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113JIO}f{eHO peweHHe npo6JieMbl onpMMeHHll_ OCHOBHblX 3JieMeHTOB rH,npOJIOrH­
qecKoro pe}f{HMa COBOKYDHOCTeli Jie.QHHKOB B peqffblX 6accel"rnax: TeopeTHqecKOe 
060cHOB3HHe H nocrpoeHHe cpH3HKO·CT3THCTH'lecKoii: MO.QeJIH npouecca T3l!HHSI H 
CTOKa .llJlll MHOlKCCTB3 JIC.llHHKOB B 6accel!ue, MeTO.QHqecKHe OCHOBbl 'IHCJICHHOH 
pe~JIH33U.HH MOJJ.eJIH Ha 3BM, KOJIH'leCTBeHHoe onHC3HHe H 3H3JIH3 npocTpaHCTBeH­
HOFf H3MeH'IHBOCTH OCHOBHblX CT8THCTH'leCKHX napaMeTpoe rH.!lpOJIOrH'leCKOro pe}f{HMa 
one.neHeHHll CpeJJ.Hei{ AaHH, MeTOJl.hl nporuo3oe neJJ.HHKoeoro crol<a ff 'IHCJieffHYIO 
MO.!leJib ODTHM3JlbHOro HCKYCCTBeHffOro 803.!leHCTBHll Ha T3SIHHe ff BOJl.00T.D.3'1Y ne.zr.­
HffKOB. 

IlpHee.neH1>1 Jt3HHble 0 CYMM8pHOM T3SIHHH H JIC.11.HHKOBOM CTOKe B 6acceAuax 
peK Cpe.11Heli A3HH, pernoHaJI&Hble cpopMyJihl H Kapr1>1 .llJill pac11era KJIHMaTn11ecKHX 
cpaKTOpOB on:e.neHeHHll (cyMM8pH3ll p3.llff3UHSI, o6w;all o6JI3'1HOCTb, an&6e.110, npo­
.11.0JI)KHTeJibHOCTb nepHOJl.8 T3l!HHSI Jlb.ll8 H .11.p.), HOpM H K03cpcpHuHeHTOB B3pH8UHH 
sn:eMeHTOB rHJl.pOJIOrHqecKoro pe)KHM3 OJieJJ.eHeHHSI. 

.llJill H8Y'!Hb1X pa60THHKOB B o6JI8CTH rH.QpOJIOrHH, rJISIUHOJIOrHH H. reorpacpHH, 
caeu.l!an:HcTOB npoeKTHblX H BO.llOX03l!HCTBeHHblX opraHR381J.RH. 
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~ Cpe.ir.Heu11aTc11HA per110Ha.tt.Hwl uayqHo-11c-

c.11eAOBaTeJ1t.cKHA r HAPOMeTeopo.11orHqecKHI 
MHCTHTYT .(CAHHH), 1985 r. 

Bse.11.eHHe 

no .11.aHHbIM KaTaJiora JieJJ.HHKOB CCCP B 6aeeefrnax peK qy, Ta­
J]ae, Acea, 03. HeebIK-KYJib, Capb!JJ.)Kae, Cb!p.11.apbH, 3epaaUiaH H 
AMy.11.apbH HaeqHTb!BaeTe51 OKOJIO 16 500 JieJJ.HHKOB o6rn.eii nJioW.aJJ.bIO 
np1rnepHo 18 000 KM2 [61, 179) . B JieJJ.HHKax Cpe.11.Heii A3HH no npe.11.­
aapHTeJibHbIM eae.11.eHHHM (61, 141, 179) eo.11.ep.>KHTeH OT 1100 JJ.O 
1430 KM3 npeeHOH BO.Ubl. 

DJJorn.aJJ.b OJieJJ.eHeHHH Cpe.11.Heii A3HH eoeTaBJI5leT seero JIHlllb 
4,5 % o6rn.eii n.11orn.a.u.H pe•rnbIX 6aeeeflHOB Ha 3TOH TeppHTOpHH. O.n­
HaKo epeJJ.H5rn eT0Koo6pa3y10lll.aH ueHHOeTb JieJI.HHKOB CpeJI.HeH. A3HH 
no oueHKaM pa6oT [93, 141, 221) a 3-4 pa3a npeBhllllaeT HX OTHO­
cHTeJihHYIO nJIOlll.aJJ.h JJ.JIH roJJ.osoro cToKa peK CpeJJ.Heii A 3HH H no11TH 
B 10 pa3 JJ.JHI JieTHero CTOKa • 

fiJIH3KHe no 3HaqeHHHM onpe.n.eJieHHH epe.n.Hero MHoroJieTHero 
BKJia.11.a JieJJ.HHKOBOrO nHTaHJrn B ro,ZI.OBOM H ce30HHOM eTOKe peK 
.Cpe.ll.Heii A3HH npHBO.!l.HTCH a pa6onx B. Jl. lliy JihU.a, A. 0. K.eMMe­
pHxa, A. H. Kpei-IKe H .11.p . YKaaaHHhle ese.n.eHH51 npe,lleTaBJIHJOT co6oH 
HaqaJibHblH ypoBeHh onHeaHHH pe.>KHMa oJieJJ.eHeHHH. KaqeeTBeHHO HO­
Bb!M H Heo6XO,llHMblM ypoBHeM OilHCaHHH rH,llpOJIOrHlJeCKOro pe.>KHMa 
oJieJJ.eHeHHH Cpe.n.Heii AaHH HBJIHeTeH xapaKTepHeTHKa BHyTpHrOJI.OBOH 
H MHOfOJieTHeH H3MeH'IHBOeTH 3TOro pe:>KHMa . .Il.aHHOH npo6JieMe no­
CBHlll.eHa pa6oTa aBTOpa . 

.ll.JIH onHeaHH51 H paetJeTa npou.eeea eyMMapHoro TaHHHH Jie.!1.HH­
KOB H JieJJ.HHKOBOfO CTOKa see MHOJKeeTBO Nrn Jie,llHHKOB (Nrn ;;;:i:2)' 
HaXOJJ.Hlll.HXeH B HeKOTOpOM pe'IHOM 6 aceeiiHe, paccMaTpHsaeTe5! KaK 
eJI.HHaH rJIHUHaJJhHaH o6nacTh. B 3aBHCHMOeTH OT paaMep oa 6aeeeiiHa 
B npe.n.eJiax rJIHUHaJibHOH o6JiaCTH BhI.UeJIHeTeH k rpynn Jle.UHHKOB, 
06'be.IJ.HH5!10lll.HX npOH3BOJlbHOe KOJIHlJeCTBO n 0)1.HOp o.u.HblX e,11.HHHqHbJX 
Jie.IJ.HHKOB (n;;;:i: 1) 

(1.1) 

DpH onpe)l.eJieHHH BHYTPHfO)l.OBoro H MHoroJien1ero pe:nrnMa r JIH­
QHa.JibHbIX o6JiacTeH y tJHTbIBaIOTeH Bee oeHOBHbie oeo6eHHOeTH H 3a­
KOHOMepHOeTH npoueeeoB aKKYMYJIHLlHH H TaHHH51, ycTaHOBJieHHbie Ha 
OT.UeJibHbIX Jie.IJ.HHKax. Eho nonoiKeHHe npe.ueTaBJIHeT eo6oii Hay'IHYIO 
OCHOBY paapa6oTaHHOfO aBTOpOM MeTo.ua p aetJeTa eoeTaBJIH!Olll.HX eyM­
MapHoro TaHHHH Jie.IJ.HHKOB H Jie)l.HHKOBOfO eTOKa KaK 3JieMeHTOB r H.U­
POJIOrHtJeeKoro peiKHMa r JIHQHajjbHbIX o6JiaeTeii Cpe.u.11eii AaHH . 

MeTO.ll.HtJeeKoii oettoaoii )l.JI51 onpe.11.eJieHHH oeHOBHbIX napaMeTpOB 
BHyTpHro.IJ.oaoro H MHOroJieTHero rn.upoJiorn11eeKoro peiKHMa OJie)l.e­
HeHHH Cpe.IJ.Heii A3HH HBJIHeTe5! perHoHaJibHaH ~H3HKO-eTaTHeTHtJeeKaH 
MOJJ.eJib npou eeea TaHHHH H CTOKa .UJIH MHO:>KeCTBa Jie.UHHKOB B 6ae­
eef1Hax p eK H HX OT.UeJibHblX qaeTHX. 
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npeJJ.JIO:>KeHHaSI aBTOpOM MOJJ.eJib BKmoqaeT P.SIJJ. HOBblX reopeTH­
l.JeCKHX H npaKTHtieCKHX nono:>KeHHH H peayJibTaTOB. B qacr­
HOCTH: 

1. Tipe.n:no:>KeHa H o6ocHOBaHa CTaTHCTHl.JeCKa}l MOJJ.eJib I'Jl}lUHaJib­
HOH o6JiacTH JJ.JIH o6ot5meHHH MOp<\>oMeTpHtteCKHx noKaaareJieii: .11.11c­
Kperuoro MHO:>KeCTBa JieJJ.HHKOB H pacqeTOB pe}l{HMa OJie.11.eueHHH. 
CTaTHCTHqecKasi: MO.UeJib rJIHUHaJibHOH o6JiaCTH BKJII011aeT rpynn11-
poBKY HJIH KJiaCCHcj>HKau.mo MHO)K€CTBa JJeJI.HHKOB H onpe.u.eJieHHe 
cpe.a;HHX H cpeJlHHX B3BeUJeHHblX no IlJIOlll.3,ZJ.H xapaKTepHCTHK oJie,!l.e­
HeHHH B Ka:>K,!1.0H H3 OJlHOpOJI.HbIX rpynn Jie.llHHKOB. 

Dpe.llilOJI3raeTcH, trro TaKHe ocpeJI.HeHHble noKa3aTeJIH KaK nJio­
w.aJI.h, a6COJIIOTHble BblCOTbl sepxHero H HH:>KHero KOHU.OB Jie.UHHKa, 
q>HpHOBOH rpaHHU.bl, llJIOW.3.!l.b MOpettbl, pacnpe.u.eneHHe IlJIOW.a.llH Jie.ll­
HHKa no BblCOTe, 3KCil03HUHH H YKJIOH noeepXHOCTH npHH8JV!e)KaT He­
KOeMy YCJIOBHOMY «cpe,nHeMy ne.llHHKy». MeTO.ll1necKOH ocHosoii onpe­
.lleJieHHH KOMilJI€KCa nepellHCJl€HHblX xapaKTepHCTHK HBJ1Sl€TCH ycno­
BHe paseHCTBa o6'beMa Ta}]HHH Ha ccpe.!J.H€M Jl€,llHHKe» IlOMHO.>KeHHOro 
Ha KOJIHtrecrao Jie.D.HHKOB - cyMMapHoMy o6'heMy rasi:HHH Jie,ll.HHKOB 
B OTJJ.eJibHOM paHOHe I'JIHU.HaJibHOH OOJiaCTH. ~ho llOJIO.>KeHHe ,ZJ.OKa-
3aHO TeopeTHll€CKH H fiO.llTBep)KJleHO nyTeM cneu.HaJibHOI'O tIHCJieH­
Horo 3KcnepHMeHTa. 

DpeHMymecrao HCIIOJib30BaHHH «cpeJJ..HHX JieJlHHKOB» no cpaeue­
HHIO c nocrpoeHHeM KpHBbIX pacnpe.11.enemrn COOTB€TCTBYIOW.11X no­
Ka3aTeJieH 3aKJII01laercs:i B ynpoIUeHHJI H yMeHbWeHHH rpOM03,Zl.KOH 
o6paCiOTKH KapT, nporpaMMHpOBaHHH H npo.uomKHTeJibHOCTH Cl.JeTa 
Ha 3BM, B B03M01KHOCTH npHMeHeHHH pe3yJihTaTOB pacqera TaHHHH 
.!J.JUI aHam:rna crreumpHtieCKHX sonpocos pe1KHMa Jie.llHHKOB, saeHCH­
IUHX OT cpopMbl, COOTHOUJeHHH IlJlOW.8.lleli aKKYMYJISIU.HH H a6mm.HH 
HT. ,ZI.. 

2. Bee.11.eHo noHHTHe HHJI.eKca 6anaHca aKKYMYJIHU.HH H TaHHHH 
B rnm1.HaJ1bHbIX o6Jiacrs:ix, KOTopoe urpaeT Ba.>KHYiO ponh B pacqerax 
H npornosax CYMMapttoro TaSIHIH!: JieJJ.HJ'IKOB ff J1€,Zl.HHKOBOI'O CTOKa, 
ycTaHOBJieHbl 3aKOHOMepHOCTH npocrpaHCTBeHHOH H3MeHtIHBOCTH KOM­
noHeHTOB HHJJ.eKca 6aJiaHca no reppHropHH Cpe.u.ueli As1rn. 

3. Ha OCHOBe nOHHTHH HH.lleKca 6aJiaHca paapa60TaH MeTO.ll pe­
KOHCTPYKU.HH H nporuo3a MHoroJieTHero pHAa MaKCHMaJihHhIX BhICOT 
ce30HHOH CHeroBOH rpaHHUbI .llJIH or.11.eJibHblX Jie,ZJ.HHKOB H HX rpynn. 

CBe,llemrn o MaKCHMaJibHOH BblCOTe ZMat<c cesoHHOH cHeroeoii rpa­
HHU.hl Ha nosepxHOCTH Jie.llHHKOB B KOHU.e a6JIHUHD°HHOrO nepHOJla 
HBJIHIOTCH BeChMa CO,Z!.ep)l{aTeJibHblM noKa3aTeJieM, npHMO HJIH onocpe­
.llOBaHHO xapaKTepH3YIOlll.HM pa3JIHttHble 9JieMeHTbl pe)l{HMa fJISIUH3Jlb­
HOH o6nacTH. B perHOHaJihHOH cpH3HKo-craTHCTHllecKoli MO,ZJ.eJIH npo­
u.ecca CYMMapHoro TaSIHHH 9TOT IlOKa3aTeJib HCil0Jlb3yercs:i KaK KOC­
BeHHa.H xapaKTepHCTHKa 3HMHeH aKKYMYJIHU.HH CHera B o6JiaCTH 
a6JIHUHH «cpe,ZJ.Hero Jie.UHHKa», ytrnTb!BaH csoflcrso ZMa1<c MapKHpoBaTh 
IlJJOIUa.llh JJe,n:HHKa, r,ZJ.e 3HMHHH CHer CT3HBaeT IlOJIHOCTbIO. . 

OnpeJteneHHe ZMai<c B palioHax npOH3BOJihHOH rJIHUHaJibHOH o6na­
CTH Bhll10JIHHeTcs:i nocpe.ncreoM paspaooTaHHoro asTopoM MeTO.lla 
peKoHcrpyKUHH MHoroJieTttero pR.ll.a H nporHosa ZM8.Rc no .D.aHHblM Ha-
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~JIIO)leHHH 3a TeMnepaTypoH B03Jt.yXa, ocaJJ.KaMl1 11 o6JiaqHOCTblO Ha 

MereoponornqecKHX cTaHU.HHX. 
4 CTOCTaBJieHHaH 3a.!la1la pact:ieTa rH,UpOJIOrHqecKOfO pe)l<.HMa 

mm~aJJhHblX o6nacreli npe.n.ycMarp11saeT paa.n.eJihHYIO oueuKy TaH­
~HSI sHMHero H JierHero cuera, craporo qmpHa, 06HaJKeuuoro Jib.ll~ 

Jlb.!l3 IlO.!l MOpeHOH c yqeTOM speMeHHOH H3MeHqHBOCTH IlJIOlll.a.UeH 
~e eqHCJieHHhlX THilOB nosepXHOCTH JJe.ll.'!,HKa B Te1leHHe MaSl-OK-
H~Pff ,UJis:i onpe.ueneHHH 9THX nJiomaJI.eH tteo6xo.D.HMbl MopQ>oMer­

T HtfeC~He napaMeTpbl «cpeJJ.Hero JieJI.HHKa» H ,naHHble 0 ABH}l{eHHH 
~eaoHHOH cHeroeofl rpaHHUhI (CCf) Ha rroeepxuocTH Jie.n.mrna. Me­
TO.UHqecKOH OCHOBOH nonytteHHH T8KHX .u.aHHblX HBJIHeTCH npe.11.narae­
MaH B pa6ore MO)l.eJib ,UBH:>KeHH5l ce30HHOH CHeroBOH rpaHHUbl Ha 
Jie.D.HHKe. B sroli Mo.n.eJIH yt:iTeHa B03MO)l{HOCTb Bhrna,neHHH Ha npo­

H3soJibHhIX BblCOTaX H TaSIHHH JieTHero cHera. 
5. c ueJiblO OllTHMH3aUHH H o6ocHOBaHHSI cocTaBa apryMeHTOB 

B ¢opMyJiaX HHTeHCHBHOCTH TaHHHSI cHera H JlbJJ.a .11.eraJibHO npoaHa­
JIH3HpOBaHbl pa3JIHqHble sapHaHTbl ypaBHeHHH renJIOBOI'O 6aJiaHCa H 
MHoro<f>aKTOpHaSI 3aBHCHMOCTb TaHHHH OT MeTeOpOJIOrHtiec~HX 3Jie­
MeHTOB ( COJIHetIHOH p_a.!J.HaUHH, TeMnepaTypbl B03.!1.YXa, o6meH o6Jiall)­
HOCTH OTHOC!iTeJibHOH H a6coJIIOTHOH BJia.>KHOCTH 803.D.YXa H .11.p •. 

6 'Onpe,n:eJreHbl H rw.areJibHO nposepeHbl Ha ttesasHCHMOM MaTe­
pHa~e napaMeTpbl ,ZJ.Byx<f>aKTOpHbIX H O.llHOcf>aKTOpH~X JIOKaJihHblX H 
perHOHaJibHblX ¢opMyJI HHTeHCHBHOCTH TaHHHH cHera H Jib.II.a B ycJIO-

BHHX Cpe.aHeii AsHH H KaBKa3a. 
7. CTOJiytieHa yHHBepCaJibH3H cpyHKU.HH OCJia6JieHH51 TaHHHH CHera 

H Jlb.D.a IlO.!l MOpeHOH pa3JlHtIHOH TOJIIUHHbl H npeJJ.JID:>l(eH cnoco6 pac~ 
l.JeTa cpe.uHero CJIOH MOpeHbl. Ha KOHU3X Jie,D.HHKOB. 

8. DonyqeHbl npaKTHqeCKHe pernoHaJibHble pelll€HHH H Q>opMyJJbl 
.11.JIH onpeAeJieHl1H .il8T HaqaJia H KOHUa nepHOAa a6JIHU!iH, npocTpaH­
CTBeHHO-BpeMeHHOH H3MeHqHBOCTH aJib6e,ZJ.O pa3JIHtlHblX nrnoB no­
sepxHOCTH cHera H JibJI.a, speMeHH aocx.o.ua H 3axoJI.a conuua Ha ne.11.~ 
HHKaX, npHMOH pa,nHaUHH H cyMMapHOH pa.!J.H aU.HH B peaJibHbl_X ycJIQ 

BHHX o6JiaqHQCTH. 
9. Pa3p a6oTaHhI pernoHaJibHhie MeTO.!lbl pacqera HHTerpaJibHOr~ 

3a nepHOJI. a6JIHUHH K03cpcpHUHeHT8 CTOKa c yqeTOM MaKCHM8JlbHOH 
BhICOTbl ce30HHOH cHeroBOH rpaHHU.hl Ha JieJJ.HHKaX H pas.ueJibHOro 
onpeJJ.eJieHHH o6beMa neAHHKOBOro croKa, Q>opMHpy10w.erocs:i Ha H3hl~ 
Kax H B <\>HpHOBblX o6JiaCTHX JieJJ.HHKOB. . 

PacqeThl MHoroJieTHHX pHJlOB o6'beMOB cyMMapHoro. TaHHHH ne.u-
HB:Kos H ne.uHHKOBoro croKa 6NJIH BhlilOJIHeHbl B 6acceHHax peK Ma­
Jias:i AJIMaaTHHKa, AJiaapqa, TaJiac, ficKeM, Hccpapa, 3epaswaH 
(MaTt1a), KoKcy (neJlHHK A6paMoBa), Caphl.u~ac, My Key, CenhJI.apa. 
ConocrasJieHHe HenocpeJI.CTBeHHhlX H3MepeHHH OTJI.eJI_hHblX cocTaB­
JIRJOW.HX H cyMMapHoro TaHHHH a u.enoM s rpynne Ty10KcyticKHX neA­
HHKOB 3a 1957-1974 rr. H Ha JieJJ.HHKe A6paMOBa 3a 1968-1975 rr. 
c pe3y.11bTaTaMH pacqera noKa3aJio xopolllee HX coBna.neHHe. 

c ll.€Jlbl0 H3Y1l€HHH B03MO:>KHOCT€H npHMeHeHHH pa3pa6oTaHHOrO 
asropoM Mero.11.a pacqern cyMMapuoro T8HHHH JieJI.HHKOB 3a npeJI.e­
JiaMH ropHOH TeppHTOpHH Cpe,ZJ.Heil AsHH 6LIJIO BhlDOJJ.HeHo onpe.11.e-
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JieHHe MecHqHbIX o6'beMOB TaHHHH Jlb,ZI.a, <l>HpHa, 3HMHero H JieTHero 

cHera Ha Jie,ll.HHKax BoJibllloro KasKa3cKoro xpe6Ta e 6acceiiHax peK 

TepeK 3a 1950-1974 rr. H HHrypH 3a 1951-1975 rr. AHaJIH3 noJiy­
qeHHhIX pe3yJihTaTOB noKa3aJI B o6oHx cJiytJaHx xopornee corJiaco­
BaHHe MeJK,ZI.y o6'beMaMH TaHHHH H Jie,ll.HHKOBOfO CTOKa B OT,ll.eJihHbIX 

paiioHax rJIHUHaJihHbIX o6JiacTeii 6acceiiHOB peK TepeK H HHrypH. 
11 TOfOM aHaJIH3a H o6o6nr.eHHH noJiyqeHHblX aBTOpOM JI.aHHbIX 

o BHyTpHro.n.osoM H MHOroJieTHeM xo.n.e cyMMapHoro TaHHHH JieJI.HHKOB 

v M H Jie,ll.HHKOBOfO CTOKa Wrn HBJIHIOTCH CJie,ll.ylOlll.He HOBble pe­
·sy JihTaTbl. 

a) IloJiyqeHbl per1:10HaJibHble 3aBHCHMOCTH H aHaJIHTHqecKHe Bbl­

paLKeHHH JI.JI.ff onpe.n.eJieHHH ,ll.OJIH Jie,ll.HHKOBOfO ITHTaHHH B fO,ll.OBOM 

H cesoHHOM CTOKe peK Cpe.n.Heii AsHH H KasKasa, a TaKLKe .ll.JIH pac­
qeTOB K03cpcpHUHeHTa eapHaU.HH Jie,ll.HHKOBOfO CTOKa H npO,ZI.OJILKH­
TeJibHOCTH nepHo.na TaHHHH Jlb,ZI.a, onpe,neJieHa BeJIHtJHHa OTHOllleHHH 

K03cpcpHU.HeHTOB aCHMMeTpHH H BapHaU.HH. 
B o6meM BH.ll.e paccMoTpeHbl 3aKoHoMepnocTH rrpocTpancTBeHHOH 

H3MeHqHBOCTH K03cpcpHU.HeHTa BapHaU.HH MHOrOJieTHHX pH,ll.OB Jie,ZI.HH­

KOBOfO CTOKa Cv ( Wrn) B 6acceiiHax peK Cpe,nHeii AsHH. IloKa3aHo, 
qTo saBHCHMOCTb Cv ( Wrn) OT BbICOTbl MeCTHOCTH HBJUieTCH Boapa­

CTa10meii cpyHKU.Heii. 
c IlOMOIII.blO nepetIHCJieHHbIX cpopMyJI HeTpy,ll.HO paCClJHTaTb KpH­

BYIO pacnpe,neJieHHH JieJI.HHKOBoro CTOKa B JI1060M 6acceiiHe Cpe,ZI.Heii 
A3HH, tJTO cymecTaeHHO ynpomaeT perHoHaJihHhie HCCJie.n.oaaHHH rHJI.­

poJiorHtJecKoro peLKHMa OJie,ll.eHeHHH. 3TH JKe cpopMyJibl HCUOJib30BaHhl 
JJ.JIH IlOCTpoeHHH KapT pacnpe.n.eJieHHH no ITJIOlll.a,ll.H 6acceHHOB peK 
IlaMHpo-AJiaH ,ZI.OJIH Jie,ZI.HHKOBOro IlHTaHHH B rO,ll.OBOM CTOKe H KO­
scpcpHu.HeHTOB sapHaU.HH Jie,ZI.HHKOBoro CTOKa. 

6) Onpe.u.eJieHbl op,nHHaThI -HopMHpoaaHHhIX HHTerpaJihHhIX pa3HO­
CTHblX KpHBbIX JI.JIH ro,ll.OBbIX o6'beMOB cyMMapHoro TaHHHH JieJI.HHKOB 

H Jie,ll.HHKOBoro CTOKa B 6acceiiHax peK Cpe.n.Heii AsHH. YcTaHOBJieHa 
npo,ll.OJIJKHTeJibHOCTb MaJIOBO,ZI.HOH H MHOfOBOJI.HOH cpa3 B MHOrOJieTHeM 
peJKHMe V M H Wrn, BbIHBJieHa CHHXpOHHOCTb pe3KHX ITHKOB B rHJI.pO­
JIOrHtJeCKOM peJKHMe OJieJI.eHeHHH. 

a) PactJeT MHoroJieTHHX p.HJI.OB TaKoii eaJKHeiimeii xapaKTepHcTHKH 

peJKHMa rJIHUHaJihHbIX o6JiacTeii KaK MaKCHMaJihHaH BhICOTa ZMaRc 

ce30HHOH CHerOBOH rpaHHU.bl Ha Jie,ll.HHKax enepshle Il03BOJIHJI pa3-

pa6oTaTb MeTOJI.HKy .n.oJJrocpotIHoro npornosa ZMaICc· 

B o6nr.eM BH.n.e nocTaBJieHa · H pemeHa sa.n.atJa JJ.OJ1rocpo11.Horo npo­

rHoaa cyMMapHoro TaHHHH JieJJ.HHKOB H Jie,ll.HHKOBoro cToKa. Orrpe.n.e­

JieHbl 6accei1Hbl peK CpeJJ.Heli A3HH, rJJ.e 3<l>cpeKTHBHbIM npeJJ.HKTopoM 
JJ.JIH nporH03a Jie)J.HHKOBOfO CTOKa HBJIHeTCH cyMMa 3HMHe-eeceHHHX 

oca,ll.KOB. IloJiytJeHbl 3aBHCHMOCTH H <l>OPMYJibI JJ.JIH pa3)J.eJibHOro npo-
u u 

fH03a Jie)J.HHKOBOH H CHerOBOH COCTaBJIHIOlll.HX CTOKa eereTaUHOH-

HOro nepHo,na. PaccMOTpeHbl B03MOJKHOCTH nporHosa V M H Wrn Ha 
OCHOBe ypaaHeHHH asToperpeCCHH H MHOJKeCTBeHHOH perpeccHH. 

. r) ·Paapa6oTaHa tJHCJieHHaH MO)J.eJib OilTHMaJihHOro HCKYCCTBeH­
HOro B03)J.eHCTBHH Ha TaHHHe ecero MHO.}KeCTBa Jie,ll.HHKOB B 6accenHe 

c ueJiblO yeeJIHtJeHHH o6'heMa CTOKa. B MOJI.eJIH npe.n.ycMaTpHaaeTC.H 
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MHHHMH3aU.HH OTpHU.aTeJibHblX nocJieJI.CTBHH OT 803,U.eHCTBHH - ,ll.JIH 

ecTeCTBeHHoro peLKHMa Jie.U.HHKOB, HCITOJih30BaH pHJI. HOBhIX 3aBHCH-
, MOCTeH o6ecnetJHBalOW.HX IlOBblllleHHe 3KOHOMH_11eCKOH 3cpcpeKTHBHOCTH 

MeponpHHTHH. PeaJIH3aU.HH Mo,n.eJIH a 6acceiiHax peK Cpe,n.Heii AsHH 
noasoJIHJia arrepsble paapa6oTaTh MeTOA ,n.oJirocpotIHOro"" rrporH03a 

8osMO*Horo .n.onoJIHHTeJihHOro o6oeMa J1e,n.HHKosoro cToKa rrpH HCKyc­

cTaeHHOM ycHJieHHH TaHHHH Jie,ZI.HHKOB. 
,llJIH BbIITOJIHeHHH acex qffcJieHHhI~ _ npou.e.n.yp aaTq_poM pa3pa6oTaH 

KOMTIJieKC nporpaMM H aJiropHTMOB ,ll.JIH 3BM, o6ecnetJHBalOIUHX aBTO­

MaTH3HposaHHOe onpe,n.eJieHHe sHyTpHro,u.osoro (Maii.-OKTH6pb) H 
MHoroJieTHero peJKHMa .n.eKaJI.HbIX H MeCH11HhIX o6'heMos TaHHHH 3HM­
Hero H JieTHero cHera, Q:>HpHa, o6Ha1KeHHoro Jih)J.a H Jih)J.a no)J. Mope­
HOH a npoH3BOJihHOH rJIHU.HaJihHOH o6JiaCTH CpeJI.Heii AsHH. Oco6ea­

HOCTH KJIHMaTa, peJibecpa H OJie)J.eHeHHH B KaJK,ll.OM KOHKpeTHOM 6ac­

cei%He ytJHTbIBaIOTCH Ha cTa)J.HH no)J.rOTOBKH JI.aHHhlX JI.JI_H ·3BM . .. 
,llJIH rrpHJI.aHHH MeTo.ny pactJeTa TaHHHH Jie,n.HHKOB ooJibllleH YHH­

eepcaJihHOCTH npe.n.ycMOTpeHO, lJTO BXO)J.HOH .. HHcpOpMaU.Heli HBJUllOTCH 
B OCHOBHOM .n.aHHble cTaH.z:r.apTHblX H3MepeHHH TeMnepaTypbl B03,n.yxa, 
o6JialJHOCTH, oca)J.KOB Ha . ceTH MeTeopoJIOfHqecKHX CTaHIJ,HH H MaTe­
pHaJihl no MopcpoMeTpHH Jie,ll.HHKOB, co)J.epJKalll.HeCH B KaTaJiore JieJJ.­
HHKOB CCCP. Bee JI.OITOJIHHTeJihHble rrapaMeTphl, Heo6xo)J.HMble JI.JI.st 
BbIITOJIHeHHH ClJeTa Ha 3BM, orrpe,u.eJIHIOTCH sapaHee H COCTaBJIHIOT 
qaCTb BXO)J.HOH HHcpOpMaUHH c TeM, qTOOhl IIOJIHOCTbIO' HCKJIIOqHTb 3a­
BHCHMOCTb BbllJHC~HTeJibHOrO npou.ecca OT JII06bIX napaJIJieJibHblX H3-

MepeHHH Ha Jie)J.HHKaX. 

.. 

. , . ' 

r 
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Ocuoeu&1e ycJ1oeu&1e 06oaua11eHHB 

Ab - npouecc H ro.n;oBoii o6~eM a6JHIUHH ( e.n;HHHUhl 
06beMa HJIH MaCCbI) 

Ak - npouecc H ro.noBoii o6oeM aKKYMYJHIUHH Ha Jie.n;HH­
Kax ( e,.UHHHUbl o6oeMa HJIH MaCCbI) 

Ax - aJih6e)J.o v noBepxHOCTH Jih,na HJIH CHera B KOpOTKO­

BOJIHOBOH qaCTH crreKTpa COJIHeqHoii pa,lI.HaUHH 
( rrpoueHTbl HJIH ,.UOJIH e.n;HHHUhI) 

AKa - aJih6eJJ.o HcKyccTBeHHo 3arrh1JieHHoii noBepxHOCTH 
Jih,na HJIH CHera 

L\Ax, ef - 3cjJcpeKT H3MeHeHHH aJih6e,no CHera HJIH Jlh)J.a B pe-

3Y JihTaTe 3ailbl~eHHH IlOBepxHOCTH (rrpoueHTbl HJIH 
,.UOJIH e,.UHHHU.hl) 

B- ro)J.oBoii 6aJiaHc aKKYMYJIHU.HH H a6JIHU.HH Ha JieJJ.­
HHKax ( e,.UHHHUbl o6oeMa HJIH MaCCbI) 

BK- .nH:BHaH cyMM~ HJIH HHTeHCHBHOCTh KopoTKOBOJIHO­

BOH C9JIHeqHOH pa,lI.HaU.HH, rrorJIOIUeHHOH IlOBepx­
HOCTbIO 

BJI. - ..UHeBHaH cyMMa HJIH HHTeHCHBHOCTh 6aJiaHca .U.JIHH­

HOBOJIHOBoro H3JiyqeHHH IlOBepxHOCTH H rrpOTHBO-
H3JiyqeHHH aTMoccjJepbl . 

L\BK - H3MeHeHHe norJIOIUeHHoif pa,n;HaUHH B}( nocJie 
HCKYCCTBeHHOro 3ailhIJieHHH IlOBepXHOCTH 

Ca - 6aJIJI HH)l{Heii ooJiaqHocTH 

Co - 6aJIJI o6meif o6JiaqHoCTH 
Cv - K03cjJcjJHUHeHT aapHa'u.HH 

Cs - K03cjJcjJHUHeHT acHMMeTpHH 

Cv (Wrn)- K03cjJcpHUHeHT BapHaUHH Jie,.UHHKOBoro cToKa 

Cv (T JI) - Ko3cpcpHU.HeHT BapHaU.HH npo.u.oJimHTeJibHOCTH rre­
PHOJJ.a TaHHHH Jih,na Ha Jie,.UHHKax 

Cp - y.n;eJibHaH TerrJIOeMKOCTb B03JJ.yxa rrpH IlOCTOHHHOM 
,.UaBJieHHH 

c* - y,neJihHa.H TenJioTa nJiaBJieHH.H Jih,na 

D - .z:r.HeBHaH cyMMa HJIH HHTeHCHBHOCTh pacceHHHoii ..... 
pa.n;HaUHH 

dap - KaJieH,napH~H .n;aTa HaqaJia pacqeTHoro nepHo,z:r.a 

dxp - KaJieH,z:r.apHa.H ,z:r.aTa KOHUa pacqeTHoro nepHOJJ.a 

da11. - KaJieH,z:r.apHa.H ,z:r.aTa HaqaJia nepHo,z:r.a Ta.HHH.H Jih,z:r.a 

dK,, - KaJieH,napHa.H ..U~Ta KOHUa nepHo,na Ta.HHH.H Jlh,lla; 

B per110HaJihHOH MOJJ.eJIH npouecca cyMMapHoro 

TaHH_.HH Jie,llHHKOB dHJI H dHJI Bbipa)l{aIOTC.H qHCJIOM 
JJ.HeH c HaqaJia rHJJ.POJIOrHqecKoro ro,z:r.a 

ar _a_z_ - aepTHKaJihHbIH rpa,nHeHT a6COJIIOTHOH TeMrrepaTypbl 

B03JJ.yxa 

aq* az - BepTHKaJihHbIH rpa,nHeHT yJJ.eJibHOH BJia2KHOCTH B03· 

JJ.yxa 
E - cyToqHaH BeJIHqHHa HJIH HHTeHcHBHOCTh HcrrapeHHH 

E 8 - ,nJIHHHOBOJIHOBoe H3JiyqeHHe aTMoccpepbI, Harrpaa­

JieHHoe K Il08epXHOCTH 3eMJIH 

E 3 - ,nJIHHH080JIH080e H3JiyqeHHe 3eMJIH 

£9¢> - 3cpcpeKTH8HOe H3JiyqeHHe 

e - ynpyrocTh 80,ll;HHoro rrapa 

F c - rrJioruaJJ.b ce30HHoro cHe2KHOro rroKp08a Ha Jie,nHHKe 

F nip - IIJIOI.Ua,lI.b Jlb,lI.a H cpHpHa Ha Jie,nHHKe 

f 1 (C) - <PYHKUHH OCJia6JieHHH cyMMapHOH COJIHeqHQH pa­

)1.HaUHH B 3a8HCHMOCTH OT 6aJIJI08 06JiaqHOCTH 

f 2 (C)- cpyHKUHH npHpOCTa 3cpcpeKTH8HOro H3JiyqeHHH B 3a-
8HCHMOCTH OT 6aJIJI08 o6JiaqHbCTH 

H c - cpe,lI.HHH TOJlllIJfHa CITJIOIIIHOH MOpeHbl Ha KOHU.e 

Jie,lI.HHKa 

hJI - H3MeHeHHe 8blCOTbl IIOBepxHOCTH JJe,lI.HHKa BCJie)J.­
CT8He TaHHHH 

·he - TOJIIII..HHa CJIOH MOpeHbl Ha II08epXHOCTH Jie,lI.HHKa 

h e - yrJI08aH 8hICOTa COJIHUa 
h - OTHOCHTeJihHaH 8JiaLKHOCTb 803,nyxa 

I Ab - HHJJ.eKc a6JIHUHH - HeKoTopaH xapaKTepHCTHKa, 

HMeIOI.UaH reHeTHqecKyIO H CTaTHCTHqecKyIO C8H3b 

c ro,n080H a6JJHUHeH Ha Jie,lI.HHKaX ( HanpHMep, 

aHOMaJIHH cyMMbl TeMrrepaTyp B03,nyxa sa JieTHHe 

Mee.HU.bl) 

I Ak- HHJJ.eKc aKKYMYJIHUHH - HeKoTopaH xapaKTepH-
CTHKa, HMeIOIII..aH reHeTHqecKyIO H CTaTHCTHqecKyIO 

C8H3b c ro,n080H aKKYMYJIHUHeH Ha Jie,lI.HHKax (Ha­

npHMep, aHOMaJIHH cyMMbl 3HMHe-8eceHHHX oca)J.-

K08) 
I 8 - HH,neKc 6aJJaHca. Pa8eH aJir~6paHqecKofl cyMMe 

HH,lI.eKCOB aKKYMYJIHU.HH H a6JIHUHH 

J - npHMaH COJIHeqHa.H pa,lI.HaUHH Ha neprreH,lI.HKYJIHp­

HYIO no8epxttocTh 

!' - npHMaSI COJIHeqHaH pa,lI.HaUHSI Ha ropH30HTaJibHYIO 

Il08epXHOCTb 

J 0 - MeTeopOJJOrHqecKaH COJIHeqHaH ITOCTOHHHaH 

Ke, Ke - K03cpcpHUHeHTbI Typ6yJieHTHoro nepettoca TerrJia 

(0) H BJiarH (e) 

Kw - MOJJ.YJihHhIH K03cpcp11uHeHT ro,lI.o8oro o6oeMa JieJJ.HH-rn 
K080f0 CTOKa 

L - y ,lI.eJihHaH TerrJioTa cpasoaoro rrepexo,na 

l - TOJIUJ.HHa ,lI.eHTeJibHOro CJIO~ . Ha noeepXHOCTH 

· - ~ 
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Jie,lJ.HHKa . 

M - HHTeHcHBHOCTh Ta.HHHH 

M (Bio 0) - HHTeHCHBHOCTh Ta.HHHH KaK cpyHKUHH nor JIOIUeHHo.ii 

pa,ll.HaUHH H TeMnepaTypbI B03JJ.yxa 

M (r, t)- HHTeH~HBHOCTh Ta.HHH51 KaK cpyHKUHH seKTopa r, 

xapaKTepH3y10mero npocTpaHCTBeHHoe noJIOMeHHe 
TOtIKH Ha Jie,lJ.HHKe 

~ 

M 10 - onpeJJ.eJieHHa.H no 3MnHpHt1ecKo.ii cf>opMyJie cpeJJ.HHH 
3a ,lJ.eKa,ll.y HHTeHCHBHOCTb Ta51HH51 

~ 

Mao - To Me B cpeJJ.HeM aa Mee.HU 

M3 - HHTeHCHBHOCTh Ta.HHHH 3anbIJieHHo.ii nosepxHocrH 
Jie,lJ.HHKa 

M (he) - HHTeHCHBHOCTb Ta.HHHH JihJJ.a noJJ. CJIOeM MopeHhI 
_ TOJIIII.HHOH he 
MJic (L\z, t) - cpe,ll.H5151 HHTeHCHBHOCTb Ta51HHH JieTHero cHera Ha 

JieJJ.HHKe B HHTepsaJie Az 
N rJI - MHOMeCTBO JieJJ.HHKOB, p acrroJioMeHHoe s rrpe,ll.eJI ax 

HeKoToporo petIHoro 6acceliHa 

QR - pa,ll.HaUHOHHbIH 6aJiaHc ,lJ.e.HTeJibHOro CJI051 

Qe - Typ6yJieHTHbIH TIOTOK TenJia B npHJie,lJ.HHKOBOM CJIOe 
B03JJ.yxa 

Qe - Typ6yJieHTHblH nepeHOC TenJia c BO,ll.51HbIM - napOM 

Qp - BhI,neJieHHe TenJia )KH.ll.KHX OCa,ll.KOB Ha IIOBepx­
HOCTb Jie,lJ.HHKa 

Qg - KOHJJ.YKTHBHbIH nepettoc TerrJia H3 ,lJ.e.HTeJibHOro 
CJI051 BrJiy6b Jie,lJ.HHKa 

Q, - pacxo,ll. TenJia Ha HarpeaaHHe ,ne.HreJihHoro CJIOH .ll.O 
TOtIKH TIJiaBJieHH51 

Q .0- cyMMapHaH pa,ll.HaUHH np11 OTCYTCTBHH o6JiatJHOCTH 
- q - cyMMa aTMOCcpepHbIX OCa,ll.KOB 

QJic (L\z, t) - cpeJJ.HHii cJioii cBeMeBhinaswero JieTHero cHera 
B HHTepBaJie BbICOT ~z 

q* - CJIOH TBep,ll.blX aTMOccpepHbIX OCa,ll.KOB 

R - pa,ll.HaUHOHHhIH 6aJiaHc Ha rrosepxHOCTH JieJJ.HHKa 

r - BeKTOp, xapaKTepH3Yl01UHH nOJIOMeHHe TOtIKH Ha 
noaepxHOCTH Jie,lJ.HHKa 

r xx - aBTOKoppeJI51UHOHHa51 cpyHKUH51 npouecca x ( t) 
s - TIJIOIII.a,ll.b Jie,lJ.HHKa 

s (z) - cpyHKUH51 pacnpe,ll.eJieHH51 TIJIOIII.a,ll.H Jie,lJ.HHKa B sa­
BHCHMOCTH OT BblCOTbl 

Sc, SJIM - IlJIOIII.aJJ.h cnJIOllIHOH MopeHbI Ha nosepxHOCTH 
Jie,lJ.HHKa 

SJI - nJioru.aJJ.b OTKpbIToro .JibJJ.a 
S<I> - IlJIOIII.a.ll.b cpHpHa 

S3c - IlJIOlll.a,lJ.b IlOBepXHOCTH Jie,lJ.HHKa nOKpbITa51 '3HMHHM 
cHeroM 

s JIC - IlJIOIUa,lJ.b noeepXHOCTH Jie,lJ.HHKa noKpbITa51 .neTHHM 
cHeroM 

SrJI - o6maH nJioIII.aJI.h JI~AHHKOB B npe,II.eJiax HeKOTO­

poro petIHoro 6acceHHa 
Scsac- nJioIII.a,IJ.h 6acceliHa, pacrroJio:>KeHHaH Bhillle 3aMbI­

Ka10mero fH,II.pOCTBOp a 
s - IlJIOIUa,II.b 513bIKa Jie,II.HHKa, pacnOJIO:>KeHHa51 Me)l{,IJ.y 

A u 

BbICOTaMH KORI.I.a Jie,IJ.HHKa H cpe.nHeH rpaHHUbl 

IlHTaHH51 
s - IlJIOIII.a,II.b o6JiaCTli IlHTaHH51 Jie,II.HHKa, pacnOJIO)l{eH-n u 

Ha51 MeM.ll.Y BbICOTaMH HatJaJia JieJl.HHKa H cpe.nHeH 

rpaHHUbl IlHTaHH51 
T n - a6coJilOTHaH TeMnepaTypa noaepxHOCTH Jie,II.HHKa 

(oK) 
T 200 - a6coJIIOTHaH TeMnepaTypa B03Ayxa Ha BblCOTe 

200 CM 
T 1 - npo.noJIMHTeJihHOCTh cyToK, paeHaH 1440 MHH 

T 2 - npo.noJI)KHTeJibHOCTh ro.na, paaHaH 365 cyT 

T 0 - .n.HeBHaH npo.noJDKHTeJihHOCTh coJ1Het1Horo CHHHH~ 
T 3 - nepHo.n. cyMMHposaHHH oca.nKoB, o6ycJIOBJieHHbIH 

3a6narospeMeHHOCThIO nporHosa cyMMapHoro TaH­

HHH H Jie,LI.HHKOBOfO CTOKa 
T JI - npo,II.OJI)l{HTeJihHOCTh rreptto,IJ.a TaHHHH JihJJ.a 

t - speMH B TetJeHHe ro,IJ.a 

t1 - epeMH B TetJeHHe cyTOK 

u - CKOpOCTb BeTpa 

f (u) - BeTpOBaH cpyHKUHH u 

v M- cyMMapHblH o.6'beM TaHHHH sa rrepHO,IJ. MaH-OK­
T516pb ,IJ.JIH acero MHOMeCTBa Jie)J.HHKOB B HeKOTO­

poM 6acceiIHe peKH. BKJilOtJaeT o6'beMhI TaHHHH 

Jlh,IJ.a IlOJJ. MOpeHOH, OTKpbITOfO Jlb)J.a, CTaporo 

cp11pHa, 3HMHero H neTHero cHera 

V Mu WrJI - cyMMapHblH 06'beM JieJI.HHKOBOfO CTOKa' ·3a rrepHOJJ, 
MaH-OKT516pb, . tJTO IIOtITH 3KBHBaJieHTHO fO,II.OBOMY 

cToKy. BKJIIOllaeT o6'heMbI TaHHHH JihJJ.a noJJ. Mope­

HOH, OTKpbITOfO Jlh,IJ.a H CTaporo cpHpHa 

V M - cyMMapHbIH 06'heM Ta51HH51 Ha IlJIOIU.aJJ.H S]J. 513b1Ka 
Jl 

Jie,LI.HHKa 
V M - cyMMapHbIH o6oeM TaHHHH Ha nJioW.aJJ.H Sn o6Jia-

n 

- - CTH IIHTaHH51 
v M, v Mt - nporH03HpyeMbie BeJIHtJHHbl cyMMapHoro Ta51HH51 

Jie,LI.HHKOB H JieJI.HHKOBOfO CTOKa 

v JIMJ v JI - cyMMapHbie sa rrepHO.ll. MaH-OKT516pb o6'beMbl 

TaHHHH 
V <tu V3c, V nc- Jib.LI.a no.n MopeHOH (JIM), OTKpbITOro Jlb.ll.a (JI), 

cTaporo cpHpHa (cp), 3HMHero (sc) H JieTHero 

cHera (Jic) 

Ve, - cyMMapHbIH o6'beM Ta51HH51 ce30HHOro CHera Ha 

JieJI.HHKe sa apeMH OT MaKCHMyMa aKKYMYJIHUHH 

.ll.0 HatJaJia TaHHHH Jib,II.a Ha KOHUe Jie)J.HHKa 
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Vc 2 - cyMMapHbIH oo'beM Ta5:IHH5:1 cesoHHoro CHera Ha 

Jie,LI.HHKe 3a BpeM5:1 OT HaqaJia ,ll,O OKOHqaHH5:1 rre~ 

pHo,LI.a Ta5:IHH5:1 Jih,LI.a Ha KOHUe Jie,LI.HHKa 

Vcs - cyMMapHbIH Oo'heM Ta5:IHHH ce30HHoro CHera Ha 

Jie,LI.HHKe 3a BpeM5:1 OT OKQHqaHH5:1 nepHO,ll,a Ta5:IHH5I 
Jib,LI.a .uo KOHUa pacqeTHoro rrepHo,LI.a 

v M (t), v M1 (t) - cyMMapHbie o6'heMbl Ta5:IHH5I ,ll,JI5:1 scero MH02KeCTBa 

vM(t), vJl(t), 
VJIM (t), VQ> (f), 
V3 c (t), VJic (t) 

Jie.UHHKOB. PasMepHOCTh - o6beM B e,LI.HHHUY 
BpeMeHH 

- OT,LI.eJibHhie cocTaBJIHIOIUHe cyMMapHbIX o6'heMOB 

V M (t) H V Mi (t). PasMepHOCTb - oobeM s e,LI.HHHUY 
BpeMeHH 

W, W 6ac - o6oeM CTOKa B 6acceif He 3a ro.u HJIH ce30H 

W rJI - OO'heM Jie,LI.HHKOBOfO CTOKa B oacceifHe 

w CH - Ce30HHa5:1 CHeroBa5I COCTaBJI5IIOIUa5:1 o6mero CTOKa 
w Jl - o6beM CTOKa c IlJIOIUa,LI.H 5:13bIKa Jie,LI.HHKa 

W n - OObeM CTOKa C TIJIOIUa,LI.H OOJiaCTH IlHTaHH5:1 

Wo - cyMMapHbIH o6oeM CTOKa c IlJIOW.aJJ.H rJIHUHaJibHOH 
o6JiaCTH . 

ZMaKc - MaKCHMaJibHa5:1 BhICOTa cesoHHOH CHerosoH: rpa­
HHUhI Ha Jie,LI.HHKe 

ZH - a6coJIIOTHa5I BhICOTa HaqaJia Jie.UHHKa 

Zx - a6coJIIOTHa5:1 BhICOTa KOHUa JieJJ.HHKa 

Zct>r - cpe,LI.HH5:1 MHoroJieTH5I5I a6coJIIOTHa5I .BbICOTa cpHpHo­
BOH rpaHHUbI Ha Jie.UHHKe 

ZarM - a6coJIIOTHa5:1 BhICOTa sepxHeii rpaHHUhI cnJIOlllHOH 
MopeHbI Ha Jie,ll.HHKe 

Z3c (t), ZJic (t), - TeKyIUa5:1 a6coJIIOTHa5:1 BbICOTa rpaHHUbI ce30HHoro 
Zrcc (t) CHe)l{HOro rroKposa Ha Jie,lI,HHKe 

~ZMaKc - MaKCHMaJibHOe rrpeBbllll~HHe CHeroBOH rpaHHUbl Ha,LI. 
KOHUOM Jie,ll.HHKa 

z - sepTHKaJihHa5:1 KOOp,ll.HHaTa 

z - cpe,ZI.H5:151 B3BerneHHa5:1 no IlJIOIUa,LI.H a6COJIIOTHa5:1 Bbl­
COTa yqacTKa nosepXHOCTH Jie,LI.HHKa 

Zs - xapaKTepH~THKa lllepoxosaTOCTH nosepXHOCTH 
a - YKJIOH rr·oaepxttocTH Jie,LI.HHKa 

a, - K03cpcpHUHeHT norJiorueHH5I pa,LI.HaUHH 

ad - xapaKTepHCTHKa cppaKUHOHHoro coc.TaBa yrOJibHOH 
TibIJIH 

f3d - K03cpcpHUHeHT, xapaKTepH3YIOlUHH yseJIHqeHHe CKO­

pOCTH )l.BH2KeHH51 CHerOBOH rpaHHUbl Ha Jie,ll,HHKe 

TIOCJie HCKYCCTBeHHoro sanbIJieHH5:1 ero rrosepxHOCTH 
f3, f31 - K03cpcpHUHeHTbl TIOf JIOIUeHH5:1 TenJia B CJIOe MOpeHbl 

'Ya - BepTHKaJihHblH rpa,ll.HeHT TeMnepaTypbI B03JJ.YXa 
6 - CKJIOHeHHe COJIHUa 

61 Ab - BKJia,u. HH,ll.eKca a6JI5:IUHH B OTIHCaHHe ,ll.HCrrepcHH 

CTOKa 3a HlOHh-CeHT5:16pb 

61 Ak - BKJia,U HH,LI.eKca aKKYMYJI5IUHH B OilHCaHHe ,lI,HCnep .. 

CHH CTOKa 3a HIOHb-CeHT5I6pb 
u 

61w - BKJia,lJ. Jie,U.HHKOBOrO TIHT3HH5:1 B ro,u.OBOH CTOK 
rJI 

a 6acce:H:He peKH u 

62w - BKJia,ll. Jie,U.HHKOBoro IIHTaHH5I ' B ce30HHbIH CTOK 
rJI u 

(VI-IX) B 6acceHH~ peKH 

fl - HHTerpaJibHbIH K03cpcpHUHeHT CTOKa ,lI,Jl5:1 cyMMap­

Horo o6beMa TastHHH 

111 - K03cpcpHUHeHT CTOKa ,ll.JI5I cyMMapHoro o6'heMa Ta51-
HH5:1 Ha IIJIOIUa,ll.H 5I3bIKa Jie,ll.HHKa 

112 - K03cpcpHUHeHT CTOKa ,lI,JIH cyMMapHoro o6beMa TaH­

HHH Ha TIJIOIU.a,LI.H o6JiaCTH TIHTaHHH 

0 - TeMnepaTypa sos,LI.yxa . 
0 (z, t)- BHyTpHrO,lI,OBOH XO,ll, TeMnepaTypbI B03.Uyxa Ha Bbl· 

COTe Z 

x- H3JiyqaTeJihHaH cnoco6HocTh nosepxHOCTH cHera H 

Jih,u.a u 

X1 - K03cpcpHUHeHT, xapaKTepH3YIOlUHH OTHOCHTe~bHbIH 
BKJia,ll. IIOTOKOB TenJia (KpOMe norJiomeHHOH pa­

,LI.HaUHH Bl\) .B ypasHeHHe TenJiosoro 6aJiaHca 
A, - HHTerpaJibHaH xapaKTepHCTHKa npo3paqHQCTH aT­

MOCcpepbl 
p - IlJIOTHOCTb 

P~e - KBa,ll.paT CBO,lI,HOfO K03cpcpHUHeHTa KOppeJI.HUHH 
cr - cpe.n.HeKsa.uparHqecKoe OTKJIOHeHHe 

a2 
- )l.HCnepCH5:1 

cr1 - nocT05:IHHaH CTecpaHa-BoJihUMaHa 

'tott dHJI - ,ZI.aTa HaqaJia rrepHo.ua TaHHH.H Jih,ll.a Ha KOHUe JieJJ.­
HHKa 

'tKh dl(JI - .naTa OKQHqaHHH rrepHO,lI,a TaHHHH Jlh,Ua Ha KOHUe 

Jie,UHHKa 

't l - qacOBOH yroJI COJIHUa · u 

'ta - speM5:1 BOCXO,ll.a COJIHUa Ha,ll. JIHHHeH ropH30HTa 

't3 - speM5:1 saxo.ua coJIHUa sa ropH30HT 
q> - reorpacpHqecKa.H rnHpoTa 

"' - cpe,UH5:151 opHeHTaUHH Jie,UHHKa 
w - cpe,lI,HHH cyToqHbIH p acxo,ZI. BO.Ubl 

W10 - cpe,UHHH ,UeKa,LI.HbIH pacXO,ll. BO.Ubl 
<D - cpyHKUHH ycToliqHBOCTH sepTHKaJibHOro pacnpe,ll.e­

JieHH5J MereopoJiorHqecKoro aJieMeHTa ( TeMrrepa­

rypa B03,Uyxa, BJia:>KHOCTb B03JJ.yxa, CKOpOCTb ae­

rpa) B npH3eMHOM CJIOe 

• 
I 



fJiasa 1 

<l>H3HKO-CTaTHCTHqecKaH perHOHaJibHaH MO,l(eJib npol(ecca 

TaSIHHSI ,l(JISI Bcero MHO}l{eCTBa Jie,l(HHKOB B 6acceune peKH 

1.1. 06~aB xapaKTepncTHKa npo6JieMhl u nyTH ee pewennst 

CcpopMyJu1pyeM BHaqaJie pH.LI. o6mHx rroJI0:1KeHHH, Heo6xo.u.HMhIX 

.LJ.JIH yToqHeHHH rrocTaHOBKH 3a)1.a qH MO)J.eJIHpoBaHHH npouecca cyM­

Ma pHoro TaHHHH Jie)J.HHKOB H Jie.LJ.HHKOBOro CTOKa B 6accef1Hax peK 

Cpe)J.Heii A3HH. 

1. Jle)J.HHKH npe.u.cTaBJIHIOT co6oii MHOfOJieTHHe ueJihHhle npHpo.u.­

Hhie o6pa30BaHHH, COCTOHIUHe H3 Jlh)J.a H cpHpHa. Jle)J.- 3TO TBep)J.Oe 

KpHCTaJIJIHqecKoe aemecTBO c flOCTOHHHOH flJIOTHOCThlO nopH)J.Ka 0,90-
0,91 r/cM3 . <l>HpHOM Ha3hIBaeTCH CHer B03pacTOM OT 1 ro.u.a H 6oJiee 

c llIHpOKHM )1.Harra3oHOM KOJie6aHHH nJIOTHOCTH. Ha noaepxHOCTH Jie)J.­

HHKa cymecTByeT qeTKaH rpaHHUa Me.IKJJ.Y o6JiaCTHMH npeo6Jia.u.a10-

mero pacnpocTpaHeHHH Jih)J.a H cpHpHa. 
2. BHyTpHrOJJ.OBOH rH.u.poJiorHqecKHH pe.IKHM Jie)J.HHKa BKJI10qaeT 

rrepHO.LJ.hl npeHMyW.eCTBeHHOH aKKYMYJIHUHH H a6JIHUHH Ce30HH0f0 

CHe.IKHOro IIOKpOBa Ha noaepxHOCTH Jie)J.HHKa H rrepHO.LJ. a6JIHUHH Jlh)J.a 

H cpHpHa . CTpoJJ.OJI.IKHTeJihHOCTh nepHO.LJ.OB aKKYMYJIHII.HH H a6JIHII.HH 
ce30HHOro CHera .LJ.JIH JII06ofl 3JieMeHTapHOH IIJIOIUa.LJ.KH Ha IIOBepXHO­

CTH JieJJ.HHKa 3aBHCHT OT ee nJiaHOBO-BhICOTHhIX KoopJJ.HHaT. Bo BHYT­

pHro,nosoM xo.u.e npoueccoB aKKYMYJIHII.HH H a6JIHUHH ce30HHoro 
CHe.IKHOro IIOKpoBa Ha JII060H 3JieMeHTapHOH flJIOllI.a,[(Ke HMeeT MeCTO 

nocJie.LJ.OBaTeJihHaH CMeHa MaKCHMyMa H MHHHMyMa 3THX npouecCOB. 

Ilpouecc a6JIHII.HH Jlh)J.a H cpHpHa MO.IKeT rrpepbIBaTbCH B pe3yJihTaTe 

o6pa30BaHHH speMeHHOfO . CHe.IKHOro ITOKpOBa Ha nosepXHOCTH Jie..u.­

HHKa. JlHHHeH pa3,neJia Me.IK..LJ.Y o6JiaCTHMH a6JIHII.HH Jlh..LJ.a H cpHpHa 

H ce30HHOro CHe./KHOfO flOKpOBa HBJIHeTCH CHeroBaH rpaHHII.a Ha rro­

BepXHOCTH Jie..LJ.HHKa. 
3. B pe3yJihTaTe MHOrOJieTHHX KOJie6aHHH HHTeHCHBHOCTH H npo­

..LJ.OJI./KHTeJihHOCTH rrpoueccoB aKKYMYJIHII.HH H a6JIHII.HH ce30HH0f0 

CHe)l{HOfO IIOKpOBa Ha nosepXHOCTH Jie..LJ.HHKa fIJIOIUa..LJ.h, r..u.e HMeeT 

MeCTO a6JIHUHH Jib.LI.a H cpHpHa, H3MeHHeTCH OT HYJIH )1.0 BCeH rrosepx­

HOCTH Jie..LJ.HHKa. 

