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AHHOTALUA

BBeaeHwue. Npegmetom uccriegoBaHuns aensetcs cyddoans — onacHbIM ANS CTPOUTENBCTBA 3K30reHHbIN reonornyeckuni
npoLiecc, CnocobHbIVi B CBOEM KpariHeM MposiBieHun Bbi3BaTb katacTpoddy. Llenb nccnegosaHns — npoaHanusvposatb
B3aMMOAENCTBUSI NMPUPOAHON U TEXHOrEHHOW MOACUCTEM B NMPUPOAHO-TEXHUYECKUX CUCTEMAX, BO3HMKAKOLMX NpU XO351n-
CTBEHHOM OCBOEHUWN TEPPUTOPUI, BNaronpuSATHLIX AN Pa3BuTUs cydPdo3MOHHbIX NPOLIECCOB.

MaTtepuansi n metoAbl. C no3uuuii CUCTEMHOTO NOAXOAA aHaNM3NPYeTCsl OTEYECTBEHHbIV U 3apyOeXxHbI ONbIT 3KCnyaTa-
LUy 06 BLEKTOB Pa3nNMYHOrO Ha3Ha4YEeHNs!, UCMbITbIBAOLLNX HEraTUBHOE BO3AeNcTBMNe CyhO3MOHHBIX NPOLIECCOB NPUPOAHO-
ro 1 TeEXHOreHHoro npoucxoxaeHus. Ocoboe BHUMaHVe obpalleHo Ha BO3MOXHbIE KaTacTpodunyeckme NocneacTBUs Takmx
BO3AENCTBUI ANS 30aHUN U coopyxeHnn. OTMedaeTcs, YTo, HECMOTPS! Ha Hanuyne onpeaeneHHbIX NO3UTUBHBIX aCMeKToB
BO B3anMoZencTBumn cyhdo3nm C oKpyKatoLLel cpeoi, HeraTuBHbIe acnekTbl Npeobnagator.

Pe3ynbraTtbl. HeriTpanm3aums BO3MOXHbIX HEXenaTenbHbIX COLMarnbHbIX U 3KONOrMYEeCKUX NocneacTsuin hopMupoBaHnst
pa3nu4HOro pofa noa3eMHbIX Y MOBEPXHOCTHbIX Cydd®dO3NOHHBIX MPOSIBIIEHNIA AOCTUrAeTCs NyTeM paLlmoHanbHoro Belbopa,
YETKOro MHXEHEPHO-reonornyeckoro 060CHOBaHNS 1 rPaMOTHONM peanu3auuy MeponpuaTUi, pesko CHIDKaoLWKX (a nHoraa
N UCKIIOYaAIOLLMX) BO3MOXHOCTb BO3HUKHOBEHUS CBSI3aHHbIX C 3TMM Ype3Bbl4alHbIX cuTyaumii. MNpeanoxeHa knaccuduka-
LMt NPYMEHSIEMbIX B HACTOsILLee BPEMSI U BMOSIHE NPUIOAHbIX K NPMMEHeHuto B ByayLiem cnocoboB 3alumTbl TEPPUTOPUNA,
30aHUIA N COOPYXKEHWUI OT HeraTMBHbIX MOCNeACTBUN pasBUTUsS cyddo3nm, B TOM YUChe CMPOBOLMPOBAHHOIO CaMuUM 3a-
LwmaemMbiM 06bekToM. [NepedncneHbl pasHble BapuaHTbl 3aLUTHbIX Mep, OTHOCSILLIMECS K KaXKOOMY U3 BblAENEHHbIX TUMNOB
NPOTUBOCYH(PO3NOHHBLIX MEPOMPUATUIA.

BbiBoabl. OTMevaeTcs, YTO NPU HaNMMYUK Ha KOHKPETHON TEPPUTOPUN CyLLECTBYIOLLNX CYy(DPPO3NOHHBIX MOSBMEHUIA NN B
cry4yae Hay4yHO 060CHOBAHHOIO NPeAnonoXeHNs OTHOCUTENBHO NOTEHLMANbHON BO3MOXHOCTU Pa3BUTUS Cydd(PO3NOHHBIX
npoueccoB HeobXoaMMa BCECTOPOHHSAS OLIeHKa NPUPOAHO-TEXHOrEHHOM 0O6CTaHOBKM U ee oxXuaaeMbix uaMeHeHun. Beneg
3a 3TUM [OMKHO OCYLLECTBMATLCS NNaHMpOoBaHWe AanbHENLLNX eNCTBUIA MMBOo No coxpaHeHno cchopMUpPOBaHHbIX cyddo-
3uen anemMeHToB nanawadra, MMbo No MakcMmanbHO BO3MOXHOMY YCTPaHEHMIO NMobbiX yrpo3 Co CTOPOHbI 3TOrO npoLiecca.

KIKOYEBBIE CIOBA: cychdo3ns, onacHocTb, yepb, okpyxarLasa cpeaa, MHXeHepHas reoaMHamuka, CTPOUTENbCTBO,
WHXeHepHas 3awmTta
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ABSTRACT
Introduction. The subject of the study is suffusion — an exogenous geological process dangerous for construction, capable
to cause a catastrophe. The term suffosion is interpreted most widely in comparison with other interpretations: according
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it suffosion includes leaching, piping, subsurface erosion of soils or rocks, cemented by soluble material. The aim of the study
is to analyze the interaction of natural and anthropogenic subsystems in natural-technical systems arising from the economic
development of territories favourable for the development of suffosion processes.

Materials and methods. Domestic and foreign experience of exploitation of objects of various purposes experiencing nega-
tive impact of natural and anthropogenic suffosion processes is analyzed from the position of system approach. Special
attention is paid to possible catastrophic consequences of such impacts for buildings and structures. It is noted that, despite
the presence of certain positive aspects in the interaction of suffosion with the environment, negative aspects prevail.
Results. Neutralization of possible undesirable social and ecological consequences of formation of various kinds of under-
ground and surface suffosion manifestations is achieved by rational choice, clear engineering-geological substantiation and
competent implementation of measures that sharply reduce (and sometimes exclude) the possibility of related emergencies.
Classification of currently used and quite suitable for application in the future methods of protection of territories, buildings
and structures from negative consequences of suffosion development, including those provoked by the protected object
itself, is proposed. Different variants of protective measures related to each of the identified types of anti-suffosion measures
are mentioned.

Conclusions. It is noted that in the presence of existing suffosion occurrences on a particular territory or in case of a sci-
entifically justified assumption regarding the potential possibility of development of suffosion processes, a comprehensive
assessment of the natural-technogenic situation and its expected changes is necessary. This should be followed by plan-
ning of further actions, either to preserve the landscape elements formed by suffosion or to eliminate any threats from this
process as much as possible.
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BBEJAEHUE

B coBpemennoii Poccun tepmun «cyddo3us mo-
HHUMAIOT 1o-pazHoMy. HekoTtopsre cauraiot, uto cyddo-
3M — 3TO BCETO JIMIIb CBOOOAHAS TPAHCIIOPTHPOBKA
(bUITBTPALIMOHHBIM TIOTOKOM MEJIKMX YaCTHUI] HECBSI3HBIX
JIUCTIEPCHBIX TOPOA MEXAY MX KPYITHBIMH YacTHIla-
mu [1]. Jpyrue HazsiBaroT cyddosueir Toapko Mexa-
HUYECKOE (DMIIBTPALMOHHOE Pa3pyIIeHUE U MOA3EMHOE
pa3MbIBaHHE AUCTIEPCHBIX MOPOJL C MTOCIEAYIOIINM BbI-
HOCOM pa3pyIllIeHHOTO MaTepuasa B HEKoe cBOOOJHOE
npocTpaHcTBO [2]. Obe mepeynciieHHbIe TOUKH 3PSHHS
OTBEPrarT MOHATHE «XUMUYecKas cydosus». B mo-
cJeHUe IECSITUICTHS B Hallell cTpaHe Bce OoJbIlee
pacrpocTpaHeHie IIPUoOpeTaeT OueHb MIMPOKOE TOJ-
KOBaHHE TepMHUHa «Cy(h(DHo3us», COTNacCHO KOTOPOMY
3TOT MPOLECC MPEICTABISET COO0H pa3pylleHNe U BbI-
HOC TIOTOKOM TIO/I3€MHBIX BOJ OT/ENIBbHBIX KOMIIOHEHTOB
W KPYMHBIX Macc AMCIEPCHBIX U CLHEMEHTHPOBaHHBIX
00JIOMOYHBIX MTOPO, B TOM YHUCIIE CJIAaraloliux CTPYyK-
TypHBIE 3JIEMEHTHI CKaJIbHBIX MaccuBOB [3]. ViMeHHO
3TO oIpezeseHne NOHATHS «cy(hdo3ns ObIIO BKITIOUE-
HO B HEKOTOPBIC CTPOUTEIIBHBIC HOPMBI' .

B Poccuiickoit nmmepun tepmMuH «cyddozusi»
ObLI BBeIeH B 00uxoa B 1898 1. BeIgArOIMMMCS T'€0-
sorom A.IL IlaBnoBbiM [4]. B ero ocHOBY MOJIOKEHO
oOpazHoe naTuHCcKoe cioBo «suffosio», koTopoe mepe-
BOANTCS HA PyCCKHUH SI3BIK KaK «ITOAKANbIBaHUEY. B cTa-
Tbe A.IL. IlaBiioBa OTCYTCTBYET ONpEAEIIEHUE TEPMU-
Ha «cy(ddo3us», HO TaHO OMHCAHME ATOTO TIpoIecca,
13 KOTOPOTO CJIEAYET, YTO TEPMHUH ITOHUMAETCSI OYCHb
mmpoxo. K coxkaneHnto, BIIOCIEACTBUN TIOHATHE «CY(-
(b o3ws» OBLTO TIEPEOCMBICTICHO APYTHMH HCCIIEIO0BaTe-

' CIT 116.13330.2012. MuskeHepHas 3aIUTa TEPPUTOPUIA,
3IaHUI ¥ COOPY>KEHHUH OT OMACHBIX I'€0JIOTMYECKUX TpOIieC-
coB. OCHOBHBIE MOJIOKEHHSI.

