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B craTbe npuBeneHbI pe3yJbTaThl KOMITJIEKCHOTO U3YyYeHUST YCIAOBUI Pa3BUTUS U PACIIpOCTpaHEeHUs TTPU-
POIHOI M TexHOTeHHOU cydhdo3uu Ha Tepputopuu benopyccuu. OTMedeHo, 4To B cIabOHapYIIEHHBIX
€CTEeCTBEHHBIX YCJIIOBUSIX HanboJjiee O1aronpusTHble 00CTAHOBKM pa3BUTHUS Cy(hdO3UM CIOKWINCH B IIpe-
JieJlax MOPEHHBIX Y BOTHO-JIEAHUKOBBIX PABHUH U HU3WH B BOCTOYHOIT YaCTU CTpaHbI, a TAKXKe KpPaeBbIX
JIEMTHUKOBBIX TIPS Y BO3BBIILIIEHHOCTE! C TTOKPOBOM JIECCOBBIX M JIECCOBUIHBIX 00pa30BaHMIt, 00IaIaI0IINX
MOBBILIEHHOM MBUIEBATOCTHIO, OTHOCUTEIBHO HEBBICOKON TJIOTHOCTBIO CKeJieTa TPYyHTa, JIETKO# pa3MoKa-
€MOCTBIO U TUKCOTPOITHOCTBIO, YTO CIIOCOOCTBYET MHTEHCUBHOMY pa3BUTUIO mpoiecca cyddo3uu. Pac-
CMOTpPEHBI aKTUBHBIE TTPUPOIHbIE (DAKTOPHI, YCIOBUS Pa3BUTHS U pacrpocTtpaHeHus cyddosuu, hopMbl ee
MPOSIBJIEHYST B MACCHUBAX JIECCOBBIX U JIECCOBUIHBIX IPYHTOB. [IpoBeneH aHanu3 nposiBieHui cyddo3noHHOro
rpoliecca B TEXHOT€HHO HapylIeHHBIX YCI0BUsX. Ha KOHKpEeTHBIX MprMepax MoKa3aHo X HeraTUBHOE BJIWSI -
HUe Ha (PYHKITMOHMPOBAHUE MPUPOTHO-TEXHUYECKUX CUCTEM Pa3IMYHOIO YPOBHsI opraHusaiuu. [1o MHEeHUIO
aBTOPOB, CO3MaHUE CUCTEMbl MOHUTOPWHTA 3a pa3BUTHEM cy(hdo3nu, Kak 1 IPYTMX SK30T€HHBIX TeoJIornde-
CKUX ¥ MHXXEHEPHO-TeOJOTMUECKUX MPOLIECCOB, MO3BOJUT MOJIyYaTh aKTyaJlbHyl0 MH(MOPMAIINIO O pacipo-
CTpaHEHUW U aKTUBHOCTHU TIPOSIBIEHUST YKAa3aHHBIX TTPOIIECCOB M (DAKTOPAX, MX OMPEICIISIOIIX.

KiroueBble cioBa: cyghghosus, carabonapywennvie npupooHsle YCA0BUSL, NECCOBbLE U NECCOBUOHbIE 2PYHMbL,
aKmueHble npUpooHvle YaKmopuvl pa3eumusi, MeXHOLeHHO HAPYUleHHble YCA08UsL, hopmbl peavedha
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BBEAEHUE

B nocnenHue amecsituiieTust rmpouecc cyddosuu
cTaj IIpUBJIEKaTh Bce OoJiee IMIPUCTAIbHOE BHUMAHNE
IIIMPOKOIO Kpyra CIelMraJruCTOB, N3yJalolnuX B3an-
MoOJeHCTBME YeJIoBeKa C IreoJIornueckoii cpenoii. He-
CMOTpPS Ha TO 4TO IposiBiIeHUs cyddo3nu BcTpeya-
IOTCSI MPAKTUYECKU TTOBCEMECTHO, B CUJIY psa IIpr-
YUH poJb 3TOTO Mpolecca IIUTEJIbHOE BpeMs
HeJooolleHUBaJIachk. B HacTosiee BpeMsI OTHOIIIEHHE
K IIpo0eMe MHXEHEPHO-T€O0JIOTMYeCKOT0 N3y4eHUs
cyddo3un cTajao 3aMETHO MEHSITHCSI B CBSI3U C HE00-
XOIMMOCTBIO XO3SMCTBEHHOT0 OCBOeHUsI cyddo3u-
OHHO-OITACHBIX TEPPUTOPUIL U C PE3KO BO3pOCIIEii
TEeXHOT€HHOM akTUBHM3alMe mpouecca [3, 22].

B nmonsatue “cydpdosus” pasHble ucciienoBaTeIn
BKJIAIbIBAIOT HEOJTHO3HAYHBIN CMbICI. BriepBbie 3TOT
TepMUH ObLT npeaioxxeH B koHie XIX B. A.T1. ITaB-
JioBbIM [19], KOTOpBIII 0003HaAYal UM pas3pylleHue
WJIM paCTBOPEHHWE MUHEPAJIbHBIX YACTULL TOPHBIX MO-
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pon moazeMHbIMU BomamMu. OmHAKO pacTBOpEHUE
IPYHTOB NOA3€MHBIMY M MOBEPXHOCTHBIMU BOJAMU B
COBpPEMEHHOI TPAaKTOBKE ITOJYUYMJIO Ha3BaHUE “Kap-
croBblil pouecc”. IToatomy onpenenenue A.I1. I1aB-
JIOBa CJIUIIKOM IIMPOKO TPAKTYeT IOHSATHE Tpoliecca
cybdozum.

BoJIbIIMHCTBO CIIeMaIMCTOB MO cyghgho3ueri Mo-
HUMAIOT MPOLIECC MEXAHUUECKO20 8bIHOCA MEAKUX Ha-
cmuy, U3 ca0s1 OUCHePCHO20 ePYHMA, caaeaioue2o epyH-
MOBYI0 MOoAWY UAU BbINOAHAIOW,E20 POAb 3aN0AHUMENs]
mpewiur U noaocmeli 8 CKAAbHbIX UAU NOAYCKAAbHbIX
2PYHMax, uabmpayuoOHHbIM HOMOKOM NOO3EMHbIX 800.

JJaHHOMY TIpOLIECCY MOABEPKEHBI IIPEUMYIIIE-
CTBE€HHO IMbUIEBATHIE U MEJIKO3EPHUCTHIE MECKU, JIEC-
COBbIE U peXe NbLIEBAaTO-IJIMHUCThIE TPYHTHI. B rm-
Hax, He UMEIOIIMX KPYIHBIX COOOIIAIONINXCS APYT C
JPYroM T10p, BHYTPEHHUII pa3MbIB TPyYHTA MOXET
MPOUCXOAUTH IO TpelIMHAM, 0Opa3yIolIMCS B pe-
3yJbTaTe Mpollecca BBIBETPUBAHUYI, WIH IO XOAaM
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3eMJIEPOMHBIX (KMBOTHBIX U KOPHEBOI CUCTEMBI Ape-
BECHOM PaCTUTEIBbHOCTH.

K uncity ocHOBHBIX IpUYMH U YCIIOBUI €€ pa3BU-
TUSI CJIEOAyeT OTHECTU: 1) CTPYyKTYpPHO-TEKCTYyPHYIO
HEOJHOPOAHOCTb IPYHTOB, IMPU KOTOPOI1 BO3MOXKHHBI
IepeaBzkeHre 00jiee MEIKMX Y4acTHUIl cpeau Ooee
KPYITHBIX ¥ X BBIHOC; 2) OIIpeaeJIEHHYIO TUAPOINHA-
MUYECKYI0 CUJIy MOA3E€MHOrO IOTOKa; 3) Haaudyue
oOJiacTeii BbIHOCA MEIKMX YaCTUIl, HEPEHOCUMBIX
notokoM. Cornacao B.JI. JJomranse [10], cpenu 110-
KasaTejieit, 00yCJIOBIMBAIOIIX UHTEHCUBHOCTD pa3-
BUTHUS cy(pdo3uu, ciaeayeT BbIICIUTbh KPUTUUECKNE
rpaaveHThl U JaBJI€HNE BOObI, IIPA KOTOPBIX HAUMHA-
eTcs mpoliecc. B ecrecTBeHHBIX YCTIOBUSIX MHTEHCUB-
HOCTb Ipoliecca B 3HAYMTEJILHOM CTeIIeHU OyIeT 3a-
BHCETh OT XapaKTepa IIPOHUIIAEMOCTHU CPEIbI IIPOTE-
KaHus npoliecca. [Tpy HaIUYUK B TPYHTOBO TOJIIIIE
CKBO3HBIX ITOI3¢6MHBIX KaHAJIOB, COCIUHSIOIINX MC-
TOYHMK IIOCTYIUICHUSI BOABI CO CBOOOIHBIM IIPO-
CTpaHCTBOM, cy(ddo3us OyaeT NpUHUMATh BUI MO/ -
3eMHOI1 apo3un [8].