4. Jle..LJ.HHKOBOe IlHTaHHe peKH cpopMHpyeTCH B pe3yJihTaTe TaHHHH 

Jlh..LJ.a H cpHpHa B TeqeHHe HHTepsaJia BpeMeHH, KOr)J.a BblCOTa Ce30H­

HOI1 CHerOBOH rpaHHUhl npeBhllll~eT OTMeTKY KOHUa Jie..LJ.HHKa. CTOK 

OT TaHHHH ce30HHOro CHera Ha IIOBepXHOCTH Jie,[(HHKa OTHOCHTCH K ce-

30HHOMY cHerosoMy nHTaHHIO peKH. TaKaH TpaKTOBKa noHHTHH «Jie,n­
HHKOBhlH CTOK» o6ycJIOBJieHa TeM, qTo o6beM TaHHHH Jlh)J.a H cpHpHa 

He HBJIHeTCH 3JieMeHTOB ro)J.OBOro 6aJiaHca TBep)J.bIX aTMOCcpepHblX 

oca..u.KOB Ha flOBepXHOCTH BO)J.OC6opa. 

c yqeTOM ccpopMyJIHpOBaHHhlX Bhlllle IIOJIO./KeHHH aanHllleM o6mHe 

BblpaMeHHH ,ll.JIH orrpe,11.eJieHHH cyMMapHhIX o6'beMOB TaHHHH ce30H-
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HOfO cHera Ve H Jlh,ll.a H cpHpHa v n<I> 3a COOTBeTCTBYIOI.UHe nepHO,ll.hl 

npeo6Jia)1.a10mefl a6JIHUHH: 

't'K 

Ve= ~ ~ M (r, t) dF c dt 
'to Fe 

(1.2) 

H 
't'Kl 

vJicl> = ~ ~ M (r, t) dF Jicl> dt, 
't'o1 F Jicp 

(1.3) 

rae 't'o H 'f:K - MOMeHTbl MaKCHMYMOB aKKYMYJIHUHH, paa,ll.eJieHHble BO 

speMeHH rrepHO.ll.OM rrpeHMymecTBeHHOH a6JIHUHH; F c - IIJIOlll.3.ll.h ce: 
30HHOf0 CHe:IKHOrO IIOKpoaa Ha Jie)J.HHKe; M- HHTeHCHBHOCTb TaHHHH, 

r - BeKTOp, xapaKTepH3YIOI.UHH rrpocTpaHCTBeHHOe IIOJIO:/KeHHe TQqKII 

Ha Jie,ll.HHKe; 'fol II 'f:Kl - MOMeHTbl HaqaJia H OKOHqaHHH TaHHHH Jlh,ll.a 

Ha KOHUe Jie)l.HHKa; F JI<I> - IIJIOllJ.a)J.b Jib,na H cpHpHa; dF c u dF n<I> -

3JieMeHTapHble IIJIOI.Ua,11.KH Ha IIOBepXHOCTH CHera H Jib,na H cpHpHa. 

nocKOJibKY TIJIOI.Ua,ll.H F c H F JI$ B TeqeHHe nepHO,llOB 'f1c:-'t'o II 

'TK1-'To1 HBJIHIOTCH O,ll.H03Ha tIHblMH cpyHKUHHMII BbICOTbl ce30HHOH CHe­

roBOH rpaHHUbl Zrcc Ha Jie,ll.HHKe, BbipaLKeHHH ( 1.2) II ( 1.3) MO:IKHO 

aan1ICaTh B cpop~e, 6oJiee y,no6HOH ,ll.JIH tIHCJieHHOfO HHTerpHposaHHH. 

TaK, JI.JIH HHTepaaJia BpeMeHH, Kor)l.a Zrcc <ZR, T. e. OT MOMeHTa MaK­
CHMyMa aKKYMYJIHUHH ce30HHOro CHera Ha Jie)lHHKe ..lI.0 HaqaJia ne-

pHOJI.a a6JIHUHH Jlb)la H cpHpHa 

't' ZH 
o1 , dF 

Vc
1 
('Toi)= ~ ~ M (z, t) dz dz dt ( 1.4) 

'to ZK 

npH ZR<Zrcc (t) ~ZH HJIH B TeqeHHe nepHO)la a6JIHII.HH Jih.lI.a H cpHpHa 

'tKl ZH 

Vc2 (-rK1) = ~ ~ M (z, t) ~~ dz dt, 
'toi Zrcc ('tot) 

't'Kl Zrcc ('tKJ) 

vJJ<t> (-rK1) = ~ ~ · M (z, t) 
't'o1 ZK 

dF dz dt 
dz 

(1.5) 

(1.6) 

H IIOCJie OKOHqaHHH nepHO)la a6JIHUHH Jlh.LJ.a H cpHpHa, KOf JI,a IIOCTO­

HHHO coxpaHHeTCH ycJIOBH~ Zrcc (t) <ZR 
't'K ZH 

Vc3 ('TK) = ~ ~ M (z, t) ~~ dz dt. 
"CK1 ZK 

(1.7) 

B Bhlpa)l{eHHHX ( 1.4 )- ( 1. 7) zl\ H ZH- a6coJIIOTHble BbICOTbl COOTBeT­

CTBeHHO KOHU.a H Ha qaJia Jie)l.HHKa. 
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IlOCKOJlbKY HHTerpHpOBaHHe no Z H t ,ll.JIH OT,ZI.eJibHOfO Jie,ZI.HHKa, 

a TeM 6oJiee HX MHOMeCTBa B npe,ZI.eJiax 6acceiitta peKH ,ZJ.a.>K:e B ynpo­

UJ.eHHhIX cpopMyJiaX ( 1.4)-( 1.7) B03MO.>K:HO TOJlbKO tIHCJieHHblMH Me­

TO,ZI.aMH, JaMKHYTYIO CHCTeMy MeTO,ZJ.OB onpe,ZI.eJieHHH ,ZJ.JIH MHOMeCTBa 

Jie,ll.HHKOB npocTpaHCTBeHHO-BpeMeHHOH H3MeHtIHBOCTH ,ll.aT HatiaJia H 

KOHUa nepHO,ll.a TaHHIUI Jlb,ZI.a H cpHpHa, HHTeHCHBHOCTH TaHHHH CHera, 

Jlb,ZI.a H cpHpHa, BbICOT Ce30~HOH CHeroao:H: rpaHHUbl H IlJIOllla,ZJ.eH pa3-

JIHqHblX TIUIOB noBepXHOCTH Jie,ZJ.HHKa B TeqeHHe nepHO,ll.a 'tl\1-'to1 

6y,ZJ.e~ Ha3bIBaTb ,ZJ.aJiee cpH3HKO-CTaTHCTHqecKOH perHOHaJibHOH MO­

,ZJ.eJihlO npouecca TaHHHH H Jie,ZJ.HHKOBOrO CTOKa. 

· CTeneHb npH6JIHMeHHH MO,ZJ.eJIH rtt,ZI.poJiorttqecKoro peMHMa OJie.rr.e­

HeHHH onpe,ZI.eJIHeTCH B ,UaHHOM CJiyqae o6'beKTHBHbIMH npHqHHaMH: 

ypOBHeM HsyqeHHOCTH npocTpaHCTBeHHO-BpeMeHHOH H3MeHqHBOCTH oc­

HOBH~IX cpaKTOpOB, - OT KOTOpbIX JaBHCHT HHTeHCHBHOCTb TaHHHH, nOJI­

HOTOH H penpe3eHTaTHBHOCTblO . HCXO,UHOH. MeTeopoJior11qeCKOH HHcpop­

MaUHH 06 ycJIOBHHX TaHHHH H cBe,ZJ.eHHH no MopcpoMeTpHH Jie,UHHKOB, 

06pasy10mHx f JIHUHaJibHYIO o6JiaCTb. 
Xopowo H3BeCTHO, KaKoif cJIOMHoif H necTpoif B ycJIOBHHX pe3KO 

pacqJieHeHHOfO peJihecpa CTaHOBHTCH KapTHHa pacnpe,LI.eJieHHH oca..u­

KOB, o6JiaqHOCTH, aTMoccpepHoif UHPKYJIHUHH, coJIHeqHo:H pa,ZI.Hau1n1, 

TeMnepaTypbl B03,Uyxa H .rr.pyrHX MeTeopoJIOfHqecKHX 9JieMeHTOB. 

IloKa qTo 6acceifHhI peK Cpe,ZI.He:H A3HH, r.rr.e cocpe,u.oToqeHbI ocHOB­

~bie nJioma,ZJ.H COBpeMeHHOfO OJie,UeHeHHH, B MeTeOpOJIOrHqecKOM OT­

HOllieHHH ocaemeHbl Kpa:HHe He,ZJ.OCTaToqHo. no,u.a13JIHIOll.lee OOJiblliHH­
CTBO CTaHUHH f OCKOMfHJJ.pOMeTa, IlpOBO,lJ.HlllHX peMHMHbie MeTeOpOJIO­

fHqecKHe Ha6JIIO,ll.eHHH, pacnOJIOJKeHO ,UO BblCOT He 6oJiee 2000 M Ha,ll. 

yposHeM MOpH. B JJ.HanaJoHe BhICOT OT 2000 .rr.o 3000 M TaKHX cTaHu11if 
acero JIHllih oKoJio 40 Ha BCIO ropHy10 TeppHTOpHIO Cpe,u.tte:H A3HH, 

a Bblllle 3000 M KOJIHqecTBO MeTeopOJIOfHqecKHX CTaUHOHapoB COCTaB-
JIHeT TOJibKO 23. . 

YcJIOBHH cymecTBOBaHHH oJie..rr.eHeHHH Cpe.rr.He:H A3HH ttJyqeHbI 

TaKJKe HepaBHOMepHo. EcJIH ceifqac Ha paBHHHe H _B npe,ZI.rophHX 
_Ha Bcex peKax H KaHaJiaX Be,ZJ.eTCH yqeT CTOKa H BO,lJ.OilOJib30BaHHH . , 
TO 0 peMHMe MHOfOJieTHHX 3anaCOB CHera H Jlh,Ua B o6JiaCTHX nH-

TaHHH peK Hepe..rr.Ko HMeIOTCH npHOJIH.JKeHHbie, HeIIOJIHhie HJIH ycTapeB­

lllHe~ cse..rr.eHHH. He.rr.ocTaTOK ,ZJ.aHHhIX ttenocpe..rr.cTBeHHhIX H3MepeHHif Ha 

Jie,.UHHKax oco6eHHO omymaeTcH B 6acce:HHe p. HaphIH, Ha aocTollHOM 

,H IOf0-3aITaAHOM IlaMHpe, B xpe6TaX 3aaJiaHCKOM, IleTpa CTepaoro, 

,llapBa3CKOM, 5J3ryJieMCKOM H ,u.p. 
OcttoBHbIM HCToqHHKOM ..rr.aHHhIX o KOJIHqecTBe, pacnoJI011<:eHHH H 

MopcpoMeTpHH ·JieAHHKOB Cpe,.nHeif AJHH HBJIHIOTCH BhlrrycKH 13 H 14 
TOMOB «KaTaJiora JieAHHKOB CCCP». IlpH cocTaBJieHHH KaTaJioros 

Jie,ll.HHKOB llIHpOKO HCIIOJih3YIOTCH a3pocpOTOC'beMKa H KpynHOMaClllTa6-

Hbie KapTbI, II09TOMY OHH HeilJIOXO OTpaLKaIOT KOJIHl.J:eCTBeHHYIO Kap­

THHY coapeMeHHoro oJie,.neHeHHH. BechMa cyw.ecTBeHHhIM He..rr.ocTaT-.. 
KOM 9TOH KapTHHbl HBJIHeTCH ee CTaTHtJHOCTb H orpaHaqeHHOCTb co-

CTaBa xapaKTepHCTHK JieAHHKOB. 

TaKHM o6pasoM, oueHKH 06ecrreqeHHOCTH HCXOJJ.HO:H HHcpopMauHeii, 

KOTopa.si aeo6xo..rr.ttMa ..UJIH pactJeTa rrpouecca M (r, t), rroKaJhIBaIOT, 
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qTO ,ZI.JIH rroJiyqeHHH peweHHH, rrpHrO,UHOfO ,UJIH IllHpOKOf~ HCII0Jlb30Ba­

HHH, Tpe6yeTCH HeKOTOpoe yrrpomeHHe rrepBOHaqaJihHOH IIOCTaHOB.KK 

3 a,LJ.alIH. .. 
KaqecTBO pactieTa Ve, vJI<I> H ,nttarra30H rrpHMeHHMOCTH HCKOMOH 

MeTO,lJ.HKH B ueJIOM BO MHOfOM 3aBHCHT OT cnoco6a onpe,u.eJieHHH HH­

TeHCHBHOCTH TaHHHH. <l>H3HqecKaH CTOpOHbl rrpouecca rrocTyrrJieHHH H 

npeo6pa30BaHHH 9HeprHH Ha rroaepXHOCT~ CHera H Jlh,Ua B HaCTOHmee 

apeMH rrpe,UCTaBJIHeTCH ,UOCTaToqHo HCHOH. .. 
06o6meHHH pe3yJibTaTOB HerrocpeJJ.CTBeHHhIX H3MepeHHH COCTaB: 

JIHIOlll.HX TerrJioaoro 6aJiaHca Ha noaepxHOCTH Jie,UHHKOB Cpe,nHeH 

AaHH 11 ,u.pyrHx ropHhIX cTpaH co,nep11<:aTCH B pa6oTax [ 16, 26, 28, 59, 
87, 110, 132, 144, 153-156, 165, 181, 197, 201, 232, 244, 245] H MHO­

fHX ,u.pyrttx, KOTOpb1e HeB03MO.JKHO 3,nech nepel.IHCJIHTh. HeMaJio HC­

cJie,u.oaaTeJieii a CCCP H sa py6e:tKOM paccMaTpHBaIOT B CBOHX pa6o­

Tax cnoco6bI npocTpaHCTBeHHOH 9KCTparroJIHUHH MeTeOpOJIOrHqeCKHX 

9JieMeHTOB, Heo6XO,UHMbIX ,UJIH pacqeTa KOMilOHeHTOB TeITJIOBOfO 6a-

JiaHca B ropHblX ycJIOBHHX. 
AttaJIH3 9THX pa6oT noKaswaaeT, llTO HCITOJih30BaHHe ypaaHeHHH 

TeTIJIOBOfO 6aJiaHca ,UJIH onepaTHBHbIX pacl.leTOB TaHHHH B f JIHUHaJih­

HbIX o6JiacTHX HBJIHeTcH HeueJiecoo6pa3HhlM BBH.UY He.uocTaTKa HJIH 

OTCYTCTBHH HCXO,UHOH MeTeOpOJIOrHqecKOH HHcpopMaUHH (TeMnepaTypa 
nosepXHOCTH, BJia:IKHOCTb H npo3paqHOCTb B03J.I.yxa, rrpOJJ.OJIJKHTeJih­

HOCTb COJIHellHOfO CHHHHH H . T . .rr..)' CJia6oif 113yqeHHOCTH rrpouecca 

Typ6yJieHTHOro nepeHOCa TerrJia H BJiafH B npHJie,UHHKOBOM CJIOe B03-

JI.yxa, HCKJIIOqHTeJihHOH CJIO.JKHOCTH BeTposoro peLKHM a B BblCOKOrop-

HbIX ,UOJIHHaX. 
B 3TOH CHTyaUHH ,UJIH TIOCTpOeHHH MO,UeJIH pe2KHMa OJie,UeHeHHH 

BIIOJIHe oqeBH,UHOH CTaHOBHTCH He06XO,UHMOCTb: 
a) IIOJIYlleHHH CTaTHCTHqecKHMH MeTO,UaMH 3MilHpHqecKHX cpopMyJI 

HHTeHCHBHOCTH TaHHHH, yqHTbIBaIOlllHX OTHOCHTeJihHYI:O 3HaqHMOCTb 

KOMIIOHeHTOB TeITJIOBOfO 6aJiaHca H rrpHrO,UHbIX ,ll.JIH IIIHpOKOfO rrpH­

MeHeHHH a ycJIOBHHX oJie,u.eHeHHH Cpe,u.tteif A3ttH; 
6) HCIIOJih30BaHHH npH BbIBO,Ue 3MilHpHqe~KHX cpopMyJI ocpe~HeH­

HbIX 3HaqeHHH cpyHKUHH H apryMeHTOB c ueJiblO raIIIeHHH CJiyqaHHhlX 

OIIIHOOK H3Mepett11iI; 
B) cyMMHpOBaHHH paccq11TaHHbIX 3HaqeHHH v M (t) 3a HHTepBaJihl 

BpeMeHH OT ,u.eKa,UhI ,no MeCHUa - TaKJKe ,ll.JIH 9JIHMHHHpOBaHHH rro-

rpeIIIHOCTeif. \ 
f JIHUHaJihHhle o6JiaCTH B 6accelittax peK Cpe,ll.Heli A3HH cocTOHT 

H3 ,ll.eCHTKOB H COTeH Jie,ll.HHKOB caMbIX pa3JIHqHhlX cpopM, pasMepOB, 

c npOH3BOJihHbIM pacrrOJIO.>K:eHHeM, lliHpOKHM ,u.11arra30HOM MHKpO- H 

Meaooco6eHHOCTeiI pe:tKHMa aKKYMYJIHUHH 11 a6JIHUHH. B CBH3H c 3THM 
Ba>Kne:HllieH qaCThIO perHOHaJihHOH MO,UeJIH fH,UpOJIOfHqecKoro pelKHMa 

OJie,ll.eHeHHH HBJIHeTCH COBepllieHHO HeH3yqeHHblH BOnpoc 0 noJiyqe­

HHH cyMMapHbIX aeJIHllHH TaHHHH ,UJIH acero MH02KeCTBa NrJI Jie,UHH­

KOB, o6pa3yIOillHX f JIHUHaJihHYIO -OOJiaCTh. ilpHqeM 3apaHee HCHO, llTO 

paa,ll.eJibHOe BblqHcJieHHe v M H IIOCJie,UyIOmee HaKOITJieHHe pe-.. 
3YJihTaTOB - He3cpcpeKTHBHhIH H rrpaKTHlleCKH HepeaJIH3yeMhIH 

DYTh. 
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I 

B ,ZI.onoJIHeHHe K yJKe ynoMHHYTbIM HaH6oJiee KpynHbIM HOBblM aa­

D.aqaM cJie,ZI.yeT HaaBaTh: a) sonpochl TpattccpopMaUHH o6oeMOB cyM­

MapHo~o Ta5IHH5I B rJIHUHaJibHblX o6JiaCTHX B Jie,ll.HHKOBbIH CTOK, 

6) pa3pa60TKY MeTO,ll.OB ,ll.OJirocpoqHoro nporH03a Jie,ZI.HHKOBOfO CTOKa, 

s) onpe,ZI.eJieHHe ,ll.JIH oJie,ZI.eHeHHH Cpe,ZI.Heii A3HH cTaTHCTHqecKHX na­

paMeTpos ( cpe,ZI.Hee, K03cpcpHUHeHT sapHaUHH H K03cpcpHUHeHT aCHM­

MeTpHH)' xapaKTepH3YIOlll.HX MHOroJieTHHe KOJie6aHHH cyMMapHoro 
TaHHHH Jie,ll.HHKOB H Jie,lI.HHKOBOro CTOKa B 6acceliHax peK perHOHa, 

r) q11cJieHHOe MO,lI.eJIHpOBaHHe HCKYCCTBeHHOro B03,ZI.eHCTBH5I Ha TaHHHe 

Jie,lI.HHKOB c ueJiblO noJiyqeHHH ,ll.OITOJIHHTeJihHOro o6oeMa Jie,ll.HHKOBOrO 
CTOKa. 

,UJIHTeJihHOe BpeMH oueHKH BKJia,lI.a Jie,lI.HHKOBhlX BO,ll. KaK HCTQq­

HHKa ITHTaHHH peK CpeJI.Heli A3HH onpeJI.eJIHJIHCb nyTeM aHaJIH3a co­

cTaBJIHIOIUHX ypaBHeHHH cpe)l.Hero MHOfOJieTHero fO,ll.OBOro BOAHOro 

6aJiaHca. Pe3yJihTaThI pacqeTOB cpeJJ.HHX BeJIHqHH JieJJ.HHKOBoro 1n1Ta­

HHH H CTOKa npHBOAHTCH B pa6oTax B. JI. IliyJihUa (221), A. 0. l(eM­

Mep11xa (93, 94), B. A. KaMaJioBa [88), A. C. ll.LeTHHHHKOBa (230], 
A. H . KpeHKe [ 141] H JJ.pyr11x aBTopos. XoTH npopa6oTKH 3THX 11ccJie­

ll.OBaTeJieli HeCOMHeHHO 3aC:JIYlKHBaIOT IIOJIO)KHTeJibHOH oueHKH, TeM 

He MeHee orrpeJJ.eJieHHe OJJ.Horo JIHllih rrapaMeTpa rHJJ.poJiorHqecKoro 

pelKHMa oJieJI.eHeHHH Cpe,ZI.HeH: A3HH B HacTOHlll.ee speMH HBHO HeJJ.o­

cTaTOlJHO. l(aK yJKe 6bIJIO OTMelJeHO paHee, )1.JIH HayqHblX H rrpaKTH­

qecKHX ueJieii tteo6xo)l.HMhI: cpeJJ.HHe 3HaqeHHH V M H WrJI 3a ro.n H 

OT)l.eJihHbie MeCHUbl a6JIHUHOHHOro nepHO).I,a, K03cpcpHUHeHTbl BapHa­

UHH H aCHMMeTpHH, aBTO- H KpOCCKOppeJIHUHOHHhie cpyHKUHH 3Jie­
MeHTOB fHJI.POJIOfHqecKoro peLKHMa. 

HaH6oJiee nepcneKTHBHhlM crroco6oM H3yqeHHH H KOJ111qecTBeHHOH 

oueHKH TaHHHH H Jie).I,HHKOBOro CTOKa KaK 3JleMeHTOB pelKHMa f JIH­

UHaJihHOH o6JiaCTH 5IBJI5IeTC5I pa3pa60TKa MaTeMaTHlJeCKHX MO).I,eJieM 
. ' 

yqHThIBaIOlll.HX CTPYKTYPY ypastteHHH TenJiosoro H BOJI.Horo 6aJiaHca 
B Jie,lI.HHKOBbIX 6acceiiHax H rrpocTpaHCTBeHHO-BpeMeHHYIO H3MeHqH­

BOCTb HHTeHCHBHOCTH npoueccos aKKYMYJIHUHH H TaHHHH cliera ll 
JihJI.a. CTpHHUHnHaJihHOe OTJIHq11e MaTeMaTHqecKHX Mo,ZI.eJieii OT yno­

MHHYT~Ix pa Hee MeTO,ll.OB pacqeTa v M H WrJI COCTOHT B TOM, qTQ 

B MO)l.eJIH paccMaTpHBaeTCH 3aMKHyTaH CHCTeMa ypaBHeHHH H rHITO­

Te3, no_cJie)l.OBaTeJibHO OITHCbIBaIOlll.HX OCHOBHhle 3TaIThl npouecca cpop­
MHpOBaHHH CTOKa . 

1.2. CTaTHCTH11ecKaS1 MO.JJ.eJib rJisiu.uaJibHOH o6JiaCTH 

)l.JISI pac11eTa cyMMapuoro TaSIHHSI Jie)l.HHKOB 

CospeMeHpoe oJieJI.eHeHHe B 6acceiiHax peK CpeJ.I.Heii AaHH H JJ.py­

rHx ropHhlX CTpaH COCTOHT H3 .necHTKOB H COTeH Jie,ll.HHKOB pa3HOOO­

pa3HbIX pa3Mepos H cpopM. HapHJJ.Y c HayqeHHeM peJKHMa bTJ.I.eJihHhIX 
o6oeKTOB, OCHOBHOH npo6JieMOH f JIHUHOfHJJ.POJIOfHH 5IBJI5IeTCH nonyqe­

HHe oueHOK, xapaKTepH3Yl0111.HX 3JieMeHTbl pelKHMa BCero MHO){{eCTBa 

ne~HHKOB HJIH fJIHUH3JibHOH o6JiaCTH B npeJ.I.eJiax HeKOTOporo 6ac­

ceHHa peKH. OnpeJJ.eJieHHH BHyTpHrOJJ.OBoro H MHoroJieTHero pe){{HMa 

rJUIUHaJibHbIX o6nacTeii ecTeCTBeHHo JJ.OJI){{HbI YllHThIBaTb see ocHOB-
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. . 

Hbie oco6eHHOCTH H 3aKOHOMepHOCTH npouecCOB aKKYMYJIHU.HH H a6JIH­

UHH, ycTaHOBJieHHbie Ha o·T,ll.eJihHblX Jie,ll.HHKaX. 3To IlOJIO}l{eHHe npeA­

cTaBJIHeT co6oii HayqHy10 ocHoBy pa3pa6oTaHHOro asTopoM MeTo.na 

paclJeTa cyMMapHoro T35IHHH Jie.LI.HHKOB KaK OAHOfO H3 3JieMeHTOB 

pe}KHMa r JIHUHaJihHhIX o6nacTeii CpeAHeii A3HH { 119, 121]. 
PerHoHaJihHaH nocTaHOBKa npo6JieMhl noTpe6osaJia cooTBeTcTsy10-

1UeH HCXOAHOH HHcpOpMaUHH, perneHHH H MeTOAOB AJIH OilHCaHHH npo­

u~cca TaHHHH Ha sceii TIJIOlll.aAH ,LI.HCKpeTHOro MHOLKeCTBa Jie.LI.HHKOB. 

He3aBHCHMO OT sapHaHTa perneHHH a ueJIOM rrpo6JieMhI pacqeTa BHYT­

puro.nosoro H MHOfOJieTHero peLKHMa cyMMapHOfO T351HH5I OAHHM H3 
npHHU.HTIHaJihHbIX BOnpocoB HBJIHeTCH 0606111.eHHe MOpcpoMeTpHlJeCKHX 

noKa3aTeJieH MHO}l{eCTBa Jie,LI.HHKOB. ., 
Pa3pa6oTaHHaH asTopoM cTaTHCTHqecKaH MOJ.I.eJih r JIHU.HaJihHOH 

o6nacTH [ 117, 123] npeAcTaBJIHeT co6oii KOJIHqecTseHHYIO cpopMy TH­
nH3aUHH s OAHOpOAHhIX paH:ottax rJIHU.HaJihHOH ooJiaCTH ocHOBHhIX 

MOpcpoMeTpHlJeCKHX IIOKa3 aTeJieH MHO){{eCTBa OT)J.eJihHblX o6oeKTOB: 

IlJIOUI.aJI.H JieJI.HHKa H CTIJIOllIHOH MOpeHhl, HHJI.HBHAY3JibHOfO pacnpe-

11.eneHHH TIJIOUI.aJlH B 3aBHCHMOCTH OT BhlCOThl, OTMeTOK HalJaJia H 

KOHUa Jie.LI.HHKa, cpHpHOBOH rpaHHU.bl, sepxHeH rpaHHUbl CIIJIOlliHOro 

MopettHoro noKposa, cpeJlHHX 3HaT.IeHHH opHeHTaUHH H YKJIOHa no-

aepXHOCTH Jie)lHHKa. . 
.M.eTO)l. THTIH3aUHH o6ecnelJHBaeT IIOJiyqeHHe Ha THIIHlJHOM o6oeKTe 

HJIH «cpeJI.HeM neAHHKe» Jl3HHhIX o BHyTpHrO,LI.OBOM H MHOroneTHeM 

pe}l{HMe cyMMapttoro TaHHHH, OTHOCHUI.HXCH ~o BCeMy MHO)KeCTBY 
ne.n.HHKOB B npeJI.eJiax paccMaTpHsaeMoro 6acceHHa peKH. ,UocTOHHCT­

BOM MeTOJI.3 THIIH3aU.HH HBJI51eTC51 TaK>Ke B03MO)l{HOCTh rrpHMeHeHHH 

peayJibTaTOB paclfeTa TaHHHH JlJIH aHaJIH3a xapa~TepHCTHK pe)KHMa 

Jie.LI.HHKOB, aaBHCHUI.HX OT COOTHOllieHHH I1JIOlll3)1.eH aKKYMYJIHUHH H 

a6JIHUHH. HanpHMep, npouecc neJlHHKOBoro cToKa. 
PaccMoTpHM ,LI.aJiee B o6meM BHAe cTaTHCTHqecKy10 MOAeJih rJIH-

UHaJihHOH o6JiaCTH JI.JIH pacT.J:eTa cyMMapttoro TaHHHH Jie)l.HHKOB H pe-

3YJibTaTbl q11cJieHHOro 3KcnepHMeHTa, xapaKTep11sy10mero KatJecTBO 

MO)l.eJIH. 
CHalJaJia 3an11rneM noJIHoe Bh1pa)KeHHe cyMMapHoro o6oeMa TaH-

HH.H B MOMeHT t Ha rrosepXHOCTH HeKoroporo Jie)l.HHKa: 

VM (t)r = ~ M (r, t) dF, 
F 

(1.8) 

r.u.e VM(t)- cyMMapHblH o6oeM T35IHHH, paaMepHOCTb KOTOporo -

oo'beM s e.n.HHHUY speMeHH; M - HHTeHCHBHOCTh TaHHHH; r - seKTOp, 

xapaKrepH3YIOUI.HH npocrpaHCTBeHHOe TIOJIO)KeHHe roqKH Ha JieJI.HHKe 

(BKJiroqaer rrJiaHOBO-BbICOTHhle KOOp,LI.HHaThI, opHeHTaUHIO H yKJIOH no-

BepxttocTH JieJl.HHKa); F - nnoma.nh Jie)J.HHKa. 
Orrpe.neJieHHe vM (t) no noJIHOMY Bbipa){{eHHIO ( 1.8) HeB03MOmHo 

HH aHaJIHTHqecKH, rrocKOJihKY cpyHKUHH M (r, t) tteH3BecrHa, HH qHc­

neHHhIM.H MeTO).I,aMH BBHJl.Y orcyTCTBHH HeOOXO)J.HMhIX HCXOJI.HhIX .u.aH­
HblX. ,llJIH rroJiylJeHHH npaKTHqecKH rrpHeMJieMOfO MeTO)l.a pacqera 

2* 
19. 



vM (t) 3aMeHHM M (r, t) OJJ.HOMepHoii cpyHKUHeii BhICOThI MeCTHOCTH z. 
Tor,lI.a 

ZH 

VM (t)z = ~ M(z, t)s(z)dz, (1.9) 
ZK 

r,lI.e ZH - a6coJIIOTHaH BhICOTa HatiaJia Jie,lI.HHKa; ZH - OTMeTKa KOHUa 

Jie,lI.HHKa; s(z)-cpyHKUHH pacnpe,lI.eJieHHH IlJIOlll.a,lI.H Jie,lI.HHKa B 3aBH­
CHMOCTH OT BhICOTbl MeCTHOCTH. 

CTpHMeHHB K HHTerpaJiy oT npoH3Be,lI.eHHH JJ.BYX cpyHKUHH M(z) H 
s (z) 0606111.eHHYIO TeopeMy 0 cpe,lI.HeM [204]' IlOJIYtIHM 

ZH 

vM (t)z = M (z, t) ~ s (z) dz, 
ZK 

( 1.10) 

a IlOCKOJibKY 

ZH 

~ s(z)dz=S, 
ZK 

(I.II) 

TO 

VM (t)z = M (z, t) S, ( 1.12) 

r,lI.e z - HeKotopa.H BhICOTa a HHTepsaJie Za, Zl\; S - o6ma.H nJioruaJJ.h 
Jie,lI.HHKa. - ' 

CTepeH,lI.eM 3aTeM OT e,lI.HHHqHOfO Jie,lI.HHKa K HX O,lI.HOpO,lI.HOMy n~tj 
MHO)KeCTBy nk~ 1 H3 MHO)KeCTBa Nrn~2. MHO)KeCTBO Jie,lI.HHKOB Nrn, 
cocTO.Hlll,ee H3 O,lI.Horo HJI~ HeCKOJihKHX O,lI.Hopo,lI.HhIX BHYTPH ce6.H no,lI.­

MHoM:cTB, Ha3bIBaeTC.H r JI.HUHaJibHOH o6JiaCThlO B HeKOTOpOM petIHOM 
6acceHHe 

N rJI == n1 + n2 + ... + nk. ( 1.13) 
06ruee ynpor.u.eHHoe BhipaJKeHHe cyMMapHoro o6oeMa Ta.HHHH Jie,lI.~ 

HHKOB B MOMeHT BpeMeHH t B ueJIOM ,lI.JI.H r JI.HUHaJibHOH o6JiaCTH 
HMeeT BH,lI. 

r ,lI.e 

n1 n2 

VM(t)=n1{.-L M(Z;, t)Si+n.+L M(Z1, t)S1 + 
i=I 2 i=l 

nk 

+ ... + nk_!_ '\"' M (zi, t) Si, 
nk /..J 

. . i=l 

. nk 

:k L M (zi, t) Si= Mk (z, t) sk =wk 
i=l 

( 1.14) 

(1.15) 

npe,ncTaBJI.HeT co6oli cpe,lI.HHH CYMMapHbIH o6neM TaHHHSI B ITO,lI.MHO~ 
)l{eCTBe nh. 
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B HTOre, yqHThIBaH (1.15), ,lI.JIH onpe,lI.eJieHHH cyMMapHoro o6neMa 

TaHHHH Jie,LI.HHKOB B fJIHUHaJibHOM o6JiaCTH noJiyqaeM: 

(1.16) 

Bb1p a)KeHne ( 1.15) ,lI.JIH Wk HBJIHeTCH cpe,lI.HHM npoH3Be,LI.eHHeM 

,nsyx nepeMeHHhIX, KOTopoe, corJiacHo H3BeCTHOH [21] TeopeMe YMHO-
., 

)l{eHHH MaTeMaTHtieCKHX O)KH,lI.aHHH, paBHO: 

( 1.17) 

r;ne cov MkSk - KoppeJIHUHOHHhIH MOMeHT rrepeMeHHhIX Mk H S 1i. 
BrroJIHe otieBHJJ.HO, tITO 

( 1.18) 

IlOCKOJibKY HHTeHCHBHOCTb Ta.HHH.H M1i (z) HHKOHM o6pa30M He 3aBH­

CHT OT pa3MepoB IlJIOIUa,UH Jie,lI.HHKa. Tor,lI.a BMeCTO ( 1.17) 3aIIHllieM 

( 1.19) 

f,lI.e MaTeMaTHqecKOe O)KH,lI.aHHe Sk onpe,lI.eJIHeTCH BeChMa npOCTO ITO 

,llaHHblM 0 IIJIOlll.a,lI.HX OT,lI.eJibHblX Jie,lI.HHKOB: 

(1.20) 

.,[LJI.H HaXOM,lI.eHHH MaTel\1aTHtieCKOfO OMH,lI.aHH.H ,lI.pyroro COMHO-: 

JKHTeJI.H B cpopMyJie ( 1.19) npe,lI.CTaBHM HHTeHCHBHOCTb TaHHH.H Ha 

BblCOTe z, KaK 3TO tiaCTO ,lI.eJiaeTC.H B fJIHUHOJIOfHqecKHX pactieTaX, 

B BH,lI.e JIHHeHHOH cpyHKUHH TeMnepatypbI B03,lI.yXa 0 : 
• 

M ( z) = ae ( z) + b, (I . 21) 

r,ne a H b - napaMeTpbI. I<aK H3BeCTHO [21], MaTeMaTHtieCKOe OJKH­

AaHHe Mo JIHHeliHoii cpyHKUHH pas Ho TOH Me JIHHeiiHOH cpyHKUHH OT 
MaTeMaTHtiecKoro O)KH,lI.aHH.H apryMeHTa. B ,naHHOM cJiyqae -

Mo [M (z)] =a Mo [0 (z)] + b, (1.22) 
-

a IlOCKOJibKY TeMnepatypa B03,nyxa B CBOIO oqepe,lI.b .HBJIHeTCH JIH-

HeHHOH <l>YHKUHeH BhICOThl MeCTHOCTH 

0 (z) = 0 (zo) - V (z - Zo) ( 1.23) 

(3,lI.eCb . 0 (zo)- H3BeCTHa.H TeMnepaTypa B03,LI.yxa Ha BhICOTe Zo, 'Y -
BepTHKaJibHbIH rpa,nHeHT TeMrrepatypbI)' MaTeMaTnqecKoe OJKH,lI.aHHe 

8 (z) Haxo,lI.HM TaK 2Ke, KaK ,nJu1 M (z), T. e. 

Mo [0 (z)] = e (zo) - 'Y Mo (z - Zo). (1.24) 

IlO,LI.CTaBHM ( 1.24) B ( 1.22), ITOJIYtIHM 

Mo [M (z)] =CM ~av Mo (z), ( 1.25) 
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r,ll.e napaMeTp CM HBJIHeTCH o6o6m.eHHOH xapaKTepHCTHKOH KO?cf>cf>H-
1.IJieHTOB a, b, "Y H 3a)l.aHHOro 3HaqeHHH 0 (zo) 

CM= a [8(zo) + VZo] + b. ( 1.26) 

TaKHM o6pa30M, BMecTo ( 1.14) H ( 1.16) noJiyqeHo Bbipa:>KeHHe 

V M (t) = n, [cM - av Mo (;1)] S1 + n2 [cM - av Mo (;2)] S2 + 
+ . . . + nk [ c M - av Mo (; k)] S k, ( 1. 27) 

nk 

Mo [zk] = L zipi ( 1.28) 
i=l 

(Pi - BeCOBOH MHO:>KHTeJih)' KOTOpoe MO:>KeT 6hITh Henocpe)l.CTBeHHO 
HCilOJih30BaHO AJIH pacqeTOB cyMMapHoro TaHHHH Jie,ll.HHKOB 3a pa3-

JIIPIHhie HHTepaaJJbI apeMeHH, ecJIH H3BecTHO, qTo M (z) HBJIHeTCH JIH­

He:Htto:H cpyHKI..J.Heif BhICOThI. B 3TOM cJiyqae, KaK noKa3aHo a pa6oTe 

[ 170]' z )l.OJJ./KHO 6bITh cpe,ll.Heii B3BellieHHOH BhICOTOH Jie)l.HHKa B HH­
TepBaJJe ZH-. ZR, lITO 06ecneq11BaeT paBeHCTBO 

ZH 
. l ~ M (z) = z z Af ( z) dz. 

n- K 
ZK 

( 1.29) 

riapaMeTp cM B cf>opMyJie ( 1.27) onpeJJ.eJIHeTCH cpa3y )l.JIH Bceii 
rJIHI..J.HaJihHOH o6JiaCTH npHMeHHTeJibHO K BhICOTe Zo H B 3aBHCHMOCTH 

OT napaMeTpOB B cf>opMyJie HHTeHCHBHOCTH T3HHHH H nepHO)l.a ocpe)l.­
HeHHH TeMnepaTyphl B03)l.yxa Ha BbICOTe Zo. 

l1TaK, nepBbIH, caMbIH npOCTOH, BapHaHT CTaTHCTHqecKOH MO)l.eJIH 

fJIHUHaJibHOH o6JiaCTH )l.JIH pacqeTOB . CYMMapHoro TaHHHH Jie)l.HHJ\.OB 

COCTOHT Bcero JIHIIIb H3 J.I.BYX xapaKTepHCTHK: cpe)l.Hei1 nJIOIII.3Jl.H Jie)l.­
HHKa B HeKOTOpOM IlO)l.MHOiKeCTBe nn. f JIHI..J.HaJihHOH o6JiaCTH H MaTe­

M3THqecKoro OMH)l.aHHH cpe)l.HHX B3BellleHHhIX BhICOT Jie,ll.HHKOB B TOM 

lKe no)l.MHO)J{eCTBe nk. Mo2KHO noKa3aTh TaK2Ke, lITO napaMeTp cM 
BKJIIOliaeT HHTeHCHBHOCTh TaHHHH Ha BhlCOTe Zo. l(aK yiKe 6bIJIO CKa-

3aHo, c}>opMyJia ( 1.27) npHMeHHeTCH JJ.JIH onpeJJ.eJieHHH V M np11 ycJio­
BHH JIHHeiittocTH M (z) a HHTepBaJie ZH-Z}(. 

B paccMaTpHaaeMoii cpopMyJie )l.JIH onpe)l.eJieHHH cyMMapttoro TaH­

HHH Jie)l.HHKOB HeB03M02KHO anpHOpHO ycTaHOBHTh, HaCKOJihKO TQqHo 

BhIIlOJIHHeTcH Bo apeMeHH H npocTpattcTae ycJIOBHe JIHHeH:ttoCTH M (z). 
flo3TOMY ueJiecoo6pa3HO pa3)l.eJIHTh HHTepaaJI Za~ZK Ha OTJJ.eJibHhle 

qacTH, B KOTOpbIX cf>YHKI..J.HH M (z) 3aBe)l.OMO 6hIJia 6bl JIHHeHHOH. 
Tor JJ.a BMecTo ( 1.27) HanHIIIeM 

m . . 

v M (t) = n, l'1 [cM - ay Mo(;-,;)] s;, + n. i-l [cM - ay Moc;-.,) J S2; + 

( 1.30) 
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rJle 1n - lIHCJio ___ qacTeii B HHTepaaJie ZH-ZK. l(oJIHlieCTBO 3THX qacTeii 

npHMeM paBHbIM nHTH, lIT06bI onpe)l.eJieHHe cyMMapHoro o6'heMa TaH-

\ HHH Jie)l.HHKOB BKJIIOqaJIO pacqeT OCHOBHhIX COCTaBJIHIOIII.HX v M -

o6oeMoB TaHHHH: 1) Jih)l.a no)l. MopeHoH (vJIM), 2) OTKphIToro Jih,ll.a 

(vJI), 3) CTaporo cpHpHa ( VcfJ}, 4-5) 3HMHero (v3c) H JieTHero cHera 

( VJic). B cpopMyJie ( 1.30) nepeMeHHaH Zj 03Ha1IaeT cpeJJ.HIOIO B3BerneH-

HYIO BbICOTY B HHTepaaJie BhICOT ,ll.JIH COOTBeTCTBYIOW.ero THna noaepx­

HOCTH Jie)l.HHKa. 

,Ll.JIH npaKTHtiecKHx onpeJJ.eJieHHH V M no c}>opMyJie ( 1.30) tteo6xo­

JI.HMhI [ 117, 119, 121] CJie,ll.yIOW.He CBe)l.eHHH no MopcpoMeTpHH Jie)l.HH-.. 
KOB: IlJIOilI,3)1.h Jie)l.HHKa H CilJIOIIIHOH MOpeHhI; pacnpeJJ.eJieHHe IlJIO-

w.a,LI.H B 3aBHCHMOCTH OT BbICOThI; a6COJIIOTHhie BhICOTbI Ha1IaJia H 

KORI.I.a Jle)l.HHKa, ¢HpHOBOH rpaHHII.hI, Bepxtte:H rpaHHUbI CilJIOillHOfO 

MOpeHHOrO noKpoaa; cpe,LI.HHe B3BellieHHbie no TIJIOW.a,LI.H 3HaqeHHH 

opHeHTaII.HH H YKJIOHa noaepxHOCTH Jie,ll.HHKa. Bee o6o6w.eHHbie 

Bl>ICOTHbie xapaKTepHCTHKH Jle,ll.HHKOB ,ll.OJI)KHbI 6bITh cpe)l.HHMH B3Be­

weHHhIMH no IlJIOW.3,ll.H, ,ll.3HHbie no TIJIOW.3JJ..5IM - npocTO cpe.rr..­

HHMH. 

KoMnJieKc Mop¢oMeTpHlieCKHX noKa3aTeJie:iI, noJiyqaeMhIX no JJ.aH­

HbIM KaTaJiora JieJ.I.HHKOB CCCP, o6pa3yeT rropTpeT «cpe.rr.Hero JieJJ.­
HHKa» ,ll.JIH Ka)K,ll.OH H3 O,ll.HOpO)l.HbIX rpynn Jie,ll.HHKOB B HeKOTOpOH 

rJIHI..J.HaJibHOH o6JiaCTH. 3aTeM xapaKTepHCTHKH cpe)l.HHX Jie,ll.HHKOB HC­

IlOJih3YIOTCH B pacqeTax cyMMapttoro TaHHHH no cpopMyJie ( 1.30). 
QqeBHJJ.HO, lITO MeTO,ll.HlieCKHH nO,ll.XOJJ. K onpe,ll.eJieHHIO v M, OCHOBaH­

HhIH Ha ITOHHTHH «cpe.rr.ttero Jie,ll.HHKa», cymecTBeHHO ynpomaeT H 06-

JierqaeT paclleThI cyMMapHOfO TaHHHH B f JIHI..J.HaJihHbIX o6JiaCT5IX, 

BKJIIOlJaIOilI,HX COTHH H TbICHlIH Jie,ll.HHKOB. 

B KalieCTBe npHMepoB cTaTHCTHlieCKHX MO,ll.eJieiI B Ta6JI. 1.1 npH­

Be)l.eHbI Mop¢oMeTpHlieCKHe xapaKTepHCTHKH cpeJJ.HHX Jle)l.HHKOB ITO 

paiioHaM (rpynnaM Jle,ll.HHKOB) fJIHI..J.HaJihHhIX o6JiaCTeH B 6acceHHaX 
pe1'_ ITcKeM, 3epaalliaH (MaTqa) H MyKcy. BKJIIOlieHHhie a lIHCJIO 

9THX noKa3aTeJieii cpeJJ.HHe B3BerneHHhle 3HaqeHHH yKJIOHa H opHeH­

TaIJ.HH JieJJ.HHKOB onpe.z:(eJieHbI no MeTOJJ.HKe A. 0. ll.LeTHHHHKOBa [226, 
227] H HCilOJib3YIOTCH )l.JIH pacqeTa IlOf JIOW.eHHOH COJIHetIHOH pa)l.Ha-

11.HR KaK apryMeHTa cpopMyJihI HHTeHCHBHOCTH TaHHHH. MeTOJl. pacqeTa 

cpeJJ.HeH TOJIW.HHbI MopeHhl Ha KORI.I.ax Jle.11.HHKOB pa3pa6oTaH aBTO-
poM [ 119] H paCCMOTpeH B pa3,ll.eJI·e 2.4. . 

MeTO)l.HlieCKOH ocHoaoiI BhIJJ.eJieHH.H paHOHOB-nOJJ.MHO:>KeCTB B r JIH­

U.HaJihHhIX o6JiaCTHX HBJIHeTCH ycJIOBHe 0)1.HOpOJJ.HOCTH OT)l.eJlbHblX 

yqaCTKOB 6acceHHa B oporpa¢HlieCKOM H KJIHM3THlieCKOM OTHOllie­

HHHX. 11Hor.rr.a B 6acceHHax peK c pa3BHThIM OJle)l.eHeHHeM Heo6xo­

ll.HMO OJJ.HH HJIH HeCKOJlhKO caoeo6pa3HbIX paHOHOB paccMaTpHB3Th 

KaK CaMOCTOHTeJlhHhle fJIHII.HaJihHhle o6JiaCTH H BhI,ll.eJIHTh B HHX O,II.­

HOpO,II.Hhle rpyrrnhI Jle)l.HHKOB. 51 pKHM npHMepoM HBJIHeTCH 6acceiIH 

Jie.11.HHKa <l>e)l.qeHKO, KOTOpblH JJ.JIH pacqeTOB TaHHHH BhI)l.eJieH B ca­

MOCTOHTeJibHYIO rJIHII.HaJihHYIO o6JiaCTh a 6accelfHe p. MyKcy. B cso10 

oqepeJJ.b, B 6accelftte Jie,ll.HHKa <l>e,n,qeHKO Mop¢oMeTpHqecKHe xapaK­

TepHCTHKH OCHOBHhlX CTBOJIOB Jle)l.HHKOB <l>eJJ.tieHKO H BHBalIHOfO Ha­

CTOJihKO CBoeo6pa3HhI, lITO o6a 3THX 06beKTa BXOJJ.HT B CTaTHCTHqe-
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l'-J 
~ Ta6Aut{a 1.1 

1\\op<t>oMeTpHqecKHe xapaKTepHCTHKH cpeAHHX JieAHHKOB TIO pauoHaM fJIHUHaJibHOH o6naCTH B 6acceHHaX peK ncKeM, 
3epaswau ( 1"aTqa) u 1\\yKcy 

M PalioH rJIHUHan&HoA o6nacTH nil n/n (rpynna JieJJ.HHKOB) 

-
1 2 3 

13accei1H p. CTcKeM 

I JOB CKJIOH YraMcKoro xpe6Ta 42 

2 C3 CKJIOH l\1ai1AaHTaJihCKoro xpe6Ta 34 

3 JOB CKJIOH l\1aliAaHTaJihCKOro xpe6Ta 24 

4 C3 CKJIOH CTcKeMcKoro xpe6Ta 87 

5 I03 CKJIOH TaJiaccKoro xpe6Ta 9 

BacceH:tt p. 3epaBlllaH 

I CHcTeMa JieAHHKa 3epaalllaHcKoro 100 

2 Jleahle npHTOKH p. l\1aT11a AO ycTbH 145 
p. Ta6acrrHH 

3 JleBbie npHTOKH p. NlaTqa OT yCTbH 134 
p. Ta6acnHH AO ycTbH p. <l>aHAaphH 

4 CTpHTOKH p. NlaTqa OT p. Ca6ax AO 138 
JI. 3epaBlllaHCKOro 

-
5 CTpttTOKH p. l\1aT11a muKe ycTbH p. Ca- 59 

6ax 

Bacceiiu p. Myiccy . .. 
1 I HH)l(HHe JreBllle npHTOKR p. MyKcy OT I 64 

ycTb.SI .no 6acceiiHa p. CyrpaH 

2 I Jleable . npHTOKH p. MyKcy OT KoHua I 103 
JI • . <l>eAqeHKO .no 6acceiiHa p. Cyrpatt 

3 I HHmHHe npaBhie npHTOKH p. My1<cy oT I 91 
ycTbH AO nep. Tepcarap 

4 I n paBbie npHTOKH H BepXOBbH p. Ca_ f 149 
yKcaii 

5 13acceiiH p. KhlaKypraH 39 
6 Jleahle rrpHTOKH p. CayKca:H: 198 
7 I BacceiiH p. BaJIHHAKHHK 

BacceiiH JI. <l>e.l(qeHKO 

1 OcHOBHo:H: CTBOJI JI. <l>e.nqeHKO 

· 2 OcHoBHOH CTBOJI JI. fiHsaqHoro 

3 Baccell:H p. l\1aJihIH TaHbIMac 

4 fpynrra Jie.nmtKa Koc1rneHKO-Y Jiyr-
6eKa 

5 Jlesble npHTOKH JI .. fiHsatIHoro . 

. 6 JleBble npHTOKH JI. <l>eAlleHKO 
Bblllle ycThH JI. fittsaqHoro 

7 CTpaBble npHTOKH JI . DHBaqHOrO 

8 Tipaable npHTOKH JI. <l>e.l(lleHKO 

260 

J 
l 

31 
36 

28 
42 

22 
24 

S (nk) ZK 
KM2 KM 

4 5 

0,454 3,30 

0,671 3,31 

0,337 3,34 

0,654 3,52 

0,376 3,72 

2, 19 3,46 

0,77 3,53 

0,28 3,70 

0,63 3,76 

0,30 4,01 

2, 15 3,45 

1,88 3,78 

t ,40 I 3,97 

1,80 I 4,31 

2,68 4,39 
0,89 4,48 
1,01 4,57 

214,0 
32,0 
1,52 
1,63 

2,55 
3,58 

1,62 
3,27 

2,88 
3,46 
3,96 
4, l l 

4,24 
4,41 

4,53 
4,71 

zcpr 
KM 

6 

3,53 

3,62 

3,63 

3,75 

3,88 

4, 11 

4,01 

3,97 

4,20 

4,24 

4,54 

4,86 

4,77 

5,25 

4,94 
4,99 
5,01 

4,55 
4, 19 
4,90 
4,87 

5, 18 
4,87 

5, 13 
5, 17 

ZH 
KM 

7 

3,80 

3,94 

3,86 

4,07 

4,07 

4,88 

4,47 

4,27 

4,71 

4,50 

5,84 

6, 11 

5,42 

6,30 

5,58 
5,58 
5,50 

6,83 
6,38 
6,02 
5,72 

6,73 
5,66 

6,02 
6,02 

Sc (nk) 
KM2 

8 

0,02 

0,02 

-
0,04 

-

0,22 

0, 10 

0,02 

0,07 

-

0,05 

0, 11 

0,07 

0,09 

0,01 

28,7 
17,6 
0,43 
0,23 

0,61 
0,08 

0,09 
0,07 

ZarM 
KM 

9 

3,38 

3,34 

-
3,56 

-

3,63 

3,69 

3,74 

3,92 

-

3,58 

4,08 

4,26 

4,48 

4,78 

3,54 
4, 13 
4,62 
4,56 

4,86 
4,40 

5,26 
4,89 

He (ZK) 
CM 

IO 

12 

12 

-

15 

-

20 

23 

12 

22 

-

6.1 

11, 7 

14, l 

9,3 

5,3 

25,3 
'78,9 
53,3 
24,5 

43,7 
7,7 

13,3 
6,9 

a o 

11 

18°3' 

18071 

21 °71 

20°3' 

19°1 1 

18°401 

21°20' 

24°501 

23c30' 

22°101 

24,5 

25,0 

.23,0 

28,0 

24,5 
27,0 
23,0 

7,0 
8,5 

28,0 
22,0 

25,5 
20,0 

32,0 
20,0 

I 

,po 

12 

123° 

166° 

118° 

172° 

112° 

11°40' 

175°30' 

175° 

840 

152° 

332. 

341 

153 

199 

26 
31 
24 

360 
45 
73 

323 

82 
66 

337 
250 

n pH Me q a H He. n1i. - KOJIHqecTBO Jie.l(HHKOB B rpynrre; s (nk) - IIJIOiuaAb cpeAHero JieAHHKa B rpynne (I10.l(MHOLKeCTBe) nk; 
ZK - BblCOTa KORI.I.a JieAHHKa; Z<1>r - BhICOTa q>HpHosoii rpaHHUhI; Za - BblCOTa Ha11aJia JieAHHKa; Sc (n1i.) - cpe.l(HHSI nJioma.ZI.h CIIJIOlll­

HO~ MopeHhl;. ZBrM - sepXHHH rpaHHUa CilJIOlllHOij MopeHbl; H c - cpe.n;HHH TOJl~Haa CJJJIOWHOH MopeHbl Ha KOHI.J,e JieJt;HHKa; a - cpe.l(­
~ HJIH )'KJIQH; '1> - .cpeAIJHH 3K<;~03H~ffHt 



CKYIO MO,LI.e.nh r JUIU.HaJihHOH o6JiaCTH 6acceiiHa <l>e,LI.qeHKO KaK caMo­

CTOHTeJihHbie IIO)l.MHO.>KeCTBa. 

,L1.JI51 ou.eHKH KaqecTBa pacqeTOB v M B rJI51U.H3JlbHOH o6JiaCTH no 

o6o6meHHbIM MopcpoMeTpHqecKHM rrapaMeTpaM cpe)l.Hero Jie)l.HHKa BhI­

noJIHeH cJie,LI.yIOW.HH qHcJieHHbIH 3KcrrepHMeHT. CHaqaJia no Mopcpo­

MeTpHqecKHM xapaKTepHCTHKaM Ka)K)l.OfO Jie)l.HHKa 6blJIH paccqHTaHbl 

3 a copoKaJieTHHH pHJ1. JieT cJiaraeMble cyMMapttor o o6neMa TaHHHH 
7 Jie,ZI,HHKOB B TeqeHHe MaH-OKTH6pH. 3aTeM )l..TIH 3TOH rpynrrbl JieJ.I.­

HHKOB 6bIJIH onpeJ.I.eJieHbl BbICOTHbie H IIJIOW.a,LI.Hble IIOKa3aTeJIH cpe,LI.-

N 
., N J'I 

~VM 12 -, 12 . ~V.nc 41Vn 

8 

'+ 4-

01. -6 -4 -2 D -20 -15 -5 5 f 5 2S -20 -10 10 20 °/o ,o 
N N 
f 2 

/j v,,,, f Z 
~VJIM 

AZl3<; 
8 

If 

-15 -5 5 15 25 35 -JO -5 D r-
.:J f O 15 -10 0 10 20 0/o 

PHc. 1.1. PacrrpeJJ.eneHHH OTHOCHTeJibHhlX OTKJJOHeHHH o6oeMOB 

v M1 v Mp v nc, V3c, v n, v JI Mt rrony qeHHbIX Ha OCHOBe CTaTHCTHqe­
CKOH MOJJ.eJJH rJJHUHaJibIIOH o6nacTH OT aHaJ10rHqm>1x xapaKTepHCTHK, 

orrpeJJ.eJJeHHblX rryTeM cyMMHpOBaHHH pe3yJJbT3TOB pacqeTa TaHHHH 

.D.JIH Ka1K.D.oro neJJ.HHKa B rpyrrne. 

Hero Jie,LI.HHKa H pacqeT CJiaraeMhlX cyMMapHoro o6oeMa TaHHHH no 

MO]l.eJIH ( 1.30) 6blJI IlOBTOpeH 33 Te )Ke fO)l.bl . 
Ha pHC. 1.1 IIOKa3aHbl pacrrpe)l.eJieHHH OTHOCHTeJibHbIX OTKJIOHe­

HHH CJiaraeMblX o6'heMa v M H HX cyMM, IlOJiyqeHHblX Ha OCHOBe CTa­
THCTHqecKOH MO,LI.eJIH f JIHU.H3JlbHOH o6JiaCTH OT aHaJIOfHqHbIX xapaK­

Te.pHCTHK, orrpe,LI.eJieHHblX nyTeM cyMMHpOBaHHH peay.n:hTaTOB pacqeTa 

Jl.JI.H Ka.>K,LI.oro Jie)l.HHKa B rpyrrne. CcpopMynupyeM pH.LI. BhlBOJ1.0B Ha oc­

HOBe aHaJIH3a 3THX pacnpe)l.eJieHHH. 
. 1. Pacnpe)l.eJieHHe IIOBTOpHeMOCTH OTKJIOHeHHH OTHOCHTeJibHO MO­

JJ.aJibHOfO 3HaqeHHH Ha scex rpacpHKax HMeeT 6oJiee HJIH MeHee CHM-
u u 

MeTpuqHblH xapaKTep, qTo yK~3blBaeT Ha cJiyqaHHOCTb npou.ecca. 

