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I]PETNCJIOBI4E
Ocnosubrl{u HaIrpaBJreHu.sMI,I paaBrlrtrfl HapoAHoro xoesficrsa CCCP

ua 1976-1980 rr. npeAycilcarprrBaero.fl 4anrnefimee yBertrqeHr{e pocra
no6Hsu rroJreaHbrx rrcxoflaeMbrx' B cB.agtr c qeM Ba?fiHoe SHaseuue npn-
o6peraer trepexoA ua rny6onue roptrBoHrbr rra Itraxrqx ,{on6acc_a, Hye;
6aica, pyAEtrKax Vpana, Kpunopoxenoro 6accefina, trtannaaa u Cpegueft
Asvu. flpu uepexoAe Ha uy6onne ropuoourbr reMrleparypa, arrraJrbtrtrff
tr BJraroco4ep)fiaHne BoSAyxa lroBblrnarorc.fl BcJreAcTBEe trptrTOKa retrJra
or paarurlHbrx ucrorll{trxoe (oxraxAeune ropHbrx uopoA' c)fiarlle Bo3-

Ayxa, oHrrcJrureJlbHbre trpoqeccbr, pa6ora MaTtrH Ir MexarltrsMoe), 4u{-
4yauonumx trpoqeccoB tr or Apyrtrx trpuqtrH. Suasrremnoe troBbrltreHue
reMueparypbr BosAyxa ua6nro4aetc.fl tr B I{efJly6oxux maxrax n pyAFIu-
nax, rAe trpolrcxoA.flT lrt{TeHctrBrrbre OKECJrUTeJrbrlbre trpoqeccbr, a raK}ile
trptr crpouTeJrbcrBe tynrretelZ. B ynaaanubrx cJryqatrx Heo6xoAuMo pe-
ryJrupoBal{tre TetrJIOBOTO peEtrrMa.- 'Hayuurrutr opraHrrsarltrflMr{ - I[TT@ AH yCCP, ManHlI[, [II{,
JI|I4, XItrI, A[I?I, [onVI?I u Ap]'rzrun BbIrIoJrEeH 6olruoft o6teu
rrcc JreAoB aTe Jrbcr(trX p a6oT B o oilaoru pelyJltrpoB al{trfl TeIIJIoBoIo perfitrMa
rtraxr. Ha ocuose AaHrrbrx r4ccJreAoBarrzfi paapa6oraubr reopufl TerIJro-

o6MeEa B maxrax, MeroAbr r{x retrroBoro pacrrera tr ocrroBbt trpoel{Tlrpo-
BaHtr.E ycTalroBoK AJrfl oxJlalfi[.el]vrfl' pyAEusHoIo BoBIyxa.

flo npoenraM urcruryron flonrnupomaxr' [ueuporznpomaxt, Poo-
ToBrtrtrpomaxt, trOxruuponaxr coaAalrbr BoaAyxooxJlaAureJlbubre ycra-
rroBnrr 4nn rny6un 700-1000 u. Onur troxaaaJr, qro Arfl 6onrmux rny-
6us 4eficrnyrorque BoBAyxooxJra,qtrreJrbHnre ycraHoBItE 6ylyr MaJIo

e{rperrunurr. B csgsu c arEM B pyxoBoAcrBe rrpuBoAflrc.fl Aarllrbre tro pac-
qery u nu6opy xoJroAuJrbr{oro rr BoBAyxooxJraI{IrreJIBrroro o6opy4onauua
AJr.E HetrocpeAoTBeHrroro oxJrarfiAeEufl BoSAyxa B JraBax.

