3akiroueHue

B3aumHoe BiusHHE BceX (PAKTOPOB, BIMSIONIMX Ha IMPOIECC KOAryaupOBaHU,
HEBO3MOKHO TOYHO PAaCCUYHUTATh, TOITOMY ISl JOCTHKEHHS dPPEKTUBHOTO yIpaBJie-
HUS TIpoIlecca BOAOIMOATOTOBKH TPeOyeTcsl MOCTOSHHBI MOHUTOPHHT TOKa3aTenen
KadecTBa BOJIBI 110 ATariaM OYUCTKH.

Pexxum no3upoBaHMS KOAryJsiHTa BBIOMPAETCS C YYETOM COBOKYITHOCTH IOJTY-
YEHHBIX JaHHBIX. [leproguyeckas mojaya KoaryJisHTa IeIecoo0pa3Ha B XOJIOTHBIN
NIEpUO/] Toja TIPHU TemriepaType oopadaTbiBaeMoi BOIbI, OpUEHTHPOBOYHO, MeHee 8° C,
KOTJla CHM)KA€TCS MYTHOCTH IMOBEPXHOCTHON MCXOIHOW BOBI, HO COXpaHSAIOTCS 00-
Jiee BBICOKHME 3HAUCHHUs IMOKa3aTeliedl I[BETHOCTH, MEPMAaHTaHATHOW OKHCISIEMOCTH,
KOJIMYECTBA KJIETOK W OMoMacchl (UTOTUTAHKTOHA. TakXkKe ClemnyeT y4WuThIBaTh pe-
3yJbTaThl MPOOHOTO KOATYJIWPOBAHUS BOJBI, MO PE3yJIbTaTaM KOTOPOTO Ha JAHHBINA
MOMEHT BPEMEHH YCTaHaBIIMBACTCS I€J€CO00Pa3HOCTh OCTOSHHON WU TIePUOInYe-
CKOM MoJauu KoaryJisHTa.
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Pedepar
Bo3zaeiictBue abpasuu 1 3po3uu Ha OTKOCHI MOJIMOPHBIX COOPYXKEHUN U Oeperos
MOJKET NPUBOJUTH K HETAaTUBHBIM IOCIIEICTBUSIM, TAKUM, KaK Pa3MbIBbl U pas3pyllie-
Hus. JlJig mpenoTBparieHuss maryOHbIX MOCJIEICTBUM BaXKHO MPABWIBHO MOA00pPATH
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3alIUTHBIE TPOTUBOAOPA3NOHHBIE U TPOTUBOAPO3UOHHBIE MaTepUabl U KOHCTPYKIIUH
KPEIUJICHUH.

[Tpoananu3upoBanbl (HaKTOPHI U YCIOBUS, BIMSIIONINE HA YCTONYUBOCTh OTKOCOB
HOJIOPHBIX COOPYKEHUI U OEperos, U BbIJIEIECHBI OCHOBHBIE, BIMSIOIIME HA yCTOM-
YUBOCTh KpemuieHuil B ycnoBusx Pecny6nuxu benapyce. [lpuBeneHsl pe3ynbTarhl
KOMIUIEKCHOW OLIEHKU 3(P(HEKTUBHOCTH HKCIUTyaTallMH Pa3IMYHBIX TUIIOB KPETLJICHHMA
OTKOCOB IIOJIIOPHBIX COOPYKEHMM Ha BoxoxpaHnwminax benapycu. IIpemsioxeHsr
OpPUTMHAJIbHbIE KOHCTPYKTUBHBIE PEIICHUS IO KPEIJIEHUSIM OTKOCOB C IOMOIIBIO
o0bemMHOro mMozaenupoBanus. CPopMyIupoBaHbl YKPYIHEHHbIE TPeOOBaHMS K Kpem-
JICHUSIM OTKOCOB BoJj0eMOB benapycu.

KiioueBble cioBa: Oeperosanura, KperjeHHEe OTKOCOB, KpeIlIeHHE Oeperos,
YCTOMYMBOCTh O€peroB, yCTOMYMBOCTh OTKOCOB, BOJOXPAHUIMILE, MOJEIUPOBAHUE,
abpasusi, ruOkvie 0ETOHHBIC MATHI.

SELECTING THE OPTIMAL TYPE OF PROTECTION THE SLOPES
OF RETAINING STRUCTURES AND THE BANKS OF RESERVOIRS
IN THE CONDITIONS OF THE REPUBLIC OF BELARUS

A. A. Artemchik, V. E. Levkevich

Abstract

The impact of abrasion and erosion on the slopestaining structures and banks
can lead to negative consequences, such as washditdestruction. To prevent
harmful consequences, it is important to correstfect anti-abrasion and anti-
erosion materials and the design of protection. fHaéors and conditions affecting
the stability of slopes of retaining structures an@ports are analyzed, and the main
factors affecting the stability of bank and slopetection in the conditions of Belarus
are identified.

