
fJiaea 4 

MeTOAHKa pac11eTa cyMMapuoro TaSIHHH 
Ha JieAHHKax H JieAHHKOBOro CTOKa 

4.1. Il pOCTpaHCTBeHHO-BpeMeHHcl.SI H3MeHllHBOCTb OCHOBHblX 

MeTeopoJIOfHlleCKHX xapaKTepHCTHK, onpe,II.eJl.SllOJ.UHX HHTeHCHBHOCTb 

Ta.SIHH.SI Ha Jie,ll.HHKax 

Pa3pa6oTaHHa.sc aaTopoM perHoHaJihHaH cpH3HKO-cTaTHCTHqecKa5I 

MOJI.eJib rrpouecca cyMMapHoro TaHHHH JieJI.HHKOB B 6acce:HHax peK 

CpeAtte:H A3HH npeJI.ycMaTpHaaeT o~peJI.eJieHHe BHyTpHrOAOBoro XOAa 
aKKYMYJIHUHH H Ta5IHHH B 3aBHCHMOCTH OT BhICOThI MeCTHOCTH z. Pac­

CMOTpHM )1.aJiee ~CnOJibjyeMble B MO,lI.eJIH MeTO,lI.bl onHCaHH5I B KOOp­

JlHHaTaX z, t l13MeHqHBOCTH p5IAa MeTeopoJIOrHqecKHX 3JieMeHTOB, KO­

TOpbie 5IBJI5110TC51 apryM~HTaMH JIOKaJibHhlX H perHOHaJihHhlX cpopMyJI 

HHTeHCHBHOCTH aKKYMY JIHUHH H TaHHHH CH era H Jlb,lI.a. 

4.1.1. .IlPHXOJJ. cyMMapuoii coJiuequou paJJ,uauuu 
. Ha DOBepXHOCTb Jle)J,HHKa 

MeTO,lI.HKa pacqeTa COCTaBJI.SUOlll.HX nOTOKa cyMMapHOH pa,lI.HaUHH 

Q0 (ti) =l' + D AJIH 6eso6JiaqHhIX JI.He:H B HaCTOHlll.ee apeMH TeopetH­

qecKH H 3KCnepHMeHTaJihHO o60CHOBaHa (CM . HaIIpHMep, [ 47, 48, 97, 
160, 187)) BnOJIHe onpe,lI.eJieHHO (!' - npHMaH paAHaUHH Ha ropH30H­

TaJihHY10 noaepxttocTh, D - pacceHHHHaH paAHaUHH, f1 - apeMH 

BHYTPH cyToK). 
YllHThIBaH npHHHThIH B pa6oTe cnoco6 o6o6meHHH HCXOAHhIX AaH-

_ HbIX no MopcpoMeTpHH OJie,lI.eHeHHH B BH,ll.e «Cpe,ll.HHX Jie,lI.HHKOB» AJIH 

OT.LI.eJihHhIX pa:HoHoB rJIHUHaJihHOH o6JiacTH, pacqeTbI J' H D ueJieco­

o6pa3HO BbinOJIHHTb no aKTHHOMeTpHqecKHM cpopMyJiaM, CO,lI.epMaIIUIM 

B03MOMHO MeHbIIIee qHCJIO JIOKaJibHbIX, a TaK:tKe MaJI03Ha qHMbIX na­

paMeTpOB. 
IlpHMeHHTeJibHO K npHMOH pa,lI.HaUHH, KaK noKa3aHO, HanpHMep, 

B [97, 187]' HaHOOJiee y.LJ.alJHa5i H npocTaH annpOKCHMaUHH J' (t1) 
rrpe,[(JIO:tKeHa B. r. l(acTpOBbIM: 

( 4.1) 

a,u.ecb J 0 - MeTeopoJIOfHlJeCKaH COJIHelJHaH IlOCTOHHHaH; 'A - HHTe­

rpaJihHhIH noKaaaTeJih npoapalIHOCTH aTMoccpepb1; ma - 6eapa3Mep­

HaH xapaKTepHCTHKa ,ll.JIHHhl nyTH COJIHelJHOro JiylJa B aTMOCcpepe. 

BnoJIHe y,u.oaJieTaopHTeJihHOe JI.JIH rrpaKTHlJeCKHX ueJieli npHOJIH:tKeHHe 

ll.aeT cpopMyJia 
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1 
m=-.-h-' stn 

0 
(4.2) 

-

r,u.e h0 - yr.noBaH BbICOTa COJIHII,a. 

3MDHPHtieCKH, no H3MepeHHHM J: 
lo-I 

A.= I (4.3) 

no 3TOH cpopMyJie ObIJIH BbIIlOJIHeHbl onpe,u.e.neHHH K03cpcpHuHeHTa 'A 
JlJIH TeppHTopHH CpeAHeli A3HH . B pactieTax yqHTbIBaJICH BbIBOJl 

c. 11. CHBKOBa [187] · o AOCTaToqHoii AJIH .LJ.HeBHOro nepHOJla xapaK­

TepHOCTH 3HatieHHH 'A, orrpe,LI.e.neHHbIX no no.ny.LJ.eHHblM 3HaqeHHHM J. 

Ao v 
0,5 D,08 • 

• • 

0,3 f),06 

• 

0,1 t 0,04-
I I • 

to ! 2 3 Z l<.M 

400 OD2 
• JOIX I 

f z J ZXM 
• JOO • 

ZOOL--.1-~f __i---2L--.L---3~. --'--Z~R-M.-

PHC. 4.1. 3aBHCHMOCTH K03cpcpHU,HeHTOB Ao, 'V H to B cpopMyJie 

( 4.4) OT BhICOThI MeCTHOCTH HaA ypOBH~M MopH. 

. .. 
AHaJIH3 noJiyqeHHblX aBTopoM cpeAHHX MeCHtIHblX aHatieHHH HUTe-

rpaJihHOro K03cpcpHUHeHTa rrpoapa qHocTH 'A ( TaoJI. 4.1) Ha pa3JIHtIHblX 

BbICOTax Ha paBHHHe H B ropax Cpe,lI.He:H AsHH noKa3bIBaeT, qTo BHyT­

pHrO.JlOBOH XOJl ·'A JlJIH JI106oro H3 nyHKTOB B Ta?JI. 4.1 ano.nHe YJlOB­

JieTBOpHTeJihHO annpoKCHMHpyeTCH KOCHHYCOHJlOH 

A (t) =Ao+ VCOS [ ~~ (t - to) J. (4.4) 

1 
r,ll.e Ao - cpeAHee rOJ;I.OBoe 3HaqeHHe K03cpcpHUHeHTa HHTerpaJihHOH 

npo3paqHoCTH aTMoccpepbI, v - noJiyaMnJIHTyJla H3MeHeHHH 'A BHYTPH 

. ro,lI.a, T 2 = 365 .JlHeli, t - apeMH ( HoMep .JlH51 BHYTPH ro.LI.a), to - A a Ta 

MaKCHMyMa A,(t). u . 

3aTeM )l.JIH no.nyqeHHH CBH3H HHTerpaJibHOH npoapatIHOCTH aTMO-

ccpepbI c BhICOTOH MeCTHOCTH B ycJIOBHHX CpeAHeii A3HH OhIJIH no­

CTpoeHhI rpacpHKH aaBHCHMOCTeii 'Ao (z), v (z)· H to (z). KaK cJieAyeT 

H3 pHC. 4.1, 3TH 3aBHCHMOCTH JlOCTaToqHQ TeCHbie. ., 
IlocKOJibKY )l.JIH pacqeTOB TaHHHH CHera H Jlh)l.a HaHOOJiblllHH HH­

Tepec rrpe,lI.CTaBJIHIOT 3HatieHH5I 'Ao (z)' v (z) H to (z) Ha BhlCOTaX 60-
.nee 1 KM, a TaK.tKe ,ll.JIH BbipaBHHBaHHH Ha pHC. 4.1 nJIOTHOCTH )l.aH­

HblX a pa3.nHqHbIX BbICOTHhlX 30Hax ObIJIO Bhino.nHeHo ocpe,LI.HeHHe na­

paMeTpoa /1;0, v H lo B HHTepaa.nax BblCOT 0-0,250 KM, .,o,251-
0,500 KM 11 0,500-1,000 KM. B pesyJihTaTe JlJI51 3aa11cHMOCTeH 'Ao (z), 
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"(z) H lo (z) MeTO)I.OM HaHMeHhJllHX J\Ba.rr.paTOB 6hIJIH noJiyqeHbl ' CJie­
JI.YlOIII,He Bbipa.tKeHH.H: 

A.0 (z) = 0,383 - 0,068z; 

v (z) = 0,036 + 0,031 z - 0,0084z2
; 

t0 (z) = 373 - 59,5z + l l,7z2
• 

(4.5) 

(4.6) 

(4.7) 

Tio..rr.cTaB~B 3TH ypaBHeHH.H B ( 4.4)' Hali.rr.eM )I.JI.H pacqeTa OKOHqa­
TeJihHYIO cpopMyJiy: 

A, (z, t) = 0,383 - 0,068z + (0,036 + 0,03lz - 0,0084z2
) X 

[ 
2n ' J X cos r;: (t - 373 + 59,5z - l l ,7z2

) · • (4.8) 

lJHCJieHHbie K03cpcpHI.I,HeHTbl B 3TOM Bbipa.tKeHHH orrpe.rr.eJieHbl rrpH 
ycJJOBHH, qTQ ro.rr. HaqHHaeTC.H 1 OKT.H6p.H. 

,UJI.H orrpe,ZI.eJieHH.H ITOTOKa pacce.HHHOH pa,ZI.HaUHH D ( f 1). HCITOJih­
syeM BITOJIHe YAOBJieTBOpHTeJihHOe rrpHOJIH.tKeHHe, KOTOpoe .rr.aeT cpop­
MyJia BepJiare-KacTposa [ 187] 

D=0,38A.J, (4.9) 

r,ZI.e 3HaqeHHe 3MI1HpHqecKoro K03cpcpHI.I,HeHTa )I.OCTaToqHo ycTofiqHBa 
[ 187] rrpH . pa3JiijqHbIX "" H J - rrp.HMa.H pa,LI.HaUH.H Ha neprreH,LI.HKy­
JIHPHYlO rrosepXHOCTb. 

B oKoHqaTeJihHOM BH)I.e cpopMyJia AJI.H pacqeTa .rr.ttesttoro rrocTy-
u ITJieHHH ·cyMMapHOH pa,LI.HaUHH Ha ropH30HTaJihHYlO. nosepXHOCTb rrpH 

oTcyTcTBHH ooJiaqttocTH BbirJI.HAHT cJie.nyJOmHM o6pasoM: -
t' 

0 . h r s in 0 
J /\, ( t) + ·. h. [sin h0 + 0,38A. (z, t)] d-r., 
0 

z, sin 
0 

( 4.10) 

r .ne T 1 - rrpo,ZI.OJI.tKHTeJihHOCTh cyToK, pasHa.H 1440 MHH; -r0 - speM.H 
socxo,n..a HJIH saxo.LI.a coJIHUa; speM.H f1 BHYTPH cyTOK Bbipa.tKeHo. qepe3 
nepHo,n..HqecKy10 cpyHKUHIO qacosoro yrJia 

t T1 
I =~Tl• 

B cpopMyJie ( 4.10) sHaqeHHe sin h0 orrpe.neJI.HeTc.H rro H3BeCTHOMY 
H3 ccpepHqecKOH acTpOHOMHH COOTHOIIleHHlO 

sin h0 =sin <p sin 6 +cos cp cos 6 cos -r., (4.11) 

r.ne cp- reorpacpHqecKa.H lliHpoTa; 6 - CKJioHeHHe coJIHUa; -r1 - qa­
co·aofr yroA coJIHUa. B ypasHeHHH ( 4.11) seJIHqHHa CKJIOHeHH.H coJIHUa 
Ha JI106y10 .rr.aTy t BHYTPH ro.na npe.rr.cTaBJI.HeT co6oli nepHOAHqecKyIO 
cpyHKUHlO speMeHH 

b (t) = 23,5 sin [ ~: (t - 173)] (4.1~) 

B cJJyqae HaqaJJa otcqeTa c 1 OKTHOpH H T2=365 cyT. 
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EcJIH cp H 6 ( t) sa.rr.aHhI, onpe,lI.eJieHHe BpeMeHH -r0 Bocxo.rr.a HJIH 

aaxo,lI.a coJIHU.a JI.JIH JII06oro nyHKTa Ha paBHHHe He npeJI.CTaBJIHeT 3a­

TPYJI.HeHHH. J13 ( 4.11) oqeBHJI.HO, qTo npH sin h0 = 0 

-r0 '= arccos ( + tg cp tg b). (4:13) 

0 ,lJ.HaKo ,lI.JIH 60JibllIHHCTBa ropHbIX Jie,ll.HHKOB TaKOH cnoco6 HenpH­

ro,ZJ,eH H 3a,lI.aqa pacqeTa 't0, B npHHU.HIIe, CTOJib )Ke "5ICHaH, KaK H Ha 

paBHHHe, CHJibHO OCJIO)KH.HeTCH Heo6XO,lI.HMOCTblO yqeTa H aHaJIH3a 

6oJiblliOfO· o6'beMa HHct>OpMaU.HH 0 peJibecpe Jie,II.HHKOBbIX ,ll.OJIHH. 

B KaqecTBe npHMepa BJIHHHHH saKpbITOCTH ropH30HTa Ha acTpoHo­

MHqecKH B03MQ)KHYIO npO,lI.QJI)KHTeJibHOCTb COJIHeqHoro CHHHHH npH­

Be,lI.eM pesyJihTaTbI [ 154, 165), noJiyqeHHhie Ha Jie,lI.HHKe <Pe.rr.qeHKo H 

B paaJIIJqHhIX nyHKTax Ha Jie,lI.HHKe UettTpaJihHOM TyroKcy (Ta6JI. 4.2). 

Ta6Aut{a 4.2 

MaKcuMaJihHO B03MOJK.Ha.H npo)l.OJIJKHTeJihHOCTb coJitteirnoro CHSIHHSI Ha Jie.IJ.HHKax 

<l>e)l.11eHKO H UettTpaJibHOM TyJOKcy (s % OT acTpottoMu11ecKH soaMOJKHOH 
npO)l,OJI}KHTe~bHOCTH) 

Mecm.\ 

Jle.D.HHK I I I I v VI VII VIII IX x 

<l>e.ZI.qeHKO 80 80 80 86 84 78 

UettTpaJibHhIH TyroKcy: 
74 76 81 83 82 78 

KOHeU. H3hIKa 
76 7.8 83 84 82 70 

o6Jiat:Tb a6JIHU.HH 
70 72 79 79 76 66 

cpHpHOBaH o6JiaCTb 

EcTh BIIOJIHe oqeBHJI.Hbie npHtIHHhI cqHTaTh, lfTO JI.JI5I MaccoBbIX 

pacqeTOB nocTynJieHH5I cyMMapHOH paJI.HaU.HH in H i 3 Ha Jie,ZJ,HHKax 

MoryT 6bITb noJiyqeHbl TOJibKO qHCJieHHhlM MeTO,lI.OM c npHMeHeHHeM 
3BM. . 

Cyrn.HOCTh pa3pa6oTaHHoro aBTopoM [ 114) TaKoro MeTOJI.a B o6-

o6rn.eHHOM BH,lI.e COCTOHT B IIOCTpoeHHH TpexMepHOH qHcJieHHOH ' MO­

.rr.eJIH JIHHHH ropH30HTa Ha OCHOBe KpynHOMaCllITa6HOH TOnorpacpfiqe-
u u 

CKOH KapTbl, BblqHCJieHHH ,lI.JI5I Ka}K,lI.Oro nyHKTa Ha Jie,lI.HHKe KpyroBOH 

ZI.HarpaMMbl 3aKpbITOCTH ropH30HTa, ITOCJie,lI.OBaTeJibHOM onpe.rr.eJieHHH 

ITOJIO}KeHHH H yr JIOBOH BbICOTbl COJIHU.a Ha He6eCHOH ccpepe B TeqeHHe 

)lHH .OTHOCHTeJibHO Ka}K,lI.Oro H3 9THX nyHKTOB H ycTaHOBJieHHH, TaKHM 

o6pa30M, MOMeHTOB nepecelleHHH COJIHU.eM COOTBeTCTBYIOIIJ.eH JIHHHH 

ropH30HTa Ha BOCTOKe H 3ana,lI.e, T. e. BpeMeHH BOCXO,ll.a H 3aXOJI;a 

COJIHU.a ,lI.JIH ,lI.aHHOfO nyHKTa. 

nJIH BCeX DYHKTOB Ha ITOBepXHOCT~ Jie,ll.HHKa npHHHTO, qTQ JIHHH5I 

ropH30HTa COBlla,lI.aeT c BO,lI.Opa3,lI.eJibHbIM rpe6HeM, 3aMhIKaIOID.HM 6ac­

ceiiH Jie,lI.H~Ka. 3TO ynporn.~HHe B OT,lI.eJihHhlX CJiyqa51x npHBO,ll.HT K He-
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60JibllIHM ,ll.OIIOJIHHTeJihHblM norpellIHOCTHM pactieTa BOCXO,lI.a H aaXO,lI.a 

COJIHU.a, oiI.HaKO 3HaqHMOCTb 9THX OllIH60K 6e3yCJIOBHO ropa3)1.0 Mettee 

cymecTBeHHa no cpaBHeHHIO c HeytieTOM B006me BJIH.HHHH peJibecpa 

Ha 3aKpbITOCTb ropH30HTa. 
I1cXOJ1.HOH HHcpopMaUHeii ,lI.JI5I pactieTa BpeMeHH BOCXO,lI.a H 3aXo,lI.a 

COJIHUa Ha Jie,lI.HHKe 5IBJIHIOTC5I ITJiaHOBO-BbICOTHhle KOOp,II.HHaThl nyHK­

TOB Ha IlJIOIIJ.a,II.H Jie,lI.HHKa H MepH,lI.HOHaJibHO opHeHTHpoBaHHa5I Tpex­

MepHaH MO,lI.eJih JIHHHH ropH30HTa, KOTOpbie o6ecnetIHBaIOT onpe,lI.eJie­

HHe JI.JIH Ka}K)l.Oro ii-Toro nyHKTa yrJioB aaKpbITOCTH Ni no cpopMyJie 

N t ( 
Zir - ZKJI ) 

i =arc g · 2 , 
,Y (Xir - XKJI)

2 + (Yir - YKJI) 

(4.14) 

r.rr.e npH Ka}K,lI.OM cpHKcnposaHHOM k i H3MeH.HeTC5I OT 1 ,u.o n; Xir, Yir, 
Zir H Xk:rr, Ykn, Zkn - ITJlaHOBO-BhICOTHhie KOOp,U.HHaTbl Toqe~ Ha JIHHHH 

ropH30HTa «f» H Jle,U.HHKe «JI». 
IlocJie pacqeTa KpyrOBbIX ,U.HarpaMM' 3aKpbITOCTH ropH30HTa )1.JI5I 

BCeX nyHKTOB Ha IlOBepXHOCTH Jle,U.HHKa BbinOJIHHeTC5I onpe,n.eJiettHe 

yr JIOBOH BbICOTbl H TIOJIO)KeHHH COJIHUa Ha He6ecHOH ccpepe B TetieHHe 

LI.HH c TaKHM pacqeTOM, qTo6bI, nocJie,n.osaTeJlbHO cpaBHHBa5I yrJIOBble 

BblCOTbl COJIHUa H yrJJbl aaKpbITOCTH ropH30HTa Ka}K,U.Oro k-Toro 

nyHKTa Ha Jie,U.HHKe, ycTaHOBHTb MOMeHTbl BOCXO,lI.a H aaxo,u.a COJIHU.a 

OTHOCHTeJihHO JIHHHH ropH30HTa ,n.aHHOfO nyHKT3·. 
OoJioLKeHHe cseTHJJa Ha He6ecHoii ccpepe MOLKeT 6hITh onpe,n.eJJeHo 

B 9KBaTOpttaJibHOH HJIH ropH30HTHOH CHCTeMe ccpepHl.IeCKHX KOop­

Jl.HHaT. CTepeceqettne MepttJI.HOHaJihHOH H aeHHTHOH oceii 9THX Koop­

JI.HHaT .rr.pyr c JI.pyroM H c 6oJihllIHM KpyroM He6ecttoii ccpepbI 06pa­

ay10T ITOJI5IpHbIH TpeyroJJbHHK, CB513bIBaIOIUHH 9KBaTOpHaJihHhie KOOp­

,ll.HHaThl COJIHUa c ropH30HTHbIMH nocpe,lI.CTBOM H3BeCTHbIX cpopMyJJ 

ccpepHqecKOH TpHrOHOMeTpHH. B qacTHOCTH, ypaBHeHHe ( 4.11) HBJIH­

eTCH aHaJIHTHqecKHM Bbipa:/I{eHHeM 3aBHCHMOCTH BbICOTbl COJIHUa h0 
OT reorpacpHqecKOH llIHpOTbl nyHKTa cp, CKJIOHeHHH COJIHUa 0 H 't1 -

ero tiacosoro yrJia. . 
npyroif BapHaHT pellleHH5I ~OJI5IpHOfO TpeyrOJlbHHKa -

ctg A3 sin T 1 = ctg (90° - 6) sin (90° - cp) - cos (90° - cp) cos 'ti, ( 4.15) 

r,lI.e A3 - a3HMYT coJIHU.a, no3BOJIHeT onpe.JI.eJIHTh cos -r1 no H3secT­

HhIM OCTaJihHblM 9JieMeHTaM H B KOHeqHOM Cl!eTe ycTaHOBHTb no cpop­

MyJJe ( 4.11) noJio}KeHne coJIHU.a Ha tte6ecHoii ccpepe. A3HMYThI pa3-

. JIHl!HbIX IlOJIO)KeHHH COJIHU.a B TeqeHHe Jl.HH OTHOCHTeJlhHO k-Toro 

nyHKTa Ha Jie,lI.HHKe npHHHMaIOTC5I paBHblMH a3HMyTaM OTMeTOK peJih­

ecpa, o6pa3yIOIUHX JIHHHIO ropH30HTa, IlOCKOJibKY Jl.JIH onpe,lI.eJieHHH 

MOMeHTOB BOCXOJI,a H 3aXO,lI.a He06XO,lI.HMO cpaBHHBaTb yrJIOBble Bbl­

COTbl COJIHU.a c yrJIOBbIMH BbICOTaMH ToqeK Ha JIHHHH ropH30HTa. 

YpaBHeHHe ( 4.15) npeo6pa3osaHo oTHOCHTeJibHO cos T1 K KBa.rr.-

paTHOMY TpHrOHOMeTpHl!eCKOMY ypasHeHHIO 

cos2 
't1 - Ki cos 't1 - Ko= 0, 

\ 

(4.16) 
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r.n.e 

H 

K 
1 
= 2 tg 6 cos cp sin q> 

sin 2 q> + ctg2 A3 

Ko= ·ctg2 A3 - tg2 6 cos2 q> 
sin 2 q> +- ctg2 A3 

( 4.17) 

( 4.18) 

Bbl11HCJUIIOTC51 OT,LI.eJibHO ,LI.JI51 Ka:tK,LI.Oro nyHKTa Ha Jie,LI.HHKe nyTeM 

no.n.cTaHOBKH B ( 4.17) H ( 4.18) napaMeTpOB <p, 6 H a 3HMYTOB, OT­

HOc;5IIIJ,HXC5I K JIHiiHH ropH30HTa 3Toro nyHKTa. TaKHM o6pa30M, pe­
meHHe CHCTeMbI 

, {cos2 
't1 - Ki cos 't1 - Ko= O; -

sin he= sin q> sin 6 +cos q> cos 6 cos -r1 

( 4.19) 

OTHOCHTeJibHO cos 't1 H he H COilOCTaBJieHHe KOHeqHblX pe3yJibTaTOB 

Ha KC!:tK.LI.OM mare c .n.aHHblMH no 3aKpbITOCTH ropH30HTa k-Toro nyHKTa 

Ha Jie,LI.HHKe Il03BOJI5IeT onpe.n.eJI51Tb BpeM51 BOCXO,LI.a H 3axo.n.a COJIHII,a 

.LI.JIH 3Toro nyHKTa Ha JII06oii .n.eHb HJIH .n.pyrHe nep110.n.w a TeqeHHe 
ro.n.a B 3aBHCHMOCTH OT Toro, KaK 3a,LI.aHo CK.TIOHeHHe COJIHII,a. 

· ,Ll.JIH pH.LI.a nyHKTOB Ha TeppHTOpHH Cpe.n.Hett A3HH, r.n.e H:MeIOTCH 

JJ.aHHhie aKTHHOMeTp11qecKHX H3MepeHHH, no H3JIO)KeHHOH 3,LI.eCb MeTo­

JJ.HKe 6bIJI~ BbIIlOJIHeHhI pac1IeTbI BHyTpHro.n.osoro xo.n.a .n.HeBHhIX cyMM 

cyMMapllOH pa.n.Hall,HH npH 6e306JiaqHOM He6e. 0THOCHTeJibHbie OTKJIO­

HeHHH paCClJHTaHHbIX Mec5JqHhIX cyMM Q0 OT H3MepeHHbIX npHBe)J.eHbl 
B Ta6JI. 4.3. -

I13 Ta6JI. 4.3 cJie.n.yeT, qTo KaqecTso onpe.n.eJieHHH Q0 (z, t) no BhI­

pa:tKeHHIO ( 4.10) 51BJI51eTC51 BnOJIHe npHeMJieMbIM ,LI.JI51 perHOHaJibHbIX 

pacqeTOB norJIOI.II,eHHOH pa.n.Hall,HH KaK O,LI.HOro H3 apryMeHTOB B ¢op-

Ta6Autta 4.8 
0THOCHTeJibHble OTKJIOHeHHSI paCCllHTaHHblX MeCSll{HblX cyMM cyMMapuoii pa,ll.Ha~HH 

OT H3MepeHHblX 

ilyHKT3 

TepMe3 

TalllKeHT 

aMapKaHJl c 

Cf> 

K 

T 

pyH3e 

bl3hIJitJa 

HHh-lllaHb 
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Z KM 

0,309 

0,477 

0,695 

0,796 

2,075 

3,610 

-...... -- - -
-15 -2 3 

-9 -10 -3 

-5 0 4 

-12 -7 0 

-15 -18 -8 

-7 -3 -2 

0THOCHTeJJbHble OTKJIOHeHH51, % 

-- - -> - - - ~ - -- > > > > - x x x 

2 6 4 ·5 2 -2 -8 -10 -12 

3 6 5 6 7 0 ~5 -10 -7 

7 8 5 9 3 l -6 -10 -7 

2 5 6 7 5 2 -9 -10 -11 

-10 -4 -3 -2 0 -3 -12 -14 -15. 

-1 2 3 4 1 -3 -8 -12 -10 

' 

MyJie HHTeHCHBHOCTH Ta5IHH51 CHera H Jlb,LI.a. I1ocJie,LI.yIOI.II,HMH maraMH 

B HCilOJib30BaHHH noJiylleHHbIX JI,aHHblX 0 Q0 (z, t) ,LI.OJl)l{Hbl 6hITb ne-
... - u 

pexo.n. K 3HaqeHH51M cyMMapHOH pa.n.Hall,HH npH ,LI.eHCTBHTeJibHbIX ycJIO-

BH51X o6Jia1IHOCTH Q (z, t) H onpeJJ.eJieHHe aJih6eJJ.o AR=AR (z, t) n5ITH 
u 

OCHOBHbIX THnOB Ta10meH nosepXHOCTH Jie,LI.HHKa . 

,LI.JI5I pacqeTa Q (z, t) ,ll.OCTaToqHo 3¢¢eKTHBHhIM C1IHTaeTC5I CJie-: 

.LI.YIOI.II,HH cnoco6: 

Q = Q0 f (C), (4.20) 

r,LI.e 

f (C) = I - (I - d) C (4.21) 

HJIH 

(4.22) 

- ¢YHKUH5I OCJia6JieHH51 npHXO,LI.a cyMMapHOH pa,LI.HaUHH npH c 6aJIJiaX 

o6meii o6JialJHOCTH; d, di, d2 - 3MnHpHqecKHe . K0.3QHpliUHeHTbI. 

I1 Hor ,LI.a [ 48, 14 7] ,LI.JI51 IlOBbillleHH~ TOlJHOCTH pa ClJeTOB Q BBO,ll.51T 

a f ( C) pas,LI.eJihHhie oueHKH o6meii H HH:tKHeii 06Jia11HOCTH. 0;LI.HaKo, 

yqHThIBaH JIOKaJibHbIH xapaKTep onpe,LI.eJieHHH o6JialJHOCTH B ropax no 
u u u 

JJ,aHHbIM pe,LI.KOH ceTH MeTeopoJIOrHqeCKHX CTaHUHH, B perHOHaJihHOH 

Mo,LI.eJIH npouecca cyMMapHoro Ta~HHH ueJiecoo6paaHo orpaHH1IHThCH 

yqeTOM O,LI.HOH o6meii o6JiaqHOCTH. 

HccJie.n.oBaHHe JIHHeiiHoro H HeJIHHeiiHoro BapHaHTOB aaBHCHMOcTH 

f ( C) = Q/Q0 .LI.JI5I TeppHTOpHH Cpe.n.Heii A3HH no .n.aHHhIM pe)KHMHhIX 

MeTeopoJior11qecKHX CTaHII,HH 3a 1960-1980 rr. IlOKa3aJIO, 1ITO KO- . 

3¢¢11uHeHTbI KoppeJIHUHH B o60HX CJiyqa51x npaKTHqeCKH O,iJ.HHaKOBhle. 

I1oJiyqeHHWe aBTOpOM qHCJieHHWe 3Ha1IeHH51 napaMeTpOB B ¢YHKUHH 

OCJia6JieHH51 npHXO,LI.a cyMMapHOH pa.n.HaUHH B 3aBHCHMOCTH OT 6aJIJIOB 

o6I.II,eH o6JiaqHQCTH npHBe,LI.eHbl B Ta6JI. 4.4. 
K~K BH.LI.HO H3 Ta6JIHUhI, sapHaUHH napaMeTpa d B JIHHeHHOM sa­

pHaHTe cpyHKUHH f ( C)- He CBH3aHa c BhICOTOH MeCTHOCTH H cKopee 

Bcero HMeeT CJiyqaifHblH xapaKTep. 3TOT . :tKe BhIBO,LI. B TIOJIHOH Mepe 

cnpaBe,LI.JIHB .LI.JIH .LI.pyroro napaMeTpa const, KOTOpbIH B JII06oM cJiyqae 

npH C=O JJ.OJI:IKeH 6bITh paseH e.n.HHHI.I,e. B HTore, ocpe,LI.HHB 3Ha1IeHHH 

d no ,LI.aHHbIM Bcex MeTeOpOJIOfHlJeCKHX CTaHUHH, B Ta6JI. 4.4 HaH,LI.eM 

YHHBepcaJihHy10 .LI.JIH Cpe.n.Hell A3HH ¢YHKUHIO ocJia6JieHHH npHxo.n.a 

cyMMapHOH pa.n.Hall,HH B 3aBHCHMOCTH OT 6aJIJIOB o6I.II,eH o6JiaqHOCTH 

f (C) =- I - 0,05C. ( 4.23) 
HapH.LI.Y c 3TOH <f>opMyJioii, .LI.JIH pacqeTa nocTynJieHHH cyMMapHoii 

pa,LI.Hall,HH npH c 6aJIJiaX o6m.e.H o6JiaqHOCTH MO:tKeT 6bITb HCilOJib30-

BaHO pa Hee noJiyqeHHOe aBTOpOM fl 23) Bbipa)KeHHe 

f (C) =I - 0,0065C - 0,0046C2
, (4.24) 

TIOCKOJibKY TOqHOCTb annpOKCHMall,HH f (C) JIHHeHHOH H HeJIHHeHHOH 

saBHCHMOCTH oKa3aJiaCh noqTH O.LI.HHaKOBOH. DposepKa ¢opMyJihI 

( 4.24) no He3aBHCHMblM Ha6JIIO,LI.eHH51M Ha p51,LI.e Jie,LI.HHKOB 3aHJIHH­

CKOfO AJiaTay, THHh-lllaHH H DaMHpa noKa3aJia [ 119] ee npHeMJie­

MOCTh B paaHoo6pa3HhIX Y<;JIOBHHX. 
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Ta61tu4a 4.4 

fiapaMeTpbl JIHHCHHOH cl>YHKU.HH 0CJia6JieHHH CYMMapHOH pa,11.HaU.HH B 3aBHCHMOCTH 
OT o6w.eA 06J1a1JHOCTH (,11.JIH TeppH'ropun Cpe,11.ueit Aaun) 

fv'\eTeopo~ornqecKaH cTaHUHH Z K~ r con st d 

TaxHaTarn 0,076 0,99 1,03 -0,06 
AKMOJIJia 0, 108 1,00 1,00 -0,05 
l.JypyK . 0, 124 0,96 1, 05 -0,06 
l.Jap,Z()KOy 0, 188 0,99 0,99 -0,05 
EeKH6eHT 0,208 0,98 1,00 -0,05 
TaM.llhI 0,236 0,98 1,02 -0 06 ' . TepMe3 0,309 0,98 0,98 -0,05 
I\ai1paKyMCKOe BO,llOXpaHHJIHI.Ue 0,348 0,99 1,00. -0,05 
TanIKeHT 0,477 0,99 1,02 -0,06 
<I>epraHa 0,578 0,98 1,00 -0,05 
<l>pyH3e 0,756 0,99 1, 01 -0,05 
,llyrnaH6e 0,822 0,99 0,99 -0,05 
AJIMa-ATa 0,847 0,99 0,97 -0,06 
CycaMbip 2,061 0,87 0,94 -0,03 
I\bI3bIJI1I3 2,075 0,98 0,95 -0,05 
T.Httb-lliaub 3,610 0,89 0,98 -0,03 
Jle,llHHK <l>e,lltfeHKO 4, 170 0,97 0,96 -0,04 

n pH Me q a H He. r - K03cpqHU.(HeHT KOppeJIHUHH, const - 3HatieHHe <l>YHKUHH 
f(C) rrpH C=O. 