ITo ycnoBusiM MposiBJ€HUSI B MacCUBE T'PYHTOB
paznuyaloT cy@do3uio KOHTAKTHYIO U BHYTpHUILIA-
croBylo. [Ipu koHTakTHOI cyhdO3un MPOUCXOAUT
MPOHUKHOBEHNWE MEJIKUX YacTUll, BbIHOCUMBIX
GUABTPALIMOHHBIM MOTOKOM U3 OAHOIO CJIOSI B TOJI-
11y IPpYyTOro, KOHTaKTUPYIOIlero ¢ HUM. BHyTpumnia-
croBas cyddo3us BbIpaxkaeTcs B MepeHOce METKUX
YacTUIl BHYTPM CJIOSI WJIM BBIHOCOM BCel Macchl
IpyHTa, BMelawneil GuibTpallioHHbIN MOTOK, KOTO-
pblii pa3BMBaeTCs, Kak MPaBWUJIO, BAOJb OCIa0JIeHHbIX
30H — TPELINH, KOHTAKTOB C IPYTMMU IIOPOAAMU U JIP.
[2]. ITpu 3TOM TpaHCIIOPTUPYEMBII ITOA3EMHbBIM IIOTO-
KOM MaTepuall MOXeT JIUOO aKKyMyJIUpOBaTbCs B MO-
pax, TpelMHaX U TOJIOCTSIX TPYHTOBBIX MAacCCHBOB,
JINOO BHIHOCUTHCS HA 36MHYIO TTOBEPXHOCTb.

INpogsaenusa cyddo3nnm BecbMa pa3HOOOpa3HHEI.
OHU MOTYT ObITh KaK MTOBEPXHOCTHBIMU (MJIA OTKPbI-
TBIMM), TaK W ITOA3€MHBIMU (MJIM 3aKPBIThIMK). [1o-
BEPXHOCTHBIE TPOSIBJIEHUSI YETKO BbIPAXXEHbI B pe-
Jbede 1 JIerKo noagaroTcs uaeHTugukanuu. B 3au-
CUMOCTH OT CTPOEHHUSI 3eMHOIi MOBEPXHOCTU OHU
MPUHUMAIOT Pa3IuYHble GOPMBI U MOTYT OBbITH KakK
aKKyMYJISITUBHBIMU (KOHYCHI Cy(P(PO3MOHHOTO BbI-
HOca), TaK U JNeCTPYKTUBHBIMU (MTIOHOPHI, TIPOBAJIHI,
BIAaJMHbBI, OJIIOA1Ia, BODOHKM, 3alagdHbl U T.1., Ha
CKJIOHAX — HUIIIU, OOpyIlIeHWe CBOJA KOTOPBIX 4YaCTO
CITIOCOOCTBYET BOSHMKHOBEHMIO OITONI3HEIR) [4].

IlonzeMHble TPOSIBIIEHUS — 3TO, MO CyTU, CTPYK-
TYpPHBIE 2JIEMEHTBI MacCHBa TPyYHTOB. B 3aBrcuMocT
ot Mopdoiornu u npoucxoxaeHus B.I1. XomeHko
BBIAEJISIET YeThbipe uX TUIa [24]: mojgocTu (Tmelepsl,
TOHHEJIN), TMCEeBAOIJIBIBYyHHbIE 30HBI, 30HBI pa3yIl-
JIOTHEHUS U 30HBI IE3UHTErPALIMH.

B ectecTBeHHBIX yClIOBUSIX Cy(dP(hO31sT pa3BUBaAET-
CS CPaBHUTEJIBHO MEMJICHHO (TOOBI, OECSITKU JIET),
TOIIAa KaK MOJI BIMSTHUEM TEXHOTEHHBIX (P aKTOPOB ee
CKOPOCTB pe3Ko Bo3pacTtaeT. Hanbonee MHTEHCUBHO
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OHA TIIpOTEKaeT Ha YydYacTKaX COCPEIOTOYEHHOM
dunpTpanuu B palioHax BO3BEICHUS IJIOTUH WIN BO-
JOXPAaHWJINIL, MPU IJIMTEILHBIX OTKAYKaxX IOH3eM-
HBIX BOI M3 OTKPBITHIX M MOA3E€MHBIX TOPHBIX BhIpa-
0OTOK, MPOPLIBOB BOAOIIPOBOMHBLIX M KaHaIU3aLW-
OHHBIX CeTeil 1 T.II.

Ha Tepputopumn benopyccun cyddos3uss — onuH
U3 JTOBOJILHO PaclpoCTpaHEHHbBIX dK30T€HHBIX Teo-
JIOTUYECKUX U UHXKEHEPHO-T€0JIOTMUYECKUX IIPOILIECCOB.
Ee nzyyeHueM B pasHble ronbl 3aHuManuch [LA. Koin-
nanrHukoB [7], O.I1. Kopcakosa [8], E.A. Kyxapuxk [10],
A.B. MartseeB, JI.LA. Heuunopenko [12—14, 19],
B.M. Morys [15, 16], A.WU. T1aBnoBckuii [21] u ap.
PaGoThl 3THX aBTOPOB TMOCBSIIEHbI B 00/blIEH YaCTU
ucciaeaoBaHusIM (HaKTOPOB Pa3BUTHUS U pacnipocTpa-
HeHUsI cypPO3MOHHOTO Mpoliecca B cjlaboHapyIIeH-
HBIX IIPUPOIHBIX YCIOBUSIX, CY(PPO3MOHHBIX (hOopM
penbeda 1 MexaHU3Ma nx oopasoBaHusd. [1pm 3Tom
TeXHOreHHOM cyddo3uu 1 ee MposIBICHUSIM Ha Tep-
pUTOpPUM CTpaHbl, OCOOEHHO B TOpoOJax, YAEJEeHO
KpaliHe MaJlo BHUMaHMUSI.

Llenpio JaHHOM pPabOTHI SIBISIETCI KOMILIEKCHOE
U3ydeHUEe YCIIOBUII PasBUTHUSI M PaCcHpOCTPAaHCHUS
MIPUPOIHOIN U TEXHOTeHHOM cyddo3um, a TakKKe OC-
HOBHBIX (hOpPM ee TTpoSBIeHUs Ha Tepputopruu bemo-
pyccum.

Paborta 6asupyercsd Ha aHanu3ze (HaKTAYECKOTO
MaTepuraia, COOpaHHOTO 1 00pabOTaHHOTO aBTOpa-
MU OoJiee yeM 3a 30-j1eTHUil TIeproa, Ha OCHOBE HC-
IOJIb30BaHUS TaHHBLIX COOCTBEHHBIX HATYPHBIX Ha-
OJTroIeHUIA 3a pa3BUTHEM CY(PDO3NN U IPYTUX IK30-
TE€HHBIX TIPOLIECCOB, a’podOTO- U KOCMUYECKUX
CHUMKOB, JINTEPATYPHBIX U IPYTUX OTKPBITHIX UCTOY-
HUKOB MH(pOpMaL, (POHIOBBIX MaTEepHUaIOB pa3-
JIMYHBIX T€OJIOTMYECKMX OpraHU3auii.

OCOBEHHOCTHU PA3BUTHUA
N PACTTPOCTPAHEHUA CYODPO3NOHHOTI'O
ITPOOECCA B CJABOHAPYIIEHHBIX
IMPUPOAHLIX YCIIOBUAX

B cnaGoHapyllleHHBIX MPUPOIHBIX YCIOBMUSIX Ha
TeppuTopum besiopyccuun Hanbosiee 6aronpusiTHbIe
00CcTaHOBKM pa3BUTUS CyP(HO3UM CIOKUIUCH B ITpe-
JieJlax palilOHOB C TTOKPOBOM JIECCOBBIX U JIECCOBU/I-
HbIX 00pa30BaHMii, IMPOKO PACHPOCTPAHEHHBIX B
BOCTOYHOM YaCTH CTpaHbl Ha MJIOCKUX BOJIOpa3aeiax
Huenpa, bepesunbl u Coxa, a Takke Ha CKJIOHax
Munckoit, HoBorpynckoit u OpiilaHCKOii BO3BbI-
meHHocTei, Konbuibckoii 1 Mo3bIpbCKOU TPSIT U B
HEKOTOPBIX Apyrux Mecrax (puc. 1) [3, 12—14].