The results of a comprehensive assessment of #atop efficiency of various
types of slope fastenings of retaining structuneeservoirs in Belarus are presented.
Original constructive solutions for slope protentiare proposed by means of scale
modeling. General requirements for slope proteatibreservoirs in Belarus are for-
mulated.

Keywords: coast protection, slope protection, bank protectioank stability,
slope stability, reservoir, modeling, abrasionxitiée concrete mats.

BBenenue

Bompoc 3anmuThr u kpemieHnss 0eperoB U OTKOCOB CETOJIHS aKTyaJieH MpaKkThye-
CKH 151 TI000Tr0 BOJ0eMa U BOAOTOKA Kak B Pecniyonuke benapych, Tak u 3a ee mnpe-
JeaMu. ITO CBA3aHO KaK C MPOLIECCaMU X €CTECTBEHHOTO NepeopMUpOBaHUs, TaK
U BJIMSHUEM aHTPOINOTreHHBIX (PaKTOPOB, KOTOPBIE, B CBOIO OYEpPEb, CYIIECTBEHHO
MOBBINIAIOT WX WHTEHCUBHOCTH. AOpPa3MOHHBIM M APO3HOHHBIM IMPOIECCaM TOBEP-
’KEHBI KaK HE3aKPEIUICHHBIC, TaK U 3aKPETUICHHbIE Oepera U OTKOCHI.

Tpanchopmaiyss TpUOPEKHBIX TEPPUTOPUN TIPUBOJIUT K OOPYIICHUIO OEperoBoit
JUHHUH, YTO B CBOIO OYEPEAb BBI3BIBAET psj MpoOiaeM: oOMeNeHUE BOJIOEMA, pa3py-
IeHUE OOBEKTOB KWJIOW M TPAHCTIOPTHOW MH(MPACTPYKTYPHI, BHIBEACHUE U3 3E€MJIC-
MOJIb30BaHUSI CEILCKOXO3UCTBEHHBIX W JIECHBIX yroaud u T. 1. B cBoio ouepenb
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HOBbIE U Oojiee 3(PheKTUBHBIC CHOCOOBI 3aIIUThI OT a0Pa3WOHHBIX U IPO3UOHHBIX
MIPOIIECCOB OYAYT MOJIOKUTEITHHO CKA3BIBATHCS MPU CO3/IAHUU HOBBIX BOJIOXPAHUITHUII
U UCIOJIb30BaHUM YK€ CYIIECTBYIOIIUX B IEJSIX THAPOIHEPTETUKA U KOMILJIEKCHOTO
UCIIOJIb30BaHUSI BO30OHOBIIIEMbIX UCTOYHUKOB YHEPTUHU, KOUM BOJIA U SBIISIETCS, I/1€
HaOIIOAAIOTCSA TOCTOSTHHBIE KOJEOAHWHM YPOBHSA B IENSX aKKyMYJHUPOBAHUS BOJIBI,
TaKkke 3T0 OyAeT crmocoOCTBOBATh EIICHTPATN3aIlUs BHIPAOOTKH SHEPTHH U HE3aBU-
CUMOCTb OT UCKOITa€MbIX 3HEPIOHOCUTENEH.

Pe3yabTaThl n 00Cy:K1eHHe

Ha Teppuropun Pecriybnuku bemapycs pacnonoxeHo okoso 155 Bogoxpanumuig
C TIONIHBIM 00BeMoM 6ostee 1 MiH M KaX710€, 0011Iel TUIOIIa/IbIo 3epKaia 0oiee 834 km?,
[IOJIHBIM 00BEMOM — 00JIEE 3,1KM3, [MOJIE3HBIM — 00JIEe 1,27I<M3 [1-5].

OOwas JyIMHA YKPEIIEHHBIX OEperoB M OeperoyKpenuTeabHbIX COOPYKEHUI Ha
BojoxpaHmwmmax bemapycu cocraBmser okono 250 kM. JliMHAa TOBPEKIECHHBIX H
pa3pylICHHBIX OCPEroyKpenuTeIbHBIX KOHCTPYKIIMA M COOPYXEHUU (OTKOCOB ILJIO-
THH M Aam0, a Takxke OeperoB Oojiee yem Ha 90 BOAOXpaHWJIMINAX) IO JaHHBIM
HATYpHBIX oOcienoBaHuii, mpoBeneHHbIXx B nepuon 2013—2021rr., oneHuBaeTcs B
npeaenax 120 kM, uto coctaBisieT 0kojio 50 Y IpOoTSHKEHHOCTH BCEX KPEIJICHUN Ha
BOJIOXpaHmInIax [6, 7].