2. 3HaqeHH51 MO)l.bl pacnpe)l.eJieHHH 6JIH3KH K HYJIIO )1.JIH OTHOCH­

TeJibHblX OTKJIOHeHHH 06beMOB TaHHHH 3HMHero H JieTHero CHera, 

paBHbl + 7 °1o H -7 °/o COOTBeTCTBe HHO )I.Jiff o6oeMOB Ta51HHH OTKpbl­
TOfO Jlb,LI.a H Jlb)J.a IIO)l. MOpeHOH, COCTaBJI5IIOT -10 % . JJ.JIH cyMMbl 

06'beMOB v JIM+ v n + Vci> H Bcero JIHWb -3 % ,11.JIH cyMMhl scex IIHTH 

cJiaraeMblX V M· 

3. BHJJ. cpyHKU.HH pacnpe,11.eJieHHH H cpe,LI.HHe 3HaqeHHH OTHOCH­

·TeJibHblX OTKJIOHeHHH ,11.JIH cyMMapHoro o6oeMa Ta51HH51 v M H ero 

COCTaBJIHIOl.IJ.HX, noJiyqeHHbIX c HCilOJlb30BaHHeM MOpcpoMeTpHH cpeJJ.-
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Hero Jie}l.HHKa, IlO)l.TBep.>KJJ.aIOT o60CHOBaHHOCTb MeTOJJ.a CTaTHCTHqe­

CKOH MOJJ.eJIH rJIHU.HaJibHOH o6JiaCTH H BIIOJIHe y.noaJieTBOpHTeJihHOe 

KaqeCTBO pacqeTOB 0)1.HOfO H3 OCHOBHbIX 3JieMeHTOB pe.>KHMa coape­

MeHHOfO OJie}l.eHeHH51. 
IlpHqHHbl npeo6Jia}l.aHH51 OTHOCHTeJibHbIX OTKJIOHeflHH c TIOJIOJKH­

TeJibHbIMH HJIH OTPHU.aTeJibHbIMH 3HaKaMH crreu.HaJihHO He paccMaT­

pHBaJIHCb. Bo3MO.>KHO, Ha6JI10.na10ruHeCH Ha pHc. 1.1 He60JibWHe cH­
cteMaTHqecKHe 3aBblWeHH51 HJIH 3aHH)KeHHH pe3yJibTaTOB pacqeTa 

T351HH51 Ha cpe.nHeM Jie}l.HHKe o6ycJIOBJieHbl TeM, qTo nor JIOI.IJ.eHHaH 

pa.nHaU.H51 B cpopMyJie HHTeHCHBHOCTH TaHHHH 6bIJia onpe)J.eJieHa 
u u 

TOJlbKO Ha OJJ.HOH IIOCT051HHOH BbICOTe, a He JJ.JIH pa3JIHqHblX 3Haqe-
u -HHH Zk j· 

8hlBO)l.bl 

1. CcpopMyJIHpoaaHa npo6JieMa onpe,LI.eJieHH51 ocHOBHbIX rroKa3a­

TeJieif semecTBeHHoro 6aJiaHca oJieJJ.eHeHHH, cyMMapHoro TaHHHH 
JieJJ.HHKOB ( V M) H JieJJ.HHKoeoro CTOKa ( WrJI) B 6acceifHax peK Cpe.n­

neii A3HH. B qHcJio 3THX rroKaaaTeJieii BXOJJ.51T: npo.noJI.>KHTeJihHOCTb 

nepHOJJ.a TaHHH51 Jlb)I,a H cpopMHpOBaHH51 Jie}l.HHKOBOro CTOKa; MaKCH­

MaJibHa51 BbICOTa ce30HHOH CHefOBOH rpaHHU.bI Ha Jie}l.HHKax; Mec51q­

Hble, fOJJ.OBbie H cpe,ZI.HHe MHOroJieTHHe o6'beMbl v M H w r'JI; K03cpcpH­

U.HeHTbl sapHaUHH MHoroJieTHHX p51.LI.OB V M, WrJI H .npyrttx xapaKTepH­

CTHK HX aB'fO- H KpoccKoppeJI51UHOHHbie cpyHKU.HH. 
2. IlpH COBpeMeHHOH fJIHU.HOJIOfHqecKOH H fH,LI.pOMeTeOpOJIOrHqe­

CKOH HayqeHHOCTH BbICOKoropHoii TeppHTOpHH Cpe.nHeii A3HH Heo6xo­

JJ.HMO ynpomeHHe TIOJIHOfO Bbipa:>KeHHH cyMMapHoro Ta51HH51 Ha 

Jie,ZI.HHKe . 

B cJiyqaHx, Kor,ZI.a aKKYMYJI51U.H51, a6JIHU.H51 H .D.pyrHe noKaaaTeJIH 

rH.D.POJIOfHqecKqro pe.>KHMa OJie)J.eHeHHH 51BJ15IIOTC51 cpyHKU.H51MH Bbl­
COTbl MeCTHOCTH, OJJ.HOMepHaH cpH3HKO-CTaTHCTHqecKa51 perHOHaJibHaH 

MOJJ.eJib npou.ecca Ta51HH51 H Jie}l.HHKOBOfO CTOKa npe.nycMaTpHBaeT: 

o6o6meHHe MOpcpoMeTpHqecKHX xapaKTepHCTHK JJ.JIH Bcero MHO:tKeCTBa 

Jie}l.HHKOB B 6acceif He; orrpe.neJieHHe }l.JI51 3TOfO MHO.>KeCTBa )1,aT Ha­
qaJia H KOHU.a nepHOJJ.a Ta51HH51 Jlh)l.a H cpHpHa; pacqeT HHTeHCHBHO­

CTH Ta51HH51 CHera, Jlb}l.a H cpHpHa; onpe.neJieHHe BbICOT ce30HHOH CHe-
u u u 

rOBOH rpaHHU.bl H TIJIOW.aJJ.eH pa3JIHqHbIX THTIOB Ta10meH TIOBepXHOCTH 

JieAHHKa B TeqeHHe rH.npoJiorHqecKoro ro)I,a. 

IlepeqHcJieHHble IlOKa3aTeJIH HMeIOT TaKJKe CaMOCTOHTeJibHOe 3Ha­
qeHHe }l.Jl51 aHaJIH3a, KapTHpoBaHHH H nporH03a 3JieMeHTOB f HJJ.pOJIOfH­

qecKoro pe.>KHMa oJieJJ.eHeHHH. 

3. l(oJIHIJeCTBeHHOH cpopMOH o6o6meHH51 MOpcpoMeTpHqecKHX no­

KaaaTeJieH MHO.>KeCTBa Jie}l.HHKOB, pa36HTOro Ha OJJ.HOPOJJ.Hble rpynnhl, 
HBJI51eTc51 cTaTHCTHqecKa51 MOJJ.eJib rJIHU.HaJibHOH o6JiaCTH. MoAeJih 

BKJIIOqaeT: ITJIOillaAb cpe.nHero Jie)lHHKa, cpyHKU.HIO pacnpe)I,eJieHHH 

IlJIOI.IJ.a,11.H B 3aBHCHMOCTH OT BhICOTbl, cpeJJ.HHe B3BellieHHble no IlJIO­

lll.3JJ.H OTMeTKH BhICOT HaqaJia H KOHII.a Jie}l.HHKa, cpHpHOBOH rpaHHU.bl, 

BepxHeH rpaHHU.bl MOpeHbl, cpeJJ.HHH CJIOH MopeHbl Ha KOHU.e Jie}l.HHKa, 

cpeJJ.HHe 3HaqeHH51 yKJIOHa H opHeHTaU.HH noaepxHoCTH JieJJ.HHKa. 
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TeopeTHqecKH .noKaaaHo, qTo cTaTHCTHqecKa.SI Mo,neJih rJIHUHaJih­

HOH o6JiaCTH cy.I.IJ.eCTBeHHO ynpo.I.IJ.aeT pacqeTbI attyTpHro.noaoro H 

MHoroJieTHero rH.nponorHqecKoro pe}KHMa oJie,neHeHHH. ToqHOCTh pac-

11eTa npH 3TOM coxpaH.SieTCH BeChMa BbICOKOH. 

f Jiaea 2 

l\t\eTOA~ pacqeTa HHTeHCHBHOCTH TaHHHD cuera H JlbAa 

2.1. Ypaeueuue TenJioeoro 6aJianca noeepxuocTH ne~HHKa 
H <f>opMyJibl HHTeHCHBHOCTH TaSIHHSI 

0,nHHM H3 OCHOBHhlX 3JieMeHTOB MeTOAHKH pacqeTa BHyTpHrO,ll.0-

BOro rH,U.porpacpa o6'heMOB cyMMapHoro TaHHHH Jie,U.HHKOB B 6acce:Htte 

peKH HBJI51eTC51 onpe,neJieHHe HHTeHCHBHOCTH Ta51HH51 CHera H Jih,na 
M=M (z, t). 

B HacTOH.I.IJ.ee speMH JI.JIH 3TOH ueJIH npHMeHHIOTCH .naa cnoco6a 

pacqeTa M: a) 11HcJieHHoe perneHHe noJIHoro HJIH ynpo.I.IJ.eHHoro ypas­
HeHHH TeIIJIOBoro 6aJiaHca TaHHHH [47-49, 55, 146, 147, 181, 183, 
232, 239, 240, 243, 250]; 6) onpe,neJieHHe M c noMO.l.IJ.hIO 3MIIHpH11e­

CKHX cpopMyJI, HMeIO.I.IJ.HX JIOKaJihHOe HJIH perHOHaJihHOe Ha3HaqeHHe 

(CM., HanpHM~p, [1, 10, 25, 65, 70, 81, 100, 103, 110 115, 119, 127, 
132, 159, 170, 172, 185, 235, 254, 270, 276]. 

B KatieCTBe HCXOJI.HOro Bhlp.a}KeHHH ,niIH onpe,neJieHHH pacxo.na 

3HeprHH Ha TaHHHe (B KaJI/CM2) aa BpeM51 " lit B ,U.eHTeJihHOM CJIOe 

TOJI.l.11.HHOH 10-15 CM OT IlOBepXHOCTH Jie,ll.HHKa npHMeM ypasHeHHe 

Tennoaoro 6aJiaHca a cJie,ny10me:H cpopMe: · 

pc*hJI =QR+ (Qa - Qe) + Qp - (Qg + Qf), 

phJI=M, (2.1) 

r.ne p - IIJIOTHOCTb CHera HJIH Jlh,na; c* - y,neJihHa51 TeilJIOTa IIJiaBJie­

HHH; hn - H3MeHeHHe BhICOTbl IIOBepXHOCTH Jie,U.HHKa; QR - pa.nHa­

UHOHHblH 6aJiaHC .neHTeJibHOro CJIOH; Qe - ITOTOK TeIIJia B npHJie,U.HH­
KOBOM CJIOe soa.nyxa; Qe- nepeHOC TenJia c BOAHHblM napoM; Qp -
Bhl,neJieHHe Tenn a )KHAKHX oca,U.KOB Ha IIOBepXHOCTb Jie,nHHKa; Qg -
KOHAYKTHBHblH nepeHOC TenJia H3 n9aepxHOCTHOfO CJI051 B rJiy6HHy; 

Q1 - paCXO,ll. TeIIJia Ha HarpeBaHHe .neHTeJihHOfO CJI051 ,ll.0 TOqKH IIJiaB­
JieHH51. 

B TaKOM COCTaBe ypaaHeHHe TeIIJIOBOro 6aJiaHca HCITOJib3YeTC51 

TOJibKO npH 3KcnepHMeHTaJihHblX HCCJie,noBaHH51X npouecca TaHHH51 Ha 

Jie,nHHKe _H 3Hepro- H Maccoo6MeHa B CHe}KHOM noKpOBe Ha 3JieMeH­

Ta pHblX IlJIO.I.IJ.a.nKax [ 146, 14 7, 216, 232, 255]. 
· BoJJee pacnpocTpaHeHHhIM a Hccne.nosaTeJihCKHX paooTax [ 48, 147, 
237, 266] 51BJIHeTCH COKpan:r.eHHblH BapHaHT ypaBHeHHH (2.1): 

. (2.2) 
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HJIH eme npome [ 154] 

(2.3) 

l1cKJI10qeHHe H3 ypaBHeHHH (2.1) pH,na CJiaraeMblX Bh13BaHo He­

,llOC'l'aTKOM HCXO)J.HbIX .naHHblX )J.a}Ke B ycJIOBHHX 3KCnepHMeHTaJihHblX 

rJIHUHOJIOrHqecKHX pa6oT H TeM, tITO OTHOCHTeJihHaH 3HatIHMOCTb Q 
Qg H ·Qt B cpaBHeHHH c .npyrHMH qJieHaMH ypaBHeHHH (2.1) CtfHTaeT:~ 
npeHe6pe)KHMO MaJIOH. 

. B CB513H c Heo6xo.nHMOCTb10 BbI6opa OilTHMaJibHOro cnocooa onpe­

~eJieHHH HHTeHCHBHOCTH Ta51HHH CHera H Jlh,na Ha OCHOBe orpaHHtieH­

'HOH HCXO,nHOH HHcf:>OpMaUHH paCCMOTpHM HeKOTOphle npaKTH11eCKHe 

cnoco6bI pactieTa COCTaBJIHIOW.HX npaBOH qaCTH ypaBHeHHH (2.2). 

Pa.n.aa~HOHHblH 6anaHc .n.eJ1TeJ11>Horo CJIOSI cHera u JI&,D,a 

~KJIIOtiaeT KOMIIOHeHTbl K9POTKOBOJIHOBOH H ,nJIHHHOBOJIHOBOij qa­
.cTeH cneKTpa H3Jiy1IeHH51 3a BbI11eTOM pa,lI,HaUHH 1Qz, np_QHHKaiomeii 
HH)Ke .neHTeJibHOro CJIOH: 

(2.4) 

r.ne BK -:- 6aJiaHc KopoTKOBOJIHoso:H pa,U.HaUHH; B"ll. - 6aJiaHc JJ.JIHHHO­
~OJIHOBOH pa,nHaUHH. 

YcTaHoBJieHo [48, 110, 147, 231, 232, 266 H JJ.p.], tITO BIIOJIHe npH­
eMJieMoe KaqecTBO onpe.neJieHHH pa,nHaUHOHHoro 6aJiaHca a HCCJie,no­

BaHHHX npouecca TaHHHH cHera H Jih.na o6ecnetIHBaIOT cJieJJ.yIOIUHe 
.Bblpa)KeHH51: 

HJIH 

Bx= Qef1 (C) (1 -AK), 

Qe=l +D, 
I= /osin2he 

sin 2 he+ 'A ' 

D = br (Io - /)sin he, 

f 1 (C) = 1 - k1Co - k2C~ 

f 1 (C) = l - ks {Co - Cu) - k4C8 , 

BP,=Ea-Es, 

E
. 4 

s = xa1T n, 

'- Ea= xAa1T~oof 2 (C), 

A= a1 + b1 ,.;e, 
f ~ (C) = 1 + ksCH + k6 (C0 - Cu), 

(2.5) 

(2.6) 

(2.7) 

(2.8) 

(2.9) 

(2.10) 
(2.11) 

(2.12) 

(2.13) 

(2.14) 
(2.15) 

-al 
Qz =BKe '. (2.16) 

~CJIOBHhle 0003HatieHHH B cpopMyJiax (2.5)-(2.16) CJie)J.y10n:r.He: 

Qe - cyMMapHaH paJJ.HaUHH npH OTCYTCTBHH o6natIHOCTH; J - npHMaH 
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pa,nJiaUHH; D - pacceHHHaH pa,nHaUHH; f 1 ( C)- cpyHKUHH ocJia6JieHHH 

Q 0 B 3aBHCHMOCTH OT 6aJIJIOB o6JiaqHOCTH; AH - aJih6e,no; lo- COJI­

HeqHaH nOCTOHHHaH; h0 - BbICOTa COJIHUa; A - HHTerpaJihHaH xapaK­

TepHCTHKa npo3paqHoCTH aTMoccpephI; C0 - o6maH o6JiaqHoCTh; Ca -
HH.iKHHH o6JiaqHoCTh; Ea - AJIHHHOBOJIHOBOe H3JiyqeHHe noaepxHOCTH 

Jie,II,HHKa; x - H3JiyqaTeJihHa51 cnoco6IiocTb (x ~ 1); O't - IlOCTOHHHaH 

CTecpaHa-BoJihUMaHa; EA - ,nJIHHHOBOJIHOBoe ttsJiyqeHHe aTMoccpephI; 

Tu. - a6coJIIOTHaH TeMnepaTypa rroaepxHOCTH; T200 - a6coJIIOTHaH 

TeMrrepaTypa B03,llyxa Ha BhICOTe 200 CM; f 2 ( C)- cpyHKUHH np11pocTa 

EA B saBHCHMOCTH oT 6aJIJIOB o6JiaqHocTH; A - cpyHKUHH BpettTa; e ·­
ynpyroCTh BO,llHHoro nap a , 102 Ila; cxr - K0.9cpcpttu.HeHT rrorJiomeHHH; 

l- TOJilll.HHa ,ne.HTeJihHOro CJIOH; br, k1 -;-k6, ai, b1 - .9MnHpHqecKHe na­

paMeTpbI. 

,llJIH onpe.neJieHHH aJih6e.no B rJIHU.HOJIOrHqecKHX pacqeTax npH­

MeH.HIOTCH cnoco6hI: a) xapaKTepHhIX cpe,llHHX sHalleHHH AH c yqeToM 

HX npocTpaHCTBeHHO-BpeMeHHOH H3MeHqHBOCTH [48, 105, 109, 110]; 
6) MaTeMaTHqecKoe Mo,neJittposaHHe apeMeHHoro xo.na AH(t) B 33BH­

CHMOCTH OT cyTOllHOH HHTeHCHBHOCTH Ta.HHHH [ 170, 202, 217] ; B) JIO­
KaJihHhIX _ .9MnHpHqecKHX 3aBHCHMOCTeH aJib6e.no OT IIJIOTHOCTH CHe2K­

HOro noKposa H apeMeHH [70, 72, 98, 110, 119, 221, 232, 268]. 
IlpH HCIIOJih30BaHHH .9THX CIIOCOOOB H cpopMyJI (2.5)-(2.16) ,llJIH 

perHOHaJihHhIX pacqeTOB pa,llHaU.HOHHOro 6aJiaHca Ha Jie,llHHKaX Heo6-

XO,llHMO OIIHCaHHe HJIH B KpafIHeM CJiyqae oueHKa npocTpaHCTBeHHO­

BpeMeHHOH H3MeHqHBOCTH COOTBeTCTBYIOlll.HX .9MIIHpHqecKHX napa­

MeTpOB. B nepay10 011epe,llb .9TO OTHOCHTCH K HHTerpaJihHOMY noKa-

3aTeJIIO npo3pa11HOCTH aTMoccpephI 'A, K0.9cpcpHUHeHTaM k1 +k6 B cpyHK­

ll.HHX BJIHHHHH o6JiaqHoCTH Ha BJ( H Bn, napaMeTpaM B cpopMyJiax ,llJIH 

pacqeTa aJib6e.no. 

Typ6y~eHTHMe noTOKH Tenna HaA neAHHKOM 

KaK H3BeCTHO, HCXO,llHhIMH ,llJIH pacqeTa noTOKOB Qe H De ( « aK­

THBHOe» H «CKpbITOe» TeITJIO no 3apy6e2KHhIM (232, 237, 241, 250, 
25~ H ,npyrHM fJIHU.HOMeTeOpOJIOrHqecKHM pa6oTaM) B npHJie,nHHKO­

BOM CJIOe B03,llyxa HBJIHIOTCH CJie,ny10rn.He Bhlpa.iKeHH.H: 

H 

· ar 
Qa = -pcpK a a:z (2.17) 

aq* 
Qe = -pLKe az , (2.18) 

r,ne p - IIJIOTHOCTh 803,llyxa; Cp - y.neJihHa.H TeIIJIOeMKOCTb B03,nyxa ; 

L - y.neJihHaH Ten.JioTa cpasoBoro nepexo,na; Ke H Ke - K0.9cpcpH-

ar aq* 
UHeHThI Typ6yneHTHoro nepeHoca; az H az - rpa.nHeHThI a6co-

JIIOTHOH TeMnepaTyphI ao3.nyxa H ero y.neJihHOH BJia.>KHOCTH. B MHO­

roqHcJieHHhIX pa6oTax no pacqeTaM Typ6yJieHTHoro nepeHoca B npH­

Jie,llHHKOBOM CJIOe B03,llyxa aHaJIHTHqecKHe Bbipa.>KeHHH )J.JIH K0.9cpcpH-

30 

.J 

1.u1eHTOB Ke H Ke BbIBO.IJ.HTCH Ha OCHOBe nOHHTHH cKopoCTH TpeHH.51 

(u.), wepoxosaTocTH nosepxHOCTH (zs), ycnoBHH JiorapHcpMHqHOCTH 

BepT~KaJibHOfO npocpHJIH BeTpa Ha,n IlOBepXHOCTblO Jie)J.HHKa, cpyHKII.HH 
ycTOH4HBOCT_H (<Dx) JIOrapttcpMHllecKoro npocpHJIH BeTpa, TeMnepaTypbI 
B03.IJ.yxa H BJia.iKHOCTH. . 

IlpHMeHHTeJihHO K 3a.naqe onpe.neJieHHH M (z, t) H3 scex cnoco6oa 

pacqeTa Qe H Qe Ha OCHOBe (2.17) H (2.18) HMeeT CMbICJI paccMaT­

pHBaTh TOJibKO TaKHe, B KOTOpbIX: a) HCIIOJib3yeTC51 MaCCOBa.H HCXO,ll­

HaH HHcpopMaUHH, 6) napaMeTpbl cpopMyJI JIH6o )J.OCTaToqHo ycTOH­
qHBbl, JIH6o MoryT 6b1Tb npe.ncTaBJie_Hbl B BH)J.e cpyHKU.HH KOOp)J.HHaT 
z, t. 

CorJiacHo [ 48], COOTBeTCTBYIOlll.He pa6oqHe cpopMyJihl noJiy 11aeM 

IlOCJie 3aMeHbl B (2.17)-(2.18) qacTHblX rrpOH3BO)J.HblX KOHellHblMH 
pa3HOCTHMH. HanpHMep, 

Ka 
Qa=pcp !lz (T-T0) (2.19) 

1fJIH 

Qa = pcpf (u) (T - To), (2.20) 

Q _ 0,622Lp f ( ) ( ) 
e- p u eo - e, (2.21) 

noJiaraH, qTo K.a=Ke, K.e/~z=f (u) HBJIHeTCH JIHHeHHOH cpyHKU.HeH 
CKOpOCTH BeTpa 

f (u) =a+ bu, (2.22) 
r,u.e a H b - 3MIIHpHqecKHe rrapaMeTphl; B (2.21) P - · aTMoccpepHoe 

,u.aaJieHHe. EcJIH orrpe,u.eJIHTh :rr .. H napaMeTphl [77, 147, 151, 232] ny­

TeM O~HOBpeMeHHblX H3MepeHHH HcrrapeHHH, CKOpOCTH BeTpa H ynpy­

rOCTH BO)J.HHOfO rrapa e Ha BblCOTax Z2 H Zs (JI.JIH TaIOI.I.J.efI nosepxHO­

CTH Jie,U.HHKa e (zs) =6, l · 102 Ila, a U (zs) =0, TO a H b OKa3blBaIOTCH 

3aBHCHMblMH [232) OT cpyHKU.HH ycTofiqHBOCTH <I>e H pa3HOCTH BblCOT 
l\Z=Z2-Zs. 

AHaJIOrHqHhle (2.20)-(2.21) Bhlpa2KeHHSI JJ.JIH pacqeTa Q8 H Qe 
noJiyqeHbl [147, 232, 250, 255, 256, 266] nyTeM HHTerpHpOBaHHH 
(2.17)' (2.18) OT Zs )1.0 Z2 H rrpH YCJIOBHHX, qTo 

K (z) = u.ko (z + z6 ) 

a <I>a (z) ' 

u* = u (z) ko/ln (z/zs), 

z ::P Zs; K.a (z) =Ke (z) = const, <I>a (z) = <D. (z) = const. 
Tor,na 

Qa =aa (T- To), 
r,u.e 

(2.23) 

(2.24) 

(2.25) 

(2.26) 

(2.27) 
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-
Tio.n.cTaBHB (2.24) B (2.27), yqHTbIBaH (2.25) H npHHHMaH <l>e= 

=<De= l, noJJyqHM 

pcpk5u (z) 
Qe = [In (z/zs)l2 (T - To), 

(2.28) 

CqHTaH, qTo B 3TOM Bbipa:meHHH qJJeH 

k5u (z) 
[In (z/zs)l2 = f 1 (u) 

TaK:>Ke HBJIHeTCH JIHHeHHOH cpyHKUHeH CKOpOCTH BeTpa [~32]' noJJy-

qaeM JJ.JIH pacqeTa Qe H Qe · 
Qe = pcpf1 (u) (T -To), (2.29) 

Qe = 0,6~2Lp ft (u) (e - es), (2.30) 

T. e. TaKHe :me Bbipa:meHHH, KaK (2.20) H (2.21). B cpopMyJJax 

(2.23)-(2.28) k0 - KOHCTaHTa KapMaHa. 
IlpaKTHtJeCKH Ba2KHbIM JJ.JIH pactJeTOB Qe H Qe HBJJHeTCH HX OT-

HOIIleHHe [235] 
Qe cpP (T - To) (2.31) 
Qe 0,622L (e - es) ' 

KOTOpoe n03BOJIHeT onpe.n.eJJHTb OJJ.HH H3 3THX IlOTOKOB TenJJa, eCJIH 
He3aBHCHMO 3a,ll.aH .n.pyroii [ ~47], HJIH IlOJIYtJHTb [232, 266] npoCTYIO 

cpopMyJJy JJ.JIH pacqeTa Qe: 
Qe = L~of 1 (u) (T - To), (2.32) 

CpP 
~0 = 0,622L 

(2.33) 

- napaMeTp, HMelOlll.HH JI.OKaJibHOe 3HatJeHHe. 
Bee paccMoTpeHHbie s.n.ecb ynpome.HHble ~noco6bl pacqeTa noTo-

KOB Qe H Qe noJJyqeHbl B npe.n.noJJo:>KeHHH HeHTpaJibHOH CTpaTHQJ~Ka­
UHH TeMnepaTyphl B03,llyxa a npHaeMHOM cJioe. B TetJeHHe nepHOJJ.a 
TaHHHSI Ha)l. noBepXHOCTblO Jie,llHHKa B no}laBJISIIOlll.eM 6QJiblllHHCTBe 
cJJyqaeB Ha6JJIO)l.aeTCSI HHBepcHH. ,llJIH ytJeTa· BJIHSIHHH HHBepcHH Ha 

K03cpQJHUHeHTbI Ke H. Ke npHM~HHIOTCH [86, 232, 237, 255 H JJ.p.] no.­

npaBoqHbie cpopMyJJhI, noJJy:'JeHHbie Ha ~cHQBe TeopH-H noJJ.o6HH Mo­
HHHa-06yxoBa [174]. T~K, np1:1 ~e=<I>e B pa6oTe [232] peKoMeH-

JlOBaHbI: 

f (u) = f 1 (u).(1,0 +a Rin)
2

, 
(2.34) 

r.n.e 

R
. .. 2 gz ( T - To) 
tn= (T+To)u2 

' (2.35) 

__:_ ocHOBH.oe tIHCJIO PHqap~coHa; g-ycKopeHHe cBo6o.n.Horo naJJ.eHHH; 

a- 3MnHpHqecKHH K03cpcpHUHeHT, paBHbIH 5. B TOH :me pa6oTe [232] 
noKaaaHo, tJTO BbitJHCJieHHe nonpasoqHoro qJJeHa B (2.34) cymecTBeHHO 

ycJJO)KHHeTCSI npH <De =F<De. : 
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0THOCHTeJihHO 3HatJHMOCTH B 3HepreTHtJeCKOM 6aJJaHce TaHHHH 

TenJJOBbI)l.eJieHHH 2KH)l.KHX OCfl)l.KOB Ha nosepXHOCTH Jie)l.HHKa cymecT­
ByeT BbIBO)l. [ 146, 14 7], qTo BKJia,ll Qp npeHe6pe2KHMO MaJI. 9TOT Bbl­

BOJl HCnOJib30BaH B HaCTOHIUeH pa6oTe npH MOJJ.eJJHpOBaHHH cyMMap• 
Horo TaHHHH JJe)l.HHKOB Cpe.n.Heii AaHH. IlpH Heo6XOJJ.HMOCTH pactJeT 
Qp Mo:>KeT ObITb BhinOJIHeH no npH6JJH:>KeHHOH cpopMyJJe E. AH.n.ep­

coHa [232] 
Qp = Cwlp (T w - 273, 16), (2.36) 

r,LI.e Cw - TenJJoeMKOCTb BO)l.hI; lp - CJIOH :>KHJI.KHX ocaJJ.KOB; T w - TeM­
nepaTypa C1'40tJeHHOro TepMOMeTpa (K) B MeTeopOJIOfHtJeCKOH 6y.n.Ke. 

KaK BH.LI.HO, HcnoJih30BaHHe )l.JIH pactJeTa HHTeHcHBHOCTH TaHHHH 

corJiaCHO ypaBHeHHHM (2.1 )-(2.3), B03MO:>KHO 6oJiee npOCTbIX H H~ 
CJIHllIKOM rpy6bIX cnoco6oB CBH3aHO c onpe,LI.eJieHHeM 3HaqHTeJihHOf0 
tJHCJia 3MnHpHtJeCKHx K03cp<l>HuHeHTOB. CooTBeTCTBYIOI.I.J.He JIOKaJihHble 
tJHCJieHHble xapaKTepHCTHKH npHBe,LI.eHbl BO MHOfHX pa6oTax [ 16, 20, 
48, 119, 14 7, 1 ~8, 170, 235, 239, 242, 256, 278]. HanpHMep, JI.JIH JJeJI.­

HHKa XHHTepaHc<t>epHep no rpa,LI.HeHTHo-6aJJaHCOBhIM H3MepeHHHM on­

pe;;eJieH [255] K03<l><l>HUHeHT ae B cpopMyJJe (2.26), KOTOpbIH Ha .OJI.­
HOH H TOH :>Ke BblCOTe OKa3aJICH ,LI.OBOJibHO ycTOHtJHBblM )J,JIH pa3JIHq­

HbIX HHT:psaJJos BpeMeHH B TeqeHHe ceaoHa a6JIHUHH. ITpH a~aJJH3e 
BhICOTHOH BapHaUHH ae ycTaHOBJieHQ, tJTO peaJJbHaSI OIIIH6Ka Ha 10 O/o 
B 3KCTpanoJIHUflH rpa)J.HeHTa aJibOe)J,o Bbl3bIBaeT 20 °/o -HYIO OIIIH6Ky 

K03cp<l>HUHeHTa ae. . 
Ilo nOBO.LI.Y H3MeHtJHBOCTH 3MnHpHtJeCKHX napaMeTpOB BeTpOBOH.._ 

cpyHKUHH HeT e.n.HHoro MHeHHH. PHJI. asTopoa [48, 147, 151, 165] ctJH­
TaIOT HX MaJIOH3MeHtJHBblMH, a H3 CBO,LI.KH H3MepeHHH B pa6oTe [232] 
CJie.n.yeT cymecTBeHHaH npocTpaHCTBeHHaH BapHaUHH 3THX napa-
MeTpOB. _ 

TaKHM o6paaoM, B03M02KHOCTh perHoHaJihHbIX onpeJI.eJJeHHli Qe H 
Qe B fJIHUHaJihHbIX o6JiaCTHX Ha OCHOBe caMblX npoCTbIX Bblpa:>KeHHH 

. HBJIHeTCH COMHHTeJihHOH, no KpaliHeii· Mepe H3-3a OTCYTCTBHH MeTO)J,OB 

3KCTpanOJIHUHH CKOpO~TH BeTpa B ropax, H Il03TOMy BbIHY:>KJJ.eHHOrO 
npHHHTHH rpy6bIX )J,OnymeHHH <De= <I>e = 1 H f ( u) = const. 

PaccMoTpHM ,LI.aJJee pHJl cpopMyJI H MeTO.LI.OB pacqeTa HHTeHCHBHO­

CT~ TaHHHH CHera H Jlh)J,a, r)J,e )l.JIH onpe.u.eJieHHH COCTaBJIHIOIUHX npa­
BOH lJaCTH ypaBHeHHH (2.3) HCilOJlb30BaHbl pa3JJHqHble npHeMbl. 
YpaaHeJUIH BHJI.a: 

M = BKf (C) + f (0~o, e2oo, C) + f (A0, Ae, u). 

4>opMy.11a n. n. Kys&MHHa 

JlJIH pactJeTa cyToqHOH HHTeHCHBHOCTH TaHHHH H30TepMHqecKoro 

CHera npH OTCYTCTBHH :>KH)l.KHX oca)J,KOB B paooTe [147] peKOMeHJI.Y­
eTCSI Bbtp a:>KeHHe 

M = 0,125 [(Q+ i)o (1 - AK) (1 - 0,20C0 - 0,47C8 ) -- i440xaT~ + 
+ 1440 (0,62 + 0,05,,; e2oo (1 + 0, 12Co + 0, 12Ca) xoT!] + acvau1000, . 

(2.37) 
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r,ne x=0,99; cr=8,26· I0-11 KaJI/cM2 ·MHH·rpa,n4; Tn=273 K+0n; T~= 
= 2731( +0200; Q+l- cyMMapHaH H pacc;eHHHaH pa,nHaUHH 'npH 6ea­
o6JiaqHoM He6e; A« - aJib6e,no; Co - 6aJIJI o6rueli o6JiaqHOCTH; Ca -
6aJIJI. ~H:>KHeli o6JiaqHoCTH; 0 200 H e2oo - TeMrrepaTypa ao3,nyxa H yrr­
pyrocTb BO)I.HHOro rrapa Ha BbICOTe 200 CM; Utooo - CKOpOCTb BeTpa 
Ha ypoaHe 1000 cM; 0n - TeMnepaTypa Ta10rueli rroaepxHOCTH, 

ac = 0,878 
1+0,547

uiooo MM/cyT- 1 • rpa.u.-• · M- 1 • c, , (2.38) 
U1000 I 

Va= (0200 - 0n) + 1,75 (~200 - en) rpa.u.. (2.39) 

3MnHpHqecKHe K03cpcpHUHeHTbl B cpopMyJiax (2.37)- (2.39) onpe-
- ]leJieHbl n. 11. Ky3hMHHbIM no )J,aHHhIM COOTBeTCTBYIOIUHX JIOKaJibHbIX 

H3MepeHHH Ha paBHHHe. IloMHMO OCHOBHoro Bblpa:>KeHHH (2.37)' 
n. n~ l(yahMHH [147] npe)I.JIO:>KHJI TaK:>Ke PHJJ. npH6JIH}l{eHHblX cnoco-
6oa onpe,lleJieHHH HHTeHCHBHOCTH CHeroTaHHHH, B . TOM qHcJie c HC· 
nOJihaoaaHHeM aeTpoao:H cpyHKUHH r ( u) . 

4>opMy.11Y IO. M. ,lleeecoaa 

<l>opMyna IO. M. ,[{eHHcoaa [ 48] .LI.JIH pacqeTa HHTeHCHBHOCTH TaH­
HHH H30TepMHtieCKoro CHera (MM/~) npH 0n=0° H en--:-6,1·102 Ila 
HMeeT BH,ll ' 

\ 
r.u.e 

µ 1 =~ 1,17 Af (C) + 2,2le-0
•
125

z, 

µ2=0,125 (1 - AK), 

µa = 3,81 ( l - 0, 118 _e_) e2oo - 23,2 ( l - 0, 118 ~ )-
EH . EH r . 

- 80,2 [ 1 - Af (C)], 

(2.40) 

(2.41) 

(2.42) 

(2 .. 43) 

HpHqeM 0200=0(z, t); e2oo=e(z, t); Q=Q(C, z, t); AK=AK(z, t); 
e - .LI.OJIH LKHJJ.KOH cpaahl, co.LI.ep2KaIIJ.aHCH B cHere, OT o6mero aanaca 
BO)I.bI; BH - HaH60JiblllaH BOJJ.OyJJ.ep}l{HBaIOIIJ.aH crroco6HOCTb CHera. 
B cpopMyJiax (2.41)-_(2 .. 43) µ1 B MM/(rpa.LI.·CYT), _µ2 B MM·CM2/KaJI; 
µa B MM/cyT. . / 

IloJiyqeHHhle IO. M. ,[{eHHCOBhIM [ 48] pa6oqHe Bbipa}KeHHH JJ.:7HI 
onpe)I.eJieHHH Typ6yJieHTHOro TenJIOIIOTOKa {KaJI/ ( CM2 • cyT)] 

II, = [ 0,0133P (E>2oo - 0 0 ) + 23,3 ( 1 - 0, 118 8: ) (e200 - en)] f (u) (2.44) 

H HCnapeHHH (MM/cyT)' 

E = 0,343 (e20Q - en) f (u) (2.45) 

c yqeroM . H3MeHllHBOCTH apryMeHTOB . (P, 0, e) Ha BbICOTe z H BO 
apeMeHH t no caoeli cTpYKType H npHPOAe aMnHpH~ecKHX napaMeT­
poa B npHHUHile aHaJIOrHqHbI cpopMyJiaM (2.38)' (2.39). 0TJIHqHe co-
' 
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CTOHT TOJibKO B TOM, qTo B ypaBHeHHH (2.44) CKpbITaH TenJIOTa <Pa-
30BOf0 nepeXOAa BBe)I.eHa pa3)1.eJibHO )I.JIH B03fOHKH H HCnapeHHH. 

_3HaqeHHe BeTpOBOH' <l>YHKUHH f(u) B cpopMyJiaX (2.44), (2.45) 3a)I.aHO 
OOCTOHHHbIM H paBHblM 1,31 M/C, pacqeT nocTynJieHHH cyMMapHOH pa­
JJ.HaUHH Q a1>1rroJIHHeTcH c yqeTOM KPYTH3HhI H opHeHTaUHH CKJIOHa. 
OpH _onpeJJ.eJieHHH a<f>cpeKTHBHoro H3JiyqeHHH H a cpyHKUHHX o6JiaqHo­
CTH IO. M. ,[{eHHCOB HCIIOJih30BaJI 9MIIHpH4eCKHe napaMeT~hI, noJiy-
qeHHbie n. n. KyahMHHhIM [ 14 7] . . . 

I 

KpoMe Toro, JJ.JIH pa3JIHl!HhIX aapHaHTOB BHyTpHcyToqHoro XO.LI.a 
TaHHHH B pa6oTe [ 48] noJiyqeHbi cpopMyJibl HHTeHCHBHOCTH TaHHH5I, 
rrpH6JIH2KeHHO yqHTblB3IOW.He cyToqHbIH XO.LI. TeMrrepaTypbl B03)1.yxa 
H cyMMapHOH pa,nHaUHH. ,llJIH npHMeHeHHH 9THX cpopMyJI He06XO)I.HMbl 
MaKCHMaJihHaH H MHHHMaJihHaH TeMrrepaTypa B03,nyxa 3a cyTKH H 
CBe)I.eHHH 0 cpaKTHlleCKOH npo,nOJI2KHTeJibHOCTH T_aHHHH B TeqeHHe 
CYTOK. 

BnocJie,ncTBHH a cpopMyJiy (2.40) IO. M. ,lleHHCOBbIM c coaaTo­
paMH [55] 6bIJIH aHeceHbI HeK0Topb1e ycoaeprneHCTBOBaHHH: yToqHeHbI 
Bbrpa}l{eHHH, annpoKCHMHpy10w.He BHyTpHcyToqHbIH XOJJ. TeMnepaTyphI 
803,nyxa H cyMMapHOH pa)I.HaUHH, noJiyqeHhl 3MilHpHqecKHe 3aBHCH­
MOCTH )I.JIH cyToqHoH aMIIJIHTY,ZI.hl TeMnepaTypbI B03)1.yxa OT BbICOTbl 
MeCTHOCTH H 6aJIJIOB o6JiaqHOCTH, CH5ITO ycJIOBHe f (u) =Const. 0)1.­
HaKO, KaK noKa3aJIH COBMeCTHble pacqeThl HHTeHCHBHOCTH Ta5IHH5I no 
ycoBeprneHCTBOBaHHOH cpopMyJie ,lleHHCOBa, ee nepBOHatJaJibHOMy Ba­
pHaHTY (2.40) H cpopMyJiaM aBTOpa (CM. pa3,ZI.eJI 2.3 MOHOrpacpHH H 
pa60Tbl [55, 254])' ycJIO:>KHeHHe MeTO)I.HKH H yaeJIHqeHH~ o6'beMa 
pacqeTOB He rrpHBeJIO K 3aMeTHOMY yJiyqrneHHIO ToqHOCTH onpe)I.e­
JieHHH M. 

4>opMy.11a 3; Att,11.epcoea 

IlpH BhIBO)I.e pa6oqero Bbipa:>KeHH5I HHTeHCHBHOCTH Ta5IHHH ~Hera 
3. Ali,nepcoH f 232] rrpaKTHqecKH 6ea H3MeHeHHH aaHMCTBOBaJI MeTo­
.U.HKY n. n. KyahMHHa [ 14 7]. nosTOMY cpopMyJia M )I.JIH H30TepMHqe .. 
CKoro T3IOIIJ.ero CHera B OTCYTCTBHe }l{H)J.KHX oca,ZI.KOB 

M = 0, 125Qir - 3,37 11th - 8,5/ (u) [ (e200 - 6, 11) + ___ 
CpP ] 

~ 0,622L (T 200 - 273, 16) MM/ ~th, 

. Qir=Q(l -AK)-E3q, 

(2.46) 

(2.47) 

BIIOJIHe aHaJiorHT.IHa Bbipa}KeHHIO (2.37) rrpH Ca= Co= .0. 
flOCJie cpaBHeHH5I pe3yJihTaTOB npHMeHeHHH B MO)I.eJIH cpOpMHpO­

BaHHg CHe2KHOfO IIOKpOBa ypaBHeHH5I HHTeHCHBHOCTH TaHHH5I (2.46) H 
rrpocTe:Hrnero Bbipa:>KeHHH, rrpeJJ.CTaBJIHIOJ.Uero co6o:H . TeMnepaTypHbIH 

HH,neKc TaHHHH THna M =k0, 3. AHJJ.epcoH [232] rrpHlIIeJI K BhIBOJJ.Y 
06 OTCYTCTBHH 3aMeTHOrO H CHCTeMaTHqecKoro YJIYqllleHHH KaqecTBa 
MO,lleJIHpoaaHHH 3a ctieT ycJio:>KHeHHH MeTo,nHKH pacqeTa M. Ba>KHO 
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. . 
OTMueTHTh, qTo 3TO 3aKJIIoqeHHe noJiyqeHo B ycJios1u1x HCCJie,nosa TeJih-

CKOH CTaHUHH, r.ne npOBO,ZJ.HJiaCh o6IIIHpHaH nporpaMMa Ha6JIIO,ZJ.eHHH 

3a COCTaBJIHIOIIJ.HMH 6a.riaHca MaCCbl H 3HeprHH CHe:JKHoro IlOKposa. 
K rpynne Bhipa:JKeHHH BH,ZJ.a 

M = BKf (C) + f (0~oo, e2oo, C) + f (u, ~e, ~e), (2.48) 

KOTOpoe ij o6meM BH,ZJ.e xapaKTepH3yeT pacCMOTpeHHYIO BhilIIe MeTo­

,ZJ.HKY . H lJHCJieHHYIO cxeMy pellleHH51 yp-aBHeHH51 (2.3)' OTHOC5ITC51 
TaK:JKe JIOKaJibHble cpopMyJibl HHTeHCHBHOCTH TaHHHH CHera H Jlh,ZJ.a, 

npHBe,ZJ.eHHbie . B pa6oTax JI. ,UepHKCa (239], JI. f OTJIH6a [241], 

P. Xe,npHKa, B. <PHJireiiTa H B. A,naMca [243], 4. KHJiepa [250]. 

<PopMyJihl 3THX aBTOpOB npaKTHqecKH OTJIHqaIOTCH TOJihKO lJHCJieH­

HhlMH K03QlQlHUHeHTaMH H 3MilHpHtieCKHMH napaMeTpaMH B QJYHKII.HH 

o6Jia1IHOCTH HJIH ee aHaJiorax, BeTpOBOH cpyHKI..J.HH, .u.pyrHX ,ZJ.OIIOJIHH- . 
TeJibHbIX xapaKTepHCTHKax. 

B 0630pHOH pa6oTe r. Kpayca [255], IIOCBHIIJ.eHHOH 3Heproo6MeHy 

Ha noaepXHOCTH pa3,ZJ.eJia B03,ZJ.yX-Jie,ZJ., o6o6meHbI H3BeCTHhie MeTO,ZJ.hl 

OI..J.eHKH COCTaBJIHIOIIJ.HX ypaBHeHHH TeIIJIOBOfO 6aJiaHCa (2.1). Ilo MHe­

HHIO r. Kpayca, MeTO,ZJ. orrpe,neJieHHH Typ6yJieHTHhlX nOTOKOB TenJia 

Qe H ·Qe ,ZJ.OJI:JKeH 6bITh ocHoBaH Ha TeopHH rro.no6HH MoHHHa-06yxosa. 

IlpH onpe,ZJ.eJieHHH COCTaBJI51IOIIJ.HX Qa H Qe ypaBHeHHH (2.1) Ha 

Jie,ZJ.HHKe CsepJJ.~yrra (ApKTHKa, o. ,UesoH) 4. KnJiep [250] HcnoJih­

soaaJI MeTo,ZJ. Typ6yJieHTHOH .nucpcpy3HH, YlJHThIBaH · cTpaTHcpHKaII.HIO 

npH3eM_HOfO CJl051 B03,ZJ.yxa H npuMeHHH rHnOTe3y 0 paBeHCTBe K03QJ­

QlHII.HeHTOB Ke H Ke. KaK oKa3aJIOCh, BhitJHCJieHHhie 3a cyTKH aeJIH­
CJHHhI TaHHHH OTJIHtJaIOTCH OT ,ZJ.aHHhlX a6JIHTOMeTpa Ha 30-43 O/o. 
IlpH 3TOM HaH60JiblllHe nOJIO:iKHTeJihHhie OTKJIOHeHHH HMeJIH MeCTO 
npH MaJibIX 3Ha1IeHH5IX pa,ZJ.Hall,HOHHOfO 6aJiaHca. c yseJiuqeHHeM 

DKJia,ZJ.a pa,ZJ.HaIJ,HH B TenJIOBOH 6aJiaHC OTKJIOHeHHH yMeHblliaJIHCh -H 

cTaHOBHJIHCh oTpuu,aTeJihHhIMH. AHaJion,1qHaH 3aBHCHMOCTh Me:JKJI.Y 

BKJia,ZJ.OM pa,ZJ.HaIJ.HH B TenJIOBOH 6aJiaHc TaHHHH H OlllH6KaMH pac11eTa 
1\1 6bIJia o6Hapy:JKeHa B nepHOJJ. ,ZJ.eTaJibHbIX 6aJiaHCOBhIX pa6oT Ha 
Jie,ZJ.HHKe JioaeHrJieT11ep, lllnHn.6epreH [270]. 

<l>opMyJia E. r. nonoea 

,lJ,JIH pac11eTa HHTeHCHBHOCTH CHetoTaHHHH 3a 12 q CBeTJIOro Bpe­

MeHH cyTOK (MM/12 11) noJiytieHo [ 183] CJie,ZJ.yIOmee Bbipa:iKeHHe: 

· M=7,1 [(l-AK)(eMaKc -0-0,2)-0,2(8-0MHH)+ 

+ 0, lU1000 (0,a. - 0,5)], (2.49) 

r;r,e E>MaHc - MaKCHMaJihHaH TeMrrepaTypa B03JI.yxa 3a ,ZJ.HeBHhie 11ach1; 

0 -- Cpe,ZJ.HHH TeMnepaTypa B03,ZJ.yxa; f)MHH - MHHHMaJihHaH TeMrrepa-
t -

Typa B03,ZJ.yxa sa cyTKH; 0.n: - cpe,ZJ.HHH TeMnepaTypa ao3,nyxa 3a 

;I,HeBHbie 11acb1; U1000 - cpe,ZJ.HHH CKOp<1CTb BeTpa 3a ,ZJ.HeBHhie 1IaChl Ha 
BbICOTe QlJIIOrepa B M/C. 

NleTo.u.uqecKoii OCHOBOH: JI.JIH 3TOH cpopMyJihl HBHJIHCh ycTaHOBJieH­

Hhie E._ r. norrOBhIM [ 183] JIOKaJihHbie 3MnHpHtieCKHe CBH3H Q = 
36 
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=f(0MaHc, 0), Ea¢i=f(0, 0MHa), a tJJieH O,lu1000(0,n:-0,5) rrpe,ZI.cTaB­
JIHeT co6oI1 ,ZJ.aJihHeliUiee ynpomeHne Bhipa:JKeHHH (2.39), r.u.e BMecTo 

a6COJIIOTHOH/ BJia)KHOCTH e HCITOJih30BaHa 3MIIHpHqecKaH 3aBHCHMOCTh 

e OT TeMnepaTyphI B03JI.yxa. 
OapaMeTpbl rrepetIHCJieHHhlX CBH3eH orrpe,ZI.eJIHIOTCH no COOTBeTCT­

BYIOilI.HM Ha6JIIO,UeHHHM B KOHKpeTHOM reorpacpu11ecKOM palioHe H 

no,llJie)KaT· yToqHeHHIO B HHhIX npHpO,ZJ.HhIX ycJIOBHHX. KpoMe Toro, 

He06XO,UHMOCTh ,UaHHblX 0 CKOpOCTH BeTpa 3aTpy,ZJ.HHeT MaCCOBOe HC­

OOJlh30BaHHe . cpopMyJihl (2.49) ,UJIH pacqeTa TaHHHH Ha Jie,ZJ.HHKaX. 

06o6maH pe3yJihTaTbl pa3pa60TKH pa3JIHllHhlMH aBTOpaMH cpOpMyJI 

HHTeHCHBHOCTH TaHHHH CHera H Jlh,Ua, npe,UCTaBJIHIOlll.HX co6o:H ynpo­

rn.eHHbie BapHaHThl ypaBHeHHH TenJIOBoro 6aJiaHca, OTMeTHM CJie-

.u.y10mee. ~ 

1. Bee paccMOTpeHHhie cpopMyJihI BH,Ua (2.48) co,rr.ep)KaT HeMaJio 

3MIIHpHqecKHX napaMeTpOB, KOTOphle 3a npe,neJiaMH nyHKTa, r.,rr.e OHH 

6hIJIH . onpe,rr.eJieHhl, BhIHy:m:,rr.eHHO npHXO,UHTCH cqHTaTb HeH3MeHHhlMH. 

IlpHHHTHe TaKoro rpy6oro ycJIOBHH HeCOMHeHHO yxy,rr.IllaeT KatJeCTBO 

pacqeTOB TaHHHH, ITOCKOJlhKY cymecTBOBaHHe B ropax npocTpaHCTBeH­

HO-BpeMeHHOH BapHaII.HH MHOfHX napaMeTpOB BnOJIHe 011eBH,UHO. 
K ux 11ucJiy oTHOCHTCH: HHTerpaJihHa51 xapaKTepHCTHKa npospaq­

HOCTH aTMoccpephl B cpopMyJie (2.7)' K03cpcpHII.HeHT br B cpopMyJie 
(2.8), Ko3cpcpun.ueHThI B cpyHKUHHX o6JiatJHOCTH f 1 ( C) H f 2 ( C), 3MI1H­

pu11ecKHe napaMeTphI B cpopMyJie BpeHTa (2.14), napaMeTphI aeTpo­

soH: cpyHKIJ.HH f (u)' K03cpcfJHIJ,HeHThl ae. H ~o B cpopMyJiax (2.26) H 
(2.32), PH.Zl. rrpoH3BOJihHO 3a,ZJ.aHHhIX Ko3cpcpuuHeHTOB B cpopMyJiax 

JI. ,UepHKCa [239]' JI. foTJIH6a [240) H ,Up. 
2. Heo6xoJ(aMhre ycJIOBHH IllHpoKoro npuMeHeHHH ynpomeHHhI.?C ea­

pMaHTOB ypaBHeHHH TenJIOBOro 6aJiaHca no cymecTBY BeCbMa npOTH­
BOpelfHBhl. c O,UHOH CTOpOHhl 3TO npHHHTHe 3aBe,UOMO rrpH6JIH:JKeHHOro 

.u.onymeHHH 0 ITOCTOHHCTBe 3MilHpHqecKHX . K03cpcpHu,HeHTOB B .UIHpOKOM 

.U.Hana30He npHpO,ZI.HbIX ycJIOBHH, c JI.pyro:H - HaJIHllHe B COCTaB'e cpop­

MYJI TaKHX xapaKTepHCTH~ KaK cKopocTh aeTpa, rrpo,rr.oJHKHTeJihHOCTh 

coJIHetJHoro CH51HHH, BHYTPHCYTOtJHhIH xo,rt. TeMnepaTyphI nosepxHOCTH 
CHera -u ' Jlh,ZJ.a H JI.p., KOTOpble MoryT 6hITb rroJiytJeHbI TOJihKO Herro­

cpe,ZJ.CTBeHHhIMH H3MepeHH5IMH. 

J13 3TOro CJie,ZJ.yeT, lJTO Tpe6oaaHHH B HCXO,ZJ.HOH HHcfJOpMaII.HH H 

3MIIHpHtieCKHM napaMeTpaM B ynp.omeHHhlX BapHaHTax ypaBHeHHH 

(2~ 1) Hec6aJiaHcHposaHhI B OTHOilleHHH TOllHOCTH. A 3TO npHBO,ZJ.HT 

K yxy,rr.IIIeHHIO KatJeCTBa '1>acqeTOB cyTOlJHOH HHTeHCHBHOCTH TaHHJi:H H 

B03MO)KHOCTeH IllHpOKOro npHMeHeHHH paccMOTpeHHhIX Bblllie cpopMyJI 

B y~JIOBHHX orpaHHtJeHHOCTH HCXO,UHhIX ,rr.aHHhlX H oTcyTcTBH~ MeTo,rr.a 
u . 

npocTpaHCTBeHHOH 3KCTparrOJIHII.HH B ropax TaKoro Ba:JKHOro KOMnO-

HeHTa Bcex cpopMyJI THITa (2.48)' KaK CKOpOCTb BeTpa. 

HapHAY c cpopMyJiaMH HHTeHCHBHOCTH TaHHHH Tarra (2.48), rJIH­

II.HOJIOrH H rH,UpOJIOfH pa3JIHlJHhIX CTpaH (HarrpHMep, [ 1-3, 10, 25, 48, 

89; 100, 110, 119, 235, 239] H MHOrHe .npyrHe) y:JKe ,ZJ.aBHO ,ZJ.JIH pac-
. u 

4e.TOB HHTeHCHBHOCTH TaHHHH c ycrreXOM rrpHMeHHIOT JIHHeHHhie 0,ll.HO-

R· - JI.ByxcpaKTOpHhie 3MnHpHtiecKHe ypaBHeHH51 perpeccHH. HaH6oJiee 

pacnpocTpaHeHHhIMH H ·BITOJIHe Ha,Ue:/KHO onpe.u.eJIHeMhlMH apryMeH-
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TaMH .9THX cpopMyJI HBJIHIOTCH rrorJioIII.eHHaH pa,ZI,HaUHH BR H TeMrre-
paTypa B03,IJ.yxa 0. -

HecMoTpH Ha cToxacTHqecKHH xapaKTep .9MrrHpHqecKHX ypaBHeHHH 

M = f (BK, 0)' BKJIIOqeHHe 3THX rrepeMeHHblX B COCTaB cpopMyJI HHTeH­
CHBHOCTH Ta5IHH5I HMeeT HCHblH cpH3HqecKHH CMblCJI. QqeBH,11.HO, qTo 

B .9TOM cJiyqae BK H 0 cJie,ZI,yeT paccMaTpHBaTb KaK HH,lI,eKCbI cooTBeT­

CTBeHHo pa,11.HaUHOHHOro 6aJiaHc·a (CM. Ta6JI. 8 B pa6oTe aBTOpa 
[110]) H Typ6yJieHTHoro ITOTOKa TerrJia H3 B03,lI,yxa. 

,il.JI.H xapaKTepHCTHKH BKJia,lI,a QR, Qe H Qe B TerrJIOBOH 6aJiaHC 

a6JIHUHH Ha Jie,ZI,HHKax Cpe,ZI,Heli A3HH paccMoTpHM CBO,IJ.Hhle ,ZI,aHHhle 
aBTOpa H ,lI,pyrHX HCCJie,IJ.OBaTeJieH [9, 37, 38, 60, 63, 84-86, 1f0, 144, 
150, 165, 176], rrpe,ZI,cTaBJieHHhie B Ta6JI. 2.1. Heo6xo,UJIMO OTMeTHTh, 

qTo OTHOCH,TeJibHhie xapaKTepHCTHKH pOJIH Qe H Qe B TeITJIOBOM 6a-

JiaHce a6JIHUHH rroJiyqeHbl HeO,IJ.HHaKOBbIMH pacqeTHblMH MeTO,lI,aMH. 

0,lI,HaKo cse,lI,eHHH o QR, Qe, Qe H c*M Ha pa3HhIX Jie,ZI,HHKax Cpe,lI,­
ueli AsHH cqHTaeM B03MOLKHhIM paccMaTpHBaTb KaK cpaBHHTeJihHO 

0,lI,HOp0,11.HYIO Bbl~OpKy, yqHTbIBaH, qTo rroqTH BO Bcex CJiyqa51x aBTOpbl 

OTMeqaIOT Y,lI,OBJieTBOpHTeJibHYIO CX0,11.HMOCTb H3MepeHHOH H BbiqHCJieH-
HOH BeJIHqHH a6JI.HUHH. · . 

Erue O,lI,Ha oroaopKa Heo6xo,ZI,HMa B CBH3H c TeM, qTo 60JibllIHH­

cTBO rrpHMepoB TeITJIOBoro 6aJiaHca B Ta6JI. 2.1 OTHOCHTC.H -K cyToq­

HOMY HHTepBaJiy BpeMeHH. 3To rrpHBO,lI,HT K rrpeyMeHbllleHHIO BKJia,ZI,a 

ITOf JIOIUeHHOH pa,lI,HaUHH B TerrJIOBOH 6aJiaHC Ta5IHH51, ITOCKOJihKY 

HoqhIO ·TaHHHH HeT, pa,ZI,HaUHOHHhIH 6aJiaHc oTpHUaTeJieH, a rroTOK 

TeITJI~ Qa HarrpaBJieH K ITOBepxHOCTH Jie,ZI,HHKa KpyrJIOCYTOqHo. . 
"Y qHThIBa.H C,ZI,eJiaHHhie 3aMeqaHH5I, MOLKHO c 60JibllIOH BepOHT­

HOCThlO cqHTaTh, qTo Ha rroaepxHOCTH H3hIKOB Jie,ZI,HHKOB Cpe,lI,Heli 

AsHH rrpHXOJI.HYIO qacTh ,ZI,HeBHoro TerrJiosoro 6aJiattca B rrepHo,ZI, a6JIH­

UHH, KaK rrpaBHJIO, He Mettee 'tJeM Ha 85 % COCTaBJIHeT pa,ZI,HaUHOH­
Ha.H .9HeprH5I. ,[(HeBHOH BKJia,ZI, ,ZI,pyroro HCTOqHHKa BHeWHeli .9HeprHH -

Typ6yJI.eHTHOro IlOTOKa TerrJia H3 B03,ZI,yxa - KOJie6JieTC51 B rrpe,L(eJiax 
10-15 °/o. A B HaqaJie H KOHUe a6JI.HUHOHHoro cesotta ,ZI,OJIH Q0 cTa­

HOBHTCH eme MeHhWe. qTO KacaeTC.H TerrJia, .BbI,ZI,eJIHIOIUerocH rrpH KOH­

,n:eHcauHH BO,l(HHoro rrapa Ha rrosepxnocTH o6JiaCTH a6JI.HUHH, To, 

cy,ZI,H no Ta6JI. 2.1, B 6oJibWHHCTBe CJiyqaea .9Ta CTaTb51 rrpHXO,ZI,HOH 

1IaCTH JIH~o soo6me OTFYTCTByeT (ToqHee rrpeo6Jia,n:aeT HcrrapeHHe), 
JIH6o KpaHHe He3Ha1IHTeJibHa. 

Pacxo,n:Ha.H qacTb ,ZI,HeBHoro 6aJiaHca TerrJia Ha .H3h1Kax Jie,n:HHKOB 

Ha 85-95 °/o COCTOHT H3 3aTpaT BHelllHeH .9HeprHH Ha T851HHe, Ha HC­
rrapeHHe c ITOBepXHOCTH 3,l(eCb yxo,n:HT necpaBHeHHO MeHbIIIe. 

