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Mopo3zoe A.H., Ilasnoe I'.H.

O pacuyere ropM30HTAJBLHOIO APEHAKA 3aCOJIEHHBIX 3eMeJlb (Ha IpuMepe HOBOM
30HbI opoiueHus I'o10aHOM cTenun)

Dma paboma, udesa komopoit noanocmuio npenaonexcum I puzopuro Huxonaesuuy Ilasnogy, onyonuxkoeanas 6
coopuuke mpyooe Ne 1 "Cpeoaseunposooxnonka' é 1971 200y, xoms u ycmapena mepmMuHonozuiecku, 0d u 8 HAyYHOM
nnane, mem He MeHee nPeOCmMagiAen onpeoeéHHbLIl UHmepec 01 HbIHEWHUX ACRUPAHMO0E U MOJIOObIX YUEHBIX
ceoumu uoeamu u nooxooamu K ux pewenuio. K coscanenuio, MHozue 6ajxcnvie non0HceHUs U U0eu, U3i0HCeHHbIE 6
cmambe, MAK U OCMAIUCh CROPHBIMU U HE NPOGEPEHBIMU HAYKOIl, XOMA ¢ MOMEHINA NYyOIUKAYUU RPOULIO bonee
mpuoyamu namu nem. Hasepnoe, smo ceazano c mem, umo maxue macuimadnvie padomot mpedyrom 00abuiux
MamepuanbHylX 3ampam u C1a)cenHo padomol 60NbUIUX KOITEKMUBOE YUEHBIX U NPOEKMUPOBULUKOE, A MaKue
couemanusn 06cmoamenscme peoko 6Cmpedaromca... 6 UCopuu.

[Ipu KOMITJIEKCHOM MPOSKTUPOBAHUH OPOIICHHS 3eMeJIb BOSHUKAET HEOOXOAMMOCTh COBMECTHOM
YBSI3KH psAJia TApaMETPOB APEHAKHON U OPOCUTENBHBIX CUCTEM, 0€3 KOTOPO HEBO3MOKHO B
JaJTbHEUIIIEM OCYIIIECTBIISATh ONTUMAIbHBINA BOJJHO-BO3AYILHbBINA U COJIEBOM PEXUM MOYBBI. B mpakTuke
MIPOEKTUPOBAHUS B HACTOSIIEE BPEMS PACUEThI PEKUMAa OPOLLIEHHUS U JpeHaXka, Kak MpaBuio,
MIPOU3BOJIATCS HE3aBUCUMO OJMH OT JIPYTOTO.

[Ipu pacyeTe MOUTHOCTH APEHAKHBIX YCTPOMCTB OOBIYHO UCXOIAT U3 CPETHETO 3a KAKOH-THO0
MPOMEXYTOK BPEMEHU MOJIYJISl IPEHAKHOTO CTOKA M HEOOXO MO TITyOMHBI YPOBHS TPYHTOBBIX BOJ
(KpUTHYECKO TITyOWHBI), CYUTAs!, YTO BBITOJHEHHS STHX JIBYX YCJIOBHH BIOJIHE JOCTATOYHO IS
NoJAep KaHUs YCTOWYMBOTO MEITHMOPATUBHOTO OJ1aronoay4us opoiaemoii Tepputopun. Cxema paboThl
JpeHa’ka, IMIOCTPOCHHAs Ha OCHOBE THX IPEANIOCHUIOK, BIIOJIHE TIPAaBOMEPHA ISl 30HBI H30BITOYHOTO
YBIIQKHEHUS, TJI€ C JOCTATOYHOM CTENEHBIO TOYHOCTH MOYKHO TPHHATH MOCTYIUICHHE BIIar
PaBHOMEPHO pacrpeie]IeHHBIM BO BpEMEHH (110 KpaifHe# Mepe, B HEKOTOPBIX PacUETHBIX Nepro/ax), a
ylepKaHUe yPOBHS Ha ONpPEAEICHHON rTyOnHe 00ecIeunBaeT ONTHMAIBHBINA BOJAHO-BO3Ty IITHBIH
PEKUM TIOYBBHI.

OnHako JUIst 30HBI OPOLIAEMOTO 3eMJIE/IEHSI OPUEHTALUS Ha KPUTUYECKYIO ITTyOuHY BHOCUT
(hopmanm3M B HH)KEHEPHBIE PAaCUEThI, BBI3BIBACT CTPEMIIEHHE BCEMEPHO COKPATUTh Bogonoaaay. C
MO3UIUH "KPUTHYECKOU TITyOUHBI" HEBO3MOKHO O0BSICHUTD 3 (HEeKTUBHOCTH HerayOokoro (2,0 - 2,5
M) TOPU30HTAIBHOTO JPEHaKka Ha 3aCOJICHHBIX 3eMJISIX (MMEHHO TaKOW TIyOHHBI IPEHAX CYIIECTBYET
B cTapoopolaeMbix paitoHax Cpeanell A3um), a Takxke He00XOAUMOCTb IPOBEIEHUS €KETOIHBIX
3UMHUX POPUIAKTUIECKUX MTOJIMBOB, KOTOPHIE, KaK IMOKA3bIBAET MHOTOJICTHHH OTIBIT, SIBIISIFOTCS
HanOosee 3 HEeKTHBHBIM MEPOIIPUATHEM T10 MPEJOTBPAILIECHHIO COJICHAKOIUICHUS B BEPXHUX
MOYBEHHBIX TOPU30HTAX.

Haubonee pacnpocTpaHeHHBIM ONPEICIICHUEM KPUTHIECKON TITyOUHBI SBIIIETCS (DOPMYIIUPOBKA
N.H.Antunosa-Kaparaesa, B KOTOpO# pa3nuyaroTcs aOCOTIOTHASI U OTHOCUTEIIbHAS KPUTHICCKHE
riryounbl. [lepBasi COOTBETCTBYET IpaHUIlE (BBICOTE) KAMIUIIPHO-TUICHOYHOTO TIOIHeMa BOJIbI B
HEOPOIIAaEMBIX YCIOBHAX. B CyrIMHUCTBIX rpyHTax oHa paBHa 3 - 4 M. [lo oTHOCUTENBHOM
KpUTHUYECKOU TITyOMHOM 3aseranus rpyHToBbIxX BoJ M.H.AnTtunos-KaparaeB nonnmaer taxkyio
"rmyOuHY B YCIIOBUSX KYJIBTYPHOTO OPOIIAEMOTO XO3SICTBA, IPU KOTOPOM MPHU MTPABUILHOM
OpOILIEHNU BTOPUYHOE 3aCOJICHUE MOYB TOJIBKO YTO HAYMHAET MOSIBIISTHCS .



W3 npuBeneHHON (GOPMYIUPOBKU OTHOCHTEIHLHONW KPUTHIECKON TITyOUHBI, KOTOpask U IPUMEHSETCS B
pacuerax, ClIeyeT, YTO KpUTHYEeCKas IITyOrHa MOKET OBITh OIpe/ieNieHa TOJIBKO SKCIIEPUMEHTABHO;
MIPU U3MEHEHHUH CTIOCOOO0B BEACHUS XO35MCTBA JOJKHBI MEHATHCS U 3HAUCHUSI KPUTHYECKOU TTyOUHBI,
Kpowme Toro, popmynupoBka He OCHOBBIBAETCS Ha KAKUX-THO0 PU3NIECKUX 3aKOHOMEPHOCTSIX,
KOTOPBIC MOTJIU OBI IOCTYXKUTh OCHOBAHHEM JIsl aHATUTHYECKUX PACUYCTOB TITyOUHBI TPYHTOBBIX BOJT
B 3aBHCUMOCTH OT BOJIHO-(DH3UYECKUX CBOICTB MOYBOTPYHTOB, CITIOCOOOB BE/ICHUS XO3SCTBRA,
BPEMEHHU I'0/1a, CTEIIEHU U XapaKTepa MUHEPAIU3ALNY TPYHTOBOM U OPOCUTENBHOU BOJBI U T.II.