B o6mem cimydae BpIOOp THTIA 3alTUTHI OTKOCA OT Pa3pyIIEHUs JOJDKEH OCHOBBI-
BaThbCcsl Ha CoOOMIO/IeHnH OajaHca MeEXAY SKOHOMUYHOCTHIO U 3()PEKTUBHOCTHIO
CTPOUTEIBCTBA U JKCIUTyaTalldd, a TAKXKE HAJIEKHOCTHIO U JIOJITOBEYHOCTHIO MPU
HAaUMEHBIIUX SKCIUTyaTallMOHHBIX 3aTpaTax, MPOCTOTON BO3BEAEHUS M BO3MOXKHO-
CTBIO MTPOBEACHUSI PEMOHTHO-BOCCTAHOBUTEIIBHBIX Pa0OT.

[IpakTrka mokasana, 9TO THI ¥ KOHCTPYKIIUIO KPETUICHUH OTPEETSIOT: Harpy3-
KU, BbI3bIBA€MbI€ BO3ACHCTBUSAMHU BOJIOEMA HA Oepera U OTKOChl COOPYKEHUH; reoJ1o-
TMYECKUE U TUPOreoIOTMUECKUE YCIOBUS OCHOBAaHMS, (PU3UKO-MEXAHUUECKUE CBOM-
CTBa rpyHTa TeJa, a Takke penbed O0PTOB BOJHOIO 00BEKTA; 3HAUCHUE 3AIIUIIAEMON
TEPPUTOPUH 1JII HAPOJHOTO XO3SIMCTBA, €€ HUCIOJIb30BAaHUE B I'PAJIOCTPOUTEIBHBIX,
IPOMBIIICHHBIX U TPAHCHOPTHBIX LENSX; MJIAHUPOBOYHBIE TPEOOBAHUS K PUOpExK-
HOM T0JIOCE W apXUTEKTypHBIC TPeOOBaHWS, a TAKKE YCTAHABIMBACTCA C YYETOM
MaKCUMaJIbHOTO WCTOJB30BAHMS CPEJICTB MEXaHHU3AIMd U MECTHBIX MaTepHajioB
[8, 9, 10].

Daxkmopwl u yCcrosus, enusAwue Ha YCmMoudu8ocms 0mKkocog u bepezog. CTeneHb
9pO3WHM B OCHOBHOM 3aBHCHT OT IIPEOOJIaJaroiero HarpaBJIieHHs BeTpa (BETpo-
BOJIHOBOTO PEKHMMa), OPUEHTAIIMH K HEMY TUIOTHHBI B O€pPEeroB, KPYTH3HBI OTKOCOB H
Oeperos, K0JieO0aHUN YPOBHSI BOJIbI, T€OJIOTMYECKUX U TUIPOreOOTUUECKHX, JI€T0BbIX
SIBJICHHM, aKTUBHOCTH BOJIHOTO TPAHCIIOPTA U APYTUX (HaKTOPOB.

Bempo-eonnosoui pescum Bogoema SIBISETCS OCHOBHBIM (DaKTOpOM, OMpeessito-
UM pa3pylieHue (pa3MbIBbl) BEPXOBBIX OTKOCOB IUIOTHH U J1aM0, a Takke Oeperos,
BO3HUKAIOIIMM Ha BOJOXpaHuiuuie npu Berpe. HaOmoneHus Ha BOAOXpaHWIIMIIAX
benapycu 3a BeTpO-BOJHOBBIM PEXKUMOM IMOKA3aIM, YTO HAa HEOONBIIMX BOJOEMAX,
TLIOIIABI0 10 32 KM, MOTYT BO3HHMKATh BOJHBI BEICOTOH 10 1,5M [1].

KopabenbHble BOJHBI, BO3HUKAIOIIME MPU JIBHXKYIIUMCS TeJ€ MO MOBEPXHOCTH
BojoeMa B ycnoBusix PecniyOnuku benapych, He UTparOT 3HAUUTENBLHON POJIA B JKU3-
HU OTKOCOB TOJIITOPHBIX COOPYKEHUH 1 O€pEeroB BOIOXPAHUIIHUIII.