B uacroxq,eM pynoBolcrBe B cucreMartrsupoBarruol\I BtrAe rrsJlo?fiefla
Meroguxa retrJloBoro pacqera paSfiurlHbrx rlo4BeMr{brx coopytfieutrft, no-
BBoJrflroqafl otrpe4eJrnTb uapaMerpbr pyAH[quoro BoBAyxa' nn6upatl
paqtroHaJrbnnii cuoco6 Bcnpbrrrr.E' trpeAycMarptrBarb MepouptrflTtrfi tro
upeAorBpaqeHtrIo lrarpeBaHu.fl pyAHtrqHoro BosAyxa' a raKrl(e Epoer(Tu-
poBarb JicragoBntr AJrfl peryJlrpoBaHufl TetrJroBoro perfitrMa maxr. flo-
Mnr{o Mero4unu rerrJroBoro pacqera, nn6opa E pacrlera o6opy4onaxzn
ycraHoBoK, trptrBe4eHbr napaMeTpbr pyArrtrqEoro BosAyxa, reoTepMtrfl
rtraxr tr reurofiaauuecfttre KorlcraHTbr yrJrfi .tr rropoA 4il.fl pasrltqllhrx- pafionon. Itsrra trJrJrrccrptrpoBaua trpaMepaMrr retrJloBbrx pacqeroB troA-
SelrHbrx unpa6orox c BoSAyxooxJIaAurenbtrbrNltr ycraHoBHaMtr. B neii

1c.



_"ry:Tt1t _"1p_18 
o qrrbre AaHEbre, He o 6x oAtrMbre A Jrfl retrJro B brx p ac qe ro B,Bbloopa tr pacqera .xoJIoAZJIbHblx MamzH, Bos4yxo- u BoAooxJraArrreJrefr

tr Apyroro o6opygonanur.
Coanropllru__orAeJrBrrbrx paBAeJroB Hacrosqero pynoBoAcrBa ffB_

fl*lt3:.P^T; 
q^rn*lT-_ uoApaBAerron ,!.st..,t, tii i n1i,E. fi:.r;p;;""

coBMecrHo c H. A' Bpaftvenofi-- pas4ena rg, g. H. lra"i-e;; -";;'lpaBAeJIa 15.3, A, H. Manamerr*-n ".,o-onnqn n -TT R e,,..__-_.-
lv tt,paBAeJra 15.3, A. H_. Maaau""rio .o"*ecrno c Jf. B. Bralrusrru _

- 17.2 u 17.3, C. A. polrauoscruft _ paa4ena
Quzanu coBMecrEo c O

Jr. lJ. Aopoq^y{ cos_raecrHo c B. T. Bonournuuu ra H. H. XoxoGofi -troApagAeJroe 9.3 u 9r!, ^8. A._IllennruarroB coBMecrno c E. M. ftosro-
Br'rM - noApaBAerros 13.3 r 16.?, 3. p. rpocua' coBMecrEo c B.c. IIIan-
prrHbrn4 - no4paBAenoe 7.8 u 27.b.

,fiaror rny6oxyro up exu. nayrrc tr fiaHAtrAaraM rexu. , .ll. C. f"_ ,MO qerrHbre SaMerraHtrff
raurroft Rl{urn. 

r'ruv oqrYreadtr*r pyKotrEcu



gzcreuurre BnaqeHtrs K u D AJI.fl AtratrasonoB reMtreparyp 20-30
n 25-35" C upune4enbr coorBercrBeuno B trpuJlomesru XI'

9ro6rr otrpeAeJltrrb reMrreparypy pyAutrsuoro BoBAyxa B Rolrqe roptr-
BOrrTaJIbHbTx U HaI(JIOIIHIIX nrrpa6OrOK IUApOIuaXT' MO)I1IIO UCtrOJIbSOBaTb

cJreAyroqtre pacrrerrrbre BaBtrcrrMocrz, rouyleuHbre tr3 nrrpaxeunft ({ 5. 55)'

u (15.57):
B fopusorrraJrbrrbrx BblpaooTRax

t
t.: -K + 1/ 'C; (15.58)

f
B HaRJTOHHbIX nr,rpa6otxax

(lk-Urt.r,\
tz: -K * t" + D lt,+i; (t,I f sinV- tlJ -F

,,, , sr n.. 1\, 1,

* j*$ n aou r ! z vu ll "c. (15.59)
- t02,5 ' Gtp ))

B {opuyrax (15.58) u (15'59)

cn : +("* #;)' + + (* a nt, + tt?) - +
Ocralrsne o6ognaqeur-n re ,ne, qro rr n fropuynax (15'48)-(15'50)'

15.4. Tennonofi pacuer ruaxr c repMaJlbEbrMrr BolaMI4

flpu ua,ruuuz B MacctrBe BocxoA.flqux troTor{oB rrrAporepMurlecHafl
Te]IJIOOTAaqa IOpHbIX UOpoA ocTa-eTc.fi OAEUM II3 OCEOBIIbIX UCTOqIIUKOB

