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Maxapon H.H., Coxonos A.C., ItlynruaH c.F. MOneIMpoBaHue

rgtrpoTepMgrlecKgx [poqeccoB BoAoxpaHHrHuI-oxJIaAHTeneft TlC

n n^gC. Lt.: gneproaroMu3uar' 1986' 184 c'

Hsfl ararorcr o cHoB br MeroAOB p acqeTa H MOAeilHpoB aHHs I'I{ApOTepMI{q ec-

KHx npoqeccoB B BoAoxpaHHJMrUax-oxJIa,UI{ren.Ex T9C u A3C. OrnacrlBa-

rorcd oco 6 eHHocTH Qopr"rupon aHHfl rHApOTepMHqecKqx npoqeccoB npH c6po-

ce noAorperofi soAbl s soAoeMrl' npHBoE Tc'a ocHoBHbIe MareMarl{qecKlte

MeTOAbr pacqera u cnoco6st qncnesHofi peanH3allHH 3a,q'aq rHApoTepMI{KH

c HcnoJrb3oBaHHeM gBM, H3naraFTcf, ocHOB bI Qnauuecxoro MoAeIIHpoB aHus

ruApoTepMnqecr(Hx npoqeccoB, AaeTct noctafiosxa 3aAaq ng,enrxQuxaquu

*loAen eR rHAporepMn xu. flpun oMTcff rrprlM epbl Hccn eAoB annft xoH rcp erurrx

o6rexros.
Paccqlrana Ha HarrHbrx paootttuxoB I{ I{HXeHepoB-npoeKrHpoBu-u{KoB

3HeprernqecKux cnetlnanrnoctefi .

Ta6n. 10.  Hn.68.  EnfuuorP.

P  eq  e  H  3  eHr  H .A .  I I I ePeHxon

I I  P  E  f \nC i I  O B H E

9HepreruuecKafl nporpaMMa CCCP npeAycMarpuBaer Aalruefrruee tilrreH-
cuBHoe pa3BI{TI{e reruosofi LI flAepHofr euepreruKu, rrro rpe6yer floBbuueHr,r.rr
aQQexrnaHocrn H Hatre)Gocrn SynKquormpoBanvrfi. Bcex erreMeHToB TerrJro-
BbIx I{ aroMHblx gneKTpocrauqrfi. Ounur"r H3 arIeMeHToB, oKa3r,rBalournx cy-
ulecrBennoe BrruffHvre Ha padory T3C u A3C s npoqecce oKcruryaralqurrr;r, frBrrfr-
eTcff cl,tcTeMa oxjliDK,q,eHvfl..

flosttruenfie reMreparypbl Boflpr, flocrynarourefi ua KoHgeHcaropbr T yp6un,
Ha I "C tro cpaBHeHr.rp c pacueruofi nrrx TOC MoulHocrnro 4 MrrH. rcBr snrerr-
Baer repepacxoA rorrrruBa npnMepHo Ha 25 rbrc. r B rog. floeroMy rtpu
npoeKTl{poBarrlrtr cr{creMbr oxJrax[eHuff rennosofr wtr arousofi sner(Tpo-
craHl[.rrl ee rngporepMr{qecKnfi pexuu Aorr)KeH 6urn otrpeAeneH Aocraroqr{o
TOTIHO: 3ABbIIIIEHHE TIAPAMETPOB CHCTEMbI OXIAXACHI{fl BEAET K HCONPABAAH.
HoMy yBerHrIeHuIo crolrMoctr coopyxeuufi, a 3aHr{)KeHr.re - K HeAocraroquo-
My oxJIaxAeHHIo I{, KaK cneAcrBr,Ie, rc 6orrunlM aKcrtnyarar1lrouubrM 3arparaM.

.{4n 6om[rl{HcrBa cyulecrByloun rerrnoBbrx r.I aroMHbrx 3rreKTl}ocranu.rfi
B KaqecrBe oxJla,qr{Terlefr Hcnorlb3yrorcfl BogoxpaHl{nnura ecrecrBeHHoro LI Hc-
KyccTBeHHOrO npoHcxoxAeHufr,, rrptrqerra s onHxafiuree BpeMfl ponb BoAoxpa-
Hrlnnul{xJragHrertefi B oxJIaxAeHHH Bo4br, c6pacrreaeprofi T3C u A3C 6y4er
B03pacTarb.

flpu ucnonb3oBaHurr BoEoeMoB H BoAoroKoB B KaqecrBe BoAoxpaHH-
nHIr{{xJIaJII{renefi Bo3HHKaer KoMtrneKc I{IIXeHepHbrx, ru[poJrorHrlecKr,rx,
gKoHoMIrqecKHx I,r gKoJrorrrlecKrD( npo6lervr, A1lfl pelueHuf Koropnrx ueo6xo-
ArIMo yMerb IrporHo3r{poBarb u perynnpoBarb Hx rntrporepM[qecrcufi pexrrra.
3ro srteBauo ueo6xogl,IMocrbro, flpextre Bcero, o6ecue,rnrb Ha,qe)KHrrfr or6op
BoAbI c AocraroqHo HH3Kofi reprneparypofi .Enff oxJIDr(.qeHHfl Konl{eHcaropoB
ryp6uH gneKTpocraHlqu, a raK)Ke y4oBnerBoplrrb rpe6onarur oxpaHbr oKpy-

?xaloqefi cpetrbl or relrrloBoro 3arpffz$el,l^r4'., qro oco6eHlro cyulecrBeHHo IIpH
KOI\4nneKcHoM l,Icnorrb3oBaKvu BoAoeMoB.

fugporepMfl.IecrcHfi pexI,IM Bo4oxpanr4rrr{u{)sr agurenefi onpegenffercff
BJrn rHHeM 6onnuroro qucrra KaK fipnpo4ubrx, HeyflpaBnfieMbrx Saxropon
(rrropQonorl{-fi BoAoeMa, Bo3geficraue Berpa, KoHBeKTT{Bnrlii reruo- rr Mac-
coo6ueH, corHerrHafl papoir.atlrtfr. u r.n.'), TaK u SarcropoB, Koropbre Mo)r(Ho B
o[peAeneHuofi Mepe perynnpoBarb B Hy)r(HoM Ha[paBnenr{H (rconrruecreo
cbpacunaeMofi B BotroeM reruofi Bogbr, pacnonoxenne H pe)c,rM pa6onr no-
goea6oprurx H BogoBbr[ycKHbrx coopyxernnli n r.n.).

flepnrle uccnetroB anufl BoAoxpaur4rrnul{xJr apyr eneir rerrnoBbrx 3n eKTpo-
crasurfi 6rnu BbrnoJrHenbr s 30-x roAitx H.M. Eeplragcrcwu H E.B. flpocrcy'
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pflKoBbIM Ha ocHoBe IIpH6IIHXeHHoTo pacqeTHol'o MeroAa (rHgpoE'ru{uMllqec-

Kan 3a,qaqa peualacb He3aBI{CHMO OT TeuloBofi, He rII{TbIB:Inacb cTpaTHQuxa-

ur- r 
'r.A.). 

B csxgg c 6rtcrp6M pa3BHrI{eM reIrJIoBoI"t H fgepgofi oneprern-

KH B nOCIIeAHHe AecffTHJIeTI'.Lfi MeTOAbl nporHo3HpoBaHH'fi rlltrpoTepMHqecKlD(

npoqegcoB B BoAoXp aHHIIu111ax-gxJI aAHTeJIfi nonyqnfltl tranrneinlee pa3BI{THe'

^,r-^-..,,nyrrrr^r D ^of,rnnr..,nre'rhHvto Da3BerBrIelIHyIo o6nactr, basupytoulytocn
\Jqr\rvlvrl.rDl.u4lD ! vrr!!vlr:4-:-:J -- L

lla AocTIDKeHH.trX MeXaIIIIKII XI{AKOCTH' TeOpHH TellnoilepeHoca' rHApotrorHH'

M e T e o p o [ o f I ' I H , q H c J I e H H b t x M e r o u , o B p a c q e T a H A p y r H x c M e ) K I { b I X W r C '

uHrmuH.
IIpu usyreHHn rH/IporepMI4IeCKilx npoueccoB B BOAOxp aHE[HuIax{xJI a[H-

,anri (raxxe KaK fipu HccneAoBaHHu Apyrru( cJro)K'blx ecrecrBe'Hblx H I{c-

ayrror"Hbrx o6bercrbn) npr{MeHflrcTcfl ' KaK H3BecrHo' Merofiu MareMarl+Iec-

KOrO MOtrenHpoBaHHfl (c lIc[oJIb3oBa]IueM coBpeMeHHbIX 3BM) ' MeTOADI

SueuUecrcoro MoAenHpoBaHI{.fi' a TaKxe HcnoJlb3yloTcfl pe3yIIbTaTbI HaTypHbIX

na6ntoEennfi Ha o6r'ercrax.
B uacroaulee BpeMfl Alrrr H3)^I e:H]glfr. THApOTepMI+IeCKOTO pe)KlIMa B BOAO-

xpaHHnHultx-oxJra[HTerrflx B 3aBIICHMOCTI'I oT uenefi HccJIe[oB a$vtn' oco6eH-

HOCTefr BOAO9Ma, CXeMbl T9XIIITISCKOTO BoAOCHafiXeHH'f SII9KTpOCTaTIHI{'

o6beMa l{cxoAHoii nrrQoprr,ra4tl{ I{ A;pyrHX QaKropoB l{cnonb3)fiorcfl ctlMble

pa3Hoo6pzt3llble MaTeMaTI{qecKI'Ie MOAenH IIpoUeCca' oCHoBaHHbIe Ha pa3ngrl-

Hbrx BapI{aHTzD( ypaBneHnir prexaruKn xHg,KoCTH }I TeImOnepeHOCa' BaxUyto

ponb I{rpaeT TaK)Ke Qnauvecroe MoEenHpoBa}IHe rI{trpoTepMITIeCKID( npoUec-

coB BoAoxpaHHn[uoxJraALITen eyt, HA OCHQBe KOTOpOTo pa3pa6oTtlHbl pacqeT-

HO-eKCIIepHMeHTanbHble MeTotrbI IIpOTHO3I{pOBaHHfl TeM[IepaTypHoro pexilMa

(nanpnr,lep, MeroA BHI4HI). Pesynrrarbl HarypHblx Ha6rrcAeHltri Hcnollb3ylor-

cfl oobrrrHo trJlfl anpo6aryrH HCXOArrbtx ou3HtIeCKHX llpe[nocbt'IoK I{ coorBercr-

BYIOU.UIX MATEMATHqECKI{X MOI{ENEff, A TAKXE AIIff ONPEAEIIEHHfl MOtrEIIbHbIX

napaMerpoB.

Pa$rFrHrrM acneKraM r,r3rIeHI{rI rlrgpoTepMnqecKl{x npoueccoB B BO[',OXpa'

HlrJr'ul'(-oxJra,ql{Tenflx (noiranorKe 3a,qaq', MeTo.qaM paclleTa u Quanuecro-

roMotrenHpoBaHHg'IIaTypHbIMl{ccIIeAoB.I}I I{ f lM'onblTyIIpoeKTI{poBaHH.f,I{
eKcruryaTar.Ir{H BOAOeMOB H r.g.) [ocBffIIIeHbI MHOIOTIHCIIeH]IbIe paoorbl

A.f.  AsepKHeBa, A.B. BesnI3BecrHbIX, A.fI .  EpacnarcKoro' o'o'  BaCslbeBa'

f.B. Bocrpxefla, B.H. .[ep n6wn, B.E,. Eper.aeHKo, B.I',I. KsoHa, B'A' Kuccn'

Ha, B.M. Ilnrxepa, H.H. MarcapoBa; A.H. MlmgreeBa, A.II. Herroxafiro, H.K.HH'

KHrHHa, A.M. npyOo"."o.o, E.C. OapQoponcrcoro, B'6'  OapQoponcKoro'

T.H. Ouraroeoni'V1,.d,. IilepeHroaa, A. 
-Bagpt, 

f. /{xnprcn, .I[x' KoIrHopa'

K. CronrueH6axa, A. XapneMaHa, [' flHra H Ap' 
y6nnraqufr,

Bprecre c TeM' HecMoTpfl Ha 6onbluoe qI4cJIo XypHilIIbHbIx n:

IIoKa He IIofBHIIocb MoHoipaQuu, BcecToponne oTpiDKaIouIeH cocTofiHlle pac-

cMaTpr{BaeMofo Boflpoca.
B Hacrosurefr KHure rrpegnpvrtflTa nonblrKa ocBerrrrb

py6excnrrfi onur ilporHo3llpoBaHu'E rHAporepMrqecKoro

tturo-aglrTenefi c noguuufi coBpeMeHHoro [oEXoAa

npodnerurr. flpr'r 3ToM aBropbl crpeMnnucb 3arpoHyrb Bce

4

oTeqecTBeHHbIH U 3A-

pexHMa BoAOXparIn-
K pelueHlllo EaHHOfr
Ba)KHEfiIUI{E ACNCKTbI

[ccrreAoBaHufi rr{ApoTepMr{qecKHx npoueccoB B BoAoxpaHHllHru:txoxJlatrfi-
TEJIEX.

B nepnofi rJraBe, Hocfluleft BBopr{brfi xapaKTep, onucblBilrorcfi ocodeHHocru

Qopr"rnpoBanr{ff rr{AporepMuqecKoro pexHMa npu cGpoce noAorperofi noppt n
BOAOeN{br H BOAOTOKH, KOTOpbIe B 3HaqHTeJrbHOfi CTeneHH onpetrerlflrcT xapaK-
Tpfr rrewlrtpirlrY etrlrlt

Ilanee (rn. 2) paccMarpr{Barcrcfl ocHoBubre MareMarl{qecKl{e MotreJrH rHA-
poTepMruecKrD( npoqeccoB B BotroxpaHr{JrHrrlax (cnyxarqHe ocHoBofi Arfl qHc-

JreHHoro n SrsnuecKoro MogeJrupoaaHnx) n npllBogrrrcfi Meror,bl H trprMepbl
qHcJreHHofr peannsaquu.

B rn. 3 nogpo6no r{3rrararcTcfl pasnrflrHbre npu6nuxeHl{ble MeroEDI pacqe-
Ta' LUHpOKO npHMeH.EOMbI€ B npaKTHKe HCcneAOBaIIl{fi.

Tax xarc npu peueHnx 3a,qaq rHgpoArtrraMuKn I{ TelrnonepeHoca BDKIIoe
3HAIIEHHE HMEET KqPPEKTHOE 3Ag4Iq,!C BXOI{nIUID( B YPABHEHYIN NAPAMETPOB

(noiQQnryenros ryp6ynenrnoio o6rueita, wiiepcuu n r.n.), a in. 4 cra-
B"ETcff sa[aqH ngenruQnKary{H Errfl ocHoBrrbrx MareMarrrtecKlD( tuogeneft rn,r1-
porePMruecKl,D( npo4eccoB r{ npHBoryrcfl, npHMepbl I{)( peureHHt.

Pagsffrue MeroAoB rrltcrreHnoro MoAennpoBalrr{.fl He crux(aer ponn na6opa-
ropHbrx HccrreroBaHHfi ($usruecxoro MoAerrHpoBaHr{fi) runporepMl{qecKrD(
ilpoqeccoB - nogroMy B rrr. 5 Hsnararorcff ocHoBnr QusruecKoro MoAerlnpo-
aarfllfr.I{3} raeMbrx flBrlenl{fi n ouncuBaercfl MeroAr{Ka gKcrIepHMeHTa Ha Kpyn-
HoMacruradnrrx Motrerlflx BoAoeMoB

In. 6 nocBflrrleHa BonpocaM nporHo3npoBaxl{.fl TeMneparypnoro pexffMa
BoAoeMOB 3HeprOKoMIIIIeKCoB, rl{ApoTepMHqecKue npoqeccll KoTopblx oTJIH'
qarorcrr HeKoropbrMH xap aKTepHbrMH o co6 enHo cTflMH,

B garcnroqemae odcprcAarorcrr [ocra]IoBKa I{ cxeMbl pelueHu.ff HeKoropblx 3a-
Aaq o[THM]r3auHH ruApoTepMr{qecKoro pexHMa BoAoxprulrrllHrrl{xJralu{Terreft
( u .  7 ) .

[Ipn namrcan\]t4 npeparaeuoft wrarerlrc KHIITn ncnorlb3oBanncb AaH]IbIe,
nprrBeAenHbre B coBercKofi n npy6exHofi nuTeparype nocnetrHrD( ner, a raK)Ke
MarepHarrbr, non)rueHHbre aBTopaMH so BHHHr nverur E.E. BeueHeeBa npH
r{ccneAoBar{Hu Bo4oxpaHrmnrrloxrraAurerefi geficrnyroulrD( H npoeKTrrpyeMbrx
TetrnoBbrx H aroMHbrx gneKTpocra]rqfiri - 3]trescrcofr, Yrneropcrcofi, Eeperoa-
cxoii, 9epHo6uJrbcKofi, I0xso-YrcpanHcrcofi H MHorHx trpyrux.

Hgnoxenfie firrlrocrpr{pyercfi npuMepaMr{ peuleHl{t Mero,ruqecKr{x 3agaq H
}rccneAoB aHr4n KoHKperHbrx BoAoxpaHHnHul-oxna[Hreneft T3C, A3C n 3Hepro-
KOMIIIIEKCOB.

Anroprr rpr.r3HarerrrHrr npoQeccopy, AoKropy rexHr,rqecKlD( HayK H.A. tIIe-
peHKoBy 3a pflA rleHHrrrx aauevaHnfr, rrreHHbrx B fipoqecce paoorrr xag
rcrnlroff.

3arrleqaru.a n noxena'rmn aBTopbr fipocflT HanpaBnflrb ro agpecy: ll3l14
Mocrcea, M-l I 4, Illnrcaonan na6., 10, SneproaroMtr3Aar.

A e r p a r
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OOPMHPOBAH HE THtrPOTEPMIFI ECKOTO PEXHMA

,^r. ̂  a, rr nn 'rr.:.rr a\. rrDr.r Dr.rrrvrrfF rrnnorPETofr BOtrbI i
dlk,firflq\ Yr DrotAvE '*AP 4 

I

l . l .C}ICTEMATH3AIIHflTHApoTEPMHqEcKHxnPoUEcCoB
nPu BblIIvcKE noAdrPETbiX BOA B BOAOTOKH H BOAOEMbI

Ing,porepMr{qecKHfi pexHM B BOAOTOKIIX H BOAOeMD( {optwtpyercfi IIOA

Btp1fiHueM KaK nPl{poAnrrx HeynpaBIlfleMblx Qarcropoo (conueunaa patrt4a\fifl''

Uc[apeHge, K9HB9KTIIBHLIfr TSII1OOfiMSH, BeTep' UOpQonorKIeCKI{e OCO6eH'

;;;; pqaoer'ra), r.x u OaKropoB, KoropblMlt Mo)I(Ho ynpaBnflJt:llo"^ecrBo

r.O"p..*;ft t'COpicot"ueMofi nogorpeiofi ngml' ycnontlr BOAoBblnycKa I{

sono3a6opa, cTe[eHb noAorpeBa BOtru I{ T.A.). IIpn BbIIIyCKe oonrruoro ro'

il{qegTBa nOAorPeTOfi eOl{br B BOEoeMD( H BOAOToKiD(' KaK npaBHJIO' BO3HI{'

KaroT CrparnQUU{poBaHHbIe TerIeHHl' KoTopble CyqeCTBeHHO OTnl{qarcTgfl OT

reqeHufi npg H3oTepMnqecKOM peXlIMe. 3HaHHe oco6eHHocTefi QopMI{poBaHI{fi

cTpaTH+HI${poBaHH;Ix Teqeggit no3Bollfler IleJIeHanpaBneHHo nogofiTl{ K }Ix

peryirl{poBaHl{Io H B I{TOre K perylHpoBtlHl{Io TeMIIepaT}T)HOrO' XUMUIIeCKOTO

u 6uonorflqecKoro PelsMoB.
flocronlry nryueggeM OopMHpoBaHI{f, H perynnpoBaHu'E cTpaTI{0HIII{po'

BilHHbD( reqennfi npl{ BblrryCKe noAorpeTofi BoAbI AeTaIIbHo Haqit.1rn 3aIInMaTbCfi

cpaBHHTeJIbHo HeAaBHO, qenblft pfiA BonpogoB eule uCg;.IeAOBaH HSAOCTaTOTIHO'

Paccvtorpnna Bo3MoXHble cxeMbl Qopr"rtrpoBaul{f, cTpaTuQlflIl{poB€Hflblx

TeqeHHfi H Mepo1rpr6Tr4n. no sx peryIIHpoBaHI{Io np}I BblrrycKe noAorpeTo}I

BOAbI B peKI{ H npoTortHble BoAoeMbt' BoAoxpaHI4ItIilIaOxJIaAIITeIM' KpyIIIIbIe

,1 Uy6oKoBoAr{bIe o3epa H BoAoxpaHI{1HuIa' a TaKXe npg$pexHble yIaCTKI{

Mopeit.
B percax H cHJIbHo npoTotlgblx BoAoeMax B 3aBHcHMocTI{ oT MopQoflorfi'

qeCKI,rx, rnU,ponOrHrIeCK-HX OCO6eHHOCTefi' Offlervra 80409T60pA V BOAOCOpO-

ca, CTeneHI,I HarpeBa BOAbI' KoHCTpyKTI{BHbIx oco6eHHocTefr BoAO3a6OpHbD( tl

BoAoBbrrrycKHblx coop1rxeHgu Moryl Bo3HHKHyIb pa3nl{qHble cxeMbl $opMU'

poBaIlHE reqeHHft (Puc. l . l ) .

C X e M a I. BrrnycxaeMafl'fioAorpeTafi BoAa nog11e [epeMeuIHBa]II{fl ee Ha

He6oflbttloM fIacTKe y BoAoBbInycKa pacnpocTp.anfl'eTcfl' HIDKe BoAoBbInycKa

B BHtre KoMraKrHofr crpytt, B3au;ogel{cTBitoqefi c peqHofi Bo4oft' IIpu onpe'

AeneHHbIXycnoBHf lx l loAorpeTi l f lBoAaMoXeTpacnpocTpal l l lTbcf lToI IbKoB
I'prxrr.r cnoe (a), B trpyrui cnyt."x ro Bcefi rny6l{He !?: TycrBI{e 

ryp'

$yneHruoro Bog,oofiuena u oxJIaxAeHHfl BoADI Ha oIIpeAeIIeHHof g,ll.luue BotrO'

TOKa IIpoHcxoEHT BblpaBHlIBaHHe reMneparyp'

C x I rur a lI. I1prl orpegeneHHblx rgAporepMl{secKgx ycnoBl{rl( BblrrycKa-

eMa.fi noAorperaff BOAa nocJle nepeMelllllBaHH-ff pacnpocTpaHfleTcf HIDKe BOAO'

BbrrrycKa 11o Bcefi 1IIupHHe BoAoToKa B BepxH]Ix CIIoffx (a) wn no BceMy

ronepeqHoMy ceqeHHlo (6).

6

€

Exenalf

Pxc. l.l Cxerrru Qoprunponanfifl. crparnQru{poaaHHbD( TeHeHufi r pexa,r ll fiporottubDt.

Cxena. I A - A

al 6j

/
pacnpocrpauenne cdpacrrsaeMofi noAorp€nofi ndw,
3 - sogosrrrrycK; 4 - noaepxnocra pLsflana 7/

6

C x e u a III. B cJr) rae, KorAa Kr{I{err{qecKoft 3Heprnu peqHoro noroKa He-
AOCTaTOWTO Wrfr OTTOHa nOAOrpeTOfi SOAbr HHx(e BOAOBbT[yCKa, no{OrpeTafl
BoAa 6yg,er pac[pocrpalfllf,Tbcfr. B BepxrleM cJroe Bblrue BoAoBbI[5/cKa,'1gg AoXo-

.trfl tro BoAo3a6opa. Oopasyercfl. rcIIr{H .TerIIIofr BoEDr, Koropbrfi B3ar{MoAefi-
cTByeT c peqHbrM rroroKoM qepe3 noBepxHocTb pa3Ae[a. Ha gToM ]4IacTKe Bo-
AOTo Ka BO3HrrK aeT ycroftqr.rB ar EB y)(fi Ofi Has reMnep aT wKe.fl cTparI{oHK aIsLfi .

C x e r"r a IV. B cJrfrae, Korga pacxoA BogoroKa HetrocraroqeH ErIff o6ec-
neqeHrlfl BoAocHaox|ennfl, T3C no fiprMorotrHofi cxepre, BoAocHadxeHue 6yget
ocyrqecrBrrfrTbcfr. Ha cMecH peqHoft H rroAorperofi Botrbr. MexAy BoAoBbrrryc-
KOM H BOAO3a6OpOM BO3HHKaTOT yCTOftqHBbre npOTr{BOnOJTOXHO HanpaBneH-
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Pnc. 1.2. fnqpannrnecKne npoqeccbl Ha BoAoBbI[ycKe:

a, 6 _ orxpslrufi KsHa'I; 8,2 - orxprrrrtfi KsHan f crRvepacnpeAeJlHTenrnofi Qnnrr.

pyIgrr,.n nWOtn; - d - nunycK qepe3 fprpqarrrfi rpy6onponoA; I - peKa; 2 -soAosH'

uycrcrof, KaHu; J - nonepxHocrb_pa3Asia; 4 - crpyePacnpeAellgTerlunar $nnrrpyloqaff

;;;6;t 5 - 6eperoso1 xonoAeu; 6 - Arryqarrtfi rpv6onpoaol

Hbre crpargQruHpoBaHgbre reqeHufi. IIpn onpeAeIIeHHbIx rHApaDnHqecKI{x yc'

rroBr{fix qacrb noiorperoft Bogbr 6ygei pacn-pocrpauffrbcfl (aurclnrulrarbcfl)

B BepxHeM CJIOe BbIlIle BoAo3a6opa.

B prcc*.TpHBaeMbrx cnrrafix peryrnpoBallHe crparnQnuHpoBaHHblx Teqe-

nrni nor"rHMO ycTpOfiCrsa pa3n[qHoro poAa coopyxen[ft HenocpeAcTBeHHO B

BoAoroKe MoxHo ocyrqecTBl{Tb nyteM o6ecneqeHl{fi cooTBeTcTByflUero rHA'

paBrrr{qecKoro pe}o{Ma Ha BoAoBbInycKe H BoAo3a6OPe'

Bunycx [oAorpeTofi noADr B BOAOTOK qaule Bcero ocyluecTBnfieTcfl' oTKpbI'

TbrM KsHarroM 1p".. 1.2). B 3aBHcHMocrI{ or rl{[paBnl{qecKux ycIIoBHfi pa-

6oru KaIIana MoXHo BbIAeIII{rb Apa pex1gua. [Ipn nepBoM peXHMe c6pacrt'

BaeMafl BoAa ApruKercf B KaHiUIe no Bceft rny6nHe (pnc. l'2,a)' llepenaeurn-

.BiIHHe noqorpeTOft soAnr c peuHoft npoucxoryr B BoAoToKe cpa3y 3a BoAoBbI-

rrycKoM. Bropofi pexuM XapaKTepngyeTcfl TeM, IITO B HIDIKHI{e CJIOH KaHana

BneAptercfi perlHafl BoAa (puc. 1.2,6). IIpu raKoM pe)KHMe cylqecrBeHHo

yMeHbIIJaeTcfi I{HTeHCHBH9cTb [epeMeluwnaur4fl' noAorpeTofi soAbr c petmofi'

b6ecneqeHl4e Toro 1IJIH sgoro pexl{Ma Ha BoAoBblrrycKe AHKTyeTcfl Tpe6oBa-

HItffMH oxpaHbl soAnofi cpegbl or 3ar

T3C. Tarc, npu orKpblroM Bor,o3a6c

HHTeHCHBHee nepeMelrlarb B 3oHe BOAO

Hofi Bo4br; rpu rnydnrHou rogoaa6ol

HO CO3AaTb BTOpOfi peXOlVr 4nn o6ecn

Ilbr H3 HH)KHerO CJIOfi.
PeryrmpoB aHHe crpamQuryIpoB allHbrx Teqetuft proxer 6ntm ocyuIecTBIIeHo

rrpn noMouII{ cTpyepac[peAerIHTeIIbHbIX coopyxetrnfi (Hanpnnaep, Qnnlrpy-

routefi AaM6br Ha pHc. I.2,e H e), pacnoJloxeHllbrx B KoHUe OIBOA'LUeTO KaHa-
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Pnc. 1.3. IunpasnntrecKue npoueccbl na noqosa6ope:
a - orKpbnrrfi xulan (xosu); 6 - rny6uHnufi no4ora6opi I - peKa; 2 -solpsx'

6op; 3 - noaepxxocrbpa3Aerla; 4 -ra6putLnafl crenKa

na. IIpH BbtnycKe nogorpeTon Bo,U.bI IIePe3 Sunrrpyroqylo traM6y Moryl Bo3-

HHKHyrb TaKHe )Ke rH[paBJrHqecK[e yclloBrlfi, KaK H B OTICpbITOM KaHaIIe.

Korna Bo3HrrKaer Heo6xoAr{Mocrb I{IITeHcI{BHo nepeMeularb noAorperyrc

xloAy c pet{Hofi, BbIrryCK BOADI MoxHo ocyulecTBuTb tlepe3 EITIPT{aTbIe rpy6o-

rrpoBoAbl, KoTopble pacnonararcrcf, Ha AHe BogoroKa (puc. l.zd). B aror"r

cryrae ilpfi onpeAetreHHbrx ruApaB[IgecKI,IX yCIIOBH.SX nepeMel[illlHaf, BOEa

c 6onee BbrcoKoft TeMnepar)rpoft, qeM pequafl, Moxer pacnpocrpaHurbcfl raK)Ke

BbIIIre BOAOBbITTCKa B BI{Ae KIIHHa.
IugpaanruecKge npoqeccbr B orKpbIToM BoAo3a6opHol"t KaHarIe I{JII'I KoBlue

(puc. i.l,o1 orlruqarorcff 6onburofi cnoxsocrblo. [Ipn ycrofi'rmofi reMnePa'

rypnofr crpar14QnKarg'tu Ha Bxoge B KaTIUI oEpaayrcrct npocrpaHcrBeHHble Bo-

nbropornrre o6nacrg KaK B BepxHeM, TaK I{ B HIDKHeM crlotx. tlpn HenpepblB'

nona 6orcoBoM or6op€ Bogbr noBepxHocrb pa3Aetla MexAy cJrofiMLI B 3oHe Bo-
goaafiopa ge$op1{upyercfl' HuercrcR }qacrKn, rAe TorIqHHa BepxHero ctlof,

Aocrrrraer MaKcHMyMa. Tarc, npn BbIKnI{rIHBarIHId noAorPeroft sorbt Bblure

BoAo3a6opa ronulrrna peqnoro rroroKa noA KJrI{HoM BoAo3a6opa yNle}Ibuaercfl

Ao ftruun (car"rar ooniurax rorruuHa BepxHero cnor), 3areM BcrletrcrBue 60-

*o"oio--or6opa Bogbr npoucxogrrr BoccraHoBrlenne noreHlrl{ilflbHofi sHeprHH

H TOJrrltIIHa peqHoro noToKa yBenHql{Baercfl'.
IIpu pacxoAp( BogoroKa, odecneqr{Baroqrx npaMorortnoe BotrocHa6xeune

T3C, c qenbrc HcKrrroqr{Tb peqr{pKynflrlltro noAorperoff BOADI, B Haqare KaHana

ycrpzMBaercfl 3a6panbHilfl creHKa, c [oMoIIIbrc KoroPofi Mo)KHo ocyluecrBHTb

.rty$rxurfr or6op pe.nrofi BoAbI (Puc. 1.3,6). Dln HclcrrcqeHl{fi rotrcoca Bo'

trbr r{3 BepxHero crrofl.sa6palrHafi creHKa Aotr)KHa 6rnr aarny6newaHa onpeAe-

JreIIHyro BeIITI{Hy Ah or cauofi Hngrcofi roqKu noBepXHocTH pa3gena'
9
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Pnc. 1.4. firgpasruflecKue npoqeccLr B HerporotrHbrx no'IHocrDlo lrarp]r)l(eHHbD( Botroxpa-

Hnnfi rrlax-oxJr sgETenf, x :

a - yuo#t BbrrrycK c 6onbu-ErMrr cKopocrf,Mu; 6 - untpor<nfi arrnycrc c ne6onruntrrn

cKolrocrrMil; s - Trrmrqnbil rpaQHK n3MeHeHn{ TeMneparyPbr BoADI B noBePrcIosnloM

cloe; a - rpaQnKH s3Melreunf, TeMneparypbr BUAbt B noBepx_HocrlloM cnoe npn y3KoM

H utrtpoKoM BblnycKe; I - BoAoBbIrrycK; 2 - aoAoga6op; 3 - none'pxnocls pBAeIIa;

4 - crpyepacnpe4errqTeJrbnafl garrl6a; 5 - rcpmax nagennf, TeMneparypbl npH y3KoM Bbl-

rrycrei 6 - pplrnar II4[eHIrfi TeMneparypLl npn IrI[poKoMJbIrrycKe; T1 - TeMneparypa

Ha BoAoublrrycKe; T7 - TeMII€paTypa xa rogora6ope; T - cpeguf, TeMnepaTyp4 Bo'

AoeMa; Ts - ecrecrreHHafi TeMIIe,paTyp ai Ti" \r Ti* - reMnepaTypbl cooTBeTcTBeHHo

npn y3KoM H trtrrpoxoM BbrrrycKe; Sl - r;6uraArno rgore,pr'lbl c TeMneparypofi Tfi

Sl - o6urar uouatrb BoAoeMa

lnUpannwrecKue npoqeccbr B noJruocrbrc HarpyxeHHblx BoAoxpaHlmr{'

uix-oxlrla[rneJrfix, xapaKTepr{3yrorqrD(cfl reM, qTo TeMIIepaTypa BoADr.Bo BCeX

ToqKO( BoAoeMa Bbrrue ecTectseHHoft TeMnepaTypbl BOADI' ntIIIIoCTpHpyIoTCf,

pgc. 1.4. B peeynrrare npoBeAenHbrx [a6oparopHbD( Ir Harypllblx HccneAoBa'

uni 6rno ycranoBJreno, rrro npr{ BbrrrycKe rloAorperofi BoADI B BotroxpaHllnn'

ule Ha HaqarlbHoM He6oJIbIuoM ero flacrKe (3oua I na pnc. I.4,e) nponcxoRur

pe3Koe cHI|)KeHHe TeMnepaTypbr BoADr B nOBepxHocTHoM cnoe' 3a cqeT nepe'

MeurilBar{ufl cfipacblBaeMofi BoAbr c ox[axAeHHbrMH MaccaMI{ BoADI. B ga^an-

cr{Mocrg or rr{ApaBrrfiqecKrD( ycnoBr{fi Ha BoAoBbInycKe' vropQoncirrlecKlD(

oco6egHocrefi n rny6nnbr BogoxpaHrurlflIa B HeM Bo3HuKanr pa3Hoo6piBllble

cJroxrrbre npocTpaHcTBeHHbIe TeqeHufl c oOpa3oBaHHeM KOMIIaKTTIbD( TpaH3HT'

1 0

HbD( crpyft u soAoBopornbrx o6nacrefi. flortnauo grlrx npoqeccoB BcneAcrBl{e

oxJroKEeHHff BoAbr odpaeyrorcff nporrrBorlofio)Kno HarIpaBneHHbIe crparuQluu'

poBaHHbre reqenil.E. Oxnaxg,euHafl BoAa ABI,DKercfi B HlrxHID( cJlorx B cropoHy

BoAoBbr[ycKHoro coopyxeHH.fi, [epeMelrrlrBaercfl co copacblBaeMofi BoAofi, H

era cMecb pacnpocTpa[freTcfl B BepXHD( cJIo.Ex Iio soEoxpaHllnnqy oT BoAoBbI'

HsreHcurHocrb crparuQuq{poBaHrlbrx reqeHnfi Bo MHoroM onpeAenfl,ercfl

HHTeHc rrB Hocrbro npo UeccoB ox'I DI(AeH fifl n KoHCTpyKTIIBHbIMTI oco 6euHocrs'

Mr{ BOAOB bInyCKHOTO COOpyr(eHHfi .

Yqurrrs ar oco6 eHHo crn QopM upoB?rnurfl, B Bo4oxpaHl{rluulil(oxJra,4lrrenfl(

crpar[Oril{,ryoBaHHbrx reqenr{fi, Mo)KHo cyulecrBeHuo npu6nn3l,[Tb BoAo3a6op

K BoAoBbrnyCKy, He cHrDKaff oxJIaxAaIotJIyIo clloco6HocTb BotroxpaH]Irl[Ua.

Botroor6op ocyqecrBrr.ffercrr r{3 HT.DKHID( oxJIDKAeHHbIx cnoeB c floMoulblo cne'

rlr{rurbHbD( Bogo3a6opHbrx coopyxeHrrfi, Ha BxoAe KoropbD( Aon)KHbI 6ltrt

o6ecneqeHbr rr{ApaBJrr{qecKue ycJloBnfl, I{cKJrloqarcu${e noAcoc relrnofi soEDI

r{3 BepxHero cJlofl.
HHreHCusHocTb oxJIaXAeHI{.fl BOIFI B Bo4oxpaHlfluqe Mo)I(Ho peryllupo'

BaTb nrreM co3Aar{r{fi cooTBeTcTByrousD( rHApaBnruecKID( pexHMoB Ha BoAO-

BbrrrycKe. IIpu runycKe no4orperofi BoAbI y3KI{M SpoHror"r c 6ontult"ru cro'

pocrflMn (pnc. t,4,a) npoucxoguT r{r{reHcuBHoe [epeMeIIII{B:tHI{e BoAbI Ha He'

6onruovt HaqaIIbHOM ]4IaCTKe, 14 B p$ynbTaTe SToro TeM[epaTypa BoEDI B

BepxHeM fioe BoAoxpaunrrurqa, qepe3 rcoropuft qpoucxoAuT Telrroo6rvren c

Bo3ryr(oM, 6yger HH)Ke, qeM npu BbrnycKe BoADI c He6onbunlMl{ cKopocrflMl{

rrrupoKr{M $ponror"r (pnc. 1.4,6). flonHocnrc l{cKnloqurb ilepeMelrruBaHue Bo-

Ebr Ha HaqaJrbHoM )ryacTKe BOAOXpUlHrr,rrHUIaOXJIatrlrrenfl He [peAcTaBnfleTcfl.

Eo3MoxIIbrM, TaK KaK flepeMelrrlrBaHl{e BoADI rBnfl,ercfl. HeH36e)KIrblM crleA'

crBr{eM o6pasouaHnff [pornBonoro)r<Ho HanpaB[eH]IbIx crparu$lqupoBauHbD(

Teqegl{ri, Bbr3BanHbtx oxrraxAeHneM BoAbI. B orou crytae MoxHo TonbKo pe'

ryJrupoBaTb nHTeHcr{BHOcTb UepeMeurIrB:IHHfl nyreM BblnycKa noAorpeTofi

BOADI C pa3nruHbrMr{ cKopocTfiMr{ TeqeHufi. [Ipn arrrrycKe BoADI C 6OJIbITIUMH

cKopocrfiMlr nepeMeruHBaHr{e npoucxoAr{T Ha cpaBHI{TenbHo He6orbuloM

fracTKe BoAoxpaHrrrrHula, c yMerrbIIJeHI{eM cKopocTefi Ha grtnycKe, T.e. c yBe'

Irr{qegr{eM Botroc6pocHoro Sponra, nepeMerullBaHne pacnpocrpanflercr Ha

6onturyro qacrb nnoulaAr{, oAHaKo r{HTeHcIrBHocrb nepeMelulrBaflfifl. yMeHb'

IIIACTCff.
B rca,IecrBe ocHoBHofi xaparcTepucrr{Kn, no Koropofi Mox(Ho cyArrrb o IIe'

peMeurgB anlril u aQQercrr{Buocrr{ oxJraxgeHl{.fi Bogpl npfl pa3nuqubD( Bapualt'

Tax BoAoBbrnycKa, MoxHo npr{HffTb KprrBylo na[eHl{f, TeMnepaTypbl B noBepx'

HOCTHOM CrIOe nO rnOIrI4AI{ BOAOXpaH}rn[qa.
Ha pnc. 1.4,e qpI{BeAeH rrmla,IHltfi rpaQlu< H3MeHeHI{.r TeMnepar)Pbl Bo:

ADr B noBepxuocrnoM cJloe. Karc snluo ua rpaQI{KoB (pnc. 1.4,e) H3MeHe-

HHfi TeMnepaTypbr Bogpr npr{ y3KoM u IUUpOKOM BbIrryCKe, OXJIaXAaToUyX)

cnoco6nocrb BoAoxpaHnilHrrla Mox(Ho yBerlrquTb Ha at ynenwrcHreM [rI{'

pHHbr BotroBbrlrycKa, BcJreAcTBHe qero cHIDKaeTCfi. HHTeHCI{BHOCTb IIepeMe[I['

BaHI{fl c6pacuraeMofi BotrbI c oxJlaxtreHnofr.
1 1
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Pnc. 1.5. fiagpanrmvecKrro npoueccbr
[oeM:

npH DbrrrycKe floAorpcrofi BoAbr s 6onruofi so-

,l -.solosrr[ycK; 2 - nosepxHocrb pa3AeJra

Oco6enuocrn $opMr{poB arru.fl crparu+r{Ig{pots nurrbrx reqeHHfi npu BblnycKe
noAorperofi aogSr B Kpyru{bre o3epa H npHopexHbre ryooKoBoAr{b[e rlacrKu
r"ropefi nof,cHf,rorcfl. cxelfiaMH, nprrBetreHlrbrMr{ Ha pHc. 1.5. Paccr"rarpllBaercfi
TOJTbKO firrAfi BbrnycKa BoAbr orKpbrrbrM KaH:InoM.

C x e r"r a I. Burrycx BoAbr. ocyurecrBrrflercfl, c GonrurnMu cKopocrflv'n,
BCJretrCTBne qero npoHcxoAl{T HHTeHcl{BHOe nepeMerrffBaHHe copacrtaaeMoft
BOArrr C MaCCaMlr BOAbr BOAOeMa. TeUnaA CTpyfl, pacnpocrpaHffeTcfl B BepxrleM
crroe H pacrrmpflercff trog, He6onburlrM yrJroM. IIo 6orcaM crpyfi o6pa3ylorcfi
BOAOBOpOTHLIe O6nacTn.
t 2

C x e pr a II. IIpu onpeAeneHllbD( rr{ApaBnrrecKrD( ycrroBnffx Ha BbrrrycKe
Mox(Ho 3Haqnrerbno cHI{3I{Tb HHTeHcHBHocrb nepeMerfirtl,tnr4fr, BoAbI c 6onee
xonoAt{ofi BoAofi B BoAoeMe. yMeHbularcTcff Bo4oBoportrbre o6nacru, noroK
BoAbI paculnpfercff B BepxrleM cJroe noA 6onrumu yrnoM, 3Harrr{TeJrbHo
yMeHbIIIaeTCfl Tolltqlfl{a BepxHero CJIOfl nO CpaBHeHHIo co Cxer"rofi I.

C x e u a III. Ileper"re[rrBanue MoxHo cBecrn K Mr{HHMyMy npu o6ecue-
I l A l n r t t  f  a u n F ^  n 6 s r r r 6-rvrvrfr rq^vl \J yvlr\,rrvrc rr4 D\rA\rDDrrrJvAEr A\rr Ad fvlatt.r(,.Dl Drr/.lpr flJ ,tuAultlvlil

BHeApfiIoTcff B Kalliu B HIDKI{ID( cJrofi, rge o6paayercfl, rclr{H xonorurofi Bogbr.
flogorperar Bo,qa B eroM cn]ytm'e pacilpocrpilH.flercfl rro BoAoeMy roHr(HM
cJroeM [orrTH Bo BCe CTOpOHbT OT BOAOBbrnyCKa.

O6ecueqeHue pe)KHMa trBl{xeHnfl BoIFr B BotroeMe onpe[en s.ercfl. rpe6ora-
HHfiMH ero KoMruIeKcHoro Hc[o]rb3oBaurrfl, a raKx(e pa3MerrleHnfi nogoaa6op-
Horo coopyxellus. KorAa ro caHl{raprrrrvr rpeooBaHusrvr neo6xoAr{Mo )rueHb-
IUHTb 3OHbI BOAOeMa C BbTCOKI{MI{ TeMnepaTypilMH, BbrrD/CKaTb BoAy CneAyeT
c 6onlumMu cKopocrrrMl{ pul.fl. fiHTencrrBHoro [epeMerrrnBaH[fl noAorperofr no.
Ebr c soAofi BoAoeMa ua xe6onruroM ero fracrKe.

Kor4a rny6mutrfi nogoaa6op 6nusKo pacnoJroxeH or BogoRbrrrycKa, no-
trorperyrc Botry crleAyer BbrnycKarr c ne6onbrrrr{Mn cKopocrfinau, uro6tr oHa
pacnpocTpaHfracb tlo BoAoeMy roHK[rM cJroeM.

flpnaegeHnag Knaccn0uKarlr{ff orp:DKaer Jrnrrrr, ocHoBubre cxeMbr 6opr"ru-
poB:llrHff crparuQnlupoB:lHHbD( reqeHrul B per(ix H BoAoeMax IIpH BbrrrycKe
noAorperofi solpr H no3BoJlser 6onee o[peAerreHHo fiotrofrru rc H31rusqwo rt-
Ae[bHbIx rHApaBnruecKID( r{ TepMHqecKro( [poqeccoB c uenbro [on)rqeHrffi Ko-
rrHrlecTBeHlrbrx xapaKTepI{cTHK.

I.2. OCHOBHbIE OAKTOPbI, ONPEAENflMI{HE FHAPOTEPMHqECKHft
PE)I(HM B EJIH)KHEfi 3OHE Y BOAOBbINYCKA

Karc orMerra.nocb, SopnaupoBaHHe rnAporepM[qecKoro pe)Kr.rMa B BoAo-
eMD(-OXJIaAIfren.fix Bo MlIoroM oIIpeAeJIfr.ercfl. npoqeccaMH, Bo3HHKarcII[.IMH B
6nuxneft 3oHe y BoAoBblrlycrca. IngporepMr,fqecxnfi pe)KHM 6nuxcrefi 3oHbr B
3Haril{TerbHofi creneHl,I 3aBHcHr or srr6opa ycrrosufi sotroBbrrrycKa, Koropbre
B cBolo otlgpeAl' 3aBilcflT or ycnonufi nocrasnemrofi rurxerrepHofi 3atrarru.
CocpeAoroqeuHttfi BoAoBbIrrycK aKTlrBr{3r{pyer nporlecc nepeMeuruBaHr{fl, TeM
caMbrM yMeHburafl noBepxHocrH)[o reM[eparypy B 3oHe oxJra)KAeHHf, rrro
co3Aaer MfiHHMarIbHbIe no pa3MepaM 3oHbr c noBb[lIe[rHbIMH IIO yCnOBLtflM
oOecneqeuws. cat*trapHbrx HopM reMleparypaMu. Bunycrc noAorperofr aoAbr
ruI{poKHM Qpourorra, a cneAoBareJlbHo, c uedontu-trrMH cKopocrrrMu Hcreqe-
HHfl BeAer K yMeHbIueHEro nepeMerrrlrBarrufr. Tennan BoEa pacnpocrpata.ercfr,
cpaBHnrenbHo roHKI{M noBepxHocrHbrM cJIoeM co 3HaqHTeJIbHo 6oaee Bbrco-
rcofr reuneparypofi, cnocodcrByfl. yBeJrrueHnro relrlroortrar{n B arrraocQepy u
cHrDKeHHro reMrreparypbr Bopbr Ha BoAora6ope.

Csuxegue reMfleparypbl Bo,qbl s 6nlor<rtefi goue npo]rcxo4uT rJraBHbrrra o6pa-
3oM 3a cuer ryp6yJleHTHoro nepeMerxwBannfl. cEpacnmaevofr rroAorperoff so-
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H c reMneparypofi cMeIrIaHHofi solpr 7'.t, T'e'

QoTo t  QnpT"= (Qo + Qry)T"*
HJII{.

Ts rcno Q n p

Q orc* - Te

r1e QnplQo =4 - xoa$QrugeHr pas6aaneuux;
Tcv. - Te

eHT nepeMeruHBaHltfl.
IIpr onpeAerreHHr{ 3HTanbnHI{ cTpyfi IIo LI3cbITOt{IIbtM 3HarIeHH-flM TeMnepa'

Typbr npeAnoflaraeTcfl, qTo BoBIIeKaeM:Iff BOAa He flBJIfleTCfl TeIIIOHOCI{TeIIeM

H ee H3$bITOqHaff TeMnepaTypa paBHa HyIIrc. Karc npanl'IJlo' B peallbnblx yffio'

Btr.flx paBeHcTBo (1.1) He co6flrcAaeTcfl,IlocKonbKy B pe3yIlbTare npoqecca

rerrloo$MeHa qepe3 noBepxHocTb pa3geI1a-BoBneKaeMblfr B cTpylo pacxog

QnO- ,*"eT TeMnepaTypy HIDKHeTo cJIofl I"." ) 7". B HIDKeHepHbIx pacqe'

Tax npr{HqMiuor S = ?, TaK KaK pa3HOcTb MeXEy 3TI{MI{ K93$+HI4ISHTaMH He

npeBbruraer lo-15%.
MoxltonpeAcTaBHTb'IITo6oneexoflotrHirf iBoAaH3HIDKHerocnoflBoB'IeKa.

eTCfl B CTpyIo Tennofi CO CKOpOCTbIo BepTHKanbHOrO BOBneTIeHI{fl Wnepr' O

c 6oKoB - co cKopocrbrc 6orosoro BoBfleqeur{fl }i/6o*. flpu nuceHepHblx pac-

qeTax 6orcosltr"t BoBIIeqetMeM HHorAa [pege6peraloT BBI{Ay TorO' qTo 11poqecc

BOAOO6MeHa Mex.u,y cTPyefi H BOAOBOpoTHbIMH O6nacrnn'u He oKa3bIBaeT

cyUeCTBeHHoro BIII{ffHHfl Ha TeMnepaTypHblfi pexq{M 6nnrcrefi 3oHbI'

O6nr,+to paccMarpl{Balor rpn 3oHbI rrn qacrn crpl":n (puc' 1'6) '

B goHe I nonepeuuoe ceqeHlIe CTpyH He3HatI[Te[bHo oTJIHtIAeTCfl' OT pir3Me-

poB BbrxotrHoro ceqeHr{.ff KaHarra, pexHM TeqeHH.ff B ee npeAeflax 6[u3oK K

napaJulerlnuo-crpyfrHo My ;
B rrpegenax aoglr Il HafinroAaeTcfl pe3Koe yBenl{qeHne nonepeqHblx pa3Me-

poB cTpyH 3a cqer npouecca BoBneqeHHfl;

B npegeIlax soHir III nonepxHocTb pa3AeIIa ycToftqgBa' BoBIleqeHI{e B no-

TOK He3HaqHTeJrbHo. PacuupeHHe CTpyH B rmaHe npoficxoAl{T 3a Cqer pacre'

KaHHfl noA AeficTBHeM rpaBI{TaIS{OHHbIX CHJI'

pfiA Hccre'oBarerref (nanpnr,rep, V.14. Marcapon [65]' ,E.K' 
Tpy6nua

[113] , f . .ll2rclpKa [139]), crpyKTypHo o6be4{HffIor 3oHbI I u II B 3oHy co3tra'

Hr.rfl rIO TO K a, I',IJIH 3OHy HI{TeHCHBHOTO [epeMeul]rB arlltfl"-- 
A"il, 6rrr*" rpoqecca rrpu pacu'rorpenrur cKopocrHblx I{ reMneparyp'

Hbrx rroJrsfr s 6nu)or;fi 3OHe rro3Bonfler BbrAeJrr{Ib TpI{ rpynllbl noKa3aTenefi'

OnpeAenfiIoullD( ee rHtrpoTepMl+Iecrctfi pexorM: reOMeTpI{qeCKI{e' KHHeMaTI{'

qecKHe H TeMlrep.arypHble (nnornocrllble) '

l 4

To - Tcv.

(  1 . 1 )

= s - KoeoortrIfi-

f  e o  M  e r p  H s e  c  K n  e  r r  o  K a s  a r  e n H :

hs,'2bs,Qo- rtIy6HHa, IrrIfpI{Ha H ruIolqenh noneperlHoro
BbrrrycKa;

ceqeHl{ff BoAo-

H
m

- r[y6ffia BoAoeMa;
- yrcnoH AHa BoAoeMa;

hc, zbc - Tonu[ffia I{ ruupuHa crpyfi;

b.r^*" 
- MaKcHMarrbnafl Tonu[ma crpyn;

h c - cpe4rflfl rro urrrpnrle ronus{Ha crpg',
(oc - nnou.lzl[E nonepeqHoro ceqeHllff cTpyH;
La., - npor.DKeHHocrb 6nnrcxefi 3oHbr;
f,10., - FIoITIaAD 6nroffiefi 3oHbI.

lEnuxnen nnai

JonaI I Jonall t Sonalll i

x2

TgtPo,

Boflneqenue

Prrc. 1.6. Cheua rugpore,pMrflecKoro npoqecca s OnHxHen :rone

l 5



K  H  n  e  M  a r H q e c  K  H  e  n  o  K  a 3  a r  e  J I H :

l'e - cpefiI{flfl cKopocrb cTpyfi B CeqeHHu BoAoBbIIrycKa;
rs - [OBepxHoCTlIils CKopOCTb TeIIeHfifi nO ocH CTpyI{;

vc - cpestfi.E no rny6Hl{e cKopocTb TeqeHH-E nO OCH CTpyI{;

paKTepHcTHKH rHAporepMHqecKoro pe)Kr{Ma rrpH BbIpafuTKe pacrleTHbrx 3a-
BHCI{MOCTCfi.

5. MecrHoe rurorHocrHoe qucro Opyla

crpyH;
Tc, pc _ cpetrHHe no rny6HHe TeMnepaTyPa H IInOTHOCTb BOgbI Ha ocH

= 
crpyH;

7", F" - cpe$rfffi IIo cer{eHHlo crPyfi TeMneparypa vr rulorHocrb;

T^.", Pn.. - TeMnepaTypaw ruIoTHoCTb BOtrbI B HIDKHOM CIIO€'

.[nn rcaqecTBeHnoro aHanu3a xapaKTepHcTIIK rutrpoTepMlflecKoro pexCHMa

s 6nuxHefi goue o6rgHo 1lonb3yloTcff Kpl1,leplrflMg u 6eapaarrepublMll BeJIH-

rrHHaMH, KOTopbIe paCCqUTbIBaIOTCs nO [a6opaTOpHbIM H HaTypHbIM AaIIHbIM:

l. o'uorueH'e ta3Hocrn rrrrorHocrefr ecrecrBeHHoft 'H floAorperofi BoAbI

K lrnorHocTH ecTecrBeHHOH BOAbI

(p"  -  Po)  lP,  = aPolP" '

-' . ( ) l l lrtt' ll I ('.r lt llirq fr 1''rP3'r 1 16ptt:tq r('rtn(r[r&T\Jrs

(T. G)/ tro C) = Arc/Aro .

3. Qncno PefruonrAca

Re = vhfv,

rA€ / _KI{HEMATIilIECKUUI Bfl3KOCTb.

4. flnorHocrHoe qucJro <DpyAa, orHeceHHoe K CeqeHI{IO BOAOBbInycKa' Ko-

TOpOe MOXeT 6rrrr 3arrHcilHo B crreAylo[u{x Tpex BHAtlx:

Fro  =

f f o  =

FtJ '

rAe I
3JnOTCfl

1 6

vc - cpeAHflfl cKopocrb no ceqeHKlo cTpyH;

T e u n e

To,  Po
Te, Pe
T s ,  P s

p a r y p H b r e  H I I H  n n o T H O C T t t b I e  n o K a 3 a r e r I H :

_TeMnepaTypaHI InoTHocTbBo ID IBceqeH le lBo t roBb l l t y cKa ;
_ecTecTBeHHafTeMnepaTypaHt I ] I oTHocTbBoAb IBBoAoeMe;
- noBePXHOCTHaA TeMnePaTypa H InOTHOCTb BOA'br rlo ocH

6. /[ucrperHoe qucJro ltlqaptrcona

Ri = s !!9- h"/r! = tfFr*z .-  
P e  

v '  v  '

7. Uncno Kefrrerana

/  a o ^  \ t / s ,
Ke =  |  s  - -u  I  l vc .

\ - P e  I
8. Typ6yneHrHoe qucrro [Ipan4rnx

Pt, = urfa*

Karc npanmo, Bce rpaQuuecKr{e 3ar}rcHMocru crponrcfl n 6eapaevepubrx
KOOpAHHaTD( BlrEa

x r  x r  x 2  x 3
--:3--- lLll'tl -}., ;= r -

l h o b o  G o ' b o ' h o '

rAe xi KoopAHlrarbr B npffMoyroftHofi cHcreMe KoopAr&rar, nprueM
xr H x2 - KoopAI{I{aTbr cooTBeTcTBeHHo BAoIIb u nonepeK rroToKa, x3 -Ko-

opru{Hara BA,onb BeprnKanrHofi ocu.

1.2.1. Onpegenerue roe$QrugleHroB rrepeMerrrHBarrrrfl, H pa3baBneHnff

KoeQ0nuueHr rlepeMelrleHllfl ,t H3Menfiercr or 0 go KaKoro-To MaKcH-
ManbHoro 3HaqeHHt sr,rarcc Ha rpaHKlle 3oHbI HHTeHcHBHoro nepeMeIIIHBaHvIfl,,
r.e. dnrcxneft 3oHbr (puc. 1.7,a). MarccnuarrbHoe 3HaqeHHe rcoe$Su4ueHra
nepeMerrrlrBarrnn snraxc onpeAenffeT cTe[eHb cHr,DKeHufl TeMnepaTypbr Bofi,rr
3a cqer npoqecca nepeMerrrr{B arur4fl.. PeureHue 3a4arru no o[peAeJreH]rro xoeQ-

QuqueHra s cBoArrrcfl K o[peAeneHnro reM[eparypbr T",nn Ha rpauurle 6nnx-
Hefi goHbr. Tertrneparpy cMecu onpeAeJrflrcT Ha ocHoBaHHLr ururnsa reMlrepa-
TypHoro [orr.fi flnutarcft 3oHbr.

Xaparcrep lr3MeHeHlrn rooQQralueHra paa6asneHnd n (puc. 1.7,6) aua-
JrornqeH xapaKrepy r{3MeneHnn rcoeSQr4reHra s. (h.rsll.recrcsri cMbrcJr Berrr-
rIt{HbI ? cocToHT B TOM, qTO OHa flBilfi,eTgfl, r"raCCOSOfi XapaKTepUCrUXOfi npO-

T 7

P* 'c  ( .  i ,  "  '  ' . ' i

ffiIdfi tiJtr&g r'']'[ ]-KA

- ycKopeHne cao6ogHoro na,qeHntr'

lr.fi oueHKH BJrI{.flHg-n oco6eHuocrefi

Tpu nnga qrcla OPYga ucnoJrb-
reoMeTpHI{ BOAOBbI[ycKa Ha xa-

t  l ^ -

',f Jr"#V;;'
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HHfi, aBTopbr rrpeAlroxnnll BBecrH KosQ+HIpleHT ylvreHbueHH-fl nepeMeUII{Ba'

Hrgfi, y1;,fi. ycnoaufi MerrKoBo4b.fl, Koropbrfr onpeAeilflercfl. KaK oruoruenHe $8r'

Tl+recKoro Ko3QQgqrreHTa [epeMerrrr{BaHl{-fl ?" K o[peAeJlfleMoMy no 3aBHcH'

Mocru (1.3) qepe3 Fro ,
l tE

fs = n*ln' (1 .4)

no[)^IeHa CneAYIouIa.fi

( 1.s)

( 1.6)

(1 .8 )

(1.e)

l r 2

lr0
0 x//ho

hrc. 1.?. Kpnarte H3MeHeHHf, xoes$nrfxegroB IIe,peMeilIHBaHHtr s (a) u pas6aanenux

n(6), non}^teHHbte M. Kanar'loro [126]

Uecca nepeMeIIIHEaH11fr. 3a[aqa o11pegelle ? cBo[;{Tct K ollpetreneH1111)

3HaqeHl{.ff npHcoe$'trIeH}Ioro pacxoAa Qnp = -"i" - Qo'

B nacrosulee BpeMfi Wf, ycjrcBnfi nnbcKofi 3aAaqu (ercnepHMeHTbl B JIoT-

Ke) HMeercfl rleJrbrfi psg 3Mrrr.rplflecKlD( 3aBl,IcuMocrefr Artff orlpeAeJleHlrff Ko'

eQQnUeHToB s H ?, HaHfunee H3BeCTHbIMI{ I{3 Koropblx flBrlfiIoTctr cJletry-

rouIHe.
1 )  3  a B  H c u M o  c r  H  K .  C r o  J I b I I e H  6  a x  a  H  E X a p J I e M a H a

[ 36] AIIfi oIIpeAeJIeHILff Ko3QOI{1g{eHra nepeMerluBaHg.fl no ocg crpyg

,s =
Ts Te =  1 , 0 F r j ;
?tr"r Te

Koa+QIa1HeHra pa36aBJreHl4ff

Ha ocHose aKcnepuMeuTarrbHblx AalIHbIx 6nwa

sMIIlIpHqeCKafl 3aBHCI{MOCTI' :

-  /  o , t s  \o '75  og t "9  
>  o .75 ./s =(ffi) o;rr' H v"e'

2 )  3  a n  n c H M o  c r b  M .  K a B a M o r o  U 2 6 1 ,  I l p u n n n a f l : a M a K c 1 1 -

MarrbHbrfi pacxoA crpyK Q(Q = Qo + Qn) pacxoA Ha )AacrKe, rAe dQ/dx 1 = 0

(cr*r. pnc. 1.7), aBrop llonrrHn cneAyrorqyro sMItrIprueCKyIo 3UIBHCHMOCTb:

O u a x c = 0,9 (Fro ) 
I /r

KoaQQrqneHT nepeMeunBilrrr{.fl onpgAerrffeTcff rro crleAyloulefi 3aBlrcllMoqr}r:

(1 .7 )rJ . * .  =  0 ,8 (F r6 )  l / 3 .

Ha ocHoBe noflfleHHbrx E:lHHbD( 6tuo BbTRBJIeHo' qro npH 3HaqeHH.Ex

Fr6 ( 2 noqru He HabrrrcAaercfi cHrDKeHnt reMneparypbl BoAbI B noBepxno'

CTHOM CnOe Crpyl{ 3a cqeT [pouecca nepeMeIrII{BAHVIfl"

3 )  3  a s  n - i n M o c r b  M . B a r  a ' a 6 e ,  t r I . X a p J I e M a H a ,  [ X . K o H '

H o p a  U 5 7 l

s  =  l , 4 t h + @ W .

1.2.2. OnpegeneHlre Ko3+QtUgerrra BepflIKa;IbHoro BoBneqeHI{R

KoaoorafneHT BepTHKarrbHoro BoBleqeHH.fi q, Ifiu Ilpocro BoBJrerIeHHfl'

rrpggflr B KaqecrBe ocuoBHofi 6eeparMepuofi xapaKTepucrrr'Kv KHHeMarHqec'

KrD( [apaMeTpoB npo4ecca llepeMetrlwBaHnfl .

Teo p erll.r elrcoe b 6oc Hos aHr{e no Hfl rr{.fl Bo Bn e qenun ErIr crp aruQuuupoa a _r'
HbD( noroKoB BrepBble 6bIIIo AaHo T. SmncoHoM n Lx. Tepneporvr [133],

Koropbre ncxoryJru nr $nanuecrcofi rl4[ore3bl o nponoplf{oHanbHocrH cKo'

pocTg BepTnKanbuoro BoBlleqelu{.fi waepr 6onee rmOruofi )KIItrKOCTI{ H3 HI{X'

Hero cJrofl B crpyro MeHee rurorHofr cpe4neft no ceqeHlllo cKopocru noroKa H

onpeAerlllnH Ko9o+IqI{eHT BOBJIeqeHEfl KaK

f,Ipegnonarailocb, rrro BoBfieqeHfie r{,q,er noAnpsMblM }ruloM K ocHoBHoMy no-

ToKy I{ 3aBHcHT or xapaKrepHcruKu ryp6yneHTHocrx.
l 9

Q o

(r.2)

,
n =

Q n p  +  Q o = 1,4Fri  . (1 .3 )
ub rpt I

g  =  _ -  
=  =

v^ r>
w C

Q o

3anncur,rocrw (1.2) H (1.3) non)^Iellbr Nrn Yrcnonnfi BoAoBbIrrycI(4 B rny-

6oryro BoAy (onrt16t c BeprgKalrsofi creuKoff) npn co6nrc[elil[I HepaBeH-

ar". h".*^-*"iH < 0,75. Ilocrconrry Wfr npaKTHKH 6onnuroe 3HaqeHI'Ie llMeer

BbIIIyCK BOADI Ha MeJIKOBOAHbTe rlacTKI{ C UeJIbIO yMeHbLIIeH}If, nepeMeIII}IBa'

1 8
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KoaQQruHeHr 6oKoBoro BoBJreqeHHff

o6ox = w6o*1i",

rAe 46 H O6o*

'n'pa rroToKa
_ NOCTO.fiHHbIE BCJIHTII{HbI, IIPHTIEM, IIO AAHHbIM OttbITOB, B 3OHE
d6o* = ds = 0,0286, B Apyrux oGnacrsx d6ox = do =

f t ' ' (rr12 to
Pnc. 1.9. 3asncgtvrocrb
MexEy roe$QnruenroM
BOBTEqEHH' (I H 'IOK:IIIbr

HbrM '{ucnorur Opyga Frt

0r2 0r* 016 Ri no AiurHbrM .UX. Jlnua u
A. Ymroxa[ laal

Puc. 1.8. 3asucurtocrb MexAy KoeQQHqHeHToM BoBteqeIoIJr (I H DrcKperHbtM qHcJloM

PruaptcoHa Ri:
- 3nnucou n TepHep; - IIy u Bauuapn; - A6pa-uonx'I;

--X- Vu.nxxncoH; roqKu - BaAa

Hssecrno, qro rparq,r,IeHT lrrlorHocrn, oEecneqlrgatoryffi flnaBflecrb, B 3Ha-
quTenbHofi Mepe orpanr{rruBaer BeprnKirrrbHoe [epeMe[rHBaHHe. floorouy a

[133J EgcKperHoe qucno Puuaprcona paccMarpuBanocb KaK KoMntreKc, xa'

paKTepr3yroufffr crefleHb ycroftqnBocrn crparnQnl$rpoBauHoro noroKa, rr

cIIuTiuIocIJ eFo ocIIoBHbIM [apiMeTpoM, OT KOTOPOTO 3ABI{CHT KO3OOTil.IHEHT

BoBneqeHH.E, r.e. 4 = /(Ri),  rAe

A n

Ri  =  s?+h" t " : .- P e

O6o6ru{B traunbre pntra uccJreAoBarerrefi H He nonflfiB qerKofi 3aBHcHMocrI{
q = /(Ri) (puc. 1.8), aaropbr reM He MeHee paccMorperu rpaHl{qHble 3Ha'
qeHHff, IITO npHBeno K cneAylo[s'rM pe3yIIbTaTaM:

R i ' + Q  a  = 0 , 0 7 5 ;

d -) 0 Ri = 0,83 + 1,0,

T.e. 6bulo ycraHoBrleuo, rrro npn yBerIErIeHI{H ttl{cna Ri sosneqeHne yMerlbllra-

ercff, a HaqHHafl co 3HaqeHHfl Ri = 0,8 HM MOXHO npeHe6peqb.

,t1,. XapneMaH, K. Cronrueu6a.r [136], P. Kox [143] Hapnny co cKopocrblo

BeprHr(anbHoro BoBJrerreHHfl wsepr paccMarp*IBut|r cKopocrb 6oronoro

BoBJIeqeHH.ff w6ox Hcxogfl H3 TmpHH Typ6fneHTHbIx HeIInaBfIw(. cTpyir.

Ha obHone sKcnepuMerrr:urbHbrx AaHHbrx lrMu nonfleHa cneAylouafl 3aBHcH-

Mocrb Mn onpeAerreHn.E Ko3Q+HrIHeHTa BepruKanbHoro BoBreqeHnf,:

a = w""pr/" .  = ao exp(-CRi) .
20

Ha
' v ,

ocHoBaHI{I{ non} IeHHbIx pe3yIIbTaToB aBropbr paccMaTpHBaJrH nporlecc

noToKa, o6nacTu BoBneqeHvfl, uBOB[erreHu.E B O6nacrn HaqarrbHoro fi,trpa
ycroft'rfiBofi o6nacru.

Hcnonnsyn Aiullrbre T. SnnHcona H .Il2r. Tepnepa, P. Kox [143] nonfrnn
3 :lBncnMocrb EIrfi o np etreneHr.r.rr Ko 3 0 Sr.rrgleHra B oBrr eq eH vs, BuAa

fi-+

tf'

/  2  \ t , z s
a = 0.075/

\ r + n i 7 o , s s  
^ l

r{3 KOTOpOil CnegyeT, qTO 4 = 0 IIpE

(  1 . 1  r )
lr2lr00r8

Ri > 0,95.
flonyteHHylo 3aBHcuMocrb (1.11) aBrop crrr{rilrr crpaBeguBoft Arrfl Bcex

WacrKoB 6nucttefi 3oHbI, xorfi oHa BecbMa He3HaqHTerIbHo orJrnqaercff or
3KcnoHeHrl}rirnbHofr 3aBHcr{Mocrr{ (1.10).

Bce gru A:lrtrIble JIerJrH B ocHoBy 3aBHcHMocrH, rtoflfrerurofi Ax. JIHuoM H
A. Vr.unorcorvr |441 B Br{tre a = f [Fr*'] (puc. 1.9), roropyrc H.A. Irle.
peHKoB ll2ll peKoMeHgyer Hcnorb3oBarb AIrff onpeAeJreHnfl cKopocrr{ BoBrre-
qeHu.8 B r{H)KeHepHbrx pacqeTax.

B U 531 npIrBeAeHbI oKc[epnMeuTalrbHbre AaHHbre no BoBreqeHHK), Koro-
pbre noxo)Kr{ Ha AaHHbre T. Smncoxa u .[x. TepHepa, no pae6poc sKcnepn-
MeHT:lrIbHbIx ToIIeK oqeHb Eonrurofi, nogToMy HeJrb3fi c oonruoii yBepeH-
HOCTbro rrBepxAarb o cyuecrBoBaHHH ToJrbKo cBff3H MexAy a n Ri, BO3MOX-
HO BJTUffHHe Ha n3MeHeHllfl a n trpyr]rx Qaxropos. A. Batra paccMarpylBur H3-
MEHEHHE BEITHqIIHbI A B 3ABI{CHMOCTI{ OT H3MCHEHHfl III{C'IA RJ TT rIIY6NHbI
BepxHero crrofl, T.e. rpa4{eHra BHyrpeHHefr rpiulruHofi noaepxHocrH dh"ldxl
Kax orcasaflocb, lrpn oAI4HaKoBbrx 3HaqeHr{fix dh"ldxl rooQQu4reHT BoBrre-
qeHufl. H3MeHffJIcff BMecre c H3MeHeHI.{eM Ri. IIpu 3HaqeHHI{ fpagr.reHTa
dh"ldxl < 0,04 HesaBncvIMo or eHaqeHnfi Ri sosneqenre lr3 Hrrx<uero crrofl
r nepxnnfi He npo[cxogtrrro.

IIpu nccnegoBaHr{H 3aBHcHMocrH a =/(Ri) M.KasaMoro |126l raKxe oG
paTlrn BHHMaHI{e Ha 6onHuofi paa6poc roqeK rro o6e cTopoHbr KpHBofi T. 3n-
nucoHa u .[X. TepHepa. Hcnontzyn B KaqecrBe erqe o4rroro napaMerpa flJror-
HOCTHOe qnC'IO opyg" Ha BOAOBbrnyCKe Ff6, OH rronrrErr cepHKt KpuBbD(
a = /(Ri, Fro) (puc. 1.10), Koropbre arnpoKcnMupyrorcfr, 3aBncuMocrbro

q  =  0 ,075  exp  ( -1 ,5  F rs  R i ) .  ( 1 .12 )

Ha ocHos aHHu nolfreHHbrx pe3yrrbraroB 6rur c4enaH BbrBoA, rrro c ]yry,e-
nuqeHueM Fro nponcxoAnT yMeHbuelrue a.

IIo AurHuM 3KcnepuMeHTarrbubtx HccrregoBaHui1 A. Tarcauru H H. Tonaau

[154] ronfrunr{ cBfl3l, a =/(Ri) (p".. 1.11), Korop:ln arnpoKcHrvrnpyercn
2 l
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I

hc."c*"

0 or5 l,0n

0 ur, xL ltu

hrc. 1.10. 3anncnvocrb a = .F(Ri, F'ro), nonfleHHag M' Kagatu{oro [126]

Brc.  1.11.  3agucnMocrb a ,= f  (  Ri) :

c-TaKerrrrn ' Ior"raf , ;  o- I IoQxrHcr;  A -Myp H J lorrr

3aBHCHIVIOCTbIO

a =  * " .p " /P"  =  kR i ;  
r , (1 .13)

rAe Rir= g+ \ t  k rcoaQqInurerrnPonoFuroHanblrocrn;  hc-
- P e v i

ronurrrHa crpyr{, onpeieJrflgMafl ro npooHllrc CKopocrlr; rc - cpe$Iffff no

rny6r{He /r" crcopocir crpyir. 3ru aBrophl npHIIII{nH K BbIBoAy' tlrg 
-nPgllecc

BOBneqeHHff He.npeKpauaercff H npH aHat{eHH'EX Ri

s o6pargo rpon;;*on-t" Ri. K raKoMy xe BbIBoAy Ha ocHoBanHH [a6o'

parop'bD( HccreA;BaHufi rrp'rrrfla rpynna rccrleAoBareJrefi Bo rrlaBe c H'JI'Po'

;;;;il; itti,?otopurfi's csorc oqepeuD He rorlbKo orMerl{rl Hiurl{que raKoft

CB;I3H, HO H )11qa3il11 Ha 3aH[DKeHHe 3HarIeH]Ifi 4' paCCt114TaHHbD( IIO 3aBHCHMO-

c r n M  ( 1 . 1 0 )  H  ( 1 . 1 1 ) .

| .2.3. Onpegenerure reo Merpnuecrnx napau€TpoB crpyr

B 6JrlDiarefi aone

IeorvrerpnuecKHe rrapaMeTpbr CTPyI{ Tennofi BoAFI' TaKHe' I(aK ImouaEF

6nnxanefi io*t 06.r, ee nportlxenllocrb L6." n cpe4rflff ronIIUtHa crPyII

h", nxoyST B prrA oclrosHtrx xapaKTepucTHK npH Bblpa6orre HopMaTHBHbIX

AoKyneHToB no oxpane BotrHofi iprloior "TeluloBoro 3arpf,3Herliltr". hlarcH'

Millrbgafi T6lu-pflIa CTpyH h".*axc H paCCTOf,HHe' Ha KOTOp9M OHa AOCTHTaeT'

Cf , L h Hgnonl'3yxlTcfl npu yCTaHoBIIeHHI'I paCqeTHbIX 3aB}ICHMoCTefr I'I OUOH-

rc e e{r SercruBHocrH B oAoBblrrycKHor o coo pyxeHHr'

Hi pnc. 1.12 npunoggrcff cxeNtbl npogoJlbgoro ceqeHufr crpp 411ff rpex-

uepuofr MoAeIrH .[. XapneMaHa t134i Ir gpyMepnofi M' Kasarvloro U26l'

Cpiry ,(e crreAyer orMer'Tb, rtro noclcorlbKy B AeficrB'TenbHocr' pacreKilHl{e

22

hrc. 1.12. IlpoaonrHoe ceqeHxe stp1qln:
a - TpexMepHafl MoAens.II,. XapneMana; 6 - ggyuepHarr MoAenr M. Kaaauoro

ry". 1.19. Pacnpocrpaxeuue crpw B luraxe. CpasHeune 3r(cflepnMeuranbubrx AalrHbD(
(Fro = 2,6i A = 0J) c pacqerHbrMr{ II. Xapneuaua r K. Crontq-eH6axa [136] :

,f - nnaa)ryafl, crpyfl; 2 - Herrrraslqa.s crpyr; 3 - p,aur{breJl. xapner'ranau K. cronr-
[eu6axa; 4 - rpawu,a dnnxHefi gourr

Telr)Iofi BoAbI Hocl{r rpexMepxbtti xaparcTep, To pgrfr. ycrarronneHurr pacqer-
HbD( 3aBHcnprocrefr npeAcritBllfltor HHTepec aKcnepr{MeHTbr, npoBeEeHHbre B
i[pocTpaHcTBeH]IbIX ycnoB]lrD(, a 3KCnCp]rMeHTbr ts noTKe Aamr AaHHbre B oc-
HoBHoM trIIfl KaqecrBeHHoro alJurusa npoqecca. B gaunoM cnfrae Sopr*aa u
rny6nua clpyfi flBJlfiIorc.tt cBoero poAa HHAr,rKaropaMH, HarnffAHo AeMoHcrpH-
PYtott+ltttl ycrloBlrfl lrnocKoro H fipocrpaHcrB eHHoro 3KcrrepHMeHToB.

fllourann 6nnxlrefi 3oHbr Mo)KHo nofl}^rr{Tb nyreM HenocpeAcTBeHHbrx H3-
MepeHl{fi' (HanpntrcP, c rroMorr{r,rc Kpacr{TeJrn) ruru no pacnpeAerreHurc TeM-
fleparypbr. Hg oprrupur{ecKl,D( 3aBr.rcuMo crefi, rrorr] reHHbrx aKcrrepnMeHT:lrrb-
HbIM nyreM, Haubonee [pneMneMofi curaercff 3aBucnMocrb A. Xapnerrr:u{a H
K. Cronrueubaxa

o 6 . ,  =  5 5 0  ( 1  +  F r j  )  A t  l z  h o h o  , (1 . r4 )

rqe A = ,holbo.
IIpu ycrauoBrleHnn pacqeutllx 3aBucuMocrefr AIrr o[pe ueileunfl, rrnouratrH

dnuxnefi 3oHbI, a crlegoBareJrbHo, H ee rpanuq HeodxotrHMo ycrauoBr{Tb 3aKoH,
corJracHo KoropoMy npoHcxotrnr paclllnpeHlre ulanyuefi crpyH B rEraHe.
Cnegyer Ha[oMHHTb, qro pacnpocrpaneHlre HerrrraBfr]D( crpyit B flrrane rtogrrg-
Hferc.fi rllrHefoioMy 3ar(oHy, T.0. xrlb= const. Ha puc. 1.13 nprmoAr{rcrr co-
nocraBJrelrHe 3Kc[epuMeHril]rbHbrx AaHrrbrx /IJI8 niraBrrefr n HermaByr{efi crpyfr
c pe3ynbraraMH pacq_era, rrpHBeAeril{brMtr B [136], qpEqeM pacluupeH:cle fiila-
nyuefi crpyg no [136] roAtrruflercn 3Kcnonenqr{urnbHoMy 3ar(oHy.

flporxxeuHocrb 6nnxnefi 3oHbI B [136] orpeAensnv ucxory n3 yc;ltonne,
qro Ha rpiuurle 6nu neir 3or{br Mecrnoe rurorHocrnoe qncno Opyg. Fr* -
= lr0, t.e. cwlrbr [naBflecru HarruHaror npeo6rratrarb HaA HHepql{onr{brM}r.
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B pesynsrare noflyreHa 3aBl{cnMocrb BHAa

z 6 . r * =  4 =  =  l s F r j '
V h o b o

hu/ho
2

f  A E  " 6 , S  *  
-  r r v v  L ' r '  

-  _  _ _ _  ) _ .

3ry nenrunHy Mox<rto onpeAerll{Tb H3 ycIIoBHff dt1ldxl = o

OAuaro qerKHX o 6ocHos aHl{bl x K pHTe puebl EJIfi o npetrene}Mn

( 1 . 1 s )

I'r{h x HUax.

unu risicixr = 0.
rpaHI,Iu 6nuxcrefi

( 1 . 1 6 )

( 1 . 1 7 )

6  | f i - t  2  t  + 5  7

Puc. 1.14, 3asacuMocrb
= f(Fr2o, Hlhd:

o - H / h s  =  5 ;  o  - \<-

\ I{

fil
7
5

J

2

fio
3OHbr B HacTofiulee BpeM.E He cyuecrByeT'

3HaqeHu's MaKcHMarIbHofr tnyon*i crpyl{ ftt't"*" H paccroflHu'fl Lh'

Ha KOTopoM oHa trocTtrraeTcfl, MoxHo BbIqHCnflTb IIO 3aBHCHMOCTflM K' Crolr-

ueu6axa^ n .I[. Xapneruaua, IIOJIWeHHITIM 4lrfl IUHpoKoro AHana3oHa BeIII+IHH

F r o  u  A ,

r i = / ' t ' Y " * " = o , 4 2 ;. . c . M a K c *  
J W o

t 0 0 ' z  7

h"." lho =

Hlho = 22

+ 5  7  f i z Fr{

3 0 r t a 3 f c n v o =

100 no 1500 -

//i
0r8

0r6

0r4

012
L7t

Prc. 1.15. Cpaaueune pac'qerHbrx H Ha-
rypHbrx AaHHbrx ang T3C floftxr Eru,
23 naas,  L972 r . ,Frs = 2,37: .

- tr:lHHble K. Cronrqes6a-
xa; - HaTypHbIe AaHHbIe; 0 50 t00 t50 200 xrfi

flpmegeuHbre Bbrrue 3aBHcHMocrLI oflpeAerleHbl Ha ocuoB aHvH naboparop-

Hbrx HccrreAoBalrufr SKcnepHMeHTarrbrlbrx yclaHoBoK. IIro )Ke Kacaercfl Ha-
Typnbrx HccnelioBant&, To H3 HMercu4{xcr pa6or 6onnruas rracrb oruocr.rrc.fl K
flccneAoBaHl{.fiM IHApoTepMI{qecKoro pe)KHMa r pafioHe BoAoBbIrrycKoB AIIff
6accefiHos per( H fipororrHbrx BotroeMoe. Karc npaBrmo, 3a,qaqefi HarypHbrx Hc-
crlegoBaHufi ssnfrnocb n3freHne KaKofi-ro og,Hoit wrt HecKoJIbKHx KoHI(per-
rbIX xapaKTepHcrHK flpouecca, pernaMeHTHpyeMbrx opraHH3auuefr-3aKa3qn-
KOM, IITO B CBOrO OqepeAF TaK)Ke OrpaHI[IrrBaeT [pOBe!,eHI{e CO[ocTaBHTeIIbHo-
ro aHirrrH3a na6oparopHbrx r4 HarypHbrx HccneAosal/{rdt.

