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BapbepHO-KOHTaKTHAsT (YHKIHWS OIPENeseT CHOCOOHOCT
[OrPaHUYHON 30HBI-TIOJIOCH! OCIA0IATE, 3aACPIKUBATE H MPEKpa-
IaTh NMEPEeMEICHHE IOTOKOB BEIIECTBA, SHEPTHU M HHMOPMALHN
MEK/ly TPaHUYAIIHMH T€OCUCTEMAMH.

KoHeuHO, KOHKPETHBIE GOJIOTHBIE CHCTEMbI XapaKTEePU3yIOTCS
OTIPEICTICHHBIMU CTPYKTYPaMH, T.C. KOJIMYECTBOM, THIIOM, XapakK-
TEPUCTUKAMH M B3aUMHBIM DPACIOJIOKEHHEM BXOISIIMX B Hee
BOJHBIX OOBEKTOB, ME30- 1 MHUKPOJAHIAMA(TOB, HO HCIONB30Ba-
HHE B Ka4eCTBE aHAJIOTrOB MPEABIAYIICH HCTOPHU Pa3BUTHS HATY-
panu3yeMoro o0bekTa (CHCTEMBbI) IenaeT 3Ty OCOOCHHOCTh He
CYLLECTBEHHOM.

He Menee BaKHBIM (DPAKTOPOM ISl HCCIEAYEMBIX CHCTEM SIB-
JSETCA M UX THAPOJIOTUYECKAs SKBUBAICHTHOCTD, OIpeessieMast
HEU3MEHSEMOCTBIO BHENIHET0 W BHYTPEHHEro BomooOmena. C
TOYKH 3PEHHs] TOYHOCTH PE3YNBTATOB, IOTYICHHBIX C MOMOIIBIO
METOJIOB aHAJIOTHH, CJIEAYeT AOMOIHUTEIBHO YUECTh M3MEHEHHS

YK 626.134

Kanunun M. I0., Banenmenuuxk B.B.

(GHU3MIECKUX XapaKTEPUCTHK KaK JEsITENbHOTO, TAK U WHEPTHOTO
CII0eB TOPQSHOW 3alIeKH 33 CYET MEIHOPALMUd M OCBOCHHS, HO
OHU OOIIEU3BECTHBI.
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MOJAEJIBHBIE HCCJIIEJOBAHUA KOJIBMATAIIMU IITOBEPXHOCTHbBIX
BOJHBIX OBBEKTOB

C NOMOIIBIO PEKUMHBIX HAONIOJEHWH M ONBITHBIX OTKa4deK
HEBO3MOXXHO pACWICHUTh JACHCTBHS KOJNbMaTaXka, 3amiIeHHs U
HECOBEPILIEHCTBA Bpe3a B BOJOHOCHBIC TOPU3OHTHI Ha B3aHMO-
CBSI3b MOJA3EMHBIX M MOBEPXHOCTHBIX Boj (BIIIIB). ITostomy, B
THOJIEBBIX YCJIOBHUSX, IIPH TEOPETHYECKUX pacueTax BIMSHHE 3THX
(akTOpOB M3y4alOT B COBOKYHNHOCTH. B TO e Bpems, pacuieHe-
HME NEePEYUCIICHHBIX (PaKTOPOB U MX MCCIENOBaHUE IPEACTABIIA-
10T TEOPETHYECKHH M NpaKTHYecKui mHTepec. Hinke M3I10KeHBI
Ppe3yIbTaThl HCCIEIOBAHNS BIUSHUN pa3IMIHON CTEIEHH KOJIbMa-
TalU [TOBEPXHOCTHBIX BOAHBIX OOBEKTOB (PEK, KaHAIOB, BOJO-
XPaHWIHI) Ha B3aMMOJCHCTBHE TOJ3EMHOIO M MOBEPXHOCTHOIO
MIOTOKOB, KOTOPBIE MOXKHO MCIOJIB30BaTh, B YACTHOCTH, JUIS OLICH-
KU (UIBTPALMOHHBIX NOTEPh U3 MOBEPXHOCTHBIX BOIAHBIX OOBEK-
TOB B nojaszeMHble. [ToapoOHOe omycaHue 3KCHEPUMEHTa JaHO B
pabore [1].

IIpu 3TOM, MCCIEIOBANOCH BIMSHHUE 3aKOJIbMAaTHPOBAHHOCTH
JI0’ka TTIOBEPXHOCTHBIX MCTOYHHMKOB Ha Pasrpy3Ky B HHUX IOJ3EM-
HBIX BOA. B oKkcrepuMeHTax OIEHHBAIOCH BIMSHHC KOJIbMaTaIllu
KaK OT/CNbHBIX DJIEMEHTOB (1Ha, GOPTOB), TaK U pycia, B LIEIOM,
MIPU Pa3INYHOM COOTHOIICHUH Kod(duIenTa (GpuibTpanuyu Bo-
nonocuoro (K) u sakomsmaruposannoro (K,) cnos. Tlpu monenu-
POBAaHMH NIPUHUMAJIOCH, YTO KOJbMATAIMS YK€ 3aKOHYMIACh U HA
¢unbTpyromieil NOBepXHOCTH 00pa3oBaiics CIa0ONPOHHUIAEMBbIi

cioii MomHocthio (M,) 1 crenensio kompMaramun (K =k / k).
3areM, MCCICHOBANOCH BIMSHUE PA3lIMYHBIX CXEM KOJbMATaluH
JI0%a TOBEPXHOCTHBIX BOJOTOKOB M BOJIOEMOB HA THPOMHAMHU-
gecknit mapamerp (A L). Vuurteas, uto mHUpHUHA CPEAHHX H
Malbx pek (26) paBHa WM MEHBIIE MONIHOCTH BOJOHOCHOTO
ropusonra (M), OmbITEI IPOBOJMIMCE HA MOJENSX M3 DIIEKTPO-
[POBOJHOI GyMaru, Uit OTHOILUICHUH IIMPHHBI PEKH K MOLIHOCTH

BozonocHoro ropusonta ( B =26/M) or 0,25 no 1,0. Crenens
KONbMATAIMH ~ MMHUTHPOBATACh JMCKPETHBIMH  MEPEMEHHBIMH

o K K
snexTpudeckux conpotusienuit (R ﬂ) u (R & ), KOTOpBIE pac-
CUUTHIBAIOTCS KaK
m

R = b x

@)

rme A X - yuacTok 3aK0NbMATHPOBAHHOTO CIIOSI, MOAETUPYEMbIH
K .
conporusienrem (R"); LR - MacmTabHBIH KOA(QQUIMEHT I

nepeBoia GUIBTPALMOHHOTO CONPOTUBIICHHUS B SJICKTPUYECKOE.