TerrJra, oAEaKo upeo6nagaroqee sHaIIeHue npzo6peraer reuJloo6ueu C rep-
MAJIb

T ro BoBAyxa B roptrsouraJlbrrbrx Brlpaoornax
trpE BoA otrpeAeJr.flerc.fl uo {opuylaM: B KoEqe

nrrpa6omr

tz: Kz* KZ ++[r*"(r"-0,br1)*49.] - i ; (15.61)

s ua.Iaile nrrpa6orrtz

_t
t,:K, +1/ K? +*l;, -c(t,-0,5t2)- +l-+, (15.62)-r --' ' v I L" u I L

IAE

Kz:-[@+o,sr), Kt:
n_ o"Ft .

G,
f" - reuueparypa repMaJlbrrbrx no4, oC;

Typa [upu npxubrx retrJloBbrx pacrlerax
o6parnrrx pacqerax O : (/ - t)l(t, -

- *r"-0,5c);

6espaauepuaa
(t - t,)l(t, -

(15.60)

(15.63)

(r5.64)

TeMtrepa-
tt), trpu

$-
$-

t r)l'
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,1

Asaruruqec*Ee BaBtrcEMocrE gra 6eapaeuepuofi reMtreparypbr uMercr
BtrA:

a) n gecraqzouapnofi craAutr

O:Kexp(-FFoBio,s3) npn 0,01 q Fo .1.-0,3; (15.65)
O :/f exp ( - F Foo,u Bio,a3) npu 0,3 { Fo < 1,0; (15.66)

6) n xnaazcraquoHapHoft cra4uu $
O :K exp (e Bio'33), (15.67)

a,at 0,1 1,0 t0 t00f0

\. Plrc. 15,5. ttpzreprrarrbuafi BaBr4crrMocrb $ : I (Fo, Bi) rprr orBoAe
TepMaJrBEbrX BOA trO RaEaBe c trpocTEIM treper{pblTtreM

15. 65) - (1 5. 6Z) uorrrorpa$zponann B mrrponoM AuatraaouetrB z Bi (puc. 15.5, 15.6-u'L8.7). Ecnu anisenne HptrrepuflBi no upnuam, uro Bi N @.

!74



Snasesus troupaBoqnoro noo(f(puquenra p

Bi

Ta6nrua 15.3

0,09<F.o<0,3 0,3<Eo<0,8 O,O<f'o < t,O

3-6
6-8
8-10

l0--20
20-40

0,01 <Fo<0,09

2,094-2,437
2,437-3,652
3,652-3,871
3,87!.-4,425
4,425-4,619

4,635

Snaqenus

1,324-1,444
,1,,444-2,L00

2,i00-2,21.8
2,218-2,810
2,810-2,708

2,579

0,461-0,657
0,657-0,879
0,879-0,864
0,864-0,787
0,787-0,748

0,703

0,439-0,595
0,595-0,750
0,750-0,735
0,735-0,653
0,653-0,612

0,579

T a 6.n un,a 15.4

o6ueua t",: tr. ,[nx octalrgoft sacrtr TynuroBofi Bbrpa6ornu &r -
- cr0.

Te Bbrx BePrtr BBlPaoo-

ron tr ctroco6oM, pu3a6ofr-

BaMerr.Eerca aosa[ouqneHroM retrfioorAaqu c[.

+ 0'0136'400: 9;

ff:zoo.
flo {opuyaaM, rIpsBeAeEEnu r 13.2, EaxoAtrM

Bi: 8; 
1,8 :7.8: Fo _ 0'0035_._190 000 _ 100.1.9 1,60

flo uouorpauMe pgc.15.5 ucxoga trB uoy1)n1eEg51x auasesnfi Bi u Fo oupeAeJIEeM

t = 0,22.
flo Qopuyre (15.64)

8.{3.6.1000,0,22 - ^,":-_60-T0-- ^' u,+.
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Pnc. 15.6. Itprarepzanruan BaBr,rctrMocrs t} : I (Fo, Bi) rpz orBoAe
TepMaJrbEbrx BoA rro HaEaBe c TerrJrotrBoJr.fiqrronEbrM uepefpnruelr

u,ut u,t I,U l0 100 Fo

Pvc. 15.7. Itpzrepuantuaq eaBr,rcr4Mocrr r9 : I (Fo, Bi) trprr orBoAe
repMaJrrubrx BoA rro cneqramroft BoAoorBoAfiqeft anpa6orne



IIo rfopuyae (15.63) otrpeAenreu
,|

K z: - Z. O,Ot36 
(0,037+ 0,5' 0,4) : - 9,7'

- ro (fopuyre (15.61) EaxoAuM

tz--8,7 +{ :29,7 " C.