IMpencraBneHbl 5TH 0OpPa30BaHUS MTPEUMYIIECCTBEH-
HO JIECCOBUIHBIMU TPYHTaMU (TUIIMYHBIE JIECCHI IPO-
CJIEXXUBAIOTCS JIMIIb Ha HEOOJBIINX YyJacTKaXx); TMOMI-
CTUJIAIOTCS Pa3HOOOPA3HBIMU TI0 CTPOSHUIO 1 COCTaBY
MOPEHHBIMU, (DIIIOBUOIISILUAILHBIMU, O3€PHO-JIEI-
HUKOBBIMH, aJUTIOBUATBLHBIMM, O3E6PHBIMHA U APYTH-
MU T€HETUYECKUMHU TUTIAMU OTJIOXEHUMN YeTBEPTUY -
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Puc. 1. OcHOBHbIE pailoHbI pacMpOCTPAHEHUSI JIECCOBBIX U JIECCOBUIHBIX TPYHTOB Ha Tepputopuu benopyccuu [9]: 1 — Op-
maHcKo-MoruneBckuit; 2 — MuHckuii; 3 — Ciyukuii; 4 — HoBorpyacko-Kopenuuckuii; 5 — JInozHeHckuit; 6 — Mo3bIpcKo-

XoitHuKcKo-bparunckmii; 7 — TypoBckumit.

HOI Tommuy. MOIIHOCTh JIECCOBBIX M JIECCOBUIHBIX
TPYHTOB OOBIYHO HeOOMbIIasa 1 u3MeHsieTcs oT 0.5 m
Ha TTOBBIIIEHHBIX yyacTKax 10 10 M 1 Gojiee B HUK-
HMX YaCTSIX CKJIOHOB, B KOTJIOBMHAX, JIOXKOMHAX CTO-
Ka U Opyrux NoHmkeHUsx peabeda. Ha oTmenbHBIX
ydyacTKax uX MOITHOCTDb MOXKET YBCIMYMUBATHCSA B HA-
npasJjieHUM OT 1 HagmoMMeHHOI Teppackl B CTOPOHY
BoJOpa3aeiabHoro iaro [2, 16].

JleccoBuaHbIE TPYHTHI YACTO CJIOUCTbIE U Ha TJIy-
ouny 1o 1.0—1.5 M 0OBIYHO U3MEHEHBI TOYBEHHBIMU
npoueccamu. [lo nUTOMOrMUYECKOMY COCTaBy OHM
BeCbMa HEOJHOPONIHBI, MPEACTaBIEHbl MpeuMyllle-
CTBEHHO IbLIEBATBIMU CYTIECSIMU U JIETKUMU CYTJIMH-
KaMy MajeBO-XeJTOro WIM TajeBo-0yporo 1lBeTa,
MHOT/IA BCTPEYalOTCs TblJIeBaThIe JIECCOBUAHbBIE TIeC-
KM U TIBIJIEBaThIe ¢1ab0 00JiecCOBaHHBIC TIIUHEI [2].
B HekoTOpBIX paszpe3ax JEeCCOBUIHBIX OTIOXKEHU
OTMEeYaIrCh MPOCIONKU MEJIKO- U Pa3HO3EPHUCTOTO
recka, eAMHUYHbIC 3¢pHA IT'paBUsl, OKaTaHHasl rajibKa
U Iaxke MeJkue BanyHbI (1o 10—15 cM B monepeyHm-
Ke) U3 U3BEPKEHHBIX U 0CAJOUYHBIX opox [16].

OgHUM M3 TJIaBHBIX TNPU3HAKOB, BBIIEISIIOINX
JIECCOBBIE U JIECCOBUIHBIE 0OPAa30BaHNS HA TEPPUTO-
puu benopyccuu cpeu Ipyrux JIMTOJIOrO-reHeTUYe -
CKMX THUITOB OTJIOKEHU, ABIISIETCS TIPEUMYIIIECTBEH -
HO MbUIEBATHIN cOCTaB (COmEpKAHKE MbUIEBATHIX Ya-
CTHULI B HUX KoJiebseTcs ot 52 mo 88%). B oriaumuue or
03€pHO-JIETHUKOBBIX OTIIOKEHUI, KOTOPBIE TAKXKe 00-
raThl MbIJIEBATBIMU YaCTULIAMU, B JIECCAX U JIECCOBUII-
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HBIX TPYHTaX BCe pa3MepHBIe (DpakIK pacrpeneicHbI
OTHOCHUTETEHO paBHOMEPHO TTO Beeii Tome [2].

EcrecTBeHHast BIIaXXHOCTb pacCMaTPUBAEMBIX
TPYHTOB, CUJIBHO 3aBUCSIIAs OT BpeMeHH Toja, K-
Mara, pesabeda u 1pyrux GpakTopoB, BAPbUPYET B UH-
tepBasie 9—25%, npeobaanaoT 3HaueHuss 12—20%,
cTeneHb BiaxHoctu Kojsebisercs ot 0.30 no 0.98.
[110THOCTB TpyHTa MpPU €CTECTBEHHOM BIAXKHOCTU
00b1YHO mM3MeHseTca oT 1.50 mo 2.20 r/cm?®, mror-
HOCTb ckeneta — 1.53—1.73 r/cm?. Haubonee xapak-
TepHOE 3HAaUeHHE TUIOTHOCTU CKeJleTa IS JaHHBIX
rpyHTOB cocTaBisieT 1.63—1.64 r/cMm’. Wx mnopu-
CTOCTh U3MeHsIeTCs OT 32 10 55%, Koo dULMeHT mo-
puctoct — ot 0.40 mo 1.00 (B cpennem 0.70) [2, 3].
Hepenko B rpyHTaX MOXHO HaOJIOIaTh XOPOIIIO BHI-
pakeHHbIe MaKpOMOpPHl B BUIE ITYyCTOT Pa3MepoM,
MPEBBIIAOIIAM pa3Mep MWHEPATbHBIX YacCTHII.
YacTth op yHacIenoBaHa OT paCTUTEIbHBIX OCTATKOB
W KOpHEeM, WHOTAa MOPUCTOCTh YBEIWUMBACTCS 3a
CYEeT MCKOITaeMbIX TToYB. Yalie oTMedaloTcsl Herpa-
BWIbHBIE OKPYTJIbIE Y YIUIMHEHHBIC TTOPHI, BCTpeUa-
IOTCSl IIECTH- W YeThIpeXyrojbHble. HOTOA Y-
HEHHBIE TTOPBI, COSNUHSISICH, (POPMUPYIOT LIETIOYKU U
cucteMbl. MIX CTeHKM Hepenko OBIBAIOT PHIXJIBIMU,
¢71a00 CLIEMEHTUPOBAHHBIMU WJIU YIJIOTHEHHBIMU 3a
CYET TUAPOCITIONUCTOTO WJIM KapOOHATHOTO IIEMEHTA.
ITo BomoOIpoOHMUITAeMOCTH paccMaTpUBaeMble TPYHTHI
OTHOCATCSA K IOJIYyNpOHMIAeMbIM (KO3(P(PUILIMEHT
¢unprpanuu 0.3—1.2 M/cyT); M3-3a HOBBILIEHHOM

Ne'5 2023
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MMbUIEBATOCTA Y OTHOCHUTEILHO HEBBICOKOI TNIOTHO-
CTH CKeJleTa IpyHTa OHM 00JIafaloT JIeTKO pa3MoKa-
€MOCTBI0 M TUKCOTPOITHOCTBIO, CIIOCOOCTBYIOIIIMMU
MHTEHCUBHOMY pa3BUTHIO cydhdo3nn [2].