JSIMH B CTOPOHY OTpaHHYeHUs ero ooseMa. B To ke Bpe-
M B 1898 1. B BpuTanckoil uMneprnu UMen MecTo eIe
OZIMH 3HaMEHATEIbHBIN (hakT: ObUIA MPEIOTBpAICHA Ka-
tactpoda Ha miotuHe Hapopa (Narora), mocTpoeHHOM
Ha pexe ['anr, mox (aroTOéeTOoM KOTOPOI HAYMHAIOCH
passutue cypdosnu (piping). Hayunsle nccnenoBanms
k. Knu66opna (J. Clibborn) n npakruyeckue marw,
ocymectsiennsie Jx. bepecdopnom (J.S. Beresford),
MO3BOJIMJIM B MOCIEAHUH MOMEHT IpejcKa3arh pas-
pYHIIEHHE 3TOTO THAPOTEXHUYECKOTO COOPYKEHHUS
1 n30exarh yenoBedeckux xepts [S]. Boccranopienue
IUIOTHHBI COMPOBOKAAIOCH TPUMEHEHHEM IPOTUBOCY (-
(hO3MOHHBIX 3aIUTHBIX MEPOIIPUSTHI.

B 10 ke Bpemsi HanOOJIBbILNIT COLMATBHBIN U DKO-
JIOTHYECKUH yIiep0, Kkorma-nmnbdo HaHeceHHBIN cyddo-
3MeH, TaKkKe UMEET MPSIMOE OTHOILIIEHUE K THAPOTEXHU-
4eCKOMY cTpouTenbeTBY [6]. Karactpoda, mosnexrmas
3a coboii rnbens 11 yenosek, mpowmsonuia B 1976 1.
B CHIA (mrrar Aiinaxo) u Oblja cBsi3aHa C paszpylie-
HueMm ioTuHbl TutoH (Teton). Korna Bomoxpanummiie
CTaJI 3aIoJHTh B IIEPBBII pa3, HAYal0Ch pa3MbIBaHHE
(internal erosion) sipa TUIOTHHEI, CIIOKEHHOTO JIECCO-
BBIMH [TOPOJIaMH, B 30HE UX KOHTAKTa CO CKaJIbHBIM OC-
HOBaHUEM. DKOHOMHUYECKHH yIiepO ObIT OIICHEH MOYTH
B TIOJIMIJUTMOHA JI0JIJTApOB.

Onnako cyddo3us (eciid MOHUMATh 3TOT TEPMHUH
IIIPOKO) CITOCOOHA HAHOCUTH yIIepO HE TOIBKO 00b-
€KTaM THAPOTEXHUYECKOTO, HO U JIPyTUX BHIOB CTPOH-
TENBCTBA, a TAK)XKE OKPY)KAIOIIEH cpesie, MPHIEM HHTEH-
CHUBHOCTH ITOJJOOHOTO POJIa MHIMJCHTOB B IOCIEAHEE
BpeMs sIBHO Bo3pacTtaeT. OUlyTHMbIe HEraTUBHBIE CO-
[UaJIbHbIE W HKOJIOTHYECKHE MOCIEACTBUS Pa3BUTHUS
cyddo3nu KaKk IPUPOAHOTO, TAK U TEXHOTEHHOTO MPO-
HCXOXAeHHs HaOmonarotes B Poccnn [7] u B npyrux
CTpaHax, IPUYEM PACIOJIOKEHHBIX HA Pa3HBIX KOHTH-
HeHTax, Hanpumep B U3spaune [8], Upane [9], Hure-
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B.I1. XomeHKO

Puc. 1. 3ganue u npoezxas 4acTh yJIUIBl, pa3pylLICHHbIC

cy(h(H03MOHHBIM MPOBAJIOM, 00PAa30BABIIMMCS B PE3yJbTaTe
(DUIABTPAIIMOHHOTO pa3pyIICHUST BOJAOHACHIIICHHBIX MECKOB
W MX BBIHOCA B CTpOsIIniics ToHHEb (T. MockBa, 1998 ).
®oro B.I1. Xomenko

puu [10], Ionpuie u Ucnanuu [11], CILIA [12]. Pagy-
MeeTcsi, 3TO TpeOyeT MPUMEHEHHSI ONTPEACICHHBIX Mep,
MPEIYNPSKIAOIINX U JaKe UCKITFOYAIOIINX Pa3BUTHE
cy(hpo3nOHHBIX MPOILECCOB, OJHAKO MPEICTABICHUS
0 TaKUX Mepax ¥ 00 UX HEOOXOAMMOM O0OCHOBAHUU
HUTJIC B MEPE HE CHCTeMaTH3UPOBaHbl. B Halell ctpane
B HOPMATHBHBIX JIOKYMEHTaX J0 CHX IOpP OTCYTCTBYET
MOHSATHE «IPOTUBOCY(P(PO3NOHHAS 3AIIUTAY, XOTS MPH-
MEHUTEBHO K JAPYTUM OMACHBIM JIJISI CTPOUTEIIHCTBA
TCOJIOTHYECKUAM IPOIECCaM aHAJIOTHYHBIC CIIOBOCOYE-
TaHWs TPUMEHSIFOTCS.

MATEPHAJIBI U METO/JAbI

HccnenoBanue cy(o3nOHHBIX MPOLECCOB OCY-
IIECTBIISUIOCH aBTOPOM JAaHHOW CTaThbW, HauWHas
¢ 1975 r., u nmpogosxKaeTcs 10 HACTOSIIEr0 BpEMEHH,
MpuYeM HauOOIBIINI COIMaNbHBIN yiepO, HaHeCeH-
HBIH cy(do3ueii 1 He CBI3aHHBIN C THIPOTEXHHYECKUM
CTPOUTENHCTBOM, HAOMIOANICA UM B KOHIIE IIPOILLIOTO
Beka (puc. 1). llupokoe mornManue TepMuHa «cyhdo-
3WsD» BBI3BIBAET HEOOXOIUMOCTh KIaCCU(PUINPOBAHUS
9TOr0 ONACHOTO JUISi CTPOUTENHCTBA T'€0JIOTHYECKO-
TO TpoIecca, B IIEPBYIO OYepeasb TaK, Kak MOKa3aHO
Ha puc. 2. DT0, B YaCTHOCTH, TPEOyeTCs JIsi KOHKPETH-
3aLUH TTOHATHS «CY(PPO3NOHHO-HEYCTOHUNBBIC TOPHBIC
mopob! (TPYHTHI)» (Tabm. 1), KOTOpoe paHbIiIe PacIpo-
CTPaHSUIOCh UCKIIIOYNTENIFHO Ha HECBSA3HBIE JTUCTIEPC-
HBbIE TOPOJIBI ¢ OyTOBOM TekcTypoil. Haspena Taxxe He-
00XOIMMOCTh YETKOTO MPECTABICHUS O TOM, B KaKHX
YCIIOBUSIX MOXKET OCYIIECTBISITHCS CY(PPO3UOHHBIN BbI-
HOC ¥ TpaH3uT (Tadm. 2). [Ipu 3ToM HEOOXOIMMO OTMe-
THUTb, 9TO B AHIVIMHCKOM SI3bIKE TEPMHUHY «XUMHUECKas
cyddosus» coorBercTByeT TepMHuH «leaching» [13],
a TepMUHY «MeXaHn4eckas cyPpQo3usn» ¢ HEKOTOPBIMU
OTOBOPKAaMH COOTBETCTBYET TEPMUH «soil piping» [14].
Kpome Toro, B pa3sHbIX CTpaHaX MHpa MPHUCKIOHOBAS
MexaHudyeckas cy(p@do3usi 4aCTo UMEHYETCsI CIIOBOCO-
yeTaHHSIMH «internal erosiony, «subsurface erosiony»
u «tunnel erosiony.

PasBurtune cyddo3un mpuBomuT K (OPMHPOBAHUIO
MOJI3EMHBIX M MOBEPXHOCTHBIX CY()h(HO3UOHHBIX MPO-
seieHuil. [lepBrie npeacTaBIsAOT cOO0H CTPYKTYpHBIE
3JIEMEHTHI MAacCHBa TOPHBIX MOPOA. DTO MOTYT OBITH

Cybhdozus

Xumuueckas Mexanuueckas
I T
[ 1 | |
TremuHHas oposas OUIBTPaLOHHOE Pa3mbiBanue
pett P paspylLieHue (noxzeMHast 3po3us)
I
[ |
[Tonnoe YactuyHoe
Cyddosus
[ |
OTkpbITast 3akpbiTas
(BHELIHSA) (BHYTpeHHSIs)
| T
I 1 [ |
Tlepemelenue Ilepememerme
[pucknoHoBas IlceBnoBynkanuueckas B TDE pHHHUI: HONOCTH 3aIOJHUTENS] BHYTPH
pet TPELIMH 1 MOJIOCTeH

| ]
Tlopox, IMopon,

pa3pyLIeHHBIX pa3pyLIEHHBIX
HUCXOSIIAM BOCXOSIINM
TIOTOKOM TIOTOKOM

Puc. 2. Knaccudukamuu cypdosnu, npemnoxernsie B.I1. Xomenko [3]: mo xapakrepy pa3pylIeHHs TOPHBIX OPOJ (BBEPXY)

U 10 YCIIOBUSIM BBIHOCA M IEPEMEIICHHS Pa3pyHIEHHBIX TOPOA (BHU3Y)
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Ta6u. 1. Cydhho3noHHO HEYCTOWUIHBBIE TOPHBIE TTOPOJIBI

TopHbIe MOPo/IbI, MOABEPKEHHBIC CY(HHO3HOHHOMY Pa3pyIICHUIO

Bun cyddoznn

CxajbHbIC: 06J'IOM0'-IHI>I€, CIHEMECHTUPOBAHHLIE PAaCTBOPHUMBIM
HEMEHTOM, TPECUIMHOBATHIC

Xummdeckas TpemuHaas cydosust

CBSI3HBIC W | 34COJIEHHBIE BOJOMPOHHIIAEMBIE Xumuueckas noposas cydosus
HCCBSZHBIC | j1100B1e Ilonzemuas spo3ust
JucnepcHbie
mo0bIe IMosHOE PHIIbTPALMOHHOE pa3pyLICHHE
HECBSI3HBIC - .
¢ OyTOBOI TeKCTypoit YactuyHoe QMIBTPAIIMOHHOE Pa3pyIICHHE

HCKOTOPLIC 06J'IaCTI/I JUCTICPIUPOBAHHBIX CKAJIBHBIX I10-
POA ¥ pa3yIIOTHEHHBIX JUCTIEPCHBIX TOPOJ (C YETKUMHU
WM Pa3MBITBIMU I'PaHUIIAMH), TICEBIIOTUIBIBYHHEIE Tella,
a TakXe MOJIOCTH pa3inuyHoi koHpurypanuu. K mo-
BEPXHOCTHBIM CY(Q(O3MOHHBIM HPOSBICHHUSIM OTHO-
CSITCSI TICEBIOBYJIKaHbI (Hallle BCEro MpeACTaBIISIONINe
co00if Tak Ha3pIBaeMbIC NeCYaHbIe BYJIKAHBI), HUIIN
(MHOTA TOCTHUTrAIOIIME Pa3MEPOB TIEHIEp) C aKKyMYyJIs-
TUBHBIMH «IIIeH(amMny, ONIOJI3HH, IPOBAIbI, OCEAaHHS
1 BOJIONIONVIONIAOIIHE TIOHOPHI. Bee 3T hopMBI perbe-
(ha, 32 peKUM HCKITI0OUeHHEM, POPMHUPYIOTCS HE TOIBKO
M HE CTOJBKO 3a c4eT cy(ho3nn, HO U 3a CUET JPYTHX
TEOJIOTHYECKHX IPOLIECCOB, K KOTOPBIM OTHOCSTCS Ipa-
BUTALMOHHBIE CKJIOHOBBIE MIPOLIECCHI, a TAKXKE 00pyIIIe-
HUE, UCTEUCHNE, MPOTHO 1 YIUIOTHEHHE IUCIIEPCHBIX
nopox. [ToBepxHOCTHBIE CyPPO3HMOHHBIE TIPOSBICHAS
MOTYT ()OPMHPOBATHCS HE TOIBKO Ha 36MHOH MOBEPX-
HOCTH, HO | T10J] HOIOUIBaMH (h)yHJAMEHTOB Pa3INIHbBIX
CTPOUTEIBHBIX OOBEKTOB.