IIpu o6o6qeruru AalrHbrx Harypubrx uccne4onauuri HerporotlHbrx BoA,o-
eMoB{xrra4urerefr CCCP E.K. Tpy6uuofi [113] 6lrrro BbrnBrleHo, qro pprwra

rracrKa r{HTeHcuBHoro nepeMerrr}rBaP.wfl. flBnfl.ercfi. Qynxrgefi [noTHocrHoro
qilcla Opyga Ha Bo4oBbrnycKe, nprueM B Al{ana3oHe Ft3 = O,2+ 1,5 ero ycra-

HoBneHbr 3HarreHu.E "rcoo00uulreuTa nogMeca" (paa6annelJ,Hfl) coorBercrBeH-
Ho B npegenax 0,6
MOCTH Arrfl OlrpeAene}lfifl, Elrld.}lbr rracTKa r{HTeHCr,rBHOrO nepeMerxwBarrufl B
rpetrerax or 50 no 700 rvr.

.[;ls rouKperHblx ycnonnfi Ha BoAoBbIIIycKe trpu Qo =
= O,7 r"r/c E.E. floxoAeefi n T.H. Onrarosa [89] nonyqrnnn
Bl{cr,rMocrb B Er,ra[a3oHe paccroflsufi or BoAoBblrrycKa or
2000 tnt:

u"lvo = 0,4'7 exp (-0,0016x).

L h *  =

{ , t b ,

M. KasaNaoro :fl26l noMr.lMo paccroflHllfl L1,,Ht KoropoM [OCTHraeTcf

MaKcHMirnbHiM rny6uua, AaeT eule ppa xapaKTepHblx paccronnun Lg kr L"

COOTB9TCTByIOUIID( ToqKaM C Q*axc H SMaKc'

Lnlho = 9,0Fr f  /a ;  Lg lho = 3,5Fr f  /z  i  Lr lho = 4 '0Fr i /e  '

3asHCHMOCrr lgr'-, onpeAeneHH.fi MaKcUpralnHofi rnyouHlt HMeeT BHA

h".*^*" lho = 1,4Frf 's

flo userulro M. Kasar'{oro' [ocKoJIbI

Byer o rpex Qarax npouecca flepeMelrtr

cnMarlbHoe flepeMeurl{BaHue, o6ycnosnr

TyxaHHe npouecca BoBJreqeHI{'ff; LQ -

o6pa.aou, L 1, flBnneTcfl xapaKTepucTHx

*t 

n"oe cnyn{aeB np' H3yt{eHHu BrII{ frHt4fl' KoHcrpyKrtlB*blx oco6erurocrefi

BotroB blrrycKoB Ha ycnoBu'n Qopr'aupo Balun' ctn at101T-::;x1r:^tx reqeurryi

OCO6Oe BHI,IMaHHe y4enflnggb TSIIIIIHI{e Teluloro CnOfl KaK OEnOft Ue oCHOBIIbIX

reoMeTprfrecKrD( xapaKTepI{cTHK npouecca-BoBIleqeHns' B eroft cnng}I fieAyeT

orMer'rb pabory H.H. Marc.po".,'f.g. rc""n u M.6. Kpunoulel{Hofi [66]'

B KOTOpofr na ocHoBaHI{I{ sKCnepI{MeHT:IItbHbIX HCCIIeAOBaHI{fi nonweHa 3M'

nl{plfiecKaff 3aBHCI{MOCTb I{3MeHeHHf TonuHHbI TeIInOro cnoE oT IIflOTHOCTHO'

ro qr{c1la OpyUa Ha BoAoBor.ryr*. 
" 

rny6nnu 6acceftHa B BHLe ht'"lho =

f t d;;3, ilii; (p". i. r 4 , ip h"." - rnylnng BepxHero crlon' C vnenuue'
HlreM Fto 

" 
or"o.*qrruHofi rnyonrlbr EaccefrHa Hlho TOn[lHHa TeII[Oro cnofl

Bo3pacraer no rlorapuQr"rHuecKoMy 3aKoHy'

24

=  5 , 5 .

(1 .  t8 )

(1 .1e )
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K. CroltUeH6ax [152] co1tocT:IB[III pacrleTHble AzIIIHbIe c HaTypHbIMI{

no T3C flofrnr EH,t Nrfr, rcoaQ$nqreura repeMeuleHHn no ocr crpyr c

fleroM Ko3O+IrUHeHra MerIKoBoAbf /s = 0,6 (pnc. 1.15). CosnaAeHHe AaHi

Hbrx nonyqgnocb B11onHe yAoBnerBopI{TerIbHbIM. florntrrcu xe conocraBHTb

3HaqeHLLfl reoMeTpI,HecKID( IIapaMeTpoB cTpyl{ (rny6uny n ruuplrry) IrpHBenI{

a
L, B, H - cooreercrBeHHo ErII{Ha, IuI[pHHa H rJIyoHHa BoAoeMa; rl' - rorQ'

Su4rern pa36asneHur B 6nuxuefr 3oHe; I - ycKopeHr.re cBo6oAHoro [atreHr{r.
B 3aBllcl{Mocrtd or a6conrorHoro 3HaqeHu-fi napaMerpa P Bogoxpiur.rnlt-

UIA{XJIAARTEIIH PA3TPAHUqI,IBAIOTCff UA TNY6OTOBOAIIbIE I,I MCJIKOBOA,HbIE COT.

rlacHo AaHHbrM, rrpnBeAeHHbrM B ra6n. 1.1.
K 3Haq TenbHOMy paCXOXgeHHK) AaHHbIX. __ - ________* n'rl 0onee Uarn'[Ioro r e

B prne oryvaen AaHHbIe HaryplrbD( H3Mery , xaPaKTepncTnKu aoaoxpilHlljlllqa€xJraar{Tent npnBeEeM KoJIlqecTBeHHbre IIo-
6orKH Meroqnxn pacqera-o4naxEalo9"i:t:"96T"^1 TT-1LT]|rryTT 

' 
^urur-n BoaoxpaHnrrrura rrpxuoyromuoft fopuu npn crreE),roqrx ucxoa-

trrrerer. HarpuMei u.-r. ,up'i,,*r, E.K. Ilepru6a x A.A. Xvrcavcxac [36, 3-7] ;;;ffi;l?:"";;;"i:;"Xf::1,; JU";": Tp #ry;":iil"f
Ha ocHoBe Har)ryHbrx AaHHbrx no 'ogo*panur"ulvoxrra*rerrc JrT"j::-"1 

" 

iii:Ti?i";il;J#:;i;;&;#;# i"u-i["= a""irji |r'=
I-P3C pa3pa6oranu MeToAuKy pacqera neperpeBa noncPxrlocTHoro cIIofi BoAF-r ] =' I 5 u 3._ a-...,-,-;,, -,- .. -,0; 4 = 0,01, Pesyrrrarbr pacqera cBegeHbr D ra6n. 1.2_. - ._ -__- -_^ :_ . . . . , . ^  _^ ;A . - - - ,_ , -  -  -  t . JAJ .w '  J i  

-  w ,wr ,  r  aJJ , rDr4rDr  pavsErc  aDeaErDr  D
rrrul cCrccmcrrlol-r rcMncparyPofi, yqxTbrBarcuyx! pa36aBreH[e B brul:lclelr ': -:, Ha ocHoBaHrrr{ pBynbTaroB pacqeTa MOXHO CAeIaTb fieAypu+Ie BrrrBOAbr:
3oHe,Boc}IoByr<oropoirteuopeUeHH€oAHoMepHoroJ4aBHeH}lfTeIuIone.

_J;;;;- 1) crpyeflanpaBnrroule Aau6u, rnMeHflmutle orHorrreHne Lf B, suauwem-
pexoca. cmxenNe reMneparypbl roDI g 6.nulcrefi 3oHe 3a crler try--.:::::: 

, 
"o 

irJ,ii, Ha o6pa3oBarue crpar[euulpoBanxrrx re.renrft - npr.r 6omrueu
peMerunBanl.n )Aurbnalrocb nepeMenHbrM no rmouaFr xoerlOnruem_ou ;; 

"ri"il;*TBe 
rpe.yercs 6or],,,a, my6[Ha Alrtr o'ecfleqeHu, crpar'O,n-

c', noxa.:uaarou-urMr HacKonbKo rernoflorePfi crpyu a _6nlxnefr 3oHe rrPeBbI' 
;-;;;-

rrrarlr reruroorgaqy qepe3 cBo6oanyo noBepxrocrb, 3aB cllMocri E u ero 
--.1-a*"*r*u"y"o 

ponr a o6pa:oaanrur crparfiOruffpoBa",,urx reqeHui ',r-
onpeAereHllt nplHnMallacb B cJIeAyrcuIeM Br'I,4e: paer pa36aB.rrerui g 6ruxnefi 3oHe - flpn y&^.itnn i?pzza (c 1,5 Ao 3,0)

a' = Ctl(flF + C2) - Cx, (1.20) AIt o6ectreqeHfis reuuepaqrynofi ciparurluxaqxu ueo6xognrnro yBensqr.rrb

rae cr, cz, c3 - nocrolrH'br€, 3na{eHrr Koropbrx 3aBucnr or 
"""ry:I."^T 

t -ryYJ:f:tffi1ffi,1t"T;MerrruBaHr€ 
Bo3MoxHo B BoaoeMd("oxrra*-

pai f - ruIouagb lnlacrKa nePeMerx[BaHl{t; F - rulolqar6 Tparrr{ruoro 
-' - 

-,
i Tenrx ne6onrurofi rny6mru. Ilpr-rvrenaeurre rracro Ha npaKTr,rKe BoAoxpaur{-

roroKa' ' nfiu1aoxnaaurerm c rny6unancr 3-5 ru s EoruuuHcrBe cIr]AaeB orr{ocrrrca K
B raxou rnge xoe<lr!rurxeur pa36aBneHut BBoArdnct B napaMetp' ytr{Tbl 

BoaoxpaHruuulaM c qacrurrHbrM nepeMeuIIrBaHI{eM.
sarcutrrft ren.rrooraauy a aruocQepy c rloBepxxocrn crpyt. IIpn tTYj:: 

--?"iirr-.opa3oM, 
onpeAeJ,'rB 3HaqeHue napaMerpa p, uoxno npx6nxxeuno

rarrocb, qro rmoqa,& 6nurcrefi 3oHrI cocraBJltet t0-15% sceir rmou4ur Bo- 
oo"-r-r["'*upu"rrp reqeHr r B Bo[oxpaHrrrrfiqeoxraarrere. HeEocrarKoM

AoxpaflIttl{qa' :roro qnoco6a oueHK[ crparl0rrK anr,z.vt flBrrr,r'lrcfl. To, trro r,rM He lAr{TbrBaercrr

r.3. nApAMErpbr, onpEAErurou'tE rEMnEpArvpnvrc 
'*ffi"fJ:t":X,"ff"11#'; 

flXXX"#:ffJ':lXX"""'T"XJ""tJH'HT##f.o#
cTPATIiollKAqItl0 B BOAoxPAHllJtlll4AX{xJIAAt TEJI'X A}ux upoeKrupooaHl,rr BoAoxpauunIlu.oxrr4qnreaefi,

Ha eopMupoBaHHe reMneparypHoft crparnQrxa4lu, KaK yKanblpatocb _.lj:j,::*Boro 
[epeMeuuBaHltt flpn oopMxpoBanxr'r revrueparypxoft crpa-

Bbuu€, oKa:tbrBarcr B;rnrHre MsorormcrreHrrble ilaxropu. Jlrtt npaKruKn 391I1y 
paccMorpeH r [20], r4e gaerc'fi [Pq6nuxeHHat oUeHKa nepeMe-

Baxgo KaqecrBeHHo oqeHr.rrb, B (aKr{x cr)Ala.ax B BoAoxpaunnuure{xnaA[re- rllr{Barrxt BepxHero cnot BerPoM floclle ycraHoBn€Hnx crparur[uraqur pla

ne 6yger roanmcan crparnsxxa4rx u KorAa oHa ucqe3aer. /doB ft lxrnrt. Ilpuuev ronqrxa nepxHero cnof, ,qnf, ycroB[fi Ixrurfl Moxer

B srou ornoruemn no*agarelrxoft rBJrrercr pa6ora [35], a roropoi 6bnf, o[Ip-eEelleHa rlo napauerpy P.

Ha ocHoBaHu1t Teopef{qecKoro ani1y1lr3a ypaBHeHLIf tulpaanllrcu pyxCnofmx 3arfybreH}te reMrleltaTypxoro cKaqKa npn Bo3AefcrB[u Eerpa opneuT,lpo-

;;;[-;;;;;J o""p*r"p*tl *pr."tp crpamrbru<argx BoEoxpa111;Jrn' roqto uoxet 6url onpeaeleno no Sopvyne

l.I.IaOX.na,[r-rreln N -' -' - lttz
+ = o,oools :#,*, ( 1.22)

/  , ,  n ?  ,  \ r l a  I  H  _ ,  _ _ _ _  
g A p l p a . c ,

p  = l  ! ]  oo  
,  ,  n ' 3  -Ly '  (1 .21 )' 

\4 967o111" B. 
' H I rAe Aft - 3arny6neHr.re reMneparlpHoro cKaqKa no cpaBHeHuro c nepBoHa-

rae fi - rorrfQnurenr rpeHH.fl Ha noBepxHocrtl Pa3aena cIIoeBi Qo - mtp' 
qarbHblM lloroxeHxeM Art ycnoBl'Iu wrtrt'li H - rnyonHa BoAoeMa; l/ -

xyrrquorsrbJi pacxol; g - reMneparypHr,rft xoa{Qu4reur o6""*L"ofo J"'"- :.T:||.:}.""rpa; 
Ap - pa3Hocrh rurorxocrefr aepxrero r HI'DrrIero croeB IuIn

ur-IpeHHt Bo!,br; AIq - TeMneparyPlsfi neperlatr na soEoxPaHltruut; 
yotoBurl lmlflt'
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Tafutut4a 1.1 IIpu pacqere crparuSruprpoBiu{rrbrx reqenr{fi n pafione 6nnxcnefi aormr y

3HaqorBr6 !arc- i BotroBbrflycKa, rny6rxfioro rogora6opa, sa lAacrKax rroABoAflu.gD( KanuroB,
TrsloBoaoxparl rDrura-orna- xrpaxropnclut<s DoaoxpaHrrrnqs ;;? | r.c. B Mecra;q rAe Ha6rloAalorct orHoclreJrbHo 6ot6m{e cKopocrt reqeHI.tt B

rny6oKoBoar.oe qerKo Brrpa'(e'H!,ri crpa'ortr."po'ax- p < 0,3 i ffiH"Tffifr#ffi""ffi ffi"ujf,{e" 
olreHrrb ycrorquBocrb '.orHocr-

r$rn DoaoeM c rloaepxnocrHbrM oloeM' I s €fifl8;
IIIy6I{Ha RoloPoro Marro l|lMeHf,srct

no Bcefi a113saopIrlt I gDyXCnOuHOrO nOmKa K IIOJIHOCTbI{I nePeMeUIaIIHOMy IIpo[CxoAIlT CJIeAy'

Men}<oBotrj,rbre: rouprv o6pa:or"r. IIpx cpaauxrelrno ne6onnuofi pa:nocrx cxopocreft re'rexxx

" 
u"J"ffinli" n"p"r"*- Ilolepxnocfl$fl cnof, Bbtp&xe{ se- 0,3<P<1,0 i uap*t 

"to 
n 'oor<"eio ctoes Arr n 6onr'rofi p"ttocrt -ooo"tefi Ap olou

DaroreM qeaKo H!6nro-aaerc'::t3:T::y I npaxruqecror He rrepeMeurlBaror cs. n M)KFJ rurMII o6pa3yercr qerKo Bbrpa-
reMneparypHbfr rpa${eHr no Bcefi

il?;;"""--' 
' 

- | xeIIHan noBepxlocrb pa3Eera xru npouexrro'mrfi crofi xe6onlurofi ronnur-
lorEocrHo nepeMeuaH- BeprnKanEHar crparr(DdKatrr orcyl I > 1,0 Hbr. C yrennrrernreu Pa3HocrH cKopocrefi reqennr I'nx yM€HbuIeHrreM pa3-
Eoe IIo BeprI{Ka'It crByeT; tMeerict roIEKo IlPt3oHTaII' HOCTII ILlIOI'lOCTefr Ha IIOBepXgOCfH pa3[ena O6pa3yIOTCt BOJIHbI, KOTOPbIe IIPII

ELti teMteparyp8Lfi rpas'rerrr I HeKorop6rx 3xaqexfitx Ay x Ap narrmraror pa3pyluarbct, o6pa3yt nlxlMex(y-
roqHrrfi cnof, c 6omrrnllvr rpa[renroM rurorHocfi. B 6omLuxcrse fi) meB B

ra6ltur1t1.2 trttffi#ffffiffffi$liax.crparx{xxa4rrcPa3BrIrbIMrPoMexvroq'
: fln+anc r'^r^ftr'E^^'r,

Cx ev a B oAo xpaururr{ula{xJra-
IIHTEIIfl

Mrtrxrrr arrrnaff rtr y6HHa' Heo6x o4l-

M nfl JUrs ooocnoqoHrtt cTp aTuorfrurpo-

BaHHbrx rsqerilfli (rny6oroe BoAoxpa-

HHJrnUIs, P ( o,3), r*l

n  =  1 , 5
I

n  = 3 , O

lny6nna, mr-
x(e Koropofi
6yAor norrnoe
nep€M€rrrr{Ba-
Hrre (MeJrKO€
BOtrOxpaHr{JrH-
UIO) ,  M

Ilorepa ycroftrrnBocrr{ BHyrpeHHrD( BoJrH Ha ttoBepxHocru pa3trena oflpe4e-
ilnercfl, no qEcry Kefilerana ll42l EIrfl BepxHero cJrofl

Ke )  Kexp. (  1.23)

flnn rypdyn eHTHoro rroroKa KpHTru ecKo e 3 H aqeH]re
.Uls oqeHKH ycroft'{HBocrr{ crparr.rQurrlpoBauHbrx

TaKXe qncno hnapAcoHa

h.  ap gH
Ki  =  -= .

p y .

Ke = 0,18.
TeqeHHfi r{cnonb3yeTcfl

co

L l B = 2

0,86 ,13,7

1 , 36 , 1

2 , 31 0 . 3

I 0 ,3

17,4

(r.24)

KpnruuecKoe 3narreHne qr{cJra hrqapAcoua Rirp = 0,l.flpn Ri < 0,1 crpa-
Tr,rQHr$poB aHHoe reqerMe Hapy[raercfl .

B nocneAHee BpeMfl Hu6oxee rny6oKoe r{ccJregoBaur{e ycrofiqunocru crpa-
rnQuu{poBaHnbrx reqeunfi 6nrno BbrnorrueHo A.[. Heuoxafino [80]. Hcnonr-
3yfl TeopeTl{qecKl{ft MeToA Marrbrx Bo3Myrrleruni, oH floryrEn ycJroBHe ycrofi-
TIHBOCTH ITJTOTHOCTHOTO paCCnOeHH-E B CnetryroueM BHAe:

c* = Re6 Frj = C*p ,

rAe Rr6
Ar'6

( 9 " v " +  p H v H ) l { p " +  p ^ )

norpaHFlHoro cABHroBoro crrofl pa3Aena pa3HoffroTHocTHbD( rroToKoB; arr -

pa3HocTb cKopocTefi Ha nosepxHocTr{ pa3trena; ps, uBs pn,uH - rrrroTHocTb
H B'3KOCTb COOTBeTCTBeHHO BepXHerO H HH)r(HerO CrroeB.

[Ipn pasnuToM norpaHr{qHoM crroe, oxBarbrBaroqeM Bcro ronrqy BepxHero
cJroff, r{ HerroABrDKHoM HTDKHeM MOXHO rrpHHflTb aV = 

4 
" 

6 = h".
29

(1.2s)

Av
Ft6= - -#. ;A 

- ronrquHa
vs- 0

pn

L / 8 = E

t./8=12

2 8



B perynnrare sKcnepuMenrirnbnbr.x HccfletroBatrrui, BbInorIHeHIrbx H.A. IIIe-

p.*t*o"oi* u A.II. Herroxafino ll2l, l22l ,6nurn Bbr.fiBneHbl creAylorqre Qop-
Mbr trBgxegr{fl B norpaHr[rHoM cnoe pa3Aerla crparnQurq{ponauHbD( noroKoB I{

KpHrrrqecKue 3Haqeuun C*o wfl'3Tr4x Qopu:
I - sngrcoe TeqeHHe, rrpH KoTopoM Ha rpaHulle pa3AeIIa Bfi3KHe KaCaTeJIb-

OrHocnrennuo rpe6osaHnfi K TeMneparype BotrbI y nyI{KToB xo3ffHcrBeu-

Ho-rrurbeBoro n KyJlbrypno-6rrrosoro BoAonorlb3oBalil{x n flpanwrax orMeqa-

eTcfl: "IleTw.flfi. TeMrleparypa BoEDt B pe3yJlbTare crrycKa cToqHblx BoE He AorI)K-
Ha ,IroBblruarbc.tr 6onee qeM Ha 3 

o 
C tro cpaBHeHnro co cpe,q,Herraec.nquofi rer"r-

nepaTypgfi notrtr caMoro XapKoro MecffIIa roAa 3a Iloc;tetrilIe 10 ner".

< C  , z  1 5 0 :K p r
II 

-- 
nssrcoe reqeHHe c perynflpHbrMr{ ycTot{qlrBbtMl{ BoJIHaMH Ha rloBepx-

Hocru pa3,u,ena C*pI ( C* ( C*plt = 500i

III - TeqeHHe c HeperynffpHbrMrl BorrHaMr{, B KoropoM Typ6yleHTHbIe Ka'

carefibHble Hanpffxenn-ff rlpeBocxog.fiT Bt3KHe HaIIpDKeHH.fi cABI{ra' C*ptI. (

(  C*  g  Cxpt11 = 800;

ff KopoTKOBonHOBoe ,U,sIDKeHHe, trPH KoTopoM BoJIHOBiIff rpaHHUa

pa3[ena pa3pyuraercff BcnegcrBue pa3pyuewwfl. rpe6nefi KoporKnx BorIH

CxpI I I  (  C*  (  C*p lv  =  1650;

V - rypfiyneHTHoe reqerue c HenpepbrBHblM rpa,4HeHToM lrrlorHocrH lr ryp'

6yneHrmrM rrepeMerrnBauneM tro Bcefi r[y6uHe. B oroM crlflae rypbyrleHT-

H b I e K a c a T e I I b H b I e H a [ p f f x e H H f l 3 H a q I { T e I I b H o I I p e B o c x o M T B f l 3 K H e C * >
)  C * p t v '

.Uni-np.*TlrqecKux pacqeroB npnulrMaercfl' rITo nprl C*

c y u I e c T B y e T y c r o l i v u a o e r u I o T H o c T H o e p a c c [ o e H H e n o T o K a ' a n p u C * >

noToKoB.

I.4. HOPMHPOBAHI{E TEMNEPATYPHOTO PE)I(HMA
B BOAOEMAX - OXnA.qI{TEnfl X

Hopr.aupoBaHue reMfieparypnoro pexl{Ma KaK B dnuxneft 3oHe y BoAoBbI'

nycKa, TaK r{ B BoAoeMe B rIeJroM B HacTOAUIee BpeMff npoH3BoMTCfl Ha OC'

HoBalrul,r "flpannn oxpaHbt floBepxnocrHblx BoA or 3arpfl3HeHlrfl croqHblMl{

BoAaMH" [90].
flpannna ycragir3rrnBaK,T HopMbr Ha npeAerlbHo AorlycrttMble KOHIIeHTpaIIHI{

G.[K) BerrlecrB, cocritB ll csofrcrBa Bogbr, Blcnpqafl TeMneparypKile, Wr'

AByx rlrrroB BoAoeMoB : xossfrcrBeHHo-nuTbeBoro lI KynbrypHo-6uroBoro Ha3'

Haqegr{f, a raK)Ke ,qrr.fl BoAoeMoB, HcnoJlb3yeMblx B prt6oxosrficrgeHHbx

uenfix.
Cocrae H csoircrBa Bopr BoAr{brx o6rexros nepBoro rl{na AoJrxHbI coor-

BeTCTBOBaTb HOpMaM B CTBOpaX, pacfloro)KellHblx B BotroToKo( Ha paccTofrrltftr

I xrnr Bbrrue 6nuxgero no reqeHr{ro nyHKTa BoAo[orlb3oBarlH.ff, a B He[Poroq-

Hbrx Bo,qoeMax B pa[Hyce I rcu or rIyHKTa BoAQ[onb3oBaHHff.

.[1r prr6oxoenfrcrseHnbrx BoAoeMoB cocraB n csoficrna BoAbI AonxHbI co'

oTBeTCTBOBaTb HOpMaM B MeCTe BbrrrycKa cTot{Hblx BoA IIplI pacceHBiuouleM

BbrrrycKe, a B cjr) {ae ero orcyrcrBlr.fi - He Azulee rIeM B 500 u or Mecra BbI-

rrycKa.
3 0

"teuneparypa Bo4br He trorIXHa noBbnuarbc.fi rro cpaBHeH[ro c ecrecrBeHrlox

rernepirypofi BoAoeMa 6onee qeM Ha 5 
o 

C c o6uurtr noBbIIueHHeM TeMlrepa-

Typbr He 6onee 20" C rreroM r.r 5 "C euMoft ErIt BoAoeMoB, BXoropbrx o6ura-

ror xonotrHoBoArrbre prr6lr (nococenue, cIIroBbIe), 6olee 28 " CJreroM n 8 
o 

C

euMofi - Wn ocrilrrbHbrx BoAoeMoB. Ha uecro( Hepecrl{Jllrur HilrII{Ma 3a[peua'

erca floBbrlrlarb reMneparypy BoADI sulvrofi 6onee qeM Ao 2o C".

B pyrconoAcrBe no [poeKTupoBilHnro o6pa6orrcn n oq]IcrKH rIpoH3BoA-

crBeHHbrx croqHbrx BoA TerrfloBbrx SrreKTpocrauIglfi, pa:pa6oraEHbD( s MfiH-

eHepro CCCP, peKoMeHEy er cfl p accMarpur arr cpeggeMectrlHylo reMnepaTypy

B pacqerHoM crBope Wfl Hau6onee xapKoro Mecfiua xapKoro roAa lO%-uoir

o6ecne.reHHocrl{, a He 3a flocJleArlue l0 ner.
Tpe6yenarrfr yporenb reMfleparypbr BoAbr Aocruraercr rryreM npnMeHeril{t

rny6unuoro nogoea6opa flpn HaJrr{rrur{ revrneparypnofi crpamQnKal4,tn,
gxeKTr{pypqrD( BogoBbrnycKoB, odecnequBalorlplx B pafioHe BoAoBblrrycKa

TpexKparHoe H 6oree pae6aaneHr{e c6pocHoft noADI 6onee xoloAnofr BoAofr LI3

BoAoeMa, GpnraranlHbrx ycraHoBoK, JregorepMl{qecKrD( ycraHoBoK (npn co'

orBeTcrByroutrrD( Knr{MarHqecKHx ycJloBHflx), HacocHblx ycTaHoBoK pa36aBne-

Hr{.f, crorlHbrx BoA, a raKxe 3a cqeT yBeflnrreHHoft rcparuocrl,I oxJIaxAeHHfr.napa

B KongeHcaropax ryp6uH B 3I{MHI{fi [epuo4.

[Ipu ncnonb3oBauru B KaqecrBe BoAoeMoB,oxJla4{Tenefi HaiIHBIrbIx BoAo-

xpaunnnq, ogep I{ BoAoeMoB, He uMeloug{x xogsficrseHHoro HnH KynbryP'

Ho.dbrroBoro gHaqeHuff, TepMI{qecKHft pe)KI{M oflpeAerlflerct onrHMarIbHbIMI{

ycnoB r{fi MI{ 3 Kc rm y aT u\vrvt gneKTpo cr aHI[{}I.
Cnegyer orMernTb, qro B Hacrofirrlee BpeMfl IIeTIbIM pEAoM Hsya61* opra-

Hr{3ars{fi AH CCCP u BeAoMcrBeHHbrx rgcrnryroB npoBoAllrca pa6ora c
qenrro yroqHeHlrfi geftcrpyrouffx llpaann. Oco6eruro 6onruroe 3HarIeHHe trpu
3roM upno6peialor aoripocrr HaAe)KHoro nporno3l{poBaHl{.fl ruAporepMr{qec-
Koro pexr{Ma B BoAoeMD( r{ BoAoroKD( c freroM QopnarpoBa}Il{.fl B HID( crpa-
rnQnlnpoB:lllHblx re,IeHrtri.



I
lna6d 2 peulanacb He3aBsc[Mo or TeMrrepaTyPHoi, paccMaTprBanrlcb nurrrb BoIoeMbr

MATEMATIIIECKI,IE MO.UEJII{ I. HIpoTEpMHqEcKID( nPOIECCOB I rpocreftIxefi KoHorrypa4 I{ r'n' B Hacrotlqee BpeMt ypoBeHb pa-eBwsfl

B BOIOEMAX-OXJIA"IIIITEJI'X MexaHLtKLI xltaKocrl{, reopHu reluoo6MeHa rI TMGIIeHHbD( MerolroB PelueHrlt

. (c [cnonb3oBanueM coBpeMeHHbrx 3BM) noeaolxer MeroaaMrr MareMar tlec-

tr rrETnn MATFMATHVECKOnO MOAEJIHPOBAHI'|fl 
KOrO MOAetIIpOBaH}It IiCCJTeEOBaIl MHOme groxHbre npoqeccbl B BOIO-
€rr{&X-g)EI^

MareuaruqecKge MoAeJI[ rI{ApoTepMHqecKI'Ix npoqeccoB B BoAoeMaxox-

na,u;lTellflx cTpoflTcff Ha ocHoqe H3BecTHbIx ypaBHenl{fi MeXaHHKH XHAKocTH I{

TerlnoflepeHoca c fIeToM cIIe4{QI{KH paccMaTpI'IBaeMbtX 3a'qaq' 3ru ypanHeHu'fi

H COOTBeTcTByIouIHe ygnoBl{ff OAHO3HaqHocTH flBJIqIoTCfl OCHoBOfi EIIff MaTe-

MaTIfIeCKoro H Queuuecroro MoAeIInpoBaHI{f H3}rqaeMblx flBneHufi' B Hau6o'

JIee oouefr nocrasoBKe rHApoTepMHqecKHe npoueccbl B BOAOXpaHHIII{IUO({X- '

n4qgTenffx crregyer paccMarptrBarb KaK HecraIII{oHapHbIe c$IailtHble npoqec-

cbr B c4;1y ffi)^IafiHoro xapaKrepa arMocQepnntx npoqeccoB HaA B,gAoxpaHH-

JTHUIeM, ryp6yneHTHOrO xapaKTepa TeqeHgfi' H3MeHeHHfi pe)o4Ma pa6oTbl gneK'

rpocTauryt (u gpyrgx BoAonolb3oBaTellefi), uerouuocTl{ 3agaHnfi trapaMeT-

poB MoAenH, ycJroBHocT[ pacqeTHblx cxeM H T.II'

Hrvreruro B TaKofi nocruoBKe Bo3MoxeH nporno3 pa6orbl BoAoeMa{xJIa'

p111Telrfr. (a cnegonarerrbHo, r{ Bcefr cncreMbl TexBoAocna6xeul{-fl sJIeKTPocraH-

1g{u) Ha ocHoBe npeAcTilBneHl{fi H MeToAoB coBpeMeHHofi TeopHI{ Ha,4e)KHo'

cTH, T.e. onpeAeneHne BepoflTuocTl{ npe6blBaHu.fi Tex I{IIH I{HbD( napaMeTpoB

ofilercra (crcopoCrefi TetIeHH.fi, ypoBllfi BoAbI' TeM[epaTYPbI' cogePxaHl{fl

Kr{cnopoAa H T.n.) B Tpe6yeMbrx. (IIo TexHr{qecKr{M, SKOHOMI,IqeCKI{M, sKOIIO'

rHqecKItM H ApyrI{M HOpMaTI{BaM) npeAeJlilJ(

OAnarco peruenge 3aAarrg nporno3a rHApoTepMHqecKID( npoqeccoB B Botro'

xpaHHrrHlrID( B TaKofi (Hau6onee o6ueft) nocralloBKe cBff3tlHo B HacroflIuee

BpeMn co 3HaqHTerrbHbrMr{ [pHHUr{nHaJIbHbIMH I{ BbIqHCIIHTeIIbHbIMH TpyAIIO'

crffMH r{3-3a c}ruIecrBeHHofi HenorrHorbl THQopMaIII{H o BepofiTHocTHblx xa'

paKTepHcrHK4x BHeurHHx Bo3geficrBnfi n [apaMerpoB cgcreMbl, cJloxHocrg

cooTBeTcTByrouU{x MaTeMaTr{qecKID( MoEerlefi H T.tt. Iloarottay o6brqHo pac'

cMaTpHBaroTcfi pa3nrflrHbre AeTepM[Hr{cTHqecKHe MoAeIIH THApoTePMI{rIecKHX

npoqeccoB B BoAoxpalrl{Irfiua)( Ha OCHOBe TeX HIII{ E}IbIX CXeM rleTa MeTeo'H

ApyrHx QarroPon.
Cne,q,yer oTMeTHTb TaKXe, qTo, xoTfi rHApoTepMI{qecKI{e llpoUeccbl B Botro'

xpalrlrrrHrrlaxoxJragr{Terrnx Bcer4a HecTaUHoHapHbI (na-ea H3MeHeH}Ifl Mereopo'

Jror6recKru( ycJroBufi), uacro AJrff pelueHuf npaKT[qecKID( 3agaq oKa3blBaer-

cff npr{eMrreMbrM Hcnonb3oBaHne craIIHoHapHbIx MoAenefi. 3ro csseaHo c reM'

rITo Bo MHorHx cn]rrlzurx, Ha[pHMep npu coflocraBnTerlbHblx pacqerax' Qarcrop

BpeMeHI{ He flBJrrreTcn cyuecrBeHrrbrM EI.E rIOnrIeHHfr, fipaKTI{qecKI{X peKO'

MeH,qaul{fi.
Karc yxe oTMer{aflocb, rrepBbre cHcTeMaTIl}IeCKI{e l{CcJletroBar'J1fi' no rHApo'

AnHaMHKe rr repMHKe BoAoeMoBoxJraA,I{TeJrefi 6luln BbIIIOIHeHbI elUe s 30'x

roAix H.M. BepHagcrcHM H E.B. IIpocKypflKoBbIM [8]. IlpeUnoxeHHaff I{MH

MoAenb He frgTbrBarra crparuQnKar4lu noroKa, rI{ApoAI,IHaMI4IecKiIfl 3aAaqa

32

npHpoAHbrx r{ HcKyccTBeHHbrx oGtercros, B ToM tlucne I{ rHApoTepMI{qecIcHx
[poueccoB B BoAoxpaHr4rrHrrlrx-oxJraAr.rTeJrflx, cBr{AeTenbcTByeT o Heo6xoAI4-

MOCTH COOTBeTCTByTOUeTO CoqeriUrH.fl MaTeMaTrflecKoro MoAenl{poBaHvlfl. 14.
gKcnepr{MeHTalrbHbrx HccneAoBaHr{fi. cnoxuocrb I{ BblcoKafl. cToHMocTb gKclre-

pr{MeHTanbHbD( HccneAoBaHHfi (Ha QnanuecKr.rx MotreJrfix Ir HaTypHbIX o6aeK-

Til(), ycnoBHocrb flepeHoca pe3ytlbraroB c QuauuecKofi MotreJrH Ha Harypy

Hs-sa Hurwrufi. HeMoAerrfipyeMbrx Qarcropon - Bce aro orpaul{tll{Baer (u uac-

TO BeCbMa CyUIeCTBernrO) O6reU UHQoprvraqru{ o npouecce, non}^IaeMblfi. arcc-
nepHMeHTilrrbllbr MI,I MeToAaMH.

Ho Henb3f, [ocrponTb MareMarrflrecKyro Mogerrb, a,q,er<BarHylo pearlbuofi

cr{cTeMe, TorrbKo Ha ocHoBe TeopeTHqecKoro r{3rleH}Ifl flBneP^nfl. - c@pruy-
nl{poBarrHafl TaKHM nyTeM pacqeTHa.E MoAenb obrFIHo 3HaquTelbHo oTJII4IaeT-

cff or pearrbHofi crrcreMbr. Iloeror"ry npu cosAaHr{n w pasBurwr MareMarl{qec-
KHX MoAelefi rtponcxoAuT yroyHeHr{e MoAeJrH, B qacrHocrn onpeAerlenue ee

napaMeTpoB, Ha ocHoBe raHHbD( eKcrreplrMeHTa (HAenrnQuxaqr{.8 cHcTeMbr).
B cssen c oTHM MareMarlrqecKoe MoAerrupoBaHlre npoqecca B Hau6onee 06-

ueM crr)^Iae BKrroqaer cneAyro[${e ocHoBHbre 3Tanbr:

r,r3yqeHue Ha ocHoBe r.lMeroureficx nn$opMarrnr{ (reoperu,recKofi, oKcflepn-
MeHTanbHofi) Qnaurcu flF.flenr4fl. H BbIAeneHHe ocHoBHbIX $arcropon, otlpeEe-
narcuprx flpoqecc;

[ocTpoeHl{e MaTeMaTl{qecKofi MoAen}r frB'ne:fl,nfl. B Br{Ae cooTBeTcTByloqefi
cucreMbr )?aBHeHr,rfi (autb$epeHrs{:Irrb}Iblx, I{HrerparlbHbrx n r.n.) c Heo6xo-

trr{MbrM}r rpaHr[rHbrMr{ I{ HaqaJrbHbrMr[ ycJroBufiMr4 wnfi. B Br4Ae sKBI{BaneHTHOft
orofi cr{creMe B apnarluoHHofi QoprraynrpoB Ku 3atraqu ;

rrocrpoenr{e qncrreHHofi rvrogenn (HanpraMep, Ha ocHoBe Mero,qoB KoHeqHbIx
pasHocrefi, arreMeHToB u r.n.) tl pa3pa6orKa BbrqucJruTenbnofi nporpaMMbl;

npoBeAeHHe BbrrMcJlr{TetrbHbrx 9r(c[epHMeHToF, HcToJrKoBaHHe flon]^IerlHblx
pe3yrrbTaToB, cpaBHeHHe c peureHr{ffMl{ }r3BecTHbrx 3aAaq r4 T.n.;

ngeHruQnKas14s. MoAenH (c ncnonn3oBaHr{eM AaHHbrx aKcnepuMeHroB Ha

Suarvecrcr{x MoAerrflx tr HarypHbrx obrercrax), nonrre BbrtmcJrnTerrbHble gKc-

[epI{MeHTbr r{ T.tr.;
nporHo3 (n onrulmgaqurr) npoqecca Ha ocHoBe yroqHeHHofi (ngenrnQrug{-

porarurofi) ruarertranr,recxofi MoAenH.
B Hacro.sulee BpeMfl MareMarr{qecKoe MoAerrHpoBa}IHe Bce IIrHpe npuMe-

Hfl.eTgfl, npI'I r{3rreH'wld rr.rApoTepMurrecKHx flpoqeccoB B BoAoxpaHl,Lnl4[ttax{x-
Jra[I{Tenfix. B csngn c aTI{M HHxe nplrBo4rrTcff Hcxo,qHbre ypzlBuew}rfl. MexaH}IKH
)KITAKOCTH r{ TerrflOlepeHoca, paccMarpr4Barorcfr cHcreMbr ypanHenrui rn[Po-
TepMrrKH (c coornercrByrcrru{Mn rpaHurrHbrMr{ yclror.vnun), no:nao)KHble ny-
TH r4X yfipouleHr4ff H Mero,qbr perueHl{fi, rrpuBoryTcf npHMepbl pacqera c uc-
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norIb3oBaHHeM rrugteHHbrx MeroAoB (rcoHeutnIx pa3Hoctefi, rconeqHbD( one-

rr,reHron). 3ru [p]rMepbr AocrarotrHo rronHo l{tulocTpl{pylor Bce ocnoBuble 3Ta-

ttbr orurciluHofi srlue cxeMbr MareMarrlrrecKoro MoAerlupoBaHlrff npoqecca: BbI-

6op u o6ocsonanue MareMarn'recrcofi MotreJrH I{ MerotroB rrucfleHHofi pealnsa-
qm, [og6op n perueHr{e recroBbrx 3e44v, npoBe4eH}Ie ugeHruQnKalllllr cncre-

BOAOeMil( H COrOCTaBrreHHe C AaHHbTMH HaTypHbD( sKCnepHMelITOB. fIpU orona

Aerraercfl norrbrrKa oxBaTlrrb Bo3Mo)KHO 6oree urnporurl Kpyr MaTeMaTHqec'

KrD( MogeJrefi uaylaeMbx flBJreHnfi: or AocrarorlHo o6uso< TpexMepHblx MoAe-

lefi revueparypHocrparuQngpoBilHublx [oroKoB tro pztanuul{blx yfipouleH-

Hbrx (ou:rorurepnbrx, 6aflaHcosnrx) cxerr, Erparculux BtuKHyro porlb B npaKTH-
r{ecKrD( MeroEHKax HccJreAoBaHuff (cvr. rn. 3).

? ?. vpaRFTF.I{ug I 'HnPnnHHAM!4KH
- . h .  -  t t  t  t r A ^

cncrerraa 1ryarHeHnfi ADr{xeHr{.fl 6aporponuofi xolExocrr{ n efrnepoBbrx re-
peMeHHbD( s o6ilIer\,r cflfrae (nepertaeHHafl rrrrorHocrb, cx(HMaeMafl )Is{AKocrr),
KaK H3BeCTHO, I{MeeT BH,4

(2.r)

Bcnylae Hecxqnaaeuofi HbloToHoBcrofr XI{E,KOCTI{ HMEEM H3BECTHbIE

HeHr{ff Hanre-CroKca

\  +  
d $ i v )

dt d*i

y * 
}tiur) =

dt  d* i

dri

oxi

Orf i  d rz i  ,  d r t r
T

0 r ,  d * z  O t t

0p- - r
d*r

F i  +  u V 2 v r ;

dri

d*i
=  0 ,  i , i  =  1 , 2 , 3 .

(2.2)

l.ne D - r(Hr{eMaTuqecKafi B-rI3KocTb.

nls, Hensgxofi xI{AKocrI{ ypaBHeHl{fl Hasne-CroKca trepexog.rr B ypaB-
Henufl, 3finepa

T*,, r -+gv,vi)  = -y,  + pFi  + '#,

Y + i l@')  
=o;

P = f ( P ) , i , i = 1 , 2 , 3 .

3Aecu xt - Koopl{HHarbr B npflMoyronrnofi cncreMe (a gannnefoirerr 6ygel,I
cqrmarb, rrro )f 3 - Koopgl{Hara Btrorrb Beprr{KanrHofi ocu) ; ri - KoMrIgHeHTbI
BeKropa cKopocrl{; p -ruIorHocrb ; p - AaBneHI{e; t - BpeMfl ; Fi - KoM'

noHeHTbr BeKTopa oEtenmnx cnn; rit - cocTaBntlou$e HarlptxeHl{t TpeHI{fi.

llepnoe )paBHeHHe qpe4craBrr.fler 3aKoH coxpaHeHlrfl I{Mnyrlbca (ronn-
qecrBa ABrcKeHr{ff), rropoe - 3aKoH coxpaueHu.E Maccbl (ypanHenne Hepa3-

pbrBHocTr.r) , rperile - ypaBHeHue cocTo frHrrfr. 3trecr u Aarlee Hcnorlb3yeTcf,. Nrfl,
coKpaqeHr{.fi 3:lIrHcH [paBI{IIo cytvlMHpoBaHH.E no ADa)K&I nOBTOptrcuIeMyCff

B OAHOTUIeHHOM BbrpiDr(eHHH HrIAeKCy, T.e.

a i --3 a ,  \  a .  . -
- @qvi) =
d * i  -  '  

i - - I  o * i  o x r

a a
+ <L(pvrv i )  +  ? (pr rsv i ) ;

O x z  O x g

a  i = - 3  a  a  a  a
- @v') =
d "  j  i  =  |  d * i  

' .  ' '  d x r  o x z  o x t
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- L  a P  +  t r . .
P  0 * i  

' t '

1 , 2 ,  3 .

Cncrerue uiluHeftnrD( ypaBHeHrui Hasre-Crorcca (2.2) u pa3nnqHbrM rD(
Mo4rrQuraqrrflM rrocBfiqeHo 6onruoe qucrro pa6or, oAHaKo pEA npnrrqumrarrb-
HbD( BonpocoB, cBrr3anHbrx c orofi cucrer"rofi, ocraercfi HeperueHHbrna. Tax,
He u3BecrHo, c5ruIecrByror rru y crrcreMbr (2,2) npu upou3BorrbHbrx rrraAKru(
HaqanbrrbD( ycrroBlr.ffx ma,qKue pe[reHr'rff, Koropbre ocraroTcfl uraAKHMrr (ryQ-

Qepequpyer"trnar) Heolpanll.leHHo Aorrro, eglrrrcrB eHHo nE HeuragKoe (o6o6-
ulernroe) perueHue crrcreMbr (2.2), KaK ocyruecrbnflercr repexoA K ryp6y-
neHTHoMy Apuxenuxl xr{AKocrr{ rr r.A. 9rH o6croarerrbcrBa cyurecrBeHHo yc-
Jroxrrffror MareMarr{q€cKoe MoAeJrI{poBaHHe rI{ApoAI{HaMruecKrD( naneuilfi Ha
6a:e lpaaHeslu? Hasre-CroKca (2.2).

IIpu yrere rypfye,'eHruocrn reqeHr{r MrHoBeHHrre (arcryanrHue) 3HaqeHll.n
rHtrpogr{HaMrrqecKrD( xapaKTepncrr{K (crcopocrefi, gaanenr.rfi) o6mtruo npeg-
craBtrffrorcf, B BrI[e cyMMbr crarncr]rqecKrD( cpeAHr{x (no aHcarvr6nro peamea-
ryui) sHa.reHnfi u rryrrbcaquoHHbD( c@TaBrflrcrrlrD(, T.e.

v i = 7 , + " 1  ;  p = V + p ' , (2.4)

rAe tri, p - cpeAHI{e 3HaqeilHfr; vi, p' - flynbcaqHoHHbre cocraBrr.firou-Ue.
floAcraonxa (2.4) B ypaBHeu*tn Hasre-Crorca (2.2), 3arr{caHHbre orHo-

cI{TeJIbHo MrHoBeHHbrx gna.reru{fr vi H p, rrcnyq,aeM cr{creMy ypaBHeHr{fi oc-
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pegHeuHoro ryp6yfleHrHoro rroroKa (ypaanenus Pefinonrgca)

d r j

Cncreua ypaBHeHHfi (2.5) flBrlfi€rcrne3aMKHytoft, rarc KaK coAepxnT Kpo-
Me qerbrpex HcKoMby 

$4rcuufi 
vi, p AeBflrb HeH3BecrHbIx BeTIFIHII ryp6y-

JreHrHbrx nanpnxenufr t'i"i

flpodn e r"raM 3 aMbr K a*yrfr, cucreMbr yp aBHeHHfi Peft nonr4c a ( 2. 5 ) nocanuleua
o6uupnaa nureparypa (c"r., Harpl{Mep, [78] ). Mo>rcro, Hcnorlb3yff ronbKo
ypaBHeHHr Hasre-CroKca H Hepa3pbrBHocrr{ (He npunneKaff trononHlrrenrHofi
Teopern-qecrcofi H or(cnepr{MeuTarrbuofi unQopr"rauru), nocrponTb [ocileAoBa-
TerrbHocrb cucreM ypanHennfr Arrff ocpeEHeHlIbD( gHa'Iernlrl rI{ApoALtHaMI{qec-
KrD( XapaKTepI{cTI{K nOTOKa, OAHaKO KaXAafl H3 gTrD( CHCTeM OKa3brBaeTCf
Hea ar'aruyro fi (Uenouxa ypaaHenni Kerur epa-OpHgMaHa) . IIo aroMy cr{creMbr
ypaaHerufr Arr-fl ocpe4r{enHbD( xapaKTepr4crr{K noroKa npuxogrrrcfi 3aMbrKarb,
IIpHBneKaff Ao[onrMTeJIbIIbIe 3aBHCHMOCTII, OCHOBaHHbTe Ha 3KC[epI{MeHTiUIb-
Hbrx AaHHbrx, aHanornffx H T.n. (nonyerurruprlecKne reopnr{ ryp6ynenrnocrn).
Hau6onee paapa6oraHrr MeroADr 3aMbrKaHuff ypaauennfi PefinonrAca. Tarc,
cornacHo r{3Becrnoft rcorqerulnl EyccnHecKa o rlp6ynenrHofi BE3Kocrr{ npn-
HnMaercff, rrro ryp6ynenrHbre HanpnKeHr{.fi onpegerrfirorct no Qoprryne

hrc. 2.1. K 3a,q,aHnxl ycnoruft Ha rpanurle BoAoeMa

Cucrerra (2.7) Moxer 6urr B npuHls{re pe'
IIreHa npH coorBeTcrBylou$x rpaHrurrblx H Ha'

t  r ^ v  v v v r  -

Bff3KOCTbX)

ryp6yneHr-

Iltn 3aMbrKaHilfl cncreuhr ypanHerurfi (2.5) Hcnoilb3ylorcfl raK)Ke ypaB-

HeHr{ff 3HeprHH ryp6yrenrHocrtr, ypaBHeH}Ie cKopocrtr trltccffialrwr ryp6y'

nenruofi oneprun H r.A. fl4, 15, 22, 47 , 55, 81' 82] (cr"r $ ?.6).Apyrofi
nyrb onpepleileil$fl napaMerpon QeHorvreHoJlorHqecKHx rvroAenefi [rnna J4paBHe'
Hufr (2.5)] - uHgeHnr$nrau{ff Mo,qerrn Ha ocuoBe AoroJlrrnrennnofi uttsop'

" ' '  
n66n i t t ^ - ^  ^6 -ounq  (o t t  n r r  4 ' l

IY l4 f  r , n ra  t ,  l l v .E tgAgn tLxL  ywg) lD f l v l  v  vvDvAr4  \ v rY r .  r JL '  t ,  '

IIpu peurennti cr{creMbr (2.7) o6rr,mo Hcrollb3yloTcfr, ciletryrcuue rpaHIrI-
Hbre ycrroBufl. Ha "raepAofi" doronoit rloBepxHocrl{ (npunrar"raeuofi 3Aecb
grtfl npocrorbl qnrlungpnuecrcofi)

= i  =  Q . (2.8)

Ha xsgrcofi 6orconofi noBepxHocTu (so4osa6op, BotroBblnycK' rpaHI{IIa
BoAoeMa c BoAoroKoM H r.n.) 4 - 3aAalrHrre Qynrqnu KooptrHHarH BpeMeHI'I.

Ha cso6oAHoilI uoBepxHocrn BoAoeMa npu r(3 = q@r, xz) (puc.2.l)

p = const;

P. fu Fi4) * * r ,  
+ u v , ; , - # ,_  _ l

p

-4,i - vri i(*- Fr),

0v t
(2.s)

(2.6)

HO l/M

rraoxuo npeHeoperlb IIo cpaBHeHHIo c

nofi.

0 r *
d t

07i ri
2 S . l - = - r t - I t L tL t  d x s  P

V1

dn
ui 

a*i 
vzi (2.e)

rAe frtl - cocraBrrtrrcrrlHe rosQQurg{eHra ryp6yneuruofi Bfl3KocrH, xapaKTe'
pn3yrouge crarucrt{qecKne csoficrsa norr^fi nynbcal$roHHblx crcopocrefi. B o6-
ureM cn) {ae rcoaQQnuenr ryp6yneurHofi Bfl3Kocrn frr.ilfleTcfl, reHsopnofi re-
nuuuHofi, Arrfi onpeAeneruf, rcoropofi rryxcbr AonorIHHTeIIblIbIe coorHoIIIeHHr,

Io3roMy Qopr"ryna (2.6) no cyulecrBy BBoAI{r BMecro Heu3BecrubD(

"i"i 
HoBbre HeH3BecrHbIe v,rrr. OEuaKo Bo MHoTID( c;r]ruaflx Mo)KHo npn6nu'

xeHHo cquTarb rcoaQQnu{eHr ryp6yneHrnofi Bff3Kocrl{ cKanflpoM t/r H TeM
caMbrM 3aMKHyrb cncreMy ypanHeru{fi (2.5).

B pesynrrare cncreMa (2.5) npHHI{Maer BHtr

rAe uD = lu * u, - cyNrMapuufi (eQQerrmnuft) rcoaQQurluenr BE3KocrH,
sKnroqarcu${fi MoneKyrrfipHyro vM 14 ryp6yneHruyro ur cocraBJr.firoulne.
36

rAe ? - Bo3BbrIIIeHIIe cso6oAuofi nonepxuocTll; T; - KoMnoHeHTbI BeTpo'

BOrO HaIIpflXeHI{.8.
B cnyrae BoJrH pralofi aMrrrrnTytrbr ycnoBu.fi (2.9) 3aA:Irorcff Ha HeBo3My-

uterurofi- ceo6oggofi noBepxHocrl{, npITIeM Bropoe coorHolueHne B (2.9)
d n

rIpHHHMaer BI,IA 
at 

= V3.

Ha AHe npn X3 = -h(Xr, X2) npmnr'aaeTcff ycnoBue "rtplulnrlarfrrfl"

vi - 0 (2.10)

HccreAos anilfl. reqerufi c ycnoBl{eM rlpunullaHux noKit3blBarcT, qro B Heno-

cpeEcrBeHnofr 6nnsocrr{ or rpaHr{qu nponcxog,ffT pe3Kne H3MeHeHHfl napaMer-

poB TerreHyltt, H ltpn qucleHHbrx paclrerix B TaKI,D( o6nacr.fix flpuxoAuTcfr. cry'

rllarb cerKy. MeHee )KecrKr{M B 3ToM cMbIcJIe fiBrfrercfl l{3BecrHoe ycrloBne
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rAe kb - K.o3ooHr[{eHT IIpH,qOHHOIO KaCaTeJrbHOrO HarrpDKeHI{fl, npr{HHMa-

eN{brft tIocTo.fiHIIbrM IrJrH oflpeAerlEeMbrfi no gMIIHpIfieCKHM 3aBHCIIMOCTflM.

B ll4, 471, rge Hccrregyercfl rn,qporepMurlecKufi pexcrM B BotroxpilHl{rlu-

uo(-oxlragr{TeJrflx, rcoeQSrugeHr ryp6yneurHofi Bff3Kocru I/r, Bxo,4ffu[rfr s
/ r 1  1  t \  nn rnn r r roa r ^d  ranb r .aw l r r r  nn  rn r rF t r t t a  r t  f r ?T r tA r rp r rge raq  a  r ra r rn r r l . a ( l -
\ L .  I / - J  t  r rP l ru l v l qv lWA r lw l , v r v r v ru r l l l v l  l l v  r J l Jv ru rv  t t  v ' ^L ' vAv '

BaHr{eM oAHonapaMerpl{qecKofi H A,ByxnapaMerpl.tsecKoft Mo4erlefr ryp6y-
JIEHTHOCTH.

2.3. YPABHEHHE TETIJIONEPEHOCA

CKOIIb)KCHHff

. a ?
kr,  

#,  
+ v = Q rp.r .x3 = A,

a v '
, ,  

au  
-  k r l v l v  =  0 ,

PacnpocrpaHeHne relrrlorbl B ApruKylrleircn clmolrrHoft cpege
cfl ypaBHeHI{eM

d r  a  a  A r .
;  

t  
l ; - . (uir)  

= 
a, ,@-i  a\)  

r  4"nn,

d r 0 r a
i  

n  o i  
ar i  a r r \o* t1

rryIIbcalu{oHHbrx cocTaBnff IoUIID(

(2.rs)
V i H T B

flynrcaquouuufi rIJreH B (2.16) oGrnmo rpeAcraBnfrercff. B BHAe

E, Ai
4T'  = -ar i i  "&, (2.17)

rAe aili KoMroHeHrbr TeH3oparyp6ynenrHofr reMneparyporpoBoAHocTH,
T.e. B BlrAe, auarrornqHoM 3aKoHy Oypue B TeopHr,I MorleKyJlnpuoit rermofipo-
BoEHoer!! (runoreaa <Dr.rrca-F yccrurecrca) .

B peaynnrare rocre noAcianoBKH (2.17) y (2.16) ron)Aaercfl nonyaMrru-
pr+recKoe ypaBHeHlre ryp6yneHrnoro reluoflepenoca (ypanHeHue Teftnopa)

(2.18)

.(no aHcapr6nro peurueauHfi) BertlrluH Lr

4  =  t a  +  v !  ;  T  = T  +  T ' .

0r d r a A r

(2 .1  1 )

rge T = (n,, 
"r) 

; A - nucryr uepoxoBarocrl{; km - 3Mluprqecrcnfi xoaQ-
flogcrannflfl BbrpiDreunfl. (2.15) [rfi MrHoBeHHbIx BeruqHH

(2.14), norfraeM

OmMeIfr. 3aBlrcru.Effi or napaMerpa [epoxoBarocrfi n Iny6riHbl noroKa. a? - a? a , a?- I -
@ a c v e ' y r e ' r e . r n a i B B o A o e M a ( n p H M e H ' e T c ' y c J l o B [ e ; * n r ; _ = i - ( c n , t i - ) l F ; ; : - ( - f 7 - ) . ( 2 . L 6 )

cKorlbxeHltt, cBf,3bnalorqee HarrprxeHue Ha ane n cKopocrb, B Bltre dt ' dxi dxi-*'" dx dxi '

(2.12)

OIII{CbIBAET-

(2.13)

re 7" - reprneparypa; ri - KoMrIoHeHTbI cKopocTI{i auii - KoM[oHeHTbI
reH3opa MoneKyrlapnofi reMreparyporpoBotrHocrn; 4"nn HcTotIHHKH
(croru) rerrrlorbl.

flocraHosKa 3a,qaqn trpu 3roM Moxer 6rrrn pa3nnrlHofi. B onHnx cnflafix
noJre cxopocrefi (nanpnr"rep, none ocpeEHeHHbIx cKopocrefi, rrynbciuuonHble
xapaKTepHcrur(H norora) cqnTaerc.fi 3aAaHHbIM u rpe6yercfl onpeAerlnTb lrolre
TeMrrepaTyp, s ApyrHx - [epenaA TeMnepaTyp MoxeT oKa3bIBaTb BnI{fiHI{e
Ha none crcopocrefi.

O6rrmo upegnonaraercfl, qro urilBHbre HanpaBnefiflfr, cocraBnflIoulnx auij
coBnatrapr c HanpaBJrenrreM Koopgl{HarHbrx ocefr - 3To Aaer oprorpolrHylo
MoneKynflpnylo TeM[eparypottpoBoggocrb a*i. flna Hecxc{Maenaofi rxu4xo-
crr4 c freroM ),.paBHeHnfi Hepa3pbrBHocrr{ ypaBHeHI{e (2.13) ruroxer 6rtrr ga-

tMcaHo B BLI.qe

# *r, + = *;o*,,+.|.o,,i+. F,"n,.
MonercynflpHyro reMlreparyponpoBotrHoarb a*i1 ra rcoe$Qnitlrernrt ryp6y-

nernuofr TeMrrepaTyporrpoBoAHocTH arii MoxHo cJIo)KI{Tb H nonrll{Tb cocTaB-
rrnro uve cyMMapHoro (o$serrnnuorof rco eQQrupresta t

o>i i  = aui i  * ,  orr i '

O6rrqno a*ij I arii v MoXHo ctlurarb, vro ayil N arii.

Tarupr o6paaorr, ypaBHeHHe re[JlonepeHoca Mo)KHo 3alrucarb B

d r a d r" i= 
ar ,a i i f i  *  4"nn'

XOrs KOMnoHeHTbI aii OnpetrellflloTgfl. CTaTHCTIlIecrcUnm CSOHCTBaN&I nO-

ToKa, rracro B fipaKTrilrecKr{x pacqerix npuHr,IMaror, qro rcoeSQnrueHT TeMne-
paryponpOBoAHoCTll nocToffHeH I{ }I3oTponeH' T.e. aii = a6;1,'ttre a = const;

6rI - CHMBoJI Kponercepa.' 
.[anrsefturero yqpouleHr{.n ypauHeHdn (2.20) rpr{MeHurerrbuo K pacrleraM

nogoxparurnHul{xJratrurenefi MoxHo AocrurHyrb 3a cqer npenebpexeHl{E cJIa-
raeMbrMrr, xapaKTeprcylouprMu.. ropn3osraltuufi rlp6yneursufr o6preu.
Torga BMecro (2.20) nonyrurr2

fr
+ w

d t t

(2.re)

BHAE

(2.2o)

(2.2r)
r 4"nn , (2.r4)

Typ6yneHTHocrb troroKa y'rHTbrBaercq nyreM npeAcraBrl eHI{t flepeMeHnblx B

ypirBneHr.r.flx (2.13), (2.14) B BHAe cyMMbI coorsercrBylolrlru( ocpetrHeHHblx

38

i  
+  Y i  

a r ,  
=  

a r r o  T 4
+ 4"nr , '

r 
B ganrueftureM 3naqor E npu roeQsuuxeHrax Bt3KocrI{ }r reMneparypoflpoBoA-

Hocru onycKaercfl H nog v H 4 noHuMarorct cyMMapHrte xoeQQuIrHeHTbI.
2 

3tuuo* ocpeAnelilt y BertHrrn u T u rF -3gecb H Aarlee ouycKaeM.
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IIpn peureHuu (2.21) Moryr 6urt Hcnonb3oBaubl cneAylouIle rpaHI{tIHbIe

ycnoBHf:
1) Ha qacrH ^Sl rpaHuubl obnacru S saAaercff TeMreparypa T = T*;

2) ua qacrr{ 52 rparulutr o6nacru S sa,qaercfl HopMaflnnufi rernonofi no

rorc Qr"1,nn= Q* (noruax rpaHllua ^S = ,Sr + Sz ).
I nour.nerarcnrno 

" 
notoxpa qera rerlJroor,4aqu r-rc[apeHueM o6bruIo ucnonb3yror 3aBuctMocrh

fpaxrqHr're Ycrorxx 'a--cro60a:",Ll:-::!.f"-T:.::P'/-^:1?H:":ttri: a- = f (w-)(e- - e,), (2.2s)
(r"o, oo*ora.r noaepxuocn) r 

-;'fr;;;;;;;a${e' 
(uono"i"oop, 

"6ro"it' 
o" = f (lt/,) (e^ - e")' lt"zr)

lycK, rpaHhIIbI c EpyrI.IMI'r BoAoeMaMH H BoAoroKaMn., . 
rne f (ht,l - TaK Ha3brBaeMar BerpoBar OyIlI<I[{r; e,'t - AaBJIeH[e Hacbl-

npooneMe reuoo6ueHa qepe3 cBo6oAHyro lloBepxHocrb BoEoeMoB IIocBfl- vaocr:|'i 14" u ez - cKopocrb
uexa o6urpHa' nr{reparypa ("'., tutpn'"p, o6abprl n ** 

"f+s,-eal' 
*t#T"^###."#TX?X?,1i,:"H;H:rflrxxocnro (o6'wronprrHuMaror

a rarcxe [7], 921 u xp.\. Ocuognr,rr,an Qarropa n, onpeEeJrtroutMn rulor- ;-];;,i-
r{ocrb rermoBoro noroKa Ha cgo6oaHofi noBePxJrocrlt BoaoeMa, tBrlfiIorct: - 

s7^iiour*" Bcrpeqarorc, pa3J[.rrrHbre tfupr'rynrr EII-fl onpeaeneHrrf, Berpo-
cyMMapuar (upavaa n paccexnHaa) corlHeqHa.E pa+vawr c yqeroM orp_oKe' 

"J 
6;;;; i;;;;""p;p; 1tr, *e, isZ1j; xerorop"te alropor yur"r-

xnx, eQ{errrmroe [3JryqeH[e Boar{oi noBepxxocrn, rrcnaPeHfie, KoI{BeKruB- 
,*r-rn 

"""ro"ro 

' 
71W"y ̂ i ,i"u"o or cr(opocru Berpa, Ho rr o-1 goglHoru_e;

*til;K:"riTlTtffi1"X"*"J##""f#Toro*" 
"" ""o6o*oft 

roBepxHocr' ?T- 
t^ty. '"tn"parvpaur-r Bo3avxa h aonrofr nonepxaocrr [10' ll' 54]

BoaoeMa Mo)KHo 3ar'carb B Br{Ae tt!;"1"r''r'J;.rurena 
xorcerqlleft o6b.no npor3Botrrr r{cxo* rr3 coorHo-

O" = On - q,e - ec, Q.22) Ineln r EoysHa, rronJAeHHoro B rrpearroIloxeHr'I[I IIo[o6I[a [poqeccoB TerEIo' r

rAe oR - cocraBrrf,Eulat, xapaKTepl{3yrcuat cyrunaapruft pagxalprorurlrfi 
Mac-cofiepeHoca'

remoo6ves (nrcrro,rax uany.renxe); 
-o" 

- mor"o"tu ienrroso.o soroKa 3a 
I = uo.t | 

't - 'ol, 
e.26\

cqer l{cnapelrHr; aDq - IUrorHocrb KoHBeKTI4BHoro reluloBoro noroKa. qe I em - e l'
Huerorcx pa3trflfible 3aBllct{Mocrl{ lllf, olpeAeJreH[t 

"o"t*"-1TT-_Y1 _ e - aaBJreHne napa Ha arrcore 2 M uan eoAoeMoM.
Ar.rawoHHoro reruroo6r'tena, rennoBblx [oroKoB, cBt3zlIINbD( c Ircnap-eHHeM 

-n hcnolrryx (2.25) r (2.26), nonyqaeM
xoHsexquefi, HanpnMep, n [57] na ocHoBe npegoxeHl'tfi pxAa aaropor no
ny{ega cneAyrouatr OopMyna grlt pacrlera cyMMapHoro paEJ{aurororoio ,.n' Ac = 64,Lf (tl") (T:" - f ) ' Q'27)

""lT"lo,ro*,"(l-0,65nr) + s,17.ro-tr(Ta + q""l3il[,l"1llilry;cocraeBrrtrcurren,'or*ocr'rrelnoBoronorora 
<D''n iD"

+ 273J5)6 ( l  +  0,17n2)  -  5 ,50.  10-8 ( r ,  +  273J5)4, (2.23) Q e =  a " ( e *  - e ) ;

O" = ar(Ts To),

rge de il ac - KOo(bQuqUeHrrI TennOoTAaqI'I HcnapeHueM H KoHBeKIIneil COOT-

BETCTBEHHO.
O6rr.rHo reMneparypa BoAbr B BoAoeMax 3HatIHTeIIbHo MeHbuIe 273,15 "C,

a 3aBHCI{MOCTb AaBneHK.s HacbllueHHoro napa oT TeMnepaTypbl noBepxHocTH B

HHTepBilrre ee H3MeHeHI{ff Mox(Ho cqHTarb nnHefiHofi. floeror.ay, KorAa Berpo-

Baff OyHKtUlfl He 3aBr{ctrr or fs, BbrpaxeHl,Ie Ntff lrnorllocru Te[rloBoro [oro-

KaMoXHoI IHHeapI{3oBaTbI IoTeMIIepaTypeI IoBepxHocTH,T.e.

Q, = -a2(Ts - Tp), (2.30)

r4e Oo - cylvrMapHafl coIIHeqIIa-fl paryaq4z^fl' Ha ypoBHe Mopfi lrpn anb6eAo'

paBHoM HyIIrc; ap - illlb6eAo noBepxHocrl'{ BotrbI; I - eQQercrnn}Ioe H3IIy-

qe""e nptr $ego6fiaquoM^ Fre6e, otrpeAerraeMoe KaK QyHKIIIlfi BJrax(HocrH H

reMneparypbr Bo3AyXa; k u c - Ko3+QUrpreHru, saBvcl,url4e or Irllrporbl

Mecra pacnon oxeHl{-fi BoEOeMa.

r4e Or" - KOpoTKOBOJIHOBitfi coJlHeqHafl pa4g1atftrfl. rrpll flCHoM Hebe; n -

o6[aqHocTb B AoIIfix eAI{m{UbI; Ta v Ts - TeMnepaTypa Bo3Ayxa Ha BbIcoTe

2 v-uBoAHofi noBepxHocrn coorBercrBeHHo, 
oC.

B png,e pa6or (cv., HanpgMep, [12,7l,921) rpuBoryrcn 3aBilcr4Mocrl{

lIJrff onpe treile%i/ln Op, SIHTbIBarouUe pfA Ao[o[HHTeIIbHbIx oaKTopoB' BIII'Ifi-

roulpx Ha pa,qr{arlqoHnbrfi Tennoo6MeH (MecronoJlo)KeH}Ie 14 pa3Mepbl BoEoeMa,

alb6eAo nonepxxo cTIt, flpycHocTb pacnonoxeHnff o6IIaKoB H T.E.) . Kax npa-

Btrrro, 3TH OaKTopbr yrruTbrBarcrc.fi BBeAeHI,IeM ph3nnqHblx [oilpaBotlHblx KosQ-

Surq.renroB. B KarrecrBe [pr{Mepa rrpHBeAeM QopMyrly cpaBHurenbHo [pocroro

BHAa, peKoMeHAoBaHHylo B n78'79 1921,

o R  =  o o  [ 1  -  ( l  -  k ) n ] ( r  -  o p )  -

-  r ( l  -cn2)  -  20,77.  10-8 (To + 273,15) t  ( r ,  -To) ,

(2.28)

(2.2e)

rAe dy - cyMMapHlrfr rcoaSQuUHeHr rellfioorAaqn; Tp - paBHoBecHaff TeM-

reparfpa (enep,eunan B IIpaKrHKy pacrleroB .lI)K. 3gnurepoM), Koropafl' Ilpln

4 0
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AaHHbrx MeTeopo[or6recKr,D( Qarcropax cooTBeTCTByeT paBeHCTBy HynIO rrorr-

Horo [oroKa rrepe3 rroBepxHocrb BoAoeMa. OqeBHFIo' ycrloBHe 
'(2.30) 

@p'

ManbHO c[paBeAIII{BO B nrc6opr Cnyqae' oA}IaKO JII{IIIb npl{ yKil3aHHbIX BbIIIIe

ycJIoBHfix rcoeSSuUUeHT TeIuoOTAaqH a2 Mo)I(Ho cqHTaTb He 3:IBHcffUIHM oT

TeMIIepaTypbI IIoBepxHocTH.
r' nonrror ^TrrATrrrI. urcl anraHHe aHaflI,lTl{qgcKofr 3aBHcI{MocTH EIIff oflpeAe-
v J r v A J v r  v r r v r v r r r ^ s t  r ^ v  Y h - - - - -

JreHHrr rurorHocru TerrrroBoro noroKa Ha cBo6oElofr rloBepxHocrH BoAoeMa -

ToJrbKo 6AHH H3 Bo3MoXHblx flyrefi 3aMbIKaHHfl 3aEaqn TerlnoflepeHoca' trpy'

IHM nyteM flBJIfleTCff COBMeCTHOe paccMoTpeHHe rHApOTepMHqecKnx fipouec'

coB B BOAOXPaHWIT4UIe fi agpoAHHaMUqecKID( rlpoueccoB Ha'q ero noBepx'

Hocrbro. Tarofr Hau6onee o6ursfr troAXoA npmoAI{T K cFuecrBeHHopry ycJrox'

Hel{urc 3aAaqn. B ro xe BpeMfi )^Ier rpaHcsopr'ralu{I{ H crparn0nraqnu ror'

AylrrHoro rroroKa Ha,u, BoAoeMoM (cr"r., HanpuMep, [83-85] ) n neroropbrx

cnflafix Mo)KeT oKa3aTbcff HeO$XgAHMbIM pg1rr-' o6ecneqeul'lt npgeMneMofi

TOqHOCTH pe3ynbraroB.
TeulostIe [oToKI{ qepe3 A,Ho H 6orcoslte rpaHI{UbI BoAoeMa o6rrqso npeHe6'

pex(HMo Milrrbr no cpaBHeHr{rc c noToKoM qepe3 cBofoA,Hylo [OBepxHocTb H

losToMy Ha 3rHX rpaHI{IIaX [onaraeTc n' (tt - HopM,nIb K noBepxHocru)

(2.32)

Eonee cloXHbIM ffBIIffeTcfl BoIIpoc o 3aAaHI'IH [pI{eMIIeMoro ycnoBHfr' Wrfr'

TeMnepaTypo, tu-'"onotuOop.. tlacro npbg,nonaraloT' qTo KoHBeKTI{Brmlfi ne-

peHoc Te[JIoTbI cyUecroetrHo Oonlure gHQQyrHoHHoro, rlro npHBoI[HT K

ycJroBI{ro

(2.33)

Fr"nr  l6Tdv =

d r
d n < - - u '

on

Ha no4oBbl[ycKe Moxer 6urn 3a[aHa

AOeM BO,IbI

f  =  G ' n  ( t ) '

(2.3r)

reM[eparypa c6pacblBaeMofr B BO'

(2.34)

T  =  T *  H a  , S l .

,Ilpyrorl rytb Erfl Qopr'rynupoBKH rpaHruHoro yciloBilfr Ha Bo!'o3afope -

"ar"i"+rKarl'.fi 
eyHrcrurn, or*cblBalouefi TelrnoBofi [oroK Ha rpaggue 1ro

pe3y[braraM H3Mepenufi TeMneparypbl B BoAoeMe (cr"r' rn' 4) '

BapnaqloHHafi QoprvrynnpoBKa, coorBercrByrcLqafl ypaBHeHI{Io (2'20)

H rpaHI{qHbIM ygnoB ytfrly., HMeeT BI{A (HeAHaroHuUIbHble KoMnoHeHTbI TeH3Opa

a He yrumlaaer'a)

dr  +  r , o '  =  o .
d t  ' d r i

, t# Lt,*)-
= [ t (Qr"*t ,t -

S 2

rtre npetrrloJraraercfl,
4 2

Q \ 6 r d s ,

qro ?" YAoBnerBoPfler YaIroBHIo

CoorHdureune (2.35) flr'ilfl,ercfl. ocuoBofr Arrff perueHuff 3atraq rennoflepe-
HOCA METONOM KOHEqHbIX gIIEMEHTOB.

2. 4. CHC-T EM bI Y PAB H EHUTI T HAPOTEPM H K H

.Ifgn uayr eHLrfl rr-rgporepMr{qecKoro pe)rsMa (rugpogrtr{aMl+IecKux xapaK-
Tepucrr{K n nonefi TeMneparyp) B Bo,qoxpaH}ururrlax-oxlra4r4Terflx B 3aBI{cH-
Mocrn or Ilenefi HccrIeAoB aroz.fl, oco6eHuocrefi nogoeMa, [orrHorbr ncxogrofi
uH$opvalufir, Bo3MoxHocrefi BbrucrrnTerrbHbrx cpetrcrB, rpaawlttt H T.tI. uc-
norrb3yroTcfl caMbre pa3nl{Ftrrble MaTeMaTHqecKHe MoAeJrH flB.nelIldfl, ocHoBaH-
Hbre Ha paaniruurrx BapHaHTax ypaBHerufr MexaHHKH )KHAKocrI{ H Terrflone-
peHoca H coorBercrByrou-u{x rpaHrrnrbrx ycnoBnft. B o6ureM crrflae y?aBHeHI{fi

rHrqpotrHHaMr{KH u TelHonepeHoca, KoTopbre Bbrlue paccMarpwBufi4cb He3a-

BHCI{MO, CneAyeT paCCMaTpr{BaTb COBMeCTHO, TaK KaK TIJTOTHOCTb BOAbI 3aBH-

cr{T or TeMrrepaTypbr.
llpnHrg{m{arrbHo Bo3 Mox}IbI ABe flocrilttoB KH 3aAaqn :
1) ypaBHeHnff rHtrpoAr{HaMHKH r{ Ternonepenoca peuarorcfi coBMecrno,

B pe3yJlbTaTe rrero o[peAerrfroTcfl, Bce xapaKTepHcTHKLI rH,qpoTepMHqecKoro

npouecca;
2) npeArrolaraercf,, rITo Brrr{aHHeM TeMnepar)ryHoro florlfl Ha rnApotrHna-

MlrqecKue xapaKTepHcrr{Kr{ MoxHo npeueopeqb, r{ 3atraqa peuraercfl B A3a 3Ta-

na: cHaqala ollpeAerrfreTcfr, noJle cKopocTH I{3 ypaBHeHHff THApoAHHaMHKI{, a
3aTeM perxaeTcfi ypaBHeHlle reluonepeHoca.

Ecnu B rrepBoM cJrfrae ucxoAuTb Hx rpexMepHbD( ronyeMrrnprflIecKru( ypaB-

HeHnff ryp6ynenTHoro noroKa r{ Terrno[epeHoca, He Hcnorrbzyn 6onee cJlox-
HbD( MoAenefi rlpoyneHTHocrH, To 6ygervr r{Merb cHcreMy ypaBHeHHfr rHtrpo-

TepMHKH OTHOCHTeJIbHO lrrecTr,t HeH3BeCTHbrX (Vp P, p, T)

Hnrerprpyn (23Q no qacrflM, roryqaeM

n (# - r"""io ?" + ", + ffi t dv = 
lje*aras

'#  +  * ,e ,o, )= - I * - r ,  +  * , ,# , t
^:  +  L(oo, )  -o ;
ot  ox i

p  =  p ( 7 ,  p ) ;

'#.fuvir) = *,o,,

(2.3s)

(2.36)

dr
d*i

+  4 " n r '  i ,  i  =  1 , 2 , 3 ,

KOTOpar peuaercff npH coorBercrByrory{x rpaHutlHblx H Haq.arbHblx ycno-
Bnfix. Bo nropoM crrpae cHaqana peuaerc.E cncreMa ypaaneHufr rH,qpoAI{Ha-
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Tpexnepxue
u t  ( x t r x2 ' x t ' t )

+ lu 2  l ^ t t ^ 2 r ^ t '  v  I

u t  ( * t r x 2 . J y 1 t l

f  ( X t t X 2 t \ 7 r t l

cmu (nnaxoflue)
t 1 ( x 1 r x 2 , t l
u r ( x 1 , x z r t l
T  ( x y , x p t l

nn0eK0cmu
u ,  ( x , x1 r t  )
u t ( x  px1 ,  t )
f  l x  l t x r r t )

0epmuxaiu
i t ,  (x t  , t )
u 2  $ 3 r t )
u j  (xyr t )
T (x1; t )

Pyrc. 2.2. Cxerra custeMbl MaTeMaTI{tlecKHx VoAeneft ruApoTepMHqecKnx npoUeccoB B

B OAOXp arrHnuulax-oxjr aru{TeJlsx

MHKH, a 3aTeM C I{C[OIIb3OBaHHeM [onyqerlHgro fioJlfi CKOpOCTefr n ypaBHeHHe

Terr]IoIIepeHoca.

Hercoropoe yrpoueHHe rpexMepHblx ypaBHeHHfr (2.36) Moxer 6lrrr Aoc-

TI{rH)rTo TaKxe ga Cqer npeHe6pexeHl{rl pffAoM cllaraeMblx (HanpuMep' ecJII4

[peH;6peqb ropH3oHTtlIIbHbIM o6t"renor,a [M[yIIbCoM H TermoTofr rto cpaBHeHHIo

c BepTuKatrbHbrM, rrpu paccMoTpeHHI{ CTaU}IOHapHbtx 3a,qaq I{ T.[') '

Ecnn roaSQHUneHTbl rypfiyneHrHoro o6MeHa' cogepxaqnec'fi B ypaBHe-

t""* (Z:6),'onpeAel'firorcfl c rpHBneqeHHeM KaKoI"r-IIH6o r"togenl{ Typ6yneHr-

Hocrrr'(ogHonapur"rp*"cKofi, IlByxnapaMerpuqecKofi H r.n.), To Ko[FIecrBo

HeH3BeCTHbrX Vr ypannennfr B Cr{cTeMe (2.36) yBeJIHtII{Baerc.fl (neroroprte

npHMepbl TaKID( CI{creM ypaBHeHHfi npHBog,nrcq B $ 2'6)'
' 

Ilpyrofi nyrb yrpouleHHfi HCXOAITOfr cHcreMbl yf)aBHeHHfi - norulxeH]Ie pa3'

MepHocTI{ 32F,aqH, T.e. flepexoA or TpexMepHblx K trByMepHbIM (mocrcuur u

nnarroBbrM) r{ oAHoMepHbrM MOEeIIffM. IIpn 3ToM TaKXe' OqeBHEHO' BO3MOX'

HO COBMeCTHOe HtrH rrocreAoBareJrbHoe paccMorpeHHe 3aAaq THApoAHHaMnKH I{

TeluonepeHoca, pacruHpeHHe CHCTeMbI npH I{CnOnb3oBaHI{I{ pa3III{tII{bIx MoAe-

nefi ryp6yneHrHocrl{ H r.A.

HHorAa l{cnollb3yeTgfi el11e 9AHH cnocofi BIIIloH3MeHelMfl HcxotrHoft cncTe-

Mbr rHna (2.36)

rourrD( [68].
B npircrllKe HccJleEoBaHHfr runporepMlltlecKgx npoqeccoB B BoAoxpagn'

[HrUaX-oxJIaAHrenfiX TaKXe qacTo Hgnonb3yeTcf ypaBHeHI{e (necra4aOHapHoe

14 CTaqI{OHapHOe) TeruroBoro 6alasca BOAOeMa' 3am4CaHHOe OTHOCHTeIIbHO

cpe[HenoBepxHocTHoil ]rnH CpeAI{eo6beMHOfr revnepaTypbl' TaKHe MoEenH

MO)I(HO Ha3Barb Honb-MepHbIMH (Cr"r' rn' 3) ' 
-

cxenaa cl{cTeMbr MaTeMaTI{tIecKHX MOAenefi AHHaMHKH H KaqecTBa BOAbI B

BOI,OeMa)( H BotroToKzx, npHsegeHHas n [69] , [paKTI{qecKH 6e3 I{3MeHeHHfi

44

Moxer 66rt ncnoJrb3oBaHa EIfi rrocrpoenufi aHaIIorI4IHofi cxenol IIpHMeHIr'

TerrbHo K MaTeMaTIflecKoMy MoAeIIHpOBaIIKIO rHgpoTepMl{qecKHx npoqeccoB

B BOAoXpaHr.r.rrH turxoxJl a,ql{renfi x (pnc. 2.2) .