CeonHO-Ha2OHHblE A6N1eHUs. HATIPSIMYIO 3aBUCAT OT BETPOBOTO pexuMa. Xapak-
TEPHOM OCOOEHHOCTHIO BETPOBOIO peXUMa SIBISETCA IIKBAIMCTOCTH BETPOB.
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B pesynbrare nelcTBUs AIUTENBHBIX BETPOB OJHOTO HAIpPaBJICHUS HA BOJIHYIO MO-
BEPXHOCTH OJTHOBPEMEHHO C BOJIHAMH BO3HHKAET MOBEPXHOCTHOE (nmpetihoBoe) Teue-
HHE, TIOAbEM YpOBHS (HAroH) y ogHOro Oepera BOJOXPAHWIIHUINA M CHaJ YPOBHS
(cron) y apyroro Oepera, T. €. BOJHAs MOBEPXHOCTh MPHOOPETACT XapaKTEPHBIN I1e-
PEKOC BCIJIECTBUE MEPEMEIICHHs] OTPOMHBIX MacC BOJBI MOJA JEHCTBHEM BETpa OT
oJHOTO Oepera BOoAOXpaHUIuIa K apyromy. CiaencTBueM rnepexoca ypoBHsI BOJBI SIB-
JSIeTCs TPAaJUEHTHOE TEYEHUE, HANpPaBJICHHOE MPOTHMBOIOJIOXKHO BBI3BABIIEMY €r0
npeiipoBomy TeueHuto. CrOHHO-HArOHHbBIE SIBICHUS pe3ye MPOSIBISIOTCS Ha MEJKO-
BOJIHBIX BOJOXPAHUJIUINAX, UX TPOAOKUTEIBHOCTH OBIBAET OT HECKOJIBKUX YacOB JI0
Heckonbkux nHel [11, 12]. B benapycu croHHO-HaroHHbBIE SIBJICHUS HE OKA3bIBAIOT
naryOHOTo BO3JIECTBHS HA OTKOCHI U Oepera BOJOXpaHWIUI] BBUY MOppoMeTpuye-
CKUX XapaKTEPUCTUK BBIIICHA3BAHHBIX, & TAKXKE KIMMATUYCCKHX (BETPOBBIX) YCIIO-
Buii PecnyObnuku benapych. CroHHO-HaroHHble SIBICHHUS pe3de MPOSBISIOTCA Ha
MEJIKOBOJHBIX KPYMHOIUIOMAAHBIX BOJOXPAaHUIUIIAX. DTO MOATBEPKAAETCS UCCIe-
nosanusmu E. M. JleBkeBuua [13, 14, 15].

Brympueoooemnvle meuenusi B BOAOXPAHWINILAX HE UTPAIOT TOU POJIH, KOTOPYIO
paHee uUrpaiu B BOJOTOKE IO CO3/JAaHUS MOJAIOPHOTO COOPYKEeHHsI, HOO CKOPOCTH Te-
YeHHUs] B BOJOXPAaHWJIMILAX JIaK€ BO BpPEeMs MaBOJKOB M IOJIOBOAMN BeCbMa Mabl,
JUIIb B BEPXOBHE BOJOXPAHUIIUI, I7I€ UMEIOT MECTO MaJble ITyOWHBI U LIMPHHBI,
CKOPOCTU MOTYT ObITh OTHOCUTENIbHO O0JibIIMMU. BriyOb Bojmoxpanunuiia, HUxXe 1o
TEYEHHIO, CKOPOCTU CTAHOBSITCS BCE MEHBILIE U MEHBIIE, & y IJIOTUHBI OHU OOBIYHO
HUYTOKHO MaJIbl M U3MepstoTCs BeanunHamu nopsiaka 0,1-0,2v/c [11].

Brusinue ycnosuii skcniyamayuu 8000XpaHuIuWy HA YCMOUYUBOCHb OMKOCO8 U
Oepecos. YPOBEHHBIN peXUM BOJOEMa B OOIEM Cilydae ONpEeNseTcs BUIOM PEry-
JUPOBAHUS, OCYIIECTBIIIEMbIM JaHHBIM 00BEKTOM. KitoueByio posib MTparoT CKo-
POCTb HAMOJHEHUS U CPAOOTKH.

YPOBEHHBIN pexUM XapaKTepu3yercs OOMIMM M3MEHEHHEM YPOBHEH, aMIUIUTY-
JI01, 00€CIIeYCHHOCTRIO (ITOBTOPSAEMOCTHIO) ¥ JITUTEIIBHOCTBIO CTOSTHUS. Bomoxpanu-
muma  ruaposnekTpoctanimit  ([1DC), TUAPOAKKYMYIUPYIOMIMX —3JIEKTPOCTAHIIU
(TADC) 1 B 0COOCHHOCTH KOMIUIEKCHBIX 3JICKTPOCTAHIINH, OTIMYAIOTCS XapaKTepoM
PETyIUPOBaHUS U, CIIEIOBATEIBHO, CTENIEHBIO BO3ICUCTBUS HA IPUPOIY U XO3AHUCTBO
npuieraromux paiionoB. CylecTBEHHbIE U3MEHEHUS MPETEpPIIeBaeT TaKKe ypOBEH-
HBI PEXUM B HIDKHEM Obede THapoy3JioB. ITH U3MEHEHHUS TEM 3HAuYMTENIbHEW, YeM
OOJIbIIIE TMOJE3HBIH O00BEM BOJOXPAHWIIMIIA WA YEM HEPAaBHOMEpPHEE DPEXKUM €ro
sKcInTyaTanuu [12].

HeszaBucuMo OT BUa PEryJMpOBaHUsS aMIUIMTYa KojeOaHHUs YpOBHEH (pa3HMIIA
MEXX/Ty HAaMBBICIIIMM ¥ HAWHU3IIMM TMOJIOKCHHEM YPOBHEH) B YCIIOBHUSIX OOJIBITMHCTBA
BoJoXpaHwMil benapycu He npesbimaer 1,5 M, nump Ha Buneiickom BogoXpaHu-
JIUIIE OHA MOXKET IOCTUTATh 3 M.

