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fiepexoaa cr.rcTeMbl fi3 HaqajrbHot-o cocTotHr.tg B KoHeqHoe. MaTe-
r\{aTHqecKH 3TO O3HaqaeT! VTO SneM€HTapHaq paboTa B TepMoII{Ha-
MI.{Ke He trRree'rcs no;rHbrM Ax$Oepcxu}t:utoM. floAo6Hoe cBoficr-
Bo npHcyrqe raKxe KoJu,IqecrBy rcnrotbr, nepeaaHtrofi l4Jrr4 B3rrofi
y cncr€Mbr. C lpyrofi cropoHbt. TaKt{e Rcnr{qt{Hbt, KaK RHyrpeHHr{t
JHeprvA wIIt 9HTporrfir, yxe He 3aBucqr oT npouecca H rMqroTct
r rolrHr,rMr,r auoQepeH uI,IanaMH.

Y cryAeuron, Haqr{HarouIHX rl3fleHr4e ocHoB r€pMortrHaMr.t,
Kr{ B paMKax xypca o6utcfi 0fi3r4RM, B ot{try He,(ocTaroqHo ycro.fiB-
uruxcq 3HaHrf no Br,Icllleft MareMarl.lK€, Bo3HxKa]or 3Haql4Terb-
Hble Tpy4Hocrn Arq noHrMaHHrr Bbrure)ryroMtH)'Tbrx roHKocrcii.
[1o:ronay, Ha Harx B3rJrrA, rroJIe3H6rM Moxer oKa3arbcs fre6Hoe
noco6se, 3arparu Barouee MareMarr.rqecKue ocHoBr,r repMoII{HaMr.t-
KX r{ HX npWrOXeHHe K KOHKpeTHbTM npoqeccaM.

I4cxoAc H3 arnx coo6paxexr.rii u nocrpoeuo coAepxaHHe
AaHHoro y.re6uoro noco6nq KaK AoIroJrHeHHe K xMerouericrr oc^
HoBHon nureparype no AaHHoMy pa:Aely $nsuxn. B neptorl rnare
no Bo3MoxHocTIt cTporo u eMKo aaHbr ocHoBHLle MaTeMaTuqecKlre
noHsTr{q, Mcnonb3yeMble R T€pMoAI4HaM[Ke. Aanee, Ha ocHoBe no-
nlnieHiroi{ B nepBoi{ rnaBc IdH$opMauHH o6cyx,{alorcri 3aKoHLt
TepMoafiHaMHKr.t u npuBo,4rlTcr{ KoHKpeTHbre flpHMepbr nx llpuno_
xenr4r B pasur,rx o6lacux Qu:nxu.

ABTopl,I xorerq 6bl Bblpa3l,trb 6laroaapuocrs cBoI,IM Kojl]re-
raM: peAaKropy roco6r4s, npoQeccopy A.O. MeluxlHy r,r .noKropy
Qlr:1.-var. HayK A.A. Barapurarauy 3a BHuMarej'rbHoe o3HoKoMJre-
ilr.tg c pyKonlrclo q [o]Ie3Hbre coBeTbr, TexHltqecKoMy pelaKTopy.
Karr.quAary Or.r3.-Mar. rrayx K.f. !,noluy ra npo4e-taur-wo pa6ory
no BpeMrr noAroroBKr,t yrebHoro noco6us K rreqaru.

Hav nplrgrlto raKxe npuHecrr.{ r,ry6oxlno 6.na.roAapuocrs
peqeriseHTaM, npotfeccopy, qJreH-Kopecnor{.4eury HAH ApuennN
A.A. Knpaxocrxy t4 JloKropy 01r3.-Mar. HayK A.A. Capxr.rcluy sa
pe{eu3r.rpoBaHr.{e pyxonfi cu. I4x coneru, rronnue 4o6poxelale.rr,-
lrocrx, ue\{aro cnocobctnosanN -vnyrittteHl4n npeAjlataeMolo no-
co6ug.

Asmopu
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eTct. ctpet{tcb K x0. rlacTHyo Ilpor{3BoAHyIo o6o3Ha,{a}oT oAHHM

r{3 CI,IMBO]IOB:

Au Af

, \ "a * ' ' '  '

3averuu, vro 6yxna x RHl,r3y nocJreaHero o6o:Haqenfit
JrHlxb yKa3brRaer, no KaKofr l,'3 nepeMeHHbIX 6eperca nponsnoguae.
,r He cBJr3aHa c reM, rJ KaKoii ToqKe (to,Jlo,"o) BHqHc,rqeM [rpoH3-

BOIHYIO,

AHa.nornqno onpeae;umrct qacrul,Ie npou:notrHue @1+lx-
UAA u to ABy:,r ApyrI.rM llepeMeHHbIM: ff / 4. Af / A".

flpolr:ReAexr.re .racTHofi [Ipou3BoA{ofi au / Ax Ha npol{3Bo]I6-
Hoe npupauleHue Ax Ha3brBaercs qacmHbat dufuQepen4ua,tou no x
Qytx4uu i/; ero o6c:trraqaroT cfiMBoJrot!{

- e u
d-u = - Lx." a x ( 1 . 3 )

Eclrl u :,4scr, nod duQQepen4uo,lo,|t dx uesaeucutvofi nepe-
,uenuoii x nodpasyneeamt npupat4eHue ,!I, To rlpeAr,I,{yuaq oopMy-
JIA N}'[ICTC'I TAK:

AHiulon4r{Ho,

, A u
tl-u .- d\ .' d x

, I1u , Cuq t u -  
_  L t ! ,  t l z u -  d : ,
0y oz

( 1 . 4 )

Taxulr o6patov, Mbr tsr.{Jtr,rM, rrro MoxHo 6ulo 6rr
rrble lIpoLr3BoAHbIe npercraBttrb s stt4e 4po6eli

d,u d,u d.u

dx d| dz

( 1 . 5 )

H {acT-

( 1 . 6 )

lo npH r{eflpeveHHot\,t yc;roBltlr yKa3aHtlr nepeMeHHoii, rro Koro-
poii 6epercq ALroOepeHuHan.
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orunxir(qr eg qJHxorr?H r atrudt oed ror€ eH oxeHIlO o r.iH

x ncrsr{odrc ul^tI.IH J aJca^{ k zv'.1.'y 'rV ro Jbcltg€€ 'i'd'n xtr^l

' (n),i + (,ty) ! + ( xy) n + za ('z''ri'ax) ;i +

rv( 0-- 0{'0r),/' rr ( ":''(' x).'/ = ( "z' o,t' I x ) N = nv

:(z't'x)! =n nuruH^Q bfiHsmedndu bI13 rtr.{n
-doQ BoHhl.tJot?Hu ar4HoraoHerJ^ It3reKL€b otgtrott HOIII?H