CXO,l(Hhle ,ZI,aHHbie 0 COOTHOIIIeHH.HX B ,IJ.HeBHOe BpeM.H MeLK,n:y QR H 

Qa H c*M H Qe rrpHBO,l(HT A. n. BoJIOillHHa [26] ,l(JIH Jie,l(HHKOB 

palioHa 3Jib6pyca, r,n:e QR H c*M paBHhI 93 °/0 , a ·Qe H .Qe- 7 0;0 . 

IloKa3aTeJibHO, 1ITO- B ueJIOM 3a cyTKH pa,n:HaUHOHHOe TeITJIO B o6meM 

IlOCTYITJieHHH .9~eprHH Ha Jie,IJ.HHKax 3Jib6pyca COCTaBJI.HeT 65 Of(}, 
a Typ6yJieHTHbIH ITOTOK TerrJia - 35 °/o. IlpHqHHa 3,IJ.eCh, KaK yLKe 

6bIJIO OTMe1IeHo BbIIIIe, 3aKJIJOqaeTCH B TOM, qTo pa,n:HaUHOHHhlH 6a­

JiaHC noCJie- 3axo,IJ.a COJIHUa yMeHblllaeTcH ,n:o HYJIH H CTaHOBHTCH· 

OTPHU:aTeJibilhIM, a Typ6yJieH'l'Hhlfl IIOTOK TeIIJia ~ Te11eHHe cyTOK ITO· 

38 

(. 
' 

cTOHHHO narrpasJieH K rrosepxHOCTH Jie,ZI,HHKa. · YqHThlBaH .9TO o6cTOH­

TeJihCTBO, A. n. BoJIOWHHa [26], cqHTaeT neo6xo,ZI,HMblM paccMa~­
pHBaTh cTpyKTYPY TerrJiosoro 6aJiattca 3a orrpe,ZI,eJieHHhie rrepHO,lI,bI 
cyTOK c TeM, qTo6hI ITOJiyqHTh peaJihHOe rrpe,lI,CTaBJieHHe 0 pOJIH B a6-· 

A51UHH pa,lI,HaUHOHHOH 3HeprHH H rrpHTOKa TerrJia HS B03,lI,yxa. 

XoTH H3yqeHHOCTb cTpyKTypw TerrJioBoro 6aJiattca a6JIHUHH B 06-

JiaCTHX rrHTaHHH Jie,ZI,HHKOB Cpe,ZI,Heli _A3HH 3HaqHreJihHO ycTynaeT 

aHaJIOfHqHbIM CBe11eHH5IM JlJIH' 5I3bIKOB rJieTqepOB, see LKe MOLKH<? . OT­

MeTHTb TeH,ZI,eHUHIO K COKpam.eHHIO saTpaT 3HeprHH Ha TaHHHe H yae­

JIHqeHHIO ,ZI,OJIH HcrrapeHHH B o6rueli BeJIHqHHe TenJIOBOro 3KBHBaJieHTa 

a6JIHUHH. KaK yLKe ynoMHHaJIOCb, B03pacTaHHe Qe B cyMMe c*M + Qe 
-crroco6cTBYeT coxpaHeHHIO semecTsa Jie,ZI,HHKa. 11To KacaeTCH npHxo.rr.­

HOH qacTH TerrJiosoro 6aJiaHca a6JIHUHH, TO se.rr.ymy10 poJih TaM rro­

npeLKHeMy HrpaeT rrorJioip.eHHaH coJineqnaH p ·a,n:HaUHH. 

2.2. Jluueif uaH perpeccuounaH MOJJ.eJih 
~JISI pacqeTa HHTeHCHBHOCTH TaSIHHSI 

,l.I.JIH JII06oro .MOMeHTa H HHTepBaJia apeMeHH COOTHOIIIeHHe MeLK,ZI,Y 

~HCToqHHKaMH rrpHXO,ZI,a H pacxo.rr.a TerrJia Ha nosepXHOCTH Jie,ZI,HHKa 

MOLKeT 6bITh BbipaLKeHo CJie,ZI,yIOlll.HM o6pa30M: 

c*A1 = BK + B ~ + Qa -1- LE.+ ~, (2.50) 

r.rr.e c* - yJI.eJihHaH TenJioTa rrJiaBJieHHH Jib,ZI,a; M - CJIOH TaHHHH; 
Bl\ - norJiorueHHaH KopoTKOBOJIHOBaH coJIHeqnaH pa,ZI,HaUHH; BTI. -
6aJiaHC ,lI,JIHHHOBOJIHOBOfO H3JiyqeHHH; Qe .- Typ6yJieHTHblH ITOTOK 

~ TenJia B npHJie,ZI,H».KOBOM B03,ZI,yxe; . L - y,ZI,eJihHaH TerrJIOTa cpasosoro 

nepexo,ZI,a, pacxo,lI,yeMa51 Ha HCnapeHHe BO,ZI,bl c TaIOrueli ITOBepXHOCTH 

HJIH BhI,lJ.eJI.HeMaH npH KOH,ZI,ettcauHH BO,ZI,HHOr~ rrapa; E - Typ6yJreHT­
HhlH ITDTOK BJiarH B npHJie,lI,HHKOBOM CJIOe B03,ZI,yxa; ~ - " HeB513Ka Ten-

. u 

JIOBoro 6aJiaHca, o6ycJIOBJieHH851 KaK norpeUIHOCTHMH H3MepeHHH 

HJIH pacqeTOB, TaK H HeyqHTbIBaeMbIMH BCJie,ZI,CTBHe MaJIOCTH qJieHaMH 

ypaBHeHH51 (2.50). 
OcHOBbIBaHCh Ha o6o6w.eHHH Herrocpe.rr.cTBeHHhlX ITOJieBblX onpe-

u u J u . ' u 
,lJ.eJieHHH COCTaBJIHIOIUHX rrpHXO,lI,HOH H pacxo,ZI,HOH qacTeH ypaBHeHH51 · 

TeITJIOBOro 6aJiaHca B TeqeHHe rrepHO)J.a a6JI.HUHH, BhIITOJIHeHHOM B pa-

6oTe [ 11 O], MOLKHO yTsepLK,ZI,8Th, qTo B 6oJihHIHHCTBe cJiyqae~ Ha 

Jie,ZI,HHKax Cpe,n:Heli ·AsHH B UIHpOKOM ,ZI,Hanasotte a6eoJIIOTHhlX ~wcoT 
Ha ,ZI,OJIIO 6aJiaHca COJIHeqHOH pa,ZI,HaUHH npHXO~HTC51 . OT 80 ~o 95 % 
BHerntteli .9HeprHH, rrocTyn,a10rueli. Ha nosepxHOCTh Jie,ZI,HHKa. CTpJIOLKH­

TeJihHhlH , BKJia.rr. Typ6yJieHTHOro ITOTOKa TenJia H3 B03,ZI,yxa (Qe) K0-

.,11e6JieTC5I s rrpe,ZI,eJiax 5-~ 20 °/0 , rrpHt.IeM, B Hat.IaJie H" ~s KOHUe a6JIH-· 

-r(HOHHoro ce30Ha ,ZI,Jl51 . Qff' CTaHOBHTC.H eme MeHhWe. 11To KacaeTCH 

TenJia, BbI,ZI,eJI-5IIOllJ.erocH rrpH KOH,ZI,eHCaUHH BO,lI,HHOro flapa Ha ITOBepx­

HOCTH Jie,ZI,HHKa, To paccMoTpeHHbre B [ 11 O] oueHKH narrpaBJieHHH H 
HHTeHCHBHOCTH Typ6yJieHT·HbIX ITOTOKOB BJiarH TI03BOJI5IIOT, BO-nepBbIX, 

G•u1TaTh cJiyqaH +LE pe,ZI,KHMH .H Kpaline He3HaqHTeJihHhIMH (3-'9 °/o) 
no BeJIHt.IHHe, a BO-BTOpbIX,, C,ZI,eJiaTh BhIBO,lI, 0 npeo6Jia,ZI,aHHH pacxo,ZI,a 

TenJia lia HchapettHe. 113 .9Toro cJie,ZI,ye1\, qTo HaJIHqHe B ypasHeHHH 
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. Ta6Au14a 2.1 

Ilpou.eumoe COOTHOWeHHe MelKAY COCTaBJUllOlIJ.HMH TCDJIOBOrO oaJJaHca H.a JJCAHHKaX Cpe,n.Heii AaHH B nepHOA a6JUIU.HH 

- > 
_,_,.._: ,, 

. - ' 
: 

. ' - COOTHOWeHHe, Mem.ny COCT3BJIHIOW.HMH ypaaHeHHH ' , 
- .. TenJioeoro 6aJiaHca a6JistUHH, % . ' . . "•· . .. _. MeTo.ZlbI HttTep-

" pact1eTa Jle.ZI.HHK H MecTo ero pacnono>KeHHH; TiepHOII. ~ 

flpHXO.ZI.H8H tt8CTh 
. 

Pacxo.nHasr ttacT& B3JI 
BblCOTa nyHKT3 Ha6mo.D.eHHA:, M H3MepeHHfi . Q9 H epeMe-.. 

' Qe HH 
" ,, 

' 
. 

~ 

QR Qe +Qe -Qe Qg+Q, ' . . c•M ' ' ~~ . .. . 
. .. 

--
i i .-

1 2 3 4 5 6 7 8 9 10 

" ... . - , . 06JiaCTb a6JISIUHH 

MMaT; 3300 ~ 25. VII-8. IX 
' fHccapCKHH xp. 1-

. 1934 r .• 62 38 I· - I 86 I 14 ~ I I - B · ., c 
' " llioKaJibCKoro; 3410 26. VI I-10. IX 90 10 I - I 98 I\ ~,5 .I - I TB I JI. 

3aHJIHHCKHH AJiaTay 1962 r. 86 14 99,5 
,.. 

- - KM JI. .. 
UeHrpanhHhlii TyroKcy; 34 70 16. VI-28. VI I I 
3aHJIHHCKHii AnaTay '- 1957 r. I 80 I 20 I - I 73 I 10 I ~ -'. 17 I KM I c 

29. VII-11. IX 
1958 r. I 80 I 20 I - I 66 -I 20 I -14 I KM I c 

2. VII-5. IX 
1959 r~ I 85 I 15 77 19 

, 
-4 KM - 1--!' I c .. 

· -=-.. 

Kop)KeHeBCKoro; 3560 _. 19 . v I I -17 . v II I I ' 95 · 1 5 - 80 . 7 -13 I JJ. ; 
3aHJIHHCKHH AnaTay 

, . 1965~ r· 88 12 91 9 .. I 

"I - - JI. . . 
BapKpaK CpeJJ.Ha:H; 3540 AsrycT 

I 67 TicKeMCKHH xpeoeT . . . 1963 r. I 33 I - - I. 93 I 7 I I KM I - c .. .. ... , 

3epaBillaHCKHH; -3600 
. . 

..JJ AsrycT I 

J 75 l 25 I' - I· 91 I I '., -
TypKecTaHCKHii xpe6eT - . 1961 r. 9 TB '---- I c . ' 

I 

.,,.,,..- ·- - - 7 ·•· c • 

~ 

' , 

1 napax; 3600 AsrycT, 1961 72 28 91 9 
. . - ' TB \ ~ ~ -

TypKecTaHCKHH xpe6e-r AaryCT, 1962 66 34 81 19 . ~~ 
. . ,J 

TB '"' - ~ - , 
.- .. " ., l 

"· ' " .. _, , .. . . . .. ~ ' 
. ..,... .... ... . 

OpToTep; 3680 = t· -' r ~ 3-25. VIII 85 12 ' 3 I~ ' .. -_ ~ - -. 
KM "\ a 

-· '\ 
.-.J' . . ,, 

' ' ~ 
... . .. ' 1003 r. 

r 1 .. 

TepcKei'I AJiaTay . 72 23 5 ~ , . , KM I. c - ,-

. . ... • <"~ :t 

10. VIJ-·31. VII I 65 26 9 
""' I - '- . 

KM c -· 
I 

<1'e.n:11eHKO; 3880 
I' 

xp. AKa.n:eMHH HayK AsrycT, 1958 I 72 I 22 I =I 85 I 1-5 ' I . +6 _ I TB I c 
To )Ke; 4000 AsrycT, 1959 71 25 90 IO +4 TB c 

-
VII-VIII BaKaJiaK; 4000 . 

xp. KHtIHK-AJiaH 1964 r. I 56 I 44 I - I 95 I 5 i - ·I KM I c 

nyrasa, 4200 20. VII-20. VI II 
AJiai'IcKHH xpe6eT . 1962 r. I 87 I 13 I· .:_ I 94 I - 3 I , -3 I KM . I c 

. 
JleHHHa; ·4200 26. VI I-20. VI II 
3aaJiaHCKHH xpe6eT 1964 r. I 82 I 18 I- I 85 ·I 15 I ·- I KM I c 

06JiaCTb aKKYMYJISUI.HH 
•· 

BapKpaK Cpe,n:HHii; 3560 AsrycT, 1963 62 38 " 57 43 -- KM I c -
UettTpaJihHhIH TyroKcy; 3750 - 1-31. VIII 1963r. 66 34 - 93 7 · - KM I c 

napax; 3850 '' Asrycr , 1962 64 35 - 91 9 +1 TB I c 
~ 

To )Ke; 4000 AarycT, 1962 66 32 - 98 2 +2 TB · I c 
. 

BaKaJiaK; 4100 VI I-VII I-1964 67 . 33 - 86 c-. 14 - KM I c 

<1'e.n:11eHKO; 4880 VII I-IX, 1957 -17 99 - . 83 +1 TB I c 
' KM ro m:e; 4900 1. VI I-20. VII, 53 47 - 40 60 - I c 

1958 

TI p H M e 11 a H H H: I) ,UT - Me<ro.n: Typ6yJieHTHOH .n:mt><f>Y3HH; TB - ypastteHHe TenJioBoro 6aJiattca; B - OTHOIIIemie Boy3tta; KM -
cpopMyJihI Ka3aHcKoro-MoHHHa, c (cyTKH) H .n: (.n:eHh) - Hcxo,n:Hhie rrepHO.ll:hI, 3a KOTOphre npoH3BO.ll:HJIHCh pactieT H H3MepeHHe co­
cTaBJIHIOIUHX TeilJIOBOrO 6aJiaHCa aoJISIU.HH. 2) QR= -17 °lo - pac XO.ll: T~IIJia Ha .ll:JlHHHOBOJIHOBOe H3J1yqem-1e IlpH OTCYTCTBHH Ta51HHH. 
3) ,UaHHb1e· o Terrnoo6MeHe B ,n:eHTeJibHOM cJioe Ha Jie,n:HHKax UettT paJibHOM Ty10Kcy H Kopm:etteBcKoro OTHOCHTCH K .n:ecHTHMeTpoBoii 

~ TOJIIUe Jlb~a. 



(2.50) qJieHOB, 6JIH3KHX no MO,il,YJIIO ( Q6 H LE) H npoTHBonoJIOM­

HbIX no· 3HaKy, .n.onOJIHHTeJibHO. aKUeHTHpyeT pOJib paJJ,HaUHOHHOH co­

CTaBJIHIOIIJ.eH B npHXO,ZJ,HOH qacTH Tel1JIOBOfO 6aJiaHca. 

iloKa qTo B 11pOH3BO,ZJ,CTBeHHOM MaClllTa6e CTporaH oueHKa BCex 

110TOKOB TenJia B 11paBOH qacTH ypaBHeHHH (2.50) He MOMeT 6bITb' 

Bbll10JIHeHa 8BH.lI.Y HeC08epllleHCTBa pacqeTHblX MeTOJJ,OB H HeJI,OCTaTKa 

HCXOJJ,HbIX JJ,aHHbIX (rJiaBHbIM 66pa30M 3TO OTHOCHTCH K qJieHaM Qe 
B"ll., LE). B C8H3H c 3THM MaccoBhie pacqeThI TaHHHH cHera 11 Jih.lI.~ 
11pHXOJJ,HTCH Bbll10JIHHTb 110 3M11Hp11qecKHM cpopMyJiaM, apryMeHTaMH 

KOTOpbIX CJIY.IKaT MeTeopoJior11qeCKHe 3JieMeHTbI JIH6o a,n;eKBaTHbie 

OJI.ROMY H3 KOMnoHeHTOB Te11Jiosoro 6aJiaHca (11orJiomeHHaH coJIHeq­

Ha.H paJJ.HaUHH), JIH6o HCIIOJih3yeMbie npn onpe.n.eJieHHH Toro HJIH 

HHoro rroToKa TenJia (HarrpHMep, TeMnepaTypa B03JJ,yxa). Ha3oBeM 

yKa3aHHbie sapHaHTbl pacqeTa n-cpaKTOpHbIMH KOppeJIHUHOHHbIMH 3a­

BHC~MOCTHMH nep80f0 H BTOporo THnOB. Bo3MOMeH TaKMe CMeIIIaH­

HhIH THII, KOrJI.a B 3MI1HpHtieCKOe ypaBHeHHe MHOMeCTBeHHOH perpec­

CHH BXO.LI.HT IIOTOKH TenJia H MeTeopoJIOrHqecKHe 3JieMeHTbl. 

B npHHUHne Ha OCHOBe JII06oro H3 3THX THllOB 3aBHCHMOCTeH MO­

ryT 6bITb 110JiyqeHbl aHaJIHTHqecKHe 8hlpaMeHHH ,UJIH paclleTa Ta.HHH.H 

CHera H JihJJ,a 11pH ycJIOBHH JI.OCTaToqHOCTH H perrpe3eHTaTHBHOCTH 

BbI6opoK HCXO,lI.HbIX .n.aHHbIX H KOppeKTHOCTH reHeTHlleCKOI1 H CT3 TH­

CTHqecKOH HHTep11peTaUHH pe3yJihTaTOB lJHCJieHHOro aHaJIH3a. 

ilepeqeHb MeTeOpOJIOfHqecKHX 3JieMeHTOB, 110TeHUHaJihHO 11pHrOJJ,­

HhlX '.LI.JIH noJiyqeHHH 3M11HpHqecKHX cpopMyJI HHTeHCHBHOCTH TaHHHH 

nepsoro, BToporo H CMelllaHHOro THnOB, 11peJJ,cTaBJIHeTCH CJie,LJ,yIOill,HM: 

R =BJ:\+ B"ll. -. ,ZI.HeBHaH cyMMa 6aJiaHca KopoTKOBOJIHOBoro H .LI.JIHHHO­

BOJIHosoro nOTOK08 H3JiyqeHHH; 8 - cpe,ZI.HHH cyTOllHaH TeMrrepaTypa 

sos.n.yxa; C - cpe,nHHH 6aJIJI o6meii 06JiaqHocT11 Ba cyTKH; h - cpe,n­

HHH cyToqHaH OTHOCHTeJihHaH BJiaMHOCTb 803,LJ,yxa; e - cpe,n,HHH 3a 
CYTKH y11pyrOCTb BO,lI.HHOfO 11apa ( 102 Oa). 

QqeBHJJ,HO, lJTO 11pH JII060M COCTaBe perpeCCHOHHOH MOJJ,eJIH JJ,JIH 

pacqeTa TaHHHH, 11pHHHTOH B KaqecTBe 3aMeHbI ypaBHeHHH Te11JIO­

BOro 6aJiaHca (2.1), COOTHOIIIeHHe MeM.LI.Y cpyHKUHeH: H He3aBHCHMblMH 

11epeMeHHhlMH ( 0.lI.HOH HJIH HeCKOJihKHMH) ycTaHaBJIHBaeTCH y2Ke Ha 

CTOXaCTHlJeCKOH OCHOBe. ilpH 3TOM poJib Ka2K,noro apryMeHTa 8 01111-

caHHH .ll.HCrrepcnH 3a8HCHMOH nepeMeHHOH 6e3yCJIOBHO HBJIHeTCH OTpa­

MeHHeM ero OTHOCHTeJibHoro BKJia,ZI.a 8 ypa8HeHHH (2.50). YlfttTbIBaH 

Ba)KHOCTb COOT8eTCTBYIOIUHX q11cJieHHbIX oueHOK JJ,JIH o6neKTHBHOrO 

BbI6opa 011THMaJibHOrO BapnaHTa pact.IeTHOH cpopMyJihI, paccMOTpHM 

KoppeJIHUHOHHble CBH3H MeM,ny TaHHHeM H OCHOBHbIMH MeTeOpO:lIOrH­
qecKHMH 3JieMeHTaMH. 

Ha 11epsoM 3Ta11e 3Toro nccJie.n.osaHHH no JJ,aHHhIM eMeJJ.HeBHhIX 

H3MepeHHH M~ R, BH., e, C, h, e Ha 26 Jie,UHHKax Cpe,LJ,He:H A3H1I 3a 

11epno,nh1 I 0, 20, 30, 40 JJ.HeH: 6hIJIH 8b1q11cJieHbI K03cpcp11u11eHThI 11a p-
u u 

HOH KOppeJIHUHH .lI.JlH 8cex 803MOMHblX COtJeTaHHH 113 yKa3aHHoro Ha-

6opa. PesyJihTaThI 3TOH o6pa6oTKH rrpn8eJJ,eHhI 8 pa6oi'e [ 119] 
B 8H,ne rttCTOrpaMM pacrrpe,ZI.eJieHHH K03cp¢HutteHTOB 11apHOH Koppe­

JIHIUIH. 06ruy10 xapaKTepHCTHKY B3aHMOC8513H ,ZJ,JIH BCex CeMH 11epe­

MeHHhlX Ha yp08He MO.lI.hl pacnpe,neJieHHH KoppeJIHUHH eme)J.HeBHWX 
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JI3MepeHHH sa 10 H 30 ,ZI.HeH ,ZI.alOT COOT8eTCTBYIOIUHe KOppeJI.HUHOHHble 

·MaTpHUbI (Ta6JI. 2.2)'. ,ll.080JlhHO IIIHpOKHH ,UHal1a30H H3MeHeHHH KOp­

peJIHUHH 8 Ka~)J.OM H3 paccMaTpH8aeMhlX pacrrpeJJ,eJI~HHH o?bHCHHeT 

- npMtJHHbl rropoH rrpOTH80petJHBbIX oueHOK poJIH O,UHOH H TOH )Ke 11e­

peMeHHOH ,UJIH pacqeTa TaHHHH, rroJiyqeHHbIX Ha orpaHHqeHHOM 3MIIH­

P 1:!.qecKOM MaTepHaJie. 

Ta6Aul{a 2.2 

MarpHIJ.bl MO)l.aJibHblX 3Ha~eunii saanMHoii KoppeJistU.HH no e11<.e)l.HeBHblM H3MepeHH.SIM 
nepeMeHHblX 3a 10 (sepXHSISI IlOJIOBHHa Ta6JIHU.b1) H 30 )I.Heu (HH1KH.Sl.SI OOJIOBHHa 

TaOJIHIJ.bl) 

M R 0 c h e 

I 0,95 0,85 0,60 -0,50 -0,45 -0,45 -
R 0,95 I 0,95 0,45 -0,55 -0 75 ' . -0,62 
BK 
0 

' 0,85 0,95 I 0,50 -0,80 -0,75 -0,70 
0,50 0,45 0,45 l -0,37 -0,62 -0,62 

c -0,50 -0,55 -0,75 -0,30 l 0,54 0,70 
h -0,45 -0,45 -0,65 -0,62 0,62 l 0,95 
e -0,45 -0,39 -0,70 -0,55 0,62 0,95 l 

n pH Me q a H He. M - TaHHHe, R - pa[.lHaUHOHHblH 6aJiaHC, BR - rrorJIOW.eH­
H85I COJIHe1lHaH pa.zurnUHH, 0 - TeMrrepaTypa B03[.lyxa, c - o6w.aH o6JiallHOCTb, h -
OTHOCHTeJihHaH BJia:>KHOCTb B03J.lyxa, e - yrrpyroCTh BOJ.lHHOrO napa. 

B ueJIOM, MOLKHO 110JiaraTh, tITO MOJJ,aJihHhie 3HatieHHH pacnpe,Ue· 

1 JieHHH K03cpcpHuHeHT08 KoppeJI.HUHH e2Ke,ZI.He8HhIX H3MepeHHH M, R, 
Bl\, 0, C, h, e 8110JIHe rrpaBHJihHO H o6neKTH8Ho oTpaLKaIOT KapTHHY 

npHtIHHHO- CJie,UCT8eHHhlX CBH3e:H Me2KJJ,Y 3THMH 11epeMeHHbIMH, ,npy­

rHMH CJI08aMH H8JIHIOTCH <l>H3HqecKH o6ycJI08JieHHbIMH. 

AHaJIH3 HcnoJJb308aHHH cpe,nHHX 3HatieHHH MeTeopoJIOrHt1ecKHX 

3JieMeHTOB B 3MIIHptttieCKHX cpopMyJiax ,ZI.JIH pactieTa TaHHHH CHera H 

Jlh,LJ,a rrpe,ncTaBJIHeT co6oi1: CJie,UyIOIIJ.HH 3Tarr IIOCJie H3ytJeHHH 83aHM­

HOH KoppeJIHUHH paccMaTpH8aeMhIX 11epeMeHHbIX no e.1KeJI,He8HhIM 
,naHHbIM. 

KoppeJIHUHH c TaHHHeM cpe,nHHX 3HaqeHHH MeTeopoJiorHqecKHX 

3JieMeHTOB, KOTOpaH ,UeTaJibHO paccMOTpeHa B pa6oTe [ 119]' 8 HeKO­

TOpbIX CJiytiaHX cymecTBeHHbIM o6pa30M OTJIHtiaeTCH OT oueHOK, no­

JiytieHHbIX paHee no rHCTOrpaMMaM KoppeJIHUHH eMe,UHeBHbIX H3Me- • 

peHHH. Petih 3,nech H,UeT o pe3KOM 803pacTaHHH TeCHOThl CBH3eH: TaH­

HHH c TaKHMH rrepeMeHHbIMH, KaK TeMnepaTypa 803,Uyxa, OTHOCHTeJih­

HaH . BJia)KHOCTb B03Jl.yxa, rrpO,UOJI)KHTeJibHOCTb COJIHel.fHOro CHHHHH. 

CJie,noBaTeJihHO, KaLK,ZI.hIH H3 Ha3BaHHhIX MeTeopoJ1orHt1ecKHX 3Jie­

MeHT08 HapaBHe c ,npyrHMH MOLKeT 11peTeH,U08aTb Ha pOJib HH,UeKca 

_npasoft tiaCTH ypa8HeHHH (2.50) . 0,LI.HaKo npHrO,UHOCTb HX B Katie­

nTBe apryMeHT08 3MrrHpHtiecKHX cpopMyJI JJ,JIH pactieTa M 8hIHBJIHeTCH 

TOJihKO no Mepe 803pacTaHHH rrepHo,na ocpe,LI.HeHHH. Ba2KHO rro,nqepK­

lIYTh 3,l.J,eCb, lITO TpaHccpopMaUHH 11epetIHCJ1eHHbIX KOppeJI5IUHOHHbIX 

33BHCHMOCTeH He HBJIHeTCH CJieJJ,CT8HeM o6oe,UHHeHHH ,UaHHbIX 110 
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pa3Jn1qHhIM Jie,ZI.HHKaM. AH'aJiorHqHoe H3MeHeHHe TeCHO.ThI CBH3eH: -c po­

CTOM nepHO,ll,OB ocpe,ZI.HeHH51 ycTaHOBJieHO TaK)Ke { 119] no H3MepeHH51M 

·TaHHHH H TeMnepaTypbI 803,nyxa Ha Jie,ll,HHKe f oJiy6HHa ( 6acceH:H 

p. AJiaapqa). TaM )Ke B o6meM BH.U.e noKa3aHo, IITO npHqHHoH: B03pa­

CTaHHH K09cpcpHUHeHTOB napHOH KoppeJIHUHH Ta51HH51 c TeMnepaTypoH 

H OTHOCHTeJibHOH BJI3)KH0CTblO B03,nyxa, o6mett o6JiaqHOCTblO H npo­

,IJ,9JI)KHTeJibHOCTblO COJIHeqHoro CH51HH51 npH ycJIOBHH ocpe.u.HeHH51 cpyHK­

UHH H apryMeHTa 51BJI51eTC51 ~paHccpopMaUH51 nepeMeHHbIX K BH,ll,y: . . 

n 

X; = _!__" X·· " n Li L]' 
j=l 

(2.51) 

(2.52) 

r,IJ,e n - ,ll,JIHHa nO,IJ,BbI6opKH, no' KOTOpoH: BhinOJIH51eTC51 ocpe,IJ,HeHHe 
Ka.JK,IJ,OfO i-ro 3HaqeHHH x H y. 

.AHaJIH3 H o6~HCHeHHe noJiyqeHHhlX ~JI51 · ycJIOBHH Cpe,IJ,Heli A3HH 

3HaIIeHHR K09cpcpHUHeHTOB KoppeJIHUH'H Me)K,IJ,y T351HHeM, TIOTOK3MH 

TenJia H MeTeOpOJIOfHqecKHMH 9JieMeHTaMH 51BJIHeTCH Heo6xo,nHMbIM 

9TaTIOM paapa66TKH H o6ocHOBaHH51 cpopMyJI ,IJ,JI51 pacqeTa HHTeHCHB­

HOCTH Ta51HH5I . . ,UaJihHeHlllHMH ,IJ,eHCTBHHMH ,ll,OJI)KHbI 6bITb onpe,IJ,eJie­

HH51 OTITHMaJihHblX BapHaHTOB COCTaBa pacqeTHhlX cpopMyJI H qHcJieH­

HaH oueHKa HX napaMeTpOB, . a B 33KJIJOqeHHe - npoBepKa IlOJiyqeH­

HbIX ypaBHeHHH Ha Hea'aBHCHMOM cpaKTHqecKOM MaTepf{aJie. 
IlpH onpe,neJieHHH COCTaBa cpopMyJI HHTeHCHBHOCTH Ta51HH51 CJie­

.u.yeT pyKOBO,IJ,CTBOBaThCH He TOJihKO cTaTHCTHqecKoli aHaqHMOCT.hIO ap­

ryMeHTOB ,IJ,JIH onttcaHHH ,ZJ,HcnepcHH cf>YHKUHH, HO H yqHThIBaTb_ 8oa­
MO)KHOCTH HX npocTpaHCTBeHHOH HHre{>noJIHUHH - 9KCTpaIIOJI51UHH 

B ycJIOBHHX CJIO.JKHOH oporpacpHH. 

B ycJIOBHHx orpaHHqeHHOCTH ttcx6,IJ,HhIX ,ZJ,aHHhIX ueJiecoo6pa3HO 
. TaK)Ke HCnOJib30BaHHe ynpow.eHHblX MeT0,11,0B pacqeTa T351HH51 no ·o,n­

HOcpaKTOpHbIM cpopMyJiaM, apryMeHTaMH KOTOpbIX . MOryT CJIY)KHTh, 

KaK noKa3a.J! npe,11,hl,ZJ,YIIJ.HH aHaJIH3, cpe,11,HHe 3HaqeHH51 pa3JIHqHbIX Me­
TeopoJIOrHqecKHX 9JieMeHTOB. 

<l>M3J1qecKHH CMbICJI aaMeHbl ypaBH€HH51 MHO)KeCTBeHHOH perpec­

CijH THIIa 

(2.53) 

O,lI,HOcpaKTOpHOH cpopMyJIOH paccMOTpHM Ha npHMepe aaBHCHMOCTH 

R=f(0). 
,UJIH Toro qTo6bI nepeHTH OT (2.53) K 0,l(HOcpaKTOpHOMy ypaBHe-

- . 
HHIO .M(0), r,ZJ,e cyMMapHblH BKJia,lI, Bcex nepeMeHHbIX, KpOMe TeMne-

paTypbl B03~yxa, aaMeHeH 9MnHpHqecKHM napaMeTpoM, npeo6pa3yeM 

(2.53) K '.BHJI.Y 

M"" ( a1R + aaC + a4e +ash )-
= 0 + a2 e. (2.54) 

' 

9 ,TO Bbipa)KeHHe npe,lI,CTaBJIHeT co6oli HCKOMYIO O,ZI.HOcpaKTOPHYIO 

cpopMyJiy 
,..,..,,, -
M=a0+b 

npH ycJIOBHH, qTo K09cpcpHUHeHT 

H OTHOWeHHe 

a2 __, a = const 

a1R + asC + a;i +a.Ji __, b = const 
e 

(2.55) 

(2.56) 

_,.,.. 

(2.57) 

OCTaIOTCH nOCTOHHHblMH B ,lI,OCTaTo'tIHO lliHpOKOM JI.HanasoHe 3Hatie­

HHH R, C, e, h H ·e. 
011eBH,lI,HO, qTo BblilOJIHeHHe ycJIOBHH (2.56) H (2.57) onpe,UeJIHe! ' 

TaK2Ke . B03M02KHOCTb TpaKTOBKH TeMnepaTypbI B03JI.YXa HJIH .u.pyroH 
nepeMeHHOH H3 npaBOH ~aCTH ypaBHeHHH (2.53) KaK yHHBepcaJibHOfO 

HHJI.eKca npHXO)l.HOH llaCTH TenJIOBOfO 6aJiaHCa noBepXHOCTH _:ie.u.i:HKa. 

- MeTOJI.HKa peweHHH 9Toro Bonpoca npeJJ.JIO:>K:eHa P. BpaHTY9HTOM 

[235] ' KOTOpbIH paccMOTpeJI BKJiaJI.bl paJI.HaUHOHHOfO 6aJiaHca, aKTHB: 
HOfO H CKpbI'Toro TenJia, IlOTOKa TenJia BfJIYOb JieJI.HHKa B TeilJIOBOH 
6aJiaHC a6JIHUHH H napaMeTpbl a H b cpopMyJibl HHTeHCHBHOCTH a6JI5I­

UHH THila (2.55). Ilo MHeH}!IO 9T0f0 aBTOpa, CJia6a51 KOppeJIHUH5I TaH­

HHH c pa,ZJ,HauHeli Ha Jie,ZJ,HHKax KaHa.u.cKoli ApKTHKH, He~MOTPH Ha 

ocHOBHOH . BKJia,n RB TenJI-OBoli 6aJiaHc, o6ycJIOBJieHa MaJIOH HaMeHqH-

BOCThIO pa,nHaUHOHHOro 6aJiaHca. ' 
Y ,noBJieTaopHTeJihHaH CBH3h a6JIHUHH - TeMnepa Typa B03,nyxa 

(r=0,49+0,84) 6bIJia rroJiyqeHa B 9TOM pali~He BCJie,lI,CTBHe J.J.OCTa·­

TOqHo TeCHblX 3aBHCHMOCTeH Me)j{JI.Y a6JIHUHeH H aKTHBHbIM T:TIJIOM 
H, B CBOIO. oqepe,11,h, Me.JK,ZJ,Y aKTHBHblM TenJIOM H TeMnepaTypoH B03-

,uyxa. P. BpaHTY9HT cqHTaeT TaK)Ke, qTo TeMnepaTypa B03JI.yxa He 

51BJI51eTCH HH)l.eKCOM npHXOJI.HOH qaCTH TeTIJIOBOro 6aJiaHca a6JI51~HH. 
Pe3yJihTaThI, H3JIO)KeHHhie B pa6oTe [235], rroaBOJIHIOT ~hI,UBHHYTh 

fHITOTe3y 0 CB513H Me)KJ.J.Y BKJia,ZJ,aMH HCTOqHHKOB BHelllHeH 9HeprHH 

B npHXO,UHYIO qacTh TeIIJI?BOro 6aJiaHca a6JIHUHH H HX ~HaqHMOCTbIO 
,UJIH on~caHHH ,nHcrrepcHH a6JIHUHH. B ycJIOBHHX Cpe,nHeH A3HH cJie,n­

CTBHeM ITO,ZJ,aBJIHIOIUeH poJIH pa,UHaUHH B TeITJJOBOM 6aJiaHce nOBepx­

HOCTH JI·e,ZJ,HHKOB (CM. Ta6JI. 2.1) 51BJI51eTC51 rrpeo6Jia,UaHHe K09cpcpH­

UHeHTOB KoppeJIHUHH aaBHCHMOcTeli M (R) H M (Bl\) Ha,ZJ, M (0) 
.H JJ.pyrHMH. 

,UJI51 MaCCOBbIX pacqeTOB no cpopMyJiaM THTia (2.55) 60JiblIJOe 3Ha-

qeHHe \fMeeT pa3Mep apeaJia, r,ZJ,e BblITOJIHHIOTCH ycJIOHH51 (2.56) H 

(2.57). B ·3aBHCHMOCTH OT 9Toro cooTBeTCTBYJOIII.aH 9MI1HpHqecKaH 

<P.opMyJia MO)KeT 6hITh HCITOJih30BaHa AJIH P.,acqeTOB HHTe!fCHBHOCTH 
TaHHH51 Ha OT)l.eJihHOM Jie,ZJ,HHKe B KOHKpeTHOH f JIHUHaJihHOH o6JiaCTH 

HJIH Ha 8 celi IIJIOllI.a,ZJ,H oJie,neHellliH CpeJI.Heli ·A3HH. Bo Bcex cJiyqa51x·, 

ecJI~ TI03BOJIHIOT HCXO,lI,Hbie ,ZJ,aHHbie, CJie)l.yeT TaK)Ke ycTaHOBHTb H 

OTIHCaTh npocTpaHCTBeHHO-BpeMeHHbie 3aKOHOMepHOCTH H3MeHeHH51 

K09cpcpHI.I,HeHTOB a H b. 
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2.3. JloKaJihHbie H perHOHaJibHbie 3MnHpHlleCKHe cl>OPMYJibl 
)I.Jill pacqeTa HHTeHCHBHOCTH TaHHHH 
s rJI~UHaJihHMX o6nacTHX Cpe,ll.neA A3HH 

B HaCTO.Hll.J.ee speM.H Ha HeCKOJihKHX Jie,LI.HHKax B rrpe,LI.eJiax Cpe.rr.­

HeH A3HH rryTeM Herrocpe,LI.CTBeHHblX CTaUHOHapHblX HJIH rroJiycTaUHO­

Ha pHbIX rJI.HUHOJIOrHqecKHX HCCJie,LI.OBaHHH HaKOIIJieHhl ,lI.OCTaToqH~Ie 
JI..HH CTaTHCTHqecKoro aHaJIH3a pH,LI.bl H3MepeHHH TaHHHH H OT,LI.eJibHbIX 

MeTeopOJIOrHqecKHX 3JieMeHTOB. Ilo TaKHM ,ZI.aHHblM MoryT 6hITb IIOJiy­

l[eHbI CTaTHCTHqecKH o60CHOBaHHhle JIOKaJibHbie 3MIIHpHtieCKHe cpop­

MYJibl ,lI.JIH pactieTa TaHHHH (rro,LI.o6Ho · ToMy, KaK 3TO ,lI.eJiaeTcH, Ha­

rrpHMep, JJ.JIH rrporHo3a cToKa peK Cpe,LI.HeH A3HH ·B OT,ZI.eJihHhIX rH,lI.po ­

MeTp11qecKHX CTBopax ), H 3THM cpopMyJiaM CJie,ll.yeT OT,LI.aBaTb rrpe,LI.­

rroqTeHHe rrpH orrpe,ZI.eJieHHH TaHHHH Ha COOTBeTCTBYIOIUHX Jie,ZI.HHKax 

HJIH B ycJIOBHH~ reorpacpHqecKH O,lI.HOpO,ZI.HOro paHOHa. 

JloKaJibHbIMH cpopMyJiaMH B .u.aJibHeHWeM 6y.u.eM Ha3bIB3Tb TaKHe 

aHaJIHTHtieCKHe Bbipa2KeHH51, rrapaMeTpbI KOTOpbIX rroJiyqeHbl rrpHMe­

HHTeJibHO K ycJIOBHHM TaHHHH Ha CB060)l.HOH OT CIIJIOllIHOH MopeHbl 

nosepXHOCTH CHera H Jlh,lI.a B rrpe.u.eJiax O,lI.HOrO Jie,lI.HHKa HJIH HX rpyrrrrhI 

B KJIHMaTHqecKH O,ll.HOpO,ZI.HOM paifoHe. B 3aBHCHMOCTH OT COCTaBa HC­

XO)l.HblX ,LI.aHHblX JIOKaJibHble cpopMyJibl MoryT HMeTb BHJJ. ypaBHeHHH 

perpeccHH rrepsoro, BToporo HJIH cMewaHHoro THIIOB. 

II pHHHMaH BO" BHHMaHJie xopowo H3BeCTHhie JJ.OCTOHHCTBa TeMne­

paTyph1 B03JJ.yxa KaK yJl.o6Horo apryMeHTa JJ.JIH pacqeTOB TaHHHH, pac­

CMoTpHM pe3yJibTaTbl 3MIIHpHtieCKOH oueHKH napaMeTpOB _a H b cpop­

MYJibl 

(2.58) 

aHaJIH3a 3THX KOacpcpHUHeHTOB, rrposepKH KaqecTBa pacqeTa M Ha 

He3aBHCHMOM MaTepHaJie. 

B Ta6JI. 2.3 rrpHse.u.eHbI rroJiyqeHHhie asTopoM rrapaMeTpbI ypas-
u u 

HeHHH perpeCCHH JJ.JIH pact.JeTa cpe.u.HeH 3a .u.eKa.u.y HHTeHCHBHOCTH TaH-

HHH Ha OTJJ.eJibHhlX Jie,lI.HHKax HJIH HX rpyrrnax B rrpe.u.enax Cpe.u.Heif 

A3HH. 

BecMa Ba2KHhIM aTanoM co3,ZI.aHH.H MeTOJl.HKH pac~eTa TaHHHH HB-

JUieTcH rrposepKa JIOKaJihHhIX 3MrrHpHqecKHX cpopMyJI M (0) Ha He3a­

BHCHMOM MaTepHaJie. HTorH TaKOH nposepKH, KOTOpbie TaK)Ke npe.u.­

CTaBJieHbl B Ta6JI. 2.3, cBH,lI.eTeJihCTBYIOT o .u.ocTaToqHo y.u.osJieTsopH­

TeJihHOM KaqecTBe pe3yJihTaTOB KOHTPOJI.H 11, cJie,ZI.oBaTeJihHO, speMeH­

HOH (a no JieJJ.HHKaM p. IlcKeM H rrpocTpaHCTBeHHOH) ycToifqHBOCTH 

HCXO,lI.HbIX napaMeTpOB perpecCHH. 3,ZI.eCb 2Ke OTMeTHM HeH36e2KHblH 

HeJJ.OCT3TOK cpopMyJI, npHBe,ZI.eHHbIX B Ta6JI. 2.3 H BOo6me Bbipa2KeHHH 

THna M ( e) - 60JibllIHe OTHOCHTeJibHble OlllH6KH pacqeTa M npH HH3-

KHX TeMrrepaTypax, Kor.u.a BeJIHlIHHbl Ta.HHHH CTaHOB51TC51 cpaBHHMblMH 

H MeHbllie sepoHTHOH OllIH6KH BbiqHCJieHHH. 

I1poaHaJIH3HpyeM lIHCJieHHbie 3HatieHHH K03cpcpHUHeHTOB a H b 
B Ta6JI. 2.3, OTHOC5Ill.J.HXC51 K JJ.OBOJlbHO pa3H006pa3HOMY ,lI.Hana30HY 

ycJIOBHH oJie,LI.eHeHH5I Cpe,nHeH A3HH. Ha Halli B3rJIHJJ., HaH6oJiee 
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I MW a:@*iWfA 

HHTepeCHbIMH H B3.IKHblMH c TOY:KH 3 peHH51 MeTOJJ.HKH pacY:eTa Ta5IHH51 
5IBJIHIOTC51 CJieJJ.yIOmHe o6o6meHHH: 

- rra paMeTp b BO Bcex cJiyqa51x HMeeT IlOJIO./KHTeJibHhlH 3HaK, qTo 

BTIOJIHe COOTBeTCTByeT ero pOJIH npe.rr.cTaBHTeJIH OCTaJibHbIX, KpOMe 8, 
apryMeHTOB OCHOBHOH cpopMyJihl (2.53 ); 
~ rrpocTpaHCTBeHH351 BapHaUHH b BO MHOrO pa3 60Jibllle H3MeH­

qHBOCTH napaMeTpa a, qTo npenHTCTByeT noJiyqeHHIO e}l.HHOH JJ.JIH 

CpenHefI A3ttH cpopMyJihI THna M (8 ). BhIXOJl.OM H3 TaKoro 3aTPYJJ.He­

HHH MOf JIO 6bI CJIY./KHTb ycTaHOBJieHHe 33KOHOMepHOCTeH npocTpaH­

CTBeHHOro H3MeHeHH51 b, OJJ.HaKo HMeIOmHHCH y aBTOpa K HaCTOHllJ.eMy 
BpeMeHH MaTepHaJI He h03BOJIHeT C,ll.eJiaTb 3TO; 

' - CTaTHCTHqecKaH 3H31IHMOCTb paJJ.H3UHOHHoro 6aJiaHca H JI.py­

fHX KOMITOHeHTOB ypaBHeHHH (2.1) ,ll.JIH paclJeTa T35IHH5I, KOTopyIO 

CHMBOJIH3ttpyeT B o6meM BH,ll.e K03cpcpHUHeHT b' BO Bcex cJiylJaHx CTa­

HOBHTCH see 6oJiee 3aMeTHOH no Mepe y6hIB3HHH TeMnepaTypbl 803-

.nyxa. A Ha JieJ(HHKax <l>e,LI.qeHKO, A6paMOBa, Kapa6aTKaK OTHOllleHtte 

b/a8 COCTaBJIHeT OT 40 .no 70 °/o JJ.a./Ke npH MaKCHMaJibHhlX 3Ha-

1IeHH5IX 8. 
-Pe3yJihTaTbl onpe,LI.eJieHHH rrapaMeTpOB JIOKaJibHbIX 3MI1HpH1IeCKHX 

cpopMyJI HHTeHCHBHOCTH . TaHHHH, r.rr.e apryMeHTaMH 5IBJI5IIOTC51 3Jie­

MeHTbI 6aJiaHca COJIHeqHoii pa,LI_H3UHH H TeMnep aTypa B03,LI_yxa, rrpe,ZJ.­
CTaBJieHbl B Ta6JI. 2.4. 

BwcoKaH TOlJHOCTh pacqeTOB cyTOlJHhlX attaqeHHH T3HHHH nci JIO­

KaJihHhIM cpopMyJiaM M (Bl\, 8) H M (B1d xopolllo corJiacyeTCH c pe-

3YJihTaTaMH KOppeJIHUHOHHOfO aHaJIH3a o6mero JIHHeHHoro ypasHe­

HHH perpeCCHH (2.51 ) B pa3,LI_eJie 2.2. 0,LI_HaKO, no MHeHHIO aBTOpa, Jl.JIH 

MaCCOBhlX pacqeTOB T35IHH5I ueJiecoo6pa3HO HCI10Jib30BaTb ocpe,LI_HeH­

Hbie 3HalJeHH5I nepeMeHHbIX BR H e H3-3a He,LI.OCTaTOlJHOH TOlJHOCTH 
orrpe,LI.eJieHHH HX rrpocTpaHCTBeHHOH BapHaUHH. 

HecoMHeHHhIM JJ.OCTOHHCTBOM pHJJ.a ,LI_OCTaTOllHO o6ocHosaHHhIX 

H nposepeHHbIX JIOKaJibHhIX cpopMyJf, rrpHBe)l.eHHbIX B Ta6JI. 2.3 H 2.4, 
5IBJI5IeTC51 xopowee npH6JIH./KeHHe K cpaKTHlieCKHM 3HalieHH5IM Ta51-

HH51. 0,ZI,HaKo cymecTsyeT H o6opoTHaH cTopoHa 13Toro. npeHMymecTsa, 

a HMeHHo:· HeyBepeHHOCTb B pe3yJihTaTax pacqeTa ,ll_JIH HeH3ylJeHHbIX 

paHOHOB, He06XO,lI,HMOCTb npoBe,ll.'eHHH ,lI,JIHTeJibHhIX noJieBhIX H3Mepe­

HHH T35IHH51 H MeTeopoJIOfHlJeCKHX 3JieMeHTOB B K3)1(,l1_0M HOBOM pali­

OHe, ,ll.JIH KOToporo 110Tpe6oBaJIOCb paCClJHT3Tb TaHHHe Jie,ll.HHKOB. 

B csH3H c 3THM Jl.JIH BhIITOJIHeHHH MaccoshIX pactJ:eTos HHTeHcHB­

HOCTH Ta_HHHH Jie,ll_HHKOB B 6acce.Httax peK Cpe.rr.tte.H A3HH Heo6xo.rr.HMhI 

YHHBepcaJibHhie cpopMyJihI, HMeIOmHe .rr.ocTaTOlJHO llIHpOKHe B03MO./K­

HOCTH H<;nOJih30BaHHH. B JI.aJihHelirneM 6y.rr.eM Ha3blBaTh TaKHe cpop­
MYJihI perHoHaJibHhIMH. 

,UJIH rroJiyqeHHH perttoHaJihHOH B ycJIOBHHX Cpe,LI.Heli A3HH OJJ.Ho-

cpaKTopHOH cpopMyJihI M1o=f (8) 6hIJia rrpe.rr.rrpHHHTa nonhITKa o6ne­

J(HHHTh JIOK3JlbHhie ypaBHeHHH perpecCHH H3 Ta6JI. 2.3 rryTeM npoBepKH 

rHnoTe3bI o.rr.ttopOAHOCTH napaMeTpOB a H b B 3THX cpopMyJiax. CooT­

BeTCTBy!Omtte BhllJHCJieHHH IlOKa3aJIH, lJTO rHnOTe3a 06 O,LI_HOPOJJ.HOCTH 

rrapaMeTpos Ha 5 °/0 -HOM ypoBHe . 3HalJHMOCTH He YJl.OBJieTBOpHeTcH 
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Ta6Aut{a 2.4 
JloKaJlbHbie 9MilHpHttecKHe <l>OPMYJibl )I.JUI pacqeTa cpe)l.Heii aa )l.eKa)l.y HHTeHCHBHOCTH 

TaHHHH Ha JJe)l.HHKax Cpe)l.Heu AanH (cM/cyT) -
" 

JiellHHK; BblCOTa <I>opMyJia N r S- CM 
M 

J '~ 

,__, 

Me,llae.mmi; M to= 0,013R - 0, 14 29 0,99 0,21 
,....._, 

3,0-3,25 KM M10 = 0,013BK - 0, 12 29 0,87 0,76 
,....._, 

M10 = 0,0075BK + 0,290 - 0,07 29 0,96 0,45 
,._., 

A6paMoBa; M10 = 0,0098R + 0,50 28 0,70 1,30 
,__, 

3,85. KM M10=0,0108BK- l,ll ' 28 0,85 0,93 
,....._, 

M 10 = 0,0081BK + 0,350 - 0, 71 28 0,91 0,73 
,....._, 

JleAHHKH ·6accettHa M10 = O,Ol25R - 0,68 13 0,84 0 ,61 
,......_, 

p. TicKeM; M 10 = 0,01 lBK - 0,63 13 0,69 0,82 
,._., 

.3,23-3,62 KM M 10 = 0,014BK + 0,0870 - 2, 11 13 0,70 0,80 
,.._, 

0 80 I J<a pa 6a TKaK; M10 = 0,0063BK + 1,36 25 0,41 
' ,......_, 

3,42 KM M10 = 0,0055BK + 0,0840+l,13 25 0,81 0,40 
,......_, 

UeHTpaJibHhiif Ty- M 10 = O,OlR + 0,34 32 0,98 0,25 
,._., 

IOKCy; M10 = 0,0086BK + 0,05 31 0,79 0,54 
,__, 

~,47-3,75 KM M10 = 0,0087BK + 0,200 - 0,82 18 0,84 0,53 
. 

TI pH Me 11 a H H e. R - pa,llHaU.HOHHhIM 6aJiaHc, B 1• - rrorJiow.eHHaH pa,llHaUHH 
(pa3MepHOCTh R H BK B KaJI/cM2 · cyT), N - KOJIHlleCTBO AeKa,ll, r - K03<P<PmI.tteHT 
rrapHoif HJIH MHo.iKeCTBeHHOH KoppeJIHUHH, s M - cpeAHeKBaApaT11qecKaH ourn6Ka 

pac11eTa HHTeHCHBHOCTH T8HHH5I. 

.B ueJIOM Jl.JIH ypaBHeHHH B Ta6JI. 2.3 H MO:/KeT 6hITb npHHHTa TOJibKO 

AJIH TaKHX coqeTaHHH Jie,ZI,HHKOB, KaK c:I>e.rr.1IeHKo-A6paMoBa, UeHT­

paJihHbIH Ty10Kcy-f oJiy6HHa. 

Ilo cpaBHeHHIO C apryMeHT3MH 8, h H C 3JieMeHThl 6aJiaHCa COJI-

HetIHOH pa.rr.ttaUHH (R HJIH Bl\) rrpe.rr.cTaBJIHIOTCH 6oJiee no,ZI,XOJl.Hll.I.HMH 

J(JIH noJiyqeHHH yHHBepcaJibHOH aMnHpHqecKofI OJl.HO- HJIH JI.ByxcpaK­

Toptto:H: cpopMyJibl. 0CHOB3HHeM ,ll,JIH 3T0f0 BbIBOJ(a HBJIHeTCH npeo6Jia­

.l{a10maH pOJib IlOTOKa pa,Z1.H3UHH B npHXO,ll.HOH tiaCTH TeITJIOBOfO 6a-

JiaHca. · 

XapaKTeptto TaK:IKe, 1ITO Ko3cpcpttuHeHThI KoppeJIHUHH 3aBHCHMO­

crei1: M (R) H .M (BR) npH ocpe,nHeHHH nepeMeHHhIX 3a HHTepBaJibI 

BpeMeHH OT 10 Jl.0 60 )1.Heii COBna~aIOT HJIH OlJeHb 6JIH3KH K MO,ll.aM 

pacnpe)leJieHHH KoppeJIHUHH e.1Ke,nHeBHhIX .naHHhIX. CJie,noBaTeJihHO, 

npHfOJJ.HOCTb Jl.JIH pacqeTa TaHHHH cpopMyJI c 3THMH apryMeHT3MH 06-

YCJIOBJIHBaeTCH He cTaTHCTHqecKHMH, a cpH3HlJeCKHMH rrpHlIHHaMH. 

HecMorpH Ha BhICOKHe K03<E._cpHUHeHTbI KoppeJIHUHH o.nttocpaKTop­

HbIX 3aBHCHMOCTel1 .M (R) HJIH M (BI<.), onpe.rr.eJieHHaH Jl.OJIH JI.HcnepcHH 
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cpyHKI..I.HH ocTaeTCH ueo6'b51CHeHHOH. HanpHMep, KoppeJIHI..I.H51 nopHJJ.Ka 
0,85- 0,95 OIIHCbIBaeT ,ZI.HcnepCHIO 3aBHCHMOH. nepeMeHHOH Ha 72-

90 °/o. yqHTbIBa51 3TO, paCCMOTpHM u.eJiecoo6pa3HOCTb .rr.o6aBJieHH51 
K R HJIH BK .rr.pyroro apryMeHTa (H3 qHcJia paccMaTpHBaeMbIX 3,ZI.ecb) 
H pacqeTa TaHHHH no n-cpaKTOpHoMy ypaBHeHHIO perpeccHH. Orrpe.rr.e­
JieHHe napaMeTpOB MH02KeCTBeHHOH JIHHeHHOH p·erpeCCHH rrpOH3Be,ZJ,eHo 
Ha 9BM no· nporpaMMe, COCTaBJieHHOH aBTOpOM. 

B 3TOH rrpqrpaMMe rrpe,LI,ycMoTpeHhI: HopMaJIH3aI..I.H51 rrepeMeHHbIX 
no r. A. AJieKceeBy (7], B03MOlKHOCTh nepe6opa Bcex coqeTaHHH ap­
ryMeHTOB rrpn pacqeTe CBO,ZJ,Horo .K03cpcpHI..I.HeHTa KOppeJI51I..I.HH )J.J151 
ypaaueHHH 2 -ro H 3-ro rrop.H,nKoa, Bae.u.eH pHJJ. KpHTepHea, 06ecrreqH­
aa10mHx BKJIIQqeHHe B ypaaHeHHe rrepeMeHHbIX, 3HaqHMbIX )J.Jl5I IIOBbI­
meHH5I rrop.HJJ.Ka perpeccHH. 

CBOJJ.Hhie pe3yJihTaThI MHorocpaKTopuoro perpeccHOHHero aHaJIH3a 
ocpe.u.HeHHWX 3a .u.eKa,ny H MeC.HI..I. 3HaqeHHH cpyHKU~H H apryMeHTOB, 
KOTOphi~ npHBe)J.eHbl B pa6oTe [ 119]' II03BOJI5IIOT . C)J.eJiaTb CJieJJ.yIOIUHe 
BhIBO)J.b1. 

1. HopMaJIH3aUH5I rrepeMeHHhIX He ,ZJ,aeT cyrn.ecTBeHHoro H3MeHe­
HH5I K03cpcpHUHeHTOB KoppeJI.HUHH. CJieJJ.oBaTeJihHO, CB5I3H Me2KJJ.Y . TaH­
HHeM H MeTeopoJIOrHqecKHMH 3JieMeHTaMH 6JIH3KH K JIHHeHHblM. 

2. BKJIIOqeHHe BT~poii nepeMeHHOH a ypaBHeHHe perpeccHH, ecJIH 
rrepBaH R HJIH BK, npHBOJJ.HT K 3HaqHMOMY 3cpcpeKTY TOJihKO JJ.JIH BK. 

3. ,Uo6aaJieHHe B ypaBHeHHe perpeccH_H K R HJIH BK a KaqecTae 
u u u 

BTOpOH rrepeMeHHOH OTHOCHTeJibHOH BJialKHOCTH B03JJ.yxa .u.aeT OBOJJ.-
HbIH K03cpcpHI..I.HeHT KOppeJI.HUHH TaKOH )Ke HJIH HeHaMHOro MeHbllie, 
qeM rrpH HCfIOJih30BaHHH TeMnepaTyphI B03,ll.yxa. AHaJiorHqHbIH BhIBOJJ. 
)J.Jl5I cyToqHbIX aeJIHqHH nOrJiomeHHOH paJJ.H3UHH, a6COJIIOTHOH BJia)l{­
HOCTH H CKOpOCTH BeTpa rrpHBOJJ.HTC5I B pa6oTe (278] . 

4 . IjcKJI10qeHHe R HJIH BK H3 aHaJIH3a perpeccHH cym.ecTBeHHO 
yxy.rr.maeT CBOJJ.HbIH K03cpcpHUHeHT KoppeJI51UHH, noJiyqaIOI1(HHC5I ,ll.J15I 
OCT3BllIHXC51 nepeMeHHbIX. 

B pe3yJihTaTe MHorocpaKTopuoro JIHHeiiHoro perpeccHOHHoro aHa­
JIH3a rrepeMeHHhIX M, R, BK, 0 H h noJiyqeH:a co,ll.eplKam.aHc.H 
B Ta6JI. 2 .5 cao.u.Ka perHoHaJihHhIX cpopMyJI JJ.JIH pacqe1'a cpe.u.Heli 3a 
,ll.eKaJJ.y H MeCHU HHTeHCHBHOCTH TaHHHH Ha JieJJ.HHKax Cpe,ZJ,Heli 
A3HH. ' 

B Ka qecTBe HCXOJJ.HhIX JJ.aHHhIX JJ.JIH perpeccHOHHoro aHaJIH3a HC­
IIOJib30BaH~ H3MepeHH51 Ta5IHH51 H MeTeopoJIOfHqecKHX 3JieMeHTOB Ha 
Jie,ll.HHKax Me,ll.Be)KbeM, A6paMOBa, HMaT, PaH:ropo,ll.CKoro, naxTaKop, 
foJiy6HHa, ·KopJKeHeBcKoro, UeHTpaJibHOM , Ty10.Kcy. B cocTaB BhI-
6opoK 6hIJIH BKJ-':IOqeHhI TaK)Ke ,LJ,aHHbie H3MepeHHH B 6acceiiHe p. KhI-
3hIJiqa (3arraJJ.HhIH THHb-IllaHb) MeTeopoJiorHqecKHX xapaKTepHCTHK 
H T35IHH51 ce30HHOro CHelKHOro IIOKpOBa B TeqeHHe M3pTa- arrpeJI5I. 