2.5. METOAbI PEIIEHHfl 3AAATI THAPOTEPMI'IKH

Karc yxe oTMerlaflocb, ypaBHeHr{r rr4trpOA}IHaMLIKId H TeIUIO[epeHosa' sJly'

)KaIIIHe ocHOBofi Ww, HsWeHI{fl rI{ApoTepMI{tteCKID( npoqeccoB B BoAoxpaIIH-

TIHITID(, Moryr 6um pelueHbr aHaJTHTI{qecKHMH MeroAaMI{ rlnlrrb B orAe[bHbrx

rracTHbrx cnrraffx npn cyuecrBeHHofi cxeMaTlr3arplH Qnauuecrcofr H reoMeTpH-

qecKofi cTopoH flBneqnfl. (nocne4onaTenbHoe paccMoTperge 3a'qaq ruApoAH-

HaMr{KH U TeUronepeHoca, flr{HeapH3OBaIIHble ypaF;]freilfi'fl" nocToflHHble KO90'

Sruqleumt, cTaHtraprllble o6flacru H r.n.). Ecnu yEaeTcfl cBecrH l{cxotrHble

ypaBHeHHfl K HeKoTopbrM Ttr[aM KJraccIlgecKID( ypaBHeHufi MaTeMarl{tlecKofr

6it"*" (ypanueng.fiM llarulaea; HyaeeoHs, Oyple I'I +.8)' +o ToFAa HeKoro'

pbrMr{ H3BecrrrbrMq MeroAarwr (parAerrenvs. nepeMeH}Iblx, ulrrerpanbHbD( IIpe'

b6puro""**R u np.) Mo)roo rronfrr{rb aHaIIHrHqecKoe peueH}Ie. OgHarco npu

aroM HepeAKo Sopr"ra aflur4TuuecKoro peulenllfi oKiBblBaercfl AocraroqHo

rpoMo3AKofi Lt 3arpygrrureJrbHofr trflff Irorrfle]Mf. t4ucneH,[Ib[x pe3ynbraroB.

Bce ero IIpr{Bo[HT K TOMy, rrTo rIpH peureHHl{ 3a,4aq rI{ApoAHIIaMI{KH fiTeIr'

lolepeHoca (a rIacTHocTH, npil u3yqeHuu rI{ApoTepMHrIecKHx npoUegcoB B

Bogoxpaggrgrrlo() tunpoKo Hcnonb3yrorcfl pa3JII{tIHbIe qucreHHble MeroAbI c

HCTIOIIb3OBiIIIHEM 3BM.

[Iln .rncneHHoro peruenr,rfl 3aAarr rMpof,I{HaMHKH I{ TerulonepeHoca B Tofr

Hnlr HHofi nocraHoBKe B Hacroflulee BpeMfi Hcnonb3ylorcr ptl3rIHtIHbIe MeroAbI:

Merog KoHeqHbrx pa3Hocrefi (MIC) HIIH ceroK, MeroA KoHeqHbIx sneMelrroB

(MKg), MeroA rpauuqnbrx oJreMeHroB (MI3), pa3rllrtlHble ID( KoMbHHiIu{H

t t.n. B peeynbraTe IIpHMeHeHu.E lil{cneHHbD( MeToAoB ucxoAtroe AHQQepeH'
qr{arrbHoe ypaBHenr{e (umr cucreMa ypaBHenl{ft) c rpa}ITHbIMI{ ycfloB.ufr}.fn

cBoAHTCfl K CI{CTeMe aIIr ebpill{rlecKl',D( yp aBHerff fi .

B Hacronuee BpeM.8 3TH MeTOADT HaqHHaIOT lrmpoKo IIpHMeHfiTbCfl H npP

uccrreAoBaHLTrl rHApOTepMHqecKHX npOUeCcoB B BOAOeMil('OXJIatrIfteJIflx'

IIpn sToM qacTo oKa3brBaeTcf AoBorrbHo TpyAHO Cp:tBHHBaTb Pa3n[qHble

[pn6[[xeHHbre Merogbl, TaK KaK o6urrHo npil I{3noxeHHH HeAocraroqHo qer'

KO yKa3bIBaeTCt HX B3iMMOCBff3b.

lfuxe, crregyfi [13] xparxo npo1JlnlocrpgpyeM B3:MMocBs3b pa3tg'{Hblx qgcneH-

Hbrx MeToAoB Ha IIpHMepe ypaBHe[II{fi Jlarflaca (x xotopotty B pfAe c'IflaeB cBoIIATcs
gatrar{H cTar${oHe6ofi termonpoB6tr}IocTl{, ApyMepHbte 3agaqH mApoMHaMHKH H MHo-

nre [,pyrue).
Kpaenax 3agaqa Erfl ypasHeruls Jlarmaca HMeer BHA

vzuo = o na Sl ;

flo = [/* ua r.t 
I

y  =  q*  Ha  f2 ,  f
D n  

^ t '  
J

I-Ae (/s - LrcKorvrax Qynr<rtnx; f 1 u f2 - qacrr{ rpiuil{ubl o6nacru o, Ha

(2.37)

(2.38)

Koropbrx 3aAa-
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Hbr cooTBeTCTBeHHO 3HaqeHHt HCKOMOft oyHKIIHH
xofi q*,

3arnrcrrsat npn6nnxeuuoe Bblpaxelue AIfi Uo B

u '  =  
l a ig '
I

nAe % 
- 3aAaHl{bre nHiieftiio iie3aBiictiMiie Syriqilii; _q. 

- xoe$Qxq_teEiTbl' IIcAJre-

xau1fe orpegerreHxrc, H noAcraanf,r (2.39) 
" 

Q.ll) n (2.36), noryqaeM (ecnx U+Uo)

Qynru$ru ourn6ox

g z u  =  e  u a  O ;

U - U* = €1 Ha . l '1 ;  Q'40)

a u o
- - e x = € 2 u a F 2 ,
dn

tlroou cAerarb grH ou.tr{6KH MHHuManbHbtMH B o6nacru H Ha ee rpafiHqe ucnoflb3yloT
pa3JrgqHbre BapHaHTbr MeroAa B3BeluexHblx ocrarKoa (xenxoox), T.e. yMHoxaKlr ouur6 n
Ha HeKoropyro BecoBylo Qynrcrxrc

w  =  ? 4 %  '
I

Ni - 3agaHHble nnHefinoxe3F8HcHMble QyHrcrru; p;

ru) u HHTerpHpyIor no oEnacm HnH rpannlre.
flepnrfi BapHaIIT OcHoEiut Ha roqHoM yAoBneTBoperMH rpafiilttHblx

= €2 0) u cooruouletm.sx

I e w a d l =  ! < V ' q w d { - l = 0 .
f i r }
Ecnn nrrpaxetgf, ArIfi U tt l/ pasmruHbre, To HMeeM MeroA MoMeHToB' KoHeqHbIx

parxocreft (cetox) H T.n,- 
Harpnvep, Knaccuqecxnfi (oneuno-parHocrxrfr MeroA Moxer 6rrm unrepnper[poB:lH

xax iniwurrnsfr crl)',tafi coorgouteHus (2.42), rAe B KaqecrBe BecoBblx Qynra.gfi artG

paga trerrBra-QyHrc1nx, a h 
- npon3BoJrbHbre y3JIoBbIe xoeSQngrenru.-B qasrrloqrlr'

ecnn gf - noxanrHbre noJruHoMbr BToporo nopfiAKq ro coorxoutewe (2.42) Aaer re

xe pe3ynbTaTbl, qTo H ueHTpanbHas KoHet{Ho'pa3HoCTHilt CXeM&-Ecnn 
gnn 3agaggf, npn6nnxenHono nupixeHxf, (2.39) n secosofi QyHrcrruu (2.41)

Hcnonb3yercfl oAHo H ro xe BbIpDKetMe, ro (2.42) - @pr.lyrmpoBKa MeToAa Ey6Ho

na-fanepxuHa.
Ecnn roxgecrBeHHo ytroBnerBopffrorcfl ycloBHs rorlbKo Ha .f'1, To BMecro (2.42)

6ygeM HMerb

HHrerpnpyfi neByro qacTb (2,45) ABiDK[,bI no qaCTtM' IIpHxoAI{M K coorHoIIIeHHK',

JtV2 w)wtl = -[  q*t4)dr -t  qwdr +
O f 2 / - 1

U* u ee HopManbHofi npouanog-

BH[e

(2.3e)

(2.43)

Aw
+  l u - - ' d r  +

J 1
o n

t 2

Ecnn V2 w =

m{ua)(.
flptt oluuaKoBBlx

Uu W coorHolrlelue

!  u*Yor.
r. On

0, to (2.46) nosnonrer paccMarpuBarb rolbKo ycnoBut Ha rpa-

uu w uueev- KrraccuqecKr{fi.preroA TpeQrua npH pa3n[qH6lx

(2.46) frBilflercfrocrrosofi glg Mf3'

(2.46)

(2.41)

- npou3BonbHble xoeQQlurneH'

ycnonufr, (€r =

(2.42)

t ewd{ l  =  t  e2wdr
O F 2

HJrH nocne HHTerpHpoBaHHfl nesofi qacru no qact.nM

, a u  d w . ^
t ^  ^  d s z =  ! q * w d r ,  Q . 4 4 )

92 ox1, ox1l. F2

T.e. TaK Ha3brBaeMyro c,la6yrc @pr"ryrnrpoBKy, mntrou-q/rcct ocHoBofi ueroAa KoHeq-

HbIX SJICMEHMB.

Ecnu r*reroAoM B3BeIrIeHHbrx HeBt3oK ygoBnerBopgprcfi ycnoBHt u na 11' To BMec-

ro (2.43) norrrraeM

draruaprruIx nporpaMM Ha Bcex 3Tatto( pelueHufl H r'tr'

Bonpocrt npr{MeHeHl{s MK3 K HccIIeAoBiIHHIo rggporepMgq-ecKlD( 4poqec-

coB B BOEOeMD({xJIapFrenffx I{3JIoxeHbl B [108, 157 ' L60' 161] '

B noCne4rUe fofbl AtIfi pegetgfl aI{anOrKqHbIx 3aAaII Haqail npl{MegfiTbgff

TaKxe MeToA rPaHIrIHbIx LIHrerpaJIbHbD( )ryaBHeHufi (MfHy) ntIH Mf3' IIo3-

BoJlalou${fi norulSgTb pa3MepgocTb 3atraqu Ha gAHTMIIy H Bo MHorI{x clrpaflx'

KaK rroKa3brBiuor conocragnTetrbHbre pacqerbl, oKa3aBrul{lic.fi BecbMa e$Serc-

TI{BHbIM. B tIaCrHoCTlI, sTOT MeTOA He O6IIaAaeT TaKI{MH HeAOCTaTKaMH lclraccu-

qecKlD( MKP u MK9, KaK TpyAHocTb oIIucaHHfl 6ecrose'mblx H ronybecKoHerl'

HbIx o6JI acTeir, Heo6xognMocTb peuleH1fl cHcTeM ypaBHeHl{fl BblcoKoro no'

pflArca H onpeAerl e1fifr. cJIo)KHbD( xapaKTepHcTI{K o6beKTa (naarpuU "XecTKo'

crn", Macc n r.n.).
Ffuxe npHBoAETcfl npgMepbl pe1llellgff 3aAaq rH'qpoAlIHtMI'tKlI I{ TepMI{K}I

BoAoeMoB{xJIaf,I{TeJIeft uan6oflee pac[pocTpa]IeHIIbIMH B HacTof,ulee BpeMn

TMCJIeHHbIMI{ MeroAaMI{ KoHeqHbIx pa3Hocrefr n KoHerI}IbIx 3JIeMeHToB'

t  ewd{l =
o

0w
€1 ̂  df .

On
I

f1
t

f2

46
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2.6. TPEXMEPHbIE MOAEJIH

Tpexr"repuue MareMarITrecKHe Mo[enn rH;1porepMr.rrrecKr,rx ilpoueccoB,
ocHoBaHHbIe ua ooulnx ypaBHeHu.sx rH[poAr{HaMHKH crparuSnrlHpoBaHHbrx
noToKoB H TernoflepeHoca, fiBIIffloTcfl BecbMa cJIoxHbrMH c ToqKH SpeIF^wr
Ir Hcn e HHo ii p e anr.r r argr.r n rp e 6 ye uo fi lrexo4uofr rar $o p laarg.u.r.

B pa6orax O.O. BacunbeBa, B.H. KsoHa H Hx corpyAHHKoB [14, 16, I l  ,
47, 481 6nun npetrroxeHr,r H peanu3oBaHbr HeKoropbre rpexMepHbre MoAerrH,
yI{HTbIBaIo[ryIe pflA xapaKTepsux ocoderurocrefi BogoxpaHurruuroxJragnrenefr
I{ uo3Borrffrouryre [onfrr{Tb,nop,po6uyro nn0opMauuro o xapaKTepe rnAporep-
MHqecKHx flpoqeccoB c fleropr bonrnroro qucJra pa3rr{rrHbrx $arcropon. Tarc
KaK H3MeHeHHe IITTOTHOCTH BOAbr B BOAOXpaHHtTUUIaX{XJratrITeIIffX CyUIeCT-
BeHHo MelIbIUe caMofi rurorHocrH, To crparu$uuupoBarffoe reqeHne Moxer
6rrrr onncaHo u npH6nrxetrnlr EyccHHecKa, T.e. B ypaBr{eru{rrx ,FHXeHnff ne-
peMeHrlafl rnorHOCrr saMdHflerc.E HeKoTopbrM ee cpepu{HM lrocToflHHbrM 3Ha-
qeHHeM pe B€3[9, KpOMe qrreHOB, OrrHCbrBarOU{HX apXHMeAOBy CVmy. fly6UUa
BoAoxpaHllnHu o6rHHo 6usaer 3HaqHTerrbuo Meurrue DraHoBbrx pa3MepoB,
noSToMy TeqeHI,Ie B BOAOXpaHI{rrt{UIe MO)KHO paCCMaTpHBaTb KaK TeqeHHe B
MerIKoBoAHoM 6accefirte, KorAa BeprHKzrnbHa.B cocraBnffIolqiln cKopocrl{
MHOrO M eHb Ure ropH3o HTarr bHbrx coc TaBIIfl rotrIHX.

B peaynrrare H3 ypannerufi (2.36) 6nlr;,a ronfreHa cne[yrouaff cr{creMa,
aHalorHqHafl ypaBHeHI{EM, o[lrcbrBaroruuM TeqeHHe n 6apoxmlHHoM oKea]re,

dr;
_ - _ 1 _ =  0 ;  p = p ( f ) ;
o* i

d r  a  d r . n
+  

" i h  
=  

? ; o t  * .  
*  F r " n n ,  i  =  1 , . 2 ;  i  = 1 , 2 , 3 .

Dln cficreMbr (2.48) B U4l rpHHHManHcb cneAjrlouffe rpaHrqHbre
ycrroBH-fi:

Ha rBepAoft,Iacrn 6orcosofi rroBepxHocrn yn = 0;
Ha )IqAKofi qacru 6oxosofi noBepruIocru, rAe BoAa BTeKaer r nogoeru (no-

AoBbInycK), vn = fr, (x, /) ; T = fr (x, t);
Ha xr{,qKofi qacru dorcoaofi noBepxHocru, tpLe Bo[a BbrreKaer H3 BoAo-

eva (nogoza6op), vn = fr,, (x, r) ;
ua cno6oguofi nonepxuocrn Botrbr rrplr x3 = Q

0 n d v t d r
t  

=  v t i  , ; 4  =  
p " ,  

cPoa t  j ;  =  q>(T  -  T ) ;

t
jdr

dt

(2.48)

(2.4e)

.[Jrs srrrncnllTerrbHblx oKc[epIrMeHToB H perueHrur KoHKperHbrx 3atraq Hc-
noJr b 3oB zrrru cb p a3rrnrrHbr e y[pouleHr{bre B ap Ha}rrbr cr{creMb t Q.al ) .

Ecnu cKopocrb reqeHu-fl r{rru ee npocrpaHcrBeHHbre H3MeHeHr.r.ff HeBeflHKI{,
To B ypaBHeHI{.flx EBH)KeHHI Mo)r(Ho npeue6peqb HenuHefistrnol r{Hepu{oHHbrMH
qleHaMH; MoxHo raKxe cql,rrarb, qro orKJroHeHH.E cso6oAHofi noaepxHocru
BOAbI OT ee HeBO3MyIqeHHOTO rOpH3OHTanbHOrO nOnOXeHHff Marrbr nO CpaBHe-
HI{Io c rny6uirofr, H oIIycrHTb rlnenrrr, xapaKTepu3yroulne fipoUeccbr ropu3ol{-
TarlbHoro o6ueua HMrrynbcoM H rernoroft. Tortra, ucrcrrrcquB AaBneHHe H3 ypaB-
senufi ABr{xeHH.fl H noJlaraff, rrro afj = a;6 i1, Fi = 0, nonyraeM BMecro
cncreMbr (2.47)

Ha AHe rrpr x3 = -ft(xr, xr)

dn dn
V 3 =  l ' l - -  t . l - Z : - ,
.  O x t  O x Z

0 v  A r
r / n -  =  k h l v l v ; - : : -  =  0 ,

o x 3  d x s

r g e  x  =  ( x r , x z , x e ) ;  Y  =  ( v r , Y z ) ;  t  =  ( r r , r z ) .
Vpanueunx (2.48) npu rpaur{rrHbrx ycrroBrrflx (2.49) Moryr 6mrn qucrreuHo

perueHbr npu 3atrutrturrx (na rex r{nr I.IHbD( coo6paxeuufi) rcoeQ$urrueHrax ryp-
6yneHrHoro o6preHa rryru c ucnorrb3oBaHr{eM pa3nr{qHbrx rvroAeJrefi rlp6ynerr-
HOCTI{.

B [14] onpeqerrenne rcoe{SnrruenroB rypdynewrr{oro o6prena BbrnonH.fi-
rrocb c npuBneqeHr{eM ypaBHeH}rff dulaIl'ca gHeprHI{ rypbylreurHocrn, Koropoe
3aru{cbrBulllocb B BHAe

(2.s0)

rge E - eueprua ryp6yneHrHocru; kE - roaQQnuueHr cyMMapnoro o6ue-
Ha Mn repeHoca oneprur{ rypfyneurHocrr{; L r - rtaacrura6 ryp6yneHrHocrl{;
C - nocroflHga.fi.

#' .  " t#  = - ;  u* .4 -  L , f f ,
dp
D t l

=  - g p ;
dr j

d* j
=  o ;  p = p ( T ) ; (2.47)

d r d r a d r . r
;  

+  " , G =  i , o , ,  u r . -  
r r " r , r , ,  i , i = 7 , 2 , 3 .

#=L ou**  (u ,_" ,K# l  +

. (ffi)] ,t - a"Ri) - cr,uk,

. a  d v i
*  

a " r ' u u tL0. ;  ! ,00 , , )
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OrHorueHne roeQQuuueHroB ryp6ynenrsofi
Bff3KOCTH 4r npI{HHManOCb 3aBl{cffu-uM or ql',IcJla

TeMnepaTypofipoBoAHocTH H

PnuapAcoua

(2.s r)

(2.s2)

\ / ; 5 )

d p
9 t -

d x l
R i =

B coorBercrBnl{ c r[opvynofr B- MyHrca ]r 3. AngepcoHa

d r =  a o ( 1  +  1 0 R i ) r t z  l ( L +  T * t l t l ' , o o  
=  c o n s t .

nls, (2.50) 3a,qaBallgcb ycnoBl{fl, cooTBeTcTByrcuIHe paBegcrBy Hynlo no-

ToK a sHeprI{H ryp6yn eHTHo cT}I qepe3 rpaHI{tI}IbIe [OBepxHo cTH'

orY, = o. ,
YpanHerur (2.48), (2.50) r rpaxl{tlHble ycIloBun (2.49), (2.53) aIIrpoKcI{'

MgpoBilrrucb c rroMorr-Fro HerBHofi rouerrHo-pa3HocrHofi cxeMbl' cucreMbl pa3-

HocTIIbIx ypanneruafi pe1llilllgcb MeToAaMH Apo6nux ularoB' npocroft I{ MaT-

prwoft nporoHoK.
OnucaHHa.s MaTeMaTgqecKirfl MoAe[b npl{Menflnacb' B qacTHocTH' Wfi H3y-

qeHl{.ff rngporepMnqecKoro peXI{Ma (nonefi cKopocrefi u reuneparyprr) ro'

troxpnHrrrnqa 3rufiacrygc*bfi fPSC-l (morUagD BoAHoro 3epKana O =

= i8,5 
"t ' ,  

o6teu BoAu V = 86' 10 r"r3; cpeprnn rny6nHa H = 4,6 u) '

Pac,rer BbrnorrHffJlcff Nrfr cJIeAFou$x ycnonufi: rrnPrcYllfiunonHblfi pacxog

g-:-- W i t";  reMneparypa BoAbI -Ha BoAoBlrrrycre Gnn = 36 
'C; 

Pal '

HoBecHafl reMreparypa f; = 25,2o C; cyrtrvrapHuft rcoaSQnrUaeur rerutoo6'

MeHa Ha BoAHof i  nonepxHocrg a>= 52Br l ( t ' ' "C) ;  cKopocrb Berpa l l7

= 3 rnr/c. Peuranacr crar.g{oHapnafl-3aAaqa MeroAoM ycr:tHoBrleHHff. Ha pnc. 2.3

npgBog1xTcff pe3yrrbrarbr pacqera nonefi TeMfleparypbl I{ cKopocrl{'reqeHl{fl Ha

noBepxHocTu BoAoxpaHlIIIHIUa, Ha puc. 2.4 - no1fl cpe4Heft no rnyErure n rPH-

Aorurofi cKopocrefi. flonyueHHbre pByrrbrarbl noKa3urH' sro B AaHHoM c*fl]ryae

pacnpeAelleHl{e reMnepaT}pbl 11o iny6IlHe noqrg oA]IopoA]Io; 3To Moxer 6urr

o6rqcHeHo orHocgrenu"o He$onrruofi rny6IaHoft soAoxparlrrll{qa H sogAeft-

cTBHeM BeTpa.
Bgan u oi soAosbrnycKa Ha6nrcAae rcn cltadan orpnllareilbHafl crpalu$tlxa'

ul{.r, cBfl3ir}rHa.fl c I{HTeHc}rBHbrM reruoo6rvreHoM qepe3 floBepxnocrr. Teqerrre

no noBepxHocTH BoEbr cneAyeT B ocHoBHoM HaIIpaBJIeIIHIO BeTpa, ocpeEteruroe

no rny6nne Terlettr{e HMeeT oAHy 6onluryro UI{pKynffI[Irc c UeHTpoM B cpegrefi

qacrr{ BotroeMa. flpugonHoe reqeHr{e KaqecrBeHHo noxoxe Ha cpe4{ee rI9 rtly'

6uHe, Ho B HeM Ha6nrctraercfl KoMrIeHcaLU{oHHoe reqeHl{e, nporl{BoflonoxHoe

no HanpaBIIeHI{Io nOB epxHocTHoMy.
B [48] paccMarpnBaercfl HerrnHeimas. TpexMepHaf, MotreJlb, ytrl{TblBaloluaff

uenngefiubre HHeprI{oHHbre qrreHbr B ypaBueHl{ffx ABHXeHlafr' H HerlHHefiuyto aa-

BHcHMocrb rrrrorHocrg or reMrreparypbl. Kpovre roro, ErIfl onpeAerleHufl roeQ'

5 0

l l

t - \ 
+ + + / 1 ',t I t

.  F +  +  -  -  -  t  /  |  - z

+ f t / l  = 7 , 0 c n / c
* lul < l,l cnlc

P,tc. 2.3. flon.n cKopocrrr I{ reMneparypbl Ha noBepxHocrn, pacotr{TiutHbre Arrff BoAo-
xpannmrua 9xu6acryrcxofi IP9C-I c ncnonr3oBaHneM TpexMepxofi uogenu:

a - nonecKopocrr{; 6- neorepyrr

Qmluenron BeprnKarrbHoro rlp6yneHrHoro odueua ficnoJlb3yercfl Anyxfia-
paMerpruecKafl MoAerIb ryp6yneurHocTl{.

B ornrIHe or npeAbrgyulefi [ocraHoBKH 3aAaqu 3,qecb 3araercfl. BeKTop cKo-
pocru Ha BoAoBbrnycKe r{ npeAlraraercfl.6onee o6utee ycJIoBHe, HaI(naAbIBa-

eMoe Ha rerrnoaoft pexuM: Ha BoAoBbr[ycKe 3agaercfr cr'fl3b MexAy reMne-

parypofr Ha HeM r{ reMneparypofi Ha BoAo3a6ope. Cucreva ypaanenurl (2.47)

3am{cbrBaeTcfl B Br{Ae

- lv, .k j,oo,)- h,ft 'dv' dv'' + u .  '
dt , d*i

*h, i ,oo")-h ' f f r 'y*t# + b1
(2.s4)

o ;  p = p ( T ) ;

5 l
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puc, 2.4. flons cKopocTH, pacorHraHHble Atlfl BoAoxpaHHnuqa 9ruloacryscxoft rPSC-1

c Hcnon63oB aHueM Tp exMe,pHofi r*loAenu:

d - nofle cpepreft cKopocrH; 6 - none npugonuofi cKopocrn

a r d r a d r
d t  t  d r i  O x r  

-  
d x t

rge / -napaMerp KoPtlonuca.

fpanuunire ycJroBH n Q.a9) ocrarorcfl 6es ngl\aeHenvrfi,3a I{cKIIIoqeHI4eM yc'

noBH.EA , I I f f TeMnepaTypb lHaBOAOBbI [ ycKe 'KoTopoe3anHcb lBaeTc f fBBH[ ' e

T"r rn  =  k tTs^6  t  f r (x ,  t1 . (2.ss)

Kporrae TOrO, Ha BoAoBbtnyCKe 3agaeTcff He HOpM:IlbHa'fi COcTaBnffIoUIafr' a

BeKrop cKopocrH.
5 2

KosoorqHeHrbr BeprHKrrrrbHoro ryp6yneurHoro o6vena n (2-54) onpe-

[err.fi roTcfl Ha ocHoBe Cne[yrc111efi rvroAenu ryp6yneHTHocrg :

d n a d r
0 r  D t ,  D t s

d e  A  . -  D e  e ,  h  - - \
.  = - / ( - = -  t = t c r f - e 2 e ) t
d t  A x s  ' d x 3  L

I

(2.s6)

rAe

P=v.(#J'.ffi) ' l , '-  o ,  R i ) .

3trecr € - cKopocTb AHccv1au4 eHeprufi_-Typ6ynenrHocrl{; ur = aEz le -

roaQQuweHr ryp6yneHrHofi Bfl3Kocru; Ke = aeur + Pu; u = u, + vu -
aytrarip*rfi rcoa$Quur,reHr Bff3Kocrg; c1, cz, d, de - aMrrr{pl4lecKue rcoaQ-

QuryreHru.
nln cHcreMbl ypaaneHnfi (2.56) rpI{HHManHcb cneA}Tou${e rpaHI'l}I}IbIe

ycrroBlr.fi:
BOtrbI

E  3 1 2

y o '
(2.s7)

(2.s8)

Ha csodoAHofi nonePxHocru

o r  . l r  I t t ,
t ) - :  = el  - l  i  € = Ce

O r s  I  P o l

Ha [He

d g  E  3 l 2

: - = U i  e = c
? * ,  

-  ' e  
l o  

'

rAe yo, lo - IrrepoxoBarocrr{ soAuoft noBepxHocrvr H AIra coorBercrBeHHo;

k, ce - HeKoropble nocroflHHble' 
enflernoroK oHet i o6pyrue-flepnoe ycnoBr{e (2.57) orpeAenfleT noroK sHeprHH, BbI3BaHHbII4

HHeM noBepxHocTublx BoIIH. Cnsar Mexq,y Al{ccnnaquefi u auepruefi Typ6y-

rreHrHocrn B ycnoBHflx (2.57) u (2.58) BblreKaer H3 H3BecrHoro coorHolue-

l;tr4fr. wrfl. e [78] [pr{ 3aMeHe B HeM pracrura6a ryp1yneurHocru coorBercrBeu-

Ho ruepoxo"utortrto so4Hofr floBepxHocrr{ yo *t ruepoxoBarocrblo trHa !o.

!nt. uucneHnofi pearru3ar44r{ orrucaHuofi rro4erll{ MeroAoM KoHeqHbIx pa3-

socrefi 6rur paepa6orur Bbrqr{crrnrenrHuff aIIropI{TM, sneMeHTaMH Koroporo

flBnfrwrcfl. Mero4 Apo6urrx uraroB (cxer"ra cra6wtugupyrourerl nonpanrcu),

HTepaunonrmlfi MeroA faycca-3efiAels, MeroA rrporoHKtr H ero t"rarpuunrtfi

BapHaHT.



2.7. IInOCKHE MOAEnH

IIpn nryleur{H TeqeHurr BoADr n npoqeccoB TerrJroo6ueHa B orHocl{TerlbHo
y3KHX BOAoeMax 3a,qaqa. Bo MHOTHx cnflaffx MoxeT 6urr yfipoqeHa IryTeM

[epexoAa r( AByMepHoff (n BeprHKarrbHofi lrllocKocrn) rraogenu c lrpHMeHeHI{-.

eM onepauil.l ocpenHeHH.fi no uHpr{He BotroeMa. Tarcaa IIByMepHit-t MoAenb

reMneparypiio-crparuQuiplpoBaiiHoro reqeHfiri B BoAoeMe BbirfiHyrofi Sopvrlr
6nua nocrpoeHa B [7, 18, 19] Ha ocHoBe ocpeggeHu.fl rpexMepHblx ypaB-

Heuufi rypbynenrHoro reqenu.ff B MeJIKoBoAHoM BoAoeMe. flpn altaoAe npe4'

floJraranocb TaK)Ke, rITo KpEBH3Ha BOtrOeMa B IInaHe HeBeIIHKa, ero nonepeq-

HOe CerreHue [rraBHo r{3Meriffercfl no Egi,vrj,lle, rcoaQSruNeHTbI ryp6yneurHoro

o6r"resa - cKarn.fipnbre BeJrrrrwmbr H rrro Mo)KHo npene6peq6 npotronbHblMu AHQ-

SyeuoHnuMu noroKaMu HMrrynbca H TerrJrorbr no cpaBHeHHrc c Beprr{KarlbHbl-

nm. B y[pouleHHoM BapHaHTe raKofr vrogenu Ao[orrHuTenbHo npeAflonaraercfr.
(xar H B crrftae rpexMepnofi aagauH), qro HenuHefitbre nuep[uoHHble qrIeHbI

npeHedpexr{Mo MzlJrbr, a cso6oAnar floBepxHocrb BoAoeMa 6nucKa K ropHsoil'

rarruofi (n = 0). Ilonepeqgoe cerreHue BoAoeMacxeMarl{3rpyercs. B rlpeArlo'

rroxeHun, qro flepuMerp ceqenr{.r Brsrrcqaer Aouuuft ropl{3oHTanruufi flacroK
H KpHBotluHefiHrre 6orcosrte [oBepxHocrH x2 = -br(xr, xs) u xz =

= bz (x  r ,  x t ) .
llpu arux npeAnonoxeHuffx nocJre ocpelpteHu.a coorBercrByrcul{x rpexMep-

Hbrx ypaBueuni tro Koop4uHare xz lt ucKnrorleHu.fl AaBneHufl 3atrasa cBotrI{T'
cfl K peueHHro cHcTeMbI

Ecnn rcosQQurryeHrbr ryp6ynenrHoro o6t'leHa onpetrerlfltorcfl c npHBneqe-

HueM rcarcofi-nndo uo4elu-ryplyneHrHocrn' ro cl{creMa ypaeueuufi (2'59)

coorBercrBeHHo pacruHpflerca, 4o6aeJlffIorcfl rpaHuqHble H HaqalbHble yello-

r1yrfl,, aHiIJIorITtrIbIe 1rO CMbICly yCnOBI,LfiM, npHBeAeHHbIM B6IIIIe npu Qoprr,ry-

rrr{poBKe TpexMepnoit eagaw.I. B AauuoM cnyqae Ha BXoAIIoM H BbIXolHoM

ceqeruffix BoAoeMa EocTaToqHo 3agaTb pacxog (rurr ypoeeHb BoAHofr nonepx-
. ;^^- : - \  , ,  ;^ : ; ;^ ; ; * i ' ; i '  -  rov rAi r row ino pnnq pr t r r .Ccr  n naaCM2TnUReeMVIO
t l u u r l l /  1 l  l g l u l r g P a l J y J  D  ^ v   r v f r \ | . ^ t  r A v  - v A e  -  r - - - " - -

o6nacm; B KarlecrBe Al,rHaMl,rqecKoro ycrloBHfl Ha Ase :,al.aercff' "ycroBl4e

rrp4IrwnalvI1", KoTopoe MoXeT paccMarpl{Barbcfl KaK npegennrmlfi cnytafr

IIpHBegeHHoro BbIIII; 6olee o6ulero "ycrroBtfl cKofibx(eHn.ff". B [18, 191

rrpHBoErTcfl pe3ylrbTaTbr ril,rcJleHHbrx pacr{eToB HeKOTOpbIX HeCTaUHOHapHbIX

crparusn4{poB aHHbrx reqeHufi , aunonHeHHblx MeroAoM KoHerlHblx paanocrefi

s onucaHgofi (a rarxe B HecKoJrbKo yrotlHeuHofi) [ocraHoBre. B qacrHocru,

6nut ngnorrHeH pacqer HeycraHoBuB[rerocfl ABH)KeHLLff, Bo3HHKarcIqero IIpH

BHe3alHoM ytrarenuv BepruKarrnnofi neperopo[Ku, orEerlflIouefi xoflotrHylo

gogy or remofi; npH 3ToM oKa3iurocb, qro ,om{caHrra.fl MareMarl{qecKa-fl Mo-

[enb xoporuo BocnpoH3BoAHT Ha6nrc[aeMbre B SuauuecrcoM gKcnepl{MeuTe

oco6enno crtt f.Bilenvrfi.
B pnge pa6or nepexog or rpexMepHofi 3airaqu rc rnocrcofr (n neprurcurr-

uofr nnocxocru) ocyuecrBrrffercf 6ea BbrnonneHn-fi o[epaullu ocpeEleHul

llo KoopAl,t]Iare x2, T.E. IlpeAflonaraercfr, tITo Bce xapaKTepI{crHKH noroKa

HecyrtlecTBeHHo 3aBI{c.fiT OT X2 H, CneAOBaTeIIbHO, MOX(HO npene6peqb I'Ix

lpor{3BoArrbrMr{ no erofi KoopAr{Hare rto cpaBHeHHIo c ApyrHMH cJIaraeMbIMH

HcxogHbrx ypaBHeHufi. Tax, s [50] grts olruca]Il{ff reqeHu.fl craulloHapHoro

crparuQnUupoBaHHoro iloroKa Hcnonb30Banacb cneryrcuIiIfl II,nyMepHan
MOAenb:

% * ? D o l = s -
0x  r  d t s

dr  d r  d r
ar 

* vr a,t + t's ax3

rIe

u# = -s l,(' . ;,i,rn,,) . ;'*(r" Y*) - ;'

= +#,Q,'L) * 4"nn,

i,['.(#J .(**)]"'

(2.se)

(2.6r)

,,# * u,t = -;# *,*hl(.;)#l '

HHE

=.Mktf .#) FJb  =  b t + b z i  s  =
I

(2.60)

3Aecr v1, v3, T v p - cpeaurre rro IrMpHHe BoAoeMa 3HaqeHH.r cKopocru,
TeMrrepaTypbr H IrrroTHocTI{.

HanpnxeHue rpeHns 6orconofr norepxHocru npl{HrlMaercfl B BH,qe

d p ': t / f  =  s @ _  p o ) i  P r = P - P o i
o x l

P - P o = - a p o g - T o ) ;

3 * * - = s ' r , ! + n r T
O x t  O x z  o x t  o x 1

.ll;rn gavruKaHllfl ypanHeuuu ADI'DKeHI{I ucflorlb3yercfl ypaBHe
ryp6ylreHrHoft 3Hepruu, [pHrIHMaeMoe B Qopue

. - d r  d n  - . i a  l - l ' - @ \ q l l +nu; ,  +  h  axt  
=  vMt  

Lf  
,  q)a, ,  

J  
r

/0v,\2 ^ dT 
^+ (cRe" * cr),* 

"(i l  ) 
* rFa'a*, - u*' 

Li \ ,

P o  =  P o 9 x t i

(2.62)

6aranca

r  =  
)  l o ,  l , ' , ,

rge ). - rcoeQQHuHeHr conpornBilewnfl. rpeHn.s.

Taxupr o6pasona, rrucrto ypanHenrui H HeH3BecrHbIx yMenb[Iaerca (no cpaB'

HeHHrc c rpexMepHofi sagauefi) Ha eAITHHIY,.8 caMH ypaBHeHl{ff ylrpoqaloTcff.

54

rge KpoMe paHee npunxrblx o6oena,Ielufr kg, - rcoaSQHIIFeIil ryp6yneurHofi
55

(2.63)



ABy MepHO e HeCTaUI{O HapHO e yp aB HeHHe T eIIIIO MaCCOn ep eHo ca THII a

as 0s 0s
' n ' t a r ,  

+ v t a 4 =

,  a  ^ 0 sT  -  u 3 ; -  +  f  ( x r ,
O X a  O X t

h" ' *  +
x 3 ,  t )

Pnc. 2.5. K peureHHlo 3a.u,aqu (2.62)- (2'65) 
xt/E

Pnc. 2.6. PacrpegeleHHe napaMerpoB noroKa no lr0
rny6uue npu cSpoce nogorperofi BoAbI B BoAoeM

(rouxu

I ^-+rr^rr!r4r-sns r-!.nnncrr= v, /r-r. --,^,,-: 2 - orHocHTeJIbHat( TeMngparypa ;--?.
l  _ u l u v v l a r 9 J p r r . u v r \ v H v v r s  - t r - l M ( r A L r  -  -  

I l _ _ I O

(Tr - TeMneparypa copacunaer,aofi BOAbI; Tg - reMnepaTypa BoAbI B BoAoeMe Ao cDpo-

ca);--? - ortoiur"nruas ryp6ynenrHafl 3Hsprun ElEwaxc

4nQQyanu aHeprgll E; 0 - rer"rueparypHblu rcoeQQnUHeHr_o6tevuoro pac-

urHpeHHfl; c 14 C1 - 3MIILIpITIeSKHS nocTo.flHgble (c = O,2; C1 = 3,93).

Ha ocHose aHarrg3a sKcnepgMeHTanbHblx AaHHbtx 6nnn fipl{H.fiTbl crleAy-

ro LUHS Q yHxUuoHaIIbHbI e 3 aB HcHMo cTr4 grrfl. rco oQS rnf ueHToB o 6t'aeua :

, ,  =  
cRe, ,  *  cr lx : -_) '  

,  
o ,  -  cRer+cr  (11- \  r r ,  (2 .64)

u u  1 , 5  +  n i  \ n e n o * /  
'  o *  1 , 5  +  R i  r \ R " n o " /

rge Rer, Rerrox - Typ6yneHTHoe H rroKarrbHoe quqrla Fefigonnu,ca coorBer-

crBeHHoi Pr = v*la* - qncno flpangrnn.

Cncreva ypanHeuufi (2.62) (2.63) peuaracb MeroAoM KoHeqHblx pa3-

uocrefr ttp" cneaytuux rpaunqHblx ycrIoBHJ{x (pHc. 2.5):

n p u  x 1  - 0  v 1  = r t l ( x t ) ;  T = T * ( t r ) ;

E  =  E  * ( * r ) ;

Er '  aL = const2 ;  9^u = constr ;n p u  x 3  - 0  
i l . = c o n s t t ; 3 ' t  d x t

n p H  x 3  - >  @  V 1  - + 0 ;  T * 0 ;  E * 0 '

Ha puc. 2.6 r'puP,oAl{Tcf conocraBrreHne pdcuerHblx I'I eKcnepHMeHTitrlbHblx

AillrHbrx 11o pacnpeAeJIeHHro orHocl,ITeJIbHLIX eHa,Ieuufr cKopocTI'I, TeMr[epaTypbl

H 3r{eprqg rypfiyneurHocru, cBu,[ererrbcrBylouee o npHeMrleMocrH llcflonb3y-

eruofr MareMarnqecrcofi MoAenII.
' B pffAe pa6or rurocKxe 3agaqu TennonepeHoca (un aHanorHqHble HM 3a-

AaqH Maccoflepeuoca) n ryp6yneHTHoM noroKe perualorcfi MeroAoM KoHeqHbIX

srreMeHroB (crur., HarpuMep, [3,4] u nP.). Tarc, s [4] paccMarpnBaercn

5 6

nPH COOTBeTCTByIOqIX rpaHHqHbIX H HaqanbHblx ycIIoBI{.Ex.

OrNaeqaercfi, qro npH pacqere KaHarroB MoxHo Bocnonb3oBarbcff npoSma'

Mr{ cKopocrefi Easena Hrfl4 H.K. IfurcHrvr*a, a rcoe$fnlluetrrbl rypdynenrHoro

o6rvreHa rIpHHflTb no l{3Becrnurur QopMynaM 3ngepa

Dr = O,22Hv4i Dt = O,068Hva, (2.67)

rtre H - rny6rHa floroKa; v* - trfiHaMHqecKafl cKopocrb.

2.8. nnAHOBblE MOAETIH

Bo vrHornx ffrfra.sx npu H3yqeHHH r[AporepMfiqecK]Ix rrpoUeccoB B MerIKo-

BoAHbrx BoAoxpaHr{rrHrqo({xjraArlTeJrflx l{clloJlb3yercff IrIIaHoBitff (gByplepHafi

B ropg3oHTalrsofr mocrocrn) MoAerrb rHtrpoAHHaMI,tKlI H TeluloflepeHoca,

T.e. paccMarpHBarorcr ocpetrHeHHbre rro rnybuue BolroeMa xapaKTepucrHKu

132,  39,  57,  67,  73,  74,  104,  108,  156,  160,  161] .  Bnrnogy ypaBHeHHf i  rnaHo-

sofi aagaqn, yx avufi4iy, MeroAaM peureHnff H T.n. flocBflilieHa o6urnpuan nfi'

reparypa (our. nanpgMep, l'23, 53,61,62, 12111,I{ 3trecb 3rI'I Borpocbl noA-

po6Ho He paccMarpnBalorcfl .
YpanHeru,rx ruraHosofi 34qaqu rH,qpo[I{HaMHKH (rax uaauBaeMble ypaBHe-

H1rff MerrKofr sonll), noirfraeMbre ocpe[HeHneM IIo BeprI,IK:InH coorBercrBy'

Ioru{x rpexMepHblx ypaBueuufi, Moryr 6urr 3anuca}tbl B BHEe [53]

v ; d 4 ;3gecl q, = p(x r ,  x2)urdx ,  =  p  6 r ,  xz )

'# .#, (#)  = -# . '#  + Bi i
dqr 

+ !y!) = o, i , i  = r,z.
d*i  dt

n  P s H 2
N p =  l p d x t  =  

;  
+ P o H ;

,  _ h

^/ ,, Pr, + b)lr i i  = ,, i\Ti 
dxi/

(gls ngorponHoro xapal(Tepa rgrIgHHE lz1 1

(2.66)

(2.68)

T - T o

(2.6s)
n
!

- h

n
!

- . h

(2.6e)

u ) ;
5 7

=  u r 2 = u z 2 =



Bi = rri - ,tt + po# + pcT+, (2.20) -- 
Bonpoc o nocraHoBKe rpaHlrtfl{brx ycJroBnfi AIrr Herl,rHefiHoft cr{creMbr aBy-

d, i 
' - d, i 

' Mepl{brx ypaBHeI fr rrrgpoartrIaMrrrn rr pa3nutrHbrx ee JmpoqeuHblx Bapnat{roB

r'e rsi H 'Di - cocraarnrcuxe Hanp'xe'* rpeHr.'' Ha rroBepx'ocrn *H:fX",T1"",:ffiilff i,l#iiild,ill"H;#T3'illl;,J11';lH",n:
Boabl u Ha 4le' i qto rrt nnH€apn3oBaHsoi cucreulr lzitf nprn 

"o*p"r"r* "o*"*-uor*.uenog roniqecrgo ycrosuf

r " , = 1 p o 1 | 2 s i n 0 ; o T 3 H a K a H o P M a , I b H o f r K l p a H x q e c o c r a B I ' t o l q e f i y , r 'Ha J lacrKax rpaHnr1:rt, rge xrlgKocrb snreriir xs o6rracrr (r, > O),

dn dn

/s \t qt@?, q1rrl, oleAyer 3a,qaBarb oElro yc'IoBne, a Ha J^lacrKo(, rAe BTeKaer (r',t (o),-pa.
,u, = 

l;l; , i = l,zi r Ecnn KoHBeKTuBIrbIe .urerrr or6pocrrr, ro ua Bcex WacrKax rpax4r oreayer
\ " /' 38,qaBarb no o$toMjr yfioBtrc.

po - llznnetve y floBepxHocrlt; p(xt, xr) - 3a,qaHHoe paqrpeaerleHrre rmor' IIpu peruenm crcrirr,ru (2.68) oobruHo r.rcuonb3yror cne4]nougre rpaHrqHbre
Hocrr.r BoAbIi C - rcorrfrfruurenr lle3[; 1 - KosOOHIglcI EerPoBoro Hanpt- , yfioBnr. Ha 6eperoBoi rpaxmle JF6 norararcT 

-en 
= O.- Ectru lr". .parxue

xeuuz; 14 - cKopocrb rerpa; 0 - ''ron MelKry ochlo rr rl HalpaBJreHreM , {O _affi" pacxoA xr;gKocr11, HanlnMep, xa soAosir[yc*e unx ro4o-:a6ope
Berpa. TgC, ro qn = qi. Kpor,,re roro, xa roaoBgrrycKe MoxHo 3a,qarb ycnoBr{e 4r =I'd. , rJL, TO Qn = Qi. KpOMe rofo, IIa BoAoBbrrrycKe MoxHo 3a,4arr ycnoBr{e 4r =

nepBoe ypaBHeI eB (2.6E) npeEcraBnter co6or ypaBHeHte coxplle:lr = 0, rge -41 
- KacarerrrHaa cocraBnrrctr1ar pacxoaa K rpaHuwroMy KoHrypy.

rMrlynbca, BroPoe - ypaBHeHne Hepa3PblBHocrtl. B BblpaxeHlsx <2.19 :g: 
| \a )ta{groir rpaHmre ax (Hanpnrep, ycnor-xoft .p"txqi, org*rroruul ri6ie

BI're craraeMbre npeAcraBJltlor cl{nbl rperun na cro6ogxofi noaepxnocrr (o6y' or oreana) r o6uteu ciinie ti.e. ripo W"t" rnaxocrr) Heo6xogxr*{o :aEa;
cIoBneHIbIe EetcrBneM BeIPa), BmP e - KaCaTerbHHe HanpflxeH t Ha AHe , HopManbHble x KaCaTfibHHe cr,lJrrr. Eclx ctafaeMblMlI, J IInbIBaIoIlIItMx Br3.
BoaoeMa (cnaraeMble, yqfiTblBaloqge culu Kopuonuca, 3aecL I{ AaIIee oly- Kocrb, npeHe6peqL, To rpaHlrlHbre yctoBnr cBoarrcr K cneAylou[.tM:
tueHbt, .

Jlpyrar pacnpocrpauemrai Qopr,aa aanxcr ypaaxeuuri uerxofi rogrr (cu.nrI qn = O t:t a on - o| ua /|o; e.711)
Bt3KOCfl' 3AeC6 Xe yUrlnatorcx)

Nnn = -Np = -N; Ha /|:"^. e.74)0rr' 0r' dv' dn I P It ^ \ ' ' 'at
^ -  f  P r : -  + v z i - +  c -  +  |ot oxL ox2 ox' 

I rapraqxox'a' rloprvrynnpoara, coorBercrByrouar c[creMe ]?aB'eHr.rft
, ."r14 + vl1rl2 rr, -... I t2.68) (6€ y,rera ar:rocnr) x rpaHlrqlrbrM yoroBr.r.EM (2.73\, (2ia),nueer

---------------- - - ,0; | -,,n
HC 2 pH l1Z.lt1 

BrrA

# *,,* -.#" * ,uJ,*,a#y - #=,,1 ,li: -*,(#). H - lun,* =
g + o ( / / r ' r ) + d ( n v ) = 0 ,
D r  E r  r  d r ,

= j cos (n,xi) Qip - N;) 6qidf ;
rx

(2.7s)

rAe rtr (x r, x2t t), vz (x r, xz, t) - ropH3oHTaIIbHbIe KoMrIoHeHTbI cKopocrl{
BtrOnb ocH x1 t4 x2 coorBeTcTBeHHo, ocpeEHeHHbIe no uy6l{He BoAoeMa.

flpene6peraa coorBercrByrourr4Mr{ cnaraeMbrMu B ypaBneHnfix (2.68) H
(2.7l), nonyraeM pa3nruHbre rracrHbre cfl1n{au ltnaHoBoft 3a[aqu (cra4loHap-

Hyro, 6er yrera HenHHefrHbrx r{HepwoHrlbrx qneHoB H T.n.).
YpanHeHnx (2.68) ,rrr.fi HzrxoxgeHu.fl HeH3BecrHbIx $yHKlrllfi Q r'.42 H n

AOn)KHbr 6lrrr AononHeHbl HaqiInbHbrMH H rpaHI{tIHbIMI{ yCnOBI{flMI{. B Ha'lanr-

HbIfi MoMeHr Heo6xo[HMo 3aAarb

rAe 6qf , 6H - Bapua\nu, yAoBrrerBopffrorqfle rpiurruHbrM ycrroBnfiM trrrr
Q r  w H .

.ftn npeg,aapnTerlbHofr oqenrcu fiorr.fi cKopocrefi s venroBo,qHbrx daccefi-
Hax rlacTo Hcflorlb3yeTcfr. ImHeaprfioBaHHafl MoAetrb, florr]rqarol\afucfl,, ecnH B
yPaBHetMf,x gSHx(eHLIE npeHe6peqb cwl.alfr4 HKeptrt4u H Bfi3Kocrvt, a B ypaBHe-
HI{I{ Hepa3pBbIHocTIr qIIeHoM, 3IIBIICEILU{M oT BpeMeHH. B pe3yIlbTaTe npH

"w,.'#r] 
6Hds= !  @n- qfr)6Hdr,  i  , i  = 1,2,

r6

5 8

Q r ( x t ,  x z ,  0 )  =  e , o @ r ,  x z ) ;  n ( x t  ,  x z , o )  =  Q o ( x r ,  x z ) . (2.72)
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H x h no[] Iaercfl cl{creMa ypaBHeHI{u

d r ]  | ,  -  \  ^ .  I- P s ; ;  + 7 ( r s t  - r b t )  =  o ;  I
I

^ - d n  * l  r -  4 -  \  =  o .  I: Y * A X Z  '  
6 , s e - , b 2  l  v t  

j

Y * 9  = Q .  I
D * t  ? x z  J

flpegnonaraeTc.f TaKxe, qTo cocTaBJlflIoup{e HaflpffXeHnfl' fla AHe nponop'

rII{o HaIIb HbI K oMno HeHTaM Cpetr}I1,1x gx at{eXgfi M aoCOBOTO pacxotra

T b ,  =  ' l Q  
t i  T b ,  =  " l Q z ' (2.77)

IIpomQSepeHqHpoBaB nepBoe ypilBHeuue (2'76) no x2' a Bropoe ro x1

H Bbrttrg oAHO H3 Apyroro' nor-Iy-rrliM

no rny6rure cKoPocrl{ cBfl3anbl c SyHrcwefi rora coor-

v1 (x  1 ,  x2 )  = \  (x r ,  x2 ,  x t )dxs  =

rAe ocpeAHeHHbIe
HOIxEHH.fiMH

l ' ,
H _ h

L W
h  l x z ' 1

I

l
(2.76) / t  a < \

)/- . t)J )

v z @ r , x z )  = f ,  
T r r O r , x 2 , . x 3 ) d x 3  

=  - I # r '
t '  - h

a cocTaBflflIou$e HanpffxeHwfl' Ha ArIe npnHflTbl B BHAe

Tbi = ' . lv i .

(2.78)

Ecnn BBecrH Qyrtrcunrc' roKa

_ a{ al) Q.ls)Q r  =  
d r r ;  

Q z  =  - a r ,

ro ypaBHeHr{e Hepa3pbrBHocrH [rpene ypaBHeHI{e (2.76)] ygonnerBopfler-

ct roxAe.tse*oto, a ypaBHeHue (2'78) npuMer BHr'

?-(r qL) , a /r a*-\ = {Ll/}-)- i(?\l (280)
o ' ,  \  h  dx ,  J *  a ' ,  l i  a -  )  

-  
r [Dx ' \  I  I  a ' ' \ f t  4

flpu ruranbrx yKnoHix AHa rpa,u,HeHTbl h MoxHo He ytIHrbIBaTb, u (2'80)

flepexoAur B ypaBHeHHe flYaccoua

,  /dr , ,  9" 'g\  (2.8r)a 2 O  =  : {  -H  Y  
r \ a t ,  a ' r ) '

KoTopoe MoxeT 6rtrt peuIeHo, HaflpnNtep, trPH cJle4yrcug{x rpaHITlHbIx ycrro-

BHfiX:

y = -q * -ua 6eperoBbrx rpaluuax Bogoer'ra l-6; (2-82)
on

,t) - ,lr* - Ha BxoAe B Bo[oeM. (2'83)

3avrerurra, rtTo 3Ta pacqeTHa.fl MOAeIIb HHOTAa HC[OIIb3yeTcfl' I{ B HeCKOnb-

Ko uHofi Qoprnre. Tarc, s [161] BMecro (2.80) rpHBog,Hrcfl ypaBHeHHe

a-(r  au\  -L-(y ry)  =1[+-( f ' \  a / " 'A ' l  ,  (2.84)
D',  \  h2 axt I  ox, \ r , '  a i l  

= 
t  La"\  '  ) -  a-\  '  / ]

60

*(";)- h(#) = '[t(+) +',(+')

(2.86)

Bapuaqxollnaff Qopr,aynnpoBKa rcpaenofi 3agaqn (2.81) - (2.83) rpn

Tsi = coflstr qro coorBeTcrByer ycrloBl{ro flocroflHcrBa Berpa Hatr BoAoeMoM'
r r r . A A i  f i r r d
II IYI9gI I ' I , .A

I I (v2{ t )a, l tas = i lY + q*)6! tdr ,
f u \ o n

a noclte I{HTerpHpoBaHI{ff no qacrflM npHHHMaer Qopuy

I[vltVOUds + ! q*6rl)dr = 0,
r6

fiBIIEIoIIIytoCf, I{CxOAHofr pln MeTOAa KOHeIIHbIX 3JIeMeHTOB.

Ypannerme ruIaHoBofi sa,qaqn rerrnonepeHoca orHoclrreJrbHo ocpe4remrofi

no rny6nHe BoAoeMa reMreparypbl T(xr, x2), non)^IaeMoe H3 rpexMepHo-

ro ypaBHeuytfl, (2.2O) (nrrnog npuBog,Hrcff, HanpuMep' B [12] l), uoxer 6tlrl

3anHcaHo B BHEe

(2.87)

(2.88)

(2.8e)

T( r r ,  xz ,  t )  =  
+

O, ( t t  ,  Xz,  t )  =

=  9 -  , H Y * ' Q '  *  4  ,
.d*i  ori  cP cP

n
!

- h

cp

H

T  ( t r r ,  X 2 ,  X 3 t  t )  d 4 ;

n
t  F r "nn(x r ,  x r . ,  x3 ,  t )dx t ;

-h

Os - IIrIoTHocTb TeIIIIoBoro [oToKa sa cno6og,sofi nonepxuocTH; d - cyMMap-

ttitir,rcosQsruueHr reMneparyponpoBotrHocrl4, yqnrbtsarcurnfi 3Eecb noMI'rMo

lpoqeccoB MoIleKynflpHoro v rypbyneHTHoro reruoo6preHa TaKXe ru'qpo-

trHHaMgrrecKylo trHcrlepculo (rcoHnercrllBuylo AuQQyanro), o6ycnonneHHyK)

B ep THK iInbHbI MH rpaAI{eHTaMH o cpetrHeuuo fr CKopo cTH H TeMnepaTypbl.
6 l



O6rnxo npn pacqeTax BoAoxpaHrurHuloxjla[,I{TeJreft ruroTHocT[_TemoBoro : I]rc- 2.?- Oparr'renr cerKu KoHe'tHLtx steMettmB c

norora .repei cro6oAHyrc [oBepxHocTb almpoKcHMfipyercr luxeltrofi r!;mr- soM@aqtefi y3noE [ttr Mol€flEnofi 38Iaqtt

qlefi revneparyptl, r.e' MoxHo 3alllrcarb 
, Pagnu'rHrre MoalronKar$l aByxcnofurux. Mo-

@" = CrT + Cz, (2'90) aenefi rpxBeaeHbl a [69' 130' 140' 146 155'
l s T l '

rae cr, Cz - HeKOTOPbIe I'BBeCTHbIe Ko3oolqseHrbr'
flpn srou cJre,qyer xMerb B BEqy' qro tD, iarxorr or rer*rn€ParyPbl floBepx' ---YlTi*u" 

(2 89) 6ruo rcro'tL3oBaso a'It Mo-

Hocru, B ro BpeMt KaK 
" spvrn";-*tuie vpaBHeHnn (2'8i) ;ioallr cPeA- fi*Xtf,ffi"ffii:;*(il::f"Xff fi"fi:Iti,T6di

Htff no my6me reMrreparypa. flpu nanrum renrneparypnoft crPartlQl{Kat$ix Fn"""n".pl"-"r ctaluofiaprnr] 
"ny""l. 

,tn*"rn"t

MoxHo B;ecrr' xoorlrfuqxexr, npn6:uxenHo yrnfibrBarousd HepaBHoMep' rol"n" 
"rpor{n.c! 

sa ootoEe Meroa. koseqtblx 3te

Hocrb Pacnpegener*" ,"trr"putf", no rny6mre, u 3arrncErBarb J4'aaHeHrle MeNlroE B (bopMynlpoBKe ranepK11sa c uclo'rL3o-

iz.ss) 
^nuoo 

orHocltrellhHo ocpellreutron ni rny6rnre, nu6o noaepxrocnroft BaxteM [EyMepsBIx rpeyrotrlElx ctlMlulerc-eteMc''

TeMnepaTypbl t Elr npoBeprqi lDOeKr Bflocru qncreBBofi Peurx-
fua ypaP;flerun'. (2,89) :4qaercr HaqatbHoe ycJloBxe 3aru[ x rporpaMMu 6f,rna paccMorpesr cnelyrouat

rit, xz,0) = r(r1, x') (2'er) il.HT#ffi'lTil'";'#l"x3Ti"#;il*":"'fi"#
n rpa'ntnbre ycroB'r, Hanp'Mep, cnearrrc,ueroBnru: r lT""TI.-'11"i;"t11"T":"+  k r p  +  k 2 T  +  k s  =  0  Q . 9 5 )

T = f r  @r, xr) Ha /-1' ;  Q'92) A-? 
? 

i f  
-  *t  

Ax2

aT lrpx yclloBrltx repBoro poAa rla rpaflue. Ha psc, 2.7 npeAsraDtres OparMeEa ot[Ioro rl3
cns(n.x;)Ha;:- = 1r'Q1,xz) lz.YJt prccMorpeusrrt( BaprasmE pa36[EK[ o6racM (rcero 45 y3rroB n 64 eneueirra), a u

dri ra6tr. 2,1 flplraoAt'rcs psyrDrarbt asattlT{rlecKoro r,t qrcreBBoro pelllellttr. q,eEreKaa'q-

A? 
patr|llHoe orKnotellle o B groM otyqae coqraBrJro l%, Igrr 6oree peAKot ccrKr one-

ufi.r. q_ = _cos(n, x;)IIa !-- - \g 
- Tr) sa f2, ct(otDRo EErIne. HatIpIIMep, flpr ficllorD3oBarrtrlr 15 y3'toB rr 16 3neMernoE o= 3A%.

'!ur rT --'\- --., /--- arr " B (erroM npoEqaexHblo ruoreHflLre oKclreptlMedltl noKa3r'Ifi, qro A'tt paccMorler tof, 3a-

rae rr - reMneparypa "o ""'-rft 
cropoHe rps'xrbr; ftr-- rolb{nrrleg l&"1fi:lffii|'Ttr;"",#i.";T'""*1ff;iff:-": "t*- ":n:":o-ereMe*nton

rerubo^6uexa ueplo ipurnry (nonxa4 rfaHnfa o6nacrn ,i" = l"r + fl)' ---1:-pt":2 
8 trostrcraBnex lurltr BotoeMa'ox'Iqrr€1f, 3MreocKot fP3c (moua[E no-

Bapuarxornrar 6op"y,,"po"*"'ffi;;';#;;;(z'as) n'p"*';i" "":'.'ilXT"*';11*X5bT"ffi:':*"1ffi#;f"*;"ffH"SJ""I5*tr.ilni""'"
ycnozuir (2.92), (2.93) uveer snr 

Ta&.aaa 2.1

, , 1  a  - u  d T  H Q u  o s  
+f J l - ^  d r l ; -' " L  

d * i  0 * i  c P  c P Horvrep Anannnaqec-
y3na KOe pelueHrfe

9ncnexnoe
petueHHe

26,5r
27 ,76
28,58
28,86
26,61
27,98
28,90
29,22
26,78
28,28
29,29
29,64
26,95
28,62

Horvrep AHarmru.rec-
y3na Koe peureHHe

29,80
30,04
27,L9
29,2'l
30,29
30,56
27,41
29,69
30,83
3 1 , 1 5
27,66
30,15
3L,42
31,79

Hrrcnenxoe
perl|eHue

29,73
30,12
27,L6
29,00
30,22
30,65
27,39
29,42
30,76
31,23
27,64
29,88
31,36
31,87

S  =  I [ - a ,  - h ( r  -  I . ) -
f 2

t 2
I 3
1 4
15
1 7
18
I 9
20
22
23
24
25
47
48

26,55
28,08
28,69
28,83
26,64
28,27
28,97
29,14
26,80
28,56
29,36
29,56
27,00
28,90

49
50
52
53
54
55
5 7
58
59
60
62
63
64
65

cos (r?, (2.e4)

Cnegyer oTMeTHTb, tITo trIIfl CTpaTI{QHIII{poBaHHbIx TeqeHnfi' KorAa 3Haqe-

Hr,Ie floKallbHoro rpaAI{eHTa IIJIOTHOCTH B TepMoKJIHHe BeJIHKO' peanbHiu Kap'

THHa TeqeHHf c lOCrarOEIOfi CTeneHbIo ToqHoCTH MoXeT 6Urr CxeMaTI{3I{pOBa'

Ha AByxcnofiHofi MoAeIIbIo c pa3pblBoM [apaMeTpoB no noBepxHocTg pa3trefla'

TorAa AI.ff KaXAoro cnofi MoXeT 6rtrr 3aIIHCaHa cHCTeMa EByluepublx (B nna-

He) ypaBHeHnir rn.qporepMnKl{ c cooTBeTcTByIouIHMH rpaHHqHbIMI{ I{ HaqaIIb-

HbrMH yCnOBI{flMH 'l ycnoBHflMl{ ConpffxeHl4,q Ha ilwlr4r4 pa3AeIra cJIoeB'

62
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Pxc. 2.8. IIraH soAoxpill lnnHura-oxnaAHreJlff c cerxofi KoHeqHLIx
STICMETITOB:

, l - soAosabop T3C; 2 - soAosunycK T3C; -? - crpyeHanpaBrfirctuag raru6a

Eruu 3agaHbr cneAyrou-u{e rpaHrqHbre ycnoBut :
rra rBepAoM KoHrype u nogoaa6ope T3C

d r
= = 0;  eS6)
on

Ha BOAOBblnycKe

7"" ,n = Tsa6 + aT, (2.97)

r.u,e reMneparypbr BoAbrr BbrnycxaeMofi s soAoeM Isrln x ra6npaervrofi us Hero Tsa6,
HeH3BecrHbr H HilxogflTcs H3 perueHflfl 3rlat{H, a AT - 3alaHHblfi rerrrneparypnrfr nepenaJl
Ha KoHAeHcarop,rx rypbnn T3C.

flpu eagaHHH ycrroBHfi Ha BoAo3a6ope B BHAe (2.96) npeAnonaranocb, qro 3,q,ecb KoH-
sexrf,rsHrrfi nepeHoc MHoFo Gonrure urQQyguonHoro, a coorHotrenue (2.97) coorser-
crByer ycnoBnflM pa6orsr BoAoeMoB-oxna4urenefi npu o6oporRor'l soAocHa6xeHHH.

JIIg onpc!,eJreHnff cocraBJrrrou-o{x yAeJrbHoro pacxoAa Ha nepBoM 3Tane Hcnonb3oBa-
nocb )'p:lBHeHHe (2.81) c rpaHHqHlrMH ycJIoBHflv.H, orpaxarou-u{Mu HenpoHl{uaeMocrb
rBepgoro 6eperonoro KoHTypa, a raKxe BbrrrycK n ra6op 3a,q,aHHoro pacxoAa IIHpKyna-
uuoHnofi BoAbr T3C. IIpu perueruu ypaBHerufl (2.81) rpeAronaranocb, qro cocraBrlrl-
rou-urc rrenprxeFMfl TpeHHs Ha noBepxHocTH Bo,qoeMa nocTo.EHuu (r.e. cKopocTB H HanpaB-
JreHHe Berpa He H3MeHflnrcn). B Aanrnefiurer*r 3HaqeHHq cocraBnslou-u{x pacxoAa yrotlHt-
nHcb Ha ocHoBe perxeHHfl cHcreMbr (2.68) c )^reroM KoHBeKTI,IBHrIX qneHoB I{ Hcnonb-
3oBaHHeM KBagparuqHoft saBI.{cHMocrH Aln onpeAeneHng cocraBJlflIou-u{x HanptxeHHfl
TpeHHff Ha Ar{e. C.ucrer"ra HenuHefinux anre6pauqecKHx ypanHeHufi, noJlyqapulaffct B ps'
3yJlbrare KoHe'{Ho-3nepreHruofi McKperH3arIHH, perrliuracb MeroAoM HrroroHa. B xaqecr-
Be HaqaJrbHoro npu6nrx<etrs, DJtfr. ai Hcnonb3oBaru{cb 3HaqeHltt, noJIyqeHHbIe H3 pelu}
rMr  ypaBr reHr . r r  (2 .81 ) .

Ha ocHose r{HcleHHoro petueHn.fl ypaBHeHHr (2.89) 6sulo HccJIeAoBaHo BnHflHHe r(oH-
BeKfiBHofo H AHQOy3HoHHoro nepeHoca rennorbr Ha reMneparypHoe pacnpetreneHue B
BoAoeMe. flpooegeHHbre qHcJIeHHble 3Kc[epnMeHTLI noK:tsanH, qro npH HcnoJIb3oBaHHH
trauuoft MoAenH tlerecoo6pa3Ho yqxTblsarb o6a amx <paxropa.

6 4

Prtc. 2.9. PacnpeneneHne noBepxHocrHbrx H3orepM B BoAoxDarIHnuuIe-oxJI4qnTelre 3prue,g-
cxofi IP9C:

a - pasrcT c r{cnorrb3oBaHr{eM uaHosofi MoAers{; 6 - ua.typtu e IIaHHbre

Ha pnc. 2,9,a rryeqcraurreH npuMep pacc'rnTaHuoro reMneparypnoro flont Ha no'

BepxHocrH BoAoxpaHr{nnulA nonyrreHHoro EIIfl HeKoropblx peaJlbHblx ycnoBnfi excrmyara-

rIHH, @orBercrByro-u-u{x pexnMy, 6mrgxor"ry x yciauoruBllreMycfi (t1npxynruuoHttutil

pacxoA 0 = 88 M3/c; tCtntpttypHufi nep-enaA Ha KoHAexcaropar( Ar: 6,3 
oC; 

nnor-

Hocrb rermoBoro noroKa Ha [oBepxHocru 4 
= -41,9T + llTO tr)Kl(r'r ' 'c) ; cKopocrb

Berpa llt = L,l mlc),
9QQercmrnocrb npxMeHerux rofi unu uxoft Mo,qeIIH MoxHo oqeHHTb, @nocraBllB

pe3ytlbrarbl MoAempoBaHHt c HarypHbrMu AaHHIIMH. H3orepMbl, rrocrpoeHHble Ha oc'

HoBe HarypHblx uaveperulfi rrrff paccMorpeHHoro flplrMepa, npI{BeAeHbI Ha puc. 2,9,6.

llpn uccn eAoB aHHr{ nr'gporepr"ruqecKoro p exu Ma BoAo eMoB {xnaAnTenett Wtn xapaKTe-
pHcTHKH TeM[eparypHoro noJrr qacTo HcnonB3yrcT KpHBbIe pacnpeAe[eHHt reMnepaTyPbl

Tt - Tsa6 , /SZ'' \
[ o n n o [ l a g H B o A o e M a f r = / G ) , n , _ [ n o I q a I ( E t r o H 3 o T e p M b I c T e M n e p a -

rypofr, Ti i O- o6ura.s rtnoura,qr). Ha puc. 2.10np_egcrasneHbl orl{ KpI{BbIe, nocrpoen-
Hbre no ieeynrrararu pacqera r{ HarypHbIM AaHHIIM. Kax r'loxso 3aK[rcqnTb H3 paccMor-

peHHfi puc. 2.9r 2.10, qilcnelrHrrfl Mogeltb B UerroM npaaunbHo om{cbrBaer xapaKTep pac-

npeAeneur{r reMneparypbr. CperureloauparuqHas pa:tHocrb paccquTaHHblx H H3MepeHHbIx
gsaqeHufi cocraBJrser 0,5 "C.

OnHofi Hg gIaBHLIx 3a,qaq nccneAoBannfi sogoeMoB-oxra,u,urenefi .flBJlfiercff onpeAe

JIeHHe reMneparypbr BogH xa sogosa6ope B AaHHoM cnftae ornnque paccquTanuoro

3Haq eHr{fi T sa6 ot na6nrcAeHsoro TaKxe He3HaqnTenbHo.
B .rHcneHHblx gKcnepl{MeHTurx, npoBeAeHHbIx ErIt ApyrHx BoEoeMoB, KaK H B pac-

cMorpenuoM npuMepe, Ha6nrcganocb yAoBnerBopHTenbHoe coorBercrBne paccquTaHHblx

H H3MepeHHbIx TeMneparypHbrx nonefi. Ilpnueu Bo MHorux cflyqatx oKa3anocb npueMne-
M6IM onpegellffTb cocraBnffIo[$e pacxoAa Ha ocHoBe Hcnonb3oBaHHfl ynpoureHHoft t'lare-
Marr{qecKofi rrroEema rHtrpoAHHitMH KH.

TaxNna o6pasou, Ha ocHoBaHI{H conocraB[eHHt pe3ynbraroB '{HcneHHoro Mo,q,eIIHpo-

BA$Hfi C HaTypHbtMu EaHHbrMfi MOx(HO CAeIIaTb BBIBOA O BO3MOXHOCTT{ npHMeHeHLlfl cTa-

rlnoHapHofi nnasonofi Mo[erru pyt rtpn6nuxeHsofi oueHKH TeMneparypHoro pexuMa npx
pe[IeHHH npaKTHqecKHx 3a,q,aq, OnHofi H3 TaKHx 3a,u,aq, Bo3HHKalou4{x npH npocKrHPo-

BaHHrt H 3KcrnyarauHn cficreM oxJIrDKAeHHff TeIIrIoBbtx ctauuufi, frBnre'Icfl H3yqeHHe BnI{s-

rr1,tfl napaMerpoB HHxeHepHbIx coopy)r(esuft Ha oxJlax(A:lrculyro cnocobHocrb BoAoeMoB.
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hrc. 2.1O. Kpnnar pacnpegeneHur reMnepary?br no Imoulag1rBoAoxpaHI{nHLqaoxJIaIU{Te-
n.s 3prnescrofi fP9C:

.l - pacuer; 2 -HarypHble AaHHbIe

Pnc. 2.11. PacnpegeJreHue n3orepM B BoAoxpannnnulmxflalu{rene 3urIrescxofi fP9C
rrDlt vB err-uq ernro fi rr-[u He crD veg arrD aB rrs lo rqefi Aav 6 rt

Ha puc. 2.11 npegcraBrreHo reMneparypHoe [olre, paccqnTaHnoe EIfi BoAoxparlnmtulaox-
,raro{rerrq 3bnrescxofi fPgC npu yBenuqenxoil grIHHe crpyeHanpasnsrcueft Aaubrt Anx
npHBeAeHHbD( Bbrure yc.nonxfi. Kax rvrOxuo BHAsTb, B paccMoTpeHHoM cfl}'tlae yBenHqeHHe

AnHHbr Aav6u npHBoAHr K cril{xeHurc TeMneparypbr BoAbI Ha BoAo3a6ope np[MepHo
na I  

oC.

2.9. OAHOMEPHbTE MOAEnH

.Uls oqeHKH pa3rrr{tlubrx napaMerpoB rugporepMlflrecKoro pexc{Ma B BoAo-
eMi|x rr BoAoroKD( qacTo npr{MeHflrcTcr (BBHAy Hx orHocHTerrbHoft [pocrorbl)
oAHOMepHbre MaTeMaT[qecKI{e MotrerrH rI{ApoAr{HaMHKH v, TelllonepeHoca.

Ognor"repubre Motrenn Moryr 6rrrr nofl]^reHbr H3 TpexMepHbrx ]TaBHeHHfi
nyreM ocpetrIleHujl coorBeTcTBylo[pfi BeIlrwtr{ no gnyu KoopAl,IHararrl (rny-
6uHe H lrfipur{e wfir 4ttr{He tl ufipr{He BoAoeMa) I{rIH HerocpetrcrBeHno I{3 pac-

cMorpeHH.E olHoMepnofi 3agaqu (r.e. B npeArronoxeHull He3aBI{cHMocrI{
npouecca or Asyx trpyrrc( KooPAr{Har).

Tarc, 4rrR omrcaHnr AsuxeHrlfi xrrgKocru B BbrrtrIytoM BoAoeMe llcnorlb3y-
ercfl xopotrlo H3BecrHitff cr{cTeMa oEHoMepHbrx }?aBHeunfr coxpaHeHr6 vrMl-
rryrrbca H Hepa3pbrBHocru (ogHortaepHbre ypaBHetuff CeH-BeHaHa), ranncaH-
Haff, Hanpr{Mep, B BHAe

OgnornrepHbre MoAerrH TeruroflepeHoca lIII{poKo Hcnorlb3yloTcff Nrfr' v'3Yrc'

HHff pac[peAeJleHufl TeMneparypbl ro A]IHHe (Hnn rny6uue) BoAoeMoB' Tax,

. Wrfl, BbrTflHyroro MeJrKoBoAHoro BoAoeMa MoXeT 6urn ncnollb3oBaHo oAHo'

MepHoe ypaBHeHI{e TelrfloflepeHoca rHIIa

rAe T(xt, t) - ocpetrHeHHaff 11o nnoulaAq norepeqHoro ceqenl{.f Bo[oeMa

,rrntp.ii'p^i Oy ; Os - coorBercrByloru{M o6pa3oM ocpeAHeHHbIe o6b'

eMHbIe H noBepxHocTHble TeIrrIoBbIe noToKH.
pasnn,rnue vo4u0raKaunlr u qacrHbre cnjrrlail JapaBHeHIlfl (2-99) ru{poKo

neHTHocrg vt r.E. Hanpnr"rep, BaxHoe MeToAHrIecKoe I{ npaKTl{qecKoe 3Haqe'

HHe r{Meror pa3ngqHbre oAHoMepHbIe MoAerIH 
-TepMolcII[rHa 

(r.e. MOAOJII{'

non1nraeMbre B ttpegnonoxeHl{H ropl{3oHTilllbHoft oAHopotrHocTH TennoQuan'

qecKru( npoqeccoB B BoAOeMa:<). Tarne Motrem{ nepBoHaqanbHo paccMaTpg'

B:InHCb B CBfl3r{ C IsrreHHeM Ce3OHHOTO TepMOKJIHHa B O3epax, a B nocIIeAIIee

BpeMfl BO3pOC r{HTepec K noBeAeHr{ro TepMoIsII{Ha B BOEOeMaX B CBE3H C TeII'

nbsrrruu .-6por.*. CyuerrByer MHoro pa3flnrrHblx oAHoMepHbIx MoAenefi

TepMoKIIHHa. B ogHru( 3atraeTcf BepTHK:InbHoe pacnpeAenetue TeMnepaTypbl

r4 3aAaqa cBotrHTcfi K OnpetreneHHro TeM[epaTypbl H TonulHllbt KBa3HOAHOPOA-

Horo cflo.fl 126,79,118]. Tarcoft tto4xog rro3Borl.Eer I{cKIIIotIIrrb H3 paccMor'

KOrO TI{[a OIInCbIBaerctr cHcreMofi ypaaHeHnfi

rge n (x, t) - Bo3BbIIueIMe cBo6otrsofi noBepxHocru; b (x) , S (t) - IITHpHHa

H nnoulagb uonepeqHoro ceqeHntr BoAoeMa coorBercrBeHHo1, Q(x, t) - pac'

xoA; K - C \R,S - rraogynb pacxoAa; R - rl{ApaBnHqecrcnft pawryc; C -

roo$Suur{eHr lilegn.
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#-v-#, ,n,  Y + tv2= h, f t t
#  = u * , " # t # = * ' *  + P -  e ;

# = h " . *  * | e , P - c z € ) ,

b a n
d t

L q +
d t

+ y = o;
d x

3"C) =-"(* (2.e8)

(2.100)

I

i  e  t r l \  A  / T o , \  a  - -  d r  Q u H  O "  , A  n n \
1  

v \ L ' L !  .  v  I  l L

i 
--;-- = -

q  o t  D x 1 \ P  )  O t r  
'  

O x r  c P  c P
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' ,  
_ u  ,  1 _  _ l _  a ( s o n ) ,  ( 2 . 1 0 3 )

rAe "Buxrgnx/  
-  

pcS 0r l
7a-. \2 /a."\21 ,,p- v,ll-l +1ll?)l1f -o"ni1. rge S, B - rmoqaEb ceqeHlrr, HopMaJrsHoro K Beprrranbltoft ocn' n lu{PnHa

- '$0x3l \dx3/ I' BoEoeMa coorBercrBengo; . /r", Ir"r* t't TBx, TE Er_x_- _r-opx3olrrulbHble
rc w,r^n'.e*qcM (2.100) tro6aBnrrorcf, crreayrorwe rpaH 'rrrbre yoroBr{fl:. cKopocu reMneparyPbl brercarolqero B BoaoeM }r EblTeKax}ulero I|3 Ireto

Ha cDobo.EHou noBeprurocrIl ;;nffi ton -tlDr&rc.'" 
"-@

dv I Ar aa 
flrllrerrr reMneparyponPoBoaHocrtt (npnnnvaelotft

v | 
= 

i-; crooa 
ll 

= -a>(T -\); v;- 
oe crraraeMoe r npaadi uacrn (2.103) J^lrrbrBaero x t  y o

-lr pl2 E3l2 PerDe - Pa$Iaql o'
= * f ; l ' ;  e  =  c u " - - ; - ;  o r y r  6 r n r  n p n H t r b l  B  B r I e :

l " o l

dr  ^ .
r -  

-  v t

;; :""*s'on noBepxHocr'

drt po 
ft 

-a2(r - ro) ,

rAe ay - roa{rQfiIll{eHr reruoo6rraeHa c arrraocQepofr; Tp

reMneparypa.

,Ibrn saMbrKirHHfl cHcreMbr (2.100) - (2.102) HeooxoAHMo onpeAellurb Eo'

rorrHnrenbHo xooQsrutuenr ryp6ynenrHoft reMneparypo[poBoAnocTu ar

xeHl{e o IIocToflHcTBe oTHouIeHH.fl 4r oKa3bIBaeTCff [peA[oqTI{TeJIbHee' IIeM

e Qopue

k ,  i v  i v ;

= 0;  € = ce

(2.ro2)

(2.104)

(2.10s)

- paBHoBecHafl

AE
A 4

# .+  L  QD =*k6 '

2.10. O KOSOOHUHEHTAX TyPEyJIEHTITO|O OEMEHA
H TI{,IIPOAHHAMHTTECKOff AHCNEPCHI{

Kar yxe oTMeqaflocb, rrpH MaTeMaTFrecKoM MOAenHpoBaHITH rI{[pOTePMI{'

qecKHx npoueccoB B BoEOXpaHr{nHUIaX BecbMa cyuecTBeHHbIM flBnflercfl Kop'

peKTHoe 3a,qaHHe [apaMeTpoB HcnoJluayerraofi QeHor"reHoIorHrrecKofi voflenr,

T.e. BCeX BXOAflTjIHX B HCXOAHbTe ypaBHeHllfi I{ rpuu{HtIHLIe yclloBna rcoaQou-

UHeHT9B: ryp6yneurHofr B.f3KocTI{ H reMlepaTyponpoBoggocru' rHApoAl{I{a'

pruqecxofr pgcntpcl"l (rcouaercrusrrofi UnQQysltu), rennoo6r"resa c Bo3AyxoM'

BeTpoBoro HaflpflxeH,fifl, TpeHvn no $tY H T'II'

Hnxe KpaTKo ocTaHoBHMC.E Ha OllpetreneHuH BaxHefrurru< [apal{eTpoB Ma'

TeMaTHqeCKHx Motreneft ru4poTepMI{KH BolloxpaH}'IlltlU{xJlagurenefr : xOaQ-

QruplenrOn rypoyneHTHoro o6r"reHa HMnynbCoM I'I Tell]Iotoit u IHApoAITHaMH'

neparypbl. 
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Tarc, BbrpDKeHHe Errfl HanpfixeHHft n xolAxocTl{ npn ryp6yneHTHOM Teqe'

HHH I{MEET BHA

(2.106)

KBaAparr{tlHoe 3HatIeHHe nylbcaqufi crcopocrn; Qr - 6eapaer"tepuuft trapa-

Merp.
B coorsercrBl{I{ c (2.109) 14. (2.110) BbIpDKeHHn 4nx xooQQuqueHron

ryp 6yneHrso fi B ff 3Ko crg H TeMnepaTypo[poB oAHo crl{ HMercT BI{A

vr i i  = t /b Lr i i i  ar i i  = ar{b Lr i i  .
/T", ati\ _,rr i i =  r " n n \ a r r . +  T " )  

- p v t \ , (2 . r  11 )

(2.ro7)

rAe /r;1 - cocraBJlnrculH€ TeH3Opa ryp6yneHrsofi Bfl3KOCTI{'

AsalornqHo 
"oonttro 

ros$QHIIfieHT' xapaKTepu3ylorUNfi ryp6yneHrrotfi

flepeHoc relrrlorbl,

(2.108)

, ,  ^  E6 i i  f f i , :E  ^^ !E !^ ! ! ! r  !6  ^n  ^Tq! ! ! ! !  q ! { r ! !Me

re Ti, Ui - COOTBeTCTBeHHO OCpe[reHHbIe 
-li ii-y]ibCairioHHbiu uuuiai'ii'arrE+iiv.