OcttoBHhIM ncToqHHKOM .uaHHhlX no o6meH: o6JiaqHocTn s rJIHUH­

aJihHbIX 06JiaCTHX HBJIHIOTCH, oqeBH,lI.HO, Ha6JIIO,lI.eHHH Ha MeTeOpOJIO­

fll4eCKHX CTaHUHHX. Ilpll co·apeMeHHOM ypOBHe OCBemeHHOCTH BbICO­

KOrOpHbIX o6JiacTe:H Cpe.n.Heii A3HH peJKHMHbIMH MeTeopoJioruqecKHMH 

Ha6JIIO,lI.eHHHMH OnTHMaJibHbIM BapnaHTOM ,lI.JIH JIOKaJibHblX pacqeTOB. 
u u 

cyMMapHOll pa.unaUHH npe.ucTaBJIHeTCH HaJIH4He B f JIHUHaJibHOH 30He 

HJIH B6JIH3ll Hee XOTH 6bI O,LI.HOH MeTeopoJIOfHlleCKOH CTaHUHH . 

B ropax Cpe.u.He:H A3HH .ueiicTsyeT HecKo.nhKO .uecHTKOB T aKHX 

CTaHUHH H 3TOrO, Ka3aJIOCh 6hI, .LJ.OCTaT04HO ,lI.JIH oueHOK 06Jia4HOCTll, 

XOTH 6bI B nepBOM npH6JIHJKeHHH. 0.uHaKo rrpO,lI.OJilKHTeJihHOCTb pH­

.nos Ha6JIIO,lI.eHHH BhICOKoropHbIX MeTe9poJIOfH_l!eCKHX CTaHLI.HH Hepe.UKO 
. u 

OKa3hIBaeTCH He)I.OCTaT04HOll ,lI.JIH IlO,lI.fOTOBKH MHOfOJieTHero apXHBa 

MeTeopoJiorttqecKo:H HHcpopMaUHH. B 3THX cJiyqaHx cJie.uyeT rrpo.uJie- · 

BaTb pHJJ,hl Ha6JIIO,lI.eHHH BblCOKOrOpHblX nyHKTOB Ha OCHOBe KOppeJIH-
u u 

11.HOHHhIX CBH3ell MeJKJJ,y KOpOTKO- H )1,JIHHHOpHJJ,HOH CTaHLI.HHMll 3a 

COBMeCTHbIH rrepHOJJ, pa60Tbl. IlpttBeJJ,eHHhie B Ta6JI. 4.5 3Ha4eHH5I K0-

3cpcpnutteHTOB KoppeJIHUHH Me)K.uy 6aJIJiaMH o6me:H o6JiaqHOCTH 

B pa3JIH4HhIX BhICOTHhIX 30Hax HeCKOJihKHX 6acce:Httoe CpeJJ,He:H A3HH 

noKa3hIBaIOT, qTo TeCHOTa 3aBHCHMOCTe:H B Te4eHHe ro.ua BnOJIHe .uo­

CTaToqHa JJ,JIH soccTaHOBJieHHH KopoTKHX pH.uos. 

PaccMoTpHM cnoco6b1 yqeTa yKJIOHa n optteHTaUHH JieJJ,HHKa s pac­

qeTax nocTyrrJieHHH npHMoii pa.unaunn K ero rrosepxHoCTH. HarroMHHM, 

qTo cpeJJ,Htte B3BerneHHhie no nJioma.uH 3HaqeHHH yKJIOHa H optteHTa­

UHH Jie,lI.HHKa BKJIJOqeHbI B qHCJIO MC?Pcl>OMeTpHqecKHX xapaKTepHCTHK, 
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o6pa3yIOlll.HX nopTpeTbl «cpe,II.HHX Jie,II.HHKOB» B pa:Hottax r JI5IUHaJihHOH· 
o6JiaCTH. . 

I1HTeHCHBHOCTh nocTynJieHH5I . np5IMOH pa,UHaUHH Ha pa3JIH1IHO opn~ 
eHTHpOB3HHhie nosepXHOCTH; KaK H3BeCTHO {45, 48, 97, 187], Bblpa .: ~ 
:IKaeTC5I cpopMyJIOH 

r,II.e 

l mp=- J COS cD, ( 4.25) 

cos <lJ =Ai+ Bi cos 't1 + B2 sin ~i; (4.26) 

A,= cos a sin cp sin o +sin a [cos ·~'n (tg cp sin cp sin o - sin o sec cp)]; 

(4.27) 

Bi = cos a cos cp cos o + sin a cos '¢n sin cp cos o; ( 4.28) 

B2 =sin a cos o sin '¢n sin 'ti. (4.29) 

B ( 4.25)-( 4.29) CD - yroJI Me:IK,Uy fiopMaJibIO. K nosepxHOCTH H Jiy-

1lOM COJIHUa; a - yroJI HaKJIOHa CKJIOHa; '¢n - a3HMYT npoeKUHH HOp­

MaJIH K CKJIOHY Ha ropH30HTaJihHYIO nosepxHOCTh; cp - reorpacf>Hqe­

CKa5I llIHpOTa; 6 - CKJIOHeHHe COJIHUa. IlpH a=O cpopMyJiy (4.25) 
MOMHO 3anHCaTh B BHJJ,e . 

( 4.30) 

0,UHH H3 cnoco6oB pacqeTa ,UHeBHbIX cyMM np5IMOH pa.nHaUHH 

Ha CKJIOHbI pa3JIH1IHOH KPYTH3HhI H op11eHTau1111 3aKJIIOqaeTC5I B q11c­

JieHHOM HHTerp11poBaHHH ( 4.25) no t} npH 3a,UaHHbIX 3Ha1leHH5IX Bpe­

MeHH BOCXO,Ua H 3aXO,Ua COJIHUa B ropax. 

,Upyroif cnoco6 onpe,neJieHH5I J a~ ( t), npe,UJIO)KeHHhIH B [ 48, 1 qO] , . 
OCHOBaH Ha aHaJIOfH1lHOM c ( 4.20) 3MnHpH1IeCKH ycTaHaBJIHBaeMOM 
COOTHOilleHHH 

J . 
f (µ)= ~1V' ( 4.31) 

r .ne µ, Y1lHThIBa5I ( 4.25) 11 ( 4.30), npe,UcTaBJI5IeT OTHOI11eH11e KOCHHY­

cos HaHMeHblllHX yr JIOB Me)K,ZJ.y HOpMaJiblO K noaepXHOCTH H JIY1IOM 

coJIHua . AHaJIHTH1lecKoe Bb1pa.1KeHHe ,ZJ.JI5I µ · . 

r,u.e 

ui tg 6 +,.Yu~+ (sin a sin ¢n)2 

µ=-------------sin cp tg 6 + cos cp ' 

Ui . cos a sin cp - sin a cos cp cos '¢n; 

U2 = cos a cos cp + sin a sin cp cos '¢n 

( 4.32) 

(4.33) 

(4.34) 

H pa6oq351 cpopMyJia ,UJI5I onpe,neJieHHH npHxo.ua npHMOH pa,u.~aUHH 
Ha .cKJIOHhl pa3JIH1lHoif KPYTH3Hhl H optteHTaUHH 

l a1V ~ l' (0,85µ + 0, 15) 

6hIJIH noJiy1leHbI IO. M. ,UeHHCOBhIM [ 48] no H3MepeHlUIM J a~ H /' 
B ropax 3ana,n.Horo THHh-IllaHH. · 

11.4 

TaKHM o6pa30M, B perttOH3JihHOH Mo,n.eJIH npouecc3 cyMMapHoro 

Ta51HH5I B f Jl5IUH3JlbHbIX o6JI3CTHX pac1leT nOCTynJieHHH cyMMapHOH 

p3,UH3UHH K IlOBepXHOCTH Jie,UHHKa B Te1leHHe f0,U3 BhlnOJIHHeTCH no 

cpopMyJiaM ( 4.10)' ( 4.30)' ( 4.23) H ,UaHHblM 0 cpe,UHeli 33 ,UeHb 06-
me:H o6Jia1lHOCTH. BepoHTHO, B oT,neJibHbIX CJIY1l3HX BhI1lHCJieHHble 

3Ha1leHHH Q MoryT 3aMeTHO OTJIH1l3TbCH OT cpaKTHqecK.HX BCJie,ll.CTBHe 

HeH36e:IKHhIX rrpH perHOHaJibHOM IlO,ZJ.XO,Ue yrrpomeHHH H o6o6meHHH. 

OJI.Ha Ko a ueJioM 33 MeCHU, KaK rroK33aHo B [ 100, 110) , cxo,ll.HMOCTb 

pe3yJihTaTOB pacqeTa H H3MepeHHH Q BnOJIHe y.rr.oaJieTaopHTeJihHaH. 

Ba)KHOH 1laCThIO pacqeTa rrorJiomeHHOH pa.rr.HaUHH BK KaK 3pry­

MeHTa perHOHaJihHOH cpopMyJihl HHTeHCHBHOCTH TaHHHH CHera H Jih,II.a 

HBJIHeTC51 orrpe,II.eJieHHe aJib6e.no AK= Aid z, t) ocHOBHhIX THnOB no­

aepXHOCTH Jie,ll.HHKa H CHe:IKHOfO ITOKpoaa BO BHeJie,II.HHKOBblX 30H3X 

BO,ll.OC6opa. 

B perHoHaJihHOH MO,II.eJIH npouecca cyMMapHoro Ta5IHH51 JieJJ.HHKOB 

npHH5ITO, 1ITO B Te1leHHe nepHO,Ua a6JI5IUHH ocpe,II.HeHHhie xapaKTepH­

CTHKH aJih6eA O CHera a Jlh,ll.3 3 3,ll.3IOTC51 c yqeTOM BpeMeHHOH H3MeH-

1lHBOCTH KaK HaH60Jiee THI1H1lHble 3Ha1leHH51 ,ZJ.JIH 3HMHero H JieTHero 

CHera,- CTaporo cpHpHa, o6ua:m:eHH0fO Jlh,ll.a H Jlh,Ll.a IIO,ll. MOpeHOH, 

T. e. OCHOBHbIX THTIOB rroaepXHOCTH, . Ha6JIIO,ll.310lll.HXCH Ha .TieJJ,HHKax 

B rrepHO.II. a6JIHUHH. Bo3HHKaIOmHe npH E>'J;'OM 3a_naq11 KJiaccttcp11Kau1111 

H oueHKH npocTpaHCTBeHHO-apeMeHHOH H3MeHllHBOCTH cpe,ll.HHX 3Ha­

qeHHH aJih6e,II.O 0,ll.HOpO,ll.HOH IlOBepXHOCTH Jie,ll.HHKa 6blJIH no.npo6HO 

paCCMOTpeHbl B pa6oTaX aBTOpa [ 105, 1.09 H 110] c npHBJieqeHHeM 

anoJIHe rrpe.ncTaBHTeJibHhlX MaTepttaJIOB H3MepeHHH AH Ha Jie,ll.HHKax 

MHOfHX ropHbIX CTpaH 3eMHOro Illapa. 

He nOBTOpHH 3,ll.ecb Bcex ,neTaJ1 eI1 BhIITOJIHeHHoro pauee aHaJ1H3a, 

rrpHBe,ll.eM TOJihKO npe,LI.eJibl H cpenHHe 3HaqeHHH 3Jib6e.no pa3JIH1lHblX 

THIIOB noBepXHOCTH Jie,ll.HHKa H OCHOBHbie BbIBO,ll.bl. . 

AHaJIH3 npocTpaHCTBeHHO-BpeMeHH6li H3MeHqtteOCTH 3HaqeHHA Bhl-

HBHJI cJie.ny10ruee. . 

1. 0Tpa)KaTeJibH3H crroco6uocTb TaIOmeii noBepXHOCTH Jie,ll.HHKa 

.ll;OCTaToqHo qeTKO KJiaccHcpHUHpyeTcH no HeCKOJihKHM rpaAaunHM AK, 
B03HHKaI01II.HM B CB5I3H c BH3yaJibHblMH xapaKTepliCTHKaMH IIOKpbl­

TOCTH IlhIJlblO H MOpeHOH Ha nosepXHOCTH CHera H .Tlb,Ll.3. He3aBHCH­

MaH -npoBepKa penpeaeHTaTHBHOCTH AK B Ta6JI. 4.6 rroKaaaJia [ 40, 42, 
72] xopornee corJiacosaHHe KapT aJih6e,II.o Jie.II.HHKa ,U)KaHKyaT, no­

CTpoeHHOH no Henocpe,u.cTBeHHbIM H3MepeHHHM H noJiyqeHHOH Ha oc­

HOBe paHOHHpOBaHHH H cpe,II.HHX 3Jib6e,u.o ,ll.JIH BhI,ll.eJieHHbIX THTIOB rro ­

BepxHOCTH. 

2. AJih6e,LI.ocoeMKa pa3JIHqHhIX rroBepxHocTeii Ha Jie,ll.HHKax CpeJI.­

Heli AaHH noKa3aJia BeChMa He3HaquTeJihHYIO npocTpaHCTBeHHYIO. Ba­

pHaUHIO Ax Ha o.n.HopOAHhIX IIJIOlll.a.II.HX. Ko9cpcpHUHeHThI BapHaUHH 

,UJIH THTIOB nosepxHOCTH B Ta6JI. 4.6 cocTaBJIHIOT: I - 0,08; II - 0, 10; 
III - 0,20; IV- 0,15; V- 0,10; VI - 0,10; VII - 0,08; VIII -
0,05 [ 109]. 

3. AHaJIH3 H3MeHeHHH Bo BpeMeHtt t e2KeJI.HeBHhIX cpeAHHX 3Ha­

_qeHHH aJih6e.no O,ll.HOpO,U.HbIX noaepXHOCTeH Jie)l.HHKa Il03BOJI5IeT B Ka­

qecTBe BnOJIHe y.noaJieTBOpHTeJibHoro nptt6JIHJKeHHH npHHHTb AR (~t) ~ 
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~ const, no ... ~P.a,iiHeii . Mepe ,ll;JUI MeC5P:lijblX HHTepB,aJIOB. fpact>HKli Ha 
pHc. , -4.2 BMecTe_ c aHaJiorH.qHhIMH HJIJIIOcrpaUHHMM B [ 11 O] IIOJJ.TBep-
2KJI.~k>T 3TOT ' BbIB9,ll; ( IIHKH, o6ycJIOBJieHHbie JieTHHMH OCa)J.KaMH: . He 
.qpHHHMaIOJC5I BO BHHMaHHe) . ' 

PeayJihTaTbI HeMHOrHx cTaTI(HOHapHhIX f:lJIH ,n;JIHTeJI·hHhIX noJiycTa- . 
UHOHapHbIX H3MepeHHli aJih6e,no Ha JieJI.HUKax Cpe.n;Heii AaHH, rrpeJJ. ... 
CTaB.[IeHHbie Ha pHC. 4.3, IlOKa3bIBaIOT, 1J;T0 BHyTpHrO,ll;OBOH xo,n cpe)I.-

,, 

.. 

Tipe,n;eJibI 

·Cp~J1.Hee 

AK°!o 
20 

· ID 

30 

20 

a) 
VII 

fO 20 

VIII 

8) 

3! 21J OHU 

10 20 29 

;;~ 
' 10 20 JO oO ---L.-.l_.L_--1 _ _ --=-i 

10 2) 20 OH/J. 
VII, VIII 

10 20 J f ....___--'-:"~fD..__---.--2-!-0--~-·---J 
_ uHU 

PHc. 4.2. HsMenenHe cpe,n;HHX sa ,n;euh 311a11eiudi aJib6e,n;o 
OAHOpO,D;HOH IlOBepxHOCTH CHera H Jlb,LJ;a B TetJeHHe Mec.siua. 

a - no .n.aHHbIM aBTopa )I.JUI Jie)I.HHKa Me.n.Be:>Kbefo; 6 - no MaTepHa­
JiaM YaYfl(C no Jie)I.HHKY AJOTop-2; - a - no .n.aHHbiM MeTeocTaHu;HH 
KbI3bIJI1la, z - no Ha6JIJO)I.eHHSIM CeKTopa reorpa$HH. AH KaaCCP no 

Jie,nHHKy Kop:>KeHeBcKoro. · 

J_ 

Xape:tKTepHcTHKH aJJLOe)J.o ( % ) rJrnu.uaJJLHoii ooJJa<:TH 

THn rioBepXHOCTH Jie)I.HHK8 

I II . I . lII . IV ._· I v VI VII 

i 

1'0-14 15-' 20 21-25 26-33 34-42 43-51 52-q7 
' 12 17 23 30 38 47 58 

VIII . 

71-85 

76 

. TI p H M e 11 a H H e. I - JieJJ. no,n; MopeHoii, .I I - JieJJ. rp.si3H~ii, II I - Jie,n aarp.sra­
HeHHbrn, IV - Jie,lJ, cJia6oaarp.s13HeHH_.hlH, V - JieJJ. tIHCT .. hIH, VI - crapb~H c.Her, cJia~o-
3arp.H3HeHHbIH <f>HpH, VII - llHCThIH <f>HpI:i, · BJia:>«HhIH · ~Her, VIII -- qHCTLIH cyxo'ii 
~e~ )· 
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HHX Mec51qHhIX -aHaqeHHH AH Ha OJI.HOpOJI.HhIX nosepxHOCTHX M?.IKeT 

6 0 u napa6' OJIO,H> c MHHHMYMOM, npHXO­blTb annpoKCHMHpOBaH ITOJIOr H 
JJ.5IIII.HMC5I Ha HIOJih- aBrycT. . 

TaKaH 2Ke cpopMa KpHBOH BHyTpHro;uoBoro xo.n;a cpeJI.HHX Mec.Hq-
HhIX aHaqeHHH AH npHHHTa B pacqeTax T&HHHH JJ.JIH cJia6oaarpH3HeH­
Horo Jih,Ua (THn IV), cTaporo cHera ~ cJ1a6osarpHaHeHHoro cpHp~a 

-AK a) i: -
80 v AK · lV 

40 

70 
~ JO 

90 aJ 50 YI . 

~ 
80 v 50 

50 VII 
70 40c::·::. JOr B) . c 

80 VIII 

20~~ , ~ 70 I . -ID I I - I I · ' I 

VI 
I 

VI VII/ X VI/I x 
PHc. 4.3. BuyTpHrOJJ.OBoii :X:o,D.. cpe,n;­
HHX MeC5J.11HhIX 3HaqeHHH , aJib6e,n;o 
0,LJ;HOpO,D;HhIX IlOBepXHQCTeH CHera H 

Jih,n;a. 

a - Ha6JIJO)leHHSI .f 173] B qrnpHOBOH o.6-
JI3CTH Jie)I.HHKa UenTpaJibHbiit TylOKcy, 
6 - Ha6JIJO)l.~HHSI [162] ,nJI·SI q:rnpiIOBOH 
o6JiaCTH JieJJ;HHKa BHTKOBCKOro, B - 3Jlb­
'6E!,tto Jib.na no .z(allHI>IM ,aBTopa .n..71» Jie)l.­
HH~a Me.n.ae:>Kbero.; IV, VI, VII , VI II M - · 
npHHSITblit BHYTPHFO)I.OBOH XO)l aJib6e.n.o 
cooTBeTCTBY-lOlIJ.HX THnOB noBepx HOCTH Jie)l­
HHKa (CM. KJiaccH<l>~KaIJ;HlO B Ta6JI. 4.7). 

.. 10 ~I 

50 

JO 

10 .i 

J 

I 
I 

I 
I 

I 
1 

II II/ IV V VI VII Viii 
Tun no!Jepx Hocmu 

PHc. 4.4. Cpe,n;~He 3fia11eHH5I 
aJih6.e,n;o ' pa3JIHqHbIX . THilOB . ' 

i ( TOlIKH) IlOBepXHOCTH CH era 
H Jib)J.a H HX H3MeHll,HBOC'.I'b 

( c"nJIOIIIHble JIHHHH) . . 
Ha3BaHHSI THilOB CM. B Ta6JI. 4.7. 

(T1n1 VI), qHcToro $HpHa (THn VII), cse:>KeBhinasmero JieTHero CHera 
(MOAH<l>HKaUHH THna VIII). · CooTBeTCTBYlOIII.He rpact>HKH AR(l) TaK2Ke · 
npHBe,n;eHhl Ha pHC. 4.3. . ~ 

l.JTO Kac.aeTC5I CIIJIOllIHOH MopeHbl :Ha JihAY (Trin I)' TO nocT05IH"'. 
CTBO cpe,n;HHX 3Ha~eHHH aJih6eJI.O 3Toro THila rtoBepxHOCTH B TeqeHHe 
MaH- · OKTH6p'H Bblf Jl5I,ll;HT ,ll;OCTaTOqHo oqeBHAHhlM. 

· ,UJIH pemeHHH qacTo- BCTpeqa1011I.elic51 sa;u,aqH{ onpeJJ.eJieHHH cpeJJ.­
Hero aJib6eJJ.O B o6JiaCTH a6JI5IUHH JieAHHKa pacCMOTpHM pHC. 4.4, r,Ae 
noKasaHo H3MeHeHHe A·H· npH rrepexo.n;e OT OJJ.Hoto .THna nos~pxHOCTH 
K JI.pyroMy. KaK BH,n;Ho, pocT aJih6e.no. B HanpaBJieHHH OT ·THna I rro­
aepxHocTH Jie,n;HHKa K THny VIII npoHCXOJJ.HT sechMa nJiaBHo H B npe­
,neJiax OT THna I . .n;o TH.IIOB IV-V npe.n;cTaBJIHe.T co6oli JIHHeHHhIH 
npouecc. C yqeToM 3Toro CB(}HCTBa pacqeT cpe.n;nei;-o aJih6eJJ.o JJ.JIH 

. . . ~ 

pa3HOBHAHOCTeH nosepXHOCTH Ha 5I3bIKe Jle.n;HaKa IlOCJie qacTHqHoro 
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HJ,IH TIOJIHOro c'i'aHBaHHH 3H~Hero CHera BbITIOJIHHeT.CH no CJie,n:y10m.eii' 
CXeMe: . r 

AK
1 
(t) = const 

r AK (t) 
IV 

npH SJIM = 0, 

A (t)-

I 
AKIV (t) (4.36) KII-III -

SJIM > 0, Zrcc (/) > ZerM, 1 SJIM 
npH 

,; + -SJI (t) 

OTIHCbIBaIOm.eii pe,n:yKU.HlO AKJV (t) np.H.MO nponopunoHaJihHO OTHOCH- ' 

TeJihHOH J!JIOIJJ.a.n:n MOpeHHOro IlOKpOBa. i3 CXeMe ( 4.36) npe,n:ycMOT­
peHO ycJIOBHe 

1 + SJIM _...,.,.. 
SJI(t) ~ 2 (4.37) 

B. cpopMyJiax ( 4.36) H ( 4·.37) AK1 (t) +AH1v (t) - cpe,n:HHe MeCHlI­

Hhie aJih6e,n:o ,LI.JIH THTIOB I-IV noaepX:HOCTH Jie,LI.HHKa; SJIM - rrJio;. 
m.a,n:h MopeHhI; SJI { t) .- rrJiom.a,n:b OTKpbIToro Jih,n:a B pasJIHqHhie MO­
MeHThI apeMeHH; Zrcc (.t)- BhICOTa ce3QHHOH CHeroapii rpaHHU.hI Ha 
Jie,LI.HHKe; ZBrM - aepxHHH rrpe,n:eJi pacrrpocTpaHeHHH .MopeHbI Ha H3hIKe. 
Jie,ZJJIHKa, onpe,n.eJHiervjhIH Ha OCHOBe KpHBOH s (.z),. ~ . 

HeMHorbqHcJieHHhle ,n.aHHhie {73, ' 1101' , 155, 156, 216] ,aJih6e,LI;o: 
C'heMOK TIOKa3hIBalOT, qTo OTpaiKaTeJibHaH Cf:IOC06HOCTb noaepxHOCTH 
Jie,lJ.HHKOB HaH60Jiee H3MeHqHBa (K03cpcpHU.HeHT aapHaU.HH 0,3-0,5 H 
60J1ee) B o6JI-aCTHX a6JIHU.HH, qacrHqHo TIOKpbIThIX CTIJlOllUIOH MOpeHOH. 

. TI pH 3TOM OTHOllleHHe TIJIOIII.a,U.H MOpeHhI K . IlJIOIJJ.a,lI.H OTKphITOro JlhJI.a, 
TIJIOTHOCTb MopeHHOro CJIOH, ero cppaKU:HOHHbIH -COCTaB HBJI51lOTC5l 
OCHOBHbIMH cpal{TOpaMH, orrpe,n.eJIHlOIJJ.HMH rrpocTpaHCTBeHHYIO BapH:a­
ll.HlO aJih6e,n:o Ha H3hIKax Jie,LI.HHKOB. Mo..»<Ho noJiaraTh, qTo MeTo,zi 
pacqeTa Al\, . cor JI a CHO ( 4.36),. a ,n:ocTaToqHoii Mepe oTpa.IKaeT nepe-
lJHCJieHHhie oco6eHHOCTH aJih6e,n:o Ha Jie,LI.HHKaX. . 

BHyTpHro,n.oaoii xo,n. OTpa:m:aTeJihHOH cnoco6HocTH cHe:m:Horo no-
. Kpoaa BHe npe,LI.eJIOB fJIHU:HaJibHOH o6JiaCTH 3aBHCHT rJiaBHbIM o6pa-
30M OT BJiaiKHOCTH, TIJIOTHOCTH H HHTeHCHBHOCTH . T~HHHH TIOB~pXHOCTH 
CHera. B 3TOM cJiyqae JI.JIH pacqeTa aJih6e,n.o HCIIOJih30BaHa Mo,n.eJih 
E. E. TpocpHMoaoii (202), a KOTopoii H.3MeHeHHe AK (z, t) a. JI.HM 6e3 
oca,n:KOB npHHHMaeTCH rrporropu.HoHaJihHbIM notoKy TenJia B CHer. 
Tio3:m:e aHaJiorHqHoe peIIIeHHe OhIJIO rrpe,LI.Jio:m:eHo B. B. 4HCT.He­
BhIM (218). 

l1,n:e10 MeTOJJ.a TpocpHMoaoH:, rii.e Taio~e HCIIOJih3YIOTCH xapaKTep­
Hhie 3HatieHHH AR, HJIJIIOcTpnpyeT tIHCJieHHaH cxeMa 

(4.38) 
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. u 

HHH TIOTOK TerrJia B CHer; a2 . H ' CX3 - 3Mill:JPIPieCKHe 

{ 
1 .U.JIH II > 0, 

cp (IT) = 0 . . IT _,.,,,.,., 0 
. )1.JIH ~ . 

rrapaMeTphI, 

(4.39) 

Cor~acHo 3TOH cxeMe, a JI.HM c TaepJJ.bIMif ocaJJ.KaMH AK paaHo 
aJih6e)l.o cae2Keah1naalllero cHera, a JI.HM 6es cHeronaJJ.OB rrpn II ~O, 
AK(t) =AR(t+ 1) » a ocTaJihHhIX cJiyq-aHx ~Al\=AR(t+ 1)-AR(t) 
nporroptiHOHaJihHO IlOTOKY BHelllHero TenJia B . CHer. B pa69Te [202] 
rtpeJJ.IIOJiaraeTCH TaKiKe, qTo Al\ cttera· orpaHHlleHo CHH3y 3Haqe.HHHMH 
aJih6eJJ.o JihJJ.a. · . 

f opa3,lJ.O 6oJiee CJI02KHYlO 3.a,ZJ.aqy npe,ZJ.CTaBJIHeT onpe)l.eJieHHe cpeJJ.­
HePO aJlb6e)l.O pa3JIHl!HbIX THIIOB IIOBepXHOCTH Jie,dHHKa c yqeTOM rrpo-

. . ' ; u - u 

CTpaHCTBeHHO-BpeMeHHOH H3MeHqHBOCTH COOTBeTCTBYIOlll.HX IIJIOIJJ.a.ZJ;eH 
a ·TelleHHe rrepHOJI.a -a6JIHU.H.H. Bxo)l.H~IMH JJ.aHHhIMH B 3TOM cJiyqae .~51B· 
JI.HIOTCH: a6coJI.JOTHhie ~hICOThI rpaHHI.I,hI 3HMHero cttera Zrcc (t), .HHiK·­
Hero ypOBHH BhIIIa,ii,eHHH HJIH 3aJierp.HHH· JieTHero' CHera z JIC ( t)' ' M'op­
cpoM,eTpHqecKn.e xapaKTepHCTHKH «cpe)l.Hero Jie)l.HHKa» - OTMeTKH Ha-· 
qa.iia ZH H KOHU.a ZR JieJJ.HHKa, cpe;ll.Heii MHOroJieTHeii rpaHHU.hI o6Jia- · 
CTH IIHTaHHH Z<J>r, rrJIOlll.aAH . MopeHhI S JIM H aepxtteii rpaHHU.hI ee pac-
rrpocTpaIJeH:HH ZBrM· , _ · · . 

· EJioK-cxeMa paclleT~ AR. paaJIHtIHWX THIIQB rro~epxHOCTH neJJ.HHKa 
npHBeJI.eHa a pa6oTe aaTopa [ 11.9] . 3Ta ~e rrpou.eJJ.ypa BKJIJOqaeT on­
pe,ZJ.eJieHHe H 3aIIOMHHaHHe cpe,ZJ.HHX B3BeIIIeHHhlX BhICOT z (t) . Jl.JIH 
nJiomaJJ.eii n51TH ocHOBHhIX tHrroa · noaepxHOCTH Jie,ZJ.HHKa. CorJiactto 
CTaTitCTHtieCKOH MO,lI.eJIH f JIHU..~t:'aJihHOH o6JiaCTH, -H3JI02KeHHOH B pa3-
,u.eJie 1.2, 3Ha~eHHH ·_ z ( t) He06XOJJ.HMbl )l.Jl51 pactieTOB COCT-BBJIHlOlll.HX 
cyMMapHoro T'aHHHH Jie,lJ.HHKOB. ' 

. ' 

4. t .2. Te:MnepaTypa soa,n.yxa H 0<;a,n.KH 
-

CpeJJ.HHe cyro~Hhie stta11eHH5I TeMrrepaTyphi aoaJJ.yxa 0 H cyTolIHbie 
cyMMhi oca)l.KOB q B . TetieHHe ro,ZJ.a Ha pa3JIHl!HbIX BbICOTaX B f JIH­
UHaJihHOH o6JI~CTH H so BHeJie.LJ.HHKOBhIX 30Hax . ropttoro . BO,IJ.oc6opa 
HCI19~h30BaHhI )l.JIH OIIHCaHU~ H pac~eTa nol!rH acex OCHOBHhIX 6JIO~OB 
perHoHaJibHOH MO)l.eJIH pe:m:H~a Jie)l.HHKOB: 6aJ.IaHc aKKYMYJIHU.Hij ~ 
a6JIH~HH, )I.BH:>KeHHe ce30IiHOH c·HerOBOH rpaHHU.hl, HHTeHCHBHOCTh 
TaHHH51 CHera H Jlh,ZJ.a, )l.aTbl HatiaJia H KOHU.a rrepHO,ZJ.a T<;l5I.HHH Jlh)l.8. 
PaccMoTpHM npHHHT~e JI.~H 3THX U~JieH: - cnoco6~ oh11caHHH saKono­
MepnocTeH: 0 (z, t) 1I q (z, t) ~ ycJioaa:Hx CpeJI.tteif A3HH. 
- ~aK H3BeCTHO, B ycJIOBHHX aTMOCcpepbl saBHCHMOCTb 

0 (z, t~ = 0 (zo, t) - '\' (z - Zo) .(4.40) 

npeJJ.cTaBJIHeT co6oH: pe3yJI9TaT · yrrpomeHHoro pellleHHH ypaaHeHHH 
nepeHoca TerrJia a aTMoccpepe. B (4.40) '\' - aepTHKaJihHhIH rpaJJ.HeHT 
TeMrrepaTyphI aosJJ.yxa, 0 (z0; t) H 0 (z, t)-. · TeMnepa1ypa aos,LJ.yxa 
Ha HCXOJJ.HOH ·z0 · H rrpoasaOJihHoii z ·BbicoTax a MOMeHT t. Ko3cpcpH­
U:HeHT y=v (z, t) 3aBHCHT OT, TeMnepaTyplioii cTp,a~HcpHKaU.HH aTMO­
ccpepbI H ycTaHaBJIHBaeTCH no 3MI1HpnqecKHM ,LJ.aHHblM. 
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KaK noKa3aHo, HanpHMep, B HCCJie)J,oBaHHH 0. 11. Cy66oTHHOH 

[ 193)' H3MeHeHHe c BhICOTOH TeMnepaTyphl npn3eMHOro CJI05I B03-

.u.yxa B ropax Cpe.u.Heii: A3HH B ueJioM TaK)Ke no.u.qnHHeTCH 3aKOHO­

MepHoCTH ( 4.40). CT pH 3TOM BHyTpncyToqHaH H BHyTpnro.u.oBa5I Bap11a­

UHH v ( t) B cymecTBeH~OH Mepe [ 182, 193] o6ycJIOBJieHbl <«PaKTOpOM 
KOTJIOBHHHOCTH», xapaKTepH3YIOIII.HM reoMeTpHIO Me3opeJihecpa. YcTa­

HOBJieHa TaK)Ke [ 146, 148, 215) CBH3h BepTHKaJihHOro rpa.u.HeHTa 

TeMnepaTypbl B03JJ.yxa c ycJIOBH5IMH nOfOJJ.bl B ropHOH )J,OJIHHe. 