'0 <- xV Hdu O<- p tl ,y Jo u{cusa€ ? rvl

(s r)' (w)r +rv('r),/ = (t)7V = rv

eufNdoo orcer{ raor{}r HHlr)HdQ ruHofiBdnd[ stt (ox),1
r.roHYoscHodu (4oul.'ouox) or o)hoJ. { Ifl.{Hp{looJJomiJ r.ittl{o)r(orr
-ouladrr q (r)/ =,( KoHHer{odau {oHYo l4H[rH,{Q oeh,{ro g

'uuII)H^Q r{anHarnodndu t4tnHtou ri..Lee(lAtet eodoro>r

(i l)' (oz'ot'ax)l -Qy+')z't(y+at'xg+ox)l =(az'ot'or)-N=nv

J Henr€dudu rHh^uo p'n'x)J -n 8nIIxH.{O or 'zV'{V'nV'

uHHamedl{dr aFdoJoxrH rnredr Nocfl crevrdu 'xrqHHawcdefi r.Icrnr

r{l}{ssff,H ":-: '"i=r( '!r=r Ul.rHaheHc 4 lf.voxJu'uuJA

r{rrIuH,{Q atrHoItrBdHrfu aotrtlou'Z'I'I



A/ (xn)  = l6s1a11r)  (A=con; t ) ,  (1 .10)

IAe qepe3 o(Ax) o6o3HaqeHa Mulas B€rjlltrruHa 6o.lee nsrcororo
noptuKa oTHocIITeJIbHO ar, qeM Ar.

Oxalsraaerca, qro Arq Bo3MoxHocrtr raKoro npeAcraBJI€Hr4,
Heo6xoAr.rMo H llocr.aroqHo, qto6rj cyuectsoBaJra KoHeqHa{ llpo-
!r3no.4Ha{ "r'(r") g Torrxe r=ro, fipl{rreM Hanr.rcaHHoe paBeHcTBo
ocyuecrBrqercl t,tMeHHo npfi A- .f'(x) Jfuuefiu]ro qacru

ALt = 1'' (*") Ax = 1,iAr (,t = consr) ( l . l l )

npHpaueHHr o)'sxquN Mbr Ha3oBeM ee 4ra@<pepeuquan oM _ dy.
llepexogn r Sy'nrrlrau HecKolrbKrlx, Hanpr{Mep, Tpex nepe-

MeHHbrx: f\x.y,z), o[peAeneHHoi.i n nexoropo.ii o6,racrn D, cc_
TecrBeHHo rocraBlrrb auaroru.IHblii Borlpoc o [paBoMoqHocru
npeAcTaBlleHr4fl npHpaureHl,tq

Au = 4f(xo,ya,.o) = f(xa + Lx,ya+ Ly,z" + Az)- f(x",1t",2"). (t.12)

R BI.{Ae

Lu = L{(xn, yo. z o) = AAx + B Ly + C Az + o(p)

t ) \e  A,B u C -  uocroqHHbre,  o p=, !N * ty \ t " r .
,Ietxo noxa:atr, qro ecrl.t ItMe€T Mecro pa3noxeHue (1.13),

To ts Tort Ke (xo,y,,,zo) cF{ecrByror qacrHbre npor.t3BonHble no
Kaxlol.r r{3 IIepeMeHHblx, [pt4qeM

f i0.t ' ,2)= a, f l (x.y,z)= B, 4i(x,y,z)=c. ( 1 .  r 4 )

Taxnu o6pasov, coorHomeHr{e ( l. l3) Ecerna ocy[recrB.Jrrer-
c9 'r'ojtbKo B lrr{ae:

-\i 1 1 . r,,,,:,, ) =./'( x, y, z) tr + f,'.(x, y-,2) ty + fi(x. y, z) nz+ o(p). 1r.rS;

ltlH } 6o-rlee KoporKori 3anhcu:

( 1 . r 3 )

Lu = u',Lr +u'. Ly + u'.Az + o(p) .

8

( 1 . 1 5 * )
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df  (xo,  yo,  z)  = f '  (xo,  yo,zo)  tx  + f i (xo,  y , , ,zo)  Ly + f ) (xo,  1,0,2")  rz ,  6 .n1

vnn du = u',Ax + ttLy + u'-Az.

Ilonuwfi dufi$epeH4udJt paseH cyJvi4e ttacmHux dueeepen4ua-
r,to8.

Ilpxuep

Onllr noxagrrsaer, qro B cocroqHuu repMoguHaMuqecKoro
pa8HoDecHfi o6r,eu i/, AaMeHne p r.t reMneparypa I HaxoAcrcq B
Oyuxul.roxalr,Hori sasuculv{ocrr{ a,,rs tro6ux elr:uvecru o2lHopoa-
Itbrx 14 n3o'rponHux re.n. 3ry tfyuxquoua.nrnyro 3aBtrcHMocTl, Mox-
rro Rr,rpa3l{Tr, J,?aBHeHr.{eM

f  (P,v , r )  =o . ( r .18)

Bru Oynruuu f (p.y,f) pa3nr.rqeH Anq pa3rfitrrrbx{ rer. Co_
crHcr[eHne (!.18) na:uoaerca ypaBrreHneM cocroqHurr re;ra. ,llrs
uaeaJIr,HbIX ra3olt ypaBHeHneM cocTotHr,rg qBIreTcrI ypaBHeHxe
Me rrAeleena-K-naft[epoHa pV=vRT, rAe r, _ KorfiqecrBo Morefi
[3yr{aeMofo rasa. PearrbHbre fa3bt npr6rHxeHHo no,[9l.r]urrorcq
3roMy ypatsHeHl4to, anq HlIx cnpaBe.[JlltBo ypaBHeHue Bas_aep_
Baa,rsca (cu. $opuyny (2.25)).