CornacHo [Ix. Xarumacony [15], mepBas Hayy-
Has MyOJUKaIUs, ComeprKaIiasi moapooHOe ONMUCaHUe
cy(pdHO3MOHHBIX MpOsIBICHHUH, CHOPMUPOBABIIHNX-
Csl B pe3yibpTare MPHUCKIOHOBOTO (MUIBTPAIIMOHHOTO
pas3pylIeHUss TUCICPCHBIX MOPoJ (seepage erosion)
Ha Tepputopun Benukoopuranuu (rpadcerBo KeHr),
nosisuiack B koHue XVIII B. B Hamie Bpems Bo BceM

MUpE CEeNbCKUE KUTEIH OOBIYHO XOPOILO OCBEIOMIIE-
HBI O MPUCYTCTBUH Ha JOCTYIMHBIX UM TEPPUTOPHIX
MOBEPXHOCTHBIX CY(P(HO3MOHHBIX POSIBICHHUH, HO B TO-
poaax o HUX OBICTPO 3a0BIBAIOT, IOCKOJIBKY MECTHBIE
BJIACTH CTApaIOTCS MX KaK MOXKHO OBICTpee JINKBH/IH-
poBath. B mpunnune, cyp¢ho3noHHBIE MPOSIBICHUS
JTOJDKHBI BO BCEH BO3MOJKHOW ITOJTHOTE 00OHAPYKIBATh-
Csl B X0JIc MH)KEHEPHO-TEO0Ie3NIECKUX U MHIKEHEPHO-
TeOJIOTHUECKUX W3BICKaHUH, MPUYEM JIsl TIOUCKa MO/~
3eMHBIX MpOosiBIeHUH cy(h(Do3uK HEOOXOUMO UCTIOINb-
30BaTh OypoBBIE PaOOTHI, CTATHIECKOE MU THHAMIYE-
CKOE 30HIMPOBaHUE U reopu3ndecKkue MeTombl. Jo cux
MOp CEphEe3HOI MPoOIEeMON OCTAaeTCsl TeHEeTHYeCcKas
naeHTnukanys cyGho3noHHBIX MPOSBICHUH, KOTOpast
TpeOyeT yrIyOJeHHOTO aHaIu3a MHKEHEPHO-TeO0JI0TH-
YEeCKOH 0OCTaHOBKH.

Ha Teppuropun Hatiei cTpaHbl YCIOBHSI, HEOOXOH-
Mble JUIs pa3BUTHS cy(hdO3UH, pacIpOCTPaHEHbI OUYCHb
IIMPOKO, O Ye€M CBUJIETENLCTBYET cocTapieHHas U.I. Cru-
punonoBbM, B.I1. Xomenko n C.B. EropkunbsiM Kapra,
siumrodernast B CIT 115.13330.2016% Nuorma cyddosn-
OHHBIC TIPOLECCHI MPUPOIHOTO MPOUCXOKICHHUS, TIPH-
YPOUYEHHBIE K HE3aCTPOSHHBIM M MAJIOOCBOCHHBIM TEPPH-

2 CIT 115.13330.2016. l'eopusuka omacHbIX TIPUPOAHBIX BO3-
JICACTBUM.

Taou. 2. YcnoBus, HEOOXOAUMBIE AJIS BRIHOCA U TIEPEMEIIEHHS IOPOI, pa3pyLIeHHBIX cyddo3ueii

T'eonoro-reomopdonorungeckas 06cTaHOBKa, oOecreunBaromas cyppo3nOHHBIN

BEIHOC
Xapaxtep Bua cyddozun
penbeda CrpykTypa MaccuBa
9 I'mpporeonoruyeckue ycnoBust
3eMHOHI TOPHBIX [IOPOJL
MOBEPXHOCTU
Hanuuune Pasrpyska noazeMHsIX BOj B
IIpucknonosas
CKJIOHA BUJI€ HUCXOAAIIETO HCTOYHUKA
JIrobast
Pasrpyska nox3eMHbIX BOJ B
[IceBnoBynkaHnuueckas
BUJIC BOCXOJISILLETO UCTOUHUKA
Hanmune BepTuKansHOTO Ilepememnienne B TPEIIUHBI ¥ HOIOCTH
BOCXOZSIIETO IMTOTOKA MOA3EMHBIX | TIOPOJ, Pa3pyIICHHBIX BOCXOMAIINM
Hamrase BOT, TIOTOKOM
TTroGoii HE3aK0JIbMaTHPOBAaHHBIX
TpewH u nofocTeii Hanmame BepTHKANIBEHOTO [epememnienue B TPEIIUHBI M TOJIOCTH
HUCXOJISIIETO MTOTOKA MO3EMHBIX | TIOPOJ, Pa3pyIICHHBIX HUCXOMAIINM
BOT, TTOTOKOM
Hannune Hannune HUCXOASIIETro WK
Ilepememnienne 3anoIHNTENS TPEIIUH U
3aKOJIbMAaTUPOBAHHBIX TOPU30HTAJILHOIO [IOTOKA .
N TosocTen
TPELIUH U OJI0CTEeH MOJ3EMHBIX BOJ
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TOPUSAM, MOTYT C(POPMHUPOBATH T'€OJIOTHUCCKHIE OOBEKTHI,
MMEIOIINE SCTETHIECKY10, HAyYHO-II03HABATEIIbHYIO U pe-
KPEalMOHHYIO IIEHHOCTh (HApUMep, Meliepbl UK 03epa,
BO3HUKIINE HA MecTe NMpoBajoB). OQHAKO, HECMOTPA
Ha 3T0, TIpU B3anMozeiicTBuu cyddo3uu co cdhepoii gero-
BEUYECKOI HKU3HEISSITENILHOCTU SIBHO JJOMHUHHUPYIOT Hera-
TUBHBIC TIOCIICACTBYS. B pesynbrare cyddo3unonHOro pas-
PYILICHUSI TOPHBIX MOPOJ YXY/AIIAIOTCS UX MPOYHOCTHBIC
1 1eOPMAIIMOHHBIC XapaKTEPUCTHKH, & TAK)KE YBEITNYH-
BAETCS MX BOIOIIPOHUIIAeMOCTb. Koria ucrsiTaBmme cyg-
(ho3HOHHOE pa3pylIeHne TTIOPO/IbI HAXO/ITCS B 30HE B3au-
MOJICUCTBHSI C KAKUM-JIHOO MH)KEHEPHBIM COOPY)KEHUEM,
9TO MOYKET MPUBECTH K ero aedopmupoBanuio. HamHoro
Xy’Ke, €CIIM OCE/IaHue, TIPOBAIT UITH OIIOJI3EHb, BbI3BAHHbIC
pasButueM cyhdo3un, BHE3AITHO BOMIYT B COIIPUKOCHO-
BEHHE CO CTPOUTEIbHBIMU KOHCTPYKIIUSIMH, HE 3aIIUIICH-
HBIMH OT TaKOTO pojia dKcrieccoB. Kpaiine HexenarenbHbl
TaKKe IMOTEPH BOJBI U3 MCKYCCTBCHHBIX BOJIOTOKOB M BO-
JIOEMOB, CBSI3aHHBIE C CYy((PO3HOHHBIM Pa3yIUIOTHEHHEM
JTUCIICPCHBIX MTOPO]T, @ TAKXKE C CY(PPO3MOHHBIM BHIHOCOM
3anojaHuTeNs TpeluH U nonocteit. [lo ouenke A.JI. Pa-
ro3uHa [16], K KOHIly MPOIIIOro BeKa Ha TEPPUTOPHH
Poccun ymep6 ot pazsutus cypdo3noHHBIX MPOLIECCOB
HaOmronaics B 958 roponax, v B HacTosIiee BpeMsI IOJI0-
KCHHUEC SABHO HE NU3MCHUWJIOCH K JIy4YIIEMY.

AHanu3 3KOHOMHYECKOTO yiiep0a, HaHOCHMOTO
cypdo3neit X03IHCTBEHHBIM 00BEKTaM Pa3THIHOTO
HA3HAYCHMS, TIOKA3aJl, YTO B PAMKaX KOHKPETHBIX MPH-
POAHO-TEXHUYECKUX (JINTOTEXHUYECKHUX) CUCTEM Ha-
OmonaroTcs crienupuaeckre GopMbl B3aUMOICHCTBHIMA
Mexy cyh(dHOo3uOHHBIM TpoIieccoM U 00bekToM. [Tpu
9TOM MOYKHO CTOJIKHYTHCSI C YETBIPHMSI CUTYAIHSIMH.
B nepBoii HabmogaeTcst IPakTUYECKU OJTHOCTOPOHHEE
BO3JIeHiCTBHE Ha 00BEKT cy((HO3HMOHHOTO IpoIecca,
HMEIOLIEro MTPUPOHOE TPOUCXOXKIeHUE. BTopas cuty-
alysi PEeCTaBIIsIeT co00 B3aMMHOE BO3JICHCTBUE APYT
Ha Jipyra o0bekra u cy(h(HO3MOHHOTO MPOIecca TEXHO-
TEHHOT'O IIPOUCXOXK/ICHHS, KOTOPBIH MPEICTaBIsIeT CO-
00i1 pe3ynbTaT (HYHKIIMOHUPOBAHUS 3TOr0 OOBCKTA.