Bce Bonmoxpanunumia benapycu B 3aBUCMMOCTH OT YPOBEHHOT'O pEKMMa B BEPX-
HeMm Obede (BB) mensaTcs Ha qBe TPyIIbL: a) IepBas — BOJIOEMBI ¢ aMILIMTYI0H KoJie-
O0anus ypoBHs B O6e3nenuslil nepuos Oosee 0,5M u manoit 06ecneueHHOCThIO OTMe-
TOK BepxHero Obeda (BB) Onu3kux Kk 0OTMETKaM HOPMAJIBLHOTO MOAMOPHOTO YPOBHS
(HITY) (BomoeMbl MHOTOJICTHETO U CE30HHOI'O PErynpoBaHHus); 0) BTopas — BOJ0E-
MBI ¢ MaJIBIMU KoJieOaHUsIMU ypoBHe# B Oe3neanabii nepuo (0,1-0,54), Ho Gonboit
o0ecrieueHHOCThI0 OTMeTOK Onu3kux K HITY (BomoeMbl CE30HHOTO, HEICIBHO-

CYTOYHOTO, CYTOYHOTO PEryJIMPOBaHUs, a TAKXKe HAIUBHEIC) [6].
112



Jleooso-mepmuyeckue s6n1enus Ha BOJOXPAHWIUIIAX 3HAYUTEIHHO OTIMYAIOTCS
OT aHAJIOTUYHBIX SIBIICHUM HA HE3aperyJMpPOBaHHBIX peKax (CBOOOIHBIX pEKax).
OObpazoBanue NEASTHOTO MOKPOBa Ha MOBEPXHOCTHU BOJOEMA 3aJCPKUBAIOT BETPHI,
KOTOpBIE BBI3BIBAIOT BOJIHEHUE, OHU )K€ B CBOIO OUYEpEb U YCKOPAIOT OCBOOOKICHHE
BOJOXpaHWINILA OT Jibaa. [leprnos ycTaHOBIIEHHS CIUIOIIHOTO JIEASHOTO IMOKPOBA
(memocraBa) Ha BojoeMax Bcerja OoJblie, 4YeM Ha BOJOTOKax. Ha BomoxpaHuimiax
Jen 0OBIYHO 3a/IePKUBACTCSA U TaeT Ha MECTE B OTJIMYKE OT pek. [ mobanpHbIe KiIMMa-
TUYECKUE M3MEHEHHsS B TOCIEAHHUE TOJbI MPUBOIAT K TOMY, YTO 3MMa CTAaHOBHUTCS
KOPOTKOM, TEIJION W MPaKTUYECKH OCCCHEXKHOM, €CIU paHblle JIeJOBbIN MOKPOB 3a-
JepKUBAJCS B cpeHeM Ha 4,5 mecsia, TO Terneppb 3TOT NEPUO COCTABISAET MOPSIKaA
ot 1 1o 1,5mecsueB. DTo NO3BOJSET B Psijie CIydaeB MpeHeOperaTs BO3AEUCTBUIMU
JbJla B KQUECTBE CTATUYECKUX M TMHAMHUYECKUX Harpy3o0K (Harpy3Ku Ha COOPYKEHHUS
OT CIUIOUIHOTO JIEISHOTO MOKPOBa MPHU €ro TeMIEpaTypHOM PacIIMPEHUH, Harpy3Ku
Ha COOPY>KCHHSI OT JISSHBIX MOJICH, NBYKYIIIUXCS JIBIUH, HATPY3KH OT MPUMEP3IIETO
K COOPY>KEHUIO JISASIHOTO MIOKPOBA NPY U3MEHEHUU YPOBHS BOJIBI U T. 11.).

T'uopoeeonocuuecxkue ycnogusi. VICKyCCTBEHHBIC BOJOE€MBI, CO3/1aBaeMbIe B pe-
3yJbTaTe CTPOUTEIHCTBA THAPOIIEKTPOCTAHIINHN, TEXHOJIOTHYECKHE BOJTOEMBI TETLIO-
anektporerTpaiei (TOLl) u aromubx 3nekTpoctanimii (ADC) u T. 1., Bceraa BCTy-
MaloT B CIOXKHBIE M Pa3HOOOpa3Hble B3aUMOJEUCTBUSA C TMOA3EMHBIMU BOJAMH.
[To oTHOIIEHHIO K BOJOEMY TaKO€ B3aUMOJCHCTBUE OMPEICNSIET ero HHOUIbTPALIUIO
(mom3eMHBIN CTOK W3 BOJOXPAaHWIHING) U (QribTpanuio (MOJ3eMHBIA CTOK B BOJO-
XpaHWIUIIE), KOTOpas ObIBACT BPEMEHHON M MOCTOSHHOW. [IpakTHuecku Bce BOO-
XpaHWIHILA B PECIYOIHKE «TIPUHUMAIOT» TPYHTOBBIE BOJIBI, T. €. OHH SIBJISFOTCS JIpe-
HaMH TPYHTOBBIX BOJ, YTO B CBOIO OUYEPE.b MPSMO BIUSACT HA YCTONYMBOCTH HETPO-
HUIAEMBIX KPETIJICHHH.

