)KeHI/IC reéoMaccChlI
6 Ha 3HAYUTCIIBHBIC PACCTOSIHUA
[12-14]

Hanuane mumaaprdeckux u mapooopas-

V3kas neHTa
HbIX HaHOYacTHI] [9—11]

CxeMbl JBMKEHHSI T€OMACChl OMOJI3HEH Pa3eNaoT B COOTBETCTBUU C TUTIOM €€ JIBUKEHUS, BUJIOM I'eo-
Marepuana U (a3oi IBIDKCHUS WIM COCTOSHHEM aKTHBHOCTH (HAIIpUMEp, BEIIMYNHON CKOPOCTH Pa3BHTHS
B TEUEHHE OMPENETICHHOTO NIeprojia BPEMEHH).

B xoxe nccnenoBanmii ObII0 YCTaHOBIECHO, 9YTO (hOPMa YIACTKA OMOI3HS YCIOKHSICTCS B 3aBUCUMOCTH OT
3HA4YEHUI MPOHUIIAEMOCTH TIepeMEIIaeMOi TeOMAacCChl U penbeda MeCTHOCTH, a TaK)Ke MPOU3pacTaroIel Ha
CKJIOHE BBICIICH pacTHTEIBHOCTH. [IpuMepoM MoxkeT cirykuTh (opma omnon3us B ceine [pym-Kopr (Yeuen-
ckast Pecrybnuka, P@), mpuBeneHHas Ha pUCyHKe 1.

OnHako pe3ynbTaThl Ta0OPaTOPHBIX HCCICIOBAHUN T€OMacChl BHECIH CYIIECTBEHHBIC ITOIPABKH B CO-
CTOSTHUE OIICHKHM BOZHUKHOBEHHUS W Pa3BUTHUS OIMOJI3HEH, MOMyUYeHHON B pe3ysbTaTe MOJEeBbIX (HATYPHBIX) HC-
crienoBanuil. Tak, B YaCTHOCTH, OHH UCKITIOUMITH IIPOYHOCTE TOPHBIX ITOPOJ] KaK OCHOBHOH (paKTOp KOHTPOIISL
3HA4YEHUS] CKOPOCTH OTOJI3HEH, T. K. OHA HE SBJISIETCS 3HAUMMOW OOBACHSIOUICH MEpeMEHHON 3TOTO acleKTa.

XapaKTepUCTUKHN U MTapaMETPHI TIO3EMHBIX THAPOANHAMUICCKHUX IIOTOKOB O0OBEIMHSIIOT YKIOH TOPHOTO
CKJIOHA U TUIOLIA/b OMON3HsA. Hanmpumep, pa3iauyuHblie TUITBI, pa3Mepbl I HHTEHCUBHOCTH MOJ3EMHBIX THIIPO-
JUHAMHYCCKUX TTOTOKOB, MPOXOISIIINX IO Pa3HBIM HAIPABICHUSIM TOPHOTO CKJIOHA, OKA3BIBAIOT Pa3UIHOE
BJIMSIHUE HA XapaKTep BO3HUKHOBEHHUS M Pa3BUTHA OMON3HEH. Tak, Mpu MPEBBILICHUN CKOPOCTH TepeMelne-
HUSI THIPOTMHAMIYECKOTO OTOKa Boxbl Ha 0,5 M/c, OymeT MpOMCXOIUTh CMBIB T€OMACCHI C TOPHBIX CKIIOHOB,
YTO MOXKET MPUBECTH K 00Pa30BaHUIO HE OMOJI3HEH, a TPOMOUH M OBPAroB.

PaccMmoTpenHBIe MeTOANYECKHE TIOAXOBI TIO3BOJIIIN pa3padboTaTh cxeMy 00OCHOBAHHOM MOIEIH BO3-
HUKHOBEHHUS U PA3BUTHUS OMOJN3HS (PUCYHOK 2), KOTOpas PaCKpPhIBAET CYIIECCTBYIOIIUE B3aUMOCBSA3H MEXTY
VIPaBISIOMUMH TIEPEMEHHBIMH H, CJIEIOBATEIbHO, OCHOBHBIMH MAaTEMAaTHYCCKUMHU YPAaBHEHUSMH MOJIEIN
OTIOJI3HSI, OCHOBAaHHOH Ha MPOUCXOJAIIMX MPOLIEccaX.

Kpome Toro, B xoze mccinenoBaHnil OBUT BBISIBIICH HOBBI MEXaHHM3M OOECIICUCHHUS TOBOJIBHO OBICTPOTO
TIepeMeIIeHHUs] TeOMAacChl OMOJI3HEH, CBI3aHHbIN ¢ HAaHOYACTUIIaMU THH [15, 16] u, mpexae Bcero, rajiyasu-
Ta (PUCYHOK 3), BBITIONHSIOIINX POJIb (PPEKTUBHON CMa3KN Ha TIOBEPXHOCTSIX CKOIBKEHHS.

Takum 00pa3oM, pesyibTaTbl MCCIEOBaHUI IMOKa3bIBAIOT, YTO pPErpeccus, KOTopas ycTaHaBJIMBa-
eT CTOXAaCTHUECKYIO 3aBHCHMOCTh U COOTBETCTBHE MEXKIY CIyJalHBIMH MEPEMEHHBIME, BOZHUKHOBECHHEM
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Pucynok 1 — Cxema omnon3us B paiione cena ['pym-Kopt
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PI/ICYHOK 2 — Cxema 000CHOBAaHHOM MOICIH BOSBHUKHOBCHHUA U PA3BUTHSA OITOJIZHA
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Pucynok 3 — Cxema cTpoeHus rajitya3uToBoi HaHOTpyOku [17]
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Y Pa3BUTHEM OIIOJI3HEH SIBHO YBEJIMUMBACTCS 110 MEpEe POCTA KOJTMYESCTBA M MOIIIHOCTH OTPEACTSIONNX (haK-
TOPOB.

BeiBoabl. [IpeioskeHHBIN HOBBIN MEXaHU3M MEpPEMEIEHHUs OTI0JI3HEN, OCHOBAHHBIN HA y4YeTe B CMelle-

HHUM UX T'eoMacChl HAHOYACTHUL], TI03BOJISIET YTOUHUTh PUCK OMACHOCTH BO3HUKHOBEHMs OIOJI3HEBBIX CMeELIle-
HUH 1, 60JIee TOTo, CIIOCOOCTBYET MPOTHO3UPOBAHUIO YCIOBUH M BPEMEHH UX BOSHUKHOBCHHS.

*Hccenedosanue 8binonneHo 3a cuem epanma Poccutickoeo Hayunozo goroa Ne 23-27-00444, https.//rscf-

ru/project/23-27-00444/, 2023 e.
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