Puc. 3. [Tpumeps! aktuBuzanuu cyddosnn, HHUITHHPOBAH-

HOI MEpONPHUATHIMH MO 3alIUTE OT APYTUX OMACHBIX I'e0-
normdeckux mnpoueccon (poto B.I1. Xomenko): a — mposai,
BBI3BaHHBIN CY((O3HOHHBIM BBIHOCOM T'PYHTa B IIPOTHUBO-
OTIOJI3HEBYIO JIpeHaXHY0 mTodbHIO (I. Coun, 1988 1); b —
cy(h}Ho3nOHHBII BEIHOC TPYHTA H3-110J OCTOHHBIX ILIHT 3a-
IIUTHOTO MOKPBITHS Gepera mpysa, COPOBOKAAIOIUNCS ero
paspymenuem (T. Mocksa, 1992 r.); ¢ — npuckiIoHOBast Cyd-
(o3ust, 00yCII0BICHHAs HU3KUM Ka4€CTBOM ITPOTHBOOIIOI3HE-
Boif 3amuTHI (. Metpa MockoBckoit obmactu, 1996 1.)
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TpeTss cuTyanus IoXoka Ha BTOPYIO, HO C TOH pa3HU-
e, 4TO TEXHOTeHHast Cy(Qo3Hst SIBISETCS PEe3yIbTaTOM
(hyHKIIMOHUpPOBaHUS Apyroro o0ObekTa. Hakoner, geT-
BEpTas XapaKTepH3yeTcsl TAaKMM BO3/IeHiCTBUEM 0OBEK-
Ta Ha cy(h(H0o3HI0, KOTOPOE HE MPUBOIUT K HETaTHBHBIM
MOCJIEACTBUSM HM Uil HETO CaMOTO, HU JJISl KAKOTO-
mbo npyroro oowexTa. [lepsast cutyanus Hanbomee
JIETKO MPOTHO3UPYETCS, TPEThsI IPOTHO3UPYETCsl HAU-
Ooree TSHKETO, a K UETBEPTOH CHUTyaIlnl HEOOXOIMMO
CTPEMUTHCS IPH CTPOUTEIILHOM OCBOCHUH TEPPUTOPHIA.

Cyddosust cmocobHa oka3biBaTh HETaTUBHBIC
BO3CHCTBUS M HA OKpyXarollyro cpeny. Cuuraercs,
YTO TOCJIEJCTBHS TaKUX BO3ICHCTBUI HE JOCTHUTAIOT
YpOBHs dKosiornyeckoro Oexcteust [17], HO BronHe
MOTYT T€HEPHPOBATh YPE3BBIUAITHBIC SKOJIOTHUECKHE
cutyanuu. Bo3Hnkaromuii npu 3ToM ymepo cBsizaH
¢ o0e300pakuBaHueM JlaHIIaA(QTOB, 3arpsi3HEHUEM
MOA3EMHBIX U ITOBEPXHOCTHBIX BOJ MPOAYKTAaMH Cy(]-
(hO3MOHHOTO BBIHOCA, YXOJIOM BOJBI M3 €CTECTBEHHBIX
N UCKYCCTBCHHBIX BOJOTOKOB U BOAOEMOB, (baTaJ'II)-
HBIMH TIOCJIEJCTBUSAMH 751 OMOLEHO30B (B TOM 4YHCIe
B CEJIbCKOXO3SICTBEHHOH cdepe), co CTUXUIHHBIM 3a-
MOJIHEHHEM OBITOBBIM MYyCOPOM OTPHLATENILHBIX (hOPM
cyho3noHHOTO penbeda.

W3zydenne npuynH pa3BUTHs Cy(hPO3HOHHBIX MTPO-
LIECCOB B HEKOTOPBIX perroHax Poccuiickoit denepannu
MIO3BOJIMJIO BBISIBUTH LIENBIN PSIA HETAaTUBHBIX (PAKTOB,
YKa3bIBAIOIIHUX HA TO, YTO Cy(P(O3HsI 4acTO TeHEPUpyeTCs
He6pe)KHI)IM HCTIOJITHCHUEM 3allIUTHBIX MCP, HAITPaBJICH-
HBIX Ha 00pB0yY C IPYTUMH OTIACHBIMH TSI CTPOHUTEIIHCTBA
TEOJIOTHYECKUMH TIpolieccaMy. DTO KpaliHe HeOnaro-
TMPUATHO CKa3bIBACTCA Ha JKCIUTyaTalluM pas3jIMYHbIX XO-
3HCTBEHHBIX OOBEKTOB BIUIOTH 10 BO3HUKHOBEHHS aBa-
pHUHHBIX cuTyarmii. Hanbonee mmpoxo pacnpocTpaHeHbl
MO0OHOTO poJia AKCIIECCHI, CBSI3aHHBIE C MPOTHBOOIION3-
HEBBIM JIpEHaXOM (pHC. 3, @) ¥ C 3aIIUTON OT SPO3NOHHO-
TO 1 aOpa3noOHHOTO Pa3pylIeHNs] OEpPEeroB eCTECTBEHHBIX
M MCKYCCTBEHHBIX BOZI0eMOB (puc. 3, b). Berpeuarores
u apyrue cutyanud. Hanpumep, 3amura ot onomsHs, 00-
pasoBaBILerocs Ha CKJIOHE X0JIMa, Ha KOTOPOM pacIoio-
skeH Bockpecenckuii HoBouepycanuMckuii MOHACTBIPD,
ObLITa BEITIOTHEHA B BHIE CIIOKHOM JKECTKOW KOHCTPYK-
IIUH, JTOTIOTHEHHOH TPyOUaThM ApeHaxoM. OHa COCTOHUT
U3 JIByX OIUPAIOLIMXCS Ha CBaM JKeJIe300€TOHHBIX dlie-
MEHTOB (BEpPXHEH IMOINOPHONW CTEHBI U HUYKHETO TI0JIO-
COBOTO YTIOpa), COSMHEHHBIX IEPEKPBIBAIOIINMY CKIIOH
MeTaJunueckuMu pepmamu. Uepes HECKOIBKO MeCSIIEB
TOCJIE BBOZIA B JIEHCTBHE 3TOTO COOPY’KEHUS B 30HAX KOH-
TaKTa MOJIOCOBOTO YIIOpa U IPEHAKHBIX TPYO ¢ uchepc-
HBIMHU TIOPOJIaMH, CIIATalOLIMMH CKJIOH, Ha4ana aKTHBHO
Ppa3BUBATHCS MOI3EMHAs HPO3U (pHC. 3, ¢).

PE3VYJIBTATHI UHCCJIEJOBAHUA

CHU3UTH YPOBEHb, & HHOTA W U30€XKAaTh HETraTHB-
HBIX COIIMAJIBHBIX U 3KOJOTIMYCCKUX HOCHGHCTBHﬁ, CBsI-
3aHHBIX C Pa3BUTHEM CY(PHO3HMOHHBIX MPOIIECCOB, MOKHO
3a CYET MPUMEHEHHUS CIIEIUATIBHBIX MEP 3aIlUThI TEPPUTO-
puid, 31auuii u coopyxennit. [IporuBocyhdoznonHas 3a-
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IIMTa, HECMOTPs HA KpaiiHe PeIkoe yIoTpeOIeHNne 3TOro
CIIOBOCOYETAHMSI, CYIIECTBYET KaK (hakT MU UMEET B HaIlleH
crpane Ooraryro ucropuro [18]. s 3amuThl oT cyd-
(hO3MOHHBIX MPOLIECCOB U MOCIIEACTBUN (POPMHUPOBAHHMS
MOBEPXHOCTHBIX CY(P(O3UOHHBIX ITPOSIBICHHUI HUCIIONB3Y-
I0TCS1 Pa3Hble PHEMBI, HHOTJIA HAIPaBIICHHbIE Ha OOpLOY
HCKITFOYUTEIBHO ¢ Cy(hho3uei, a HHOT[a XOPOIIIO H3BECT-
HbI€ KaK MEpbI, IPOTUBOIACHCTBYIOLINE pa3pyLICHUSIM,
BBIBBIBACMBIM JIPYT'UMHU 3K30T'€HHBIMHU I'€OJIOTMYCCKUMU
nporeccamu. J{is pemeHus 3axad npoTHBOCYPdO3UOH-
HOMH 3aIUTHI MOTYT MCHOJIB30BATHCS M CPEZICTBA (B OCHOB-
HOM TIPOBOIUPYIOIIETO XapakTepa [3]), Ha epBbIi B3I
JUISI 3TOTO HE MpeJHA3HAYCHHbIE.

BcecropoHHe paccmarpuBasi yIIOMSHYTBIE BbILIE
TEXHUYECKUE MTPUEMBI, aBTOP CTATbU IMPUILEJT K BbBIBO-
JIy O 1elIecO00Pa3HOCTH UX CUCTEMAaTH3alUK 110 PSIy
YBSI3aHHBIX MEXKIY COOOW KaueCTBEHHBIX NMPHU3HAKOB
BBIJICJICHUST PA3HBIX THUIIOB MPOTHBOCY(PHO3HMOHHON
3aIUThI, KOTOPBIEC B OTACJIBHBIX ClIydadX MOTYT 6I)ITI)
B3aMMOMCKIIIOYAIOLIMMU. B KauecTBe TakuxX NMpPU3HAKOB
ObUTH BBIOpAHBI:

¢ CTCIICHb BMCHUIATCIIBCTBA 3aAIIUTHOI'O MEPOIIPU-
TS B MEXaHU3M Cy(Q(O3MOHHOTO Mporecca;

* BpEMsi OCYUIECTBJICHUS 3alIUTHOTO MEPOIPHSI-
THA TIO OTHOIIEHHUIO K BPEMEHHEIM paMKaM pPa3BUTHS
cy(hHo3uOHHOTO Mpoliecca U CTPOUTEILCTBA 3allUIIa-
€MOro 00BbEeKTa;

* TEXHOJOTMYECKHE OCOOCHHOCTH IPUMEHEHHS
3aIUUTHBIX MEPOIPUATU.