Vpanuenue cocrorHltt fipr,IHaa;Iex]rr K qlrcny BaxHeru]rx
xapaKr€pHcrr,rK MaK[rocKontqecKux ceoiicrn Or3uqecKl.t oAHopoA_
l{brx reJL Ero uerr,rq reoperl.tqecKl,( BbtBecrn H3 o64nx Irpuu_
qlrnoB TepMoAr4Hallnxu. Ypanneu vg cocr os*r4l. B TepMoAr.rHaMxKe
Jar{McTB}{oTcq JI[6o H3 onma, lr.16o r,I3 cTaT]rcTHrlecKofr Or.r3].{Kr.r,
rAc oHu )rKe Mof!"T 6brrb BhrBeAeHLr reoperuriecKx.

BBIIy Hanugltq ypaRHeHuq coc.lorlHur, fi 3MeHeH]rrI tserlrqr.rH
I'.f ,T ftpn TepMoArIHarrllqecKoM paBHoBect{x He He3aBl,tct{Ml,r, a
cBt3arrbr onpe,qeJleHHbrM coorHouerJueM. Ec,tlt tr:tueHeuuq coc_
toltHltfi 6ecxoHcrltto Marbt, ,o ,ro' aoor*oreHl,{e Moxer 6brrr,
ycraHoBJreHo 6eg :ttarrHrt rot*
c :roii qe,rr,n pa3peuJnnr *,Jil:'it fii'"r*,iff1ff"#iJ;3;
-rr3 neper{er{tlblx, Harlpr.rMep I/, T.e. npeAcTaBrM o6beM y B Bvne

l 0



'dcwudrrell HhrrsnHcr.{se[aH qJrcq L(HeJredorr Jp tr dp rslg.vhvtt
-rr{ rtrJoI 7 rsd,{.ledaurrer rJeHn)H.,{O BolrHauoveduo K}t..vtrats d
arrrausatr lrrodo.lox udu 'JJJelrod u J,o,{gJ.t?h,{ oreJ, oJ,h 'dowlrdu
-EH 'hrHmiuol' euHohHHefuo ogr4rr-eo)?x oHcxorEH J A J lr�Lrrr
-.rrolrrlt eH eYJor 'eehfrc y{o.L a H a(l{3 {t nareHEJto (IZ'l) elIl{r,r
-do<! og 'elcHHanado[ enwnonu?teH )ex rcqJesnfue]rcced r,{,tolr
,{NoJeou Jp u dp nr.rHol[edud1 Jp t4 dp xrurromedudr xlst?],,r
olrhe o)3eg xrcgolr !{d o[l4titrou?dur (IZ I) auHomotrroo]

',{hetrec o HHelflgtlf,ou ra?nod H a HalroHrooc oJc

(rz r)'Jp

,t]ru ' /'p + I'p = lp l4owr,{^J BJIHtI€Jctrodll e],{eq.go or.rHamed
-gdrl exmtdou oremJlqs xIqItEI^t oHhaHoxf,eg oy o{qJsoHhor J oJ '.,

?d,ttEdoxr,{ar r,t J ar.rHelrg?V }t ItJJoInHaN€I,t 'I]oHoxsH 'I,rrca

(oz r)'Jp

I lonHexeolqs
B3JI.rsercYedI.I,4 er.{oc.go auHolfl?dudu eemofu{srf,JesJoo3 en'Jol
'eHHiln€dndu aot?y'i oHhoHoxJ5g raph^rox J €d^redorwar c 'r"rrsH

-HnoDou BrJawfixde[ttou d cfiHar€ev cdeuer 'src^If 'odfJedou

-r[0r 4oHHnomol] ndu or].rHars?Y ou ?waq.go ueHvos€l{odx neHmsh
sna '(le 

I rc) €sHhrnrro( 'riosedgo yurxel XoHHrorf,oIr xc<lws
-PJJo etI)KUoY I ed,{redeulter, dr on I UHH€sodunHodoQQr,rY r4du
orh 'or eH roesrscexA t(,tet,to) 

HoHvo{c}rodtl { J xoh?Ht

r( Jc\ 'l dg\

\ui)ru'\n)- "

"(#)=,,

(6L l)
'fds)

rp tn)- 4 P

:1,{ennexzdlgs oonerratraduo'eI{Helnedrdu oorur{ oHhaHoxJag
rntu{[l.|ou ey)(\er A xtoq4o or 'dp tHn}.ntee o{,{rur,{ oHhoHo)ceg ?H
<rrHHar^{€fi or.rHeruEY p '|.loHHnoJ,'ou ̂d^Jedour ior sJEsr.txdolTou
HbIJ.A Q'd)l -,4 J v ;' xrlHuor^lader x{str xrqHqffeJco xHIrxH,{e



Anc [poqecca npu nocroqHHoM o6'beve dy =0, cooTHoueHr{e

( l.2l ) rpuo6peraer BL{a

d T  = 0 . (t.22)

Eclr paspeurms 3ro ypaBHeHr{e orHocr{rejrr,Ho AP lAT , ro

rroflyqeHHar{ TaKnM o6pa3oM BeJl}rq[Ha aacT qacTH]'Io npor,r3Boll-

Hy:r.) (aP laT)v, raK KaK aP H aT o3Haqaror flpHpalueHu.s raBne-

HHr r{ TeMfleparypbr npn nocrosHHoM o6'beMe. Taruu o6pa:ou,

(v) orJ!!_)
\  aP ) t  \dr l / ,

(DP\  f  aP)  fc l )
l a r  ) ,= - \dv  ) , \ a r  ) ,

f!r) fq) [gr) --'
\ ev  ) r l  a r  lP \  aP  )v

( Q L ' I
f  ar,)  *_[azi"
\ar ) ,=-(a-

l. ap ],

i4Meq B BllIy orreBr,raHoe coorHoureHne

( a / \  1
l e r ) ,  f a P ) '

lar j ,

IlocreaHee roxqecrBo lroxer 6rrrt 3ant{caHo R Bltae

(1.23)

(1.24)

(1.25)

a TaKxe

(1.26)

[{e .naurue npeAocrcpet{b rrr.ITare;Is or HcKyueHurr coKpa-

rfirb Br,rpaxer{fie B neRot .racrr.r (1.26) ua AP, AY tl d?. B pe:yrr,-

Tare raKoro coKpaueHl.lt noryqfircg 6u uenpanu.runufi pe:y,rlrar
,l BMecro npaBurbHoto -1. Coxpaqenae HenHrr npou3BoJIItTb,
frorovv r{To BeJII{r{I'IHbr AP . AY v 67' B .Ilrcnurenc LrMeIor I{Hofi

t2
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JIII IJMOIT LOOJ IJAA
-rJeln,{r Hr{rsHvonf,Hodu r4wrsHJo€h xn , I4r.aH ,g = (; ',i .r)/ olvr
-3oNI,t 3I'{?r Ho}Isr€HoI4fI)H,{O ols H H l,aKrl J ; .{ .r lqHIhltroa r,l rtsg
ttH rqg glggo)e) J u /1 