TaKHM o6pa30M, JJ.JIH noJiyqeHHH xopornero npn6JIH)KeHH5I K HCTHH­

HhIM 3HaqeHH5IM cpeJJ.HeH TeMnepaTyphl B03JJ.yxa Ha pa3JIHqHhIX BbICO­

Tax Heo6XO)J,HMO yqHThIBaTb npocTpaHCTBeHHOe pacnpe.u.eJieHHe cpopM 

Me3opeJihe¢a H JJ.pyrHe a30HaJihHh1e ¢aKToph1. 11cxOJJ.Hhie JJ.aHHhie JJ.JIH 

perneHHH yKa3aHHOH 3a.u.aqn B 6acceiittax peK Cpe.u.Heii: AaHH B Ha­

CTOHIII.ee BpeMH OTCYTCTBYIOT, n03TOMY B perHOHaJibHOH MOJJ.eJUI npo­
uecca cyMMapHoro T35IHH5I Jie)J.HHKOB rrpHMeH5IeTCH o6o6rn.eHHe H 

crJia)KHBaHHe JIOKaJihHhIX oco6eHHOCTei% IIOJIH 'PeMnepaTyphI B ropax. 

06ecneq11saeTc5I 3TO nyTeM ocpe.u.HeHHH Mop¢0MeTp11qecKnx xapaK­

TepHCTHK OJie)J,eHeHH5I no paHOHaM rJIHUHaJibHOH o6JiaCTH, pacqeTa v 
. 11.JIH ~aBHCHMOCTH 0 (z) B ueJIOM )J,JI5I 6acce:HHa, onHC3HH5I BHyTpHrO­

n.oaoH H3MeHqHBOCTH v B KOHKpeTHOM 6acce:HHe peKH no cpeJJ.HHM 
Mec.HqHhIM ~HaqeHHHM TeMnepaTypbI B03JJ.yxa. 

HccJie)J,OBaHHH pH,na asTopoB [ 45, 48, 119, 145, 170) noKa3aJIH, 

4TO BHyTpHro,nono:H xo,n sepTHKaJihHoro rpa,nHeHTa TeMnepaTyphl 
c · ,.11,0CTa:roqHoii TQqHOCThlO MO)KeT 6bITh npeJJ.CTaBJieH B BHJJ.e KOCH­
HYCOH)J,hl 

y(t) Yo+ TJa cos [ ~: (t- t 0)], (4.41) 

r ,ne '\'o - cpe,UHHH fO,UOBOH rpa,UHeHT, T)a - noJiyaMnJIHTYJJ.a H3MeHe­
HHH v ( t), T 2 = 365 cyT, t - HO.Mep JJ.HH B TeqeHHe ro,na, to - ,naTa 
MaKCHMyMa 'Y (t). 

JlHHeiiHoe ypaBHeHHe ( 4.40) BnOJIHe y.uoBJieTaopttTeJihHO onHchI­

saeT BepTHKaJibHhIH npocpHJib 0 (z) B 6acceiiHe, eCJIH H3MepeHHH TeM­

nepaTypbI B03JJ.yxa Ha pa3JIHqHhlX a6COJIIOTHhlX BblCOTax npoBe)J.eHhl 

HaJI. ,nocTaToqHo OJJ.Hopo,nHo:H no,ncTHJia10meH: rrosepxttocThIO. CTpn Ha­

JIHl~HH one,neHeHHH B 6acceii:tte, ycJIOBHe ·o,LI.Hopo.uHoCTH no.ucTHJiaIO­

men nosepXHOCTH HapylllaeTCH, qTo npHBO,UHT K cpH3HqecKH 5ICHOMy, 

XOTH H CJia6o n3yqeHHOMY 5IBJieHHIO «CKaqKa TeMnepaTyphl B03,nyxa» 

Ha rpaHHII,e r JI5IUHaJihHOH o6JiaCTH H H3MeHeHHIO BH)J,a o6mero )J,JIH 
6acceii:Ha BepTHKaJihHoro npocpnnH TeMnepaTyphI soa.LJ,yxa. 

CJJ.e,ncTBHeM HeJIHHeHHOCTH o6rn.ero npocpHJIH ~ (z) HBJIHeTCH B03-

pacTaHHe sepTHKaJihHoro rpa)J,HeHTa TeMnepaTyphI no3.u.yxa 'Y Me)K)J,y 

nyHKTaMH, pacnOJIO)KeHHbIMH Ha pa3JIHqHhIX nO,UCTHJiaIOlll.HX IlOBepx­

HOCTHX (rpyHT-· Jie.u). B CB5I3H c 3THM npH 3KCTpanoJIHUHH no cpop­

MyJie ( 4.40) 3HaqeHHH 0 (zo) qepe3 BblCOTHYIO rpaHHUY f JIHII,HaJibHOH 
06J1aCTH He06XO,lJ.HMO, no Kpa:HHeH Mepe B Teq.eHHe nepHO)J,a MaM-OK­

TH6pb, BBe,U.eHHe COOTBeTCTBYIOlll.eH nonpaBKH K BepTHKaJibHOMy rpa­
llHeHTY TeMnepaTyphI. 
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llJIH onpe)J,eJieHH5I BeJIHqHHhl nonpaBKH paCCMOTpHM npHBe)J.eHHhle 

B Ta6JI. 4.7-4.8 pe3yJihTaTbI BhIITOJIHeHHhlX aBTOPOM H JJ.pyrHMH HC­

CJie,UOBaTeJI5IMH [91, 92, 144, 156] pacqeTOB sepTHKaJihHOfO rp 3)1.H­

eHTa TeMnepaTypbI B03,Uyxa JJ.JIH nyHKTOB Ha O,UHopo,UHhIX ( rpyHT­

rpyHT) n HeOJJ.HOpOJJ.HhIX ( rpyHT-JieJJ.) noBepxHOCTHX B pHJJ.e 6ac-

ceH:HoB peK CpeJI.He:H A3HH H KaBKa3a. B Ta6JI. 4.7-4.8 BKJIIOqeHhI 

TaK)Ke CJiyqan y6wBaHHH BepTHKaJibHOfO rpa,UHeHTa 'Y npH nepeXOJJ.e 

o6rn.ero npocpHJIH 0 (z) qepe3 rpaHHUY oJieJJ.eHeHHH. 3TOT sapHaHT 
H3MeHeHHH c BbICOTOH BepTHKaJihHOro rpaJJ.HeHTa, nO-BH,ll.HMOMy, HB­

JIHeTCH aHOMaJihHblM H o6'hHCHHeTCH JIOKaJihHhIMH oco6eHHOCTHMH Me-

30peJibecpa B paH:oHe pacIIOJIO)KeHHH MeTeopOJIOrHqecKOH CTaHII,HH. 

BoaMO)KHO, qTo npnqnHa oTpHUaTeJibHhIX paaHocTeii rpa,UneHTOB 

B Ta6JI. 4.7-4.8 KpoeTCH B ITOBbilIIeHHOH o6JiaqHOCTH 3a paccMaTpH­

BaeMbIH pHJI. JieT Ha Jie,nHHKOBhIX MeTeorryHKTax. A yBeJIHqeHHe 06-

meff o6JiaqHQCTH, KaK ITOKa3aHo n. A. 4epKaCOBbIM H T. EpMeK6ae­

BhIM [215]' cnoco6cTBYeT B03pacTaHHIO «CKaqKa TeMnepaTypbl B03-
,nyxa» Ha,U Jie,LI.HHKOM. 

MaJioe KOJIHqecTBO o6mnx BepTHKaJibHhIX rrpo¢ttJie:H 0 (z) B 6ac­

ce:HHax peK C pe,UHeii A3HH, BKJIIOqaIOW.HX rryHKTbI Ha rpyHTOBOH H 

JieJ(HHKOBOH IIOBepxHOCTHX, He Il03BOJI5IeT ycTaHOBHTh H OIIHCaTb 3a­

KOHOMepHOCTH H3MeHeHH5I v (t) npH rrepexo,Ue 0 (z) qepe3 rpaHHUY 
OJie,UeHeHH5I . B KaqecTBe nepsoro npn6JIH)KeHH.H 3HaqeHH.H rronpaBKH 

K sepTHKaJihHOMY rpa,UHeHTY TeMnepaTypw rrpH 3KCTpanOJIHUHH . 0(z) 

B f JHIUH3JihHYIO o6JiaCTb npHMeM cpe,UHee 3a MaH-OKT.H6pb 3HaqeHHe 
. u 

TIOJIO:IKHTeJibHOH pa3H-OCTH 'Y )l.Jl5I nyHKTOB H3MepeHH5I TeMnepaTypbl 

803,nyxa Ha O,UHOpO,UHbIX (rpyHT-rpyHT) H HeO,UHOpO,UHbIX (rpyHT­

JieJJ.) TIOJJ.CTHJiaIOmnx noBepxHOCTHX. BcJie,UCTBHe HeJI~HeHHOCTH 06-
mero nepTHKaJibHoro npocf>HJIH 0(z) B 6acceH:He sHaqeHHe norrpaBKH 

33BHCHT OT 6JIH30CTH nyHKTa Ha rpyHTOBOH rronepXHOCTH K rpaHHII,e 

OJie,UeHeHHH H B03pacTaeT no Mepe COKpameHHH 3TOro paCCT05IHH5I. 
IlpnBe)J,eHHbie B Ta6JI. 4.7-4.8 ,UaHHbie orrpeJJ.eJieHHH sepTHKaJib­

Horo rpa,UHeHTa 'Y ( t) B 6acceH:He Jie,UHHKa <l>e)l.qeHKO IIOKa3bIBaIOT, qTQ 

H3JI. 0)1,HOPOJI.HOH Jie,U5IHOH TIOBepXHOCTblO Ha6JIIO,naeTCH yMeHblIIeHHe 

JieTHHX rpa)l.HeHTOB TeMnepaTyphI B03)l.yxa H rrpH6JIH:IKeHHe HX K 3Ha­
qeHH5IM ,UJIH nyHKTOB Ha rpyHTOBOH nosepXHOCTH. 

PaccMoTpeHHhie s,Uecb MaTepnaJibI no,ll.TBep:IK,naIOT ,UOCTaTOqHo 

CJIO)KHblH xapaKTep H CJia6yIO HsyqeHHOCTb «CKaqKa TeMrrepaTypbI 

B03Jl.yXa» rrpH nepexo,Ue 0(z) qepe3 BhICOTHYIO rpaHHUY OJie,UeHeHHH. 
B CBH3H c 3THM npn 3KCTpanoJIHUHH 0 (z0 ) no cpopMyJie ( 4.40) B Te­

qeHHe Ma.H-OKT.H6p5I qepes rpaHHI.I.Y rJIHI.I.HaJihHOH o6JiaCTH CJie)J.yeT 

HCIIOJlh30BaTb Bbipa)KeHHe ( 4.41) BH,ll.a 

· [ 2n J ~ V (f)v-x =Vo+ T)e cos r-;- (t - to) + L\vv- x, (4.42) 

r,Ue dVv-x - ocpeJI.HeHHOe )J,JIH Ma.H-OKTH6p.H 3HatieHHe norrpaBKH 

K v ( t)' OCTaJibHbie o603HaqeHHH rrpe)KHHe. BeJIHqHHY dy, IIOMHMO 

Ta6JI. 4.7, MO)KHO noJiyqHTb TaK)Ke no H3MepeHHHM TeMnepaTypbl 

B03,LT.yxa Ha MeTeopOJIOfHqecKHX CTaHUHHX B KOHKpeTHOM 6acceiIHe, 
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-N:) 
N:) 

Ta6.11.ut{a 4. 7 

BttyTpHrO,IJ.OBOH xo.n. BepTHKaJJ&HblX rpa.n.neHTOB TeMnepaTyp&1 B03,IJ.yxa B 6acceiiHax peK Cpe.n.Heif A3HH H KaeKa3a 

llyHKT H3Mepe-
BepTHK3JlbHbli1 rpa.n.11eHT TeMnepaTypbI '\' rpa.n. /KM i::{ :><: 0 

HHH TeMnepa-
I- - :><: 

- Az KM I l 
Typbl B03)1.yxa 0. ..... 

I II Ill IV v VI VII VIII IX x XI XII 
u > > 

0 I~ I~ <"" 

' 

fapM -AJITbIHMa- 1,406 5,55 4,84 5, 12 4,84 4,98 4,98 5,26 5,48 4,98 5,33 5,48 5,62 5,20 

3ap 

f apM - Jie)l.HHK 3,584 5, 11 5,30 5,64 6,53 6,86 7' 11 7, 11 7,28 7,25 6,92 5,83 5, 13_ 6,34 2,01 2 

BHTKOBCKOfO 

6 I 

AJIThIHMa3ap - 2, 178 4,82 5,60 5,97 7,62 8,08 8,49 8,31 8,45 8,72 7,94 6,06 -0,55 6,63 3,31 

JieJI.HHK BHTKOB-
CKOfO 

fapM - · ,UapayT- 1, 154 6,76 5,98 5,81 6,33 4,85 5,89 6,07 6,59 6,50 6,33 7,28 7,37 6,31 

KypraH 

fapM - Jie)l.HHK 2,514 4,53 4,57 5,33 6,52 6,80 7,60 8, 11 8,27 7,72 7,00 6,68 5,37 6,54 1,66 4 

A6paMosa 

,UapayT-KypraH - 1,360 2,65 3,38 4.93 6,69 8,46 9,04 9,85 9,71 8,75 7,57 6, 18 3,68 6,74 3,07 5 
JieJI.HHK A6paMosa . 

' 
' 

CaHrHC'J'.OH - 0,682 6,60 7,92 8,21 7,77 7,48 8,80 8,80 7,77 7, 18 6,60 6,60 5,72 7,45 

HcKaHJI.epKyJib . 
• . -. . 

~ _ ..:...,., .. 
' 

,, ' -r r. .J ~ •. ~ ..... ,; ···-
w \_ •• ·'-. ~ _.,.·_-.:~::,;, .. - r'. _; _ _.....',_ ·,:.r~ ~ , . - ~ .- --

CaHrHcTOH - Jie,D,- I 2, 078 I 6, 54 I 7, 36 I 8, 52 I 8, 76 I 8, 66 I 9, 05- I 8, 28 I 8, 18 I 7, 70 I 7, 75 I 7, 41 
HHK rrn 

HcKaH.u.epKyJih - I 1,396 I 6,52 I 7,09 I 8,67 I 9;24 I 9,24 I 9, 17 I 8,02 I 8,38 I 7 ,.95 I 8,31 I 7 ,81 
neJI.HHK rrn 

Tepc){OJI - TIHK 
TepcKOJI 

TepcKOJI - JleJI.o­
saSI Ba3a 

IlHK TepcKOJI -­
JleJI.osaH Ba9a 

o, 904 I 5, 64 I 5, 64 I 6, 97 I 7, 30 I 7, 30 I 6, 08 I 6, 31 I 5, 97 I s, 20 I 5, 09 I 4, 98 

1 , 554 I 5, 73 I 6, 69 I 6, 82 I 7, 66 I 6, 95 I 6, 69 I 6, 63 I 6, 56 I 4, 50 I 5, 92 I 5, 08 

o, 650 I 5, 85 I 8, 15 I 6, 62 I s, 15 I 6, 46 I 1, 54 I 1, os I 1, 38 I 3 , 5 4 I 1, 08 I 5, 23 
' 

IloKpOBKa-B.· Kb!-I 0,810 ·l7,90l6,54f6,67I 7,53 I 8,02 I 8,,77 I 8,89 I 8,64 I 7,90 I 7,28 I 7,78 
3hIJICY 

TioKpOBKa - JieJI.­
HHK l(apa6aTKaK 

B. KbI3bIJICY -
ne,II.HHK Kapa6aT­
KaK 

1,560 I 5,oo 14,811.5,38 I 6,35 I 6, 79 I 7, 18 I 7 ,50 I 7 ,24 I 6,67 I 6,09 I 5, 71 

o,750 I l ,87 I 2,93 I 4,00 I 5,07 I 5,47 I 5,47 I 6,00 I 5,73 I 5,33 I 4,80 I 3,47 

6,981 7,93 0, 16 I 0,49 

7 ,59 I 8, 17 0,241 0,74 

4,091 5,88 

5,21 I 6,20 0,20 I 0,21 

6,771 6,64 0,49 I 0,52 

8,401 7,86 

5,45 I 6, 18 I -f,401-1,33 

2,2714,371-2,911-2,78 

- n pH Me q a H He. 3tta1IeHIHI ~'Y a Ta6JI. 4.7 H 4.8 3a nepHOJI.bI V-X H VI- IX npeJI.cTaBJIHlOT co6oH: pa3HOCTH sepTHKaJihHhIX 
~ rpaJI.HeHTOB )J.JIH nyHKTOB Ha HeOJI.HOpOJI.HblX (rpyHT-JieJI.) H OJI.HOPOJI.HhlX (rpyHT-rpyHT) IlOBepXHOCT.HX B 6acceiiHe. 
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Ta6Aut{a 4.8 · 

BepTHKaJ1bHb1e rpa)J.HeHTbl TeMnepaTypbl B03)1.yxa B neTHHe Mecsn~bl 
s 6acceuuax peK CpeJJ.HeH A3HH 

BepTHKaJibHblA rpan.tteHT 1 
TiyHKT H3MepeHHS1 

/).Z KM 

I I TeMnepaTypb1 eo3~yxa 
VI VII VIII IX 

B. f opeJihHHK - Mbrn- 0,745 6,58 7,65 7, 11 6,98 
)KHJTlUI 

B. fopeJlhHHK - JieJI.HHK l, 198 5,93 7,43 6,76 6,26 
UeHTpaJihHhIH TyioKcy 

1'1bIHJKl1JIKH - Jie)J.HHK 0,453 4,86 7,06 6,-18 5,08 
UettTpaJibHhIH TyroKcy 

EaiiTbIK - AJiaapqa 1,371 6,35 6,93 6,49 
-

EaftThIK - Jie,llHHK foJiy- 1,886 6,79 7,21 6,95 
6HHa 

AJiaapqa - Jie,llHHK foJiy- 0,515 7,96 7,96 8, 16 
6HH3 

fywaphl - MaH:xypa 0,640 7,50 8,44 7,34 7' 19 

fyrnaphl - JieJI.HHK 2,840 6,55 6,94 6,69 6,06 
5IKapqa 

Ma1~1xypa - Jie)J.HHK 2,200 6,27 6,50 6,50 5,73 
51Irnpqa 

AJIThlHMa3ap - rroiiMa 0, 120 9,20 10, 10 10, 10 8,30 
p. CeJih,llaphl 

Tlof!Ma p . CeJih,llaphl - 0,700 ' 13,00 12,30 13, 10 14,40 
.~rre,LJ.HHK l3Hs a tIHhIH 

MeTeorryHKThl Ha ~11hJI.Y 0,900 4,70 6,80 6,50 7,20 
H qrnpHe Jie,llHHKa <Pe,n-
l!eHKO 

hyVl-IX 

-0,48 

-1,28 

0,39 

1,43 

-1,05 

-1 ,36 

3,88 

ecJIH Ha 0)1.HOH H3 3THX CTaHJJ,HH Ha6JIIO)J.aeTC51 ycTOH1HiBblH CHe)KHblH 

rroKpoB, a Ha )1.pyroii cHer cTaHJI rroJIHOCThlO . OrrpeneJie HHOe TaKHM 

crroco6oM 3Ha1leHtte ~V B 6acceiiHe p. CTcKeM oKa3 aJIOCh paBHhIM 

1,33 rp a )J./KM [ 228] . ., 
CToJiycTaUHOHapHbie 11ccJie,rr.0BaHHH Ha .rre)J.HHKax Cpe,rr.HeH A3HH 

IIOK33 3JIH [63, 64, 144, 158), l.JTO H3MeHeHHe v Ha6JIIO,UaeTC~ He 

TOJlbKO B OITHCaHHOH BbIIIIe CHTyaJJ,HH, HO H nepexo,rr.e B rrpe)J.e.,riax 

r JIHUH3JlbHOH o6JiaCTH co Jlh,Ua Ha CHer HJIH qnipH. 0,rr.HaKO TIOBCe­

MeCTHOe OTCYTCTBHe Heo6XO)J.HMOH CHCTeMaTHqe CKOH HHcpOpMaUHH ,UJHI 

Ha,Ue:IKHOH q11cJieHHOH oueHKH 3T0f0 HBJie HHH 3 aCTaBJI5IeT orpaHH­

qHTbCH B HaCTOHIII.e H pa6oTe yrroMHHYThIM BapHaHTOM ( 4.42) . 
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Ha1160Jiee o6IlI.HM BbipaLKeHHeM 3aBHCHMOCTH cyMM oca,rr.KOB OT 

BhICOThI MecTHOCTH B ropax Cpe,rr.Heli A3HH, KaK rroKa3aHo B pa6oTax 
[ 17, 18, 170] ' 51BJ1HeTC51 cpopMyJia 

q (z, t) = q (zo, t) [I + b2 (z - z0) + b3 (z - z0)]2, (4.43) 

r.L(e b2, b3 - rrapaMeTphl; q (zo, t) H q (z, t)- cyMMhl oca,rr.KOB Ha Bbl­

coTax Zo H z B MOMeHT BpeMeHl:f t. ,UocTOHHCTBOM ypaBHeHH51 ( 4.43) 
5IBJI.HeTC.H HHBapHaHTHOCTb OTHOCHTeJibHO cyMMHpOBaHH51 3a J1I06oH: 

HHTepBaJI BpeMeHH [170]. CorJiacHo (17, 18], 3HatieHH51 b2 H b3 3a­

BHC5IT OT ypoBH51 Zo H onpeJJ;eJI51IOTCH no cpopMyJiaM: 

b _ 2azo + b • 
2- 2 ' 

az0 + bz0 + c: 
(4.44) 

a 
ba=-~----

az~ + bz + c ' 
(4.45) 

r.u.e a, b, c- rrapaMeTpbl 33BHCHMOCTH cyMM oca,LI.KOB OT BblCOTbl Me­

CTHOCTH, BbltIHCJIHeMble no MeTOJJ;y HaHMeHblllHX KBaJJ;paTOB. l13MeH-

1IH~OCTb napaMeTpos b2 H b3 B pa3JIHtiHblX ropHbIX so,rr.oc6opax Cpe,rr.­

HeH A3HH rrpoaHaJIH3HpoBaHa B pa6oTe [170), a BHyTpHro.rr.oBoli xo.u 
3THX K03cpcpHUHeHTOB - B (35, 170) . 

He ocTaHaBJIHBa51cb Ha Bcex JJ;eTaJI51X HCCJie,rr.osaHHH 3aBHCHMOcTeH: 

q (z, t)' COJJ;epLKallI.HXC5I B yrroMHHYThlX pa6oTaX, OTMeTHM TOJ1bKO, 

qTo, corJiacHo [35, 170], YAOBJieTBOpHTeJibHhIM aHaJIHTHtiecKHM rrpH-

6JIHLKeHHeM BpeMeHHOH H3MeHl.JHBOCTH b2 H bs Cl.J~TaIOTC51 BbipaLKeHH51: 

b2 (t) = 52 + A2 cos[ ~: (t - t2) J; (4.46) 

r 2n ] b3 {t) = 63 + Aa COS l T 
2 

(t - f 3) , (4.47) 

KOTOphie HCIIOJib30BaHbl aBTOpOM rrpH pacl!eTe CYTOtIHbIX cyMM OCa,UKOB 

B 6acceiiHax peK CpeJJ;HeH: A3HH no cpopMyJie ( 4.43). 3)1.ecb 1j3 H b2 -

cpe.uHero,rr.oshle 3HaqeHH51 rrapaMeTpOB b3 H b2 ; A2 H A3 - rroJiyaMnJIH-

. Ty JI.a HX H3MeHeHHH; T2= 365 cyT, t 2 H t3 - KoHcTaHThl, y11HThIBa10rn.11e 
C.D.BHr cpaa. 

lIHCJieHHble 3HatleHH51 K03cp<l>HUHeHTOB ,LI.J1.H 3aBHCHMOCTeH: ( 4.43)­
( 4.47) B 6accei1Hax - peK CpeJJ;HeH: A3HH orrpe.ueJIHIOTCH rro ,rr.a-HHhIM 

MeTeopoJI_or1111ecKHX CTaHUHH H IlOCTOB, KOTOpble 3a KpaifHe pe,LI.KHMH 

HCKJIIOlJeHHHMH pacIIOJIOLKeHhl 33 rrpe,rr.eJiaMH f JIHUH3JlbHblX o6JiaCTeH . 

CJie,LI.oBa TeJibHO, cpopMyJia ( 4.43) He oTpaLKaeT H3BeCTHoro HBJieHHH 

IlOBbillleHHOH KOHUeHTpaUHH 3HMHe-BeCeHHHX TBep,UblX oca,UKOB Ha 

IIOBepxHOCTH Jie,UHHKa no cpaBHeHHIO c HaKOrrJieHHeM CHera Ha Tex )Ke 

BhICOTax Ha CKJIOHax 6acce:HHa Jie)J.HHKa. Bo3HHKaeT aHaJior1111Ha5I 

_yI.JeTy «TeMnepaTypHoro CKaqKa», HO rrpaKTHqeCKH HeBbITIOJIHHMaH 3 8-

.ua qa BBe,LI.eHH.H COOTBeTCTBYIOilI.HX rrorrpaBOK B Mec51qHhie H ce30HHble 

3 HaqeHH51 aKKYMYJIHUHH Ha Jie,LI.HHKaX, eCJIH HX paCCl.JHTbIBaTb co­

rJiaCHO ypaBHeHHIO ( 4.43). B CBH3H c 3THM aBTopoM pa3pa6oTaH Me­

TOJI. KOCBeHHoro orrpe.ueJieHHH fO,UOBOH aKKYMYJI51II.HH Ha Jie,UHHKax. 
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,llaHHblll MeTOJl, OCHOBaHHblll Ha pacqeTe MHOrOJieTHero pH.n.a MaKCH­

MaJibHblX BhICOT cHeroaon rpaHHU.hI Ha -JieJ.J.HHKax H yIIHThIBaIOlll.HH 6a­

JiaHcoBoe COOlfHOllieHHe Me.iKJ.J.Y aKKYMYJIHUHen H a6JIHUHell, nonpo6HO 

H3JI02KeH B rJiaBe 3 HaCTOHlll.ell pa60Tbl. 

HcnoJih30BaHHe OJ.J.HOMepHoro Bhipa2KeHHH ( 4.43) J.J.JIH onHcaHHH 

BepTHKaJihHoro pacnp.e.n.eJieHHH ocanKOB npennoJiaraeT TaK2Ke, lJTo BhI­

coTa MeCTHOCTH 5IBJI5IeTC5I J.J.OMHHHPYIOlll.HM cpaKTOpOM B MHOfOMepHOll 

3aBHCHMOCTH oca.n.KOB OT npocTpaHCTBeHHhIX KOOp,llHHaT. TipaKTHqe­

CKHe no.n.Taep2KJ.J.eHHH 3_Toro noJioJKeHIUI J.J.JI.H 6accenHOB peK Cpe.n.Heit 

A3HH co.n.ep2KaTcH Bo MHOrHx rHnpoJiorHqecKHX H KJIHMaToJiorHqecKHX 

o6o6meHHHX (CM., HanpHMep, (76, 78, 79]). CJie.n.yeT, o.n.HaKo, HMeTh 

B BHJ.J.y, qTo B 33BHCHMOCTH OT M3ClllTa6a OIIHCaHHH 33KOHOMepHOCTell 

nOJIH OC3J.J.KOB BO BHeJie)lHHKOBblX 30Hax 6accenHOB COCTaB apryMeH­

TOB B ypaBHeHHH ( 4.43) MOMeT 6hITh yneJIHl!eH. TaK, pacl!eT qacT­

HhIX K03cpcpHUHeHTOB KoppeJIHUHH J.J.JI51 3aBHCHMOCTen MeCHqHblX If 

fO)lOBhIX cyMM OCa,llKOB OT y ,llaJieHHOCTH OT TbIJIOBhlX H 60KOBhlX rpe6-

Hen Bonopa3J.J.eJio:e B 6accenHax peK TaJiac, ·CypxaHnapbH, AxaHrapaH 

·noKa3aJI [31], lJTO BJIHHHHe ropH30HTaJlhHblX KOOp,llHHaT Ha pacnpe­

.ll.eJieHHe ocanKoB, KaK npaBHJIO, 51BJI51eTcH 3Ha1If1MhIM. Oco6eHHO cy­

mecTBeHHon OCTaToqHaH- KoppeJI51UH5I oca,llKOB c pacCTOHHHeM x JI.O 

ThIJionoro rpe6H~ oKa3aJiach B 6accenHe p. CypxaH.n.ap~H .U.JI51 ne:-

pHo.n.a OKT516ph-. Mali (rqx/z = -0,65+0,90). 
- AHaJiorHqHhie pe3yJihTaThI noJiyqeHhI JI. Jl. Bor.n.aHonon li 

M. H. f eTKepoM [ 14, 29] ;ZI.JIH cyMM ocanKos 3a ron H nepHOJlhI OK­

TH6ph-MapT, anpeJih-ceHT516pb no 6accenHaM p . HaphIH n o3. l1c­
ChlK-KYJih, l.JaTKaJihCKOMy, KypaMHHCKOMy, <l>epraHCKOMY H AJian­

cKoMy xpe6TaM-. TipH 3TOM B - IJ,eJIOM J.J.JIH 6acce:HHa 03. J1CCbIK-KyJih 

)lJIH JII06bIX HHTepBaJIOB BpeMeHH B.HHHHHe BbICOTbI MeCTHOCTH Ha pac­

npeneJieHHe oca,llKOB Bhlr JIH,llHT ropa3J].O - Mettee 3cpcpeKTHBHhlM no 

cpaBHeHHIO c BJIH51HHeM paCCT051HH5I. 

0)lH3KO Ha Me3oMaClllTa6HOM ypoBHe o6o6meHH5I HHcpOpMaU.HH ITO 

ocanKaM K03cpcpHUHeHT KOppeJIHUHH fO,ll.OBhlX cyMM ocanKOB c BbI'­

COTOll H3Jl ypoBHeM MOpH B 0,llHOM H3 11aCTHhIX sonoc6opoB (p. l.JoH-­

KbI3bIJICY) 6acceiiHa 03. HccbIK-KYJih, onpe.n.eJieHHhIH aBTopoM rio 

,ll.aHHhIM [ 59]' OKa3aJIC5I paBHbIM 0,90. 
TiepeqncJieHHbie cse.n.eHHH, no MHeHHIO aBTOpa, )l0Ka3hIBaIOT 803-

MO~{HOCTb cyr.uecTBOB3HH5I B 6accenHe ~Op.HOH peKH ceMeHCTBa HHJ.J.H­

BHJ.J.Y3JihHbIX 33BHCHMOCTell q (z)' OTpaMaIOlll.HX Me30MaCIIITa6Hhle oco-

6eHHOCTH pacnpe,ll.eJieHHH OCa,llKOB B ycJIOBHHX CJIO.iKHOH oporpacpHH~ 
)lJIH yqeTa 3THX oco6eHHOCTell: sepTHKaJihHOro pacnpe..QeJieHHH oca.n.­

KOB B perHOH3JlhHOH MO)leJIH cyMMapHoro T35IHH5I Jie,ll.HHKOB cymecT­

BYIOT ,ll.Ba nyTH: 1) eCJIH II03BOJI5IIOT HCXO,ll.Hhle ,llaHHbie, "onpeneJIHTh' 

nap'aMeTpbl ypaBHeHHH ( 4.43) npHMeHHTeJihHO K pall:oHaM f JI51U.HaJih­

HOH o6JiaCTH, 2) HCilOJlh30BaTb J.J.JIH pacqeTOB HaKonJieHHH CHera BO 

BHeJie,ll.HHKOBhIX soHax 6acceiiHa TOJihKO TY qacTh o6meli 33BHCHMO­

CTH q (z), KOTOpa51 OTHOCHTCH- K ,ll.OCT3TOqHQ O,ll.HOpOJJ.HOMy ITO ycJIO-­

BHHM aKKYMYJIHUHH HHTepBaJiy BbICOT. 

126 

4.2. 6JioK-cxeMa peruouaJILuon Mo.n.eJiu npou.ecca 
cyMMapuoro TaSIHHSI Jie,ll.HHKOB 

,llncpcpepeHUHpOBaHHhlH no THnaM nosepXHOCTH pacqeT BHyTpHr0-

11.0BOrO H MHOfOJieTHero peJKHMa cyMMapHoro Ta.HHHH Jie,ll.HHKOB B 6ac­

ceiiHax peK Cpe,ll.Heii A3HH cocTOHT H3 p51na no,LI.rOTOBH_TeJibHhIX H 
u u 

BblqHc.JIHTeJibHbIX onepaUHH, BhIIlOJIHHeMbIX B onpe,ll.eJieHHOH . nocJie.n.o-
BaTeJibHOCTH. 