Taxxe HE0OXOIUMO YUYUTHIBATh KIACCU(PHUKALUU 110 2e0MOPDOI02ULeCKOMY Npu-
3HaKy, T. €. MpoIleccy MnepepadoTKu OeperoB B 3aBUCHMOCTH OT TPYHTOB, KOTOPHIE
ciararot Oepera [2].

Ananuz cywecmsyrowux cnocobos KpenjieHuli 0mKoco8 NOONOPHBIX COOPYIHCEHULL
u bepecoszawumol. IIpoBens CpaBHUTEIHHBINA aHATN3 TPAAUIIMOHHBIX U HHHOBAIIMOH-
HBIX CIIOCOOOB 3aIIUTHIl OTKOCOB TOJIMOPHBIX COOPY)KCHHMH W OeperoB Ha OCHOBE
HATYPHBIX CTAIlMOHAPHBIX HAOIIOJCHUI U SKCIICTUIIMOHHBIX 00CIIEIOBaHNMN, a TAKKe
JUTEPATypPHBIX UICTOYHUKOB, OBLIIO BBIJACIEHO HECKOIBKO OCHOBHBIX TPYIII.

1. [To xapakTepy B3aUMOJEHCTBUSI C BOJHBIM TOTOKOM O€peroyKpemnuTeIbHbIe
COOPYKEHHSI TIOPA3ACIAIOTCA HA aKmMugHble, UCTIONb3YIOIINE SHEPTUI0 MOTOKA IS
HaMbIBa U COXpaHEHMsI OEpPEeroBBIX HAHOCOB, OKAa3bIBAIOIIME 3aMETHOE BIUSHHUE HA
THIIPABIUYECKYI0 CTPYKTYpPY IMOTOKa B paiioHe Oepera (OyHBI, HIOPHI, BOJHOPE3bI
(MOJIBI, BOJTHOJIOMBI) M T. JI.) M NACCUBHbLE, TIPOTUBOCTOSIINE BOJHOMY IOTOKY 3a
CY4eT MPOYHOCTU CBOEH KOHCTPYKIIMM W JIMIIb 3aIUIIAIOIINE OeperoBod OTKOC OT
pa3mbiBa (OETOHHBIC M JKEJIE300€TOHHBIC IUTMThI, KAMEHHAsi HAOpOCKa U JIp.).

AKTHUBHBIE OEPETOYKPETUTEIHHBIC COOPYKEHHSI MPAKTUIECKU HE HCIIONB3YIOTCS B
benapycu BBHly MaJbIX TJIAHOBBIX Pa3MEPOB BOJOEMOB. Takue cOOpyKEeHHUs MpUMe-
HEHBI JIMIIIb Ha BOJOXpaHWININAX: 3aciaBckoe, Buneiickoe, [Toroct, Conuropckoe u
HEKOTOPBIX JIp.

2. Bropoe ycnoBHOe MPHUHATOE HAMU JEJIEHUE BCEX KPEIJICHU Ha — MpOHUIlae-
MBIE VI HETPOHUIaeMble TUTIHI. [10 HameMy MHEHWIO, TPOHUIIAEMOCTh KPETUICHHUS
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ABJISIETCS] KIJIFOUEBOM XapaKTEPUCTUKOM, KOTOpast B CBOIO OuYepe/b NPsIMO BJIMSET Ha
YCTONYUBOCTb COOPYKEHHS.

3. HemanoBaXxHBIM KpUTEpUEM NPU KIACCUPUKAINH SBISIETCS THOKOCTH (MTOJTHO-
CTBIO OTCYTCTBYIOIIIAsl MJIM MaJiasi) Tejia KPEIUICHUs U ero 1e()OpMUPYEMOCTb.