'd ,rr{?H} 

 

uag , trxa}\i Ita6s) IfoHqtfuH
- or{Ir)H,{O or4hru"H er^ldoQ t4o}rcrcnnHadaoontr I ur,,t14lfior?xpdrs{
.'{I^{USJJAIbKOJ I,INI,IXCOhI,IIENEIPN OICI4h B'JOIUIT€I' VHO 'J U T
'6l rgHl{rrH(oB JOtOl,{n rrrqwt 411)Jehr,tct{Q uox?) ,oHHesmsm{r oH
ouH)rndefloJ (SZ t) u (SZ't) sroanxor nrco{l4ftrotredxr rrv

'(9Z 
L) o{merTxor or'tN

reaNr4 orh'rollxtsag^'KgHoxedrqs elqH oh,{rou gux(oHtri^

,,4 'l to\

JA^ \dgl

orqHtroseHod[ n?E arqHxr(H qrnrtl,IhFts o)Jau eV,$
-Lo 'Jl^= 

ld elntg a HJJaIrr lIct oJodoro) gHHboJcoJ eunangedf
'srer oJoHq.ruetrH eehdu5 s (gz.I) o{r'3ltu(Or WndOsOdII

'amlss 
{rrHH?€e),{ .lrcrsNJ 

4lsH€ed rotexi{ (gZ I)
EHHamOHIOOS eraIHUaHh I,t oIIeJeHgneH€ s, le tclJt4ll'tltrea oIh .x3J,

IJJ-rsIrHCXqgO r{nenxadu-ou oJ6 .{ICSh gOS?dU S t{nfin Wo)u{€
er gedu oJor€ ro K)ro?hr.rlrto oHO u](lr)H,{e ro ]Il,ttDHle rJI.tHea
-odnnHodeQQuf orHs?du reeHr.t,{oluH (EZ. I) ]r.rH3moHrooJ

'(9Z 
I) esJcafxor rHH?HHW

-ouEc brlv ornsedu eoHgov,{ r3?E oJ6 'BnHe)aedHs oJoNe?{Hfuehr3
-rBd ?)eH[ I/rio]tHoHen€It tstmelxosoduoc oHo oJh,Hr.lsom,{ }tdu
er{Halllzd)oc oo)er qrfiEoacrodu oHxorr oHcre}[doe orh .reesrq€

-e)o (92'l) sr,{r{doQ oH lg eH qreln?d)oJ 6€qroH H oJeh {trr.t{s
'Br{e.Lgo xrrHHalned},rd xrcHhl,Iuf,ed onnamdoso: o r3trn shed
'Not?dgo t-{H)?I 'N[IHHtrorcor gcJapJ,Jo ouEallsev oJh ,]{fisorJ^

Hdil lg pH IsdfredauneJ, ur.{Hsmt<lgou HdIl zt'{os.go ex oJor ar,rH
-amedudu m€heHto erorr{trJtrh s /ig ex eHuhlrreg .{oHHro.L3oll

rJf,r-aErJo J €d{J€darr^er eVJo) 'drE eH rr{Hauqey rr{HehxresJ Hdu
vi 

 

coti:asHu<lltH 'et{o.tgo auHolnedrdu qrJo o(a$HeI,{?Ht g lg
'daHHdueH otraJ8HaxsHa ( IqHr{ht raa orqHhH.IorpH? xoh .rJtcNJ

y,r rdg) .J 
'/J.'\

_l

t \Je ) l1'1 \rc )



(1.27)

-  _ 1 ( 1 . 2 8 )

ilrt{ MareMatqqecKMe rox.rlecrBa uI{DoKo Hcrronb3!'torcq B
TCpMOAHHaMHKe.

$1.2. Kpnrolnueftnufi rHrerpan

| .2. l. Onpeae,renre KptrBo,rfiHeiiuom fiHTerpa,ra nepBono pona

[.rn roro, qro6sr ecrecrnesHbrM nyrcM nprlirrn K "ToMy
IroBoMy noHttTr.{lo, paccMoTptIM oAHy MexaHtrqecKyro 3aaaqy.

Ilycrr na nJrocKocrx AaHa HenpepblBHar npocratr cnprrMrrre-
uaa (r.e. KoneqHoil Mngbr) KpI.rBat (1< ) (pfic. l.l) (orpaHr.rr,tMct

&'rq onpeAe,'reHHocrn cn)4{aeM He3anKH}Toii Kpr,rBofi), BAoJrb Ko-
TopoH pacfionoxeHht Macchr, npHq€M t{3DecrHa r4x ,'uHeffHas nnor-
uocru p(,lZ) Bo Bcex roqKax M Kpunoit. 

'fpe6yercx 
ofipeAenrrrr,

Nraccy m Bcefi KpnBoii (K).

i  a r )  /ax \  fa : l
l - = - l - l l - 1 .
\ ,} ,1, \  a: l ,  lQu l .

f  . l )  1 ,1  1  1a '1
i tJ , tE l , la  l ,

Prc .  l . l .

t 4



xr{H ?H oedgmlr fi I'V'y trJfr olqHdeuloxot.€ en (l) orfand;r

sng€€d :a3orrodu HrsHspre),{ l,uudorsort n'(y) }.Iosud) 4owoBu
-nudu3 {oJ.codu 4ouursdeducN eriovr{ ol,{rllll?nPt'(t'x) | = (t4{)/

,,x)hor orI,IIIxHdO,, or.{Hsroseqodu wer,{qroB l{h?tret goHHsd
-ror,,ra3€d Jo qsBBrcrtrro 'rsratrodu erqHgotrou qrsIJrH ,{ctr^g

 t l)