HaH6oJiee TpynoeMKoll: -qacThIO pacqeTa cyMMapHoro Ta51HHH HB­

JI51eTc51 npe.n.sapHTeJihHaH nonroTOBKa H o6o6m.eHHe pe2KHMHo-cnpa­

BOqHbIX MaTepHaJIOB. Ha cTa.LI.HH no.n.roTOBKH .LJ,aHHhIX JlJI51 KOHKpeT­

Horo peqHoro 6acce·nHa BhIIIOJIH51IOTC51 cJieJ.J.yIOW.He npoueAyphr: 

a) C03,ll.aHHe Ha MaIIIHHHOM HOCHTeJie (nepcpoKapTbI, MarHHTHaH 

JieHTa) rrepBHqHoro MHOrOJieTHero apXHBa cyToqHblX cyMM OCaAKOB, 

cpeAHHX cyToqHbIX 3Ha1IeHHll TeMnepaTyphI B03J.J.yxa H 6aJIJIOB o6mell: 

o6Jia1IHOCTH IIQ Ha6JIIO,LI.eHH5IM MeTeopoJIOfHqecKOH CT3HUHH; 

0) onpeAeJieHHe rrapaMeTpOB 3aBHCHMOCTeH OCa,llKOB, TeMnepa­

TyphI Bosnyxa H o6r.uell: o6JiaqHQCTH OT BhICOTbl MeCTHOCTH H OIIHCa­

. HHe BHyTpHronosoro xona 3THX napaMeTpos; 

B) Bbl,lleJieHHe B npe,LI.eJiax rJIHUHaJibHOH o6JiaCTH rpynn JieJ.J.HHKOB 

6oJiee HJIH MeHe~ OAHOTHnHhIX no _MopcpOJIOfHqecKHM npH3HaKaM HJIH 

pacnoJIO.iKeHHbIX B OAHOPOAHhIX opoKJIHMaTHlJeCKHX ycJIOBHHX; 

- r) pacqeT cpe.n.HHX H cpeJ].HHX B3BeIIIeHHbIX no nJIOI.IJ.aAH o6o6meH­

HbIX MOpcpoMeTpHlleCKHX xapaKTepHCTHK «cpe,llHHX Jie)lHHKOB» ,ll.JIH 

Ka2Knon H:s rpynrr B rrpeneJiax r JIHIJ.HaJihHOH o6JiaCTH; \ 

n) pacqeT sa MHoroJieTHHH nepHOJl HHJleKca 6aJiaHca aKKYMYJIH­

UHH H Ta5IHH5I B fJIHIJ,HaJihHblX o6JiaCT5IX H peKOHCTPYKII.H51 COOTBeT­

CTBYIOlll.ero no BpeMeHH pH,lla MaKCHMaJihHhlX BhICOT CHerOBOH rpa-
u 

HHUhl ,ll.JI51 Ka2K)l.OH H3 Bbl)leJieHHbIX rpyrrrr Jie)lHHKOB. 

Ha nepsoM 3Tane pactJeTa cyMMapHoro TaHHHH Jie)lHHKOB B He­

KOTopoM 6acceliHe onpe,LI.eJI51IOTCH naThI HaqaJia H KOHU.a rrepHoAa 

Ta5IHH5I Jlh,ll.a Ha KOHU.aX «cpe,llHHX JieJ.J.HHKOB». )lJIH pacqeTa dHJh Ha-

1IHH35I c 1 OKT516p5I c IIIarOM no BpeMeHH 1 cyTKH H no BbICOTe 10 M 

JJ.JIH sce:H f JIHU.HaJibHOH o6JiaCTH B HHTepsaJie BbICOT OT caMOll HH3KOll 

H3 scex OTMeTOK zl{ AO CaMOH BbICOKOH H3 ZH «cpe,llHHX JieJ.J.HHKOB» 

BbilJHCJIHeTC51 no cxeMe (3.61) pacnpeneJieHHe BOJ.J.HOCTH cesOHHOfO 

cHe.JKHoro noKposa KaK cpyHKUHH BhICOTbI MeCTHOCTH. Ha KalKJ.J.OM 

mare no t nocJie,ll.OBaT_eJibHO CHH3Y BBepx nposepHeTCH ycJIOBHe (3.62)' 
BhlnOJIHeHHe KOTOporo 5IBJIHeTC51 KpHTepHeM ,ll.JIH onpe)l.eJieHHH )laT 

HaqaJia Ta5IHH5I Jlb,ll.a Ha KOHUaX «cpe,llHHX Jie,llHHKOB». 

,IT.a.nee )lJIH pacqeTa dl{JI H:a KOHU.ax «cpeJ.J.HHX JieJ.J.HHKOB», H3lJHH35I 

c COOTBeTCTBYIOlll.HX dHJI AO 31 OKTH6p5I c IIIaroM. no t = 1 cyT, peaJIH-

3yeTC5I cxeMa (3.63). B KOHeqHoM cqeTe JlJIH onpe,ll.eJieHHH naT OKOH-

11aHHH nepHO,ll.a Ta5IHH5I Jlh)la HCIIOJih3YeTC5I BbJqHcJieHHaH npOJJ.OJIJKH­

TeJihHOCTb BhinaAeHHH H TaHHHH ocettHero cHera Ha BhICoTax ZH 
«cpe,llHHX Jie)lHHKOB». 

B KalJeCTBe HCXO,llHOll HHcpOpMaU.HH J.J.JIH pacqeTa MHOfOJieTHero 

p5I,ll.a dHJI H dl{JI B OT,ll.eJihHhIX paiioHax f JI51U.HaJihHOll o6JiaCTH Heo6~ 
XO)lHMbI MHOfOJieTHHll apXHB MeTeopoJiornqecKHX 3JieMeHTOB (TeM-
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rrepaTypa B03,nyxa, oca,nKH, o6m.a5I o6Jia1IHOCTh), MopcpoMeTp11qecK11e 

napaMeTpbl «cpe)lHHX Jie)lHHKOB», reorpacpH1IeCK35I llIHpOTa rJI5IUH3Jlh­

HOH o6JJacTH, rrapaMeTphI JIOKaJihHhIX aaBHCHMOCTeii 0 (z, t), q (z, t), 
perHOH3JlhHhlX cpopMyJJ HHTeHCHBHOCTH Ta5IHH5I H 0CJ136JieHH5I cyM­

MapHOH pa)lH3UHH B 3aBHCHMOCTH OT 6aJIJIOB o6iue:H o6Jia1IHOCTH H .11.p. 

9TH .11.aHHbie rro.11.po6Ho rrepe'-UICJleHbl B OITHC3HH5IX rrporpaMM 

ARMEL T H SMELT. 

3aKJII01IHTeJihHhlH 3Tall pacqeTa cyMMapHoro T35IHH5I Jie)lHHKOB 

.11.eJIHTC5I 110 BpeMeHH Ha 3 1I3CTH: c 1 M35I )1.0 dHJh OT dHJI .no dl-\ Jl' OT 

d1u1 .no 31 OKTH6pH. 06iuaH .1I.JIH oJJe.11.eHeHHH Cpe)lHeii A3HH rrpo,noJI­

:>KHTeJihHOCTh pacqeTHOro nepHO)la c 1 MaH no ~1 OKT5I6p5I npHHHTa 

.1I.JIH Toro, 1IT06b1 dHJI H dl{Jl npH JII06hIX ycJIOBHHX Haxo,nHJIHCh BHYTPH 

HHTepBaJia BpeMeHH, KOTOpbIH 3aXB3ThIBaeT npe)lllleCTByioI.UHH H no-
., 

CJie)lyIOlll.HH 33 nepHO.ll,OM T35IHH51 Jlh.ll,a Ce30Hhl, KOr,na Jie.LI.HHKH TIOJI-

HOCTbIO rro~pbIThI cHe)KHhIM noKpOBOM. TaKHM o6paaoM, .11.11cpcpepeH-

1..u1posaHHhIH pac1IeT COCTaBJIHIOlll.HX cyMMapHoro Ta5IHH.51 COrJiaCHO 

MO)leJIH ( 1.30) ecTecTBeHHO Bn11cb1BaeTCH BO BHyTpHrO)lOBOH pe.IKHM 

aKKYMYJIHUHH H T35IHH5I B r JI51UH3JlhHhIX o6JiaCT5IX. 

c 1 Ma.51 )1.0 )laTbl Ha1IaJia TaHHH.51 Jlh)la Ha noBepXHOCTH «cpe)l- . 

Hero Jie.ll,HHKa» TaeT TOJihKO 3HMHHH HJIH CBe)KeBhinaBll.IHH BeceHHe­

JieTHHH cHer. Bo3MO.IKHO TaK2Ke OJl.HOBpeMeHHoe TaHHHe 3HMHero H 

CBe.IKeBhinaBrnero CHera, ecJIH TBep,nbie oca.nKH He noKpbIJIH BCIO 
nJJOlll.a)lb Jie)lHHKa. . . 

PacqeT npoueccos TaHHHH 11 Bhlrra)leHHH cHera Ha «cpe,nHHx Jie)l­

HHKax» c : Ma5I )lO )laT Ha1IaJia T35IHH5I Jlh)la BhlnOJIHHeTC.51 B pe­

fHOHaJlhHOH MO)leJIH c rnaroM no BpeMeHH I cyT H _no BhlCOTe 50 M 

B HHTepBaJJe OT zl\ )1.0 ZH. CoOTBeTCTBeHHO yKa3aHHhlM 3Ha1IeHH5IM 

npocTpaHCTBeHHO-BpeMeHHhIX KOOp)lHHaT Bbl1IHCJI5IIOTC.H cyT01IHhie 3Ha­

qe~H5I cyMMapHOH COJIHe1IHOH pa)lH3UHH c yqeTOM OCJia6JieHH5I Qe 

o6me:H: o6Jia1IHOCThIO, cpe)lHHe cyT01IHhle TeMnepaTyphI B03Jl.yxa H 

c y T01IHhie cyMMhI oca,nKoB. Pacnpe)leJieHHH no z Bcex 3THX nepeMeH­

HhIX HCilOJih3YIOTC.51 B pac1IeTax o6'heMOB Ta5IHH5I Vac ( t) H v JIC ( t). 
Onpe.ueJieHHe aJih6e)lo AH (z, t) 3HMHero H BeceHHe-JieTHero cHera BhI­

noJJHHeTCH no cxeMe ( 4.38). 
B perHoHaJihHOH Mo,neJIH npouecca cyMMapHoro Ta.HHHH B rJIH­

UHaJihHhlX o6JiaCT51X npe)lyCMOTpeHO, 1ITO B Te1IeHHe HHTepBaJia Bpe­

MeHH OT dHJl )1.0 dl\Jl CJiaraeMbIMH VM ( t) 5IBJI5IIOTC.51 BCe HJIH TOJihKO 

HeKOTOpbie H3 CJie)lyIOI.UHX o6'heMOB Ta51HHH: Jlh)la nO)l MOpeHOH ( 3TOT 

KOMnoHeHT OTCYTCTByeT, ecJIH HeT CTIJIOlllHOH MopeHbl)' OTKpbITOrO 

Jih,Ua, cTaporo cpHpHa (npH Zrcc (t) >Z<t>r), 3HMHero H JieTHero cHera . 

I(aK noKa3aHO B pa3)leJie 3.3, OTHOCHTeJibHhlH H ' a6COJIIOTHhIH 

BKJia.ll,bl K32K.1I.Of0 113 3THX KOMITOHeHTOB B CYMMapHbie 06beMbI T35IHH51 

3a MOMeHTbl t H B ueJJOM HHTepBaJl Bp~MeH.H dRJI-dHJI 3aBHC51T, B qa­

CTHOCTH, OT BhICOThl ce30HHOH CHeroBOH rpaHHUbl Ha Jie)lHHKax. 

B CBH3 .. H c 3THM ocHoso:H .1I.JIH onpe)leJieHHH cJiaraeMhIX cyMMapHoro 

Ta51HHH B r JI51UHaJihHhIX o6JiaCTHX HBJI51eTCH pacqeT )lBH2KeHHH Zrcc OT 

dHJI .ll,0 dl<Jl• 

PacIIeT Zrcc (t) BbinOJIH51eTCH no cpopMy~e (3.49) c yqe1'0M Bbl-· 

na)leHH51 H T351HH51 JieTHe-oceHHero CHera OT)leJibHO )lJI51 Ka2K)l0f0 
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paH:oHa-nO,UMH02KeCTBa B f JIHUHaJihHOH o6JiaCTH c lllaroM no BpeMeHH 

I cyT. B 3aBHCHMOCTH OT nOJI02KeHH51 Zrcc (t) OTHOCHTeJihHO ycTOH­

lJHBbIX xapaKTepHhIX OTMeTOK Ha «cpe.LI.HHX Jie)lHHKaX» (Zi<, ZBrM, Zqir, 
ZH), BhI,neJIHeM Ha 11x nosepxHoCTH HHTepBaJihI BhICOT H n Jioma.nH 

c pa3JIH1IHhIMH ycJIOBH51MH TaHHHH: SJIM(t) npH SJIM>O; SJI(t); Sw(t) 
npH Zrcc(t)>Z<t>r; Sac(t); SJic(t) npH qJic(t)>O. ,il.JUI Ka2K)l0f0 H3 

5 THllOB rroBepXHOCTH HaXO)lHM cpe)lHIOIO B3Bell.IeHHYIO BhICOTY H Ha 

9TOM ypoBHe TeMnepaTypy B03)lyxa H cyMMapHyIO pa)lHaUHIO c yqe­

TOM ocJia6JieHHH o6me:H o6Ji a1IHOCThIO. Cpe)lHee aJih6eJl.o Jl.JIH Ka:>K­

.noro THna nosepxHOCTH Jie.1I.HHKa onpe,UeJI.HeTcH no Mero.ny asropa, 

H3JIO)KeHHOMY B pa3.LI.eJie 4.1 .1. 
3aTeM BblnOJIHHeTC.51 pac11eT T351HH51 VJIM(t), vJI(t), V<J>(t}, Vac(t), 

VJic (t) H cyMMHpOBaHHe 3THX BeJIH"lJ.HH no rpynrraM Jie.ll,HHKOB B HH­

TepBaJiax BbICOT OT ZR ,l{O ZMa1rn H OT ZMaKc ,l{O ZH c lllaroM no BhI­

coTe 50 M. 

ITocJie oKOH1IaHH51 nepHO)la Ta51HHH Jih.1I.a BCIO nosepxHOCTh Jie)l­

HHKa IlOKpbIBaeT IlOCTerreHHO HaKanJIHBaKHII.HHC51 CHer oqepe)lHOrO 

nepHo,na aKKYMYJIHUHH. Cpe)lHHH CJIOH BHOBh Bhina,UaIOLI.I.HX TBep,nhIX 

aTMoccpepHhIX oca,nKoB onpe,l{eJI.HeTC51 no cpopMyJie (3.58). B npo­

Me2KyTKax Me2K)lY CHerona.naMH B03MO)KHO He3Ha1IHTeJihHOe TaHHHe 

oceHHero CHe.IKHOrO noKpOBa, eCJIH n03 BOJI5IeT npHTOK BHernHero 

TenJia . Pac1IeT HaKOilJieHHH H T35IHH5I CHera Ha JieAHHKax B HHTep­

Ba,ne BpeMeHH OT dli.Jl )1.0 31 OKT516p5I BbillOJIH5IeTC5I c rnaroM no t = 
=1 cyT H c yqeTOM pacnpe)leJieHH51 no BbICOTe OCHOBHbIX cpaKTOpOB 

Ta5IHH5I - COJIHe1IHOH pa,UHall,HH H TeMnepaTypbl B03)lyxa. . 

TaKHM o6pa30M, MHHHMaJihHOH npocTpaHCTBeHHOH pa3pellla10me:li 

CIIOC06HOCTblO p e rHOH3JihHOH MO)leJIH npouecca cyMMapHoro Ta5IHH5I 

HBJI51eTC5I rpynna Jie)lHHKOB HJIH paHOH-I10.1I.MHO)KeCTBO fJIHUHaJihHOH 

o6JiaCTH. ,UJI5I K3)K)l0H TaKOH rpynnbI pacqeT COCTaBJIHIOl..UHX cyM­

MapHoro Ta5I~HH H JieAHHKOBOfO CTOKa c 1 M35I )1.0 31 OKT5I6p.51 Bbl­

I10JIH5IeTC5I c lllaroM no speMeHH 1 cyT. Illar no BhICOTe c 1 MaH Jl.O 

dHJl H OT dHJl )1.0 31 OKT516p51 COCTaBJI51eT 50 M. . -

floJiyIIeHHhIH, corJiaCHO H3JIO./KeHHOH MO,UeJIH, BHyTpHrO.ll,OBOH fH.11.­

porpacp cyMMapHoro Ta51HH51 JieA HHKOB MO.IKeT 6bITh Henocpe)lCTBeHHO. 

HCI10Jlh30BaH KaK cpyHKUHH nocTynJieHHH B MO)leJIHX TpaHc~opM~UHH 
T3HHHH B CTOK. OnhIT noKa3aJI { 119], qro !JPH 3TOM Jl.OCTHraeTCH 

BbICOKa.51 CTeneHb CXO)lHMOCTH H3MepeHHOro H BblqHcJieHHOro fH)lpO­

rpacpoB CTOKa. TeM He MeHee, Y1IHThIBa51 Heo6xo)lHMOCTb ocpe)lHeHHH 

B cpopMyJiaX HHTeHCHBHOCTH T35IHH51 H KaqeCTBO rrpocTpaHCTBeHHOH 

· 3KCTpanOJI51UHH B BWCOKoropHbIX 6acce:HHax )laHHbIX no TeMnepaType 

B03)lyxa, oca)lKaM 11 o6ll1.eii o6Jia1IHOCTH, pe3yJihTaThI pacqeTa :8HyT­

pHro.11.00oro pe2KHMa ~YMMapHoro Ta.HHHH H Jie)lHHKOBOro CTOKa U,eJie­

coo6pa3HO TaKMe ocpe)lHHTh 33 )leKa)lHbie HJIH MeC511IHhie HHTepBaJibl 
BpeMeHH. . 

PacqeThI MHoroJieTHero pe2KHMa cyMMapHoro TaHHHH Jie)lHHKOB 

H Jie,UHHKOBOro CTOKa B COOTBeTCTB1!,H c H3JIO)KeHHOH 3)1.eCb MeTO.ll,HKOH 

6hIJIH BhITIOJIHeHbI B cJie)lyIOll.I.HX 6acce:HHax peK Cpe)lHeii A3HH: Ma­

JiaH AJIMaaTHHKa, AJiaapqa, TaJiac, ITcKeM, Hccpapa, 3epaBrnaH 

(MaTqa), CapbIA}Kac, MyKcy H OT)leJibHo )lJI51 6acceliHa Jie)lHHKa 
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<l>e)ltieHKO rr Jie)lHHKa A6paMoBa ( 6acceliH p. l\oKcy, AJialicKHH xpe-

6er). PerHOHaJihHa51 MO,lJ,eJih aBTopa c ycnexoM 6hIJia ttcnoJih30BaHa 

TaK>Ke Ha l\aBKa3e B 6accei1Hax peK TepeK H l1Hryptt . 

4.3. AuaJIH3 KaIJecTsa pe3yJibTaTOB pacqeTa 
cyMMapuoro Ta.AHHSI Jie)l.HHKOB 

l1CXO)J,51 H3 OllhITa ITOJieBblX r JI51UHOJIOfHtieCKHX HCCJie)J,OBaHHH, 

MO:>KHO yTsep~AaTh, tITO KoppeKTHoe orrpe,ZJ.eJieHHe o6beMa cyMMap­

noro Ta5IHH51 v M Ha ITJIOIUaAH OT)J,eJibHOfO Jie,ZJ.HHKa HJIH HX rpyrrrrhI 

B03MO:>KHO TOJihKO rryreM pa3)1,eJihHOH oueHKH Ta5IHH5I 3HMHero H JieT­

Hero CHera, cpHpHa, o6HaMeHHOfO Jlh,ZJ.a, H Jlh)J,a 110)1, MOpeHOH. 1"1HO­

roJieTHHe Herrocpe,l1,CTBeHHhle H3MepeHH5I c xoporne:H TOl!HOCThlO co­

CTaBJI5IIOIUHX v M B TetieHHe BCero rrepHO,ZJ.a a6JI51UHH rrpaKTHtieCKH 

HeocymecTBHMbl ,ll.JI51 fJI5IUHaJihHOH o6JiaCTH H ,ZJ.aMe Ha OT,ZJ.eJibHbIX 

JieAHHKax corrp5I.1KeHhl c 60JihlliHMH rexHHtieCKHMH TPYA-HOCT5IMH. 

OnHcaHtte MeTOAHKH pacqera Ta5IHH5I Jie,ZJ.HHKOB noKa3hIBaeT, tITO 

n.a:IR:e cpaBHHTeJlhHO HeCJIOLKHa5I perHoHaJihHa51 MO,ZJ.eJib npouecca cyM­

MapHoro Ta51HH5I B fJl51UHaJihHbIX o6JiaCT5IX BKJIIOtiaeT pa3JIHqHbie 

cpH3HKO-cTaTHCTHtiecKHe saBHCHMOCTH, onHcb1Ba10ru.He BHYTPHTOAOBOH 

pe:IR:HM aKKYMYJ151I.I.HH H a6JI5IUHH Ha Jie,ZJ.HHKax H p51Jl. lIHCJieHHbIX rrpo­

ueJlyp, Heo6XO)J,HMbIX )J,JI51 ITOJ1yqeHH5I B KOOp,l1,HHaTax z, t npoMeMy­

TOl!HbIX H 3aKJIIOtIHTeJihHblX pes yJihTaTOB pactieTa. 

I-Ie3aBHCHMo OT CTPYKTYPhl TaKott MO)leJitt K l!HCJiy 6JIOKOB, npHH­

UHITHaJihHO Heo6XO,ll.HMbIX B pacqeTHOH cxeMe, CJie,ZJ.yer OTHeCTH: 

- 0606meH11e MOpcpoMeTpHtieCKHX xapaKTepHCTHK MHOMeCTBa 

Jie,ZJ.HHKOB, 06pa3y10m11x r JI5II.I.HaJihHYIO o6JiaCTh; 

- pa3pa60TKY perttoHaJihHOfO MeTO,ZJ.a pacqeTa HHTeHCHBHOCTH 

TaHHH5I Ha rronepxHOCTH Jle,ZJ.HHKOB Cpe,ZJ.Heli AsnH B ycJIOBHHX orpa~ 
HHl!eHHOCTH HCXO,ll.HOH HHcpopMaUHH; 

- orrpe,l1,eJieHHe B COOTBeTCTBHH c pa3MepHOCTblO MO,ZJ.eJIH, Me­

TeopOJIOfHl!eCKHX xapaKTepHCTHK ( oca,ZJ.KH, COJIHetIHa5I pa,llHaUHH, TeM­

rrepaTypa B03,ZJ.yxa, o6JiatIHOCTb, aJih6e,ZJ.o H T. ,ZJ..)' o6ycJIOB.J1HBaIOIII,HX 

HHTeHCHBHOCTh ,TaHHHH CHera, cpttpHa H Jlh,LI.a B Tel!eHHe nepHO,LI.a 

a6JHIUHH; 

- C03,ZJ.aHHe Ha TeXHHqecKOM HOCHTeJie apxttBa BXO,ll.HOH HHcpop­

MaUHH B cpopMe YA06ttoi1 ,l1,JI5I pacqera cyMMapHoro Ta5IHHH Jie,ZJ.~HKOB 
Ha 3BM; 

- pactieT B K3)K)J,OM r o ..uy ,LI.aT Hal!aJia H KOHI.I,a rrepHO,LI.a a6JIHUHH; 

- orrpe,ZJ.eJieHHe BHYTPHfOAOBoH: H3MeHtIHBOCTH ITJIOlll.a,lJ,eH: 3HMHero 

H JieTHero CHera, JlbJl.a ITOA MopeHOH, OTKphITOfO Jih)J,a H cpttpHa Ha 
Jie,ZJ.HHKax; 

- CYMMHpOBaHHe pe3yJihT3TOB BbiqHCJieHHH COCTaBJIHIOlll.HX V.l\f, 
npe,LI.CTaBJieHHe HX 8 BH,LI.e, COOTBeTCTBYIOilI.eM ypoBHIO o6o6meHHH 

BXO,ll.HOH HHcpopMaUHH B pacqeTHhlX cpopMyJiax. 

Ha paaJIHtIHwx aTarrax paspa60TKH u pean11sau11tt perttoHaJibHOH 

MO,LI.eJIH rrpouecca . cyMMapHoro TaHHH51 Hetta6eMHO B03HHKHOBeHHe 

CHCTeMaTtttieCKHX H cJiytiattHbIX norpellIHOCTeH. l\aK npaBHJIO, 3TH no­

rpellIHOCTH CB5I33HbI JIH6o c C03 HaTeJibHbIM yrrpomeHHeM perneHH51 
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CBH3H c He)J,OCTaTKOM BXO,ll.HOH HHcpOpMaUHH H orpaHHlieHHhIMH B03-

~Q)KHOCT51MH ee rrpocTpaHCTBe~HO-BpeMeHHOH ;?KCTpan~JIHUIHi B ycno­
BHHX C.HO)KHOH oporpacpHH, JIHOO c HeTIOJIHOTOH 3HaHHH 0 MO,LI.eJIHpye-

MOM rrpouecce. 
I1ccJie)J,OBaHHe B03 MO)KHOCTeH npoBepKH pe3yJihT3TOB pact.IeTa cyM-

M apHoro TaHHHH B ueJIOM 3a nepHO,ll. a6JIHUHH HJIH OT,LI.eJibHble MeCHUhl 

ITOK33bIBaeT, t.ITO 8 60JibllIHHCTBe cnyqaeB HeT ,LI.OCTaTO"lJHbIX OCHOBa~ 
HHH ttcnOJib30BaTb KaK aTaJIOH ,ZJ.aHHWe Henocpe,LI.CTBeHHWX H3MepeHHH 

T3HHH5I Ha Jie,LI.HHKaX. B OCHOBHOM 3TH CBe,UeHHH OTHOCHTCH 'K ,ll.0-

BOJibHO orpaHHt.IeHHOMY B npocTpaHCTBe ' HJIH BO BpeMeHH )J,Hanaso~y 
ycJIOBHH pacxo,ZJ.a CHera H Jib,Ua B cpaBHHTeJihHO ,UOCTYITHWX H 6e3-

onaCHbIX MeCTaX o6JiaCTH a6JI5IUHH. 
IlpHMbie onpe..ueJie HHH aKKYMYJIHUHH H a6JIHUI1H Ha Jie.ni:,ttKax HB-

JI5IIOTCH npttrO,UHbIMH )J,JIH oueHKH KatieCTBa perHOHaJibHOH MO,LI.eJI~ 
npouecca cyMMapHoro TaHHH5I, eCJIH KOJIHt.IeCTBO TIYHKTOB H3MepeHHH 

H HX nJiaHOBO-BblCOTHOe pacTIOJIO)KeHHe ycTaHOBJieHhl MeTO,ll.OM OilTH­

M l133UHH OlllH6KH BbI60p01IHOf0 cpe,LI.Hero HCKOMOH xapaKTepHCTHKH 

(CM., iianpHMep, [52, 53, 81-83]). TaKaH TIOCTaHOBKa _Bonpoca Tpe-

6yeT ,LI.eTaJibHOfO HCCJie)J,OB3HHH H aHaJIHTHuqeCKOfO OTIHC3HHH 3a~OHO­
MepHOCTeH npocTpaHCTBeHHOH H BpeMeHHOH H3MeHqHBOCTH ITOJieH aK­

KYMYJIHUHH 11 a6JIHUHH ua Jie,UHttKax. 9Ta npo6JieMa B }.I.eJioM noKa "<:: 
HMeeT y ,ll.OBJieTBOpttTeJibHOfO perueHHH, XOT5I HeKOTOpbIH npaKTttqecKH~ 
onhIT yMe ttMeeTCH. TaK, B pa6oTe [75] oco6eHHOCTH cTaTHCTttt.IeCKOH 

cTpyKTYPhI noJIH TOJIUJ.HHhI cHe:tKHoro noKpona Ha Jie,lJ,HttKe A6pa~oBa 
HCTIOJib30B3Hhl ,ll.JI5I OTITHMH33UHH KOJIHt.IeCTBa nyHKTOB H3MepeHHH. 

Ha Jie..UHHKe ,UMaHKyaT npHHHTa [40, 42, 155] MeTO,UttKa onpe..ue­

.n eHHH Ta5IHH5I no peryJIHpHOH ceTKe peeK B BhICOTHO-MOpcpoJIOfHtie­

CKHX 30H3X, HMeIOIUHX ,ll.OCTaTOt.IHO 0)1,HOpO,LI.Hbie noKa3aTeJIH 9KCIT03H­

UHH 11 KPYTH3HhI rroBepxHOCTH. BepTttKaJihHaH npoTHMeHHOCTh ~hICOT­
HO-Mop cponorttqecKHX 30H COCTaBJI5IeT OT 50 )J,0 130 M. TaKOH TIO)J,­

XO,ll., HeCOMHeHHO, crroco6cTBYeT xoporneMy nptt6JIH)KeHHIO K HCTHH­

HbIM 3Hat.IeHH5IM Ta5IHHH, ,ZJ.JIH oueHKH KOTOporo TeM Hue MeHee Heo6xo­

LUIM yt.IeT npocTpaHCTBeHHhIX KoppeJIHUHOHHhIX CBH3ett TaHHHH BHYTPH 

BbICOTHO-MOpcpoJIOfttqeCKHX 30H. . .. 
00CKOJlbKY TOt.IHOCTb H penpe3eHTaTHBHOCTb np5IMhlX H3MepeHHH 

cyr-.1MapHOfO o6beMa Ta51HHH HJIH- ero COCT~BJIHIOIII,HX HeH3BeCTHbl, 

6hIJIO 6hI Heuenecoo6pa3HO npHH5ITh KpHTepHij. Jl.OCTOBepHOCTH pe3yJih­

TaTOB pactieTa B BH,LI.e MHHHMyMa a6cOJIIOTHOf0 31-1aqeHH5I pa3HOCTH 

~ = VM - V M MeMAY Bhit.IHCJieHHhIM V M w H3MepeHHhIM V M 11 o6b-
P H p 

eMaMH TaHHH5L EoJiee npaBHJihHbIM H yHttBepcaJihHhIM cnoco6oM 

oueHKH 5IBJI5leTCH rpacpHt.IeCKOe cpaBHeHHe H orrpe)J,eJieHHe K03cpcpHUH­

eHTa KoppeJI5IUHH Me:tKJI.Y aenttqHHaMH V MP H V Mu:· Ha rpacpHKe .. 
CBH3H JierKO ycTaHOBHTb HaJIHtIHe CHCTeMaTHt.IeCKHX HJIH CJiyt.IaHHWX 

OTKJIOHeHHH pesy Jib Ta TOB p actieTa OTHOCHTeJibHO ycJIOBHH v Mp = v M 11.'' 

a KatieCTBO CBH3H CJie)J,yeT oueHHB3Tb, HCI10Jlb3YH KpHTepHH npHH5ITble 

B CHCTeMe rocKOMfH,l1,pOMeTa CCCP' Jl.JIH JIHHeHHblX nporHOCTHt.IeCKHUX 

3 aBHCHMOCTel1. TaK, corJiacHo [ 175], 3aBHCHMOCTh ·ctIHTaercH xoporneH, 

eCJIH K03cpcpHUHeHT KOppeJI5IUHH COCT3BJIHeT He MeHee 0,80. 
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yqT.SI H3JI02KeHHble 3,ZJ.eCb coo6pa2KeHIUI, pacCMOTpHM pe3yJibTaTbI 

npoBepKH COOTBeTCTBHH H3MepeHHblX H paccqHTaHHblX 06beMOB TaH­
HHH Jie,ZJ.HHKOB. 

Han6oJiee no.n.xo.n.Hlll.HM B Cpe.n.tteH: A3HH o6beKTOM .ZJ.JIH attaJIH3a 

KaqecTBa pe3yJibTaTOB pacqeTa COCTaBJIHIOill.HX v M HBJIHeTC.SI rpynna 

12 TyIDKcyH:cKHX ~e,ll.HHKOB B BepxOBhHX p. MaJioH: AJIMaaTHHKH. Ha 

caMOM KpynHOM H3 HHX - Jie,ZJ.HHKe UeHTpaJibHOM TyIDKcy - coTpyA­

HHKH CeKTOpa reorpacpHH AH Ka3CCP B TeqeHHe HeCKOJihKHX ,ll.ec.SI-
u ,.. 

THJieTHH ocymecTBJIHIOT OOllIHPHYIO nporpaMMY CTall,HOHapHbIX H no-
JIYCTaU,HOHapHbIX rJIHU.HOJioruqecKHX HCCJie,ZJ.oBaHHH. Pe3yJibTaTbI 

pa6oT CHCTeMaTHqecKH rry6JIHKYIOTCH H B- cyru.ecrBeHHOH Mepe crro­

co6cTBYIOT pa3BHTHIO H yToqHeHHIO rrpe.n.craBJieHHH o peMHMe conpe-
MeHHoro ropHoro oJie.n.eHeHHH. 

0THOCHTeJibHO MeTO,ZJ.HKH H3MepeHHH COCTaBJIHIOllI,HX cyMMapHoro 
o6beMa TaHHHH Ha Jie,ZJ.HHKax TyIOKCYHCKOH rpyrrrrbl H3 pa6oT K. r. Ma­

KapeBHqa H ·n. <I>. llia6aHOBa [162, 166] H3BeCTHO, qro a6JIHIJ,HOHHhie 

Ha6JIIO,ZJ.eHH.SI rrpOH3BO,ll.HJIHCb Ha qeTblpex Jie,lI.HHKax no 90 peH:KaM. 

3TH peHKH 6hIJIH ycTaHOBJieHbl Ha 15 rrorrepeqHbIX npocpHJIHX B pa3-
JIHqHblX ycJIOBHHX Ta.SIHH.SI, rrpuqeM 66 peeK H 7 rrorrepeqHHKOB Haxo­

,ZJ.HJIHCb Ha .SI3hIKe Jie,LI.HHKa UeHrpaJibHoro TyIOKcy. lloKa3aHHH no 

pe:HKaM, 3a6ypeHHblM B Jie,ZJ. Ha r Jiy6HHY ,ll.O 3 M, CHHMaJIHCb KaK MH­

HHMYM B Hat.IaJie H KOHU.e rrepno.n.a a6JI.SIIJ,HH. 