B psine nocnennux pa6ot [1, 2, 3] yka3biBaeTcs, 4To MOHATHE "KpUTHYECKas INTyOuHa'", ChIrpaBIlee B
CBO€ BpeMs MOJIOKHUTEIBHYIO POJIb, B HACTOALIEE BPEMSI MOPAJIBHO yCTapelIo.

B nncTuTyTe "Cpena3runpoBoaxyIonoK” cAeslaHbl pacueThl TOPU30HTAIBHOTO IPEHAKa B YBSI3KE C
MOJIMBHBIM PEXKXMMOM, IIPU 3TOM BMECTO KPUTHUYECKOMN TTyOHHBI c(hOPMYIUPOBaHbI 1Ba HEOOXOIUMBIX
U JIOCTaTOYHBIX TPeOOBaHUS, TP COOITIOIEHUH KOTOPBIX TOPU30HTANIBHBIN ApeHax 3¢ dekTruBeH.

B ocHOBY pacueToB mosioxeHbsl cooOpaxkeHus o auddepeHInpoBaHHOM 0ajlaHCe TPYHTOBBIX BOJ U
IIPOMBIBHOM JI€MICTBUM OpOLIEHMs], BbIcKa3aHHble A.I.BnagumupoBsim [4], cxema nepeBUKeHus
couteid, pazpadborannas C.D.ABepbsHOBBIM [1] U CBA3B peKUMa BIAKHOCTH B BEPXHUX IMOYBEHHBIX
TOPU30HTAX C TUHAMUKON IPYHTOBBIX BOJI (3KCIIEPUMEHTAJIBHBIE JTaHHBIE, IOJYyUYEHHBIE HA ONBITHOM
y4acTKe MHCTUTYTa B 30HE HOBOT'O OpolIeHus ['ooiHOM cTemnn).

B nutepaTtype yacTo ynoMuHaroTCs ri1yOOKUM U METTKUM TOPU30HTANIBHBIN ApeHax. i nampHenImx
paccyXJAeHU HE0OXOUMO CTPOTO OMPEAETUTh, UTO CIAEAYET MOHUMATh MO STUMU ABYMS
TepMuHaMu. [ TyOOKUM TipenaraeTcsi Ha3bIBaTh TAaKOU JPEHaX, MIPU KOTOPOM MOKHO TOIIEPKUBATH
YpOBEHBb TPYHTOBBIX BOJI HA a0CONIOTHON KPUTHUYECKOM r1yOuHe, T.€. Ha Takoil riyOouHe", mpu
KOTOPOH Ja)e MpeIeTbHO CHIIbHASI MUHEPAIU3aIisl BOJ HE MOXKET BbI3BAaTh 3aCOJICHHS aKTUBHOTO
CJIOSl IOYBBI, HE3aBUCUMO OT MOTOJIHBIX YCIOBUI, pACTUTEIHLHOTO MOKPOBA U KayecTBa 00pabOTKH
nouBsl" [4]. JIJig CYTIIMHUCTBIX TPYHTOB 3Ta TITyOrHA OYyJET COCTABIATH 5 - 6 M.

JlpeHax, KOTOPBIN paboTaeT mpu TIyOMHAX TPYHTOBBIX BOJ BBIIIEC a0COMOTHONW KPUTHIECKOH
r71yOuHBI, ClIeyeT CUUTaTh MEIKUM. Takum 00pa3oM, MOAABIIAIONIEE YUCIIO IPEHAXKHBIX CUCTEM,
IIOCTPOEHHBIX U CTPOSIIIIMXCA HA 3aCOJICHHBIX 3€MIISIX, CIEAYET OTHECTH K MeIKUM. [IpuHIunuansuoe
pa3nuure MeXIy MeJIKHM U TTyOOKHUM JPEHaXKeM, COIVIACHO NPEeJI0KEHHON KBaIN(UKaIuy,
3aKJII0YAeTCsl B TOM, YTO MEJIKUH JIpeHax 3((HEeKTUBEH TOJIBKO B COUETAHUU C ONPECICHHBIM
MIOJIMBHBIM PEXXHUMOM, a paboTa IIyOOKOro ApeHa)ka U peKUM OPOILIEHUS He B3aUMOCBS3aHbI.

[Ipu MenkoM ApeHake JOKEH MPUMEHSTHCS IPOMBIBHOM pEXUM OPOIIEHHUS, T.€. Ha MOJIs OJAeTCs
HEKOTOPBI N30BITOK OPOCUTEIBHOM BOBI, KOTOPBIN HIIET HA 3aMEIlleHIE IPYHTOBBIX BOA", OTKATHIX"
B JipeHbl. TakuM 00pa3om, MPOUCXOIUT OIIPECHEHHUE 30HBI a3PALUU U TIOJJaBJICHHE BOCXOISIIETO TOKa
colieit, 00yCIOBIEHHOTO Pa3HOCThIO XUMUYECKUX MOTCHIIUANIOB (Iu(dy3HOE MTEePEeIBIKEHUE COTIEH).
Coznanne HUCXOIALIET0 TOKa BOJBI ONpeieIEHHOW HHTEHCUBHOCTH - IIepBOe TpeOoBaHUe,
MIPENBABIAEMOE K MEJIKOMY FOPU30HTAIBHOMY JAPEHAXKY.

Cornacno mpopabotkam C.D.ABepbsiHOBa [1], HapaBJIEHHOCTH MPoOIIEcCca COJICHAKOIIJICHHUS B 30HE
a’paluy MOXeET ObITh OXapaKTepU30BaHa OTHOLICHUEM:

V=Vv/V", L)

I'ne V' - cpennerogoBasi CKOpOCTb pacX010BaHUs BOJbI ( TPAaHCIUPALIMS + UCTIAPEHUE);
V" - cpegneromoBasi CKOpOCTb MOCTYIICHHS BOJbI B TIOYBY.

Jli1s Toro yToOBI B aKTUBHOW 30HE MOYBOTPYHTOB HE MPOUCXOIMIIO HAKOIJIEHUE coJei, V JOImKHO
ObITh MeHbIle 1.YucnenHoe 3HaueHue V ornpeensercss BOJHO-PU3NUEeCKUMHI CBOMCTBaMHU
[IOYBOIPYHTOB, MUHEPAIU3aLMEN OPOCUTEILHON U TPYHTOBOM BOJIbI, KAYECTBEHHBIM COCTaBOM COJIEH



U T.1.
BwmecTo Beipaskenus (1) MOXKHO 3ammcarh:

V'/ V"=V = (Mop - 1) / Mop, Q)

I'me Mop - rogoBast opocuTeNbHAsI HOPMA;
J1 - TO10BOM IpeHaKHbBIN CTOK.