Hapsny co cnenmuniyecKuM CBOMCTBAMMU JIECCO-
BBIX U JIECCOBUIIHBIX TPYHTOB, OOJIbIIIOE BIUSIHUE Ha
¢opmupoBaHue cypdo3un B CTpaHe OKa3bIBAIOT
rUaporeojgornyeckue yciaoBus. Tak, uccienoBaHus -
mu O.I1. KopcakoBoii [§] ycTaHOBIEHO, UTO B JIECCO-
BUIHBIX TOJIAaX Ha TeppuTopuun benopyccum rpyH-
TOBBIE BOJbl OOBIYHO 3aJIETalOT B HUXKHEH 4acTu pa3-
pe3a, yacTo B BuAe JUH3. Bomoymopom misi HMX
ClIy>aT B OCHOBHOM IJIMHUCTbIE TPYHTBI COXCKOi
MopeHBI. [TyOuHa 3ajeraHus TPYHTOBBIX BOJ, KOJIeO-
saetrcs oT 0.2 1o 7.0 M, B cpenHeM — 1—2 M, U 3aBUCUT
B 3HAYUTEJLHON CTENEHU OT MOIIHOCTU TPYHTOBOI
TONIIM U TeOMOP@POTOTUUECKO 00CTaHOBKM, OIIpe-
JIeJISTIoNIe XapakTep MHMUIbTpau aTMOCHEPHBIX
0CaJIKOB BINIyOb MaccCHUBa; HaJIWYUSI SPO3UOHHOTO
Bpe3a WU MECT Pa3rpy3Ku TI'PYHTOBBIX BOM, TIe B
MepBYyI0 odyepeab NPOUCXoauT hopMHUpOBaHUe Cy(d-
¢$0o3moHHBIX (hopM pelbeda.

ComracHO HaTypHBIM HaOJIIOAEHUSIM YCTaHOBJIE-
HO, YTO Ha CKJIOHAX PEYHbIX IOJIMH, B MeCTax nepece-
YEeHHOTO peyibea ¢ KpyThIMU KOPOTKMMU CKJIOHAMU
npeobiagaeT IIOIIATHON CTOK, YTO CIOCOOCTBYET B
repuoa OOMJILHOTO CHEroTasiHUSI U JIUBHEW MHTEH-
CUBHOMY IIPOHMKHOBEHUIO BJIarM BIIyOb MacCHBa B
3HAYUTEIbHOM KonmdecTBe [8, 21]. Bricokmii cyd-
(O3MOHHBIN MOTEHLIMA MPU TAKUX YCIOBHUSIX 4acTO
peanusyercs B 00pa3oBaHUM ITOA3¢MHbBIX U CBSI3aH-
HBIX C HHMMH TOBEpPXHOCTHBIX (opMm penbeda.
Mx BOBHUKHOBEHME, KaK MpPaBUJIO, COMPSLKEHO C
0OJIBIIIOI CKOPOCTHIO C(hOPMUPOBAHHOTO B IIOA3EM-
HBIX pycJaX TPYHTOBOIO BOJHOIO IIOTOKA (IO He-
CKOJIBKUX JIECSTKOB M/CyT). PexkruM TakKMX BOJ HOCUT
KpaTKOBpPEeMEHHBII XapaKTep, OH ITOJTHOCTBIO OIIpe-
JIeNIsIeTCsl KIMMATUYeCKUMM YCIOBUSIMM KOHKPET-
HOU TeppUTOpUMN.

Ha noBbIllIeHHBIX Xe yJacTKax MeXaypeunid, st
KOTOPBIX XapaKTepeH IOJOTOBOJHUCTBIN CIVIaXKeH-
HBII pebed ¢ HEOOJBIIMM KOJeOaHUEM OTHOCUTEIb-
HBIX BBICOT, YCJIOBUS (DUIBTpAlLlMM CITIOKOMHbBIE; Ha
3HAUYUTEJbHBIX TEPPUTOPUSIX MpPOCAYMBAHUE BOJIbI
BCJIEICTBUE HEPABHOMEPHOTO €€ paclpe/ie/IeHUs] UET
MeJIJIEHHO, COIMTPOBOXIAsICh UCCYILIEHUEM CKJIOHOB U
nepeyBiakHEeHWeM MOHMXeHUM. B Takux ycioBusix
OOBIYHO MPOUCXOAUT (POPMUPOBAHUE MOBEPXHOCT-
HBIX QopM cydHO3MOHHOTO pesibeda.

Hepenko Ha ygacTkax pacpoCTpaHEHUS MacCH-
BOB JIECCOBBIX M JIECCOBUIHBIX TPYHTOB reoMopdho-
Jiornyeckasi 00CTaHOBKA CMOCOOHA 3aTPpyIHUTh WU
WCKITIOYUTH Pa3rpy3Ky MOA3eMHBIX BOI, YTO MOXHO
HaOJonaTh, K TMpPUMEpPy, Ha IPUBOIOPA3NETbHBIX
TeppuTopusix. B Takux ciydasix oOpa3oBaHME IIO-
BEPXHOCTHOIO cy(ddo3moHHOro peibeda OymeT yxke
CBSI3aHO CO CTPYKTYPHBIMU U3MEHEHUSIMHU B TPYHTaX
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MoJ JeMCcTBMEM WHQUIbTPALIMOHHOTO BOJHOTO MO-
ToKa [8].

B ecTecTBeHHBIX yCIOBUSX HA (hOPMUPOBaHUE U
PEXMM TPYHTOBBIX BOI B JIECCOBBIX U JIECCOBUIHBIX
rpyHTax benopyccum 3HauyMTeIbHOE BIMSHUE OKa-
3bIBAIOT TaKXKe KIMMaTuuecKue (paKTOphbl, TIpexKIe
BCETO peXuUM arMoc(depHBIX ocagkoB. /laHHEIE pe-
XKMUMHBIX HaOmoneHunit B 6bacceitde p. duenpen To-
pelLKOii paBHUHBI B YCJIOBUSIX cy(PPO3MOHHOIO pe-
Jbeda CBUAETEIILCTBYIOT O TOM, 4TO (hOpMUpPOBaHUE
U TIMTaHUE TPYHTOBBIX BOJ, B JIECCOBBIX TPYHTaX IIPO-
HNCXOOUT B IMOHMKEHMUSAX, B KOTOPbIX 3UMOM nmpouc-
XOIIUT IIepepacIipeae/ieHue CHeXKHOTO IIOKpOBa B pe-
3yJbTaTe METEJIEBOIO MEPEHOCa, a JIETOM BJIaru B pe-
3yJIbTaTe MepepacrpenesieHus IUIOIIaIHOro croka [8].
YcTaHOBJIEHO, YTO TPYHTOBEIC BOOBI ITOSIBIISIIOTCSI B
ampeJsie Mocje CHEroTassHus, U ypOBE€Hb UX ITOCTE-
IIEHHO ITOHM2KACTCA NP HE3HAYUTCIIbHBIX KoJsieba-
HUSIX B 3aBUCHMMOCTH OT KOJIMYECTBA aTMOC(EepPHBIX
ocankoB. IIpy 3TOM IOHIMKEHHE HPOUCXOAUT TEM
CTPEMUTECIIbHEE, YEM JIYUIIC YCJIIOBUA ITOBECPXHOCT-
HOTO U ITOJI3¢MHOTO CTOKA.

Yepe3 nepepacrnpeneseHue IUIOIIaTHOIO CTOKa
MPOSIBJISIETCS BJIMSIHWE PACTUTEJIbHOCTU Ha PEXUM
IpYHTOBBIX Boa. CBeieHUE JIECOB U pacrialika Teppu-
TOPUU MPUBOMASAT K 3HAYUTEILHOMY YBEJIMYEHUIO KO-
JIMYECTBA BJIarW, AOCTUTIIEN MOBEPXHOCTU 3E€MJIU.
I'pyHTOBasl ToOJjIIa HACHIIIAeTCd BOMAOW B OOJbIIEH
CTeTIeHU U Ha OOJIbIIYIO IJTyOUHY, YeM MOJ MOJOroM
Jieca. Kpome Toro, mpoucxoauT yCuieHue IIoIai-
HOTO CTOKa, UTO CITIOCOOCTBYET HAKOTUIEHUIO BJlaru B
MOHUXKEHUSIX pesibeda.