AKKYMY JIHU.1u1 · H raHHHe 3HMHero H JieTHero cHeMHoro noKpoBa Ha 
H3b!Kax H o6JiaCTHX rruraHH.SI Jie,lI.HHKOB TyIOKcyH:cKo:ii rpyrrrrhI Ha1160Jiee 

,lI.eTaJibHO 113yqaJIHCb [63, 167, 194] Ha Jie,LI.HHKe UeHTpaJibHOM Ty­

IOKcy, r,LI.e HapH,LI.Y c H3MepeHH.SIMH Ha 7 pattee ynoM.SIHYTbIX rronepeq­

HbIX ppocpHJI.SIX, B cpHpHOBOH o6JiaCTH rrpoBO,ll.HJiaCb CHerocbeMKa H 
6bIJio ycraHOBJieHo 8 peeK. Ha6JIIO,LI.eHH.SI 3a peMHMOM cHeMHoro no­

KpoBa ocymecrBJI.SIJIHCb raKLKe Ha rroBepxHoCTH Jie,LI.HHKOB I1r JibI Ty­
IOKcy (2 rrorrepeqHhIX npocpHJI.SI) H MoJio,n.eMHOro (I rrpocpHJib, xorH 
H B HecpaBHeHHO MeHbllieM o6beMe). . 

TaKHM o6paaoM, H3 Bcex H3MepHeMbIX Ha Ty10KcylfcKHX Jie,LI.HHKax 

COCTaBJIHIOII(HX cyMMapHoro o6'heMa T3HHHH HaH6oJiee IlO,ll.XO,ll..SII.IJ.HMH 

,LI.JI.SI cpaBHeHHH c peayJibTaTaMH pacqera HBJIHIOTCH rrpHBe,lI.eHHble 

B pa6orax [ 162, 165, 166, 168] Bh16opoqHbie 011,eHKH o6oeMOB . V M 

Ta.SIHHH Jlb,LI.a rro.n. MopeHOH, o6HaMeHHOfO Jlb,ll.a H CTaporo cpHpHa B u.e­

JIOM 3a rrepHO,ZJ. a6J1HU.H(I. 0 rrorpelliHOCTHX 3THX oueHOK B yKa3aHHbIX 
pa6orax He coo6maeTCH. 

PacqeT BHyTpHro.n.onoro H MHoroJierHero peMHMa TaHHHH Ha Jie,lI.­

HHKax TyIDKcyH:cKo:ii rpyrrrrhI 6hIJI BhITIOJIHeH 3a 1941-1974 rr. Ha oc­

HOBe craH,I..I,aprHo:H MereopoJIOrHqecKolf HHcpopMaUHH, .n.aHHbIX KaTa­

Jiora Jie,lI.HHKOB CCCP H cBe,I..I,eHHH B pa6oTax [ 161, 165]. ,UJI.SI orrpe­

,LI.eJieHHH cpe,lI.HeH cyTOt.IHOH HHTeHCHBHOCTH T3HHHH CHera H Jlb,LI.a 6bIJIH 

HCITOJib30BaHbl perHOHaJibHa.SI H JIOKaJibHble 0,ZJ.HO- H ,LI.ByxcpaKTOpHble 

<Pop MY JI bl M (BK, 8) per, M (BK, 8) JIOI\ H M ( e) JIOI<-

B coorBeTCTBHH c rrpe.n.JioMeHHbIM 3,I..I,ecb KpHTepHeM paccMoTpHM 

rrpe.n.cTaBJieHHble B Ta6n. 4.9 H Ha pHC. 4.5 oueHKH CXO,ZJ.HMOCTH Bbl-

6opoqHblX paccqHT3HHblX H H3MepeHHblX 3HaqeHHH cyMMapHoro o6b­

eMa ra.SIHHH .nb,ZJ.a H craporo cp11pHa Ha TyIOKcyH:cKHX Jie,ZJ.HHKax. 
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OuettnBa.SI pe3yJihTaTbI cpastteHHH H3MepeHHbIX H BhJqHcJieHHbIX no 

pa3JIHqHblM ~opMyJiaM o6beMOB Ta.SIHH.SI Jlb,I..I,a H CTaporo cpuptta 

8 rpyrrrre TyIOKcyH:cKHX ne,I..I,HHKOB orMeTHM cne,LI.yIDmee. 

1. SbICOKHe K03cpcpnu,HeHThI KoppeJIHUHH Me:>K.lI.Y V MP _H V M u yKa-

3wsaIOT Ha O,ll.H03HaqHOCTb BpeMeHHOH H3MeHqHBOCTH H ycToHqHBOCTb 

OTHOCHTeJibHOH aMITJIHTY,LI.bl cyMMapHblX o6beMOB TaHHHH B cpaBI1H-

PHc. 4.5. C xo.n.HMOCTh p accIJHTaHHhIX c npHMeHeHHeM pa3JIH1IHhIX cpop­
MYJI HHTeHCHBHOCTH Ta5IHH51 H H3MepeHHbIX o6oeMOB c y MMapHoro Ta51HH51 
Jih.U.a Ha rnecTH Jie.U.HHKax TyroKcyiicKoH rpynnhI B 6accei'rne p. MaJioii 

AJIMaaTHHKH. 

T a6.1tul{a 4.9 

Ou,ettKa cxo)l,HMOcTH H3MepeHHblX H paccqnTaHttblX oooeMoe TaSIHHSI 

<l>opMyJia ~JIH p8C4eT8 HHTeHCHBHOCTH T8HHHH 

- M (BK; 0)per M (BK; 9)JioK M (9 ) JIOK 
XapaKTepHcT11Ka 

8 r op I 8 <1rn3 8 r op I Scf>H3 s rop 
' 

rw e 0,91 0,95 0,94 0,94 0,92 
' - 3,40 2,78 2,61 2,33 2,74 v M, Bbl4 MJIH·T 

K.o.9cpcp11u11eHT 0,20 0,20 0, 18 . 0, 17 0,20 
BapHaUHH 

f1 p H M e q a H H 51 : 1. r H; B - K03cpcpHII.IIeHT KoppeJI51lI.HH H3MepeHHbIX H BhiqHC­
~1eHHhlX o6neMOB T351HH51 3a 1957-1974 rr. 2. K.o3cpcpHI.I.HeHT BapHaUHH H3MepeHHbJX 
o6beMoB TaHHHH paBeH 0,20. 3. Cpe.U.HHH 3a 17 JieT H3MepeHHbIH o6oeM TaHHIUI pa­
BeH 3,25 MJIH. T. 4. Srop, S 11rn:a - sapHaHThI pac1ieTa TaHHHH Ha ropH30HTaJibHOH 

HJIH cpH3H4eCKOH IIOBepXHOCTHX Jie.U.HHKOB. 
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aaeMbIX BhI6opKax. CJie.JJ,oBaTeJibHO, ecJIH paccMaTpHBae Mbie BhI6opKH 

V.1\1 P' V M" MCITOJih30BaTh JI.JIH rrocTpoeHHH saBHCHMOCTH c HeKoTopoI1 

rpe}beti: nepeMeHHOH; · TO peayJJbTaT 6hIJI 6bI rrpaKTH4eCKH 0)1,HHaKO-
BbIH. • 

2. HecKOJihKO CJIO)KHee o6cTOHT ,lI,eJio c oueHKaMH ycJJOBHH paBeH­

CTBa o6'beMOB v Mp H v M H' ITOCKOJihKY peayJibTaTbl BhI4HCJieHHH o6y-

CJIOBJieHbI He TOJlbKO cpopMyJiaMH HHTeHCHBHOCTH Ta5IHH5l HO H T04HO-
. ' 

CThlO pacqeTa ,lI,aT Ha4aJla H KOHUa rrepHO,lI,a a6JI5IUHH. 

Pacqerhl ,lI,aT KOHUa neptto.JJ,a a6JIHUHH oKaaaJIHCh Hatt6oJiee 6JIH3-

KHMH -~ Ha6JIIO,lI,eHH5l:t\1 H JIHllleHHbIMH CHCTeMaTH4eCKOH OlllH6KH, 

KOr,lI,a B BbI4HCJieHH5IX HHTeHCHBHOCTH Ta5IHH5l ITO JlOKaJibHOH cpopMyJie 

M (BR, 8) Y4HThIBaJIHCh 9KCTI03HUHH H yKJIOH noBepxHOCTH Ty10KcyH:­

CKHX JJe,lI,HHKOB. B 6oJiblllHHCTBe cJiyqaeB y ,lI,OBJieTBOpHreJJbHhie pe-

3YJibTaThl pactieTa dKn ,lI,aJlO rrpHMeHeHHe perHOHaJibHOH cpopMyJihl 

M (BK, 8) TaK)Ke c yqeTOM YKJIOHa H 9KCIT03 HUHH troBepXHOCTH. 

TaKHM ... o6pa30M, npHHHMaH BO BHHMaHHe ,lI,OIIOJJHHTeJJbHOe ycJIOBHe 

HaHJIYtillleH CXO,lIJiMOCTH Ha6JIIO.JJ,eHHhIX H p aCC4HTaHHhlX ,lI,aT Ha4aJia H 

KOHUa rrepHO.JJ,a a6JIHUHH, caMbIMH o60CHOBaHHhlMH 5IBJI5l10TC5l pe3yJib­

T3Thl pacqera TaHHHH Jlh .JJ,a H CTaporo cpttpHa no noKaJihHOH H pereo­

HaJlhHOH cpo pMyJJhI M (B.K, 8) c yqeTOM yKJIOHa H 9KCIT03HIJ,HH noBepx­

HOCTH. K ocseHHhIM IIO,lI,TBep)K.JJ,eHHeM 9Toro BhIBO,lI,a MO)KHO ctIHTaTb 

raK)Ke 3aMeTHOe yMeHbllleHHe pa36poca TOtieK Ha rpacpttKax cpasHe­

HHH o6neMOB VM H VM ·npH S=S cpH3 OTHOCHTeJihHO BapttaHTOB V p 11 . , lVf p 

n p n S = Srop· '. 
3. C y,rr.51 no _pttc. 4.5, · o6neMbI Ta5IHH5l, noJJyqeHHhie c HCTIOJib30Ba­

HHeM )l.ByxcpaKTOpHbIX cpopMyJI, HeCKOJibKO 3aHH)KeHbI OTHOCHTeJibHO 

H3MepeHHhIX 3HalJeHHH. B apbHPYH napaMeTpbI 3aBHCHMOCTeii q (z t) 
0 (z, t ) HJIH B ,lI,pyrHX 9MnHpHqeCKHX cpo p MyJiaX, Herpy )J,HO .JJ,06H~bC~ 
IlOtITH H.JJ,eaJibHOfO COBTi a .JJ,eHH5l cpaBHHBaeMhlX o6neMOB. 0,lI,HaKo Ta ­

Ka5l KOp p _eKTHpOBKa 3MIIHpH4eCKHX cpopMyJI HMeeT CMbICJI, ecJJ H H3Be­

CTHO, tITO pe3yJibTaTbl H3MepeHHH Ta5IHH5l _5IBJ15l10TC5l a6coJI10THblM 

KOHTpOJib HbIM 3TaJIOHOM. 

4. P .e3yJih TaTbI HcnoJib 30BaHH5l perHoHaJibHOH cpopMyJihI- M (BK, 0) 
)J.J15l onp e)J.eJieHH5l )J.aT HatiaJia H KOHUa nepHO,lI,a a6JIHUHH H 06'beMOB 

TaHHHH Jib~a H cTaporo cpnpHa Ha Ty10Kcyi1cKHX Jie,lI,HHKax no,u.TBep)K~ 
)J.310T ueJiecoo6 p a3HOCTb npHMeHeHHH 9TOH <PoPMYJibl B f Jl5IUHaJibHOH 

o 6JiaCTH 3aHJIHHCKoro AnaTay. 

TaKHM ; o6pa30 M, rrpoBe p Ka p a3pa6oTaHHOH aaTopo M cxeMbI pac-

4eTa Ha npHMep e onpe,lI,eJieHHH ' O)J,HOf O H3 OCHOBHhlX KOMIIOHeHTOB 

cyMMap ttoro TaHHHH B rpynne Ty10KcyiicKn x ne.JJ,HHKOB n o K a 3aJJa rrpn­

eMJieMOCTh MeTO)J.HKH B n.eJIOM. . 

YJI.o6H~IM o6neKT~M JI.JIH KOHTPOJISI pactieTOB c yMMap Ho ro TaHHHH 

HBJIHeTCH TaK)Ke Jie.JJ,HHK A6paM~Ba (AJiaftcKHH xpe6eT, 6accefIH 

p . K o Kcy), r.JJ,e Cpe.JJ,HeasnaTCKH~erHoHaJibHbIH HaytIHo-n ccJie.JJ,oBa­

TeJihCKHH HHCTHTYT ( C A H l111 HM. B. A . E yraeaa f ocKoMrH,lI,pOMeTa ) 

npoBO,lI.HT CTaIJ.HOHapHble rJIHIJ.HOJIOfHtieCKHe pa60Tbl no nporpaM­

MaM . Me2K.JJ,yHapO.JJ,HbIX rH.JJ,pOJIOfHqecKHX H f JI5IIJ.HOJIOfH4eCKHX npo-
eKTOB. . 
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O n pe.JJ,eJieHHH cocTaBJIHIOlll.HX cyMM apHor o TaHHHH Ha Jie .JJ,HHKe 

A6p a MoBa BbIITOJIHSIIOTCH coTpy.JJ,HHKaMH C AHl1I1 e2KeneHTa,lI,HO no 

a6JIHUHQ_HHbIM peH:KaM H nocpe.JJ,CTBOM nepHO)J,H4eCKHX CHeroMepHblX 

coeMOK. Tio coo6meHH10 [7 4, 75, 156, 197], IIJIOTHOCTb IIYHKTOB H3Me­

peHHH T3HHH5l B o6JiaCTH a6JI5IUHH COCTaBJI5leT _23 peHKH Ha 1 K M
2

, 

a B cpHpHOBOH o6JiaCTH - 9 peeK Ha 1 KM
2
. 

VM113 M; HJJH.m 
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PHc. 4.6. Cxo_LIJIMOCTh BbrqHcJieHHbIX H H3MepeHHhIX 060· 
eMoB c yMMapHoro TaHHHH Ha Jie.l(HHKe A6paMOBa. 

4 HcJta y TOtieK - f OJl.bl. 

Bxo.JJ,ttoii 11ttcpopMau11eii ,rr.JIH pacqeTOB V M H ero cocTaBJIHIOlll.HX 

CJIY)l(HJIH ,LI.aHHhle H3MepeHHH TeMnepaTypbI B03.JJ,yxa, . oca,LI.K OB H 06-

meii o6JiatIHOCTH Ha MeTeopoJiorHtieCKOH CTaHUHH n e,rr.HHK A6paM oBa 

11 MOpcpoMeTpHtieCKHe xapaKTepHCTHKH rJieTqepa, CO,ll.ep)l(amtteCSI B pa-

6oTaX. [7 4, 156, 197]. ,UJI5I cpaBHeHHH c pe3yJihT3TaMH pacqeTOB cyM ­

MapHoro TaHHHSI Ha .iie.JJ,HHKe A6paMoBa HCTIOJih30BaHhI o6o6meHHH 3a 

1968-1975 rr. H3MepeHHH COCTaBJIHIOlll.HX 6aJiaHca M aCCbl , npHBe· 

.n.ettHhie B pa6oTe [ 156]. 
Cxo,LI.HMOCTh H3MepeHH~x H pacc4HTaHHhlX o6oeMOB cyMMapttoro 

Ta51HHH H a Jie.JJ,HHKe A6p aMoBa HJIJIIOCTpttpy eT p n c . 4.6. B CB5l3H 

c o r paHHqeHHOCTbIO )J,JIHHbl cpaBHHBaeM hIX BbI6opoK K09cpcpHUHeHTbl 

KOppeJIHUHH Me)l(,rr.y v M H v M He Bb14HCJieHbl. p H . 

fpacpHtieCKHH aHaJIH3 ycJIOBHSI paBeHCTB a o6neMOB v M 11 H v Mp 

TI03BOJI5leT C4HTaTh BTIOJIHe y,lI,OBJieTBOpHTeJibHblMH pe3yJihT3TbI eme 

OJJ.HOH npoaepKH MeTo,rr.a pacqeTa cyMMapttoro TaHHl:UI. Ba)l(HO OTMe-
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THTb T3K)Ke xop ornee Ka qecTBO paclleTOB v M c HCITOJih 30B3HHe.M. 

p e r11ottaJibHOH cpopMyJihI M (BR, 0) 11 cpeJJ.HHX 3Ha1IeHHH y KJIOHa 11 3 KC­

IT03HIJ.HH rrosepxHOCTH Jie,lI.HHK a A6paMoBa. 

DoMHMO HCIIOJib30BaHH5I rrpH orrp~.neJieHHH V M o6o6me HHhIX rroKa-., 
s aTeJieH yKJIOHa 11 3Kcrros 11u1111 nosepxttocTH JieJJ.HHKOB cymecTByeT 11 

.npyra5I B03MO)KHOCTb yToqHeHIUI pe3yJibTaTOB paclleTa cyMMapHoro 

T35IHH5I, KOTopyIO rrpaBHJibHee paccMaTpHBaTb KaK Heo6XOJ1.HMbIH 

aTarr rrpH peaJI11sau1111 npe,LI.JiaraeMo ro MeTo,LI.a. CyTh 3TOH rrpoueJJ.ypbI 

33KJIJOqaeTC5I B TIOBTOpHOM aHaJIH3e H OITTHMH3aUHH COCTaBa HH,LI.eKca 

6aJia Hca aKKYMYJI5II.IJIH H Ta 5IHH5I B r JI5IIJ.HaJibHOH o6JiaCTH. 

B pa3,LI.eJie 3.1 6hIJIO noKa3aHo, qTo HallaJihHhIH cocTaB I B ,ZI.OJI)KeH 

BKJIIOqaTb MeTeOpOJI9fHlJ:eCKHe 3JieMeHTbl, 5IBJI5IIOlllHeC5I KOCBeHHblMH 

xapaKTepHCTHKaMH npHXO,LI.HOH H pacXO,ZI.HOH CTaTeH BO,LI.HOfO 6aJiaHca 

6accefiHa. TiocKOJibKY 3TH 3JieMeHTbl H3Mep5IIOTC5I B OTJI.eJibHbIX, 

BeCbMa pe,LI.KHX nyHKTax B BOJI.OC6o pax, T O KpHTepHeM penpe3eHTa THB­

HOCTH HMeIOlllHXC5I B HaJIHqHH nyHKT-3JieMeHTOB npHH5ITa TeCHOTa 3a ­

BHCHMOCTH Toro HJIH HHOfO KOMITOHeHTa I B HJIH HX cyMMbl c o6beM OM 

JieTHero CTOKa. 

O rrpe,LI.eJieHHWH TaKHM cnoco 6oM HHJJ.eKc 6aJiaHca 11crroJib3YeTcH 

JJ.JI.H oueHOK Z Ma1w, KOTOpb1e Heo6xo JJ.HMbI JJ.JIH pacqeTa cyMMapHbIX 

06beMOB T3 5I HH5I v M H v M I B TelJ:eHHe MHOfOJieTHero nepHO,LI.a. 3TH 

o6beMw ueJiecoo6pa3HO paccMaTpHBaTh B KaqecTBe nepBoro rrp116JIH­

)KeHH5I cpyHKUHH v M = f (I B) H v M I = f (I B)' qT06bI, Jl.OTIOJIH5I5I COCTaB 

I B, rronhITaThCH IIOBbICHTh Koa¢¢11u11eHT KoppeJIHUHH ,LI.aHHhIX 3aBH­

CHMocrefi. 

Bo3 M02KHOCTb y T01IHeHH5I cocTaBa HHJJ.eKca 6aJiaHca ocHoBaHa Ha 

npHBJieqeHHH B I B MeTeopoJior11qecKHX aJieMeHTOB, rro3BOJI5IIOlllHX 

YJIYqlllHTb OTIHCaHHe ycJIOBHH T35IHH.ff H COOTBeTCTBeHHO penpe3 eHTa­

THBHOCTb pe3yJihTaToB pacqeTa ZMaHc, V M, ·v M 1• YToqHeHHhIH HHJJ.eKc 

6aJiaHca HCTIOJih3YeTC5I 3aTeM ,LI.JI.ff noBTOpHWX onpeJI.eJieHHH Z MaHc H 

COCT3BJI5IIOlllHX cyMMapHoro T35IHH5l f Jl5IU H8JlbHOH o6JI8CTH. 

0nHC8HH85I npoue.nypa npe,lI.CT8BJI5leT co6oH: HTepaIJ.HIO, KOTOpa5I, 

HeCOMHeHHO, cnoco6cTBYeT yMeHhllleHHIO rrorpelllHOCTeH pacqeTa v M 

H v M1 · 3 cpcpeKTHBHOCTb T8KOH HTepau HH HJIJIIOCTPHPYIOT rrpHMepbl 

yro1IHeHH5I HalJ:aJibHoro cocTaBa HHJJ.eKca 6aJiattca, rrp eJI.CTaBJieHHWe 

B T86JI. 4.10. 
KaK B HJJ.HO H3 Ta6JI. 4.10, .no6aBJieHHe B HaqaJibHbIH cocTa B I B 

HH,LI.eKca o6meii o6JiaqHOCTH cymecTBeHHO yseJIHqHJIO K03cpcpHII.HeHTbI 

KOppeJIHUHH CB.H3eH v M (I B) H v M (I B) B f JI5III.HaJibHbIX o 6JiaCT.HX 6ac-

ceHHOB peK TicKeM H l1ccpapa. 3 HaqeHHe 3T0f0 KOMITOHeHT a Jl.Jl5I yTo q­

HeHH5I ycJIOBHH Ta5IHH5I B TelJ:eHHe Ma.H- - OKTH6p5I OlJ:eBH,lI.HO. 

B TpeTbeif rJiaBe pa6oTbI n pn o6cyMJJ.eHHH Bonpocos ncnoJih30Ba­

HH5I soccTaHOBJieHHhIX MHoroJieTHHX p .H,ZI.OB ZMaHc Ha rrpHMepe 6ac­

cefiHa p . CTcKeM ycTaHOBJie Ha B0 3MOMHOCTb yrrpoI.UeHHoro pacqeTa 

ZMal\c no 3MTIHp 11qecKHM cpopMyJiaM (3.19) - (3.23) , apryMeHTOM KO­

TOpbIX 5IBJ15IJIC.ff HHJI.eKC 6aJiaHca B ero HaqaJibHOM COCTaBe. yqHTbIB a.H 

pe3 yJihT3Tbl yToqHeHH5I COCTaBa KOMITOHeHTOB IB B fJI5IUH3JlbHOH 
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6 6 ° Ha p CTcKeM 11pHBeJJ.eM 3.JJ.eCh oKoHLiaTeJihHbie 
o JiaCTH acceH . ' u ( ) • 

aHThI Tex )Ke 3MTIHpHLiecKHX ypasHeHHH JJ.JI51 Z Ma1rn KM · 

patioH 1 : ZMaKc = 3,544 - 0,450/ B*; . 

patioH 2: 
pafioH 3 : 

pafioH 4 : 

pafioH 5: 

Z = 3 619 - 0,569/B*; M8KC > 

Z =: 3 598 - 0 474/B*; 
M8KC ' ' 

Z C = 3 789 - 0,493/B*; 
M8K ' 

Z = 3 895 - 0,322/B*· MaKC > 

Ba pH-

(4.48) 

(4.49) 

(4.50) 

( 4.51) 

(4.52) 

6 CqeTa z COOTBeTCTBeHHO c e · HeKBaJJ.paTHqHaH OIIIH Ka pa 1\1'.al<C 

0 020~ .LI. o 025; 0,021; 0,022; 0,014. TaKHM o6p a3oM, yToqHeHHe co-

c~aB; I B tsoJiee qeM 8 )I.Ba pa3 a yMeHhlllHJIO norpelllHOCTJ onpeJJ.eJie­

HHH zMairn B 6accet'1He p. IlcKeM no cpopMyJiaM Z MaHc -f ( BJ · _ 
B ,nonoJIHeHHe K cpaBHeHH5IM paccqHTaHHhIX 3HaqeHHH cyMMap 

HOfO TaHHH51 c )l.aHHbIMH np51MbIX H3MepeHHH pacCMOTpHM CXOJJ.HMOC~b 
ocpe)l.HeHHbIX JJ.JI5I f Jl5IUHaJihHbIX o6JiacTeH KOCBeHHhIX oueHOK cp e -

Hero MHOroJieTHero cJIOH aKKYMYJIHUHH (LAR.) · B qacTHOCTH, 3HaqeHHe 

L AR. HeTpy )I.HO 11oJiyqnTh Ha ocHoB'e 6aJiaHcosoro cooTHorneHH5I 

N 

LAk = ~ L VAbi / SrJh (4.53) 
i=l 

u 

r e S - KOJIHlleCTBO JieT' Srn - IlJIOIUa)l.h Jie,ll.HHKOB B r JIHUHaJihHOH 

~JiaZ;H, a pacxo,ll.H~ 51 qacTh 6aJianca Macchi oJie,neHeHHH s Ka)K,ll.OM 

---i-TOM fOJJ.Y "' (4.54) v Abi = v JIM + v JI -\- v ~ + v JJC 

onpe)l.eJieHa 11yTeM peaJIH3aUHH paspa6oTaHHOf0 aBTOpOM MeTO,ll.a 

pacqeTa COCTaBJIHlOIUHX v M· 
,UpyrHM cnoco6oM KocaeHHOtt oueHKH L Ak HBJIHeTcH UIHpOKO HC-

l10JihsyeMoe ( cM., HanpHMep, [89, 141, 184, 210, 230]) ,ll.JIH onpe,ZJ.eJie-

HHH aKKYMYJIHUHH paaeHCTBO 
(4.55 

Ha ypostte rpaHHUbI cpHpHoBoro TIH.TaHHH Zcllr· B _ HaCTOHlll.ee apeMH ,ll.JIH 

paclleTa LAk 8 ypastteHHH ( 4.55) 11c110Jih3YIOTCH cpopMyJihI BHJJ.a 

L A.B = f ( 0vr-VIII)' npe)l.JIO)KeHHbie B pa 6oTaX ( 141, 142, 207}. 

3ttalleHHH [ Ak ·11 LAB Mor~T 6hITh np11pasHeHhT JJ.pyr JJ.pyr~ 11pH 

) z BJI5IeTCH cpe,ll.Hett B3BeUieHHOH Bbl-
onpe,ll.eJieHHhIX ycJIOBHHX: a cllr 5I L MO)KeT 6hITh 
coTott Jie)l.HHKa 6) npocTpaHCTBeHHaH H3MeHllHBOCTb Ak 

onHcaHa JIHtteiHoli cpyHKUHett a6coJIIOTHOtt BhICOThI. Tor,ZJ.a, K~ noKa-

saHo B pa6oTe [ 170], HMeeT MecTo cTporoe paBeHcTBO LA.k = ~CcP H ---: , 
Ha ocHoBe aHaJIH3a MaTepHaJIOB B KaTaJiore J1e,ZJ.HHKOB 

,naHHblX no 6aJl11HCY Macchi JJe,UHHKOB B pa6oTaX (248, 249: 2~4] n;~ 
JiaraeM, llTO nepellHCJieHHble ycJIOBHH BbITIOJIH5IlOTCH 110 Kp(:l.HHeH Me 

,ll.JIH rpynn Jle,ll.HHKOB. 
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B Ta6JI. 4.11 npe,ll.cTaBJieHhI KocseHHhie oueHKH cpe,ZJ.Hero MHoro­

JieTuero CJI05I aKKYMYJIBUHH B pB,ZJ.e rJIBUHaJibH~x 06J1acTett Cpe)l.HeA 

A3HH, noJiyqeHHhie He3aBHCHMbIMH .MeTo,ZJ.aMH cor JiacHo Bbipa)KeHHHM 

""" ( 4.54) H ( 4.55). KaK BH,ll,HO, cxo,ll,HMOCTb 3HalleHHH LAk H LAk He 

ocTaBJIHeT :>KeJiaTh Jiyqlllero, qTo eme pa3 

yJJ.OBJieTBOpHTeJibHOe KalleCTBO pe3yJihTaTOB 

VM H 6aJiaHca Mace~ Jle,ll,HHKOB 110 MeToJJ.y, 

mei1 pa6oTe. 

IlO,ll,TBep)K,ll,aeT B110JIHe 

pacqeTa COCT8BJ15Il01UHX 

H3JIO:>KeHHOMY B HaCTOH-

T a6AUl{a 4.11 

Onpe)l.eJieHHe cpe)l.ttero MHoroJieTHero CJIOSI aKKYMYJIHUHH B psi)l.e rJIHUHaJibHblX 
o6nacTeu Cpe)l.Heu Aanu 

1\10..a.eJib ( 1.30) 

SrJI KM
2 

,,...... 
f JIHUHaJibHaH 06JiaCTb 

VAB ,..., LAk MM AeTOp 

MJJH • M3 LAk MM 

3epaBlllaH (Marqa) 472,7 931,l 1970 1920 [230] 
NlyKcy 1270, I 462,3 360 <500 [ 143] 
CTso.r1 JieJJ.H.HKa <I>e.n.tieHKo 214,0 262,3 1220 1200 [ 143] 

AHaJiorttqHoe 3aKJIIOqettHe MO:JKHO c,ll.eJiaTb TaK:>Ke B HTore cono­

cTaBJieHH51 paccqHT8HH~X o6beMOB TaHHH5I OTKphlTOfO Jlb,ll,a Ha 11JIO­

ll.I.8,l1.H CTBOJia Jie,ll,HHKa <l>e,ll,qeHKO B 1959 r. Ha OCHOBe MHOroqHcJieH­

HbIX MaTepHaJIOB, TIOJiyqeHHbIX Ha Jie,ll,HHKe <l>e,UqeHKO no 11porpaMMe 

Mrr, o6beM V Jii orrpeJJ.eJiett IO. H. JlecHHKOM · [154] pasHbIM 

171 MJIH. M3. Ilo H8111HM pacqeTaM 3HalleHHe v JI B 1959 r. COCT8BHJIO 
180 MJIH. M3. 

c ueJiblO H3yqeHH5I B03MO:>KHOCTeH npHMeHeHH5I pa3pa60T8HHOH 

aBTOpOM cxeMhl pacqeTa cyMMapHoro T85IHH5I Jie,ll,HHKOB 3a 11pe,ll,eJiaMH 

roptto11 TeppHTOpHH Cpe,ZJ.tteii A3HH 6hIJIO BbIIlOJIHetto orrpe,ll.eJieHHe Me­

CHqHhIX 06beMOB T85IHH5I Jlb,ll,a, cpHpHa, 3HMHero H JieTttero CHera Ha 

Jie,UHHKax l3oJibllloro KasKa3CKoro xpe6Ta B 6accei1Hax peK TepeKa 

3a 1950-1974 rr. H I1HrypH 38 1951-1975 IT. 

06m.a51 11JI01II.a,ll,h Jie,ll,HHKOB B 6accefIHe p. TepeKa cocTaBJ1HeT 
[92] 102,2 KM2, HJIH 6,5 °;0 nJI01UpJJ.H BOJJ.Oc6opa ,ll,O rH,ll,po11oeTa 0pJL-

2KOHHKH,ll,3e. OJie,ll,eHeHHe 6accefttta p. 11HrypH 3aHHMaeT [91 J 
284,5 KM2, HJIH 10,3 °/0 rrJiomaJJ.H BO,ll,oc6opa ,ll,O rH,ll,ponocTa XaHllIH. 

Jie,ZJ.HHKH 6accefIHa p. 11HrypH paCl10JIO)KeHbl - Ha IO)KHOM CKJIOHe 

DOJih111oro KaBKa3cKoro xpe6Ta B ycJIOBHHX o6HJibttoro yBJia)KtteHHH. 

Cpe)(HHB ro,ll.oBa51 cyMMa oca,ll,KOB B rJIHUHaJibHOH o6JiaCTH 11pesw­

rn aeT 3,ll.ecb [92] 2000 MM H cpaBHHTeJihHO paBHOMeptto pacnpe,ll,eJieHa 

BHYTPH ro,ll,a. f JIBUHaJibHaH o6JiaCTb B 6accetitte p. TepeKa Haxo)(HTCH 

Ha cesepttoM CKJIOHe l30J1bllioro KasKa3a, r,IJ.e no ,ll,aHHbIM pa6oTbI 

[92] cpe,ll,H5I5I._ fO,ll,OBa.H cyMMa oca,ll,KOB ,ll,OCTHraeT 1400-1500 MM. 

ToJihKO O,UHa qeTsepTaH qacTb ro,ll,OBOH cyMMbI · oca,ZJ.KOB Bhina,IJ.aeT 

B TeqeHtte HOB6p51-MapTa. TaKttM o6pasoM, peLIUIM aKKYMYJIHUHH H 
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T8HHH.SI Ha JieAHHK8X B paccMaTpHBaeMhlX 6acceiiHaX AOBOJibHO pa3-

JIH1JeH. 6 ° . 
,Un.SI pactJeTa H8 3BM o6'beMOB T8.SIHH.SI JieAHHKOB B acceHHe 

p T.epeKa HcnoJih30B8HhI AByxcpaKToptta.SI M (BR, 0) perHoHaJihHa.SI 
· ' cpopMyna , (2.66) HHTeHcHBHOCTH 

0 

0 

10 

70 

180 

50 

140 

30 

100 

JO 

60 

20 

200 

100 

8Li_ 120 I I 

50 70 
1 I I I 

20 JD 
I I I I 

10 f 4 

2 

3 

160 200 W1D 6
M

3 

I I I l I 

1f~ (J)I 90 
I I I 

50 (2) 40 
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Ta.SIHHH, nonyqeHHa.SI no H3Mepe: 
RH.SIM Ha neAHHKax CpeAHeH 
AsHH, H OAHocpaKTOpHaH noKaJih­
Ha.SI cpopMyna 

"" -M 10 = 0,69010 + 0,28, 
(4.56) 

napaMeTpbI KOTOpOH onpeAeJie­
Hbl aBTOpOM no A8HHbIM (92, 211] 
H3MepeHHH M H 0 Ha neAHHKe 
fepreTH. TipH BbIBOAe cpopMyJihl 
( 4.56) HCnOJib30B8Hbl 52 naph! 
cpeAHHX AeKaAHhlX 3HaqeHHH 
Ta . .SIHHH H TeMnepaTypbl B03Ayxa. 
Ko9cpcpHU.HeHT KoppenHU.HH sa­
BHCHMOCTH M (0) paBeH 0,86, 
cpeAHeKB8ApaTH1IH8.SI OWH6Ka 
pacqeTa f M COCT8BJIHeT 
0,73 CM/CyT·. <Pop My JI a ( 4 .56) 
npHMeH.SIJiaCb TaK:>K.e AJIH pactJe­
TOB cyMM8pHoro T8.SIHHH JieAHH­
KOB B 6acceH:He p. 11HrypH. 