Crenens komsmaranuu pycia peku (K ) npurnmanace or 10
1o 104.Y nanenue oT peky KOHTYpa C MOCTOSHHEIM HAIIOPOM BBI-
6paHO PABHEIM TPEM MOLIHOCTSIM BOAOHOCHOTO ropmsonta (L =
3M). CTenens HECOBEPIIEHCTBA PEKH MO BCKPHITHIO BOJOHOCHOTO
ropusonta (¢ = h / M) npunumanacs or 0,0510 1,0, rze (h) -
rIyOuHA peKu. B ombITax M3ydanach CHNA DICKTPHUECKOTO TOKA,
HPOXOMBIIETO B IIEJIOM Yepe3 MOJENb M 4epe3 CONPOTHUBICHHS

K K
(R) u (R). Crpomnncs rupoaunamudeckue ceTkn apiie-

HUsl TOA3eMHBIX BOA. [10 JaHHBIM M3MEPEHMH PACCUMTHIBAIKCH
COCTaBHBIC YaCTH PacxXola IOA3EMHBIX BOJ, APEHHPYEMBIX IIO-
BEPXHOCTHBIM BOJOTOKOM, W CTPOWIHCH TpadUKH HM3MEHEHHS
NPEHUPYIOIEH CIMOCOOHOCTH PEKH B 3aBHCUMOCTH OT CTEICHH
KOJIbMATAliK JHA, OOPTOB MM BCETO PyClia, a TAKKe 3aBHCHMO-
cru Biusaus otnomenuit (/M) u (K/K,) Ha runpoaunammdeckuit
napametp (AL).

Pesynbratsl 60see 600 onbITOB HpeaCTaBICHBI B OTHOCHTEb-
HOW (KpHTepHAIbHOH) (GopMe B BHIE TIpaduKOB, MO KOTOPHIM
JIETKO YCTAHOBHTH BIHSIHHE DPA3NMYIHON CTEIEHH KONbMATAIHH
TOTO WIIM WHOTO DJIEMEHTA PyClia Ha YCIOBHS PasTpy3KH MOA3eM-
HBIX BOJ B MOBEPXHOCTHBIC UCTOYHHKH MPH Pa3IAYHON CTEMECHH
MX HECOBEPIICHCTBA U [IMPHHE.

W3yueHune BIMAHUA KOIbMAMAyuu OHA PyCld Ha ee JAPCHUpY-
FOLIYIO CLIOCOOHOCTB [IOKA3aJI0, YTO MPH PA3JIMYHOM IIUPHHE PEKH

(B=2¢/M=1; 0,5; 0,25 nabGtomaercst mpakTHYECKK OJHA U Ta
e 3aKOHOMEPHOCTh - C YMEHBIICHHEM TPOHMIIAEMOCTH 3aKOJb-
MaTHPOBAHHOTO CJI0S YBEJIMYHBAETCA PONb GOPTOB peku. [Ipudaem
4eM IIUpe peKa, TeM MEHbIIE OJJHA U Ta %Ke CTeNeHb KOJIbMAaTaIliH
IPYHTOB CKa3bIBAETCA HA Pasrpy3Ke MOA3EMHBIX BoJ uepes aHo. C
yBEJIMYEHHEM BPE3KM pycla PeKH B BOJOHOCHBIH FOPU30HT HOJS
HOJ3EMHBIX BOJ, Pa3srPyKalOWUXCS Yepe3 HO, yYMEHBIIAETCS.

Mpu (¢ =0,) u (K = 1) ornowenue (Qy / Q) pasno 59 %.C

yBemuaenneM rayouast pexu (¢ = 0,7) moas moazeMHBIX BOJ,

Kanunun Muxaun IOpvesuu. 3am. oupekmopa no nayytoii pabome.

Banenmeiuux Bumanuii Braoumupoeuyu. Cmapwiuii nayunvlii compyoHux.
Hucmumym npobaem ucnonv308anus npupoouvlx pecypcos u sxonoeuu HAHE. Beaapycow, . Munck.
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MOCTYMAIOLIUX Yepe3 THO, yMEHbIIUTHCS 10 17 %.

IIpu uccnenoBanuu Korbmamayuu 00Ho20 u3 6opmoe pycna
YCTaHOBJIEHO, UTO TaKasi CXeMa KOJIbMaTalMH NpHU JIF000H IIMpHHE
PEeKH OKa3bIBaeT MEHBIIEE BIHMSIHUE HA COKpalleHHe oOIIero pac-
X0/a TPYHTOBOTO IIOTOKA B PEKy, YeM KOJbMATalus JHA IPH
(¢ < 0,2. Hauunas c (¢ > 0,2 konsmaranus oaHOTO M3 60p-
TOB CKa3bIBAa€TCS Ha pa3rpy3Ke MOA3EMHBEIX BOJA B PeKH OoJblIe,
4eM KOJbMaTalus TOJIbKO 0JHOTO AHA. C yMEHBIIEHUEM HIUPUHBI
PEKH TIpH OJHO# M TO¥ ke cTemenn HecoepmencTsa (& ) mpeHn-
pyroias posib ee 60pToB Bo3pacTaeT. ONBITH MOKA3aIH: €CIIU MPH
HEeOOJBIION Bpe3Ke PEKH B BOJOHOCHBIN TOPU30HT, MOCTYHAIOLTHN
4epe3 HEe3aK0JIbMAaTHPOBAHHBINA 0OpT (Ipu JF00O0H CTENEHH KOJb-
MaTalyi MPOTHBOIOIIOKHOIO 6OpTa) Pacxoll OCTaeTCsi HEHM3MEH-
HBIM, TO C YMEHBIICHHEM MINPUHEI PEKH U YBEINYECHHEM €€ TiIy-
OMHBI JOJISI BOABI, pasrpykaromieiics depe3 He3aKoIbMaTHPOBaH-

HBI1 GOpT yBenuumBaerca u gocturaet 50 %,nanpumep, npu (K

=10", (¢ =0, n (E = 0,25. Ipu crenenu KonbLMaTaUHU

(K = 103) pacxoa, NOCTYNAaOLMI Yepe3 3aK0JIbMaTUPOBaHHbIHN
6opTt, cocraBiser MeHee 5 %, MOITOMY, €ro BIMSHUEM MOXHO
npenebpeus. B Herny6okux pexax (& = 0,05-0,0) naxe mon-
Has KOJbMaTanusl OJHOTO M3 OOPTOB HECYIECTBCHHO CKa3bIBACT-
csl Ha JpeHupylomel crocobHocTr pexn. C yBeINUeHUEeM CTerie-
HH KOJIbMAaTallid OJHOTO M3 OOPTOB, IPOMCXOJUT CTAOMIU3AIU
pasrpy3KH MOA3EMHBIX BOJ 4epe3 AHO PEKH M €€ HE3aKOIbMaTH-
pOBaHHBIH OOpT.