HaJIHqHe · .perMoHaJibHhIX cpopMyJI ,ll.JIH BhlqHcJieHH51 Jf.110 H Af 30 

c BnOJIHe npHeMJieMo:H: OTHOCHTeJihHOH norpemuocTbIO pacqeT~ HB-
. JI.HeTc.H Heo6xo,ZI.HMhIM, HO eme He,ZI.OCTaToqHhlM 3TanoM pa3pa60TKH 
MeTO,ll.HKH onpe,ll.eJieHH5I cyMMapuoro Ta5IHH5I f Jl51UHaJihHWX o6JiacTeH 
Cpe.u.ue:H: A3HH. OKoHqaTeJibHoe saKJI10qeHHe o ·npHrOJJ.HOCTH cpopMyJI 
H3 Ta6JI. 2.5 )J.Jl5I pacqeTOB Ta5IHH5I B lllHpOKOM )J.HaIIa30He ycJIOBHH 
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Ta6.1tut{a 2.5 
PeruouaJJ&Hbly <t>opMyJJbl ,II.JI~ pac11eTa TaHHHH .11&.zr.a H cuera s ropax Cpe,11.ueii AaHH 

-
nepHO.ll. 

ocpeJI.HeHHR, 
IJI.HH 

10 

30 

<l>opMyJia 

M = 0,014R - 0,45 
M = 0,014BK - 0, 77 
,___, 

M = 0,4920 + 1,31 
M = 0,0094BK + 0,270 - 0, 74 
M = 0,012BK - 0,032h + 1,65 
,..._, 

M = 0,400 - 0,038h + 3,85 

M = 0,014R - 0,35 

M =0,014BK - 0,94 
,..._, 

· M=0,510+1,13 
M = 0,0094BK + 0,290 - 0,85 

M = 0,0l IBK - 0,048h + 2,97 
,..._, 

M = 0,380 - 0,038h + 4,0 

s~· 
M 

cr~ 
M 

...... 

0,290 

0,463 

0,561 
0,290 
0,427 
0,522 

0,290 

0,440 ' 
0,518 
0,240 
0,329 
0,490 

TI pH Me 1I a H H H: 1. ~M/<J M - OTHOCHTeJibH8.H cpe.z:r.HeKsa.z:r.paTHqec1rnH ourn:6Ka 

pactieTa. 2. Pa3MepHOCTH rrepeMeHHbIX: M - B CM/cyT; R H BK - B KaJI/cM2; e -
B °C; h- B %. · · _, 
M02KeT 6hITb CJJ.eJiaHo TOJibKO nocJie nposepKH 3MilHpHqecKHX ypaBHe-

u 

l'IHH Ha He3aBHCHMbIX )J.aHHbIX. 
KouTpoJih perHoHaJibHhIX cpopMyJI a Ta6JI. 2.5 BhIIIOJIHeH no cpoH­

.U.OBbIM H orry6JIHKOBaHHblM MaTepHaJiaM [ 144, 146, 153, 154, 165] 
H3MepeHHH TaHHH51 CHera H Jlb,IT.a, 3JieMeHTOB 6aJiaHca COJIHelIHOH 
pa.u.HaI..I.HH, TeMrrepaTypbl H OTHOCHTeJibHOH BJialKHOCTH B03,ZI.yxa. 

B KatiecTBe sepxHero rrpe,neJia .u.orrycTHMOH OI1IH6KH pacqeTa no 
Ka2K)J.OH H3 npoBep.HeMblX cpopMyJI npHH.HTa BeJIHqHHa, paBH351 
0,674aM, r.u.e O'M - cpe,IT.HeKsa.u.paTHqecKoe OTKJIOHeHHe cpyHKUHH B HC­
XO,ll.HOH Bb16opKe, no KOTopoH: noJiyqeua cpopMyJia. OrrpaB,IT.aBIIlHMCH 
ClJHTaJIC5I K3)K)J.bIH CJiyqafi pacqeTa TaHHHH, )J,JIH KOTOporo pa3HHUa 
Me2K,ny BblqHCJieHHbIM . H H3MepeH~HhlM 3HatieHH5IMH He npeBhIIIlaJia 

0,6740'M· 
CBeJJ.eHHH, Heo6xoJJ.HMbie JJ.JIH oueHKH pe3yJihTaTOB aBTopcKOH" npo-

aepKH perHOH3JlbH~X cpopMyJI )J.Jl5I) pacqeTa Ta5IHH5I B fJI51I..I.H3JlhHOH 
o6JiaCTH CpeJJ.HeH: AsHH, npe.u.cTaBJieHhI B Ta6JI. 2.6. 0606m.a51 HTOrH 

npoaepKH, C)J.eJiaeM CJie,ll.yIOmHe BbIBO,ll.bl: 
a) KOJIHqecTBO KOHTPOJibHWX pacqeTOB Ta.HHHH no sceM perHo­

HaJibHhIM <f>opMyJiaM, KpOMe A11o=f (BK, h)' CJie)J.yeT npH3H3Tb BTIOJIHe 
AOCTaToqHbIM, a COCTaB COOTBeTCTBYIOIII.HX BbI6opoK perrpe3eHTaTHB­
HbIM )J.Jl5I Ha)J.elKHOH oueiIKe KaqeCTBa noJiyqeHHblX' cpOpMyJI; 

6) HaH6oJiee BbICOKHH H ycToiiqHB~H npoue_HT orrpaBJJ.bIBaeMO_CTH 

HMeIOT <f>opMyJihI .M10 (R) H M10 (BK, 0) . Yq11ThIBa.H TPYJJ.HOCTh 
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·orrpe.u.eJieHHH TaKoro apryMellTa, KaK pa.u.Hau.110HHbI:fi 6aJiaHc, cqH­

raeM HaH6oJiee u.eJiecoo6pa3HhIM pacqeThI T351HH51 cHera H Jib)J.a 

.( cM/cyT) B ycJIOBHHX Cpe.u.He:fi A3HH BhIIIOJIHHTh no perHoHaJihHbIM 

cpopMyJiaM: 
,,.._, 

- M10 = 0,0094BK + 0,270 - 0,74 (2.59) 

H 

,M 30 = 0,0094BK + 0,290 - 0,85. (2.60) 

BhICOKHH rrpoueliT orrpaB)J.hIBaeMOCTH (89 °/0 ) pac11eTOB TaHHHH no 

cpopMyJie (2.59) 6hIJI noJiy11eH .n.a:iKe .ll.JIH KaBKa3CKHX Jie,ll.HHKOB. qTo 

KacaeTCH perHoHaJibHO:fi cpopMyJihI M10 = 'f (BH, h), TO He.u.ocTaToK 

He3aBHCHMhIX )1.aHHhIX He TI03BOJI51eT noKa C,ll.eJiaTh onpe)l.eJieHHoro 

3aKJII01IeHH51 0 ee KaIIeCTBe; 
B) ycrrelllHbIH pe3yJihTaT pa3pa60TKH M KOHTpOJI51 p erMOHaJihHOH 

.u.ayxcpaKTOpHo:fi cpopMyJihI M (BJ:\,e) o6ecneqeH npe:tK.n.e acero HaJIH-

11HeM B COCTaBe apryMeHTOB TaKOH CTaTHCTHIIeCKH H reHeTHqeCKH 3Ha­

qfIMOH nepeMeHHOH, KaK norJIOlll.eHHa51 COJIHetIHa51 pa,ll.HaUH51. 3TO 51B­

JI51eTC51 ,ll.OnOJIHHTeJihH~M OCHOBaHHeM ,ll.JI51 yBepeHHOfO HCnORh30BaHHH 

ypaBHeHHH (2.59) M (2.60) B MaCCOBhIX pac11erax cyMMapHoro Ta51-

HM51 rJIHU.ttaJihHbIX o6JiacTe:fi Cpe.u.He:fi A3ttH . 
C u.eJibIO cpaBH_eHHH onpe,ZI.eJieHHH M no ynpor.ueHHOMY ypaaHeHHIO 

TenJIOBOfO 6aJiaHca Ta51HH51 H c nOMOll.I.hIO 3MITHPlftieCKHX cpopMyJI 
6bIJIH BhITIOJIHeHbI TaKJKe pac11eTbl HHTeHCMBHOCTH T351HH51 Ha HeCKOJib­

KHX Jie,ll.HHKax Cpe.rr.Heii A3HH no cpopMyJie (2.40) IO. M . ,UeHHCOBa 

H perHOHaJibHOH ,ll.ByxcpaKTOpHOH cpopMyJie (2.59 ), no.rryqeHHOH aBTO­
poM. KpoMe Toro, IO. M. ,UeHHCOB c coasTopaMH [56] npoae.rrH no 

MaTepHaJiaM Ha6JIIO,LleHMH Ha Jie,ll.HHKe Me.n.se.JKheM [ 11 O] cpaaHeHHe 

pe3yJibTaTOB pactieTa HHTeHCHBHOCTH Ta51HH51 ( CM/CYT) no ycoaeprneH­

CTBOB3HHOMY aapttaHTY cpopMyJihI (2.40), perttoHa JihHOH M (BP., 0 per) 
H JIOKaJihHhIM cpopMyJiaM M (Bl\, e ).rroH H M (0 ).rrol\ 

,,.._, 
M = 0,0075BK + 0,290 - 0,07' 
,__, 
M == 0,538 + 1, 1, 

(2~61) 

(2.62) 

noJiyqeHHhIX aBTopoM ,ll.JIH Jie,ll.HHKa Me,nBe.JKhero. P actieT HHTeHCHB­

HOCTH Ta51HHH no ycoBeprneHCTBOBaHHOMY BapttaHTY cpopMyJihl ,UeHH­
COBa npoBO,ll.HJIC51 c HCnOJib30BaHHeM lierrocpe,ncTBeHH~X H3MepeHHH 

CKOpOCTH BeTpa. 
Pe3yJihTaThI Ha3BaHHhIX npopa6oroK npe,ncTaBJieHhI B Ta6JI . 2 .7~ 

2.8 H Ha pHC. 2.1. ,UJIH y,no6CTBa .u.aJihHe:firnero 113Jlt))KeHH51 o6o3HaqttM: 

D1 - rrepBbIH sa pHaHT tj:>opMyJihI (2.40) npH f ( u) =const H D2 - yco­

BeprneHCTBOB<!HHbIM sapHaH~ cpopMyJibl (2.40}' B KOTOpOM HCIIOJib-

3YIOTC51 ,ZI.aHHbie no CKOpOCTH BeTp a . 
KaK BH~Ho, H3 11 cJiyqaeB cpasHeHHH pe3yJibTaTOB pacqera HH-

reHCHBHOCTH TaHHHH Ha pa3JIH1IHhIX Jie,ll.HHKax Cpe.n.Heii A3HH B 7 60-

nee TeCHbie CBH3H H3MepeHHhIX H paccqHTaHHbIX 3HatieHHH M noJiy­

qeHbI c rrpHMeHeHHeM )1.ByxcpaKTOpHOH perHOHaJihHOH cpopMyJihl 
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Ta6Aut{a 2.7 

CpasuenHe pe3ynbTaToB pao1eTa no pa3JIH'IHblM 4>opMynaM cyTo'luoif HHTeHCHBHOCTH 
TasiHHSI ua ne.n.uuKe Me.n.ee.lKbeM· 

XapaKTepHCTHKa KaqecTsa 
pac1.1eTa 

CpeAHeKBaApaTHqecKoe 
OTKJIOHeHHe AJI.H 
~M=Mp-M<t> 

7,8 

<I>opMyJibl HHTeHCHBHOCTH T3HHHSI 

D, I M (BK, 0) AOK I M (BK, 0) per I M (0) AOK 

8,3 7,5 8,5 11 ,2 

n pH Me q a H He. Mp - pacClJHTaHHaH H M<l> - <PaKTHlleCKaH CYT011Haff HHTeH­
CHBHOCTb T3SIHHSI. 

M (BK, 0). CpasHeHtte Af <P c Md H MK To}J{e oKa3aJIOCh B rroJih3Y <t>op­
MYJihI asTopa c TaKHM Me pe3yJihTaToM. 

yqHThlB35I He oqeHb cymecTBeHHYIO pa3HHUY K03<P<PttUHeHTOB KOp­
peJIHUHH B Ta6JI. 2.8, MO./KHO cqHTaTh, qTo HCI10Jlb30B3HHe perHOH3Jlb­

HOH 3MI1HpHqecKOH <t>opMyJihI (2.59) o6ecrreqHsaeT rrpH 3Hal!HTeJihHO 

MeHbllleM o6oeMe HCXO,lI.HhIX ,l1.3HHhlX H BbJqHcJieHHH TaKoe me HJIH 

Ta6Aut{a 2.8 

CpasueuHe pe3yJibTaTOB pac11eTa uu11eHCHBHOCTH TaHHHH Ha ne,zt.HHKax 

Ha3~attne Jie.UHHKa 

B cpe.n.HeM 
3a cyTKJI 

ITaxTaKop 
A10Top-2 
EapKpaK 
A6paMosa 
MeABe)KHii 
CesepuoBa 
PaiiropoAcKoro 
HMaT 

B cpe.n.HeM 
3 a .n.eKa.n.y 

6paMOBa A 
M 
T 

e.n;BellUIH 
y101<cy 

0 
a:l 
f-u a:l 
<I) <I) 
::r ell 
:s:: ::r 

~5 

30 
28 
61 

391 
100 
39 

141 
27 

? 

55 
10 
22 

c <l>aKTH11ecKHMH H3MepeHHHMH M 

Ko3Q:>Q:>mu1eHT Cpe.n.HHSI HHTeHCHBHOCTb Cpe.n.tteKean paTHqttoe 
Koppe.715UUIH - T8HHHH, MM OTKJIOHeHHe' MM 

":... -9-
~-9-Q~ Met:> 

~ ~~ 
MD MK <I> D1 K 

* ' 

0,92 0,89 44,5 44, l 39,8 12,6 12,5 11,3 
0,40 0,45 43,0 40,8 41, 8 17,8 9,9 11, 8 
0,77 0,80 30,9 37,3 35,9 27' l 17,4 18,5 
0,80 0,82 
0,92 0,90 51, 1 51,9 49,2 19,3 21, 1 21,2 
0,66 0,72 51,3 48,0 51, 1 13,7 16,4 16,5 
0,69 0,62 52,3 57,0 51,0 26, 1 18' 1 18,8 
0,79 0,81 68,2 47,4 44,6 23,6 14,8 15,5 

0,84 0,88 29,3 40,3 33,0 16,3 18,7 16,6 
0,99 0,96 51,l 51,8 49,3 14,8 15,8 14,8 
0,70 0,78 25,3 36,5 30,4 10,0 10,3 9,0 

n pH Me q a H He. <t>- Q>aKTHqecKHe AaHHbie, D1 - pacqeT ITO Q>opMyJie (2.40) 
IO. M. ll.~HHCOBa rrpH f (u) =canst, K-.pac11eT no Aayxq>aKTOpHoii M (BK, 0) pe­
rHoHaJibHOH: cpopMyJie (2.59) B. r. KoHOBaJioBa, M - HHTeHCHBHOCTb TaSIHHH. 
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)la)Ke JiyqIIIee Ka qecTBO pacqeTa HHTeHCHBHOCTH Ta5IHH5I B cpaBHeHHH 

c aapttaHTOM D1 yrrpomeHHoro ypaaHeHHH TerrJioaor~ 6aJiaHca. 

AHaJiorHqHoe 3aKJIJOqeHHe erroJI~e crrpaae)l.JIHBO M )1.JIH cpaaHeHHH 

Ha JieJl.HHKe Me,lI.Be.IKheM aapttaHTOB D 1 H D2 c JIOKaJihHOH H per110-

/ 

N 

JOr 

a) 

- 10 

JO 

f D 

JO 

5) 
8,5MM 

6) 

8,3MM 

ID 

JO 

PHc. 2.1. PacnpeJJ.eJiemu1 OTHOCHTeJihHhIX OUIH60K pacqeTa 
HHTeHCHBHOCTH Ta.HHH51 H.a JieAHHKe Me.n;seMbeM. 

a ) M (BH' 8) JI OK - <PopMyJia (2.68), 6) M (BH , 0)per - <PopMyJia 

(2.66), a) M(D2) - Q:>opMyJI.a ,lJ.eHHCOBa (D2), z ) M(Di) - sap1-taHT 
cPOPM YJibl ,UcHHCOBa, a) M (0) JI OH - <PopMyJia (2.69). 

. ' 

HaJihHOH Jl.ByxcpaKTOpHbIMH <t>opMyJiaMH M (BK, 0), r,ll.e HaHMeHbIIIee 

cpe)l.HeKB3,l1.p3THqHOe OTKJIOHeHHe BeJIHqHH ~M rrbJiyLieHO (55] )1.~TIH 
/ . cpopMyJihI M (BH, 0 )JioH, a TOqHOCTh pacqeTa M rro .9MrrHpttqecKoH pe­

rttoHaJibHOH cpopMyJie (2.59) rrpaKTHlleCKH TaKa5I ./Ke, KaK ,UJIH aapHaH-

TOB D1 H D2. 
BhIBOJ1. o cpaBHHTe~hHOH ToqHOCTH pacqeTOB Ha Jie,lI.HHKe MeA-

. Be:>KbeM xopOIIIO corJiacyeTCH c fHCTOrpaMMaMH H IlO)l.o6paHHblMH 
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K HMM cpyHKUHHMH pacrrpe,neJieHHH OTHOCHTeJibHblX OlllH60K pacqeTa 

bM = ~M no pa3JIHqHbIM cpopMyJiaM, rrpe,ll.CTaBJieHHbIM Ha pHC. 2.1. 
~ ' 

KaK BHAHO, ,nJIH xapaKTepHcTHKH cpopMhI pacrrpe,ll.eJieHHH oTHOCH-
TeJibHhIX OlllH6oK pacqeTa HHTeHCHBHOCTH raHHHH Ha Jie,nHHKe MeA­
Be)KheM rro cpopMyJiaM (2.59), (2.61), (2.62) H sapHaHTaM D 1 H D 2 

u 

BITOJIHe IlO,ll.XO,llHill.eH HBJIHeTCH HOpMaJibHaH KpHBaH pacnpe,l{eJieHHH 
c 3HaqeHHeM napaMeTpa (J~ 8 MM. 3aMeTHOe B03pacTaHHe ·BeJIHqHHhl 
::JToro rr1apaMeTpa ,ll.JIH cpopMyJihI M(0)JioK H, cJie,ll.OBaTeJihH.O, yxy,ll.llle­
HHe KatieCTBa pactieTOB TaHHHH yKa3bIBaeT Ha He06XO,ll.HMOCTb orrpe,ll.e­
JieHH51 Ta51HHH no cpopMyJiaM, r,ll.e apryMeHTaMH HBJIHIOTCH rrorJiomeH­
Ha51 pa,ll.HaUHR H TeMrrepaTypa sos,ll.yxa. B ,ll.aHHOM cJiyqae HeKoTopoe 
ycJIOMHeHHe MeTO,ll.HKH pacqeTa BilOJIHe orrpaB,ll.bIBaeTCH cymecTBeH­
HhIM IlOBhillieHHeM TQqHQCTH pe3yJihTaTOB. 

BwRBJieH~oe rrpH conocrasJieHHH oueHoK TOqHOCTH pacqeTOB TaH­
HHH (Ta6JI. 2.7-8, pHC. 2.1) OTCYTCTBHe rrpeHMyIUeCTBa y rrpHHUH­
IlHaJibHO 6oJiee o6ocHoBaHHwx H yHHBepca~hHWX sapHaHTOB D 1 H D2 
y paBHeHHH TenJIOBOro 6aJiaHca (2.1) o6ycJIOBJieHO, Ha :Halli B3f JIH,ll., 
HaJIHqHeM B COCTaBe pacqeTHhlX cpopMyJI 60JihlllOro qifCJia 9MI1HpH­
qecKHX K09cpcpHuHeHTOB, rrpocrpaHCTBeHHO-BpeMeHHaH H3MeHqHBOCTb 
I<OTOphIX B ycJIOBHHX oJie,ll.eHeHHH Cpe,ll.Heif AsHH He orrHcatta. 

B saKJIJOqeHHe paccMoTpHM eme O.ll.HY yHHBepcaJihHYIO cpop·MyJiy 
HHTeHCHBHOCTH TaHHHH CHera H Jlb,lla, yqHThIBaIOIUYIO noJiyqeHHhie Ha 
Jie,ll.HHKax Cpe,nHeif A sHH coorHollleHHH Me)K,lly KOMITOHeHTaMH ypas­
HeHHH TeITJIOBOro 6aJiaHCa (2.1). 

0pOCTeHllIHM BapHaHTOM O,ll.HOcpaKTOpHOH cpopMyJihl HHTeHCHBHOCTH 
TaHHHH 5IBJIHeTCH cpH3HqecKH o60CHOBaHHOe 6espa3MepHoe COOTHO­
llleHHe 

(2.63) 

KOTOpoe xapaKTepHsyeT saTpaTbl TenJia Ha TaHHHe B ,ll.OJIHX OT norJIO­
u~eHf!OH pan.HauHH BK, rrocKOJihKY ypasHeHHe TenJiosoro 6aJiaHca 
( 2.50) MO)KHQ 3al1HC3Tb B BH,ll.e [262] 

M x 
~==l +~, (2.64) 

r,lle CHMBOJIOM x o6osHaqeHa aJire6paHqecKaH cyMMa scex npoqHx, 
KpoMe BK, KOMITOHeHTOB npasoH: qacTH ypasHeHHH (2.50 ). Tor,ll.a, 
rrpH O<x1<1 

(2.65) 

(2.66) 

Ha pHc. 2.2 noKasaHo noJiyqeHHoe asTopoM pacnpe,ll.eJieHHe napaMeTpa 
x 1 ,ll.JIH ycJIOBHH QJie,ll.eHeHHH Cpe,ll.Heii AsHH. ,llJIH pacqeros HHTeHCI-JB­
HOCTH TaHHHH no cpopMyJie 

(2.67) 
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a KaqecTse nepsoro npH6JIH2KeHHH x1 MolK.eT 6hITh npHHHTO cpen.Hee 
· 3aaqenHe 9Toro pacrrpe,neJieHHH (x1 =0,75=const). 

N 
40 

20 

a) oJ 

f.05 1,45 

PHc. 2.2. PacrrpeJI.eJieHHH OTHOlllemrii Mf Bx (a) H MIR (6) 
no H3MepeHHHM HHTeHCHBHOCTH TaHHHH (M), pa,ll.HaU.HOH­
HOrO 6aJiaHca (R) H rrorJIOlll.eHHOH pa,ll.HaU.HH (Bx) Ha 

JieJI.HHKax CpeJI.Heli A3HH. 

AaaJIH3 ocpe,ll.HeHHhIX aa MeCHU saaqeHHH TaHHHH H norJIOIII.eHHOH 
pa,nHaUHH aa Jie)J.HHKax Cpe,naeii A3HH noKashlsaeT (pHc. 2.3) aanH: 
qHe B HIOJie, asrycTe H ceHTH6pe .llOCT8TOqHQ TeCHhIX 38BHCHMOCTeK 

Xt ( Z) BH.ll.8 

x1 (z) = ao + boz, 

B KOTOpOH napaMeTpbl ao H bo HMeIOT BHYTPHfO,llOBOH XO,ll.. 

1!1 a) 
1,5 • 

ff) 

t,2 

D,B 

0,4-

J,D 3,4 J,8 3,0 3,'t 3,8 4,2 3,0 3,'t l XM 

PHc. 2.3. 3aBHCHMOCTb K03cl>cl>HU.HeHTa X1 B cl>opMyne (2-.70) 
OT BhlCOTbl MeCTHOCTH, B HIOJie (a)' aBrycTe (6) H B ceHT516pe 

(8). 

(2.68) 

pacqeTa a0 ( t) H b0 ( t) nonyqeHhI cJie.l{y10mHe Bhipa:>KeHHH: 

a
0 
(t) = 87 ,67 - 0,525t + 0,000841 t2

, (~.69) 
b

0 
(t) = 0, 179t - 0,00028t2 

- 29,29, (2·.70) 

r,ZI.e t- noMep JI.HH" BHYTPH rHJI.POJIOrHqecKoro ro,na, HaqliHa10merocsr 

C 1 OKTH6p5I. 
B HTore cpopMYJihI (2.63)-(2.70) no3BOJIHIOT paccqHThIBaTh no 

ynpomeHHOMY aapHaHTY ypaaHeHHH (2.50) HHTeHCHBHOCTb T8HHH51 
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Ha JieJJ.HHKax CpeJJ.tteH: A3HI1 c ytieToM rrpocTpaHCTBeHHo-speMeHH011: 
H3MeHtIHBOCTH rrapaMeTpa X1. 

Pe3yJihTaThI pa3JJ.eJibHhIX ou.eHoK KatieCTBa pactieTa M no cpopMy-
JiaM (2.67) - (2.70) H Bbipam:eHHIO .· 

M = x1 (z, t) BK+ x 

c* 
(2. 71) 

npHBeJJ.eHhI B Ta6JI. 2.9. K.aK BHJJ.HO, rrpHMetteHHe JJ.JIH orrpeJJ.eJieHHH M 
6oJiee TOtIHOH cpopMyJihI (2.71) B pHJJ.e cJiyqaes 3aMeTHO yMeHhIIIaeT 
cpeJJ.HeKBaApaTHtIHYIO OlllH6Ky pactieTa ( <16.1\tr). EcJIH cpasHHTb 3Ha­
tieHHH a6.M AJIH Jie)I.HHKa MeJJ.sem:hero B Ta6JI. 2.7-2.8, rro.nytJeHHbie 
,l.I.Jl51 scex p·acCMOTpeHHbIX B ,ZI.aHHOH pa6oTe cpopMyJI HHTeHCHBHOCT.H 
TaHHHH, To ou.eHKH KaqecTsa pactJeTa M no ypastteHHIO (2.71) oKa3hI­
BaIOTCH HaHJIYtIIIIHMH. 

T a6Autta 2.9 

OueHKH KatteCTBa pac11eTOB M no «J>opMyJJaM (2.67)-(2.70) 

XapaKTe-
pHCTHKa 

, 

Z KM 

Me.ll.Be>KHfi 

' 

3.250 

100 
8, 1.0 

7,24 

IlaxTaKop 

3.520 

30 
7 63 ' 
6,44 

Ha3aaHHe ~e.ll.HHKa 

Ceeepuoea, 
1975 r. 

3.450 

14 
8, 19 
7,53 

Ceaepuoea, 
1976 r. 

3.450 

24 
9,58 

9,05 

J1M3T 

3.000 

27 
16,01 

15,85 

Paflropo.ll.-
CK Oro 

3.050 

81 
12,37 
12, 19 

A6paMoea 

3.850 

37 
14,22 
,13,93 

n pH M e q a H H e. z - BblCOTa nylIKTa H3MepeH1iH TaHHIUI Ha Jie.U.HHKe, N -
KOJ!HqecTBO cJiyqaes pacqeTa M, <1 a

1 
- cpe.u.HeKsa.u.paTHtIHoe OTKJIOHeHHe pacqeTOB 

M no cpopMyJie (2.67), CJ a
2 

- cpe.u.HeKsa.rr.paTHqHoe OTKJIOHetrne pacqeTOB M rro 

cpopMyJie (2.71). 

Bb1BOJJ. 

B ycJioBHHx Maccos~x pactieToB HHTeHCHBHOCTH TaHHHH s rJIHUH­
aJihHhIX o6JiaCTHX Cpe,ZI.Heif A3HH cpopMyJihI, octtosaHHbie Ha ypaBHeHHH 
TerrJiosoro 6aJiattca, He JJ.aIOT YJIYtIIIIeHHH KaiiecTsa pactieTOB M. 

PasHyIO ··HJIH .u.aiKe· JIYtJIIIYIO TOlJHOCTh perHoHaJihHhIX pactieToB no 
cp'asHeHHIO co CJIOiKHbIMH BbipaiKeHUHMH (2.37 ), (2.40 ), (2.46) H .u.py­
rHMH 06ecrreqHsa10T cpopMyJihI (2.59), (2.67) H (2.70), noJiytJeHHbie 
asTopoM JI.JIH ycJIOBHH oJie)I.eHeHHH Cpe,[(HeH: A3HH. 

2.4. PactteT Tasiu1u1 Jib.LI.a u cuera noJJ. Mopettou 
'\l: 

B COOTBeTCTBHH c OCHOBHblM ypaBHeiIHeM ( 1.30) npouecca cyM­
Ma pttoro Ta51HH51 Ha Jie,ZI.HHKax ,UJIH orrpe.u.eJieHHH o6oeMa TaHHHH JibJJ.a 
ITO,[( MopeHOH He06XO}J.HMbI: 

a) cse,ZI.eHHH o rrJiomaJI.H cnJIOIIIHoro MopeHHoro noKposa SnM 
H BHyTpHro.u.osoH: H3MeHtIHBOCTH SJIM (t) s CB513H c JJ.BHJKeHHeM ce30H­
HOH ctterosoH: rpaHHUhl no Jie,UHHKY, 
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6) YHHeepcaJibHa51 HJIH JIOKaJihHhle cpyttKUHH 

f (he) = M (he)/ M (2.72) 

OCJia6JieHHH TaHHHH Jlb}J.~ B 3aBHCHMOCTH OT TOJIIUHHbl he CIIJIOlllHOro 
MOpeHHOro noKposa, 

B) ,naHHbie 0 cpe,l.I.HeH: TOJIW.I1He MopeHbl he B HHTepsa.ne BbICOT 
OT zl< JJ.O Zree(t) Ha nJioma,ZI.H S JIM HJIH SnM(t). 

n pH Zree ( t) ~ z BrM 
ZerM 

J he (z) dz, 
ZK 

zrcc (t) 
1 

lie(/)= tiZc (t) ~ he (z) dz, 
ZK 

~Ze = Zr~c (t) - ZK 

(2.73) 

(2.7 4) 

BeJIHtiilHa S JIM 51BJIHeTCH o,nttoH: H3 o6o6meHHhIX MopcpoMeTpHtie­
CKHX xapa_~TepHCTHK «cp_e,IJ,Hero Jie}J.HHKa» H onpe.u.enHeTCH no .u.aHHbIM 
K.a TaJiora Jie~HHKOB CCCP. ,llJIH oueHKH sttyTpHro,ZI.osoli H3MeHlJHBG°CTH 
SnM (t), cor.nacHo Bb1pa.1KeHHIO 

zrcc (t) 

.., SJIM (t) = ~ s (z) dz, (2.75) 
z~ 

HCIIOJib3YlOTC51 ,naHHbie 06 H3MeHeHHH BbICOTbl ce30HHOH CHerOBOH rpa­
HHUbl Zree ( t) B TelJeHHe a6JIHII.HOHHoro nepHo.u.a H MopcpoMeTpHqecKHe 
rtoKa3aTeJIH «cpe,nttero Jie,ZI.HHKa»: _ ZK - BbICOTa Kottua Jie,[(HHKa, 
s (z) - pacnpe.u.eJieHHe ITJIOIUa,ll.H Jie,ll.HHKa B 3aBHCHMOCTH OT BbICOTbl. 

MeTO,UhI onpe,ZI.eJieHHH ZK H s ( z) H3JIOJKeHhI B paa.u.ene 1.2, a Zrec ( t) 
B pa3JJ.eJie 3.3. PaccMoTpHM .u.aJiee cnoco6hI onHcaHHH f (he) H he (z) 

u . 

~ npHMeHHTeJibHO K perHOHaJihHOH MO}J.eJIH npou.ecca cyMMapttoro TaH-
HHH Jie,lJ.HHKOB B 6acceH:He. , 

K. ttacT051lll,eMy speMeHH B npe.u.eJiax Cpe,IJ,tteH: AaHH 3Kcne.u.HUHOH-., 
Hble H3MepeHH51 Ta.HHHH TIO,ZI. MOpeHOH BbinOJIHeHbl npHMepHO Ha noJiy-
Topa ,ZI.eC51TKax Jie,lJ.HHKOB - <l>e,[(tieHKO, Me,ZI.BeiKbeM, PyccKoro reorpa­
cpHtiecKoro o6mecTBa (PfO)' JleHHHa, l1MaT, PaH:ropo,l.I.CKOro, naxTa­
Kop, A10Top-2, H A10Top-3, EapKpaK, K.apa6aTKaK, foJiy6Htta, IIIo­
KaJibCKOro, CaTnaesa, UeHTpa.nhHOM Tyi6Kcy {24, 59, 88, 1..10, 165, 
225] . AHaJiorHtIHhie .u.aHHhie HMeIOTCH TaKm:e no pHJJ.Y JieJJ.HHKOB ,npy­
rHx ropttbIX TeppHTopHH: CoBeTcKoro Co103a (K.asKa3, AJIJaH:) [68, 
69, 155, 185, 21 ll ' 

CTocJie ocpeJJ.HeijHH TaKOfO po.u.a HCXO,lJ.HblX ,lJ.aHHblX H 
u M (he) 

HHH HX B BH,ll.e OTHOCHTeJihHbIX 3Ha tJeHHH TaHHHH - M 
_, 

CBH3H ., 
M (he) 

M == f (he), 

,· 

rrpe.u.cTaBJie­

Ha rpacpHKe 

(2.76) 
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KaK npaBHJIO, BblpHCOBhIBaeTCH cpyHKU.HH, HMeIOIII.aH MaKCHMYM rrpH 

HeKOTOpOM he>O, a 3aTeM y6hIBaIOIII.aH c B03pacTaHHeM he. 06o6meH­

Hbie qifcJieHHbie 3HaqeHHH f (he) ,LJ.JIH pa3JIHqHhIX TOJIIII.HH MOpeHHOro 

IIOKposa rrpHBe,LJ.eHbI HH./Ke B Ta6JIHqHOM BH,LJ.e: 

he CM • • • 0 0' 2 0 ;-5 0' 8 1 '0 2 '0 5 '0 10 20 30 50 100 150 200 250 300 
f (he) % • • 100 l 06 110 105 l 02 86 60 43 26 17 12 8 5 3 l l 

-
·PaCCMOTpHM ,LJ.aJiee 3HaqeHHH f (he), IIOJiyqeHHbie ITO H3MepeHHHM 

M H M (he) Ha OT,LJ.eJihHhIX Jie,LJ.HHKax Cpe.ntteH: A3HH. 

Pa36poc ToqeK H:a rpacpHKax f(he)= [M(he)]/M, o6'he,LJ.HHHIOIII.HX .. 
OTHOCHTeJibHhie 3HaqeHHH TaHHHH rro.n MopeHOH Ha pa3JIHqHbIX Jie,LJ.HH-

Kax, IIOKa3bIBaeT' lJ.TO rrpocTpaHCTBeHHO-BpeMeHHaH H3MeHlJ.HBOCTh rra-
... 

paMeTpOB 3TOH 3aBHCHMOCTH HeCQMHeHHO 3HaqHTeJibHa. 

B rrepsoM rrpH6JIH:>KeHHH sapHaU.HIO OTHOCHTeJihHhIX 3HaqeHHif TaH­

HHH Jih,LJ.a rrpH OJl.HOif H TOH ./Ke TOJIIII.HHe MopeHhI s ycJIOBHHX Cpe.n­

Heif A3HH xapaKTepHsyIOT ,naHHhie s Ta6JI. 2.10. l.JacTHqHo H3MeHqH­

BOCTh OTHOCHTeJibHhlX 3HaqeHHH TaHHHH B Ta6JI. 2.10 MO./KHO o61>HC­

HHTb OTCYTCTBHeM KOJIHqecTBeHHbIX rrpH3HaKOB «qHCTOH» nosepXHOCTH 

Jie)l.HHKa, O)l.HaKO OCHOBHhie npHqHHhl pe3KHX KOJie6aHHH f (he)' K co-, 
.JKaJieHHIO, H3yqeHhl He,LJ.OCTaToqHo . . 

B CBH3H c 3THM s pacqeTax TaHHHH JibJl.a rro.n MopeHofl pa3JIHiIHofl 

TOJIIII.HHhI HCIIOJihsosaJIHCh [89, 208, 209, 21 O] o6o6meHHhie 3MIIHpH­

qecKHe saBHCHMOCTH f (he). 
I1poaHaJIH3HpyeM B o6meM BH)l.e B03MO./KHhie sapHaHTbl aHaJIHTH­

qecKoro rrpe.ncTaBJieHHH f (he), rrpHHHMaH BO BHHMaHHe 3KCrrepHMeH-... . 

TaJihHbie ou.eHKH OTHOCHTeJibHOH HHTeHCHBHOCTH TaHHHH Jlb,LJ.a noA MO-

peHOH, B COOTBeTCTBHH c KOTOpbIMH cpyHKI.I,HH {2.76) HMeeT MaKCHMYM 

rrpH he>O" H ,LJ.Be xapaKTepHble TOlJKH, r.ne f(he)=l. 0.ll.Ha H3 3THX 

' TOqeK rrpe)l.CTaBJIHeT co6oli IlOKa3aTe~b OTHOCHTeJibHOif HHTeHCHBHOCTH 

Ta5.IHHH Jlb,LJ.a B . OTCYTCTBHH MOpeHhI, .npyraH o6'bHCHHeTCH IIOJIHblM 

ycaoeHHeM B CJIOe he ,LJ.OIIOJIHHTeJihHOro TerrJia, nor JIOIII.eHHOro IIOBepx­

HOCTbIO MopeHbl BCJie,LJ.CTBHe yMeHbIIIeHHH aJib6e.no. 

B pacqeTax HHTeHCHBHOCTH TaHHHH IIO.ll. MopeHOH TOJIIII.HHhl he 
y.no6Hee HCIIOJib30BaTb TaKyio cpopMy 3aBHCHMOCTH (2.76)' KOTOpaH 

rrpH he:_O ,naeT OTHOCHTeJibHOe 3HaqeHHe TaHHHH Jlb)l.a, CB060,LJ.HOro OT 

MopeHHOro IIOKposa. )lJIH peIIIeHHH 3TOH 3h,LJ.aqH paccMOTpHM IIOT<?KH 

TerrJia, rrocTynaIOIII.He 3a .neHh Ha rrosepxHOCTh qHcToro Jih,LJ.a P JI' 

rrosepXHOCTh MOpeHbl p e (0) H Ha nosepXHOCTb pas.neJia MOpeHa-Jie)l. 

P (he) npH he>O . . 
I1pe.nnoJIO.IKHM, qTo rrpou.ecc norJiomeHHH TerrJia, nocTynaIOmero 

Ha rrosepXHOCTb MopeHhl, B . CJIOe TOJIIII.HHOH he MO./KeT 6hITh OIIHCaH 

rrpocTeHIIIHM )l.HcpcpepeHI.I,HaJibHhIM ypaBHeHHeM 
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dPc p 
dhc = - ~ c, 

Pc= Pc (0) - P (he). 
I1ocJie HHTerpHpOBaHHH ( 2. 77) IIOJIYtJHM 

l • 

) 

-Bh 
P (he)= Pc (0) e . c 

(2.77) 

(2.78) 

(2.79) 

/ Ta6AUfia 2.10 

0cJia6Jieuue TaSIHHH Jib)l.a f(hc) B ycJiosusix Cpe,11.uen A3HH no,11. MopeHHblM 
noKpOBOM pa3JIHqHOH TOJIIl.(HHbl ( B npou.enTaX OT TaSIHHSI OTKpblTOH nosepXHOCTH 

.ne)l.HHKa) 
r. ' 

ToJIW.HHa Mopeirnoro noKposa, CM 

5 10 20 30 50 

Mee.SIU 
Cl) Cl) Cl) Cl) Cl) «J t=: 

I::( Cl) Cl) Cl) Cl) Cl) 

:i:: I::( :i:: :i:: Cl) :i:: 
<l:l npeJJ.eJI I::( npeJJ.eJI J::f npeJJ.eJI I::{ npeJJ.eJI I::( I::{ I::{ 
~ 
Cl) Cl) Cl) Cl) Cl) Cl) Cl) 

t::( 0. 0. 0. 0. 0. 0. u tJ u u i:: tJ 

' I 69 41 26 16 • 
J.iIOJib II 61-72 66 33-42 38 18-28 23 16 

I II 57-88 72 33-74 49 24-50 34 12-19 16 15 
3a MeC51II. 70 44 29 16 

. 

I 48-94 64 35-93 50 17-82 33 16-21 18 6-14 11 
·AarycT II 52-93 72 38----85 67 22-44 36 16-36 28 30 

· IH 51-88 67 35-60 48 21-63 37 11-32 21 15 
3a MeCHII. 67 53 35 22 16 

, 

I 51-83 67 38 21-53 37 13 
CeHT516pb II 43 30 21 10 

III 40-42 41 17-27 22 4-13 8 0-7 4 "· 

3a Mecm.r, 52 28 22 8 
-

3a HIOJib-CeHT516ph 68 49 34 22 16 

CT pH Me q a H H 51; 1) PeayJibTaThl H3MepeHHH Ta51HH51 IlO)J. MopeHHbJM IlOKpOBOM 
OTHOC51TC51 K HHTepBaJiy BbICOT 3000-3400 M. B Ta6Ju1u.e npHBe)J.eHbl .n.aHHbie Ha-
6mo.n.eHHH [ 112, 162, 173, 188, 203, 211, 233] Ha Jie.D.HHKax Me.n.ae:>KbeM, UeHTpaJib­
HOM ' TyroKcy, Pa:Hropo.n.cKoro, . KpacoacKoro, AroTop-2, foJiy6nHa, <l>e.n.tieHKO, CaT­
naeaa, AKcy BocToqHoM, CKoraq (.n.aHHbie Ta.n.:>KYfKC). 

2} CT pH orrpe.rr.eJieHHH CBO)J.HblX aa HIOJib-CeHT516pb 3Ha'IeHHH f (he) ytITeHbI 
TaK:>Ke .n.aHHhle, KOTOpbie He 6hIJIH HCIIOJib30BaHbl ,ZI.JI51 paclleTa cpe.n.HHX MeC5lllHbIX 
3HaqeHHH f(hc). . 

HJIH, pa3,LJ.eJIHB o6e tJaCTH (2.80) · Ha Pe (0) H orpaHHlllJBillHC.b rrepshIMH 
-'3h .. 

~BYMH tJJieHaMH pa3JIO./KeHHH e c B CTeneHHOH p51,l1., 

'P (he) ~ 1 
Pc ( 0) ~ 1 + ~he ' 

(2.80) 

r.ne ~ - K03cpcpHU.HeHT norJIOIII.eHHH. 

KaK BH)l.HO, cpopMyJia (2.79) H ee npH6JIH.JKeHHhIH sapHaHT (2.80) 
xapaKTepH3YIOT 3KCIIOHeHU.HaJibHOe y6hIBaHHe TIOTOKa TerrJia, rrpHXO,LJ.H­

mero rrpH he>O Ha rpaHHU.Y pa3,neJia MOpeHa-Jie)l., OTHOCHTeJihHO 

noToKa, nocTynaIOmero . Ha nosepxHoCTb MopeHhI. 

CooTHOIIIeHHe Me.JK,ny rroToKaMH TenJia P JI H Pe (0) MO.IKHO 3anH-

CaTb B BH)l.e 

Pc (0) = PJI + t!P, (2.81) 
r.n.e 11.P o6ycJIOJ3JieHO yseJIHl.JeHHeM TIOfJIOIII.eHHOH pa.nHaI.I,HH B CBH3H 

c H3MeHeHHeM aJih6e.no rrosepxHOCTH. TQL.na B 3asHCHMOCTH OT Toro, 
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' 

KaKOH ITOTOK B 

rrpH6JnnKeHHhie 

(2.79) rrpHHSITb KaK HCXO)J.HbIH, saMeHSIIOW.He (2.79) 
cpopMyJlhI rrpeJI.CTaBHM CJleJI.yIOW.HM o6pa30M: 

HJIH 

P (he) 
P.JI 

l+ AP 
PJI 

l +~he 
(2.82) 

AP 
1-.......--.....--

p (he) Pc (0) 
8 Pc (OL = 1 +~he • (2. 3) 

XoTH Ka.LKJI.hIH H3 3THX aa pH11HTOB rrpHro.u.eH JI.JISI ou.eHKH nor J1ow.a-

10w.eli crroco6HocTH MopeHbI OTH©CHTeJlbHO PJI HJIH Pc (0 ), o6a OHH 

Hey.u.o6Hbl B pacqeTax TaSIHHSI, ITOCKOJlbKY rrpH hc=O rrpaBaSI qacTb 
OTHOIIIeHHH (2.82) H (2.83) He paBHa e)J.HHHU.e. ' 

,[LJIH pacqeTOB TaSIHHH Jib.LI.a 110.ZI. MopeHOH u.eJiec906pa3HO HCI10Jlb-

30BaTb cpopMyJly (2 .. 82)' KOTopy10 Heo6XO)J.HMO npeo6pa30BaTb TaK, 

lJT06b1 oHa y.u.oaJ1eTBOpSIJia 3a.u.aHHhIM paHee ycJ10BHSIM. 

0lJeBH)J.HO, lJTO BbIITOJIHeHHe ycJIOBHH f (he)= 1 rrpH he= 0 Hf (he)= 
=max rrpH hc>O B03MO.IKHO, eCJIH apryMeHT ypaBHeHHSl (2.82) rrpe.u.­
CTaBHTb B BH)J.e 

~=(he - ho)2
, (2.84) . 

r.u.e ho- HeKOTOpbIH rrapaMeTp, HMeIQW.HH pasMepHOCTb )l.JIHHbl. 3a­

MeHa he CTerreHHbIM Bblpa.LKeHHeM ·He06XO)J.HMa, qT06bl coxpaHHTb 110-

JIO.IKHTeJlbHbIH 3HaK rrpOH3Be)J.eHHSl B 3HaMeHaTeJle cpopMyJihl . (2.82) 
npH hc<ho. -

TaKHM o6pa30M, BMecTo (2.82) npe.u.J1araeTCSI Bb1pa.1KeHHe 

l + · AP 
P (he) PJI 

· PJI 1 + ~t (hc-ho)2
' 

' 
(2.85) 

OTKy.u.a, HCIIOJ1b3YSI ycJIOBHe f (he)= 1 npil hc=O, HaXO)J.HM 

.. I AP 
ho= ~ ~1p JI • . / 

(2.86) 

Hs (2.86) cJie.u.yeT, qT9 napaMeTp ho · o6ecrreqHaaeT rrpHBe,ll.eHHe 

pc (0) K p JI H ycTpaHSieT OTMeqeHHOe BbIIIIe, He.IKe,?J:aTeJibHOe ,ll.JIH pac­

lJeTOB TaHHHH, CBOHCTBO cpopMyJihl (2.82) rrpH hc=O. 
HccJ1e.u.oaaHue f (he) B cpopMe (2.85) noKa3bIBaeT, qTo 3Ta cpyHK­

UHH HMeeT MaKCHMYM npH he =ho H ,ll;Be xapaKTepHbie TOqKH, B KOTO­

pblX npH he= 0 H he= 2ho, f (he) = 1. CJieJI.OBaTeJlbHO, npe.u.JiaraeMaSI 

cpopMyJia (2.85) y.u.oaJieTBOp.HeT aceM ycJIOBHHM, Heo6xo,ll.HMhIM .U.JISI 

KOppeKTHOrO pacqeTa ' TaSIHHSl Jlb,ll.a 110)1. MopeHOH c IIOMOW.bto• 3aBH­

CHMOCTH (2.75)' eCJIH B (2.85) ,· KaK 3TO 06b1qHO .u.eJiaeTCSI, 110TOKH 

TenJia P (he) H PJI 3aMeHH'f~ BeJIHiiHHaMH M (he) H M, T. e. 

l + AP 
-M (he) c*M 

M l + th (he - ho) 2 
' 

(2.87) 

r.ZI.e c* -y.n.eJibHasi TenJioTa cpa3oso_rp nepexo,Z,J.a. 
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AP 
,llJISI npH6JIH.IKeHHOH ou.eHKH --

c*M. 

-

rrpe.n.rroJio}KeHHe 

(2.88) 

.:;_ pa3HHU.a B 3HaqeHHSIX ·norJIOW.eHHOH pa.u.HaUHH, Ha 110BepXHOCTSIX 

MOpeHbl H Jlb)l.a. npe.u.cTaBHM ABFi. B BH)J.e . 

~BK= Q0 (1 - AKM) - Q0 (1 - AKJI) = Q0 (AKJI -AKM), ' (2.89) 

r.n.e Q0 - cyMMapHaH pa.u.HaU.HH; AuM - . aJih6e.u.o MopeHhl; A1u1 - aJib-

6e.u.o 1 Jlb)l.a. J13 (2.89) H (2.82) cJie.n.yeT 

' . 
HJIH 

B B 1-AKM 
KM KJI l A • - K.IJ 

1-AKM 
l - AK.IJ 

(2.90) 

_ Bespa3MepHoe OTHOIIIeHHe (2.90), npe.u.cTaBJIHIOmee K03cpcpHUHeHT 

yseJIHqeilHH nor JIOIIl.eHHOH pa.u.HaUHH, 6hlJIO BBe.u.eHo B [ 102, 11 OJ npH ... 
paccMoTpeHHH BOIIpOCOB HCKYCCTBeHHOfO B03)1.eHCTBHH Ha Ta.HHHe Jie)l.-

HHKOB. . 
TaKHM o6pa30M, BMecTo (2.88) HaIIHIIIeM / 

~BK . BKJI ( ! = ~:: - 1) (2.91) 

H IIO,ll.CTaBHM 3TO Bbipa.LKeHHe B (2.87)' TOr.u.a 

. 1 + B KJJ ( 1 ~ A KM l) 
.M (he) _ c*M 1 - AKJJ ~ 

M l + ~t (he - ho) 2 
• 

(2.92) 

T~ . BKJI 0 A ' 
r1cnoJih3YH qHcJieHHbie xapaKTepHCTHKH _ M =0,8 ; - KM =0,12; 

c* 
AKJI ' 0,38, rroJiyqeHHhie B npe.U.hI,ZI.Ylll.HX pa3.U.eJiax pa6oThl H B [ l 05, 

-, 109, 110], rrpHBe)J.eM cpopMyJiy (2.9~ K BHJI.Y 

M (he) _ . Kc 
M · -, l + ~ t (ho - ho )2 

' 
• I ...o • 

... 
(2.93) 

r.n.e Kc=l,34, a 3HaqeHHH ~1 H ho MO.IKHO ycTaHOBHTh no ,3KcnepH-
MeHTaJibHhIM H3MepeHHSIM M(hc), M H ypaBHeHHIO (2.86). · · 

B o6w.eM cnyqae 3a.u.aqy o pacqeTe TaSIHHH no.ZI. MopeHoH cJie.u.yeT 

paccMaTpHBaTb OTHOCHTeJibHO JJI06oro H~ THfio·B IIOBepXHOCTH, BCTpe­
lJa10w.e:HcSI Ha Jie.U.HHKe. Tor,ZI.a .u.ocTaToqHo oqeBH.U.HO, qTo seJIHqHHa 

Kc B cpopMyJie (2.93) ,ll.OJI}K.Ha sapbHposaTh B 3aBHCHMOCTH OT 3Haqe-: 

HHft aJib6e.u.o ecTeCTBeHHOH IlQBepxHOCTH A«, OTHOCHTeJihHO KoTopoli 

onpe:rr.eJieHa cpyttKUHH M (he) . ·nocKOJihKY- aTa '. nosepxHOCTh Mo:/KeT 

qpe.u.cTaaJISITb _co6oH Jie)I., ' cpHpH HJIH CHer c ( IIIHpOKHM ~ )J.Hana3oHOM 

8Jib6e.u.o )J.JIH Ka.IK)l.OfO H3 THIIOB [I 05,, 109, 11 Q], B pactieTax TaSIHHSl 

no.n MOpeHOH CJie)l.yeT yqHlfbIBaTB 3aBHCHMOCT& Kc== f (AK) " ' KOTOpy10 
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HJIJilOCTpHpyer pHC. 2.4. 3ra 33BHCHMOCTb ycraHOBJieHa nyreM IIO)J,­

CTaHOBKH B Bbipa.>KeHHe 

Kc= 1 + BK ( 1-AKM - 1) (2.94) 
c*M 1. -AJI 

cpeJJ,HHX 3HaqeHHH .AH CHera, cpHpHa H Jlb,ZI.a, noJiyqeHHbIX aBTOpOM 

paHee B pa6oTax [.l 05, 109, 11 O] .. 

Kc 
, f 9 • 1 I 

I 

I 
!, 7 / . 

I 
I 

I 
I 

f,5 ' I 
I 

I 
I 

f,3 I 
I 

.l 
( I 

/ 

f,f ~~ 

" -
20 40 AK o/o 

Pttc. 2.4. 3aBHCHMOCTh K03<l><l>Hu.HeHTa 
Kc B <PopMyne (2.101) OT cpeJI.HHX 3Ha­
qe1nni aJib6eJI.O AK cHera,- . <l>HpHa H 
JibAa. 3Ha1IeHHH aJih6eJI.o 3aJI.aHhl B co­
OTBeTCTBHH c KJiaccH<l>HKan.Heli AK 

B pa6oTe [112]. 

110 

90 

70 

50 

JO 

D 2 4 6 8 he CH 

PHc. 2.5. 3MrIHpH1IeCKHe KpHBble OT­
HOCHTeJibHOH HHTeHCHBHOCTH TaHHHH 
Jlh.ll.a no.n. MOpeHOH pa3JIHtJHOH TOJI­
lll.HHbl, Jie2KaIUeH Ha nosepXHOCTH CHera 

(J) H Jlh.ll.a (2). 
fpacPHKH IlOCTpoeHbl no JJ.aHHbIM (89, 112, 

. 233, 280). 

MeroJJ,OM HaHMeHblllHX KBaJJ,pa'toB 3aBHCHMOCTh K.c = f (AK) an-

npoKcnMHpoBaHa B BH.ZI.e 

Kc= 0,97 + 0,000145A~· 18• (2.95) 

- ( flOJJ.CTaBHB (2.95) B (2.93), TIOJiyqHM cpopMyJiy 

0,97 + 0,000145A~· 18 

M (he)= M I+ f3t (he_ ho)2 (2.96) 

JJ.JIH pacqeTOB TaHHHH TIOJJ. MopeHOH B 3aBHCHMOCTH OT TOJilll.HHbl CJIOH 

he H HHTeHCHBHOCTH TaHHHH M Ha CB060JJ,HOH OT MopeHHOfO IlOKposa 

nosepxHOCTH cHera, cpHpHa HJIH Jih,ZI.a c aJib6e,u.o AH. 3HaqeHHH A:i< 
B (2.96) aa,u.aeM B COOTBeTCTBHH c KJiaCCHcpHK3UHeH aJib6e.n;o B [110]. 

EcJIH nocTpOHTb rpacpHKH cpyHKUHH (2.93) ,u..iIH HeCKOJibKHX aHa­

qeHHH AK, TO noJiyqaIOmeecH npH 3TOM ceMeiicrso KpHBhIX OTJIHqaeTCH 
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noJio2KeHHeM MaKCHMyMa M (he) H cKopocTbIO H3MeHeHHH cpyHKU.HH 

B ero OKpeCTHOCTH. AHaJIH3 TaKoro pHCYHKa HHTepeceH H TIOJie3eH 

TeM, qTo, Bo-rrepBbIX, o6bHCHHeT pas6poc ToqeK Ha 3MIIHpHqecKHX 

rpacpHKaX f (he) H, BO-BTOpbIX, I103BOJIHeT BbI6paTb OTITHMaJihHbIH Ba­

pHaHT aarr~JieHHH Jie,ZI.HHKa ,ZI.JIH qHcJieHHOfO MO,ZI.eJIHpOB3HHH HCKyc­

CTBeHHOfO B03}1,eHCTBHH Ha TaHHHe. 

B Kaqecrse rrpHMepa rpacpHKOB cpyHKU.HH f (he) npHse,u.eH pHc. 2.5, 
r.n;e no ,ZI.aHHhIM [88, 110, 225, 273] nocTpoeHbI 3MnHpHqecKHe KpHBhie 

u u u 

OTHOCHTeJibHOH HHTeHCHBHOCTH TaHHHH IIO,ZI. MopeHOH, Jie2Kam.eH Ha 

nosepXHOCTH CHera H Jlb,ZI.a. no 3THM rpacpHKaM Herpy )I.HO onpe,u.eJIHTb 

3HaqeHHe ho ,ZI.JIH K32K,ZI.OH H3 cpyHKI.I,HH H H3HTH K03cpcpHI.I,HeHT ~1 
B cpopMyJie (2.93) npH ycJIOBHH he=2ho H f (he)= 1, TOf)J,a 

Kc-1 
f31 = 2 

ho 
• (2.97) 

IlpH AH JJ.JIH CHera 76 °/0 ~ 1 =6,0 cM-2 , a JJ.JIH JihJJ,a rrpH AR=30 °/o 
~1=0,58 CM-2. 

llro KacaeTCH Heo6xo,u.HMhIX ,ZI.JIH pacqera M (he) MaccoBbIX cse­

AeHHH o pacrrpe.rr.eJieHHH cpe,u.Hero CJIOH MopeH~ he(z) no nosepxHo­

CTH Jie,ll.HHKa, TO TaKHe JJ.3HHble B HaCTOHIUee speMH OTCYTCTBYIOT H 
BpH,ZI. JIH 6y,u.yT IlOJiyqeHbI B JJ.3JlbHeHllleM nyTeM HenocpeJJ,CTBeHHbIX 

u 

H3MepeHHH. 