[IpakTrka 3KCIUTyaTallud KPEIUIEHWM IOoKa3aja, YTO >KECTKUE Kele300€TOHHBIE
KOHCTPYKIIMU HE pemaroT npoodsemy 3pGeKTUBHON 3alUThl OEperoB, B Xy IIIEM I10-
JIO’)KEHUH OKAa3bIBAIOTCS MMEHHO T€ YYaCTKH MOOEPEKbS BOAHBIX OOBEKTOB, 1€ TIPO-
BOJWJIOCH aKTUBHOE OEpEroyKpervieHHue ¢ MpUMEHEHHeM xene300eroHa. [IpuumHa
ATOTO COCTOWT B TOM, YTO BHEIPEHHUE KECTKUX KOHCTPYKIMA B OEPErOBYIO 30HY
IIPUBOJUT K CYIIECTBEHHOM NEPECTPOUKE BCEM CUCTEMBI B3aMMOCBS3E€U U B3aMMO3a-
BUCHUMOCTEH THAPO- U JUTOAMHAMHYECKUX TpoleccoB [2, 6, 11, 16].YcraHoBieHo,
4YTO HamOoJiee pacpOCTPAHEHHBIMU KpEIUIeHUsIMU OeperoB U oTkocoB B bemapycu
ABJISIFOTCSL JKEJI€300€TOHHbIE MOHOJIUTHBIE JIMOO cOOpHBIE TIUTHL. OnpeneneHo, uTo
nedopMaliii KperuieHUd MPeACTaBICHbl PACKPHITUEM MEKIIJIMTOYHBIX CTPOUTEIb-
HBIX, TEMIICPATYPHBIX U OCAJOYHBIX IIBOB (3aperuCcTpHpOBaHa IMUPHHA PACKPHITHS
no 0,35 M), KOTOpbIe pa3BHBAIOTCS IMOJ KOMILJICKCHBIM BO3JICHCTBHEM BETPOBOTO
BOJIHEHUS, KOJIEOaHUsI YPOBHEH U APYTUX (PaKTOPOB.

JlaHHBIE BBIBOJIBI OCHOBAHBI HA MHOTOJICTHEM OITBITE IKCILTyaTalluu U 00Cieno-
Banwmii ' TC.

KpurepusiMm npoHH11aeMOCTH U THOKOCTH COOTBETCTBYIOT:

1. KameHnHble HAOpPOCKH M KaMEHHble HAOPOCKH, MOKPBITHIE MOJUYpPETaHOBBIMU
cocraBamu [6, 17, 18].

2. MarpanHo-TrodsiuHbIe TAOMOHBI.

3. I'mbkue 6eronnbie okpeiTUs (I'BIT).

4. I'eomatbl, TeOMeMOpaHbl U TEOPEIICTKH B COYETAHWH C KPEIUICHUSIMHU H3 Ka-
MEHHOUN HaOpOCKH, 3aITy>KEHHS U T. 1.

5. llpyrue HaOpOCHBIC W HACHITHBIC KpeIUICHHs (TeTparoapl, OTCHIIKN U3 0Tpado-
TaHHBIX KEJIe300€TOHHBIX KOHCTPYKIIUH H T. 11.).

6. mxeHepHO-0UO0I0TuYecKue CriocoObl 3aIlUThI.

Kaxxnplii TUN KperieHrs U3 BBILIEYIOMSIHYTBIX UMEET CBOU Clladble U CUJIbHBIC
CTOpPOHBI, a TaKXK€ OrpaHUYEHUs K NMPUMEHEHUI0. MHXKeHepHO-0MO0IoOrHYecKe CIo-
COOBI 3aIIMTHI IPUMEHUMBI JIIITHL TIpH BeIcoTe BoJH A0 0,5-0,7m [6, 19, 20].Marpa-
ITHO-TIO(STYHBIE TAOMOHBI MOJABEPIKEHBI PA3PYIICHUIO M TIOJHON MOTEPH YCTOUYHBO-
CTH B XOJIOJHOM KJIMMATe, pa3pyIieHUe MPOUCXOIUT MPU BBICOKOW CTETIEHU CMep3a-
HUS JISTOBOTO TIOJISI C 3allOJHUTENIEM M TPOBOJOYHBIMU KapKacaMu, TaKKe MOJBEp-
raloTcs KOPPO3UHU CeTYaThle KOHCTPYKIMH, OJJHAKO cefYac HaxoIAT MECTO MOJUMEp-
HbI€ CeT4aThle Kapkachl. KperieHus n3 KaMeHHbIX HaOpOCOK MOJIBEPKEHBI pa3pylie-
HUSIM TIpU TOJIBUXKKAaX JIEJOBOrO MOKPOBA, a BCJIEACTBUE BOJOMPOHUIIAEMOCTH TIO-
KPBITHS MPOUCXOUT MOCTEIIEHHOE BhIMBIBAHUE OOpPaTHOTO (PUIIBTPA, a 3aTEM U pas-
MbIB Oepera [16]. [nOkue GeTOHHBIE TOKPBITUS 00IAAI0T HE3HAYUTEILHBIMU TIPOTH-
0amMu ¥ HE MOTYT IMOJTHOCTHIO TIOKPBITh M3THUOBI 3alIHIaeMoi oBepXHOCTH. CTajb-
HBbIE COCAMHUTENIbHBIE KAHATHI MOJBEPKEHBI KOPPO3WH, HO B JAHHBIM MOMEHT 3TOT
HEJIOCTATOK PEIeH 3a CYET MPUMEHEHHSI OJTMMEPHBIX KaHATOB.