CoBMecCTHOE ACHCTBHE IIEPEUYMCIICHHBIX BBIIIE
¢daKTOpOB Ha pa3BUTHE MpolleccoB cyddo3mm Ha
Tepputopuun benopyccuu o0yciaoBuIo oOpa3oBaHue
crieunpUIEeCKNX, YaCTO B3aMMOCBSI3aHHBIX U B3al-
MOOOYCIOBIEeHHBIX PopM penbeda. Hambomee thm-
MUYHBIMU U3 HUX SBJISIIOTCS 3allaAWHbI U OJIoa1a —
HenIyOOKMe, OBaJIbHOM WX Tpyleo0pa3Hoil, 4acTo
OKpyIJIOi (hOpMBI MOHMXKEHUS (pUC. 2), BOZHUKAIO-
1IMe B pe3yJibTaTe HEPaBHOMEPHOTO pacIipelesIeHUs
BJIaTd B TOJIIIE JIECCOBUIHBIX TPYHTOB, COIIPOBOXKIA-
IOILIETOCS MCCYIIIEHNEM CKJIOHOB U MePeyBIaKHEH! -
eM TOHMXeHUi. VX oTHocuTenbHast TIyOMHa cOo-
crapigeT 0.1—1.5 M, mHorma 3.0 M; TTOMIAL KOJIEh-
nerca or 100 mo 20000 m? mpu auamerpe (Wiau
IIMPUHE BRITIHYTHIX opM) oT 30 mo 120 M. Pexe 00-
pas3yioTcs HeOOJbIINE JTOKOMHOOOpa3HbIEC TTOHIKE-
Hus1 JiHol 2—3 M v mmmpuHoii 0.2—0.8 m [12]. TTpu-
yeM ux ()OpMUPOBaHMUE IPOUCXOAUT, KaK IPaBUIIO,
MIpY HEITyOOKOM 3aJIeTaHMM TPYHTOBOTO BOIOHOC-
HOTO TOPM30HTa BOJM3M BCKPBITHIX 3PO3MOHHBIX
¢dopMm. Eciit ke ypoBeHb ITPYHTOBEIX BOI, YCTaHABIM-
BaeTcs Ha IIyoOmHe 0osiee 5 M, To oOpa3yroTcs cyd-
¢O3MOHHBIE AEeMPECCUM.

3amaavHbI YacTO pacIoiaraloTcsl B BUae Lenovyek
M0 MJIOCKUM TallbBeTaM, MHOTIA OOBEIUHSIIOTCS B
MaccuBbl (cM. puc. 2). VIX Konu4ecTBO M pasmep
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Puc. 2. Cyddo3uoHHBbIi peabed 3anagHoii yactu [opelikoil MOpeHHO paBHUHBI C KpaeBbIMU JIETHUKOBBIMK 0Opa30BaHUSIMU

(Opuranckuii paitoH Bute6ckoit obactu) [22].

YCTaHABJIMBAIOTCS B MPSIMOI 3aBUCUMOCTHU OT MOIII-
HOCTH JieccoBoii Tomu. 70% oOlieit ruromany 3ara-
JIVH TIPUXOAUTCS HA YYACTKHM C MOIIHOCTBIO JIeCCO-
BBIX U JIECCOBUIHBIX TPYHTOB Ooiee 4 M [3].

Hapsiny ¢ MOIITHOCTBIO TPYHTOB 3HAYUTEIHHOE
BIUSIHME HAa MHTEHCUBHOCTL 0Opa3oBaHUs1 cypdo-
3MOHHEBIX (pOpM OKa3bIBaeT U peibed. B yacTHOCTH,
3aITaIHBI OTCYTCTBYIOT Ha TUIOCKUX ITOBEPXHOCTSIX C
MpPEeBBILICHUSIMHU 10 2 M, a TaKXKe Ha KOPOTKUX KpY-
TBIX CKJIOHAaX MO3BIPCKON TpsAOBl M OTHCIBHBIX
y4yacTkoB MuHckoii 1 HoBorpyackoii BO3BBIIIEHHO -
creit. Ha 1oro-sBoctoke MUHCKOI BO3BBILLIEHHOCTH,
B Impenenax XoMHUKcKou, CrpemmHcKoit, Yeuep-
CKOIf M HEKOTOPBIX IPYTUX MOPEHHBIX M BOTHO-JIEI-
HUKOBBIX PaBHUH 1M HU3WH HU3-3a MO MOIIIHOCTHU
(1 M 1 MeHee) JIECCOBUIHBIX TPYHTOB IPOSIBICHUE
npoueccoB cyPdo3nm xapakTepusyeTcs caadoit nH-
TEHCUBHOCTBIO, TO3TOMY KOJIMYECTBO 3allaiuH 31eCh
OTHOCUTEIBHO HEBEJIMKO — 10 2 1T./KM2. Hanbosn-
mas e IJIOTHOCTh cyddo3noHHbx dopm (70—
80 wwT./KM? 1 6oJIee) IPUYPOYEHA K PaiioHaM C BOJI-
HUCTBIM M TIOJIOTOBOJHUCTHIM peibechoM M OoJiee
MOIIHBIM YexJioM (10 10 M) neccoBuaHbIX mopon. Ta-
KUe yCJIOBUS TSI pa3BUTUS CY(PPO3MOHHBIX IIPOIIEC-
COB OJIATOTIPUSITHO CIOXHWIMCH B BOCTOYHOI YacTH
MoruneBCcKoif BOOHO-JICTHUKOBO-MOPEHHOM M Ha
Topelikoii MOpEHHOI ¢ KpaeBbIMMU JIGAHUKOBBIMU
oOpa3oBaHMSIMHU paBHUHAX [2, 8].

CremyeT OTMETUTD, YTO B €CTECTBEHHBIX YCIIOBUSIX
cyddo3moHHbIE 3aITanMHBI YaCTO 3aKyCTapEeHbI 1 3a-
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0oJI0UeHBI, OOpaMIIEHBI TIPEUMYILIECTBEHHO Oepe30-
BO-MBHSIKOBBIMU 3apOC/sIMU, a B LIEHTPE 3aHSITHI
OCOKOBBIMM, OCOKOBO-3JIAKOBBIMU U Pa3HOTPABHbI-
MU accoumanusMu. BospacT nopaBiSIIOIIEro MX
6osbiHcTBa okKoyio 150—200 ner [10], exuHUYHO
(B ocHOBHOM B nipenenax MoruieBckoii u ['openkoii
pPaBHUH) BCTpeyaloTcs 3amnaauHbl Bodpactom 1000—
1500 s1eT, KOTOpBIA OBLI YCTAHOBJICH II0 MOIITHOCTU
HakormmBIerocs: B Hux topda (1.0—1.5 m) [8]. B 11e-
JISIX XO3SIMCTBEHHOTO OCBOCHMUSI TEPPUTOPUU C Pa3BU-
THEM TTOJO0OHBIX (OPM pesibeda MaTONMpPUToIHbI, TTO-
OBITKA WX MEJHOPAlM HE TIPUHECTN KaKHX-T100
MOJOXUTEJbHBIX PE3YJIbTATOB.

Hepenko Ha ckiloHax oBparoB, 0aJIOK M PEYHBIX
IIOJIMH BCTpedaloTcs Ccy(p(O3MOHHBIE IIMPKOOOpas3-
Hble HULIKM (puc. 3a). Haubosee sipko 3Tu ¢GHoOpMBbl
MIPOSIBIISIIOTCS. B OBPaXXHO-0aJIOYHEBIX cUcTeMax Mo-
3pIpckoii 1 HoBorpyackoii BO3BBILIEHHOCTEH, pexe
UX MOXXHO HaOJII01aTh B JOJMHAX peK B mpeaeiaax Op-
IIAHCKOM BO3BBIIIEHHOCTH U MOTMJIEBCKOM paBHU-
HBL. OHM HE OTJIMYAIOTCS KPYITHBIMH pa3MepaMiy U B
MoIepeyHrKe He MpeBbIIamT 4—>5 M [2].