,llJIH KOCBeHHOH ou.eHKH BHJJ,a cpyHKI.I,HH he (z) HCTIOJlb3yeM npe,u.­
JIO)KeHHOe r. E. r Jl33blpHHblM [32] ypaBHeHHe H3MeHeHHH MaCCbl MO­

peHbI BJJ.OJib JieJJ,HHKa 

dm <DmB (z) 
VrJI sin a ' 

(2.98) --==-dz 

r.rr.e B (z) - 6aJiaHc aKKYMYJIHI.I,HH H a6JIHI.I,HH Jih.n;a; <Dm - K03cpcpH­

I.I,HeHT, xapaKTepH3YlOlll.HH cpe,u.Hee MHOfOJieTHee TIOCTYIIJieHHe MOpeHbl 

Ha Jie,ZI.HHK H3BHe; VrJI H a - COOTBeTCTBeHHO CKOPOCTb JJ.BH2KeHH5I 

JieJJ,HHKa H ero yKJIOH TaK2Ke Ha BhICOTe z. 
yqHThIBaH rrpHHHTblH B HaCTO.Hlll.eH pa6oTe cnoco6 onpe.rr.eJieHHH 

TIJIOIJ..I.aJJ,H MOpeHHOro noKpoBa Ha «cpe,ZI.HHX JieJJ,HHKaX» H noJiara.H He 

oqeHb 3HaqHTeJibHbIM (~0,1-0,2 KM) rrpeBbillleHHe ZBrM Ha,n; HH2K­

HHM KOHI.I,OM JieJJ,HHKa, npHMeM JJ.JIH HHTepsaJia BhICOT LiZc =ZBrM - ZH 
ocpe.rr.HeHHhie 3HaqeHHH B, VrJI H a. Tor.rr.a BMecTo rrpasoii qacTH <Pop­

MYJihI (2.98) HaIIHllleM 

<DmB 'V t ----= 1ve =cons 
VrJI sin a 

H, HHTerpHpyH no z ynpom.eHHbIH BapHaHT ypaBHeHH.SI (2.98) 
dm 
dz =-'Xe, 

m (z) = m (zo) - Xe (z - Z1), 

5 3aKas N2 170 

(2.99) 

(2.100) 

(2.101) 
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r,ZJ,e z1=Z«, a z E ~Zc. H3 oqeBHJI.Horo ycJIOBHH m (z) = O npa z = 
= ZBrM Haif)I.eM 

(2.102) 

H no,ZJ,cTaBHM 3TO Bbipa*eHHe B (2.1 O I), ror JI.a 

m (z) = m (ZK) - Z m (ZK) (z - ZK), 
erM - ZK (2.103) 

-fl H 

/,l 
I . 
I 

o,+ 
I 

PHc. 2.6. 3aBHCHMOCTb cpeJI.Hero cno.s1 
MOpeHbl Ha KOHUe Jie)l.HHKa OT OTHOCH­
TeJibHOA nnowaJI.H MOpeHHoro ITOKpOBa 
(Q =S MIS 1rn) no H3MepeH1H1M asTopa 
H )l.aHHblM [59, 97, 111, 185, 186] Ha 
nemn11<ax: 1 - fiaxtaKop, 2 - AMa­
nay3, 3 - Aiotop-2, 4 - MeJI.Be>KHft, 
5 - I1HhlJihqe1<, 6 - <l>eJI.lJeHI<o, 7-
lllxenhJJ.bI, 8 - KapaoaTKaK, 9 - EH-

I 
I 
' 

aaqttblH:. 

qTo nocne JI.eJieHHH o6eax qacreA Ha nnorttocr& Mopetthl ,ZJ,aer HCKO­

MYIO cpyHKUHIO pacnpe,ZI,eJieHHH cpe.u.ttett TOJilll.HHbI MopeHbI B 38BH­
CHMOCTH OT a6COJllOTHOH .BhlCOTbl nosepXHOCTH Jie,LI.HHKa 

hc(Z)=Hc(ZK)- zHc (z)z (z-ZK), (2.104) 
DrM- K 

KOTopyIO MO:tKHO 3anHCaTb TaK}Ke 8 BH,lJ,e 

h (z) = H (Z ) - He (ZK) A 
c c K ll.Zc u.Z, (2.105) 

eCJIH npHHHTb, l!TO L\z - npeBbillleHHe Ha,LI. HH.lKHHM KOHI.(OM Jie)I.HHKa. 

,l.lJIH pacqera he (z) no cpopMyJie (2.105) tteo6xo.u.11MhI ,lJ,8HH&1e 

o He (Z1-d Ha «cpeJI.HHX JieJJ.HHKax». B HacToHmeH: pa6ore npH6JIH)KeH­

ttoe pernettHe 3Toro sonpoca ocHoBaHo tta 3as11c11Mocr11 He (Zic) = 

= f ( Q)' r JJ,e Q - OTHOllleIH:le OJIOlll.8,LI.ett CrIJIOlllHOrO MopeHHOro no­

KpOB~ H o6nacTH a6JIHUHH. Btt.n. saBHCHMOCTH He (ZH) = f (Q), nocTpo­
eHHOH no H3MepeHHHM 8BTOpa H ,LI.aHHhlX .n.pyrHX HCCJie,LJ.oBaTeJiett, 
HJIJIIOCTpHpyer pHC. 2.6. 

CTp11 no.u.roroBKe 11cxo)I.HhIX JJ,aHHhIX ,ZJ,JIH pacqera cyMMapttoro raH­

HHH Jie,lJ,HHKOB (cM) B KalleCTBe annpoKCHMal(HH noJiy4eHHOH CBH3H 
np11Me HHeTC5I 3MnHpH1.!eCKa5I cpopMy.na 

He (ZK) =SQQ+ 2,9. (2.106) 

CTocne Toro KaK tta:H,ZJ,eH cnoco6 onpe.u.eJieHHH He (ZK), Bhil.!HCJie­

HHe cpe.u.Hero CJIOH MopettbI he (~z) B HHTepsaJie BbICOT ~z =z - zK 
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Tpy,ZJ,HOCTeH He npe,ll.CTaBJI5IeT H, yqHTblBaH 

he (z)' BblTIOJIHHeTCH no <t>opMyJle 

He (ZK) + [He (ZK) - H~~:K) fiz J 
lie (L\z) = 2 

_ lie (ZK) 2 (LiZc - .!lz) 
2 ll.Ze 

, 

(2.107) 

r)le ~z ~ ~Ze - tteKoTopa51 BhICOTa e npe.ZI.eJiax nJIOlll.aAH cnJIOllIHOro 

MOpeHHOrO TIOKpOBa Ha «cpe,ZJ,HHX Jie)l.HHKaX». 

· BoJiee ,LI,eTaJibHhIH attaJIH3 BH,ZJ,a 3aBHCHMOCTeif he (z, t) MO*eT 

6bITb BbITIOJIHeH )l.JIH OT,ll,eJibHbIX Jie,LI,HHKOB, r ,ZJ,e noJiyqeHhl COOTBeTCT­

BYIOUJ.He 3KcnepHMeHTaJibHbie ,ZJ,aHHhie HJIH attaJIHTHl.!eCKHe Bbipa*e­

HHH cpyttKUHM B (z, t), VrJI (z, t) H ,ll.p. B qacrHOCTH, npHMep on11caHHH 

he (z, t) )1.JIH Jie,ZJ,HHKa KoJIKa Ha ocHOBe KOHeqHo-pa3HOCTHOH annpoK­

CHMaUHH perneHHH O,ll,HOMepHoro ypaBHeHHH Hepa3pbIBHOCTH, OCJIOJK­
HeHHOfO HCTOl.!HHKOM, H3JIO:>KeH B pa6ore B. r. Xo,ZJ,aKOBa [209, 210). 
KaK H cJie,ZJ,oBaJio O)KH,ZJ,aTb, 38BHCHMOCTH he (z, t) oKa3bIBaIOTCH He­

JIHHeHHhIMH. 0,ZJ,HaKo, cy ,ZJ,H no rpa<t>HKaM he (z, t) e pa6ore [209, 21 O] 
H: yqHTbIBBH CTOXaCTHtieCKHH xapaKrep HCnOJib30BaHHblX B. r. Xo,ZJ,a­

KOBhIM cpyttKUHH M (z) H VrJI (z), 3aBHCHMOCTH he (z, t) )l.JIH Jie,ZJ,HHKa 
KoJIKa B HHTepBaJie OT 10 JI.O 40 JieT snoJIHe y,ZJ,oBJieTBOpHreJihHO M:o­

ryT 6hITh OTIHC8Hbl JIHHeHHbIMH cpopMyJiaMH. 

TaKHM o6pasoM, BMecTo HCTIOJih30BaHHH CJIO}KHhIX H Tpe6y10m11x 

60JibllIOfO KOJIHqeCTBa HHcpOpMBUHH CnOCOOOB OUeHKH he (z, t) AO­

CTBTOtIHO no KpattHeH Mepe qepe3 10 JieT YTOtIHHTb e,ZJ,HHCTBeHHWH 

MOp·cpoMeTpHtieCKHA napaMeTp MopeHHOro IlOKpoBa Q =SJlM/Sna, He­

OOXO,ZJ,HMblH JI.JIH pac11eTa hc(~z) no cpopMyJiaM (2.105)-(2.107) . 
Y1111TbIBaH HHTeHCHBHOe pa3BHTHe a3pOKOCMH11ecKHX Meto.ZI.OB H3Mepe­

HH.H, pellleHHe 3TOH 38)1.atIH npeACT8BJI.HeTC.H HeCOMHeHHO ocymecr­

BHMhlM. 

Bb1BO,ll.bl 

1. OrcyTCTBHe HCXOJI.HOH HHcpopMaUHH~ Heo6xo.ZI.HMOH ,ZJ,JI.H npHMe­

HeHHH TIOJIHOfO ypaBHeHHH TeTIJIOBOfO 6aJiaHca, npHBOJI.HT Bcex 8BTO­

poe K He06XO,ZJ,HMOCTH HCnOJib30B8HH.H B pactieTaX HHTeHCHBHOCTH TBH· 

HHH COKpameHHblX BapHaHTOB 3TOf0 ypaBHeHHH. 

,lla.tKe B COKpameHHOM BH)l.e ypaBHeHHe renJIOBOfO 6aJiaHca co­

,ZI,ep:>KHT 60JibIIIOe KOJIHtieCTBO 3MnHpH1.!eCKHX K03cpcpHUHeHTOB. ,UJIH 

MaCCOBblX perHOHaJibHhlX pacl.!eTOB HHTeHCHBHOCTH T8HHHH Ha OCHOBe 

ypaBHeHHH TenJIOBOrO 6aJiaHca HeOOXO)l.HMhl MeTO,lJ,bl npocTpaHCT­

BeHHO-BpeMeHHOH 3KCTpanoJI.HUHH 3THX K03cpcpHUHeHTOB. B 6oJibIIIHH-

. crse cnytiaeB y,ZJ,OBJieTBOpHTeJibHOe pernettHe ,ZJ,aHHoro aonpoca B Ha­

CTORIII..ee BpeM.H orcyrcTsyer. KpoMe Toro, IIIHpoKoMy HcnoJib3oBaHHIO 

ypaBHeHHH TeTIJIOBOro 6aJiaHca ,ZJ,JI.H onpe)l.eJieHH.H HHTeHCHBHOCTH T8H­

HH.H CHera H Jlb)l.a npen.HTCTByer OTCYTCTBHe MeTOJl.OB 3KCTpanOJI.HUHH 

CKOpOCTH BeTpa B BbICOKOrOpHbIX ycJIOBH5IX. 

2. lliHpOKOe npHMeHeHHe H3JIOJKeHHOH B 1-H r JiaBe MO)l.eJIH npo­

uecca cyMMapHoro T8.HHH51 Jie,ZJ,HHKOB H Jie,ZJ,HHKOBOro CTOKa B 6acceif-
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Hax pe~ Cpe,UHefr AsttH 06ec11etI11BaIOT 110JiyqeHHhI.e aBTopoM JIOKaJib- · 

Hble H ~erHOHaJibHhle cpopMyJihl HHTeHCHBHOCTH TaHHHH CHera 11. Jlb,lla. 
0CHOBOH ,llJIH 011THMH3aUHH COCTaBa H KOJIHqecTBa apryMeHTOB B 3THX 

cpopMyJiax HBJIHeTCH ypaBHeHHe MHOJKeCTBeHHOH perpeCCHH, B KOTO­

poM TaHHHe BbipaLK:eHO KaK CTOXaCTHtiecKaH cpyHKUHH pa,llHaUHOHHOfO 

6aJI~Hca HJIH 11orJiomeH~oi1: pa,UHaUHH, TeMnepaTyphI B03JJ.yxa, o6mei1: 
o6JiatIHOCTH, a6COJIIOTHOH H OTHOCHTeJibHOH BJJaJKHOCTH B03JJ.yxa. 

3. ApryMeHTaMH 011THMaJihHhIX . 3MrrttpHqecKH~ cpopMyJI JJ.JIH Macco­
ewx pacqeTOB HHTeHCHBH9CTH TaHHHH JJeJJ.HH~oe CpeJJ.Heii A3HH HBJIH­

IOTCH nornomeHHaH COJJHeqHaH pa,UHaUHH H TeMnepaTypa 803,lJ.yxa 

(npH ycJIOBHH HX ocpe,llHeHHH He MeHee tieM 3~ JJ.eKaJJ.y). HaJIHtIHe 
BK e cocTase JJ.ByxcpaKTOpHbIX JIOKaJihHhIX H perHoHaJibHOH cpopMyJihI, 

KaK npaBHJIO, cymecTBeHHO (B 1,3-1,5 pa~a) yBeJJHqHeaeT 060.HCHH­

MYIO JJ.OJIIO ,llHc11epcHH cpyHKUHH, rro3BOJI.HeT . BhIIlOJIHHTh pacqeT Ta.H­

HHH c ytieTOM opHeHTaUHH H YKJIOHa noBepxHOCTH H, cJieJJ.oBaTeJibHO, 

IIOJiytiaTb HaHJiyqlllee npH6JIH:>KeHHe K ecTeCTBeHHblM ycJIOBHHM. 
4. B pesyJihTaTe rrpoBepK·H ycTaHOBJieHo, qTo noJiyqeHHhie aBTO­

poM JJ.ByxcpaKTOpHbie JIOKaJihHhie. H perHoHaJibHa.H cpopMyJihI M (BK, 
0) 06ec11eqHBaIOT TaKoe 21<:e HJIH JJyqlllee KaqecTBO pacqeTa HHTeHCHB­

HOCTH Ta.HHHH CHera H Jlb,lla, KaK H BapHaHTW ypaBHeHHH TeIIJIOBoro 

6aJiaHca Ta.HljHH, 11peJJ.JIO)l{eHHhie IO. M. ,UeHHCOB.hIM [ 48, 55]. fl pH 

9T~M B cpopMyJiax aBTOpa HCI19Jlh3yeTCH cymecTBeHHO MeHbllle HCXO,ll­

HOH HHcpOpMaUHH H 3KCTpanoJIHUHOHHblX 3aBHCHMOCTei1. . 
IlpoBepKa Ha He3aBHCHMOM MaTepHaJie IIOKa3aJia ycToiiqHBOCTb 

rrapaMeTpOB 3M11HpHqecKHX ypaBHeHHH, a TaKLK:e rrpHeMJieMOCTb perHO­

HaJibHOH JJ.ByxcpaKTOpHoif cpopMyJihI aBTopa M (BK, 0) JI.JI.SI pacqeToB 

HHTeHCHBHOCTH Ta.HHHH Ha JieJJ.HHKax KaBKa3a. CTaTHCTHqecKaH Ha­

,lleMHOCTh 11apaMeTpOB B cpopMynax HHTeHCHBHOCTH TaHHHH. o6ycJIOB­

JieHa BeCbMa rrpe,lI.CTa~HTeJibHbIM COCTaBOM BbI6opoK HCXOJi.HhIX JJ.aH­

HbIX JJ.JJH MHOrocpaKTOpHoro perpeccHOHHOro aHaJIH3a, KOTOpbie BKJJIO­
qaJIH 6oJJee 2500 pe3yJibTaTOB H3MepeHHH TaHHHH H MeTeopoJIOrHqe~ 
CKHX 3~eMeHTOB Ha 26 JieJJ.HHKax, pac110JIOLK:eHHhlX B 6accei1Hax pe~ 
3attJIHHCKoro, TaJiaccKoro, KyHreH H TepcKaH AJJaTay, xpe6TOB KHp­

rH3c~oro, flcKeMcKoro, YraM~Koro, 3epaslllaHCKoro, fHccapcKoro, 
AJiaHcKoro, 3aanaifcKoro, ,UapBascKoro H AKa,lleMHH HayK. 

5, Hap.H,lly c JIOKaJibHhIMH H perHOHaJihHbIMH 3MIIHp11qecKHMH cpop·­

MyJiaMH ,llJIH pactieTOB HHTeHCHBHOCTH TaHHHH MOLK:eT 6bITb HCI10Jlh30-

BaH npe,llJIOLK:eHHWH B pa6oTe sapHaHT ypaBHeHHH TenJIOBOro 6a­

JiaHca. OH BKJIIOtiae:; norJiomeHHYIO pa,llHaUHIO B« H HeKOTOphIH na­

paMeTp, 110JiyqeHHhIH rryTeM ceepTKH ocTaJibHbIX, KpoMe BK, qJieHoB 
IlOJIHOfO ypaBHeHHH Tel1JIOB0f0 6a.[laHca. . 

6. floJiyqeHHa.H aBTopoM YHHBepcaJibHaH cpyHKUHH ocJia6JieHHH 

TaHHHH B 3aBHCHMOCTH OT TOJIIll.HHbl CilJIOillHOH MopeHbl he H aJib6e,llo 

nosepXHOCTH JieJJ.HHKa HMeeT MaKCHMYM 11pH he> 0 H ,LI.Be xapaKrep­

Hbie TOtIKH, r,IJ,e f (he) = 1. <I>yHKUHH f (he) B03pacTaeT OT eJJ.HHHUhI rrpH 

he= 0 JJ.0 MaKCHMyMa, 3aTeM aCHMilTOTHqecKH y6hIBaeT 110 Mepe yse­

JIHqeHHH TOJillIJIHhI MopeHhI. CKopoCTh H3MeHeHHH f (he) npH O ~ 
~he~lO c~ 3aBHCHT OT a Jib6e,llO noaepXHOCTH JJeJJ.HHKa, CB060JJ.HOH 

OT CllJIOI.UHOH MopeHhI. 
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7. CpeJJ.H.HH TOJilll.HHa MopeHHOro rroKposa Ha KOHqax Jie,llHHKOB 

Cpe,LI.Heii AsHH H KasKasa HBJIHeTc.H JIHHeHHOH cpyHKUHeif OTHOllleHHH 

nJiomaJJ.H MOpeHhl K IlJIOmaJJ.H H3bIKa Jie,llHHKa. 
· EcJIH nJioma,llh MopeHhI Ha JieJJ.HHKe Haxo,llHTCH s npe,rr_eJiax 

• u u 

200-MeTpOBOH . BhICOTHOH 30Hhl, pacnpe,lleJieHHe TOJilll.HHbl MopeHhI 

B 3aBHCHMOCTH OT BbICOTbl MeCTHOCTH HBJIHeTCH y6hIBa10meif JlHHeHHOH 

cpyHKU.Heii. HHLKHHH 11pe,lleJ1 3TOH cpyHKUHH paseH HYJIIO, a eepXHHH -
u 

cpe,llHeH TOJllll.HHe MOpeHhl Ha KOHUe Jie,llHHKa. 

f JiaBa 3 

Ce3ouuaD cueroBaD rpauuua H euyTpnro~oeou pe>KHM 
aKKY~YJIDUHH H TaDHHD Ha Jie~HHKaX 

3.1. PeKoncTpyKU.HH u nporuo3 MaKCHMaJI&HOH BhlCOThl ., 
cuerQl;\OH rpauuu.&1 _ua JJeJI.HHKax 

CseJJ.eHHH o JJ.BHLKeHHH ce30HHOH cHerosoH:- rpaHHUpI 110 nosepx­

HOCTH Jie,llHHKOB H B oco6eHHOCTH 0 ee MaKCHMaJibHOH BWCOTe ZMaKe 

B KOHUe a6JIHUHOHHOro nepHO,lla RBJIHIOTCH BeCbMa CO,llepJKaTeJibHbIM 

rJIHUHOJiorHqecKHM rroKasaTeJieM .. KaK BHJJ.HO H3 Ta6JI. 3.1 H 3.2, K0-

3cpcpHuHeHT KOppeJI.HUHH JlHHeHHOH 3aBHCHMOCTH Me)KJJ.Y MaKCHMaJib­

HOH BhICOTOH cHeroeoif rpaHHUbI H rOJJ.OBbIM 6anaHCOM . (B) aKKYMYJIH­
UHH H a6JI.HUUH noqTH paseH e;ll.HHHUe. ,llocTaToqHo BbICOKa TaK.tKe 

(r=0,70+0,95) TeCHOTa CB.H3H MeJK,llY .ZMaKC H rOJJ.OBOH a6JI.HUUeH. 
EoJibIIIoe npaKTHqecKoe 3HaqeHHe HMeIOT 3aBHCHMOCTH (CM. HarrpHM:ep, 

[ 119, 156, 165, 238, 260] MeLKJJ.y ZMa«c H neJJ.HHKOBhIM CTOKOM. 
TaKHM o6pa30M, HaJIHtIHe TeCHhIX 3aBHCHMocrei1: Me)KJJ.Y ocHoB­

HhIMH 3JieMeHTaMH ··-BO,[J.HO-JieJJ.OBOfO 6aJiaHCa Jie,llHHKa . H JierKO onpe­

,lJ,eJIHeMOH xapaKTepHCTHKOH ZMa«c cymecTBeHHO yrrpomaeT pe)KHMHbie 

fJI.HUHOJIOrHqecKHe pacqeThl. :CToKa)l{eM 3TO Ha npHMepe 3aBHCHMOCTH 

Ta6AUl{a 3.1 

TecnoTa 3aBHCHMOCTH MelK.D.Y MaKCHMaJibHOH BblCOTOH cneroeoA rpaHHUbl -
ua Jie,D.HHKax ZMa1< c H ro,u.oBhlM 6aJiaucoM aKKYMYJIHUHH H a6JistUHH 

JleAHHK 

YaATrJieTtiep 
neBOH Aile Kan 
fyJIKaHa 
By.rrnepHH 

-0,97 
-0 98 

' -0,95 
-0,98 

JleD.HHK 

CHJIBpeTTa 
IO}KHbiii: KacKa,nHhiii 
.nHMMepHr JieTtiep 

l(03Ql<f>HU:HeH·T 
KOpp~JIHLJ,HH 

-0,98 
-0,88 
_. 0,91 

TI pH M e q a H He. Orrpe,neJieHo aBTopoM no ,naHHhIM, ony6JIHKOBaHHblM B [248, 
249, 263, 264, 27 4, 275]. 
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~ 
0 

~ T a6.1u114s 3.2 

Kos<1><1>au;aeHTW B3aHMHoA KOppen._u:ea Mellt.l.J MaKCBMan1tuoA awcoTol caeroaoi r paeau;w ua neAHHKax (ZMutc ), cocTaBJUllOIJ.\HMH 
r.OAOBOfO 6aJ1aaca JleAHBKOB, HH,1.eKCaMB 6aaaaca H ero KOMDOHeHTOa 

-
: ne..ll,HHK 

<l>JHKlOUl Apry~eHT XHHTC• UeBTp&JtbHblA 
JlH<AHKJ&T I CeHTu~eJI KJ18pH..ll,CH• 

paAc«S»ep- CTyp TyioKcy A 6plMOB8 Ps11 PHeep Ilefho ,... <f>HpH A ne11cKHA 
Hep 

< 

·B -0,97 -0,91 -0,87 -0,90 --0,91 -0,95 --0,98 -0,99 
< ' 

~ 
Ak --0,88 -0,62 --0,43 --0,50 -0,,.55 --0,68 -0,69 -0,61 

. • 
Ab -0,95 --0,73 --0,84 --0,86 --0,92 -0,67 -0,81 --0,90 . 

Z MaKc Ia -0,83 -0,83 --0,83 --0,88 -0,96 .-. 

/Ak -0,82 °"°,62 --0,76 --0,91 --0,66 < 

. 
. /Ab 0,63 0,81 0,62 0,65 0,93 . 

• 
c 

Ak --=·- 0,95 0,59 0,65 0,69 0,54 0,74 0,67 0,63 

Ab . 0,95 o.ss 0,84 0,93 0,95 0;68 0,88 0,90 
. 

J < . 
B IB 0,86 0,89 0,83 0,88 0,93 0,82 0,96 

' -. 
/Ak . 0,83 0,57 0,81 0,84 0,56 0,84 0,82 

/Ab . -0,69 -0,~ ~;55 -0,90 --0,97 . -0,64 -0,83 

• 
I 

' "' ' 

- - - . . . ~ -
) _p. 

.. ·. ,.,. . -· - - .,._ "'\-..... . ~ < - .,!·:" ••• 

- .. JleJlHHK '· 
. r -- . . . - " ;. .. ~. . L,,.,, .... 

.. -~- ; < 

- - - ·- ' " .(·• . . 
~ - ..;.,.. 

4>yHKU.Hfl ApryMeHT XUHTe· UettTp8JJbHbl A KJJ8.pH-
pa Ac- CTyp TyIOKCY A6p3MOB8 )l>KaHKy8T CeHTHHeJI P3M PHBep ITeRTo .n.eHqrnpH AJie'ICKHA 

cpepHep 

Ab 0,82 - _0,06 -0,13 0,28 0,27 0,01 0,39 0,22 
-

Ak In 0,76 0,80 0,45 0,37 0,50 

/ Ak 0,73 0,70 0,56 0,42 0,97 . 
. / Ab 0,61 

> 
-0,26 -0, 10 - 0, 15 -0,33 

. 
' 

' . 
' ~ 

l .. 
In 0,87 -0,56 -0,72 0,85 0,90 -

. . 
Ab / Ak 0,82 0,50 0,61 0,80 0,25 

. 
... / Ab --0,74 0,92 0,60 -0,93 -0,95 

- . . . ~ 
-

18 / Ak 0,80 0,80 0,90 0,98 0,80 0,78 0,80 

· / A b - 0,81 -0,80 --0,72 -0,78 -0,90 -0,93 --0,80 
. 

/ Ak / Ab -0,52 -0,26 - 0,37 --0,69 -0,24 ' - 0,49 - 0, 36 

' < 

n pH Me q a H He. B =Ak -Ab- roJI.OBOH 6aJiaHc, Ak - o6oeM aKKYMYJISUJJIH, Ab - o6oeM a6JIHJ..Urn, I B - HHAeKc 6aJiaHca 
(/ B = 1 Alt - I A b), 1 AA - HHJI.eKc aKKYMYJHIUHH, 1 Ab - HHAeKc a6JIHUHH. OnpeJI.eJieHo aBTopoM, no u aTepuaJiaM, ony6JIHKOBaHHhIM 

;:::! B (39, 42, 155, 156, 165, 224, 248, 249, 263, 264, 274, 275]. 



ZMaHc = f (B), o6IIUiM attaJIHTHqecKHM BHJlOM KOTopofl HBJUieTCH JIHHei1-­

HOe ypaBHeHHe 

(3.1) 

r,lle az H bz- JIOKaJibHble HJIH perHOHaJibHbie 3MilHpHqeCKHe K03cpcpH­

UHeHTbl. 

Tio,IJ.cTaBHB B ( 3.1) BMecTo ro,ZJ.oBoro 6aJiaHca Jie,ZJ.HHKa B pasHOCTb 

ro,noBhIX 3HaqeHHtt aKKYMYJIHUHH Ak H a6JIHUHH Ab, noJiyqHM 

ZMaKC =a, (Ak - Ab)+ bz, (3.2) 

OTKy,lla CJie.u.yeT, qTo 

(3.3) 

., 
T. e. CJIOJKHhie H TPYJlOeMKHe orrpe,lleJieHHH cyMMapHOH aKKYMYJIHUHH 
Ha Jie)I.HHKe 3aMeHeHbl 6oJiee npOCTblMH H3MepeHH51MH HJIH pacqeTaMH 

Z~rnHc H cyMMapHott a6JIHUHH. 
BechMa BeJIHKO 3HaqeHHe saBHCHMOCTeH THna (3.1) H (3.3) B pac­

qeTax BHyTpHro.u.oBoro H MHoroJieTHero peJKHMa TaHHHH H Jie,ZJ.HHKO­

Boro CTOKa )I.JIH f JIHUHaJibHbIX o6JiacTe:i1 .H HX OT)I.eJibHblX paHOHOB, 

r,ZJ.e HeB03M01KHbl npHMble oueHKH fO,lJ.OBOH aKKYMYJIHUHH H ee pac­

npe,lleJieHH.H no Jie,ZJ.HHKaM. E.U.HHCTBeHHhitt npaKTHqecKH npHeMJieMbIH 

cnoco6, XOT.H H KOCBeHHofi, HO Ha.u.eJKHOH oueHKH Ak H Ak (z) saKJIIO­

qaeTc.H B HCnOJib30BaHHH 3aMeqaTeJibHOro CBOHCTBa ZMa-Rc, KOTopaH 

eLKerO)I.HO MapKHpyeT nJIOIUa,ZJ.b Jie)I.HHKa, r,ZJ.e 3HMHHe H JieTHHe TBep­

,lJ.ble oca,ZJ.KH CTaHBaIOT noJIHOCTbIO. 

Henocpe.u.cTBeHHoe nocrpoeHHe H HcnoJib30BaHHe ypaBHeHHtt THna 

(3.1) )I.JUI JIOKaJibHhIX HJIH perHOHaJibHbIX onpe,LI.eJieHHH ZMaHc H Ak(z) 
B rJIHUHaJibHhIX o6JiaCTHX rpe6yer np.HMbIX H3MepeHHH B, KOTOpb1e 
,ZJ.OJILKHbl 6bIJIH 6bI BblnOJIH5ITbC5I Ha COTHHX H TblCHqax Jie,ZJ.HHKOB 

a npe.u.eJiax OT,ZJ.eJibHhIX peqHhIX 6acce:i1HoB. EcTecrBeHHO, TaKoif nyTh 
toBepwettHo HepeaJieH. 

B CB.H3H c 3THM 6bIJIO npe,LI.JioLKetto [ 112, 113] He,ZJ.ocTynHhltt JlJI.H 

MaccoBhIX pacqeTOB peLKHMa Jie,ZJ.HHKa apryMeHT 3aBHCHMOCTH ZMaHc = 

= f (B) 3aMeHHTb ero HH,ZJ.eKCOM, KOTOpbIH, BO-nepBbIX, HMeeT oqe­

BHJlHYIO reHeTHqecKyIO CB.H3b c fO,ZJ.OBblM 6aJiaHCOM Jie,ZJ.HHKa (B)' BO­
BTOpbIX, JierKO MOLKeT 6bITb paccqHTaH no ,U.aHHblM MeTeopOJIOfHqe-

u 

CKHX CTaHU.HH. 

TaKHM o6pasoM, aMecTo ZMa1w = f (B) 3anHllleM 

ZMaKc = f (/B), 

' 
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(3.4) 

(3.5) 

(3.6) 

(3.7) 

YcJIOBHhie o6o3HaqeHHH B (3.4)-(3.7) cJie,ZJ.y10rrute: I B - HH,ZJ.eKc 

ro.n.osoro 6aJiaHca Jie)I.HHKa; qi-. cyMMa oca.n.KoB Ha MeTeopoJiorHqe­

cKOH CTaHUHH B KOHKpetHOM 6acce:i1He peKH ~a rrep~OJl 3HMHe-BeCeH­

HeH aKKYMYJIHUHH- (ttarrpHMep, OKTH6pb-MaH) B t-TOM ro.lly, N -
)lJIHHa BpeMeHHOfO p.H,LI.a, E)i - cpe,LI.HHH TeMrrepaT¥pa B03,ZJ.yxa 3a rre­

pHOJl ;ierHett a6JI~UHH ( HIOHb-CeHT.H6pb) Ha TOH Me MeTeopOJIOfH­

qeCKOH CTaHUHH B l-OM ro,lly. 
flepHOJlbI cyMMHpOBaHHH oca,ZJ.KO_B H TeMrrepaTypbl B03,ZJ.yxa ,ZJ.OJI­

JKHbI COOTBeTCTBOBaTb xapaKTepHOH rrpO,LI.OJIJKHTeJibHO~TH rrepHOJlO~ 
3HMHeH aKKYMYJIHUHH H JieTHeH a6JI.HUHH B KOHKpeTHOH rJI~UH_aJibHOH 
o6JiaCTH. KaK BHJlHO, 6e3pa3MepHa.H aHoMaJIHH I q =(,qi - q) /q oca,ZJ.­

KOB .B i-TOM ro,ZJ.y HBJI.HeTCH HH,lIJ1KaTOpOM aKKYMYJIHUHH, a le= (8i -

- E>) /E> - HHJlHKaropoM a6JIHUHH. Tor,LJ,a HX 6e3pa3Meptta.H pa3-

HOC Tb 

(3.8) 

npHo6peTaeT CMbICJI OTHOCHTeJibHOH oueHKH rO,ZJ.OBOrO 6aJiaHca OT­

,ZJ.eJibHOfO Jie,ZJ.HHKa HJIH pafioHa r JISIUHaJibHOH o6JiaCTH. 
B cocTaB HHJleKca 6aJiaHca I B MoryT BXOJlHTb raKJKe B BH,ZJ.e 6e3-

pasMepHbIX aHoMaJIHH, ,LI.pyrHe MeTeopOJIOfHtieCKHe 3JieMeHTbI, yroq­

HHIOIUHe HJIH ,ZJ.OnOJIHHIOIUHe OTHOCHTeJibHbie xapaKTepHCTHKH OCHOB­

HbIX cTaTeH 6aJiaHca aemecTaa rJIHUHaJibHOH o6JiaCTH. K qHcJiy Ta­

KHX 3JieMeHTOB CJie,ZJ.yeT OTHeCTH o6JiaqHOCTh, a6cOJIIOTHYIO H OTHOCH­

TeJibHYIO BJiaLK.HOCTh B03,ZJ.yxa. HecoMHeHHO, noJie3HhIM 6bIJIO 6hI 
BKJIIOqettHe B cocTaB I B cyMMapttoH: pa,LI.HaUHH H rroKa3aTeJIH., npos-

. paqHOCTH aTMOccpepbI,., O,ZJ.HaKO KOJIHqeCTBO nyHKTOUB H3MepeHHH COJI­

HeqHott pa,LI.HaUHH, ,ZJ.eHCTBYIOIUHX B ropax Cpe.utteH A3HH, npe,LI.cTaB­

JIHeT JlJIH 3TOH ueJIH BeCbMa orpaHHtieHHbie B03MOJKHOCTH. 
UeJiecoo6pa3HO TaK2Ke He TOJibKO pacwttpeHHe cocTaaa HH,IJ.eKca 

6aJiaHca, HO H 60J1ee r Jiy6oKHH aHaJIH3 HeKOTOpbIX ero KOMilOHeHTOB, 

HanpHMep, OT,ZJ.eJibHOe pacCMOTpeHHe aKKYMYJIHUHH CHera B o6meM 

KOJIHqecTBe aTMOCcpepHbIX oca,ZJ.KOB. 
AHaJIHTHqecKHH BHJJ. 3aBHCHMOCTH ZMaRc = f (I B) ,[(JIH KOHKperHoro 

Jie,lJ.HHKa HJIH rpynnbI Jie}J.HHKOB o6ycJIOBJieH anpHOpHO HeH3Be~THblMH 
JIOKaJibHblMH oco6eHHOCT5IMH KJIHMaTa H peJibecpa r JIHUHaJibHOH 30Hbl, 

Il03TOMY ypaBHeHHe (3.4) Heo6XO,ZJ.HMO noJiyqHTb B cpopMe, sapaHee 

HCKJIIOqa10mefi 3TH oco6eHHOCTH. 
3Ta sa,ZJ.aqa pernaeTCH rryreM paHLK.HpoaaHH.H HCXOJJ.HhIX nepeMeH­

HbIX, BblqHcJieHHH aepoHTHOCTH npeBhIIIIeHH51 p (X > x) B 3aBHCHMO· 

CTH OT paHrOBbIX HOMepoB yrrop.HJJ.OqeHHbIX aeJIHqHH H orrpei:eJieHHH 

.LI.JUI KaLK.,rr.oro i-Toro 3HatieHHH KBaHTHJIH u=F (Pi) BbI6paHHOH CTaH-

,LI.apTHOH cpyHKUHH pacrrpeJJ.eJieHHH. u 

B qacTHOCTH, BbipaBHHBaHHe MOHOTOHHhIX HeJIHHeHHblX KOppeJISI­

UHOHHblX CB513eH npOH3BO,UHTC51 rryTeM HOpMaJIH3aUHH rrepeMeHHbIX. 

BbIIlOJIHHB Ha,U COCTaBJIHIOlll.HMH cpopMyJihl (3.4) rrpoue.uypy HOpMa­

JIH3aUHH, o6mHe npHHUHnhI KOTOpofi }J.eTaJibHO OilHCaHhl B pa6oTe 

[7], rroJiyqHM nocJieJJ.oBaTeJihHO 

pi (ZMaKc) = f [Pi(/ B)] (3.9) 
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II 

H 

(3. l 0) 

flpHBe,Ll.eHHe ypaBHeHHH (3.4) K cpopMyJiaM (3.9) H (3.10) HMeeT 

pernaIOrn.ee 3HaqeHHe JJ.JIH peKOHCTPYKUHH ZMa1w B rJIHUHaJibHhIX 06-

JiaCTHX CpeatteH: A3HH 3a rrepHOJJ. ttaJIHqHH TaM JKe ,LI.aHHhIX 06 oca,LI.­

Kax H TeMnepaType B03,LI.yxa, IIOCKOJihKY 3aBHCHMOCTH (3.9) H (3. l 0) 
Bcer,LI.a JIHHeHHbI H rrpH OTCYTCTBHH CJiyqaHHhIX Oll1H60K IIOBTOpHIO­

llI.HXCH BeJIHqHH apryMeHTa H cpyHKUHH H K03cpqHIUHeHTa KoppeJIHUHH . 

,l(JIH (3.9) IIOpH,nKa 0,90 H Bhillle rroqTH He OTJIHqaIOTCH OT 6HCCeK­
TpHCbI KOop,nHHaTHOro yrJia. 

3TOT BhIBO,ZJ; CJie,n;yeT H3 cpopMyJihl paHrOBOH JIHHeHHOH perpeCCHH, 
IIOJiyqeHHOH r. A. AJieKceeBbIM . [7] : 

Py= Py+ fpypx (Px - Px), (3.11) 

r,LI.e ,ZJ;JIH rrepeMeHHhIX Px H Py, KOTOphie rrocJie paHJKHpoBaHHH pac­
rrpe,Ll.eJieHbI paBHOMepHo B HHTepaaJie O::=;;Pi::=;; 1, P x=Py=Pj 

N 1 

Pi= ~ L Pji= ~ Pdp =0,5 
i=l 0 

(3.12) 

H 

(3. 13) 

r,ne fp xp y- K03cpcpHUHeHT JIHHeHHOH paHfOBOH KOppeJIHUHH. 

CTOJih JKe oqeBH.n;Ho paBeHCTBO KBaHTHJieii U x H u y B cJiyqae Hop­

MaJIH30BaHHOH perpecCHH (3.10)' Kor,na Ux = u y = 0, a K03cpcpHUHeHT 
KOppeJIH[(HH >0,90: 

(3.14) 

a,necb r u xu Y- K03cpcpHUHeHT JIHHeH:ttoM: KoppeJIHUHH ,ZJ;JIH Hop MaJIH30-

BaHHbIX rrepeMeHHhIX. B pa6oTe· [7] noKasaHo, qTo HecMoTp5I Ha pa3 -

JIHqHH perpeCCHOHHbIX cpyHKUHH (3.13) H (3.14) K03cpc}>HUHeHThl KOp­

peJIHUHH 3THX ypaBHeHHH rrpaKTHqeCKH paBHW ,n;pyr ,n;pyry. 

;Hs ypaBHeHHH (3.13)-(3.14) CJie,n;yeT, qTo rrpH fP1 Pz = 1 
. B M3KC 

Pz~aKc ~ P18 , a rrpH 0,90 ::=;; rp18PzMaKc ::=;; I PzMaKc = P18 • TaKHM o6-

pa30M, TeCHOTa 3aBHC~MOCTH (3.10) rropH,n;Ka 0,80-;--0,95 o6ecrreqHBa eT 

,l(OCTaTOtIHO Ha,IJ.eJKHOe onpe,ll.eJieHHe <D (iiz )- BepOHTHOCTH Herrpe-. MaI<c 
BhillieHH5I KBaHTHJIH HOpMaJibHOH HHTerpaJibHOH cpyHKUHH pacnpe,LI.eJie -

HH5I ZMairn· 
B Ta6JL 3.2 np11Be,L1.eHbI rroJiytieHHhie aBTopoM rryTeM o6pa6oTKH 

Herrocpe,LI.cTBeHHhIX H3MepeHHH Ha JieJJ.HHKax CCCP, ABcTpHH, Ka­

Ha.n;hI, llIBeUHH, lllBefn.1,apHH K03cpcpHUHeHTbl B3aHMHOH JIHHeHHOH 

KoppeJIHUHH ,ll.JIH ZMa1w, ·6aJiattca, HH,IJ.eKca 6aJiaHca H ero KOMIIOHeH-

' 'fo'~ - HH,neKCOB aKKyMy.TiHUHH H a6JlHUHll. 3TH ,LI.aHHhie He OCTa~JIHIOT 
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£0MHeHHH B TOM, ~TO 6eapa3MepHhlH HH,LI.eKC 6aJiaHca aKKYMYJIHUHH 

H a6JUIUHH ( TaHHIUI) H ero KOMnOHeHThI, onpe,ll.eJIHeMble no Ha6JIIO,n;e­

HJUIM BHeJie,l(HHKOBblX MeTeopoJiorHqecKHX CTaHU.HH, HBJIHIOTC5I rrpo­

CTblMH, YA06HbIMH H BnOJIHe o6ocHOBaHHblMH OTHOCHTeJibHbIMH xapaK­

TepHCTHKaMH BaJKHef1llIHX noKa3aT~JieH (B, ZMa«c, Ak, Ab) peiKHMa 

r JiflUHaJihHbIX o6JiaCTeH. . 
11crroJih3YH yKa3aHHoe CBOHCTBO I B H Bh1q11cJIHB no · HMe10meMycH 

. p.S1J1.Y p (I B), Mbl TeM caMhIM cpaay JKe noJiyqaeM opHeHTHpOBOtIHYIO 

oueHKY P (ZMa1rn ) . Tenepb ,ll.JIH Toro 1IT06hI ·nepeiiTH OT P (ZMa«c) HJIH 

«Bbl6opotIHOH o6ecneqeHHOCTH ZMa1rn «K a6coJIIOTHOH MaKCHMaJihHOH 

BbICOTe CHerOBOH rpaHHUhI B i-TOM ro,LI.y, Heo6XO,lI.HMO 3HaTb ~z = 
=SUP (ZMa1rn) - inf (ZMa1rn ) - BepOHTHbIH rrpe,ll.eJI aapbHp6BaHHH 

ZMa'Kc 3a MHoroJieTHHH nepHo.u.. 
floJiaraH, qTo 3HaqeHHH '1.Z H3BeCTHO, Z-MaKc B i-TOM ro.uy onpe,ll.e­

.Ju1eM no cpop MY JI~ 

(3.15) 

HJIH 

ZMaKC =sup (ZM&Kc) - L\Z [l - pi (/B)], (3.16) 

r,u.e inf (ZMa1rn) H sup (ZMaKc) - COOTBeTCTBeHHO caMoe HH3KOe H ca­

MOe BhICOKOe IIOJIOJKeHHe ZMa«c Ha Jie,IJ.HHKe, Pi (I B) - BhI6opoqHaH 

o6ecnetieHHOCTh HHJJ.eKca 6aJiattca B- i-TOM roAy. 
· Ha,n;e)KHOCTb soccTaHOBJieHHH pH.n;a ZMaRc 3a rrporne,nllIHH rrepno,n; 

B N JieT no HMeIOW.HMCH pH,LI.aM q H 0, ecTeCTBeHHO, 3aBHCHT OT Toro, 

H3CKOJlbKO o6oCHOBaHHO H33HaqeHO HJIH IIOJiytieHO 3HaqeHHe '1.Z. 
,ll.JHI 3Toro tteo6xoJJ.HMbI scero ,IJ.Ba tta6JIIO,n;eHHH Ha,IJ. ZMa1rn, HO TOJibKO 

·a 3KCTpeMaJihHhie ro,LI.hI no ycJIOBHHM HaKonJieHHH H pacxo.u.oBaHHH 
OC3,ll.KOB. 

. AttaJIH3 MaTepnaJioB aaposn3yaJiblihIX Ha6JIIO,LI.eHHH 3a ctterosoii 

rpaHHUeH B KOHUe rrepao.u.a a6JIHUHH, ,IJ.aHHMX 3KCIIe)1.Hll.HOHHWX H 

CTaunottapttwx rnHUHOJIOrHqecKHX pa6oT Ha TeppHTOpHH Cpe,ll.He~ 
A3HH B ro,n;hI p a3JIMqHbie no ycnoBHHM HaKorrJieHHH oca.II.KOB rroKa3aJI, 

tITO fHIIOTe3a 0 COBIIa,lI.eHHH rettepaJihHhIX 3KCTpeMyMOB Z.MaKc C OT­

MeTKaMH HaLJ.aJia H KOHU.a Jie,ll.HHKOB xopollIO corJiacyeTCH c cpaKTHl.Je­
CKHMH ,IJ.aHHbIMH )J.JIH r JieTqepOB c HaH60Jiee qaCTO BCTpeqaIOW.HMHC.ff 

pa3MepaMH IIJIOW.a,LI.H: OT 1 ,Ll.O 3 KM2. 

CJiyqan rroJIHoro ocBo6o)K,ZI.eHHH nosepxHOCTH Jie.U.HHKOB OT ceaoH­

Horo cttera (T. e. ZMaRc ;:::: ZH) OTMetieHhI tteo.n;HoKpaTHO B caMbIX pa3-

~HqH~x KJIHM3THqecKHX ycJIOBHHX H ,ZJ;JI.SI lllHpOKOfO ,lI.Harra30Ha ¥0P­

<t>oJIOrHqecKHX THIIOB oJie,LI.eHeHHH. HarrpttMep, Jie,IJ.HHKH <l>e,IJ.qeHKO, 

HHhIJibqeK, 3epaBrnaHCKHH, A6paMoBa, ne,IJ.HHKH B 6acceilttax peK 

ncKeM, 4y H ,n;p. ,ll.aJKe Ha cesepHOM CKJIOHe xp . 3aHJIHMCKHM AJia­

Tay, r,IJ.e .n;JIH BHyTpttro·AoBoro pacrrpeJJ.eJieHHH oca.n;KoB B rJIHUHaJih­

HoH: o6JiaCTH xapaKTepHhI HHTeHCHBHhie JieTHHe CHerorra,IJ.bI, COTPYAHH­
KaMH ceKTopa reorpa_cpHH AH Ka3CCP OTMeqeH CJiyqaH: IlOJIHOfO oc­

B~602K)J.eHH5I UettTpaJihHoro Ty10KcyftcKoro Jie,LI.HHKa OT ceaoHHoro cHera 

{186]. PeaJIH3aUHH ycJIOBHH ZMaKc~ZK _B rOJJ.bl c MaKCHMaJibHOii · 

7S 
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aKKYMYJIHUHeH Jl.JIH KpyIIHbIX H ..neH,npHTOBblX Jie,lI.HHKOB IIOKa He rro,n-
TBep.JK,naJiaCb. 

113 3TOrO CJie,nyeT, t.ITO npe,nIIOJIO.JKeHHe 0 COBrra,neHHH B ycJIOBHHX 

OJie,neHeHHH Cpe,nHeH. A3HH reHepaJibHhIX 3KCTpeMyMoB ZMaHc c Bhico­

TaMH Hat.IaJia H KOHUa Jie,lI.HHKOB BIIOJIHe corJiacyeTCH c cpaKTHt.Ie­
CKHMH ,naHHbIMH. 

Tor..na 3aMeHHM B ·cpopMyJiax (3.15) H (3.16) inf (ZMa1w) Ha ZK -
BbICOTY KOHUa Jie)I.HHKa, a sup (ZMaHc) Ha BbICOTY Hat.IaJia Jie,lI.HHKa -

ZH. CooTBeTCTBeHHo Jl.JI.H OTHOCHTeJihH.oro ,nHarra3oHa sapbHpoBaHH.H 

ZMairn B Teq~HHe MHoroJieTHero rrepHo,na noJiyqHM jj.,z =ZH -ZIC. 

B pesyJihTaTe Jl.JI.H peKoHCTPYKUHH MHoroJieTHero pH,na ZMa1rn Ha 

OCHOBe ..naH.HblX I(aTaJiora Jie,lI.HHKOB H Ha6JIIO,lI.eHHH MeTeopOJIOrHt.Ie-
0 

CKHX CTaHUHH HMeeM 

ZMaKc = ZK + ~ZPi (Ia) (3.17) 
HJIH 

ZMaKc = ZH - ~Z [I - Pi) la)]. (3.18) 

Orrpe,neJieHHe P (I B) H cooTBeTCTBeHHO P (ZMa1w) B saBMCHMOCTM OT 

paHroBwx HOMepoB yrrop.H,noqeHHOro ps..na IB rrpHBOJl.HT K ToMy, qTo 

..no6aBJieHHe oqepe..nHoro ro..na B BW60pKe H3MeHHeT KOJIHqecTBeHHWe 

oueHKH BCeH paHee BbltIHCJieHHOH uenoqKH p (I B ~ p (ZMa1w) -+ 

-+ ZMa1w. B CB.H3H c 3THM rrepe..n pactieTOM o6ecrretieHHOCTe:fi no HMeIO­

meH:c.H Bhl6opKe uenecoo6pa3Ho rrpoBepHTb rerroTesy HopMaJihHOCTH 

pacrrpe,neJieHH.H Jl.Jl.H q H 0 - COCTaBJIHIOlUHX 3TOfO HH,lI.eKca. ilpH He-

3Hat.IHMhlX OTJIHt.IH.HX F (q) H F (0) OT HOpMaJihHOH cpyHKUHH pac-.. 
npe,neJieHHH TaKoe .JKe pacrrpe,neJieHHe B COOTBeTCTBHH c TeopeMOH 

o I 

TeopHH BepO.HTHOCTeH 0 3aKOHe pacnpe..u.eJieHH.H cyMMbI Jl.BYX HOp-

MaJibHO pacrrpe..u.eneHHhIX BeJIHqHH Jl.OJI.JKHO 6bITh H y I B· Tor..u.a Ha­

..no6HocTb B HOpMaJIM3aUHH apryMeHTa OTila,llaeT, M MeHee 3aBMCHMbie 
OT ,llJIHHbl pH,lla, oco6eHHO eCJIH BhI60pKa BKJIIOtiaeT 3KCTpeMyMhl, 

oueHKM p (I B) MoryT 6hITb IIOJiyqeHbl no M3BeCTHblM Ta6JIMUaM HHTe­

rpaJibHOH cpyHKUHH HOpMaJibHOro pacnpe,lleJieHHH )I.JIB HOpMHpoBaH­
HbIX 3JieMeHTOB BhI60pKH. 

BoJiblllHHCTBO pH,llOB Ha6JI10..neHHH Ha,ll oca,llKaMH H TeMnepaTypoii 

B03..nyxa Ha MeTeOpOJIOrHtieCKHX CTaHUMHX qpe3BbJqaHHO pe..u.Ko ..no­

CTHraIOT 50 JieT H 6onee. ,ll.JIH BhI6opoK TaKoro o6neMa, KaK yKa-

3aHo B pa6oTe [206], xopornHe pesyJihTaThI no oueHKe B03MO.JKHOCTH 

arrrrpoKCHMaUHH 3MIIHpHqecKOH cpyHKUHH HOpMaJibHhlM 3aKOHOM pac­

rrpe,lleJieHH.H ..naeT npHMeHeHHe KpHTepH.H w N, pa3pa6oTaHHOfO Illa­
IlHpO-YHJIKOM [206]'. 

PactieT 3MnHpHqecKoro 3Hat.IeHHH KpHTepHH W N no MaTepHaJiaM 

H3MepeHHH TeMnepaTypbI B03,nyxa H oca,llKOB B 6acceliHe p. IlcKeM H 

Ha MeTeopoJiorHtiecKoH: cTaHUHH MbIH.JKHJIKH ..nan rroJIO.JKHTeJibHhie pe­

syJihTaThl . Jl.JIH rrpHHHTHH fHIIOTe3hl 0 He3Hat.IHMhlX OTJIHtIHHX OT HOp­

MaJibHOrO saKOHa COOTBeTCTBYIOI.UHX BhI6opoqHblX cpyH,KUHH pacnpe,LI.e­

JieHHH. AHaJiorHt.IHhIH BhIBOJl. '6hIJI rroJiyqeH TaK21\e [ 112] .LI.JIH ps..u.a H3-

MepeHHH ZMaHc Ha Jie,lI.HHKe UeHTpaJibHOM Ty10KcyfrcKOM. 

75 

TaKHM o6pa30M, H3JIO:JK:eHHhIH Bhillle crroco6 peKOHCTPYKUHH 

ZM.airn HBJIHeTc.H ,llOCTaToqHo o6ocHoBaHHhIM H rrosBOJIHeT BOCCTaHaB­

JIHBaTh MHOroJieTHHe pH,lI,hI ZMmw Ha Jie,llHMKax Cpe,nHefI AsHH. A pe­

KOHCTpyHpoBaHHhie pH,llhI ZMa1w, B CBOIO oqepe,llb, npe,llcTaBJIHIOT co-

6011 OCHOBY Jl.JIH KOCBeHHhlX oueHOK fO)l,OBOH aKKYMYJIHUMH H ee pac­

npe,lleJieHHH Ha Jie,llHHKax, KOTOpbie He06XOJl.HMbI rrpH paspa60TKe Me­

TO)l.a pacqeTa TaHHHH H Jie)I.HHKOBoro CTOKa ,llJIH 16acceHHOB peK H HX 

OT)I.eJibHblX yqaCTKOB. 

4To KacaeTCH Kat.IeCTBa soccTaHOBJieHHoro pH,na ZMa:Kc, TO npe:JK:,lle 

acero OHO 3aBHCHT OT MeTO,llHKH BbI6opa H oueHKH 3HatIHMOCTH OTHO­

CHTeJibHWX IIOKa3aTeJieH rrpHXO,llHOH (Ak) H pacXO,llHOH (Ab) CTaTeH 

· ro..nosoro 6aJiaHca Jie,llHHKOB. B qacTHOCTH, otieBH,llHhIM ycJlosHeM HB­

JIHeTCH perrpe3eHTaTHBHOCTb ,llJIH 6accei1Ha MeTeoponorHt.IeCKHX xa­

paKTepHCTHK, HCITOJib3YeMhIX B COCTaBe HH,lI.eKca 6aJiaHca. I(oJIHt.IeCT­

BeHHbIM KpHTepHeM perrpe3eHTaTHBHOCTH cyMM 3HMHHX oca,llKOB H 

neTHHX TeMnepaTyp aos..nyxa KaK HHJl.HKaTopos Ak H Ab rrpHHHTO 

HaJIHqHe ,llOCTaTOt.IHO TeCHOH 3aBHCHMOCTH Me:JK:,lly JieTHHM CTOKOM 

B 6accef1He H COCTaBJIHl01UHMH HH,lI.eKCa 6aJiaHCa. 0o..npo6HO 3Ta 3a­

)l.at.Ia paccMaTpHaaeTcH B cJie,ny10meM pas,neJie rJiaBhI 3. 
CTpoaHaJIH3HpyeM ,naJiee B03MO:JK:HOCTb nporHosa ZMa1w c Tpex-, 

tieTbipexMeCHt.IHOH 3a6JiarospeMeHHOCThlO, T. e. B HaqaJie a6JI.HUHOH­

H0f0 rrepeo..u.a. 

. 00CKOJibKY 3apaHee H3BeCTHO, qTQ B COCTaB HH)l.eKCa 6aJiaHCa 

,lI.OJi:JK:Hbl BXO,llHTb OTHOCHTeJihHbie ITOKa3aTeJIH fO,llOBbIX cyMM aKKy­

My JIHUHH H a6JIHUHH, HeTpyJl.HO ccpopMyJIHpoBaTb npe,llBapHTeJibHhle 

ycJIOBHH, BbIITOJIHeHHe KOTOp.bIX HBJIHeTCH OCHOBOH ,llJIH paspa6oTKH 

nporHOCTHqecKoro MeTO,lla . 

I. BHyTpHro,llosoe pacrrpe,lleJieHHe MecHqHhIX cyMM oca.z:r.KoB B 6ac-
.. 0 

ceHHe H Ha Jie)l.HHKax JJ.OJI:IK:HO HMeTh HpKO Bbipa:!K:eHHbIH MaKCHMYM 

B 3HMHe-BeceHHHH rrepHO)l. H MHHHMYM B JieTHee BpeM.H. 

2. EcJIM paccMaTpHBaTb HH,LJ,eKChI aKKYMYJIHUHH (/An) H a6JIHUHH 

(/Ab) KaK apryMeHThI JIHHe:fiHoro ypasHeHHH BToporo rropH,nKa IB= 
=l (I Ak, A Ab), TO npeo6Jia.z:r.a10meH. BKJia,ll B orrHcaHHe JJ.HcrrepcHH 

cpyHKUHH Jl.OJI:>KeH npHHa.z:r.JielKaTb HHJJ.eKcy aKKYMYJIHUHH HJIH Ce30H­
HOH cyMMe oca,nKOB. 
, 3. ,UJIH r JIHUHaJihHOH o6JI acTH, r ,lle Heo6xo.z:r.HM nporH03 ZMaHc, ,llOJI-

)KeH 6bITh soccTaHOBJieH MHoroJieTHHH pHJJ. ZMa-Hc· 
Ot.IeBHJl.HO, .z:r.ocTaTOt.IHO BhIITOJIHeHHH nepBbIX Jl.BYX ycJIOBHH, qTo6hI 

CYMMbl oca,llKOB 3a rrepHOJJ.bl OKT516pb-MapT, OKT516pb-arrpeJih, OK­
THOpb-Ma:fi H oKTH6pb-HIOHh paccMaTpHBaTh KaK O,llHH H3 noTeH­

UHaJibHhIX rrpe,llHKTopoB Jl.JIH nporH03a ZMa1w- CTpe,llBapHTeJibHO BOC­

CTaHOBJieHHhIH MHoroJieTHHH p51,ll 3HaqeHHH ZMaHc B ..naHHOM cJiyt.Iae 

Heo6xo.z:r.HM JI.JIB nposepKH 3TOH fHIIOTe3bI H noJiyqeHHH 3MIIHpHt.Ie­

CKoii nporHOCTHqecKOH cpopMyJihl. 
nepsoe npH6JIH)J{eHHe 0 B03MO:IK:HOCTH nporH03a ZMaRc MO:JK:HO 

IlOJiyqHTh no MaTepHaJiaM Ta6JI. 3.2. l\aK BH)I.HO, Ha pH.z:r.e Jie,lI.HHKOB 

K03cpQ>HUHeHThI KoppeJIHUHH saBHCHMOCTeH: . ZMa:Kc = f (/An) .z:r.ocTaToqHo 
BbICOKH (0,80+0,90), t.ITOOb~ nporH03bl MaKCHMaJibHOH BbICOThl CHe­

roaoii rpaHHUhI HMeJIH xoporny10 onpaBJJ.blBaeMocTh. 
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PoccMoTpHM )laJiee Ha npHMepe OTJleJibHhIX Jie)lHHKOBhIX paifoHoa 

pe3yJihTaTbl npaKTHqecKOM peaJUl3aUHH o6IUHX npHHU.HilOB peKOHCT­

PYKU.HH H nporH03a ZMaiw· 
1. ,l.l.JIH He3aBHCHMOH nposepKH cpe)lHero 3HaqeHHH (ZMaHc) BOC­

CTaHOBJieHHOfO p51Jla ZMal\c .nocTaToqHo cpaBHHTh 3TOT napaMeTp 

c ou.eHKOM cpe)lHeif MHOfOJieTHeif BbICOTbl cpHpHOBOH rpaHHUbI Z qlr Ha 

Jie)lHHKax, noJiyqeHHOH OJlHHM H3 rJIHU.HOJIOrHqecKHX MeTo,noa. TaKoe 

cpaBHeHHe OhIJIO BhIIlOJIHeHo )lJIH pH.nos Z MaHc, aoccTaHOBJieHHhIX 3a 
1937-1970 rr. B nHTH pa:Hottax rJIHUHaJihHo:H 06.JiaCTH 6acce:Htta 

p. CTcKeM, r.ne Z¢>r 6hIJia BhlqHcJieHa A. _C. lUeTHHHHKOBhIM no MeTo,ny 

KypoacKoro. Pa3HHU.a Me)K_ny Z MaKc H Z<1>r cocTaBHJia JJ,JIH 3THX pa:Ho­

HOB: +22, -13, -23, +50, + 18 M, qTo HBJIHeTCH aechMa y.nosJieT­

aopnTeJihHhIM pesyJihTaTOM, eCJIH yqecTb Heonpe,neJieHHOCTb BpeMeH­

Horo HHTepaaJia npH pacqeTax Z<J>r f JIHU.HOJIOrHqecKHMH MeTo,naMH H 

aep051THOCTHbIH B u.eJIOM xapaKTep cpaBHHBaeMhIX cnoco6oa. 