KOMIOHeHTbI CKOpOCTH COOTBeTCTBeHHO'

Karc yxe oTMerriurocb Bbrule, coulacHo nolly3MmIpnuecrcofi KOHIIenISTH

EyccnrecKa norrariuoT

Ecnn c-.iiirarb niaciuiaO TiipOytreuTHocru cKalr,qpoM' ro

ur = Jn Lr ;  a  = o,  t /b  Lr .

Vz (2.112) cneayer, B rlacrHocru, I{3BecrHoe coorHolueune

v r l a r =  l l a r  = P r *

(2.t12)

(2.r13)

rtre Pr, - ryp6yreHrHoe qI{cJIo [IpaHgrnn
I. Itlnnxrr{Hr Ha ocHoBe o6o6uteHns AruIHbIx pa3rllrlHbrx^ HccrleAoaaHr4n no'

D- l \  1 f f^ ^- '  w^rrrnrrr nnrrrrrv oDTrtnl.rD rrrrg r.rnrl f i Ir l ' rY Ir
J l y t , . w l f l t v r r . l l t r \ r l l D l l n D . l ' t Y r A ( l n r r D r r v r A y t L r | ^ 4 D ^ v y v D r l ' l " L V L I ' J

[pucrennbrx re,IeHnfi MoxHo npl{H.nrb Pt, = 0,75.
rlacro npn perueHurr npruqaAHbrx 34traq Hcnorlb3yercfr. u3gecrHaff allarrorl{fl.

PefiHontAca o paBeHcrBe ryp6yneHTrrbrx rcoe$Qng{enToB nepeHoca Maccbl,

I{Mrryrrbca H Te[JIorbI, T.e. npIIHI{Maetcl Pr, = 1.
IIpu anaru{3e gMrrr.{pmecK}D( }r ilorrygMnfipuqecKnx 3aBI{cI{MocreH EIIfl on-

peAerreHr{fi rcoaQQrnrueHroB ryp6yneHrHoro o6ueHa Irenecoo6pa3Ho pa3rlu'
qarb [aO] : BerpoBoe nepeMerrrr{BaHne; AHHaMHqecKoe nepeMeIIIIIBaHHe, on-
pegenrreMoe nporoqHocrbrc BoAoeMa; csobotrno-KoHBeKTuBHoe nepeMelrrnBa-
HHe, CBS3aHHOe C rpaAI{eHTOM ruIOTHOCTH.

KaxgUfi H3 err,D( npoUeccoB xapaKrepv3yercfi. coorBercrBylou.U{Mrl 3aBI{-
cHMocTfiMu Wfl HiuroxAeHun rooSQElU{eHroB rypdyneHrHoro o6ueHa. Korga
BJrrrfiHrreM Hr{ o4Horo rr3 errur QarropoB upeHe6perlb HeJrb3.fl, I{cfloJrb3yercfr.
cyNrMapHrrfi rcoeQQnlmenr o6uesa, onpetrenffeprltfi cj6rruo B coorBercrBuu
c runoregofi Tefinopa KaK cywrMa rcoeQSIlllueHroB, xapaKTepu3yloul{x 4po-
qecc nepeMelrrr{Barrrnfi noA gogtreftcrsneM KarKgoro I{3 orMeqeHrlbrx Qaxropor.

AHarHs pa3rl6qnblx ilonygMlll{pruecKlD( 3aBl{cnaocrefi uln ofipeilelreB^r4t'
rcoasQurueHroB rypoyneHrHoro o6rvreHa,, xapaKrepfi"yrou+rx upoqecc Berpo-
Boro nepeMerrlrlB atryrfl., traercfi B [40-42]. Otrraeqaerct, tITo sosueficrnne Ber-
pa nplrBoArrr K o6pasonaHuro BerpoBbrx BorIH (nonuoaoe [epeMeuunanue)
ll nerponrrx reqeHnft (A,pefiQonoe nepeMelrrrBanl{e) - xaxg5rft He 3rru( rpo'

rleccoB xapaKTep u3y er cfi. cBoHM xO a QQruHeHro M o6prena.
Eonrnumcrso 3nBucl{Mocreft rg:ts, onpeAerleHuff rcoeQQurAaeHToB Typ6y'

rreHTnoro o6preHa nplr BerpoBoM BonHeHI{I{ nonfleno Ha ocHose HcnoJlb3oBa-
Hrifl. nonygMlll{prqecKoft TeopHI{ llparrUrnx-Kapuana, cornacno xoropofi

v^ = *, (lt\'/t\' , (2.rr4)
, \44t / Vx; /

rtre K = 0,4 - nocrofiHnax Kapuaua; x3 - BeprHKiuIbHaJr Kooptrrnara.

-,;4 =',u(#, * #)'

ar= _ar i i ; i ,

rtre 7, T' - ocpef,HeHHilfl H nyrlbcal*{o'H4fl cocraBJltlou'U{e reMneparypbl;

ct^:; cocraBJrfirou.ure TeH3oPa ryp6ynenrHofi TeMIIepaTypo[poBoEHOCTH'
' ug.rror,u3oBaHne 

coorHoureuylz.lqL,t (2.108) no cyqecrBy BBoAI{1

BMecro Hen3BecrHbrx BerrFII{H 
"rl 

v {7' Houle HeI{3BecrHbIe vr;i u arii '

IIpU utrdope cucTeMbr KoopEtinar, ocfi l(oTopofr COBIIa'qiuoT C TIIaBHbIMI'I

OCEMtt COOTBSTSTByI6U$D( TeH3opoB, qI{CnO HSH3BeCT}IbIX MOXeT 6rtrl )fMeHb'

rrreHo c AeB.ffrI{ Ao rpex. Karc orneqaercff B [121] ' yoIoBI{e pirBencrBaHyIIrc

HeAHaroHiIIIbHbIX KOMIIOHeHTOB TeH3OpOB MO)KHO CqHTaTb BbIIOJIHeHHbIM'

ecnH npoAollbH:rfl ocb KoopAuHaT COBnaAaeT c HanpaBllemleM AnIDKeHH'E' a

oAHa H3 nonepeqHblx - BepTHKilIIbHa. B Uenrx ganrHefiurero yrrpgqeHnfl qac-

To IIpI{HHMiuor rcoaQQnUeHrbl ryp6yneHrnoro o6t"rena cKilllfipaMIl' T'e'

ar i i  =  a6 i1 i  urq  = u6 i1 .- 
Ha OcHosaHni{ npeArroloxeHnfi o nogo6nl{H cooTHouteunfi, BblpiDKzlrcu$x

3:rBucnMocrr rcoeQ$^Un."ton ryp6ynenrHoro H MorleKyrlflpHoro o6preHa or

napaMeTpoB ,uDIDKeHH.fi )KH,q,KOCTI{' MO)KHO nOn}^IIITb CneAylous{e BbIpaxeHI{'8

AJrff rrynbcarlHoHHbrx cocraBJurculrD( cKopocrlr n reMnepaTypbl [78] :

",", 
= 'T ,6,i - + t,Iu 7tr,orto, + Lrio Ao; ) i

F '  
= -art [b L.r iau# ,

3 + ! t Lria- MacrrFa6 rypoynenrHocrn; 16
d t i  d *  o '

(2.roe)

(2.1 l0)

- cpeEle-rAe Lq' =

7 0



Ha ocnose aHanu3a HMeloultxcfl 3aBHcutuocrefi B'H' )IOrgxHx [a0-a2] pe'

KoMeHEyer ucnoJlb3oBarb crlep,ytou'u{e Qopuyltu :

1) np' BonHoBoM rrepeMeur"".*n, 
" 

iniOo*Hx BoAoervliD( (rny6una H

6ontrue flonoBgpbl AIIHHbI B9IIHbI Lg) - Qopr'ryny C'B' 'flo6poxnoHcKoro

nrc2 H:

r A e  M  =  0 , 7 c +  8  ( n p u  l 0  <  C <  6 0  t l ' l ' ) ;  M =  4 8  =  c o n s t  ( n p n  C )

I > 60 rral l, lr); C - rcoaSo4ueur ltlean; v - cpeltrlfln no rnybI'rHe cr(opocrb'

g t401 
'"ilt"t.ttt, 

orpaHl'IqeHHoe 
T'-.-1M:::-

; HHe,H wrfi, BoAoxpaiiliiiiiiii peKoi'ieHEyeTcs -alllMpHqecKatl $opru-vna K'','l' Poc-

I ,HHCKOTO, KOTOpafl Moxer 6urr npetrcraBrreHa B SU[e

I
u ,  = '# @ + 0,5,  (2 '123)

rAe q v H - cpeps*re 3Haqenr{r yAerrbHoro pacxoAa BoAbI' M3 /q ua 1 pt urupl{'

HbI, H rny6nnrr Bo[oeMa' M' coorBercrBenno'

Peaylrtrarbr r{cCn ego BaHHfi. BIILTflH;gtrI Cso6otrtlofi xoxeerUHH Ha rHApoTep'

r"rrqecrufi pe)KIIM BoAoxparu1;1nq npeAcTaBIIeHbI B [88] ' B qacruocTvt'' 3aBr4'

CHMOCTb trl1f onpeAefie:t*|fi. rcOeQtlruHeHTa o6ueHa non)4leHa B BHtre

no3AHee rplrBeAeHnyrc A.B. KapayurenblM K nfitrY 146l

u, = glxilMC ,
(2.122)

N u  =  4 , 0 7 4 .  l 0 - 4  R a o ' 7 1 , (2.r24)

EMEET BI{E

/ ( R i ) = ( 1  + 3 , 3 3 R i ; - t ' s (2.12s)

Kar yxe OTMetIalOCb, 1OMI{MO I{C11O;1b3OBaHHfl pa3nlflHblx 3MnHpI{qeCKI{x

n nOIIyaMItrIpHqeCKux 3aBggnrtaocrefi HMeIoTcfi I{ Apyrl{e notrxoAbl K otrpetre'

nr""1g' *ot66"tUneHToB rypoyneHTHoro o6ueHa' B 'Iacruocrl'I' tIpH pe[IeHI4I{

np'Krra,q,Hblx 3aAarl cTaIIH lllnpe ucloJIb3OB ATbCfr pa3lll',rqHble MOtreJIfi Typ6y'

nr"rro.rr (cvr., HanpgMep , 147, 50, 1l2l u trp.). flpn arou 3a cqer npHBIIe'

qeHl{fi AuQQepeHIII{iuIbHbIx ypanneHr'rfi oTHocI{TeIIbHo 1lapaMeTpon ryp6ylleHT-

HocTH paclul4pfleTgff l{cxoAHat cHcTeMa ypaBHeH}Ift rugporepMuKfl fi y.nelftr'

qrrBaercfl ql{clro BxotrflIqlD( B Hee pa3nrqnblx rcoeQQnuI4eHToB'

Karc fisnecTHo, B )?aBHeHI{.fix pacttpocTpageHu'fl reffIoTbl n g'nuxyuteficn

XH,qK9CTI{, 11o;11nIeHHbIX [yTeM OCpeA]I eHWl.' BCSX BenIfilIH nO OtrgOiI EIII{ AByM

ropr{3oHTurnbgblM KoopA11HaTarvr (unangBtrfl H otruoMepHar 3aAatIH Tellflorrepe-

Hoca), cyuruapHufr rcoeQ$runenr reMreparyporpoBof,Hocrn a > 6yUer

cocToflTb H3 Tpex cflaraeMbD(

a 2 = d * l 4 r * O g t
(2.126)

rAe nepBbre ADa crraraeMblx coorBercTBylor MoneKyJlflpuoft n typ6ynesruoft

Ar{O+y3r{r.r, a rperbe onpetrelfler raK Ha3blBaeMbrll roaSSHUHeHr rH/U'poAI{Ha'
73

rtre Ht - BbICOTa BoJrHbI; nB - ltepltotr;

2) rpn BonHoBoM [ePqMe[rI{BafiHH B

Qopr'ryny O..II,. Iile6anl{Ha

nxz H3
t! = ..--' r  

3 6  n B

3) A,rn gpefiQonoro nepeMerlnBaHn'fl:
a )  n p u 0 ( x e  4 k r H

i---

/  , " " r 1 ( k 1 k z  +  1 ) "  -  1 l
\ t -'  

P k r k z

6) npw k1H 1 xt < .ff '

u r  =  l , 4 3 i l P t r  O "

^ H :
i, = 4,4' lo-t ft ;

r .  = * 'n l t " rcnQt a)  -  t l '
- ' t  

r44HnBsh2 (k f f )c t r  (2kH1

rAe Tser - BeTpoBoe Hanp-RxeHr{e Ha IIOBepxHocTH BOAbIi kr, kr, kt -

6yHrrulli rcoe$Snuueura [t[esu'.-
I,1Hrerpnpo"."", (2.115) 14 (2.116) coorB_ercrBeHHo B npeAerlax or x3 =

=  0 A o  x 3 =  0 , 5 I ,  n o r  x 3 =  0 g , o x 3 =  H  E a e r  c p e E I I { e  n o r n y 6 u H e 3 H a '

qenl{.fl xoo$QurrneHToB o6t'leHa

(2.1 re)

(2.r20)

llpu oupegeneHr{H roeQQnwenra ryp6yIleHruoro o6rraeHa 3a ocHoBy qacTo

6rpyt $opr"ryny, clleAyloulyrc I{3 ypaBHeH}Ifl ycraHoB[BllJerocfi paBHol\tepHo'

ro IIBHXeHHff )KH,4KOCTI{,

sIx 1,u, = - 
T;iA;,

rAe g - ycKopeHlle cso6oglroro naleH6.s; .I - yKnog nof'nofr IIoBepxHocTlI'

B p*ryttotuie aHang3 a Sag4criluoctefi, nonlnlaeMblx IIpu nOAcTaHoBKe B

(Z.l2i) 
-p.rn"u"ur* 

3rrrcp cKopocrt{, B.M. MarcxaseeB 1on}qffi Qoplryny'
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I E  l l s

v ,  =  l ,43HPt ,

k  =  2 n l l s i
MeIKI{X BOtrOeMax

2 . r15

(/ /  < 0,5L") -

s n 3 [ z r ( g  x a ) l

sh (k / I )  chz  12k (H  -  x  s ) l

(2.r16)

(2.rr7)

( 2 . 1 1 8 )

(2.r2r)



Mr{qecKoft [ucnepcnu (nnu xonnerrHsHOfi AI{ooy3I{II), yu'rlrnarougfi BnHfi-

Hr{e BepTr,rKanbHbrx (a s ognoMepHoM CIIrIae TaKxe H no uIHpI'IHe nororca)

r.rsN,IeHe^HHfi cKopocTl{ H TeMnepaTypbl Ha ropg3osralnnrtft nepeHoc TSIIJIoTbI'

Tarc, B KlaccuqecKoM cfl]rqae oAHoMepgoft 3aAatIH E'ilfl Iqyrnofi rpy6u

npH naMrrHapHoM TeTIeHHU

Fnaea 3

PACTI ET BO.U,O EMO BOXNAIIITENE II
HA OCHOBE YPABHEHH.fl TETINOBOTO EAJIAHCA

3. I. YPABHEHHE TENJIOBOTO EAJIAHCA

au: +pt74g. *), 
(2'127) Bg4gll4lll4ltA.oxnAAHrEnfl

r [ e , ' - cpeAHr r r roceqeHn locKo-poc rb ; re -pagnyc rpy6 r r ;np r6on r rnu i - ^ ,Y t * tn "9 * ] :1T" " -9 t ^p - " : : a -BoaoeMoB{x ra '4 r re re i r ' oc t {oBaHHbreHa,u""""""* qncna peft'onrrca r44f 
"- 

. 
-.^", 

i rrrnrn::x;;m'r:"f#xTh#"J#h:il1"fr'##T,"J.i."t:J
t---i (2.128) oil*"*" Boabr B BoAoeMD( n oflpeaenr{rb rrelecoo6pa3ltle cx€r"Gl cnorh-

a\ = Lu,lro !TolP ,

r[e ro - Ha[pfixerure rpe*rfl Ha creHKe rpy6br. 3oBaHrIfl BoaoeMoB Erfl oxrax'qe*[t BoaFI SHeprerlrrlecK]D( I{ flpoMburrreliHtrx

BApyIoMcnyqaeo.AHoMepl ro igaEaqr r_reqer r l { - f ,BoTKpbnoMI Ip}BMaT}r .oEbeKToB.3rucnoco6uocHoBaHbtHa[c I IoJ lb3oBaHI , I [ypaaHeHuf lTe I I ' IoBoro
qecKoM pycne - Ko3QQuur|eHI 4A. Moxer 6rIn noly.rerr n5o"'.cooTB,,- 6anarrca soEoeva, yquTI,IBaIoqeIo ofiIoBHble oaKToPbI, Bnl{'rcque Ha IlPoqecc

crByrouero npeo6pa:oaaxx.a (2.128) E BtlAe o-"*l"n#, - pa!'l{aryoffilrfr 6alanc' xcuapnrelrsrrft x rosgerrrosrrfi ten-

noo6uen, a'4BeKlrfio rermor6l c nocrJmarcu-Il{Mrl u orBoInMblMx n3 BoAoeMa

ar\ = 2O,2 ̂/i F lRlc, \z'tz>t MaccaMr Boabr.

rqe R - r'spaumec.dpa*vg. !-;.130^f.13.e5t1'.I;- "*,*," oo. I *"IirxT;:HffT"?.il"1?#X""f:H,i#ffiTH*YJffiffiHr##.'#:;
fufr. Pyc;ra npolr3Bonbxoro nonePeqnoro ceqeu t 4a Moxqr ub 

Koropble umpoKo npuMe't',ncb pauee rI Ha,rcgar nP[MeHeHxe B Hacrotul€e

r,reurorrr uoxer 6nrft "p9Y"' 
K rD( woly orHoctrct:

t++t . npt ,t"t *t 1) r'retog pac'rera c xoarforql{eHrov xcnonb3oBaHut;

pcrll B Ka:r<aoM Ko n' lJ tttoa p11:t-1:i:?^0.9y:-*=t::-*6aateHl{f, v BoaoBbrnvcKa;

"nor"r*u'ffi";;; 
3i pacverxo-sxcnepltMexranbHblfi Memr' ocHoBaHHbIfr Ha rcrort3oBar 'tri

)rmrx cxeM Teqelnfi. pe3)mbTaroB xccneaosaHrfr no pacnPeA'eJreHuro TeMneparypbl BoAbl B noBepx-

J I b 3 y X } T c ' P i l S I u t I H b r e H o c T H o M c J r o e B o A o e M a l t a K p y m I o M a c I I I a o I $ x M o E e n ' x I r B H a l y p e .
, *oropol).'i-".]r""- nocneEfifi cnoco6, npegnoxeKrbrfi It [eratbHo o6ocHosaHHnfi pa6oraM{

HarrpnMep, r [121].
BqacTHocT[ ,npHpe lneHl { l , r rmaHogof t3a ,4aq l r r [ [poTepMIrKI IBoAoxpaHt { -p -ac- f ipocTpaHeHf ieBnpaKluKenpoex ' ' ' por ' rx "soAoxpaHl ' I xuoxnaAf i re 'e f i

nrurcxnaaxreren " tTat p"*o'",'s;J'; ;;;;";;'o dopMvr!''"*"^'*^'^ Ififfi.J:ff;:T; 1ili""'iil^#"fg1Xl1Ti;^:J"i:ATtr;33Y#6
tr _ , tT nrni ,, /. r 2n\ c so,q,oxp"Hrtrruuarwt{x:raErreJnMr{ onrl{MatbHble cxeMbl I{cIroJIb3oBaHI{fi

ar.ii - q2 \/ ; 
ln W6l + (ar - a2) t/T 

i "' 
\a'tJwt aogo"nron HafiaeHbr B pe3yJrbrare npuMeHeHl'rfl pacqerHo'3Kcnep[MeHrarlbHoro

rge I, 41, o2 - H€Koropbr€ xoaQ{muerrlr' 
r"rerona BHI{I'II'

cneAyer orMer'rb, sm gxa"eH'e xoo$rf,o$ema EI, #:Illt#T:ffffi"";X'ff##t""t'H1"l3tl"'il?:::
qmetrbHo rrpeBocxoaar 3HaqcHI{t xoaQQnryerror rytr p111<n HcKofi, A3ep6afi,qxaHcKofr tI MHorrrx Epyrrl( Mo[I'

Tax, Jlx. 3ng,ep, paccr*larploaf, paBnoMepHblft noroK H(

Hbr c norapHor\,tr{'recKl M pacIIPetreIIeHneM cKopocrlt t Korr$Qrqnexrov r,Icnorb3oBaHr{.s rr3rloxeH B peKoMeH,4a'

)aoxpaHlrlrruq<lxlra'urreJr efi f1426{D [72], a npunaexelure

iauerua paccvarprmaercx r [135, 159].

, BCe ltHxelrepHble MeroAbt ocHoBaHbr Ha peltlelrHu ypaBHe-

fica. 3amrcdrlroro B rofi ruu'r ruroi tFpve'

lsoro Eulauca flpeacraBnter co6ofi l4raanerule rerrnonpo-

ar4HaM[qecKafl altcnePcltq' BOEITOCTI{, 3aIr}rCaHHOe OTHOCI{IeJIbHo cpegneo6teunoft ru { cpeAHenoBePx-
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v  f  v w " -

TepH3yrculHerernoooMeHBOAOeMacoKpy)KaIouIeHcpeAoH:'"n:::.:"j:'::ffip*"-"#1+'*"p*i 
{op*anx n"'Fsr{r{,sl r rot,n rerno

HOCrHofr reMneparypbr BOAOeMa, B npHHIIHIIe OHO MOXeT 6bITb flonrreHo HH-

Te fpHpoBaHHeMcooTBeTcTBy loqe roTpexMepHoroypaBHeHI { f I I oKoopAH.
HATAM.

BypanrreHHl4Ten.noBoro6anaucarIHTbIBaIoTcff-o.c}I^olHbIeoaKTopbl 'xapaK.

coJrHeqHafi paAHaull-fl;

norJloulaeMoe BoAHOfi rloBepxHocTbrc BCTpeqHoe AIIHHHOBOIIHOBOe u3rly'

IIEHI,IE  TMOCOEPbI;
noTepfl TeIuIoTbI BcIIeAcTBve W|4HHoBoIIHoBoro I,I3IIyq'""'' 

--^.
o6rvreu rerrnorbr c arMoc6epori nyreM KoHBeKITIIH' MoIIeKyJIfipHofi HTyp6y'

nenrsofi TelrnonPoBoAHocrH ;

r eIIJIos o i{ no ro K B cn e AcrB I'I e H c n ap eH fifl' wrvr KoHAeHc aufiIr ;

remoo6rtleH c AHoM;
n-f  , ! rn^rr \  rq  d ^  npul { f r lMr, I  I IDI , ITOKaMH:

I U I U I U f  4 t  l l P n n v v r r r v r s r  v  f  v  r ^ r F "  - - -  -  I

TeI I I IoTa 'BHocI , IMa' IBcJreAcTBHe[HpKyI I f l | I |4HBoAbITeI I I IoBoI4cTaHuHH'
c$poca qacTg BoAbl l.I3 BoAoxpaHgnuqa B HH)KHHfi 6leQ' oT6opa BoAbI Ha pa3-

rrHqHbre npoMbrruleHHbr e H ceJlbcKoxo3filcTBeHHble HyxAbI' QmlrpawH BOAbI

qepe3 rH,u,porgxHl{qecKHe coopyxeH}rfl' 14 IJIO;

TeIuIoTa'nocTyflarcrua.f ioTAoXAeBblxocaAKoBw|y|3aTpaqlIBaeMulf iHaTafl .
HHe CHera;

Te[noTa, BbrAerrfleMitf IIpH o6paaonanfin qlbra l{nu 3aTpaq*1t^*"" Ha ero

TaflHHe B npeAenax rracTKa, Ha *otopo* o6paayerca neA B BOAOeMil('oxJIa'

AHTenflx;
Te[JIOTa, 3aTpaq[BaeMa.fi Ha TaflHHe IIbAa' KOTOpbIfi BHOCI{TC'fi B BOtrOeM€x'

naAHTenb BMecre c npHTOKaMu'

floullrrro orMeqegH;rx Qaxropoo Ha reMneparypy BoAbI BrII{Eer raKxe

TeruroTa, nocTynarculafl H3 HSAP aevntl, oTpOKeHHa'fl oT 6eperoa cylvtMapnaf

coIIHeIIHaflpaAHauKf'aTaKxeTeIII IoTa'BblAenflrcul i l f lcffnpl lAPIDKeHI{u)KI{tr.
KOCTH 3a cqer ctrn rpeHHfl, KOTOpa.fi HaqHHaer rrrparb 3aMerHylo porlb npH CKO-

pocrflx reqe'Hfl, [peBbrr.uatouUni 0,4-0,5 vr/c. OgHaKo 3rH cocraBrlflIolque

T errloo6MeHa He3HaqHTenbHbI, t LrMr4 MoxHo npeHe6peqb'

flo cyr"fi"re KorIHqecTBeHHbIx BbIpiDKeHHIi flepequcneHHblx BbIIIre cocTaBJlfl'

rou_Erx reflnoo6;ena r,,roxuo HafiTH peeynrrupyrcus{fi TeIrrIoBOfi floroK' XapaK'

Tepr{3yrou-u.rft }rsN{eHeHHe 3KI:UbIIHH paccMaTp!{BaeMoro o6teua BoAbI' yBe-

nr{qetMe sHTiurbrtr{H coorBercrByer rrolo)t(HTerrbHoMy 3HaqeHun cyMMapHoro

TelrnoBoro noroKa, yMeHbIxeHHe - orpHuaTenbHoMy'

Bo irruo'rx Cnyuaxx HeT IIeo6XoAl'IMocTI{ yrfl{TblBaTb Bce 11epeq'4g;'eHHble COc'

raRnflruul{e reruroBoro oaJraHca. Tar, qacro 
Y:ryo 

flpeHe6perlb TeffIOTOfi' npn'

HOCHMOil AO)KtreBbrMH OCaAKaMH' H TennoToft' 3aTpaqllBaeMofi Ha TafHI{e JIbAa'

ilpHHocHMoro npI,IToKaMI,I. B rny6oxHx BoAoeMax TellJloo6trleu MexAy BoArrofi

:{accofr H no)+(oM oqeHb MarI, n noroMy ero raKxe MoxHo He fil{TblBarb'

nrrx 
"ooo.*o"-oxjlaAHTenefi 

cyuecTBeHHbIMI{'flBIIfltOTCfl CneAyrculHe oc'

HOBHbIE COCTABIIflrcUII'IE TEINOO6MEHA' KOTOPbIE HEO6XOE'I{MO TMTbIBATb NPI{

't6

Brc. 3.1. Ilxneapuraqur rermoo6veHa Ha
noBe,pxHocrlr BoEoeMa

pa3pa6orKe HHXeHepHbIX MeroAoB pac-
qeTa:

pa.tr}'.Anjfx W r43nyq.eH}.Ifr.;
Tennoo6MeH 3a cqer I,Ic[apI,ITerIbHo-

ro lpoqecca;
KOHBEKTHBHbIfr TEIINOOb MEH ;

rp UYI
TeITIIOTa, noCTy[arcUafl C IS'IpKyIIfi'

pyrculefi sotrofi rennosofi craHLU{H, peq'
HbrMH rrpHToKaMI,I, a TaKXe yAitrlffeMafi'BMecre c HHMH.

B eunanufi nepyoA Heo6xoguMo frnrbrBarb rerrnoo6MeH, Bbl3Bansltfi nbAo-

o6oacosaHueM. a B BeceHHuit -'tasttl,IeM rlbtra-  - f  - -

TemostrMl4 noroKaMu, cBfl3aHHbrMH c Qurnrpauuefr, reruoo6preHoM c no-

xeM BoAoeMa H trpyrHMH MeHee cyuIecrBeHHbIMLI Qaxroparuv BBHtry ID( Ma-

rrocrH, KaK [paBI,I]IO, MOXHO flpeHe6peqb.
C yrerov Bbrrrren3rloxeHrroro ypaBHeril{e relrIloBoro 6anaHca BoAoxpaHH-

nHuIa-oxJIaAI{TeJIff 3aIrHCbIBaeTCfl B BI{Ae

9s

uSHeHeHun

AS - lor(e^ - e) + ar(T - T) -Rl a = 
Y- #, ( 3 . 1 )

rAe T - cpegtenoBepxHocrHaff reMreparypa Bog,u B BoAoeMe; k - rcoaQ'

QuqueHr, fn,tTblBalou1fifi HepaBHoMepHocTb pacnpeAeneHHfl reMnepaTypbl

"ogur 
no rny614He, qucrreuHo paBHufi orgoureHuro cpeAHenoBepxHocrHofr repr-

neparypbl K cpe[Heo6ter'artofi; t -BpeMff; c rr p - yAenbrlafl TeIIloeMKocTb

n UIoTHOcTb BOAbr, npuHr.rMaeMble nocTo.flHHbtMI,I; A,S - pa3HocTb 3HTaIIbIrHfi

nocrynarcqefr B BoAoeM v 3a6r4paeMoft H3 Hero BoAbI, B qacrHocru,4nr c6po-

cu nogo.perofi BotrbI rerrloBofi crauquu A^S = cpQLf Q - Ur{pKynnquoH-

nrrfi paciog; AT - reMrleparypHufi repenaA Ha KougeHcaropax ryp6nH);
qe - roeQQnuneHT reuroorAaqu r{cnapeHueM; ac - Ko?SQHqIaeHr relr]Ioor-

AaqH KoHBeKIII{efi; em - MaKCHMiIIIbHafl ynpyrocTb BoMHbIx napoB npu

TeM[epaType [oBepxuoCru; e - alconrcTHafl BJIa)KHocTb Bo3Ayxai Ta - TeM-

neparypa Bo3Ayxa; R - paguauuonHufi danauc (uln cocraBJlflroLqaff rrrlorHo-

crg TernoBoro rroroKa Ha cBo6ogHofr noaepxnocrl,I, cBff3aHHafi c pa,II,HauHoH-

HbrM Teluloo6prexorvr I,I H3nflenlrer"r); Sl u V - coorBercrBeHHo IrnoIr1aED

noBepxHocrr14 o6teru BoAbI B BoAOeMe.

O6trqno s (3.1) rroAcraBrrffrorcfl 3HaqeHl{fl MereoponorrqecKHx $arcropon
(nnarruocTg LI TeMnepaTypbl noagyxa) Ha BbIcoTe 2 v naq, BoAoeMoM.

Ypanuerme (3.1) ynpouraerefl npn ucnonb3oBaHul,I raK Ha3blBaeMofi paBHo-

eecHofi reMnepaTypbl (ptn.. 3.1), B[epBbIe BBe,qeHHofi B remoBble pacqerbl

BoAoeMoB .llx. 3gfiHrepoM U321.
PasposecHafl TeMnepaTypa - ycnoBHafl pacqerHafl reMllepaTypa, Koroptul

ycraHoBgnacb 6br B BoAoeMe npfi HeKorcpbrx QurccupoBaHHblx Mereopono-
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rHqecKux ycIIoBHfiX B p$yJIbTaTe l{c[apeH]Iff' KOIIBeKISfi I{ pa4daIHOHHOrO

TeruroooMeHa, T.e. TeMnepaTypa' cooTBeTcTByIOUIafl paBHoBecHoMy pexHMy

nogoevra (O, = 0)

Panxosec"." ,.t.tepaTypa IO uoxer 6urr onpeAenega lla cneAyrcIqero

TaTbr MoxHo rro[rrHTb np]r HcIronb3oBaHI{H ypaBHeHl{ff TeIJIOBOTO 6ananCa,
3arurcarrHoro B pa3BepHyrofr Sopr"re (3.1). C uenbro yqpouleHl{fl pacqerlrblx
3ztBncuMocrefi u o6flerqeun.fi rD( anarrn3a rrpn pacqere cnox(Hbrx rcor"r6uHupo-
BaHHbrx cxeM TexHrrrecKoro Bogocna6xeruts T3C n A3C percoMeHtryercfl. lac-

ai{e'n, - e) + a} {ro - T) - R' = -Q, = o, (3.2)

rge 3Haqe Wr o'r, ,'^ , o| u R 
' 

cooTBeTCTByrcT ycnoBH.EM reunOO6preHa IIp14

orcyrcrBuu TeIUIoBoro c6poca-' ,- ^\ n '

crro** ypaBHeHI{f ir.t) r (3'2) B npe'noroxeHl*' rlro ae N ae'

dc = 4c' noUIaeM

AS -  Iar (e^  -  e) )  rdc  ( f  - fo )+R'  -R lO = 
#  #

Bsotrf, o6ognaqeril{e

" ^ -  
r i n  R ' - Ro " f t 7 f f t a " t m  =  a > '

rrprD(oAHM K CJreAyrouleMy srrAY ypaBHeIIH.E TeILIOBOTO 6anaHca:

As - s'(i-ri lo = Y #
cne4yer orMerurb, qro eclrr{ armpoKcHMHpoBarb Qynrcuru e^ (T) u R (r)

nusefrnunm 3aBncuMocrflMr{ 
" 

a*r.tu, qTo xoeSSlurHeHTbI ae H c" cna6o

3aBHCflT OT TeMnepaTlT)bI, TO C HeKoTopbIM npU6nnXeHHeM MOX(HO noflaraTb'

IITO a2 onpetren.fieTcfl ToIIbKO MeTeopo[orEqecKI{MH ycIIOBI{'fiMH I{ He 3aBHCI[t

oT TeMnepaTypbl noBepxHocTl{'
' 

B reunoBblx pacqeTax He[poTotlgbtx BotroeMO-B l{cnoIlb3yeTgff TaKXe ypaB-

HeHHe, 3aru{CagHoe OTH9C}ITeJIbHO eCreCrSen}rOft TeMnepaT}?bl BOAbI Tu'

KOTOpafl oflpeAerlfi ercff H3 ypaBHeHr{fl

- lar(e^ - e) +ai(r" - T) -R'lsl = 
# ::

NOJIb3OB ATb \'DABHEHUfi . 3AIIilCAHHbIE B COKPATUEHIIOM BHtrE.

SrccrpenaalbHbre JrerHHc rcMrreparypbr BoEbr Moryr obiTD c iipfielviiie-

rvrofi E;ls npaKTr.rKrl TorrHocrbro onpegeJreHbr rro ypaBHeHH.sM TeIrIIoBoro 6anau-

caNrfr. ycraHoBuBrueroc.ff pe)s{Ma,KorAa dTldt = 0.Dln ?roro cJrpar^}?aB-
Herrrrfl, (3.1) u (3.5) npuo6periuor coorBercrBeHHo BH,q

As - lar(e^ - e) + a"(7 - T) -Rlo = o;
rE

A,S -  a>(f  -  Zp)O = Q.

Cnegyer
ypanHeruafr
coBna,qaeT.

He yparnewl,i'r,

HerroBepxHocTHat
B BOAOeMe.

YpaaHerue reflnoBoro 6ananca peuraercfi npr{ r{3BecrHbrx HcxoAHbIx tran-
Hbrx, xapaKTepu3yrculnx MereopoloruqecKne Qarropu (crcopocrr Berpa,
reMneparypa H Brraxuocrb Bo3ryxa Ha Bbrcore 2unagBoAoeMoM, IlapaMerpbl
paguaw{oHHoro reuoo6*reua), pa3Mepbl BoAoeMa (moua,w noBepxnocrri. u
o6repr Bogbr B BoAoeMe) u napaMerpbr pa6oru bnercrpocraHlllrl4 (uuprynn-
quoHuufi pacxoA, reMneparypnufi nepenaA Ha KongeHcaropax ryp6un).

,[rn slrnorrHeHlrf pacqera Heo6xoAuMo raKxe gaAarb 3:tBI{cHMocru wrf
o[pegeneur{f rooQQ4ueHToB Tennoortraqu qep€ cno6o4Hyro rloBepxuocrb
BOAOeMa.

3.2. OnPEAEJIEHHE KOSOOT{qHEHTOB TEnIIOOTAArflt
HCNAPEHHEM H KOHBEKUHEft

Karc yxe orMeqanocb, ocHoBHbrMr{ $arropartaIr, o[peAerrffrou{rrMr{ rennoo6-
MeH qepes cso6o4Hyro noBepxHocrb Bo4oeMoB{xJralu{Tenefi, Rnlffrorcff coJI-
HeqHaE pry4allr.tfl' H3Jrfreur{e, TerrloorAarra Hc[apeHHeM H KoHBeKqfiefi. Hero-
Topble qacro Hcnonb3yeMbre 3aBr{cnMocru Nrfl, pacrrera paguargoHHoro 6anaH-
ca npuBeAeHbr B $ 2.3. 3Aecr xe ocrauoBr{Mcfi 6onee nogpo6Ho Ha orrpetre-
nelull{ TeIrIIoorAaqH rrepe3 cao6og,uyro floBepxrocrb sa c'uer ncfiapeHufl. ]r KoH-
BeKrsur.

Karc HsgecrHo, er,craanfltouple nnorltocrn rennoBoro noroKa Ha noaepx-
HOCTI{, OnpeAerrfleMbre cooTBeTcTBeHHo HcnapnTenbHbrM rr KoHBeKTUBHbIM Ten-

noo6naenou, o6rruHo paccqurbrB arorcr no Qop uynarrt

(3 . r0)
79

orMerl{Tb, rITo npH paccMorpeHHH ycraHoBllBllreroct pe)KHMa BHA

c ecrecrseHHofi H paBHoBecHofr rerraneparypoft (3.7) v (3.9)

(3.1), (3.5), (3.7) - (3.9) naoxerturb orpetrerleHa cPeA-

Hrrr. cpe$reo6revrua-s Tr{7, = 
i) 

tt*oeparypbl BoAbI

(3.8)

tr.v/
(3.3)

(3.4)

(3.s)

Bnt,{Hra.s (3.6) H3 ypaBHena,a (3'1) n non** 
}

dc N ai , nonyraeM cJletr)nouee ypaBHerue

AS -  a ; ( r  -  z . )o  =  Q.

{  = ! , d ' " ,  e e o a ; ,
d t  k d t

(3.6)

(3.7)

'I 'uxlru ooplsorrl, llprt pll3pr6orxe ltHxeHepHbtX CnOCoooB pacqera BoAO-

eMoB{xJlaEUreneft MO)I(HO HCnOIIb3OBaTb ypiIBHeHHe TermoBoro 6anaHca'

3arrucagHoe B rpex BHArx: B pa3BepHyTgft Qopr'ae (3.11'B CoKpaIqexHoM BHtre

c paBHoBecHofr ;;6;tpo; (3.^5)-" c ,cticreeHHofi reMlleparypofi (3'7)'

flpnr"reHeHr.re Toro HnH I{HOrO BI{Aa ypaBHeHHfi B pacqeTix o6ocuosllBaeT'

cn KoIIKpeTHbIMI{ ycnoBgflMl{ nocTitBIIeHHbIx 3aAaq' Haubonee ToqHbIe pe3ynb-

78
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KagaxcrcoM Hayrrys-HcciretroBarelrbcKoM r[Icrr{Tyre gHeprerl{I(H noA pyKoBoA-
12, tt\ nay'inu-I/rsr/rrEAuD4tsxDv^vM rulrnJrs rnsPrett^n uua Pt^v'va-

ac = 64,Yae w crsov A.I1. EpacragcKoro, Ha ocHoBaH[H o6pa6orK[ Mfloro'llcleHHbrx 3Kc-

oc  =  dc (Ts  -  T ) ,  ( 3 ' 11 )

npfirreM cB.g3b MeX[y Ko3+QItrIHeHTaMH TeIIJIooTAaqI{ uc[apeHHeM u KoHBeK'

ulrefi ae yr dc - ocyuecTBilfr.eTcfl. IIo cooTHoIIIeH]IIO EOyeua

Tarnpr o6pa3oM, EIfl pacqera HcnapuTerlbHoro lr KoHBeKTHBHoTo relrlloo6-

MeHa Heo6xotrHMo 3atraTb 3aBHcr{MocTb [Irff o[peAeIIeHHff KosoQrflneura ren'

nooTAaqH HcnapeHHeM.
Ilenecoo6pa3HocTb IIpHMeHeHH-fi trl/lfl, HCCneEOBaHHfl BOAOeMOBOXJIaAI{Te-

nefr Tex HJIH I{HbIx 3tlBgc1MocTefr g;1.fi KoeQ+HUHeHToB TeruIooTgarlu oilpege-

Jrffercfl conocTaBrreHHeM pe3ynbTaToB pacqeTa TeMnepaTypbl c HaTypFibiMfi traH-

HbrMr.r. Taruu rryreM IIeunHrpaAcKr{M orEerIeHI{eM AroMTelrnoarleKTponpoeK-

Ta 6brna ooocuosaHa Bo3MOXHOCTb HCnOnb3OBaHHfi AIIff TelrnoBblx pacqeToB

BoAoxpagHrrgru{xJlagrenefi $oprraynrt Kapneurepa [ 1 l 5i

Q e = 0 , 0 8 4 ( l + 0 , 1 3 5 w 2 ) ,

rAe w2 - cKopocrb Berpa Ha Bblcore 2 u saq' BoAOeMoM'

3asncnr"tocn (3.13) LuHpoKo Hcnonb3yeTcn v B HacToflulee BpeM'fi' oHa

BlstroqeHa B HOpMar[BHbIe AOI(yMeHTbI nO pacqeTy BoAoxpaHl',lllulu{xJlaAlfie-

i l e f t  171 ,721 .
Oopr,ryna aHirrrorrrrHoro Blr,u,a, fll{TbrBarcuras 3ilBI'IcHMocrb Kog0QIqueHra

TeruooTAar{H HCnapeHHeM TOITbKO OT CKOpOCTH BeTpa' 6rrna lloflrleHa B

f fr4 F 14l

Abr H Bo34yxa l7ll. OAHarco pacqerbr, rrpoBe[eHHbre c ee HcnoJIb3oBaHI{eM,

rroKa3anH, rrTo EIrfi BoAoxpaHI{JII.ITII{X[aAI{TeIrefi c BbtCOKOfi rernOSOfi Uarpys'

Kofi gra 3aBr{cnMocrb Moxer HecKoJrbKo 3albrruarb rerrroorAaqy. flogToMy

Bo3HHKrra norpe6Hocrb B ee yrorIHeHLIu. TaKafi pabora 6nua BbI[onHeHa B

.* trgpHMeHTOB B r{C[apr{TerrbHbrx oaccefinu 6rua oflpetreJleHa 3aBncHMocTb

i *oaQQuryeura reruroorAaqu r{cnapeHr{eM or qucerr PefiuonnAca H lpacroQa
i cneAyrcqero BHpa:

de = ClRemr * cz exp (C3 Re-3) Gr^ t , (3 .16)

d e  =  0 , 0 4 1  ( l  +  0 , 7 2 W 2 ) .

Buecre c TeM AanrHefrruue HccrretroB a*vfl, noKa3anu, qTo roeQ0raUueHr

TennooTAaqH Hc[apeHHeM 3aBHCHT He TOnbKO OT CKOpOCTI{ BeTpa, Ho H oT pa3-

HocrH TeMleparyp BotrbI H Bo3Ayxa, qTo cB.ff3aHo c BJIHIHHeM Ha re[rnoo6MeH

fiBJreHr{-E cso6ogHofi rcoHsercuu[. 3ro BrrH.fiHI{e ocobeuHo cKa3blBaercfl flpu

HeoonbuJHx cKopocrflx Berpa (go I r"ric). Erur npe4noxen pflA 3aBncuruocrefi,

f tnrbrBarculrx 3ror Sarcrop 112,54,1381 .

OAnofi H3 caMbIX pacnpocrpaHeHHblx frBilfrercfl' Sopvyna Epacnarcro-

ro-Hypraruena

Q "  =  0 , 0 4 [ l  +  0 , 8 w r +  F ( 7 ,  T ) ] ,

rtre

exp (0,18 ( f  -  T) -  I )  nPu T = Tot

1 , 9 ( l  -  c x p ( 0 , 0 8 5  ( T o  -  0 ) )  n P n  T  )  T o

3ra Soprr,ryla 6lura peKoMeHAoBaHa Alrfl HcnoJrb3oBar'J,.fl B TeIuIoBbIx pac-
qerax BoAoxpaHturuur{)qaryrerefr npu 6onturofr parHocrll TeMfleparyp Bo-

8 0

rtre q, mr ( i  = i ,2,3) aMnl{puqecKne [ocroflHHble.
Anaflis eroft QopMyrrbr rroKa3arr, rITo trIrfl o6rrquo ua6nroAaeMblx B pearlb'

Hbrx ycrroBnflx crcopocrefi BeTpa Ha[ BoAoxpaHwfiil\all'afi<uraryffenflMr4
(1,5 - 4,0 r"r/c) TeuroorAaqa B 6onrruefi crenenn 3aBI{cI{r or ryp6yneHTuoro
pe)rqMa Bo3AyruHoft cpe4rr, onpegeJrffeMoro qucrroM PefiHonrAca, vr B MeHb-

ruefi creneHr{ or cso6otrHofi rconsercuun, Bbr3gaHHofr pa3Hocrbro reMneparyp

Bo,qa-Bo34yx. flosroMy B [paKT[rrecKr{x pacqeril( BoAoxpa}IEnI{uloxJIaAI{Te-

neft 6eg 6onrruofr [orperrrHocrr{ Moryr rlcrrorrb3oBarbcfl 3aBI{cHMocrH AIIfl on-

pe4erreHu.E rcoaQQnuueHToB TerrJroorAaqn, JIIHTbIBarourfle roJrbKo cKopocrb
Berpa, B qacrHocrn Qopvyna (3.13) .

3.3. YTIET TPAHCOOPMAUHH METEOPOJIOI HqECKI,IX
SJIEMEHTOB HAA NOAOFPETbIM BOAOEMOM

IIpu pacuere cpeggefi rer'aneparypbr BoAbI B BoAoeMe 3naqeH[ff Mereopono-

ruqecKux aJreMeHToB (crcopocn Berpa, .TeMfleparypa v Brlax(Hocrt eoegyxa)

flplaHr,rMarcTcfl Ha Bbrcore 2 u ual, BoEHofr [oBepxHocrblo, nogroMy.[aH]IbIe

KonTr{HeHranruofi MereocraHunn, pacloloxessofi BHe 3oHbr Bnunr.fiA rlotro-

rperoro BoAoeMa, Aon)KHbI 6um cKoppeKrupoBaHbl c yqeroM rpaucQopMaqnn

meteoponorfiqecKnx 3neMeHToB, nlrssaHHoft KaK naH4luaQruuult oco6eH-

HocrflMH pafioHa pac[ofloxeHuff BoAoeMa, TaK H ocodeuuocrfrlat4 Qopnn'Ipona-
HLLfl BO3AyrrrHOrO IIOTOKa Ha'q nO[OrpeTbIM BOAOeMOM.

B nocne,qnee BpeMfl flpuAaercff 6onnruoe 3HatreHue I,IccrIeAoB:L]II{EM TpaH-

cQopr'aaqHu MereopoJloruqecKrD( 3rreMeHToB Ha,q BotroeMaMI,I, TaK KaK or 9To-

ro 3aB[cr{T To'tHocTb nporHo3a. Pafioru BbrnongflroTcfl. B AB}rx HanpaBnent4frx:

r.rccJre,qoBaulrfl, ocHoBulHHbre Ha perueHr{H ArIQOepeHIIuiIrIbHbtx ypanuennfi,

o[HcbrBarou.u{x trBr{xeHHe Bo3Ayxa HaE, [oAorpeTblM BoAoeMoM I{ TeIIIOO6-

MeH Mex4y soAofi rr Bo3AyxoM B fiorpanl,tsHoM crloe (cr"t., HanpnMep, [83 -

851) u nccneAoBanvrfl. c uerrbro nonfreHu.E eMIrHpHqecKI{x 3aBHcHMocreir,ycra-
HaBIIHBaIOU${X CBfl3b MeXtry MeTeOpOlOrHqecKHMu 3IIeMeHTaMH Ha KOHTH-
HerrrirrrbHo fr rvrereoc r anrrralz. H H atr no B epxgo crbto BoAo e Ma.

B pacuerax rro ]paBHeHHro reruroBoro 6araHca B ocHoBHoM HcnoJIb3yK]TcE

3M[Hpr4rrecKr{e 3aBHcHMocTr,r, onpe[eJreHHble B pe3yilbTaTe HaTylpHbIX H3Mepe-

uuff remoBbrx xapaKTepncrl{K Bo,qoeMoB H MereoQarcropon.
8 1

(3 .13)

(3.14)

(3.rs)



Hau6onee rpy6ufi rotrxoE' B )^Iere rpanc0opMal[tu MereopororuqecKru(

sneMeHToB 3alq[pqaeTcfl B HcnoIIb3OBaHHII B ypaBHeHIII{ TeIuIoBOro 6UaH'

ca xoaQQnr$eHToB, rrHTbrBarou,t* tpOCQOprtaaqruo B HeflBHOU nuge' Tax'

ecJrg onpeAellfiTb cyMMapHbIH rcoeQQnWeHT Te[JIOoTAatIH a2 fi3 ]TaBHe'

"rn" 
rttuttBoro 6anaHca KoHKperHoro BoEoeMa' Iiciioiib3i/E llplr -aroM Ailuxble

KOHTI{HeHrannHOit MSTSOCTaHIII{I{' TO' OqSBHEIO, OH 6yAeT }nIHTbIBaTb B HefiB-

HOM BHAe H TpaHcoopMar${rc MeTeopolorHqecKHx 3fleMeHTOB.

B raqecrge KoppeKrupyloqero xooQSru${enra Moxer Bblcryrarb H Ko30'

Qrnprenr HcnoIIb3oBaHI{fl B oAoxptlHluluqo)fi a[,I{reJlefi (o"r' $ 3'3)'

flpunegeM pacnpocTpaHegHblfi B HacTofftUee BPeMf, MeToA-pacqeTa TpaH-

coopMarlHH MeTeoponorHqecKHx SIIeMeHTOB' ITPHHnTbIfi B "vKagann'sx IIo

pacqery l{cuapeH[f, c noBepxHocrl{ BoAOeMoB" [114] '
^ 

epe-ngxa exopoe+t 3eT?a HaA BoAoelvrcM p3plqlIlDlgaeTcfi trope3ynbraraM

Ha6nrogettr l f i rraFByx.TpexMeTeocTa}trI f i f ix 'oEHaH3KoTopblxItpHIIHMLeTcfi '
B KarreCTBe orropnoft, a OcTiIIIbIIbIe crMTaIoTCfi KOHTpoIIbHrIMH H BbI6HpaIoTCff

TaKHM o6pasOr"rl qTO6bI OHH oTIIHtIalHCb oT OflopHoft nO CTe1reHlI ID( 3aI[uuIeH-

Hocrr{. 3a onopHylo npHHI{MaeTcf, craHl4{f, c Hag6olee EIII{HHbIM pflAoM Ha6'

nrcAergtri, MecTononoxeHpe' 3arruul€HHocTb H TI{n Qnnrepa KoTopofi He Me'

Hfl.nHCb B reqeHHe pacqerHoro repHoAa (He MeHee l5-2O IIer).

cpe$rxn cKopocTb BeTpa Ha,q BoAoeMoM Ha BbICOTe 2 u oflpeAenfleTcf

ro oopMyne

Tadnuw 3. /. (npononxeune)

MccrononoxeHHo n cTencHD 3anl|rrqcrfiocnr prerieocrar{Ulor Ha cytuc t l

II. Eesrecnrte paftonrt
B rcpoge g;1g'$o-qarrroM eeJIeHHH:

Onrorep Ha ypoBHe BepxyureK AepeBbeB HnI{ xunbD( AoMoB

Onrore-p BbIIue oKpyxarcu[rx npenrrctnnft

B crerur wnn HL oKpaHHe 6onruloro cenenflA, oTAenbHble AOMa HIM

cTpoerMf, c oAHofi cTopoHbr s 100-200 t*, Qnrcrep AoMHHI{pyeT Ha,q

MECTHOCTbIO

III. Ha 6epery MopcKID( 3arHBoBr o3ep H 6olrruro< per

Ha 6epery, o6uecexHoM r{mr 3acrpoeHHoM AOMaMH, MHOTHe H3 KOTOpbIx

Bbrr[e Qnrcrepa
Ha orxpunonr6epery s 200-300 M or ypes4 s 100-200 t'{

ilecvnu cTpoerfft
Ha coaepureHHc orKPbIToM 6ePerY
Ha orcoHeqHocTlr [,aJreKo BAapulerocfr B BoAOeM OTKpbITOTO MbICa

1 ,5
r , 3
1 , 0

1 . 3

1 , 1

0,9
0,8

Tadnuua 3,2

XaparreprcrnKs penreQa r parioxe MereocraHqfiH k2

(3.17)
Bepuuna Kpyroro xoJIMa .

Bepumna nollororo xorlMa l{ml BepxHE qacrb cKlroHa

Pastl{Ha, BecbMa uffPoKafi AonHHa
tlurats11 qacTb, cKnOHa, AHO HeUfipOKI{X Herny6OXnX AOIIHH' K9T1OBHH'

NOUIITH
JIno rny6oKux AonHH' KorJtoBI{H' rlou-urH

o,75
0,9
1 , 0
1 , 1

1 , 3

Wz = krkzk3W6,

AeKa[a) 
Ta,nuw 3'I

Tadnuua 3.3

Cpegxra AJruHa P83-
roHa Bo3EyIuHOro
IIOTOKA, KM

3xatreHng k3 B 3ABHCI{MOCTU OT 3aIqHrrleHHOcrH BOAOeMA

rpaaofi, Dbrcora O, 1 tr KycrapHHKoM' Ebrco- flecoM' Eblcora

ra  5u  2o l ' ' . '

Mecrononoxex[e H creneHb SaIuHureHHocrH MereocraHlrrrfi Ha cylue k 1

I. JIecHas soxa
B necy nan 6onruroM rt)Po[e:

Onrorep Ha ypoBHe BepxyueK AepeBEeB ltru crpoerurfi

Onrorep B bI[Ie o Kpyxarou-u{x npenxtcreufi

Ha orcpaune K)poAa nng 6onrruoFo ceIIeHUt, OTAeJIbHbIe cTpoeHilAllltl''

AepeBbt BbIIue QnrcrePa
B ienernrn, calY I{JII{ Ha oKpanHe ropoAa' crpoeHufi I{rIH AepeBbt }tuxe

$nrorepa
Ha orrcp rrrofi pou Hoft IUIours[ Ko, 6nnxaHu.ur e npelrtrcrBnf, :

Ao Ma Bo 38 bIIueHHocrI{ Ha p accro.Eruu 2 0 - 3 Grcp arnofi B bl@Tbr

Qntorepa
flone, nyr, aQpoApoM: c oAnofi cropoHbl s 200-500 M nec nnH

crpoettrrt ropoAa (bonrruoro cenerurx)

82

2,4
2,2
2,0

1 ,8

1 1 5

L,3

0,05
0,1
o12
0,5
1 , 0
2,0
3,0
410
5,0

0,97
0,97
0,98
0,99
1,00
1,00
1,00
1,00
1,00

0,4
0,55
0,70
0,35
0,95
0,95
1,00
1,00
1,00

0,15
o,25
0,40
0,60
0,75
0,85
0,90
0,95
1,00

IIpu oTcyTcTBr{r{ cBeAeHHfi O paC[OnoxeHI{I{ MeTeOCTaHI${U [epexoA oT

CKopoCTlI BeTpa, I{3MepeHgofi Ha BbIcoTe Qnrorepa, K pacrleTgofi cKopocTl{

BeTpa Ha BbIcoTe 2 M Hag BoAHOft noBepxHocTblo MoxHo [pol{3goru{Tb 11o

8 3



Pxc. 9.2. Pora nerpoB H lrnax BoAoxpanntfi-
rua c rpoQtutffMr{ trlrt onpeAerleuurr cpegneH

IUUTIIbI P a3roHa B O3AyIIIHOT0 noToKa

Sopv,rre

= B b (3.1.s)

1

t c -
- -o

rAe e* - cpetrHfl.E 3a pacrrerrDrfi HHTepBarr BpeMeHH BJriDKrIocrb Bo3Eyxa Ha
Bbrcore 2 u, *tzuepeHHirff Ha KoHTr{HeHTarrbHofi Mereocriurq{rr; em - MaKcH-
|MaurbKAs. WpyrOCTb rrapa 3a 3Tor xe HHTepBur BpeMeHu, onpetreneHHas. rro
TeM[epar]?e noBepxHocrH BoIIbr B Bo,qoeMe; M - rcozQ@Irltrrerr TpaHcfup-
IfzrTrrrr, )'qrllbrBiuo[uui r:lreller{rre BJIa,KIIoCTE tr TeMIIepaTwbr Bo3tr)rxa B 3a-
BbcvLuti;Iu gr gFre.rHeil ;-tlttttl,l pa3rgltit r,o3i-Ltt't.rHof o ugrer<z-

Koef6rrnrem rFatrc@pvarrrn -U oqpqrer-aercf, tro rafrr. 3.4 e 3irBrcx-
l(ocrE or L rp , pir3EocrE }{exry reytrqpar)?of, Bo,rr B BoiroeMe E TeMrre-
paTywE Bosryxa Ea }'e'reoc'raErrEn.

Tadnuua 3.4

.  h 6
l g -

: 6

r,xe --o - napar\rerp uepoxoBarocrlt, nplfl{IrMaeurrfr lIIx BoEIoF noBePxHocrn

pirBI{bIM 0,003 r'l; he - BbtcoTa $nrcrepa, *r.

.llla onpeAerreHHfi- cpe4refi trIHrrbr pa3roHa Bo3AyIIrHoro [oToKa Ha ffIaHe

BOtroeMa crpoffrcE ABe clrcTeMbr npflMoyron}llblx QeTOK, OpH9HJHpOBaIqplx

B repBoM cn) rae c ceBepa Ha ror r{ c 3anala HaBocror (c C na Kl l,,t c 3 Ha B),

a Bo BropoM cJrflae - c C3 Ha tOB n c CB Ha I03. PaccroflHl{e MexAy nr4H.urr'

nall str6upaercfl TaK, rITo$bI otn,r flepeceKam{ } IacrKH BoAoeMa c xapaKTepHbl'

Mr4, Mfl Hero cyXeHHtMH I{ pacLuHPeHu.fiMI{. CpegH.flx p;rfiHa pa3roHa 4:nfl AaH'

Horo HanpaBneHufl BbrrrucJrffercff KaK cpe4le apuQrtrerurlecKoe I{3 AIIHH Bcex

npoQnnefi aroro HanpaBnenwfl.. nilfr, Bcefi aKBaTopHH BotroeMa cpegllflfl MI{Ha

pa3roHa Bbltluc.ltflercfl no Qopuyne

l -
Lcp = 

# lzcro (Nc * ffo) + Lg_sgr, + ni3) +

*  Lc3-ros( t rcs +NroB) * Icn-r rcg( t rcs +. f /1os) l ' (3. le)

rAe Lc_n, L3_B H r.A. - CpeAlr.fffl EJIHHa pa3roHa Bo3AyLUHOTO noroKa no

cooTBeTcTByIouIHM HanpaBneHl{.ffM nnunfi, rcrra; .l/a t ffn, Ng +ffn H T.4.,-

cyMMa roBTopffeMocrr{ uanpanneunfi Berpa Errfl, gpyx fiporl{Bo[onoxHblx

pytr6oe, %.

Dns BoAoeMoB c orHorrreHueM Mr{Hbr K ero rrrIlpl{He MeHblue'aev.2:1 npu on

pegenerui, L cp AonycKaeTcff IIocTpoeHHe ToIIbKo oAHOfr ceTKu nuuuit.

Ilpnrvrep pacqeTa g,trHH6I pa3rgHa Bo3Aylungro ngroKa Anfi BoApeMa H po3bl BeTpoBt

npHBeAeHHbrx Ha puc. 3.2. Poaa BerpoB BbnepqnBaerc.s no Marepfianau Ha6lpAeguft

ohopnoil Mereoponoru'{ecrofi craHUHt{. Ha mas BoAoeMa HaHocFTct fe cerKH nilHufr',

nepeceKiuolryx BoAoeM B trDyx B3ilrrMHo nepneHAl{KyntpHblx HanpaBrleHH.nx. Onpege'

J ls lorct  3HaqeHl{ f f  ZC-p = 4,6 KM; ICg-ng = 5,6 xr ' r ;  Lg-g= 14 KM'H

I tOg-Cg  =  6 ,6  xv .

B cootgercTBgp c poaoft BeTpoB loBTopfeMocrb H:rnpaBnenuft serpa, %:

Cpeg,nrrr lgil4lapa3roHa BblqHclffeTcs no (3.19), Al.s AaHHoro BoAoeMa LcP 8,5 xr'r'

CpegHnn 3a paccMarpr{BaeMbrfi nepnog BnDKHocrb Bo3Ayxa Ha Bblcore 2 u

rra,q BoAoeMoM paccqHTblBaeTcfl no Qoptuyle

e = e*  + (o,8en e*)M, G.20)
84

AnaloruqHo onpeAeilfrercfr. cpetrHfl,fl, TeM[eparypa Bo341yza H E BoAoeMoM
Ha BbrcoTe 2 u

T d = f  + ( f  -  T f ) u ,  ( 3 . 2 r )

rAe f; - cpefHflf 3a pacrrerHbrf,r rnrepBitrr BpeMeHil reMreparypa Bo3Ayxa
Ha MeTeocraHr.u{H; I - reuuepaTypa [oBepxHocTr{ BoADr.

Tarcurr o6paeou, cKopocrb rpanc$opMr{poBaunoro Berpa 3aB}rcnr or naHA-
uIaQTHbIx ycnoBl{fi I{ AIII{HbI pa3roHa Bo3gyrlHoro floroKa, a BJra)KHocrb .H

reMneparypa Bo3Ayxa or L"p,^ pa3uocrr{ reMfleparyp BoAa-Bo3Ayx.

3.4. METOA PACTIETA BOAOEMA-OXnAAITTEJIfl
C NPI{MEHEHHEM KOSOOHUHEHTA HCNONb3OBAHHfl

Pac.Ier c rcoeQQqueHToM ucrroJrb3oBaHr.fi ocHoBaH Ha conocrzrBrreHrlr{ ox-
naxgaroulefi cnoco6nocrn pearlbHoro BoAoeMaoxnapTerrff H HeKoroporo yc-
noBHoro (uAeurrHoro) BoAoeMa c ycranoBwarrmvrcfi rrrrocKonaparrJrerrbnbrM
TeqeHr{eM. Ilpe4nonaraercff, qro rerrloBbre Harpy?Ku, a raKxe reMneparypbr
BoAbr.ua cbpoce r{ BoAo3a6ope pearrbHoro u ycrroBHoro BoAoeMoB oAI&raKo-
Bbte. TaK KaK oxJlax,qaroul:rff cnoco6Hocrb nocneAHero Bbrlue, To npu orMe-
qeHHbIx ycIIoBI{fx ero luloulalr,h MeHbIue, rreM peilllbHoro.
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Pagnocm reM[eparyp BoAa-Bo3Ayx,
crarngln)

o
C (no KorrtrxeHTannrl.oir Mereo-

Zgp,  x r t r

2 0l 0- 5

0,1
0,2
0,5
1 , 0
2,0
5 'o

10,0
20,0
50,0
100

0,04
0,08
0, 15
0,21
0,28
0,28
0,45
0,52
0,61
0,68

0,02
0,04
0,08
0,12
0, l6
0,24
0,31
0,39
0,51.
0,61

0,01
0,03
0,05
0,07
0,10
0,16
0,23
0,31
0,46
0,57

0,
0,01
0,03
0,06
0,07
0, r2
0 ,18
0,27
0,42
0,55

0
0
0,01
0,o2
0,04
0,08
0,14
0,23
0,39
0,5 3

0
I
0
0,01
0,02
0,06
0,1 I
0,20
0,37
0,52

C C B B  I O B  I O  I O 3  3  C 3
r r 7  4  4  7  1 5  3 0  2 2



3anruueu ypaBHeHHe reflJloBoro 6ananca B Bug,e (3'9) gns

yc[oBHoro BoAOeMOB

AS - a2(7 - t)o 
= o;

n q - n..  tF - 
" 

)s,^ = Q.4 u  " Z a \ - A  - p r -  a

Vg (3.22) vr (3'23) HerpytrHo ronflnrb

a
4̂ _

o
= Kn"n'

pezIIIbHOrO n

(3.22)

(3.23)

(3.24)

(3.2s)

rAeK""n_rcoas$}IuHeHTI4cnonb3oBaHH-sBoAoeMa'roropntir l lpetrcT'IBnfleT
cs6ofi oIHOllr llltg tlJIOq4gH BBeAeHHOTO oIrHCaHHbrM Bbllue'cnocooopr yc'noB-

Horo BoAoeMa Sla (uacro 3ry lrnouagD Ha3bIBarcT aKTuBHoir rurouragDn)

K nfloulas{ pearrbHoro BoAoeMa-o;ilt*" f,}. oii onpeAensercF Ha oeHo-

BaHHHpe3yI IbTaToBHccI IeAoeaHI{ i IBHaTypeuI I I .HaQusruecr lD(MoE,e[ f lxH
3 aBHCHT OT CXeMbI HCnoJI b3oBaHH'fl BOAOeMoB'OXrarufi en'ft' 

_-- ̂  - ^*

lnnMeIIKHXrrecrparuQHll l{poBaHHblxBoE,oefuros'{xf laArtenefi6rrnano.
Jr)^reHa 3aBHcHMo;tu 

^*or$6IIIlHeHTa 
I{cnoJIb3oBaHHfl K""n or Ir[ouIaAIr

TpaH3HTHOfr Crpyn H BOAOBOpot*i* 
"onacreft. 

oAHaxo, TaK KaK s 6onrutrffr-

cTBe BoAoeMoB{xJra,u,ureneu Ha6nloAaeTcfl TeM[IepaTypHaff cTparuQnra4ln'

TO npu ycTaHoBJreHHI{ pa3MepoB tp*t"ttofi crpylM BOAOBOpoToB BO3III{KZIIOT

rpy'Hocrn. flosrouy n peror"rrtg"Utn"* fI'33-?5 [71] rcooQipuryenr Hcnorlb'

tli*"" Krr"n peKoMeH'u,yercfl orlpeAenrrb rlo aHarloraM'

ypanneuue Arrf, r{3MeHeHHff 
"*nrpurypot 

I no ruroulaAl{ yCJIOBHOTO BOAO'

EMA MO)KHO 3ANI{CATb B BHAE

d T

ddl'
lz?: 'r)- ,

cpQ

rpe Q- uupKynx4lloHHrtfi pacxor'; S}' - reKyul{e 3Haqelufl rlnoruaru{'
^--l,tir..p"p'ri 

tilil "" 
sceft 'o'oua',H Bo',oer"ra Sla' rlorlylaeM

T2 = Tp + (Tr - 
Ip)exp[a2 

tt^l  GoQ)|, 
(3'26)

rAe Tr 14 T2 - reMnePar}Pa
Vqurnrnax' qro B YPhBHeHHE

Tr), MoxHo 3arlncarb
(3.27)

Q^ - Tr) l(Tr - Tz) = cPQl@> a)'

Eespa ruepHr r f iKoM[neKccpQ| (o>o )xapa r rep l syeT remoobr ' r eHqe .

per cnobotrHyro noBepxHOCTb BOAOeMa H Ha3blBaeTcfl B OTeqecrseHltofi nHTepa'

TypenapaMeTPoMrennoo6naeua ,aB3apy6exHo f i - q l { cnoMoxJ lax ,4eHH. f i .
floAcrasnflfl BbrpiDKeHHe AIn napaMerpa rellroo6uesa (3'27) B (3'26) '

nor)nraeM Qopr"ryny p.;1fl, onpegelleHn.fi cpegnefi TeM[epaTypbl ycnoBHoro
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Ha BXOAe I{ BbD(OAe BOAOeMa coorBercrBeHHo'

relnloBoro bananca (3'23) As = cPQ(Tr -

BOAOeMa

i ^ = T p + ( 7 , r2)/l"t(r, _ rr)l(rz _ t)1. (3.28)
Tarcuu o6parou, 3Hilff cpeAHIoIo reMrrep arypy' peiurbHoro BoAoeM a,,'r.*4-Tenfr' rr paccq[TaB cPetrnrcrc reMfieparypy yutoiHoro BoAoeMa no 3aBHcHMocrH(3'28), IOIICT:IBI{B n Hee !)e2TIF!rL-!A E'r4!!d!,?s- .F

IHH:n#fl ,;,;;;;";;;;;;*:"ft;;?,;'#"#,J;ffi"J"#r?
.{armueriruu: ;?r; i'";" r.r3B ecrHo M x o es eu4reHr e r{cnorrb 30 B aHH.n B e -

ro Bo,qoeMa c rmoula4brc [oBepxHocTl{
1 CpelHrorc reMreparypy u3 )4paBHeHr{fl
lr Ha Bo,qoa3^6-ofe T2 npu ea,qaHHnrx ?trl
ueHnn (3.29)

r Herrorrb3oBalll,afr. rlon]qnn ul4rorcoe pac-[pocrpiueHl{e B 50-x rogax npH I{ccJIeAoBaHHH nernydorHx caa6o crparuen-uupoBiluHbrx BoAoeMoB{xJraAurenefi. Ilprn aroM, trrrff HiD(o)K,qeHr{fl rrnoua,qurpau3urHofi u aogoBopornbrx o6nacrefi 
" 

noarr.gyroulero oflpeAerreHrrff Kn"nnpHMeH'fiiIc'E Teoper,ntlecrcnfi MeToA pacgera, a TaK)I(e aKc[epl{Me*Tarrbrlbre Me-TOAbI' ocHOBiU{HbIe Ha IlcrIoJIb3OBiUIru{ rr{ApanlrqecKlD( H HanopHbIX a3poAr{-HiIMI{qecKIrx MoAeneli soAoeMoB{xJlaArrenefr. ognax_o, Kar( yx(e orMeqaflocb,nocKorrbKy Nffi BoAoeMoB {xrratrr{renefi naoulrurx'Tgc 
" 

agc ;a;;"o rpygHonocrpoHTb rrrraH revenlri, s 60-x roA:rx orKa3anncb or sTOrO cnocooa o[pe^e-JreHnff rooQQnrneHTa HcnoJrb3oB aHr{.a.

3.5. METOA PA-CIIETA BOAOEM4:OXNAATT Efifl C I{CTIOJIb3OBAHI{EMKo eoo HrIH EHrA pA3 E Ari Jr Binn v n oEo niirii,dxa
B 70-e roAbl n MaccavycercKoM rexHorrorrrqecKoM ullcruryre (cIrIA) 6rurpaapadoraH ctroco6 pacvera rofoervroB{xJratrr{Teneft, fmTbrBarculufr renaue_parypHyrc crparuQuKarr'ro [135J. cxeuarrqecKirfi crpyKryp a npyaa,,pw*-MaeMaf, B 3ToM pacqeTHoM MeToAe, rrpeAcraBnena Ha pnc.3.3.
Pacrrer BbrrroJrH.EeTcff Ha ocHoBe perueHr'' cTarlrroHap'oro ypaB*e*ufr,o[HcbrBaroqero r{3MeHer{He TeMneparypbr BoAbr BepxHero crrofl. c yqeroM IIpH-coeAuHe'Hx a onuxHefr eoHe y BoAoBbInycKa qacru Bo&r r{3 HrDKrrero crrofl,

(3.2e)



Pnc. 9.6. C*evanrqecxnfi snn B ruraxe Merr-
Koro npyAa c EoxoabrM ExoAHbrM nepeMe
IIIfiBAIIHEM

u  (3 .31)
BI{A

npuo6p eraror coo rBercrBeHHo

T z - T p  
=

A,Tt '4 i'& t + 8',T2=\:A!
+ 

-

(3.32) "'"f#i#ffrx"ifrb',:;r*'

Pnc. 9.5. IpaQur trnfi onpeAeIIeHHt reMne

parypbr BoAbI na rogosa6ope rpn 3aMKHy-

roft cxervre

pnc. 3.4, IpaQnx Arrt onpeAe'IeHHt reMnepaTypbl BoAbI Ha ao[ooa6ope

rpn pa3oMruYrofi cr(eMe

e x p  ( -  ! l n ' ) (3.30)

rAe f = a>O t@pQ) - BeJIFIHIIa' o6parHa4 napaMerpy rernooopresa'

nn; eanarnfroft cxeurr, BBeo" reMreparypn'fr nepena,q, Ha KoH'eHcaropiD('

panurrfr B eroM cnyqae reMneparypHolr{y flePenagy Ha BoAoeMe AT= Tr

72, BM€cro (3.30) ronfIHM

T z - T p

T z - T p  
=  I

A T  T '
KoaQ$rurneHr BeprlrKanbHoro pa36aBrreuue. pg'fl. rny6oKux

poBaHHbrx BoAoeMoB Mo)KHo onpeAen.ETb rro Qopnayne

n '  =  I  +  1 , 2 ( F r ' o  -  1 ) ,

T1 Tp

T2 Tp

Ar
BO BTOpOM

r z - \ =
T1 Tp

r t - h

r z - h

exp (-f ) ;

exp  ( -  r )
I  -  e x p ( - f )  

'

I
t  ' ! . ,r r l

(3.33)

(3.34)

(3.3s)

crparuQrqra-

(3.36)

L T  n ' t - e x p ( - f / q ' )
T 1  T

H a p u c . 3 . 4 u 3 . 5 n p n r e A e H b I r p a Q n r c n 3 a B I { c 1 I M o c T e f i f f i = / ( r ,

- '\. 
Tz - Tp 

= f $,n') nocrpoe'Hble c ncnoilb3oBa'HeM 3aBl{c'Mocrefi
n ); --E-

(3'  30) -(3'3 
Dovlr, .ry urerl{rrrx cnv 

- 
(3'30) u

Cnetryer orMerl{Tb ABa BtDKHbx qacrHblx cflyqafi ypaBHeHI'IH -

(3.31), cooTBeTcrByIoUHx oTcyIcrBlIIo nepeMeLuIIBaHIl'fi Ha Bxoge (n' = 1)

H non*oMy nrprrr."""""ro (?' * *). B nepBoM cnflae ypaBHeHnfl (3.30)
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IIIIOTHOCTHOE IIHCIIO OPYEU HA BOAOBbI.

nycKe; bo - noIIoBHHa uffpl,IHbl BoAoBbtnycKHoro KaHana; ho - rny6t+ta
BoAu B KaHaJre; Apo = g - po - pa3uocrb lrrlorHocrefi sogrl B BoAoeMe
I{ KAHAIIC.

Aualorrquo cnoco6y pacrlera, ftuTbrBaroqeMy BepflrKanbHoe pa36aene-
Ille y BogoBbrnycKa, Moxer 6rrrn nocrpoeHa pacrrerHaff cxeMa Erff MerrKoro
BoAoeMa{xnaA}rrenfl c nonepeqHofr peunprcynarlnefi (pnc. 3.6).B erou cny-
qae ocHoBHbrMH [apaMerpaMr{, xapaKTepr{3yrorqllMr{ paa6aanenfie, frBrrflrorcfi
rcosQ$uqnegr 6oxoBoro fiofieperrHoro [epeMetur{BaHr{r Ha Bxoge \ , vraK)Ke
AoJr.fi lrrroua4r{ BoAoeMa, :,anfr,Tafl. TpaH3r{THofi crpyeit, q.

3anucuprocrr't gg;'fl. otrpetreneHr{.a TeMnepar)pbr Ha Bogo3a6ope npu pa3oMK-
uyrofi I{ 3aMKHyrofi cxerrrax coorBercrBeHHo Moryr 6nrrr flonf{eHbr B BHAe

u 3sJ
T z - T p exp (-  fu l i ' )

n '  -  ( n '  -  1 )  e x P  ( -  f / n ' )

(3 .31 )

n (fi' _,) exp,_r:;i,.{,,|l,lr' _ ,t (3.37)

(3.38)

8 9

0 [ nacmc odpanHo20 me4eHu f,
(qacnt nnouqadu (/-ql)

e x p  ( -  {  l n ' )

I  -  e x p ( - f / r l ' )

Ar i '  -  
" *p<- lq t i ' l  

-  ( f f '  -  t )  exp t - f  f r  -q l i ' l l t i ' -  1 )  l



3.6. PACqETHO-SKCnEPHMEHTAJIbHbTft METOA BHHHr

Pac.IerHo-oKc[epnMeHTarrbHbrfi r*,rerotr BHHH| I72l ocHoBaH Ha peureHu]r
ypilBneHr{r re[rloBoro 6auauca c nc[onb3oBtrHueM pe3ylrbraroB Mo4erlbHbtx
HnH HarypHblx H3MepeHHfr pacupegeJreHuff TeMneparypbr Boflpr B noBepxHocr-
HoM cJroe soAoerua. 3ro pacnpeAeneHne Moxer 6urr npeAcTaBneHo B BHAe
t l ^ o - . - ' -  . . ^ ^ - ^ - -  - t tvsrr\rl .YtrLrrsPM , l(Pr{.nun rrallEnEr rtrryurvP4r'yPbr |Ju/dbt ruln }1ttrcl'Piulbtt()x

xapaKrepucrurofr IIi = (7, - l)ldI, ssegeHuofr nnepBbre B pacqer BoAo-
xpaHlrrnilloxJlaAurenefi H.A. HepeHrcouurta [20] [uaure npnMeHflror aHarro-
rnrrHyrc xapaKrepncrnKy ilt = (T - Tr) lA7"l. flpu 3roM Hcrorrb3yercfl oc-
HOBHafi rHnoTe3a MoAenHpoBaHH.fl pa3HotuoTHocTHbrx rIoToKoB o cxoxecT[
(npn HeKoropbrx ycrroBunx) pacnpe[eJrenuff r{3orepM Ha Mo[eJrr{ r{ B peanb-
HoM BoAoer"re (cu. rn. 5).

Ha pnc. 3.7 npnne,qeHa KpHBaff traAeHu.fl TeMneparypbr Bofl,rr B rroBepxHocr-
IloM qJlefe. 9ra Kplrnafl Harnfl[Ho xapaKTepu3yer eQ$eKrr{BHocrh HcnoJrb3o-
BaHHfl BoAoeMoB Arrr oxJr:DKAeHH.fl BoAbr r{ noSToMy yno6ua trrff aHirrru3a.
flo nefi MoxHo qerKo Bbrgenr{Tb 6nuxHrcro 3oHy y BogoBbrrrycKa c pe3Kr{M
cHI{XeHr{eM TeMnepaTypbr BcneAcTBHe [epeMeurHBaHr{.8 H A:rrrbHroro 3oHy, B
rcoropofi oxJlaxgenr{e BoAbr npoHcxoAnT rlaBHbr'r obparoM BcrregcrBr{e ren-
noo6vena qepe3 cno6ogHyro troBepxHocrb.

Pacqer ox;raxAern{ff Moxc{o npou3BoEl{-rb no }^racrr(aM MexAy H3orepMa-
rltl It\ltl ll(r n:tttft\rtcc \ttlr;t11 rtP111,11t, )rlltfrNsi\t, LrtuigTlslqflcl\Iblt\t rlo I{pIIBOI-I IIa-
AeHH.fl, a raK)Ke Hcnorrb3yff napaMerp ilt, IrgTerpa[bHo yrrnTbrsaru[fi oco6en-
HOCTH pac[petreleHr.lfi TeMneparypbr BoAbr B [oBepx]rocTHoM cJroe.

Cnegyer orMerr.rrb, qro pe3yrrbrarbr pacqera c napaMerpoM Ir, no MHo-
rHx cJrrlaffx He3HaqHTerrbHo orrrrfralorcff or pe3]rnbraroB pacqeToB, BbrrroJIHeH-
Hbrx no orAerIbHbIM J lacrKarvr. B ro )Ke BpeMfl pacrler c [apaMerpoM If , zua-
tIHTenbHo npoue.

- B pacqerHo-gKc[epnMeHTanbHoM MeroAe BHHHI ypaBHeHHe rerrrroBoro
oananca Mo)Ker 6ttrr 3aru{caHo B pa3rrr{rruofi Qopr'r.. fui., nfr p.rurtr Bo,qo-
eMa-oxJla'q,Kreflfl c HcnorIb3oBaHHeM panuoaecHoli TeM[eparypbr ypaBHeHHe
TeruloBoro danagca l{Meer BHA

cpQAT -  a>( r -  6)s2
d T

d t (3.3e)

KoeQQuuueHr HepaBHoN{epHocru
pacnpeEerreHHff reMneparypbr no
rny6nHe k voxer 6urn o[peAerreH B
pe3yrrbrare HarypHbrx nruepeHufi
ruril no aHiuroraM. Hau6onuuee 3Ha-
r{eHue eror roaQQu4lenr [pHHr{Ma-
er B uy6orclrx Bo[oxpaHurruuax,

Prac. 3.7. Kpxnar r{3MeHeHr{r reMnepa-
Typbr BoAbr B noBepxHocTlroM crroe

trrr.fl rrerHero llepfioAa oHo Aocrr{raer 1,11-1,25, Diln cna6o crparuQHr[{po-
BaHHbrx BotroeMoB Moxuo npu6nnxeHHo npllr{ffTb k = 1,05. fpa$Hrc
trnfl onpe,qerreHr{fl gHa,reHr.rfi Hlk(H = Vl{l - cpeAHflfl rny6nna) B 3arJrflcr4-
MOCTH OT AflrurU pa3roHa Bo3AyILtr{Oro floroKa HaA BoAoeMoM, nocrpoennrrfi
ro 3Mm{pHqecKHM EaHHbrM, rpHBe[eH B [l l4] .