B ctyrae orDoAa repManbEErx BoA rro naEaBe c rerlJrotrsoJlffrlEoEsbrM trepeKpEr-
trtreM tro EoMorpaMMe pIac. 15.6 otrpeAeJrseM O : 0'19.

' Tor*a 
8 .13,6 .rooo .0,19

": 
---60100-: 

U';+i

IKz: - z.o,u36 
(0,037+0,5'0,34): -7,6;

tz: -7,6* :28,6 eC'

- B cilyqae orgoAa repMaJrsEbrx BoA tro cnequatruot BoAoorBogflqefi nr'rpa6orne
rro ptrc. 15.7 uaxo4znr r$ : 0'17;

8. 13,6 ' {000. 0.17 
^ Dno.

c : ------60 06T-: u,rudi

4Kz: -Tfrtzo (0,037+0,5 .0,308) : -7,0i

tz: -7 ! 
:27,8eC.

Teuneparypa BoBAyxa 6ea yuera repMaJlbr-brx Bop, tn: tr: 42" C.
Onpegetaell Ku. no 'puc. L3'2- hr : 0'35.

o t[opruyre (13.13) r" :S#E:0,37.

rlo Sopuyre (Is.7) AL: o'tt;f3d3utooo:0,084.

flo nprnoxesnro X Ki: 1,68, Kz: L9,05.
:. IIo frop,uy.re (15.1'7)

r,: -(r,68f 1e,05 '0,084)+ {(1,68+ 19,05.0,084)2 +73,75 [9+0,84 x
1

x (42-0,5. 20)l -200) 
2 :22,7 " c.

15.5. OupeaqrreErre trpeleJrbuofi rJry6r.rEhr paapa6orltu uecropox4ennfi
6ea'ucnyccrBeEEoro oxnail([euu.fl BoBIyxa

Oguuu IrB KpureptreB AJLE oqeuntr cxeM Bcr(pbrrvfi v. troAroroBntr
maXTEbrX trOJleft, C TOTII1U BpeHUfi TetrJIOBOfO pe,fiUMa maXT, g.BJIfieACfr,

trpeAeJrbEaE rJly6trHa paepa6ornu 6ea trpuMeEeEtrfl trcKyccrBeEEoro
oxJla)fiAeEtrfi BoSAyXa' ,{la ee oupeAeJrerrtrfl trptrMeHuM MeToA qeutr
MoAeJreft arrpa6oron 1381.

12 saxas r38s L77



cyquocrr MeroAa cocrozr B ToM, qro qetrB rop'blx arrpa6orox sa-

I 
-S 

r"o6q 4 bM t.j-0 (15.6e)

o*, - Q"" i* Qltr Q'* i nnan/nr, (15.70)

elru.ff oT oI(UCJreEu.E, MeCTEEIX ECTOq-
nrrpa6orxe, rxan/q.
nceff qenn MoAeJrE nnrpa6oroH

Qo6ry:) Q" r.,:o (r5.7 r)

n Tbr paB_

, B r(trJIO_
m I Eagbr-

etru MoAeJru nrrpa6orort

vc Pa6ornz

E yxa upz

y rpa'uq maxrEoro norrfl. wrn d":"i tfi., trpeAeJrb'o AotrycruMafltrpaBtrJraMtr 6eaouacuocrtr reMtreparypa Bosnyxa B fio'qe oq'cr'ofoaa6os.
,{rx ycnonufi ,{oueqxoro 6accefiua ,,pz ararfiHou cnoco6e Bcnpbrrufl

' 
k'iU1li

o* t: --e;-.