Ipu uccnenoBanuu xonemamayuu 060ux 6opmos NPou3Bee-
HO CpaBHEHHME PE3yJIbTAaTOB OIBITOB, NMPOBEJEHHBIX C OJHUM H
IBYMsI 3aKOJIBMaTHPOBAaHHBIMH Oopramu. Ilpm 3TOM, OTMeueHa
OJIMHAKOBasi 3aKOHOMEPHOCTh YMEHBIIEHHsI pacxojia MOA3EMHBIX
BOJI, ITOCTyMaIOMmMuX depe3 6opra. OTHOLIEHNE pacxo/a, MOCTyma-

o K
JOIIETO Yepes 3akompMaTHpoBaHHki 6opt (Q 5 ), K obmemy pac-

xomy (Q) ocraercs mpakTHYECKH MOCTOSAHHBIM. OHAKO, 371€Ch
CYILIECTBYET H HEKOTOPAsk 0COOEHHOCTb.

Kak u crnesoBano 0Kuaarh, OJHOBPEMEHHAS KOJbMATALHS
NBYX GOPTOB YBEJIMYMIIA JOJIIO MOA3EMHBIX BOJI, MOCTYNAIOIIMX B
pexy uepes aHo (Qn/ Q). Ilpu HeGonbuioii riaybune pexu

(¢ =0,05-0,9 u crenenn xomsvarammn (K = 107, B pexy
gepe3 AHO noctymaeT yxe nopsaka 90-99 %Bcex apeHHpYeMBIX
BoJ, a He 68-78 %,xak 3T0 OBUIO MMPU KOJBMATAIMU OZHOTO OOp-
ta. Jlna 6omee ray6oxux pek (& = 0,5) ara ke cTeneHs KombMa-
TaluK 00ecreyrBaeT MOCTYIUIEHHE TPYHTOBBIX BOJ Yepe3 JHO J0
60-75 %ot obwero ux xonuuecta. Koraa sxke creneHb KojabMa-
taruu 6optos mocturaer ( K = 1(f') pH J1r000#t cTeneHn He-
COBEPILICHCTBA PEKH, Yepe3 ee JHO nocrymnaer oosee 92% obmero
[O/I3¢MHOT0 pacxoja. BimsHue KoibMaranuu OOPTOB Ha COKpa-
IIeHUE OOLIEero NOA3EMHOr0 MUTAHUS PEKH HAYMHAET CKa3bIBaTh-
cs1 yxe mpu Hecoepurerctse peku (& = 0,1) u yenmumpaercsa
o mepe pocra orromenus (h / M), T.e. ¢ ypenmuennem riryGuHbI
peKH.

Ilpu xorbmamayuu 6ceco pycia pek, T.e. B IPEANOJIOKSHUN
OJJMHAKOBOI CTENEHH 3aKOJIbMATUPOBAHHOCTH JHA U OOPTOB npo-
ucxooum credyrujee. B MHUPOKUX peKax, OTINYAIOLIMXCS 3HAYU-

TenbHOIt crenenbio Hecosepmenctsa (¢ = 0,05 pons 6opTos B
JIPEHUPYIONIEH CIIOCOOHOCTH peKH HeOobInast U cocTaBiseT 12

%, mpu ( K =1u 2 %; K =10). ITo Mepe yMeHbIICHNS OTHOIIE-
HUSl WIMPMHBI PEKM K MOUIHOCTH BOJIOHOCHOTO TOPM30HTA POJib
GopToB yBenuuupaercs. [IpuueM, eciiM LIMPHHA PEKM COOTBET-

CTBYET MOIIHOCTH BOAOHOCHOTO ropusonTa ( B =1) usmenenue B

otromennn (Qx/Q) mponcxomut mmaswo, npu yemmermn ( K

ot 1 1o 10).C ymensmennem mupusst pekn ( B = 0,5-0,25) npu
YBEJIIMYCHUH CTCNCHU KOJbMATAalMd BCEro pyclia HPOMCXOIUT
pE3KOe COKpAIeHHE J0JIH TTOJ3EMHBIX BOJ, [OCTYIAIOLIUX Yepe3
6opT. AHaJorn4Has 3aKOHOMEPHOCTh, HO B CTOPOHY YBEJIMYCHUS,
HaOJII0AAeTCsA B OTHOLICHHH PACXOJ0B, IPEHUPYEMBIX JHOM PEKH.
Peskue uzmenenns B coornowenusx (Qp/Q) n (Q4/Q) npoucxo-
JAT TIpH HeGONBINON CTeNeHH HecoepurencTsa pycna (& =0,05-

0,1). Haunnas ¢ (& 2 0,3), 5T u3MeHeHHs Golee TITABHEIE, TPH

( B =1) u, npaxtmaeckn nocrosuusie, mpu ( B =0,5-0,25).Vcra-
HOBJICHO, YTO ¢ YMEHBUICHHEM IIUPUHBI PEKU BIMSHHUE KOJIbMATa-
LMK Ha COKpAI[CHHEe PacXoj0B yBelanduBaercs. Hampumep, ecin
mms (B =1), npu crenenn xonpmaramun pycna ( K =10P) u me-
cosepenctse peku (& =0,05),ornomenue (Q/Q) pasro 80 %,

1o ans (B =0,5) sta Benuuuna ymenbmaercs go 70 %, a mpu
( B =0,25) -110 56 %.