Ha yyacTtkax, rae MOIIHOCTD JIECCOBBIX 1 JIECCOBU/I -
HBIX TOJIIII 3HaYMTEeIbHA (00jee 5 M), C IIOBEPXHOCTHBI-
MU cy(pDO3MOHHBIMU (POpMaMM TECHO CBS3aHBI MO~
3eMHBbIE, KOTOPbIE B COBOKYITHOCTH OOpa3yIoT eINHBI
Komruiekc ¢popm cyddo3nonHoro penbeda. Mx Mop-
¢onorust 06s13aHa MPEUMYILECTBEHHO JISMUCTBUIO BOMI-
HOTO IIOTOKA, COCPEIOTOYEHHOIO B pycjax BHYTPU
TPYHTOBOTO MaccuBa. B reomMmopdosornyeckoM IjiaHe
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Puc. 3. Cyddosnonnbie hopMbl peibeda: a — HuUllla Ha CKjIoHe oBpara laneeBckuii B I. Bute6ck; 6 — KoJiofel B BepIlIHE
oBpara B I. Mo3bipb [oMenbckoii 001., ¢ nmaMmeTpaMu BXomHOTo otBepcTus 0.5—0.8 M, moHHO# yacTu — 1.2—1.7 M 1 ryObuHOit

2.8 M (poto A.H. l'sikuna, 2008; A.U. I1aBnosckoro, 1993).

5TOT KOMILIEKC MPUYPOUYCH K OTHOCUTEIBHO ITyOOKUM
SPO3MOHHBIM Bpe3aM — OOPBIBUCTBEIM OeperaM pek,
MOJIOOBIM KPYTOCKJIOHHBIM OBparaMm, WHOIIa K
KPYIHBIM KapbepHBIM BIPaOOTKaM, TOPOXKHBIM BbI-
eMKaM U JIpYyTuM OTpULIaTeIbHBIM (popMaM pelibeda.
Haubonpimee pacrpocrpaneHne OH IIOJIYYHI B IIpe-
nenax OpuraHckoi, HoBorpyackoit 1 Mosblpckoii
BO3BBILLIEHHOCTEM.

Cpenn 1on3eMHBIX (OpPM ITAaHHOTO KOMILJIeKca
BBIICJISIIOT: BXOIHBIC, TPAHCIIOPTHBIE U OCTAaTOUYHBIC
¢opMmbl. Hambojiee yacTto BcTpedyaemasl BXOIHAS
¢dopma, 3aHMMAaIIAs B KOMILIEKCE BEpXHee I0JI0-
XKeHHUe, — 3TO NOHOPHL. VX rimydbuHa cocrasiset 0.4—
0.7 m ipu guametpe ot 0.2 mo 0.5 M.

W3 npyrux BxogHbIX ¢opM cydhdO3MOHHOTO pe-
JIbeda BBIIEISIOTCS BOPOHKU, KOJIOMIIBI M IMAXTHI.
Kosoauel oTanyaloTcst OT BOPOHOK OTBECHBIMU
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CTEHKaMM, pazMepamu (UX DIyOMHA paBHA TUaMETPY
WIW HECKOJIbKO MpPEBBILIAET €ro), pacriojioKeHueM
IOHOP IIPEUMYIIIECTBEHHO B OOKOBBIX CTeHKaX (B BO-
pOHKAax IMOHOPHI pa3MeNIaloTCs Ha JHE), a TakKe 060-
Jiee IIMPOKMM paclipocTpaHeHHeM (cM. puc. 30).
Ha tepputopun benopyccu BOpPOHKM — pEIKoO
BcTpevyaeMast popma.

EnnHndHO OTMEUYeHBI 1 IIaXThI, KOTOPBIe 06pasy-
IOTCSI B pe3y/ibTaTe pa3MbIBa INTyOOKMX BEPTUKAb-
HbIX TIyTeil punbTpanuu. CooTHOIIEHUE TITYOUHBI U
IuaMeTpa y HUX pa3iudaeTcs B 5 u 6oiee pas [8].
Takue nauHHBIE TyTU GUIBTPALIMU HE CBOMICTBEHHBI
MaccuBaM JIECCOBBIX IpyHTOB benopyccumn u BeTpe-
YaroTCsT JOBOJILHO PENKO.

CJICI[YCT OTMETUTb, YTO KaXidasd HN3 BXOIHBIX
(1)0pM MOZKET pa3BUBATLCA CaAMOCTOATEIILHO. Ecnu B
3TOM pPa3BUTUMN HaMEYacTCd IIOCJICA0BaATC/IbHOCTD,
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TO MIEPBUYHOI SABIISIETCS BOpoHKa. OHA MOXKET BITO-
CJIENCTBUU TpaHC(HOPMUPOBATHCS JIMOO B KOJIOJEII,
OO B IIAXTY.

XapakTepHOii 0COOEHHOCTBIO MOP( OO cyd-
¢ o3noHHOrO penbeda, pa3BUBaIOLLIETOCS B JIECCOBBIX
M JIECCOBUIHBIX TPYHTaX CTPaHbI, SIBJISIETCSI HATUUUE
TOHHEJIE M TIellep — TPAHCIOPTHBIX MOA3EMHBIX
¢dopm. PazBuTre TOHHEJEH TPOUCXOIUT, KaK MpaBu-
JIO, BHYTPU MacCuBa IO TIaICHUIO TMOBEPXHOCTU
CKJIOHOB. Ha ux mpucyTcTBUE yKa3bIBalOT CJerNble
OOpBIBbI, CBUMIETEILCTBYIOIIME O TOM, UTO HUXE IO
HampasJeHHUIO 6a3rca 3p0o3Un OCYIECTBISETCS MO~
3eMHbIIA CTOK 1O KaHajlaM W XOJaM, SIBJISIOLIIMMCS
BJIEMEHTApPHBIMU  PAa3HOBUIHOCTSIMU TOHHEJICH.
Xomabl OTIUYAIOTCS OT KaHAJIOB MEHBIIIMMHU pa3Mepa-
MU, PAcTOJOXEHNEM B HENOCPEICTBEHHON 0130-
CTH OT MMOBEPXHOCTHU U T€M, YTO MOTYT 3aKJIaJdblBaTb-
Csl HE TOJIbKO B CTOPOHY TaJeHUsI CKJIOHA, HO U B
NPOTUBONOJIOXHYI0. Ha moBepxHOCTH TOHHENIN 00-
Hapy>KMBAIOTCSI TOJIbKO TTOCJIe BCKPBITUSI UX 3PO3U-
OHHoOI1 (popmoii, Harpumep, oBparom (puc. 4). Ile-
11Iepbl Pa3BMBAIOTCS B HEMOCPEACTBEHHOU OJIM30CTH
K OOpBIBY BJIOJIb KPYITHBIX TPEILIMH B pe3yJbTaTe JIO-
KaJILHOTO U3MEHEHUS CUJIbl BO3JIEMCTBUSI TPYHTOBO-
TO TTOTOKa B HanboJiee ocnabdIeHHBIX 30HaX. JJ1s HUX
BCeTAa xapakTepHa 1eneBuaHas dopma. [TpuunHoi
UX TIOSIBJICHUS SIBJISIETCSl OOpYyllIeHUe OJI0Ka TOPOIb
B CTEHKaX OOPBIBOB.

Cyddosust, conmpoBoxmaeMasi MpoleccaMu Jiu-
HEMHOTO pa3MbIBa ¥ OOPYIIEHUs], HEPEIKO MPUBOIUT
K 00pa30BaHUIO OCTATOUYHBIX (pOopM pebeda, cpenn
KOTOPBIX BBIIEJISIIOTCSI OCTaHILIbI M apku. Ha Teppurto-
pun benopyccun oHM MOIYYMIN pacOpOCTpaHEHUE
Ha yJacTKaX pa3BUTHS JIECCOBUIHBIX TPYHTOB 3HAUN -
TEJILHOM MOIITHOCTH (CBBIIIE 3 M) B BEPXOBBSIX OBpa-
OB M Ha OOPBLIBUCTHIX Oeperax pek. MIx oopa3zoBaHue
W JJIUATEJIbHOCTh CYIIECTBOBAHUS OMPENEISTIOTCS
DIaBHBIM 00pa3oM peXXMMOM U KOJIMYECTBOM aTMO-
c(epHBIX OCATKOB.

B 3aximodeHne OTMETHM, YTO HAJIMYME TTOI3EM-
HBIX (opMm cyddo3uoHHOro pesbeda TOBOJLHO
CHJIBHO OCJIOKHSIET WHXKEHEPHOE OCBOCHUE TeppH-
TOPUM M TPeOyeT CrelMaIbHbIX NHXEeHEPHO-TEO0JI0-
TMYeCKUX UCCIIeTOBAHUI.