:^xevodu
) Hrfiadau qmxlf nJJeeJ]o rsr,{xdoQ 4oHI'or rnnor'.{rott vtfl ''o

r{r41,."I], €H ot-(mcuogr.reH Z todoh reheHtogo 'lroeedgo htl4)?-L 'HJtoH

-hoHoxcog x nJ 4t{3drc (0e I) ar{Mr { {o}rolrh orcl.lh }loJ€ I.Idu
'(rU,4H x rJJrt^ltfut so)Io?hd xoos e IqHHL'tr ur3a '(x[^H ) 6c
-q .rwadro ratr^g'v{a}rHelnfxoY yucHHaxnrgfidx smlqa wlqHH€trJYc

oJ rJsHr{gelJqc'FHHe}C?dIqfi oJeHYoraou oJote <IrcoHflafuoll

(oE'r)

oEHrxpdTq{ - Iccr?t'r Uov{oxc}r u)ig ut(ft 2

''o(.'1'ri)d - 'w

allHoxedlctr ooHHaxltlrghdx qrehtll I{oY
-[g uJ.{Y 4ore ar rcccen I'I.ad "e [adeh t"y? u$l .{HHIltr seheH
-togo tt '€xJcph.{ oJor€ x?)hot xo3{ o{ gJ,'oHrolIu ax E{ox?r oJh
'rPJ.r.rhc osHgxuligudg exr'oJ, uor€ { ('N)d qrloHJollll Nl.llfsllh
-na 'goand>r t' 7''y etf& ?H l{ .{.xhor qY^gl.rH-or,{)e) src8

'HnHors?drr?H l,lortedgo o r ux
-lror I,tJ€ srssodexl(H li{€u Iqg ol,.Emen aH orhI,IH vtox "''ry > 'yy

o , 'cII,u,rhJ r.^{otr^g aeuev n scetrf, 'l ?c)etrHH oJoHqroa€I4odu

$tit 'a'J. 'g x f ro }rr4Heffsuduen g rsHeaodaMHodou xJ€ rryhor

orh 'r{a€J.r.rh3 rqw '(g u t/ r BcrorausrJetrxoro lJuHah€Hcogo

nnfuewr,,,iui tttll "V t1 "f) 'T'-'V'V )ahot vBd oHeroa€fiodu

l.iHs?JJs {osydx B u y r4wzfiHo) ̂Ifxot{ olq(5n [or€ J

,{ ,11'')o lurrl = r./r

'.o1 hJlo < =w

(6Z lJ



npox3BonbHo

"f(u)= f (€,,,t,)
no rorrKe u, =(1,,rt,), BbrrrncJruM 3HaqeHHt
B Hlrx r{ cocTaBHM cyMMy

n l

l f{u,)o,=Zt4,,n)", (t.32)

(  1.33 )

Ona npeactauner co6ofi raxxe cBoero poaa <uHTerpanbHyro
cwMy>.

Ec,zu npu cmpe neHuu A = maxo, K Hyntu uHmeepaJlbHa, c)&r.n o
uneem onpede,lennui ronetxwu npe1ea I, Huasucnu4ui Hu om cno-
co6a dpo6aenun rcpueort (X), uu om ew6opa moqeK M, Ha y4acmKox
A,AA, mo oH Ha3uaaemcu rcpueonuueintLn uHmezparort nepaoeo poda
om Qynx4uu f(M)= f(x,y), e3tmui4 no rcpuaoi u.tu no nynu (X),

H o6o3Hx.Iaercfl cttMBo.IoM

r= If(MV'= I f<,,t1*
(Kt (K)

(rAe s AJrr.tHa Ayr}t KpnBoil, a ds - MAHa s:rerr.reura glrfi (d, )).
Taxurt o6pasou, no;Iy.reHHoe Bbr je RhrpiD(eHlre An, MaccLI

Marepua,'tbHoii KpfiBoi Moxer 6srrt neDenHcaHo rar:

m= [  e (M)ds . (r.34)
(]()

Omxemuu oco6o, amo e npueedennon onpedenetuu He uzpaem
uKaKot pona HanpacneHue, Komopoe noxem 6umt npuduta nymu

(K). Ecau, Hanpr.rMep, 3ra KpHB.ur He 3aMKHyra v no!, (AB) Lr

(a,a) pa:yuerr pa3HoHanpasreHnble KpHBbre, ro

I lu>t'= J truy1"
{.$) IBA)

( r .35)

1.2.2. Oupe4elerue xprlBonxHeiHbrx uHTerparoB Bmpom polla

flepexo4.e K noHlrrrlro xprro,rr-raeiiuoro HHTerpirna BToporc
po,[a, HalrHeM c ero onpe.[eJreHul. flycrr, AaHa Henp€phrBHa;r Kpr.t-

t 6



(6r't)

(8t l)

(r' r)

(sc'r )

LI

Fnr,?tuerHu rol,{smoln^r u (,t'x)Q -@)A '(r'r).. = (ru)a

,{HI])MQ osY rsrrerolToduo {gV) Aosuax qroYs ax nrrg

lqy) ktt, )
'Q(t"x)I!=ant!=.t

rp(w)t wo
(opod ozodows.) ndeawHn nmunaantoendx wHh,{rou 'ratrad ea )E)

^v( l{)t s = ,t

{wviIJ rrrsercoo H 'tr .t}o p.H '-'y'v xr{i orl,Illxf,odx eu 'o r. "f9

es e "rv eu eu ('q) f ar.rHeheH€ nuxoHr{^ 'oHhttJor?Hv

'xpQ('x)!l =rp<^ltl:t

Notroown) atwaora$ogo n 'lgyl nwfu ou mm noandx
ou t{t<tutKts 'xp(W\t wo (opod ozodowa) wotndzawun t(nHlaHn[
-osndx scwaoanmu uapadu wowe ow '!p7 xanow odogtgl uo nH'Ioo
-ndy EnHaugodp ogoJouJ wo nH n nv)nsDtaH '1 uapadu nn haHox wa
-ay,n oxwtb owe utdu :t '.'yl xew = d nnuatrwadw ndu ntcg

0"r 0=l
' '^i\'tt"Dl7='w( n)I!= o

t, l-!