B pesynprare Obuta co3gaHa KiacCU(UKALMS,
npecTaBicHHas B Buje Tad. 3. OHa TpeOyeT HEeKOTO-
PBIX NOsICHEHUH. Bo-nepBbIX, IPUHIUIINAIBHOE OTJIIN-
YHe MAaCCUBHBIX NPOTHBOCY()(HO3MOHHBIX MEPOIIPHUSTHIA
OT aKTUBHBIX 3aKJIIHOYACTCA B TOM, UTO BTOPBIC OKa3bIBa-
0T IPSIMOE BO3ICHCTBHE Ha X0/ CY(P(PO3HOHHOIO PO-
ecca, a nepBble HeT. Bo-BTOpbIX, MPO(UIIaKTHYECKHI
XapaKTep 3alUThl OTIINYACTCA OT OICPATUBHOIO TEM,
YTO OH IOApPA3yMEBaeT e OCYIISCTBICHUE J0 Hava-
Jla CTPOUTENILCTBA WIIM DKCILTyaTalluy 3aIIUIIaeMOoro

obObexTa (Wnn 1o Hadana cyddo3noHHOTO mporecca),
a He B «okapHOM» mopsiake. Kpome Toro, B Tadm. 3
MPUCYTCTBYIOT CBEJICHMS, KAKOTO POAA JIOTIOTHUTEIb-
Hast mHpopManust (pazymeeTcs, IOMUMO HOIy4aeMOon
B XOZI€ CTaHAAPTHBIX HHKECHEPHO-TEOJIOTHYECKUX H3bI-
CKaHMI1) TpeOyeTcs I 000CHOBaHUS BBINEICHHBIX
THUIIOB IPOTHBOCY(hP0o3noHHOM 3amuTsl. Hiske naercs
KpaTKasl XapaKTepHCTHKA KayKA0TO U3 HUX.

K maccuBHO# npoTtuBOCyd(HO3MOHHON 3amuTe
(puc. 4) OTHOCSTCS apXUTEKTYPHO-TLIAHUPOBOYHBIE,
KOHCTPYKTHBHBIE U KOHTPOJINPYIOIINE MEPOIPUITHS,
OCHOBHBIE NPUHIMIBI PeaTn3alii KOTOPBIX MTPHME-
HUMBI IIPH 3aIIUTE OT JIIOOBIX APYTHX OMACHBIX IS
CTPOMTENIECTBA T€OIOTUIECKUX MPOLIECCOB. APXUTEK-
TYPHO-TJIAHUPOBOYHBIE MEPOIIPHUSTHS PEATU3YIOT 3CKa-
MUACTCKUH MPUHIONUI MAaKCUMaJIbHOTO HEIONMYyIIEHUS
MONaJaHusI MPOEKTUPYEMBIX IUIOMANHEIX (puc. 4, a)
W JINHEHHBIX COOPYXEHHUN B IPOTHO3UPYEMBIE OIIACHBIE
30HBI WJIH BEIOOP CBOEOOpa3HOH KOH(DUTY AN 3TaHIHA
B IUIaHE, ITO3BOJIIOIIEH «OOTEKATh» OIMAaCHbBIE YUACTKH.
Ilenp KOHCTPYKTUBHOM 3aLIUTHI 3aKJII0YAETCA B IpUMeE-
HEHHUH TaKOH KOHCTPYKIIMU CTPOUTENIBHBIX OOBEKTOB
WM JOTIOJHEHHH €€ TAaKMMH 3JIEMEHTaMH, KOTOphIE
HE TI03BOJIAT 3aIIAIIaeMOMY OOBEKTY 1e(hOpMUpPOBATH-
Csl B CITydae Pe3KUX IOJBIKEK I'PYHTOB, 3aJIETafOIINX
B ero ocHoBaHuHM. [IpoekTupoBaHME TakO! 3aLUTHI
OCYIIECTBIIAETCS, KOHEYHO, C YIETOM Pa3MEPOB OXKHIa-
€MBIX MOJBIKEK, HAIIPHMeEp AuaMeTpa IIpoBaja TpyHTa
(puc. 4, b). B cocTaB KOHTPOIUPYIOUINX MEPOIPHUS-
THI BXOIAT CTAI[IOHApHBIE HAOIIONCHUS 32 YPOBHIMHU
¥ XAMHUYECKAM COCTAaBOM ITOI3eMHBIX BOI (pHC. 4, ¢)
1 3a penbedoM 3eMHON MOBEPXHOCTH HA y4acTKe pac-
TTOJIOXKEHNUS 3AIIMIIAEMOro 00bEKTa, 3a MOJIBUKKAMH
B3aMMOZCHCTBYIOIINX C HUM IPYHTOB, a TAKXKE 3a CO-
CTOSIHUEM CaMOTo O0BEKTa.

AKTHBHAS TPOTUBOCY(PO3NOHHAS 3aIuTa (prc. 5)
00BEMHSIET MEPOIPHUSTHS, KOTOPBIE MOT'YT IIPOBOLIMPO-
BaTh M MPEAYNpexIaTh pa3Butue cy(pdo3nu 1 mpouec-
coB, (DOPMUPYIOMINX MTOBEPXHOCTHBIE CY((PHO3UOHHBIC

Taba. 3. Kimaccudukanust npotuBocyhPO3MOHHBIX MEPOIIPUATHI

N Heobxonumoe obocHOBaHUE (KpOME Pe3yIbTaTOB
TuMnbI 3aIUTHBIX MEPOITPUATUI XapaxTep 3aIIuThl N
HH)KEHEPHO-T€OIOTHYECKUX H3bICKaHNUIT)
ApPXHUTEKTYPHO- Tonbko PalioHupoBaHue TeppUTOPHUH 110 CTENEHU
MIAHUPOBOYHBIE npoduIakTH4ecKuit cy(do3nonHO# onacHoCTH
ITaccuBHbIE KoHCTDYKTHBHbIC . IIporHo3 pazmepoB 0’kKu1aeMbIX TOBEPXHOCTHBIX
py l_[pO(bI/IHaKTI/Iv‘IGCKI/II/I 1| cyddo3uoHHBIX TPOSBIEHHIT
OICpaTUBHBIU
KonTponupyromue
Konnenryanbnas Mmonens pa3Butus cyhpo3nn
ITpoBouupytomue
Tonbko 1 <
o neHTuduKaIys cyh(HO3NOHHO HEYyCTOMINBBIX TOPHBIX
Hpeﬂynpemﬂa}omne Hqu)I/IHaKTI/ILIeCKI/H/I (I) yq)q) Y 3
opo7,
OmnpenerneHne KpUTEPHEB BOSHUKHOBEHNS U Pa3BUTHS
AKTUBHbBIE . ezt pHTep p
VYnpassionue TonbKko onepaTUBHBIN cybposnn
. OmeHka BO3MOXKHOCTH HETAaTHBHBIX TTOOOYHBIX
[Mpodunaxruaeckuii n
[IpensTcTBytomue . s¢dexTon
OIepaTUBHBIN
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Puc. 4. Cxembl, WLTIOCTPHUPYIOIINE MPUHIUIIEI OCYIIECTBIIC-
HHS TACCUBHBIX TPOTHBOCY()()O3HOHHBIX MEPOIPHUSTHH: a —
APXUTEKTYPHO-TUIAHWPOBOYHBIX (Ha TIPHMEPE ONTHMAILHOTO
pacronokeHus 37aHus); b — KOHCTPYKTHBHBIX (Ha TPHIMEpe
MOHOJIUTHOTO KeJIe300eTOHHOTO (DyHIaMeHTa); ¢ — KOHTPO-
JTUPYIOUIHX (HA TPUMeEpe HAOTIONCHWH 32 PEKIMOM ITO3EM-
HBIX BOJT); / — Y4acCTOK, OTIACHBIH C TOUKH 3PEHUSI BOSMOKHO-
CTH pa3BUTHS CyPPo3un; 2 — y4acToK, 0€30MaCHBIN ¢ TOUKH
3peHUs BO3MOKHOCTH pa3BUTHA cydhdos3uu; 3 — KOHTYp
3/1aHUs B TUIaHE; 4 — KOHTYp 37aHUs B NIEPCHEKTUBE; 5 —
KOHCOJIBHBIE BBIITyCKH; 6 — CKBO3HOE OTBEPCTHUE, IIPETHA3HA-
YEHHOE TSI OTIEPATHBHOTO 3aIIOIHEHUs NpoBana; 7 — cyd-
(ho3noHHO ycTolunBEIe U (WIH) Cy(hPO3HOHHO HEYCTOHINBBIE
TOpHBIE TOPOAbl; § — cy(h(o3nOHHO HEyCTOWUIHMBEIE TOPHBIE
nopoxasl; 9 — HaOIIonaTe bHas CKBa)KMHA, OCHAIICHHAS
HE0OXOAUMBIM 000pyaoBaHUEM; /() — ypOBEHb TPYHTOBBIX
Bom; 1/ — BOmOEM

MIPOSIBJICHUSI, @ TAK)KE YNPABJIATh TAKMMHU MPOLIECCaMU
U TPEISATCTBOBATh MX PAa3BUTHUIO, OTKY/lA U BBITEKa-
10T Ha3BaHMs dTUX 3alUUTHBIX Mep. [IpoBouupyromue
IpOTHBOCY(P(HO3MOHHBIE MEPOTIPUATHS TIPUMEHSIOT-
sl KpaifHe PEeKo B CBS3H CO CIOKHOCTBIO YBEPEHHOTO
MPOTHO3UPOBAHMS MX KOHEYHOTO ucxona. OHU CBOIAT-
sl K ”HTCHCHBHOMY OOBOTHEHHIO HEBOJIOHACHIIICHHBIX
TPYHTOB, K MCKYCCTBEHHOMY YBEIMYEHHIO CKOPOCTHU
(UIBTpallK B BOTOHACHICHHBIX IPYHTaX U K AUHAMU-
YECKUM WIIN YAAPHBIM (BIUIOTH O B3PHIBHBIX) BO3/CH-
CTBHSIM Ha IpyHTHI (pHc. 5, a). Bece 310 npomomkaercst
JI0 TeX TI0p, IIOKa Ha 36MHOI IIOBEPXHOCTH HE BO3HUKHET
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ocezlaHKe, MPOoBaJl MWIIH OIOJI3eHb. MeponpusIThs, pe.-
yrnpexxaatorye (1, COOCTBEHHO TOBOPSI, HCKITFOYAOIIIHE)
NOsIBIIGHNE M pa3BUTHE CY((HO3MOHHBIX MPOLECCOB
U TIpoIeccoB, GOPMUPYIOUIHNX CY(PPO3NOHHBIE MTPOSIB-
JICHHS, B OOJIBIIIMHCTBE CIIyYaeB MPEICTABISAIOT COOOM
HE UTO MHOE, KaK BbIMIOJIHEHHUE PEANUCAaHUI JeHCTBYIO-
IIUX CTPOUTEIHHBIX HOPM TIPH HAJIMYUH OTIPEAeIeHHBIX
Te0JOTMYECKUX PUCKOB. JIFOOOIBITHO, YTO B 3THX Ipe.-
MHCAHMSIX HE BCET/Ia HCIIONIB3yeTCsI TEPMUH «CyhPo3us»
Y TIPOU3BOJHBIE OT Hero. CaMbIM SIpKUM IIPUMEPOM Ta-
KUX PEIeHUH CITyKUT u3bsiTHe cy(h(Ho3nOHHO HEyCTO-
YUBBIX TOPHBIX MOPOJI M3 CHEphl UX B3aUMOACHCTBHUS
C 3aluIaeMbiM 00beKTOM (puc. 5, b).