3Has BennurHbl Mop 1 V, MOKHO BBIYUCINTG Jl. AHAIUTUYECKNE PACUETHI BEIMUMHBI V B HACTOALIEE
BpEMS COIIPSIKEHBI C TPYIHOCTSIMH.

Ha ocHOBaHuM OIbITa OPOIIEHUS 3aCOJIEHHBIX 3€MEJb YCTAHOBIJIEHO, YTO BEJTMYHMHA APEHAKHOIO CTOKA
J1 nosxHa coctaBiaTh 10 - 30 % ot opocutenbHONM HOPMBL. B 3TOM ciiyyae He TPOUCXOIUT
COJICHAKOIUIEHUS B BEPXHUX OYBEHHBIX TOPU30HTAX.

Cobmonienue omnpeneneHHoro otHomienus [l / Mop siBisieTcst HEOOXOAMMBIM, HO HEJIOCTATOYHBIM
YCIIOBHEM IPEOTBPALIEHUS 3acoiieHus. BTopoe TpeboBaHMe K JpeHaXXy U IOJIMBAM CBA3aHO C
BBeZleHHBIM A.I".BiiaquMupoOBEIM MOHATHEM "KPUTHYECKHUM YPOBEHb' MUHEPAIM30BAHHBIX IPYHTOBBIX
Boz. [log kpuTHueckum, ciaenyer HOHUMATh TAKOW YPOBEHb, HUdCEe KOMOPO20 CPaboOmKa pyHMOGbIxX
600 neoonycmuma. CKkazaHHOE MOKHO MOSICHUTB, UCXO/I U3 CXEMBI, TIoMeIeHHoi Ha puc.l. Ecnu
IPYHTOBas BOAA OIyCTUTCS] HUXKE UCXOAHOTO YPOBHS, 3TO O3HAYAET, YTO MIPOCIIOIKA IPECHOM BOABI B
BEPXHHUX TOPU30HTAX IMOYBOTPYHTA U3PACXOI0BAHA U MOIYy4YEeHHBIN 3(pPEeKT onpecHeHus cBe/ieH Ha
HeT.

Jli1s coxpaHeHusl TOTy4eHHOTo 3¢ deKkTa B MOMEHT JOCTUKEHHSI TPYHTOBBIMU BOJIaMU KPUTHYECKOTO
YPOBHSI HEOOXOAUMO MTPOBECTH OuepeIHON nonuB. Kpurtnueckuil ypoBeHb HAXOUTCS Ha TITyOUHE
3QJI0KEHUS JPEH B TOM CJIy4ae, €CJIM OTCYTCTBYET BHEIIHEE MUTAHUE TPYHTOBBIX BOJ. B mpoTuBHOM
Cllydae M0JIOKEHHE KPUTHUECKOIO YPOBHS ONPEAEIAETCS HAIOPHOCTHIO TPYHTOBBIX BOJ, KOTOpast
BO3HHMKAET 3a CUET MOTEPh U3 OPOCUTENILHON CETH, MPUTOKA C COCEHUX OPOILIAEMBIX IIOIMIAAEH U T. 1.
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Puc.1. Cxema OIMMPECHUTCIIBHOT'O HCﬁCTBHH IMMOJIMBOB U ApPCHAXKA:
A - mepen nmosmmBowM, b - mocie monuBa, B - kK Havay clieAyIOMIero NoiInBa;



1 - apena, 2 - MUHEpAJIN30BAHHBIE TPYHTOBBIE BOABI, 3 - TIOYBEHHAS BJIara, 00pa3oBaHHAs MIUHEPAJIN30BAHHON BOJIOH, 4 -
[MOYBEHHAsI Bjlara, CO3IaHHasi OPOCHTENBHOM (TipecHoi) Bomoit, HK - BbICOTa KATMIISAPHOTO MOHSTHS.

VYka3aHHbIe TpeOOBaHUS UMEIOT BITOJIHE OIIPEICIICHHBIN (DU3UYECKUN CMBICIT, 3aKTIOYAIONIUNACS B TOM,
YTO MOJIMBHOM PEKUM U TOPU3OHTAIIBHBIN JIPEHAX JOJDKHBI CO3/1aTh YCIOBUS, IIPU KOTOPHIX B
KOpPHEOOMTAaeMy0 30HY MOYBBI HE OyAyT MOMajaTh COJU C KallWUIIPHO MOIHUMAIOLIEHCS TPYHTOBOM
BOJIOM, a Takke OyeT MpeloTBpalleH BepTUKAIBHBIN TOK coiell 3a cuet auddysuu. Otu TpedoBaHus,
KpOMe€ TOTO0, ONPENIEISIOT PEXUM I'PYHTOBBIX BOJI, KOTOPBIN JOIKEH CKJIaAbIBATHCS O] OPOLIAeMbIM
MOJIEM, YTO B OOIIIEM BHU/IE, TOKA3aHO Ha PHC.2.

Pacuer rycToThl IpeHa)ka OCHOBaH Ha MPOTHO3MPOBAHUU PEKHUMa TPYHTOBBIX BoJ. [Iporuos
pacragaercs Ha HECKOJIbKO ATAnoB (MPUOIMHKCHUH):

e CXEMaTHYECKUU pacdeT peXuMa IPyHTOBBIX BOJ, Ha OPOLIAEMOM MacCCHUBE;

e IIPOTrHO3 PEXHMMa I'PYHTOBBIX BOJ (B TOJIOBOM pa3pese) IJisl BbIACIEHHBIX I'HIPOTr€0I0ro-
MEJIMOPATUBHBIX PAIOHOB;

e PEKUM IPYHTOBBIX BOJ OPOIIAEMOrO MOl U BEIOOP MPOEKTHOM I'yCTOThI M KOHCTPYKIMH
JpEHaXxa.

PexxuM rpyHTOBBIX BOJI OPOIIIAEMOT'0 MacCUBA MPOTHO3UPYETCS UCXO/S U3 CIICAYIONIETO YPaBHEHHS
BoJHOro OajaHca:
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2. I'paduk pexxuMa rpyHTOBBIX BOJ (TIPOEKT):

I - xpuTHYEeCKHI YPOBEHB, 2 - pEXKHUM TPYHTOBEIX BOJI, CO3aBaEMBIN TIOJIMBAMH, 3 - PACCUETHBIN IPEHAKHBIH CTOK [

dW =MW +TInos + Inox + A -C- (U +T)-O, 3)

I'ne - dW - cymmapHOe n3MeHeHHe 3aracoB BOJIbI B TPaHHIIAX OpOIIaeMoro Maccusa 3a Bpems dT;

B - Bomo3a60p;

[11oB - MPUTOK OBEPXHOCTHBIX BOJ MOMUMO BOA03a00pa( MPUTOK C OKPYKAIOIINX BO3BBIIIEHHOCTEH,
COpOCHBIE BOJIBI BHIIIEIICIKAITUX MACCHBOB);

[Irox - NpuUTOK MOJ3EMHBIX BOJ;

A - atMocdepHbIe 0CaIKU;

C - cOpockl (cyMMapHBI€) 3a MpeIeIbl OPOIIaeMOT0 MAaCCHBA MO KOJUIEKTOPHO-COPOCHOM CeTH;
(1 + T) - cymmapHOe 3HaUY€HUE UCTIAPEHUs U TPAHCIIUPALIMU C TIOBEPXHOCTH MaCCUBA;

O - moA3eMHBIN OTTOK 3a MPEIESIbl MACCUBA 10 €0 KOHTYPY.