,^virl,{t nuqPJtoc t,toree '?v = rx- '*r eH 'o'J, 'r qco 3H
'wo)ftxr 'r.rJ^v r.toJ6 }.lunxaodu f,uunures eu e "'\t'v ttJ/'Y i{trw
€H aH rtuxoHr^{,t et{HeheHc oJ€ €ed Jor€ eH oH ('u''r)I =('t4t)l

uuIIxH-{O eI{H?huH€ 'omsH€d u v€) 'oxhor 11016 a ]rHrf3HhFrg
s ('h''r\'l,t ,$hor ,{odogrca ouqros€uodu "'v'y gosnd>r

rx[adJo eH ' JJeh eH (tr'x)! unexr,or o s!rd) slIrov6ed
'I ,('r 

)./ rnn)Hfo Eedoro)eH eHex€.f, eaoHc aaH crotra slr^u H
'( L{or(H)r{peaH rf]r)Koroxtredu rsJorcodu tsrtr oddoJox) (gf l Bw

" (.'t'l,"at t'7 ,l\'\ q 
,,* 

\-



I  p r  r , , t , , t -  -  |  p , - , , ' , t -  |  t
J  t \ t v t ) r 1 , . =  J  r $ . y t a x .  J  e ( M \ d y =  l e 6 . y ) d y .  ( t . 4 0 )

( A8) \AB) lA8) tltt

TO HX CyMMy Ha36rBaIOT KpUsOnUHeiHU.ta UHmezp(UOJrt Sn'pozo poda
("odqeeo suda') tr noJrararcr

f  ^ .  ,  t  ^ .  .  .  -
I t'tx. ) w\ a Qtx. y)dy _ 

I 
pF.rtdr r I Q(x.t)d1,. (t.4t)

(tB) lAn) (/s)

Conocras[n renepb onpeAereHue rpnao.rtneft Horo HHTer-
p&ra Bropoto poaa (1.37) [luH (1.39)] c onpeaeJreHr.reM KprrBonu_
Heluoro llHT€rpma nepBoro po.{a ( 1.33). flpn oqeB}r,qHoM cxoacr-
ge o6onx onpeAeneHrari HMee.rcs cyxlecrRegHoe pa3rrqxe: B cJry-
qae HHTerpa[a nepBofo poAa np]r cocTaBjreHr,rn uurerpaatuofi
cwMbr 3HaqeHre QyHKut4r4 f (M,) ywHuraemct Ha anuHy
o, = J,*r s, = L\, yqacmKa A,4r Kpueou, a B cnyqae llHTefp,rna BTo_
poro poila 3ro 3HaqeHHe f (ttt,) y.xnorcaemcs Ha npoeK4un Lx
(uLtu Ly)\ ynolttHymozo y\acmKa Ha ocb x (utu na oct v).

KaK 6buo noKa3aHo nslue (1.35), lra[paBneHue nyrrr (AB\,
B.IlOn6 KOTOpOTO IIpOH3BOIIHTCTT r.tHTelpupoBaqHe. He HrpaeT poJII.l B
cn!'qae urrrerpiura nepBofo po4a, n6o 4llvHa o, nlru .,1,,4.r or Bbr_
6opa Hanpan:reur,rq He 3aBr.rctrr. Huaqe o6cronr Aeno c r.rHlerpa-
JloM BToporo poAa. poeKrlnr ynoMsH)"roii llyrH Ha ry r4Jtkr LL].j.]]Irc
H:l oceii cFlecrBeHlro 3aBr.rcr.rr or uH6opa HanpaMeHuq Ayr[ n
MeHJIer 3HaK npr r{3MeHeHr,rut Ha[paBJreHHr Ha o6parHoe. TarulM
o6pa3oM, ,rIJrrI uurerpar'toB BToporo poAa r,rMelor Mecro coorHoue-
HAfl .

1 , . , 1 -
I  r { r . . r ) . t t = _  J  l ( . r . r ) d \ .

olt 14u.l

|  " .  ,  t  . .
J  

t t . r . . r .w ,  =  _  
J  J (x . v tdy .

13,4)  t ,1 t l

npxqeM I{3 CyUIeCrBOBaHr.rfl ltr{TefpaloB crrpaBa
cyruecrlroBaHl,te uHTetpiuloB cneBa, t{ o6parHo.

( t .42)

(  1 .43)

yxe BHTeKaeT

l 8



6I

Br{nxHfQ neHsrsded aH BH"trB€ (t) gotrxd) qrovs r.rr)g

(slt) (s),,r = ours '(s),r = rsoc

'oHraag€r.r )ex 'oJ 'r ,{tr
IsHXrtr bfiHer:)edror '{Hodori e 4ourrcraedueu '{oHqrareaBx r.t r
<>tqco f[xon roJd <rrltheir€ogo , radah mg '(s),,{ r.r (s),r alsH
-trosrfiodu arqrrslqdrduaH qrer!fi ],ftr{g (s),f '(s)r Hran)rr, O

(ri l)'(s>s>o) '(r)4 ., r '(s).r - r

uy,trfl4H
-asted,{ es ntrq?rJvodu 'tty s MJf,U,{Hr4r,ttr edlo}rled?r aqrceh
-er a redgrrn 'u 

lgv)-lx) ot,{u{dx or{xtrelrJ }u,rdlor{caed

[o[od )flogo l|r?wdJarHl' unrqx aHxnosudy ,&x{ox q€rs) .e.Z.I

(e| r)
1 \4,, )

'Altlt 
lA)xIt |-.tp{,1 '.r)./ I

f

:l'unr,,(rou '(p otr .r i.o lrrrel'HaNcu ,{ aVJ) '(,.()r- r :e[od
o.ror,{dv r{oHHeHsud nrqHab orr{HHEtref, 'o andx ol,{nsrcdadueH
pH rcrouHedJaoduced (69'1) redlsuru uuca ,oHhl4loLsHv

(9f.1)xp((x)t'lfl = xp(,('*\l I

:hraor II4 'I,flJoHalqdedlos ao owod)'Uo{ud:r o urHoxollolJvodu
ool. f-xHt?) r09 ?fioJ g ol1 D ro ,r nleHUEdOO) I,{r.tHoHohteH
t{du iHvoxsHodn g ^xhoj, rI y ltxhor [H eHHemenedeu tlahl,td!

(ft't)'g)n = t

y{onHoHsed,{ NISHBT
IrolrHerte€ 'yorrud) o rcrodeg (rt I) wfuoJHl4 src,{11 .lnrnrcodu

oHHago3o tscrabuuutcl/?dll erzfu crHu oJoHI^iaHxuosud) eltHa[rllh
-Iqg €VJo) 'r€h^lr3 alqdoloxeH NndJo],{cced HuHahollr)ec g



l(M)= f(x,y), ro nocJreAoBareJtbHo riMeeM:

| 1(M\dx = | /(x(s). y(s))x'(s!s =
(()

I  t -  -= | / (-r(-r), v(s))cos ads = | l(M'lcosads.
J '  J  "

( r .4e)

r.{ B r{Tote KplBonl{HeftHbtri HHTefpM BToporc poaa oKa3ajlcq cBe-
AerIH6lM K rpuao:runefiHouy r4H'lorpa;ry nepBoro po.{a.