Ou.eHKH penpeseHTa THBHOCTH 
H KaqecTBa paCClJHT8HHblX o6'he­
MOB cyMM8pHoro T8HHHH neAHH-

PHc. 4.7. 3aBHCHMOCTb Me:>K.LI.Y cyMMap­
HbIMH o6beMaMH Ta51HH5I v M H Jie.LI.~H­
KOBOrO CTOKa WrJI B OT.LI.eJibHblX paHO­
HaX fJl51UHaJibHOH o6JiaCTH 6acceliHa 

p. TepeK. 

J - p. 4xepH ·- rn Kas6ern; 2 - p. fHseJib­
JlOH - rn ,Il.aprasc; 3 - p. TepeK - rrr Kas-

6ern; 4 - p. TepeK - rn Op.ZI..>KOHHKH,II.3e. 

KOB V B 6acceH:ttax peK TepeKa H 11HrypH nonyqeHbI nyTeM rpacp~e­
cKoro ~paBHeHH.SI 3H81JeHHH v M H o6'heMOB Jie;LI,HHKOlllBOfOU CTOK8'[2 l 2]JI 
B 9THX . )Ke 6acceiittax, onpeAeJieHHhIX no MeTOAY B. · oMaH , ~ 
B oooHx cnytJaHx pe3yJihT8ThI cpaBHeHHH noKashi-BaIOT xopornee corna 
COB8HHe Me:>K.AY o6'heMaMH TaHHHH H JieAHHKOBOfO CTOKa B rJIHU.HaJib-
HbIX o6nacT.SIX 6acceiiHOB peK TepeKa H 1l1HrypH. -

B KatJecTBe npHMepa paccMoTpHM pe3yJihTaThI cpaBHeHH.SI o6'he~oB 
v M H WrJI B 6acceiiHe p. TepeKa, npeAc~aBJieHHbie Ha pHc. 4.7. a-
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paKTepHOH qepTOH rpacpHKOB )I.JI.SI OTAeJibHhlX paHOHOB, HeCOMHeHHO 
IIOATBep:m:,ll.aIOmeH: xopornee KatJeCTBO pactJeTOB v M, .SIBJI.SleTCH TeCH8.SI 
saBHCHMOCTb Me:m:Ay ·06'beMaMH v M H WrJI H CHCTeMaTHlJeCKOe rrpeBbI­
UieHHe cyMMapHoro o6'heMa T8.SIHH.SI Ha)!. JieAHHKOBOH COCT8BJI.SIIOIIJ,eii 
cToKa p. TepeKa. TeM caMbIM noKa3aHa npHeMJieMoCTb B ycnoBH.SIX 
KaBKa3cKoro one,ll.eHeHH.SI He TOJibKO B u.enoM MeTo)l.a pactJeTa cyM­
Mapttoro Ta.SIHH.SI ne)l.HHKOB, HO H pernottaJibHOH cpopMyJihI M (BK, 0) 
HHTeHCHBHOCTH Ta.SIHH.SI, rroJiytJeHHOH no )l.aHHbIM H3MepeHHH Ha Jie)l.HH­
KaX Cpe,ll.Heii AaHH. 
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PHc. 4.8. fpaqrnqecKoe · cpaBHeHHe ZMaKc ce30HHOH cHerosoii 
rpaHHUbl H o6oeMOB JieAHHKOBOro CTOKa v Ml B 6a·cceiiHe 
p . IlcKeM, paccqHTaHHbIX ITO MeTOAY aBTOpa (J) c pe3yJibTaTaMH 

BbiqHcJieHHH no MeTOAY JI. H. EopoBHKOBOH (2). 

Y)l.atJHOH ITOilblTKOH . BKJIIOlIHTb B MO)l.eJib cpopMHpOB?HH.SI CTOKa 
B '6acceiiHax peK Cpe,ll.Heii AsHH XOT.SI 6hI HeKOTOpbie rrpHHU.HITHaJibHhie 
oco6eHHOCTH ycnoBHii Ta.SIHH.SI Ha ne)l.HHKax .SIBJI.Sie'fc.SI pa6oTa Jl. H. Eo­
poBHKOBoii [17, 18]. B qacTHOCTH, cyMMapHbIH o6'heM Ta.SIHH.SI JibAa 
B MOAeJIH EopoBHKOBOM orrpe,ll.eJIHeTc.SI c ytJeTOM ABH:m:eHH.SI B TetJeHHe . 
ro,ZI.a rpaHHU.bI ce30HHOro CHe)KHOrO ITOKpOBa no ITOBepXHOCTH BOAO­
c6opa . B CB.SI3H c 9THM HMeeT CMhICJI cpaBHeHHe HallIHX H rronyqeH­
HhIX EopoBHKOBOH AJI.SI 6acceiiHa p. TicKeM 3HatJeHHH Z MaRc cesoHHOH 
CHeroBoH: rpaHHU.bI H cyMMapHbIX o6'heMo.B Ta.SIHH.SI JihAa. O TM.eTHM, . 
lJTO Ta.SIHHe JibAa no)!. MopeHOM H CTaporo cpHpHa npH Z Ma.Rc > Z<1>r 

B MOJI.eJIH EopoBHKoBoii He paccMaTpHBaeTcSI. 
fpacpHtJeCKOe COITOCTaBJieHHe )I.JI.SI 6acceiiHa. p. TicKeM IlOJiytJeHHbIX 

aBTopoM aHaqeHHH ZMaRc cesoHHOii cHeroBoii rpaHHUhI H o6'beMOB Ta.SI­
HH.SI VM 1 c pesynhTaTaMH pactJeTa attanorHtJHWX xapaKTepHCTHK no 

MOAenn EopoBHKOBoii rroKa'saHo Ha pnc. 4 .8. 
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CHcTeMaTifliecKoe pacXO)K,LI..eHHe cpaBHHBaeMI?IX ,naHHhIX o6oHC-

HHeTCH CJie,LI..yIOW.HMH npHqHH3MH. 
1. B MO,LI..eJIH BopoBHKOBOH ,LI..BH)KeHHe ctterosofl rpaHHUhI Zrcc 

B ,LI..ttana30He BhICOT OT HH:>KHeH z}\ ,ll.0 sepxtteH ZH rpaHHU OJie,ll.eHeHH~ 
paccqHThIBaeTCH rro TeM )Ke 33BHCl1MOCTHM, qTo H Ha BHeJie,ll.HHKOBOH 

TeppHTOpHH. EcTecTBeHHO, npH 3TOM tte yq11ThIBaIOTCH cymecTBeHHhie 

OTJIHqHH B aKKYMYJIHUHH H CKOpOCTH T351HHH 3HMHero cttera, tta6JIIO­

)l.8eMhie B rJIHUHaJihHbIX o6JiaCTHX. CMeHa Ha rpacpHKe 3HaKa OTK.no­

HeHHH ZMaKc B OT,ll.eJihHhie ro,ll.hI BhI3BaHa TeM, qTo B MO,UeJIH asTopa 

)l.Hana30H saphHposaHHH ZMaiw Ha «cpeJI.HHX Jie,UHHKaX» 3a,naH B BH,ll.e 

ZH ~ ZMaKc ~ Ztt, r,LI..e ZH H ·ZH - OTMeTKH sepxttero 11 HH)J{Hero KOH-

uos Jie,ll.HHKOB. 
2. VlttTeHCHBHOCTh TaHHHH M cttera 11 Jib,ll.a B pacqeTax I3opos11Ko-

sofl no 6accefltty p. ITcKeM 3a,natta KaK OJI.HOcpaKTOpHaH ¢YHKUHH 

TeMnepaTyphl B03,ll.yxa e, rrp11qeM, ecJIH 8 ~ 0, TO M = 0. KaK y)Ke 

6hIJIO CKa3aHO, BJIHHHHe MOpeHhl Ha T351HHe Jib.LI.a He yqHThIB3_JIOCb, 

a nJIOlll.3.lI..h OT Htt:>KHeH rpaHHUhI o.ne·,LI..eHeHH.51 AO Zrcc, npH Zn< 

< Zrcc ~ ZH paccMaTpHBaJiaCh KaK noBepxHOCTh Jib,LI..a. 
B KOHeqHQM ClJeTe BCe 3TO npHBeJIO K 3H3lJHTeJJbHOMY CHCTeMa-

THqecKOMY npeyseJIHqeHHIO o6beMoB TaHHHH V l\f 1 H Jie,UHHKOBoro 

CTOKa 8 6accefltte p. ITcKeM, XOTH speMeHHaH H3MeHq11socTh cpaBHH­

saeMhIX 3 tta qeHHH B ocHOBHOM ,LI..OBOJihHO 6JIH3Ka. CKopee scero, 

HMeHHO 3THM MOLKHO o6bHCHHTh TIOJIO)KHTeJihHhlH pe3yJibTaT HCTIOJib-

30B3HHH ,LI..aHHWX n. H. BopoBHKOBOH B MaTeMaTHlJeCKHX MO,ll.eJIHX 

[ 170] cToKa p. ITcKeM, r ,Ue BMeCTO peaJihHhIX sen11q11H rrocTynneHHH 

,ll.OCTaTOlJHO 3H3Tb HeKOTOpbIH, CB5133HHbIH c HHMH HH,LI..eKC. 0,nHaKO 

LI.JIH oueHKH ,LI..HHaMHKH BOJI.HhIX pecypcos 6accefIHa p. ITcKeM, CTOK 

KOTOporo HHTeHCHBHO HCTIOJlh3yeTC51 ,LI..JIH rH,LI..p03HepreTHKH; oporneHHH 

H ,npyr11x HY2K,LI.., HCITOJib30B3HHH T3K0f0 HH,LI..eKca He,LI..onycTHMO. 

CpaBHeHHe npe,nrnecTsy1orn.Hx 11 BHOBh rroJiyqeHHhIX ,LI..aHHubIX 

o Zr.rnnc ctterosoi1 rpaHHUhI H o6oeMax TaHHHH V M, B 6acce11He 

p. ITcKeM rroKa3aJio, qTo np11Mettett11e 6onee coBeprneHHOH MeTO,LI..HKH 

pacqeTa TaHHHH B rJIHUHaJibHOH o6naCTH IT03BOJIHeT cymecTBeHHO 

yTOllHHTh npe,ncTaBJieHHe o seJI11q11Hax cyMMapttoro TaHHHH .. 7Je,LI..HHKOB. 

A 3TO HMeeT ttecoMHeHHOe Hayqttoe H npaKT11qecKoe 3HaqeHHe ,LI..JIH 

xapaKTepHCTHKH BO,LI..HhlX pecypcos 6accefiHa, o6octtosaHHH sonpocos 

nonyqeHH.51 ,LI..OITOJIHHTeJibHOfO o6'beMa Jie,LI..HHKOBOfO CTOKa, HCCJie,LI..O­

BaHHH pe)KHMa H 3BOJIIOUHH OJie,LI..eHeHHH. 

4.4. Ta.SIHHe H cTOK B r JI.SIU.HaJihHbIX o6JiaCT.SIX 

B pe3yJihTaTe ,neTaJihHWX 11ccJie,LI..0BaHHH BO,LI..Ho-Jie,nosoro 6anaHca 

ycTaHOBJieHO [40, 41, 155, 159, 261 H ,np.], qTo Jie,LI..HHK~ He .HBJIHIOTCH 

naccHBHhIMH ,ll.petta)KHhIMH c11cTeMaMH ,LI..JI.H CTOKa TaJioH BO,LI..hI. DocTe­

neHHOe HaChill\eHHe BO,LI..OH 3HMHero CH era Ha Jie,LI..HHKaX B Ha qaJie ne­

pHO,LI..a a6JIHUHH, 3anoJIHeH11e BHYTPHJie,LI..HHKOBhlX eMKOCTefI H rrocJie­

,ny10mee HX onop02KHeHHe npHBO,LI..HT !< CHCTeMaTHqecKOMY yseJI11qe­

HHIO BO,LI..OOT,LI..aqH Jie,LI..HHKOB BO BTOpOH ITOJIOBHHe a6JIHUHOHH0f0 ne-
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p110)1.a, KOr,LI..a K03c}lc}lHUHeHT CTOKa npeBhiruaeT e,LI..HHHUy. EMero,nHo 

orr.pe,ll.eJiettttaH qacTh TaJiofI BO,LI..hI He nonanaeT B pycJio peKH, TaK KaK 

BCJie,LI..CTBHe HHcpHJibTpau110HHOfO Jlh)l.006pa30BaHHH CTaHOBHTC.51 3Jie­

MeHTOM npHXO)J.HOH lJ3CTH 6aJiaHca MaCChl Jie,LI..HHKOB. 

yqHTWBaH 3TH oco6eHHOCTH BO~OOT)laqH Jie,LI..HHKOB, paccMoTpHM 

MeTO,ll.W orrpeneJieHHH fO,LI..OBWX 06beMOB Jie,LI..HHKOBoro CTOKa H ero 
BHyTpHro,LI..oBoro rHLI.porpacpa. 

B nepBoM rrp116JI112KeH1111 oqeBHJlHOH cpopMoii B3aHMOCB.H3H Me)KJI.Y 

cyMMapHhlMH 3a fO,LI.. HJIH MaH-OKTH6pb o6neMaMH T3HHHH Jie,UHHKOB 

H Jie,LI..HHKOBoro CTOKa Wrn HBJIHeTCH ypastteHHe 

W rJJ = 'l]V M, ( 4.57) 

r)l.e 11- HHTerpaJibHbIH K03c}lc}lHUHeHT CTOKa 3a nepHO,LI.. a6JIHUHH-. 

CyMMapHy10 BeJIHlJHHy HcnapeHHH MO:JKHO HJIH apeMeHHo He paccMaT­

p~BaTh, HJIH rroJiaraTb, lJTO oHa YlITeHa npH onpe,LI..eJieHHH cyMMapHoro 
OO'beMa T35IHHH Jie,LI..HHKOB v M· 

YcJIOBHH CTOKa TaJIOH BO,LI..hl Ha Jie,LI..HHKe B o6JiaCT51X c ITOJIO:IKH· 

TeJihHhIM 11 OTPHUaTeJibHhIM ro,LI..OBhIM 'OaJiaHCOM Macchi cym:ecTBeHHO 

pa3JIHqHbl, I103TOMY rrpaByJO 1IaCTb ypaBHeHH.51 ( 4.57) CJie,LI..yeT npe,LI..­
CTaBHTb B BH,LI..e 

(4.58) 
HJIH 

VM VM 
11 = t']t V MJJ. + 'l12 VA; , ( 4.59) 

r.n.e l]1 - K03cpcpHUHeHT CTOKa H3 o6JiaCTH ,LI.. c OTPHUaTeJibHhIM ro,LI..o­

BhIM 6aJiaHCOM MaCCbl Jie,LI.HHKa; l]2- K03cpcpHUHeHT CTOKa H3 o6Jia­

CTH I1 c ITOJIOLKHTeJibHbIM fO,LI..OBhIM 6aJiaHCOM MaCChI Jie,LI..HHKa; rpaHHUa 

pa3,LI.eJia MeLK,LI..y HHMH npoxo)l.HT Ha BhICOTe, paBHOH ZMairn; V M 11 

V .Mn - cyMMapHhie o6neMhI TaHHH.H a cooTBeTCTBy10uu1x o6Jiac;51x. 

Tio OKOHlJ3HHH a6JIHUHOHHOro rrepHO,LI..a Bee rrepelJHCJieHHWe 060-

eMbI T351HH51 H ITJIOlll.3,LI..H o6JiaCTeH ,LI.. H IT H3BeCTHhI, Il03TOMY BMeCTO 
( 4.59) HaneIIIeM 

(4.60) 

OTKY ,LI.a BH,LI..Hbl Bee a pryMeHThI, orrpe,LI..eJIHIOW.He HHTerpaJibHblH K03cp­

¢HUHeHT CTOKa. B ( 4.60) Mrn, M~, Mn - HeKOTOpbie cpe,LI..HHe CJIOH 

T35IHH.51 Ha IlJIOlll.3,ll.HX SrJi, s~, Su, y ,LI..OBJieTBOpHIOID:He YCJIOBHHM 

Vµ 
MrJI = . . 

SrJI , ( 4.61) 

(4.62) 

(4.63) 
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,llJu1 Jie,ZJ,HHKOB c cpttpHoBhIM rrttTaHHeM, KOTOphrx B Cpe,ZI,He:H: A3HH 

a6coJIIOTHoe 6oJihIIIHHCTBO, o6JiaCTh A rrptt ZMaKc ~ Z<t>r · BKJIIOqaeT 

TOJihKO 5I3hIK Jie,ZJ,HHKa, a rrptt Z<t>r < ZMaHc ~ ZH B ee cocraB BXOJI.HT 

qaCTh rrJioIIJ,a,ZJ,H, r,ZJ,e cTattBaIOT MHoroJieTHHe 3a11ach1 cpttpHa. CJie,ZI.oBa­

TeJihHO, BeJIHqHHa l)1 6y)l.eT 3aBHCeTb OT COOTHOllieHH5I IIJIOIII.a,lJ,eH Jlh)l.a 

H CTaporo cpttpHa B KOHUe rreptto)l.a a6JI5IUHH, o6Jia,lJ,aIOIII.HX pa3JIHq­

HOH [ 40] BOJJ.OY JJ.epLKttBaIOrueli crroco6ttocrhIO. 

KoacpcpautteHT l)2 3aBHCHT OT cpttJihTpautttt raJioH BO,ZJ,hI H3 o6Jia­

CTH rr. HarrpttMep, no ,lJ,aHHhIM [165, 167], B o6JiaCTH aKKYMYJIHUHH 

Jie,lJ,HHKa UeHTpaJihHOro TyIOKcy ycTaHOBJieHo HaJi ttqae Tpex 30H Jih,lJ,O­

o6p 330BaHH5I: HHcpHJibTp 3UHOHHO-KOH)l{eJI5IUHOHHOH, HHcpHJibTp auHOH­

HOH H HHcpHJihTpauHoHHo-peKpl'.lCTaJIJIH3au110HHOH. ITpttqeM Ha6JIIOJI.e­

HH5I noKa3aJIH, qTO B IlOCJie,ZJ,HeH 30He npoHCXO,lJ,HT ITOJIHOe ycaoe~He 
raJiofI BOJI.hI. EcTeCTBeHHo, BeJIHqHHa YJ2 B ,ZJ,aHHOM cJiyqae 6yJJ.eT onpe­

,lJ,eJI5ITbC5I OTHOCHTeJihHhIM BKJia,lJ,OM B Sn 30H c pa3JIHLIHhIMH ycJIOBH-

5IMH CTOKa. 

. Bee 3TH oco6eHHOCTH npaKTHlleCKH HepeaJihHO yqeCTh np11 pertto­

HaJihHhIX onpe,ZI.eJieHH5IX K03cpcpHUHeHTOB 'Y)1 H 'Y)2, I103TOMY paccMOT­

pHM B03M02KHOCTH yrrpomeHHbIX oueHOK B OCHOBHOM ypaBHeHHH 

( 4.58). 
EcJIH )l.onycTHTh, qTo 

TO o6oeMhr ra5IHHH VM · H ·.n; 

M.u.= Mn=MrJh 

VMrr 6yJI.yT cooTBeTCTBeHHO 

11 33BbillleHHbIM, O,ZI.H3KO cyMMa HX 

VM=VMJl.+VMn 

ocTaHeTCH 6e3 H3M~HeHH5I. Tor,lJ,a BMecro ( 4.60) rroJiyqHM 

SJl. L Sn 
. 'Y) = 'Y)1 s -, l)2 s t 

rJI rJI 

(4.64) 

33HH)l{eHHhIM 

(4.65) 

( 4.66) 

(4.67) 

Ha ocHoBaHHH 3Toro ypaaHeHHH HaXOJI.HM 111 H YJ2· T aK, npH 

. ZMa:Kc =Z1-1 H COOTBeTCTBeHHO Sn =0 'Y) ='Y)1, a npH ZMaRC =ZR H Srr=SrJI 
'Y) = l)2. qHCJieHHbie 3Ha qeHHH 111 H 112 MO)l{HQ ycraHOBHTh, eCJIH B rO,lJ,bI 

c 3KCTpeMaJibHhIM TIOJIO)l{eHHeM zl\'lal\C Ha Jie,ZJ,HHitaX H3BeCTHbl cyMMap- I 

Hhie o6'heMhI Ta5IHH5I H Jie,ZJ,HHKOBOfO CTOKa. 

AttaJIH3 cTpyKryphI HHTerpaJihHOro K03cpcpHUHeHTa CTOKa 'Y) rroKa-

3hIBaeT, qTo npH TIOCTOHHHhIX 111 H l)2 yJJ.eJibHaH BO,ZI.OOT)l.aqa c e,lJ,H­

HHUhI IlJIOIII.3,lJ,H Jie,ZI.HHKa' HJIH cpe,ZI.HHH MO,ll.y Jlh Jie,lJ,HHKOBoro CTOKa, 

3aBHCHT OT COOTHOllieHH5I IlJIOIUa,ZJ,eH Sn H s A· 3To TIOJIO)l{eHHe y ,ZI.a lJHO 

HCIIOJih30BaJI B. Ill. UoMa5I [212], rroJiyqHB aMnHpHqecKyIO cpopMyJiy 

JJ.JI5I pacqeTa cpe,ZI,Hero MecHqHoro MOJJ.YJIH Jie,lJ,HHKOBoro CTOKa B BH,LI.e 

r)l.e 
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Mor JI= aw51 ( 1 + 0), ( 4.68) 

3 
aw=0,75+2,2/(n ( 4.69) 

-- 6e3pa3MepHhIH CTPYKTYPHhIH KoacpcpHUHeHT, xapaKTepHsyIOIII.HH H3-., 
MeHeHHe y,ZJ,eJibHOH BO,lJ,OOT)l.alJH Jie,lI.HHKa B 33BHCHMOCTH OT OTHOCH-

TeJihHOH TIJIOlll.a,lJ,H o6JiaCTH a6JIHUHH Kn, e - cpe,ZI,H5151 MeCHlJHaH TeM­

nepaTypa B03,lJ,yxa Ha BhICOTe cpHpHOBOH rpaHHUhI. YlJHThIBaH, qTo qHc­

JieHHhIH 3MIIHpHqecKHfI napaMeTp cpopMyJihI ( 4.68) rroJiyLieH UoMaH 

no H3MepeHHHM WrJI H e Ha Jie,lJ,HHKe fepreTH (6acce:H:H p. TepeKa)' 

He06XO,lJ,HMO HCCJie,lJ,OBaTb B03MO)l{HOCTb rrpttMeHeHHH cpopMyJihI ( 4.68) 
B pa3H006pa3HhIX ycJIOBH51X. 

PaccMOTpHM ,lJ,aJiee ,ZI,pyrofI cnoco6 onpe,ZI.eJieHHH cToKa H3 o6Jia­

cTei1 JI. H n Ha Jie,ZJ,HHKe B ueJIOM 3a rrepHOJI. a6JI51UHH npH ycJIOBHH, qTo 

B K3:/K,ZI.OM ro,lJ,y JIHHHeH pas,ZJ,eJia Me}l{JI.Y 3THMH o6JiaCT51MH HBJIHeTCH 

cpeJI.HHH MHoroJieTHHH BhICOTa cpHpHoBoli rpaHHUhI. TorJI.a B pacqeTax 

cyMM3pHOfO T351HHH H CTOKa IlJIOIII.3,ZI.H S"!I. H Sn OK33bIBaI-OTCH IIOCTO­

.HHHbIMH BeJIHlJHHaMH, qTQ COOTBeTCTByeT cyw.ecTBOB3HHIO Ha Jie,lJ,HHKe 

ycTOHllHBbIX MOpcpOJIOrHqecKHX o6JiaCTeii - H3bIKa Jie,lJ,HHKa H o6JiaCTH 

IIHT3HH5I, o6Jia,lJ,aIOIII.HX, KaK H3BeCTHO, pa3JIHqHQH cnoco6HOCTbIO 33-

,l1.epLKaHH5I H ycaoeHHH T3JIOH BO,lJ,bI. 

Hatt6oJiee rrpocTo pernaeTCH eorrpoc o rO,lJ,OBOM CTOKe H3 o6JiaCTH 

SlJ., )1.JIH KOTOpOH B pactieTax BO,lJ,HOrO 6aJiaHca o6hillHO npHHHM3lOT 

' [40, 42, 165] ycJIOBHe paBeHCTBa 06'heMOB cyMMapHoro T3HHH51 H 

CTOKa. 3TO ,lJ,OnyIII.eHHe T3K2Ke HCIIOJib30BaHO B H3JiaraeMOH yrrpow.eH­

HOH cxeMe onpe,ll.eJieHHH cyMMapttoro CTOKa OT T3HHH51 Ha 513bIKax 

Jie,ll,HHKOB. 

I1ptt6JIH}l{eHHaSI oueHi(a cyMMapHoro 06'beMa CTOKa OT TaHHHH Ha 

TIJIOlUa,ZJ,H Sn OCHOBaHa Ha HHTepeCHOH oco6e HHOCTH yceoeHHH T3JIOH 

BO.Ubl B cpHpHOBOH o6JiaCTH, BbIHBJieHHOH [ 40, 155, 167' 213] nyTeM 

Herrocpe.ucTBeHHbIX H3MepeHHH COCTaBJIHIOlUHX HHcpHJibTpau.110HHOH aK­

KYM YJI5IU.HH AkH Ha pH,LI.e Jie,lJ,HHKOB, pacnoJIO}l{eHHhIX B pa3JIHllH hIX 

KJIHMaTttlleCKHX ycJIOBHHX. 

Y CTaHOBJieHo, l!TO ro,UOBhie 3Ha qeHHH A kn B OT ,lJ,eJ1bHhIX nyHKTax 

cpHpHOBOH o6JiaCTH OCTaIOTCH cpaBHHTeJibHO ITOCTOHHHbIMH ,ZJ,a)f\e npH 

cylUeCTBeHHbIX KOJie6aHHHX o6oeMOB cyMMapHoro T351HHH Ha TIJI"III.a,ZJ,H 

Sn. ,UaHHhIH cpaKT nosBOJIHeT OTO)l{.LI,eCTBHTh cpHpHoByIO o6JiaCTh 

c npOH3BOJibHO pacrrpe)l.eJieHHOH B npocTpaHCTBe, HO DOCTOHHHOH BO­

,lJ,03KKYMYJIHPYI01UeM eMKOCTbIO. 

B qacTHOCTH, 3TOT BhIBOJJ. xoporno no.uTaep*.uaeT H3MepeHHH H 

pacqeTbl BHyrpeHHero IlHTaHHH Ha Jie,UHHKe ,ll)l{aHKyaT, r,ZJ,e ycTaHOB­

JieHo (155], qTo e)l{ero,ZJ,HO B Teqett11e 1968-1974 rr. cpeJJ.Hee 3Haqe­

HHe BHyTpeHHero TIHT3HHH B cpHpHOBOH o6JiaCTH OCTaBaJIOCh rrpaKTH­

qeCKH TIOCTOHHHhIM, HeCMOTpH Ha 3Haq11TeJibHOe KOJie6aHHe cyMMap­

HbIX 06'beMOB a6JIHUHH, KOTOpble B 3KCTpeMaJibHhie rO)l.bl OTJIHT.IaJIHCb 

3,Uecb B )l.Ba pasa. . 

Tor,lJ,a, KaK rrpe)l.JiaraeT r. H. f oJiy6eB [ 40], rO,IJ.OBOH CTOK H3 o6-

Jl3CTH Sn cJie,ZJ,yeT onpeJJ.eJIHTh B BHJI.e pa3HOCTH Me*JI.Y cyMMapHhIM 

flOCTYilJieHHeM TaJIOH BO)l.~ H noTepHMH Ha 33ITOJIHeHHe BO,II.OaKKYMY­

JIHPYIOlll.eH eMKOCTH 

Wn=VMn -VH, (4.70) 

r .ue v 1'I ~con st - ro,ZJ,OBOH o6'heM HHcpHJibTp auHOHHOM aKKYMY JIHUHH. 
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3ttaq:HHe Vu MO:tKHO HaHTH H3 ycJIOBHH CTaII.HOHapttocTH o6neMa 

o6JiacTeH )I. H IT B cpe,nHeM 3a MHOfOJieTHHH ITepHO)J., cor JI3CHO KOTO­

poMy pacxo,n Jih)J.a _Ha H3 bIKe Jie)J.HHKa V M (AB) paBeH cyMMapHofI aK­

KYMYJIHII.HH V Ak B o6JiaCTH nttTaHH.H. B o6rueM c Jiyqae V Ak cKJia)J.bI­

Bae:c.H H3 HHcpHJibTpaI.I,HOHHOH 3KKYMYJI5IIIJIH H HeCT35IBWero OCTaTKa 
VHc 3HMHero CHera Ha TIJIOIUa,ll.H Sn: 

VM (Ab)= v Ak;_ 

v Ak = v H + v HC• 

(4.71) 

(4.72) 

B ypaBHeHHH ( 4. 72) Vu H Vnc .HBJI.HIOTC.H 33BHCHMbIMH nepeMeH-

HbIMH, COOTHOllieHHe Me:tK)l.y KOTOpblMH npHHHMaeTC.H [213, 223] B Ka­

qeCTBe KpHTepu.H nptt THilH3 aII.HH npou.eccoB Jlb)J.Oo6pa30BaHH5I Ha 
Jie)l.HHKax. 

B qacTHOCTH, rpaHHqHhIMH ycJIOBH5IMH Hatt6oJiee pacnpocTpatteH­

HhIX {139, 141,'" 213] B Cpe,lI.He:H A3HH ttH¢HJibTpauttoHHoro H HHcpHJih­

Tpau.ttoHHO-KOHMeJI.HII.HOHHoro THilOB Jlb)J.Oo6pa30B3HH5I C4HTaIOTCH 
COOTHOllieHH5I 

H 
(4.73) 

0,4VHc<vH+vK,, (4.74) 
r )l.e vH - o6neM KOH:tKeJIHUHOHHoro Jih)J.a . Tor )I.a BMecTo ( 4. 72) MOlliHO 
HailHCaTb 

v Ak = 3,5Vu, (4.75) 
OTKY ,LI.a, yqHThIBa5I ( 4. 71), noJiyqaeM nptt6JIHMeHHYIO ou.eHK.Y vH 

V M (Ab) 
Vu~ 3,5 • (4.76) 

TafHM o6pasoM, ycTaHOB-JieHHoe no ,naHHhIM H3MepeHHH cBo.?'rcTBO 

VH ~ oonst H MeTO)J. orrpe,1I.eJieHH5I HHQJHJibTp aI.I,HOHHOH aKKYMY JIHII.HH" 

cor JI a CHO ( 4. 76)' 5IBJI5IIOTC5I OCHOBaHHeM ,[(JI5I pacqeTa fO,[(OBOro 06'b~ 
eMa CTOKa H3 o6JiaCTH IlHTaHH.H B COOTBeTCTBHH c ( 4.70). 

B HToreu,z.:r.JIH onpe,neJieHH.H ro,z.:r.oBoro o6neMa Jie)l.HHKOBoro CTOKa 

Wo B 6accetttte HJIH OT)J.eJihHOM paiiotte rJIHII.HaJihHOH o6JiaCTH noJiy­
qaeM cpopMyJiy 

W V (
. - V M (Ab) ) 

o= M(Ab)+ VM(Ak)----
3,5 ' (4.77) 

KOTOpa5I yqHThlBaeT 6aJiaHc aKKYMYJIHUHH H a6JI5IUHH Ha IlJioma.ntt 

o .ne.neHeHH.H. B 3T~M ypaBHeHHH V M (AB) BKJIJOqaeT o6neMhr TaHH1u1 

Jih,na no.n MopettoH, OTKphIToro Jih,na, 3HMHero H JieTHero cttera Ha 

IlJIOIUa,z.:r.H OT KOHUa Jie,[(HHKa Zx .no cpe,ntteii MHoroJieTtteii BhICOThI z r 
rpaHHUhI cpttpHOBoro IlHTaHH.H <P. 

dKJJ Z qir 

VM(Ab) = 1 I vM(z, t)dzdt, 
d z (4.78) 

HJI K 
146 

V,w ( Ak) - o6neMhI TaHHHH cTa poro cpttptta rrpH ZMal\c > Zcf>r 3HMHero 

11 JieTHero cttera Ha rrJioma.ntt OT Zcf>r ,z.:r.o BbICOThI ZH Ha qaJia Jie)J.HHKa 

dKJI ZH 

v M (Ak} = ~ ~ v M (z, t) dz dt. 
dHJ! Zcpr 

(4.79) 

Ko3cpcpHUHeHT 3,5 B cpopMyJie ( 4.76)' corJiaCHO n. A. lllyMCKOMY 

[223], 3'aBHCHT OT COOTHOWeHH5I ITJIOTHOCTeH BepxHero CJl05I Jlb)J.a H 

qniptta. CJie,lI.oBaTeJihHO, B pacqeTax WrJI no cpopMyJie ( 4.77) Heo6xo­

)J.HMO YllHThIBaTh rrpocTpaHCTBeHHYIO 0ap11au11IO 3Toro K03cptj:>11u11eHTa. 