Ipu crenenn komsmataruu ( K =5-16), pycno pexu npuuu-
MaeT yxe He 6osee 15 % Toro KonuuecTBa MOA3EMHBIX BOJ, KO-
TOpO€ MOTJI0 OBl MOCTYMNaTh B Hero 6e3 koabmaTtauuu. [lpu Heco-
sepmencrse pexu (& =0,7), crenens xomsmatammn ( K =107
BBI3BIBACT YMEHBIICHUE OOIIEr0 MOJ3EMHOI0 MPUTOKA B PEKy Ha

35% -mipu (B =1), na 46% -mnpu (B =0,5) u ma 56% - mpu

(B =0,25).C YBEJIMYECHUEM CTETICHU KOJIbMATalluld YMEHbBIIAETCS
BIMSHHE HECOBEPILEHCTBA PEKU IO BCKPHITHIO BOJAOHOCHOTO TO-
pHU30HTa Ha OOIIMI MPHUTOK MOA3EMHBIX BOA. IIpu creneHn Koib-

matamum (K =10) pasHuma B 3Had9eHHSX (QgEC /Qcos), TpH
(& =0,005-0,7), cocraBnser 27%, a ¢ ysemmuenmeMm (K 1o

5-1F) - srotr paz6poc cocrasuser oxono 12%.Ipu (K =10%,
BJIMSTHAEM CTEIIEHH HECOBEPIICHCTBA PEKH II0 BPE3y MOXKHO IIpe-
HeOpeub, T.e. OCHOBHYIO POJIb 3[I€Ch UTPAIOT HE TIyOuHa U LIHpH-
Ha PEeKH, a CTENeHb KOJIbMATALMHU pycIia.

Kak noka3zano seime, ycnosust BIIIIB mMoryT GbITh 0XapakTe-

PH30BaHHI THApoMHaMIdecknM mapametpoM (A L), Ha koTopsrit
B Pa3IMYHOM CTENIEHN OKa3bIBAET BIHMAHHE KOJIbMaTalus pycna. B
CBSI3H C 3THM, OBIJIO U3y4EHO BIMSHME PA3IMYHBIX CXEM M CTele-

HH KOTbMaTamuy pycna pexu Ha mapametp (A4 L). Iins ompenene-
mus (A L) ucronp3opasa 3aBUCHMOCTE

AL:Tﬁ-L, )
Q

rne T = K-M - Bogonposoaumocts miacta; Q - morounsii npu-
TOK TIOA3EMHBIX BOJ( [IPU PAa3HHUIE HATIOPOB HA TPAHUIE U B PEKE
(4H); L = 3M - paccrosiaue 10 TPaHUITEI C TOCTOSHHEIM HATIO-
poMm.

Mapametpst (T, A H, L) - sBasiorcs mocTosHHBIME, TT03TO-
My, NP1 OJHOM M TOM K€ CTENEHU HECOBEPILEHCTBA pycila PEKH,

na mapametp ( 4 L) 6yner okaseiBaTh BIUSHHE TOMBKO PA3THIHAS

crenenb KojbMmarauu pycia peku ( K ). Takum o6pasom, omnpe-
nensis Ha Monenn Benumuuny (Q) M moxcTaBnss ee 3HaueHHE B
dopmyay, nerko Haiitu (A4 L). Uccnenopanus MO3BOIMIN yCTa-

HOBHThH OJIMHAKOBBIHA Xapakrep m3Menenus (Q = Q}K,EC 1Qcos) B

sapucumoctd ot (AL=A4L /M) npu pasHsx cooTHomeHHAX
IIMPHHBI PEKH K MOIIHOCTH BOJOHOCHOTO TOPH30HTA, @ TAIKE

BIusHEE pasmmuHOi cTemenn kombMatamun (K ) ma Bemmummy

pacxojioB. YcTaHOBJIEHO, uTo monmHas kombmartamus (K — 00)
Kakoro-nmmbo syemeHra pycia (qHa wix OOpPTOB) OKa3bIBAET
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MeHbITe BmusAHMA Ha mapamerp (A L), dem wacTmumas (maxe
HE3HAYMTENbHAs) KOJIbMATALHsl BCETO pycia.

V3ydenne BOUAHUA CTETeHH KOMbMaTaIy npu pasHeix ( B')
MOKa3bIBAET, YTO 3KCIEPUMEHTAIBHBIE TOUKH PAcIojararoTcs Ha
OJIHOH KpUBOH, alllIPOKCUMUPYIOLICHCS ypaBHEHUEM

M(1-Q) =_Ak =
= " %) Q=0 /Qu, 0<Q<1, @3
0,28Q +0,017 e 1Q ©

K o
rae QHEC 1 Qo - PACXOM MOI3EMHBIX BOJ, IOCTYNAOLIMIA,

COOTBETCTBEHHO, B HECOBEPIICHHYIO 3aKOJIbMATHPOBAHHYIO H
COBEPILIECHHYIO HE3aKOJIbMAaTUPOBAHHYIO PEKY.

CrenoBarensHo, aist onpenenenus (4 L) neo6xoammo 3HaTh
TOJIKO MOIIHOCTh BOJOHOCHOTO ropuzonta (M) u pacxomsl

(QIKJEC) 1 (Qcps)- Pacxon (Q}K,EC) MOKHO OIpPEICTIUTh JABYMSI
cnocobamu. [lepBeiM - o opmyne {omion, UCTIONB3ys JaHHBIE
0 YPOBHSIM IIOJ3EMHBIX BOJ 110 ABYM CKBa)XHHAM Ha HPOTHBOIIO-
JOXKHBIX Geperax. BTopbiM - mo MarepuanaM HaTypHBIX THOPO-
METPMYECKUX 3aMepoB 10 ABYM crBopaM pek. Pacxon (Qeoq)
MOKHO paccuurath 1mo ¢opmyne JIfOmon, mojaras, 4T0 ypoBHH
BOJIBI B peKe M B HAOJIONATENBHON CKBAXKHUHE OCTAIOTCS TPEKHH-
MH, a cama peKa IMOJHOCTHIO MPOpe3aeT BOMOHOCHBIN IUIACT JO

Bojoynopa. IloxcraBus (Q}KIEC /Qcos) B BHIpaKEHHE (3), mONY-

gum mapametp (A L), xoTopslii cymmapHO yduThIBaeT Bee (hak-
Topsl, Biustomue Ha BIIIIB Ha nanHblif MOMEHT BpeMEHHU.