Ana.norNquo rIoJIVqaerct

I f {u)a:, = J .f (u)'i"aa'. (  1.50)
1() (r)

Ec,rr xe 3aAaHbr rBe HerrpepbrBHbre n4onr rpurofi (f)

SyHrqvr P(M)= P(x,y) n 9(u)=g(x,y),  rc

I P(x, y)dx + Q(x, yldy = !Qcosa+esna)ds. ( r . 5 r )

flo4vepxueu, qro Bo Bcex srux $opuynax yror a cBrr3aH c
TeM HanpaMeHr,teM KacaTerbHoff, KoTopoe oTBeqaeT HanpaBJreHuro
caMoii KpuBofi (f). Ecllr rr3MeHur6 HanpaBrreH[e KpnBoft, ro He
ToJIbKo I4HTerpaJI creBa r43MeHMT rHax. Bunay Lr3MeHeHr.tl HaflpaB-
IeHHg KaCaTelILHOu yfon a H3MetIfiTcrI Ha !7r. B cBq3r,I c qeM LI3-
VCFTHT }HAK l{ }JHTCI.pi}JT CNOABA.

1.2.4. llpnuepu r$nsnvecxnx sagar

B :raxlrc,{clntN ocraHoBL{McrI Ha HccKoJIbKI,IX $r:nvecxnx
SaAaqax, B Koropblx KpI,IBoJII{HettrHbIe I{HTetpaJtbI Ha"xo,uqT npI,IMe-
HEHHC.

l) Psdoma curroso2o nota. flycrs, s rax[oli ToqKe M nroc-
KocTH x)r (u.nn o pe4elcHlrori ,{acTL{ ulocrocrlt) Ha rroMeuleHltyto
n rree eA!{HI4lIy Maccbl IeficrByer cHra F, Be,lH.tHHa H HanpaBJIe-
Illte KoTopot 3aBHcrIT ToJrbKo oT nojloxetrlIt To'rKH M. Ecllr raac-
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:6LIHOmey{Ad9U sI4HOIIA"d eH eII IqL.t{' O{Un
-)aod pH / sr.rtrolflrNode[ wol{Hovon€xodu rqg q]?r]4€"drqs ,/ er
-ogBd 'oHJ,c:{tx xp) roJ 'oH}feHI4Uor rrdu oruvoxcfiodu }ixhoJ "xH
-ameN3dau ow?c p rel{HorJlled EH eoHHnorJo t4 J ^Htrhl.t[a[ oL{H
-Huoroou eul'rrcdxof, au[J ^;hor eH relnolr{sJcl_4cr rcg ursa

.IJIIO Etfl4C rotemdesoc HLIHoxLtS!/ lroJ,€
lrdu olddoJo) i 

'. rgroged r.{nHar3r.tht<Ig s JrroJcof, ehp.ypt .HI, {
-arspdueH r{oHHo(e[oduo a (f) or,{andx oi^HsrcdodloH o dorox
-:It leeslqcuuo rc-LexH{tr'affor t rcsvlnBtroxe}I ,4occl7tii 

ltoHhltH
- la a I4l exhoJ neHqrpHdetex o,tt .cda al hil.DKououvadll

(es r)dtwsg-'g'o5sotg='g

'z l  .rd

',4

(7'1'cud) or 'r o{qco c a nodo.uau uHgHsrBeJJoc 'ffo di rJd
-eh qJHh€Heogo fircg '(tr,r)'!' = 'rl .(r.t)'g = 7 : 7y lrrror  r
renr.rrdoox Jo r.rwuuh)H^o rrx rfiorEllslr ,oHvr.rsol,o 'Aao eH'!
'J, 

t{ufi)eodu ae otr,tHetrp€ oHq[ucoHa?d o tuargudueu r{ aHHh}tL.
-f,{ orr J rsuuJ onHetret BIIou ],{or4HaxBduuH _ rqcJp}.{ ̂IrHHHm
eH bBfflu,{srcllotr 'l euua B .r,{auou t^{rtsom.Io (nrDcoru) rrJJE€
-lcmH (crceh :a renoeaufuzncced ruia) qr5o)roru xBr4so[J[ xxr€
Lrdll lw Brrs?d retr{g €L1{J ooH eH nelnot(src{ov oJ .rq[HHHr:

.lo eHhllIrto l,lr o)hor a goHHamonoll ,l,t;rnor 
4ourreudore]t ra yJ

d)



A =  F l c o s ? ,  ( 1 . 5 3 )

rlle d )Ton Mer(Iy cl'nofi F r.r Hanpau;reHneM nep€]uerueHr.{q.

r, r,_,
Psc.  1.3.

B c,ryuae HenptMoJtnHeiiHoro ABgJ(eHHt u HelocrogHHot
c,tnH, pa6ora onpe.qenqercq c rroMoltbro HeKoroporo [peAenbHoro
lrpoqecca- Moxuo, unpoveM, rrpll6€fH).rb Anr KpaTKocTr{ K npl{-
lbiqHoMy B npxJroxei ttx <MeToAy cyMMr.lpoBaHfii becKoHet{Ho
Man6IX>. cTaHeM onpeaenrlT!, nojloxeHl{e TOqKX l, Ha KpHBOII
('<) (pnc.l.3).&rnnor? .i Ayru AA,. Paccuorpr.ru 6ecxoseqso ua-
Il 'Ii i 3neMeHT 44.r=ds KpuBoIZ lt 6yleu npn$lnxegHo cqgTaTb,
q1o oljta F u yro,r , Ha nepeMeureHH /s coxpaHsror cBoro Be-
n t{qL{Hy. Torla cooTBercrB}'roului.i g.neuelrr pa6orbr 6yner

tlA = F cos9ds . ( l .54)

Teneps octaetcl .lruurl "npocylruxpoBarb" 3TH 3JIeMeIITbI
BAorr scefr xpnaoii (K), B pe3yrr,rare vero pa6ora A Rj'.pasv-rcs
KpuBonHHeffHbIM l.iHTerp:utoM DepBoro poAa:

,t= [ F cos \ds .
(/.)