OmnpezenieHne BceX MEePEeYNCICHHBIX COCTABIISIONINX BOJHOTO OajlaHca MPOU3BOIUTCS B COOTBETCTBUU
C UMEIOIIMMHUCA METOINYeCKUMU YKazaHusmu [5]. Benuunny O (1moa3eMHbINH OTTOK) cleayeT
Ha3Ha4aTh C YYETOM JpeHaka (ero BEJIMUYMHA Ha3HA4YaeTCs B OJIIX OT B).

BopaHoOanancoBble pacueTsl AJIsl OPOIIAEMOr0 MAaCCHBA UMEIOT LI€Jb: YCTAHOBUTH CKOPOCTh MOAbEMa
YpOBHS1, palOHUPOBATH IUIOMIA/b 110 TITyOUHAM 3ajieraHusl TPYHTOBBIX BOJ B IEPCHEKTUBHBIN MEPHOJ]
OpOLICHUS U HAMETHTb OYEPETHOCTH JPEHAKHBIX MepOonpusATUid. /{11 BonHOOAIaHCOBBIX PAcYeTOB
OpOILIaeMOT0 MacCcHUBa MPOMEKYTOK BpeMeHH dT MOXeT ObITh MPUHST 3HAUUTEIBHBIM (JI0 TO/1a).

Ha ocHOBaHUM 3THX pacyeToB, a TAK)KE MaTEPHAJIOB THIPOTCOIOTUICCKUAX U TIOYBEHHBIX
I/ICCJ'IGIIOBaHI/Iﬁ BBIACIIAIOTCA THAPOrcOJI0ro-MeJIMOPATUBHBIC paI>'IOHI:I, T.C. INIOIMaaAn, HAXOAAIIIHUECA B
OANHAKOBBIX FGOMOp(l)OHOFI/ILIeCKI/IX " MMOYBCHHBLIX YCIOBUAX, I'/I€ CKIAAbIBACTCS OHHHaKOBLIﬁ BOI[HI)II\/'I
PEKUM BEPXHUX MOYBEHHBIX TOPH30HTOB. J[JIs1 K&KI0TO BBIICICHHOTO THAPOTEOII0Tr0-
MEJIMOPATHBHOTO paiioHa MPOBOASITCS BOTHOOAIAHCOBBIE PACUYETHI 10 PopMyIie:

dWn = @k + [Tnos + [Mnog, ’ (4)

rae Ok - pubTpanus U3 KaHajoB;
[1roB - MPUTOK MOA3EMHBIX BOJ] C COCETHUX TUAPOTEOIOr0-MEINOPATUBHBIX PAlOHOB;
[Trmoz - MPUTOK MOBEPXHOCTHBIX BOJ] TIOMUMO B0OJ103a00pa.

BopaHobanancoBble pacueTsl IPOBOIATCS Ul IEPUOJIOB , HE MPEBBIIIAIONINX OAUH Mecs. Llens
pPacyeToB - MOJIy4CHHE €XKEMECSIYHBIX 3HAYCHUH , KOTOPBIE 3aTE€M HCIOIb3YOTCS ISl IOCTPOCHUS
rpadMKOB KPUTHIECKOTO YPOBHSL.

[Tocne moctpoeHus rpaUKOB KPUTHYECKOTO YPOBHS HA OCHOBAaHUU BOJIHO-0AJIAHCOBBIX PacueTOB
OTIpeIeIIIETCS PEKUM TPYHTOBBIX BOJI, CKJIaIbIBAIOLINIICS HA MOJI€ B PE3YJIbTaTe OPOIICHHUS.
VYpaBHeHue 6anaHca MOKET ObITh 3alIMCaHO JJIs ATOTO CiIydasi B BUJE:

Mop+A-J-(U+T)=0 | (5)

I'me Mop - opocurenbHas Boja (HETTO), OJaHHAs Ha I0JIE;

A - aTMOC(epHBIE OCaIKH;

J1 - nons ApeHakHOTO CTOKA, (POPMHUPYIOIIETOCS 32 CYET OPOCUTENBHOM BOIBI;
(A + Tp) - cymmapHOe ucnapeHue.

VYpaBHeHnue (5) crpaBeiIMBO P YCIOBUH, YTO YPOBEHb IPYHTOBBIX BOJ B PACUETHBIN NMEPUOJT HE
OITyCKaeTCsl HIKe KPUTUYECKOTo ypoBHs. VI3MeHeHMe 3a11acoB OPOCUTENIBHON BOJIbI B PACUETHBIN
(MEXII0IMBHOM) MIEPUO]] COCTABIISIET:

dWo = J1+ (1 + Tp). | (6)

JI1s1 pacueToB APEHAKHBIX YCTPOUCTB JKEIATENBHO UMETh HENPEPBIBHYIO 3aBUCUMOCTh U3MEHEHHUS
3aI1acoB BJIard BO BPEMEHU WJIH U1 poMexyTKoB BpeMeHu dT He Gosee cyTok. [l aToro
COCTaBJIICTCS YpaBHEHHE pacxoja rpPyHTOBBIX BOJ B MexmonuBHOM nepuox dWo = f(t). s
MPAKTUYECKUX PacyeToB y100HO cBA3aTh AW ¢ IOJI0XKEHHEM YPOBHS IT'PYHTOBBIX BOJ X , TOTJ1a BCE
COCTaBJIAIONIME YPAaBHEHHS BOJHOTO OajlaHCa HE0OXOAUMO BBIPA3UTh B BHJIE (PYHKIIMOHAIBHBIX
3aBUCUMOCTEN OT MOJIOKEHUS TPYHTOBBIX BOJ X.



BonsmmHCTBO HCCHGHOBaTeﬂeﬁ, N3yYaBIIUX PCKUM I'PYHTOBBIX BOJ HAa OpOIIACMBIX 3€MJIAX,
OTMEYAIOT OYEHb OBICTPHIN MOABEM 3epKajia IPYHTOBBIX BOJ] HA MOJI€ BO BPEeMs ITPOBEICHUS TIOTUBA.
[ToxbeM ypoBHS TPYHTOBBIX BOJI IPEKPALIAETCSI ¢ OKOHYAHUEM MOJIMBA. DTO SIBJICHUE HOCUT Ha3BaHUE
"KanmUISIpHBIA cOpoc” [6,7] u 3akirodaeTcs B TOM , UTO MOAAHHAS CBEPXY OpOCHUTEIbHAs BOJA
HapylaeT paBHOBECHE BJIATH B KAMWUIIPHOU KariMe. Boja, HaxoauBIIAsACS paHEEe B 30HE adpaluu,
MOCTYMAET B TPYHTOBBIE BOJIBI, BHI3BIBAS UX MOABEM. biaronaps kanwuisipHoMy cOpocy
ocytecTBisieTcst 3h(HEKT ONMpecHEHHs, YTO CXeMaTHIEeCKH NTOKa3aHo Ha puc.l. B pacuerax MoKHO
MPUHUMATH MTOBEM 3epKaja TPYHTOBBIX BOJ MTHOBEHHBIM, TaK KaK MOJIUB MPOIOJIKAETCSI OOBIYHO HE
0oJiee IByX CyTOK.