VYnpasnenue cyhhHo3HOHHBIME MTPOIIECCAMH TIPe/I-
ToJIaraeT UCKyCCTBEHHOE CHIKEHHE CKOPOCTH MO/I3EM-
HOTO MOTOKA U PacTBOPSIOLIEH CIIOCOOHOCTH (DUITBTPYIO-
mieticst Bompl. Yarre BCero 3To JOCTUTAeTCs OCYIIEHUEM
TOPHBIX MOPOJ (CM. PHC. 5, €), OIHAKO B ONPEENCHHBIX
YCIIOBHSAX TOT XK€ PEe3YIbTaT MOXKHO TTOTYYIHUTH U ITyTeM
nX 0OBOJHEHHMSI, COIIPOBOXKIAIOLIETOCS] IPH HEOOXO/ M-
MOCTH M3MEHEHHEM XUMHUYECKOTO COCTaBa BOJIBL. B me-
peUeHb MPEMSTCTBYIONNX MEPONPUATHI MPOTHBOCY()-
(hO3MOHHOM 3aIUTHI BXOIST:

* co3maHue O0apbepoB Ha MyTH MHPWIBTPALIUN
BOJIBI B CY(P(O3NOHHO HEYyCTOWYHBEIE TOPHBIE TIOPO/IBI
1 ee (OUIBTPAIH B TAKUX MTOPOAAX;

* HEAOIYIIEHNE HAKOITUICHNS aTMOC(EpHBIX Ocal-
KOB Ha 36MHOM IIOBEPXHOCTH;

* KamnTaXX U pacCPeJOTOYCHHUE BBIXOJOB MOI3EM-
HbIX BOJ Ha 3¢MHYIO ITOBCPXHOCTh,

* 3amoJHEHUE (TaMITOHAX) MTOJIOCTEH U TPEeIInH;

* TeXHHYECKas menropanus cyhdo3noHHo-He-
YCTOMUYUBBIX (CM. pUC. 5, d) ¥ BBIIIENEKAIINX TPYHTOB.

Heo0xoamMo 0TMETHTh, YTO OCYIIECTBICHHAE Me-
ponpusiTuii, ynpapisiiomux cyhdos3ueit u npersrcTBy-
IOINX e, TpeOyeT cephe3HOTO 00O0CHOBAHMS, TaK KaK
9TH MEPOIIPHUSTHSI MOTYT BBI3BaTh aKTHBHU3AIIUIO JIPY-
THX OIIACHBIX JIJISl CTPOUTENIECTBA TEOJIOTHIECKUX MPO-
1IECCOB BOJIM3HM 3aIUIAEMOT0 00bEKTa.

3AKJIOYEHHUE U OBCYXIAEHHUE

Pemenne npoGiieM, CBSA3aHHBIX C MPEAYIPEKIe-
HUEM, MUHUMH3AIUEH U JIMKBUAALNEH HEraTUBHBIX
COLIMAJIBHBIX U 9KOJIOTHYECKHX MOCISICTBUH Pa3BUTHSA
cy(dPO3NOHHBIX MTPOIIECCOB HAa TOPOACKUX TEPPUTOPH-
X TpeOyIoT 0cob0ro 1moaxona, KOTOPBIN O4EHb TPYA-
HO (opmanu3oBarh’. Pa3paboTKa YETKHUX aIrOpHUTMOB
JIEWCTBUH B TAKMX YCIIOBUSX SIBISETCS J€JIOM Oymylie-
ro, MOCKOJIbKY 3€Ch MPUXOAUTCA CTAJIKHUBATLCA C HE-
O)KHUAaHHBIMHU U MapalOKCAbHBIMU CHTYyalusiMu [19].
3HAuUTENbHO Ipolle 0OCTOUT AEJ0 C PelIeHHEM II0-
JIOOHOTO poAa MpodIeM P X03THCTBEHHOM OCBOSHHH

3 Humyxamemos /.M., Hosonocenrenckux JI.A., baxape-
6a H.C. Cydpdo3nonnsie mporueccsl Ha TEPPUTOPHUAX TO-
ponos // CoBpeMeHHBIE TTPOOIEeMBl HayKd W 00pa3oBaHMS.
2015. Ne 2. Y. 2. URL: https://science-education.ru/ru/article/
view?1d=22188
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Puc. 5. CxeMbl, HIUTFOCTPUPYIOLIHE MPUHLUIIEI OCYIECTBICHNS aKTUBHBIX IPOTUBOCY((PO3HMOHHBIX MEPOIPUATHI: @ — IIPO-
BOLIMPYIOLINX (Ha MPUMepe IMHAMUYECKHX BO3ACHCTBHI Ha IPYHTBI); b — Hpeaynpexaaromux (Ha npuMepe ynaineHus cyddo-
3MOHHO HEYCTOHYMBBIX TPYHTOB); ¢ — YHPABIIAIOIINX (HA IPHMEPE BEPTHKAIBHOTO APEHaXa); d — MPENATCTBYIOINX (HA IPH-

Mepe 3aKperuIeHus TpyHTOB): / — cy((ho3MOHHO HeyCTONUHBBIE TOPHBIE TOPO/bI; 2 — cy(P(HO3HOHHAS TT0I0CTh; 3 — ylapHbIe

BOJIHBI; 4 — cy(h{o3HOHHO ycToH4MBBIE U (MN) Cy(PPO3HOHHO HEYCTOHUIHBBIE TOPHBIE TIOPOJIBL; 5 — YPOBEHb IPYHTOBBIX BO;

6 — UIIOQUIBTP; 7 — UHBEKTOP; 8§ — 3aKPEIUICHHBII IPYHT

HE3aCTPOCHHBIX TeppUTOpui. B aTOM ciyvae neneco-
00pa3Ho eHCTBOBATh CIEAYIOIINM 00pa3oM.

Ha nepBom 3Tarne nocie 03HaKOMJICHUS C TIOYEPII-
HYTOH M3 pa3HBIX HCTOYHUKOB MH(OpMannen, a BO3-
MOJKHO, U B PE3yJIbTaTe HEKOTOPOTO PEKOTHOCIHPO-
BOYHOTO 00CJIEZIOBaHMS MECTHOCTH, CIEAYyeT CAEIaTh
BBIBOZ O MPHUCYTCTBHH Ha OCBAaMBACMOIl TEPPUTOPHUHU
cy(pHO3HOHHBIX TPOSBICHUHA. 3MeCh HAHOOIBIIYIO
CJIOHOCTB ITPEACTABIIIET X TeHETHYEeCKast HASHTH(U-
Kalys, yBEPEHHO TOJITBEPIUTH KOTOPYIO MOXHO OyJeT
TOJIBKO Ha cliestytonieM dtare. OCHOBHBIM UTOTOM Tep-
BOTO dTaIa JOJDKEH CTaTh BBIBOJ O LIEIeCO00Pa3HOCTH
COXpaHEHHsI, @ BO3MOXKHO, U 00YCTPOHCTBA KAaKUX-JTHOO
cy(h(HO3MOHHBIX MTPOSIBJICHUI B KAY€CTBE LIEHHBIX TPH-
POIHBIX OOBEKTOB, INOO HX MOTHOW JIMKBUAALMHU IPH
IUTAHUPOBKE TeppUTOpHUH. JlJIst 3TOTO MOTYT MOHAI0-
OUTBCSI MHKCHEPHO-3KOIOTHUECKUE U3BICKAHNUSI.

Bropoii sTan noapasyMeBaeT OCYLIECTBIEHUE
WH)KCHEPHO-TCOJIOTMUECKIX U3BICKAaHUN U pa3padoTKy
Ha OCHOBE MX Pe3yJbTaTOB KOHIIETITYyaJIbHON MOJEIN
pa3BuTHs Cy(pPo3nu, MPOTEKAIOLIETO B paMKax CO3/1a-
BaeMOW MPUPOAHO-TEXHUYECKON (JINTOTEXHUYECKOMH)
cucrembl. Ha 3TOoM 3Tare ocyiecTBisieTcs: paioHab-
HBI Hay4YHO-00OCHOBAHHBIH BBIOOP MEPONPUSTUN
npoTHUBOCY(PPO3MOHHOMN 3AIIUTHI, OCIE YE€ro MOTYT
MMOHAAO0UTRLCS TOTIOTHUTEIbHBIC HCCIIeOBaHUS (paii-

OHMPOBAHHME OCBAWBAEMOI TEPPUTOPHUHU IO CTEIICHU
cy(h(H03MOHHON OITACHOCTH, MPOTHO3 (POPMHUPOBAHNUS
cyhPO3MOHHBIX MPOSIBICHUN, UACHTU(PUKALNAS U U3-
y4YeHHE COCTaBa M CBOMCTB Cy((PO3MOHHO HEYCTOHUH-
BBIX I'PYHTOB H Jp.). B KOHeYHOM cyere, JOJKHBI OBITh
JIaHbl YE€TKUE PEKOMEHIALUH 110 IPUMEHEHHIO TIPOTH-
BOCY(D(hO3MOHHBIX 3aLIUTHBIX MEPOIIPUSTHH 10 X035~
CTBEHHOT'O OCBOCHUS TEPPUTOPUH, B XOIE CTPOUTEIIb-
CTBa 1 B XOJI€ IKCILUTyaTalluy IPOCKTHPYEMbIX 00bEKTOB
C y4eToM peanpHOi HeobxommmocTH. OYEeBHIHO, ITO
noTpedyeT ONpeeTICHHbIX SKOHOMHYECKUX OLICHOK.

ConeprkaHHEM TPETHETo (3aBepIIaroIIero) dTamna
JOJDKHBI SIBUTBCSL:

* CTPOMTEIILCTBO MPOEKTHPYEMBIX XO3IHCTBEHHBIX
00BEKTOB, MpeBapsieMOe WIN CONPOBOXKAAEMOE OCY-
LIECTBJICHUEM BBIOPAHHBIX Mep NMPOTUBOCYPPO3NOH-
HOM 3aIllUTHI;

* MOHUTOPHHI COCTOSIHUSI 9TUX XO3SHCTBEHHBIX
00OBEKTOB U OKPYIKAOIIEH Cpe/ibl;

* KOPPEKTHPOBKA NPUHATHIX HHKECHEPHBIX pelle-
HHH, €CIT BO3HUKHET Takas HeOOXOAUMOCTb.