( a r i ana ta -  n6no - t r *  D r t r n ro r r r r a  -  G , ^ - ^ ^
vJ rvAJv r  vvys rz rD  Dn r l l v ru r l v  n4 . c r \ JJ lY lu / t \ nu rv l l t  I t \ r J r J . rE la - l l t r  v \ r J lEE  l u r | r lDL l '

pe3yrlbraroB npll perrreHlrl{ ypaBHeHr{fl (3.39), 3arurcaHHoro He Errff Bcero Bo-
EoeMa, a ronbKo EIIff Bepxueio, Hal.t6onee Hirrperoro cnofr'

.[.rrx peurerur (3.39) Aonxua 6rrrn saqana reMreparypa Bogu B Haqarrb-
ulrfi rvrorureHT BpeMeru. oua Mo)Ker 6trru oflpeAeneHa, B qacrHocrH, H3 ypaB-

FeHI{r cralluoHapHoro reflrroBoro banaxca EI.fl Tex nepno[oB roga, Korga rrpo-

/qecc MoxHo cqnTarb ycraHoBuBrrrnMcr. flpu eronr cireAyer 3aMeTHTb, rITo,
KaK noKa3blBaer onbrr pacqeroB no ypilBHeHllro relrnoBoro 6alanca H3MeHe-
HI{fl TeMflepar]puoro pe)KI{Ma B p43pg3e rgA4, Brrwwrg HarrallbHbtx yenogurir
cKa3brBaeTcfl, Ha pe3yrrbrarax pacqera rorrbKo EJrfl [epBr,rx2 Mec.

flocle ottpeAeneHu.E cpeErlenonepxnocruofi TeMrreparypbr BoAoeMa fig
ypaBHeHr{rr (3.39) reMrreparypa Tz Moxer 6lrm uarigeua no @opr"ryne

T 2 - T - n t L T . (3.40)

3. 7. IPOTPAMMA PAC9ETA TEMIEPATyPHOTO PEtKtlM A
B OAOEMOB.OXNAAI,ITEIIEfr NO YPABHEHH IO TEINOB O TO E AN AHCA

n[n peanwalruu Ha 3BM HeKoropblx r{3 paccMorpeHHbrx Bbr[re cnoco6os pacqera
so BHHHI . paapa6oraua nporpaMMa (urrQp WALK) Ha :rnropnTMnqecKoM fl3LrKe
OOPTPAH. OHa noesoflser onpeE,eJlurb reMneparypurfr pexnM BoAoeMoa-ox-na,4.6eneft
Ha ocHoBe peureHl{t ypaBHeHHff TernroBoro 6anauca c npHBrreqeHHeM [,ononHHtensHofi
uH$opua4Nx, nonytaeuofi B pe3ynbrare Mo.qenbubrx Hrru HarypHbrx ncc.negoaaHufi.

flporpar"rr',ra WALK Moxer 6strr rcuoJrb3oBaHa rnfi pacqera ycrarroBl{Br.rrerocr H Hg-
ycraHoBHBrrrerocfl TeMneparypHoro pexHMa Harperbrx BoAoeMoB H BoAOeMOB B ecrecr-
BeHHOM COCTO'HHIi. [Ipr erorra TeMneparypa BoAbr Ha soAoga6ope T3C Moxer orrpeAe
IrflTbcfl' rtByMs cnocobarrrn - c ucnorlb3oBaHueM fiapaMerpa pacnpeAeJreuu.f, TeMneparypbr
B noBepxHocrHoM utoe Ir, H Ha OCHOBe MerOAa c BBeAeHHeM noHrrl'Ifi arnmHoft rmoula-
4n n xoeSQnuueHra HcnoJlb3oBarurs. B nepBoM cryqae 3a,qaKlrcr qr{cJreHHbre 3HaqeHHt
flapaMerpa If 1, 4 Bo BTopoM - xoeQQnIIHeHra Hc[orrb3oBaumn K^"n 3rn auaqeHy,fr. on-
peAenpTcs npH noMou-u{ MoAeJrbHbrx H HarypHbIx HccJIeAoBafr4Ft, a raKxe uoryt 6srG
noJrrreHbr H3 p accMoTpeHu.ff aHarroroB.

Kax'qbfr BapHaHT pacqera (ycranosusuntfr.cs. Hml HeycrirHosnBuruftcr per(HM, r{cnoJrb-
3oBzlHne napaMelpa II, uttu Ku"nr.r r.l.) HMeeT csofi xoA, xoroprrft 3An,astcs, npH BBoAe
HCXOAHbTX AaHHbrx.

.[nr peureuus rurQQepeHlrl{anbHblx ypiluHemlfi npn pac'{ere Heycra}roBuBulerocq pe
xHMa B nporpaMMe WALK ucnonb3yerc.E MeroA Pyure-Kyrru n1s pacqeTa cpeAHHX
TeMnepaTyp npH ycraHoBHBuleMcq pe)KnMe Hcnonb3yercs Mero!, noclegobarenbHbrx
npn6nzxeunft.

flpu pacuere 6ananca conHeqHofi pa[r{aqnn 3HaqeHnfl Oynxuufi, 3aJIaHHbrx ra6fiHqHo,
onpeAeflrrctcn nu6o no iunpoKcHMr{pynuryrM 3aBHcr.rMocrffM, lu6o uHrepnonsuuefi ra6-
nHqHbrx AaHHbIx, BBeAeHHbrx B nporpaMMy,

Flporpar"t"ra npe,q,ycMarpnBaer HcnoJIb3oBanile pa3nfiqHblx 3aBr{curvrocrell I11r o11pe[e-
ileHufr. xoeQQuureHToB TeflnoorEaqn HcnapefrueM H rro3Bonffer ftecrb rpanc@prrla1nrc
BJraxHocru H reMreparypbr Bo3Ayxa no (3.20, (3.21).

=  c P V
k

9 l
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1 cyr - 2 unn 50. c, Bpeufi pac{rerg ycranoBxntxerocf, pexuMa Anfi oAHoro BapHaHTa yc-
noaxfi - oxono 20 c,

Ha neqam BblgoE8Tct E EHAe raonnqu HcxotrHbre AaHHbre, I T&Kxe paccquraHHbre 3Ha-
qeHHt reMneparyp BoAoeMa{xJra,qnrerrg - cpo4refi TeMnepsryphr noBe?xnosn{ E esrecr-
EeHHoM H HarperoM cocrotHnH t| TeMneparypbl Ha aogosa6ope rermosofi craHuxfi.

Ha p_nc, 3.8 s KaqecrBe HrlrlKrmpaqrtn npeAcraBneHbt pe3yrbrarH pacqgra fl Harlrp-
ssrx sa6npAerufi reMneparypnoro pexuMa nbgoxpausnnutoxna$ruelefr Yrneropcxoi'n
3rcrescxof, rRrc. ornnrui pacc,uiurnux r urrrrepeHnLrx gna'ren{f, ToMnoparyp cosraa-
nrItor E cpoAHeM 1-2 oC.

3. 8. NAPAM ET?bI, XAPAKTEPH3 YIOIIIHE HH)I(EHEPHbIE CXEMbI
r{cn onb3 oB Atr Hfl BO.IOEMOB Anfl OXnfffi AEH Hfl B O,qbr

HHxeHepuble cnoco6bl pact{era re.Mneparypbr oxnatKAenHofi BoAbr ocHo-
EaHbr Hq peurgHM ypaBHeHtlE TelUI9Bor9 oarguoa E roft uJrH r{Hoft Qogue u
HCnonb3oBaHl|lt CEfi3H Moxry cperHefi TeMrepsrypoilt il reMneparypofi H8 Bo.
Ao3a6oPe Tga6, KoTopu onpefentercfi aHUIHTrqecKr{M n}r6b sxcnepnrvren.
TUrbHbrM nyTeM.

Kaxyuleoca MHoroo6pasne npHeMoB pacqera cBr3ano c TeM, qro npg Bbr.
Bofe pacqerHblx 3aBHcttMocrefi npuMelurcTcfi pasJrurrxbre 3amtcr ypaBHeHHff
TeruroBoro oanaHca r{ cBfi3H Mex([y T U Tss6. Paccuorpuu xau6olee pacnpo.
crPaHerrHbre npHeMbr, ucnorrb3yeMbre wfr. ycraHoBnentrfl, oTOft CBn3H npg
o6oporHoM BoAocHa6xeHHH.

B pacqere c rooSSruIHeHroM ncnonb3oB annfl, nocne onpeAeneHnx cpetr.
Hefi TeMneparypbl H3 ypaBHeHn.fi TerrrroBoro dalanca EJrx arcrgsHofi nno-
rq4gfi BoAoeMa.reMneparypa 4a6 HiD(ogr{rcn no SopMyne

Tsa6 = Tp +
Ar

t0
I I t i l t t r v wuilYi lrx x xIUl

. a) ticcn4u

ttecgutt

v w w w l t u x
6) fltcn4b'

Pnc. 3.8. Pesynrratrt pacqera reMne-
parypHoro pexHMa BoAoxpilHHnHu+ox-
na4rrenefi uo ypaBneHup reflJloBoro
6anasca c Hcnorlb3oB aHI{eM nporpaMMbl
WALK:

a - usMeHeHHe cperoref, TeM[epa-
Typbl BoAoxpaHunuuF-oxna,4l{TeJlr Yr-
neropcxof t  IP9C s 1978 r . :  -

pacqeT no cpeAHecyToqHblM AaHHbIM;
I - xarypHble H3MepeHHt; 6 - usr'le'
HeHHe reMneparypbl Ha BoAora6ope Yr-
neropcxof i  fP9C n 1978 r . :
pacareT no cpeAHecyToqHblM AaHHbIM
(Kr rcn=  0 ,8 ) ;  -HarypHb le

H3Meperrrl.fl; e - H3MeHeHHe TeMne.pa-
rypbr Ha soAosa6ope 3Mxescxofi fP9C
s 1972 r.: o - paorer no cpeAHeMectq-
HbrM AaHHbIv. c I\ = 0,24; a - pac'l€T
no cpes{eMecf,qnblM AaTTHLIM c K ncn 

=
= 0,85; o - HarypHble H3MepeHE

f,std,
25

nogoaa6ope).
ttpu p aoleTe H eycTafl oB HBIII ero c.fi TeM nep aTypu Oro p exHM a Um $xo4rpro 3 a'q,aTb TarcKe

Ilar HHTerpHpoBalIHt D.tQQeperalHanbHblx ypaaHeruaf, H Haqanbxble ycJloBnt' a B cnyqae

y'tsra rpanceoprrlarlHH MereooreMeHToB - 3HaqeHHt cpe,[Hefi AIIHHbI pa3roHa Bo3AyIrIHo-

ro noToKa-
Bperrln pacqera (na 3BM EC-l030) H3MeHeHHt reMfieparypHoro pexHMaBoAoeMaB

reqeHge roAa no cpegHeMec.sqHr,rM 3HaqeHH.f,M MereopoflomqecKux Qarctopor c IuaFoM

9 ?

exp(AT l (Z  -  rp ) )  -  t '

flpu raegeHHLr B pac'{errlyrc cxeMy roaQQurIHeHTa BepruKilrrb1oro nepeMe-
UIIBaHI{fl n saBhc[Mocrb MexAy T u T"^6 np.eAcrasnfl,ercfl.B BH,qe'

Tr^6 = Tp +
Arexp[  -Ar l@'  (T  -  r i l )  ]

(3.42)

B pacve111o'3KcnepuMeHTanbnoM MeToAe BHHH| c Kcnonb3oBaHr{eM rapa-
Mefpa If , reuneparypa 2n 

"6 
onpeheilfr'eTcn no coorHolueHHlo

T s a 6  = 7  -  n r a r . (3.43)

B cnocode pacqera, rrpeArroxeHHoM B [7], Hcnonb3yercff cBr3b Me)KAy or-
HOCHTeJTbHbTM [eperpeBoM Ha BOAO3a6Ope U napaMeTpoM remoo6veHa, Ko-
Topafl Ha ocHoBiutHu o6o6uletnfl pesynbTaroB Mogerrbr{brx H rrarypHbrx uccile-
A o s aHH fi annp oK cr{ r.rtupy er c fl nuueiluoit 3 aB HcHMo c rb ro

6Tr^a = al f  + b,  G.44)
rEe 6Tzaa = (Tsa6 - Tr) lAf - orHocureJtHufr reperpeB Ha Bo.qo3a6ope;

9 3

(3.41)

t l ' { t  -  exp[-  Ar l  e ' (T -  r ; t l ]

I  i l i l T Y W W N N f i T X I i l I



fl = (f - Te)lAT - Kprrepnfi rennoo6ueHa; a

paKTepH3yIoUIHe CTe[eHb opFaHH3aIIHI{ IOTOKa B

yAoBnerBopl{TellbHafi I{ HeAOCTarotIHaff)'

Vb (3.44) sntrercaer
:  -  |  a . n

T t ^ 6  =  a T  +  ( l  - a ) / t  r  o t ) t  '

,r b - xoaQQnlueHrnl' xa-

BoAoxpaurmnlqe (xoPoruax'

(3.45)

Oopva BotroxpaHnnxula H cxeMa pacnorroxeuufl EoAoBbr-
nycKnbrx H soAosa6opHbrx coopyxenufi

flpn 6naronpnflr- flprl xe6na-
HbIX yCTIOBHflX rorrpHf,THbtx
(urrnnr, cna6tIfi HarrpaBJreHH-

Berep 6naronpu- f lx Berpa
r l n u l  v  n q r P q E J I g -

rrufl)

Ta6.au4a 3.5

B t I 591 Ha ocHoBe nHHeapI{3aII}IH KpI{Boft naAeHH'fl reMneparypbl B noBepx'

HocrHoM cnoe npego)KeHa cJleAyloqilfl cBfi3b MexAy T u Ts76 
'

T s a 6  =  T - i ( A r - A I " " , n ) , (3.46)

FAe A4",n _ ycnoBHoe [a,u,eH}Ie TeMIIepaTypbI Ha BoAoBblrrycKe BcIIeAcTBHe

rr HHe ap H3aqrlH KprrBo fi nag,erms IIoB epxHocTHOiI TeMnepaTyPbI'

Taruv o6pa3oM, B paccMOTpeHHbIX HHXeHepHbIX CnocooiD( pacqeTa l{cnoIlb'

^F^FtF^"rr,6 nqr.rrr.rprr.'rrr- xenaKTeDU3VIOU[e cxeMbt I{CnoJIb30Ba}IH'fl
3)aK)lu}l  vJrsAJrurqnv rrsrurrY^rY' '  ' -- I-  ---- -r

BoAoeMoB€xJIaA[reJIeft n ycrutaBx11Bruoque cBfl3b MeXAy cpe4lefr TeMIIepa-

rypofi ?n n reprneparypofi 
". "og;tt6ope 

Tga6: Kucn' n"flt 'aYr b'AG"tn'

Bce onu Moryr 6nlm cBfl3a'bl nasx'Y .bOon-ttyreM HecIIoxHbIx npeo6pa3oBa-

HHfi. Ecnn B KaqecTBe ocHoBHOfi XapaxrepHcTHKI{ npEIfiTb napaMeTp pacnpe'

AeneHrur reMneparypbr B floBepxHociuor'r gJ,Ioe ITs, To TorAa ero cBff3H c Apy'

rHMH napaMerpartan 6ynyr HMerb BHA:

c Ko eOOnqueHToM l{cttonb3o BAHr'tfl' Kn. n

d9
-a.

i lt = Kncn 
;;

c KosoohqHeHroM Pae6aaneH$^ n

6Tgag i (3.47)

(3.48)

nt Kn"n n nt K.u."n

Bannuyroe, y3Koe, BIL < 0,2
C npoAonrHbrM ADnxeltlreM noroKa. BoEosrrnycK H 0,27 0,80 1,5 O,2O 0,70
a ogo s a6op pacnolroxeHbl B nporr{B onoloxHbrx Ko HIID(
BoAoxpaHlrnuqa. Hna eercfl crpyepac[p ef errHreJrbnoe
ycrpoficmo
C npogonrHbrM ,qpHxeHHeM noroKa n o4uofi qacrn H 0,20 0,70 2,5 0,o7 0,50
- - . - - - - - - - *  - ^ - - ^ xTyrr.rir(oBori 3oHori B ApyIoE. ljoEoBblnycKHoe H'
nogoea6opHoe coopyxenr{r pacnoJloxeHbr raK, qro rpau-
3nTH.ag,3OHa 3aflHMaeT qacTb nnoulaElt Bo,q,oeMa
C upogonrnBrM.[puxeHr{eM norora. BogonunycKu pac- 0,27 0,80 1,5 O,2O O,7O
noJI o x eHEr B np o nIB o nono xHbrx Ko ttrI itx B oAo x p aHl[IIH-
rIIr, &aogoaa6op - r cpenuefi r{acru

Banaxyroe, wupoKoe, 0,2 < B/L < 0,5
C npogonrHbrM IpnxeHueM noroKa no gcefi ArrHHe. 0,25 0,70
BoAonunycK H BoAo3a6op pacnonoxeHbr B nporr{Bo-
noJro xHbrx KoHrl$( B oAo xpaHnrlHula.
C npolonrHbrM HJIH KpyroBbrM IEHxeHHeM noroKa. 0,12 0,60
BogorsrnycxHoe u nogosa6opHoe coopyxenur pacnotro-
xeHbr n cpegHefi qacrr{ BoAoxparnrlnrqa

2,3  0 ,12  0 ,60

4,0 0,07 o,5o

C npoAonrnbrM ADHxelMeM noroKa. BoAoarrnycKnbre co- 0,17 0,65 3,0 0,07 0,50
opyxefi{f, pacnofloraKrTct B npontBonoJloxHbrx KoH-
uax BogoxpanrrJluula, a uogooa6opHoe - a cpeA,Hefi qac-
TH BoAOXpSHr{nHIUA

Orcpyenoil $opnar (npaewtmoil utru nenpaeuntnoil),
0,5 < BIL <r ,0

C nonepevribrM,FHxerureM rroroKa. BogonurrycKHoe H 0,23 0,75 2,0 0,09 0,S5
a ogo e a6op Hoe coop yxeHufi pacnoJro x eHhr Ha nporl{E o-
floJtoxHbrx deperax
C xpyrourtM trFuxerurreM noroKa, Sopr*rnpyer'lrrrvr 0,31
crpy eHanp aB Jrf, ronrr MH garr 6aun nm{ co o p yx eHr{ff MH.
Bogos hrnycr(Hlre H a ogosa6opHbre coopyxeruf, npu-
neraKrr r< IPSC
C xpyroauM gnuxeHneM noroKa H TynI,IKoBbrMI{ 3oHa- 0,27
DrH. BoAos rrnycKHo e H s ogo ea6op Ho e coopyxeril{t
pacno.noxexrr sdnueu frcC

Hctcy ccreeHHbte Hanuexue aodoxpaHwtut4a, .
0 ,2  <B/L  <0 ,5

0,85 1,2 O,2O 0,70

0,80 1,5 0,12 0,60

Brrrxuyroe umpoKoe c [poAonbHblM AEnr(ettrreM 0,27 . 0,80 1,5 O,2O 0'70
noroKa. BoAosrrnycK H BoAo3a6op pacnonoxeHbl B
npoTHB o noJroxHbrx Ko lill:rx BoAoxpaHl{nuula

9s

l n ( 1  +  l / ( 6 T g a o ) )

nt = 
ln'"

sr ru /  ? '+  (1  -  I  ln ' )Ts '6  - Tp I

- 6T396 i
Tga6 - Tp

croa$$ralneHraMn 4H b

( l  -  d )  ( 7 -  r e )  
_  b .iTt = -aT

npHqeM, KaK IIOKa3bIBaIOT 3KC[ep]IMeHTaIIbHbIe AaHHbIe'

MO)KHO CqI{Tarb a = | H, CIIeEOBareIIbHo' ilt = -b''

c ycnoBHblM rIaAeHHeM TeMfleparypbl s 6nuxHefi gose

n t  =  0 , 5 ( l - A I " " , n l A T ) .

cneuyer oTMeTr{Tb, qTo npaKT}rqecKH BCe IIpHBeAeHHbIe BbIuIe cBfl3l4 HeOA'

Ho3HaqHbI H 3aBHcflT or KoHKperHbIx ycnonnfi'

B ra6n. 3.5 npuoeAeHbr napaMerpJ IIr ,  Kn"n H n'ArIf l  xapaKrepnblx cxeM

BoAoeMoB{xJraglrTenefr, *oropur, *ory, 6lril HCnoIIb3oBaHbI B npu6nu-

xeHHbIX pacqeTax.
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Ooprrr tolprpr$ruflrql r GrGHr Plcnortorcrori roAolbr'

ryirr.rrx I rolom6oprttr coopyxcmd

Tadauqa 3.5 (nPogonxexne)

I lpn 6nrronpHrt'
IrbtI ycnoDHll
(urrrtrrr, cnr6ufi
rctGp GnrronPn'
- r y ^Fa r  l f f nD lBna .

fIIiI,|r,

n, xr^ n' II1 Xr"n

Tynuxoaue cxeilbt ucnoibgoeatua
c o do x p a xwt u u1 o x n a d u t et e il

Bogoxpamulgrua pssrrgUnofi Qopruu cpegxefi rny6nxofi 0,27 0,80 1,5 0,20 0'70
. l ^ - u n r  a a n n v -

He MeHeo J M.  DOAOEbII IyCKHUE l l  l teAur4v\ ,Pnve wvyJ

xeHHfi @BMeluoxbl HJII{ pacnonoxcHbl na no6onlurou
psccrotHfiH Apyr orgPYrs: Bunycx nogorpcroil Botrbl
^.v!! ! . .rr ! ! !qrr lr !  r  nonx-urf i  oroi l  e xo6onr[guH cKo'
v v ,  q v v r e . .

po crnMr{ q cpe 3 cf, p y op acnp oAsttHTsIIbHo e y ctpofi crao-'
br6op BogH ocyuccrBflfieTcn H3 nHxHHx cJIoeE rny6nn'
HbrM BOAO3a6OpHUU COOpyxeHHoM

Cxeuu ucnon$oea*ua eodoxPaHwtuw
c eny 'ufirtbr*r cure(Tue/.utr aodogaaopor'r

BoAoxparulnHlqanrc6ofi xoHQnrypurnu cpeAxen rny6xnofi 0'2? 0'80 1'5 0'17 0'65

ne r"reHet 8 M. BOAOSbInycK noBepxHocrXrtfi xa Me'IKOBOA'

Hbre )^|acTKH HnH npH noMotl${ crpyepacnpeAenHTe'nbHblx
ycrponcliB

IIpn nc6nr-
ronpBttr|btl
l|rnplancHl|'
rr rGTpr

3.9. pACrtET TEMnEpATyPbt oxnfffiAEHHOff BOAbI
npn pA3nnqHbtx cxEMN( rldnonrgoBAHHfl BoAoEMA'oxnAAHTEnfl

B cncreuy oxJIaxAeHHA TeIIII9BbD( H aToMHbD( cTaHIII{fi nouslro BoAOxpa'

Hrrnnru qacro BxoArr AononHnTenbHble oxJIaAI{Tenu (rpa,qHpHH' 6pbl3ranbHble

6acceftHu H T.A.), nosToMy Bo3HHKaeT Heo$xOAHMOcTb pagtleTa oxJlax'qeHnfi

BOtrbr KOM6HHHpOBaHHOfi CIICTeMbI.

BosvOXH6I TpH BapHaHTa COBMeCTH9To HCnOnb3oBaHg'fi OxJIaE'I{TeJIeH:

I) nocneAoBaienrHa.n pa6ora oxJla^Hrenefl c ycTaHoBKoft AononlluTellbHo'

ro oxjraMTenfl nepeA Bo[oxp aHHrIHueM;

2) flocJlepoBaienrnan pa6ora oxJlatrureJlefi c ycTaHoBKofi trononHuTe]Ibno-

ro oxJr aIl,IT enfl 3A BOAOXpaHI'IIHIrIeM ;
3) nap annenbHul pa6ora oxJlagl'Irerleft '

PaCC rr,rOrpu M cH CTeMbI yp aB HeHHfi , no3BoJl fl to I4{e Olrp eAeIIHTb TeMnep aT)ry y

BOAbr, nocrynarcuefr Ha BOAO3a6op B Kax(qoM BapHaHTe'

.[nx pacueTa cpeAHefi reuneparypbl BOAO-xpa]IHnHula 6y4eu HcnoIIb3OBaTb

ypaBHeHr.re reilroBoro banaHca B BHAe (3.9), a TeM[eparypy Ha BbIXOAe I{3

BOAOeMa OnpeAenffTb qepe3 napaMerp nf '

flpu nocneAoBaTeJlbHofr pafioTe oXJIa[,HTenefr C Ao[onHHTeIIbHbIM oxJIa[H-

reneNr ncpeA BoAoxpaHHrIHIUeM (puc. 3.9):

96

yPaBHeHUe CMeCH Ha EOAOBblnyCKe B BOA,OeM

cFQTr = cp(Q- Q) (Tz + ar) + cpQ'(Tz + ar - ar'),

orKyra

T r = T z + A r -  9 ' o T ' ,u
ypaBHeHHe reluloBoro oallaHca wffi BoroeMa

cpQ(Tr - Ti = aE(F - S) a;

c B E 3 b M o x f y T u T 2

T = Tz + nt(\  T);

yPaBHeHUe, OrMCbIBaIOIIlee flpouecc oxJIaxAeHI{fi
glITene,

AT '  =  f  (7 ,  +  A f ) .

Pnc. 3.9. flocneAosaronbHas paEota oxns'
gnronofi (gononHurenutufi oxraAxTEnb ne' nrl
peA BoAoxpsHHn[qeM) 

- 
|

AT,.

n l

T t  =  T z  +  A T  -  Y = t f ' ;
a

ypaBHeHHe rellnoBoro 6anauca wrfl. BoAoeMa

ceQ(Tr T) = a>e - Q)o;
c B f f 3 b M e x A Y T u T 2

T = T2 + nt(Tr Tr);

ypaBHeHH e Nlfl AottoilHl{TerlbHoro oxJraEI{TenR

A T ' =  f T r ) .

(3 .51)

/ t  I  / i \

\ J , J  1 )

(3.s3)

B AOnOnHHTenbHOM OXJIa-

(3.s4)

(3.s s)

(3.s6)

(3.s7)

(3.s8)
97

B ypaaneHu.fix (3.51) - (3.54) HeH3BecrHbIMlI ffBnf,Ktrcfl Tr, Tz,T, AT'.
Teuneparypa BoAbI Ha Bogora6ope craxql{n PaBHa reMneparype B KoHUe Bo'

AOXpaHr{,nuuIa Tz,
llpn nocneAoBarenbHoft pa6ore oxJrafl{Tenefi c ycraHoBKofi AononHl{renb'

HOrO oxJraA,HTeJrfi nocre BoAoxpaHl{nuu1a (puc. 3.10):
ypaBHeHHe cMecn nepeA KougencaropttMl{ typdun

cpQ(Tr -  AT) = cp (O -  Q)Tz + cpQ' (7,  -  AT'  ) ,

orKyra

+7120. T2re->



+ T  n - n l  T  4
{ -  

, / r *  t t  , 2  - t

a- g '

Pxc. 3.10. [IocneloBarellbna.ff pa6ora oxflag,Erertefi (lononHrrrerrbHbrfi oxJrallHrenb noc,Ire
BoAoxptHr{.nHrrla)

Pnc. 3. I 1. llapannenbHafl pa6ora oxnaJllrrerrefi

HeugsecrHble B AaHHoM cnftae re xe, qro n npu pacqere rrepBofi cxeMbr.
iiocne pelueHufi cncreMbr (3.55) - (3.58) reMneparypa BoAbr Ha BoAo3a6o-
pq MoJKeT 61rTb onpgAgJleHa KaK pa3Hoelb Tr - AT,

Cnegyer odparrrr BnlrMalrne Ha To, rrro Arrfl nepBoft r{ BTopofi cxeM }paBHe-
HH.s no csoefi crpyKrype oAI{IIaKogrr. OAHaKo ypoBenb rernoBofi Harpy3Kr{
Ha oxJlatrHrerlH B paccMorpeHrrbrx ADyx crrra.Ex 6yger pa3nrTrHbrfi. flpu pac-
nono)KeHlfl{ Ao[oJrHr{TeJrbHoro oxJlaAr{Tenn nepeA BoAoeMoM TerrrroBaf, Harpy3-
Ka Ha Hero noBbl[Iaercf,, a Ha BoAoxpaulrnnlrle cHuxaercs, n, Hao6opor, trptr
pacnoJloxeHl{I{ AononHIITeIIbHOrO OXJTaIU{Tenfl. 3A BOAOeMOM TerIrrOBUlff Harpy3.
Ka Ha BoAoxpaHnrll{ure Bo3pacraer }r yMeHbruaercff Ha Ao[onHr.rreJrbHbrft oxJra-
AITCJIb.

llpu naparmerrbHofi pa6ore oxragnreneft (pnc. 3.l l) :
ypaBHeHHe cMecr{ nepeA KoHAeHcaropaMH rypbnn

cpQ(Tt -  AT) = cpQ, '  (Tt  -  AT')  + cp (Q -  Q)Tz

wnn

T t  =  T 2  L a T ' +  Q  = A T ;
O _ Q ,  Q - Q '  

,

ypaBHeHr{e rerrlloBoro 6uanca Alr.fi BoAoeMa

cp(Q -  Q ' ) (Tr  -  Tz)  =  a2(T  -  ro )O;

c B n 3 b M e x A y T u T 2

T = Tz + IIr(Tr T);

yp aB HeHr{e wL Ao[onHHTerrbHoro oxJratrnTenfl

AT '  =  iT r ) .

HenssecrHbre 34ecb re xe, qro H B npeADrAyrqfix cnrrarx, a reMfleparypa
Bogbr Ha BoAo3a6ope onpeAerrffercr, KaK trpn pacrrere nropofr cxeMbr.

Taxupr oEparorrr, npHBeAeHHbre Bbrrue cucreMbr ypaeneHufi rro3BoJr.firor pac-
crruTarb reMneparypy oxJlaxgeHHoft BoEbr, [ocrynarcutefi Ha KoHAeHcaropbl
r1p6uH, trpu pa3III{tIHoM coqerauuu BoAoxpaHwnuula H AononHnTerrbHoro ox-
IIa.qHTenfl.
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PaccrvrorprrM Tenepb nopflAoK pacr{eTa HeHi[pyxeHHoro BoAoeMa-oxJIaAI{-
Tenfl, B KOTOpOM CyrUeCTByrOT 3OHbr c reMneparypofi BoAbr, panHoft ecTecrBeH-
noft. B 3ToM cnfrae AIrfl pacqera ueobxognMo HMerb KpHByro naAeHl{.fi TeM-
neparypbr nogu (I; - T"^a) IAT = /(Ai/O), Koropuln Moxer 6rrrr rocrpo-
eHa no AillrHbrM MogenbHbrx wftr HarypHbrx r{ccrreAoBaruurt, a raKxe [p]r [pu-
r{qrrtr, ?tranl{A Lfer\rprJprJDfq rcrrnertrrvnr-r rrn rrflnrrrArrrr EnnrtcMn (werrnrrrrren

r . . . . . -  r ,
3Kc rroHexrrr{ilrrbuo M) Ha ocnoB aHaH pe3yrrb raroB p acqera.

Hcnonrsyeu ypaBHeHHe rennoBoro 6anaHca c ecrecrBeruofi reMflepary-
pofi a Br{Ae

c p Q A T = o E Q - 4 ) o . , (3.63)

rne f)- - nnorrrenh RoncteMe c reMnenarvnofi gsture T^.-  n ,  _ _ €  _  _ _ _ _ _ _ _ I -  _ _ . ,  r  _  _  g ,

Teuneparypy BoAbr Ha BoAoaaoope Tsa6 n tmoulanF BoAoxpaHHnI{uIa c
TeMneparypofi gurrue 7. onpelenuv B pe3ynbrare crletryloulfix nocnetroBa-
TenbHbrx onepauHfr.

3aAaeucr pfltroM gHaqeHnfi T"^6 H, nonarafl T; = Ts, no KplIBofi na,qesua
onpeAerrfleM [nouIaAH BoAoxpaHI{rIIlIIIa O" c reMneparypoft Bblue 7", a p;rc'
xe Z, coorsercrByrorqne srI{M 3HaIIeH}IffM. 3areru crponM rpa$rx a2(T -

T")O, = f (Tgaa), no KoropoMy npu ad4anuofi rerurosofi Hilrpy3Ke cpQAT

[ct"r. (3.63) ] onpegenffeM I{cKoMyIo reMneparypy Tta6. flonyleHnoe 3Ha-
qeHue T"16 tr$ronb3yeM pIff H:rxox.I:eKvfr. nnolllatrI{ BoAoeMa c reMneparypofi
Bbuue I, no rcpnrofi naEeHH.fi.

YrcasaHnnrM rryTeM Moxer 6nrrr onpeAerrena 3arpy3Ka BoAoeMaoxJIaAI{Te-
ns.. Ecnn rto pacr{ery Q. ) S}, ro BotroxpaHlrnurqe notlHocrblo HarpyxeHo,
npn Q, ( Q sogoxpaHrrnnqe He HarpyxeHo.

flotrlllttto 3oHbI BoAoeMa c reMneparypoft Bbrrue T" yxasaHHbrM cnoco6ou
Moryr 6urr raKxe onpeAeneHbl fracrKu BoAoeMa, He 3aMep3aroune sun,rofi
(rertaneparypa y KpoMKH nbAa npuHr{Maercfl paBHofi 2 " C), unn 3onbr c reM-
neparypaMl{ Bbrr[e Aonycrr{Mbrx no ca}rnTapnrru rpe6oBaHr{.EM Arrfl BoAoeMoB
K OMITJIeKCHOTO UCIIOIIb3oBAHUfr.,

B rny6oroao4rbrx, donruroc no pa3Mep:M BoAoeMD( B ecrecrBeHHbrx
ycnoBl{rx Bo3HnKaroT crroxHbre rr{ApoTepMr.fqecKHe rrpoueccbr, r{3MeHf,rorqflecff
B pa3nnqHbre ce3oHbr rotra. fint neruero nepuoAa roga Mo)r(Ho BbrAenr{Tb ABa
cJrof, Bogbr - aepxnni, Harperbrfi conHeqHoft pagnargrefi, H HHXHr.rfi - 6onee
xorrogrrbrfi. Mexgy Hr{Mr{ pacronoxeH npoMexyrounufi cnofi BoAbr c reMne-
parypHbrM rpaglreHroM (rerraneparypnurfi crcavorc). PagHocrr reMneparyp
MexAy crroflMr{ B prge cnfraeB cocraBrrfler 9-12 

oC, 
uro cou3Mepr{Mo c reM-

neparypHbrM flepenagoM Ha KoHAeHcaropD( ryp6un.
Cne4yer orMerlrrb, qro KpyrrHbre Botroxpanr{nnrqa o6m.rno ffBrrflrorcs o6r-

eKTaMlr KoMrrrreKcHoro ucnorrb3oBaHfifl, H Ha noBbrrueHr{e TeMnepaT}T)br BoAbr
B HID( HaK[aAbrBarorcff orpaHr{qeHHff.

flpu pacueril( TeMrrepar)?Horo pe)KHMa BoAoeMoB r(oMrrJreKcxof,o r{croJrb-
3oB:urr{fl qacro tpe6yercx oupcAerturr o6racru c reMneparypauilBbrrue Aoflyc-
TlrMbD(. lnn npndnuxermofr oueHKr{ piBMepoB 3oH "neperpeBa" MoxHo Boc-
[oJrb3oBaTbcfl 3aBr{cHMocrrMH, tIpHBeAeHHbrMH B $ 3.5. Ha paer'aep erlx sori
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(3.se)

(3.60)

(3.61)

(3.62)



6onruroe Brrr{.rHHe oKasbrBaeT Ha'{artbHoe nepeMeuHBaHHe c6pacrrnaervrofi
Botrrr c sogofi B BoAoeMe. fipu sToM Bo3MoxHbr ABa pacqerHbrx cn1nlaff: l) ne-
peMeuHBaHHe Ha HaqurbuoM flacrKe He npoucxoAur (Hanpnmep, Enarogapff
coorBercrByrouleMy BbrlrycKy noAorperofi sorbr; 2) ua HaqarrbHoM )^IacrKe
npoucxoAnr BeprHKUrbHoe nepeMerrruBaHne c rcooQQuu{eHToM .pas6aaneunx
t?' (nensnkvrrqrrr{f, f lonornerofi nonr,r r nonoaaFronv orcvrcrnver).' f  \ r - - - - - r - . - J  r - - - - -  - r J  - - - J - - - - J - ' r '

B nepaona cnfrae mott1ag,fi 3on "neperpeBa" Moryr 6urr npn6nnrenxo
orreHeHbr no reopern,recxofi 3aBHcHMocru (3,32), xoropyro Mo)KHo npuBecru
6 BHtrY

B (3,64) EMecro T2 AonxHa 6urr nofcraBrleHa reMneparypa,
crnvl. | t t tqg nnccM9TnlrngeMnMv lf t1nMnTunHoMv nncne-nv-, - - J . v r y

(3.64)

cooTDer-

Bo BTopoM crr)ryae paccMarpnBaroTcs rDe 3oxbr: 3ona nepeMeulxBaHldfi,
reMneparlTs B xoropofi onpegorrrercr no ypanHeHnro cMocn (6nruru.nr ooua),
H 3OHa CnOTOfiHOTO rDU:XeHr{f, noAorperOfi Borbr C nPHCOeAI|HeHHbIM pAC-
xofloM (Aururss 3oHa).

O6uqno nepBaf, 3ona uMeer xe6onbuyro flnoulaEb, nosroMy rennoo6ue-
HoM Mexgy soAoft H Bo3AyxoM 3gecb MoxHo npeHe6potrb. Torga npn yoroBHH,
qTo Ha sogosa6op [ocrynaer BoAa c reMneparypofi Iu, reuneparypa cMecl{
6yger paBHa

r., = arln' * 7". (3.65)

Koa$Quwenr pas6aBneHu.fl 4' n paeuepbl nepBofi soHtr 3aBHcffT or yfio'
sHfi gorogbrnycKa-. .Urs rcoHxperHbrx cn) raeB 3HaqeHHe 4' uoxet 6urr otrpe-
AeneHo Ha MoAenffx rIacTKoB BoAoeMoB.

Ilnorqagb nropofi 3oHbr Moxer 6rtru onpeAellena no Qoptuyne

(3.66)

flpu peqgpKyJrsunfi qacru no4orperofi sofrt K BoAo3a6opy 3aBHcl{Mocrb

(3.66) Hec*onorco ycfloxHrercfl, [ocKorlbKy B sToM cn1nlae ueo6xoAulro

BBecru B pacqer ypaBHeHHe cMecu Ha BoAo3a6ope.

Hanrqlle B KpynHbrx BoAoxpaHr{,rrnrqo( c cI{JIbHo paanurofi TeMneparypHofi

crparHQuraquefr npn 6onnuno< o6reMu( BoAbI Hn)<rrero cJIofl [o3Borlfler op-

raH13oBarb B rrerHr.rfi nepnoA npflMororrHoe so[ocHa6xeHl{e xonoAnoir soAofi

c npgMepHo trocroflHHofi TeMfleparypofi. Tervrneparypa BepxHero cJIoff no cpaB-

HeHHro c reMneparypofi B ecrecrBeHHbrx ycnoBn.flx 6yUer l{3Menrrbcfl Mano.

Tarcnu o6parona, [pr{ BoAocsadxeHuu no arofr cxeMe ucKnloqaercfl Bo3Mox-

Hocrb "Te[roBoro 3arpfl3neH[r" soAHoit cpeAbl. OcHogHaff 3aAaqa B 3ToM crly-

qae cBotrHTcfl K onpeAeneHuro pa3MepoB u sarny6neunfl soAosa6opnoro coopy'

xeHl4.fl, o6ecne,I[Baloqero or6op Bo.[bI H3 HlaxHero cJloff.
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Puo3.l2. Pacnreruas fieMa npu cpa6orKe r{rrxHero cnofl BoAoxpail:y.r;r'.^ula

Ecnu no4ocHa6xeHHe T3C ue Moxer 6urr ocyruecrBJreuo roJrbKo 3a cqer
cpa6orrcn HIDKHeTo crror H3-3a HelocraroqHoro o6reua Bogbr B HeM, To craH-
tltu pa6oraer Ha cMecu (pnc. 3.12). IIpu sroM reMreparypa Bofibr, rocryrra-
rcutefr Ha KoH[eHcaropbr, MoxeT 6urr o[pe,qeneHa Ha ocHoBe fiegyrournx 3a-
sucnN{ocrefr:

3aBHcHMocrrI, orpaKaroulefi [aAeHr{e reMfleparypbr B rroBepxHocrHoM cJloe,

Ti T2

Arno"

rAe T2 - TeMneparypa BepxHero cnoff a pafioue oogoaa6opa; A7ro" - re-
peflag TeM[eparyp Ha noBepxHocrr{ BoAoeMa, npnqeM AZno" = Tsa6 +
+ A T  -  T z i

ypaBHeHH.fl TennoBoro 6anaHca Nn, BepxHero cnorr BotroeMa

cpQ(Tsa6 + AT) - cp (O - Q^on)T, = a>e - ?o)ft ,

orKytra

cpQAT =  cpQ(7 ,  -  T"^a)  -  cpQxonT2 +  arg  -  fo )O;

ypaBHeHHr cMecu Ha Botro3a6ope

cpQTsa1 = cpQxonl*or,  + cp (Q -  Q*on)Tz,

rtre Qxon - pacxoA BoAbI c reMlleparyporl Z*orr, [ocrynaroulefi n nogoaabop
H3 HIDKHCIO CNOfl.

ooprtayna 4trff ottpetrenequfl KorrrflecrBa BoAbr, ur lc, nocrynarcuefi s ao-
4oaa6op H3 HHxHero crrofi, putn za1pwtnsofr creHKH rdnv KpyrJroro oronoBKa

1 0 1

(3.67)

(3.68)

(3.6e)



6yaer

Q*o,

r A e B - r.rrHpr{Ha BOAO3abOpHoro orBepcTHf' Mi
A ^  - - ^ - t t ^ ^ -o i i  r n two ra r  r r

c J I O f l r  M ;  A P  -  
P d J n \ r U r D  

l l r r v r n v v r v [  f f i N r v r v  r r

3. 10. PACTIET TEMNEPATYPbI OXJIAXAEHHOft BOAbI

NPH NOCTOflHHOM PEqHOM NPHTOKE B BOAOEM

Aex(I{blill or6op peqHofi BoAbI H no Bo3MoXHocrH yMeHbuMTb nepeMeuII{BaHHe

noAgrpeTofr BoAbI C peqHqff Ha BOAoBbttryCKe' a TaKXe B pafioHe "BxoxqU'etuff"

peqrroro rroroKa B Bo[oxpaHI{.rIHuIe. Pacqernas cxeMa 4nfl cnyuu Qp"*^} Q

uar{Hofi BotrbI B KoHUe 11epBolo yqacTKa Tc*l onpeAeJlfleTcfl IIO ypaBHe-

HI{rc CMeCI.t

cpQpexn l " c r , r l  =  cp (QpeKH -  Q )Tp . * ^  +cpQ( rp " *n  +  A r ) ,

orKyAa

Icnrl = rp"*n

Bropofr fracroK xapaKTepn3yercfl TeM, qro oxJIuDKAeHHe BoEbI 3Aecb IIpoHc-

K9AHT uraBHbrM o6paeorrr 3a cqer reruoo6MeHaqepe3 cBoboAllylo rroBepxHocrb.

.ll.rrn onpeAeneHn.fl TeMnepaTypbl BoAb, Tll Ha HeKoTopoM paccToffHnu oT

HaqrrrrbHoro crBopa c reMneparypofi Zcr,' I Mo)Ker 6rtrr Hc[olb3oBaHa $op-

Rrc. 3.13. Pac,rernag e(eMa npn nptMoroqHoM nogocua6xeHrau T3C H3 peKu

O, fe'n E,Ttrc

Pnc. 3.14. PacnpegeneHue BoEbr npfi perlupKynilrlv nogorperofi BoAbr n aogoraEop

Ecnn He yAaercfi obecfietmTb rrpoxoxgeHue peqHofr BoAbr HenocpeAcrBeH-
Ho K BoAo3a6opy, ro craHrlr,tfl 6yger pa6orarb Ha cMecH. OqesHEro, repeMe-
ruaHH,lff BoAa 6yger Ilocryflarb B Botro3a6op H B cJryqae, KorAa Qp"*n < Q.

.lfua onpegeneHr{fl reM[eparypbr Botrbr, trocrytrarcueft Ha Botro-3a6op npr
TaKOM pe)KHMe, BIDKHO 3HaTb OCO6eHHOCTH pacnpeAeneHHfl paCXOAOB BOFI B

peKe Ha rracTKe Mex.qy BoAoBbrrrycKoM H Bo[o3a6opoM. Cxepra pacnpeAerre-
Hr,r.E pacxotroB npeAcTaBJreHa Ha pHc. 3.14.

llpu upoxox(AeHnlr pew{ofr Bo[br c pacxoAoM Qr"*o,oKoJro BoAo3a6opa
qacTb BoAbr Qj"*^ [ocrynaer B Hero, a trpyTa,a qacTb Qi'""" HanpaBrrflercfrB
HTDKHeM CilOe K BOAOBbrnyCKy, rAe TIaCTnHHO [epeMerrMbaerCn C fiOtrOrpeTofi
BoAofi. rlacrr peunofi BoAbr Qf,lJ*^ BMecre c peqr{pKynnpyeMofi nogorperofr
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= r,778 Jm, (3.70)

h2 - rny6l{Ha HHxHero
RpfrYI{efO CnOeBl On
4 Y t . a - ' = -  :  - - -  -

A

+ Q a,r.
Q p e r c n

(3.7 r)

Myna

Ttt = To * 
r"tl - rP

@
r02

r =f $t i)

A-A

&' * &'!r^r/,,,
41"*r

r3f(5?i/R)

(3.72)



BoAof iQ,peaEFruKeTcf iBBepxHeMcl loeBcToI loHyBoAo3a6opa.BnepxHer" t
cJroe HH)Ke BofoBbrrrycKa lpurKercfl Bofa 0#*n, nepeMeuan$an c rlacrbro

noAorpeTofi sogrl Q' = Q - Qp"u. Ocrasurancn peqHan BoAa Qpexu EFt,trKeT'

Cff B HHX(HEM CJIOE.

IIpu cooTBeTcTByIouIID( ycnoBl{flX BbIItycKa' Hanpm'teR qepe3 AblpqaTble

rpy6br, Mo".Ho norrHocTblo RcpeM€iiiaTb pe'.iHyio BoAy Qil""" H HIDKe Botrp'

BbrnycKF 6yger ADl{rarbcff TOTIbKO nepeMelllaHHzlfi BoAa'

flpu onpeAeneHl{H reMreParypbl Bc

KOJrHqecrBor peqHofi sog,rt, nocrylarcu

PacxoA 0j**n 3aBI{clIr or pacxoAa f

opyxelluff, rnYdHuu PeKfi u r"roPQor

or ycnoBufr neper'aeluHBaHH'H Ha BOEO

BaeTc.fi Bbr[ycKaeMan floAorpeTafl BoAa c peqHofr' TeM bOnbruee KoJIHqecTBo

p.u"on B6A;1 6ynbr nocrynaib B BoAo3a6op H3 BepxHero crlofl' 3ror rpHHUlm

MOXer 6urr nono)KeH B OCHOBy HlrxeHepHoi'o iipHei/^s ff!'F' O6ecneqeHlLE MaK-

lHMatrbHOrO Or6Op. peqHofi BOAbI IIpH IIOBepxHocTHoM BOAO3a6Ope'

vqHrtrsafl, qTo npouecc [epeMeluHBaHH-fl noEorperofr BOAbI frB.[freTcfr' Becb'

Ma CJIOXHb1M, 3aBHCflUIHM OT MHOTHX QarcrOpOA' HIIEI{BlItryaIIbHbIX B KaX'U'oM

KoHKpeTHoM cIlynlae, peUfpKyJUIIIHoHHbIft pacxoA AJIfi BHoBb IIpoeKTlIpyeMbIx

3neKTpocTal{u[fi oflpeAellflrcT Ha MoAeII[ rlacrKa pyffia peKI{ W',B HaType

npH rroMouf" 
""n*"aTopa 

(rcarcoro-nu6o rcpacnrenx) ' BblnycKaeMoro BMeCTe

cI IoE 'orpeToHBoAofruynaBnHBaeMoroHaBoAo3a6ope.PeuuPxYnquHoEIHf i
pacxoA OIIpeAeIIfleTcfl no oTHOIUeHHIO KOnHqecIBa HH'4{KaTOpa' ynoBneHHOrO

B Bo^o3a6ope Jra6, K o6uleMy KonruecTBy' BbInyuIeHHoMy Ha Mog'enb J'

t:. 
nT . e .  Q p e u = - ,

OcHosgnre pacqeTHbre 3aBHcHMo cTrr Wrfl. onpeAelleHEff TeMlepaTypbl Bo'

AblHarogora6openpHpeul{pKyllfr:!J/il|-noAorpeTofinogrtclleAyloune:
ypaBHelut *ptuofi- nageHurl B noBepxHocTuoM cJloe MexAy BoAoBbl-

rrycKoM lI BOAO3a6OpOtvt

A T lr0

0r5AToxn

&rT t

q@r9r@
/ \

1i-aornlrgrac+ar) 
\a,1rro"*47,1 a,T:-s'0

'/'////a'///A \r ----->' /nr/hrr 
I dp=*

/////// |

T-' z

&oxn (Tt^6+AT-Aro'U|\

/ t \
g,oxnr (h^E+AT)

Ti T2

= Tp)

(3.73)

(3.74)

(3.7s)

Plrc. 3.15. Pacnreruas cxeMa npn Bo,q,ocua6xenuu T3C ur peKrl c AonoJInHTenbHbIM ox-

rra,qureneM na c6poce

3aBucuMocrb KorrrfrecrBa peuplpKynnpyeMofi Bo[bI or pacxoAoB T3C
v peKu

Qp"a = f  (Q, Qp"n ) '  (3 '76)

flopngorc pacqera Moxer 6urr crregyrouluM. 3aAanumcb 3HaqeHr.Lfluvt 72,
orpegerrfleM nocrre4oBarerrbHo Tr^6 r43 (3.75) u T uz (3.73). Ilocne sroro
crppHM rpaonr 3aBI{cHMocrH rpilBofi qacrn (3.74) or Tz H ro H3BecrHofi
rreBofi rracrtl cpQAT vaxotruM rrcKoMoe 3HarIeHHe Tz, a 3areM H3 (3.75)
Ir I{cKoMoe 3HarIeHHe Tga6.

Cnegyer orMerrTb, qro [Irfi orpeAerreHn.fi 3aBucr.rMocr]I (3.73) Moryr 6rrrr
HC[OJrb3OBaHbr Kpr{Bbre rraAeHH.fi TeMnepaTypbr, oilpeAelreHHble Ha MoEeIIHIlInfi
B Harype 6ee npnroKa peqHofi eotrrI.

flpu nogocua6xenuu T3C ng BolroroKoB c ueflbr, ) 4eHbureHl{ff reM[epa-
Typbr BbrrrycKaeruoilr nogorperoft Bogbr B peKy Moryr 6urn rIpHMeHeHbI tro-
nonHr{TerrbHbre oxrraguTenu (rpagupun, bpu3rarrbHbre 6accefiurt, flrlaBalourue
aBTOHOMHUe 6pUerarlbHble ycranonrcu) .

PacqerHrre 3aBucr{Mocrr wfi onpe[eneHl{fl TeMneparypbl Bo,qbl Ha BoAo-
sa6ope B oroM crlflae (puc. 3.15) crlegyloru{e:

ypaBneHlre rcpunoir flaaenl4u

T'  -  T ' t

; -  = f  (dt i la) ;
t  I  t 2

ypaBHeHlre relrnoBoro 6alasca Drfl. BoAbI

cpQp"u(T,  -  T2)  = arg -  z | )o;

ypaBHeHr{e cMecu n pafioue rogosa6opa

cpQTga6 = cpQpeuTz + cp (Q - Qprq) Ip"*n i

ypurBHenr{e cMecl{ n pafioHe Bo,qoBbllycKa

cpQTt  =  cp(Q -  Qo*n) (Trua+ An *cpQoxn(Tgaa+ AT -  ATnoxn)
105

0,J ni/521,0

d.  ps1167 Ieerx

(3.77)

Me)KAy c6pocou u soAosa6opolvt

(3.78)

(3.7e)

T z a 6 + A r - 7 ^ 2

)ryaBHeHI{e relrlloBoro 6anaHca Bepxuero qrlofi (npn ?np exn

cpQpeu(fg"o + AT - Tz) = a\g - fe) O

wwl

cpQpeuaT = ouQ- rr)Q + cpQo.o(T, - T"^6)i

ypaBHeHue cMecu n pafione aog'oaa6opa

cpQTga1 = cpQp"uTz + cp (Q - Qp"u) Tp"*ri
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EIrI{ IIOCJ]e fipeobpa3oBil]IHfr

cpQAT = ,pQ(T, -  T) + c1QoxnAlo*n;  (3 '80)

3aB HCHMO CTb trJIfi O[peAeiI eHI',ItI TeM[epaTypHoro flep enaga Ha AononHHTenb-

HOM OXJIaAHTeJIe IIpH pa3ot"txuyrofi cxeMe ero pa6oru

L T  =  f  ( T - - -  +  A 7 ' ) :- - o x [  J  \ - 3 a u  /  '

girBl{cnMocrb g;IR onpetreJreHturr. Qpeu

Q p e u =  f ( Q , Q p " * n ) '

_ cucrer*aa (3.77) - (3.82) coAep)KHr Luecrb HeH3BecrHbI\:

T, Alo*r, , Qpeu H peuaercff aHarloruquo paccMorpeHHblM

lnaea 4

(3.81)

(3.82)

Tt, Tz, TsaO,
paHee cJIyIaflM.

HIIEHTHOHI(AUH' NAPAMETPOB MATEMATPFIECKID( MOtrEJ-IETi
r IilPOTEPM PFI ECK ID( TIPOUECCOB

4. I. IOCTAHOBKA 3AAAIIH

MarervrarnqecKge MoAenH rHAporepMHqecKID( rlpoUeccoB B BoAoeMaxox-

rra,4uTenflx (ypasHeruan rHtrpo,[HHiIMHKH H TeflnoflepeHoca c coorBercrBy-

rourHMH rpaHrfIHbrMH ycrIoBHsMH), KaK BcffKHe Seuor'renororrlecKlle MoAe'

nH, coAep)r(ar uerrbrir png napaMerpoB (xoa$QurulgHTbl Tpelrufi, BerpoBoro

HarlpflxeHua, ryp6yneHrnoro b6naeua, TeruloorAaqu H MHorI{e Apyrue) ' Koro-

pbre He Moryr 6trm onpeAeJreHbr B paMKitx caMoft MoAeiIH. llprutqunnilrlbHo

cyilIecrByror rpg cuoco6a onpeAeneHn-fl napaMerpoB QeHoMeHoJIor[qecKHx
ruogenefi Val

1) Hcnotrb3oBar{ue pa3nuqubrx 3MIrupFIecKHX I{ fiony3Mnuplflecl(I{x 3aB}r-

cl.rvocrefi (nercoropbre 3aBuct{Mocrr,r raKoro rHna flpIrBoAffTcff, B qacrHocrl'I'

B $ 2.10) - sro Hau6onee pacrpocrpaHermrtfi cnoco6. Ocuosurte HeAocrar-

Kr,r SToro c[oco6a - orpaHzqenurrfi [HarIa3oH npHMeHHMocrn raKHx 3aBvcK'

uocteli, HeBbrcoKaJI Tol{Hocrb, HanHqHe n Soptutynax [If napaMerpoB TpyA-

HOI,I 3Mepfl eMbIX B enI,IIIHII ;

2) pacc*orpeHue npouecca c uc[orrb3oBaHl.reM 6onee cnox(Hofr MoAerIE.

Hanpurnrep, rcoeQQuqlreur reruoo6prena (cogepxaqufrcff B rpaHnqHblx ycno'

aunx) MoxHo oflpeAen.fl.Tb r.r3 peureHr{.fl 3a,qaqu Nl;. cvrcreuu oblercT - oKpy-

xarcurafl cpeAa. Ognarco [pr.r 3ToM BcnoMorarerlbnafl 3a,qaqa (onpegeneHne

rrapaMerpoB r\{oAeIrH) oKa3brBaercfl ropa3Ao clloxHee ocHoBHoft' pac[rHpeHl'Ie

r.rcxo[uofr cgcreMbr ypaBHeH]r rt wn otrpegerleHnfi HeKoropblx roe$QruHeHToB

o6uqso [pr.rBogr{r K IIoflBJIeHHT HoBblx xoa$QHqLIeHToB 14T.tr.;

3) n,qeuruQnKaugfl MareMargr{ecKofi Mo,qenl{. Sror fiyrb rlpeArlonaraer

Hcrronb3oBaH6e Aonoflrrl.rrenrsofi HHOopMawIH o noBeAeHHLI peanbHofi cucre-

Mbr (r.e. ganubre lrarypubrx Ha6nrcAeHI,Ifi) H pe[IeHHe o6paruoir ra4aura. flpn

sToM CneAyeT 
"g.tttr4nq"poBaTb 

HMeIIHo Ty MoAeJIb' Ha oCHOBe KOTopOfi

1 0 6

npetrtlonaraeTcfl BbrflonHflTb [pflMbre pacqeTbr trIIff IIporHo3HpoBiIHH.fl U OnTH-

MH3arIHfi npOUeCCa.

Kpor"re flapaMeTpgqecKofi (rconuuecrnerurofr) HAeHTHQHKalqgll.H, Korg,a E;tfi

satramlofi MaTeMaTgqecKofi MoEeIIu o[peAenflIoTc.fi ee [apaMerpbl (roaQ'

QruueHrtl, {iyHrcqru{ n r.n.), paccMarpnBalorcfl 3atraqu crpyKrypnofr (rcauecr-
-ot-t^i i \  tr-a.-t tr lrrreqtrrrr,  nD<rattrr lr l .rA ar rrr lrrntatrt l , f  l \ r( lrrcnu-
DgIl,tLl.J il' IrAVnltlYrt|Ast+ruL, vDtLrqL'LuL

3aAa.ru rapaMerpnecKofi r{AeHrr{0HKaqI{H odrrqHo rcnaccnrilnurpylor-
c.fi IIo cIIeAyIo[$M np[3HaKaM:

1) BHeurHHe vnv rpaur{rrHbre 3arqaw{ - onpe[efleHne xapaKTepHcrHK Ha

rpiulrue o6beKTa rlo HMelous{Mcfl H3MepeHI{.flM BHyrpH o6nacrn;

2) sIryrpeHHI,Ie, I{HBepcHbre wftr rcoeQQraaleurHble 3aEaqu - onpeAeneHue

pa3nruHbx To3QQTIIHeHTOB MOAenU;

3) reoMerplrqecKue 3a,qaqu - oflpegelreHne reoMerpruecKlD( xapaKTepHc-

rm< o6rerra:
4) speruer*{,, unn perpocrreKTnBnbre 3a,qaqu - onpeAerreHue HarlaflbHoro

cocrofiHr{r o6rercra rro r{3MepeHuflM s 6onee [o3AHHe MoMeHTbI BpeMeHH.

Bosluoxobl KllaccnQru<arryu 3agaq IlgenrnQuKarryIu H uo ApyrHM npl{3Ha-

KaM [28]. Tax, pa:nuqaror MoAerrH rruHefrHble n nenuueiruue (n 3aBHcHMo-

crr{ or rr{[a coorBercrB)nourD( ypilBHennfi), craIIHoHapHbIe H Hecral$oHap-

Hbre (T.e. c H3MeHfiIoIqHMHcfl Bo BpeMeHI,I [apaMeTpaMu), AI'rcKpeTHbIe H He-

npepbrBHbre (xorn npeo6pasoBarb HenpepblBHylo QopMyJIHpoBKy 3aAarIH B

AucKperHyro o6uquo HecJroxHo), AerepMHHI{crIrIecKHe v croxacrrrlec-

Kr{e H T.r.
PaccnaarproaeMbre HHxe 3aAaqu rcoe$SmryeHruofi lLq,eHTHQHr<aulrH o6brtl-

Ho Qoprraympylorcfi crletryrcIqnrur o6p asov.
flycrn, Hanpr{Mep, nayraevtrfi ycraHoBrlBunrilrcn trpoqecc onl{cbrBaercfi

cuc r epro fi o 6 rrrc Hos eHHbIx rp,t$ Oep eHI-u{ arlb HbIX )p aB HeHI{i{

#  
=  f ( r , y , t r ) , x  € f a , b l ,

rAe y - BeKrop$yHrUx, XapaKrep6syloulilff cocTofiHne cucreMbl; tr - nex'

rop Heg3BecrHbrx [apaMerpoB Motre[u. nns cl{creMbl (4.1) 3aAaHbI rpaHIrtIHbIe

y:!?pnl, o6ecneqnsarcu.r{e oAHo3HarIHoe orpetrenbnue y (x) Hs yp-anHennfi

(4.1) (ecnr'naparvrerpbr 3aAaubr), r.e. oAHo3HarIHoe peureHr{e nprvofr 3aAaqx.

.ll.nn onpegerrenufl, L aa4aercfi AonoJrHr{Tenbuulff nnQoprvraul{fi, Ha[pI{Mep AaH-
Hbre usrrrepeHufi HeKoropbrx KoMrIoHeHToB oercrop$yHKltuH y (nnn nx
rorvr6uHaullr) a Hercoropbrx roqKax xi HHrepButa la, bl. Torga HeI{3BecrHbIe
rapaMerpbr l\ r'aoryr 6urr nafr,q,enrr I43 ycrloBut MIIHHMyMa $yuKl[aoHala

(4.1)

(4.2)/ (  )  =  > [Ay (x i )  - z i l ' c1ay1x7 )  -T l ,
i

rAe A - vrarpuua, onpe[enflIourafl Ha6op rovr6rurauufi sercropa y;. G - naar-
pqa BecoBbrx rvrHoxnrenefi (nosnonrrcu1lfi auQQepeHIS{poBaTb "BK[aAbI"
pa3Hbrx nar"lepeunfi) ; zi : ,i @i ) - qaHHbIe I{3Mep euuir; r - 3HaK rpaH'

cnoHHpoBawrfl,.
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Ecnu I{3MepeHH-fi ocyu1ecTBllffrcTcff HeIIpepblBHo BO BceX TOrtKaX HHTepBa'

JIa lo, bl, ro SyHxIrHoHiuI (4.2) npHHI{Maer BHA

b
/ ( r )  =  i  t . l y ( r )  -z (x) l '  c [ (ay(x)  -  z (x) ldx .

Fn-lT,-r neccnrarn!,rBtefcq HeVCTaHOSI{BU-EIHCfi npOUeCC' ORHCbIBaeMbIH B
D V J r t t  l / q v v r r r q r r  

- ' - J  - -

o6uev cnflae cncrertlofi ypaBHeHHfi sHAa

d v  v  v  v  . . . . I )  @ . 4 )+  =  f  ( t ,  x ,  y ,  y 1 a ,  y r r , . . . ,  I )
d t

c cooTBeTcTByrouIHMI{ rpaHHqHbIMH 14 HaTIaIIbHbIMH yCIOBHffMIt B o6nacrn

a ( x (0, t >- O, ro h = const oflpeAenfleTcfl H3 ycnoBl{fi MHHHMyMa $yHK-

uHoH:rna

t e  b
/ ( I )  =  i  i  tnv  -  z (x) l ' c lny  -z (x) i t i x r i t .

o a

flaparvrerpaMH Mo[errH rvroryT 6urn u pacllpeAelleHllbre BeJIHIIHHbI, Ha[pHMep

H3Menfirculgecfl no Koop4nHare x xosQSuUHeHrbI A("). .U1a peueHu-fl 3a'

AaqTaKoroTHIIancnoJlb3yeTcfian[apaTBapHauHoHHoro}Icl i l {ci leHHqHTeopHI{
onrur,rranrHofo ynpaBneHl{-fi. .[eficrsureJlbHo, eCnH HeH3BeCTHbIe napaMeTpbl

TpaKToBaTb KaK ynpu"nu1gu-u4e QyHKUHI4' To 3a,qaqa Hx HAeHTIlfiuxaqnu cuo-

AHTcfl K 3ar,aqe onrgManbHoro yrrpaBrleHvn (c orpaHl{qeHu.fiMll Hru 6es orpa-

urueHr.rfr)
Merogtr peueHr,rn 3a,qaq ngenru$nKaunl{ paepa6aruBillllcb nepBoHaqulb-

Ho rnaBHur"r o6pa3oM npHMeHI,ITeIIbHO K cHcTeMaM y[paBIIeHHt H KoHTpoJIff'

a B nocneAHee BpeM fr, crurvr flpuMeHfiTbcfr tr rc'saAaqaM ru.q,paBrluru, Qullrpa-

UHH, Tel lnoMacconepeHoca LI T.II .  (Hanpuvrep, 12,21, 44,51, 105, 127,128,

1451 H Ap.). Cyutecrnyer 6olb[roe l{Hcno pa3nr{qHblx MeroAoB n qacrHblx

rrpgeMoB pe1lIeHg.fl parnoodpa3Hbrx 3a[aq ug,enrnQuKaul'IH, pa3nHqHble cl{cre-

tit trx rcniccnQuKaquu H r.r. 128, 44, slf '
flpur"renrrenrHo K 3alaqaM 6ea orpaHrqenufi Hcfionb3ytoTcfl MeroA HaI{-

MeHbuJrrx KBaAparoB (nenocne4oBareJlbHafl I{ [ocneAoBarerlbHllfl perpeccrul),

roucKoBbte rpaAHeHTHbIe MeroAbI (r.e. 6ee HlxoXAeHI{fl rpatrHenra $yuxquo-

nana), rpaAHeHTHbIe MeToAbI, KBa3HIIHHeapH3aIIHI'I' lIlIBapHaHTHoro norpf)Ke-

Hrrfr vI Ap. IIpn ncIIoJIb3oBa*1,1(vr rpa,II,fleHTHbIx MeToAoB HaAo 3HaTb rpaAHeHT

SyHrcUHoHaIIa, A1fl o[peAeIIeHI'I-E KoToporo npeABaplfreJrbHo HaXoAHTCff MaT-

pnua raK lI a3 bIB ae Mbl x Q yu rcqufr r{yBcrBllreJlbHocrll'

llprtrureuureJrbHo K 3a,[,aqaM c orpaHHqeHl{.ttMr'I Hc[orlb3yrcTcfl MeroArI lu-

Hefiuoro H HelgHefrHoro flporpaMMgpoBaHy.fi (cgrurrurercc'MeToA' urrpa@Hnrx

(rynrcUufr I,r r.n.) H MeroAbl TeopHH onTHM:uIbHoro ynpaBIIeHH,l (nprurUan MaK-

cI{MyMa, AUHaMH'{eCKOrO nporpaMMUpOeaunn)'
Fi"*t [11f peueHr4fr pflp;a 3agatl ugeHruQnKaIlHH r'rogenefi rl{ApoTepMHqec-

KHx llpoUeccoB B BoAoxpaHI.LIIHUIax uc1ronb3yeTc.fl MeTog $yHxIIHfr uyecmu-

reJlbHocrl4 nepBoro nopnAKa 15,44,96] , noaoon.sroqufi Bo MHorHx cn1nlaflx

1 0 8

nonyqnTb npueMneMbre pe3yrrbrarbr. Cyrr Mero4a rrpHMeHHTeJIbHo K MUHI{-
Mr{3arIHu Qynrrluonana (4.2) cnogu'rc.fi K cneAylouleMy. HeobxoAllMoe ycro-
BHe MlrHHNryMa (4.2) r{Meer BrrE

(4.3)

(4 . ) )

b _rAe ./tr = 
fr=W(x,I) 

-QynrcqnrqyBcrBurerrbnocru [SyHrwrrcy(x,tr) fifia-
paMerp L ggbcr AIrfl npocrorbr c'{HraeM cKarl.fipaMHl. fu++epeHlll{pys ypaB.
HeIIHe (4.1) no L H HeNaeHflfi noprAoK ArIQ$epeHULIpoBaHufl s nesoft qacru,

ron}^taeM ypaBHeHHe (s o6qeM crlyqae HenIrHeIIlIoe) orHocrrerlbHo W

d/ ().) _ ^= z
(//\

d w
i; 

= /1 + fvw'

A f  A rr A e . f t r  = f r r 4 , =  J ! - .

PGt l t ( x i l  - z t l r 1 ( t7 )  =  o ,
I

(4.6)

(4.7)

(4.10)

fpauuvuoe ycJIoBHe Wfr (4.7) rlorrlnlaercr ru{SQepeHIglpoBaHHeM no I
coorBercrByrouero ycnoBnfr, Wfl (4.1). HanpHuep, ecnv y 3anana Ha JIeBo&t
KOrilIe HHTepB:l[4, TO

4r@) 
_ w(a) = Q. (4.8)

.[anee crporrrcfl r{Tepaqt{oHHrrfi nporlecc BbrItHciIeHlrE napaMerpa tr. Paa-
noxeHue Synfqru y B or(pecrHocru HeKoroporo npn6nuxeHHoro 3HaqeHr{ff
L ,panHoro  L(s ) ,  gae ' t

,r, (x, 1(s+l ) 1 = y(x, ),(t)) + ),tr(r, tr(t)) (tr(t*1) - tr(s)) =

= y(x,  ) , ( t ) )  + hr1x,  ) . ( t ) ;11(s+t)  -  \ ( t ) ) . (4.e)

flogcraenr,fl, B (4.6) pa3noxeHue (4.9), nonyqaeM nocre JIHlteapH3aIIuH
coorHoruenne Nrf. ofip eAen eHI{.r HoB oro npu6nnxeHlrfl

E w11(s)  ,  x , ) lz i  -  /  ( t r (s)  ,  x l  I

1 (s+ l )  =  ^ {s )  +  t
> w 2 { } . ( s ) , x r )
i

Tarcupr o6pasovr, alropnrM MeroAa $yHrcryu rIyBcrBHTenbHocrH coAep)Io4T
cneAyrcrue ocHoBHbre gTanbr: l) sagaHue HaqaJlbnoro nptlF'nuxeuus. ws ].;

2) onpeserreHne Oynruufr y (xi , ,r1:) H w(xi,  ) .( t)  )  coorBercrBeHHo H3

(a.l)  u (4.7); 3) nuuvcrel le'  1(s+t) no (4. lb). . I l ,aree npoqeAypa noBro-
pfl.ercr,.q,o ,u,ocrruKenufl. seo6xoAuvofi ro.IHocrln. Asanof,nqHo crpouTct anro-
pHrM s o6rueM crlflae cr{creMbl ypaBHeHufiI (4.1) n nerropHoro rapaMerpa
I (t.e. npn ogHoBpeMeuuofi lrAeHrnQnKauHH HecKorrbKr4x napar"rerpoe).

3a:Auu lrgeurnQuKauur{ npHMeHHTerrbHo K Mo[eIrrM ruAporepMrflecKux
npoqeccoB B BoAoxpaHl,rnHluilx-oxJra[HTenflx ToIrbKo Ha'{HHaIoT paccMaTpH-
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Barbcfl. Ilosror"ry HrDKe npn rrocraHoBKe H peruennl{ TaKID( sagaq' rIMeIouI}Ix B

ocHoBHoM MeroAlrqecKoe 3HaqeHne, 6onruroe BHI{MaHHe yAerlf,ercfi perue'

Hr{ro TecToBbrx 3aAaq, T.e. TaKID( 3aAaq ngenruQuKaqrM, KorAa B KaqecTBe H3-

*repenufi Hcrrorrb3yerc.fl peruenue coorBercrBylous{x [pflMblx 3aAarl. IIpn erou

paccMarplrBarorcfl TaKXe recroBbre 3aAaqH, B Koropbtx "u3ltepettr{.8" 6epyrcx
^ -o-^*nni ttnnnnprrrrrnnr*rntt fr,rnnerrrrnvrnrrrcfi werrq6errrvlo Trornglll1locTb
w  n v s v  r v r v r r  r . v .  r v B ^ r v

pearrbubrx H3MepeHrrfi) gn" BbrffcHenu.n ee Bnwnnufl. Ha 3QQeKTIIBHocrb arlro'
pHTM a I{,qeHTIToHK aIIHH.

4,L 1TtrEHTHOHKAUHfl nAPAMETFOB yPABHEHHfl TEnJIOBOTO EAJIAHCAT

MarennarrqecKafi MoAarrb TeMnepsTypHoro pex!{Ma BoAoeM&€xJla,qHTena' ocHoEaH}Ias

Ha pe1IIeHI{H ypaBHeHHf, TemoBoro oallaHca orHoc[TenbHo cpetrHelloBepxHocrHofi teune'

parypbr (ctrr. rn. 3) .

BpeMeHr{ t =' O or 0 Ao A,5; nnoufaf H o6ter"r BoAoeM4 a raK)Ke MereoponorrrqecKue
ycrloBruI oIHTanHcb nocrof, HHbIMI{.

Tecrosrre 3aAa'ru peruanucb grts qerbrpex cn) taeB: 1) onpeA,eilfrercs. xoeQQutryenr
Q, (cyzts a, u ac traercfr coorHotueuueru Eoyoua ac= 64,06d* nputr,tv.aerc.E k = l);

2) tuenru$m1upyrcrcf, ra roeQ$rutHenra ee H ec & = l); 3) HgexmQnuflpytorcf,
qra xoe$@uqr{eHTa deu k,a.= 64,O6ari 4)-onpegenfletcfr xoe@Quuueur k, xoeQ$u-

n  ^^n^^4^d  - ^  , r - ^ - . , . , ; -  v . - ; - ; * ; - .  / 2  1 { \  n -  -  AA  f i 6 ,n -qngn r  wp  JoJ . \ sgLwA r r v  U rvP l v r JJ tw  r \ 4Y r rwn rw f / s  \ J . r  J t  t  r c  v r t vv ! ^g  '

nanet trrrs qucneHHbrx oKcnepuMeHToq npHHHMarIocb: reruIoBarl Harpy3Ka ,AS =

= O,4g MBr,  o6reMBoAoeMa V = 198 r*3,  f lnorqarbnoBepxHocrn O = I27Ou2,v.e '
TeoponorusecKue Qaxroprt cooraercrBylor paBHosecHoft TeMneparype Tp = 14 oC.

9rtr ncxoAsbre AgHHbre orBeqaror ycnoBr.r.sM o[Horo H3 onrlroB Ha l(pynHoiuacurrabnoft
r'roAenn nonoxparunHulaJrxna${renx Hepxo6Hnrcxofi A3C. "HeMeperflff" cpe[,HenoBepx-
nocrsofi ToMneparypst T "npono4rnucb" B MoMeHTbr nperreuu f1 = 0,083 cyti tz =
= 0,156 cyri t3 = 0,250 cyr.3HaueHHr napaMerpoB ypaBHeHrr.fl (4.11), npn Koropbrx
BbtrIHcJIErIHcb "H3Mepetolfl" H 3HaqeHI{.r caMl{x "H3Mepettr{f," T npuneAeHbl n ra6n. 4.1.

Tafutuua 4,L
AS - lar(e^ -  e)  +ac(T- ?o) -  RIA

c HaquIbHbIM yCJIOBHeM

m l - 6
t  l t = O  -  l o '

t 
$,4.2, 4.G uarvcasbl npH

1 1 0

u z! rTr, 
= d71r;)

d t r  i=  t '  
' ' i )  -  r i ) - f f i  =  o '  m =  l '2 ' " ' '  7 '

^n Lft y l- k
;6q a

dt
(4 .11)

(4.12).

, (4 .14)

flapar"ror-

No gnna- PbIt no'q'

qH rlo)|(Slllne.
lrHAeHrr{QH-
I(8I,IHH

T3T2TlQ,ae

coAepxr{T pf,A napaMerpoB, o6srqHo onpe4etrteMblx no gMnupuqecrclru Soptrlrnlrtri ae -

xosQSlqxeHT TemoorAaqH HcnapeHHeM i % - roeQQlufHeHT TeIrnoorAaYH rotnexquefi;
k -'iosoSnuleur, )^rnTbrBarcu$fi pacnpeAenerme rer'rnbparypbl no My6une; KoeOQfi'

rlrreHral, BxoAEIr[re n nrrpaxerure R.

Apyrnfi nfrb onpeAeneHlrff napaMerpoB, BxoAf,Irs{x B (4.11), - petueuueo6pantoft

3aAaqH c HcnoJrb3oBaHHeM gHaqerurfi cpeAnenoBepxrygcrHofi TeMneparyphl, paccql{TaHHblx

no AaHHbrM reMneparypHhrx cbeMoK (uar"repemafi T), r.e. ngeHruQnxaqnt napaMerpoB

MareMaruqecxofi MoAerru (4.11) , (4.12) [1101.
3a,qa,{a ngexmsnrcauuu cBoArrrctr K MHHHMH3aunu Qynr<qnoHana (4.3), xotoprfr n

cnyqae otrttofi He3aBHcHMofi nepeueunofi u Gi = | npHHHMaer BHA

ff
! =  x ( 7 ( r r )  - 7 , ) ' ,  ( 4 . 1 3 )

i = l  
t  t

rAe 7i - H3MepeHEs cpeAHenoBepxxocrnofi TeMneparypbl B MoMeHr npeverm fy i
Tlti) 1 peruernre ypaaHeHus (4.11) Er.E roro xe MoMeHTa BpeMerM; N- qucro E3Me-
peHfuft.

Msrnrrran3upyr QynxqNonan (4.13) no HAeHrgQxurpyer"trr'r xosQQlqHeHTaM ft

noJIWaeM cucreMy ypagHeHxfi sn.[a

Cxerrra pelxeHu.E 3a,q,aqu 6rura cnegyroula-f,. Bu6npanncb HaqiurbHbre 3HarreHnff HAeHTH-
Qnrypyer"rblx napaMerpoB H no perueHr{ro ypar.Helnfr (4.11) oflpeAen.flJruclsna'rerllifi, T
B MoMeHTbr BpeMeHH, coorBercrByroul{e H3upenvslra. Tar KaK yp:lBHesre (4.11) nMe-
JIo B paccMarpl{BaeMoM crlyqae anarruTr{qecKoe peureHne, Qyxrcluu rryBcrBurerrbHocru Ha-
xoEum{cb HenocpeAcrBeHHbIM guQQeperuHpoBaHr{eM nocrreAHero. Ovepeggoe npn6nuxe.
HHe HrlxolffJrocb no Qopr*lynau rlrna (4.10) . 

'r'.

" B nepaor"r cnyqae HaqarrbHoe npn6nuxeuue af,o) = 0,081 Br/(nr2.fla), a Hcrurrr{bre
3Haqelufl cocrilBll.sru 0,107 u 0,L82 Brl (u" .fla). Dlts, nepBoro H3 ornx oHavernrfi yxe

nocrre nepnofi HTeparrHH 6ruro nonyr"ro ajl) = 0,104 Br/(na2.fla) (c norpeurHocrbK)

Menee 3%), a Nrs. Broporo qHcJro HeooxoAsr"rux ntepargrfi Bo3pocno @:') =

= 0,156 Br l  (u2'  I Ia)  ;  otD = 0,180 Br l  (v-2.  I Ia)  )  .

Bo BTopoM cnyqae 6rm sssr p.sA ToqeK rpflMoyrorbHuKa 4,48 < q" ( 8,96;
0,07 -< o6 ( 0, 14 - MaKcr{MarrbHoe qHcJro ureputnfi He npeBocxoAnno qerbrpex.

lnn rtpertero cnfra.f, o6nacn Haqarr-LHbrx npn6nlrxermfi onpegen frnacb nprMoyrorrb-
HHKoM 0,084
nreparUrfi - Tprr.

B verneproM crrpae recroBilfl 3agaqa_p-eruaflacb npH Hcrr{rrr{brx'3Har{eHrnrx lg - 1,2 u

k = 2,0 H Haqanhnou npu6nuxeHxu Trlo) - 
1,0. rlpu k= l,zrocflenepnoft urepu\Hu

1 1 1

2

3

%

de, dc

Q g ,  k

k

0,107
0,1 82

0,1 07

0,107

0,107
0,107

31,24
28,75

31,24

30,99

30,96
30,1 3

30,13
26,57

3 0 , 1 3

29,90

29,80
29,80

29,40
25,37

29,40

29,09

29,09
28,40

64,06qe

0,051

64,O6a"

64,O6a"  1 ,2
64,06 aB 2,0

1 , 0

1 , 0

1 , 2

rAe r -'nrcno xosQQuqxeHToB.
3a,qaqa ngenuQnrarrrx napaMerpoB s (4.11) peuuracb MeroAoM QyHtctnfiqyBcaBil-

renbgocrg nepBoro nopr4Ka lln.s oqesxu Brnll'wrrfl ucxolgofi ttttQoptrla4m Ha p€yJrbra-

TLr H.qegTfiQnxaqrna 6iur paccr"rorpeH pfiA TecroBbD( 3a,q,aq (r.e. gagaq' KorAa "H3Mepe'

HH.f," onpe[enr11;rcr H3 perxeHun npxrrlofi s4ga.rfi). IIpu 3roM cHaqana paccMarplrBUlcfl
,tasrHrrfi qry.raf,, Arrfi Koroporo ypaBHenxe (4.11) ur*leer aflannruqecKoe pelueHle: npH-

rgManocb, qro H3MeHeHr{e reMrreparypbr T grrgrmaetcf, cKaqKoM Harpy3KH B MoMeHT

fracruH B.B. Co$ponosofi.