B mpennaraemom criocobe HeT HEOOXOAMMOCTH B OHpejierne-
HUM IOUPHHBI PEKH, MOIMHOCTH M Kodddummenra ¢uiabrpannu
c1abONPOHNUIIaEMBIX MOJPYCIOBEIX OTIOXeHHH. Ha mamr B3rig,
BbIpakeHHe (3) MOXKHO HCIONB30BATH AN JIOKATBHBIX YYaCTKOB
(mpu OIeHKE IKCILTYaTALMOHHBIX 3aIlaCOB MOA3EMHBIX BOI, pac-
YeTe BOJOIPUTOKOB B TOPHBIC BBIPAOOTKM M T.X.), @ TAKXKe IPH
ompenenennu ( A L) mns permonansrex 3amaq. IIpu mpoBeeHun
perHoHaNBHBIX paboT, cBA3aHHBIX ¢ yyeroMm BIIIIB Ha Gompmux
TeppuTopHax, HeobxommMo 3Hath BemmumHy (A L) Bmoms Beeit
pexn. Kak mpaBuio, Takue JaHHBIE OTCYTCTBYIOT, TaK KaK IIpUMe-
HEHHE CYILICCTBYIOLIUX CIIOCOOOB OLEHKH B3aHMOCBS3U (PEKHM-
HbIC HAOJIOACHHS, ONBITHBIE KyCTOBBIC OTKAYKM H T.II.) HE M03BO-
JeT 0XapaKTepu30BaTh JonuHy B menom mo (A L). Dto ceazano
C BBICOKOH CTOMMOCTBIO pabOT U HEBO3MOXHOCTBIO MX HCIIOJIB30-
BaHHSA B MONHOM o6beme. Oxapaktepusonats (4 L) mms Gomsmmx
y4aCTKOB PEKHM MOXKHO, HCIOJb3ys BbpaxeHue (3), B KOTOpOM
THAPOIVHAMHIYECKUH TapaMeTp ONpEenesieTcsl Ha OCHOBE MaTepH-
QJIOB TUIPOMETPHIECKUX PabOT, CBEACHHI O CpemHEeH MOIIHOCTH
BOJIOHOCHOTO TOPU30HTA U YKJIOHAX MOJ3EMHOTO MOTOKA K PEKe.

Amnnpoxkcumanus kputrepuanbHbix 3aBucuMocteil BIIIIB BbI-
nojsHeHa Banenteiiunkom B.B. ¢ ucnonb3zoBaHueM mnporpamma
Origin 40 u pe3ynbTaroB MOJEIUPOBaHus. [IpUMEHACMbIA B HEl
METO]] HeJIMHEHHOH perpeccuy, OCHOBAaH Ha IIHPOKO PacHpocTpa-
HEHHOM BapHaHTE METOJa HAaWMEHBIIHNX KBaJpaToB JUIs HEJIMHEH-
HOU ammpokcumarnuu - anropurme JleBeHOepra-Mapksapnara.
IlepBoHawaneHO, Ui BEIOOpa KJlacca HawmOOJee ITOJXOJSIINX
MaTeMaTH4eCKHX KPHBBIX, PACCMaTPHUBAIIMCh 3aBUCHMOCTH BIIHUS-
HHS OTJAETBHO KOJbMATalluu JHA U 000MX GOPTOB Ha IPEHUPYIO-
LIyIO CHOCOOHOCTD pyciia PeKH.

[Tpu BbIOOpE KiIacca KPUBBIX YYUTHIBAIHMCH: OOIIMH XapakTep
KPHBOW; BO3MOXKHOCTH BBIIIOJHEHHSI TI'PAHHYHBIX YCIOBHH, IpH

(K =1)u (K), crpemsamemcs x 6eCKOHEUHOCTH, a TaKXKe IpY-
THX YCIOBHil - TIpH CTeIeHH HecoBeprmenctsa pycma (& ), crpe-
msiemest K (0) u paBaoM (1); MOHOTOHHOCTH M3MEHEHHS 3HAUC-
HHit mapameTpoB Gopmyn, kak (yrkumit (&) mma Bcero cemeii-

CTBa KPUBLIX, ITPU OZ[PIHaKOBOﬁ IIUPUHE PCKHU, BO3MOXKHOCTb HH-
TepHpeTaun (1)]/13]/1‘1601(01‘0 CMEICJIa 3HAYCHUN napaMeTpoB.

W3 cranpapTHBIX MaTeMaTH4ecKUX KPHUBBIX Haubosee Mmoaxo-
JISIIAMHA OKa3aJuCh IS JTUHEHHOro MacinTada CTEIEeHH KOjibMa-

tarmuu ( K') - morucTideckas KpuBas U ee aHANOT, IS JTOTapud-
MHYECKOr0 MacmTaba - KpuBas bBonbIMaHa ¢ aHAIUTHYECKUM
BBIPAXKEHUEM

A-A
1+ e(x%)/d
[Mpumenenne norapudmuyeckoro Maciuraba siBisiercs 6osee

NPEANOYTUTEIbHBIM, TaK KaK IIO3BOJIACT JIyUllIC YYUTHIBATH U3ME-
HEHUS 3HAYCHUU OTHOCHUTEIIBHOTO pacxona BOAbI HA BCEM auana-

y= (4)

3one u3menenus ( K ). BEIMHCTMTETBHBIH SKCIEPUMEHT € MOA60-
pOM 3HaYeHWIi TapamMeTpoB KpuBOW bBonbimana (mis ciydas
KOJBMATALMK [HA) TIOKa3aJl XOpOliee MPHUOMIKEHHE TeOpeTHYIe-
CKHUX 3HaU€HMH K pe3ynbTaTaM MOAEIUPOBAHMUS, OJHAKO, HEMOHO-
TOHHOCTb UM HEMHTEPIPETHPYEMOCTh 3HAUEHUH IapaMeTpoB 3a-
CTaBWJIM UCKATh O0JIee IMOIXO I BU]] KPHBOH C TAKUM XKe, KaK
1 y KpuBoil BonblMaHa, SKCHOHEHLIUAIBHBIM POCTOM 3HAYCHHUS
3HaMeHaTeNs BeIpakeHns. OKa3aioch, 4To TpedyeMoro Xxapakrepa
KPHUBBIX MOXHO JOOWTBCS, €CIIH NPEAINOI0XKHUTE, YTO PAacXox de-
pe3 3aKoNbMAaTUPOBAHHOE JHO PEKH IPONOPLHOHAICH BbIpaKe-

QE)
1+1(&) (K)'

rme Q(&) - pacxon uepes HezakomsMatupoBarHoe jHO; (&) -
K03 DULMENT, OTPAKAIOUIMH BIUSHUE JOMNOIHUTENLHOTO COMPO-

®)

THUBJICHUS], BBI3BAHHOTO KOJbMAaTalUel nHa;, @ ( K ) - GyHKuHs,

OTPAXKAIOIIAsT SKCIIOHEHIIMATBHBIA POCT COMPOTUBICHHS THA TIPH
KOJIbMATAIHH.
B kadectBe (yHKImH (), YIOBICTBOPSIONICH HaYalbHBIM

YyCi10BUAM, MOXKHO BbI6paTb FHHep60HH‘IeCKHﬁ CHHYC

(sh(c:In( K'))). 3nech (C) - moxasarens MHTEHCHBHOCTH pocTa
CONPOTHBJIECHUS TIPU KOIbMATAIMH. J[OMyCTHMOCTh TMOJI0GHBIX
TPETIONOKEHUH MOATBEPANIACH MOCIE MPOOHBIX BBHIYMCIHUTENb-
HBIX DKCTIEPMMEHTOB JUIS PAcX0fla Yepe3 3aKobMATHPOBAHHbIE
OopTa peKH.