[Ipu GAM3KOM CTOSIHUU TPYHTOBBIX BOJ HEOOXOUMO YUUTHIBATh, YTO BOAOOTAa4a (CBOOOJHAS
MIOPO3HOCTbH) TPYHTOBOM TOJIIIM 3aBUCUT OT HOJIO’KEHUS YPOBHS TPYHTOBBIX BOJ. Kak mokazanu
HccIe0BaHus, IPOBEICHHBIE B HOBOM 30HE OpOILIEeHUs ['010HOM cTenH, 3aKOHOMEPHOCTh
pacrpeiesIeHHsl BJIard B KaWJUIAPHOUM KaliMe xoporio cornacyetcs ¢ hopmyroit C.D.ABeprsinosa [8]:

W =2/3*wl *hk /b *[1- (1- b*y / hk)"3/2], NG

I'me W - 3anac Bnaru B ciioe y OT 3€pKajla TpPyHTOBBIX BOJ;

hk - BrIcOTa KaMWJUISIPHOTO MOJHATHS

W1 - BIaXHOCTbB, Ha6JIIOI[aeMaH OKOJIO 'PYHTOBBIX BOJ ;

Wo - MaKCUMaJIbHasi MOJIEKYJIsipHas BiaroeMkocTh (1o A.d.JIebeneny ),
b=1-(wo/wl)"2.

Omnpenenennbie B coBxo3e Nel I'onmonHoii crenu napametps! ¢popmydsl (7) coctaBuiun: hk = 2,3 m; wo
=0,21; wl = 0,455 (ot o6bema 1mouBbl); MOPO3HOCTH M = 0.49.

Ha puc. 3 nmokasaH pexuM BIaXXKHOCTH U JUHAMHKA TPYHTOBBIX BOJI, KOTOPbIE HAOIIOJAINCh B OTHOM
13 TOYEK OIBITHOI'O y4acTKa.
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Puc. 3. PexuM BIaXHOCTU M IMHAMUKA YPOBHS TPYHTOBBIX BOJ (Touka Ne 21, OnbITHBIN y4acTOK B
coxo3e Ne 1, 1967 r.)
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[IpoBenennsie xpoHonsoruteTs 3amacoB Biard 4500; 5800 u 7300 m3/ra, KOTOpbIE COOTBETCTBYIOT I10
¢dbopmye (7) 3amacam Biaru B ciosix 1,0; 1,5; 2,0 M, KOMUPYIOT KPUBYIO IMHAMUKH TPYHTOBBIX BOJI.
Craructuueckasi 00paboTka MaTepraioB HaOMoaeHUH 110 10 TOukaM mokaszasna, 4YTO OTKJIOHEHUS
(akTUUECKUX 3HaYeHUH Y OT pacueTHBIX, BBIYUCICHHBIX 0 Gopmyie (7), cocTaBistoT He Oonee 5 %.
[IpuBeneHHbIe MaTepUaIbl HAOIIOACHUH SKCTIEPUMEHTAIEHO MOATBEPKIAIOT HATTMUNE KATHMIUIIPHOTO
copoca. Kpome TOro, OHM 1MOKa3bIBaloOT, YTO COJEPKAHUE U paclpeie]IeHHE BIark B 30HE adpaliuu
MOJTHOCTHIO 3aBUCHT OT TIOJIOKEHHUS 3€pKalia TPYHTOBBIX BOJ. DKCIIEPUMEHTAILHBIC JaHHBIC



MOKAa3bIBAIOT TAKXKe, YTO HAJ KaMWUIAPHON KaliMOM, B CJI0€ MOLTHOCTBIO IPUMEPHO 1M. BIaKHOCTh
MIOYBBI UMEET MOCTOSIHHOE 3HaYeHHe, paBHOE Wo. Ha 0OCHOBaHMHM NOJIYYEHHBIX MaT€pPHUaIoOB B COBX03€
1 mocTpoena kpuBas " Tekyuel " BogooTaauM uist 3 - X METPOBOM TOJIIM IpyHTOB ['0n01HOM cTeny, a
TaKXKe yCTaHOBJICHA 3aBUCUMOCTb BOJJOHACBIILICHHOCTH BEPXHETO METPOBOI'O CJIOS TOYBBI OT
MIOJIO’KEHMS 3epKajia TPYHTOBBIX BOJ. DTH 3aBUCUMOCTH IPUBE/IEHBI B BU/IE€ TpaMKOB Ha puc.4.

3aBUCUMOCTH BOJOOTIa4X TPYHTOBOM TOJIIIM IPU HaJEHUH IPYHTOBBIX BOA OT X1 710 X2 MOXET OBITh €
JIOCTaTOYHOM CTENEHbI0 TOYHOCTH BbIpakeHa GOpMyIIoii:

Sx1x2 =B * (X2"a - X1%a). L (8)

ITpu u3mepenusix S B M3/ra i paccMaTpuBaeMbIxX yciaoBuil B = 615; a = 2.
[To npennoxxennto A.I1.BaBunoBa 3aBucuMOCTb apeHaxHOTO cToka oT Hamopa (h ap - X) MoxHO
3amucarh B BUJIC:

J1= A*(hp - X), L ©9)

I'me J1 - cTok BofbI IO peHaM, M3/ra B CYTKH;
hnp - rryOWHA 3a7I0KEeHUS ApEHaXKa, M;
X - riyOuHa 3alieranusi 3epKajia TPYHTOBBIX BOJ, M.

[Tpu ucnons3oBanuu Gopmynsl A.H.Koctskosa

q = [m*Kp(hap - X )]/ [InB/b - 1] | (10)

BennunnaA cocraBiserT:

A = [m*Kd*Lap] / [In(10000 / b*Lap) - 1], | (11)

I'ne: i - uucno nu = ~3,14; K - koapunuent ¢punbrpannu, BBIMUCICHHBIA O JAHHBIM HaTYPHBIX
HabmoaeHu#, M/cyTkH; B - paccrosiHre Mexay ApeHaMH, M; b - mupuHa GUITPa WIK IHUPUHA
3epKajia BOJIbI B OTKPBITOM apeHe, M; Lip - ynenpHast mpoTsKeHHOCTh ApeH, m/ra, Lap = 10000 / B.

B nocnennee Bpems B uncTHTyTE "Cpeaa3runpoBOIXIIONOK" pacyeTHbIH K03 puuneHT Gunprpanun
OTIpeIeNIIeTCs 10 JaHHBIM HaTYypHBIX HAOM0ACHUH 3a pabOTON rOPU30HTAIBHBIX OTKPBITHIX U
3aKpBITHIX JIPEH. 3a OCHOBHYIO pacueTHYI0 3aBUCUMOCTb npuHuMaetcs popmyna A.H.Koctsakosa (10
). Heo0xoa1Mo 0TMETUTB, UTO MOJTydYeHHBbIH pacueTHbIM myTeM K¢ He siBisercss 00beKTUBHON
XapaKTePUCTHKON TPYHTA, & CIYXKUT JHIIb KOA(P(HUIIMESHTOM MTPONOPIIHMOHAIEHOCTH IIPH pacyeTe
npenaxa o ¢popmye (10).