0 , l l E _ _

Pttc. 4.1. Xon xrepauHogHoro npouecca
npx recronofi rqexrnQnxalnn xoefr
$uuneHra % B ypaBHerMH Te[noBo-
ro 6a[aHca. ToqHoo 3HaqeHHo de =
= 0,107 BrJ (u2 . IIa) , Haqarrbnoe npH6-
nHxeHHe qr(o) = 0,081 Br/ (r,r2 'IIa) :
c - ToqHEie sHaqenu.* .4lMryetarn- (rpu
uruepenun)1 o - norpeutrrocrb n3Me-
Pennfi tl oC (urecrr rar"reperufi);
a nor?erxHocrb usrrepeHnfi t 1 oC
(rpn urrrlgpennr)

oruro,nonyueno ,t 
(t)^: 

1,15, nocne nropofi k(2) - 
L,Zi npn k = 2,0 - coorBerclleH'

x o  p \ ' /  =  1 , 6 3 ;  k r t '  =  1 , 9 1 i  k \ r r  =  2 , 0 ,
Tarcrv o6parou, B paccMorpeHHoM qacrHoM cJly'qae, HocffIUeM B ocHoBHoM Hnnlocrpa'

nrsHrdt xapaKTep, cKopocrb cxo4HMocru urepal1nonHoro npoqecca oKa3anacb Aocraroq'
Ho srtcoxofi.

tlpn npoBeAeHnH oKcnepnMeHroB Ha KpynHoMacurra6nux Qurruecxux MoE,eIIf,x

BoAoxpanurtr{ur, a raKxe Ha HarypHbrx o6rexrax peruenue KaK npflMofi ga[aqn (onpege

negge 'T npu 3a,u,agHbrx napaMerpiD( uogenn), raK H o6parHofi (naeHruQnKarll{f, napa-

Merpo3 MoAenH no AaHHbrM nrruepeuufi T) rtroxet 6rrrr nonyteHo roJIbKo Ha ocHoBe
qgfieHHoro peureHnff ypaaHeHur renrroBoro 6anaxca (4.11) H coorBercrByrcu$x ypa8-

Hemrf, Arrfl onpeAeneHur QyHxUufi qyBcrBHTeIIbHocru. flpu srou neo6xoMrvro raKxe Hc-

cJIeAoBarb "gyBcrBHTetrbHocrb" anroplfrMa ugegrnQuxauxu K rrorpelunocrxlr nsvepenuft,

HMerou-r{M MecTo B peanbHblx ycnoBHtx.
Paspa6oraHHaff nporpaMMa ngenrnQnxauuu napaMerpoB ypaBHenu-fi rermosoro 6a-

Jragca MeroAoM QyHiurn qyBcrBnTerbHocru peanl{3yer Bce orilrrbl BbFtHcIIetrHft [oxnnuax
perxenxe (4.1l) H coorBcrcrByronlHx ypanucHnfi, onpeAentrcu-u{x QyHrctnx qyBcrBHrenb-

HocrH, MeroAoM 9finepa|
Ha ocHose paopa6oranHoft nporpavrtlrr 6sm peueH prg o6parnblx 3a,q,aq: recroBblx H

c Hc noJIb3oB aHH eM gKCnepH MeHTanbHbIX A:llI HbIX .
Peruenue TecroBbrx 3a,U,aq no xgeHruQnxarfnn xoaQQuqrenra Ae noKa3ano AocraToqHo

BbrcoKyp cKopocTb cxoAHMocTr{ HTepaIIHoHHorO npoqecca H npH HaJrrfqHH norpeufiocTH

urrrrepexnH cpeA,HefloBepxHocrHoft reMneparypur r O[xaxo npH sroM 3HaqeHHt cle onpe'

Aenrrnucb c HeKoropofi norpeumocrbro, Tax, npn norpeuHocru t I 
oC 

norpeulnocrb on-

peAeneHrlf, % cocTaBHna 2,'l u 5,L7o npH uecTH H Tpex H3MepeHHax cooTBeTcTBeHHo
(pnc.  4.1)  .

B pnge qHcneHHbrx oKcnepHMeHroB Anff ugeuru(xxaunn xoeQ$lqnenra (k6bvrv uc'

noJrb3oBaHbr gKcnepHMet{Tanbrrbre AaHHbre, noJr}^teHHbIe Ha KpynHor"racurra6noft naoAeun

BoAoxpiruunHura tlepHo6rulrcxoft A3C. 3HaqeHus %, nonryeHHble HAeHruQuxaqneft u

no Qopr"ryne KapneHtepa, ornnqarorct He 6onee 'tev' nal0%.
Peurenne recroBbrx 3a,qaq no oAHoBpeMeHuofi ugesmQuxaru.lu [Dyx napaMe'rpoB Mo-

Aenn - xoaQQnUueHToB de u % Ha ocHoBe aHanHTr{qecKoro H qucJrel{Horo perueuufiJPas-

Hexus TelrloBoro 6anaHca noKa3aJlo, 'tro B oroM cJIfIae fipil TotIHbD(H3MepeHHffx 7n.rpe-

6yercr donrruee qHcJro nrepaunfi, qeM npH u4eHruQnxaunl{ oltrtoro xooQQuuveHTa Qe,

a npH H3MepeHHsx c norpelxHocTbro nonrtHTL yAOBrreTBOpHTe[bHbIe pgynbTaTbl' KaK
npaBHJIo, He yAaercfl, qro cBt3aHo c "Kopbrroo6pasHsIru" xapaxrepoM noBepxnocru
J (%, tlc) B HccneAyeMoM AHana3oHe H3MeHeHHfl. ge v qc.

IIls nocneAoBarenbHoro oueHHBaHHr cocroffHHfi H napaMerpoB MoAertH (4'11),

(4.12) Hcnonb3oBiurcr raKxe pac[rHpeuHrrft Qurrp Karr*laua, HarueAnsft lrrupoKoe

npHMeHeHHe B pa3nr{qHbrx 3a,q,aqax rerutoQuruxn [100].
tlytrs noBeAeHue clrcreMbl ormcblBaerct MoAenblo

r .  t  f  r  r  I
t^ J = t/(  tnl  , ,) l  (4.1s)

r t2

[ { ' l l
rne  R  = , l  , * ' 1  | -p . . *peHHbIRBexrop"oc ro tH 'nc ' c reMb l ;  { t }  ,  { f }  

-BeKropb l

l { L } l  L r  L  j

*crox*""*7'n$rinl.tpoB cucreMbl coornercltseHHo.
Dlts, srofi cucreMbr aflropnTM Qnnrrya Kannasa 3am{ulETcfi cJIeAyIou.Hu o6pasou:

[Rr*rr*r]  
= l f i , t .r lo] + IKr' ,*rLr[vr*r]

l O  I  r  t A l A \

I t  k+tJ  "  
\a ' rv '

rne [rri*1j - r'larpnqa usueperurfi;
nserrrd xax

- BeKTOp H3Me,peHHt CHCTeMbI, OIIpeAe

( 4 .18 )

BeKrop rrryMa, conpoBox1iuouler! H3Mepeuut; A't - BpeMt Mexgy 3a'

Becosaff Marpuua IKWtI u xonapriul{onHat Marpl{qa ous6or nporHo3a IPW1ltcl
H:rxoA8rcfi cJIeAYIou-uM o6paaov :

IKt *tl 
= IP*+t1tl\Ht *tl '( lno*rl lP1ra1prl

lPi* t t t i  = [ok* l ,  p l  lPplpl  [ok*1,&l t ,

lHwrl" * t i l -) l

rAe till - saAauHaa KoBapHaqHoHHar MarpHua cnytaftHoro
pexoAH:rfl MaTpUUa, npHqeM

( - ,  I

{ 
rr+r}

t.],{"0.r} 
= rrk+rL {"*.,} 

+

rAe  { . }  
-

Me,paMH. -

(4.20)

npoqecca, alo;r*1,fl - ne-

(4 .19)

(4.2t)[@r*r,r l  = ul  *  IFk*t  ]& + 
ry at2 + 

TO'*^r 
3 +. . .  ,

tl"l - e4l,tHurrHtrfl Marpulla;

a {  r l lt E  r  =  . -  I lt"k+t' - qul|[^] = 
{frrto} 

@'22)

CqHTaeTcc, qTO LIryM, coflpoBoxg,arougft H3Mq)eHHt, 6ertrtfi, raycconcxUft Yl

r [  {e  a l }  [ug l ]  
' ]  =  11/16(r  -  ro)  .  @.23)

KorapnaquonHar Marpuua ouu6ox oIreHoK onpegerlrlercfl H3 ypaBHeHHff

IPwtl**tl = lPrc+tlt l - IK*+tl lffwtl lPpalprl (4'24)

OqeHxa napaMerpoB cucreMbr npoH3BoAH'Tcs s raxoft noc[e,qoBarerlbHocru: us (4.22)
onpeAenlnerct lFwtl, Aanee no (4.21) [@r*t,tl ; sHaA I\/d, MoxHo I'I3 (4.2o)

Hafirn lP**t4rl; npu 3araHHbrx tffl r.r [Hl wz (4.19) onpeAensercn lKp*1f ; c no-

l t 3



Puc. 4.2. Hgr',reHeHue cpe4rlenoBepxHocruofi
TeMn€,parypu 7 co BpeMeHeM, pacc:qHTanHoe
c noMorrFK) npoueAypbr Qmrrpa Kanuasa:

o - ToqHEIe 3HaqeHufi T, arruucneunrre

.np f l  sL=  0 ,127  Br l ( v t2 . I l a ) ;  o  -  3Haqe-
T d =

ruI t  I  DDn4VtVnnDrg rrv vgwnAv 3

|  = 0,123 Brl(v2't la) npnroqxoM To =

. = 27,5 
oCi a- 3HaqeHut T,EbIrrHc[eHHbte

, no oueHKe (h = oJzL Br/(r"r2,I Ia) npn
T o = 2 6 , 5  o c

/ t  \ 2
P,  = (+  A ' )  ,  (4 '2s )

\ - /
rue Ar - iua*tt"r" Mex1y orarIoHHbIMH H 3a,II,aaaeMbIMH Hi1.IiuIbHbIMH 3HaqeHI{ffMH oueHoK

MeHT H CTaTr{CTIfleCKHX XapaKTe'pHcTHK UIyMa'

4.3. HAEHTHOIIKAUHff NAPAMETPOB
o.qHoMEPHOrO yPABHEHHfl TEnnOnEPEHOCA

Ognor"repHoe (no ropxroHranrnofi Kooplunare x) ypaBHeHHe reniloflcpeHoca' Hc-

rronb3yeMo e trflr oqeHKH TeMnepaTypHoro pexuMa B BbIrfiHyTLIx BoAoeMO(' MOXHo IIpeA-

CTABHTb B BHE,E

p_el . o{ - +(", F). 
'4 

&r - rp) = o, @.26)
O t  

- d x  d x \ - - d x /  c P

rfe T - rertrneparypa BoAEI, ocpeAHeHHiuI no lulonrFr\il nonep€flHoro ceqelut noroKa o.r.

VpaaHenue (4,26) coAepxHT trBa [apaMvrpai aH 42, KoroPble Moryr 6rrrr nAeuT'r-

QngpouaHrr c Hcnorrb3oBauxeM AalrHbrx o reMneparypHoM pacnpeAeJlenun. Tax, I
(gll paccMarpr{Baercf, xAeHnrQuxaru{r orgocflrelIbHoro cyMMapHoro xoe0$lnlgeHra

TeMneparyponpoBotrHosTH B ypaBHeltrrH

au1d2'1

da'
KOTOpOe peluulocb c rpaHHqHbIMn ycItoBHsIil|U

d t t  I  _
u(0) = uoi +f = lt + ,etsl)latu)u(O) = 0,

dSr '  lO, = Sl
rge V = T - 7..- [eperpeB TeMne,parypu no'repxxocru BoAoeMa Ha,q Hoplu.aJlbHo-ecrecT-

aeunofi; Ot - "nnoruagb, orparrrrrreHHa-f, urorqpuofi c reunepatypofi u(O') ; O - rmo'
rrltqD Bc€ro BoAoeMa; a*= al$L) - orHocHrenbHufi cyrrrvrapurrfi xoeQQuqHeHT reMne-

paryponpoBoAHocrr{ (L - ynuna BoEoeMa, v - ocpeggeHHafl no ceqeHulo cxopocrr);

/ ( S ) ' )  u  a ( u )  = k r t  k z U - H 3 B e c r H b I e $ y H x q u n  9 ' t  , .'hor"repenlrx 
npouonllnr"" 

" 
p"g" ,ou"*- 

!i, il .: 
;: 

Oii, xoropble onpeAerlunl{

BeKTop llotuepermft u c KoM[oHeHTaMI{ Ut, U2, , UN,

flpeAnonaraJrocb, rtro reMneparypa H3orepM u3Meptercfi c noMexaMn Enruna 6eno-

fo rrryMa, Koropbre HMercT HyneBoe cpeAHee H prr'cnepcnro nopngxa 20Vo cpeAHero

3HaqeHlt.f,.
,ftx nolyrenllff oUeHKlr napaMerpa 4s MHHHMH3HpoBiucx QynxrUlonu.t J (aa) B

BHAe (4 .13 ) .
Hrepaquounax npoqeAypa onpeAeneHHfi aa crpoHnacb Ha ocHoBe peKyppeHrHoro

cooTHouIeHI{t

of* t )  = of ,  + 7(s)o(s) ,  G.zg)

rAe ,(s) - rrnr, MHHHMH3Hpyrouufi I(a*) no HanpaBn"*o p(t) xoropuft Bbrquc-

rrlncfi, c noMou-Frl KBaAparl{tlHofiunrepnonruu}I [36]' a

o(s) =# = -2, irq-r i  @1,),t  
u'#" (4.30)

dri .. Du
llponauognaa ^ - 3aMeH.sIIacL npudnuxennofi oqenxofi i- 

= -l' nocxonrry-  
da* da*

qHcJIeHHbre sKCnepItMeHTbr noKa3anH, qTo B npeAenax AoIIyCTHMOTO H3MeHeHHfl O4TA|{'

[epaTypa MoHoToHHo yMeHbllraerct c yBenI{qeHHeM 4*.
<Dynxqts U(O') BbFgcJrr;racb Ha ocHoBe perueHnt pa3Hocruoro aHzrnora ypaBHe'

nnn (4.27) c HcnoJIb3oBaHI{eM MeIoAa Qaxropuraquv ll25l.
OrucanHuft Bbnue :rnropuTM 6rm ncnonb3oB:lg Anfi I{[,eHTHQuxaquu napaMerpa 4*

no AaHHbrM llonaepeunft Mfl peuftHoro Bo.q,oeMa-oxna,q,HTenx. rtrucnessble gKcnepHMeHTbI

1 1 5

(4,27)

(4.28)



Uro C
t6

t1
t2
t0

0 0,1 0,2 41 0,+ 0,5 0,6 0,7 g?, /Q

YcnosHx
i = < ' t .  r n =  I  e o o  7 = a l .  r n =  l  R o o  V = a S .  a =  f l

J A L l r F P n l Y r V n l q . . . . .  6  J t ,  Y  l v v  v r t  Y

OrteHxa 0J 0,71 l ,0l

YcrosHx

ra Munuprn3npoB anct Oyrt r<Uuosan

K M
J =

k = I  r n = l

Pxc, 4.3. Pacnpege.neHHe reMneparypbr no-
BepxHocTH no ruroulaAH BoAoeMa:

O-pacqer ;  x  -H3MepeHHf l

HpOB oAHJIHeb HpH P 43fi HriH-biX 3ii aqeiiii.fix oC'
pe[HeHHoro lro nnoua,uH KoeosHIrHeHTa
TennonepeAaqH a trnfr. pa3nHqHblx HanpaBne'
HHR Berpa (xapaxrcpn3yeMblx yrnoM I
MexAy BeKropaMH cxopocrefi Berpa n rpau-

3HTHoro noroxa), a npH UITUJIe - rn,I pa3'

truqHblx HaqanbHblx qucen OPYna Fro,

flonylenxsre o[eHKH 4g:

C norrou6n Meroga HnTerpanrnbrx npeo6pamnarurft perueHue sa,qauu (4,26),
(4.31) - (4.34) 6ruro nonyreHo B BHAe

T ( t , x )  = (4.3s)

rAe U;r(t) - aHaJrHTr{qecKHe QyHxrryru, onpeAenfleMbre 3HaqeHHrMH napaMerpoB ypaB-
rreirr,rn fA )A\ rr rnngwuwr-rr,rr.r q wauhniwrrrvru wFrr-ntnMu 7a.1lf - (4 1L\

Peruerue (4. 35) t{cnoJrb3oB:lflocb Arrfi nocrpoe}rlrfi arrropuTMa HaxoxgeHu.a HeH3B ecr-
Hrtx xoaQQnqueuroo c noMor.r-Fro Meropa QyHxuufi qyBcrBHTerrLHocrH rrepBoro noprg-

'# *,(#n), r, ,i ru*,') ,in(ra, ),

a

Ha pnc. 4.3 npnregeHa KpHB,rr pacnpegeJreHr{t reMneparypbl no nnoqallH BoEoeMa'
paccr{HTarHiu no ypaBHeHHIo (4.27) npH nonfleusofi oUeHKe xoeQQuUtleur?. aqB oA-

HoM H3 paccMorpeHHbrx sryqaen ( i -  = 57i  g = l80o).3gecrxenpeAcraBneHblpe3ytrb-
Tarbr @orB ercrBylot4tx ne uep eHuft .

CpeuHexnagparr{rtHafi HHrerpanbHaff piurnocrb MexAy pacc'{HTauHur',rn (npn non]nleH-

Hoft ouerrxe a*) fi H3M€peHHblMH 3HaqeHHtrMH TeMneparypbl cocraBurla 3,4%, tta ocHo-

BaHHH qeno B [97] lenaercr BbrBoA o npHeMJIeMocrH npuuxrofi MareMarnqecrofi MoAs

nH E rf orrHcilHHf, TeMneparypHoro pe)flMa BOAOeMa-
IIpn onpegerreHHbrx ycnoBrrfix oAHoMepHoe ypaBHeHHe reluonepeHoca (4.26) ur*le'

cT aHanHTl{qecKoe peuleHHe, KoTOpOe MOXHO HCnOJIb3OBaTb npH HCCneAOBaHHH TeCTOBbIX
(npar'rrrx u o6parnrtx sa,qaq).

B t1091 pa""rarpnairnocb reqeHne Bo4br co cpeAHepacxoAsoft cKopocrbrc Qlas s

npfiMoyron6HoM Kauane Annnofi .L. C-\uralocb, qro reMneparypa BoAbI B KaHane B Ha-
qarrnrfr MoMeHT pacnpegeneHa Iro 3aKoHy

(4.36)

r,q,e Tk^ H Tkm - cooTBercrBeHHo paccqHTaHH:rr TeMneparypa H H3MepeHHe B ToqKe
xm - B MoMeHT BpeMeHu fp. <DyHxrluu qyBcrBuTerrbHocrr{ HaxoAr,rJmcr gHQQe,peFilru-
poBaHHeM BBrpoKeHHff (4.35) rro HcKoMbrM napaMerpilM.

Anpo6aqnx anropHTMa ngeuruQuxa{nn ocyqecrsnfiflacr c noMorlpro perueHur rec-
ToBbD( 3lnaq, B Koropbrx "H3ueperMs"Bblvucflutncb no Sopruryne (4.35) npr{ 3a,u,aHHbrx
d 2 H  a .

PaccuatpuBir.rrHcb rpr cnryat ugeHmQuxaruH KooQQnqneHron: l) a2 - ucxorr,rtfr

xoeQQnquelrrr, a - saqan; 2) d - HcKoMrfi xoeQQH[HeHr, dp - 3a[an; 3) uqyrc.r
o6a uaparrerpa A2 n a.

HaeHruQr.rxaqr.rfl npoBoru{nacb npH roqHbrx H3MepeHHflx, a raKxe rrpu panHoMepno
pacnpeAeneusofi norperuHocru B npeAenax I "C. Pesynrraru qilcreHHblx 3KcnepHMeHToB
noK:t:anH, qro HTepiuuongrrfi npouecc anropHTMa HgenruQuxar.1ux cxoAr{Tc.fl K HcKoMbIM
xosSSnuneHraM AocraroqHo 6urc-rpo (ga 3-5 r.rrepauNft).

MeroA QyHxUxfi qyBcrBHTerIbHocrH Hctronb3oBancfl pulfl oqeHKH napaMerpoz d2 u
a B oAHoMepHoM ypaBHeHHH relrronepeuoca (4.26) no AasusrM r{3MepeHHfi, nonyreHHbrM
H a Qurnv ecxo fi r'rogenu B oAox p aHHrrH rrla-oxn agnren.s tlepuo6 rnrcxoft A3 C.

Oyuxtll l l l  T(0, x), T(t,0) u T(t, l) annpoKcuMr.rpoB:rnucb3aarcytMocrrMn Tr{na
(4.31) - (4.34\. HcnonssoBaJrHcb 12 nar.,repeHufi. Haqamuue npn6mH)KeHlaA napaMerpoB

a2 u a 6rnn npnnflrbr crreAyrclurMn: a(p) = 0,04 *'1";,^?9) = 2g,3 gr/1r'a2r.iC).
-y*" 

ua nropoft Hrepaul,tn 6ruu nonrteHbl 3HaqeHgfl a(2)'- 0,08 r"r27^' n\2) =
v t

= 22,I Brl (u2 . oC) 
, rIpH Koropbrx cpeAHeKB aliparlqHarpa3Hocrb Mex(Ay paccqHTaHHbrMH

H H3MepeHHbIMH 3HaqeHI{tMH TeMneparypbr cocraBwn 0,7 oC, qro coorBercrByer ro'{Ho-
crH H3Meper:ufr, n BxoAHbrx traHHblx.

.[5n peanrHbrx ycrroBnft, xorga rnyduua H [tr{puHa BoAoeMoB l,r3MeH.ffrorcfi BAoJIb no-
ToKa, a T(t,0) H T(t, L ) - cloxHsre QynruuH BpeMeHH, ogHoMepHaa o6parrna za-
.u,aqa AonlI(Ha peluarbcfi ql{cneHHo. .[Is uAernu$uxaqun napaMerpoB Ha ocHoBe qncneH-
Horo pettreHut ypasHenun (4.26) 6rna paspa6orana nporpaMMa npuMeHurelrHo x EC
3BM, .llls ,t[{cKperu3alrnu o6nacrn no npocrpaucrseHHofi KoopglrHare HcnoJrb3oBaJrcf,
MeroA KoHeqnbrx enelreHros. HgeHrr.rQnxaunfl npoBoDJ nacb MeroAoM Qyururufi qyBcrBH-
TeJIbHocrH nepBoro nopflAKa, a raroKe MeroAoM conpfixeHHbrx rpa4reHroe (crvr., Hanpn-
Mep ,  [123 ] ) .

Cucreua ypanHeuufi
f  . t  r  I  r  I

tMt L, I : r^'1 tr J = L'J, s.37)
r l

n xoropofi 1f | 
- BeKrop y3noBbrx sHaqeHxft reMneparypbr; IMI - MarpHua Macc

(nnn EcrunQufonduur); lr( I - Ma'rpnl4a xecrKocrn; 4 I; | - nexrop Harpy3KH, pe-
[IaJIacb MeroAoM PyHre-Kyrra c HcnoJrb3oBaHHeM noanpo'rpa'r'ar'lrr FEHL H3 qporpaM-
MbI RKF-45 [ 19]. Heo6xoA]rruoe F;ts. npHMeHeHHr roAnporpzuMbr npeo6paroBaHue

717

o K c n e p H M e H T a .  T = 7 6 ; 9 =  0
OueHxa  1 ,61

d= 20;  Frs  = 5 ,8  a= 17,  Frs  = 4 ,2
0,45 0,67

n = 2
T(0,  x)  =

n = 0

C MoMeHTa BpeMeFM t = 0 ga c'qer H3MeHeHut reMneparyphl Ha BoAoBbInycKe

n = 2
f ( r , 0 ) =

n = 0

(4.3 3)

(4.34)

(4 .31 )

IrpoH cxoA]Ir nep epacnp e[en eIIu e reM nep aTyp bI no ATIHHe KaHarIa.

Ha soAora6ope reuneparypa H3MeHffercfl IIo 3aKoHy

t  <  t f i

>xp (nd , r t )  r rpH t  )  t t .

1 1 6



cHcreMbl (4.37) K BHAy

{ i }  =  r l , t t } )  ( 4 . 3 8 )

r i t ]  
= 

{. tr ,  72,.. .- ,Tlr,  
}  ,  t ,  -  Ko'Hqecrno yanon) ocyu{ecrBncrocbcnoMo-

ulbr,o MeToAa HcKnIoqeHHs l aycciL

Ovenuguo, tfro 3Ta 3a,qaqa oKBHBaJIe_HTHa! cJleAyroueft saqar{e ugeHrnenxa4iw7: onpege-
nHrb rpagr{rrHoe ycrroBne s (r) lntrg- G (r) I !,rtx ypaBHeHH, (4.3g) no'gorro]innrelrnofi
uHQoprrra4un (4.44).

HssectHrt roqHble peureHHff 3a,qaqH (4.39) - (4.44) Erfl crre[yl6lr1glx qacf,sbrx cfl]rya-
e n  ( a = l ;  r 9 =  1 ) :

I ) ecJrn

f = 0, To @\ = sinx + cosx, c)(r) =
= exp (- t)  ,  hG) 

= exp (- 1) (sinx + cosx ) ,

TO

s ( t )  =  exp ( - r )  ( cos l  -  s i n l ) ;

2\ ecnn

Peur ernl e o6 p aruo fi 3a,qar{H M eroAo M co np ff )K eHHbIx rp a,qu eHToB Ha:(o['rrrlo cb [ocp eAcr-
R n r r r  r r n n r r n o r n t M M l r  F M C G  |  1 ) ? l
Y Y t l a  l i Y - - - r : a r = : ' : : 1 - 1  a  _ : : Y -  L a - - t '

3Haqeiiuc (ryiixiififi qy-Bc-rriirer-ibHocT-ri onpeEer-ifiriiicb ii3 (a.3) mo+epeiiiiiipoB:iiiHeM
no HcKoMbrr"r xoeQQrqHeHralvr u no'cneAypr.lu{M perueHfieM [ony-qerurofi TaKLTM oopasorta
CHCTEMbI.  }

Erua perrlena cepnr TecroBbrx 3e[aq, B Koroprlx npu H3BecrHoM 3HaqeHHH 4 onpeAq'
nsilcs. flapaMerp a2. tlpu sroM paccMaTpHBirrrHcb cnrrau, KorAa roeQQuqnenr o2

nocrosHeH nN6o no scefi AtIuHe, lu6o rro orgenbHblM flacrKaM.
flpuMefiehxe MeroAa conptxefidbD( rlaErelrtoB npH rorlfihn( n3MepelnrE( !4llo yApB- 

/ = exp(_O [(4x2 _ l) sinrz _ 2cosx?],rsrBopnretllrlre pelynrratfi, Bnecesre [orpeutxocr{ E lt3Mqterst (E npelEltsx 0,5 "C)
nspyu-otro ct(o&rMocrb K r{cKoMHM r<o3o(brqlenraM, @(t) = 0, Io(r) = sinr2, ?(r) 

= exp(_1)sinr2,
C IIoMouFro Mcroaa OyEr<uIrtr qyDcl!'|TerrErrostlt yAuocr l|[eETlromuipoDaab 3saqe

Httt (t, xJK npt roqfilD( [3MepeH{tx, TaK s r{trr x3MePeButx c lorpeunocTEro. IIpr ' to
sloMt oAtlar<o' roqHoclb fio.tlJ tesEf,Ix o[eHoK oKalatacb cyuleclleryo 3aBlctulen Ka*oT G(t) = exp(-t) (sinI - cosl).

rotFEBl nSMEp*EftTaK r ort{x lorpeutrrocrt. 
s^P(_r'' turr - q,srr' (4'46)

B gax.nroqeHHe paccMorpHM 3a+qaqy ngennrQnrauun QyHxqufi, sxoryuyx B rpaHl{tl-
Hbre ycnoBH.f,, no AonolHnTenruofi nuQoprraqrH - r{3MepeHI{sM TeMneparypbl B BoAo-
er"re. Taroft npueru, KaK yxe oTMeqaJlocb, MoxeT 6rrrr ncnonrgoahg A'Ifl yToqHeHHfl rpa-
Hr{qHoro ycJroBHfl ua nog,oaa6ope, Qopr,ayrrnpoBKa Koroporo cBflsana c onpeqe[eHHblMlr
TpyAHOcTffMI{.

B raqecrge oguofi H3 MoAenbHLIx 3agaq Moxer 6rrm ucnonb3oBaHo pgtueHue 3aAaqu
o roqHoM yrpaBneHfiH Mfr nuHefiuoro napa6onrvecKonc ypaBHeHHt runa'[75]

d r  d 2 r
:-  =a------- + f(x, t)
dt dx2

c HaqzulbHbrM yc,noBHeM

T l t=  O  
=  ? "0 (x )

H fpaHHqHbIMH ycJIOBHfi MH

a r l
^  |  =  8 G )
d x l x = l

^"y l  
=  K1r rx - r -c ( , ) r ,

a t  f r = t
rAe K = const

Oynxuru f (x, t) u t's(t) 3n,r{anbr, rpe6yercn onpeAerHrb rpaHI{tIHyIo ynpaarlElouryK)

QyurcrrNrog(r)  [Hrn G(r)  ]  H3 ycr IoBHE

, 4.4. HilEHTHOHKATIHfl rrApAl\{ETpoB
IIIAHOBOff MOAEJIH TEnJTOTTEPEHOCA

, AaH_lbIx HarypHrx ua6nro,qesufi HaBo.qoxpaHHru.lqax (cl'.r. raK)r(e [106, 107]).ypaBHeHHe nrauosofi 3a,q,aqu TelrnonepeHoca Ar.fl Bogoxpar{HnHura-oxnag.71Tenfr. Moxgo
3am{carb B BHAe. (cru. rn. 2)

d r
a t  

+  Q r

o
+  P ^

oxz

rAe Q1, Q2, Ct, Cz - naptuerpbl Mo,qerIH (n naxHorvr qacrHoM cnwae ar= tr2 = a=
I = const).
' 

3aMerr{M' qro KoMnoHeHTLI et u q2 (o6rrvHo onpeAerlteMble H3 perrreH'r coorBer-crsyrcuefi nlaHonoft 3a,qarlu rlrApoErHilMurur) raxxe B HeKoropbrx cnrrafix Moryr pac-cM arpnB arbcfl K aK n4eHm$nqnp yeM br e nap aM srp br M oAeJrH.
'Illts soAoeMa npoH3Bonurofi B finaHe xonQurypar{wA npfl.tnas. 'rjr{aqa 

[r.e. ypaoHenne
r (4'+7) npn coorBercrBylou${x rpaHH'{Hbrx r 

"ru*""ri* 
v.itor"r*lTo** 6srrr peueHaqHcJIeHHo, HanpHMep MeToAoM KOHeqHbIx 3JIeMeHTOB, T.e. cBeAeHa K perrreHHlo MaT.pIFtHo_ro ypaBrreHrfl. BHAa, aHaJrorrqHoro (4.37) ,

(4.4s)

(4.47)

(4 .48)

t19

d r l
^ l  

= Q ( t )
o x l x = 0

(4.3e)

(4.40)

(4.41)

(4.42)

(4.43)

0 r  d r  a  f  D r \
*  

* q z f . - , = P i - , ( " o d ; ) .

( o , r g ) .  I  r . ,  r  + C 2 ) ,
\  o x z /  c

T ( x ,  t s )  =  T O ( x ) ,

rge T6@) - 3a,q,anHarl Qyurqnx.
1 1 8

r M t { i }  +  r K t  [ ' j  =  
{ " }

(4.44)



B AaHHOV ilyqae MarpHrly xecTKOCTH MoxHo npeAcriIBHTb u BHA€

m

lK l  = [Kol  + t  \ r  [x ;  l ,
i  = 1

r .Ae  ) . , .  ( t  =  1 ,2 , . . . - , f f i )  -  ng ,eHrN4nUupye t {s le  napaMeTpb l ;  [K t ]  ( t  =  0 ,  1 , , .  .  ,

!12) - ieqaB4c4M11e o1 tr;: Mar^Dflubl.
- . -  ^a^ . -oouosus 7A AR\ nn l .  .  n( ) twa€M (g nOenuonoXeHHI ' I ,

AH(pq)cP€nunPyx ( r ( re sdLrn JP@rrv^rrvr  ^- -  " t

qro { F } He 3aBHcHr or tr; )

;,t*l + r,(, l# ] 
=-rK,l t,]

{ * r t  l r ; r .  }  +  I r l  Iw .  I  =  - [K , l  { r1  .  (4 .s1 )
v t ' t  L " . i  J  

'  [ ' * J  L " r  J  t " l r  L - J '

rre i  --  t ,2, .  ,  , t l ,  
{  ",  }  

= 
{#} 

-BeKrop eHaqe'HfigyHxuufiqyBcrBn-

renbHocTH B y3nax *o".u"o"n"i""tJou 
""[;l | ,

Taxuv obpasoru, npn H3BecTHoM BeKTope 1f l 3HaqeHnff Qyttrc.fufi qyBcrBurenbHo-

cry MoxHo oIIpeAenHTb u3 perxenuff ypaBHeHnd' C4.5 1), auanomvHoro ypaaHeHHlo npq-

MoR 3ilr,arrH (neveHNrcr nn*afl*as qac-rs).

B crargrosapHoM cnv-.rae 
f 

= 0 n ypaaHeHut (4.48) u (4.51) nepexog,rr s arre6-

pa6tecr(He. PeUreune npxr'lofi 3a,qaqg cBoAI{Tct K perXeHHrc cHcTeMbI

t r l  { r }  = t . i
3uaqeHHq QyHrcrnft t{yBcrBuTenbHocrH onpeAenffIorcff H3

d r
q t  

a * ,  
+

dr
Q z ^  =

oxz

0 r
' * r  +

+  Cz) '

(4.4e)

(4.s0)

(4.s2)

cHcreMbl ypanHenufi

(4.s 3)

(4.s4)

(4.ss)

t r l  { r r }  = - [ K i l t . ]
-  

L  
- )

B xa.tecrBe npuMepa paccMorpnM
ra TeMneparyponpoBoAHocrH a wf'
o nHcbrBaeMofi ypanueHner"t

3aAaqy ngeuruQnrcaqnu cyMMapHoro xoeQQuqueH-

crauuoHapHofi nnaHosoft vogenx relrnonepeHoca'

a  0 r  \  I
+ H--- ' - -  l+

d r z  A r z  )  c

'"(t*
( C r T

cocrasnsnu.u{e MaccoBoro pacxoAa Q t H Q2 npewapHrelbHo o[peAeJlsnHcb Ha oc-

H6BaHHH perxeHgr raKxe McroAoM KoHg{HbIx gneMeHToB rmaHosoft crauuoHapHoft aatraqn

ruAPOAHHAMI,iKH.
B pu".rutpHBaeMoM qacrHoM cJrrtae ypaBHeHHe (4,53) npHHuMaeT BHA

r ^ ' t

t " l  I  # l  =  - rKrr  t ' )  ,-  
Loo  J

a HrepauuoHHas npoue[ypa onpeAeJrflercx Qopt'lylofi

?*r ( ' ) ,  
* ; )  t { .  -  r (a(s) ,  x7)  I

o ( s + t )  =  o ( s )  +

120

t
I

tu2 (o( t ) ,  * i  )

(4.s 6)

2
rFj

\ !f'=2 kf=ori

V I
-t

I \ Itf)=o,s 4f)=z
/ V

,/ / \

\
\

5
6
+

t

2

I

0  |  2  J  r  t  s  6  0  |  2  J  +  5  s 6

Puc. 4.4. XoA HrepaunoHHoro npouecca npu recroBoft uAeurnQuxauun xoe$Qrqlrenra
k s n  ( 4 . 5 7 )  ( k o  =  l ;  k r = - 2 4 , 0 ,  k 2 =  0 2 2 3 ,  k 3 =  5 , 4 L ;  T l * r = 0 =  I I r ,  = 0 j  = 2 5 , O ;

T l * r=0  =  40 ,0 ;  T l * z= r , . ,  =  30 ,0 )

^ . ( s l  ,  &
rAe T(a"""  rx; )  n f i  -  coorBeTcrBeHnopaccqnraHHbreHH3Me,peHHbre3HaqeHH.sreMne-
parypbr B ToqKe, xapaKTepHsyeuofi BeKropoM xoopA[Har x;.

B (4.56) cyMMHpoBaHHe npoH3Bowrrcfr TorrbKo no reM y3naM KoHeqHo-errevenrHofi
cerr(H, B Koropbrx npoBolunncb H3Mepeuux, Marpuua BecoBbrx MHoxnrenefi npvHflTa
eEunuqnofi.

B xaqecrBe recronofi 3a,qaqu paccMarpnBarracb ugeurrQnxaqux napaMerpa kg B

02r d r
+ &o ----:-  + kr;- + k2T + k3 = 0

dr i  oxz
(4.s7)

c nocTosHHurvrn xoeQorUuenrar"rH H rpaHI{ttHbrMH ycJroBHtMr{ nepBoro poEA, HMero[IeM
B groM cJrryae aHannTrrrecKoe perrJeHve F:lfr npfiMoyrolrHoft o6ragrn.

Ha pnc. 4.4 npegcraBJreH xoA HrepaqnoHHoro npouecca, omdcbrBaeMoro (4.56) ffiq

ADyx 3naqeHufi naqarbHoro npn6nuxeunr fro(o), orrHrrruou4rxct or "HsflrHHoro" 3Ha-
qeHxs ko = I n 2 pasa npu ucnonb3oB:IHHH B Ka'{ecrBe roqex nsuepennfi TeMneparypbl
Bcex y3rloB KoHeqHogJIeMeHTHoil cerxu. Cxoglrrtlocrg HTeparluoHnoro npouecca oIreHr{Ba-
Jlacb no cpe4lerca,qparr{.rHoft pa3Ho accqr,rranHblx H H3MepeHHbrx :HaqeuHfi

q = (4.s 8)

rAe -l/ - qr{cJro nsueperulf,.
Kax uoxHo BHLerb, HTepulnoHHrfr npouecc cxorufrcr s o6onx cnytatx x mo6anr-

HoMy MrrHHMyMy J (kd sa HecKoJrbKo Hrepau.nfr. llpn oroM '{ucneHHbre sKcnepuMeHTbr
NOKA3AIIH, IITO 9TO HMEET MECTO TONbKO A'Iff HEKOTOPOTO AHAITA3OHA H3MEHEHHS HA'{iUIb-

Horo rpu6nuxerurs 0

HbIx /re) . tlpu to(o) > k; HreparluoHurrfi npouecc Moxsr pacxogr{rrc s. Hrrn sxogl{r6-
ctl K JIoKilnbHbIM gKcrpeMyMaM, pac[ofloxeHnblM n o6nacru orpullarellbHlx guarlerrufi

k6  @nc .  4 .5 ) .
Hccnegonafir4e Bnns,Hut wt6opa qficla il nonoxeHlllt rpqeK usttepewnfi Ha pe3ynbra-

TbI HAeHTuQuxaqnn noKa3uuro, rrro B AaHHoM cnyqae yMeHbureHneqvurzroqeK npH Aocra-
TorIHo p:lBHoMepHoM I{x pacnpetreneHnn no obnaqru npaKTrfiecKu He BJru4Fr Ha xo[ HTe-
palrnoHHoro nPouecca (puc. 4.6). B ro xe BpeMr HepaBnoMepHoe pacnpeAeJreHlre roqeK
yx yAuraer eQQerrrn Hocrb H Tep auno uHoft nporl eAyp br.

! 2 1

N

?14  -  r@$) ,  * ; ) i 2
I
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I'xc. 4.5. 3asucr{Nrocrb o(ko) g,nr recronofi
3agaqH nAesrnQuxaqnn

HcpneAonalHcb raKxe cn'^litu' KorAa 3Ha-
qeHHt uruepeHufi orJluqanucb or aHiInHTHqec-

Koro perrreiun (s cpe,AHeM sa 6-7Vo). tluc-

JreHHbIe gKCnepHMeHTbI nOKa3aRH' qTO TaKat

ounl 6xa "natrepernrfi " npaKTIfi ecKH H e Brlttt-

er Ha pe3yJrbrarbl HgexruQnxauuu (puc.4.1) .

Orurcanxa-s MeroAHKa perueHn.fl o6patuofi

uaHosofi 3a,q,aqr TeruIonepenoca 6rua sc-

nonb3oBana Anfl oueHKIr cyMMapHoro xoe$

Qurryeura reMneparyponpoBoAHostrr o no

THMeIoIIU{Mct HaTypHbIM Ea}IHbIM Ant ptAa

BoAoxpagnnnrq-oxnanrreneft T9C u A3C'

I t
I

I t \\rYtn?+s
t5J

i /t v
\.

f
\ \

--\
- - j

5

kl;'

2ro

lr0

6
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Puc. 4.6. XoA HrepaudonHoro npoqecca npu Hcnonb3oBaHHH B

p a3nEq HOro qHcrla y3noB KOHCIHO3JIeM eHrnofi cerKH

k{"

1rl

lro

o o - 7 - T t + 5

Ptc. 4.'1 . BnssHne norpeurHOCTH xarrrepeHxfi Ha xoA HTePaqHOHHOTo npoqecca:

KaqecrBe roqeK naueperuafi

otj

t
t

I\
,

I
t \ \ .

i/ V
/ \

\
\

\
\

\

\

\ 4
I ,rr.t

t22
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Pnc. 4.8. BocctanosneHae napaMerpa a no
AaHHbrM narypuoft cbeMKH An.f, BoAoxparru-

Jruua-oxn^aAr{rens 3prnescxofi IPSC (a (0) =
=  1000  v2 lc )

Ptlc. 4.9. 3asucnvocrE qucla rpe6yevux nrepauufi s'rp or HaqanbHoro npu6nnxeHnx
npn qAeHTxQnxarlnn fiapaMerpa a Wfl BoAoxpaunnuqa:ox-na$lrer.s 3r"ruescxok IPOC

ft2
dc

n r

f i0

til

I
L

6:c

f i l

f i o

5rg

7

U-t no rur ruz a@rhz/c

J

2

I
0

l0'
0

C t r  B

+0

J5

JO

z5

z0
s . f

fu-t fuo fi, 02 arn2/c

Puc. 4. 10. 3asncul'tocn o(a), non)ryeHHAA B pesynbrare quclreHHbrx aKcnepfiMeHToB Errff
B ogo x p aur.rrrH ula-oxn 4qur en x 3 MH en c xofi f P3 C
Pnc. 4.11. Xon HTepauuoHHoro npoqecca npu BoccranoBJreHun rcoesQnuuenra ap no
HaT)? HbrM A:lHHbrM AJI.E B oAox p aHr{nfiqa-oxra,qHTeil.s 3 rvrl en c xofi f P gC

Pncynor 4.8 unnrccrpHpyer xoA r{TepaqnoHuoro rpoqecca npn nAeHruSuxaqm xoef
Quqneura a B oAlroM H3 r,rccneAyeMbrx cJr] raeB (g,.nr nogoxpafir{.nurqa-oxlalplren.s 3r.lu-
escxofi fP3C). 3HaqeHne HaqanbHoro npu6rmxeHns 6ruo Bbrrue HcKoMoro npHMepHo

Ha ADa noptqKa (4 (o) = 1000 ru2/c). Hrepaquonnrrfi npoqecc cxolHrcr r< rnobanlHoMy
MHHHMyMy QyHrculoHarra, Aocrr.rraeMoMy rrpr a = 12,4 M2 lc, npaKTr{qecKu yxe Ha rpg
TbeM lrlare. IIpr SToM cpe[HeKBallparrfiHat pirHocrb paccquTil]rHbrx Ir H3MepeHHbrx 3Ha-
qeIruft reMneparypbr cocranuna 0,6 

oC.

Kar- noxagarln rtrlcneHHble gKctIepHMeHTbI, B AaHHoM qacrHoM cJrflae npn nn6ou
0 ( a0 < 1000 na2/c HrepaqlroHHo npou"nypa npHBoD{r KrrpaB'nbHoMype3ynbrary
nocfle HecKoJrbKrIx ruaroB (pnc. 4.9), a Mr.rHr{Musupyeurfr $yHxuNoHan HMeer s eroft
o6rasru H3MeHeHlrs roJrbKo oAI{H gKcrpeMyM (puc. 4.10). Brvrecre creM BoccraHoBJreHne
KoeQQlrqHeHTa,a tro EaHHrIM TeM[eparypHbD( cbeMo" 

ry:- 
Apynrx BoA,oxpaHunxlu-oxJra-

Aurenefi noKa3arro, r{To B HeKoropbD( crrratx nrr6op o (o) 
ro*"r 6urrr cyrqecrBeHHbrM.

flpu erona oKsitiutocb; qTo nonoxHTenbHbre pe3ynbTaTbr qaule AocrHranTcfl, Kor,qa B Ka-
qecrBe o(0) n"nont3yerct np6oe noroxurerrbloearMeHblree npe4nonaraeMoro HcKo-

m2.  "c )

/

/

/



- c r,Bt/(nz'"E) a rrltl(n?'oc)
+0
JA

arnz/c l+
tz
t0

6roc J

60
60
40
20

cz'n: z
Bt/n2 |

0

6roC

2
I

0

5  s E

Pllc. 4.12. Xol HrepaqgoHHoro npouecca npn o,[noBpeMeHsoft uAeHtnQnrauun napaMer-

poB C1u C2 no HarypHbrM.AaHHbrM Anc BoAoxpaHHJIHIrIa{xfla,qI{reIIfi 3t'{Hescrofi |PSC

Pnc. 4.13. Xon HrepaunoHHoro npouecca rrpH oAHoBpeMeHHofi nAesruQuxar$u napaMer-

poB A> H d no HarypHbrM AaHHbrr'r AjrIff BoAoxpaHHnHula-oxna,q,Hrent 3r"rHescxofi IPSC

Meno. flo-sHlu{tv{oMy, 3To cBfl3ago c reM, qro Bo Bcex Hccne[,oBaHHblx cr] Iaffx JIoKaJIb-
Hbre 3KcrpeMyMbr QyHxqllonana J (o) pacno.naranl{cb s o6nacrn orpnlrarerlbHblx a.

B paccrrlorpeHHbrx npHMepax o6parHa.n 3agaqa peuiulacb B npeAnonoxeHl{I{ H3orpon-
Hocru npoqeccoB ryp6ynenrHofi N KoHBeKTHBHofi 4nQSy3HH Termorbl B BoAoeue. C no-
Moulbro omacanuofi MgroAr.rKLt 6rnn ncctefl,oBaHbr dy9tM, KorAa He )^IHTbIB:rnacb AITOOy-
3ufl Teflirorbr nonepeK noroK4 a cyMMapHuft xoeQQuqueHr reMneparyponpoBoAHocrrr
Btronb noToKa npHHHM:ucs flocTofiHHur"r, 3nageHms. a npLI sToM nonyqHrlHcb HecKoIIbKo
BbIlxe.

florrlnuo cyMMapHoro xoe$QuuneHra reMneparyponpoBoffrocrl{ B ypaBHeHIrH (4.47)
MoryT 6rrrr ngeHuoHUfiposilHbt raKxe KogQQHqfieHTbI C1 u C2, ollHcblBiuou-Ure renno-
noft norox qepe3 cro$ogHylo noBepxHocrb BoAoeMa B npuHunne Bo3Mox(Ha u4enrnQu-
KaIlHr o,qHofo H3 orr{x napaMerpoB HnH o6onx oAHoBpeMeHHo, nprqeM nocJIeAHHfi cnyua-ft
cooTBCTcTByeT BOCcTar{OBneHHrO nO HaT}T)HbtM EaHHbIM noJlHoro BBIpDKeHfiS AIff Tenno-
BOrO noToK&

EcnN xonoJrb3oBarb Atrr paqera rennoo6ueHa qe,pe3 cno6og,xyto rloBepxHocrb 3aBH-
cnMocrr.r, peKoMeHAoBlHHbre s [92], ro rorAa Ct H Cz 6ynyr ] tnrbrBarb relrloorAa-
t{y HcnapeHHeM H KoHBexqubfi, a xoeQQHrIHeur C2, KpuMe roro,6yAsr BKnnqarb cocraB-
n.xrcng{e pa,quaqnoHsoro 6anauca. B cn.flgu c srHM BMecro onpeAeneHnt otrproro napaMer-
pa C1 [enecooopaaHo nAenruouunpoBarb rcoeQQntlllerr dpr Hcnonb3yt BbIpa)KeHHe
TeruroBoro floroKa B BHAg (2.30). B ro xe BpeMt Ireo6xo4lr'to orMerurb,uto ugentuQu-
KaIIHs oAHoro xoeQQnqnenra C2 c noMorIFIo olrHcaHHoro BbI[Ie MeToAaHe MoxeT [pH-
BecTH K noJIo)I(HTeJrbHbIM pBynbTaTaM, nocKo'|bKy ypaaHeHHfi CHCTeMbI EIIfi onpeAelle-

d r
Hr{t 3HaqeHufi QynxqHfi uyscTanrellbHocrH;= He 3aBHcsT or C2.

dCz
Kax noxagang qilcJreHHbre sKcnepuMeuTbr, Merog QyHKrlHft vyocrnxrenbHocrl{ nptl

HAe$TH@HKarrHH rapaMerpa C1 (nm ay) Aaer npnMepHo raKyn xe cxoAl{Mocrb p€ynf,r .

TaroB, KaK H npu HAeHrlrQnxauuu nap-ar"rerpa a. Ha pyc. 4.I1 npegcranneH xoA HTepa-
UHoHHoro npoUecca npH BoccT:lHoBJreHI{H 45r no AaHHbIM HaTypHbD( Urrrleperulfi AIIf, Bo-

AoxpilHuJ[rura-oxnag,Hrelx 3pruescxofi fPSCs oAHoM H3 HccJIeAoBaHHbIx c.ny.laen. Karc
MoxHo BHAerb, xapaxTep cxoAuMocrr{ HTepaqnonHoro upoqecca K rrro6alrsoMy MHHrr-
MyMy Synxquonnna 3gecb raxofi xe, KaK H npu xgeHrnQutcu\rtrl o.

flor'luuo pa3AeJrbHoro BoccraHoBJreHnfl napaMerpoB B ypaBHeHrIH TermonepeHoca 6rr-
nH Hccrre1oBanbr Bo3MoxHocrg HgeHruQnxauun B ypaBHeHHI{ (4.47) oAHoBpeMeHHo
HecKonbKnx rcoeQQxrIHeHToB. Pucynor 4.12 uwtncf,pupyer xoA HrepaquoHHoro npoqec-
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ca npH oAHoBpeMeunofi ugeHnr$nxaqru ct H c2, aprc.4.l3 - npx ogHoBpervrenuoft
n4enrnQnxaqun aD H a Wfl BoAoxpannnnura-oxJra,u,Hren.s 3r,,ruescxbfi lpgc-. Kax no-
Kill:lrlH rMc[eHHble-xcnepuueHTbr, I{cnoJrb3oBarrl{e Mef,oAa Qynrarnfi r{yBcrBgTenbHocrg
H B CIIy'qae oAHoBpeMeHHoro BoccraHoBrreHHr ryx napaMerpoB Mo)Ker npHBecru K no-
JIOXHrenbHbrM pe3ynbrar:M. oAHaro no cpaBHeHHro co cJIwaeM uAeHrnQuxauurr oAHoro
napaMerpa 3Aecb 6<inruryn ponb Hr.paer sri6op HaqarrbHoro npn6nnxeHu-r.

flpnr egermbl e npuMepbl Ir,qeHTu+HKauHH 6anaHconux, oEHo MepHblx H rma-
HoBbD( MoAerlefi Te[nonepenoca B BogoxpaHrr,rrurrlax-oxJraAlrrerrfix [oKa3brBa-
rcT, qTO TaKOfi nOAXOA B p.fiAe CnrraeB MoxeT n$fiTbcfloQoercrruHbrM cpeAcr-
BoM orlpeE.enel/^ufl. (unn yroqHeHnfl) naparvreTpoB Hcnorrb3yeMbrx Qenolvreuo-
JrorEqecKID( MoAenefi u noBbllueHufl rurQoprrlarllBHocrr{ Har)?Hbrx HccJIeAo-
BAHI.Ifi.

IIpu arorvr cne[yer, oAIraKo, HMerb B Bnily, rrro orrbrr peLue;rinn o6parnrrx
3a'qaq rHApoII4I{aMI{KI{ H TerrnonepeHoca npHMeHHTeJIbHO K yCnOBr{fM Botro-
xpaHHrII{q€xJraAI{TerIefi rloKa orpaHnqeH, paccMorpeHnbre Bbrrue qacrHbre 3a-
AaqH HocflT B ocHoBHoM MeToA[qecKl,tfi xapaKTep, a HMerou.U{ecfl B Hacroflrrlee
BPEMfl EAHHbIE HAT}?I{bIX I{CCJICTOBXHTIft HE BCETAA MOrrT 6rlrr AOCTATOIIHO
oQQerrnaHo Hc[orb3oBaHbl AtIfl perueHufl raKrD( 3aAaq. Iloorouy Heo6xo4r{.
MbI EarlbHeftunre HccretroBarll{ff no pa3BHTHro KaK MeroroB pe1II eilufl 3a,qaq
I{treHTI{QuKar\ilv, TaK I{ TexHHKI{ [poBe4eHrrr sKcnepHMeHToB na SusrvecKux
MOAenffX H HaTypHbrx ooler(Tax.

Fnaea 5

OI,I3 I{TIECKOE MOIIEJI HPO BAHHE
rHIPOTEPM}FIECKID( NPOUECCOB

5.I. OCHOBbI TEOPHH NOAOEHfl H AHAJIH3A PA3MEPHOCTH

ocuonHofi 3aAaqefi Qnruuecroro MogerrupoBaur{fl, KaK H3BecrHo , fi;3nfrercfr.
ycralloBneHHe npaBHn nocTpoeHnfr. MoAerrfi r flepecqera pe3ynbraroB ee r{cc[e-
AoBaHI{ft Ha HarypHblfi o6beKr. TeoperuqecKofi oiHonoft 6uauuecrcoro Motreng-
poBallllff IlPoqeccoB ffBJl.8lorcfl Teopn.fi lroAo6l{t (n ee pa:urnrtHbre o6o$111e-
Hufl) r{ aHarrH3 pa3MepHocrefi.

Bonpocarvr reopul{ noAo6Hfl I{ aHan}r3a pinMepHocrefi, a raKxe Hx npgno-
xeHH.EM K BOnpOCaM MoAerlnpoBaHr{.fl fl{gpaBJrr{qecKr{x H TerrrroBbrx ffBrreHHft
nocBffuleHa o6utrIpHafi. nnreparypa (crur., HanpHMep, [31, 59, 63, ggl, raM
xe uMeerctr noApodnan 6u6nnorpaoua). floorouy HHXe Aaercff JrHrub Kpar-
Kirs xapaKTeprrcrHKa flpH]rr${flHilrrbHbrx ocHoB Quanvecroro MoAennpoBaHufl'
a ocHoBHoe BHHMilHile y4elrflercff ocodeHHocrffM MoAeJrr{poBanfifr rgApoTep-
MI{qecKI{x [poqeccoB B crparHofirrraposaHlrbrx BoAoxpaHHrrHurax-oxjraAr,rreJrrrx.

finn uzyte*vfr. frBilenufl. Ha MoAenn Heo6xonnr"ro, qro6u MexAy xapaKTe-
PHCTHKAMH HATYPbI H EC MOAENI{ CYIqECTBOB:IIIO B3AI{MHO OAHO3HAqHOE COOT.
BeTcrBHe. Oopr"6r SToro coorBercrBvIfr B flpnHrlr.r[e Moryr 6urn pa3rnrrHbrMlr,
o,qHaKo npH +u3HtIecKoM MoAenupor,atwn o6rrqso ucnorrb3yercff nr.rHeftHoe
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cool*nercTBlle MexAy MoAerIbIo n Harypofi' T'e'

oXX* = Xn,

fE€ Xu, XH - 3HarIeHu.E Betu{qullbt X uaMOAeJII{ I{ B HaType; ay = Const -

MACluTAo BEIIIfIHHbI X.-f"*oi 
toot"trarBue o6brrno rI H&tblBaercx noAo6HeM, a BGIIII.IHHbT Xu

fr X^- noAo6HbIMH.
Fiio6xonnt*te 11 trocraToqtble ycrloBl{fi noAo6H.E onpe4enflroTcfl ADyMfl

reopeMiuu Eeprpana, np.EMofi n ofiparnofi,- xoropble 3trecb npgBog1rTctr 6e3

troKa3arellbcrBa. Ilepran reopeMa (npnnaaa) ylBepxAaer' rlr-o y 1rotro6llblx

Susruecrclx qpoqeccoB cooTBeTcIByIouS{e KpHTepHII noAo6H'E paBHbI'

STHM yCTaHZIBnHBaeTCfl HeooxoAuMoe ycJIoBHe [oAo6l{.fi .

Bropax reopeMa (o6parHa-n) yrrepxAaer, qro npoqeccbl' oul{cblBaeMble

oAI{HaKoBbIMI{ cHcTeMaMI{ ypaBHeHHIi, 6y$rr [OAO6HbI' 9CJII{ !D( COOTBSTCTBy'

rcu$e KplfrepnH lloAool{fl paBHbI.

Ocxosofi A,IIE no1rflewrf,, yciloBgfi (xpmepueB) 1roAo6un nsrrneTcfl Mare'

MaTrflecKafl MoAeJIb 
-(cucrer"ra 

ypaBHeHII* u ycnoBl{f, OAHo3HaqHocTI{) rane-

Huf. .UDe cllcreMbl ypaBHeIIHfi u yCnoBnft otrHo3HaqHoCTH (sarnrcamtble g;.Ifl

MOAerrH r{ HaTypbr B 6e3pa3MepHoM Brfle) AaIoT oAI{IIaKOBbIe peIIIeHu.E EI.fl' trc'

KOMbTX BeIIIIIHH, ecflI{ 3TH cHCTeMbI HMercT OAHIIaKOByIO CTpyKTYPY' a BXO'

Aflulue B HHx 6eeparrraepHbre KoMrrrreKcbr (KpHrepHu) paBHbI.

Tar, ecIIH HecTaUHoHapHoe ADIDKSHHS C)KHMaeMofi Bfl3Kofi )KHgKoCTI{ oru-

cbrBaercfi ypaBHeHgfirrm Hasre-Croxca n Hepa3pbIBHocTI{ (cr"r. rn' 2), to

(c 1nleroNr coorsercrBylory[x ycJIoBIili oAHo3HaqHocrH) yctloBn's no4o6ltfi

Aaror qerbrpe Kpnrepn.E: Sh = idem (rcprrepnfi Crpyxun Hnn_loMoxponHo'

;;j-, fil iaem (xpureprfr Opysa),- Et = idem (rcprneprfr9finepa), Re=
= idern (xpra-repnfi PeftHonbAca). B cnytae ycraHoBllBurerocE ;pHxeHun KpI{'
'Tepr{ft 

Sh = idem BbrnatrAeT, B crytae fteTa CTpaTHOHKaIIHI{ noToKa IIoffBJIff-

ercf EonorIHHreIIbHoe ycnoBHe nogoEun (cu. $ 5.2) u r'A'

AnalOrnrHO ypaBHerfle KoHBeKTHBHoTo TennonepeHoca H COoTBeTCIBy-

rcrrlge ycIIoBI.Ifi oEIIo3HaqHocTH AiuoT yCnoB11E noAo6nr TeIIIIoBbIx fiBneHl{fi

B IIOTOKe )I(HtrKOCTH.
HCnonrgOBaHHe MSTOIOB TeopHI{ 11OAO6Hfi' OqSBHEHO' BO3MOXHO' eCnI{ HMe-

rorcff MareMaruqecKilfi MoAenb rlpoUecca (ypanHeruan coxpaneHufi' Yffio-

Blr.fi o[,uo3HaqHocTl{) 1a.11n Kpl,mepl4Ia noAo6}Ifl. Eclx HeT ypasueHl{fi ADuxeHfifl

lr He HMeercfi rursopvraul[ o treficrByrousD( cIDIiD(, To crleAyer npllBneKarb

armapar iul uIrIH3a p a3MepHocrefi .

OcnosHofl a[napaT aHaIIH3a pa3MepHocTefi coCTaBIIf,IoT Tpn TeOpeMbI' Ko'

Topble raKxe rIpHBeAeM 6eg AoragareJlbcrBa:
1) reopeMa o pa3MepHocrflx: pa3MepHocrb ttpol{3Bogllofi Qusruecrcofi ae'

Jrr+rHlIbI npeAcTaBJI.fieTCf cTe[eHHbIM OAHOTIIIeHOM pa3MepHocTeH ocHoBHbIX

eArrHr.Iq surruecxD( BeTIFIIIH ;
2) r.bp.*a oAHopoAHocrr{ (Oypre-Eeprpura): Q63rqecKne 3aKoHbI BbI'

paxapTcfl cBff3flMr{, BCe qJreHbr B KoTopbrx HMercT OATIaKOBbIe pa3MepHOCTH;
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3) zr'TeopeMa (Eyxrnreua): cnnab MexAy n pa3MepnbrMu Berlaq1r{aMH,
s Ir3 KoTopblx HMercT He3aBucrrMbre pa3Mepuocrn, MoxeT 6rrrr 3aMeHeHa
cBff3bro MexAy rr- s 6e3pa3MepHbrMH BerrHrrHHaMH.

IUI{pOKOe npr{MeHerMe npH u3}^reHHu rr{EpoTepM[qecKHx rlpoqeccoB B BOAO-
xpirHrrrIHIrID({xJraAI{reJIff( (u"r., Hanpr{Mep, 124,25, 631). npu sroM cJregyer
orMerHTb, qro TeoPHfl I{ MeToArrI(a QuenrrecKoro MogenupoBilnr{fl grID( 11poqec-
coB pa3pa6arrBaracb B ocHoBHoM s SO-x - 6Gx rotrar( B cBfl3r{ c Heo6xotrfi-
MOCrbro perueHu8 MHOTUX npaKTr{qecKrD( 3aAaq rerurrq@Koro BoAocHaoxe-
HI4fl TeIuoBbIx 3neKTpocralqnfi (rcorga Bo3Mo)rfiocrr{ rtncrelffioro MoAeJru-
poBaHIIfi 6UU eule BecbMa orpaHnemr).

B nacroxulee BpeMfl MeToAbr rtncneHrrc)ro rl +H3r{qecKoro MoAenr{pog1a1ufl.
BO MHOTID( Cnrlaffx frBnflrcT9fr, B3ar{MHO trOflOrlHflrorrs{M}r cpeAcrBaMrr Hccfle.

. AOBilHr{f, cJloxHbrx rHIpOTepMrfrecKrD( npoqeccoB.
ogHorperrennoe qpHMeHeHI{e qucJrenrroro ll rnApaBnuqecKoro MoAerrnpo-

BaHUff EIff peIIIeHl{n pa3rIHlIHbD( 3aAaq peaJrH3yercfi npu HcnoJrb3oBilHHr{ TaK
Ha3brBaeMrx "ru6pl{Egbrx" MoAenefi [63]. O6rr,nro rc "rH6pugroMy" Mo-
AeJTHpoBaHHIO OTHOCf,T BCe fiy,ral{ [pHMeHeHr{.ff B oArroM l,IccfletroBitHHu pa3-
rIItrHbD( cnoco6os MoAenupouanrlfl' OA,rraKo pea[il3oBaH raKofi 11o4xog Moxer
6rrm no-pa3HoMy.

JIU HCNOJIb3YIOTCf, EITfl ONPE trEIIEHWN HEKOTOPbIX NAPAMETPOB MATEMATHqCCTOfi
MOAenil.

EIrle o4lu nyrb HcnoJIb3oBaHI{ff "rn6puproro" MoAetlupoBaHufl - Hcc;1eAo-
BaHHe Bo3MoxHocrefi H KoppeKTrrpoBKa qucrrerrHofi protrenu Ha ocHoBe conoc-
TaBtleHrrfi pe3)[IbraroB qHcrIeHIIOrO MoAerrHpoBailrlf,., nofl]ryelrHbD( npHMeHH-
TeJrbHo K ycnoBl{flu Quaruecxofi MoAetrH, c coorBeTcrByrorrluMu pe3)nrbra-
TaMH nsuepeHni.



5.2. YCJIOBH.fl IIOAOEHfl YCTAHOBHBIIIHXCfl
NHAPOTEPMHIIECKHX PEX(HMOB

Vcnonns noAo6ns ycraHoBHBrrrlD(cs rHAporepMIrIecKHx pexl{MoB B crpa'

rHQnrurpoBarrHbrx BoAoxpaHHnHrrltx-oxJla,4rrTen.fix Ha ocHoBe cTaI$oHapHbIx

ypaBHeHHfi rugpoglrHaMnKli H_ Tei-u-ionepeiioca 6ninu tsnepBbie BbiBeEeHbI H

npoaxaJril3npoBanbl B 124, 251,- 
Ypanxerlr-a FnXeHu.s BoAbI n Qoprr,re Haere-CroKca' ypaBHeHHfl Hepa3-

pbrBHocTtt H ryp6yneHrHoro_. TellnonepeHoca rgr1fi' gpyxcflofiHofi pacuerHofi

MOAeIII{ 3:LIIHCbIBillHcb B CneAylolqeM BIIAe:

1) uln Bepxnero cnon

3aancnuocrb rurorHocru or reMfleparypbr fipuHr{Marracb B BHAe

p  =  p o  [ l  +  p ( T o -  f  ) ] ,

Ha rpannue pa3trerla eJIoeB n^DHHI{MarIHcb ycnoBnff paBeHerBa ercopoerefi
rloroKoB, KacareJIbHbD( Hanpffxenufi, AasneHrtri, TeMneparp H TerrnoBbrx no-
ToKoB. Ha cso6oAnofi noBepxHocrn noroKa Aorlxnbr 6rrrr 3aAaubr EaBrreHrre,
cl{Jrbr TpeHr.''., TeMnepaT}?a (unu ycIIoBHe reruoo6rvreHa c Bo3AJD(oM), 

"tAHe BOAOeMa - paBeHCIBO Te[IrOBbrX nOTOKOB.
B 124, 251 ycnoBr{e reunoo6uena Mexgy soAofi rr Bo3AyxoM npHHH-

MaIIOCb B BI{,qe

= a(r - rr) * rgn@;g) - p;g)) +

+ ko[(T + 273,15)o -  (Tp + 273,15)oJ, (s 4)

rAe trr - rootfQqueHT Terno4poBoErocrr{ Bepxxero crrof xr{Al(ocrr{i a,
Pp - roeQ$rurrreHrbr rerno- H MaccoorAaqr! Tp - paano;ecnafl reMnepary-
p'a ao4oertra; r - cKpbrraff remora napooEpasonarurni F;(n - rapqnarrb-
Hoe EaBrreHHe napa y no4nofi noBepxuocrl{ npl{ reMnepary?e ucnapfrrcrqeftcs
xr{gKocrr{ T; k - roeQQluryeHr npo3parrHocrn arMocQeprr; o - rcoeQQu-
rI[eHT r{3Jr}^reH[E a6conrcrHo qepHoro rerra; T - reuueparypa, KaK H pa-
Hee, B 

o 
C.

AHanng ypaBHeHufi (5,1) - (5.3) u coornercrByrou-u{x rpaHuqHbrx yc.noaufi
Mero4aMr{ reopur{ notro6u.s npuBotrrr K Agyrv! rpyrmaM ycnonnfr (xpnrepnen)

noroKe; PAT =
6 p  P n -  P t

p 
n 

- ImoTHocrb Borbl oxragl{BEleHcf,
P 1

(s.3)

" tu i  
=  s i  -  

h#  
+  v ,  Y?v,  +  g ,PAr ;

d 1prv1)

d*i

A T
v . -
1  D x i

H3rr)^IeHu.fi.
Iloc,leAxee cflaraeMoe B upauofi qacr]I nepBoro ypaBHeHl{ff (5.1) fII{TbI-

Baer Bo3ggKarcu$fio B BepxHeM cltoe cso6otrHylo KoHBeKI${lo' BbI3bIBaeMyIo

pa3gocrbro reMneparyp (a cnegoaarenbno, H Irllornocreft) MexAy oxJIDKAa-

etrofi noBepxHocntoft rmeuxofi H ocHoBHoft naaccoft BoAbI;

2) ws HtDKHero cflo.s

= 0 ;

Q R ,

= a r V z T  + . a  ,  i r i  =  l r 2 r 3 ,t  ' r P l

,:#
d(Prtr ' /)  

= o;
dxi

, t#  =  d r rvz r  +  , * \ r ,  , , ,  =  r ,2 ,3 '

(s . l )

(s.2)

P t '

B (5.1), (5.2) uHgercu I u II osHaqarcr coorBercrBeHHo aepxmrli I{ HIDK'

Hnfi cnon.
1 2 8

a p h
KoMImeKc ---:_, xapaKTepxsyrouunl KorIHrIecrBo corlHeqnofi eHeprnu,

9 P v  A r
nogrorrleHHog egltr{uqefi o6repra BoAbI, 3a BblqeroM a{Qercrrouoro rz^3rry'

IIEHI{fl.
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Tpn ns sTrD( KpHrepHeB Moryr 6urr o6reArmeHbl B oArtrI rcpurepufi CreH-
CI

ToHa St = L , ecJrg 11oA d r{Merb B BHAy cytvtMapnbIft ToaQQHIIHeHT Telrlro'
c p v

o rAarru, yr{HTbtg iuo u+r[ ucnapenl{ e, KoHB eKqlilo H H3rIfI en}re.

Anarug nofly-qerurbrx KpI{Tepr{eB noKa3brBaer, qro oIFoBpeMeHHoe Hx BbI-

noJrHeHr{e cBff3aHo c HenpeoAorrHMbIMI{ TpyAHocrfiMI{. Hsyrenue KPurePueB

11oqo6r18 c roqKu 3peHr{.ff rD( 3Haqr{Mocru grtfi rnAPorepMI{qecKID( npoUeccoB

B BOAOXpaHTUTHUIID(OXJTaAHTeJIf,X noKa3arro, qTo qacTb KpIlTepI'IeB MoxeT

6urr orryuleHa 6eg sHecenufi cyrqecrBeHHbrx norpelrlHocrefi s oKollqarerlb'

Hbre pe3)rJrbrarbl Qnarvecrcoro MoAenHpoBaHI{.E npoqecca I24, 251,

Tarc, ur KpHTepHeB rr{ApoMexarrrrrecKoro noAo6us. s KaqecrBe ollpetrerlfl'

rcus{x Aon)rgbr 6urr npnH.ffrbr KpnrepHu Ri n Re, npu 3ToM ocHoBHilfl poJlb

npHHaIurexHT l(puTepr{rc Ri (nrorga HcnoJlb3yercfr. Benrqurla, o"6ParHaa tmcrly

Ri, rarc Ha3brBaeMoe rurorHocrHoe qficrlo Opyza Fr' = + + ). Onpegenr-
a P s h '

rorr{afl porrb B MsxaHH3Me TeIInonpoBoAHocT}I tr TeIIlooTAaq[ npnHaIrIe)KHT

KpHTepHIo CroHroHa n 6eapasvrepxoMy KoM[JIeKcy' xapaKTepl{lyloqeMy Ko'

rrrrrecrBo conHequofi 3Heprn[, nornoruaeuofi egruuqefi o6ter"ra BoAbI, 3a

B brrreroM eQQercruaHoro fi3nweKuf,.
Tarrna o6pa.sorta, KpmepuarrbHbre ypaBHeHH.E, xapaKTepn3yloU$e rl{Aporep'

M5qecKr{e npoqeccbr B BoAoxpanr{rrnrrlo(-oxJlagl{renfix, Moryr 6ltrr npeAcraB'

NEHbI B BHAE

(s.s)

3) nnrUy roro qro rr,rgporepMrflIecrcuft npoqecc B BoAoxpaHHrIHuIaJ('oxJIa'

AHTenflx He noAAaercr MoEe[npoBzIH]rIo, uenecoodpaeHo Hcnollb3oBarb pac'

qerHo-gKcrrepuMeHTannutrfr MeroE, Ha orgerlbnblx sTarru( Koroporo npl{MeHfi-

roT pe3ynbTaTbr rHgpaBrrr{qecKoro MoAeJIHpoBilHHff crparn+nU}IpoBaIIHoro

rroroKa !r BaeqerHbre oueHKlr oxJriDKllarcruero aefictutnBotroeMa (cM. $ 5.4).- -  r  - -

5. 3. METOAHKA T HAPABIIHTI ECKO TO M OAENHPOBAHH.fl
CTPATHOHUHPOBAHHOTO NOTOKA

Hgnoxerutrfi srrue aganu3 [oKa3brBaer, rITo uoAo6ue crparuSru$.rpoBau-

Horo floroKa onpeAerrflercfi paBeHcrBoM KpI{TepHs PnuapRcoHa MoAerIH H

Harypbr

(s.7)

idem, ro rpe6yer-

qro np11 npoBegeHrur na6oparopnbrx HccJIeAoBaHufi o6trlno He BbI3bIBaer rex'

Hr{qecK1x 3arpygrrenrfr, rar KaK IIfl BogoxpannrluuloxJra[greneft 3HaqeHHe
sroro orHolueHl{t, KaK npaBnrlo, He npeBocxognT 0'003-0'004.

Jlnrefuiuft r"racura6 a1 HeHcKiDKeHsoft MoAenI{ onpetrenfiercfi H3 ycnoBl{.ff

Ri = Ap s! = 4f r- = idem,
p  f  p  F r

T.e. ecril MoAerIb BoAoeMa BbI[orIHeHa no ycrIoBI{Io Fr =

cE BbrnoJIHI{Tb yCnOB}Ie

Fr = idem. Ecnu Re, = Re*p, ro

(  e H  \ / '
\ = [ - r * * . J

Qpr=fu

^f = idem' (s.8)

(s.e)

(s.10)

v
n"p

T
r.p

b

t '

6 n . O  6 s  . x 1  x 2  x 3 r .
' T t T t  

I ' T t  l ' t t

b h= F r ( R i , R e , i , T

6 0  x 1  x 2  x g  \ .

1 '  , t  , t  7 - t '

= F2 (Ri,

l, 6 n.p
l '  I  

'

Q p l
Re, Str -*=-,

cpvAT

(s.6)

3gecb 6n.n, 6o - a6conrorsafl ruepoxoBarocrb noBepxHocrl{ pa3AeIIa cJIoeB

H 4{a BoAoeMa cooTBeTcTBeHHo; b, h, / - xapaxTepHble pa3Mepbl BoAoeMa;

v"o H T"o - HeKoropble cpeAHI{e 3HaqeHHt cKopocrrr H TeMneparypbl.
'flponeueHgrlft 

s I24r25l aHarrn3 no3BoJnfl cAenarb cJleAylou$e ocHoBHbIe

BbrBoEbr o Bo3MoxHbrx fiyrfix QHaruecroro MoAeJIHpoBulrIHn rl{AporepMl{qec-

Kffi npoueccoB B BoAoxpaHHrIHrqtxoxJIaFITe[flX :

1) rarc KaK noAobne rugpaBrruqecKoro pexc{Ma crparHQIl4{poeaHHoro no-

roKa ortpeAenflercff Kpr'rrepr{.HMu noAobux Ri u Re (us KoropbD( ocHoBHilE

p onb npHHa,ure)KHT repBoMy), p a.epadorK a MerotrI{rn npu6nuxeHHoro rutrpaB-

nHqecKoro MoAerrHpoBa$vfl. He BcTperlaer cyulecrBeHHblx aarpy[Ireuufi;

2) parpafiorKa Mero4a [ruKe npu6nuxeHHoro rl{Aporepunqecrofo MoAe-

nHpoBaHHff cBf3aHa c Henpeoloflr{MbrMl{ TpyAHOCTfl,Mvt, TaK KaK oAIIOBpeMeH-

- a 4 l ,
Hoe ygoBnerBopeHne qerblpeM KpIfiepHffM uotro6ns (Ri, Re, St' i ^ --) ne

flpe'craB rrfl.ercfr.Bo3Mo)KHbrM; 
c p

1 3 0

r4e .8. w Qn - ITIHpI{Ha rpaH3nTuofi crpyn H pacxoA B Harype.
PacxoA BoAbI Ha Motrenn eFr (npu Fr = idem) HaxoElrrcfl H3 coorHQ-

IUEHHfl

OAHaro [pr{MeHr{TerrbHo K 3agaqirM rl{ApaBrll{qecKoro Mo[ennpoBaHl{ff r[o-

ToKa B BoAoxpaHnnuulax-oxJraffrrerrffx ocyqecrBneHue ycJroBl{fi Fr = idem

cBfl3aHo co 3HarrurerrbHbrMH rpyAnocr.ffMH, TaK KaK 3To ycnoBne rpe6yer co-

oprxeHHff rvroAenefr B KpyrHoM Macrura6e. IloeroMy B nogo6nutx cn) Ia.Ex

npu6eraror K I{cKtuKeHHrc reoMeTpnecKux pracurra6oB MoAerIH (at + ap),

crpeMffcb rtpu groM Aocrrrrb Ha MotreJIH ryp6yneurnoro pe)IGMa reqenl{ff

Rtt
pe3yJrbTaToa, oco6eHHo B 6nnfcrefi 3oHe y BogoBblnycxa. flosroMy, KaK rlpa-

Br{JIo, He peKoMeHAyercfl npn6erarn K 3HaqrlreJlbHoMy HcKaxeHulo ropl{3oH-

TiulbHoro rraacrura6a no cpaBHeHHro c BepTHKaIIbHbIM (O6lr'+ro cTapzlloTcfi BbI-
1 3 1



noJrHr{rb ycnoBHe a1 < (3+5) a|) . Ecnu IIpr{ Bbr6paHHbrx reoMerpruecKHx
Macrura6o( MoAerrH He Moxer 6nrrr obecneqeH ryp6yneurnrrfi pe)KuM Teqenr{fl,
ro ucnolb3yercfl [pr{eM QopcnponanHoro pacxoAa, T.e. Ha MoAerrn AonycKa-
ercfl pacxog, bomumfr rpe6yeMoro tro ycnoBl{ro Fr = idem. Heo6xoArlMaff
npr{ 3ToM creneub SopcnponKu Mogerrbubrx pacxoAoB (us ycnonu-a o6paaoaa-
HH.n Ha Mogenr{ ryp6yneHTHoro pexuva) onpeAerrflercff r{3 coorHorrreHn.fi

IIpn 6anu(oM pacloloxeHuu BogoBbr[ycKa or soAogabopa Bo3Hr{Kaer onac-
Hocrb "KoporKofr" pequprcylrflr\fin reuofi BoADr rc soAosa6opy H noBbrrueHr{fi
reMreparypbr BoADr.

Macrura6 cKopocrn Berpa ottpeAenrercfl, Lr3 ycnoBnfl. paBeHcrBa ua nolprofi
noBepxHocru MotrerIH H Harypbr oruorflefius. cwr corporr.{Bnenufl. (rpeHux)
co cTopoHbr Bo3IIyIrrHoro H BolrHoro noroKoB.

Kacarenturte HafipflxeHnff p.;t,f,. Bo3AyrrrHoro noroKa [ponopr[roHiurbHbr
roeQQHIIueHTy rpeHl{fi ero o BoAHyro noBepxHoQTb c1t rrrrorHocrH Bo3Ayrru{o-
ro [oToKa H KBa.qpaTy ero cKopocTl.rl l [ =  

4 O o P '  
=  

R e * o z ' B '

QFr  
-q -  ah ' (s.  l  1)

(s .13)

(s.14)

T o  N  ' r ' ; * '

(#)" = *'(y),,
MogenupoBaur{e crparu$urlupoBaHHoro noroKa c r{cnonb3oBaHreM [pneMa

$opurpoaKr{ Motrelbnbrx pacxoAoB ttpHBoAHr K ToMy, qro Arr BbrnoJrHeHn.ff
ocHoBHoro yfioBHfl nogo6* (5.7)^ ueo6xoglrrvro BbruonHurr rpe6ono).-

(s.r2)

T.e. orHocuTeJrbnilfl pa3Hocrb rrnornocrefi Ha MoAerI[ AorrxHa 6urr yBerIrFIe-
Has M2 pa3 no cpaBHeHHrc c uarypofi.

IIpu arou oKa3blBaercf,, '{To MaKcHM:rnbHo AonycrnMaff creneHb Qopclt-
poBannfi MoAeJrbrrbrx pacxotroB M, teu roropofi eule o6ecneqnBaercs noAo6-
Hoe pacnpeg,enenne H3orepM MoAerru H Harypbr, paBna 2,5, ecnn crparnSuqn-
ponaHrmrfi rloroK co3Aaercfl 3a cqer H3MeHeHr{.fl TeMneparypbr BoADr. Pesy'nr-
Tarbr MeroEHqecKID( HccnetroBanufi [oKa3brBiuor, r{To ecllu yclroBr{.n Ri =
= idem Aocrllrxyrb He ygaercff, To Bce xe "cxoxecrb" Mogenl{pyeMblx reMrle-
parypHbrx nonefi MolKeT 6urr AocrnrHyra Ha reoMerpffqecKn ncrcaxerurofi
MoAerrH (ot * a7) npu QopnrpoBaHHH MoAeJrbnbrx pacxoAoa (Fr * idem),
ecJrH BbrtrorrHrreTcff ycIIoBHe

(Ap l i l *  =  M2  (ap l i l ^

.ftl no4aoro IIoroKa KacareJlbHbre Hatrp.flxeHn.fi rrpoltopu{oHzurbrmr xoaQ-
Sqru{eHry conporuBrrenltff, rrrrorHocru BoAbr H KBaApary ee cKopocru

, - ) r P "
2

OrgorueHl{e KacarerlbHbrx Harrpfl)KeHvit co cropoHbr Bo3AyIIrHoro H BoAHoro
rroroKoB B cn1^lae nogo6ux .qBDKeHI{.fl Ha MoAerII,I Moxuo 3arlncarb B cneAy-
IOrrIeM BHAe:

' o  
- c f P o w  = i d e m

r )rpf
uJltl

= idem.

I
I

I
I

I

I

(s .1s)

(s .16)

(s .1e)

(s .1  7)

(s .  l8 )
w =
V

(R i f i /R iM)oon  '

rae (Rin/Rir)Aon - AorrycruMoe Arrfi AanHofi cxeMbr rlnpKynsulil{ coorHorue-
Hr{e qnceJr hnapncoHa Harypbr r{ MoAerrH.

.[nn ocyurecrBnenufl notro6nx crparu$nr]rpoBaHtprx noroKoB KpoMe yc-
rroBuf, Ri = idem neo6xofisMo raKxe, vro6u uccrleAoBauu.fl npoBoAunncb B
ilBToMogenrHofr o6nacru no Re n 6ruro o6ecneqeHo Ha reoMerpr{qecKr{ HeHc-
rcaxenHofi MoAenH paBencrBo rcooQQuruaeHToB cotrporuBJreHr{r Harypbr Lr
MoAenr{ }. = idem uln qro6u rcoe$Qurrr{enT conporuBJreHr{fi EJrff reoMerpn-
rr ecKn HcK DKeHHofi na oAenn o npeAerr flrrcfl, H3 coorrrorueHnff

Tarc rcar B Harype I{ Ha MoAerIH cocroflHr.re cpeg BoAa-Bo3Ayx [paKTr{qecKr.r
oAI'rHaKOBOe, TO Opo o I u op - l. Dln aBToMo,qelrHofi oonacru IIo KpH-
TepHIo PefiuolrAca MoxHo npHHETb l, = idem il cf = idem.