B aTOM ciiydae OyxyT MUHIMHU3HPOBAHBI MU JAXKeE
HCKJIIOYCHBI IIpeAroaraeMble HeraTHBHBIC OCTEN-
CTBUS pa3BUTHA cyPpPo3nn, a BOSMOKHO, H TOCTHTHY-
TBI OIIPE/CIICHHBIC TO3UTHBHBIC PE3YNIBTATHl B 00IaCTH
nanamadTHOTO AM3aliHA.
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INTRODUCTION

In modern Russia the term “suffosion” is under-
stood in different ways. Some believe that suffosion
is just a free transport of small particles of unbound
dispersed rocks between their larger particles by filtra-
tion flow [1]. Others call suffosion only the hydraulic
failures and underground erosion of soils with the sub-
sequent removal of the broken material into some free
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space [2]. Both listed points of view reject the con-
cept of “chemical suffosion”. In recent decades, a very
broad interpretation of the term “suffosion” has become
more and more widespread in our country, according
to which this process is the destruction and removal by
groundwater flow of individual components and large
masses of soils and cemented clastic rocks, including
those composing the structural elements of rock mas-
sifs [3]. It is this definition of the concept of “suffosion”
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that was included in some construction standards, for
example'.

In the Russian Empire, the term “suffosion”
was introduced in 1898 by the outstanding geologist
A.P. Pavlov [4]. It is based on the figurative Latin word
“suffosio”, which translates into Russian as “undermin-
ing”. The article by A.P. Pavlov does not contain a defi-
nition of the term “suffosio”, but it gives a description
of this process, from which it follows that the term is
understood very broadly. Unfortunately, later the con-
cept of “suffosion” was reinterpreted by other research-
ers in the direction of limiting its scope. At the same
time, in 1898 in the British Empire another significant
fact took place: the disaster at the Narora dam, built
on the Ganges River, under the flutbet of which the de-
velopment of suffosion (piping) started. Scientific re-
searches of J. Clibborn and practical steps implemented
by J.S. Beresford made it possible to predict the destruc-
tion of this hydraulic structure at the last moment and
avoid human casualties [5]. The restoration of the dam
was accompanied by the application of antisuffosion
protective measures.

At the same time, the greatest social and environ-
mental damage ever caused by suffosion is also directly
related to hydraulic engineering [6]. The catastrophe
that caused 11 deaths occurred in 1976 in the USA (Ida-
ho) and was associated with the failure of the Teton dam.

I'CP 116.13330.2012. Engineering protection of territories,
buildings and structures from dangerous geological processes.
Basic provisions.

Fig. 1. A building and a street carriageway destroyed by

a suffusion collapse sink formed as a result of hydraulic failure
of water-saturated sands and their removal into a tunnel under
construction (Moscow, 1998). Photo by V.P. Khomenko

When the reservoir began to be filled for the first time,
internal erosion of the dam core, composed of loess
rocks, began in the zone of their contact with the rock
base. The economic damage was estimated at almost
half a million dollars.

However, suffosion (if this term is understood
broadly) can cause damage not only to the objects
of hydraulic engineering, but also to other types of con-
struction, as well as to the environment, and the inten-
sity of such incidents is clearly increasing recently. Tan-
gible negative social and environmental consequences
of the development of suffosion of both natural and
man-made origin are observed in Russia [7] and in other

Suffosion

[
Rock
and soil leaching

Of soluble cement Of soluble inclusions

]
Soil piping

Hydraulic soil failures

Subsurface erosion

Boiling Suffusion
[ ]
Internal

External

Piping-sapping erosion Soil piping by heave

I
[ |
Displacement
of fill within

fissures and/or cavities

Dislocation into fissures
and/or cavities

Of soils failed
by descending
groundwater flow

Of soils failed
by ascending
groundwater flow

Fig. 2. Classification of suffosion proposed by V.P. Khomenko [3]: by the nature of soil and rock destructed soils (top) and by
the conditions of removal and displacement of destructed soils and rocks (bottom)

121

(0G) 1 ONSS| "SL JON fenconr e canelas



Science iﬁlt:lnflll:ll::(:lii':ll:l: Vol. 13.Issue 4 (30)

Victor P. Khomenko

Table 1. Suffosion prone soils and rocks

Suffosion prone soils and rocks

Type of suffosion

Fissured clastic sedimentary rocks with soluble cement

Rock leaching of soluble cement

Cohesive and | Permeable saline Soil leaching of soluble inclusions
. cohesionless Any Subsurface erosion
Soils —
. Any Boiling
Cohesionless -
Gap-graded Suffusion

countries, and located on different continents, for exam-
ple, in Israel [8], in Iran [9], in Nigeria [10], in Poland
and Spain [11], in the United States [12]. Of course,
this requires the application of certain measures to pre-
vent and even exclude the development of suffusion
processes, but the ideas about such measures and their
necessary justification are not systematized anywhere
in the world. In our country, normative documents still
do not contain the concept of “antisuffosion protection”,
although similar phrases are used in relation to other
geological processes dangerous for construction.

MATERIALS AND METHODS

The study of suffosion processes has been carried
out by the author of this article since 1975 and con-
tinues up to the present, with the greatest social dam-
age caused by suffosion and not related to hydraulic
engineering construction observed by him at the end
of the last century (Fig. 1). The broad understanding
of the term “suffosion” necessitates the classification
of this geological process hazardous to construction,
primarily as shown in Fig. 2. This, in particular, is re-
quired to concretize the concept of “suffosion-unstable
rocks (soils)” (Table 1), which used to be applied ex-
clusively to cohesionless gap-graded soils. There is also
a need for a clear idea of the conditions under which
suffosion outflow and transit can take place (Table 2).
It should be noted that in English the term “chemical
suffosion” corresponds to the term “leaching” [13], and
the term “mechanical suffosion” with some reservations

corresponds to the term “soil piping” [14]. In addition,
in different countries of the world, near-slope mechani-
cal suffosion is often referred to as “internal erosion”,
“subsurface erosion”, and “tunnel erosion”.

The development of suffosion leads to the forma-
tion of underground and surface suffosion manifesta-
tions. The former are structural elements of the rock
massif. These may be some areas of destructed rocks
and unconsolidated soils (with clear or blurred bound-
aries), quicksand bodies, as well as cavities of various
configurations. Surface suffosion manifestations include
pseudovolcanoes (most often representing so-called
sand volcanoes), niches (sometimes reaching the size
of caves) with accumulative “plumes”, landslides, col-
lapse sinks, subsidence and swallow holes. All these
landforms, with few exceptions, are formed not only
and not so much due to suffosion, but also due to other
geological processes, which include gravitational slope
processes, as well as collapse, flow, deflection and com-
paction of soils and rocks. Surface suffosion manifesta-
tions can be formed not only on the earth surface, but
also under the footings of foundations of various con-
struction objects.

According to J. Hutchinson [15], the first scientific
publication containing a detailed description of suffo-
sion manifestations formed as a result of near-slope fil-
tration destruction of dispersed rocks (seepage erosion)
on the territory of Great Britain (Kent County) appeared
in the late 18th century. Nowadays, all over the world,
rural residents are usually well aware of the presence

Table 2. Necessary conditions to dislocate soils and rocks during and after suffosional failure

Geomorphic and geological features securing dislocation of soils and

rocks during and after suffosional failure

Topographic
features

Subsurface geological
features

Hydrogeological conditions

Type of suffosion

Presence of

Groundwater discharge as

Piping/sapping erosion

slope depression or contact spring
Any -
Groundwater discharge as Soil pinine by heave
artesian spring piping by
. Dislocation into fissures and/or cavities of soils

Ascending groundwater flow | . . .

A Presence of unfilled failed by ascending groundwater flow

ny

fissures and/or cavities
flow

Descending groundwater

Dislocation into fissures and/or cavities of soils
failed by descending groundwater flow

Presence of filled fissures
and/or cavities
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Descending or horizontal
groundwater flow

Displacement of fill within fissures and/or
cavities
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of surface suffosion in the areas accessible to them, but
in urban areas they are quickly forgotten, as local au-
thorities try to eliminate them as quickly as possible. In
principle, suffosion manifestations should be detected
to the fullest extent possible in the course of site inves-
tigations, and drilling, penetration tests and geophysi-
cal methods should be used to search for underground
manifestations of suffosion. Genetic identification
of suffosion manifestations is still a serious problem,
which requires an in-depth analysis of the engineering-
geological situation.

On the territory of our country, the conditions nec-
essary for the development of suffosion are very wide-
spread, as evidenced by the map compiled by I.G. Spiri-
donov, V.P. Khomenko and S.V. Egorkin, included in
CP 115.13330.2016%. Sometimes suffosion processes
of natural origin confined to undeveloped and underde-
veloped areas can form geological objects of aesthetic,
scientific, cognitive and recreational value (e.g., caves
or lakes formed on the site of collapse sinks). However,
despite this, negative consequences clearly dominate
in the interaction of suffosion with the sphere of human
activity. Suffosional failure of soils and rocks results
in a deterioration of their strength and deformation char-
acteristics, as well as an increase in their water perme-
ability. When suffosionally destructed soils and rocks
are in the zone of interaction with an engineering struc-
ture, it can lead to its deformation. It is much worse if
subsidence, collapse sink or landslide caused by the de-
velopment of suffosion suddenly comes into contact
with building structures that are not protected against
such excesses. Water losses from artificial watercourses
and reservoirs associated with suffosional decompaction
of soils and rocks as well as with suffosional removal
of crack and cavity filler are also extremely undesirable.
According to A.L. Ragozin [16], by the end of the last
century, the damage from the development of suffo-
sion processes in Russia was observed in 958 cities,
and at present the situation has clearly not changed for
the better.

The analysis of economic damage caused by suf-
fosion to economic objects of various purposes has
shown that within the framework of specific natural-
technical (lithotechnical) systems, specific forms of in-
teractions between the suffosion process and the object
are observed. Four situations can be encountered. In
the first situation, there is a practically one-sided impact
of the natural origin suffusion process on the object.
The second situation is a mutual influence on each other
of the object and the suffosion process of anthropogenic
origin, which is the result of the functioning of this ob-
ject. The third situation is similar to the second, but with
the difference that the technogenic suffosion is the result
of the functioning of another object. Finally, the fourth
situation is characterized by the impact of the object

2 CP 115.13330.2016. Geophysics of hazardous natural im-
pacts.

on the suffosion, which does not result in negative
consequences either for itself or for any other object.
The first situation is the easiest to predict, the third situ-
ation is the most difficult to predict, and the fourth situ-
ation should be strived for in the construction develop-
ment of territories.

Suffosion can also have negative impacts on the en-
vironment. It is considered that the consequences of such
impacts do not reach the level of ecological disaster [17],
but may well generate environmental emergencies.
The resulting damage is associated with the disfigure-
ment of landscapes, with the pollution of ground and sur-
face waters with the products of suffosion outflow, with
the loss of water from natural and artificial watercourses
and reservoirs, with fatal consequences for biocenoses
(including in the agricultural sphere), with the sponta-
neous filling of negative forms of suffosion relief with
household rubbish.