OCOBEHHOCTH PA3BUTHUA

1 PACITPOCTPAHEHUA CYODPO3NOHHOTIO
IMPOUECCA B TEXHOI'EHHO
HAPYIIEHHBIX YCJIIOBHUAX

Cyddo3sus, pa3BuBaroiasics B TeXHOTeHHO Hapy-
IIEHHBIX YCIIOBUSX (HaIlpuMep, Ha ypOaHU3UpPOBaH-
HBIX TEPPUTOPHUSIX, YIACTKAX TUAPOTEXHUIYECKHUX CO-
OpYyXeHUi1, B 6eperoBoii 30He BOAOXPAaHWJIMIIL U T.1.),
3acIykUBaeT 0COOOro BHMMAaHUS, TIOCKOJIbKY €€
MPOSIBIICHHUSI TT0 CBOEiI MNHTEHCUBHOCTHU Y IIPUYMHEH-
HOMY yIIepOy 4aCcTO MPEeBOCXOISAT IPUPOIHYIO.

TEOBKOJIOTHA. UHXEHEPHA{A I'EOJIOTUA. TUAPOT'EOJIOIMA. TEOKPHUOJIOIUA

]

Puc. 4. OBpar Ha ckjIoHe 6anku B ypouuiie “BynaBku’
Mo3bipckoro paitoHa I'omenbckoii 001., chhopMUpoOBaB-
IIMCS B pe3ysibTaTte MPoBajioB Hall Cy(D(HO3MOHHBIMU Ka-
Haamu (doro A.H. ITaBnosckoro, 1993).

VTeuku u3 BOJOHECYIINX KOMMYHUKALIN B TOPO-
JaX, BCKPBITHE BOJOHOCHBIX TOPU30HTOB TOPHBIMU
BBIpabOTKaMM, paboTa IpeHaXKHBIX CUCTEM U BOJ03a-
OOPHBIX CKBAXKMH CIIOCOOCTBYIOT aKTUBHOMY pPa3BU-
THIO TIpOIIecCcOB cy(hPO3MN, COTIPOBOKIACMBIX 00Opa-
30BaHMEM pa3INYHBIX JIeTIPECCUii, BOPOHOK, Mellep,
npoBayioB 1 T.4. [IpudemM o06pa3oBbIBaTHECS 3TU GHOP-
MBI MOTYT B TOJIIIIAX OUCIEPCHBIX TPYHTOB Pa3HOIO
JIMTOJIOTUYECKOTO COCTaBa: IecuyaHO-TPaBUIMHOTO,
MecYaHOoro, MeCYaHO-TJIMHUCTOTO MU IJIMHUCTOTO.

JloBOJIbLHO OBICTPO 0OpasyrloTcs CcydhdhO3nOHHbIE
TIPOBAJIBI IPW aBapUSIX BOTOTIPOBOIHBIX M KaHAI3a-
IIMOHHBIX CHUCTEM, KOTJa BOJa BBIPHIBAETCS M3 TPYO
Mol BBICOKUM JaBjieHueM. B aToM ciydae cTpyiHbIi
pa3MBIB TPYHTa CITOCOOEH MpUOOpeTaTh OMacHBIN 1
YIIepOOHAHOCAIININ XapaKTep, PpacCIPOCTPAHSIETCS
0 BCEM TTOA3EMHBIM IOJIOCTSIM U COIMPOBOXIAETCS
WHTEHCUBHBIM BEITHOCOM OVCTIEpCHBIX yacTull. dop-
MUPYIOIIecs MPU 3TOM IMYCTOTHI MTHOBEHHO 00py-
matotcs (puc. 5).

K npumepy, B Mapte 2000 r. B paitoHe noma Ne 45
no yi1. Makcuma T'opbkoro B I. Butebck n3-3a mpo-
pBIBa KaHAJTU3aIIMOHHOTO KOJUIEKTOpa, 3ajieralome-
To B TEXHOTeHHOM IIecYaHOil TOJIIle Ha TIIyOuHEe
3.5 M, moxa TpaMBalHBLIMU MyTSIMUA 0Opa3oBaiach BO-
poHKa TIyOMHOI OKOJIO 1 M M IUIomanmplo Oojee
2.5 M2. B pesynbraTe JBUXKEHKME TPaMBaeB ObLIO Ia-
paan30BaHO Ha TPU Yaca 10 yCTpaHeHUs aBapuu [4].

Y1rpom 10 mapta 2014 r. B MuHcke 1o yji. Moru-
JIEBCKO# Takske M3-3a MPOpPhIBa KaHATU3AIIMOHHOTO
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Puc. 5. I[TpopbIB BODONPOBOAHOI TPYOBI, BbI3BaBIINI Cy(D(HO3MOHHBII pa3MbIB IpyHTa (a), U €To IocaencTBus Boau3u Jlego-

Boro aBopua B ['omerne, 2013 1. (0) [6].

KOJUIEKTOPA, PACITOJIOKEHHOTO B TOJIIE TEXHOTEH-
HBIX MTeCYaHO-INIMHUCTBIX TPYHTOB Ha INIyOMHE Oosiee
3 M, 1o achaJIbTOBBIM MOKPHITUEM aBTOMOOUIIbHOM
JIoporu oopasoBaiach cyp¢o3mMoHHAsI BOPOHKA IIIy-
6uHOI1 6osiee 2 M U IUIOIIAbI0 16 M2. B pesynbrare
IBWXEHME TPaHCIIOPTa OBLIO ITApaTM30BaHO 10 Bede-
pa Toro Xe IHsI, TIOKa KOMMYHAaJIbHbIE U JTOPOXKHBIE
CJTy>kOBbI HE BBITTIOJTHWIM BCe HEOOXOIMbIE PEMOHTHbIE
pa6ortsl. I1o3nHee B MuHCKe KpymnHbIe cy(h¢d03MOHHbIE
MpOBaJIbl (PUKCUPOBAIMCH Ha epecedeHnM yui Kia-
pol LletkiH 1 MsicHukoBa (2016), Ha ynmuiax Kuposa
(2017), ®a6puuHoii (2018) 1 B Ipyrux Mecrax.

IMomoOHbIE aBapuiiHbIE CUTyallMHd CIyYalucCh B
pasHple TOombl Takke B bpecre, Tomene, I'pomHo,
Kiobune, Morunese W Apyrux Tropoiax CTpaHBbl.
Tak, B nekabpe 2013 r. B omHOM M3 ABOPOB MO YiI. JIyiI-
Kas B T. bpect B pesynbrate cyddo3um 13-3a Ipophi-
Ba BOJOIIPOBOOHOI ceTM oOpa3oBajach MPOMOUWHA
m1y6uHoi 6osee 1 M M molagplo okoao 5 M2, JIBa
JIETKOBBIX aBTOMOOMJISI OKA3aJIMCh B 3TOM IpoMouHe [4].
B otnenbHBIX caydasx cyhhO3MOHHBIE MPOBabl CIIO-
COOHBI MPOBOLIMPOBATh aBAPUITHOCTh LIENbIX 3TAHUIA,
KaK 3TO OBUIO YCTAHOBJICHO IS HEKOTOPHIX JIOMOB B T.
MorueB o yi. JIro6yaHckoro [13].

biaronpusTHEIe yCJIOBMS OISl IPOTEKAHUS Cy(d-
¢d031M co30aI0TCS B IIPOILIECCE CTPOUTEIHCTBA U DKC-
IJIyaTalluy pa3IMYHbIX NMHXXKEHEPHBIX COOPYKEHUI B
ropoaax, KpYyITHbIX aBTOMOOWJIbHBIX IIOPOT, KOoTrda
OCYIIECTBJISICTCSI OTCHINKA MTECYaHbIX U KPYITHOOOJIO-
MOYHEIX IIOPOI Ha CIa0O0IpOHUIIAEMOe OCHOBaHHUE,
repeKanblBaHNE TJIMHUCTHIX TPYHTOB, CO3MaHUE IO~
BEPXHOCTEN KOHTAKTa IPyHTAa C Pa3JInYHBIMU UCKYC-
CTBEHHBIMM MaTepuallaMi 1 MHOToOe apyroe. B kaue-
CTBE MpUMEpPa MOXHO MPHUBECTU CIOXMBIIIYIOCS CH-
Tyalio Ha ydacTke aBTrogoporu Opiaa—CMoOJIeHCK,
KorJa Mpu MpoKJjajKe ra3onpoBoaa n3-3a cyhdosu-
OHHOIO BBIHOCA MAaCChI ITeCKa M3-TI0I JOPOXKHOTIO
MOJIOTHA BO3HUK KPYITHBIM MPOBaJi, MOBJEKIINUMA aBa-
pUIO TPYy30BOI0 aBTOMOOWIIS U, KaK CJCICTBUE, TIPU-
YMHEHWE TSKKOTO Bpeaa 310pOBbIO0 BOOUTEISI 1 MaC-
caxwupa [7].