Torqa pracurra6 cKopocrH Berpa A,rr.s HeucKaxeinofr MoAerrH 6yger

d w  = a v  =  , / %

Macurra6 cKopocrr{ Berpa Nrfr, HcKaxeHuofr MoAeJrH B cnyqae @bpcupoercn
pacxo,qa Mo)I(er 6url o[peAeneH ncxoA.fi uz sal.ucnMocru f.B. BocrpxeJra,
cBfl3blBaloutefi racareJlbHble HanpffxeHwn, olycnoBreHHbre soeAeficrBneM Ber-
pa Ha cno6ognylo floBepxHocrb, c qeHrpodexcuofi cnnofi crpq Ha noBopore,

c lPol lz  r r12
Qr

) . M  =  ^ " %

Eonruroe Bnr{.fiHne Ha QoprvorpoBa}rne reM[eparypHoro pex(HMa B BoAoxpa-
HHnr{ulrx{xJra,EnTenffx oKa3brBaer Berep, rcoroprrfi He rotrbKo ycnnfiBaer npo-

ueccbr rerrnoorAaqn, Ho n nor4eficrByer Ha qupKyJr.flr-u.roHHbrfr nororc B ueJroM.
132
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- B HeurHr.r fi, u nnyrpeunrui p aDW cbr K pHB H3 Hb r cr pyw.

(s.20)
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Ilpnrrurura-a rcooSQHqHeHr
BOAU U BO3AyXa paBHbIMH

t -

ew = ay {aola,

IIJII{

t f -
a w  =  a h l ! \ .

TpeHnff flocrof,HHblM, a Macura6bl lrrlorllocTefi

eAHtII{IIe, [onrlaeM MacIUTa6 CKOpOCTI{ BeTpa

(s.21)

/<  t t \
\ J . / . L J

Qarroprr, KaK HapyrueHr{e ycJroBlrfl Aplp = idem (corgaune Ha MoAerru 6onn-
ruefi orHocl{TerlbHofi pa3Hocru rrirorHocrefi, ueu n Harype), r{3MeHeHHe crene-
Ht't QopcnpoBKu MoAerrbHbrx pacxogoB, HcKarKeHue reoMerprqecKlD( Macrrrra-
6oa uo4eJIH H T.rr.

.[Irr o6ocHoBaHn.fi npuuarofi rH[ore3br o cxoxecrr{H3orepM B 3:lBncr{Mocrr4

,'r rcnrrrenr{q rc,-nnd.,rerre 
cpQ 

1641 6rrnrr Rr.rrr.,rrrrcsrr n6rrrrrnrr*r. rre.T..\,,rr-
a > Q r w . v r v A l l

qecKl{e HccJreAoBaHvA Ha eKcnepuMeHTitrrbHoM crenAe H o6o6uenbr pe3ynbra-
Tbr HarypHbD( r{ccneAoBarulfr BoAoxpagurrntu{x;raAr{Tenefi. B pe3ynbrare
6rua noKa3arra qenecoo6pa3Hocrb rcnaccuQrugpoBarb BoAoxpanwrrur\a B
3:lBI{cI{MocrIr or creneHl{ ID( TeruroBofi narpy3Ku Ha Harpy)KeHHbre u HeHarpy-
xeHHbre.

B HeuarpyxenlrbD( BoAoxpaHunnrrliD(oxJratrureJrffx, Koropbre xapaKTepu-

3yrorcff napaMerpoM Tennooorresa %( 0,4, reMneparyprurfr pexlt"r eop-ap rz
MnpyeTcfl B ocHoBHoM ecrecrBeHHbrMr{ Qarcroparvu{ H npex(tre Bcero (wn
He[poTotlHoro aogoertaa) coflHeqHoft paJdita:41lefi. 9ror pexorM Bo3HtrKaeT B
Haqanrrolfr trepuotr sKclrnyaraqnu BoAoxpaHrntr{Uoxlarulrenefi npn [ycKe
nepBbrx afperaToB, [o3ToMy oH He .ffBnffeTcfl xapaKTeprrbrM tr/Ifl BotroxpaHH-
rIHIrL cneqfiarlbHo npegrla3HaqenHbrx wrfl oxJIDr(AeHHr Botrbr. Cr"roAenupoBarb
9TOT pe)rgM npaKTr{qecKu HeBo3Mo)rcHo, TaK KaK A,rrr obecneqeHHr noAo6H.s

Q o h
Tpedyercfl Bbr,qepxarr xprreprui _ --,. - = idem, ) MTbrBarou$ft norno-

cpv AT
rrleHr{e relrJra coltHeqHofi pagnarlru.

B HarpyxeIIHbD( Bog,oxpaHl{rrrurlo(-oxJra4urerrrx, xapaKTepn3yrcuuxcfl

napaMerpoM rermoo6rrena "la^ ) 0,4, rugporepMnqecrcnfi pexarnr n bonn-
4p  s /

rrrefr creneHu QopMupyercfr. noA BrrI{ffHI{eM troAorperofi BoAbr orreKrpocranqufi,
flpuqeM B 3ToM cnrlae TeMneparypa BoADr Bo Bcex ToqKiD( Bbrure ecrecrBeH-
Hofi. .[5r gToro ocuoBHoro cnflafl pa6orrr Botroxpiluulurqa{xJraArrreJrfl'pac-
rlpeAeneHHe TeMfleparypbr BoAbr B rroBepxHocTHoM cnoe [paKTr{qecKH He 3a-
BUcHT or KPurepl{ff Tennoo6rreua, a frBrrfr.eTcE ToJIbKo c.[eEcrBneM HHxeHep
HbD( cxeM Hclrorlb3oBaHrrfi BoAoxpaHHnHrrI AIrfl oxJraxtreHlrr Botrbr, oco6emro-
crefi pa6orbr BoAoBblnycKuoro u sotrosa6opHoro coopyxeHuft u nerpoBoro

rtnvfrHrrfl. Bce sro Aaer ocHoBaulre Ha,qexno orleHurb B o6rtacru :+ > 0,4
a2\L

HHxeHepHbIe Meporrp]rfrTrrr, HanpaBneHHbre na o6ecneqeHr{e onrr{M:trlbnbrx yc-
JroBlrfi padorbr sHeproycraHoB oK.

Tarnu o6pasou, Ha ocHoBaHHr{ MotreJrr{poBaHut H pacqeroB no ypaBneHr{ro
TeffIoBoro oiuaHca npoHsBoEr,rrcrl CpaBHHierrbHafl oqeHKa pa3nHqt{blx Bapl{an-
TOB CXoM HCnOJTbSOBAHIUI HarpyXeHHbIX BO,qOXpaHr{f,HIt{ mE oxJrax(UeHrd.rl go-

,qbl, KoHcrpyl<qufi BoAoBbrnycKHbrx r{ Bo,qo3a6opuurx coopyxerurfi, onpege-
IrfrroTcfr pa3Mepbl 3oH c TeMnepaTwaMt4,, flpeBbrluarcu[{MH tronycTHMbre no ca-
Hr{TapHbrM ycrroBuf,M.

1 3 5

Korga MoAeJrb BblnonHeHa c HcKaxeHHeM MacuTa6a H npnMeHterCx QopcU-

poBKa pacxog,a, MacIIIra6 ffIf BeTpa 6yger paBeH

Gw = ahl 6/EM), 6'23)

T.e. oH yMeHbIItr{TCfi B M paZ.

s .4. onPEAEflEHHE TEMnEPATyPHOTO PEXIIMA BOAOXPAH_HnHIIIA
oxJIAA l{TEnfl n o AAHH blM O H3 HtI ECKOTO MOAE"n HPOBAHI{fl

Karc yxe oTMeqa[Ocb,.BBI{Ay TorO tITo rUApoTepMITIecKHe npoqecgbl B Bo-

troxpaI{EnHuItN-oxJIa,[HTeIIffx He nogAalorcx QnantrecKoMy MotreIIHpoBaIIuX)'

a MeToAbI TIHCJIeHHOTO MO[elUpoF,aHHfl. nOryIIIIIH CyUIeCTBeHHOe pa3BIlTHe

Jrnrrrb B nocJIeAHHe ro[bl, so BHHHI e 50-x - 60'x roAD( 6rur paspa6oran

u anpo6HpoBag pacqerHo-eKcnepuMeHTarlbublfi r"rerotr oueHKI{ oxJraxtrarcuefr

cnocodnocrl{ BoAoxp:uIHnI{u [721.
pacqerHo-sKcnepgMeHralnulrfi MeroA BHlIlIf ocHoBblBaercf Ha xopoulo

H3BecrHoM (rcarc B TeopbTnqecKoM, TaK H B 3KcnepI{MeHTanbHoM orHollre'

nrux) cBoftcrBe noBeAegl{ff TeuloBoro noToKa B ycJloB}rflx BbIHyx[eHHoro

ABIDr(eHI{fl TeIuIOHocnTeIIfl. B sropt cnflae [oIIe TeMuepaTyp B )KHAK9CTI{ B

ocHoBHoM onpeAellffeTcf noleM cKopocrefi. floaroMy ecJIH Ha MoAenI{ Bof'o'

xpiluurrnrqa{xJragrrrenn 6yAer npaBnnbHo Bocnpou3BeAeHa rHApaBrIHKa crpa-

rn$uryrpoBaHHoro floroKa, To nonfreHHbre Ha MoAefllI rloBepxHocrHble H3o-

TepMbr no3BolrffT KaqecTBqHHo XapaKTepH3oBaTb pacnpocTpaHeHlle TeInIOBOTO

noToKa B BotroeMe.
Tarcnpr o6paaor"r, rro AaHHbrM trccnetroBaHlxi Ha rl{AporepMuqecKofi ruoAenu

crpoflTcr H3orepMbr,. Koropbre (6ea a6conrorurrx sHa.IeHuft reMfleparypbl)

flepeHocfiTcfl Ha Harypy B coorBercTBI{I{ c rufloTerofr, nHpDKaeMofr cooT-

(s.24)

rAe 7 - cpegreB3BerueHHaff no lutoul4qn TeMrleparypa noBepxHocrn; Tsa6 -

reMneparypa Ha BoAo3a6ope; AT - reMneparyplslfi neperatr MexAy BoEo-

"ttffi::T#J;'*XtittJ#*"rtreMneparypbrroypaB*eH'rorerrrroBoroEaraH-
ca (cvr. rn. 3). flpn eroM 6onrruoe 3HaqeHHe npno6peraer o6ocHoBallue rH-

rrore3br o noAo6nu ("cxoxecrr{") nonefi r{3orepM B IrrIaHe Ha MoAerIH I{ Harype

[64]. B qacruocrH. Ba)r(Ho BbrflcHHTb, KaK BrIH.fiIor Ha none H3orepM TaKHe
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5.5. PEKOMEHAAUHH NO MOAENHPOBAHHN H PACTIETY
BOAOXPAH nnH UoxlAAnrenpft I

nnfi, pacqera BoAoxpilgr{nHul-oxna,qfirenefi ueo6xorun"to HMerb ronorpaQnuecKne'

n{Aponon,HecKHe u MeTeopo[onflecKHe A.u{HbIe; cBeAeHHg o npoeKTHbD( KoMnoHo-

Bor{HbD( peuleHnflx (qrryurllonuuft xot'ruoHosoqHulfi lularl H KoMnoHoBKa n{EpoTexHH-

,,6^vt,! -^nrrvpwfrl . ne1|drr,rl{I.re xRnAKTerHcTl,lKH rvp6uH H KoH.q,eHcaTopoB; nogTa[-
I W V A I I A  w v Y  t  

t r \ v . e L ' ^ ,  _  -  - - -  - -  - -  - r

nsrfi rpaQnK BBoAa gHeproycranoBoK H npoqne Marep-Haflbl'

TonorpaeHr{ecKHe MarepHanbt npeAcraBnfinr co6oft IuIaH BoAoxpaHHnHuIa-oxJIa'III{re-

n, c nopH3oHTanflMH, nOApooHO xapaKTepH3ypu+lMH KOHTypbI BoAOeMa^H^_penreQ ero

AHa c omrcaggeM npu-Op"xirofi goHrr. Llenecoo6pa:nrrfi r"racurra6 rJIaHa I :2000' B crlftae

6olrgna1i BoAoeMoB Hcnonb3yrorcfl rrnaxbt B Macurrabe I :5000 c AonoTIHHTeJIbHbIMI{

ruragrreTaMH, BbrnonHeHHbrMH s r*{acura6e I :2000 gln paf,ona Bo[,oBblnycKa H BoEo3a-

6opa- fopnaoHranH npoBoAfftcs o6rr,tHo qepe3 0,5-1,0 rq B 3aBHcHMocrH or cnoxHocrH

penreQa-' 
fugpongrHqecKHe MaTepHaIIbl m!,spxaT cBeAeHHq o cToKe 6acceftHa BoAoXpaHHJrH-

uIa{x;1aFITeJIfl, ypoBHflx BoAbI B ecTecTBeHHblx H npoeKfiIblx (excrmyaraUnonuux)

ycnoBgrx, ypoBHfix cpa6orxn BoAoxpaHulrr{ure flpu r"rouenxpoBaHHH cyilrecTBylouux

BoAoxpaH6ll.tuI Heo6XoAHMbI cBeAeHHt O TeMnepaTypHoM psxxMe BOAOeMaB pa3III{tIHbIe

nepHoAbl roAa, cKopocTflx reqeHyfl H [eAoBOM pOKHMe n enplrufi nepHoA.

Meteoponorgqecl(He AaHHbIe AonxHbI cOAep)KaTb CBeAeHHfi O TeMnepaType H BJIIDK-

HocrH Bo3Ayxa B pa3nrqHbre nepnoAbr roAa, o6naqgoc,u, HHTeHcltBHocrH npxvroft H pac-

cexgHofi cOnHe{Hoil paAI{aUI{H, cKopocTflx H noBTOpffeMOcTH BeTPa npeHMyUeCTBeHHOro

ocHoBHbD( crarurnfi.
f lpoexruHe KoMnoHoBoqHbie H KOHCTpyKTI{BHbIe qepTexu Aon)KHbI OCBeAlaTb B3aHM-

Hoe pacnongxeHye, pi$Mepbl H KoHcIpyKIIHrc Bcex coopyxe16fil, pa3MeqaeMblx B aKBa-

TopHH BOAoxpaHHnHLqa-oxna,q,HTe[fl: Bo[,oBbIrrycKoB' BoAo3a6opon, CTpyeHanpaBnffIoUI{x

TaKXe nepena,u, TeMnepaTyp Ha BbIXOAe H BXOAe B KOHAeHCaTOp'
yxasaHgrre MarepHiurbr AocraroqHbr Arrt Ha3HaqeHHs Macurra6oB MoAUII{, onpeAene-

HHs pacxoAoB H reMneparyp BoAbr, nsr6opa pacnonoxeHHff MoAerIH B coorBercrBHH c HaII-

paanenHeM np eo6n a,qato uero B erp a Ha or Kp bIToH nnoulatrKe'

flo AauusrM npoeKTa nsr6Hpae'rc" n*6*ouxt,la-a qahr BoAoeMa (nnn necr soAoelu)

!,nfl BocnpoH3BeAeHpff ee Ha MOAe11u n nu6pauuoM Maclurafie. Macuna6 seuqxaxcennofi

MoAeJrH onpeAerrfleTcfl H3 ycnoB's Fr' = idem npn Renn ) Re*O' Kpnmuecxoe 3Ha-

qeHne qHcJIa PefiHonHca Ha3Haqaercff HcxoA.fl ur neo6xo,4aMocrn o6ecneqnrr Ha MoLeflH

ryp6yneHrnuIfi pexuM reqeHHs.
O6rrqno He yAaercfl o6ecne,rurs reoMerpnqecKoe noAo6ue Hs-aa orcyrc'TBl{ff Heo6-

xoII,HMbIX OKCnepI{MeHTanbHbIX nnOUIalOK [IIs cTpoHTeJIbcTBa Kpym{oMacUrra6Hrrx UO-

I Eon." nogpo$Ho peKoMeHAaqHH rlo MoAe;IHpoBaHuto H rermoBoMy pacqeTy Bogox-

pauHnHur-oxrla,u{rerreft Aarrrt s tl-026-69 1721.
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Eenefi BoAoxpanunurq-oxna4rrenefi. tlaUe Bcero MoAenH crpotrcf, c HcKUDKeHHeM reoMer-

pHrrecKux Macr.ura6oB u c @pcxponxofi pacxoAoB, Aonycmt'roe reoMerpHqecKoe HcKa-

xeHHe rtlactura6os onpe[enreTcs ocooenHocTtMH QOpuuponarrnr cpamQHqHpoBaHHbD(

Teqenufi s 6nnxHeft u [anrnefi 3oHD( BoAoeMoB.
B pesymrare npoBeAeHubrx Mero4{qecKr{x ucfieAosaHufi 6rno ycaauoBneHo, qro

npil reoMeTpHqecKoM ItcKtDKeHHlr r"racruta6on 6onee qeM B 3-5 pa3 HcKaxaeTca llpouecc

@p1lupoa ?IHHfr. wrtrporepMr{qecKono pexr{Ma s 6nnxHeft 3oHe, qro B cBolo oqepeAE BbI-

3brBaeT HCKiDKeHrre XapaKTepa pacnpeE,efieHufl H3oTepM B noBepxHocTHoM cnoe. iiosro-

My peKoMeHgyercfl MoAenH HcKDKarb He 6onee rIeM TpexKparHo H B HcKnlouureJlhnblx

crrrraD( IlfiTHKparHO.
.EJrs ucxaxesnoft MoAerrlt pacxog BoAbI onpegenfiercr no Qoprryne

Qn
O  r - .-M 

d 'q312t h

Heo6xoAlt'ras creneHb QopcNponxu
xHMa onpeAenEeTct H3 CoOTHOlUetMfl

R"*p oru.Qopc
l r  -

R", QM

Iloerouy pacxoA Bo,qbl Ha MoAemt c
xoga 6yAer onpeAenflTbcf, no @puyne

o .  =  M  
Q ' ,

=r " r .Qopc  
"12 'qtoi ' -

(s.2s)

pacxoga E1ts obecneqeullt ryp6ynenrHoro pe'

HcKarKeHHeu pracurra6on u Qopcuponxofi pac-

(s.26)

Oregyer orMerr{Tb, qro 3HaqurerbHas Qopcnponxa pacxoAa Moxer npHBecru K
cyurecrBeHnoMy r{cKDKeHr{p npoqeccoB ne,peMe[IHBaHI{t B 6nnxnefi 3oHe H Qopnanpo-
BaHHfl. cparr$nupoBanHbx rererurft B AanrHeft 3oHe BoAoxpaHnnullla{xrafilTenr,
lloerorry peKoMeHgyer .rcfl npr{HHMarr 3HiIrIeHHe M He npeaocxoE.l't:4av. 2-3.

B clyuae Qopclrporxu pacxoAa grrn o6ecnerreHnr noAo6n-s no ImorHocrHoMy qHcIIy

Opyna (Fr' = idem) Heo6xo4lrvro yBerHqHTb orHocrTerrbHylo pa:rHocrb rlllorrloctefi ua

MoAeJrr{ no cpaBHeHHIo c Harypoft n M2 pas
/ ,r -\ /Ap\( * l  - m ' l - r .  G . z l )
\ P / *  \ P / '
MaxclrpranbHafl crenenr QopcllpoBKu pacxoga B ycJroBnflx repMurlecKofi crparnQnxa-

qrur orpaHrrqfiBa€rcfl, erle H TexH[qecKI{MH Bo3Mo)KHocrfiMH obecne.renuq Ha MoEelIH co-
orB ercrB yrorqefi reu nep arypbl B oAbI.

IilepoxoBarocrb reoMerpr{qecxu no[o6Hbrx Mog,eflefi onpegensercfr. Hcxo,qff Hs o6ec-

11eqennfl paBeHcrBa roeQQlrUneHToB conpoTuBneHnt MoAeJIH H HaTypLI ].r = ],". npu
CTI

HcK:DKeHHu Lracrrtra6os I., = l- trr. Eclu ucnonb3yerct $opo.rponxa pacxoA4 ro
M g h

uacurra6 xosSQnuueuTa conporlrrilelr4f,,AoJlxeH 6urr ynelnqels M2 p^r, T."-

a h \ -

t, 
r'uru AM -

al
) .H,o|, = M' (s .28)

Mz ah

Moaernr BoAoBLrnycKHoro u soAoga6opHoro coopyxeHfift Aonxurr yloBtlerBopflTb

ycrroBqflM noAo6u-r no KpHTepHrc Opyaa. [Ipn ucxot<eHl{I{ Maclrrra6oa gonycKaercfi BbI-

11oJrHeHHe orlrx coopyxennfi B HeHcKDKeHHoM BeprIlKaJIbHoM Macurra6e soAoel,ta IIo

xpafineft Mepe eru coopyxeHnff AoJrxHbr o6ecneqlmatr npn6nuxeHHoe noAo6ue rpaHI{tF
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Hbrx ycJroBgft, Koropbre Aonxnbl 6rrrr s pflAe crtftaes obocHosaHbl MeroMrIecKIlMH Hc-

CIIEAOBaHHflMH HA MOAENH, NPEI,ilECTBYIOU-UTMH OCHOBHOMY UHTCTY MOAENHPOBAHHfl.

Oco6oe BHHM1IHHe AorrxHo 6rrrr ygeneHo pacnofloxeuulo MoAemr Ha oTKpbITofi rmo-

ruar,Ke c qerrbrc H3fIeHHs Bnufitrufl Berp& MoAenr Aonxna 6rnr opueHTl{poBaua raK'
qro6u no Bo3MoxHocru nogpo6Hee r{31nu,tTb BnHflHHe Berpa ue6naronpnsrHoro HanpaB'

JreHufl Ha n{ApoTepMHKy BoAoeMa-
Jfta onpenerreHq.ff ecrecrBeHHoft reuneparypbl BoAEI Ha MoAerIH s6nueH Hee coopy-

xaercff cneqgarlbHbtft 6acceftH, rny6nna Koroporo coH3MepHMa c rny6uuofi sa Mog,enn.

CHaoxernre MoAerrH roprueil soAofi, a B clllqae MoAenHpoBilHH.E peqHoro cToKaTaKr(e

xonoAHoft ocyulecrBnselrcs. qepe3 cHcreMy BoAoHanopnsx rpy6onpoBoAoB u MepHbrx

6axos.
.[,;1n HafinrogeHHr 3a HanpaBneHr{eM H cKopocrblo BerPa s6nnaH MoAeIIH ycraHaBnH-

Bzrrorcr Qnrorep u aHeMoMerp. Bce npuueHteMble npu6oprt uenecoobpa3Ho pa3MecrHTb

B cneunanbHo nocrpoessofi gacter.nennofi 6y[xe.
Harrlepeunx reMneparypbr BoAbr AorIxHbI 6strt ruaxcuManbHo zlBToMaru3l{poBaHbr c

ucnonreosaHHeM 3BM. nogpo6Ho eror Bonpoc paccMorpeH B I381.
flpn6oprr H H3MepqreJrbHbre ycrpoftcraa npnMensxlrcfr !.:;'s. perynxpoBarux pa6orsl

caruofi Mo,u,enH H npoH3BoAcTBa HenocpeAcrBeunblx nar"repeuufi B cooTBercTBHl{ c flocraB-

JIEHHbIMH 3AIAqAMil.

tlpu npoeKTgpop,a1vg. MoAerrH AonxHbI 6rrm npegycMorpeHbl cpeAcrBa naueperuft

pacxoAa n yponHeil BoAbI, ee reMneparypbl H cKopocru TeqeHl{fl'

MarepnirnoM Arrs crpohrenbcrBa MoAeJIH cnyxar necoK H IreMeHTHrfi pacrrop. flp"l-

BapgrenbHo MoAen6 eopr"rupyror fi3 flecKa, 3areM Ha noBepxHocrb rolu[ruoft2-5 cM yK-

rraIFrBaercff rleMeHTHbfi pacreop c TuIaTeJrbHbIM BbIpaBHHBaHI{eM noBepxHocTl{.

flpon e4eunn o cHoB Ho ro UH Kn a n{Ap aB rrl{ttecxHx H repMnq ecKfi x l{ccrl eAos a}tr{fi [oJI x-

Hbr npe,qruecrBoBarb [oAroroBHTeIrbHbIe pa6orst, cBfi3auHble c 3anonHeHHeM MOA9IIH Bo-

goft, ycranoBIIeHHeM rp4HEqHbIx yc.noAufi Ha BolOBbInycKe X nogOsa6ope, rapUpOAXOfi

npn6opon.
Ilocne TlqaTeJrbHofi nrrnepxN MOAerrH npHcTynarcT HeITOCpeACTBeHHO K rnApaBflfiqec-

KHM H TepMI{qeCKHM H3MepeHHffM.
.&rx oqeHxH pa3[[rtHbD( BapHaHToB fieM Hcnonb3oBaHHt BoAoeMa Ha MoAeflfi onpe

Aenffrorcs pacnpeAeneHHff cKopocrefi teqeunr IIo BepTHKa]TH BAoJIb TpaH3IlTHoro [oToKa

x ocobeHno rutarenrHo n pafioue nogosa6opHoro H BoAoBblnycKHoro coopyxeHHft. Dlts
BbrffBneHr{.ff o6qero xapaKrepa pacnpeAeneHHt crparr{QuqupouauHblx re'{eHufi peroven-

AyeTcfi noAKpa11111Barb BoAy, HanpIIMep, poAit1r,tuHoM C unx Qrnoopecqeunou.
H:r"repeHun cKopocrHbrx noneft TeseHHfi Ha Mogentx npeAcraBnflIor 6onru[re rpyFlo-

cTr{ H3-3a MarrocrH cKopocrg H Hannquq reMneparypHofi oparnQltxaUuu. .lIIx onpeAe[e

HHr oq)e.u,HeHHbtx H MrHoBeHHbrx cKopocteft ucnonb3yprct sneKTporepMoaHeMoMerpbl'

H HAy KrIHoHug e npn6op br, MHKpoB epryrxKu, reH3oM erplrtlecKue npu6opu. B Hactosulee

BpeMfl yKa3aHHbre nprn6oprr Haxo4rrcff B cralu{}t parpa6orox u anpo6upoB:lHu.fi npuMeHH-

TerIbHo K H3MepeHHn ManbIX cxopocteft Tet{eHHs-
Teprrrlrvecxylo c6eMKy xerlarerrbHo coBMeularb no BpeMeHH c rI{ApaB[I{qecI(HMH Hc\

cnelosaflHsr'tH. Harr'{r,re crparuSHrrHpoBaHHtx reqenld Tpedyer uogpo6Horo H3}nreHl'rt

rrorrfl reMneparyp, oco6enno s 6nnxuefi 3oHe y BoAoBblrrycKa H B pafioHe rbgosa6opa

B pesynrrare repMr{qecxofi ster,rKH AonxeH 6rrrr co6paH AocrarounHfi rvlarepH.ar Mfr
uocrpoeHgfi H3orepM H 3nrop TeMneparyp no rny6nue. 9rMsoM,{ecKI,Ie u3MepeHut reM-

repaTypbr BoAbr npH noArDToBKe orrbrTa H npoBeAeHHe npelpapl{TellbHblx HCCIIeAOBaHHft

Mox(Ho npoBo4lrb pTyTHbIM na6oparopHblM repMoMerpoM' a Wfr HenpepllBHofi pemcr-

paqHH TeMneparypbr HcnoJrb3yrorcr EATqHKI{ - Te,pMoMerpbl conpor}IBfleHrrff. floraga

HHfl AaTqHKoB Quxcllpyrcrcx Ha eneKTpoHHbrx caMollilIuyu-U{x MocTzlx, HanpHMep

3Mn-209.
B nepuogu npoBeAeHHfl Ha MoAenflx orrblToB rlpou3BoAsrcr HenpepbIBHBIe sa6nroA,e'

HHr H H3MepeHr{t cKopocru H HanpaBneHnt Berpa, ecrecTBeHnofi reuneparypbr BoAbI'

TeMnepaTypbr H Bnlr)KHocTH BO3AyXa.
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BrrnonHexnble Ht Mog'em{ H3MepeHI{t B nocneAyrcuer'r o6pa6arbrBilrorct c uerlbro rro-
nf{eHl{t ocHoBHbIx xapaKTepncrnK ("carKn" H3orepM, rpunofi fia,qeHl{fi TeMneparyp,
napaMeTpa II1), xoropHe Hcnorrb3yroTcff AII' pacqera TeMnepaTypbr oxJriDKgeunofi Bo[br
Ha s ogo e a6 op e no p afi erHo-eKcne,puM eHTanbHoM y M eroAy B H HHf .

5. 5. TIPHMEP MOAEJIHPOBAHHff
Dn rrl)raD a trrrrrrrrrr a rltf rr a nrrarD rr(r E tDD2ar|Qr.Lnf,l |iDrlr\
D\- rA \ - t la , I  . l l l t l J | ' I IU{A- \ r^J InF. i I r  I  DJ  r t l  p  Dr  l JvuvNvr l  I  I  rv

Texnrqecxoe BoAocHa6xenne Eepeooncrofi fP3C 3anpoeKTnpoBaHo c BoAoxpaHH-
nnuleM{x;ra,q,HTeneM. Ilapartrerpu BoAoxpaHtluurl xapaKrepn3ylorcfl cJIeAyrcIr$MH

AaHHbTMH: nnorrFlll 3epKarra npu HITY 33,3 xv.2, 
-Har.I6onrurafl 

rgUIHa 7,5 t<v, ufipll-
na 6,8 KM, cpegHrfrrny1wna 14 M.

Ilenu MoAerrupoB aun fi.:
orrpeAeneHue repMrlqecKoro pe)KuMa Bogoxpa]Inrrnula-oxna4l{renr (nonJr reMneparyp

H TeMne,par]?br BoAbr ua nogoea6ope) npx npoercnofi xovnoHoBKe nogoaa6opHo-Bo-

AoB bI[ycKHbIx ruAporexHuqecKnx coop yt(eHuft c gp yrux orBop II-u{ MH Kanan aMH ;
nrr6op qenecoo6paauoft xounonoBKn c6poca n nogoea6opa, o6ecnevxsarcureft HaHn1nI-

ruHe ycnoBl'rfr yIfr oxr1ax[enHs uupKyrrsI1rronHoro pacxoga IPSC A,rrff ,rerHero nepHoAa -

I72, snv.ofi - 150 M" lc.
onpeAerleHHe npeAenbHofi r'lou+rocnr IPSC npH onflrMansuofi cxeMe HcnoJrb3oBurrrHt

BoAoxparlunr{qa p7ts oxJrax,qeHHr BoAbr H peKoMeugarluft no qenecoo6paeHurnr KoHcr-
pyKrtr{rM copoca u BoAo3a6opa.

0,2 0,+ 0,6 Q/A

C6poc I
Tt=* l r loE

Boilosafop

4 =+fr3"C
Tz=Jnrf "C

Pnc. 5.1. OrcrAaeMoe s
cJroe H KplrBiur ri4qem{s
(npoexrurtft napnanr)

HaTypHbrx ycJroBHrx p acnp eAerreHHe H3oTepM B rroB epxHo cTHoM
TeM nep aryp br B oAoxp:rHnnur r{r-oxn aLilTeil s. E ep eaon cr<oft IPSC
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(rL-r2)lar

Pxc. 5.2. Oxngaer"roe B HarypHbx ycrroBntx pacnpeAerrenue H3ore,pM B noBepxHocrHoM
cJroe H KpHBafi nageHnf, reMfleparyphr BoAoxpaHHrrHuIa-oxJIa,qHTeJrr Eepeeoncroft |PSC
(p eror'.1 eugyeu srfi napu anr)

Mogenr BoAoxparil{nnrrla:oxlra4{reJrff B rvracurra6e a7 = 250 u a7, = 50 nocrpoeHa
Ha orKpbIToM norrxroHe rennoBoro MoAeJrHpoBaHH.fl. Ilnn o6ecneqeuur ryp6yneurnoro
pexuMa pacxoA Ha MoAenH doporponancs s 2,4 para. Cxopocrb Berpa n€pecqrrrbrBaqacb
trpH yKa3aunbrx Macrrrra6ax u Qoporponxe H3 coorrroruenur WH - lrSlll/u. O6qas
rutoulzrut MoAetrH cocraBuna 600 rvr2, cpeAHtt rny6uxa 8-f 0 cr.l. MoAenr 6rua opHefrrr{-
poBaHa no crpauaM cBera raK, qro poaa npeo6nagarou-u{x BerpoB B HarypHbD( ycloBlrsx
coBnallana c posofi rryeo6nagalou-ux BerpoB Ha gKcnepHMeHTanbHoM norruft)He.

Jloxe BoAoxpaHHnHuIa Ha MoAelH 6ruto c@pr"rrpoBauo H3 necKa H noKpblTo ue-
MeHTHIIM pacrBopoM. Eopra MoAenH BbrnoJIHeHbr H3 xerle3o6etonnrx flnlfr, ycraHop-
neHHbIx Ha xe.nesoberoHHbre xoHrpQopctt. DJts. yno6srsa nauepenuft B HaMeqeHHbrx crBo-
p :rx ycTaHoBn eHbr Aep eBf HHbre flep er( oAHbre Mo CTKH.

fopruar BoAa c reMrreparypofi, ueo6xolurprofi no yc,noButM npoBeAeHHr orrbrroB,
nocrynana Ha MoAeJrL ue 6ara-cuecHTe[8 qe,pe3 Mepnbre 6axn. Ornrrr rpoBorurlrncb B
raxofi uocleAoBarerlhnocrlt: MoAerIb 3anoJlnfinacb xonolElofi soAofi Ao orMerKH, @or-
B ercrB yroulefi Hny Harypbr; nocfle HanorrHeH[fi ypoB eHb BoAbr nolrAepxnB urc, Ha 3aAaH-
uoft orprerKe rpfi rroMor].U{ cner1H:rflbHono peryn[pyor.qero uI{TK4 ycrarroBnexuoro 3a
nogoeabopHbrM coopyxeHHeM; nepeA npoBeAeHHeM gKcne.pItMe[IToB H B npoqecoe ollbr-
roB nepHoAHqecKr{ BeJrHcb sa6nroAenns 3a MereoponorfiqecKuulr QaxropaMx, pacxoAaMrr
H reMnqparypofi Bogbr y nogooa6opa n Ha BoAoBbrrrycKe, esrecrBenuofi rerrlnepatypoft,
ypoBHflMH BoAbr Ha MoAeJrH.

B npoqecce npoBeAeHufl eKcnepHMeHToB npoBogrrnucb H3Mepenr{t: TeMneparyp Bo-
AbI B noBepxHocrHoM cnoe(Hamy6une 1-15 crrr) n paHee HaMeqeHHbIx ToqKil( crBopoB;

1 4 0

cKopocrH rolernafi; TeMneparypbr BoAbr no BepfiKilnH B crBopax y BoAoBbrrrycKa r.r BO-
gosa6opa.

flo pesyrnraraM TepMHqecKID( cbeMoK B noBepxHocrHoM cJroe Ha nlaH H:lHo crrrrwcb
H3oTepMEI' cTpoIUIIlcb KpHBbIe na,q,eHH.ff H OnpeA'enfiIHcb 3HaqeHHt napaMeTpa ftt. Pacqcr
TeMneparypbl BoAbI Ha BoAo3a6ope c nocneAylorr&M orrpeAeneHueM HarypHbrx sHaqeHufi
H3OTeDM IInOI{SnOnHrrcg rI^ nt l ]utrTrrr1-qv^nmurrpurrr lu^rrv rr4n rrr pl l l r l f fr  r ,-  ' fnl t

r v r v r vAJ  DL^ rL rLL  na r  _ r .E  IY l .

Ha puc. 5.L, 5.2 npHBeAeHbI noBepxHocrHbre n3orepMbr H KpHBLre naqenufl TeMnepary-
PbI' nonWeHHble FIt HaTypHbrx ycnounft (npoerrxuft napnaur H peKoMeHnyerv6rft).

B pesynrrare BblnonHennofi pa6orrr 6rur peKoMeHgoBiur BapnaHT Bbrnycxa nogorpg.
rofi soAEr, o6ecngrnBarou-ufi nlnrurue repMu'{ecKrre ycrroBHs Ha nogoea6op e Frrx. npeHMy-
ruecrBeHHBIx B Harype HanpaBnenufi nerpa. Erno raKxe peKoMeH,q,oBago ycrpofctso
rny6uHHoro nogoraoopa, o6ecnetMBapurero nyqrrMe ycnoBllr gKcruryararryrH BoAoxpa-
Hr.rJtr{ rrr,a npH H :rllHrtrfi 6onrruoro KoJIH qec-TB a B cnnblB urero ro pea.

Fnaea 6

MOANNITOBAHHE THIFOTEPM Hq ECKOTO PEXHMA
BOAOEMOB 9HEPTOKOMNNEKCOB
6.I. OCOEEHHOCTH MATEMATHTIECKOTO MOAENHPOBAHHfl
TEMNEPATYPHOTO PEXHMA BOAOEMOB SHEPI OKOMNNEKCOB

3neprorcoMflneKcbl npegcraBrrfl ror co6ofi repplrropnarrbHo-TexHoJrorprec-
KHe o6te4nHernu grleKTpocraHrs{fr, o6rercros u coopyxenrtrl, obecnerfiBa-
rcI4I{)( KoMnneKcHoe I{c[orIb3oBaHI{e pecypcon (ronannlrbrx, BoAHbrx, 3eMenb-
HbD(, TpyAoBbIx I{ Ap.) [35], npHqeM IIo rexHoJrornu Hcnonb3oBanfis, eHepro-
PecypcoB sHeproKoMnneKcbl MoryT 6rtrr pa3AeneHbr Ha o,qHopoAHbre H cMe-
IrIaHHbIe. K nocJIeAHHM orHocnTcfi o6beg,llnenne gneKTpocraHquri pa3HbD(
BlrAoB, HanpuMep TgC (A3C) H f 3C ([AOC), lr r{MeHHo raKue oneproKoM-
rureKcbr paccMaTpr{BaroTcff B AaHr{ofr uaBe.

Karc r{3BecrHo, orpaHr{qenHaff perynrpyrculaff cnocooHocrb TOC (A3c)
yxytrUaeT HaAeXHocTb U sKoHoMt{ttHocTb gHeprocHadxenu.s. flostrureHne
sQQercrunHocru QyurcqnoHupoBauu aneprocucreM rpebyer BBoAa n crpofi
MaHeBpeHHbIx eneKTpocTaHIII{fi, norcpuBaro[U{x nuKoByro qacrb B rpaQgKax
IIarPy3KH, HepaBHoMepHocrb Koropbrx nocroffHHo Bo3pacraer. B cB.fi3H
c erHM, KaK OTMeqaercfl Bo MHorr{x pa6orax (cr., HarrpnMep, [6, 30, 34,521),
rlpeAcraBnfl.ercn nepcreKrr{BHbrM obbetrffieHHe T9C (AgC) c fgc (fAgC)
B eAI{HbIe gHepreTLFIecKHe KOMIITIeKCbT, qro, KaK noKa3brBaloT coorBeTcrBy-
rcIr.1ue uo4crrerbr, Aaer 3naquTertbnrrfi exonouuqecrnri e$Sercr.

Cpegu nepBblx gHeproKoMlrneKcoB, nocrpoeHHbrx sa py6exoM, oglrlrrvr na rcpymrefi-
Iul{x tBrltercs KnosH-Toxcasefi (CIilA) 176'1, nepBas oqepeAl Koroporo BBeAeHa B
crpofi s 1974 r. B ero @craB Bxonfir A3C, fAgC n IgC o6uteft MourHocrbro 3408 MBr.
Kor"rmexc pa3MeureH Ha IIByx Botroxparrnnuua\ moulall;ro ':4 u j2 rcrr,r2. AOc oxoru
Mou-rlocT:brc 2658 MBr ilcnonb3yercn n lasucHofi qacnr rpaQura Harpy3KH, a IAOC
.[,xoxaccu, pa6oraroup.r Ha nepenaAe BoAoxpanuJrr.rur H HMerourar Mourrrocrb 610 MBr,- B cpegHeft ero qacrH. f3C Kxosu MourHocrsp 140 MBr cayxtT Nrfl, norrwep1afl r11a-
rosofi Mou-EIocrH H' KpoMe roro, o6ecneqnBaer anapufmoe sHeprocua6xerrne AOC.
- runaxltaK)urat BoAa Ant A3C ea6np aercr H3 Hr{xHero BoAoxpaHH rrlun, HMerourero
oonburyrc rmoura,q,b noBepxHocrH. flpuverr, KaK noKa3un4 ratqporepMril{ecKue HccrleAo_
BaHHfl', sTor BoAoeM no3Bojlter pa3MecrHTb Ha HeM eule trBe T3C c AoBeAeHHeM cyMMap-
Hoft rrlou-trtocru T3C u A3C ao 7000 MBr. flolHiur MonFocrb sHeproKoMrrneKca c ) reroM
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elue oIIHoR fA3C, Hcnonb3ynruefi B KaqecrBe HHxHero 6reQa BepxHee BoAoxpaHfirrxule,
corrracHo npoeKry [ocrHnaer 10 000 MBr.

CseAeHHs o [pyrux rapybexHux rHeproKoMnneKcax npHBogrrcff B 129, 129,137,
l 5  1 ,  1 5 8 J .

B CCCP nepBbIM Haqan Bo3BoAHTbcs l0xHo-YxpanHcrclfi aHeprernqecrorft rounnexc
(o'r. $ e .f) , rcoropuft cotlacHo npoeKr!' 6aeupyercr Ha r.Dex Botroxpagnnxluru( n BI(nK)-
qaer A9C H IrEe fOC-fAgC.

SneprernuecKl{e KoM[JreKcbr ffBrrflrorcfl cJro)r(HbrMu cHcreMaMH u.ll.fl. uccne-

AOBaHHfl rIUpOTepMHqeCKrD( npOUeCCOB, npOTeKarOU$X B BOAOeMa)C, Ha KO-
ropbrx oHH pa3Merrleubr. Merogu HccJregoBaHlr.fi o6brlnblx BogoxpaulfiI{uox-
[a,qHTenefi gAecr He BcerAa MoryT oKa3aTbcfi nprrroAl{brMH, nocKonbKy rHtrpo-
TepMrFrecKHe npoqeccbr BoAoeMoB 3HeproKoMtlrreKcoB HMeroT cBoI{ oTJII{qn-
TenbHbre ocooeHHocTH. B qacTHocTH, oHH xapaKTepH3)4oTc.ff Pe3Koft HecTaIIHO-
HapHocTbro, Bbr3BaHHofr nepeMerrleHrreM 3Harrr{TeJrb}rbrx oobeMoB BoAbI BHyT-
pH cyroqHoro qr.rKna. C gruvr xe cBff3aubr cyulecrBeHHble u3Menenlrfi B Teqe-
HHe cyrorc o6rerraoB 3anorrHenvrfl, a cJre[oBarerrbHo, H lrlloulageft sogHoro 3ep
Kiura BoAoeMoB. Bce aro Heo6xoAr{Mo fmTbrBarb npu MoAeJrHpoBatMI{ ruApo-
repMHqecKoro pexrrMa.

flpocrefrurnra Bapr{aHToM 3HeproKoMrrneKca r8;nfl,ercfl, 3HeproKoMlrrleKc,
cxeMarr{rrHo npeAcrasneHHrrfr Ha puc.6.1. On Brcnrcqaer T3C n |ASC u6asn-
pyerc.fl Ha Asyx BoAoeMax. flogorpera.fi Botra T9C c6pacbrBaercff s soAoelvr l.
BoAoer"r 2 rugpaunrrecKn cBfl3aH c BoAoeMor'a I qepe3 fA3C I{ TaKxe yqacr-
Byer B oxJrax(AeHr.ru rlupKyrrflrruoHHoro pacxoAa. floerorury reMneparypa ox-
naxAeHHofi nogm onpetrerrffercff rr{AporepMr+recKr{Mr{ nporleccaMu B o6oux
BoAoeMD(, I{ 3To AonxHo fluTbrBarbcr trpn nocrpoeHrlu MareMaru,recrcoft
MOAenH.

Tarcur'a o6paeorr, B traHHoM crrfrae neobxotrunao 3alrucbrBarb cr{creMy ypaB-
senufi rHAporepMHKH (a ror"r HlH r&roM Br{Ae) Arff Kor(troro H3 BoEoeMoB,
a ruApaBrruqecKue H TeflrroBbre ycJroBnfl Ha rprul{rle, o6ur.nto 3a,qaBaeMble
rtpn MogenupoBil]rr{H Botroxpanunu[t-oxJratrr{Tenefi (o"r. rlr. 2), AononHurr
ycnoBr4EMH TerlfloBoro conpffxeHHff BoAoeMoB.

flocre4Hne MoxHo, HanpnMep, 3arrucarb B BI{Ae

Psc. 6. 1. Cxer.ra npocrefiurero oneproKoMrrleKca

AHTen.fl. Kpove Toro, yBelHqeHue oonacrH peuleHr{ff, KaK
o6rIulto, rpe6yer Hcflorrb3ouawfifr. 6onee peAKHx ceroK
rpu trr{cKperH3ars{n anQQepeHr.F{arrbHbrx ypaBHeHr{fi. 3ru
oc o6eHHocrrr MoAem{poB aHHfl rr{Aporep MHqecK or o pexl{ Ma
SHeproKoMrrrreKcoB npH orpaHr{rreHHbrx Bo3MoxHocTf,x Bbr-
rMcrrHTeJIbHbIx cpeAcrB Bbr3brBaror seo6xotrrrMocrb npHMeHfiTr 6onee flpocrbre
MOtreJII{.

B [1@] npl{BoruTcff npocreiruar MareMarullecKa.fi Mo[erb, Koropaff
6rua Hc[orlb3oBaHa Err.fi pacqera reMneparypHoro pexqMa no4oevroa K)x-
Ho-yKpa[HcKoro sHeproKoMrr]reKca. OHa ocHoBaHa Ha ypaBHeHI{r{ TerrrroBoro
6ananca BotroxpilHurrurrla-oxJraAr{Tetrfl, 3arrncauHoM Atrfl ycnonnfi HeycraHoBHB-
Iueroc.fl pexl{Ma,

dI

i  
=  'A/-  ao '

rAe SHTiUIbIMfr.BO,qbr n SOAOeTUe 1

I  =  cpvTv,

N - cyuMapnoe KorrnqecrBo rerrrrorbr, flocryuarouefi c rlapKynupyrouqefr no-
Aofi s eAfirmqy BpeMeHH; a - rcooQSluluenr reuoo6ueHa qepe3 BoAHyro tto-
BepxHocrb BoAoeMa; O - nnoulatrb BoAHofi nonepxuocru; / - apervrfr.; c yr
p - coorBercrBeHuo ygenbHafl Te[noeMKocrb Lr [Jrorxocrb BoAbr (npousnege-
HI{e cp B trurbuefiruer"r cqr{Taercff nocroffHHofi nennurnofi); V - o6teM Bo-
Abr B BOAOeMe; Tv - cpetrHfiff no o6revry reM[eparypa Bo,qbr.

Kos$Onuuenr q, frBrrflercn Oynxqrefi uapauerpoB oKpyr(arcu1efi cpegpr n
TeMfieparypbr BoAHofi noaepxHocrr.r ?nr, npnueM npu rlctronb3oBanvu ypaBHe-
HvIs, (6.2) o6rr.rHo rroJrararor ?", = l{V @ - rcoeQ@Hryreur, frr.rrrrearcuuri
H ep aB Ho MepHocrb pac trp eAeneHn.fl TeMreparypbr no rny6rrre) .

Ecnu [peA[o[o)KHTb, rITo o6reru BoAbr B BogoxpaHwnvu& I43MeHflercfl
paBHoMepHo

V  -  V o  +  Q t ,

otrpeAenxerc.E no Sopr"ryne

I r3c l-.

Bodoen 1

rASC

Bodoen 2

(6.2)

(6.3)

(6.4)

(6.s)

T' = T";  I
u',,7' I o',, q- = -(4:r' + oir' t1, Il l  l , 0 r r ,  \ l l  ,  

o n  J

(6 .1 )

rAe otrHHM r.r r,ByMfl rurpnxaMu floMeqenbr rlapaMeTpbl BoEoeMa I H 2 coor-

BETCTBEHHO.
CooruoueHr{.ff (6.1) yAoBrrerBopflrorcff Ha HeKoropoft ycnoaHofi rpaHuqe

B Mecre coeEHHeHr{-E BoAoeMoB. B ro xe BpeMfi r}IEpaBnruecKlae ycrloBHf, Ha

eroft rpauurre Aonxrlbl orpiDxarb pexsM pa6oru fA3C.

Oqesn[Ho, rrro [rff paccMorpeHHoro npocrefoirero BapHaHTa sneproKoMn-

JreKca KoJrgqecrBo HeH3Becrrrbrx B MareMarilIecxofi MoAerIH yBerIfitIHBaercfl'

n 2 paaa rro cpaBHeHr{rc co cn}qaeM MoAerrnpoBaHl{.fl oAHoro BoAoeMaoxJIa-

r42

rtre Vo - Harr:rnbHbrfi o6rerra soAbri Q - pacxoA BoEbr, flocrynzrrou&ir s so-
troeM vswt za6npaer"rofi rr: Hero (a nocneggew crr1y.l .e . Q
)ryeroM (6.3) u (6.$ ypaBHeHHe (6.2) npeoGpaeysrcn K Butry

drv N - a { l -  c p T y Q
0.

d t  cp  ( vo  +  Q t )

Ypanuenue (6.5) [pegcraBnqer co6ofi ypaBHeHHe rerrnoBoro daraHca Mfr
ycnounfr HeycrauoBr{Brrrerocff pexuMa BoAoxpannrrr,r[taoxJraryTenfl, fIHTbI'
Baro ulee lI3MeHeHI,Ie o 6r eua.
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Tarurr o6paeou, TeMIreParYPa
B CHCTeMy H3 n rI{trpaBIIHqecKH
JreHa H3 ypaBHeHHfi

Tvi i-ro soAoeMa KoMIrrIeKca' BxoAflIrlero

cBfl3aHHblx BoEoeMoB, Moxer 6rrm onpetre'

n  - L
S //'r .r, /l 7' \ r

" P  , u _ ,  
, o / i '  i i  

-  v i i  '  
i i ,

l -  L

A/, ' I
dr v i
d t n -  |

c p l V o i  t  
. 8 ,  - ( Q y  

-  Q r ) t  +  Q O t l
i = L

. +  - cp rv t ( . i _ ' , t o i , -  e i l  +  o . l
i = l = 0 , (6.6)

(6.7)

(6.8)

rtre Qi1, pii n .Tii,Tii 
- coorBercrB:_T"_-pit.:fl H reMneparypbl BoAbI' noc'

rynarorfuefi'na i-r<i nciRoeMa B /-ft H H3 /-ro n f-fi; ,f/A - KonnqecrB_o relrJlorbl'
npnxoryultt (ni' ) 0) unu yxogrutefi (No < 0) c gononHurellbnoft quprynn-

rlgefi, HarrpgMep c peqHbrM croKoM wru c oxJlol(Aarculeftcs sotroft reunosofi

craH1U{H B eAHHHqy nper"renu, Qo - pacxoA B6ADI' nocTynarcqefi s BoAoeM
(Qo ) O) unu aaolapaerrrofi Hs ne$ 1Oo ( 0) a pe3ynbrare AononHnrenrHofi
uHpKynflIIHH.

3anucan ypaBHeHHe g;,rfl onpetrefleHu.s cpetr]Iefi reuueparypbl B BuEe (6'6) '
gnf, Kaxgoro BoAoeMa Mo)KHo t1on1nglb cI{cTeMy H3 t2 ypaBHenuir p4t pac'
rrera reMrreparypHoro pexuMa.

Aanee npeg,nonaraerctr, rITo

O t  =  0 i  ( V t ) ,  i  =  I , 2 , .  . .  ,  f l i

T i i  =  T , i ( T r , ) ,  i , i  =  1 , 2 , . . . ,  n ,

MoAenfix raK)Ke tron)Knbr frHTbrBarrcn oco6eHHocrn ru[porepMl{qecKoro pe'

xI{Ma BotroeMoB 3HeproKor"rmerca (cu. $ 0.2;.

flonaraR, rrro B HaqiurbHbrfi uor'aerr (r = 0) cpeA,HHe reMneparypbl BoAoe-

MOB npHHHMiUOT HeKOTOpbIe 3HaqeHnE Tio, u IIpolIHTerpHpoBaB cI{cTeMy ypaB-

ueHnfi (6.6) nplr noMorrlu oAHoro H3 qHcJreHlIbIx MeroAoB, MoxHo onpetrelnrb

H3MeHeHHe CpeAHITX TeMnepaTyp B TeqeHHe HeKOTOpOTO [pOMexyTKa BpeMe'

Hn. Kpor.ae Toro, ecnr{ H3Becrubr 3aBucrrMocru TI{na (6.8) E,rtff Hel(oropblx xa'

paKTepHbrx reMneparyp cncrerranr (HaupuMep, TeMneparypbl BoAbI Ha BoAo3a-

6ope remonofi cranunr{ fr"O), To MoxHo onpeAerluTb u3MeHeHI{e H erl{x reM-

neparyp.
Tarcuu o6pasov, flpeArrox(eHHafi MareMarl{tlecKafl MoAerIb fio3Borlfler oII-

peAenuTb H3MeHeHHe C TeqeHHeM BpeMeHI{ CpeAI{HX TeMIIepaTyp BoAOeMOB C
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h,tc, 6.2. pacnpegeneHue cpeAHecyroqHblx reMreparyp B BoEoeMax OxHo-YrpalrHcKoro

3H epro KoM ImeKca, p acctl[TaHHo e C I{CnO,Ib3OB aHHeM g3 ytu ep Hofi MoAeJIIt

freToM oco6emlocrefi npoqecgoB' IIpoTeKaIoqI{x B 3neproKoMruIeKce' a IIpH

HiulHrrnu EonorrHHTenruofi uHoopr"ra4&I H IBMeHeHI{e XapaKTep}IbIX TeMne-

paTyp B BotroeMax. CparHnrenlnan npocToTa MotreIIH Aaer Bo3Mox(Hocrb 6rtcr'

po paat*rarr 6onuuoe rIHcIIo pa3flurlHblx BapI{aHToB paborrt sHeproKoMn-

neKca npu orpaHr{qeHrrbrx pecypcil( BbIqI{CJI}ITeIIbHbIX CpeACrB. B rO Xe BpeMff

ee CyUecTBeHIIbIM HeAocTaTKoM .ff BIIfl erCs HeodxotrI{MocTb 3ap;amufl' QynrUutl

(6.8), rrro rpe6yer nu6o ilpoBeAeHr4fl, HcciletrosaHnfi Ha or3llqecKHx MoEenfx,

JIH6O npnnneueHl{f, AOnOnHHTenbHbrx runoTe3' npHIIeM nOCIIeAHee BB}IAy cno?K'

HOCTH npoueccoB, rrporeKarou[rx B BoAOeMax, noKa cBfl3aHo c onpeAerlerlHbl-

Ntrr rpyAHocTflMH.

,il.lrn pacueTa ruApoTepMl,[qecKoro pexffMa cl{cTeMbl cBfl3aHHbIX BOtrOeMOB

[pr{MeHr.rrerrbHo K ycJroBHfiM lOxHo-YrcpaurlcKoro sHeproKoM[rrleKca npeA'

rroxeubl I{ Apyrue MaTeMaTI{qecKHe MoAeiIH. Tar, s [56] npuaotrrtcfi MoAeJIb'

OCHOBaHH aA Ha I{cnOnb3oBaHI{H ypaBHeHHfl TSffIOBOTO 6a[aHga IryIfl BbIAeIIeH'

Horo oTceKa crpyu, nocrynarculefi s sogoeNr. B [91] ucnonb3oBaHa MeTotrI{Ka

orleHKlr rnApoTepMHqecKoro pexolMa IIo BpeMeHu npe6ru artus' oxJla]rcAarcue'

ro o6tenaa rnpegeJlax BoAoeMa [60].
B t73l npIIBoESTcff HeKoTopble pe3yllbTarbl' noJIfIeHHbIe IIpH noMolgu

MOAerrH, B KOTopOfi runporepMr{qecKuft pexcur'a B AByX 6Olee MeIIKHX BOAO-

eMD( IOxHo-Yrcp:MHcKoro sHeproKoMnleKca ogpeg€nrrcfr' Ha ocHoBe perue-

Hr{t ABytvtepHblx ypanneHrui CeH-BeHana (rerlaneparypHofi ctpatuSuKa4{efi

npeHe6peranocr) , I B TpeTbeM, oTHocgTelruo rny6oKoM BoEoeMe rryleM Hc-

noJIb3oBaHILff yporer*i Tlma (6.6). Cne[yer orMer]Irb' tlro s rmauosoir
t45
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3a,q,aqe 3aBHcHMocrLI (6.8) He ffBllflIoTcff Hcxo4l{ofi rnrQopr"ra4lefi, a noll}^lalor-

cff B pe3yrrbrare perleHlrff. Ha pnc. 6.2 upegcTaBlleHo pacnpegelleHHe TeMne-

paTypbr no nnoulaAr{ BoAoeMOB, paccquTaHHoe AIIfi OAIIOTO U3 I{CCIIeEOBaHHbIX

r.p"""roB pa6orbr sHeproKoMrrrreKca c HcnoJIb3oBiuIlIeM ABWepHofi r'rotrenu.

6.2. I{CCfl EAOB AH HE r HAPOTEPM HIIECKOTO PE)I(nMA BOAOEMOB
gHEPTOKOMNNEKCOB HA KPYNHOMACIITAEHbIX OH3HqECKHX MOAENflX

Tpa,untnoHHar MeToAHKa r{CCrreAOBaHHt rl{EpoTepMHqecKoro pe)KI{Ma BO'

AoxpaHruuuloxJraArrrenefi Ha Kpymropraclura6ntx $usuuecKlD( Motrellru( EJlfi'

Hcnolb3o Ba1nfl. B ygnoBl{flx sgeproKoMlmeKcoB A9IIXHa 6rtrr rtao4lSngrpona'

Ha BBH,qy pe3Koft HeCTaUI{OHapHoCTH npOUeCCOB' npOTeKaIoUlD( B BotrOeMal('

Tepvfl. ro MoxpoHHocrl{.
Kax nesecrHo, KpHTepr{fi roMoxpoHHocrrl nonflaercfl I{3 arliul{3a ypaBHe}lufl'

Haste-CToKca MeToAaMH TeopHH noAO$H.f, I{ 3argcblBaeTcfl B BI{Ag

Ho = llvt,

rge / - rlnnefiI{blfrpaart'rpp; tt -cKopocrb; f - apetua'

BsoAJ{ TaK Ha3brBaeMoe HAe:rnbHoe BpeMfl, onpetrellffeMoe KaK OTHOLUeHUe

o6reva K pacxoAy (tu= Vlq, us (6.9) Mo)I(Ho ron1"lurb

I  =  
t t  

=  
t H

Ho f r " r .n  tu .u

HITYI

t M  f r . u  m v
t i i .  =  -  =  :  - t

'  t u  f g . t l  ^ Q

rAe mt - Macrurao BpeMeHlI;
= QMIQ^ - Macu.rra6 pacxoga;

Ho MOAenb H Harypy.
Hcnonn:yn BbIpDKeHHfl'wfl' Macrura6os o6ter"ta I4 pacxoAa

2
m v  =  m ,  m p i

*e = Mm,m|12.

rAe ml = l-ll, u ffilt = hvlhH - nnarroBufi u BeprHKilrlrurtft JrI{HefuIbIe

Mac1r1Ta6br coor;ercrsetfuo ; Ii'- QopcltpoBKa pacxoAa, ro[flaer"r Sopr"tyny

t46

( 6 . 1 1 )

mV = V*IVH- Macura6o6rerua; mg =

I{HAeKcbI "M" H "H" o3Haqiuor coorBercrBeH-

(6.r2)

(6.13)

Dln yc,noolrft gHepreTuqecKHx KoMIiJieKeoB nepeMeHHbiM}t IIo BpeMeH.I{

BEII}IIIIHAMI{ MOTYT flBII.ETbCfi PACXOA T T9C' A3C' T3C' TASC I{ HACOCHbIX

cTaHrlr{fi. flo rpaQuraM sKCII[yaraIII{H rI{AposHepreTITIeCKHX OobeKroB MO)K'

Ho, Hcnorrury" .oioouregg.E (-o.tg) u (6.14), onpeAenrrrb coorBercrBytouue

6.3.HccnEAoBAHHETEMnEPATyPHOFOPE)I(HMABoAoEMoB
rdxHo-vrpnnHcroro gHEProKoMrlnEKcA

Anfi o[peAerleHl{.fl r'racrura6a BpeMeHI',I

mr
f t i ,  = ---: '

'  Mt /^n

(6.14)

(6.e)

(6.10)
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rrHrrle Hs KonctasrnHoBcKoro. 3a6op oxfla)KAa-
rcttlefi BoAbr Anfi AgC ocyIrlecrBrlfr,erca. nacocHofi
ctagurefi BToporo noAbeMa I{3 np}rAoHHoFo CJIot
Tarulstxcxoro BoAoeMa paBHoMepHo B TeqeHHe cy-
ToK. O6rer"r 3a6npaeMof, sa cyrxn^ BoAbI paBeH

13,6 r"rnn.ru' B nerHue H 15 r.,tnu.M" B ocrartHble
Mecsubr roAa. lloAorperar Ha A3C BoAa nocry-
naer no KaHany B BepxHHe cnon TaurrlblKcKoro
BOAOXpaHHnHUIa.

.[ns Anexcan[poB cKoro n KoHcraHTIrHoBcKono
BOAOXpaHHnHIII, KaK BOAOXpaHHJIHUI KOMIUIeKCHO-
ro Hcno[b3oBa]IHt, no caflHTapHbIM HOpMaM yCTa-

HoBneH npeAen TeMneparyptt 2S,2 
-C, 

a ncxo,u,l ue
gHeprerHqecxnx rpe6osaHHft reMneparypa BoAbI Ha

aogoea6ope A3C He AonxHo npeBbluarb 33 
-C.

HcxoAxrre AaHHbte. [Ipu nrtnonHeHl{H pacqeroB
TeMneparypHoro pexnMa BoEoeMoB Ha ocHose 6a-
naHcosoft MareMarxqecxoft MoAeJII{, npnnegeunoft

B $ 0.t, AJrr orpeAeJIeHI{t 3aBucnMoctefi (6.8)

6rnu Hcnorrb3oBanrl pe3ynbraru QneruecKoro Mo-
gennponauuxl .

I 
H..neAo"aHHr Ha Qnenuecxofi ruoAenn 6run

BbrnorrHeHbr B.E. Oap$oponcKnM.

Pnc. 6.4. Cyrovnuft pexuM pa6orrt ruAPoarpenaroB
IOxno-YxpaHHcKoro oHepfoKoMnrteKca B Bapil-

&,nt /c
HacocHaf, cmaHuun

I nodwna

Tautnuxcxan
r3c - rA JC

1219 nnx.nt

l9,J nnx.nt
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Puc. 6.5. MereoponorxqecKue AarIHbIe H xapaKTepHcrHKH croKa lOrrsoro Eyra, Hcrron6-
3yeMbre B paoteTiD(:

a - o6navHocru; 6-reuneparypaBo3Ayxa; a -BJr:Dr(HocrbBo3tryxa; a -cKopocrr
Berpa; d - pacxon lOrgoro Eyra; e - reMneparypa l0xsonc Eyra; 1964 r.;

-  l97l  r .

OlrgHqecrafl MoAenb BoAoxpiur{nnul 6rura Bbr[onHeHa B cneAyr]ufix teoMerpxqecKux
rr,racruta6ax: IutafioBoM 1 : 200 I{ Bepfl{Kanruou 1 : 50. Macrura6 pacxogoB rpu 3roM
cocraBHJI I : 70 600, vacurm6 upeuern 1 : 30. IIpu npnurroM Mactura6e pacxoAos o6ec-
neHHBarlct typ6ynenruuft pexnu B BoAoeMax, qro no3BoJmlo orKiBarEcr or Qopcllpon-
KH pacxo,qoB.

TeuneparypHble sbeMKrl, npoBeAeHHbIe Ha MoAenH B rrpoMefl(yrKax BpeMeHn, @or-
B ercrB ypu-u{x xapaKTepHbIM BpeMeHHbrM HHTepBanaM cyroquoro IIHKlra pa6orrr gHepro-
KOMIIneKc4 no3BoJIr{J[f onpeAerrHTb 3aBHcfiMocTH, . cB.E3brB:lrous{e cpeArrr{e TeMnepaTypbr
BoAoeMoB c reMneparypaMr{ BoAbr, nocrynax}r[efi Ha rugpoar?eraru.

B xa'tecrBe ocnoBttrlx HcxoAHbIx MereoporornqecKl{x yc,norufi 6unn npuxrrbr AaH-
llble, noJrfleHxrte B pe3ynbrate ua6nrcgeHnfi na Mer@criurr.lrr{, HaxofAuencs, a6nrgn
pacnotroxerurr Kbrso-Yrcpauncrono sHeprernqecKoro KoMnneKc4 s l97l u 1964 g.
Ycnosns I97l r, 6rmlr 6nnsKu K cpeIlH[M 3a paccMorpennufi rruoronerrnrft par,, a yc-
JIoBHfl 1964 r. obecneqnsanu sau6oaee BbrcoKue (rnauHrrrr odparorr, s nerrmfi nepuo4)
TeMnepaTypbr B Bo,qoeMix.

Kax auA,no H3 pnc. 6.5, paannvnt MereopolorfiqecKnx napaMeryoB, a raKxe pacxoAa
H TeMne,parlpu loxuoro Eyra s l97l u 1964 rr. HeBenHxn. Hcxnrc'{enue cocraBrr.Eer
nlrls rpaQux t{3MeHeHI{ff o6naqnocna. B re,rerne Bcero BeceHHe-neruero nepuoAa B
1964 r. Ha6ruo.quncb MelrbIIIHe 3HaqeHuf, o6narmocrn, qro Aonxgo npnBo!fimb K ycrarroB-
JIeHuIo 6onee BbI@Koro ypoBut reMneparyp B BoAoeuax. Oregyyr o6patar6 BHHM:trrHe
fia sHcoKltfi nasoAKonrfi crox Klxnoro Fyrq qro A,onxHo orpaxarBcf, Ha reMrreparyp
HoM pexrrMe BoAoeMoB s neceHrfifi flepnoA.

O6tepru 3arlonHenut rrpr HopManhIIoM noAnopnoM ypoBHe pr,n Taunu xcxoro, KoH-
craHTI{HoBcKoro H AlexcaugpoBcKoro BoAoxpaflruruul 6ulr.r npHH.ETbr paBHbrMH coor-
EercrBeHHo 270,81,8 u 131 MrH.Mt. O6ter'r BoAbr s KoHcraHTrrHoBcKoM soAoervte 6Hn
npHHf,T HecKonbKo MeHbIrtr{M no cpaBHeHuto c o6rerroM B pearrEHbrx ycJroBurx, TaK KaK
npetrBtp[TeJrbrrble l{ccrleAoBaHr{ff noKa:riulu, qro o6repr groro BoAoeMa He noJrHocrrro 6y-
ger WacrBoBarb B aKKyMynnguu cfpacttnaeuofi rennoru A3C.
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Ptrc. 6.7. Hsv.eHeHHe xapaKTe,pHbD(
TeMnepaTyp cHcTeMbr BoEoeMoB B
3aBncnMocru or Mousrocrr{ AgC
(als ycnonnfi HKrrr.E L964 r.):

a - qetruenoBepxHoctHofi Taru-
nbrKcKoro BoAoxpaH[.nH[Ia; 6 -
cpe4Hefi KogcranruHoBcKoro BoAo-
xpaur{rfiqa; e - cpe4refi Anexcan-
[poBcKoro BotroxpafirrrrHula; 2 -
Hasogoga6opeA9C;  d  - y  c6poca
r l0xnrfi Eyr

0) ?,) llecnqct

Puc. 6.6. HoveHenne B Tc{eHHo rotra reMneparyp, paccirnTaHnbrx g,nx napuarra I:
a - cpegseft KoHcraHTHHoBcKoro BoAoxpauHJrr{qa; 6 - cpefiieft AlercantrpoBcKoro

BoAoxpaHr{nHura; 6 - Ha nogosa60pe A3C; e - y c6poca s,loKHbrfi Eyr; - -
1 9 6 4  r . ;  -  1 9 7 1  r .

_ ffocxonbKy nepeMeuleHue 3Havurenrnbrx o6reuoB BoAbr BcrregcrBHe pa6oru fgc-
f ASC AorI xHo cnoco 6crs oB arb HHTeH cr{B Ho M y nep eM errrnB aHuro, crpauQnxaqnrr B Ar ex-
caHApoB cKo tr,r u KonctitHfi HoB cKoM B oAo eM a)r He yqHTbrB arl acL.

Anannfii.IecKue 3aBHcI{Mocru ltllgrrl,e['efi csobo.qnofi nonepinocrl{ or o6rervros 3ano[_
HeHHfi B otroeMoB 6run non yqeHbl annpo K cr{ M aun efi coorB ercrB yrou[rx KpnBbIx.

KoeQQuqHeHr rerrnoo6ueHa floBepxHocru BoAoeMoB c oKpyxarcureft cpegoft onpege
nsncs. Ha ocHoBe 3aBncHMocreft, pexomeHgoBaHHbrx B 17l, 921.

Paorerrr reMneparypHoro pexHMa BoAoeMoB npoBolu{nHcb c HcnoJrb3oBaHrreM cpe4He-
AeKtnHbD( gHaqernfi MereoponorHqecKnx Qarropon. .llrg ncex pacqernbrx BapHaHToB
onpeAenfinocb H3MeHeHHe B TeqeHI{e roAa cpeAHux TeMnepaTyp B BoAoeMD(, a TaKxe
reMfieparyp Bogbr Ha noAoga6ope A3C n y c6poca n loxrufi Byr.

Bapnauru nocrofiHHofi erccnayaraqHn. Kpnnue, xapaKTepH3yroq{e H3MeHeHHe reMne
parypHoro pe)KHMa BoA,OeMoB B TeqeHHe roA4 Arrr ocHoBHoro Bapr{aHTa sKcruryararluu
(napuaHr I) nocrpoeHbl c HcnoJrb3oBauueM paccquraHHbrx cpeAHeAeKagHbrx lnaqernft

TeMneparyp (puc. 6.6). Vsv,er.en:aa. cpeAHHx reMneparyp B BoAoeMax, reMneparypbr Bq-
[,bI Ha nogosaOope A3C n y c6poca s IOxHrrfi Eyr H[,eHTHttHbr. llponanu n rpaQnxax,
coorBercrBylouge BeceHHHM MectrlaM, o6rgcHsrorcs naBoAKoBbIM croKoM, xoroprrfi
npHBo[,HT K ctil{xeturc TeMneparyp B KoHcragmHoBcKoM BoAoeMe, a 6narogapx nogooG
MeHy MexAy BoAoxpilnuJruulilMu n rc obureruy noHuxerurl ypoBHff TeMneparyp B cgcreMe.

Teuneparypu KoubraHTI{HoBcKoro H ArexcaHgpoBcKoro BoAoeMoB xone$nnrc.s n
reqeHHeroAaor 3-6 no 26-28"C.

1 5 0

flosrrureru{e MaKc'IrMarIbHbIx nernu^x reMneparyp Arrf, )KapKoro roAa no cpaBHeHuro
co cpeAHI{M cocritBJl.Eer npnMepHo 2 

-C. 
.[nx xero'ropbrx MecflrleB pa3HHrIa B TeMrrepa-

Typax .qocrl{raer 4 
- 

C, a B cpe4rleM 3a roA TeM[eparypnufi ypouenb xapKoro roga Bbrrue
n a  1 , 3  - z , O o C .

Cpegrue reMneparyprr n Alerc:ruApoBcKor'r n KoncraHrr{HoBcKoM BoAoeMax B Jrer-
rnrft nepnoA xaPKoro ro4a 6q4s5_u K HopMHpyeMoMy npeAeny, Ho.He rpeBocxoA.Er ero.
sMeCTe C TeM BHyrpH EeKa,q,Horo H cyToqHoro rutKnoB B oTAerrbHbre nepHoEbr BpeMeHH
olIH Moryr 6rtm nrrrue npeAerlbHux. OqeaHAHo raKxe, qro B o6onx Bo,q,oeMax npu cpeg-
HHx reMneparypax, 6mlgxnx K HopMarfiBHbrM, AonxHbI cyulecrBoBarb 3oHbI c rroBepx-
HocrlIhIMH TeMneparypaMlt Bbltrre HopMupyeMoro [peAetra. Hanrwre raKnx 3oH npH gKcr-
peM:ulbHbrx MeTeoponomqecKl{x ycrroBH.Ex noATBepxAilrcT pe3yltbTaTbr uccneAosaHHft
pacflpeAelleHr,ts reMneparyp no nrorrr,r\q KoncraxraHoBcKoro x AnercangpoBcKoro Bo-
AoxpaHnru{ul (cM. HanpnMep, pnc. 6.2).

Terrneparypa BoAhr, c6pacuaaeMofi s Ioxurrfi Eyr, s reqerue Bcero roga HH)r(e HopMH-
pyeMoro npe,q,ena, Ho B Jlernr{fi nepnog xapKoro roAa 6luexa K HeMy. Ter"rneparypa Bo-
g,u Ha rogosadope A3C B TeqeHHe Bcero pacqerHoro nepr{oAa oKa3aJracb He Bbrure 30 oC.

flpenctasnenHrle BbIIue pe3ynbrarbl 6rrrnr non1''reHbr Arrr 3HaqeHilft rvroqnocru A9C
3000 MBt B JIerHHe MectIIhI (c y.letorvr peMoHra euepro6loxon) u MoulHocrfi 40O0 MBr
B OCTarrbHOe BpeMr ro[a.

lnn usyle-tuut BTHIHI{I MoLIHocm AgC Ha reMneparypnrrft perffM BoAoeMoB 6uru
npoBeAeHbl pacqerbl nprl pa3tlnqnhrx ee 3HaqeHutx (grg oprxaKoBbrx Mereopofloruqec-
KHx ycnoBHfi). flpegfloflaranocb, rITo reM[eparypnufr. nepena[ Ha KoH4eHcaropax coxpa-
lJg.ercl HeI{3MeHHrIM, a JrBenI{rIeHue reruIoBoro c6poca nponcxo,q{T 3a cqer yBeluqeHuc
Uf{pr{yn[lJur.oHnoro pacxoAa. Peaynrrarrr pacrreroB npr{BegeHbr Ha puc. 6.7 r nuaesar,Hcar
uocref, cpeAHlrx 3a Mectq TeMneparyp (pacoruraHHbD( grts ycnoBufi urong.1964 r.) or
Mou[rocrn A9C. Kar BHAHo, nanGonrunre n3MeHeHr{g nperepueBaer reMneparypa Taru-
JlhrKcKoro BoAoxpaHrrlHrrtr. STor BoAoeM HMeer MeHbrrtr{e pa3Mepbr no cpaBHeHuK, c

1 5 1
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Pnc. 6.8. Hsrrenenus B xoAe TeMnepaTyp no cpaBHeHr{ro C OCHOBHbIM BapHaIITOM EIff Ba-

prranroB I.1-I.6:

s - c1,erytefi KoHctanrnHoBcKoro Bogoxpannnuura; 6 - cpegflen fuiexlcauupoBcKo-

rb BoAoxpaHHnHUIa; 6 - Ha nogora$ope A9C; e - y c6pocaB IO-xTbIil E_yr; - :
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Pnc. 6.9. CyrovHstfi pexnM pa6oru rnApoarperaroB B uapnaure II

Puc. 6.10. Bper"reHuofi xoA pa3Hocru MexAy TeMnepaTypulMu' paco{I{ra}lublMx 1.lnff BapI{aH-

ros I  u I I :'"" 
o- -'^qelHen KoHcraHnaHoBcKoro BoAoxpaHHnHuIa; 6 - wewefi A-nexcasApoBcKOrO

BoAoxpanxnuura;  6 -  Hanogora6opeA3C; 2 -y c6pocas IOKHrrf tEyr

ASyMq ApyruMH H coorBercrBeHHo MeHbluyp aKKyMynHpytouyrc cnocoonocG' B ro xe

RpcMs Ha Hero npHxolu{Tcfl OcHoBHat qacTb Terulonoft uarpy:xn. B paccuaTpHBaeMoM IIH-

repBane H3MeHeHHfi MoulHocTH AOC ynenxqeHHe ee sa 1000 MBr Bbt3bIBaeT noBbtuleHue

cpeAnux TeMnepaTyp n KoHcTaHTHHOBCKOT'r n^AlexcaHApOBCKOM BOAOeMax' a TaKxe TeM-

neparypbr BoAbI Ha soAora6ope AOC na I -2oC'

c ueluro H3)^{erMq Bo3MoxHocfi MaHeBpHpoBatMt pexHMoM pa6oGt rHApoafpetaToB

B BbrxoEHble AHH 6rrnn nccneAoBaHbl ruecri BapHaHToB (I' l - I '6), ornnqaprylxct oT oc-

HoBHoro BapHarrra I pexur'rnblMH napaMeTpzrMH rHApoarperaroB B cy66ornue H BocK-

pecnbre AHH (n oc'ranrHble AHH HeAeIH oHH cooTBeTcrBoBanH ocHoBHoMy napnaHty) '

HS rabr. 6.1, n xoropoft npHBeAeHbI 3Ha'{eHHfl napaMeTpoB' BHAHo' qTo Anf Bcex lUecTI{

BapHaHToB xapaxrepio yMeHbrueuue nogoo6MeHa B cHcTeMe'

HsrvIeHeHHx xapa*r"pHblx TeMnepaTyp cHcTeMbI no Cp:TBHeHHIO C OCHOBHbIM BapI{aH-

ToM npuBeAeHbr Ha pn". 5.S. Kax sHAHb, ern nSr"reHeH'fi HeBenHKH. PasHOCTH cpelpeMe-

csqHbrx sHaqeHufi TeMrrepaTyp B TeqeHHe Bcero roAa He npeBblularct I "C' .I lttc scex na-

pHaHToB na6lrcAaerctl HeKOTOpOe noBbI[IeHHe Obulero TeMnepaTypHoro ypoBHfl' qTO BbI3-

1 5 4
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hrc. 6.11. Cyrouuufi pexur'r pa6oru rn[poarperaroB B napraHre III

BaHo MeHbItMM LIcnoJIb3oBaHHeM cyrrurapHoft nnouag,u Bcero BoEHoro 3epKana B Bblxo[-
HbIe Eltrt. Halr6onee 3aMerHo noBbrureHue reMrreparyprr A-nexcaHApoBcKoro BoAoeMa Bo
Bcex luecrn BapHaHTax, qro, tro-BlrAnMoMy, o6tscHgetct orcyrcrBneM fiocrylrneHut B
Hero BoAH He KoncrarlTr.rHoBcKoro BoAoxpaHHJrHnrF n cy66ornne H BocKpecHbre AHH.

B napuaHre I.3 KoncraHruHoncrnft BoAoeM B BlrxoAHbre Arrrl orr(nnqaercr or cucre-
MbI, no3TOMy TeM[epaTypa ero B cpeAHeM noHHxaeTcfl.

ConocrasneHne ocHoBHoro BapHaHTa c BapHaHTaMH I.1 - 1.6 npoBolu{flocblgt.fl Mere-
oponorvqecKllx ycltor,HilI 197 I r. O,4Haxo, KaK noKa3ErBaK)T pacqerbr, H3MeHeHHe Mere-
oponornqecKux yctosufi He AonxHo cHJIbHo BJIHtrb Ha pe3ynbratu conocrurBtreHufl Ba-
pHaIITOB.

floprnpro BapHaHTa I uccneAoBatrucb H trpqve BapuaHrbr nocroqHHoft eKcruryarruHn,
Koropbre npn o6ecneqeHl{H Heo6xoAlruoft rrou$rocru, rro npegBap}ITs[bHbrM oIIeHKaM,
TaKxe 6rutn AocraroqHo eQ@exmnubl rro reMneparypHoMy pe>Klav.y B BoAoeMax r{ no-
TOMy MOmU paCCMaTprfBLTbcfr KaK anbTepHaTilBa.

CyrovHrre rpaQnr<u pe)KHMoB pa6orrr mApoarperaroB Arrfi Bapr{aHra II npeacragJreHbr
Ha pHc. 6.9. 9ror BapHaHT orJrnqaercff or ocHoBHoFo reM, qro H3 cncreMbr BrrrBo,q{Tcfi
HacocHaff craHqltt nepBoFo noAbeMa. [Ipn erou KonrqecrBo BoEr,r, nepeMeulaeMoft s
Ha@cHoM pexHMe qepe3 Tauulrtxcrcyrc f3C - fAgC, yBeJrr.rqnBaercfl, a ucper Koxc'raH-
TnHoBcKyp f3C - |ASC yMeHbtuaerct.

o,ntlc 'o'otl""nx;:::xu"'
5001 8,6(ts)rnx. nr

JlrZ nnx.nt
Hacocnan
cmaH4un
I nodtena

0  2 r E  6 / 0 l 2 1 | l 6 l 8 Z 0 t

I II III IV V YI WIVIilIX X il Xff
z)  Heenqu

Pttc. 6.L2. BpervreHHofi xo4 pa3Hocru Mex-
Ay TeMnepaTypaMH, pacc{rHTaHHbrMH Atrs
BapHaHroB III u I:

a - WeDHeft KoncrauruHoBcKoro Bo-
AoxpaHurrl{ula; 6 - cpeyneft AnexcaH-
,q,poBcKoro BoAoxpaHHnHuIa; 6 - Ha Bo-
nora6ope A3C; e - y c6pocan l0xsuft
Evr
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Pnc. 6.13. HgueHemle B reqeHge roAa xapaKrepHblx reMneparyp cugryYblBoAoeMoB npn

BpeMeHHofi cxer.le 3KcIIlyaTiuIHH' paccquraHnblx Anrr Mouqtocrn A3C 2 rvrnn'xBt (/)

n 3 r',rnn.xBr (2) :

a - cpeAHenoBepxHocrHofi Taur.nttxcxoro BoAoxpaHHnHLUa; 6 - cpepHefi Anexcan-

ApoBcKoro BoAoxpaHHnHrqa; I - Ha no4osa6ope a9C; e - y cSpoca n IOxntIfi Eyr

Ha pnc. 6.10 npeqcraBleH xog l{3MeHeIIHfl B TeqelIHe roAa 3Haqenuft paruocTu xapaK-

TepHbrx TeMneparyp cr{creMbr, paccqflT:lHHblx 411t BapIIaHToB I x II. Kax snAHo' cyUIecT-

BeHHbre pa3nfi'{u.ff na6npgarotcff rottbKo E1t TeMnepaTypbl BoIpI Ha soAosa6ope A3C

Tza6.OHu csssanbl c TeM, qro B BapHaHTe II soga KoncranrnHoBcKoro BoAoxp:rHHnuula

"J*io"tynaer 
s Ta1llnstxcxttfi BoAoer{. B cpegneu B BapHaHre II ter"rneparypa Ha BoAo-

:a6ope A3C srtrue npgMepHo na 2,5 
oC. 