The study of the causes of the development of suf-
fosion processes in some regions of the Russian Federa-
tion has revealed a number of negative facts indicating
that suffosion is often generated by careless implemen-
tation of protective measures aimed at combating other
geological processes dangerous for construction. This
has an extremely unfavourable effect on the operation
of various economic facilities up, even leading to emer-
gency situations. The most widespread such excesses
are related to landslide drainage (Fig. 3, a) and protec-
tion from erosion and abrasion destruction of natural
and artificial water bodies’ banks (Fig. 3, b). Other
situations are also encountered. For example, protec-
tion against a landslide formed on the slope of the hill
on which the Resurrection New Jerusalem Monastery
is located was made in the form of a complex rigid
structure supplemented by a tubular drainage. It con-
sists of two pile-supported reinforced concrete elements
(an upper retaining wall and a lower strip stop) connect-
ed by metal trusses spanning the slope. A few months
after the commissioning of this structure, subsurface
erosion started to develop actively in the contact zones

Fig. 3. Examples of suffosion activation initiated by measures

on protection from other dangerous geological processes
(photo by V.P. Khomenko): a — collapse sink caused by suf-
fosion soil removal into landslide-proof drainage adit (Sochi,
1988); b — suffosion soil removal from under concrete slabs
of the pond bank protection cover accompanied by its destruc-
tion (Moscow, 1992); ¢ — slope suffosion caused by poor
quality of landslide protection (Istra, Moscow region, 1996)

123

(0G) 1 ONSS| "SL JON fenconr e canelas



scionco o ruction: o) 13. Issue 4 (50)

Victor P. Khomenko

Table 3. Classification of anti-suffosion protection measures

. Realization time in relation to Necessary substantiation (except results of geological site
Type of protection . . . . .
protecting object creation investigation)
Planning Only before Zonation of territory by degree of suffosion danger
Passive | Constructional Forecast of on-surface suffusion manifestations size
- Before or after
Controlling .
- Concept of suffusion development
Provoking
- Only before - - - -
Preventive Identification of suffosion prone soils and rocks
Active Determination of suffusion arising and/or development
Operative Only after criteria
- Assessment of possible adverse accessory effects
Barrier Before or after

Fig. 4. Schemes illustrating the principles of passive anti-
suffosion measures: @ — planning (on the example of opti-
mal building location); b — constuctional (on the example
of monolithic reinforced concrete foundation); ¢ — control-
ling (on the example of groundwater regime observation);
1 — site dangerous from the point of view of the possibil-
ity of suffosion development; 2 — site safe from the point
of view of the possibility of suffosion development; 3 —
building contour in plan; 4 — building contour in perspec-
tive; 5 — cantilever outlets; 6 — through hole intended for
operational filling of the collapse sink; 7 — suffosion-resistant
and (or) suffosion-unstable rocks; & — suffosion-unstable
rocks; 9 — observation well with necessary equipment; /0 —
groundwater level; // — water body
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of the strip stop and drainage pipes with soils compo-
sing the slope (Fig. 3, ¢).

RESEARCH RESULTS

It is possible to reduce the level and sometimes to
avoid negative social and environmental consequences
associated with the development of suffosion processes
by applying special protection measures for territories,
buildings and structures. Anti-suffosion protection, de-
spite the extremely rare use of this word combination,
exists as a fact and has a rich history in our country [18].
To protect against suffosion processes and the conse-
quences of the formation of surface suffosion mani-
festations, different techniques are used, sometimes
aimed at combating only suffosion, and sometimes
well known as measures counteracting the destruction
caused by other exogenous geological processes. To
solve the problems of antisuffosion defence, the means
(mainly of provoking character [3]), seemingly not in-
tended for this purpose, can also be used.

Comprehensively reviewing the above-mentioned
technical methods, the author of the article came to
the conclusion that it is advisable to systematize them
according to a number of interrelated qualitative fea-
tures of different types of antisuffosion protection,
which in some cases may be mutually exclusive. As
such attributes were chosen:

* the degree of intervention of the protective mea-
sure in the mechanism of the suffosion process;

* the time of implementation of the protective
measure in relation to the time frame of the develop-
ment of the suffosion process and the construction
of the protected object;

* the technological features of the application
of protective measures.

As a result, a classification was created, presented
in the form of Table 3. It requires some explanations.
Firstly, the principal difference between passive anti-
suffosion measures and active ones is that the latter have
a direct impact on the course of the suffosion process,
while the former do not. Secondly, the preventive nature
of protection differs from the operational one in that
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it implies its implementation before the construction
or operation of the protected object (or before the on-
set of the suffosion process), and not in a “fire” order.
In addition, Table 3 provides information on the type
of additional information required (beyond that ob-
tained from standard geotechnical surveys, of course) to
justify the types of suffosion protection identified. Each
of these is summarized below.

Passive antisuffosion protection (Fig. 4) includes
planning, constructional and control ling measures,
the basic principles of implementation of which are
applicable to protection from any other geological pro-
cesses dangerous for construction. Planning measures
realize the escapist principle of maximum avoidance
of projected area (Fig. 4, a) and linear structures to get
into the predicted hazardous zones or selection of a pe-
culiar configuration of buildings in the plan, allowing to
“streamline” the hazardous areas. The purpose of con-
structional protection is to apply such a design of con-
struction objects or to supplement it with such elements
that will not allow the protected object to deform in case
of sudden movements of the soils underlying it. The de-
sign of such protection is carried out, of course, taking
into account the size of the expected movements, for
example, the diameter of the collapse sink (Fig. 4, b).
The control ling measures include stationary observa-
tions of groundwater levels and chemical composition
(Fig. 4, ¢) and the relief of the ground surface at the site
of the protected object, the movement of soils interact-
ing with it, as well as the condition of the object itself.

Active antisuffosion protection (Fig. 5) combines
measures that can provoke and prevent the develop-
ment of suffosion and processes forming surface suffo-
sion manifestations, as well as operate and made barrier
the development of such processes, hence the names
of these protective measures. Provoking antisuffosion
measures are rarely used due to the difficulty of confi-

dently predicting their final outcome. They are reduced
to intensive watering of un saturated soils, to artificial
increase of filtration rate in saturated soils and to dy-
namic or percussive (up to explosive) impacts on soils
(Fig. 5, a). All this continues until subsidence, collapse
sink or landslide occurs on the ground surface. The mea-
sures preventing (and, in fact, excluding) the appearance
and development of suffosion processes and processes
forming suffosion manifestations, in most cases repre-
sent nothing more than the fulfilment of the prescriptions
of the current construction norms in the presence of cer-
tain geological risks. Interestingly, these regulations do
not always use the term “suffosion” and its derivatives.
The most striking example of such solutions is the re-
moval of suffosionally unstable rocks from zones of their
interaction with the protected object (Fig. 5, b).

Suffosion process management (or operative mea-
sures) implies artificial reduction of underground flow
velocity and dissolving capacity of moving water. Most
often this is achieved by dewatering the soils and rocks
(Fig. 5, ¢), but under certain conditions the same result
can be obtained by watering them, accompanied, if nec-
essary, by changing chemical composition of the water.
The list of barrier measures of antisuffosion protection
includes:

* creation of barriers on the way of water infiltra-
tion into suffosion-unstable soils and rocks and its filtra-
tion in such soils and rocks;

 prevention of atmospheric precipitation accumu-
lation on the earth surface;

* dripping and dispersal of groundwater outlets
on the earth surface;

« filling (tamponage) of cavities and cracks;

¢ technical reclamation (in particular grouting)
of suffosion-unstable (Fig. 5, d) and overlying soils.

It should be noted that implementation of opera-
tive and barrier antisufosion measures requires serious

Fig. 5. Schemes illustrating the principles of active antisuffosion measures: a — provoking (by the example of dynamic impacts

on soils); b — preventive (by the example of removal of suffosion unstable soils); ¢ — operative (by the example of vertical

drainage); d — barrier (by the example of soil consolidation); / — suffusion unstable rocks; 2 — suffusion cavity; 3 — shock

waves; 4 — suffusion stable and (or) suffusion unstable rocks; 5 — groundwater level; 6 — wellpoint; 7 — injector; § — sta-

bilized soil
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justification, as these measures may cause activation
of other geological processes dangerous for construc-
tion in the vicinity of the protected object.

CONCLUSION AND DISCUSSION

Solving problems related to the prevention,
minimization and elimination of negative social and
environmental consequences of the development
of suffosion processes in urban areas requires a special
approach, which is very difficult to formalize®. The de-
velopment of clear algorithms of actions in such condi-
tions is a matter of the future, because here we have to
face unexpected and paradoxical situations [19]. It is
much easier to solve such problems in the economic
development of undeveloped territories. In this case, it
is advisable to proceed as follows.

At the first stage, after familiarization with
the information obtained from various sources, and
possibly also as a result of some reconnaissance survey
of the area, a conclusion should be made about the pres-
ence of suffosion occurrences in the territory to be de-
veloped. Here the greatest difficulty is their genetic
identification, which can be confidently confirmed only
at the next stage. The main outcome of the first stage
should be a conclusion on the expediency of preserva-
tion and possibly development of any suffusion mani-

3 Dimukhametov D.M., Novoposelenskikh L.A., Bakhareva
N.S. Suffusion processes in urban areas. Modern problems
of science and education. 2015; 2:2. URL: https://science-
education.ru/ru/article/view?id=22188

festations as valuable natural objects, or their complete
elimination in the course of territory planning. This may
require environmental surveys.

The second stage involves site investigations
and development of a conceptual model of suffosion
development within the framework of the created nat-
ural-technical (lithotechnical) system based on their
results. At this stage, a rational scientifically-based
choice of antisuffosion protection measures is made, af-
ter which additional research may be required (zoning
of the territory under development by the degree of suf-
fosion hazard, forecast of the formation of suffosion
manifestations, identification and study of the composi-
tion and properties of soils unstable by suffosion, etc.).
Ultimately, clear recommendations should be given
on the application of antisuffosion protective measures
before the economic development of the territory, dur-
ing construction and during the operation of designed
facilities, taking into account the real need. Obviously,
this will require certain economic assessments.

The content of the third (final) stage should be:

* construction of the designed economic objects,
preceded or accompanied by implementation of the se-
lected measures of antisuffosion protection;

* monitoring of the condition of these economic
objects and the environment;

« adjustment of the adopted engineering solutions,
if necessary.

In this case, the expected negative consequences
of suffosion development will be minimized or even
eliminated, and, possibly, certain positive results in
the field of landscape design will be achieved.
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