K npumepy, Ha ONBITHOM y4acTKe UHCTUTYTa B coBXo3e Nel mosyueHsl cienytomnye JaHHble:
KodQpuureHT GUabTpany B BEPTUKATBHOM HAINIPABICHUN TPU MOCTYIUIEHUH BOJBI C TOBEPXHOCTH -
0,9 M/cyTkn, a BerarciIeHHbIH 110 popmyie (10), ucxons u3 MaTepuanoB HaOMOACHUH 3a paboTOM
3aKpBITHIX JpeH, - 0,1 - 0,2 M/cyTku. [IpuBeaeHHbIe IUQPHI TOKA3bIBAIOT, YTO ONpPEACsieMble
KOCBEHHBIM ITyTeM KOd(pPuIineHTsl GuiibTpanuu, 6€3 1eTaaTbHOTO U3yYCHHS T€0JI0THIECKOTO
npouis, HapaBJICHUA TBUKESHHSI TPYHTOBBIX BOJI, aHU30TPOITHOCTH T'PYHTOB U T.JI., HE MOTYT OBIThH
WCIIOJIb30BaHBI JIJISl pAaCYETOB IPUTOKA BOJBI K APEHAM.



PacueTsl, ocHOBaHHBIE Ha BRIYUCIICHHBIX TI0 (hopmyie (10) koadpdunmenrax K¢, naror 6onee
JIOCTOBEPHBIC PE3yJIbTAThI, IPU ATOM 3apaHee MPEIoIaracTcs JIMHEHHAs 3aBUCUMOCTh MEKIY
HaIopoM B CEpEAMHE MEXAPEHBS U pacXooM g , T.€. (9). Bennuuny A MOXHO Ha3BaTh
JIPEHUPOBAHHOCTBIO TEPPUTOPHUH.
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Puc.4. I'paduku 3aBUCUMOCTEIH:

1 - Bogootnauu (cBOOOIHOM IOPO3HOCTH ) 3-X METPOBOM TPYHTOBOM TOJIIIIH, 2 - BOJIOHACHIIIICHHOCTH BEPXHETO METPOBOTO
CJIOSI OT TIOJIO’KEHHS TPYHTOBBIX Box "X".

Haubonee cymiecTBeHHOI pacXoqHOU cTaThei aBnsercs cymmapHoe ucnapenue (U+Tp). [Ipu npounx
PAaBHBIX YCIOBUAX BEIMYHMHA UCIIAPEHUS 3aBUCHT OT BJIIAJKHOCTH BEPXHUX ITOYBEHHBIX TOPU30HTOB,
KOTOpAasi, B CBOIO OUYEPE/lb, ONPEEsIeTCsl TITyOMHOM 3ameranusi ypoBHsS TPyHTOBBIX BOJ. Takum
obpasom, BenmunHa (U+Tp) HaxoauTces B GyHKIMOHAIBHOMN 3aBUCUMOCTH OT TTyOHHBI 3aJIeTaHus
I'PYHTOBBIX BOJI X, KOTOpas 1o aHanoruu ¢ popmyinoii, npeanoxxeHHoi C.MD.ABepbiHOBBIM, MOKET
OBITH 3aMKCaHa Tak:

| (W1 + Tp)x = k*Eo * (1 - x / Ho)" n, | (12)

I'me (U + Tp)x - cymMMapHOe ncnapeHue mpu riryOuHe 10 TPYHTOBBIX BOJ X M, M3/Ta B CyTKH;
Eo - ucnapsiemoctpb, M3/ra B CyTKH;

K - KO3((UIMEHT 1715 yueTa 0COOCHHOCTE! BBIPAIIMBAEMOM KYJIbTYPHI;

X - r1yOvHa TPYHTOBBIX BOJI, IPH KOTOPOH TTOJIHOCTBIO OTCYTCTBYET HUCTIapEHUE, M;

n - MOKa3aTelb CTeneHu (u3mensercs ot 1 1o 3).

ITo nanueiM A.Il.BaBunoBa, 1uist ['05101HOM cTENy MOIYUYEHBI CIEYIOIINE YUCIECHHbIE 3HAUECHUS
dbopmynsl (10) : Ho = 8,0 M; n = 2, nmpu moceBax xjomuaTHuka K = 1, nyst gronepHs! k = 1,40.
Hcnonb3ys npuBeieHHbIE 3aBUCUMOCTH, YpaBHEHHE (6) MOKHO NMPEACTaBUTH B BUJIE:

[K*Eo(1 - X / Ho)*n + A*(hap - X)]*dt = B¥[(X + dx)"a - X"a], | (13)

Jnist paccMaTpuBaeMoro npuMepa (30Ha HoBoro oporienus I'ononHoi crenun) ypasuenue (13) 6yaer
TaKUM:

[k*Eo - (2*k*Eo*X) / Ho + x*2 / Ho + A*hmp - A*X]*dt = 2*Bx*dx, ‘ (13"

N



| (@x*2 - bx + ¢)*d t= 2*Bx*dx, (14)

I'nme a=x*Eo/Ho"2; b=x*Eo/Ho + A; ¢ =x*Eo + Ahnp.
Pemenue ypaBuenus (14) umeer Bun:

£ gxy=[1f 2 =0 ax"2- bx -+ + bl 2aF 2~ 4ac *h{( 2ax-b - m)r(:h:-bwb_ﬂ:f‘(l)s

Ha pwuc.5 mokasansr rpaduku cpaboTKH YPOBHS TPYHTOBBIX BOJI, TOCTPOEHHBIE 110 popmyte (15) mpu

Eo0=2200 u 1550 M3/ra B Mecs11 ¥ IPH pa3HBIX CTENEHIX APEHUPOBAHHOCTH TeppuTopuu A=1; 4; 16;
64 mM3/ra B cyTku nipu Harope B 1m.
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Puc. 5. I'paduku cpaboTKH ypOBHSI TPYHTOBBIX BOJ MPHU TTyOuHE ApeHaxka hap = 3,0;

1 - Eo = 1550 m3/ra B mecs, 2 - Eo = 2200 m3/ra B MecsI.

Ha ocnoBanum kpuBbix X= f(t) MOXKHO BEIYUCIUTH CPEAHUE CKOPOCTU CPAOOTKH ISl pa3TMYHbIX
uHTepBaioB X1 - X2.

Ha puc. 6. mpuBeeHbI 3aBUCUMOCTH CKOPOCTH CpabOTKH VCM/CYTKH OT APEHUPOBAHHOCTU A U
ucrnapsiemoctd Eo, k = 1 (xsiomyaTHUK) B nHTEpBaje riyouH 2,5 - 3,0 M. ['paduku, aHamoruaabie
JAHHBIM Ha pUC. 6, 111 HECKOJIBKUX MHTEpBaIoB IIyouH oT 0 10 3 M, CiIy>KaT OCHOBOM JIs
MOCTPOEHHSI TPOEKTHOTO TpaduKa pekuMa rPyHTOBBIX BOJI.
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Puc. 6. CpenHsist CKOpoCTh CpaOOTKH YPOBHSI TPYHTOBBIX BOJ B mHTepBaie 2,0 - 2,5 M B 3aBUCUMOCTH
OT JPEHUPOBAHHOCTH A u ucnapsemoct Eo (M3/ra B Mecsn).



Ha puc. 7 npuBeneHs! rpaguKy peskuMa rpyHTOBBIX BOJ IIPH BEJTMUMHE MTOJUBHBIX HOPM HETTO
opocurenbsHoro nepuoaa 1500 u 2100 m3/ra. I'paduku cocTaBieHsl Il YCIOBUN, KOTJa HET MIPUTOKA
rpyHTOBBIX Boj n3BHE (dWn = 0). B ToMm ciyuae, eciin Benmnunabl dWn OTIMYHBI OT HYJIS,
HE00XO0AUMO CTPOUTH I'paduK KPUTUUECKOTO YPOBHS (pHc.2). i1l 3TOro BBIYUCISAIOTCS €XKeMeCIUHbIe
3HAYCHHS HANIOPOB, HEOOXOAUMBIX /I CpaOOTKH HamopHoro nutanus h = dWn / A.