2. MttoroJieTHHe pH,nhI 3HaqeHHM HH,neKca 6aJiaHca H aoccTaHOB­

JieHHhie c HX noMOlllhIO cooTBeTCTBYIOlllHe pH.ll-hI ZMaiw cJie,nyeT HC­

noJih30BaTh ,nJIH noJiyqeHHH 3MnHpHqecKHX cpopMyJI Z MaKc = f (I B). 
TaKHe cpopMyJihI Heo6xo,nHMhI JI.JIH nocJie,nyIOlll.HX pacqeTOB Z MaHc sa 

npe,neJiaMH Hcxo.ntto:H Bh16opK11. B qacTHOCTH, ,nJIH onpe,neJieHHH 

ZMaKc (KM) a .paifoHax rJIHU.HaJihHO:H o6JiaCTH 6acceifHa p. IlcKeM 
noJiyqeHbI CJie,nyIOUlHe Bblp a.IKeHHH: 

pai%oH 1 : ZMaKc = 3,539 - 0,524/B; (3.19) 
pafloH 2 : 
paiiou 3 : 
paHOH 4: 
paHOH 5• • 

ZMaKc = 3,614 - 0,622/a; 

z MaKC = 3,593 - 0,553/ B; 

ZMaKc = 3,784 - 0,574/B; 

ZMaKc = 3,819 - 0,375/B. 

(3.20) 

(3.21) 
(3.22) 
(3.23) 

Ko3cp<f>11u.HeHThI KoppeJIHUHH JI.JIH acex cpopMyJI paBHhI 0,94, 
a cpeJI.HeKsa.upaT11qHhie orn116KH pacqeTa ZMaKc cooTBeTCTBeHHO: 0,048, 
0,060, 0,050, 0,052, 0,034 KM. <l>opMyJihl (3.19)-(3.23) MO)KHQ npH­

MeHHTb npH ycJIOBHH: -0,5~/ B~0,5. 3a npe.n.eJiaMH 3TOro ,UHana-

30Ha ZMaHc onpe.neJIHeTcH Henocpe,rr.cTseHHO no rpa<t>uKy saBHCHMOCTH 

Z l\rnKc = f (I B). HH.n.eKc ro.uosoro 6aJiaHca Jie,nHHKOB B 6accef1He 
p. flcKeM BKJIIOqaeT pa3HOCTh aHOMaJIHH cyMMhl oca)l.KOB 3a OK­

TH6pb-HI0Hb H cpe.n.HeH MecHqHQH TeMnepaTypbl B03,rr.yxa 3a MaH­

ceHT510pb no ,naHHhIM MeTeocTaHUHH OcKeM. 

3. BoccTaHOBJieHHbie pH.Uhl ZMa1w no nHTH paifoHaM r JIHU.HaJihHOH 

o6JiaCTH 6acce:HHa p. IlcKeM OhIJIH ucnoJih30BaHbI JI.a.Jiee ,AJIH BhIHC­

HeHHH B03MO)KHOCTH ,UOJirocpoqHoro nporH03HpOBaHH51 MaKCHMaJib­

HOH BhICOThI ctteroBo:H rpaHHUhI. B KaqecTBe nocJie.nosaTeJihHhIX ,naT 

BbinycKa n yToqHeHHH nporH030B ZMaKc npHHHThI - 1 anpeJIH, 1 MaH 

H 1 HIOHH, KOTOpbie 3aMbIKaIOT HapacTaIOIUHe nepHO,Abl cyMMHpoaa-.. 
HHH 3HaqeHHH npeJI.HKTOpa, a HMeHHO oca.LI.KOB Ha MeTeOCTaHU.HH 

IlcKeM 3a oKTH6ph-MapT, OKTHoph-anpeJib 11 OKTH6ph- Mait 

B CBOJI.HOM Ko3cpcp11u.HeHTe KoppeJIHUHH ypaaHeHHH MHOJKecTeeHHOM 

JIHHe:HHoii perpeccnH I B = f ( qx- v1, 8v-1x) .n.eTepMHHHposaHHhl:H BKJia,ll 
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Qx-VJ, onpeJI.eJieHHblH no r. A. A JieKceeay .[7], COCTaBJIHeT 92 °/o . 
Ha 3TOM ocHoBaHHH cesoHHhie cyMMhI oca.n.Koe 3a HapacTaIOIUHe ne­

pHOJ1.hI 6hIJIH HCilbITaHbI B KaqecTBe npeJI.HKTopoa Z MaI\C· ,[{JIH 3aBH­

CHMOCTeif Z ldaI\C = f ( Qx-nr), Z Ma1w ~ f ( Qx-vr), ZMaHc = f ( Qx-v) noJiy­
qeHhI TaKHe K03cpcpHUHeHTbl KoppeJIHU.HH: 0,90, 0,95 H 0,97. 

B TOH )Ke nocJienosaTeJibHOCTH, KaK 3TO BM.AHO Ha p u c. 3.1, Hapa­

c1aeT TecHoTa CBH3H ZMa1\C = f ( q), nocTpoeHHOH no aoccTaHOBJieHHOMY 
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P11c. 3.1. 3aBHCHMOCTb paccq11TaHHhIX BhICOT ZMa1' c B O,llHOM H3 

paHOHOB f JHIUHaJibHOH 06JiaCTH' 6acc ei1Ha p. IlcKeM OT c y MM oca,llKOB 
Ha MeTeopoJior11qecKof1 cTaHUHH IlcKeM. 

p.HJJ.Y ZMa1:<e B OJI.HOM H3 pa:HoHOB rJIHUHaJihHOH 06.Ji aCTH 6acceiiHa 

p : IlcKeM. 
KpHTepHH nporHocT11qecKoii ueHHOCTH - OTHOCHTeJihHaH orriH6Ka 

pacqeTa JI.JIH 38BHCHMOCTe:H Ha pHC. 3.1 - paBeH 0,56, 0,43 H 0,39 
COOTBeTCTBeHHO ,ll_JI51 nepHO)l.OB cyMMHpOBaHH51 oca)l.KOB OKT516pb­

MapT, OKTH6pb-anpeJib H OKT516ph-MaH. C JieJI.OBaTeJihHO, Ka.IK,ZI.351 

H3 3THX 3aBHCHMOCTe:H BflOJIHe y,ZI.OBJieTBOpHeT cTaH.n.apTaM, rrpHHHThIM 

B cJiy)K6e nporH030B. 

B ueJIOM pe3yJihTaThl peaJIH3aUHH Ha KOHKpeTHhlX npHMepax 06-

lll.HX np11Hu11noa peKOHCTPYKUHH H nporH03 a ZMaiw MO)KHO npH3HaTh­

noJIO)KHTeJihHhIMH H Ha 3TOM OCHOBaHHH c yaep eHHOCThIO HCilOJib30-

BaTb soccTaHOBJieHHbie pH.LI.hi Z Mal\c B pacqeTax c yMM apHoro TaHHHH 
rJIHUHaJibHOH o6JiaCTH. -

3.2. HccJie.n,osauue KOMnoueuToB uu.n.eKca 6aJiauca aKKYMYJISIU.HH 
·H TaSJHHSI e r JISJllHaJibHbIX o6JiaCTSJX Cpe.n.ueif A3HH 

,UJI.H BOCCTaHOBJieHHH MHOfOJieTHHX PHJI.OB M aKCHM3JlbHOH BhlCOThl 

CHeroaoif rpaHHUhI Ha JieJI.HHKax 3aBHCHMOCTb Z MaHc OT 6aJiaHCOBhIX 

3HaqeHHH aKKYMYJIHU.HH H a6JIHUHH B f JIHUHaJihHhlX o6JiaCTHX 6hlJia 

IlOJiyqeHa aBTOpOM [ 119, 121] B BH)l.e <l>YHKUHH .(3.17) 6espa3MepHblX 
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u u u 
aHOMaJUIH ce30HHbIX 3HaqeHHH OCa,lI,K08 H cpe.rr.HeH TeMrrepaTypbI 803-

.nyxa, KOTOpbie JierKO onpe.ueJIHIOTCH no .naHHblM MeTeopOJIOrHqeCKHX 

CTaHUHH. 3TH 6e3pa3MepHbie xapaKTepHCTHKH oca,lI,K08 (q) H TeMrre­

paTypbl 803,ll,YXa (0) rrpe.ucTaBJIHIOT co6oif HH,lI,eKCbl ce30HHbIX 3Haqe­

HHH aKKYMYJIHUHH (Ak) H TaHHHH (Ab) B rJIHUHaJibHblX o6JiaCTHX, 

IlOCKOJibKY MHOrOKpaTHO Il0,lI,T8epM,neHHOe cymecT808aHHe 3a8HCHMO­

CTeH q (z) H 0 (z) 8 ropax Cpe.rr.Heft A3HH rr03BOJIHeT 8 KOHeqHoM 

cqeTe rrpH orrpe.ueJieHHhIX ycJI08HHX rroJiyqHTb caMH 8eJIHqHHbI Ak (z) 
H Ab(z). 

B 3a.uaqy HCCJie.uosaHHH JI.8yxcpaKTOpHoli 3aBHCHMOCTH Zl\taI<c OT 

cyMMbl HH,lI,eKC08 aKKYMYJIHUHH (/Ak) H TaHHHH (/Ab) BXO.UHT CJie­

AYIOIII.He sorrpocb1: 
1) orrpe.ueJieHHe KpHTepHH perrpe3eHTaTHBHOCTH nyHKT-3JieMeHTOB, 

T. e. MeTeopOJIOfHqecKHX xapaKTepHCTHK, CBH3aHHblX c KOHKpeTHbIM 

MeCTOM HX H3MepeHHH, .UJIH oueHKH COCTaBJIHIOIII.HX HH,ll,eKca 6aJiaHca; 

2) BbIHBJieHHe OllTHMaJibHblX rrepHO.UOB cyMMHpOBaHHH oca.UKOB 

B !Ak H TeMrrepaTyphl so3.uyxa HJIH .upyroli xapaKTepHCTHKH ycJIOBHH 
TaHHHH s I Ab; 

3) orrpe,neJieHHe BKJia,nos I Ak H I Ab s nHcrrepcHIO HX cyMMbI, qTo 
paBH03HaqHQ BbIHBJieHHIO npHqHH H3MeHqHBOCTH Zl\'iaRc B MHOfOJieT­

HeM pa3pe3e; 

4) OITHCaHHe rrpocTpaHCTBeHHOH sapHaUHH BKJiaJJ.OB ]Ak H /Ab no 

TeppHTopHH Cpe.utteft A3HH. 
l13BeCTHO [221], qTo B a6COJIIOTHOM 60JiblllHHCT8e 6acceHH08 peK 

Cpe.utteli A3HH CTOK 3a sereTaUHOHHbIH rreptto.u ( arrpeJih-CeHTH6ph) 

H OT,lI,eJibHble JieTHHe MeCHUbI 3a8HCHT OT aKKYMYJIHUHH H HHTeHCHB­

HOCTH Ta.HHHH TBep,lI,blX aTMOCcpepHblX OCa,lI,KOB, T. e. orrpe.ueJIHeTCH 

TeMH Me MeTeOpOJIOrHqecKHMH cpaKTOpaMH, qTQ H Zl\rnRc Ha Jie,lI,HHKaX. 

CJie.uosaTeJihHO xopoIIIHM .uoKa3aTeJihCTBOM perrpe3eHTaTHBHOCTH 

nyHKT-3JieMeHT08, xapaKTepH3YIOIII.HX aKKYMYJIHUHIO H TaHHHe B KOH­

KpeTHOH fJIHUHaJihHOH o6JiaCTH, HBJI.HeTCH B03MOLKHOCTb rrpe.ucTaBJie­

HHH MHOroJieTHeH sapHaUHH o6neMOB seceHHe-JieTHero CTOKa w 
B BH.Ue CTOXaCTHqecKOH cpyHKUHH MeTeOpOJIOrHqecKHX HH,lI,eKCOB aKKy­

MY JIHUHH H T35IHH5I CHera B TOM LKe 6acceH:He 

W=f(q, e, C, ... , Xn-h Xn). (3.24) 
l1cxo.rr.HblMH .uaHHblMH .UJIH ycTaHOBJieHHH penpe3eHTaTHBHblX KOM­

IlOHeHTOB B cocTase HH.UeKca 6aJiattca rJI.HUHaJihHOH o6JiaCTH HBJIH­

IOTCH noJiyqeHHble Ha fHJJ.pOJIOrHqecKHX IlOCTaX H MeTeOpOJIOrHqecKHX 

cTaHUHHX Bb16opoqHbie peaJIH3aUHH s.peMeHHbIX pHJJ.OB W, q, 0, C, ... , 
Xn-1' Xn, KOTOpbie o6pa3yIOT n-MepHyIO CHCTeMy CJiyqaHHblX BeJIHqHH. 

PacnpocTpaHeHHhIM crroco6oM onncaHHH OJI.HOH H3 cocTaBJIHIOIUHX 
u 

9TOH CHCTeMbl nocpe.UCTBOM OCTaJibHbIX CJIY2KHT ycJIOBHa.H n-MepHaH 

cpyHKUHH pacnpe.ueJieHHH sepoHTHOCTe:H:. B qacTHOCTH, 

f (W/q 0 C X ) _ f ( W, q, 0, C, . ·. , Xn) 
' ' ' • • ., n - f ( a C ) ' a q, u, , · ·., Xn 

(3.25) 

r.ue f ( W, q, e, C, Xn)- IIJIOTHOCTb pacnpe.u.eJieHHSI CHCTeMbl cJiyqa:H:­

HbIX 8eJIHqHH; fa (q, 0, C, ... , Xn) - IlJIOTHOCTb pacnpe.n.eJieHHSI no.u.­

CHCTeMbl apryMeHTOB. 
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KaK npaBHJIO, aMecTo nocTpoeHHH (3.25) orpaHHtIHBaIOTCH onpe­

neJieHHeM napaMeTpOB 3T0f0 pacrrpe.u.eJieHHH, K KOTOpbIM OTHOCHTCSl 

ycJIOBHOe MaTeMaTHqecKoe OLKH.UaHHe Mo (y/x ., x) H ~Topoli cMueIIIaH­

HblH ueHTpaJibHblH MOMeHT, npe.ucTaBJIHIOIUHH co6011 rrapHbIH HJIH 

CBOJlHblH K03cpcpHUHeHT KOppeJISIUHH. 
TaKHM o6paaoM, BhHIBJieHHe H oueHKa perrpe3eHTaTHBHOCTH rryHKT-

9neMeHT08 JJ.JISI HH.UeKca 6aJiaHca .UOCTHraeTCH nyTeM IlOHCKa perpec~ 
cHH W = f (/ Ak, I Ab) c MaKCHMaJihHbIM K03cpcpHUHeHTOM KoppeJIHUHH, 

KOTOpbIH CJIYLKHT npaKTHqeCKHM KpHTepHeM npH OT6ope HaH6oJiee HH­

<fJopMaTHBHbIX apryMeHT08 B ypasHeHHe (3.24). 
BbIHBJieHHe a 6acce:HHax peK CpenHeif A3HH penpe3eHTaTHBHhIX 

nyJ:IKT-3JieMeHTOB H oueHKH BKJia,LJ.08 HH.UeKca aKKYMYJIHUHH H HH­

}leKca a6JIHUHH B ,ll.HCrrepCHIO HX cyMMbl BbIIlOJIHeHbl Ha 3BM 110 co­

crasJieHHOH aBTOpOM rrporpaMMe MHOrocpaKTOpHoro perpeCCHOHHOrO 

aHaJIH3a HOpMHposaHHbIX HJIH HOpMaJIH308aHHbIX rrepeMeHHbIX. llJIH 

noJiyqeHHH B KOHKpeTHOM 6acceliHe ypasHeHHH perpec:HH w u 

=f (/ Ak, I Ab) HJIH w = f (I Ak, I Ab, Ix) *, HMeIOIII.HX HaHBbICIIIHH C80.UHbIH 

K03cpcpHUHeHT K'oppeJIHUHH, pa_CCMOTpeHbl see B03MO)KHbie coqeTaHHH 

nyHKT-3JieMeHTOB, o6pa3yIOIUHX HHJJ.eKCbl aKKYMYJIHUHH H Ta.HHHH. 

B pe3yJibTaTe perpeccHOHHOro attaJIH3a orrpe.ueJieHbI TaK)Ke rrepHO,LJ.bI 

cyMMHpOBaHHSI oca,LJ.KOB H ocpe.uHeHHH TeMrrepaTypbl B03,LJ.yxa ,ll.JIH 

pacqeTOB /Ak H /Ab· 
B HCXOJJ.HbIX BbI6opKax .UJIH ycTaH08JieHHH I Ak H I Ab s r JIHUHaJih-

HbIX o6JiaCTHX Cpentteli A3HH aasHCHMbIMH rrepeMeHHbIMH 6hIJIH se­

JIHqHHhI cToKa 8 6acce:Httax peK 3a anpeJib-ceHTH6ph, Man-ceH­

TH6ph, HIDHb-CeHTH6ph, HIOJib-ceHTH6ph, asrycT-ceHTH6pb, HIOJib­

aarycT, a He3aBHCHMbIMH rrepeMeHHbIMH cyMMbl oca,LJ.KOB 3a OKTH6pb­

MapT, OKTH6pb-arrpeJib, OKTH6pb-MaH, OKTH6pb-HIOHb, OKTH6pb­

ceHTH6pb, Maif-ceHTH6pb, cyMMbl cpe,U.HHX MecsiqHblX TeMrrepaTyp 

803.Uyxa H 6aJIJIOB o6men o6JiaqHOCTH 3a Maif-ceHTH6pb, HIOHb-CeH .. -

TH6pb, HIOJlb-CeHTH6pb no .uaHHbIM MeTeOpOJIOrHqecKHX CTaHUHH 

B Tex LKe 6acce8ttax. 
PerpeccHOHHbIH aHaJIH3 rryttKT-3JieMeHTOB corrposo)K)laJICH oueH- , 

KaMH 3HaqHMOCTH BKJiaJJ.OB 61 HH,LleKCOB aKKYMYJIHUHH H Ta5IHH51 B ,lI,HC­
nepcHIO HX cyMMbl HJIH, qTo TO )Ke caMoe, B KBa,U.paTbl CBOJJ.HbIX K0-

9cpcpHUHeHTOB KoppeJIHUHH (p~a) HCKOMbIX ypaBHeHHH perpeccHH 

2-ro H 3-ro rropHJJ.KOB. CorJiaCHO r. A. AJieKceesy [7]: 

fojflof 
61=-n---; 

L ro1ao1 
/=l 

(3.26) 

(3.27) 

(3.28) 

* 1 x - HH)l.eKC MeTeOpOJIOfl{qecKoro 3JleMeHTa, KOTOpblH 5IBJI5IeTC5I 3Ha,qHMOH .n.o~ 
UOJIHHTeJibHOH xapaKTepHCTHKOH ycJIOBHH aKKYMYJHIUHH HJIH Ta5lHH5l (HanpHMep, 

cpe,n.HHH 3a JieTo 6aJIJI o6meii o6JiaqaocTH). 
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r.ne fojaoj - n pOH3Be,LJ,eHHe K03cf>QJHUHeHTOB n apHOH KOppeJUIIJJ111 H 

HOpMHpoBaHHOH perpecCHH J{JUI cpyHKUHH H j -Toro apryMeHTa, JI.JUI 

KOToporo BhIIlOJIHHeTcH oueHKa 6j, r 0naon - aHaJiorHqHhie npoHsae.ue­

HHH K03cf>cpHUHeHTOB, cyMMa KOTOpbI X n pe,LI.CTaBJIHeT co6oii KBa,rr.paT 

CBO,LI.Horo Ko~cp<PHUHeHTa KoppeJIHUHH cf>yttKUHH H n apryMeHTOB. CTpo­

rpaMMa pacqeTa Ha 3 B M napaMeTpoa MHorocf>aKTopttoro perpeccHOH­

Horo aHaJIH3a nocTpoeHa TaK, qTo6bI HCKJIJOqaTb nOHBJieHHe B (3.26) 
H (3.27) npOII3Be,LI.eHIIH c COMH02KIITeJIHMH pa3HbIX 3H3KOB. 

B pa6oTe aBTopa [ 119] n pHa e,nettbI no,npo6ttb1e pe3yJihTaTbI no­

HCKa H oueHKH a 6accei1Hax peK Cpe,ntteii A3HH HH,ll.eKcos aKKYMYJIH­

UHH H TaHHIIH, noJiyqeHHbIX nyTeM no.n6opa ypaBHeHHH perpeCCHH 

2-ro H 3-ro nopHJ;I.,KOB ,ll.JIH Bcex nepeqIIcJieHHblX BbIIIIe nepHO,ll.OB cyM ­

MIIpOB3HHH CTOKa . 3TH BbIBO,ll.bl CJie,rr.yeT HCnOJib30B3Tb npH BOCCTa­

HOBJieHIIH MHoroJieTHHX p HAOB ZMaRc. no MeTo,rr.y, H3JI02KeHHOMy B npe­
Jl.bIJI.YIII.eM p a3,rr.eJie. 

IloMHMo onpe,LI.eJieHHH caMIIX cocT aBJIHIOIII.HX HHJI.eKca 6aJiaHca Is, 
60JibllIOH HayqHblH H npaKTHq ecKHH IIHTepec npe,ncTaBJIHIOT pacnpe­

~eJieHHH no TeppIITOpIIH C pe.nttei1 A3IIH BKJia.noB f Ak H !Ab B onHca­

HIIe H3MeHqHBOCTH I B II, CJie.noaaTeJibHO, Z Ma1w- C o oTBeTCTBYIOIII.He 
oueHKII n pHae.neHbI a Ta6JI. 3.3, B KOTopyIO BKJIIOqeHbI TaKMe K03cp­

QJHUIIeHThI KOppeJIHU HH CTOKa 3a HIOHh-CeHTH6 pb H HIOJib-CeHTH6pb 
c HH)leKCaMH aKKYMYJIHUHII H TaHHHH. 

B 60Jibll1HHCTBe cJiyqaea 3HaqeHHH K03cpcpHUHeHTOs KoppeJHIUMH 
nona)laIOT ~ npe,neJibl 0,80-0,95, qTo HBJIHeTCH xopOlllIIM nO)lTBep­

/1{,l.I.eHHeM penpesettTaTHBHOCTH nyttKT-3JieMeHTOB, npIIHHThIX AJIH pac­

qeTa IIH)leKCOB aKKYMYJIHUHH H TaHHHH B r JIHIJ,HaJihHhlX 06JiaCT5IX. 
aJIH KOHKpeTH33ll,HH MeTO,l.I.a BOCCTaHOBJieHHH BpeMeHHWX p 5I,ll.OB 

Z Maxc cJienyeT TaKMe BhI 6paTb OJI.HR II3 .nsyx npIIa e.ueHHhIX a Ta6JI . 3.3 

n epHO)lOB cyMMHpOB3HH5I peqHoro CTOKa, MHOfOJieTHHH II3MeHqIIBOCTb 

KOToporo npe.nn oJiaraeTCH attaJiorIIq Ho:H a apHaIJ.HH ZMaHc, nOCKOJihKY 

33BIICHT OT OJl.HHX H Tex ./Ke MeTeopoJioruqecKHX <t> aKTOpOB. 11CKOMblM 

nep IIO,ll,OM 6eccn opHo HBJIHeTCH HIOHh-CeHTH6pb, TaK KaK H3 30 nap 
ypaBHeHIIH perpeCCHH 2 -ro . II 3 - r o nopH)lKOB, noJiyqeHHbIX )lJIH CaMbIX 

pa3JIIIqHbI X o6JiacTei1 o Jie,neHeHHH C p e.ntte:H AsHH, a 23 cJiyqaHx 3aBH­

CIIMOCTH Wv1-1x = f (I Ak, I Ab) OTJIIIqaJIIICh 6oJihllle:H TecttoToii no 
cp astteHIIIO .c W v11- 1x = f (I Ak, I Ab). 

aJI5I peweHHH B 06III.eM BH,ll.e B32KHOH HayqHo-npIIKJI3,LI.HOH rrpo-
6 JieMbl ,ll.OJirocpoq Horo nporH03a MaKCIIM3JlhHOH BbI COTbI Ce30HHOH 

CHeroBOH rpaHHIJ,hl B r JIHIJ,H3JlbHhlX o6JiaCTHX II JieJI.HHKOBoro CTOKa 

a 6accei1Hax peK Cpe.nHeH: A3HH ,LI.OCTaTOtiHo ycTaHOBHTh, KaKo:H H3 

HH,ll.eKco a I Ak HJIH I Ab BHOCHT npeo6Jia,LI.aIOIIJ.HH BKJia,n a H3MeHqHBOCTh 
HX cyMMbl, T. e. HH,lleKca 6aJiaHca aKKYMYJIHUHH H a6JIHUHH. 

aoKa3aTeJibCTBOM 3 T0f0 IlOJI02KeHHH HBJIHIOTCH noJiyqeHHbie aBTO­

pOM no Henocpe,ncTBeHHhlM H3MepeHH5IM Ha MHOf HX Jie,LI.HHKax BeCbMa 

BblCOKHe K03cpcpIIll,HeHTbl napHOH Kop peJIHll,HH 33BHCHMOCTe:H MaKCH-
u u u 0 

MaJibHOH BWCOTW Ce30HHOH CHerOBOH r p aHHUhl OT fO,llOBhlX 3HaqeHHH 

6 aJiaHca, a6JIHUHH H OT HH,ll.eKCOB qaJiaHca, aKKYMYJIHUHH H a6JIHUHH 

( CM. Ta6JI. 3.1 H 3 .2) . Ha OCHOBe n epeqlicJieHHbIX 33BHCHMOCTeH 

o6pa3yIOTCH CBH3H Me2K,rr.y Jie,ll.HHKOBhIM CTOKOM H Z MaRc, a TaJGKe 
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Ta6Aul{a 3.3 

Birna,11.hl HH,D.eKcoe aKKYMfASIU.HH H a6J1sU~HH B o n u caHHe H3MeHq Haocr ·a Is H Z11uKc 
a 6acceunax peK CpeAHeu A3HH 

r _,,, 

PeKa (rH.aponocT; u eTeo- 0epHO.lI. 
CT3HUHH) Jl.Jlfl w 

.l 

AJiaapqa VI-IX 
(,U2KMH,llhlcy; AJiaapqa) VII - IX 

4oHI< hI3hIJICY VI-IX 
(ycThe p. KalllKarop; VI I-IX 
B. KhI3hIJICY) 

Haphrn VI-IX 
(r. Haphrn, Haphrn) VII - IX 

' 

AT6anrn VI-IX 
(HlJKeKOMaH,llhI; AT6aw11) VII-IX 

CapbIJUKac - aepxosbe VI - IX 
. (HH.>Ke ycThH p. KyiiJIIO; VII-IX 
KyitJIIO) 
. 

VI-IX KyiiJIIO 
(ycThe p. KyftJ110; Kyft:JIIO) VII-IX 

IlcKeM VI-IX 
(KapaHnnyraii; IlcKeM) VI I__...IX 

Hc<Papa VI-IX 
(TaruKypraH, Lt»<aIIThIK) VII-IX 

3epaBwaH VI-IX 
(,LlynyJIH; ,Uexay3) VII-IX 

KbI3blJICY VI- IX 
(.UoM6patIH; ,UapayT- VI I-IX 
KypraH) 

MyRcy VI-IX 
(,[(aBcea p; JI. <l>e.ll.qeHKO) VII - IX 

Cypxo6 VI-IX 
(f apM; f apM) VII-IX 

BaH11 VI-IX 
(BaHIJ; JI. <l>e,aqeHKO) VI I- IX 

f yHT VI-IX 
(Xopor; Xopor) VII- IX 

lliax,llapa VI-IX 
(Xa6ocT; Xopor) Vll-I X 

IB 

BKJla.lI. 

r2 
/Ak I /Ab 

0,92 0,03 0,97 
0,88 0,03 0,97 

0,77 0,30 0,70 
0,81 0,23 0,77 

0,76 0,61 0,39 
0,75 0,43 0,57 

0,82 0,69 0, 31 
0,79 0,69 0,31 

0,93 0,70 0,30 
0,77 0,75 0,25 

0,72 0, 10 0,90 
0,65 0, 10 0,90 

0,86 0,90 0, 10 
0,81 0,92 0,08 

0,81 0,79 0,21 
0,64 0,61 0,39 

0,90 0,82 ' 0, 18 
0,87 0,77 0,23 

0,92 0;36 0,64 
0,83 0,56 0,44 

0,95 0,07 0,93 
0,96 0,07 0,93 

0,87 0,54 0,46 
0,85 0,60 0,40 

0,61 0,20 0,80 
0,75 0, IO 0,90 

0,76 0,89 0, 11 
0,74 0, 81 0, 19 

0, 76 0,90 0, 10 
0,71 0,94 0,06 

I 

r3 

0,92 
0,96 

0,81 
0,88 

0,78 
0,76 

0,82 
0,79 

0,98 
0,93 

0,72 
0,66 

0,86 
0,81 

0,84 
0,65 

0,91 
0,89 

0,94 
0, 93 

0,95 
0,96 

0,88 
0,86 

0,62 
0,79 

0,77 
0,74 

0,78 
0,76 

ZMaKc 

BKJ18,lI, 

/Ak I 
0,04 
0, 10 

0,40 
0,26 

0,64 
0,45 

0,69 
0,69 

0,85 
0,80 

0,05 
0,03 

0,90 
0,91 

0,67 
0,61 

0,83 
0,72 

0,36 
0,67 

0,00 
0,01 

0,51 
0,56 

0,20 
0, 10 

0,90 
0,81 

0,82 
0,75 

/Ab 

0,96 
0,90 

0,60 
0,74 

0,36 
0,55 

0,31 
0,31 

0, 15 
0,20 

0,95 
0,97 

0, 10 
0,09 

0, 33 
0,39 

0, 17 
0,28 

0,64 
0,33 

1,00 
0,99 

0,49 
0,4 4 

0 ()' 8 
0, 90 

0, l 
0, l 

0, 1 

0 
9 

8 
5 0,2 



I • • 

KOMITOffeHTaMH HH,neKca 6aJiaHca, nocKOJihKY ZMaHc BbipaMaeTcH 
B BH,ne cpyHKII.H~ I Ak H I Ab· 

TaKHM o6pa30M, BhIITOJIHeHHe ycJIOBHH 

a
2 I /Ak I > 0

2 I /Ab I (3.29) 

Heo6xo,llHMO .llJHI HCIIOJih30BaHH.H cyMM 3HMHe-seceHHHX oca,nKoB -

3Toro HaH6oJiee llO,nxo,nHmero apryMeHTa ,nJIH ,ZI,OJirocpoqHoro 11po­

rHo3a ZMa1w H Jie,llHHKOBoro CTOKa B 6accei'rHax peK Cpe,llHei'r A3HH. 

OqeBHJI.HO, qTo pa3pa6oTKa MeTo,llOB ,noJirocpo.qH_oro 11porH03a ZMai\C 

H Jie,llHHKosoro CTOKa cymecTBeHHo 3aTpyJI.HeHa B 6acceiittax, r)l.e 

0,8 

• 
0,5 

0,4 

0,2 

0 20 

~ u 

11peooJia,naIOIII.HH BKJia,n B ,llHC-

rrepcHIO HH,ZI,eKca 6aJiaHca npH­
Ha,nJieMHT HH,lleKcy a6JHI1I,HH. 

11sJioMeHHhie 3,necb o6mHe 

ITOJIO)KeHH5I 0 3HaqHMOCTH BKJia­

,llOB I Ak H I Ab JlJIH cosepllleHcT­

BOBaHHH MeTO,llOB nporHoaa CTO­
Ka peK c Jie,l(HHKOBO- CHefOBbIM 

PHc. 3.2. 3aBHCHMOCTh BKJia)la HH)leKca 
a6JIHU.HH B KBa,ZlpaT CBO)lHOro K03<P­

<l>HUHeHTa KoppeJIHU.HH ypaBHeHHH 

Wy1.-1x =f (J Ak, I Ab) OT OTHOCHTeJib­
HOH IlJlOI.ll.3,ZlH OJle)leHeHHH B 6acceliHax 

peK Cpe.Zliieli AsHH. 

ITHTaHHeM 11paKTHqecKH peaJIH30BaHbl B pas,neJie 5.2 HaCT05IIII.eH pa-
60TbI. 

npH 011pe,neJieHHH BKJia,llOB I Ak H I Ab B ,llHCnepCHIO HX CYMMbI 
lI.OCTaToqHo HaHTH BKJia,ZI, ( 6j} 0,llHOro H3 3THX HH,ZI,eKCOB, Tor,na, KaK 

CJie,nyeT H3 (3.28)' BKJia,ll ,npyroro paBeH ,lI,OllOJIHeHHIO ,llO e,llHHHll,bI. 

lLJIH MaccoBbIX oueHoK BKJia,nos I Ak H I Ab B H3MeHqHBOCTh In a rJI.H-
. r.ufaJihHhIX o6JiaCT.HX Cpe,nHeH A3HH asTop noJiyqHJI ,u.ocTaToqHo Tec-

HYIO 3aBHCHMOCTb 61 Ab OT OTHOCHTeJibHOH llJIOIII.a,llH OJie,lleHeHHH 

B peqHbIX 6acceHHaX (pHC. 3.2). c cpH3H1IeCKOH CTOpOHbl e,llHHhie ,llJ15I 

eceH: Cpe,ZI,HeH: A3HH saBHCHMOCTH 61 Ab= f ( Sr;r) H l-{J1 = f ( SrJI), 
. S6ac Ab S6ac 

110 MHeHHIO asropa, o6'b5ICHHIOTC.H yaeJI_H1IeHHeM 3Ha1IHMOCTH Jie,l(HHKO-

Boro l1HTaHH5I B CTOKe JII06oi'r peKH no Mepe npH6JIH)KeHH.H rH,npo­

CT~opa K HHMHeH rpaHHUe OJie,neHeHH.H H B03pacTaHHeM OTHOCHTeJih­

HOH IIJIOIU.a,ZI,H OJie,lleHeHHH. npH 3TOM B CBO,llHOM K03cpcpHUHeHTe KOp­

peJIHll.HH ypasHeHH.H Wv1-1x = f (I Ak, !Ab) ecTecTBeHHo yseJIH1IHBaerc.H 

BKJia,n I Ab, xa paKTep113y10mero MHoroJieTHIOIO H3MeH1IHBOCTh a6JI.Hll.HH 
B f JIHUHaJibHOH o6JiaCTH. 

IloJiy1IeHHaH aBTOpOM 3aBHCHMOCTb 61 = t( Sr;r ) 6hIJia HCITOJib-
Ab S6ac 

30BaHa ~ HacroHrueif pa6oTe ,nJHI onpe,neJieHHH BKJia)lOB I Ab, I Ak 

s 6acceHHax peK AMyJJ.apbH, Cbip,llaphH, os. YiccbIK-KYJih, Ca-
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pbIJl2Kaca, 4y, TaJiaca H AcchI. 3TH ,naHHhie, KOTOpb1e Heo6xo.n11Mhl 

~JI.SI pac1IeTOB rH,npoJiorHqecKoro pe}KHMa cospeMeHHoro o Jie,ZI,eHeHHH 

Cpe,rr:Heif A3HH, 11prtse,ZI,eHhI B 11pHJio:tkeHHH I. 
0 3Ha1IeHHH MaCCOBbIX KOJIHqecTBeHHhlX Oll,e°HOK 61Ak ,ZI,JI.H pa3pa-

6ofKH H ycoaeprneHCTBOBaHH.H MeTO,llOB ,llOJif0Cp01IHblX nporH030B 

croKa peK c Jie,nHHKOBO-cHerosbIM rrHTaHHeM yMe 6hIJIO cKa3aHo pa­

Hee: PaccMoTpHM ,ZI,aJiee He MeHee aa}KHhie llYTH HCl10Jib30BaHHH 61Ab 

RJIH MaCCOBWX onpe,neJieHHH B ueJIOM ,llJIH 6acceHHOB H pacnpe,neJie-

·~lo . fiwrJl 1eoOJ a) 
70 

50 

JO 

10 

0,1 0,3 0,5 0,7 0,9 

0
/0 ~Wr.I\ I'll-IX/ 

70 

• 
50 

JO 

10 0.1 
1 

5) 

• 

0,3 

0 

b 
0 

PHc. 3.3. 3aBHCHMOCTh )lOJIH Jie)lHHKoaoro n 11TaHH5I B ro..AOBOM (a) 
H cesoHHOM (6) cToKe peK Cpe,ZlHeH A3HH (1) 11 KaaKasa (2). 

HHH no BWCOTe "BKJia,na Jie,llHHKOBOrO CTOKa B IlHTaHHe peK Cpe,ZI,HeA 

AsHH sa ro,ll H HIOHh-ceHT.H6pb. 
. CTpocroe perneHHe 3TOH sa,ZI,aqH o6ecneqHaaIOT npe.LI.cTaBJieHHhle 

Ha pHc. 3.3 yHHBepcaJihHbie 3aBHCHMOCTH JlOJIH Jie.LI.HHKoaoro rrHTaHHH 

·a ro,nosoM H cesoHHOM croKe peK Cpe,ntteH: AsHH H KaeKa3a or 

BKJia,na HH.LI.eKca a6JI.HUHH B KBa.LI.paT CBO,llHOro K03cj>cpHUHeHTa KOppe­

JIHUHH ypaaHeHHH W VI-Ix= f (I Ak, I A b). ,Un.SI nocTpoeHH.H 3aBHCHMO-

cTeH: 6w rJI = f ( 61 Ab) Ha pHC. 3.3 HCITOJib30BaHbI OUeHKiI .ll.OJIH Jie.LI.HH-

KOBOfO nHTaHH.H ( 6wrn) B ro.LI.OBOM H ce30HHOM CTOKe peK Cpe.n.HeH 

A3HH H KaaKasa, rroJiyqeHHhie .aaropoM, A. 0. KeMMepHXOM [93], 
A. C. ·llleTHHHHKOBhIM [230], A. H . KpeHKe [141], JI. A. Bna,n11MH­

POBhIM c coaaTopaMH [23]. 

ilpHMepbl 3aBHCHMOCTeH 6w ·= f ( ffrR) HMeIOTCH B pa6orax rJI 6ac 

0. n. lllerJIOBOH [224]' A . 0. KeMMepHxa [93]' A. C. llleTHf!HHKOBa 

'[230]. Bo acex cJiyqa.Hx aaropbI OTMe1IaIOT JIOKaJihHhIH xapaKTep 
3THX ·saBHCHMOCTeH, qro orpaHHqHsaeT HX IIIHpOKOe HCilOJih30BaHHe. 

XoTH BKJia,n I Ab s CBO.lI.HhIH K03cpcpHUHeHT KoppeJIHll.HH ypaatteHHH 

W VI-IX= f (I Ak, I Ab) TaKMe .HBJI.He~c.H cpyHKUHeli OTHOCHTeJihHOH nJio-

. m.a.n:H OJI e.n: eH eHHll, 3 a BH CHM OCTb {'Ji Ab = f ( ~::) HM eeT 06 mHH x a pa K" 

rep .ll.JIH TeppHTOpHH Cpe,nHeii A3HH. 3ror pesyJihTaT o6'bHCHHeTcH 

TeM, 1ITO BKJia)l I Ab, onpe,ZI,eJIHeMblH Ha OCHOBe yp aBHeHHH w VI-IX= 
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== f (I Ak, I Ab), HHaqe, qeM (ff ::c) onncblsaeT npocTpaHcTBeHHYIO sa­

pHau1110 Oiv rJI· l1MeHHO 3TO CBOHCTBO o6ecnelB.JBaeT YHHBepcaJihHOCTb 

3aBHCHMOCTeii OwrJI= f ( 61 Ab) He TOJihKO JI.JIH CpeJI.Heii A3MH, HO M 

KasKa3a. 
DoJiyqeHHbie aBTopoM ~aBHCHMOCTH JJ.JIH 61 Ab H 6-vvrJI (CM. 

pttc. 3.2 H 3.3) no3BOJI5IIOT BhITIOJIHl1Th MaccoBhie oueHKM OwrJI ' H 

nyTeM KapTttposaHHH owrJI BhIHB11Th xapaKTepHbie t.1epThI npocTpaHcT-

r ¥ 5 £ T 

C J( II 
x 

e b1wr11 °lo 
12-15 16-18 '19-22 23-29 30-39 40-53 54-68 

f.::::·::::J?@v v "111111110 11111111+ + •1 
r H c c 

PHc. 3.4. Pacrrpe.n.eJieHHe no ITJIOll.l.3.ZI.H AOJIH cpe.n.Hero MHoroJieTttero Jie.U.HHKO­
Boro fIHTaHIHI (61 Wrn %) B rOAOBOM CTOKe 6acce:H:Ha p. 3epaamaH. 

seHHoro pacnpeJI.eJieHHH JieJI.Hl1KOBoro cTOKa B 6acceAHax peK CpeA­
He:H A3HH. CTpttMepbI pacqeTa BhICOTHoro pacrrpeJI.eJieHHH JI.OJIM JieA­
HHKOBoro n11TaHHH B roAOBOM cToKe pHAa peK 6acceAHOB CMpJI.aphH 
H AMyJI.aphH npttseJI.eHhI B Ta6JI. 3.5. Ha pttc. 3.4 npe.ucTaBJieHa KapTa 
pacnpeJI.eJieHHH no nJiomaJI.H JI.OJIH cpeJI.Hero MHoroJieTHero Jie.UHMKO­
soro rrttTaH11H B roJI.OBOM CTOKe 6accei1Ha p. 3epaalllaH. AttaJior11llHb1e 

· Ta6JI11qHb1e 11 rpacpttqecK11e MaTepHaJihI no JI.pyrHM 6acceiiHaM peK 
CpeJI.tte:H A3HM rrp11seAeHbI B np11JioLKeHHHX I H I I. 

3.3. MoJJ.e.Tlb JI.BHJK.euusr cuerosoii rpaHHU.bI ua JieJI.HHKe 
B TeqeuHe a6J1sru.uouuoro nepuoJI.a 

BttyTp11roJI.OBaH 113MeHq11socTh nJiomaJI.eii Jih.Ua noJI. MopettoA 
SJIM(t), OTKpbIToro JibJI.a SJI(t), cpttpHa S<P(t), 3HMHero S3c(t) 11 JieT~ 
Hero CHera SJic ( t) npeACTaBJI5IeT co6oii : OJI.HY H3 OCHOBHhlX xapaKTe­
pMCTHK B onttcaHHH npouecca TaHHl15I ·Ha Jie,UHHKax [ 119, 121] . Co­
rJiacHo ( 1.30), npocTpaHCTBeHHOe pacnpe.ueJieH11e nJioma.u11 Jie,UHHKa 
3aJI.aHo KaK cpyHKUHH BhlCOThI MeCTHOCTH z. KpoMe Toro, 3a.naH KOM­
nJieKc MOpcpoMeTpHlleCKHX napaMeTpOB Jie,ll.HMKOB (CM. pa3.ueJI 1.2)-, 
o6o6meHHWX .UJI5I OT.UeJihHWX pattOHOB fJI5IU11aJihHOH o6JiaCTl1 HeKO-

Toporo 6acceiiHa. 
IloKaLKeM, llTO B 3TOM CJiyqae Heo6XO,ll.11MhIM H .uocTaToqHblM 

ycJIOBHeM onpe,ll.eJieHH5I npo·cTpaHCTBeHHO-BpeMeHHOH 113MeHlJHBOCTH 
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u 

IlJIOlUa,UeH IUITH, Ha3BaHHhIX Bhlllle, THIIOB rrosepXHOCTH Jie,UHHKa 5fB-
JI51eTC51 pacqeT .ll.BHJKeHHH cesoHHOH ctterosoii rpaHHUhI Zrcc no JieJI..­
HHKy. ,llJI51 3Toro 3aIIHllleM PH.U BbipaLKeHHH, KOTOpbie xapaKTepH3YIOT 
Beeb B03MOJKHbIH Ha6op CHTyaUHH, B03HHKaIOlUHX rrpH ,ll.BHJKeHHH Zrcc 
no Jie,ZI.HHKY. 

A. IlpH OTCYTCTBHH Tsep,ZI.hIX JieTHHX ocaJI..KOB nJioma,ZI.h 3HMHero 
cttera orrpe.ueJIHeTCH corJiactto 

ZH 

Sac (t) = ~ s (z) dz, 
zrcc (t) 

(3.30) 

rrpH BbIIIa,UeHHH JieTHero CHera IIOCJie ,ZI.aThl o6HaJKeHH51 KORI.I.a JieJI..­
HHKa H ycJIOBHH ZJic (t) =Zrcc (t) =Zac (t) IIJIOlUaJI..h, IIOKpbITYIO JieTHHM 
CHeroM, HaXOJl.HM CJie,ZI.yIOlUHM o6pa30M: 

ZH 

SJJc (t) = ~ · s (z) dz. 
zrcc (t) 

(3.31) 

IlpH ycJIOBHH Zac (t) =Zrcc (t) <Z (t), T. e. KOrJI..a 1IaCTh ITJIOlUa.ll.H 
Jie,ZI.HHKa IIOKpbITa 3HMHHM CHeroM, a 1IaCTb JieTHHM, TO 

ZH ZH 

S3c (t) = ~ s (z) dz - ~ s (z) dz 
Zrcc<t) ZJic(t) 

(3.32) 

HJIH 

Z JIC 

Ssc (t) = ~ s (z) dz. 
zrcc (t) 

(3.33) 

B. IlJIOlUa,ZI.h cpHpHa rrpH Zrcc ( t) = Za -
ZH 

Sq, (t) = ~ s (z) dz, 
z<t>r 

(3.34) 

a rrpH Zrcc ( t) <Za 

Zrcc (t) 

s<P (t) = ~ s (z) dz. (3.35) 
zcpr 

B. IlJioma,nb o6HaJKeHHoro Jih,na H Jih,na no.n MopeHoH: npH 
Zrcc ( f) <Z!JrM: 

Zrec. (t) 

SnM (t) = ~ s (z) dz, (3.36) 
ZK 
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zrcc (t) 

SJI (t) = ~ s (z) dz (3.37) 
ZarM 

HJIH 

zrcc (t) ZBrM 

S JI ( t) = l s (z) dz - ~ s ( z) dz. 
ZK ZK 

(3.38) 

B cpopMyJiax (3.30)-(3.38) Zrcc(f)=min[ZJic(t), Zac(t)], t-. 
HOMep Jl.H51 BHYTPH ro.ua nocJie ,naThl o6HaJKeHH51 KOHUa Jie,UHHKa OT 
ce30HHoro cuera H Jl.O OKOH1IaHH51 nepHO.Ua a6JI51UHH; Zrcc (t), Zac (t), 
ZJic'(t)- a6coJIIOTHhie OTMeTKH BhICOT cesoHHOH ctterosoH: rpaHHUhI 
·(npH orcyTCTBHH 'JieTHHX oca)l.KOB Zrcc (t) =Zac (t) H HHLKHe:H: rpaHHUhl 
cse*eBhinasmero JieTHero cttera Ha nosepxHOCTH Jie,nHHKa; Z\J>r -
cpe.UHHH MHoroJieTHHH BhICoTa cpHpHoao:H: rpaHHU.hI; ZBrM - aepXH5151 
o.TMeTKa cnJiomuoro MopeHHoro rroKposa Ha Jie,UHHKe; Za H ZH - Bhl­
COThl Ha1IaJia H KOHUa Jie,UHHKa. 

0TMeTHM TaK)K:e, 1ITO cpopMyJihl (3.36) H (3.37), KyJl.a BXO,UHT 
S.JIM (t), COOTBeTCTBYIOT ynpomeHHOMY BapHaHTY OIIHCaHH51 pacnpe,ne­
JieHH51 IIJIOIIJ.a,ZJ.H MopeHbl B 3aBHCHMOCTH OT BblCOThI, KOTOpoe npe.n­
tIOJiaraeTC51 IlOJIHOCTbIO aHaJIOfH1IHhIM pacnpe.ueJieHHIO ITJIOIUa,UH s (z) 
JieJJ.HHKa B ueJIOM. YnpomeHHhIH aapHaHT pactieTa SJIM (t) o6ycJIOBJieH 
OTCYTCTBHeM cse.ueHHH o pacnpeJl.eJieHHH ITJIOllla.uH Mopetthl SJIM(z) 
Ha noaepxHOCTH JieJJ.HHKa. 

DpH HaJIH1IHH TaKHx ,ZI.aHHhIX pactieT SJI (t) cJie.uyeT BhirrOJIHHTh 
HHa11e. TaK, npH Zrcc (t) <ZBrM 

zrcc (t) zrcc (t) 

SJI (t) = ~ s (z) dz - ~ sJIM (z) dz, 
ZK ZK 

(3.39) 

eCJIH )K:e ZBrM~Zrcc (t) ~Z<Pr, Tor.ua 

zrcc (t) ZBrM 

SJ) (t) = S s (z) dz - ~ sJlM (z) dz. 
ZK ZK 

(3.40) 

u 

l13JIO)K:eHHa51 3.necb B o6meM BHJJ.e cxeMa onpe,ZI.eJieHHH nJioma.uea 
pa3JIH11HblX THIIOB ·TaIOmeM: nosepXHOCTH rJieTqepa IlOKa3hIBaeT, l'.ITO 
pas.ueJihHaH oueHKa cocTaBJIHIOIUHX ro.uosoro o6oeMa TaHHHH Hesoa­
MO*Ha 6ea onpe,ZI.eJieHHH sttyTpHro,ZI.osoro xo.ua rpaHHU 3HMHero H 
JieTHero cttera Ha JieJJ.HHKe. 

IlpeJK.ue 11eM p.accMaTpHsaTh npe.uJiaraeMy10 · MOJJ.eJih JJ.BH*eHHH 
CHerosoH: rpaHHUhI no noaepxHoCTH JieJJ.HHKa, Heo6xo.rr.HMO YTfflJHHTh, 
11To 3Ta MOJJ.eJih npe.uttasttatieHa JJ.JIH nepHo.ua apeMeHH OT .uaThl 06-
HaJKeHHH KOHUa JieJJ.HHKa BCJie,UCTBHe IlOCTeneHHOfO CTaHBaHH51 3HM­
Hero CHera H .uo .uaThl ycTaHOBJieHH.51 ycTOHtIHBOCTH CHe)K:HOfO no­

Kposa Ha sceii nJioma.nH JieJJ.HHKa. Ilpe.unoJiaraerc.H raKJKe, . 11To · .uo 
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Ha11aJia ,IJ.BH)l{eH1u1 rpaHHUhI ce30HHoro cHera no Jie,ZJ.HMKy BCH ero no-
u 

BepXHOCTb IlOKpbITa CJIOeM 3HMHero CHera npOH3BOJihHOH TOJllll.HHbl. 

KaK H3BeCTHO, npocTpaHCTBeHHOe noJio.IKeHHe rpaHHUbI ce30HHoro 

CHera Ha Jie,ZJ.HMKe B pa3JIHqHbJe MOMeHTbl a6JIHUHOHHOfO nepHO)I,a 

o6yc~OBJieHo B KaLK,ZJ.OH TOqKe nosepXHOCTH 6aJiaHCOM npoueccoB aK­

KYMYJIHUHH H a6JIHUHH sa· $HKcwposaHHhie HHTepBaJibI speMeHH. 0.u.­
HaKo B HaCTOHilI.ee BpeMH HeB03MOLKHO HCilOJib30BaTb B HBHOM BH,l1.e 

6aJiaHCOBbIH MeTO)l. ~JIH onpe,ZJ.eJieHHH ,ll.HHaMHKH rpaHHUbI ce30HHOro 

CHera · H3-3a OTCYTCTBHH Ha,LI.e.IKHblX perHOHaJJbHblX oueHOK 3HMHero 

HaKonJieHHH TBep,ZJ.hIX oca,LI.KOB B rJIHUMaJihHbIX o6JiaCTHX. CJie,ZJ.osa­

TeJihHO, HeOOXO,ll.HM HeKOTOpbIH aHaJIOr 6aJiaHca HJIH, TQqHee, KaKaH­

JIH6o H3 ero ·cpyHKU.HH, y,ZJ.ooHaH AJIH nocTpoeHHH MO,ZJ.eJIH ABH.>KeHHH 

c8erosoli rpaHHUhl. · 

Ilo 'MHeHHIO aBTOpa, BhlCK333HHhIM 3.D.eCb C006pa.1KeHH51M . 60Jiee 

acero OTBe11aeT MaKCMMaJibHaH BbICOTa ZMa1rn, a Jiyqrne - MaKCMMaJih­

HOe sa .rrepHO,L( a6JIHUHH npeBbillleHHe L\ZMaRc rpaHHUbI ce30HHOro 

CHera Ha,l( KOHUOM Jie,ZJ.HHKa: 

(3.41) 

npH YCJIOBHH zl\~ZMa1w~Za . . 
BeJIHqHHa L\ZMa1w Ha JII060M JieAHHKe npe,ZJ.cTaBJIHeT co6o8 B KOH­

.KpeTHOM ro,LI.y 3aKJIJOqHTeJibHblH pe3yJihT3T nocJie,LI.OBaTeJibHblX BO epe­

MeHH npouecCOB 3HMHeH aKKYMYJIHUHH H ,JieTHeli aOJIHUHH TBep,ll.bIX 
aTMoccpepHhIX oca,LI.KOB. CJie)l.qBaTeJihHO, sHaqenHe L\Zl\rnHc MO.iKHO 

paccMaTpHBaTh KaK HH,ZJ.eKC B ApyroA CHCTeMe OTcqeTa KaLK,ZJ.Oro H3 

3KBHBaJieHTHbIX MeLKAY co6oii o6oeMOB HaKOITJieHIHI H pacxo,ZJ.OBaHH51 

.cesoHHOro CHera. 

Ilpe,ll.ITOJIO.IKHM, qTO 33 0,ll.HM H Te ./Ke HHTepBaJibl apeMeHH d.t 
MeMAY OTHOCHTeJ1hHhlMH CKOpOCTHMH npH6JIIDKeHH5I rpaHHUhI ce30H­

H0f0 cHera K npe~eJiy ZMaHc H nocJieAOBaTeJibHoro HaKOnJieHHH CJIO~ 
CT3HBlllero 3HMHero CHera Ha 3TOM /Ke ypOBHe Zl\ira1rn cymeCTByeT OII­

pe.n.eJieHHOe COOTHOllleHHe (no Ka JI.JIH npOCTOTbl paccMaTpHBaeTCH 
· c.Jiyqafl OTCYTCTBnH JieT-HHX oca,ZJ.KOB) . 

3 an11rneM 3TO COOTHOllleHHe CJie,ZJ.yIOIII.HM o6p a30M: 

,· 1 dZrcc ( t) 1 dA (z, t) = X (t), (3.42) 
"n _ 1 d t '( D-- 1 d t 

S dZrcc (t) S dA (z, t) 
". L 

' 't 
D-t 

, .. ~ dZrcc (f) = Zrcc ('t'D- 1) .- Zrcc (ti) 
't. 

i 

(3.43) 

npe,lLCTaBJIHeT co6oH: 1IaCTb, OCTaBlllYJOCH OT L\ZMaKC nocJie Toro, KaK 

·rpa i,u1ua ce30HHOro cHera sa BpeMH OT HaqaJibHoro 'to H AO npoMe­

)KYTOtJHoro MOMeHTa 'ti .lI.OCTHrJia Ha Jie}J.HKe ypOBHH Zrcc ('ti). no­

CKOJlhKY 'to - ,lJ.aTa HaqaJia TaHHHH Jlh)J.a Ha KOHUe Jie.JJ.HHKa, a 'tD -
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,n.aTa oK'oHqaHHH nep110.11.a TaHH.HSI Jih,na, TO 011eBH.JJ.HO, tITO Zrcc ('to) = 
=Z1<, Zrcc ('t'n-i) =ZMa1rn: 

AttaJiorHqHo <t>opMyJie (3.43) Bhlpa.IKeHHe 

't 
D-1 

~ dA (z, t) =A (z, 't'D-1) - A (z, -c,) 
't. 

L 

(3.44) 

KOCBeHHO xapaKTepHsyeT He CT3HBWHH K MOMeHTY 't'i OCTaTOK 3HMHero 

cHera B HHTepBaJie BhICOT Zxa1w-Zrcc ('t'i.). 3.JJ.eCb A (z, -rv-d- cyM-

z 

,,,. .... 

....._~ ...... --........... --........ ----
~ .. I 

. AZllOM$ =f 4.Zm. (t;) 
~. 

Zroe(t:J : 

Zra<t..fJ , -

·:~ 'z.~~ 

PHc. 3.5. Cxewa, HJJJJIOCTpHpy10mast MOAeJib ABH»<"eHHH ceaoH-
HOH cHeroBOH rpaHHllhl ( CCf) Ha JJe~HHKe. 

Zrcc (t - 1) - BhlCOTa cuerosoit rpaHH~bt B ripeAWeCTBYJOtnRA KOMeB'F 

BpeweHB; Zrcc (t) - TO ate B TeKy~BA: M:oMeHT; Z11aRc - M&KCHMa11&­
H8J1 BhlCOT3 CCr Ba IlOBepXHOCTH JieAHHKa; M (z, ~ti) ~ CJIOA T8JIBHSI 

Ha BbICOTe z¥8HC aa BHTepBaJI ~ti-'ti - ti-I• ZK B ZB - BhlCOThl 

KOH~a B Haqana JieAHHKa. 

MapHbIH aa nepH0.11. 'tv-1-'to CJIOH TaHHHH 3HMHero CHera Ha BblCOTe 

ZMai<o, A (z, 'ti)- CJIOH _ TaHHHH 3HMHero cHera _ aa apeMH . 'ti-'to Ha 

TOM }Ke ypoBHe. 
3aaHCHMOCTh Me:>KAY cJIOHMH cTaHBaHHH cHe.ra Ha BhICOTe ZMa1<g 

H JJ.BH>KeHHeM Zrcc no Jie.JJ.HHKY npH OTCYTCTBHH JieTHHX ctterona)I.OB 

HJIJIIOCTpHpyeT TaK.IKe pHC. 3.5. 
, fipoH3B~J1.Hhle no apeMeHH .JJ.JIH npo~eccoa Zrcc (t) H A (z, .t) B OT­

HoweHHH (3.42) HaXOJJ.HM cor~aCHO 

dZrcc (t) _ Zrcc (ti) - Zrcc (t1- i) 

dA (z. t) 
dt 

dt - At ' 

.... A (z, tl)-A (z, ti-1) · ) 
At .= M (z, t. 

(3.45). 

(3.46) 
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YqHTbIBaSI (3.46), aanHilleM npaay10 tJaCTb (3.42) HeCKOJihKo 

.. 
· M (z, ti) 'X (ti)= _'t _____ ; 

D-1 
(3.47) 

L M (z, ti) 
't l 

3aTeM BMecTo M ( z, t) no.ncTa,BJISieTcSI o.nHa H3 cpopMy JI .ZI.JISI pacqeTa 

HHTefICHBHOCTH TaSIHHSI. HanpHMep, ecJIH lit= 1 cyTKH, a M =kM (8), 
r.ne 0 - cpe.nHSISI cyT011HaSI TeMnepaTypa, TO 

'X (ti) = _'t'_e_i_(_z) __ , 
D-1 

L e, (z) 
tl 

r .ne i - HOMep cyToK BHYTPH ro.na. 

(3.48) 

0KOHtJaTeJihHhIH BHJJ. tJHCJieHHOH cxeMbI pacqeTa .ZI.BH.}l{eHHSI Zrcc 
. .. 

no Jie.ZI.HHKY CJie.nyIOlll.HH: 

0i (z) 
Z rec ( t) = Z rec (ti - 1) + -------- Liz (ti - t), 

't'D- t 

L ei <z> 

,. 
.. 