HapH,z.:r.y c ypaBHeHHeM ( 4.77) ro,z.:r.oBOH o6oeM Jie,[(HH
0

KOBOro CTOKa 

MOJKHO onpeJI.eJIHTb, npHpaBHHBaH ero Jie,[(OBO-cpHpHOBOH COCT3BJIHIO­

mei1 cyMMapHoro o6'heMa T35IHHH, T . . e. WrJI = w Ji cf> = v _l\[ I: 
v M1 = v JIM+ VJI + v cl>· (4.80) 

TaKa5I TpaKTOBKa reHe3HCa Jie)J.HHKOBoro CTOKa HMeeT HeMaJIO CTO­

pOHHHKOB cpe)J.H fHJlPOJIOfOB, KOTOpbie CTOK OT T35IHHH 3HMHero H JieT­

Hero CHera Ha ITJIOllI.3,il.H OJie,IT.eHeHHH OTHOCHT I( CHerOBOMY TIHT3HHIO 

peKH. 
CJie,z.:r.yeT oTMeTHTb, qTo npHHUHrrttaJihHOe 3Hal!eHHe TO HJIH HHoe 

CO,ll.ep:tKaHHe ITOHHTHH Jie,IT.HHKOBOfO CTOKa HMee T TOJibKO ITPH COCTaB­

JieHHH BO)J.HOfO 6aJiaHca B f JI5IIJ,Ha.7IhHbIX o6JiaCTHX. )l,JIH BO)J.0Il0Jlb30-

B3HH5I HJIH rrpu orrpe,z.:r.eJieHHH BO)J.Horo 6anattca peqHoro 6accei1Ha 3TH 

pa3JIHqH5I He Ba:tKHbl, ITOCKOJibKY B JII060M CJlyqae cyMMHPYIOTCH Bee 

9JieMeHT~ rrpHXO,[(HOH H pacXO)J.HOH qacTeH ypaBHeHHH BO)J.HOfO 6a- . 

JiaHc a. 
Onpe,l.I.eJieHHH ocHOBHhIX cocTaBJIHIOIUHX cyMMapttoro o6'heMa Jie,z.:r.-

HHK60oro CTOKa B 9KCTpeMaJibHWe H cpe,l.I.HHH no ycJIOBH5IM T35IHHH 

roJI.hI (cM . . npHJIO)KeHne III) BhIITOJIHeHhI B 6accel1Hax peK MaJIOH AJI­

MaaTHHKH, AJiaapgu, TicKeM, HccpaphI. 113 3THX ,z.:r.aHHbIX cJie)J.yeT, qTo 

B pa3JIHqHbie no ycJIOBHHM T3HHH5I ro)J.hl OT 1/ 4 ,[(0 1/ 2 rO,ll.OBOfO o6oeMa 

Jie)J.HHKOBoro CTOKa 06pa3yeTC5I B o6JiaCTHX ITHT3HH5I Jle)J.HHKOB, ecJIH 

pacqeT WrJI BhIITOJIHHTh ITO MeTo,z.:r.y BO,l.I.Horo 6aJiaHca TOJihKO )J.JIH r JlH­

unaJibHbIX o6JiacTeH:. 
EcJIH :tKe Jie)J.HHKOBYIO COCTaBJIHIOIUYIO CTOKa peKH oope,l.I.eJIHTb Ha 

OCHOBe fO,[(OBOrO 6aJiaHca TBep,l.I.bIX oca,ll.KOB )J.JIH BCero 6accei1Ha, TO, 

K3K 3TO ,rr.eJiaeT pH,lI. aBTOpOB [144, 221, 228 H ,z.:r.p.], o6oeM T3JibIX CHe­

fOBblX BO)J. CJie,l.I.yeT OTHOCHTb K ce30HHOMY CHerOBOMY IlHT3HHIO peKH. 

B pa3,[(eJie 5.2 MOHOrpacpHH ITOK333HO, qTo TaKOH ITO)J.XO)J. K orrpe,z.:r.eJie­

HHIO KOMITOHeHTOB Jie)J.HHKOBoro CTOKa TI03BOJI5IeT cymecTBeHHO yco­

BeprneHCTBOBaTh MeTO)J.HKY nporH03a CTOKa aereTaUHOHHOrO nep110,z.:r.a 

Ha peKax co CHeroBO-Jie,lI.HHKOBbIM H Jie,[(HHKOBO-CHerOBblM THilaMH n11:. 

TaHHH. Cneu11Q:>HKa ao,z.:r.00T,IJ,aq11 H3 o6JiaC'feH nHTaHH.H Jie,lI.HHKOB, KaK 

H ,z.:r.pyr~e oco6eHHOCTH ¢opMHpoBaHH5I CTOKa Ha pa3JIHqH~X IlO,l.I.CTH­

JiaIOlll.HX IlOBepXHOCTHX B 6accel1He, HaXO,[(HT CBOe OTpa:tKeHHe B cpopMe 

33BHCHMOCTH Me)l<)J.Y o6oeMOM cHeroBoro CTOKa H 3HMHe-BeCeHHHMH 

oca,z.:r.KaMH. 
P e 3yJihT3ThI pacqeTa, xapaKTepH3YIOlll.He MHo~oJieTHHH rHJI.POJIOrH~ 

qecKHH pe:tKHM oneJI.eHeHHH B ueKOTOp~x 6acceuHax peK Cpe,z.:r.neH 

A suu, rrpHBe)J.eHbI B Ta6JI . 4.12. 
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B Ta6JI. 4.13 ,IT.aHa CBO,IT.Ka orrpeJJ.eJieHHH pa3JIHtIHbIMH MeTo,LI,aMH 

cpe).I.Hero rO,IT.OBoro o6beMa Jie,lJ.HHKOBOrO CTOKa B pH,LI,e 6acceHHOB 

peK Cpe,IT.Heii A3HH. PactieTbI E. A. KaMaJioBa , A. C. IUeTHHHHKOBa, 

A. H. KpeuKe BbIITOJIHeHbI rro MeTOJJ.HKe KpeuKe-Xo,IT.aKoBa, no KOTO­

poii ,IT.JIH CT3UHOHapuoro pe)KHMa OJie,IT.eHeHHH cpe,IT.HHH MHOron eTHHH 

CJIOH Jie,IT.HHKOBOfO CTOKa, BKJIJOqaIOll.I.HH T3HHHe Jlb)J.3, QJHpHa H ce-

30HH0f0 CHera, npHpaBHHBaeTCH rO,IT.OBOMY 3HaqeHHIO a6JIHI.IJIH Ha 

ypoBHe rpaHHUbI rrHTaHHH. ,UauHbie A . 0 . KeMMepHxa rroJiytieHhI Me-' 

TO,lJ.OM pacqJieHeHHH rH,IT.porpacpoB CTOKa peK. 

T a6Aul{a 4.13 

OueHKH cpe,n.Hero r o,n.osoro o6'beMa JJe,D.HHKOsoro CTOKa B neK01opb1X 6accei1Hax 
peK Cpe,n.ueA A3HH 

CpenHHA MHOroneTHHfi nenHHKOB~A CTOK 

Cpe.n.H11e 3Haqemrn epeMe HHblX , 
p st.ll.OB V M, noJJytJeHHbIX asTopoM 

Eaccefrn peKH 

HCT04HHK cse.n.eHHA 
06beM CTOK3 o6oeM CTOKa . ~MJIH. T MJJH. T ,ll.JJHHa pH,ll.3 

' 

B. A. KaMaJioB [89] 345 
TicKeM A. 0. KeMMepHx [93] 282 187,6 1949-75 

A. H. KpeHKe [141] 200 

B. Jl. illyJibU [221] 133 * 114(V M.) 1956-70 
Hcq>apa A. C. llleTHHHHKOB [230] 222,8 230,7 1956- 70 

A. 0. KeMMepHx [93] 176 
. 

CapbIJI.)Kac 
A. 0. K eMMepHx [93] 1640 1416 . 1951-79 
A. H. KpeHKe [141] 1220 

0. fl. lllerJiosa [224] 1780 ** 
3epaBinaH 

A. 0. KeMMepHx [93) 1057 1138 1949-75 
A. C. llleTHHHHKOB [230] 911 

(MaT11a) A. H. KpeHKe [141 ] 980 

MyKcy 
0 . TI. lllerJJOBa (224] 1890 ** 1102 1949- 75 
A. H. KpeHKe [141] 1880 

TI pH Me q a H H 51: 1) * - CTOK OT Ta51HH5l JibLI.a, ** - 06'beM He BKJIIOtiaeT CTOK 
OT TaHHH.SI ce3oHHoro cttera Ha 513bIKe Jie)l.ttmrn, 2) naHHbie B. Jl. illyJihUa H 
0. fl . lllerJJOBOH nepecqHTaHbl aBTOpOM c yqeTOM COBpeMeHHhlX CBe,UeHHH 0 TIJIO­
ma.n..Six OJJe,UeHem·rn, TIOJiyqeHHblX A. C. llleTHHHHKOBbIM, 3) )1.JI5l _spaBHeHH.SI c .naH-

HblMH B. Jl. lllyJihUa rrp1rne)l.eHbI o6oeMbI Jie.ZI.HHKOBoro CTOKa V M 1 , BKJ1roqaromHe 
Ta.HHHe Jih)l.a 11 MHoroJieTHero cp11ptta, 4) rrepMo)l. ocpe,ll.HeHH.H B pacqeTax KaMaJJoaa, 
lUenrnHHKOBa, Kpem<e 1881- 1960 rr. 

KaK BM.II.HO, cxo)I.HMOCTb cpeJJ.HHX 3Haqeu11i1 BpeMeHu:b1x pH,IT.OB Wo 
Ji v M1 ' rroJiyqeHHbIX aBTOpOM, c )I.3HHbIMH ,IT.pyrHX HCCJie)I.OBaTeJieH 

CJie,IT.yeT rrpH3HaTh BTIOJIHe y,IT.OBJieTBOpHTeJibHOH, eCJIH npHHHTb BO BHH­

M3HHe pa3JIHqHH B ,lJ.JIHHe nepHO;ll.OB ocpe,IT.HeHHH. 
TioJiyqeHHbie' 3BTOpOM MHOfOJieTHHe pH,IT.bl o6beMOB JJe,UHHKOBOro 

CTOKa TI03BOJIHIOT BHeCTH HCHOCTb B rHilOTe3y B. JI . ll1yJibU3 [221) 
o MaJio:H BpeMeHHOA H3M~HqHBOCTH JieAHHKOBoro TIHTaHHH peK Cpe,n­

Hei1 AsHH. KaK BH,IT.HO H3 Ta6JI. 4. 14, K03QJQHIUHeHTbI sapHaUHM 
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Ta61tUt{a 4.14 

Kos<J><i>nu.neHTbr' eapHaU.HH roJJ,OBhlX o6oeMOB cyMMapHoro 
TaBHHH ~eJJ,HHKOB u ~eJJ,HHKoeoro CTOKa B pHJJ,e 

6acceiinos peK Cpe,ll,Heii A3HH (3a 1.949-75 rr.) 

EaccefiH 

flcKeM 
3epaB1ua11 {lV1aTlfa) 
I(bI3bl.11CY 
Cypxo6 
1\tlyKcy 
CeJibAapa (6accettH 
JieAHHKa <PeAtieHKO) 

f O.U.OBble 06oeMbl 

CyMM3pHoe Tasrn11e 
Jie.[lHHKOB 

0,40 
0,22 
0,52 
0,25 
0,57 
0,90 

Jle.n.HHKOBblH 
CTOK 

0,77 
0,82 
0,96 
1, 25 
1~09 
I , 13 

Jie,nHHKOBOro CTOKa HaMHoro rrpeBbilllaJOT H3MeHlIHBOCTb 06beMOB cyM­
MapHoro TaHHHH Jie,.QHHKOB H CTOKa B 6accei1He. 

nJIH TIOHHMaHH~ IlpHqff Hhl 60JiblllOH H3MeHqHBOCTH 06beMOB Jie,n-

HHKOBOfO CTOKa paccMOTpHM rrpe,ncTaBJieHHhle B Ta6JI. 4.15 H 4.16 

Ta6Aut{a 4.15 

Koa<J><J>HU.HeHTbl sapHau.uu ( C v) BOJJ,Horo SKBHBaJieHTa ce30HHoro cHe}l{HOro noKposa­
B 6acceune p. Cb1pJJ,apbH (no JJ,aHHhlM asTopa) 

PeKa Bb1c0Ta, KM CV PeKa Bb1c0Ta , ~M CV 

4aTKaJI, 1,94-2, 13 0,41 HccpattpaM, 3,20-3,56 0,51 
Tepe, 1,86-2,56 0.,.51 AK6ypa, 2,68-3, 17 0,55 
AHrpeH, 1, 90-2, 76 0,43 KyrapT, 1,82-2,00 0,58 
rasaca(1, 2,09-2,73 0,48 KapaAaphH, 2, 19-3,00 0,76 
CTa.n,rnaaTa, 1,86-2, 19 0,47 CycaMbip, 2,21-3,02 0,34 
11c¢a pa, 3,00-3,40 0,57 Hapbrn, 3,51-3,92 0,49 
11c¢aiipaM, 2,25-2,83 0,48 

3Ha lJeHHH K03<1JcPHII.HeHTOB BapHaII.HH BO,nHoro 3KBHBaJieHTHa ce30H­

i-Ioro CHe)KHOfO fIOKpOBa H cyMM oca,nKOB 3a OKTH6pb-MapT B 6ac­
ceHHax peK Cb1p,napbH H AMy,napbH. 

0 pHMaH CBH3b Me)l{_ny C v Jie,nHHKOBOfO CTOKa H H3MeHqHBOCThlO 

BO,nHOCTH CHera H TBep,nhlx oca,nKOB BTIOJIHe oqeBH,nHa, TIOCKOJibKY 

06beM aKKYMYJIHII.HH 3HMHero CHera Ha Jie,nHHKax onpe,neJIHeT npo­

,nOJI:/I{HTeJibHOCTb rrepHo,na a6JIHII.1Ui Jih,na H TeM CaMbIM BJIHHeT Ha 

rroTeHUHaJibH~IH o6neM Jie,nHHKOBoro CTOKa. He3aBHCHMo OT TBep,nbIX 

oca,nKOB CBOH BKJia,n B MHOfOJieTHIOIO H3MeHqHBOCTb Jie,nHHKOBOfO 

CTOKa BHOCHT TaK)l{e MeTeopoJIOrHqecKue YCJIOBHH nepHo,na a6JIHII.HH. 

TaKHM o6pa30M, rrpHBe,neHHhie B Ta6JI. 4.15 H 4.16 AOCTaToqHO 

60JibllIHe 3Ha qeHHH K03cf>cf>HI.I,HeHTOB BapHaI.I,HH AJIH . o,nHoro H3 cf>aKT0-

150 

Ta6AUl{a 4.16 

Ko~<J><l>HIJ.HeHThl sapHaIJ.HH cyMM ocaiKoB 3a OKTH6pb-MapT no cTaHU.HHM 
u 6acceirnax peK Chlp,ll,apbH u AMyJJ,aphH (JJ,aiiuble aBTopa H [76]) 

- -
CV 

M eTeocTaHIJ.H51 Z KM CV MeTeocTaHUHSI Z KM 

-
Iiacceitu p. Cb1p,ll,apbH KapaKyroH 2,418 0,41 

0,36 H Kinnrn p bIH 2,300 
Dep. 4an11aMa 2,289 0,41 Khi3apT 2,250 0,46 

2,214 0,33 AHrpeH-rrJiaTo 0Hap11a 2,220 0,41 
KbI3bIJI11a 2,080 0,38 

AT6aurn 2,080 .0,43 
DcKeM 1,258 0,36 CycaMbip 2,053 0,32 
,iliK3IITblK 3, 100 0,27 HapbIH 2,049 0,36 
AK6acara 2,830 0, 18 
4aapTaru 2,748 0,34 1. 

Jhrnrap 2,500 0,36 Iiacceuu p. AMyJJ,aphH 
KHtIMKaJiaii 2,360 0 30 .. 

' 3,930 0,40 KhI3bIJIJJ.iKap 2,230 0,45 K apaKyJih 
CycpHKypraH 2, 168 0,39 ,ll)Ka ym attro3 3,410 0,27 
fypaJialll 2,050 0,27 HpxT 3,290 0,33 
Dep. Ty36eJib 3,570 0,52 A.JITbIHMa3ap 2·, 782 0,42 
TroHaruy IOiKH. 3,300 0,22 Jlexay3 2,564 0,31 
Kap aKOJihcKaH 3,080 , 0,51 HrrIKa lllMM 2,524 0,64 
JlOJIOH 3,040 0,33 .lla pa yT-KypraH 2,470 0,38 
Aprra 2,950 0,44 Ma.n.pyruKeHT 2,254 0,42 
KapaKYJJ.iKYP 2,800 0,32 HcKaHJJ.epKyJih 2,204 0,35 

Xopor 2,075 0,41 

poB cpopMHpoBaHHH JieJ(HHKOBOfO CTOKa o .. 6nHCHHIOT BhICOKYIO H3MeH-

4HBOCTb MHoroJieTHHX pH,noB V M 
1 

B 6acce11Hax peK Cpe,ntte11 A3HH. 

B ypaBHeHHH ( 4.57)' KOTopoe xapaKTepH3yeT CBH3b Me)K,ny BXO­

,noM H BhIXO,nOM ,nttHaMHqecKOH CHCTeMhl TaHHHe - CTOK, HHK3K He 

pacKpbIT co6CTBeHHO npou,ecc BO,nOOT,naqH Jie,nHHKa. QqeBH,nHO, qTQ 

perneHHe 3a,na qH TpattccpopMaUHH TaHHHH B CTOK M02KeT 6bITb TIOJI¥­

qeHO He3aBHCHMO OT ~aBHeHHH ( 4.57)' ecJIH 3a,naHO BXO,nHOe B03,neH­

CTBHe H OTIHCaH npouecc CTeKaHHH T3JIOH BO,nbl no noaepXHOCTH H 

BHYTPH JieAHttKa. 
B KaqeCTBe npHMepa Ha30BeM pa6oTy B. n. K3Mn6eJIJia H 

J1. A. PacMycceHa [235], r,ne H3JIO)Ketta ynpomeHHaH o,nHoMeptta51 Mo­

,neJib TpaHccpopMaUHH TaHHHH B CTOK, OCHOBaHitaH Ha OTO)K,neCTBJieHHH 

Jie,nHHKa c nopHCTOH cpe,rr,oH, ,nJIH KOTOpol1 BhITIOJIHHeTCH 3aKOH ,IlapcH. 

C ueJihIO onHcaHHH npouecca Bo,nooT,naqH Jie,rr,HHKa B Mo,neJIH K3Mrr-

6eJIJia-PacMycceHa HCITOJih3yeTC51 MO,nHcpHK3U~H ypa~He~HH Hepa3-

pb!BHOCTH, rrpe,nJIO)KeHHaH n. 5L CToJiy~apHHOBOH--Ko4HHOH ,nJIH CB0-

60,LI,HOH noBepXHOCTH TIOTOKa B rropHCTOH cpe,ne: 

m ~==vQw +a (x, y, t), (4.81) at 
r,ne m - nopHCTOCTh; a (x, y, t) - BhIHy)K,na1-0maH cpyHKUHH Ha ypoBHe 

CB060,nHOH TIOBepXHOCT1'i' h = h (x, y, t); Qw - pacxo,n BOAhl qepe3 

nonepeqHoe ceqeHHe B cJioe ttaChIIll.eHHH. 
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Bb1noJIHHB pH,ll. ynpoma10mHx npeo6pa3oBaHHii B ( 4.81), K3Mn-

6eJIJI H PacMycceH noJiyqttJIH OAHOMepHoe BwpaMeHHe ,ll.JIH pacxo,ll.a 

TanofI BO,IJ.W qepes nonepeqttoe ceqeutte Jih,IJ.a B npH,ll.OHHOM cnoe ne,IJ.­
HHKa 

"h2) ~u + a' (u, t - 11t), (4.82) 

r,ll.e Ki - K03cpcpHUHeHT npoHHUaeMOCTH JihAa; u - KOOp,ll.HHaTa Ha 

KpHBOJIHHeHHOH OCH, aHaJIOfHl-IHOH JIHHHH TOKa; g~, g' zh H a' (u, t -
- 11t) 1- · ocpe,ll.HeHHble 3HaqeHH5I ycKopeHHH CB060,IJ.H0f0 na,IJ.eHHH H 

BhIHY.II<,IJ.aJOll.J,eH cpyHKUIUI a B,ll.OJib OCH u ITO HOpMaJIH K He if; 11t -
BpeMH, Heo6XO,ll.HMOe ,ll.JIH nepe,IJ.a qH BXO,ll.HOro B03,ll.eHCTBH5I a c Bepx­

HefI nosepXHOCTH Jie,ll.HHKa Ha eB060,IJ.HYIO nosepXHOCTb CJIOH HaCbilUe­

HHH h (oqeBH,ll.HO, a x apaKTep113yeT HHTeHCHBHOCTh TaHHHH eHera H 

Jlh,ll.a), zh - npOH3 BOJrbHhlH ypoBeHb BHYTPH eJIOH h. 
Perneutte ypaBHeHHH ( 4.82) Ha npttMepe lOMttoro KacKa,IJ.uoro 

Jie,ll.HHKa npOBO,ll.HJIOeb ,ll.JI5I BHyTptteyroquoro XO,ll.a CTOKa MeTO,ll.OM 

KOHeqHWX pa3HOCTeii Ha OCHOBe opHeHTHpOBOqHoii oueHKH BeJIHqHHW 

h. flpo,ll.OJI)KHTeJihHOCTh pacqeTHoro neptto,IJ.a Bcero JIHlllh 6 ,IJ.Hel1, qro 

He Il03 BOJI5IeT C,ll.eJiaTb onpe,ll.eJieHHWH BWBO,ll. 0 KaqeerBe MO,ll.eJIH 

K3Mn6enna H PaOMMycceHa. 

floKa qro Henpeo,IJ.OJIHMhIM npenHTeTBHeM Ha nyre pa3BHTHH H co- · 

BepllleHeTBOBaHHH cpH3HqecKHX MO,ll.eJie ii Jie,IJ.HHKOBOro CTOKa HBJIHeTCH 

orcyrersue MarepHaJIOB H3MepeHH~ rH,ll.paBJIHqecKHX xapaKrepHCTHK 

TIOTOKa BO,L(hl B npH,ll.OHHOM CJIOe Jie.L(HHKa. B CB513H c 3THM MaTeMaTH­

qecKHe MO,ll.eJIH rH,ll.porpacpa Jie,ll.HHKOBOro CTOKa paspa6aTbIB3IOTCH, 
u 

no,IJ.rOHHIOTCH H npoBepHIOTCH npuMeHHTeJibHO K ,ll.aHHhIM pycnoBoH 

fHJI.pOMerpHH. TipH TaKOH ITOCTaHOBKe 3an.aqu, KaK 6bI 6JIH3KO HH Ha­

XO,ll.HJIC5I KOHTpOJibHhlH fH,ll.pOMeTpHqecKHH CTBOp K HHMHeMy KOHll.Y 

Jie,ll.HHKa, OTHOllleHHe ITJIOll.J,a,IJ.H OJie,ll.eHeHHH K TIJIOilI.a,ll.H BO,ll.OC6opa 

noqr u Beer ,ll.a 6y ,ll.eT MeHbllle e,ll.HHHIJ.hl ( HCKJII01IeHHeM HBJIHIOTCH Jie,ll.­

HHKH nnocKHX Bepll.IHH). A 3TO 03Haqaer, 1-ITO ..BMecro 11ccJie,ll.0BaHHH 

H MO,ll.eJIHpOBaHHH npouecca BO,ll.OOT,ll.a1IH H3 rrpe,ll.eJIOB f JIHUHaJihHOH 

o6naeTH paccMarpHsaeTCH ,ll.pyraH caMOCTOHTeJihHaH 3aJJ.aqa pacqeTa 

rHnporpacpa CTOKa B 6accel1Hax c pa3JIH~Hoii cTeneHhIO one,ll.eHeHHH. 

IlpHHUHITH3JlbH3H oco6eHHOCTh COBpeMeHHOrO ITO,ll.XO,ll.a K pacqery 

fH,ll.porpacpa ITOBepXHOCTHOfO eroKa B 6aceefiue COCTOHT B TOM, qTO 

cpH3H1IeCKHM npoo6pa30M npouecca HBJIHeTCH ,ll.HH3MHqecKaH _CHCTeMa 

c 3a,ll.aHHbIM BXO,ll.HblM B03,ll.eHCTBHeM H H3 BeeTHblM BbIXO,ll.HbIM pesyJib­

T3TOM. C1IttTaeTCH, qTo csoi1crsa caMofI cncTeMbI HeKOTOpbIM o6pa3«i;>M 

xapaKrepH3YJOT ITOCTOHHHbie HJIH nepeMeHHbie napaMeTpbl MaTeMaTH­

qecKoro onepaTopa, rpaHccpopMHpy10mero BXOAHYIO cpyHKUHIO B 60-

Jiee HJIH MeHee y;:i:aiuioe 110JI,06He BbIXO,ll.HOH. 

EcJIH HCKOMbIH oneparop ITO,ll.06paH, TO oqeBH,ll.HO, qTQ Bee CHCTe­

MaTH1I€CKHe OlllH6KH onpe.n.eneHHH BXO,ll.HOH H BbIXO,ll.HOH cpyHKUHH 

KOMileHCHPYIOT rrapaMerpw TpattccpopMaUHH, a cJiyqafIH~e BapHaUHH 

BXO,ll.HOro 803)1.eHCTBHH H C80I1CTB caMOH CHCTeMbI orpaMaIOTCH Ha yc­

TOD1IH80CTH 3THX rrapaMerpoB. 
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Cymecr0yer HeMaJio pa6oT [40, 48, 50, 51, 128, 149, 205, 270, 
272], peaJIH3YIOilI.HX yKa3aHHbIH npHHUHIT pacqera rtt.n.porpacpa CTOKa 

B ropHbIX BO,ll.oc6opax, 0 TOM qHcne c pa3JIHqHofI eTeneHhIO oJie,LleHe­

HHH. B Ka1IeCT8e BXOJJ.HOro B03,ll.eHCT8HH HCITOJib3YIOTCH JIH6o 3JieMeHThl 

npHXO,ll.HOH qaCTH BO,ll.HOfO 6aJiaHca (eyMMapHoe TaHHHe CHera H 

Jih,ll.a, )KH,ll.KHe OCa,ll.KH), JIH6o CBH3aHHhle c HHMH MeTeOpOJIOfH1IeCKHe 

xapaKrepHCTHKH ( COJIHeqHaH pa,ll.HaUHH, TeMnepaTypa 803,ll.yxa, o6Jiall­

HOCTh, BJiaMHOCTh, CKOpOCTh BeTpa H T . .n.). 
fio aHaJIOfHH e HeCJie,ll.08aHHeM COCTaBa apryMeHT08 B cpopMyJiaX 

HHTeHCHBHOCTH TaHHHH HeCOMHeHHO IIOJie3HO H Ba)KHO ycTaHOBHTh 

B KaKOH Mepe BW6op BH,ll.a BXO,ll.HOH cpyHKUHH npu O,ll.HOM H TOM Me 

onepaTope TpattccpopMauuu BJIHHeT Ha Kaqecr00 pac11eTa ru.n.porpacpa 

CTOKa B 6acceiiHe co 3Ha1IHTeJibHOH JJ.OJieii OJie,ll.eHeHHH. 

0.n.HHM H3 803MO)KHhIX cnoco6oB oueHKH rrpeeMJieMOCTH OJI.HOH HJIH 

tteCKOJlbKHX BXO,ll.HWX cpyHKUHH ,ll.JIH pacqeTa fH,ll.porpacpa H8JIHeTCH 

aHaJIH3 K03cpcpeutteHTOB na pHoH H MHoLKeCTBeHHoi1 KoppeJIHUHH MeLK.LlY 

pacXO,ll.aMH BO,ll.hl H pa3JIH11HhlMH MereopoJIOfH11eCKHMH xapaKTepHeTH­

K3MH, Ha6JIIO,ll.aBlllHMHCH O,ll.HOBpeMeHHO co CTOKOM HJIH HCilO.llb3YeMbie 

co C,ll.8HfOM Ha3a,ll. BO BpeMeHH ( JiaroM). 

OcpeAHeHHe · nepeMeHHhlX B saBHCHMOCTHX w(8) no attaJiorHH 

c cpyHKUHHMH M (8) npHBOAHT K B03pacTaHHIO K03cpcpeueeHTOB Kop­

peJIHUHH. B Ka11ecTBe npeMepa collIJieMcH Ha JJeAHHK f ony6ttHa 

s 6aecefrue p. AJiaapqa, rJJ.e K03cpcpttueel!Tbl KoppeJIHUHH cpeAHHX cy­

TOqHhIX pacXOAOB BOJJ.hl H TeMnepaTypbl B03JJ.yxa OKa3aJIHCb HenpH­

fO,ll.HhIMH JJ.JIH pacqeTa rHAporpacpa CTOKa. Te )Ke eaMbie JJ.aHHhie 

nocJie ocpeAHeHHH sa HHTepsa.JihI OT JJ.Byx (VII I-IX) JJ.O nHTH 

(V-IX) MeCHUeB o6pa30BaJIH 3aBHCHMOCTH c K03cpcpHII,HeHTOM Koppe-

JIHUHH OT 0,6 JJ.O 0,9. 
PesyJihTaThI onpeJJ.eJieHHH K03cpcpHUHeHTOB KoppeJIHUHH Me*JJ.Y 

cpeJJ.HHMH )1.eKaJJ.HhIMH pacxo)l.aMe p. KoKcy' (AJiaHCKHH xpe6eT) H 

rJIHUHOMeTeoponoreqeCKHMH xapaKTepHCTHKaM~, npe,ll.CTaBJieHHhie 

B Ta6JI. 4.17, noKa3hIBaIOT, 11TO JJ.JIH pacqera re,nporpacpa croKa, cpop­

Mepy10merocH B 6acceiiHe JJeJJ.HHKa A6paMoBa, MoryT 6hITh HCDOJih30-

BaHhl pa3H006pa3Hhle H BilOJIHe o6oCHOBaHHWe 3MIIHpeqecKHe ¢op­

MYJihI. 
Ta6Au4a 4.17 

l(oa<f><lrnu.neHTbl KoppeJUIU.HH MeJK,II.Y cpe,II.HHMH ,II.eKa,II.HbIMH pacxo,II.aMH p. l(oKcy 
H fJISIU.HOMeTteopoJIOffflieCKHMH xapaKTepHCTHKaMH, H3MepeHHblMH Ha Jie,II.HHKe 

A6paMoBa 

DepHO.LI. N w (M) w (R) w ( 81<) w (0) w (C) w (g) w (Te) 

VIII 1967-VII 1970 28 0,90 0,82 0,72 0,81 -0,32 -0 17 ' 
0, 15 

VII 1970-IX 1972 28 0,85 0, 79 0,73 0,78 -0,43 -0,53 0,64 

. 
n pH Me lI a H He. N - KOJIHqeCTBO . )1.eKa,l(, M - Ta51HHe, R. - pa)l.HaU.HOHHbIH 6a­

JiaHc, BK - norJioIIJ.eHHa51 pa.II.MaU.H51, 0 - TeMrrepaTypa B03.ziyxa, C - 06ma51 06Jia11-
HocTh, q - cyMMa oca)l.KOB, T 8 - np0.11.0JI)KHTeJibHOCTh coJIHetJHoro CH51HHH. 
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Hap5IJJ.Y c OJJ.HocpaKTOpHbI~·p1 2as11c11MOCT5IMH JJ.JI5I pacqeTa H Kpa1 · 

KocpoqHoro rrporH03a rHJJ.porpacpa cToKa ueJiecoo6pa3Ho 11cnoJib30-

BaTb ypaBHeHH5I MHOLKeCTBeHHOH JIHHei1Hoi1: perpeccHH. CTp11Mepbl Ta­

KHX ypaBHeHHH npHBe)J.eHbl B pa6orax [246, 257, 267]. 
,LlJI5I Kall<:)J.Oro li3 rrepHOJJ.OB B Ta6JI. 4.17 B pe3yJibTaTe MHOrocpaK­

TOpHoro perpeccHOHHOro aHaJIH3a cpeJJ.HHX )J.eKa)J.HhlX paCXOJJ.OB BOJJ.W 

B p. KoKcy H MereoponorHqecKHX xapaKTepHCTHK TaHHH5I Ha JieJJ.HHKe 

A6paMoBa noJiyqeHbI cJieJJ.yIOmHe Bb1pa.tK.eHHH: 

m10 = 0,820+0,01 IR+ 2,53; 

©10 = 1,088 + O,OIOR - 0,38,nq + 3,94, 

(4.83) 

(4.84) 

rJJ.e nq -· KOJIHlleCTBO JJ.Hei'i c ocaJJ.KaMH 3 a JJ.eKaJJ.y. CBOJJ.Hbie K03cp­

cpHUHeHTbI KOppeJI5IUHH 3THX cpopMyJI paBHbl COOTBeTCTBeHHO 0,91 
H 90. 

BecbMa 3cpcpeKTHBHbIM cpe.LI.CTBOM noBbillleHHH KalleCTBa paclleTa 

fH,LI.porpacpa CTOKa B Jie,ll.HHKOBhlX ,ll.OJIHHax HBJIHeTCH . BKJIIOlJeHHe 

npe,LI.llleCTBYIOill.HX paCXO,ll.OB BOJJ.bl B COCTaB apryMeHTOB MHOLKeCTBeH-. 