Pacuer BeIMYMHBI TOJTUBHBIX HOPM MPH OJIM3KOM 3aJ€TaHUU 3€pKaJia TPYHTOBBIX BOJ 3HAUUTEIHHO
OTJIMYAETCS OT PACUETOB 3TOM BETMYMHBI B aBTOMOP(HBIX YCIOBUAX. [[e0 B TOM, 4TO B 3TOM cilyyae
MOHSTUE AKTUBHBIN CJION MOUYBBI TEPSIET CBOUM CMBICI. AKTUBHBIM CIIE€YET CUUTATh CJIOW, B KOTOPOM
pacnpocTpaHeHa KOpHEBasi CUCTEMa PaCTeHHI, B BOJOCHA0KEHUY JK€ ATOW 30HbI y4acTBYET BCsI TOJIIA
IpyHTa OT OBEPXHOCTH 3€MJIU J0 3€pKaja FPyHTOBBIX BOJ. DKCIEPUMEHTAIbHBIM NOITBEP)KIEHUEM
3TOTO MOJIOKEHUS CIIy’KaT JaHHbIE, IPUBEACHHbIE HA puc. 3. BennunHy noJnBHOW HOPMBI MOXKHO
BBIYHMCIIUTH U3 I0IIyCTUMOTO Mpeeiia UCCYLIEHHs] BEpXHUX IIOUBEHHBIX TOPU30HTOB. BepxHuil npenen
COOTBETCTBYET NpeenbHOM moseBoit Biaroemkoctu (I1I1B), uTo myst meTpoBoro ciost B
paccMatpuBaemoM npumepe coctasisieT 3000 m3/ra, 1 COOTBETCTBYET ITyOMHE TPYHTOBBIX BOX 2,1 M,
a 2250 m3/ra (0,75 IIIIB) - 2,8 M. BenmnunHa moJIMBHOM HOPMBI MOXKET OBITH BEIYMCIICHA KaK
KOJIMYECTBO BOIBI, HEOOXOAMMOE [T MOIbeMa 3epKaJia TPYHTOBBIX BOJ OT 2,8 10 2,1 M, 4TO 1O
¢dbopmye (6) cocTaBuUT:

m=615* (2,8 -2,1) = 2100 m3/ra.

OnbITHBIE JaHHBIE, IOJyUYEHHBIE B cOBX03€ Nel, MOKa3bIBatOT, YTO JIy4lllee Pa3BUTUE PACTEHUH U
HauOOoJBIINK yporKail ObLIM MOJTYUYEHbI Ha yYacTKax, I71€ TPYHTOBbIE BOJBI B BETETALIUIO HE
ornyckainuch Huxke 2,8 M. CTosiHuE TPyHTOBBIX BOJ BbIlE 2,1 M, co37aBasi BRICOKYIO BJIaKHOCTb B
BEPXHHX MOYBEHHBIX TOPU30HTAX, HE MPHUBEJIO K MOBBIIIEHUIO Ypoxas. [IpuBeneHHble hakThl
MTO3BOJISIIOT CJIENaTh BBIBOJI, UTO MOJBbEM YPOBHS I'PYHTOBBIX BOJ BbIIIE 2,1 M HEXeNaTeNeH, TaK Kak
3TO BBI30BET IEPEPACX0]l OPOCUTEIHHON BOIbI, 00JIe€ MHTEHCUBHO HCHIAPSIOLICHCS.

31ech YMECTHO BBECTH MOHATHE "ONTHUMaNIbHAS TITyOWHA 3a7eTaHus TPYHTOBBIX BOX'"; 3TO Takas
rIIyOWHA WM UHTEPBAJ TITyOUH, IPU KOTOPOM B KOPHEOOUTAEMOM 30HE CO3/IAETCS ONTUMAIIBHBIN TS
pa3BUTHS PaCTEHUM PEKUM BIAXHOCTU. B paccmarpuBaeMoM nipumMepe 31o uarepnan 2,1 - 2,8 M, uinu
B cpeaHeM 2,45 M. IHTepecHO OTMETUTh, YTO TIyOuHa 2,4 M IpUHSATA 11 HOBOM 30HBI OPOLICHHS
lNosnogHOM cTenu B KaueCTBE KPUTHUECKOM.

W3 nmpuBeeHHBIX CYK/IEHUH BBITEKAET, YTO HA 3eMJISIX C OJM3KUMH TPYHTOBBIMU BOJAMH
11es1ec000pa3Hbl NOBBIIIEHHBIE TOJIMBHBIE HOPMBI. [IprMeHsiemble Ha TpakTUKe B ['0sto1HOM cTenu
HOpMBI TIopsiika 2500 M3/ra MOYKHO CUHTATh PAlMOHAIHLHBIMH B TOM CITy4ae, €CIH MOTHUMAOIIUICS B
pe3ysbTare NOJMBOB YPOBEHb IPYHTOBBIX BOJ HE IIPEBBIILIAET 2,1 M.

Kak nokaspiBatoT pacu€rsl (puc.7), ¢ yMEHbIIEHUEM BEJIMYMHBI OJUBHBIX HOPM YBEIUUHBACTCS
o0mieromoBas opocutenbHas HopMa. Kpome Toro, Kax/blil OIHB COMPOBOXKIAETCS TIOTEPSIMHU
OpPOCHUTETILHON BOJBI HA HCTIapeHHe, KaK C BOJHOW MOBEPXHOCTH, TaK U U3 BEPXHUX MOYBEHHBIX
TOPU30HTOB B IIEPBLIE, TIOCIIE ITOJIMBA AHU. [Ipy HOpMaIBHOM arpOTEXHUKE CyMMapHbI€ ITIOTEPH 3a
OJIMH TIOJIMB COCTABJISIIOT 0K0JI0 250 M3/ra [9]. Takum 06pa3oM, yMEHBIIICHUE MTOJTUBHBIX HOPM, T.€.
YBCIIMUCHUC YK CJia IMTOJIMBOB, IPUBOAUT K YBCIMYCHUIO CYMMAPHBIX MMOTCPb OpOCHTCJ’IBHOﬁ BOJBI.
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Puc. 7. IlpoektHblli Tpaduk pekruma TpyHTOBBIX BoA (A = 12 m3/ra B cyTkn):

1 - ypoBeHb rpyHTOBBIX BoJ ipu m = 2100 M3/ra; 2 - ypoBeHb IpyHTOBBIX BoJ ipu m = 1500 m3/ra; 3 - riryOuna
3aJI0KCHHUS JpeH (KPUTUYECKU ypoBeHb) MOp = MuetTo + n * 250 M3/ra, n - 4KMCJI0 BEreTallMOHHBIX TTOJUBOB.