Omnupuueckue opmynst Ona annpoKCUMAyuu 3a6UCUMO-
cmeil.

Beensa o6osnauenns D(& ), s oTHOmIeHNs pacxozma uepes
OJIMH HE3aKOIBbMATHPOBAHHBIN OOPT K PAacXoiy 4epe3 HE3aKOIb-

MaTHpoBaHHOe qHO U obosHaverne (X= IN( K )), mpuceous Bes-

ne unpekc (0) mapamerpam dopmyn it aHa peku u uHaekc (1)

mapamerpaM misi OopTa, IMOCJ€ HECIOXKHBIX HpeoOpa3oBaHUi,

MOXKHO TIOJIY4UTb CIeOYIOUWUtl Psi0 IMIUPULECKUX DOPMYIL.
Konomamayus oHa pexu:

JIOJISL PacXo/ia, MOCTYHAIOIIETr0 Yepe3 3aK0JIbMaTHPOBAHHOE JTHO

Q. 1 .
Q  1+2D(¢)(1+1,(¢ Jsh(ex))

JA0JI1 pacxoda, MNOCTyHnaromiero 4epes HeSaKOHBMaTHpOBaHHbIﬁ

oopT
Qs _ 1+r1,(& )sh(c,x)
Q 1/D(&)+2(1+r,(& )sh(c,x))

Konvmamayus oonozo us 6opmos pexu.
JI0JISL PAcXo/ia, MOCTYHAIOLIEro Yepe3 He3aKoJIbMaTHPOBAHHOE JHO

Q. 1+1,(& Jsh(c,x) e
Q ~ D(&)+ (1+D(&)(1+r,(¢ Bhex)) |

J0JI1 pacxoJia, MOCTYIIaroLero 4€pe3 3aKOIIbMaTPIp0BaHHLII71 60pT

(6)

(@)
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Tabmuma 1.
3HayeHHs] HCKOMBIX [TAPAMETPOB P KOJIbMATALUK JIHA PEKU
B=1 B=0,5 B=0,25
¢ D(1d) (090 D(£) (090 D(1J (190
0,7 2,32859 0,05026 2,36486| (1110,14928 3,16823 0,22159
0,5 1,02941 [1010,06076 1,37659 | [1110,08613 1,80576 0,11055
0,3 0,67516 [1000,08146 0,96797 | [1110,06842 1,28209 0,09512
0,2 0,54438 [10110,0853 0,6718 | [1[1]0,05349 0,93381 0,0634
0,1 0,36909 [10100,06328 0,47736 | [11110,04771 0,56372 0,0503
10,05 0,24199 [101110,05559 0,39052 | (11]0,03725 0,042864 0,03946
X2 0oooooo,00005 [1010,00005 [101J0,00005
Tabmnuua 2.
3HayeHHs] HCKOMBIX [TAPAMETPOB IPH KOJIBMATALUK OHOTO U3 OOPTOB PeKH
‘ B=1 B=0,5 B=0,25
D($) r(é D($) ri($) D($) r(é
0,7 2,83646 0,0243 2,37055 0,03135 2,60092 0,02216
0,5 1,25436 0,02975 1,21295 0,03191 1,5841 0,02253
0,3 0,62549 0,03546 0,63684 0,04616 0,98643 0,02994
0,2 0,46572 0,04857 0,45726 0,07786 0,78459 0,04298
0,1 0,24877 0,08 0,31567 0,15132 0,4691 0,06551
0,05 0,13649 0,17977 0,22014 0,35139 0,27971 04963
/\’2 0,00002 0,00006
Tabmumna 3.
3Ha4YeHHs] HCKOMBIX [TAPAMETPOB P KOJIbMATALUK 000UX OOPTOB peKn
‘ B=1 B=0,5 B=0,25
D($) r(é) D($) r(é D($) ri($)
0,7 2,3728 0,06181 2,22415 0,08301 2,58776 0,08693
0,5 1,04262 0,03854 1,20723 0,05832 1,65094 0,06732
0,3 0,56266 0,04836 0,80053 0,07055 1,09731 0,05793
0,2 0,42647 0,05252 0,62462 0,07539 0,86862 0,06379
0,1 0,25697 0,18999 0,34535 0,12896 0,47364 0,12203
0,05 0,16283 0,2866 0,26549 0,27149 0,30338 0,20094
/\’2 0,00018 0,00007 0,00004
Tabmumna 4.
3HayeHHs] HCKOMBIX [IAPAMETPOB PH KOJIBMATallMH BCETO PyCIa PEKH
‘ B=1 B=0,5
D($) ro($) ri($) D($) ro($) r(é
0,7 2,14274 0,01768 0,05651 2,13563 0,71697 0,95935
0,5 1,15846 0,02807 0,06559 1,25966 0,58892 0,72979
0,3 0,65198 0,02047 0,04499 0,8569 0,49008 0,66451
0,2 0,46706 0,02754 0,06705 0,61002 0,3085 0,48181
0,1 0,27412 0,02681 0,08056 0,40658 0,28813 0,59663
0,05 0,14668 0,01341 0,08687 0,26557 0,23293 0%201
/\’2 0,00002 0,000008
Q6 — 1 Qo — 1 .
- = ) - = ; 12)
Q 1+(1/D(¢)+1)(1+r (& Jsh(c,x)) Q 1+2D(¢) 1+1,(¢ )sh(c,x)
Konvmamayus oboux 6opmog pexu: 1+ rl( ¢ )SI’( C, X )

J0JI1 pacxo/ia, MOCTYIIaroero 4€pe3 HE3aKOJIbMaTUPOBAHHOEC THO

Q, 1+1, (& Jsh(c,x)