HOfO ypaBHeHHH perpeCCHH. 3To BHJJ.HO Ha npHMepe Toro }Ke 6accei1:H~ 
neJJ.HHKa A6paMoBa, rJJ.e JJ.JIH pacqeTa cpeJJ.HHX JJ.eKaJJ.HbIX pacxo,ll.OB 

~ 

p. KoKcy npe,LI.JiaraeTCH cpopMyna (w10 B M3/c): 

©10 (t) = 0, 16M (t) - 0, 17w (t - 1) - 0, 17w (t - 3) + 4,81, (4.85) 

r JJ.e M ( t) - cpeJJ.Hee 3a JJ.eKaJJ.y raHHHe , H3Mepettttoe Ha JieJJ.HHKe A6-

pa Mosa B paiioHe MeTeonnoma,n.KH; w ( t - 1) H w ( t - 3) - cpeJJ.HHe 

JJ.eKaJJ.Hhie pacxoJJ.bI BO,ll.bI p . KoKcy; 0, -- 1, -2 - CJI.BHr (JJ.eKa,IT,bI) ne­

peMeHHbIX so speMeHH. CBOJJ.HbIH K03cpcpHuHe HT KoppeJUIUHH ypaBHe­

HHH ( 4.85) COCTaBJIHeT 0,93. )l11ana30H H3 MeHeHH51 cpyHKUHH B 33BH­

CHMOH BbI6opKe OT 1,6 JJ.O l l, 1 M3/c. Pe3y.TibTaThI npoBepKH cpopMyJihI 

( 4.85) Ha He3aBHCHMOM MaTepHaJie (25 CJiyqaeB) OKa3aJIHCb BilOJIHe 

y JJ.OBJieTBOpHTeJibHhlMH. 

flocne BKJIIOqeHHH B COCTaB apryMeHTOB npeJJ.llleCTBYIOill.HX pac­

XOJJ.OB BOJJ.hl, KaK coo6m.aeTCH B pa 6oTaX [246, 257], TaKLKe cymecT­

BeHHO B03poc CBO)J,HbIH K03cpcpHUHeHT KoppeJIHU~H MHOrocpaKTOpHbIX; 

ypaBHeHHH perpecCHH, HCilOJib3yeMhlX ,ll.JIH paclleTa cpeJJ.Hero cyTOlJ- . 

HOro CTOKa B 6accef1Hax ne.JJII1KOB lllse iiuapcKHX A.nbn. 

Ony6JIHKOBaHHhie B JIHTeparype cBeJJ.eHHH 06 3cpcpeKTHBHOCTH HC­

noJih~10BaHHH pa3JIHlJHblX xapaKTepHCTHK MeTeopOJIOfHlleCKOro pelK:HMa 

n e pHO,il.a a6JIHUHH B 3MnHpHlleCKHX cpopMyJiaX ,ll.J15I pacqeTa H KpaTKO­

cpollHOro nporH03a BHyTpHrOJI.OBoro rHJJ.porpacpa .CTOKa peK co 3Ha­

q w reJihHOfI HJIH npeo6Jia,ll.aIOmerr ,ll.OJieH Jie)J.HHKOBoro IlHTaHHH II03BO­

.'UllOT C,ll.eJiaTb TaKHe BbIBOJJ.bI. 

1. flpocTettllIHM cnoco6oM pellleHHH yKa3aHHOi! 3 a,LI.allH HBJl HeTCH 

HCTIOJlb30BaHHe JIHHeHHblX 3MnHpHqeCKHX 3 aBHCHMOCTeH Me}K,rr,y BbIXO­

.LI.OM JJ.HHaMHlJeCKOH CHCTeMbl ( CTOK) H OJJ.HOH HJIH HeCKOJlhKHMH nepe­

MeHHhlMH, BJIHHIOIII.HMH Ha BXO,ll.HOe B03)J.eHCTBHe - TaHHHe CHera H 

Jlb)J.a. 

2. CxoJI.HMOCTb H3MepeHHhIX H Bh1q11cJieHHhIX seJIHqHH CTOKa cyrn.e­

CTBeHHO y JiyqrnaeTCH, eCJIH p acl!eT BhIIIOJIHHeTCH no ypaBHeHHIO MHO-
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~eCTBeHHOH perpeCCHH, B lJH~JIO apryMeHTOB KOToporo BXO,ll.HT ac-
x OJI. BO,ll.bl 33 npe.zuIIeCTBYIOlll.HH HHTepBaJI BpeMeHH. p 

3. XoTH paccMoTpeHHhie aapHaHThI pacqeTa 11 KpaTKocpoqttoro 

nporH03a w ( t) HeCOMHeHHO OTpaLKaIOT OCHOBHhie 3aKOHOMepHOCTH 

cpopMHpOBaHH5I cyMMapttoro CTOKa B 6acceiiHe, TeM He Mettee OHM He 

IT03BOJI5IIOT oueHHB3Tb COOTaBJJHIOIII.He BOJJ.HhlX pecypcoB H HX POJib 

B nHTaHHH peKH. K llHCJiy tte.n:ocTaTKOB cJJe,n:yeT OTHeCTH TaK.1Ke anpH­

optty10 Heonpe)J.eJJeHHOCTb OTHOCHTeJibHO COCTaBa apryMeHTOB (KpOMe 

npe,n:llleCTBYIO~HX pacxo.n:oB BOJi:bI) B 3MDHpHtieCKOM MHOrocpaKTOpHOM 

ypaBHeHHH, rpattccpopMHPYIOIUeM cyMMapHoe -BXOJi:HOe B03,n:eticTBHe 
B rH,n:porpacp CTOKa. 

4 . ..,B 60JiblllHHCTBe CJiyqaeB K03c}JcpHU.HeHThI napHOH HJJH MHOLKeCT­

BeHHOH KOppeJJ5IU.HH Me.1Kny CTOKOM H xapaKTepHCTHKaMH MeTeopOJJO­

f HlleCKOro pe.IKHMa B r JJHI..(HaJJbHOH 06JJaCTH He npeBbilliaIOT 0 7-0 9 
lJTO 06ecneq11aaer U06b5ICHeHH~ .n:HcnepcHH cpyHKUHH Ha so-' 80 O/o: 
BnoJIHe B03MOLKHOH rrpHllHHOH TaKoro pe3yJJhTaTa cJJe,n:yer CllHTaTb 

He,ll,OCTaTOllHYIO 3cp¢eKTHBHOCTb JIHHeHHOro onepaTopa TpaHccpopMa­

UHH ,ll,JJ5I pacqeTa rH,n,porpacpa CTOKa KaK BbIXO,ll,a CHCTeMbI eCJJH OJJ.HH 

Me~eopoJJorHqecKHH 3JJeMeHT HJJH HX cyMMa, npe,ll.cTaBJI5Iidmne co6oH: 

no cym.ecray, cypporar BXO,ll.HOro B03,ll.eHCTBHH, HeJJHHeHHO CB5I3aHb; 

c cyMMapHhIM IIOCTYIIJieHHeM BOJJ.bI Ha noaepXHOCTb BO,ll.03a6opa 

I1cnoJJb30BaHHe JJHHeHHOH MO,ll,eJJH Tpattcc}JopMaU.HH ,ll,JJH pa~qeTa 
fH,ll,porpacpa CTOKa 5IBJ1HeTC.SI 6oJJee o60CHOBaHHbIM B CJJyqae Kor,n,a 

BX~,ll, H BhIXO,ll, CHCTeMbI MO.IKHO OTOLK,ll,eCTBHTb c npHXO)J.HOH H pacxo,ll.­

HOH llaCThIO BOJi:Horo 6aJiaHca JJe,U,HHKa HJJH ero 6acceH:tta. Tor,ll.a JI.H­

HaMHllecKoe COOTHOllleHUHe MeLKJJ.Y Ta5IHHeM H CTOKOM OTHOCHTCH 

K KJJaccy 3aBHCHMOCTeH, - xapaKTepH3yeMblX JIHHeHHhIM ,ll,HrhthepeHU:H-
aJJbHbIM ypaBHeHHeM 't''t' 

aw 
't at --==YJVM-W, ' (4.86) 

f ,lJ.e -r- IlOCTOHHHa.SI BpeMeHH; YJ - K03cpcpHuHeHT nepe,U,alJH KOTO bl~ 
npHo6peTaer c}JH3HlleCKHH CMbICJJ K03c}J¢HUHeHTa CTOKa 'eCJJH pv 
np;,ll,cTaBJJHeT . CYMMapHoe IIOCTynJieHHe BOJJ.hI Ha ITOBep~HOCTb 6a~: 
c etttta Bhilllue 3aMbIKa10mero rtt,n:pocTaop a . Ba.IKHhIM CBOHCTBOM Ma Te­

::THllecKott MO)J.eJIH CBH3H Mem,LI.y Ta.SIHHeM H CTOKOM B BH,ll.e ypaB­

r ::;/1 ( 4.86) llBJilleTcll B03MO.lKHOCTb pac'leTa BHYTPHro,n_osoro rn,n_po-

r) 2st IlYTeM rrpeo6pasoBaHHll <PYHKIJ;HH IlOCTyITJieHill! BO,ll_bI B CTOK 

,.QJJH pacqera rHJJ.porpacpa CTOKa c nJJom.a,n,11 6acceiiHa r,ll.e O < 
< Srn/Soac < 1 ypaBHeHHe ( 4.86) ueJJecoo6pa3HO [ 170] ~peo6pa3o­
BaTb K BH,U,y 

(4.87) 

r.n:e 1 
A 

a =--:r H ..., =ari - napaMeTphI rpaHccpopMa~HH, YllHThIBaIOmHe 
KaK C .., u 

0 B BOHCTBa caM.?H CHCTeMbl v M ~ w, TaK H HenOJJHOTy HHcpopMaUHH 

XOJJ.HOM B03JJ.eHCTBHH. B pa6ore {170] ITOKa3aHO, lJTO HCilOJJb30Ba-
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HHe .n.syxnapaMeTpI-PieCKOrO ypaBHeHH~ TpattccpopMaUHH TI03BOJI5IeT 

6oJiee TOqHO paCC4HThIBaTb cyMMapHbIH o6oeM CTOKa no cpaBHeHHIO 

c MO,ll.eJihlO, r.n.e 3a,ll.aH TOJlbKO O,ll.HH napaMeTp 't. 

11HTerpHposaHHe ( 4.87) no speMeHH OT to .n.o T npH ycJIOBHH, llTO 

pa3HOCTb paCXO,ll.OB Ha KOHUaX rrepHO,ll.a (WT -Wto) MaJia no cpaBHe-

HHIO c o6oeMaMH CTOKa H Ta5IHH5I 33 3TOT )Ke nepHO,ll., onpe.n.eJI5IeT­

OTHOllieHHe 
T 

B 
. ~ w dt 

w fJI 0 = YJ - -
a T VM 

- ~ V M dt 
I 

(4.88) 

0 

KaK ycJIOBHhIH K03cpcpHUHeHT CTOKa. KaK npaBHJIO, B 6accei1Hax co 

3Haq11TeJihHOH cTeneHhIO oJie,l1.eHeHH5I B KaqecTBe to H T MO)KHO BhI-

6paTb MOMeHTbl, KOr,ll.a WT=Wt c.= 0. . 

YpasHeHHH THna ( 4.86) HJIH ( 4.87) Heo.n.HoKpaTHO npHMeHHJIHCb 

[40, 48, 50, 51, 170, 205 H .n.p .] B MaTeMaTHqeCKHX MO,ll.eJI5IX rH.n.po- ' 

rpacpa cToKa ropHbIX peK Cpe.n.Heii A3HH, KasKa3a H .n.py:Hx 
0

TeppHTO­

pHI1. B qacTHOCTH, sechMa ,lJ.eTaJibHOe HCCJie,lJ.OBaHHe JIHHeHHOH MO,ll.e.J1H 

rpaHccpopMau.1111 s ycJIOBHRX Cpe.n.Heii A3HH BhIITOJIHeHo B CAHl1-11 

HM. B. A. Byraesa noJJ. pyKOBO,ll.CTBOM IO. M. ,ll.eHHcosa [ 170]. B pa-

6oTax [ 51 170] H3JIO)KeHa 3cpcpeKTHBH35I MeTOJI.HKa onpe,l1.eJieHH51 rra ~ 
paMeTpOB 'a H ~ H noKa3aHO, qTo npocTaH JIHHeHH351 MOJJ,eJib ( 4.87) 
snoJIHe rrpttro.n.Ha ,ll.JIH peK c pa3JIHqHhIMH ycJIOBHHMH nHTaHHH H BHYT­

p11ro..uoshIM pacrrpe.n.eJieHHeM cToKa. 
CTpaKTHlleCKH Ba:tKHbie BbIB0.11.hl JI,JIH pa3BHTH5I pacqeTOB fHJJ.pO~ 

rpacpa CTOKa Ha OCHOBe MO,ll.eJIH ( 4.86) TIOJiyqeHhI f. H. l'oJJy6eBhIM 

[ 40], KOTOpbIH ycTaHOBHJI H o60CHOBaJI 3MilHpH1IeCKYIO cpopMyJiy ,ll.JISI 

onpe,ll.eJieHHH K03cpcpHUHeHTa TpaHccpopMaUHH 

-r=3,8lg(SJI+ 1), (4.89) 

r.n.e -r B cyTKax, a SJ1 s KM2. B pa6oTe [40] BBeJJ.eHo TaKIB:e noHH'fHe 

KpHTHqecKoro HHTepBaJia BpeMeHH 6.t, HallHHaH c KOTOporo pac-qe~ 
CTOKa MO:IKHO BeCTH Herrocpe,ll.CTBeHHO no ypaBHeHHIO THrra ( 4.57)' H 

Ha OCHOBe cpopMyJihI ( 4.89) rrpe,ll.JIO)KeHhl 33BHCHMOCTH OT nJIOIUa,ll.H 

JieJI,HHKa H 3a,l1.aHHOH OWH6KH pacqeTa. 

8blBO)l.bl 

1. B MeTo.n.ax orr11caHH5I npocTpaHCTBeHHo-speMeHHOH H3MeH1IHBO­

CTH cyMMapHOH COJIHeqHOH pa,ll.H3UHH, TeMrrepaTyphl B03)1,yxa, oca.11.KOB, 

o6JiaqHQCTH, aJib6e..uo CHera H Jlb.11.3 HCTIOJ1h3YIOTC5I TOJlbKO )1,aHi-(bJe 

CTaH.n.apTHhIX H MaCCOBbIX H3MepeHHH Ha CeTH MeTeOpOJIOfl-IqecKHX 
u 

CT3HUHII. 
,UJIH illHpOKOro n pHMeHeHHSI nor JIOlll,eHHOfl COJIHeqHQH pa.11.11au1Hi 

B pacqeTaX T35IHH5I CHera 11 Jib.LI.a HeCOMHeHHYIO rrpaKTHl.leCKYIO ueH­

HOCTh rrpe,ll.CT3.BJJ5IlOT rroJiyqeHHble aBTOpOM perHOH3JlbHhie 3MITHpHl.le-
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CKHe cpopMyJihl H MeTO,ll.bl orrpe..ueJieHHH HHTerpaJJbHOrO K03cpcpHUHeHTa 

npo3pal!HOCTH aTMOccpepbl, cyMMapHOH pa.11.nau,1111 B peaJihHhlX ycJIO­

BH5IX o6JiaqHOCTH, BpeMeHH pacxo.n.a H 3axo.n.a COJIHUa )1,JISI rrpOH3BOJib­

!lOf0 Ha6opa nyHKTOB Ha Jie,ll.HHKe, aJib6e.n.o pa3JIH4HbIX THITOB rrosepx­

HOCTH CHera H Jlb,ll.a. Bee BHOBb npe..uJiaraeMhie cpopMyJihI H MeTO,ll.bl 

OCHOBaHbl Ha 60JihlllOM CTaTHCTHlleCKOM MaTepHaJie, rrpOWJIH aBTOp­

t:KYIO nposepKy H y:tKe HCTIOJih3YIOTC5I B CAHl1I1 H .n.pyrttx opraHH3a ­

UH5IX. 

· 2. AHaJIH3 KaqecTBa noJiyqeHHhIX aBTopoM .n.aHHhIX o pe:tKHMe cyM­

MapHoro TaHHH5I BhIITOJIHeH rryTeM KOHTpOJI5I cpopMyJI HHTeHCHBHOCTH 

Ta5IHH5I, BXO.LI.HOH MeTeOpOJIOfHqecKOH HHcpOpMaUHH, Bcex rrpoMe:tKyTOl.1-

HMX peayJibTaTOB pacqeTa no CXO,ll.HMOCTH paCCl.IHTaHHbIX H H3MepeH­

HbIX o6oeMOB Ta5IHH5I Ha OT,ll.eJihHbIX Jie,ll.HHKax H B HX rpyrrrrax. 

B qacTHOCTH, He3aBHCHMa5I rrposepKa rroJia3aJia snoJIHe y.u.osJieT­

sop HTeJihHYIO T01IHOCTb perHOH3JlbHhIX orrpe,ll.eJieHHH: 
" u u 

- MaKCHMaJibHOH BhICOTbl Ce30HHOH CHerOBOH rpaHHUhI Ha Jie,lJ.-

HHKaX c HCTIOJib30BaHHeM HH,lJ.eKca 6aJiaHca aKKYMYJI5IUHH H Ta5IHH5I, 

- Mec5IqHbIX cyMM c yMMapHOll pa;::u-1au1111, 

- cpe,ll.HHX 3Ha1leHHH aJib6e.n.o ,ll.JI5I pa3JIH1IHbIX THITOB nosepXHOCTH 

Jie.LI.HHKa B Te1leHHe nep110..ua a6JI5IUHH, 

·- BpeMeHH BOCxoii.a H 3axon.a COJIHUa .LI.JI5I npOH3BOJibHOro Ha6opa 

nyHKTOB Ha Jie.LI.HHKe, 

- .rr.aT HaqaJJa H KOHUa neptto..ua TaRHHH Jib.LI.a. 

06ocHosaHHOCTh pacqeTOB TeMrrepaTyphI so3.rr.yxa, oca.rr.KoB, o6meii 

o6naqHQCTH H HHTerpaJibHOro K03cpcpHUHeHTa rrpospa1IHOCTH aTMO­

ccpepbl IIO,lJ.TBep)K..uaeTCH BhICOKHMH K03cpcpHUHeHTaMH KOppeJI5IUHH 

COOTBeTCTBYIOIUHX perHOHaJlbHblX 3MIIHpH1IeCKHX 3aBHCHMOCTeH. 

,nJIH yroqHeHHH perHoHaJihHhIX orrpe..ueJieHHH o6oeMoB Ta5IHH5I Jie.n.­

HHKOB aBTOpOM pa3pa6oTaHa HTepaUHOHHa5I cxeMa peaJIH3aUHH MeTO­

)J.HKH pacqeTa. I1cnOJih30BaHHe HTepaUHOHHOH cxeMbl B 6acceI1HaX 

peK DcKeM 11 I1ccpapa nosBOJIHJIH cymecTBeHHO rroBbICHTh perrpeseH ­

TaTHBHOCTh pe3yJihTaTOB pacqeTa cyMMapttoro Ta5IHH5I Jie.LI.HHKOB. 

AHaJIH3 cxo.11.HMOCTH MHoroJieTHero pH.n.a pacc1IHTaHHhIX H H3Me-

- peHHhIX no r ycTOH ceTH peeK o6'heMOB Ta5IHH5I Jib.LI.a H cpHpHa B rpyrrrre 

Ty10~cyiicKHx Jie.LI.HHKOB H cyMMapHhIX o6oeMOB Ta5IHHH Ha Jie.LI.HHKe 

A6paMosa rroKa3a.TJ, 1ITO pesyJihT3TbI H3MepeHHH H pacqeToB n paKTH­

qecKH. COBna.n.aIOT c TOqHQCThlO .11.0 OllIH6KH orrpe..ueJieHH5I cpaBHHBa e ­

MblX BeJIH1IHH. BrroJIHe y ..uosJieTBOpHTeJihHbIMH oKasaJIHCh TaKLKe pe­

ayJihTaTbI corrocTaBJieHHH MHoroJieTHHX pH.LI.OB pacc1IHTaHHhlX asTopoM 

~6'heMOB TaHHH5I H Jie.LI.HHKOBOfO CTOKa, orrpe..ueJieHHOro no . MeTOll.Y 

B. ill. UoMa5I [212) B 6accei1Hax peK I1ttrypH Ha KaBKase. 

TaKHM o6pa30M, B pa6oTe np11se.11.eHhI see Heo6xo..uHMhie MaTepH­

aJihI, TIO,l1.TBep:tKJ1.aIOllI.He o60CHOBaHHOCTb OT,lJ.eJibHhIX nOJIOLKeHHH H 

rrp11eMJieMocTh MeT0.11.HKH pacqeTa B ueJioM, ,ll.JIH orrpe..ueJieHHH BHYTPH­

ron.osoro H MHoroJieTHero pe:tKHMa cyMMapHoro Ta51HH5I B r JIHUHaJih-
HhIX o6JiaCT5IX. . 

3. Pe3yJihTaTbI pacqeTa MHOroJieTHHX pH.LI.OB cyMMapHhIX o6oeMOB 

TaHHHH B rJIHUHaJibHhlX o6JiaCT5IX Cpen.Heii A3HH H orry6JIHKOBaHHhle 

MaTepHaJibl TI03BOJIHJIH pelIJHTb B perHOHaJibHOM MaCllITa6e Borrpoc 
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0 CB513H Me:tK,ZI.y TaHHHeM H Jie,ZI.HHKOBhIM .CTOKOM. ,ll,JIH 3TOH ueJIH aB­

TOpOM pa3pa60T3HhI: a) MeTO,ll. pacqeTa HHTerpaJibHOrO 33 nepHOJI. 

a6JIHUHH K03cpcpHU.HeHTa CTOKa c yqeTOM MaKCHMaJibHOH BhICOThI ce-

30HHOH CHerOBOH rpaHHUhI Ha Jie,ZI.HHKaX, 6) MeTO)l. pa3,ZI.eJihHOro onpe­

JI,eJieHHH o6'beMa Jie,ll.HHKOBoro CTOKa, cpopMHpy10meroc51 Ha H3hIKaX 

H B cpHpHOBhIX o6JiaCTHX Jie,LI.HHKOB. 

4. flo,LI. Jie,LI.HHKOBhIM TIHTaHHeM peK Cpe,ZI.Hel1 A3HH B pa6oTe no­

HHMaeTC51 CTOK OT Ta.HHH.H Jib,ZI.a TIO,ll. MOpeHOH, OTKpbITOfO Jlb,ZI.a H CTa­

poro ·cpHpHa. CToK OT TaHHHH ce30HHOro cHera Ha noBepxHOCTH JieJI.­

HHKa OTHOCHTC.H K cHeroBOMY TIHTaHHIO peKH. TaKaH TpaKTOBK<l 

5JBJI.HeTCH e,LI.HHCTBeHHO B03MO:IKHOH, eCJIH OCHOBbIBaeTCH Ha ypaBHe-

HHH BO,ZI.Horo 6aJiaHca B u.eJioM Jl.JIH peqHoro 6accefIHa. CJie,LI.oBa-

. TeJibHO, no Bonpocy 0 CO,LI.ep:IKaHHH IlOHHTHH Jie,LI.HHKOBOe TIHTaHHe 

peKH aBTOp pa3,ZI.eJHieT TOqKy 3peHHH, BhICKa3aHHYIO B pa6oTaX [224, 
228]. PasyMeeTC.H, BOJl.HO-Jie.JJ,OBhIH 6aJiaHc rJIHI.I..HaJihHOH o6JiacTH MO­

:IKHO paccMaTpHBaTb He3aBHCHMO OT BHeJie,LI.HHKOBhlX noeepXHOCTeH. 

B 3TOM cJiyqae CTOK OT TaHHHH ce30HHOro CHera Ha TIOBepXHOCTH Jie,LI.­

HHKa .HBJIHeTCH COCTaBHOH qacTblO TaJioro Jie,LI.HHKOBoro CTOKa. Pa3pa-

6oTaHHaH aBTOpOM MeTO,ll.HKa pa3,LI.eJihHOro onpe,LI.eJieHH.H COCTaBJI~I0-
1.U,HX cyMMapHoro Ta.HHHH B rJIHU.HaJibHhIX o6JiaCTHX Il03BOJIHeT aHaJIH-

u ' u 
3HpOBaTb BHyTpHrO,LI.OBOH H MHOfOJieTHHH pe:IKHM Jie,LI.HHKOBOro CTOKa 

rrpHMeHHTeJihHO K JII060MY H3 ynoMHHYThIX Bhillle BapHaHTOB ypaBHe­

HHH BO,Ll.HOro 6aJiaHca. 

B qacTHOCTH, no BOCcTaHoBJieHHhIM MHbroJieTHHM pH,LI.aM Jie,ZI.HHKO­

Boro CTOKa B 6acceiiHax pH,LI.a peK Cpe,LI.Hett A3HH ( Wr.n = V JIM+ V JI + 
+ v ¢) BnepBhie Henocpe,LI.CTBeHHO onpe,ZI.eJieHbl K03cpcpHUHeHThI BapHa­

l.I..HH WrJI· B OT Jinqne OT pa Hee BhIJl.BHraBlllettcH rHnoTe3hI [230] 3TH 

K03cpcpHUHeHTbl BapHaU.HH xapaKTepH3YIOT Jie,LI.HHKOBbIH CTOK KaK 

BeChMa H3Me'Hl.JHBhlH B MHOroJieTHeM pa3pe3e HCTOqHHK IlHTaHH.H peKH. 

3TOT pe3yJihTaT xoporno corJiacyeTCH c BhICOKHMH 3HaqeHHHMH c v 
oca,LI.KOB H BO,Ll.HOro 3KBHBaJieHTa ces6HHoro CHe:tKHOro TIOKpOBa, no-­

Jiyl.JeHHhIMH nyTeM o6pa60TKH ,LI.aHHhIX CHeroMepHbIX C'beMOK H MeTeO­

pOJIOfHqecKHX cTaHUHH B 6acceiiHax peK AMy,LI.apbH H Ch1p,LI.apbH. Pe-
u u 

)KHM oca.JJ,KOB BJIHHeT Ha Jl.BH:tKeHHe CHeroBOH rpaHHUhI, c KOTOpOH 

. B CBOIO oqepe,LI.b TeCHO CBH3aH BI-l,YTPHfO,Ll.OBOH XO,LI. Jie,LI.HHKOBOrO 

CTOKa. 

5. AttaJitt3 npttMeHHeMhIX B HaCTOHlll.ee BpeMH ynpomeHHhIX cno­

co6oB pacqeTa ~H,LI.porpacpa CTOKa peK CO 3HaqHTeJibHOH ,Ll.OJICH Jie,ZI.­

HHKOBOrO TIHTaHHH TIOKa3aJI B03MO:tKHOCTb npaKTHqecKoro HCTIOJih30Ba­

HHH ,ll.JIH 3TOll u.eJIH O,ll.HO- H MHOrocpaKTOpHbIX 3MT1HpHqecKHX cpopMyJI. 

B 1.1acTHOCTH, aBTopoM noJiyqeH H npoBepeH Ha He3aBHCHMOM MaTepH-
u u 

aJie pHJl. ypaBHeHHH MHO:tKecTBeHHOH perpecctt11 Jl.JIH pacqeTa rHJJ.po-

rpacpa CTOKa p. KoKcy (6acceiiH Jiell.HHKa A6paMOBa). 

f Jiaea 5 

MuoroJieT~HH pe~uM -cyMMapuoro Tasiuusi 
" Jie~HHKoeoro CTOKa e 6acceuuax peK Cpe~ueu A3uu 

5. J. fl pocTpaHCTBeHHO-BpeMeHHaSI H3MeH'IHBOCTb 
cyMMapuoro TaSIHHSI ne,ZI.HHKOB H ne,ZI.HHKOeoro CTOKa 

MttoroJieTHHH H3MeHqHBOCTh o6neMoB cyMMapHoro TaHHHH V H 
Jie,ll.HHKOBoro CTOKa v.l\f B 6acceiiHax peK CpeJJ. u A M 

1 Hett 3HH Herrocpe,lI.-
CTBeHHO onpe,LI.eJIHeTCH BapHaU.HHMH Ce30HHOH 3KKYMYJIHU.HH TBepJJ.hlX 

oca,ll.KOB H cyMMapHoro nocTynJieHHH BHellIHero TenJia EOJihillOe 3Ha -
qeHHe HMeIOT TaK.JKe eapuauHH z · -
TaHHHH Jib a T - Ma1w, npoJJ.OJI.IKHTeJibHOCTH nep110,L1.a 

Jl. JI - dRJI - dHJI, HHTeHCHBHOCTH JleTHHX CHerorra}l.QB 
TOphie KOCBeHHO CBH33Hbl c npe,Ll.bIJl.YllI.HMH <PaKTOpaMH. , KO-

IlpHMa51 OU.eHKa BapHaU.HH 0)1.HHX <PaKTOpOB (3HMHSISI aKK MJIH HH 
JieTHHe CHerona}l.bI) Jl.JIR r JIHU.HaJibHhlX 06JiaCTeH" np y u. ' 
MO:IKHa a ( 3KTHl.JeCKH HeB03-
. ~ ,ZI.pyr11x nocry~JieHHe BHernttero TerrJia) CBH3aHa c 60Jih-

lllHM 0 'beMOM Bbll.JHCJieHHH H HX o6pa6oTKOH. 

B CBH3H c 3THM np·HlJHHhI napHau1ni V M 0 v M. npHXO,ZI.HTCH BhI-

:HBJIHTh no KOCBeHHbIM IlOKa3aTeJIHM. llaCTb 3THX IlOKa3 u 

6hIJia paccM01peHa B pa3,ZI.eJie 4.4. YcTaHOBJieHo, qTo Ba;~~~~~ !H~~ 
HHX OC3,Ll.KOB H BO,lI.HOCTH ce30HHoro CHemttoro IlOKpOBa Ha Bb 
6JIH3KHX K rpaHHU.aM f'JI511.I.H8JlbHbIX 06JiaCTeH . Jl.0CT3TOlJHO Bl~OTax, 
lJT06bI CJIY.JKHTb 0)1.HOH H3 npHqHH, 06'bHCHHIO~HX 3H3lJHTeJibH ~H==~ 
pH~U.HJO cyMMaptto~o T8HHIHI Jie,LI.HHKOB H Jie,LI.HHKOBoro CTOKa YB 6ac 
ceHHax peK Cpe.u.tteii A3HH. PaccMoTpHM JJ.aJiee H3 MeHqHBOCTh -
<PaKTOpOB, BJIHHJOIUilX Ha BapHaU.HJO v H v JJ.pyrHx 

M M 1 • 

B Ta6JI. 5.1 H 5.2 npHBe,LI.eHhI K03cp<PttuHeHThI aapHaqHH cyMM oca,ZI.­

KOB 3a anpeJib-CeHT516pb, cpe,Ll.HHX 3HalJeHHH TeMnepa1yphI B03,LI.yxa 

l(oaQ>Q>HU.HeHTbl BapHaU.HH (Cv) cyMM o .. caAKOB 3a anpeJib-CeHTJl~a~AU!{a 5.1 
Ha MeTeocTaHU.Hsix e 6acceHHe p. Cb1pAapbu p 

Dep. 4ant1aMa 
AHrpeH -rrJia To 
J\bI3bIJiqa 
DcKeM 
l hKanThlK 
1-IaapTarn 
JlaHrap 
J\HlJHKaJiaH: 
I\bI3bIJI~)Kap 
CyqnmypraH 
fypaJiam 
Dep. Ty36eJib 

Z KM 

2,289 
2, 124 
2,080 
1,258 
3, 100 
2,748 
2,500 
2,360 
2,230 
2, 168 
2,050 
3,570 

(AaHHble aBTOpa [6]) 

CV i M eTeocTa H~H H 

0,35 TroRarny IOLKHaH 
0,38 Ka paKOJihCKa.s:r 
0,25 )lOJIOH 
0,40 Aprra 
0,25 KapaKy~myp 
0,29 KapaKyIOH 
0,27 I1KKHHapbIH 
0, 19 KhlaapT 
0,34 0Hapqa 
0,37 AToarna 
0,23 CycaMbip 

. 0,37 Hapbrn 

Z KM CV 

3,300 0, 16 
3,080 0,22 
3,040 0, 19 
2,950 0,30 
2.,800 0,23 
2,418 0,28 
2, 300 0,32 
2,250 0,35 
2,220 0,35 
2,080 0,26 
2, 06~1 0,23 
2 01c 0,29 ' -x.J 
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2 p. 40 K. 

PemaeTCS1 . npo6JJeMa onpe.neJJeHM.Sl oc1-10BHbIX aJieMeHTOB 

rn.n_poJ1orH 11ecKoro pe}KHMa Jie).l.11u1<os e pei1tti .. 11c 6accen1-1ax, 
a HMCHHO: TeopeTH'leCKOe 06oc110BaHHe " nocTpoe1-111e f}>H3Hl\O· 

u 

CTaTHCTHtteCKOM MOJJ.CJIH npouecca TaSIHH.SI " CTOKa, MeTOJl.HtteCKHe 

OCHOBbl 1lliCJICHHOH peaJIH3aU.HH MO,IJ,eJIH lia. 3 81'\, 
u 

KOJIH'leCTBeHHOC onucaHHC H auaJIH3 11pocTpaHCTBeHHOli 

H3MeH'IHBOCTH OCHOBHblX CTaTHCTHlfCCl{HX napaMeTpOB 

fHJJ.POJ1oru11ecKoro pe:>K.HM a oJie,n,e1-1eHHH Cpe,n,nei\ AJHl-t, MeTOAbt 

nporH0308 Jie,IJ,HHKOBOfO CTOKa H 'lHCJiel-IHYIO l\10,11.CJib . , 
OilTHMaJlbHOfO HCKVCCTBeHHOI'O B03AeHCTBHJt Ha 1·aRHlie ., 

H BOJJ.OOTJJ.a'ly Jie,ll,HHKOB. 

npuBe)J.eHbl taK>Ke JJ.aHHble 0 cyMI\1apI-IOM TaHllHM 11 Jle,ll.HHKOBOM 

cTOKe e 6acceunax p@K CpeJJ.tteii A3u11, per1-1ouaJibHb1e cpopMyJibl 
H KapTbl AJISI pac4eTa KJIHl\1a'l 'H 1leCKHX q1aK.TOpOB O"Tfe)l.eHeHHH, 

HOpM H KoatJ><PuuueHTOB oapHal(H,H fH,l.l.pOJIOfJt'leCKOfO pe}l{HMa 

OJie,11.eHeHHH. 
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