I'paduxu (prc.7) TOCTPOCHBI B MIPEANOI0KEHNAH, YTO B T€ MECSIIBI, KOTIa OCAIKH MTPEBHIIIAIOT
ucmapsieMoctb, Eo = 0 1 B rpyHTOBBIE BOJIBI OHH HE MOCTYMAIOT. 13 rpadmkoB X0OpoIo BUIHA POIIb
BJIAro3apsaKu (MpoMIakKTHIECKOTo MOJIMBA) B MOEPKAHUN ONTHMAIBLHOTO COJIEBOTO PEKUMA 30HEBI
aspanuu. TONBKO ¢ TTOMOIIBIO BIIAro3apsAKH MOXHO BBITIOJIHUTE C(HOPMYITHPOBAHHBIE BBIIIE
TpeOOBaHUS K PACCOISIIOIIEMY ACHCTBUIO TIOJIMBOB M TOPH30HTAIBHOTO JPEHaXa - MOICPKATh
TPYHTOBBIE BOJIbI BBIIIIE KPUTHUECKOTO YPOBHS U coOocTH cootHoutenue /| / Mop = 0,20.

Jli1s BEIOOpa HEOOXOIUMBIX Pa3MEPOB APEHUPOBAHUS CTPOUTCS cepusi IpaMKOB PeKKMMa I'PYHTOBBIX
BOJI IIPY PA3NUYHBIX 3HaUeHUSAX A. C MOMOIIBIO TpaMKOB BHIYUCIISIOTCS: OPOCUTENIbHAS HOpMa HETTO
(MsuetT0), opocuTenbpHast HopMa 6pyTTo (MOp), npeHaxHsbIit cTok [ u otHomenue /I / Muerro u /1 /
Mop.

Ha ocHoBanuu noiy4yeHHbIX HUPP CTPOSATCS rpapuKu 3aBUCUMOCTH OPOCUTENIbHON HOPMBI 1
otHomieHus [ / M oT IpeHUpPOBAaHHOCTH A U 3aTe€M BhIOMpaeTCst HeoOXoauMasi BeJTMUrHa A,
COOTBETCTBYIOIIAs 3aanHOMY oTHoIIeHuo /[ / M. Ha puc. 8 mpuBeneHbl 3aBUCUMOCTH OPOCUTEIBHOM
HOpMBI Mop u otHoueHus Jl / M oT qpeHupoBaHHOCTH A MpH pa3iInyHBIX HOpMax nojiusa (m = 1500
n 2100 m3/ra).

o'~ ol B T 11

[\

WA N Y

0 4 HREWHHﬂﬂﬁHHHHW‘di

r —— i — — e ]

Puc. 8. 3aBuCUMOCTH OpOCHTENLHON HOPMBI OpyTTO U OTHOMICHUS [ / Mop oT npeHupoBaHHOCTH A



1 - npenax riry6unoit 3 M, m = 2100 m3/ra, 2 - apeHax riyouHoit 3 M m = 1500 m3/ra, 3 - npenax riyounoi 2mM m = 1500
M3/ra.

Cyas no rpadukam, HeoOX0oaUMasi IPEHUPOBAHHOCTH TEPPUTOPHH HE SBISETCS OJJHO3HAUHOM
BEITMYMHOM, a 3aBUCHT OT KPATHOCTHU MOJIMBOB M Pa3MEPOB MOJTUBHBIX HOPM. )i OKOHUATEITHHOTO
BbIOOpa A HEOOXOIUMBI JJOTIOTHUTEIbHBIE YCIIOBHSI, KOTOPbIE MOTYT AUKTOBATHCS XO3SIICTBEHHON
NEeSTeNIbHOCTHIO, pebeoM U T.JI. MOKHO MTOCTaBUTh yCIIOBUE HAMMEHBIIUX 3aTPAT OPOCUTEIBHON
BOJbI. B 3TOM citydae juis paccMaTpuBaeMoro npuMepa BereTallMOHHBIE MOJIMBHI CIIEAYET IPOBOIUTH
TPY3HBIMH MTOJMBHBIMU HOpMamHu (10 2500 mM3/ra), opocutenbHasi HOpMa MPH 3TOM COCTABUT (pHC.8)
~8000 m3/ra, 1 / M = 0,2, a HeoOxoauMmast TpeHupoBaHHOCTh A = 12 m3/ra B cyTku (1ipu hap - x =1
M). OTMETHM, YTO 1O COCTABJICHHOMY HHCTUTYTOM PaliOHUPOBAHUIO PEKHUMA OPOILICHUS ISt
paccMaTpruBaeMoro palioHa ycTaHoBIIeHa opocuTenbHas Hopma 8000 m3/ra (5700 m3/ra B
BeretannoHHbIN nepuoa u 2300 m3/ra - Bnarozapsaka). CokpaileHue BEIUYMHBI TOTUBHBIX HOPM
BereraronHoro nepuosa (1750 m3/ra 6pyTTo) npuBoauT K yBenmueruto Mop (9200 m3/ra), Ho
TpeOyeT MeHbIIe ApeHaka A = 8§ M3/ra B CyTKU.

[To nannbiM uccnenoBanuiit CAHUNPU u Cpena3runpoBoaxiionka, B HOBOM 30HE OPOIICHUS
I'onoxnoit crenu apeHax rycrotoit 40 - 50 M/ra obecnieunBaeT IPEHUPOBAHHOCTH mopsiaka 10 m3/ra B
cyTKu. [Tpy HECKOIBKO MOBBIIIEHHON BEIMYMHE BIAr03apsKh, KOTOPasi IPAKTUKYETCS B HOBBIX
TOJIOHOCTETICKUX COBX03aX, MOKHO C YBEPEHHOCTBIO CKa3aTh, YTO MOCTPOCHHBIN JPEHAK MOKET
HAaJIEKHO MPEOXPAHUTH 36MJIM OT BTOPUYHOTO 3aCOJICHUSI.

HHTepecHo cpaBHEHHUE PA3IMYHBIX 110 TIIYOWHE 3aJ0KeHMs npeHaxei. Ha puc. 8 mpuseneHsl
3aBucumoctH [ / Mop 1 Mop OT 1peHrpOBaHHOCTH A Tpu TiyOuHe 3ajmo0xeHus ApeH 2,0 M, MOJTUBHBIE
HOpMBI TpUHATHI HeTTO 1500 M3/ra. 13 rpaduka BUAHO, YTO YMEHBIIICHUE TITyOHHBI 3aJI0KEHUS APCH
¢ 3,0 10 2,0 M IPUBOJUT K yBEIUUYECHUIO HEOOXOTUMOH peHnpoBaHHOCTH ¢ 8 10 30 M3/ra B CyTKH H,
KpoMe TOT0, TpeOyeT yBeIndeHus: opocuTenbHo HOpMBI 10 11000 m3/ra. [IpuBeneHHbIil npumep
MOKa3bIBAET, YTO YMEHbBIIICHUE INTyOUHBI 3aI0KEHUS APEH B yCIOBUAX [ 0J101HOM cTenu
Henenecoo0pa3Ho. [IpHHATYI0 TPOEKTOM CPEAHIO0 ITyOHHY 3aJI0KEeHHsI IpeH 3,2 M CJIeIyeT CUUTATh
ontuMansHOU. JlononHuTensHas riryouna 0,2 M Mo3BOJISIET IPeHaXy cpabaThIBaTh BHEIIHUI IPUTOK
TPYHTOBBIX BOJ, KOTOPBI B OCHOBHOM CKJIa/IbIBA€TCS U3 MOTEPh B OPOCUTENILHOM CETH U HE
npesbimaeT 500 m3/ra B roz.
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