JI0JISL PAcXo/ia, MOCTYHAIOLIEro Yepe3 3aK0JIbMaTHPOBAHHBIH OOpT

~0 = : (10) Q- 1 _ (13)
Q 2D(¢)+1+n(¢ )sh(cx) Q 1 L+n(&)sh(cx)
JI0JIs1 PAcXo0/1a, IIOCTYNAIOIIETO YEPE3 3aK0JIbMATUPOBAHHBINH GOPT D(&) 1+1,(& )shc,x)
o 0
% = 1 . (1) Hsmenenue npumoxa nodsemuix 600 IPU PA3INIHON CTere-
Q 2+(1/D(&))(1+r (& )sh(c,x)) HH KOJIbMATaIl{H pyciia
KOﬂbMamauuﬂ eceeo pycia peKu 1 + 2 D( 5 )
J0JI1 pacxXxoJia, MOCTYIIAarIIEero 4€pe3 3aK0JIbMaTUPOBAHHOE THO Q 1 + ro(é )Sr'( COX ) 1 + rl( f )sl‘( Clx )

—X = 14
Q 1+2D(¢) o
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Omnpenenenne 3HaYeHUil mapaMeTpoB GopMy.1

[Touck 3Ha4YeHHUH MapaMeTPOB IMITUPUUYCCKUX (PYHKIHI B 3a-
BucumocTsx (6...14) ocymectisiercs B ABa dtama. Ha nepeom
amane, tipu nomonu Origin 40, onpenensroTes: 3HAYECHAS Tapa-
METPOB JUIS K&KIOH M3 YCTAHOBIICHHBIX KPUBBIX C COOCTBEHHBIMU
3HAYCHHSAMH TI0KA3aTeNlel HHTEHCHBHOCTH POCTa COTPOTHBICHHUIA
(cy) u (c2). Just ycKOpeHHsI CXOAMMOCTH TPOLIECCOB MPUOITIKE-
Huil, HavaIbHBle TIpUOTMKeHns 3Hauenuii mapamerpos (D, (<))
OTIPENEINSIOTCS IO PopMyIie

D,(8)= "2,

rae Qo(f )— OTHOCHTENBHEIH pacxos 4Yepes JTHO MPH OTCYT-

(15)

CTBHUHU KOJIbMaTallUM BCEX 3JICMCHTOB pyClia pEKH.

3HaueHHe (Qo(f )) ompenensieTcs MO TONOKEHUIO HA Tpa-

(UKe KOHKPETHOW KpUBOH I pacxoja depe3 IHO B TOUKE

(In( K )=0). HauansHsIe 3Hauenns mapameTpos (Io)u (I1) mpuHE-
matorcst pasabivu 0,4, a mapamerpos (c1) u (¢2) - paBasivu 1. Ha
3HAYCHHS MAPAMETPOB HAKIIAJIBIBAIOTCS €CTECTBEHHBIC OTPaHHYIe-
mus (D>0; rp>0; r1>0; ¢,>0; ¢>0).

PacyeThl [OKa3any JJOCTaTOYHO BBICOKYK CKOPOCTbh CXOIHNMO-
CTH HpoLEecca MOMCKA M AAIM XOPOIIHE MPHOIIKESHUS IMITHPHYe-
CKHX KPHBBIX CO 3HAYCHHSAMH KPUTEPHS (,\2 ) mopsiaka (107 —
10®). Ha nepsom smane monbopa 3HaueHHil napaMeTpoB celaH
BBIBOJ[ O MIPHOJIH3UTENBHOM PaBEHCTBE 3HAUCHHH TapaMeTpoB (€1)
1 (C) ¥ MX HE3aBHCHMOCTH OT LIMPHHBI PEKH M CTEICHH HECO-
BEepLICHCTBa pekd. B kawecTBe omenku oOmiero mapamerpa (c)
HCIIONB3YETCsl BEIOOPOYHOE CPeaHee I MHOMBHAYAIbHBIX OLe-
HOK mapameTpoB (€1) u (€2) Mo OTHENbHBIM KPUBBIM (3HaUCHHE

¢=1,06129 npu craupaptHO#i OwWHMOKE CPEIHETO, PABHOM
0,01243).
Ha émopom smane OCyIIECTBISETCS TIOBTOPHAS OIEHKA 3Ha-

germit mapamerpos (D(E)), (ro(€)) u (ry(&€)) mna ancambeit

KPHUBBIX HpH (GUKCHPOBaHHOM 3HaueHHH (€). B kauecTBe Havab-

V]IK 626.81
benopycosé A.H.

HBIX MPUONMKEHUI TMPUHUMAIOTCS Pe3yNbTaThl MEPBOTO 3Tama
npubmmkeHnii. OKOHUaTeNbHbIE PE3yIbTaThl BHIYUCICHUI TIpHBE-
eHbl B Tabaumax 1—4.

Kparkne BoiBoabl. C 1eIbI0 U3Y4€HHS MaJI0 UCCIEJOBaHHBIX
BOIIPOCOB  B3aHMOCBS3M IOJ3EMHBIX U IIOBEPXHOCTHBIX BOJ
(BIIIIB) HamMu HPHBJIEYEH METOJ 3JICKTPOAHATIOTOBOTO MO/ICIH-
POBaHUS, KOTOPHIH MMO3BOJISET ¢ OONBIICH HAIJIAHOCTHIO U OIIe-
PaTUBHOCTBIO PEILIaTh HECIOXKHBIE 33[a4M JUHAMUKH MOA3EMHBIX
BOJI. DKCNEPUMEHTHI Ha MOJIEIISIX MO3BOJISIIOT YCTAHOBUTH CTEIIEHH
BJIMSTHUSL KOJIBMATaIUU PYCIOBBIX OTJIOKEHUH M HECOBEPILIEHCTBA
PEKHM 10 BCKPHITUIO BOJOHOCHOTO IIACTAa HA OONIMH MPUTOK MOA-
3€MHBIX BOJ. YCTaHOBJICHO, YTO IIOJIHAs KOJIbMATallys OJHOTO U3
9JIEMEHTOB pycia (1Ha M GOPTOB) OKa3bIBACT TOPa3f0 MEHBIIEE