FEOBKOJIOIrusd. UHXEHEPHAA T'EOJIOTUA. THAPOTEOJIOTUA. TEOKPUOJIOTUA  Ne 5

JIoBONIBHO YacTO B ropoaax B I'PYHTax OTCHIIIKU
cydhdo3ug MpUBOIUT K AedopMamusM TPOTyapoB,
OTMOCTKOB, JiecTHUII (puc. 6). [IpyyeM aKTUBHO 3TO
MIPOMCXOAUT, KaK MpaBuUJIO, IOCJe BbIMaAeHUs 3Ha-
YUTEJBHOTO KOJMYECTBAa aTMOC(EPHBIX OCaIKOB,
YTO, C OJHOI CTOPOHBI, TTOBHILIAECT YPOBHU TTOA3EM-
HBIX BOJ, a C IPYTOil — YBEJIWUYMBAET pacxoi BOAbI B
JIMBHEBOM KaHAJIM3allUU U, COOTBETCTBEHHO, 00BbEM
yTedyek u3 Hee. [TokazaTebHBIM MPHUMEPOM MOXKET
CIIY>KUTb cuTyalusi, Bo3Hukiuass B uioe 2011 r. Ha
Mpoe3Xxeil yacTu U TpoTyape 1o yi. JIeHnHa BOaU3u
JieTHero AMduTeatpa B Butedcke, Korna us-3a mnpo-
pbIBa NEPEIOJHEHHOIO JUBHEBOI BOIOI KaHAa/IM3a-
IMOHHOIO KOJUIEKTOpa o0pa3oBajics MpoBayl aua-
METPOM U IITyOUHOI oKoJio 1.5 M (cM. puc. 6a). B mae
2012 . TIOYTH HA 3TOM Xe MECTE IMPH aHAJIOTMIHBIX
00CTOSTENbCTBAX aBapysI MOBTOPUIIACH (CM. puc. 66)
¥ IpHBeja K HECYAaCTHOMY CIydal0 — IIPOBAJIMIIACH
JIEeBYIIIKA U C IIepejloMaMM KOHEUYHOCTEel ObLIa Troc-
NUTATA3MPOBaHa B O0JpHUILY [5].

Hepenko cyddo3noHHBIC MTpOLeCCHl B TIpenesax
TEPPUTOPUM CTPAHBI MOXHO HAOIIONATh HA OTIEIIb-
HBIX y4YacTKax THUIAPOTEXHUYECKUX COOPYKEHUIA:
J1aM0, TUIOTUH, MEJIMOPATUBHBIX KAHAJIOB U T.1., B Oe-
peroBbIX 30Hax Buieiickoro, 3aciaBckoro u ap. Bo-
JOXpaHMWJIMIIL, a TAKXKe B 00pTax KapbepoB I10 JOOBIUE
CTPOUTEBbHBIX MaTepuaaoB (HalipuMep, MECTOPOXK-
nenus “KpamnyxuHo”, “BecHssHka”, “¥Y30opbe”,
“Kupxun” B MUHCKOIT 00J1acTh), HA TEPPUTOPUSIX
KPYITHBIX IIPOMBIIIJICHHbBIX MPEANPUITUIA U O0BEK-
TOB DHEPIreTUKU [4].

Pestomupys BellliecKazaHHOE, ClIeTyeT OTMETUTh,
YTO IS MPEaynpexXaeHUs] U JUKBUIALUMU TMOCTeN-
CTBUI TEXHOTEHHO OOYCIIOBIIEHHOM cyddos3nu Tpe-
OYIOTCSI 3HAUMTENIbHBIE MaTepUaIbHbIC 3aTPaThI, CBSI-
3aHHBIE HE TOJBKO C TPOBEICHUEM WHKEHEPHBIX
W3BICKaHW, CHEIMaTbHBIX O0CIenOoBaHU, pa3pa-
OGOTKOI MTPOEKTOB PAabOT MO PEMOHTY BOIOHECYIIINX
KOMMYHUKAIIN, TOPOXKHBIX TOKPBITHIA, BOCCTAHOB-
JICHUIO 1 YKPEIUICHUIO TPYHTOBBIX OCHOBAHMI 3ma-
HUI ¥ COOPYKEHU, 60PTOB KaphepOB, METNOPATHB-
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Puc. 6. ledbopmanny TpoTyapoB, BeI3BaHHBIE cyddosueit, B: a, 06 — Butedcke BoM3M teTHero AMduTearpa (2011 u 2012);
B —I'omerne BOm3u napka “@PectuBanbHblii” (2020); r — Bpecte Ha epekpectke ynui Murikesuya u Kyiioenmesa (2020) [1, 5, 17, 18].

HbIX KaHaJIOB U T.[., HO 1 C IIPOBCACHNEM HEITOCPECI -
CTBCHHO CaMuX pa60T.

3AKJIIOYEHHME

Cyddo31oHHbBIE TIPOLIECCHI B TTOCIEIHME OBA AS-
CSTUJIETUSI CTAJIM OMHUM U3 OCJIOXKHSIIOMIUX (haKTO-
poB (HOpMUPOBAHUS WHXEHEPHO-TEOJOTMYECKUX
YCJIOBUI OTAEIbHBIX TeppuTopuii benopyccuu, oco-
OeHHO B KPYITHBIX ropogax. B To ke BpeMs ciemyeT
OTMETHUTh, YTO KaKue-Iu0Oo cHeluaaIn3vpOBaHHBIC
HaOII0IeHNS 32 UX IIPOSIBIIEHEM, KaK 1 JIIOOBIX Ipy-
T'MX 9K30T€HHBIX T€OJIOTMYECKUX U MHKEHEPHO-TEO-
JIOTMYECKHMX IIPOLIECCOB, B CTpaHe JaBHO HE IIPOBO-
nsresi. CozmaHue CUCTEMbl MOHUTOPUHTA 3K30TeH-
HBIX T'e€OJIOTMYECKUX W MHKEHEPHO-T€OJIOTrMYECKUX
MPOLIECCOB JIOKAJIbHOTO M PETMOHAJILHOTO YPOBHE
MO3BOJIWJIO OBl O0ECIIeYUTh MOJTyYeHUE aKTyalbHOM
vH@OopMallMK O PacIpOCTPaHEHUU U aKTUBHOCTU
MPOSIBJICHUSI YKa3aHHBIX IMPOIIECCOB, B TOM YHUCJIE
cy(hdDO3MOHHBIX, U (paKTOpax, UX OITPEICSTIONINX.
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THE ROLE OF SUFFOSION IN THE FORMATION OF ENGINEERING
GEOLOGICAL CONDITIONS IN THE TERRITORY OF BELARUS

I. A. Krasovskaya?, A. N. Galkin“*, A. 1. Pavlovsky***, and S. V. Andrushko’
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The article presents the results of a comprehensive study of the conditions for the development and spread of
natural and technogenic suffusion by the Belarus territory. It is noted that in insignificantly disturbed natural
geoenvironment, the most favorable conditions for the development of suffusion have developed within the
moraine and water-glacial plains and lowlands of the eastern part of the country, as well as marginal ice ridges
and uplands with a cover of loess and loess-like formations with increased silt content, relatively low density
of the soil skeleton, easy soakability and thixotropy, which contribute to the intensive development of the suf-
fusion process. Active natural factors, conditions for the development and spread of suffusion, as well as forms
of its manifestation in loess and loess-like soil massifs are considered. Suffusion manifestation in technogen-
ically disturbed geoenvironment is analyzed, and its negative impact on functioning of natural-anthropogenic
systems of various organization levels is shown by specific examples. In the authors’ opinion, the creation of
a monitoring system for the development of suffusion, as well as other exogenous geological and engineering
geological processes, will provide up-to-date information on the distribution and manifestation activity of

these processes and the factors that determine them.

Keywords: suffusion, insignificantly disturbed natural conditions, loess and loess-like soils, active natural devel-
opment factors, technogenically disturbed conditions, landforms
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