Ha ocHOBaHMHU BBINIECKA3aHHOTO OBLJIO BBHIMOJHEHO YIPOUIEHHOE U YKPYITHEHHOE
MaKpOMOJIETUPOBaHUE, KOTOPOE MPEACTaBIsUI0 U3 ceOsd ruOkue OETOHHBbIE MaThl
(I'BM) u3 kBampaTHBIX 0JOKOB, COCTUHEHHBIX JIBYMsI Pa3HBIMHU CIIOCOOAMH, a TaKKe
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TPEYTrOJbHBIX U LIECTUYTOJbHBIX OJIOKOB. Br3yanusanus NpUHLMNHAAIBHOW pabOTHI
ruOKNX KpEIUIGHUH W3 D3JEMEHTOB pPa3iNyHON KOHPUIypalUd TMOKa3aHa HUXKe
Ha pucyHke 1.

a) keaopammvie OIOKU, COCOUHEHHbLE NO YEHMPAM CIOPOH MeXNcOy coboll; 6) keaopammuvie 610K,
COeOUHeHHbLe NO Y2lam; 8) mpey2obHble OI0KU, COCOUHEHHbIE NO YEHMPAM CIMOPOH;
2) wecmuy2onvHule O10KU, COOUHEHHbIE NO YEHMPAM CHOPOH
Pucynok 1 —Kpennenus u3 paznuunsix 6,10K06

MoaennpoBanre NOATBEPAWIIO U MOKA3AJI0, YTO «kiiaccuueckue» ['bM u3 kBan-
paTHBIX OJIOKOB HE MOTYT MOJIHOCTBhIO MOKPBITh U3rMOBI 3aIUIIIAEMOI MTOBEPXHOCTH,
a CBsI3M OJIOKOB 1O yTilaM He JIajidi HUKAKOTr'o MPEUMYIIECTBA, a HA000POT, MOBIHUSIN
Ha KECTKOCTh KOHCTPYKIIMH B XYAIIYIO CTOPOHY. TpeyroibHbIe OJIOKH HE MOKa3aIn
cBoeil 3()PEeKTUBHOCTH BBHUAY <«PaACXITOAHHOCTU» KOHCTPYKIIMH, 3TO CBSI3aHO
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CO CIOCOOOM MX COEAMHEHHS MEXIy co00H (CepeHbI CTOPOH) M KOJIMYECTBOM CBSI-
3eit (Tpex). CambiM 3(h(hEKTUBHBIM THUITOM, KaK U OKUAAJIOCh, CTAIU MIECTUYTOJIbHBIC
0JI0KM, OHM O0JIaJalOT JydIlllel MOKPBIBHOM CIIOCOOHOCTBIO, YEM IMPUBBIYHBIE KBaJ-
paTHbIE OJIOKH, 3TO CBS3aHO, KaK C UX «YIUIOTHEHHOW» (DOPMOH, TaK M KOJTHYECTBOM
CBsI3eH, T. €. Takue 0ok Oojee 3(HPEeKTUBHBI HA MOJUTOHAIBHBIX MOBEPXHOCTSX,
KOMMU Oepera BOJ0EMOB U SBISAIOTCA. DTO U MOATBEPAMIN MyOIUKAIMK O psife 00b-
eKToB ¢ npumeHeHnreM ['bM u3 mectuyronbHbix 0;10k0B B Kanaze.

Xotb 'bM Henp3s Ha3BaTh MHHOBALMOHHBIM THUIIOM KPEIUIEHUS, OJTHAKO HA JaH-
HBI MOMEHT HET MPOCTON M yJ0OHON METOAMKHU pacueTa AJs ONpeAesieHus: yCTou-
YUBOCTU TAKOTO MOKPBITHSL, a BIUSHUEM THIPOr€0JOTHYECKOro peKUMa OCHOBAHHUS B
IOPUHLKIIE TPEHEOPETatoT, paBHO KaK U YCTOMYMBOCTBIO TAKOT'O KPEIJIEHUSI HA OTKO-
ce, €CIM TPaTUIMOHHBIN 0OpaTHBIA (UIBTP B BHUIE CIOEB W3 KAMEHHON HaOpOCKU
3aMEHSETCS Ha TEOCUHTETUYECKUE MaTepUaIbI.

3akiouenue

Brigenens! ocHOBHBIE (haKTOPBI U yCIOBUS, BIUSAIONIME Ha a0pa3uio OeperoB BOO-
XPpaHWIHUIL U KPYIIHBIX €CTECTBEHHBIX BOJOEMOB B ycioBUAX PecriyOnuku benapycu.

ITpoBeneH aHanu3 TpaJWLMOHHBIX CHOCOOOB KpEIUIEHUsT OEperoB U OTKOCOB,
npUMeHseMbIX B bemapycu, a Takke WHHOBAIIMOHHBIX, BBISBIICHBI MEPCIEKTHUBHBIC
CIIOCOOBI KPETICHUS.

Ha ocHoBe (pn3nueckoro UMUTALIMOHHOTO MOJEJIMPOBAHUS ONPEeieHa Haubosee
s deKTUBHASI KOHCTPYKIIMS THOKOTO KPETUIEHUSI OTKOCOB MOIMTOPHBIX COOPYKEHUH U
6eperos B ycnoBusix benapycu.
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