BIIMSHHEE HA Pa3sTpys3Ky momseMHeXx Bon u mapametp (A L), gem
Y4acTHYHas KOJbMaTauus Bcero pycna. IIpuBnedeHue Ui anpok-
cumaruu 3aBucumocteii BIIIIB nporpammer Origin 40, mo3Bosu-
JI0 HOJIyYHTh HOBBIC DMIUPHYCCKUX (HOPMYIIBI I Pas3IUYHBIX
CTEICHEeH M CXeM KOJbMAaTallii MOBEPXHOCTHBIX BOJOEMOB H BO-
JIOTOKOB, KOTOpPBIC MOXXHO B JajbHEHIIeM PEeKOMEHIOBATh K HC-
OJIL30BAHMIO TIPH BOJOXO3SMCTBEHHBIX U (DHIIBTPALIMOHHBIX pac-
yeTax. MoJenupoBaHue 1aeT BO3MOXHOCTh PACLUIMPUTh TEOPETHU-
YecKHue MpeACTaBIeHUs O (akTopax, BIUAIOIMX Ha YCIOBHS
BIIIIB: n3y4uTh CTPYKTYypy HOCTYHAIOILIEro B PYCJIO pacxona
MO/I3¢MHBIX BOJ, IIOJIyYUTh PAaCcUYETHbIC IPadMKU U IMIMPUUCCKHE
3aBHCHUMOCTH ISl OLIEHKH €r0 COCTABIIIIOIINX 3JIEMEHTOB; OIle-
HHUTh Kakas 4acTh pyciia OyJeT MojBep)KeHa HauOOJbIICH KOJb-
MarTalyi Ha peKax ¢ pa3inyHoi (HOpMOii U MIMPUHOHN MONEepedHO-
IO CEYCHHs W, CJICJOBATENbHO, IPH KAKOM Pa3MEILCHHU BOJ03a-
Gopa (OTHOCHTENBHO PEKH) 3TH MPOLECCH OYIyT HPOHCXOAUTH
Hanbosee MHTCHCHBHO, YTO OYCHb BAXXHO NPH NPOCKTUPOBAHUU
OeperoBbIX HHPUIBTPALMOHHBIX BOJ03a00POB U PEIICHHS BOIIPO-
COB yCTOWYMBOCTH BOJHBIX SKOCHCTEM.

CIIMCOK UCITOJIB30OBAHHBIX HCTOYHHUKOB
1. Kammana M.IO. [Toa3emHbIe BOJBI M YCTOWYHBOE pa3BHUTHE.
—  MuHCK: 000 «bemncaHe», 1998. -444 c.

MEJIMOPATUBHOE COCTOAHMUE 3EMEJIb 1 OKOJIOI'MYECKOE
HECOBEPIIEHCTBO MEJIMUOPATHUBHBIX CUCTEM

Ha menuopupoBanHbIX 3emisix bpecrckoro IMonecwst (Goiee
700 ThIC. TeKTapoB) 1o cocTossHUIO Ha 1 sHBaps 1995rona Obu10
MIPOJIOKEHO OTKPHITOH OocymmTenbHOH cetu cBbime 40 Thic. Ku-
JOMETPOB; IOCTPOEHO 2,3 ThHIC. KHIOMETPOB OIPAaIUTEIbHBIX
nam0; 5,5 teic. kmnomerpos gopor; 850 moctoB; 376 nuTI0308;
17,6 ThiC. BOJOPEryIMPYIOLIMX U JOPOXKHBIX COOpYkeHuit; 236
HACOCHBIX CTaHIMI Ha MONBAEPHBIX CUCTEMAX H JP.

IocTostHHO HapamMBanuCch 00BEMBI PEMOHTHBIX M JKCILTya-
TalMOHHEIX paboT, COOPY)KEHUSI MEINOPATHBHBIX CHCTEM COMep-
JKJUCh B HCIIPABHOM COCTOSIHMH. [IpmueM Kak MO MEXXO03sii-
CTBEHHOH MEJIMOPAaTUBHOM CETH, COJeprKaBIIEHCS 3a CUeT Toc-
010/KETHOTO (PMHAHCHPOBAHMS, TAK M 110 BHYTPUXO3SHCTBEHHOH -
npu  (UHAHCUPOBAHMM OKCIUIYyaTallHOHHBIX MEPONpPHUATHH M3
CPEJIICTB XO3SIICTB.

IIpu nposenenun menuopauuu B Ilonecbe He ynmanock, Kak
OXKHJAT0Ch, 00ECHEYUTh HKOIOTHUECKH PABHOBECHOE COYETaHUE
IIMPOKOMACIITa0HON Menmuopanuu U npupoxHoit Cpensl. “Cxema
KOMIUICKCHOTO OCYIICHHSI M OCBOCHUS 3eMelb Ilosecckoi HH3-

MEHHOCTH”, yTBEpXK/CHHAs MMPAaBUTEIbCTBEHHBIMU OpPraHaMH pec-
myOnuKH, o0paTHiack B IOrMy IPH PEIICHHH KOHKPETHBIX 3a71a4
KOpEHHOTro npeoOpa3oBanus [Tonecks, #, OTYACTH, B paMKax JaH-
HOW “CxeMmsbl...” NpHUHUMAIKNCh HEeBepHbIe pemieHus. Cxemoil He
YCTAQHOBJIEHA pa3yMHasi TpaHb MEXIy HEOOXOAUMBIM H 11e1ec000-
pa3HbBIM, YeTKasi SKOJOIMYEcKas IPaHMIa, 32 KOTOPOH Jaiblie —
“Hemp3s”.

CerozHst BpsJ JIM KTO B3sUICS Obl 32 MOBCEMECTHOE CIPSIMIIE-
HHE PEeK U MPEBPAIlCHHE UX B MEJIMOPATUBHBIC KaHANBL. J[axe 1o
rinaBHoi aprepun Iloneckst — pexe IIpHISITH - ObUT MPUHAT Bapu-
aHT, B KOTOPOM IIPEAyCMAaTPUBAJIOCH 3HAUUTEIBHOE CIPSIMIICHHE
M3BHJIMCTBIX Y4YacTKOB, PACLIMPEHUE, YIIIyOJCeHHEe U BBIIPSMIIC-
HHE ee pycia. B pesynbrare [uiMHA IPOSKTHON Tpaccs! IIpumsTy,
TOJIBKO Ha y4acTKe OT yCThs 210 IInHCKa, coKpalnanach, B CpaBHe-
HUM C ecrecTBeHHOH, Ha 119 kunomerpos. Obuiee mpoTsHKEHHE
MPOEKTHBIX TPAcC PEryjIupyeMbIX peK cocTaBisio: Ilpumsatn —
620, xpymHbix ee nputokoB — 3833,npurokos I[Ipunsatu BToporo
u Tperbero nopsaka — 20284kunomerpos. 3a00I04EHHBIC U U3-

Benopycos Anamonuit Huxonaesuu. Acnupanm xagh. ceibCkoXo351CmMEeHHbIX SUOPOMEXHUYECKUX MeTUOPAYUTL.
Bpecmcerkuii nonumexuuyeckuil uncmumym (BIIH). Benapycy, 2. Bpecm, yn. Mockoeckas, 267.
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