E.nn B Bapl{aHre I sHaqetue T3a6 onpegenr-

fiocb DIaBHrIM o6parou cpaBHI{TenbHo rnagxofi TeMnepaTypOfi nogpl KoncraunanoBcKo-

ro BoAoxpaHI{nHUI4 nocTynarculefi s npgAotlHste cnotr Taurnutrcxoro BoAoeMa s6ngg14

sonosa6opa A3C, To 
" ""pr"""" 

II OnO B OCHOBHOM OnpeAeIlteTcfi TeMnepaTypHbIM

pexr{MoM Tarulrtxcxoro BoAoxpaHHnHIII4 ypoBeHb KoTopo1o BbIIue' qeM B napgaure I'

TeM He MeHee cpe[HeAeK4qgble 3Haqernfl Tsa6B nernnfi t"Pl31t-:Aecb He npeBocxoE'Er

HopMgpyeMoro no 3HepreTH'{ecKHM rpe6onamlxM npeAena 33 
-C' I{ro xacaercf, TeMnepa-

rypHoro pc)KgMc B BoAoeMax KoMruIeKcHOro ncnoJlb3oBagl{t' To AIIS BapHagra II rer"rne-

paTypa s KottcrattntltogcKoM BoAoxpapl{nnqe noJl}^lrulacb HecKonbKO rulXe (n cpeAHeM

sa 0,5 " C) , a s AllctccatrApoBcKoM ocranacb npuMepno Ha roM xe ypoBHe'

IIa puc. 6.l l rrpeAcraBJreHbl cyroqHrte rpa$nrH pe)ICHMon pa6orrt mApoarperaToB

no BapnaHry III. Orr ornHqaercq oT ocl13BHoro reM' qro B nepgo4 pa$oru Taurnrtxcrcoft
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Pnc. 6.14. XoA pasHocTH MsxAy reMne,parypaMg' pacoIHTaHHbIMH gTIE BpeMennofi cxeust

aKcfinyarau1rr, npn o6beMax cSpoca u garaqrcl .Iepe3 Taurnuxcryro I9C-IA3C 6 tt

12 rrnn.  u" :

a - qepteroBe,pxHocTHofi Taumuxcxoro BoAoxparunuula; 6 - qegtefr Anercen'

EpoBcKoro BoAoxpaHI{IIuUa; 6 - Ha Bogo3a6ope A3C; e - y cSpoca n lOrttufi Eyr

f3C - rASC B HacocHoM pexHMe oTKJrroqaercfl Hac,cKza. crarrllHE nepBoro notraeM4

a HeAocr:ilou$fi o6rerr Bogbr noAaercfi x soAoga6opy A9C KaHiuIoM Hg AnexcaHApoB-

cKoro BoAoxpaHHnI{uF. flpu eror"r HecKonbKo l{3MeHtKtrct pexHMbI pa6oru Bcex n{Apo-

arperaToB.
Ornuqns BapHaHTa III or ocuoBuoro BapHarITa B uenoM raKxeHeBenHKil (pttc.6.12).

B cpe4nerrl Hecxonrxo noBEruraeTct TeMnepaTypHblfi ypoBeHb KosCranmHoBcKoro BoAo'

eMa H noHr{xaercr (aa ncxlrot{enueM BeceHIIIrx Nrecfltes) TeMneparypnrrfi ypoBeHb

AneKcaxApoBcKoro. Teunepatypa ,B9EFI Ha BoAo3a6ope A3C BbIIue' qeM B ocHoBHoM

BapnaHre, np5Mepgo Ha I "C secHofi H Ha 0,2-0,3 
-C 

s ocTurnbHoe BpeMfi roAa.

Taxnrr O6paOorrr, Ha OcHOBaHI{H aHatIH3a pe3ynbTaToB pacqeTa TeMnepaTypHoro perKII'

Ma BoAoeMos IO)KHo-YKpaI{HCKoro eHepreT1qecKoro KoMruIeKca E,;1ff paccMoTpeuHbD(

EapnaHToB MO)KHO 3ar('lrcrlHTb' IITO OIII{ He o6Jlag,alor npeHMyulecrBoM no cpaBHeHUIO C

ocHoBHbIM B qacTu TeMnepaTypHoro pexuMa. Terranepatypa Ha BoAo3a6ope A3C s Bapl{afi'

rax II 14 III srtrlle, qeM B BapHaHre I, a paunuHf, reMneparypHoro ypoBHf, B BoAoxpa-

HHnHrqa)( KOMIrIIeKcHoro Hcnorlb3oBaHltt He npeBblluaror 0,5 
-c'

Cterra BpeMegrrofi gKcnJryaraqxu. B coorgercrltlrr c rpaQfiKoM crpoHTellbcrBa IOx-

HOYrcpanncKoro SHeprer[qecKoro KoMruIeKCa BBOE ruApoarperaroB yBff3aH C BBOIOM

euepr;6noKoB Ha A5C. nogTorry 6rutu flpoBe[eHbl I{ccneAoBaHHt BpeMenxofi cxeMbl

gKcnnyararlqg, npn xoropofi B cr{sreMy BoAocHa6xernfl sHeproKoMlrneKca Bxo[tr roJrb'

Ko ADa Bogoxparrnnrura tTaunbrKcKoe n fureKcaugponcxoe), cBF3tuIHbIe qepes Taurnur'

cKyro I3C - fA3C.
Ha puc. 6.13 npegcragneHH H3MeHeHItff B TeqeHHe ro4a xapaKTepHbD( reMnepaTyp Bo-

AoeMoB, paccqural{Hbrx np14 o6rer"re c6poca I{ 3aKaqKH qepe3 f3C - [AOC' paBHoM

12 r,ann.r.l3, H Mou.Etocm A3C 2000 n 3000 MBr. VsenuqeHre Mou.slocrl{ c 2000 go

3000 MBr npHBoIU{T K noBbrurenr{ro reMneparypbl A.nexcaHgpoBcKoro s TauuurccKoro

BoAoeMoB B cpeAHeM Ha 1,2 u 3,3 
oC 

coorBercrBeHHo. flonuurerne reMneparypBl BoAFI

Ha Bogo3aOopi neC cocraBrrer npHMepHo 2,2 
o 

C. [Ipu erorrl 3HaqeHHt reM[eparypbl

Alexcannpofcxoro BogoxpaflItnuula H Ha sogoga6ope A3C He npeBblluarcT HOpMaTHBHbIx

gHaqeHufi,
llpu yruenrrueggg o6serrla BoAbI, nepeMeulaerroft ueper Tauurtrcryo I3C - fAgC'

Ao 6 rrlnx.u' teuneparypHufi ypoBenb s TaurnrrxcKoM BoAoeMe noBblluaeTcfl' qTo npHBO-

Anr K yBemtqeHulo MaKcI{MttrbHbIx neTHttx reMneparyp Ha nogora6ope AOC npnMgp:{9

na t "i. Teuneparypa AlexcauApoBcKoro BoAoeMa notgxaeTc.fi B cpe['HeM xa 0,7 
-C

(pnc .  6 .14 ) .
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Peaynrtatu HccJIeAoBaHHff TeMnepaTypHoro pe1<HMa npH BpeMennO[ cxer're sKcIUIy-

arauHH non] teHbr E rff ycJtoBHft cpegHero 1971 F. B ro xe BPeMfl, KaK noKa3:uu pecqe-

TbI, IIpH. nepexoEe K eKClpeManbHbIM yCJTOBHfiM MaKCUMAnbHbIe neTHHe TeMnepaTypbl

AlexcaugpoBcKoro BoAOeMa y""nrru""rroTcf Ha 1,5 - 2,0 
oC, 

a TeM[epaTyla Ha BoAo3a-

6ope AOi ua l-1,3 "C. Taxr.rpr o6parou, B Bapnaxro( c Mou-Hocrblo A3C 3000 MBr

gTH TeMnepaTypbt npn sKcTpeManbHblx ycJIoBHflx 6nHsKH K HopMaTHBHbIM 3Hat{eHHfM'

I naSa /

O IITHtvt H3 A I-!,H.fl TIAPAM ETPO B C HCTEM OXnAX.UEHVlfl,,
BKNNqAIOIIHX BO.UOXPAHHN HI{A.OXNAIIIITENH

7.r. nocTAHOBKA 3AAAqH

flocrosnuurfi pocr norpeoHocTtr B sJreKTposHeprHu npHBoElT K nOBbIIIIeHHT Mou'

Hocrell T3C N A3C. Itpr sToM B ycJloBu.fix AeQxqnra npHpoAHLIx pecypcoB H Bo3HHKHo-

BeHHff pflAa gKonoryqecKux npo6neu nepBoo'{epeAnofi- eaAaqeft frn.nflercr noBbllueHHe

e$$exnrnnocrrd pa6orbr 3JteKrpoctaxUnfi c roqKH 3peHHfl KaK sKoHoMHono pacxoAa ron'

nHB4 raK H yMeHbueHuff BpeAHoN) BnHf,HH.f, Ha oKpyxaxrutyn cpeAy. llosrrureHne efr

eexrrrnxocrr{ B cBoKr oqepe!,b npeAnonaraer Bbt6op onrnManbHblx napaMerpon paGoru

gneKTpocTaHuuH Ha cTatrr{H [poeKTHpOBatMt, a TaKxe onT[MiuIbHOrO ynpaBneHl{t B ne-

pHoA 3KC[nyATaIIHH, T. e. peuIeHHe HeKOTOpbIX OtTfHMH3IUIUOHHbIX 3aAaq.

oAnnrvr H3 BaxHbrx diaxropon, o6ecneqffBarou-ux Ha,qexHylo H esQexnannyrc paoory

T3C x A3C, ssrrercr npanunrnHf, B6r6op gneMeHToB cHcreMbt oxfliDKAeHHs. B ro xe

BpeMff cHCTeMa OXJraxAeHHfl frBnf,eTcfl oAHHM H3 npOBOAHHKOB OTpltqaTenbHoro BITUfrH't'fl

enexrpocrau[nfi Ha oKpyxiuouryrc cpeAy Bc.fleAcraxe relrJloBoro 3arpfi3HeHHs nocIelHefi.

floerouy npn urtoope napaMeTpoB cHcTeMbI OXJI:DKAeHtlfl' a TaKxe ynpaBneHl{H HMH B

npoqccce sKcnn)raTilIHH AonxHbr npHHnMaTbc.E Bo BIIXM:IHHe HetaTHBHbIe nocne[,cTBHfi

TemoBoro c6poca.
Hnxe psccMaTpHBapTcs HeKoTopbte 3aAaqH onTlIMn3aqI{H napaMeTpoB cl{cTeM OXJI&|('

AeHHs, Brarrnqalou_ux BoAoxp:lHEnHula-oxJra,q,HTeJIH, Bo3HHKAIOU.S|e npH [poeKTupoBaHHl{

H oKcrrnyarauuu T3C u A3C.
CleAyer orMemrb, qro npn npoeKTrrpoBaflHn t{ 3Kcnnyaralu[ sneKTpocraHunfi onpe'

Aolnrou${Mr, 6erycnoguo, tBnffrorcr gKoHoMrqecKfle oueHKI{ H KpHTepHx. Tax, B [9,
86, 87 1, rAe onrHMH3aqHoHHbte 3aqauu Qoptvty[HpyKrTcf, npnMeHHreJIbHo K HH3KonoTeH-
qganbgoMy KoMrureKcy T3C n A3C, sxnrcqiuoqeMy noMHMo cl{creMbl oxJIaxAeHHf, cuc'

TeMy noAaqg BoEbI, KoHAeHcarop H nocneAHroxl crynenr ryp6uttsl, norcK onrl{ManbHblx

BapHaHToB ocyulecrBJrf,ercfi Ha ocHoBe MHHHMH3aUHH cyMMapHLIx 3aTpaT, Otrnaxo HMeer-

cf, 6onLuoe qgcno 3aAtq no onrHMH3iulHH napaMerpoB cr{creM oxJIDKAeHH.fi' B KoTopblx
gKonoMr{rrecxne $axropbr B fiBHoM BHAe He Qnrypupylor. HMeHHo o raKl{x 3agaqo( maa'

uslu o6pasoM H nofiAet peqb B AanHofi FrIaBe.
B npxHulrne pelueHHe onrsMn3aUnonnoll 3agaqH aAeKBarHo Ha)(oxAeHHlo sKcrpe'

MyMa uexoropofi $yHrutx (Qysr<ruronura), nonyqeHnofi nyreM Hcnonb3oBaHHS Mare

MargqecKofi Mogeru, olrrcbrBaloulefi noseAeHHe q{creMbl, H c } teroM orpanuqettnfi, H&

rranaeMbrx Ha H3MeHeHHe ee napaMerpoB. flpexne qeM pacKpblTb rexHuqecKoe coAepxaHue

TaKHx 3atraq npfiMeHgTenbtro K cucreMaM oxJrDr(AeHHs TgC n A9C, Br<nrclqarcu-Etx BoAo'

xpaHgrrgula-oxnalgTenn, Heo6xogMo BbrtcHHTb, KaKyIo Qynrcuun Moxer HecrH Tor HIIH

nnofi naparvrerp cncreMbr B paMKax Qopr',rynnpyer"roft oilrr{Mu3aIIHoHuofi 3aEaqH.

Ilpennono lrc.rM, qro u eo 6xo4a rro onrHMH3H poB arb crr creMy, rroB eAen]re roro poil orm-

cbrBaercfl nexoropofi MareMarr{qecxofi MoAenbK}, r.e. Ha6opou ryQQePeHqHaJIbHbIx'
H HTerp anbHbrx HtrH anre6pauv ecrcrx yp aa n eHnfi .

,[IIr roro qroGur KoppeKTHo c$opr'rynnpoBarb olrrltMu3augoHuyb 3alrqy, nar'r neoG

\c=L\Q Sr|exlt B-JHrtHs- B\af.Ellllf\ B ypaEeEE - BbcLerIETb trep€5r{€[IELre- Eotrycr(aFtlrEe

:R\U\\.\T,\N]a l.lFLrt}.\3\ifl-i 3 lEss}:s\ ::}=lgl\- - Jq'B-?-G':=r-a :E!exf-F-{a
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Taxur"rn nepeMeHHblMH npH peIUeHHH onTHMH3aIlHOHHbtx 3a['aq !,t!ff cHcTeM oXJIaxE'eHH's'

Br4111gqarcU-q{x BoAOxpaHHIIHUIa-oxJIaAHTenH, MoryT 6ttrr pa:nHqHble XapaKTepHCfiKH

lgApocoopyxeHufi, HanpI{Mep pa3Mepbl crpyepacnpeAeJIHreJIbHbIx H cTpyeHanpaBJlflIou41x

Aav6, xobprulnarbr pacnoloxeHgfl BoAoBbInycKoB lI nogo:a6opoB, a npg HecKoJIbKHX

BoAoBbrnycKax (sollga6opax) - xosQQnUHeHT' xapaKrepn3ytougrfi repepacnpeAeneHue

U{pKyJIfiUHoIlHoIlc pacxoAa MexAy HHMH. AHanoruqHuft xoe@QI{UHeHT Moxer qBntTb-

cs vEnaBJreHueM B e11ereMe oxJrlDKAeHHfl, cocrottrrefi ur HecKonbKnx oxnaAnrenefi.

cneAyet oTMeTHTb, r{TO KOnHqecTBo nepeMeHHbrx, MOTyII-EIX npeTeHAOBaTb Ha ponb

ynpaBneHgt, pacrer c noBbIureHHeM cJlo)Kllocrl{ cucreubt. Tax, ArIfl gHeproKoMruIeKcoB'

rAe oxJlaxAeHHe rlupKyrrruuosnoft BoAbI nponcxo,U{r o6rtqHo B HecKonbKHx Bo[,oeMzrx'

nofrBflAercfl. AorronHHTeJIbHafl BO3MOXHOCTb HCnOrIb3oBaTb B KaqecrBe ynpaBn8rcufix

Qynxt$dft pacxoAbl Bo,q,bl, xoropofi BoAoeMbI o6t"leHgpaloTcfi MexAy co$Ofi (r'e' uapru-

poBarb pexl{MHble napaMerpbr f3C - [ASC).
flor"ilrr"ro nepeMeHHbrx ynpaBrreHH.s npH pelUeHHH oITTHMH3aILHoHHbIX 3aJlaq pa3nuqzrrcT

eule BHeuIHne n 6"so"bte nepeMeuHue (nepeMeHHble cocroruua), npHqeM nepBble xapaK-

TepH3ypT BIlHflHve Ha cHcTeMy oKpyxaloqefi cpegrt, a BTopbIe - H3MeHeHHe q{cTeMbI

npg Brrerr1Hux sosAeficrBHrx H HeKoropoM ynpaBneHHu. TaK, AIff BoAoxpaHl{nnu,{xJra'

rulreneft nepeMeHHbIMH cocToflHgt 6ygyt flBnflTbcfl. nonfi cKopoCrefi u reMnepaTyp'
' 

BneruHHMLr Bo3Aeftcranxrvrn U,enecooopa3Ho c'{HTarb Bce nepeMeHHble 3a'U,aql{' Koropble

Henb3fl oTHecTH HH K yIIpaBneH[Io' HH K nepeMeHHblM cocTotHltff' Ha npaxruKe - 3To

aecr Ha6op Mereoponoruqecxxx Qaxropon, a raKxe HeKoTopble xoaQSnuueHTbt' Bxo,qt-

rrge B ypaBHeHHt, 3HaqeHHe Koropblx Quxcnponano H He H3MeHffercfl c H3MeHeH[eM coc'

TOSHH,I CHCTEMbI.

CneAyer oTMeTuTb, uro QaxrnqecKn pa3EeJIeHHe nepeMeHHblx Ha Oa3oBbIe H BHeurHfie

norgeficrout Aocraroqgo ycnoBHo, nocKonbKy BcerAa cyulecrByer obparHoe BJIHf,HHe

cHcreMbl Ha oKpyxilouryF cpetry.
Peurenne 3a,qaqH onTHMH3aqHH 3aKnIOqaeTCt B HaXOx(AetMH ynpaBlreHHt' MI',IHHMH3H-

pyKtulelo wnr MaKc[MH3Hpytoqero HeKorop1ao SynxIfHIo (Qynxrfuonan), KoropyK)

b6uqno Ha3brBaror QyHrcqneR uenn Hnr{ uenesofi Syxxunefi. [Ipn onrHvt_tl3aqHH cHcreM

oxflaxAegr{r TgC H AgC ecrecrBexHo crpeMneHne, c oAHofi cropott-tt, goEunarscfl MHHH-

Mn3aunx reMrreparypbr oxniu(AenHoft BoAbI A;IE noBblueuun eSQeKTI{BHocfir pa$omt

gneKTpocTaHqr{n, a c trpyroft - MaKcHManbHo HcnOIIb3OBaTb BO3MoXHocTl{ cI{cTeMbI ox'

laxgerrgr, T.e. MaKcHMH3HpoBarb Konuqecrtso nepeAaBaeMoro cHcreMe renna. B coor'

BeTCTBHI{ C srHM BO3MOXHbI AFa fl{na omuMH3aqI|oHHbIX nOCTaHOBOK' pa3JlHgapu-u{xct

xapaKrepoM uenesofi Qynxuuu.
B npnHqnne, Bo3MoXHbI OnTI{M[3iUl[roHHbre nocTaItOBK]l' Hcnonb3ylou$e B KaqecTBe

UeneBLD( QyHxrlxfi H ApyrHe nepeMeHHbre. Hanpuvtep, MoxHo MtrHHMH3HpoBaTb IIJIouIet(L'

3arrtryn BogoeMoM-oxrlaJlureneM, I{IIH neperpeB BoADI B 3oHe xogRficrseugo-marroboro

HrrH K ynbrypuo-6rtroBoro B o,[o noJIb3oB aHHt.

Onrurtr ug saxHefiurgx gneMeHToB onrl{Mu3aquoHHofi gagaqfl frBrrflrorc[ orpaHHqeHuff'

HarlaraeMble Ha n3MeHergg nepeMeHHbrx. Car"r Qaxt Harwlnfl orpiulHqeHHft n nx crpyK-

Typa Bo MHoroM onpeAenf,IoT BO3MOXHoCTH perueHH.fl'

B o6Uer,r cn)^tae orparrgqeHgt Moryr npeAcrannsm co6oft coorHouleHufl B Bvtre pa'

BeHCTB H HepaBeHcTts, BbrpDr(alou[rx ycfloBHf,, KOTOpble BbITeKarcT KaK H3 caMOrO XapaK-

repa cncTenail n $urlr,lecxofi npuponu npoqeccoB' nponcxotrflull{x s Hefi, TaK H Hg Heo6-

xoArrMocrg yAoBJlettsopurb npaKTrrtecKHe norpeOnoctu. Tax, ecJrH AJtfi pacqeTa rHAporep-

MHqecKono pex[Ma BoAoeMaoxJIaFTarAnA ucnoJlb3yeTct MaTeMaTI.IttecK,Lfi' MOAeIIb' He yqH-

IbrBapgla.fl npoUecc QaeonOro nepexoAa XHAKOS1H B TBepAOe cocTotHge' To ecTecTBeHHo

cqIITaTb, qTo pacc'lHraHHoe TeMnepaTypHoe [oJIe AOTIx(HO COAepXaTb TOTIbKO roqKII c TeM-

neparypaMg Bbrure reMneparypbr 3aMep3asus. B ro xe BpeMfi noBbIIIreHHe reMneparypbl

no-nrr ia soAoga6ope snercrpocranuuu nuwwrrpystc.f, eueprerl{tlcoKHMn rpe6onaHxauu.

[Ipn xomnneKcHoM Hcnonb3oBaHr{H BOAoeMa notBrIErcTCs OrpaHHqeHHf, Ha noBblureHHe

TeMnepaTypbl B HeKoTopblx ero 3oHzx.
flor'rnuO TeMnepaTypbr MoxeT n6quTnpogaTbcs H H34egey'fie fp1y16x napaysrpoa,

Tl]'(- rclz E (fl.c7r,{a rs',rjlx.t(J*fit.a qvaKt'fca 'fll*la.llj'>1. frl>tfl4llH7l61rve oftq'l 
" "'/ ,:':.



Synrcunrc (oxnanxrelu s xorvr6HrurpouauHofi cncreMe, BbrnycKn B BoAoxpaHHJIHulH)x-
naEHTeJrb n r.n.), To qacro oKa3brBaercx $nxcnpoBaHnblM o6u-utfi pacxoA BoAFI, npoxo,u,fi-
qefi vepee nnx. Kporvre roro, H3MeHeHue nponycKaeMbrx pacxogon (nanpHMep, qepeg

f3C - IASC B eHeproKor"rnnexcax) nuM[Tupyercff Bo3MoxHocrtM[ ruAporexnnecKnx
coopyxem'rfi. B csoro oqepeAE napaMerpbr H Koop4{Harbl pacnonoxeHrr.fl rilAporexHnqec-
KHx ooopyxeuuf, Monyr 6rrrr orpaurqeHbr no oKoHoM[flecKHM coo6paxerutM n r.E.

t |Dttouttpovtra nn^rro^^Lr f lhnravahrruA D ro-TAv.v ^v[avnetruq Ta(- r Aa(r nFrrurrnY f l J . r f vvn t r v  uPvqvvvDr t  r r l / v r vA rgv ry^v  vuv rs r \Av . s r  . r . r vv t

3aBHCflT OT MeTeOpOnOrfiqecKHX yCIOOnfi, KOTOpbre H3MeHflrOTCfl @ BpeMeHerr. [IOetOUy
ysraHoBHBuleroct pexilMa oxJI:DKAeHHff, crporo roBopt, Aocrfiruyrb HeBo3Moxno. On-
HaKo npH perueHnn npaKTEqecKHx 3a,qaq, cBt3aHHbtx c nuboporr glleMeHToB cucreMbl ox-
[axAeHr{fl, HepeAKo Hcnonb3yloTc.fl MaTeMaTI{qeCKHe MOAenH, OItr{CbIBarOU[re CTaIIHOHap-
nufi pelorM M[,porepMxqecKHx npoqeccoB. [Ipn eror'l npeAflonaravrca, rrro HafiAeHHoe
perxeHxe 6yger omr{MaJrbHbrM H Arrq HeycraHoBnBrrruxcr ycnonnft. O6H,rHo B oroM crly-
qae peruenue orruMugaunotrxofi 3agaqn cyulecrBeHno o6nerqaerca. B ypaaneHlrf;x, om{-
cbrBarc[u{x noBeAeHHe cucreMbr. or6pacrmarorcr HeqraruoHapHLle qneHbr, a noucK olnu-
MiurbHoro peruennr B 6onbuuHcrBe cnyqaeB cBoAHTc.fl K HO(oxAeHHro HeKoroporo gKcr-

peManbHoro 3HaqeHHs Qyxrcrxn.
flpn ncnonb3oBaHuu MeroAoB MareMarrqecKorc MoAenHpoBanll.f,, z7rg. nccne4oBann.l

flpoqeccoB, flporeKarcu4rx B BoAoxpanr{m{qiD(-oxJlalurenflx, o6urqno npuxolu{Tcf, npn6e-
rarb K KoHeqHo-gJreuesrrofi HJrH Koneqnopa3Hocrllofi lprcxpern3:ilrnu uuQQepeulul:ulb-
Hbrx ypilBHenufi, B pe3ynbrare nonyqaror ct{creMH anre6panuecKnx ypaBsenuf, oruocl{-
TerrbHo gHaqenrft BenllqHH B HeKoropbD( y3noBbD( ToqKax, il, TaKHM o6paeou, HcxogHitfl
3a,u,aqa cBo4rrcr B o6uleM cnyqae K HeKoropoft aa,qaqe nennHefisoro flporpaMMupoBanuff.
O6sr,{Ho BBI{Ay crroxHocrn r{cxoAHbrx ypaaHenufi uerreBas QyHrcrnr H orpannqeruf, TaK-
xe 6ygyr HMerb BecbMa cnoxurrfi BnA. OAHaKo npH perueHnfi pflga 3agarr Hcnotrb3oBaHne
npocrefiu-urx MaTeMarfiqecKHx rrogelef, no3Borr.Eer npnfim x 6onee npocTbrM orrmMl{3a-
rrr{oHHbIM nocrafioBKaM. HanpuMep, npu HcnoJrb3oBannn ypaoneH}rfi TennoBoro 6oraxca
B BHAe (3.5) c dt = const 3a,qaqa orbrcKauuf, orrrnMilrrbHofi rennosofi narpyrxn npn' L r

orpauntteHu.f,x Ha r{3MeHeHHa reMneparypbt B BoAoxpanr{rlnule cBoglrrcr K 3agaqe fluuefi-
Horo nporpaMMHpoBaHHr.

Heo6xo4rrrro orMerrlTb, qro npn Hcnonb3oBa]Inn MareMarlrrecKHx proAenefi, om{cLl-
BaK)u-u{x ycTanoBHBrrrHecr npoqeccbr, MoryT Bo3HHKaTb 3aA8qH, KoTopbre Henb3t oTHecTH
K o6nacru npHMeHeHH.E MeroAoB HennHeilnoro nporpaMMupoBafiufi. Hanpu*rep, ecnu Tpe
6yerc.n onpeAenuTb Qopr'ry crpyeHanparnnrouleft gau6rr, o6ecneqnsarouefi nur6onee
sQQexrunuyrc pa6ory BoAoxpannnuula, To ynpaBneHnerrl 6yAer rBrrflTbct HeKoropaf,

Qyx xqnr, o mrcbrB aro u.F Qopr"r y,qarrl 6u B rrJrane.

7.2. SNEMEHTbI TEOPHH ONTHMAJIbHOTO YNPABJIEHHfl
B 3AAAqAX ONTHMH3AUHH CHCTEM OXIIAXAEHHff T9C H A9C

Kax orlretranocb Bbnue, Artfl gKcnnyaraqnu cncreM oxJrDr(AeHI{r T9C tr A3C xapaxrep
Ha HecraIIHoHapHocrb nporeKarou-u{x rnAporepMKqecKnx npoqeccoB. [Ipu ncnonb3oBarlltrt
HecTarlHoHapHbrx MaTeMaTHqecKux r.roAeneft nepeMeHHbre, BxoA.f,u.ure B ypaBHeHHt, Omt-
cbrBarous{e flpoueccu B cucreMax oxnarrAeHnr, ,rBrrrrorcr SyHxrlusMil BpeMenlr. B grux

ycnoBuf,x onrHMn3aqnoHHbre nocriuroBKu yAo6no paccMarpnaarb B paMKo( TeopHlI oITm-
Mirnbnoro ynpasneHnx (crr,r., HanpHMep, I7 7 l).

OopuynupoBKa 3a,qaqn orrrnMirnbHoro ynpaBrleHur B Aocraroqno o6uleM cnyqae BbIr-

nflrqrr cneAyrorlqlu o6parorrr. Onpeaenurb BeKTop-Qinxunn XQ) e Rn, tl1t1 e Rm
npu t € [ro, rrl, noffasnfirouure MHHHMyM (rrarcuuyu) QlHrcuroHany

J = J(X,  U) (7.1)

rtpn HeKoropblx AnQSepexruanbHbD( cBfi3rx, orrucLlBanrludx gBonlorlnrcl cncreMbl Bo

1 6 0

BpeMeHH, OrpaHHqeHHfi x BAOnb TpaeKTOpHH

(x, u,l) :€ c
H KpaeBbrx ycJIoBHtx

(X,  rs;  € eo;  (X,  t r )  € €t ,

rAe X (t) - QaronHfi BeKTop, onpeEenffrou.Urii cocrotHile cHcreMbr B MoMeHT BP_elic-

HH t; U(t, - ynpaBneHue; G - Heroropa.ff 3atraHHa.s o6nacrb npoc'rpaHcrBa l( 
''x

xRm xRt ;  r " i l r oxec rBa  €qn  €1  -HeKoTopb teMHonoorpaxnB R"xR^ .

.lJ.nr roro qro6rr xnaccuQrqnpoBarb Bce MHoxecrBo 3alaq onrnM:lJlhHoro ynpaBne-

HHr, Bo3rrnKaxluqrx npr{ KoHKperr{3auHH nsrpaxenufi (7.1) - (7.3), n 177I npeanara-
ercx par6nrL 3a,q,aqu Ha rprr rpynnbr. B xaxgoft H3 rpynn onpegerlsnulefi xapaxrepl{crl{-
rofi gsnxlorc.r cnoco6bl, c noMorrFlo Koropblx 3a'q,alorct coorBercrBeHHo @yHxqnoHan,
orparrHqeHHr B[,onb TpaeKTopHH, KpaeB ble ycnoBHt.

Paccr'lorpuM B paMKD( grofi KnaccuSnxauun 3aAaqn, Bo3HnKaloruude npH onrl{MH3a-
qrrH HeycrauoBnBuerocff pexilMa pa6orrr cucreM oxrrar(,[eHuq, BKllroqarcry{x BoAoxpa'
H lrrr H rua-o x naEHT elftr.

Cnocofi 3aAaHHfi Qynrrgroxana. B KaqecrBe MuHHMn3upyerrofi (tuaxcn*trenpyer"rofi)

nepeMeHHofi npu otrrHMH3aurrH npoUecca oxniDN(AeHHfl MoryT BblcrynaTb B ocHoBHoM IIBe

BenUqHHbI - TeMnepaTypa Bolbl Ha soAoga6ope T3^6 H KollHqecrro c$pacrtsaeMofi ten-

rrorbr 3a qAHHHTIy ipenr-eHn .l/. Tarcrrvr o6pasoM, qenesofi Qyux{nefi Moxer 6rrrr oAnH

n3 AByx QyuxrllloHanos

J2(X, U) =

(7.4)

(7.s)

.flcHo, uro Qynxunouur ./1 AonxeH 6utr unHuMH3HpoBaH, a QysxUnoxan J2 M.aK'

cHMH3HpOBAH.
oruenau, qTo, nocKorrbKy J1 n J2 ABnf,rcTcf, t{HTerpanbHbIMH QyrrxuroHanaMH,

npn orcyrcrBnn orpannqenufi H ficnonb3oBarlttx B Kaqecrtse MareMaruqecxofi Motreml
ypaBHEHgr rernroBono duranca (3.5) npHxoAHM K 3aflaqe Jlarpanxq rsnsburefic.E Knac'

cnqecxofi gagaqefi BapnarlnonHoro HcrrltcneHut.
CneuroHttecKgM Tr{noM 3a[aq, Koropbre Moryr Bo3HI{KHyrb nplt sKcnnyarau}rn cHcreM

oxr111[eHgr, rBrrrtorct 3agaqr Ha 6rtcrponeficrBl{e, B KoTopbtx MI{HI{Mt{3HpyeMbIM

OynxrgdoHaflou fl3,naeTcfi BpeMfi. flpegnonorcrrr, n pe3ynbrare pe3Koro H3MeHeHHt

BHe[rHHx ycnosufi noBbrcHJracb cBepx HopMHpyeMoro npeAena reMfieparypa B 3oHe Bo-

Aoxpaur{mtula, rAe ee u3MeHeHve nruilTnpoBano. TorAa Bo3HHKaer 3a,q,aqa 3a MHHHMaltE

Hoe.BpeMs c noMou4rro KaKoro-nu6o ynpaanffIoulero Qarropa flepeBecrn c[creMy B coc-

TosHne, orB eqalouee HopMarrrBHuu rpe6oB iuIHtM.
Cnoco6rr 3aAaHHfi orpau[qeHnfi. Bce MHoxecrBo orpaunqeHnfi, HararaeMblx Ha cxcre'

My, Moxuo pa3Aem{rt Ha ABe rpynnbr. K nepaofi rpynne orltoc.ETcc orpanuqeuwfl, Ha yn'

paBneHue. Tax, nuu6 B onpqferteHHbrx npelenil( Moxno nepepacflpeAerl.srb ul{pKyrlf;'
I1rtoHHbrfi pacxo[ Merqy oxJra,q,r{rerrrMu B xoru6nHuposaxxofi cl{creMe oxJIaxAeHHs, urIJ{

n3MeHrTb o6reulr BoAbr, KoTopbrMH o6r'reHnsarcrcff MexAy co6ofi BoAoeMbI sHepro-

KoMnteKcoB. TaKIre orpaHHqeHus o6rttrso 3agarorcf, B BHEe HepaBeHcrB.
Kporrle rono, nMerlrct eule ecrecrBenHbre orpaHHqeHnfi Ha ynpaBneHue, o6ecneql{Ba'

xlufle ycrloBqr, npg KoropHx noJlyqeuHoe peureHue HMeer cMbIcrI. Tax, ovenugxo, qro

roa$QnuretT n, pauHufi orrroureHurl pacxoAa, nocrynapuleno Ha oAHH l{3 oxna,qurenefi
s ror'a6uHgpoBagHofi cncreMe, x o6qepry wpKyn.nry{oHHoMy pacxo[y T3C, r'roxeT u3-
r1,en1Tbcfl, B npegenax HHrepBana [0,1 ]. Moryr 6urr gagasbl H ecrecrBeuHble orpanuqe'

HHt B BHEe paBeHcTB. HanpUrrep, npH napannenbHoM noAKnPqeHHI{ AByX oxla,qureleft
L6I

(7.2)

(7.3)

I  
f l

J \ ( X , A  =  
- .  I T " ^ a ( X , ( l , t ) d t ;
t t  _  t o  f s

t 1

I  t t(x, u, t)dt.
t g



HMeeM OqeBI{.U,IlOe ycJIOBHb

t r t  + n 2 = L '

Ko nropoft rpynne orpiurHqeHufi orHoc.ffrcr orpiulutreHufi Ha Qaaorrte nepeMenHble.
3Aecr noMHMo ecrecrBeHHbrx MoryT Bo3HHKHyr6 ofpaHnqeHnff, nHMLITHpyrcu-Ude H3Me

HeHHe cocrofiHl.tf, cncreMLr Hr-sa Heo6xoAuMocrn BbtnoJIHeHHt HeKoropblx HopMarHBHbIx

tpe6oeanuft. IIpn ucnonb3oBanHu B KaqecrBe oxntfl,Hrenefi rogoxpannrlnlll gro o6rrqHo
Kacaercr ngveHeHilfi noneft TeMneparyp. CneAyet orMernTb, qro BItr, onpaHxqeHnfi Ha Qa-
3oBbte nepeMerrHble cyuIecTBeHHo BnHf,eT Ha npHMeHHMOCTb TOrO HJrH HHOrO MeTOAa pe-

rueHH.f, onrHMH3aIIuosxofi 3aAaqH.
Tarculr o6paror.a, npn t1ocr:f,roBKe 3a,u,aq onrnMH3at.1dan p.ilr, cucreM oxJIaxEeHHt,

BKnrcqaloil$x BoAoeMbr-oxJraAHreJrH, MoryT noffBHTbct orparlHqeHHx Ha QaaoBble H yn-

paBn.Eron'u{e nepeMeHHbIe pa3nHqHoro Bil,q,a.
Cnoco6rr saAaHHF KpaeBbrx ycnonuft. Pagnlrqarcr 3a,U,aw_c QnxcnponaHHblMH KoHUa-

rn l ido) n 
' i<rr> 

t"n*"t], io cso6osunurr KoHqaMH [xtiol u X(tt) nesagaHrr]
u c noABHxHbrM KoHuoM [X1rs; ulu X(ti He3a'qaH]. Kaxgslfi H3 erux rl{noB 3aAaq

s cEoIo oqepeEa MotKHo Fat6nTb Ha iafla'{H e OHKcHpOBaHHEIM (to, t1 34AaHI;I) H He-

QrxcrporafiHblM BpeMeHeM (nx6o f s, nx6o l1 He sa,qaHo) .

.[rts cNcreM oxnaxAexns T3C n A3C, no--BuAr{Morry, Hau6onee xapaKTepHbIM 6yner

THn 3a,q,aq co cso6oAublM npaBbIM KoHUoM [X(f r) He sa.qanJ u QnxcnpoBallHbtM BPe

MeHeM, T.e. AorIxHo 6urr uaftAeso ynpaBrleHue, o6ecneuuBilloluee B onpeAeleHHoM HIr-

TepBane BpeMeHn MHHHMH3au1lro (unn N{axcHMHeauHp) HeKoroporo QyHxtulonalla
npn co6nrogeHr{H coorBercrByrou&x ycnosnfi. Ognaxo Moryr Bcrpettarbct H nocrlluoBKlr

Apyroro runa. Ilpeg[onoxHM, HanpnMep, ,rro neo6xo4uMo nepeBecrlt Bogoxpaul{mllue
H3 cocro.EHtrfr.t nprl KoropoM He yAoBnerBop.Erorct HeKoTopble HopMarrBHue rpe6onaHnx
K TeMneparypHoMy pexnMy, B cocrofiHue, o6ecneuBarouree Hx BblfionHenue. B oro-M cny-
qae HMeeM 3agaqy c QnxcnpoBaxHbrMn KoHuaMH n neQnxcnpoBannbrM (unu $uxclrpo-
saHHuM) BpeMeHeM.

CneAyer orMerr{Tb, 'rro Ao cux nop perrl urna o 3agaqo( c HenpepbrBHbrM BpeMeHeM.
Ha npaxnlKe qaule Bcero 3a,Ilaqa onrnMaJrbHoro ynpaBlleHur nx6o nueer gHcxpernufi
xsparcep, nn6o csoAltrcc K 3agaqaM c AncKpefirbrM BpeMeHeM B npoqecce peueHut.
Taxoe cBeAeHHe o6ycnonneno reM, trro npn nocrpoeHnn BbItIucil{TenLHbIx aflropnrMoB
o6rrwto npoH3BoAHTcff KoHequo-pa3Hocrna.s rrnn Konew{<>grreMeHrltas AncKperr3aq[t
no BpeMeH[. OqesnAno, qro B eroM cJr]ryae BMecro HHTerpaJrbHrx QynxutoHanos (7.4)
u (7.5) nofrBnffrorcr cKanrpHrre Qynxurn

O6rtqHo pacqerbl cncreMbl oxnaxAeHHs npoBoAsrcs Ans HeKoropbrx cpeAHHX Hrrr{
Har{MeHee dnaronpunrHblx MereopoflorH'{ecr(HX ycrroBuft, ua6nrogeHHbrx 3a onpeAeJrennrrft
nepnoA BpeMeHH B flpounoM. OAnaxo, ecnn 6rt AtuKe nponpaMMHoe ynpaBneHue ocyure-
crBn.sflocb B pacl{ernbrx ycJroBlt.gx, peiulbHoe noBe[eHue cucreMbr orluqiulocb 6u or on-
THMiuIbHoro. 3ro cBfl3aHo c reM, qro orucaHr{e noBeEenng incter'rut BcerAa HocHT Ao He-
xotopofi creneHn runoTeruqecxxft xapaxrep, npfiqer.r o6uqHo c rlenbro ynpouleHr{r 3aIIa-
qH RpI,IHHMarcrcff AononHHTeJIbHbIe AonyureHHfi. Kpove roro, 3HaqeHHfi Mereopofiorrdqec-
xxx QaxropoB, KaK H HeKoTopblx ApyrHX napaMerpoB MareMarHqecxofi MoAerrH, BcerAa
onpe,q,enflrcTct c HeKotopofi [orpe[IHocrrrc. floeroMy Bo3HHKaet npo6neMa nocrpoeHHf,
taxoft cucreMbl ynpaBneHus, Koropat o6ecneqnnana 6rn uexoropfo 3agaxHyro unn MaK-
cHM:rnbHylo TotIHocTb nporpaMMHoro noBe,qeHHf, cHcTeMbr npH OnpeAeneHHoM ypoBHe
noMex. B erorvr cnyqae s Haureft 3aAaqe Moxer norBHTbct Hosrrfi QynxllHoHar, HanpH-
Mep Eucnepcuff TeMneparypbr B HeKoropofi roqxe cncreMbr.

Taxurtl o6pasor.r,' 3aAaqn onrnMzrnbHoro ynpaBneHnr napaMerpaMn orcteMsr oxflax-
Eenvrfl. rpeOyercr peurarb B ycnoBr{rx HeonpeEeJteHHocrn H c y'{eroM npucyrcrBHfl cny-
qaftHux Bo3Myulenflfi. Tarne 3a,q,aru f,Bnffrorcr npeAMEroM HccnelloB:utrrt B Teopurr cn*-
Te3a onTI{MarIbHbIx cHcTeM ynpaBrreHr{g; He BAaBarcb r nogpo6nocTt{;oTMeTHM ToJrbKo,
tITo peueHne o6Uefi 3agaqu cHHre3a npeAcraBrrrer co6oft vpeaarruaftHo cno)KHyrc npoG
neMy, u B Hacrottuee BpeMr Her Aocraro,go o6u.ux MeroAoB, rapaHTr{pynu$x Ha
9TOM nyTH nonyqeHHe nonoxHTetlbHbrx pe3ynbTaToB.

7. 3. IPHMEPbT OOpMynr{poBoK onTHM H3AUHOHHbTX SAAArr
AIIfl BOAOXPAH HNHI{.OXIIAAHTEN Eff

Kax yxe 6rrno onvreqeHo, npH onnrMH3aqr{H cltcreMbr oxnaxAeHHs T3c n A9c s xa-
qecrBe ueresofi OyHxIItlH rlaBHbIM o6paooM MoxHo HcnoJrL3oBarb ABe BeJrHrrHHbr - TeM-

aHaJlomqHble omuMl{3aql{oHHbre nocraHoBKH, B KOTOpBTX MaKcHMn3npyytcfl KonHqecr-
ao cdpacrrsaeMofi Teflrrorlr.

Onpegenex[e onrnMaJlbHblx nepaMerpoB rngporexHlrqecKxx coopyr(eunf,. Paccrvror
pHM ABa IIpHMepa oITntMI|3aIuH oxrraxAeHilf, BoAbr B BoAoxpilHnnnue-oxaagHTeJre,
KOTopsr Aocruraercr nyreM nu6opa cooltsercrBypu[D( napaMerpoB ruAporexHr{qecKHx
coopyxeHufi.

syrrbrare AficKperu3at4an cncteMbr craquoHapHbrx ypanneHufi r'rrgporepMurcu. Kpoue ro-
IOI AOTIOJIHHTENbHbIMI{ OTPAHl|qEHttfiMH MOTYT 6rlrr ycnoBlu HeAoIIycTI{MocTH noBbtluF
Hut reMnep$ypbr B HeKoropoft qacrn BoAoeMa ,S caepx HeKoToporo HopMarEBHoro npe
Aena [1onM H3-3a eKorroruqecxxx rpe6osaunf,

,

(7 .6)

(7.7)

(7.8)

I
I

i
{
I

I

I  i / _ 1
Jt(X, LD = 

--- .t t  -  t o  i  = 0

.t/_ I
rz (x, u) =

i  = 0

B 3aKrrxlqenne npeJlcraBnrercff Heo6xoAnrnru c[enarb cneAyrcuee orcryrrrreHne.
flpegnonox,orM, qro B pe3yJrlTare peruenur onruMn3aqlronnofi 34qaqu nonpeHo HeKo-
Topoe ynpaBneHne, o6ecnequsiuoulee npu HeKoTopbrx BHerrrHHx ycJroBurx nan6onee
e$QexrnnHoe oxnaxgeHr{e qr{pKyJrr{pyrcuefi BoAEI T9C. 3ro o3uaqaer, qro nprr AaHHoM
u3MeHeHHH MereopononrqecKux Qaxropon n{AporepMrqecrcrfi pexr{M B cncreMe oxJrarK-
AeHHr onrr{ManeH. OAHaxo npaKTnqecKoe HcnoJrb3oBauue nolyqeHHblx pe3ylbraroB cBt-
3ano c onpe4enenHbrMH rpyAHocrrMn. Ileno s roM, qro Arrt nporHocrilqecKoro Hccfie'
,u,oBalrur ru[porepMnqecKrrx npoqeccoB B cncreMe oxnax.qen[r T9C n A3C xapaxrepHo
orcyrcrBue nonHof, nnQoprvraurn o BHeurHHx sogAeficrBurx. OqesfiAHo, rrro HeBo3MoxHo
c AocraroqHofi to'{HocrbKr npeAcKa3ar!, KaK:rt MereoponorHqecK:rt o6crarrosxa cfloxur-
cr K AaHHoMy KoHKperHoMy MoMeHTy oKcnnyararlnu sneKTpocranqrru. lloetorrty, E npHH-
qune, rroucx omnMaJrbHof, nporpaMMbt AorIxeH Becrucb B ycnoBnffx HeoflpeAerleHnocrlr.

r62 163



hrc. ?.1. Ckerra BoAoxpaHHnHuIa co crpyeHanpaaJuloueft Aarvr6oft

bto 7.2. K ga[aqe o6 ormrmanbHoM pacnolor(eHuu BoAoBbInycKa

a raKxe orpagrfierrg fl. Ha yBenwteHne gnHHrI Aalr6rr no oKonoMruecKfiM coo6paxeHnxu

Pn c. 7. 3. Cx eu a BoAoxp zuunnula-oxn all'llrerlt np H

HilJIrsrHH EP yX BOAOBbTTD/CKoB

Ynpanneuxe teluloBblrvr cOpocou trpn HanHqHH

AByx BoAoBbrnycKoB. Pacc r"rorpur* renepr cnytaft ,

KorAa QurcnponanHsrfi reuonofi c6poc B BoAox-

naHrfnunre ocvurecTBJrteTcf, c ficnoJlb3oBaHl{eM
r - - - - - - - - -

AByx BoAoBbInycKoB (pnc. 7.3)

OqesH[,Ho, vro npu Bo3Moxnocru BapH{po-

Barb B HeKoTOpbIx npeqenD( pacxoAbl BoAbt' npo-

nycKaeMbte Kax[,bIM H3 HHx' qenecoo6pa3Ho npn

u3MeHeHuU MeTeopono11{gegKgx ycnonrfi(uaupgMep' HanpaBneguu nerpa) nepepacnpeAe

nsrr o6ugfi pacxon Tar, qTo6u TeMnepaTypa BoAbI Ha sotrosa6ope 6sUta n'lunuvaltHofi'

B xaqegrse ynpauneuug 6yAepr Hcnorrb3oBarr xoeQQnqI{eHT n1 ,paF,H,brfi orHollleHulo

pacxoEa, nocrynaloulero qepe3 nepuufi BogoBblrrycx, r o6nleMy qt{pKynfiUHoHHoMy pac'

xOAy. Ouenng,nO, n1 e,cTb Oynrryax BpeMeHH' nosToMy B AzutHoM cJlyqae npgxo,q'HM K 3a-

oe"::"TY,-T.::13=Llpfl1t#,1:uan^a! 
6r'ner c,'en*ee 3a HeKoroprfr nepnoa [rs, 11]

IvlHtllllvlll3l4PygMDrlr/r rlry n l(Alaun.illv m vJ AvL v r v+' v -

3HaqeHHe reMneparypbr BoABI Ha nogora6ope

t  r l

J(n1 ,A)  =  ,  
:  

,  I  Tsaa lnr r ) , t ,A( t ) ld t ,  (7 '15)
. t _ r o  l o

rAe qepe3 / o6oSnaqeua coBoKymtocrb nepeMeHHblx cocroffHnff H BHeluHHx sosAeftcrBHfi'

npr.l mcxperH3aq6u no BpeMeHH BMecro Qyxxunonana (7.15) no[]rqaeM cKa'

,rrpHylo Qyxxqrrc aEAa

N - 1
J  (n1 ,  A )  =

f  = 0

CleAyer oTMeTHTb, qTo 3aganl{e Qynxryosana J B B}Ige (7'15) wnu (7'16) c nocJle-

AyrcUI{M peuleHueM SaJIaqH Onn{ManbHoro ynpasneHHt BO3MOXHO npu HanHqHH CTpOTO

onp"A.n"tinofi uH$opMaIIIIH _o6 usrteneHlru MeTeopoJIorFIecKHx ycnoBufi s teqeHge ffi'

TepBirila BpeMeHH ItO, ttl. B'npomBHoM cn)ryAe,npq4ercfl peluaTb 3aAaqy cHHTe3a'
- 

Ilannar nocTagoBKa MoxeT 6rrrr AOnornreHa cfle[y1gil-trlMg OrpaHI{qeHHflMI{:

orpaHuqemte Ha ynpaBneHHe

t - o ; l o  (  r r  4 o i t g , (7.r't)

,rc ei, e; - npegenbHo Aonycf,HMble 3HaqeHHt pacxoAoB A'ff nepBoro I{ BToporo BbI'

nycKoB cooTBeTCTBeHHO;
orpanllqeHu.r Ha HgMeHenu-a Qarorblx nepeMeHHblx

T ( I r o p *  u u r r  f  e . S ,

r } o ;
orpanruenre Ha u3Meuerure I.x6

Tsa6

rAe Tga6.uoprrr - HOpMarI{BHOe 3HaqeHHe I3X6' YcraHaBrIHBaeMoe r$ ycnoanfi 3+

Qerrunnofi pa6oru T9C.
Kax n B pigee paccMorpenHblx [puMe,po(, nplr perueHl{n ganHofi 3a.qaqH ficllonb3yer'

cr o,qHa n3 MareMarrrqgcKux uoAenefi orutc:ull{ff n{AporepMrqecK[x npoqeccoB B Bo'

.[oxpaHl{mrule. 
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Io  (  I s . " .

flor"firuo 9Toro, cIIeAyeT BBecTI{ ecTecTBeHHbIe OrpaHIIqeHHff

T ) 0 ;

Lo )' o'

(7 .10)

( 7 . 1 1 )

(7.r2)

B o6ueu cfl]ryae nofl]ryaeM 3a,qaqy nenunefiHoro nporpaMMHpoBaHl{ff c OrpaHl{qeHu-

.sMfi Ha Qaronue H ynpaBrltnuryr nepeMem{ble'

B xaqecrse trpyroro npHMepa paccMoTpHM 3aAaqy o6 onpeAeneHfin onTHMaJIbHOro

pacnofloxeH11.fi B nnage BogoBbrnycKHbrx ioopyxeHufi npn 3aKpeluleHHobr soAoga6ope

lr 6uxorpoBanHoM relrnoBoM c6poce (pnc' 7'2) '

Mecrononoxegne BoAOBbrnycKa E nnane 6ygerrl xapsKTepI{3OBaTb KOOpAnHaTaMH

X1, X2 B npf,Moyronrgofi cucTeMe KoopAHHaT' KoTopble 6ynyr f,BItfiTEcfi ynpaBneH[eM'

Ilenesofi Qynxrprefi 11 B AaHHoM cnyqae 6yAeM cqHTaTb reMnepaTypy BoAbI Hago[oga6o-

pe cranqnn ?ga6.' 
Cncrepry oilignqeggfi cocras.rT: ypaBnenl{fi' nonyqarcuptecfi B pe3ynbTaTe AHcKpeTu-

3aqHil g$QQepiHIStaJIBIIbD( ypaauennfi MlporepMn4fi; ypaBHeHHe xpnnof,' oIIHcrrBa-

(7.r6)

louefi rpaxnnrufi KoHTyp BoAoeMs B ruIaHe'

f  (xt ,  xz) = o; (7.1 3)

HepaBencrBo ( 7. I I ), rupaxarculee ecrecrBeHHoe orpanuqeHue'

llpu rOrrnneKcHoM Hcnotlb3oBanuu BoAoeMa MoryT nof,Bulbcs Aonomrl{TelrbHble orpib

HHqeHnr rnna (7.9) .
KpOrrle Toro, nocKonbKy yAaneH[e BO[oBbInycKHbtx cOOpyXeHHfi ot rrecTononoxeH1rt

T3C rpe6yeT LonoIIHI{TeJIBHbIx cpe.EcTB Ha cTpouTeJIbcTBo KaflaIIa neroropofi Alusofi

Z 6, nfrer'retuexue BoAoBbInycKa B[onb rpanHubl BoAoeMa raKxe Moxer JrilMnr]IpoBarE'

cfi tr3 eKoHoMrqecKilx coo6Paxexufi

Ls (x1 ,  x2 )  (  Z * . " . (7.14)

(7 .18)

('t.re)

(7.20)Omvremrr, qTo B npnHl$Ane BO3MOSHa TaKXe oFrHMn3aIIHfi Il Apyrnx napaMelpgB 89.

Ao BblnycKa, HanpHM ep B eKrop a c Kopocrrr BbltrycKaeMofi Bo[bI'

Tar xe KaK n B nepBoM npuMepe, s o6ueL{ cnrlae nonyqaeM 3aAaqy Hennseltnoro

nporpaMMHpoBannr c orpaHr{qeHu.EMH Ha QaroaHe u ynpaBnfiK)ufle nepeMeHIIbIe'

Cnegyer oTMerur6, rtro paccMorpenHbre Bblure omI{MH3aIrHoHHbIe 3a'q,aqH MoxHo cOop-

MymrpoBaTb rr ncApyroMy, HcnoIIb3yE B KaqecTBe Uenesofi QynxUfn cyMMapHblfi eKoHo-

r"rrqecrcrR eQQercr, B K9TOpOM trono;l<UTenmOfi coCtaBnfiPlqefi 6yget frBnfrTbcfl' sKoxo-

MHf;, nofl]^laeMar oT CHHxeHnt TeMIIepaTypbI oxlaxAeHHofi soEH, a OTpHUaTernHOfi -

3 arp arbr Ha crp or{TenbctB o I'IIAporexHl'rqec Krlx coo p yxennfi '
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P,tc. 7.4. Cxeua oHeproKoMrmeKca, pacnonoxeHHoro Ha rpex BoAoeMa:(

Otruefl{n, qro a}I:uloruqHat 3znar{a Moxer 6rrrr nocraBtleHa H npn HanHqHH HecKoJIIr
KHx BoAosabopon.

Vnpaueune pacxoAaMn F9C-FA3C n eneproKoMnrreKcax. Ha pnc. 7.4 [pHBeAeHa
cxeMa gHeproKoMnneKca, pacnonoxenHoro Ha rpex Bo4oxpannJrrruzD(. B ero cocraB
Bxo.q,tr A3C u rpn fA3C, npnqeM B oxJIaxAeHHH Tennonoro c6poca A3C [pHHHMaror
yqacTue Bce rpH Bo.q,oeMa.

O6rrqno B sHeproKoMltneKc:D( f3C-fA3C cnyxar AJrr cHffTHr mrKoB Morrsrocru B
rpaQuxax Harpy3KH. EyA,er,,r cqHTaTb, trro sHeproKoMnneKc pa6oTaeT rIHKmflrHo c nepfio-
AoM, paBHbIM cyrKaM. flpegnonoxHM, trro B Be'{epHHe qacu Heo6xoAr{Mo Earb HeKoro-
pyro AononHnTenbHyrc Mou+Iocrb M, xoropyro rrloxgo nonfrgTb pa3ngrrr{LrMu cnoco6a-
MH, Hcnonb3yt B Oonrruefi HJrH MeHLurefr creneHn KDK,qyrc H3 Tpex fA3C. Kpurepuelr,
no3BoJlflrcu4lrr ruoparb HiMnyquufi napuaHT coBMecrHofi paoorrr fAgC, Moxer crry-
xurr eQQeKrr{Bnocrb oxnaxEenu fi. l.Jor.pKy nfrrrnoHHoro pacxona AOC.

B perylrrare npHxoAHM K 3a,qaqe onruM:llBHoro ynpaBJreHuq, B Koropoft ynpannenn-
xtvtu 6ygyT f,BnffTbcff BpeMeHHbre 3aBHCHMOSTH pacxoAoB Bo[br Q|, nocTynaroulefi ug
BoAoeMa f s soAoept i. Dsts orrucirHur cocroflHnr cucreMbr ueobxoAntro HcnoJrb3o-
BaTb MaTeMaTHqecKyIo MoAenb rHApoTepMHqecKHx npoqeccoB Bo Bcex Tpex BoAoeMax,
nocTpoeHHyrc c y'{eTo}r soAoobt{eHa MeXAy HHMH.

B xa,{ecrue MHHHMH3HpyeMono QyHruuoHarra Moxer 6rrrr ncnonb3oB:uro cpe4lee 3a
cyrKH 3Haqerue reMneparypbr BoAbr na soAosa6ope A9C

7.4. O1TVMH3AUHR KOMEHHHPOBAHHOfr CuCrnUbl OXJINI(AEHHS

B csqsn c nocrorHHblM pocroM r"rou-stocrefi TennoBbIX H aroMHblx enexrpoctaHqufi,

npr{BoArrrprM K yBenurrenuro rennoBofo c6poca, Heo6xoAttt'tufi oxnax[anu$fi sQQerr
qacTo Mo)KHo nonyqHTb TonbKo rrpH CoBMeCTHOM [CnOnb3OBaHHH HeCKOIIbKHX OX'IaLH-

reneft pa3nHqHoro ll,Iua, T.e. s xor"r6[nHponaxHofi cHcTeMe oxflaxgeHHn. HanpHtrep,

Ro3Mo)r(HbI BanHaHTbt coBMecrHoft pa6oru BoAoxpaHnnnura H rpa'u,HpHw vnv Bo.EoxpaHlt-

r-iH-rua u $piisi-a:ibHoro Saccefiiia. [Ipu ucnonb3oBut'iHn TaKHX cxcre]4 oxna)lr.'E,eHHs Bo3-

HHKagr 3aAaqa Hx orITltMH3auyu, BKnrc'{aloulax nu6op cxeMbl noAKnIoqeHHt oxra,q,HTenefi

lr onpegeJreHr{e onrHMzlJIbHbIx gHaqeHnfi napaMerpoB.
Piccr*lorpuu npocreftruyn cHcreMy ox[Dr(AeIIHs, cocronulyto H3 AByx oxlalnteneft-

Eylervr cuniarr, qTo oxnax,q,eHHe B HHX npoHcxoAHr no nuHeftuoMy 3aKoHy (Ann peanw

Hbrx oxnagnreneft orKnoHeHue ot nnHefisocrn o6u.nro HeBenHKo) .Torga MoxeM 3atflcarb

A T f  =  A i T s x i  *  B i ,  i  = 1 , 2 ,  Q . 2 5 )

rAe ATt = Tsxi - Tsttxi - pa3Hocrb MexII,y reMneparypaMu Ha BxoAe H BbIxoAe

oxna,q,nreneft; Ai H B; - HeKoTopbre H3Becrrrrre xoeQQHur.IeHTbI, onpeAenteMble

M ereoponom'{ecKfi MH $axroparvru.
Eyneu cquTarb raKxe, rrro 3HaqeHHe xoeQQuuuewra A1 HaxoAurcs BHyrpIa HHrepBa-

tla [0rl ] . 3ro oaHaqaer, r{To, Bo-nepBbrx, TeMneparypgrrfi nepenar, Ha oxna,u,HTene yBe-

JII{qHBaerc.fi c pocroM TeMneparypbr Ha BxoAe u, Bo.BToprtx, 6onsrtteft reuneparype Ha

BxoAe coorBercrByer 6orrrruat reMfleparypa Ha Bblxo.u,e.
B npmr4lne Bo3MoxHbr rpu cxeMbr coBMecrHofi pa6oru trByx oxJralntenefi (pltc. 7.5).

HerpygHo noKa3arb, qro reMneparypa oxflax.u,eHHofi BoAbI, nocrynapu.left s soAo-

aa6op sneKTpocraHI{HH, Moxer 6utr onpeAeneHa no $oprvryrlaM:
Enn cxervGr I

I
't
t
t

r(Qt i ,  A) = 
, ;+ 

'Jorr^u1ei i ,  
, ,  A)dt,  i ,  i  = r ,2,3, A,nS cxelurrr 3

A T - n B 1  - 8 2 + n B 2
T - =Tsa6

(7.26)

(7.27)

r g e  t t - t o  =  l c y r .
JIanHas onrnMH3arllroHHa.fl [ocraHoBKa ,q,on)KHa Brcnnqarb clreAylottue orpagnqenfit

Ha ynpaBneHHe:
yctro BH e, B brp iDxiuoulee nocrorHcrs o o 6teM oB K:DKAoro H3 B oAoxpafi HJrHrrL
t 1  3

I  >  l Q o , t t l  +  Q i k T ) l a t =  o , i  = r , 2 , 3 ;
t s  k = I

ycnoBHe nonyrreHuff Heo6xognr'rofi ruxosoft vou-Hosrn

f "  I
r / l  I  e i i @ d t l 2  N ' ,  i ,  i  =  r , 2 , 3 ;

L r o  
'  

l
orpaHHqeHufl HaH3MeHeHr.tfi Qi1 no TexHEqecKHM BO3Mo)KHOCTTM

gv@

Bapnanru orpaHnqeHufi Ha Qasonrre nepeMeHHbre alraJrornqHbr
npellbrAyulrx npHMepax.

1 6 6

n A 1  + 4 2 - A 2 n

AT, (7.28)

rAe ,2 = QtlQ - orHo[IeHHe pacxoAa BoA,bI,
npoxoArrlero '{epe3 oxnagnTenb 1, K rIHpKy-
IIfluHoHHoMy pacxo4y gneKTpocraH:gtz^u: AT -
?eMneparypnrrfi nepenaA Ha KoHAeHcaTopax
ryp6un craHrlnu.

OrrmprnsauroHHaf, 3a,q,aqa Anfi paccMarpr{-
saeruofi cHcreMbr oxnalKAeHnt 3aKnloqaercff
n nrtbope cxeMbl noAKnrc'{eHur oxna,qxTs
neft, a raKxe coorHolrleHur Mexgy pacxoAa-
MH qepe3 xaxgrrfi r,r3 HHX, Koropbre 6rr o6ec-
neqHJIH MHHHM:IIIbHOe 3HaqeHHe TeMnepaTy-

Puc.7.5- Cxeurt coBMecrHofi oa5oru Esyx
oxna,q,nrerefi

(7.2r)

(7.22'.)

(7 '23)

(7.24)

npHBeEeHHbIM B

r7 f -

rA3C

Cxena 7

CxenaZ

CxenaJ

r67



phl Boltbr Ha BoAo3a6ope srreKTpocraurltrn (npn gsgaunbrx Mef,eopononfiecKux earropax
n rerutosoil Harpysxe).

B Kaqesrse ynpaBneHnff B AaHHofi 3a.q,aqe 6yger Bbrcrynarb xoee0uuuetT n, Ha H3-
MeHeHHe Koropono Hal(na.u.blBaercf, ecrecrBeHHoe orpaxrqeune (0 < n ( t). Cflsgycr
orMernrb, rtro Anf, n3MeHeHH.f, n MoryT 6nrrr ycraxoBneHbl n 6onee xecrKne rpe6onaxux,
HcxoAt H3 TexHIrqecKHx Bo3Mox<gocrefi KaxAoro H3 oxtlaAHrenefi. Moryr 6rtrr tarxe
orpannqeHbr H H3MeneHlrff rrepeMeuHux cocroxrrnr (cu. S 7.2,7.3) .

Taxgu o6paeou, s o6ureM cny-qae AaHHar onruMu3iuuoHHaff 3aAaqa orHocuTcfi K 3a-
AaqaM H ennHeft HOrO nporpaM MHpoB aHHfl HJIH onrrrManbHoro ynpaBneHHfl .

Paccuotpuu 6onee npocrofi cnyuafi, Konga peureHne nogritBJreHHofi gagaw{ cBoAHTc.fi
K noHcKy eKcTpeMyMa QyHxtlrfi oAHoro nepeMeHHoro. Eyler'l crrHTaTb pexnM ycTaHo-
BHBITII{Mcff, a H3 onpaHuqengfi 6ygeil{ yr{HTbrBaTb ronbKo ecrecTBeHnoe orpagHqeHne Ha
H3MeHeHI{e n.

Cpanunr"r nonapHo 3HaqeHHr l34ge BbrvncrrreMbre no Qopr"rynau (7.26) - (7.28),
qro Aagr Bo3Moxnocrb onpqr,emrrr saubonee eQQerrr{BHyrc cxeMy nogKlrrcqeHr{ff oxJla-
Arreneft. B pesyrnrare nonyqaeM

(7.2e)

tr(;J

t^(: ]  > t^(2 npn (1 -Ar)VzAr + n(Afiz - BrA) I  )  o,
3ao 3ao

(7 .31)

rle qncnosofi HHAeKc upH Tsa6 cooTBeTcrByeT cxeMe noArcilroqeHH.E oxna,q,HTe
ns (pnc.  ? .5) .

3auenru, rtro,q,rtfl BbrnortrreHr{n ycnonnft (7.29) - (2.31) AocraroqHo, vro6br 6ruo
A  tBz  )  A rB  r ,  -  ( 7 .32 )

T.e. ecJrH BbrnoJrHeHo (7 -32\ , ro

l l )  \ . P ( 2 )  \ - ( l )r 
sa6 

'/ 'sa6 '? t 
t^a 

' Q '33)

flpn srorrl cneAyer HMerb B Brrl,y, '{To B cxeMax I n 2 oxlaguren;2 na pnc. 7.5 lonxeH
nponycKarb Becb qfipKynffIurousrtfi pacxoA Q, a s cxeMe 3 xaxgbrfi H3 oxJrag[Tenefi r'ro-
xer 6trrr paccquTan Ha MeHbutrtft pacxoA.

cpQ

oEQ
- flapaMerp renrtooGpresa.

3&vef;iii,i, '-iro H3 (7.34> , {7.35) cJreEjier

cpQQ - T) = a\nt(T -  rp)O, (7.39)

flpfiqeM TaK KaK or{eBHgHo, uro T2 2 70, ro

ilt 1 fr, (7.40)

orKyAa

A 2

IIpx erorrr paBeHcrBo B (7.41) coorBercrByer cnyqarc, Korga Bog,oxpiunnnrrle ox-
JraxAaer Ao MHHHMaJTrHo nogvo>rsofi TeMrreparypbr Tp.

otr"rerurvr TaKxe, qTo Ant BoAoxpal'nrn4rw

AT^ + B = 0. e.4Z)
It

Ecnu cwnarb, rrro cooruolueHHe (7.42\ npn6rnxeuHo BbrrronHs.ercs.HDJts. Apyro-
ro oxna,qnTerr, Bxo[rurero B cncreMy (oxna,qurent I ua puc. 7.5), To rorAa

(7.43)

82 = - TpA, = _ To ---*-- ;Y n - f r t * l (7 .38)

(7.44)

(7.4s)

(7.46)

r{To napril-

NOBbIIUAET
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n

A z B r  -  A r B z  =  A z ( A r T p  +  B r )  =  0 ,

H KaK crleAyer u3 npeAblAyr.qero, Ans AaHHoft cucreuu cxeML'I 
'1, 

u 2 no oxnax,q,anrqefi
cnoco6Hocru paBHoueHHbI, a npH pa6ore rro cxeMe 3 reuneparypa Ha nogoaa6ope BbIIue
(npu ognor'r H ToM xe n).

Ecnn npegefl oxlraxgennr oxlra,q,]rreils 1 Huxe ?np, ro AtBz 1 AzBt u cxeva 2
oKa3brBaercfl npeAnorrrr{Tetrbnee cxeMbr l, a pnx cxertru 3 nce 3aBHcHT or KoHKperlIbIx
sHaqeunfi napaMerpoB.

Herpygno nonwnrb taKxe npeAcraBntrorulfrc.tr oqeBt4u,HblM pe3yJlbrar, qro Anfi
cxenr I u2 npn yBerrt{qeHHH n 3HaqeHue 73U6 yMel[LUraerct.

PaccrrorpuM BapHalIT napaJrrrenbHoro noAK[IotIeHHq oxnallrTenefi. B stot't cttyqae
BMecro (7.37) Lr  (7.38) HMeeM

A 2 =

Paccuorpuu cnyvafi, KorAa oAHr{M H3 oxJra,q,Hrenefi (oxnagurens 2 na
tBntercfi BoAoxpaHHnurrle. Ilnr npn6rrHxeHHoro pac'{era reMneparypHoro
BoAoxpirnunuule Mo)KHo Hcnorlb3oBarb cneAyrculHe 3aBHcHMocrH (crtl. rn. 3) :

B o  = ' -u z  
n G - n 1  - 1 7 r a 1 '

I-loAcrasnsx (7.44) u (7.45) s (7.28), noryqaeM
k = 2

t Dkrk
k = 0

cPQ (Tr
L

T 2  = T -

flpeo6paryr

T) = e>lr - In) O;
H t

I I r (Tr -  T).

(7 .34), (7.35) , nolryqaeM coorrroureHne, analrorrrrnoe (7 .ZS) ,

pnc. 7.5)
pexHMa B

(7.34)

(7 .3s)

(7 -36)

(7.37)

II(l - n) + | - fl,

Tp

T1

fAe

A 2

1 6 8

-  T 2  =  A z T t  +  8 2 ,

1

il - II, + I'

Tr*(n) =
k = 2  

'

7r2 rDt '* tnk
rne D7, (k= 0,  1, . . . ,  5)  -  xoeQQuuraeHrr , I ,  r .e3ar l .ncfr r r r teor n.

AHarHs BbIp:u(eHHr (7.46) npHBeAeH n [101]. B vacrnocrr{, noKa3aHo,
nelbHoe noArorrcqeHHe AonorIHI{TeJIbHoro oxna[,HTenfl. K BoAoxpzurHnHury



o6uqafi oxrax(Aarou-u{fi sQQexr cHcreMbr [npn nunorIHeHHH ycnoBlIs (1.42) AnR o6onx

oxnallHrenefil. ecnn

l -  I r t
A 1

(l - nt + II)2 
Q'4'l)

nprqeM B sroM cnyqae Qyuxunn ?"116 (n) ItMeer Ha HHTepBane [0,1 ] r.anHnr"ryt"t ' KoTo-

nt-ril nocttlraercq ntrpt- -  * -  -  - ' -  - - r - -

, P n , p - l 4 t o - n , l )
(7 .48)

t l  - I -

n \/AI

CoorHorueune (7.48) noflyrlsrle npg ycnoBHH nocroffHcrBa napaMerPa ITt. f loaror*ry,

Arrrr ror-o ,rro6sl 3Harrer{He n, paccqHTirHHoe no (7.48), coorBercrBoBano MHHHManbIroMy

3HaqeHHro Tza6, Heo6xoAur,'r0 OAHOBpeMeHIIOe BbInOnHeHHe yCnoBHff HarpyxeHHocTH

BoAoxpagHnHuul-oxna.qHleJrs (m"r. $ s.+1.

3 A K J i i O ' T E H T i E

B Hacro.rrulefi paoore paccMotpeHbl ocHoBHbIe BoIIpocbI, cBfl3aHHble c Mo'

AerrnpoBaHr{eM rr.EpoTepMrfrecKrD( rlpolleccoB B BoAoxpaHHIrHUIaX-OXJIaEHTe'

JIfiX TerrfiOBbIX H arOMlIbIX 3JIeKTpOCTaHIUfi.

Pocr proqsocrefr T3C 14 A3C, noBbrlueHlie oKoJIorHqecKHx rpe6oBarrHfr,

a TaKXe co3AaHHe sHepreTHqecKHX KOMIIfieKCOB V I{CnOJIb3OBaHlIe HOBbIX

cxeM TexHlfrecKoro Bo.qocHadxeHnn Bbr[Bl{ralor HoBbIe 3agaqu llporHo3a H

orrTI{MH3ar.Mr{ rHApOTepMrfiecKHx pexPIMoB B BOAOXpAllt'utl4ldlax'oxJlaEHTenqx,

Tpe$yror tranbHefirxero coBeprueHcrBoBaHlul MerotroB HccireAoBaHlul Ha ocHoBe

coBpeMeHrrbrx AocrruK e6fiir rlncneHHoro E ru[paBrl[qecKoro MoAenl{poB?Jr4ff',

Bbrqncrl{TenbHo fi H 3Kcn epHM eHTanb HO fi rexHux ll -

B cB.ff3H c srr.rM MolKHo BbrAerlr{Tb cneAyrcUHe ocHoBHbIe HanpaBfleufifl'

AiurbHefirrrrD( HccnetroBanvrir B O6nacru MoAenupoBaur4fl. rI'{AporepMI'rIecKI{x

npo qecc oB B B oAox p aHlIrIHuIIlX-O XJr a,qHTerlfl X :

pir3Br{Tr{e MareMarl+recKrn( Motreirefr I{BDKeHIITI tI KaqecrBa BoAbI B BoAo'

eMax Id BogoroKax I{ MeroAoB ID( qrIcJIeHIIoIl pezulH3aurll{ c HcnoJIb3oBaHHeM

CoBpeMeHur'Ix 3BM;
Hc[onb3oBaHHe MeToAoB TeopHH HtreI{TH0I{KaUHI,I B UeJIrIx noBIrIuIeHI'lfl

a,qeKBarHocrH MareMarHqecKHX Mogerrefi H unQopMart{BHocra Harypt{blx Hc'

cfle[oBaHHfi;
nocTalroBKa H pe[IeHHe onTr.rMr.r3ar.u,IoHHblx 3ag,aq Ha oc]IoBe pa3fluqHblx

rngpoQuarrrecKux, gKoJrorHrIecKID( r.r gKonoMlIqecKHx Mcrr{enefr c?IcreMbl sneK-

rpocTaHrflfl - BoAoeM;
pa3BHTHe croxacrnrlecKl{x Mo4eneft H3yqaeMhlx npoueccoB, B Haubonbluefi

Mepe oTBeqarcug.D( XapaKTepy ucxogHoli nn$opMaqnll' H Ha Hx ocHoBe - rroc-

TaHOBKa H perueHl{e 3atraq TeopHH Ha[ex(HocTH CI{CTeM ',rexHl{qecKol'o Bo,u,o-

cHa6xeHu.a T3C r A3C;
pa3Br{Tr{e MeroAoB QHruuecroro MotreflupoBaal,Ifi r?I[porepMl'IqecKux npo-

UeccoB, MeToAHKT{ H TeXHHKI{ 3KcrrepHMeHTaJIhFIbIX nccneAoBaHlrft }Ia 0II3l{-
qecKlD( MoEenflx H Harypllblx o6bel(Tax;

TIOBbIIUEHHC PONH KOMIIJIEKCHbIX HCCJIE.q,OBAITTIfi, CO'{ETAIOUITX NPCHMYIUE'

cTBa qI{cJIeHHoro H rI{trpaBJIHqecKOrO MOIIeJIHpOBaHH-E'
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tllnpoxld B. M., Jlonyx n. C. OopnalpoBal{He ManbIX BoAoxpaHu-

nuu rHApo3rleKrpocraHls{fi. 11 n. 55 r.

Oeeularorcs oco6eunosru Sopruuponawrn [pHpoAbI MaItbIx BoAoxpa[M-

nuut F9C, nx 6eperor, floxa Bo[oxpaH[Ilurq. flpgsop;;Tc1 MeIoAbI nporHo-

3HpOBarfl{E Hx pa3BnTHr, paccMaTpLIBaIOTCfl BOnpOcbI gBonK)qnn Manblx Bo-

Aoxpanr{nnq, HX BJIH.f,uI{t Ha flpnpoAy npunerarcrqeil repauToplrfi' xo3tllcT-

BeHHoe llcnonb3oBaHl{e E Oxpana MaJIbIx BoAoxpargluUl. .[arorct peKoMeHEa-

ufin no yB ennqermrc cpo KoB eQQexrun uofi excm yaraqul{ MauIrIx B oAo xpaHl{nHu.

Krnrra paccqHTarla Ha cnerlHarrHcToB -n{ApO gHeprenl KOB H n{EpoTexHI{ KOB,

3aHr{MaIO[U{XCfi AOIIpOCaMu ilcnoJlb3oBaHHfl BOAHbIX pecypcoB' npoeKfl{po-

BaHueM, gKcllnyararluefi n nccJIeAoBaHI{eM BoAoxpaHI{JIlIuI' a raKx(e oHa 6yAer

rrOJI e3Ha IIttrpOnO1. aM, nH MH6II O rar"r, pa6olrU KaM B OAIIoro Xo gsfi qrg a.

HAWHOE H3,4AHAE

H n a H  l l s a H o n n q  M a K a P o B
Anexceft CePreennv C o xo JI o B

Ceprefi feoPruenn'r III Y n b M a H

MOAEflHPOBAHHE THAPOTEPM HIIECKHX IPOUECCOB

BOAOXPAHHJIHI{-OXJIAAHTENEfr TgC H A9C

Peaaxrop H3AarenbcrBa T.tI. foruax
XygoxecraeHHrrfi peAaKrop T.H' Xpottoea
Texnr{ecKufi penarrop T.A. fydrcoea
Koppexrcp kI. B. fopxoea
Oneparop T.B. Coxonoea
HE Ne 2083

Ha6op BbrnoJrueH r SxeproaroMrr3,[are Ha Konrnosepe HEM-82. I IoEnHcaHo B nerlarb

f  3 .03 .g6 .T-O75.1  S.Oopr r ra r  6Ox84 l /16 .  Ey l ra ra  o r lcerna t  No l .  f leqa t t  o$cerHan,Ycr .neq.

n .  1O.69.  Ycn.  rp . -o r r  LO,92 Yn. - rag .  n .  12 ,85 .  Tnpar r  1025 ers .3axas  l80 l .4esa I  p .9Or-

SxeproaroMl r3Aar ,  I  l3 l  14 ,  Mocxsa,  M- l  14 ,  I l lmosonax na6. '  l0

Mocxoncxafi  TgnorpaSnn t{o9 Coro:nonnrpaSnporvra npn locyAapcrBeHHoM KoMHTere

CCCP rro AetraM H3Aarenbcrn, nonHrpa0nx n rcnrncrofi ToproBnu

lO9O33,  MocKBa,  ) | ( -33 ,  Bonoqaescxaq yn . ,40



B 1987 roAy

IngpaBrutrrccKge pacqelbl r11ApoTexHI{qecKHx rog,oc6pocHblx
qoopyxqeltr{fr: CntpflFoEog rloco64e: 6l n' 3 p.40 r,

Cnpaso.rnoe nocobne coAepxltr cncreMarn3upoBar{Hoe li3troxeHue Mare
pnilJroB, KoTopbre Moryr 6rrrr ncnonb3oBaubl npu npoeKTl{poBilHHIt, crpoHTeJIIr
crBe H gKcrmyara${H nogoc6pocoB p:BJrrrtrnoro runa u Ha3HarleHut H oTpiDKaer
coBpeMeHxrfr xay,a16'TexHl{qecKufi ypoueHr paapa6orxn MeToAoB Hx rflApaa-
JluqecKoro pacqeTa. Paccuarpn:uorcff oTKpbITbIe soAoc6pocbl n{Apoy3IIoB'
TyHHerIbuLte u rpy6uaTble BoAoc6pocrr, 3atnopbl H 3aTBopHbIe KaMepbI , rtl4-
paBI[qecKile pacqeTbl HHxItux dreQoa mApoy3[oa, nogoc6pocbl coBMeuIeH-
Hbrx rfiApognercpocraHrplft, nogoc6pocrble coopyxeHnff crponTenbHoro ne
pHoAa.

HgAarM e noAroroBneHo B eAyufl Mu rfl ApaBnHKaMH CCCP.

Cnparo.moe nOcofiue npeAHa3HaqeHo AItff IIHXeHgIDB -npoeKTHpOBlI$ KoB'

rccneAosarenefi il eKcnnyaTaIIIroHHHKoB mApoTexHl{qecKl{x coopyxemlfi

SHepreTHqecKoro, MenHopaTt{BHoro, TpaHcnol}THoro Ha3HaqeHHfi' a TaKXe

MoxeT 6rrrr nole3go CTyAeHTiIM cooTBercTByP[Hx cfleqilanrsocrefi m,qpo-

TexHHqecKHx, Bog,oxo3.sftcrgeugsrx, MerIHoparuBHbIx H cenbcKoxoggficraennrrx
By3oB u Qaxynrreron.

Ilpxo6pecrn KHrrrH Moxuo B Mara3nnax, pacnpocrpanf,prrlnx HayqHo-
TexHHqecKylo nHreparypy.
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