Hm:a -+l/ar+b-,

(r5.68)

(r5.72)

(15.73)

rAe

a : 0,8H, + 277* ) lr+ o,oszs
, zctgrQly.w

t78



b: -555 
. HL -

15,76> tr+0,0303lrc. nlu. n-qy. s//lctgQ-> Qi*6,4
0,0284 ctg rply. x

(15.74)

Snaqesus BeJrrquu, BxoAflrr{rx n {opnynrr ({5.73) u (15.74): HL-
ruy6rra trepeceqeHtrs Etr?firrero rrJracra BoBAyxonoAaromlM crBoJroM, M;

Bbrpa6orRa (o6oBsaseEtre
na pzc. 15.8)

Puc. L5.8. IlpuuqzunanbEarr cxeMa rrpoBerprrBaEux maxrhr

I, - yrua JraBbr, M;e ; yroJr traAeHE.E trJracra, rpaAyc; lr.* - yAeJrb-
fa.fi AJrtrEa MoAeJrtr BbrpaooTnu AJrs eTalfiHoro orKaroqHoro KBepmJrara

;ru unrpa6oTnu Ea L u nnepunara)
(15.68) DPv It:1u); 8y.^- retrrro
oTEeceEsbre n I nr BoaAyxa; h". n -JIaBbr EaA OTKaTOqEbTM mTper(OM, Mi 1". a - rpUnrZnnaa AJruEa JraBbr, M.

Ta6ruqa 15.5
trIcxoEHbre Aaurrbre pactrera Berrnqrru, Bxo[fftrIrfr n {opuyrnr (15.731 a (15.741

EE

9,3
9,3
7r8

E

200
500
160

6r0
6,0
2r7

E

1,38
1,38
0,925

E

6-;(
.< ;c

l',87
1,52

'l'r52
'l'r52
r,52

12*

280 000
1r9 000

68 500
68 500
47 000

,t4,2
13,4

,14,0

L2,5 2500
47 000
3t 500

4 000
4000

5

2,1
1,99
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IIp ol o Jrrr{ eirze ra6n. 15.5

Bilpa6orHa (o60BHa.reHue
na pnc. 15.8)

r^tsE
,? ot; ir
!\

:i' ;Ev 5E
!H

>-

tr
E;

O Ets

0,091

0,0019
4,046
0,153

X r,:0,

Ifpernruerue cpeAr4ubr JraBbr EaA orftarosrbrM rtrrpenoM

0".,:!Tg: Il#4 :51,4 u.

Oupe4e.naeu BerrurrtrElr a u b no (fopuynau (15.28) u (lS.Z4,l:

(0,3+0,0825) 103 0,25a : 0,5 . 1000 a ztz a :111;;i;7,4nl:6,onT - Tp-569:Onm: e57o;4. L,rJ..v,Vtll u,uDo6.u,uLi /
b: -555 

. 1000- [({5,76 . 0,3+0,0303 .5,t,4.0,,t53_0,25 . t0-3 .1000. 1,t92_

-2,75+6,24) 
. 1001 : 0,0284.,t,,192.0,0177 :14,2. 106.

IIo {oprrayle (,1,5.70\ otrpeAerr.neM trpeAerrbEyro rny6zny

H m : 957 Q - l/W@=@ns : 7 7 0 u.

t6. TDtrJIOBOff PACTIET JIAB

16.1. TeunoBofi pacser naB rra uoilorux trJracrax
Teuteparypa BoBAyxa B fiouqe JraBbr t2 otrpeAeJrfiercfi tro {opuyne

(16.r)

Teruueparypa Bognyxa B HaqaJre JraBbr tl, neo6xo4urlra E r,Jrfl. o6ecne-qertrfi ea4annoft reMtreparypbr t2, paccsnrisaercg uo {opmyne

\- e'?- L (r+---r-g#.).", (16.2)

t- k"U L ! Gnc"I y + GB,B + Ii xU xL
Gcp (16.3)

,,
3,2

,,
,t
3,0

17,4
10,9

l7;5
lI,5
23,8

0,35
0,33

0,64
0,64
5,75

0,25
0,99

0,29
0,75
0,72

ZQi:2,t

,0177

,o
29,
29,

rge @ - darrop BJra'fiEocrr, onpeAeJrflercs. to {oprnynarrr (rs.2l) n(5.2a); .l-- {anrop r"oooo6r""" o"",
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