Zrcc (to)= ZK; Ak (to)= ZMaKc - ZK; 11z .(ti- i) = ZMaKc 7"" Zac (ti-1). 
. . . . - -, . ·. (3.49) 

IlpH BhI.nOJIHeHHH pacqeTOB Zrcc (t) no cpopMyJie (3.49) cJie.nyeT 
HCKJIIOtJHTb B03MOiKHOCTb .cy~MHpOBaHHH cpe.ZI.HHX . cyTOtJHbIX TeMne­

paTyp B03.ZI.yxa c pa3HbIMH 3HaKaMH, KOTOpbie Ha BbICOTax .zMal\C MO­
ryT HMeTb MeCTO B JieTHHH nepHO.ZI.. 3To He'Tpy.ZI.HO c.neJiaTb, eCJIH cyM­

MHpOBaTb TeMnepaTyphI B03JI.yxa BMeCTO BbICOTbI ZMa«c Ha TaKOM 
ypoBHe Zo, r)l.e B TeqeHHe M·aSI-OKTH6.PH T~MnepaTypa Boa.nyxa npH 
.scex ycJIOBHHX ocTaeTcH aase.noMo noJIOiKHTeJibHOH. Ha pacqeThI 

Zrcc ( t) nepexo.n OT ZMa:Kc K z0 BJIHHHHH He HMeeT, nocKOJihKY TeMne­
p aTypa Boa.nyxa, KaK npaBHJIO, JIHHeHHO H3MeHHeTCH c BblCOTOH Me-

'CTHOCTH. CJie.noaa.feJihHO, aeJIHqHHa oTHorneHHH x ( t) .ZI.JIH 0 (z, t) 
-0)1.HOro 3HaKa He 3aBHCHT OT z. 

TaKHM o6paaoM, sechMa npocTaH cpopMyJia (3.49) noaBOJIHeT pac­

cqHTaTh BbICOTY rpaHHII.bl 3HMHero CHera B JII06oH: )1.eHh nepHo.na a6-
JIHII.HH Ha Jie,rr_HHKe npH OTCYTCTBHH ~eTHHX CHerona,z::r.oB. 

00CKOJihKY yKa3aHHOe orpaHHtleHHe ,npenSITCTByeT I.UH.pOKOMy HC­
IlOJib30BaHHIO cpopMyJihl (3.49) B cxeMe pacqeT·a nJioma,z::r.e:H pa3JIHq­

HbIX THnOB TaIOme:H nosepXHOC'llH _Jie,[(HHKa, paccMOTpHM cnoco6 
., 

-011.eHKH BJIHHHHH JieTHHX cHerona,z::r.OB B npe.nJiaraeMOH MO,z::r.eJIH JJ.BH-
iKeHHH CHerOBOH rpaHHII.bI no Jie.ZI.HHKy. yqHTbIBaH, qTo qaCTblO BXO,ll,­

'HOH HHcpOpMaII.HH JJ.JI5_1 pacqeTa cyMMapijOfO TaHHHH, HBJIH.~TCH apxHB 
cyTOtIHbIX cyMM H cpe,z::r.HHX 3HaqeftHH MeTeopoJIOfHtJeCKHX 3JieMeHTOB 
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(oca,nKH, TeMnepa'Pypa 003,z::r.yxa, o6maH 06Jiat1HoCTb:) ~ c Jiyqaa s~1na.u.e­
HHH oca.u.KoB . B nep110.u. a6JIHII.:UH C';IHTaeM H3B.eCTHhIMH. Tor.na rrpeLK.ne 
acero He06XOJI.HMO . ycTaHOBHTb a6COJIIOTHYIO BblCOTy, HaqHHaSI ,c KO-.. 
TOpOH oca.nKH BepoHTHee ~cero OTJiaraJIHCb Ha Jie)I.HHKe B BH)I.e CHera. 

,UJIH 9TOH u.eJIH HCilOJih3yeM peayJihTaTbl aHaJIH3a cpa30BOro c o ­

CTOHHHH ·OCa)I.KOB B ropax B 3aBHCHMOCTH OT rrpH3eMHOH reMrrepaTy phl 
soa.u.yxa, noJiyt1eHHbie r. E. f Jia3blpHHbIM [33]. B pa6oTe. [33] IlOKa­

saHo,, tJTO B .U~H c oca.u.KaMH rrpH onpe~eJieH~oif cpe,z::r.Heif cyToqHoif 
TeMnepaType B03..U.yxa 0* paBHOBepOSITHO BWila)l.eHHe oca..n.KOB B TBep­

JlOM HJIH iKH)I.KOM BH)I.e. IlpHHHMaH 0* B KatJeCTBe rpaHHtJHOro. yCJIO­
J3HH ..U.JIH pa3,U.eJieHHH cpasosoro COCTOSIH:UH oca)l.KOB, r . E. r Jia3blpHH 
ycTaHOBHJI TaKiKe cymecTBOBaH.He B ropax Cpe,z::r.Heif A3HH 3aBHCHMO-
CTH {1_* (z) B BH,U.e . i . . 

0* = f 1Z
2 

- f 2Z + f o, (3.50) 

r.ne f o, f 1' f 2 - · 3MTIHpHt1eclffie K03cpcpHII.HeHTbl. 

0.u.HaKO )l.JIH MO,U.eJIH )l.BHiKeHHH CHerosoif rpaHHIJ.bI no Jie,[(HHKY 

c ytJeTOM Jle1:HHX CHerona,llOB Tpe6yeTCH He 0 *, a BbICOTa z, r..u.e 
8 (z) =~., II03TOMy, 'HcnOJib3YH HaH6o.Jiee pacrrp~CTpaHe~HYIO aHaJIH-
THtJeCKYIO cpopMy 3aBHCHMOCTH . 

0 (z, t) = E> (z0 , t) - y (z - z0), (3.51) 

r..u.e 0 (z, t) H 0( Zo, t)- cp~.ZI.HHH cyTOtJHaH TeMnepaTypa sos.u.yxa Ha 
BbICOTaX z H Zo B MOMeHT t; " - BepTHK3JlbHblH rpa..u.HeHT TeMnepa­
Typhl; JJ.JIH onpeaeJieHHH z(0.) . rroJiyt1aeM KBaApaTHoe .ypaBHeHHe . . .. ~ . . ' ~ . 

f iZ2·-f2Z + f o ~ 0 (zo, t) + yz - VZo = 0. (3.52) 

B ypaBHeHHH . (3.52) 0 (zo, t) H z~ 3a.U.3Hbl KaK BXOJI.HaH HHcpop­

M3ll.HH; OTHocliTeJihHo v (t) HasecTHo '[ 170], tJTo BHYTPHro..u.osoii xo,z::r. 
BepTHKaJihHOro rpa..u.HeHTa MOiKeT 6hITb arrrrpOKCHMHpOBaH .KOCHHY-. .. . . 
COij,ll.OH, II03TOMY BbipaiKeHHH . 

. ft . 53) . k1=y· (3. 

k2=1 _ l!__ 
. . 'Y 

(3.54) 

H 

fo e (zo, t) ko=-- -z 
'Y 'Y 

(3.55) 

8 rrpOH3BOJlbHbIH MOMeHT BpeMeHH t HBJIHIOTCH napaMeTpaMH. 

.B HTore ypaBHeHHe (3.52)' pellleHHe KOTOporo ..u.aeT HCXO)l.HOe 
3HatJeHHe z (0*, t)' npHBO)l.HTCH K xopomo H3BeCTHOMy B.H.U.Y 

' 
k 1z2 + k2z + ko = 0. (3.56) 

B .ZI.HH .c oca,11,KaMH, no,11,cTaBHB B (3.56) aHatJeHHH ~9, k1, k2, onpe­

.QeJIHM BbICOTy z (0.) ~ HatJHHaH c KOTOpoii oca,U.KH Bbina,z::r.aIOT B rsep­
AOM BHJI.e. ,Uaiee JierKo' ycTaHOBHTb, YJI.OBJieTBOpHeT JIM z ( e.) ycJI0-
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BHlO ZH~z(0*) ~ZH H npH IlOJIOJKHTeJibHOM OTBeTe HaHTH corJiaCHO 

(3.31) IlJIOllla)l.b Jie)l.HHKa, IlOKpbITYIO ·CBe)KHM JieTHHM CHeroM. 

3ttaH, tITO HH)KHHH rpaHHUa JieTHero CHera Znc pacnoJiaraeTCH 

Ha rroaepXHOCTH Jie)l.HHKa, MO.>KHO c HeKOTOpbIM npH6JIH.JKeHHeM pac­

CtIHTaTh cpe,nHHH CJIOH CBe)KeBbUiaBlllero CHera B HHTepBaJie BbICOT 

~z = ZH-ZJic nyTeM HHTerpHpoBaHH51 HaH60Jiee oomero Bbipa)KeHttH 

3aBHCHMOCTH oca,LI.KOB OT BblCOThl MeCTHOCTH 

q (z, t) = q (z0 , t) [ 1 -+- b2 (z - Zo) + b3 (z - Zo)2], (3.57) 

npe,LI.JIOJKeHHoro B pa6oTe [ 17, 18) ,LI.JIH ycJIOBHH Cpe,LI.Heli A3Htt. 

3,necb b2 H bs - 3MI1HplilleCKHe K03cpcpHII.HeHTbl, onpe,LI.eJIHeMbie OTHO­

CHTeJibHO ypoBHH Zo B KOHKpeTHOM BO)J.OCOOpe. B peayJihTaTe HHTerpli­

poBaHHH noJiyqaeM aHaJIHTHtiecKyIO cpopMyJiy AJIH pacqeTa qJic(~z, t) 
ZH 

qllc (~z, t) = q <~; t) S [I + b2 (z - Zo) + b3 (z - Zo)2
] dz= 

Z JIC 

[ - b (- )2 + b (ZH - ZJic)
2 J = q (Z0, t) l + b2 (z - Zo) + s Z - Zo 3 12 ' (3.58) 

r,LI.e 

PaayMeercH, ecJIH oca,LI.KH ablna,naIOT HeCKOJihKO ,nHe:H no,npH.n, TO 

npH cyMMHpOBaHHH cyTOQHblX CJIOeB CBe)f{eBblilaBlllero CHera Heo6-

XO)l.HMO K8JK)l.hlH paa IlOBTOp5ITb BClO IlOCJie,LI.OBaTeJibHOCTb pacqeTOB 

z (8*, t)-.. ~ZJic (t)-+ SJic (Az, t) ~ Qnc (~z, t). 

OT pacctIHTaHHoro cpe,LI.Hero CJIOH JieTHero cHera qJic (~z, t) He­

TPY,LI.Ho nepeHTH K npOJJ.OJDKHTeJihHOCTH ero saJieraHHH Ha nJIOlll.8.ll.If 
s (~z)' IlOCJie)l.OBaTeJibHO BblqHTaH H3 _inc (~z, t) cpe,LI.HHe cyToqHble 

cJIOH TaHHHH cse:tKeBblnaarnero cHera M nc (~z, t) ,no Tex nop, noKa 

He 6y ,LI.eT BblIIOJIHeHO ycJJOBHe 

N 

Qllc (~z, t) - L Mnc (~z, t) ~ 0,5Mnc (Az, tN + 1), 
i=l 

(3.59) 

r,ne M JIC (~z, tN+d - CJIOH Ta.HHH5I Ha CJie,llyJOW.He cyTKH nocJie ~ 
nporne,LI.rnHx. EcJIH q nc npe,LI.cTaBJIHeT co6o:H cyMMY HeCKOJihKHX ,LI.HeH 

c oca,ll.KaMH, TO ,LI.JUI pacqeTa M nc (~z, t) CJie,LI.yeT npHHHMaTb so 

BHllMaHHe MHHHMaJihHOe 38 Bech nepHOJJ. c oca,LI.KaMH 3Hatie1n1e 

z ( 0*, t). 
l13JIO}KeHHa5I MO,ll.eJib pactieTa ,LI.BH.>KeHH5I ce30HHOH CHerOBOH rpa-

HH[(bl Ha noaepxHOCTH JJe,LI.HHKa co,LI.ep.JKHT pH.ll rHnoTea HJIH ynpome­

HHH BJIHHHHe KOTOpblX Ha KOHeQHble pe3yJihTaThl He06XO,llHMO HCCJie-
' u 

ll.OBaTh, cpaBHHB85I paccqHTaHHblH H Ha6JIJO,l(aBlllHHC51 B HaType BHyT-

pHrO,ll.OBOH xo,LI. Zrcc ( t). I< coJKaJieHHIO, no,LI.o6Hhie Ha6JIIO,LI.eHH.H H~ 
Jie)I.HHKaX B HaCTOHW.ee speMH He npOH3BO,LI.51TCH H3-3a CJIO)KHOCTeH 
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opraHH3a[(HH IlOJIYCTaII.HOHapHblX pa6oT, OXBaThIBalOlllHX Beeb nepHO.LI. 
a6JHIII.HH. 

C 11.eJihIO 6oJiee HarJIH,nHoro npe,LI.cTaBJieHHH o npaKTHqecKHX pe-

3yJihTaTax MO,ll.eJIHposaHHH ,LI.BHMeHH5I CHerOBOH rpaHHUbl Ha pHC. 3.6 
noKa3aH rrpttMep pactieTa Zrcc (t) s TetieHHe nep110,na a6JIHUHH 1961 r. 

tta JieJJ.HHKe UettTpaJihHOM Ty10Kcy:H:cKOM . CyJJ.H no rpacpttKy, nocT­
poeHHaH MO,ll.eJib ,LI.OCTaroqHo y,ZJ,a qHo OTpaJKaeT BJIHHHHe JieTH11X CHe-

Z TGZ (t) kH 
4,2 

40 
I 

3,8 

36 
' 

10 ·- 20 
VI 

JO ID 

\ 

20 
!'// 

- 9 

I 

J/ 

I 

10 20 
VIII 

~ 

JI 10 20 
JX 

30 

Pttc. 3.6. CTpHMep pacqeTa JJ.BH}KeH1u1 ce30HHoi1: ctterosofl rpaHHUhI Ha nosepx­
uocr H JieJJ.HHKa UeHrpaJihHhlH TyIOKcy B 1961 r. 

T OHKOH JIHl'IHen H OT)l.eJibHblMH TOtIKaMH noKa3aHbl BhlCOTbl Bbrna)J.eHHR H 3aJieraHH51 JieT­
ttero cHera . 

rona.uos Ha XOJJ. Zac (t) H snoJIHe coorseTcTayeT H3BeCTHhIM rJIHII.HO­
KJIH M aTOJior11qecKHM npe,LI.CTaB.neHHHM 0 MO)l.eJIHpyeMOM npouecce. 

3.4. npo,II.OJUKHTeJJbHOCTb nepHO,II.a TaHHHH H <f>opMHpOBaHHSI CTOKa 

Ha JJe,II.HHKax Cpe.n.ueA AaHu 

C sHyTpttro,nosbIM peMHMOM aKKYMYJIHUHH H Ta5IHIHI H JJ,BHMettHeM 

. Ce30HHOA CHerosri:H rpaHHII.~ Ha Jie,ll.HHKax HenocpeJJ,CTBeHHO CBH3aHM 
" TaK)Ke HCilOJih3yeMhle B perHOH8JlbHOM MOJJ,e-'!11 cyMMapHoro Ta5IHH5I 

~8Thl HatiaJia 11 KOHUa pacqeTHOfO ttHTepBaJia BpeMeHH H nep110,na aK­

'THBHOro cpopMHposaHH5I Jie.LI.HHKOBoro cTOKa. B KatieCTBe MeTOJIJitie­

CKo:if OCHOBbl BbI6opa H orrpe,neJieHHH .9THX .LI,3T npttMeM . pH,n IlOJIO.lf<e­

HHH, Koropbie ytittThIBaIOT csoH:cTBa rHJJ,poJior11qecKoro pe:tKttMa Jie)I. ­

HHKOB H TO, tITO xapaKTepttCTHKH pe.IKHMa, HCilOJlh3yeMhie )l}Hl IlOCT­

poeHHH perHOH3JlbHOH MO,ll.eJIH, HBJI5llOTCH O)l.HOMepHblMM cpyHKII.H5IMH 
BbICOTbl Z. 
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1. ,llsa nocJie,U.OBaTeJibHbIX BO BpeMeHH ce30Ha 3HMHeli aKKYMY­

JIHUHH H JieTHeH a6JIHUHH Ha Jie,U.HHKax o6pa3ylOT O,ll.HH IlOJIHbIH rJIH­

UHOfH,U.poMeTeopOJIOrHqecKHH UHKJI HJIH 6aJiaHCOBbIH ro.z:r.. 

2. BHyTpH JII06oro TaKoro UHKJia HMeeTCH HenpepbIBHbIH HHTep­

BaJI speMeHH, KOr,ll.a Jie,ll.HHKH IlOJIHOCTblO 3aKpbITbl yctoliqHBblM 3HM­

HHM CHeroM. CTpH 3TOM B03MO)KHOe TaHHHe MHHHMaJihHO HJIH paBHO 

HYJIIO . . 
3. TaHHHe JihJI.a H cpHpHa Ha nJiolll.a.z:r.H JieJI.HHKa, pacnoJio)KeHHOH 

BbIIlle HeKOTOpoH: H30fHilCbl, HaqHHaeTCH TOJibKO IlOCJie CXO,ll.a ycTOH­

qHBOfO 3HMHero HJIH apeMeHHOfO JieTHero CHe)KHOro . IlOKpOBa c IlJIO­

IIl.a,U.H Jie,U.HHKa HH)Ke ,U.aHHOH H30fHilCbl. 

4. TaHHHe JihJI.a scer.z:r.a HatJHHaeTCH paHbllle, a saKaHqHBaeTCH 

U03JKe HJIH 0,ll.HOBpeMeHHO c TaHHHeM cpHpHa. 

5. CTepHo.n.oM TaHHHH JihJJ.a H aKTHBHoro cpopMHpoaaHHH JieJI.HHKo­

soro CTOKa CJie.n.yeT cqHTaTh HHTepBaJI BpeMeHH MeJKJI.Y ,U.aTaMH pas-
. u 

pyrneHHH H ycTaHOBJieHHH ycTOHlJHBOfO CHe)KHOro IlOKpOBa Ha KOHUe 

ne,U.HHKa. B nepBhIH H3 3THX MOMeHTOB BhIIlOJIHHeTcH ycJIOBHe 

Zrcc (t) ~ZR, a BO BTopoH: Zrcc (t) ~ZR. 
Ilo MHeHHIO aBTOpa, ,ll.JI51 TOfO qT06hI perHOHaJihHaH MO,U.eJib npo­

uecca cyMMapHoro TaHHHH Jie,U.HHKOB yqHTbIBaJia ace 3TH oco6eHHO­

CTH, ,ll.OCTaTOlJHO: -

a) BbI6paTh TaKHe IlOCTOHHHhie ,U.aTbl HatJaJia (dap) H KOHUa (dRp) 
pactJeTHOrO nepHO,U.a, Kor.u.a Jie,LI.HHKH IlOJIHOCTblO IlOKpbITbl ycTOHlJH­

BbIM 3HMHHM CHeroM H 3aBe,U.OMO BbIIlOJIHHIOTC51 ycJIOBH51 

Zrcc (dHp) < Zx H Zrcc (dxp) < .ZK; 

6) e)KefO,LI.HO paCClJHTbIBaTb .z:r.aTbl pa3pyllleHH51 H o6pa30BaHHH 

ycToHtJHBoro cHe)KHOro noKpoaa Ha BbICOTe ZK HJIH .z:r.aTbI HatJana 

( dan) H KO HU a ( dRJI) nepHo,U.a TaHHHH Jlb,ll.a Ha KOHUe Jie,ll.HHKa. 

Ha ocHoBaHHH paHee BhIIlOJIHeHHoro o6o6meHlBI [ 106] Henocpe.u.­

CTBeHHbIX ,LI.aHHblX . no npo,ll.OJI)KHTeJibHOCTH nepHO,U.a a6JIHUHH Ha Jie,LI.­

HHKax Cpe.z:r.HeH: A3HH B perHoHaJihHOH MOJI.eJIH cyMMapHoro TaHHHH 

B KaqecTBe dan H dRn npHH.HTbI 1 Ma.SI H 31 OKTH6p.H. KaK cJie.n.yeT 

H3 aHaJIH3a BHyTpHrOJI.OBoro pacnpe.n.eJieHH.H MecHqHhIX cyMM oca.z:r.KoB 
B ycJIOBH.HX Cpe.n.Hei'I AsHH [ 11., 34), npHHHTa.H JI.a Ta HatJaJia pacqeT­

Horo nepHO,ll.a 6JIH3Ka K cpe,ll.HeH MHOfOJieTHeH: ,ll.aTe MaKCHMyMa CHe­

ro~aKOilJieHH51. KpoMe Toro, a3pOBHsyaJihHhie o6cJieJI.OBaHHH 3acHe­

*eHiiocTH BbICoKoropHhIX 30H pHJI.a BOJI.oc6opo~ Cpe.n.Hei'I A3HH, KO­

TOpb1e CHCTeMaTHtieCKH BhlnOJIH.HIOT COTPYJI.HHKH Ys6eKcKoro YfKC 

H CAHl111 rocKOMrH.z:r.poMeTa, IlOKa3aJIH, qTo ,ll.aJK.e B MaJIOBO,ll.Hble 

1975-1977 fO,ll.bl Jie,ll.HHKH B HatJaJie Ma.SI IlOJIHOCThlO 3aKpblTbl 3HM­

HHM CHerOM, noqTH He 3aTpOHYTbIM Ta.HHHeM. 

PaccMoTpHM .z:r.anee npHHHThle a JI.aHHOH pa6oTe cnoco6bl onpe.u.e­

JieHHH ,LI.aT HatJaJia H KOHUa nepHO,ll.a TaHHH.H Jlb,ll.a Ha KOHUax Jie,LI.HH­

KOB. PactieT dan H dRn BbIIlOJIH.HeTCH .LI.BYMH pa3JIH1IHbIMH H HesaBH­

CHMbIMH .z:r.pyr OT .z:r.pyra MeTO,ll.aMH. 06a 3THX MeTO,U.a o6'he,U.HHeHbl 

B cneuHaJibHYIO no.n.nporpaMMy, HCilOJib3YIOIIl.YlO TOT )Ke apXHB BXO,ll.­

HOH HHcpopMaUHH, tJTO H roJIOBHa.H nporpaMMa pacqeTa cyMMapHoro 
TaHHH51. 
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IlpHHUHilHa1:1bHOH O~HOBOH Jl.JIH pactJeTa HatJaJibHOH ,U.aTbl o6Ha-
u 

)KeHHH HH3IlleH TOlJKH KOHUa Jie,ll.HHKa OT Ce30HHOfO CHera .HBJIHeTC!Y 

MaTeMaTHtJeCKaH MO,U.eJib cpopMHpOBaH'H51 CHeJKHOro IlOKpOBa B ropax, 
paspa6oTaHHaH IO. M. ,lleHHCOBhIM. -

ilo.z:r.pOOHOe H3JIO)KeHHe BCeX 3TailOB IlOCTp-OeHH.H 3TOH MO,ll.eJIH CO­

)l.ep1KH~CH B pa6oTax [ 17, 18, 49, 170), 1ITO Il03BOJIHeT orpaHHlJHTbC51 

3)1.eCh TOJihKO paCCMOTpeHHeM cnoco6a qHcJieHHOro perneHHH ypaBHe­

HHH H3MeHeHHH BO,ll.HOCTH CHera w B 3a,ll.aHHOM ,U.Hana30He BbICOT 
BO,ll.OC6opa c npOH3BOJlbHhIM rnaroM no Bp-eMeHH t H BbICOTe z 

w (z, t + If= w (z, t) + aw (zat' + 1) • (3.60) 

,llJIH HaXOJK,ll.eHHH tJaCTHOH npOH3BOJI.HOH B (3.60) HCilOJih3yeT<;H 

qffCJieHHaH cxeMa, H3JIO)KeHHaH B [ 17, 18, 170): 
aw (z, t + 1) 

at 

q* (z, t + 1) JI.JIH M (z, t + 1) ~ 0, 

q* (z, t + 1) - M (z, t + 1) 

· JI.JMI M (z, t + 1) < w (z, t) + q* (z, t + 1 ), } . 
· -w (z, t) · q* (z, t + I) > O, 

= t JI.JIH M (z, t + 1) ~ w (z, t) + q* (z, t + 1) . -
-M(z, t+l) 

JI.JIH M (z, t + 1) < w (z, t), } 

-w (z, t) q* (z, t + 1) = O', 
tJI.JIH M (z, t + I)~ w (z, t) . 

(3,61) 

r.z:r.e q* - BOJI.HOCTh cse2KeBbinasrnero cHera, M - HHTeHCHBHOCTh TaH­

HHH CHera. Illar H3MeHeHHH no BpeMeHH B (3.61) npHHHT paBHblM 
1 cyT. 

PactJeT no cxeMe (3.61) H ypaaHeHHIO (3.60) HaqHHasi c 1 oK­

rH6pH Il03BOJIHeT ' eJKe,ll.HeBHO noJiyqaTb pacnpe,ll.eJieHHe BO,ll.HOCTH 

CHera B 3-3BMCHMOCTli OT BbICOTh! MeCTHOCTH H onpe,ll.eJIHTh w (z, t) =0, 
T. e. cpeJI.HIOIO BhICOTY cHeroaoH rp_aHHUbI B 6acceifHe. Tor.z:r.a nepBhIH 
~eHb, Kor.z:r.a BblilOJIHeHO ycJIOBHe 

[min z E w (z, t) =I= O] ~ Zx, (3 .. 62) 

HBHTCH HatJaJibHOH ,ll.aTOH rrepHO,ll.a TaHHHH Jlh,ll.a H ,ll.BH2KeHH51 CHero-
u . 

BOH rpaHHUbl Ha noaepXHOCTH Jie,ll.HHKa. 

~OpMaJihHO B cxeMe (3.61) OTCYTCTBYIOT orpaHHqeHH51 Ha pac­

npocTpaHeHHe ee B fJIHUHaJibHble o6JiaCTH BO,ll.OC6opos. 0.z:r.HaKO ,ll.JIH 

npHMeHeHHH MO,ll.eJIH ,[{eHHCOBa B M.acCOBhIX pacqeTax JI.BH2KeHHH rpa­

HHUbl ce~OHHOro CHera H ,ll.aT OKOHtJaHHH nepHO,U.a TaHHHH Ha ne,U.HH­

Kax Heo6XOJI.HMbl MHOtOlJHCJieHHble ,ll.aHHbie 0 JiaBHHHOH H MeTeJieBOH 
KOHUeHTpaUHH CHera B f JI~UHaJibHbl~ o6JiaCTHX. 
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CTo COBpeMeHHbIM rrpe,llCTaBJieHHHM [ 132) 3TOT rrpo:u.ecc cymecT­

BeHHO TpaHCcpOpMHpyeT «QJOHOBbie» 3HaqeHH51 TBep,llblX OCa)J.KOB. CTpH 

OTCYTCTBIU1 COOTBeTCTBYIOIII.eH MaCCOBOH HHcpOpMa:U.HH 06 oco6eHHO­

CTHX aKKYMYJIHII.HH CHera Ha Jie)J.HHKax HCI10Jih30BaHHe B cpopMyJie 

(3.57) H cxeMe (3.61) 3aBHCHMOCTeif oca,LI.KOB OT BhICOThl MeCTHOCTH 
' OTHOC5IIIUIXCH K BHeJie)J.HHKOBblM 30HaM BO,LI.Oc60poB, HeH36eLKHO 11pH-

Be,LI.eT K 60JihllIHM CHCTeMaTHqecKHM rrorpeIIIHOCTHM rrpH orrpe,lleJieH1111 

dRJI H Zrcc ( t) B r JIHII.HaJihHhIX o6JiaCTHX. 

B CBH3H. c 3Tl1M asTopoM paapa6oTaH HHOH MeTo,LI. pacqeTa JI.Bl1LKe­

HHH ceaoHHOH cfiei;-osoii rpaHl1IJ.hI Zrcc (t) Ha rrosepxHOCTH Jie,LI.HHKa H 

,LI.aT OKOHqaHHH rrepHO,lI.a TaHHHH Jlb,LI.a. CTo,LI.p06HOe OITHCaHHe MO,LI.eJIH 

JJ.BHLKeHHH Zrcc ( t), BKJIJ0qa51 6JIOK-cxeMy pacqeTa, rrp11se,LI.eHo pa Hee 
B paa,neJie 3.3. 

Oco6eHHOCTb MeTO)J.a COCTOHT B TOM, qTo cyMMapHaH aKKYMYJIH­

UHH cHera Ha JieJJ.HHKe B ~HTepsaJie ZMaRc-ZR yqHTbIBaeTCH KOCBeHHO 

c IlOMOIII.hIO H3MeHHIOIII.eroc51 OT fO,LI.a K ro,ny 3HaqeHHH MaKCHMaJib­

HOfO ZMa«c ITOJJ.beMa cHerosoii rpaHHII.bI Ha,LI. KOHi.I.OM Jie,LI.HHKa. TaKoif 

IIO)J.XOJI. IT03BOJIHeT B o6o6meHHOM BHJI.e rrpHHHTb BO BHHMaHHe Bee OT­

MeqeHHhie 3JI.eCb JIOKaJibHhle oco6eHHOCTH peLKHMa CHeLKHOro ITOKposa 

Ha JieJJ.HHKe, KOTOpbie He rrpOHBJIHIOTCH B COOTBeTCTBYIOIII.HX 3aBHCl1-
MOCTHX q (z) JJ.JIH BHeJieJJ.HHKOBhIX 30H BOJI.OC6opa. 

,QJIH pacqeTa ,UaT OKOHqaHHH rrepHO,LI.a TaHHHH Jlh)J.a 113 aJiropHTMa 

MOJI.eJIH JJ.BH.IKeHHH Zrcc ( t) Ha Jie)J.HHKe HCITOJih3yeTCH TOJihKO 6JIOK 

orrpeJI.eJieHHH rrpOJI.OJI)KHTeJibHOCTH TaHHHH JieTHero cHera. B CBH311 

c 3THM Bbr6op JI.aTbl HaqaJia rrepHO,LI.a TaHHHH Jih,lI.a dHJI pOJIH He 

HrpaeT rrpH ycJIOBHH, qTo dHP~dHJI <dl<JI• 
Cnoco6 orrpeJI.eJieHHH dRJI ocHoBaH Ha rrpHHHTOM sapaHee ycJIOB11H 

dRJI ~ dRp H IlOCTa_:ioBKe 3aJI.a qH, r ,LI.e Tpe6yeTC51 ycTaHOBHTb JI.a Ty, Ha­

qHHaH c KOTopoH HeH3MeHHO BbIITOJIHHeTCH ycJIOBHe Zrcc (t) ~ZR. 
PacqeT dRJI Ha 3BM ocymecTBJIHeTCH s .rr.Ba 3Tana . 

Ha rrepBOM 3Tarre B KaLKJJ.OM oqepe,LI.HOM paiioHe rJIHII.HaJihHOH 

o6JiaCTH ,lI.JIH 11HTepsaJia speMeHH OT dHJI JI.O dp c IIIaroM 1 cyT, co­
r JiacHo cxeMe 

ZMaKc npH qJI~ (t) = 0, 

z* (t) = ZJic rrpu QJic (t) > 0, 
N N 

(3.63) 

rnin ZJic IIpH L MJic (L\z, t) < L Qnc (L\z, t), 

<PopMHpyeTCH pa6oq11if .MaCCHB z* (t) BbICOT, xapaKTepH3YIOIII.HX HHLK­

HHH ypoBeHh, Ha KOTOpOM JieTHHe aTMOCcpepHhie OCaJJ.I):H BbIIla,llaIOT 

B sn,ne cHera, a 3aTeM cTa11saIOT. B (3.63) q Jic - cpeJI.HHH cJio:if JieT­

Hero CHera B rrpe,lleJiaX Jie)J.HHKa; min Z.ri:c - caMaH HH3K3H H3 BhICOT 

rpaHHII.hI JieTHero CHera B TelleHne rrepHo,LI.a H3 N ,nHe:if, Heo6XOJI.HMOro 

.IT.JI~ IlOJIHOro CTansa~HH CBeLKeBhIITaBIIIero CHera; M JIC (~z, t) - cpeJI.­

HHH' 3a cyTKH CJIOH TaHHHH B HHTepBaJie BbICOT L\z=ZH-min Z JIC · 

B ,LI.HU, Kor.ua He OhIJio HH TBep,LI.hIX oca,rr.KOB, HH HX TaHHHH, BbICOTa 

Zrcc ycJIOBHO rrpHHHMaeTCH paBHOH 3Hal!eHHIO ZMaKc B ,naHHOM paHoHe, 

KOTopoe orrpe,neJTeHo 3apaHee no MeTony, H3JI02KeHHoMy s pa3,lI.eJie 3.1. 
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TaKHM o6pasoM, HaliHHaH c HeKOToporo MOMeHTa, KOrJJ.a TBepJJ.bie 

oCa)l.KH IIOKpbIBaIOT IlOJIHOCThIO ITJIOIII.a,LI.b Jie.UHHKa H OCTaeTCH B CHJie 

ypaBHeHHe 

N N 

L MJic (L\z, t) < L QJlc ('1z, t), 

BbJ.COTa z* (t) ,lI.O KOHU.a pacqeTHOro rrepHO,LI.a (dKp=31 OKT516pH) CTa ­

HOBHTCH pasHo:if ZR. 
Ha BTopoM 3Tarre pacq~Ta dRJI MaCCHB BhICOT, ccpopMHponaHHhIH 

corJiacHo (3.63), rrpocMaTpHsaeTCH ,neHh 3a .n.BeM OT KOHU.a pacqeT­

Horo rrepHO)l.a K HaqaJiy H, oqeBHJJ.HO, l!TO rrepBblH .ueHb, KOr)J.a z* (t) = 

d ttJl 
0 

d l<J1 

280 0 
00 

390 
0 

0 0 
370 280 

0 
v 

P11c. 3.7. CpasneHHe pacc111-naHHhIX )J.aT 240 0 350 
H8118Jl8 H KOHU8 rrepHOAa T8HHHH Jlb )J.a 
c cpaKTHG.eCKHMH no Ha6JIIOAeHHHM Ha 220 330 

ne.nHHKe UettTpaJibHOM 1)10Kcy. 

Cm1ourna.sr JIHHHH - 6HcceKTPHCa KOOPJI.HHaT- 250 270 290 330 350 IJrp HOfO yrJia. 

=ZMaHc, .SIBHTCH )l.aTOH MaKCHMaJibHOfO IlOJIOLKeHHH CCf Ha Jie)J.HHKe, 

a cJieJJ.yIOIII.HH 3a HHM B 06h1qHoM rropHJJ.Ke - JJ.aToii oKoHqaHHH rre­

pHo.ua TaHHHH JihJJ.a . CTporo rosopH, rrocJTeJJ.Hee sepHo TOJibKO B TOM 

c11yqae, eCJIH CHer o~epe,lI.HOfO .ce30Ha aKKYMYJIHlI.HH cpa3y IlOKpbI-_ 

aaeT BCIO rrJiomaJJ.h aKKYMYJIHUHH. BrrpoqeM 3Ta, H3pe.n.Ka B03HHKaIO­

maH He60JiblllaH HeToqHOCTb pacqeTa dRJI COBepIIIeHHO He BJIHHeT Ha 

orrpe,LI.eJieHHe cyMMapHoro TaHHHH, KOTopoe Bhll{HCJI.SieTCH B 3aBHCH­

MOCTH OT npHXO,lI.a BHeIIIHero TerrJia H BblCOThl ce30HHOH CHeroso:H:. 

rpaHHUhl Ha Jie,lI.HHKe. . 

O:u.eHKa rrpneMJieMOCTH H3JIOLKeHHhIX B HaCTOHIII.eM pa3)l.eJie crro­

co6os pacqeTa JJ.aT HaqaJia n KOHi.I.a rrepHOJJ.a TaHHHH JibJJ.a s rJIH­

II.HaJihHbIX o6JiaCTHX Cpe,nHeif A3HH BhinoJIHeHa Jl.BYMH He3aBHCHMhIMH 

crroco6aMH. . 

Bo-rrepBhIX, rryTeM cpastteHHH paccqHTaHHoro MHoroJieTHero pHJI.a 

dHJI H d}{JI c ,lI.aHHhIMH HerrocpeJJ.CTBeHHhIX Ha6JIIOJI.eHHH, BhIITOJIHeHHblX 

coTpy,LI.HHKaMH ceKTopa reorpacpHH AH Ka3CCP 3a peLKHMOM cHeLK­

Horo noKposa Ha JieJJ.HHKe UeHTpaJihHOM TyIOKcy:ifcKoM, r)J.e yLKe )J.e­

CHTKH JieT IlO,lI. pyKOBO,lI.CTBOM H. H. flaJihfOBa, r. A. ToKMaraM6e­

TOBa, K. r. MaKapeBHl{a H ,np. ocymecTBJIHeTCH IIIHpOKaH rrporpaMMa 

CTaUHOHapHbIX H IlOJIYCTaUHOpHblX f JIHUHOJIOfHqecKHX pa6oT. 

Cxo,nHMOCTh pe3yJihTaTOB pacqeTa c rrp.SIMhIMH orrpe.neJieHHHMH 

,naT HaqaJia H KORI.I.a rrepHo.na TaRHHH Jih,lI.a Ha JieJJ.HHKe UettTpaJibHOM 

Ty10KcyH:cKOM HJIJIIOCTpHpyeT pHc. 3.7. KoJIHqecTBeHHaH ·oueHKa OT­

KJIOHeHHH ITOKa3aJia, qTo rrpH HCITOJib30BaHHH B MO,lI.eJIH .nsyxcpaKTOp­

HOH JIOKaJihHOH cpopMyJihI HHTeHCHBHOCTH TaHHHH . M (Bi<, 0) a yqeTe 
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YKJIOHa H opHeHTaU.HH Jie)l.HHKa cpe.LI.HHH OlllH6Ka pacqeTa dH11 co­

CTaBHJia + 12 .u.tte:H, a .LI.JIH dl\11 6JIH3Ka K HYJIIO. 
l\aK BR.LI.HO, KatieCTBO pe3yJihTaTOB pacqeTa B .u.aliHOM cJiyqae 

oKa3aJIOCh BIIOJIHe y .LI.OBJieTBOpHTeJihHhIM. He6oJihll1aH cHCTeMaTHl!e­

cKaH norpelllHOCTh B onpe.u.eJieHHHX dH11 , cKopee Bcero, o6ycJIOBJieHa · 

IIpH6JIH.JKeHHbIM xapaKTepoM 3aBHCHMOCTH OCa)l.KOB OT BhICOTbl MeCT­

HOCTH. ,UJIH yMeHbllleHHH CHCTeMaTHtieCKHX norpelllHOCTeH B pacqeTaX 

.LI.BH2KeHHH Zrcc BO BHeJie.LI.HHKOBhIX 30Hax 6acceiiHOB Cpe.u.HeH A3HH 

aBTOpOM pa3pa6oTaHhl [253] MeTO)l., aJiropHTM H np9rpaMMa KOppeK­

THpOBKH, r.u.e HCilOJih3yeTCH onepaTHBHaH cnyTHHKOBaH HHcpopMaU.HH 

o IIJIOIUa.LI.H sacHe2KeHHOCTH B ropax. AaTopcKaH npoBepKa MeTo,ZJ,a 

KoppeKrHpOBKH pacl!eTOB Zrcc ( t) Ha MaTepHaJiax MHoroJieTHHX a3po­

<t>oTocoeMoK cHe2Kttoro noKpOBa a 6acce:HHax peK AxattrapaH H 

IlcKeM, o6o6meHHhIX B. n. 4epHoropOBblM (219], IIO.LI.TBep)J,HJia ero 

9<l>cpeKTHBHOCTb npH pa3JIHtIHhlX BapHaHTaX OlllH60K paclleTa BblCOT 
u u 

ce30HHOH CHerOBOH rpaHHU.hl. 

Eme O.LI.Ha ou.eHKa KatieCTBa pacqeTOB dH11 H dK11 noJJyqeHa nyTeM 

aHaJIH3a COBMeCTHMOCTH cpe)J,HHX MHOfOJieTHHX 3Ha qeHHH dHJI H dKJI, 
onpeJJ.eJieHHhIX aaTopoM JJ.JIH pH)J,a rJIHU.HaJihHhIX o6JiacTeii Cpe)J,He:H 
AaHH, c OIIHCaHHHMH B pa6oTe [ 11] perHoHaJihHhIMH saKOHOMepHo­

CTHMH H3MeHeHHH Ha pa3JJHqHblX BblCOTaX cpe)J,HHX MHOfOJieTHHX )J,aT 

paspyrneHHH H ycTaHOBJieHHH ycToflqHBOro CHeLKHOro IIOKpOBa Ha 

rpyHTOBOH IIOBepxHOCTH. B )J,aHHOM CJiyqae TIO.LI. COBMeCTHMOCTblO 3THX 

O,LI,H006pa3HhIX xapaKTepHCTHK, IIOJiyqeHHhIX He3aBHCHMbIMH MeT0-

)1,aMH, IIOHHMaeTCH HX JIOrHl!eCKaH H <l>H3HlJeCKaH B3aHMOCBH3b B pe­

rHOHaJihHhIX 3aBHCHMOCTHX OT BbICOTbl MeCTHOCTH. 

Ilpe.u.cTa,!3JieHHaH Ha pHc. 3.8 rpacp1111ecKaH HJIJIIOCTpaU.HH npocT­

paHCTBeHHOH H3MeHqHBOCTH H COBMeCTHMOCTH paccMaTpHBaeMbIX xa­

paKTepHCTHK B IIJHpOKOM .LI.Harra3oHe npHpO.LI.HhIX ycJIOBHH Cpe)lHeii 
A3HH rro3BOJIHeT ccpopMHpoBaTh cJie.u.y10mae BhlBO)lhl. 

1. H3MeHeHHe B 3aBHCHMOCTH OT BhICOThl cpe)lHHX MHoroJieTHHX 

.n.aT pa3pyweHHH ycToflq11aoro cHe2KHoro noKpoBa (y. c. n.) Ha rpytt-

. TOBOH noBepxHOCTH B 6acceH:Hax peK Hc<t>apa, MaTIJa, MyKcy npe)l­

CTaBJIHeT co6o~ ,LI,OCTaToqHo o.u.ttopOJlHhl:ii npou.ecc, KOTOphIH c yJloB­

JieTaopHTeJihHOH TQqHOCTbIO MO.IKeT 6hITb arrnpOKCHMHpOBaH o6III.HM 
Bblpa)KeHHeM. 

2. Cpe)J,HHe MHoroJieTHHe ,LI,aThI Ha qaJia TaHHHH Jih)la Ha pa3JIHIJ­

HhIX. BhICOTax B r JIHU.HaJihHhIX o6JiaCTHX 6acceH:HoB peK CaphI.IT)Kac, 

I1c<t>apa, MaTqa, MyKcy, CeJih)J,apa 06pa3y10T c )J,aTaMH pa3pyrneHHH 
y. c. II. Ha rpyHTOBOH noaepXHOCTH B 3THX 2Ke BO)lOC6opax e)lHHYIO 

3aBHCHMOCTb OT BhICOThI MeCTHOCTH z, )lJIH KOTOpOH noJiyqeHo CJie)lyIO­

mee 3MnnpH11eCKOe ypaBHeHHe (z B KM): 

De= 77 ,6z - 160,2, (3.64) 

r)le De - )laThI pa3pyllleHHH ycTofiq110oro CHe.IKHoro rroKpoaa (Ho­

Mepa .uHeH KaJieH)lapHoro roJJ.a). 

3. C6JIIDKeHHe Ha BhICOTax 6oJiee 4,5 KM )laT HaIJaJJa TaHHHH 

Jlb,LI,a c ,ll.aTaMH pa3pyllleHHH y. c. n. Ha rpyHTOBOH noaepXHOCTH H pac­

XO:tK)leHHe MeJK.uy HHMH Ha BhICOTe OKOJIO 3 KM HMeeT 5ICHhIH cpH3Hqe-
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cKHH cMhICJI. BepoHTHee Bcero, B caMhIX sepxHHX 30Hax BO)J,oc6opoa 

3TO o6ycJIOBJieHO cpaBHHTeJihHblM O)lH006pa3HeM ycJIOBHH aKKYMYJIH­
U.HH H TaHHHH CHeLKHOro IIOKposa Ha rpyHTOBOH H Jie)J,HHOH noaepx-

u 

HOCTHX, a B HH:/KHHX - B03pacTaHHeM pa3JIH1IHH MeJK)J,y Ha3BaHHblMH 

-upou.eccaMH. 
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PHc. 3.8. Pacrrpe.n.eJiem1e no BblCOTe B 6accefrnax peK Cpe.n.­
tteli A3HH .n.aT HaqaJia H KOHUa rrepHo.n.a TaHHHH Jib.D.a Ha Jie.n.­
HHKax (1) H cxo.n.a H ycTaHOBJieHHH ycToRqHBOfO CHe*HOfO 

noKpOBa (2, 3) Ha rpyHTOBOH rrosepXHOCTH . 

4. BnoJIHe y,LI,oBJJeTBOpHTeJihHaH coBMecTHMOCTh dHrr Ha KOHu.ax 
u . 

Jie)J,HHKOB H )J,aT pa3pyrneHH5I y. c. II. Ha rpyHTOBOH IIOBepXHOCTH Ha-

6JIIO)laeTC5I TaK2Ke B 6acce:iiHe p. MaJio:ii AJIMaaTHHKH. 3Mn11p1111ecKaH 

cpopMyJia 3aBHCHMOCTH De= f (z) AJIH 3Toro 6acceH:Ha rroJiyqeHa 

B BH.LI,e 

De= 44,5z - 14,2. (3.65) 

5. Pa3JIHIJHH Me:tKJly KpHBhIMH De= f (z) )lJI5I 6acceH:HoB peK Ca­

pb1)1.2Kac, Hccpapa, MaTqa, MyKcy, CeJihAapa, MaJiaH AJJMaaTHHKa, 

CTcKeM " BnOJIHe OAH03HaIJHO o6oHCHHIOTCH reorpacpH11ecKHMH oco6eH­

.. HOCTHMH pacnOJIOLKeHHH 9THX 6acceHHOB H KJIHMaTHl!eCKIJMH ycJIO­

BH5IMH ce30HOB aKKYMYJI5IU.HH H Ta5IHH5L 
6. CymecTBeHHO oTJIHqaIOill.HMHCH )lpyr oT Jl.pyra oKa3aJIHCh 3aBH-

CHMOCTH OT BblCOTbl AJIH cpeAHHX MHOrOJieTHHX )l.aT KOHU.a nepHO)l.a 

Ta5IHHH Jlb)la H o6pa30BaHHH y. c. n. Ha rpyHTOBOH noaepXHOCTH. l\aK 

BHAHO, dKrr B pa3JIHlJHhlX f JIHU.HaJibHblX o6JiaCTHX o6pa3yIOT 06my10 

. CaMOCTOHTeJihHYIO 3aBHCHMOCTb OT BblCOTbl. 
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_XapaKTepHhle qepThl 3TOH 3aBHCHMOCTH: He3HaqHTeJibHaH pa3HHIJ.a 

B d1u1 Ha BblCOTaX OT 3 ,ll,O 4,8 KM ( ~20 ,ll,Heli}' MaJiaH H3MeHqHBOCTb 

d1u1 ( ~ 20 ,ll,HeH) Ha 0,ll,HOH H TOH )R:e BblCOTe B pa3JIHqHhlX ycJIOBHHX 

OJie,LI,eHeHHH Cpe,LI,Heli A3HH. 0TMeTHM TaK)R:e, qTo coKpaw.eHHe ne­

pHo,LI,a o6pa30BaHHH ycToliqHaoro cHe)R:HOro . noKpoaa Ha rpyHTOBOH 

noaepxHOCTH B cpaBHeHHH c ero pa3pynreHHeM CBOHCTBeHHO B ueJIOM 

.ll.JIH 30HhI Q>opMHposaHHH CTOKa peK Cpe,ll,He:H: A3HH, oco6eHHo Ha ce­

sepe TeppHTOpHH. B HaH6oJiee HpKoM BH,ll,e 3Ta pa3HHII.a rrpOHBHJiacb 
B rJIHII.HaJihHhIX o6JiaCTHx Cpe,ll,HeH A3HH. 

TaKHM o6pa30M, o6a paccMoTpeHHhlX sapHaHTa oueHKH KaqecTBa 
pe3yJihTaTOB pacqeTa ,ll,aT HaqaJia H KOHIJ.a nepHOJl.a TaHHHH Jlh,ll,a 

IlOKa3bIBaIOT, qTo npe,ll,JIO)R:eHHhle MeTO,ll,bl BilOJIHe npHrO,ll,Hbl ,ll,JIH onpe­

,ll,eJieHH.H dHJh dl\JI H rrpOJl.OJI)R:HTeJibHOCTH nepHOJl.a TaHHHH JlhJl.a B f JIH­
UHaJibHbIX 06.JiaCTHX Cpe,ll,Heli A3HH. 

Bbl BO Ahl 

1. ,QBHMeHHe Ce30HHOH CHerOBOH rpaHHIJ.bl Ha noaepxHOCTH Jie,ll,­

HHKa HBJIHeTcH oTpaJKeHHeM BHyTpHrO,ll,OBoro xo.rr..a aKKYMYJIHII.HH H 
a6JI.HUHH B rJIHII.HaJibHhIX o6JiaCTHX. BcJie.rr..cTBHe 3Toro MaKCHMaJihHaH 

BhlCOTa CHerosoii rpaHHIJ.hl Ha Jie)l._HHKax BeCbMa Te~HO CBH3aHa c ro­

,ll,OBblM 6aJiaHCOM aKKYMYJIHII.HH H a6JI5IUHH H ero cJiaraeMhIMH. Cyw.e­

CTBOBaHHe CBH3H MeJK.rr..y ZMal\C H a6JIHUHH o6ycJIOBJIHBaeT BaMHYIO 

,ll,JIH npaKTHqecKH_,X ueJieH: 3aBHCHMOCTh JieJl.HHKOBoro CTOKa OT ZMaHc· 
0TMeqeHHhie CBOHCTBa ZMal\c HCITOJib30BaHbl B perHOHaJibHOH MOJl.eJIH 

npouecca cyM.MapHoro TaHHHH !{e.IT..HHKOB Jl.JIH KocseHHOH oueHKH ce-

30HHOH aKKYMYJIHUHH B rJIHIJ.HaJihHblX o6JiaCT.HX, KOTdpyIO HeB03-
MOJKHO H3MepHTh Herrocpe,ll,CTBeHHO. 

2. 3aMeHa aKKYMYJIHUHH H a6JIHUHH B ypaBHeHHH ZMaRc = f (Ak, 
Ab) COOTBeTCTBYIOW.HMH HH,ll,eKcaMH IT03BOJIHJia pa3pa6oTaTb MeTO,ll, 

peKOHCTPYKUHH MHoroJieTHero pH,ll,a ZMal\c· 3TH HH,ll,eKChI npencTaB­

{IHIOT co6oii 6e3pa3MepHhie aHoMaJIHH ce30l!HhIX cyMM oc~.rr..Kos, cpe.rr..­

HHX. MecHqHblX TeMrrepaTyp B03,ll,yxa H~H 6aJIJIOB o6w.e.H o6Jia4HOCTH 
3a a6JIHUHOHHbIH nepHOJl. H JierKo onpe,ll,eJIHIOTC.H no .rr..af!HbIM MeTeo­
pOJIOrHqecKHX CTaHUHH. 

M ·Horo.11eTHHH H3MeHqHBOCTh HHJl.eKcoa aKKYMYJIHUHH H a6~HUHIJ 
.H~ aJire6paHqecKOH CYMMbl a.rr..eKBaTHa BapHaUHH CJiaraeMbIX BellJ,eCT~ 
BeHHOro 6aJiaHca JieJl.HHKOB. 3TOT BaJKHblH BblBOJl. TIOJl.TBeplKJl.aIOT O,ll,H­

HaKOBO TeCHhie CBH3H MelKJl.Y ZMal\c, ro.rr..OBhIM 6aJiaHCOM Jie.IT..HHKa aK­

KYMYJIHUHeii, a6JIHII.Heli H HH,ll,eKcaMH 6aJiaHCOBhIX xapaKTepHCTH~. 
3. BKJI8,ll,bl HHJl.eKCOB 3KKYMYJIHUHH H a6JIHUHH B OTIHCaHHe MHO­

roJieTHeH H3MeHqHBOCTH 6aJiaHca, ZMaRc H JieJl.HHKosoro CTOKa npe.rr..- .. 

CTaBJI.HeT co6o.H npocToe H BeCbMa 3Q>Q>eKTHBHOe cpe.rr..CTBO ,ll,JIH pe­

rHOHaJibHOfO aHaJIH3a, OTIHCaHHH H nporH03a fHJl.POJIOrHqecKoro pe­

:>KHMa oJie,LI,eHeHHH Cpe,LI,Heli A3HH. ITpHMepaMH peaJIH3aUHH 3Toro 
IlOJIO)R:eHHH HBJIHIOTCH CJie.rr..yrow.He HOBhle pe3yJihTaThI: 

~ perHOHaJihHaH 38BHCHMOCTb BKJia,LI,a HH)l._eKca a6JIHIJ.HH OT OT­
HOCHTeJibHOH ITJIOllJ,aJl.H OJJe.rr..eHeHHH B BO,ll,Oc6ope, 
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38BHCHMOCTb OTHOCHTeJibHOro . BKJia,LI,a Jie,ll,HHKOBOro ITHTaHHH 

· 8 cpe.rr..HHH MHoroJieTHHH rOJI.OBOH 11 ce30HHhIH CTOK peK Cpe.ntteif AsHH 
H KasKa3a OT BKJia,ll,a HHJl.eKca a6JIHUHH, · 

,,.., - perneHHe B o6w.eM BHJI.e 3a,LI,a qH JI.OJirocpotIHoro nporHosa Jie.u-

HHKOBoro CTOKa H MaKCHMaJihHbIX BbICOT ce30HHOH CHerOBOH rpaHHIJ.bl 

B rJIHII.HaJihHhIX o6JiaCTHX Cpe.ntte:H. A3HH. 
u u 4. ,UJIH onpe.rr..eJieHHH TIJIOllJ,a,ll,eH ITHTH OCHOBHhlX THITOB Tarow.eH 

. nosepXHOCTH Jie,ll,HHKa B TeqeHHe nepHO.ZI.a a6JIHU1iH Heo6XO,LI.HMbI rrepe­

llHCJieHHbie paHee MopQ>oMeTpHlleCKHe xapaKTepHCTHKH Jie,ll,HHKa H 

.rr..aHHhie o noJioLKeHHH ce30HHOH cHeroso:H. rpaHHUhI. B paspa6oTaHHOH 

aBTOpOM MOJl.eJIH Jl.BH./KeHHH Zrcc" no Jie,ll,HHKY TaKLKe HCIIOJib3YIOTCH 

3HalleHHH ZMairn· TeM caMhIM yqHThIBaIOTCH oco6eHHOCTH aKKYMYJIHUHH 
TBep,ll,~X OCaJl.KOB Ha Jie,LLHHKaX. IlOCKOJihKY 3HMHHe H JieTHHe TBep­

,ll,ble oca,LLKH, aKKYMYJIHpOBaHHbie Ha IlJIOllJ,a,ll,H Jie,LLHHKa B HHTepBaJie 

BhICOT OT zl\ ,LLO ZMal\c, CTaHBaIOT TIOJIHOCThIO, B MO)l._eJIH ,ll,BH./KeHHH 

Zrcc ,ll,OCTaTOllHO orrpe,LI,eJIHTh cyTOllHhie CJIOH CTaHBaHHH cHera H npH­

HHTh oqeBHJl.HYIO rttnoTe3y, qTo seJIHqHHa no,LI,'heMa Zrcc aa cyTKH npo­

nopuHoHaJJbHa CJIOIO TaHHHH aa 3TO Me speMH. B pe3yJihTaTe cyMMa 

TaHHHH 3HMHero H JieTHero CHera 3a nepHO,LL a6JIHUHH .rr..aeT fO,ll,OByIO 

aKKYMYJIHII.HIO Ha .Jie.IT..HHKe B HHTepsaJie BhICOT OT zl\ .ll.0 ZMaKC· 
5. EoJihrnoe 3HaqeHHe .ZI.JIH onttcaHHH npouecca cyMMapHoro .TaH­

HHH Jie,ll,HHKOB H Jie)l._HHKOBOfO CTOKa HMeeT onpe,LI,eJieHHe MOMeHTOB 
HaqaJia H OKOHqaHHH nepHO,ll,a TaHHHH Jlh,ll,a. IlpHMeHHTeJihHO K CTa­

THCTHlJeCKOH MO,ll,eJIH r.HHUHaJihHOH o6JiaCTH aBTOpOM pa3pa6oTaHhl 

aJiropHTM H npopraMMa ,LLJIH orrpe,ll,eJieHH51 Ha 3BM .naT HaqaJia _ H 

KOHII.a rreptto.rr..a TaHHHH Jlh,ll,a c pa3,ll,eJibHblM yqeTOM ,ll,BHMeHH51 rpa­

HHIJ.hl ce30HHoro cHera Zrcc Ha Jie,ll,HHKax H BHeJieJI..HHKOBhix 30Hax 
6acce:H.Ha peKH. 

· AHaJIH3 saKoHoMepHocTeli H3MeHeHHH · no TeppHTOpHH Cpe,ll,H~H 
A3HH ,ll,aT HallaJia dHn H oKoHqaHHH dKn rrepHo,ll,a TaHHHH Jih,ll,a BhIHBHJI 

qeTKYIO aaBHCHMOCTb dHJI H dl\JI OT BbICOTbl H xopomyIO HX COBM~CTH­
MOCTh c npou.eccoM cxo.rr..a H ycTaHOBJieHHH ycToliqHBoro ~HeMH<?.ro 
noKpoaa Ha rpyHTOBo:H. nosepxHOCTH. B o6w.eM ,ll,JIH 6acceHHOB peK 

Cpe,ll,Heii AaHH xapaKTepHbI nocTeneHHoe H CHJihHO pacTHHyToe Bo 

BpeMeHH OCB060LK,ll,eHHe KOHII.OB Jie)l._HHKOB OT 3HMHero CHera li IlOlJTH 

0,ll,HOBpeMeHHOe ycTaHOBJieHHe ycTo:H.qHBOro c~eMHOro noKpOBa . Ha 

BhICOTax ZK. B cpe,ll,HeM MHOroJieTHeM cxo,ll, cHeLKHqro no~p~B-a Ha 

KOHLI.ax Jie,ll,HHKOB B ,ll,HarraaoHe BblCOT OT 3,3 . Jl.0 4, 7 KM npoH~XC)Jl.~T 
c HaqaJia MaH JJ.O KOHLI.a asrycta -_ HallaJia ceHTH6p51. YcTaHOBJieHHe 

~ ycTOHllHBOfO CHeMHOro IIOKpOBa Ha KOHUaX JieJl.HHKOB Bu TOM Me Jl.Ha­
ITa30He BbICOT ocyw.ecTBJIHeTCH ·H -Teq·eHHe 20-25 ,ll,HeH c cepe,ZIJIHbl 

ceHT516pH ,ll,O HaqaJia OKTH6pH . Ha BhICOTax 6oJiee 4~7-4,8 KM ~He?K­
HhIH IIOKpOB 3aJieraeT B TeIJeHHe scero ro,ll,a H npO,ll,O~MHTeJihHOCTb 
rreptto~a TaHHHH Jih,ll,a paBHa HYJIIO. 
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