( 1 . 5 5 )

Bneger"r lror a Me)qy HanpalvreHueM :,reueura ds (r.e.
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rni ,{xroJ€ou 'aH-r.(dv 3tltr €idoh sHtxedlgs qrrqg Jaxor,{ J u ,1 'd

Hrrhr4uafl €n u?gorll- nBHHrolcou reso€E.r lrurqrPsdaflfiH,{ - u exJ

(6s l).JA:Ad

:euod{elerx-EgoauoYHc}Al ].{a}flrc}rBEd,{ 4ogo3 ̂Irxen
Hr{IqHHe[KgJ KCrOtPOtq0e)O rtHUhl,trla l{fu xt€ ot 'NIcHqlleovH

fuln qreIHhJ Hrlca J 4od^redeurrer l{oHroflio)gE rr d y[o}IHors?|]

"l l,{oNcqgo oto :Hrlr?rruhH re{J lrr,iodJ. Ir3re,{€qdalx€dex €eeJ oItH
-iroJsol €teJ truoFr o.roHYo ̂r.)eN 'detrudxsH "{ccuw cr-,{doroxeH
x trdlor^rJJpd 'h[oao? dorrHarnottrou 'ntaotrya.u osuiahnwN (Z

1,o r.{H rHsed eriJaJa HndoJ)e?fu gor"{rune.c olr
erogsd ull r3v.{g :r.r)hoJ o{tr arqHHetr 4olnoruHrlYooa 'Irxdol)eedr

rcy{doQ .Lo ?Jog?d reHHamdosoc Hr rr,lcHset :socodxos oleH
) xtqHHe0SttJ 'xlqH)es etrbd Ir t{?sotrouccH BL.tr aoHgov,{ 'Hroged

firrv sr.rHex?dns aor {3nrfg3droxd orceh oouogr{eH <rrca u oro

(8s r)
:eYod oJodora worrTdlarH

j'{fi rrl{errHuo{}rd) strHcsdrqs Brou oJonontr €rogec oHslreJehHo)o
'or 'fioYod xHogo Hx{?v"dJeJ H I4r,{IgHrJoHHrros d)r [Yxor'[ scHst
cd^Inorwuus?H€JJ,{ '(iS 

I) ,{r,{r,idoQ sJoah{ qdouer nrog

ry.
, -f ' sp(l? uls ./ + PS0J'] ) | = V "J

:Vua rer{udu rqJogud br[ (SS I) er4]loxBdrs8 oJ,{?J

(rs'r )
' szI.u urs /,r + nsor',1I '\ "l

'(ZS-t) ̂rus a rer{H 'HL.}r

sp ( n urs d urs g - ;n soc o1 soc g) :)EJ rcJoIrIHUz€ erI"dJoJH[ JHa][aIr€ lt

(9i l)' ,? utsdurs - l?socdsof, - dso5

ol}] XEL' D - a = Q oHln.{seho
'r: cxqSo l.t ( l.{ 3)hor fi 4oflI{d) ) HoHqueJeJe) r4{ol{Herruedu?H

\x)

(tp\*ry't)l =v



onpeaeneHltg cocToqH[q ra3a ,tlocTaToqHo 3HaT6 ABe r{3 3TI{X Be]IIt-
qHH. flycrb, 3To 6y4lr, Hanp Mep, V u p. Tor1a roqxa c a6cquc-
cot V n opar{HaToil p cn],/(.v"r H:o6paxeHueu cocToqHr.ur ra3a.
Eclx cocroqnue ra:ln MeHtercfl or HaqaJIL,Horo cocrolHnlI, coor-
ReTcTByrorqero TortKe l, Ao KoHeqHoro cocTorHt4r, onpeAenrr€Mo-
ro ro'{Koi4 B, To Bech npouecc r43Me}reH[r xapaKTepl,I3yeTcr Kpr,r-
uot{ ( K) = (,4r) (puc. 1.4), ycraHauuBilauteff rocneaoaarenbgocrb
HenpepbrBHo MeH.rlotunxcr cocrotnfift. 14 s4ect, u anpe4l, uu 6y-
.[eM I{MeTrt B B}rIy TaK Ha3l,rBaeM6re KBa3UCTaTUrreCKHe npoqeccht,
r.e., 6y4en npeAcraBrlrb ri3MeHeHr,re cocrorHwl ra3i! rIponcxoAq-
tur.{M HacToJrt Ko MeaneHHo x co[poRo)KAaIouHMCrI HaCTOJIbKO XO-
polIJHM nepeMeuuBaHl{eM, qTO RCqKOe npoMexyroqHoe cocToqHl.{e
'IBI,'IETC'I DABHOBECHbIM.

Pnc- L4.

floctatull refiepb 3aqagy ycrat{oBr.rrbr KaKoe Ko.jtlqecrBo
Terllorr,r 0 nornouaerot AaHHoi Maccoii ra3a Bo BpeMr Bcero
3roro npouecca, xapaKrepr{3yeMoro KpHBofi (K). C aroft lte:{bro
paccMorpxM HeKoropr,rii "6ecrosequo ua,rrrii" aleueHTapHbrfr
npolr(ecc, nepeBo,rlqllfifi rzr: r.l3 cocrosur.rs (l/,p,f) B 6ecKoueqHo
6,rNsnoe cocrosHue (V + dV, p + dp,T + dT). Euy coorBercrByer 3Jre-
rreHr rpunoii (,K) (puc. |.4\. fua 3Toro crwaq nai,qelr e,reraeH-
TapHoe Koirr{qecrBo rennorblQ, Koropoe 6rno coo6rqeHo raly.
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sz
'r.llr€rlgo 

llor€ s Jr{xcr I^Io)tlrfs}l redolst
'IJ?{I1d) tr€)tr€tfJ-otlhot^) xlt relllolxHntrSoJ retlqrogr}tocu { 8r}- |
€ '(Cr.) I4J3eu9o sH uxhor alqrr<rffosr,uod - g x ,/ <l]atrE

tsy)

I ts I) ' ,(p(,t xt1 j ^p(t.x\,] I
p[od oJodoJfi x"dJorHI4 4rrHIaHr.rrosHd)| nrHdJor {t]Bd

(iq l)('x)6=d u (r'x)a=a

trnfixtldo ercl{andedu

elr astr rqHeV?s (o) ulcergo golrcruo 1,ro<lolo)eH s .qr,o,{U

I|h8trBr ?xf,o[8r,]olf .1.€.I

sr,tu
ro ?rcdJerr .r oroHtiaHruosl|dx firJor{rr{JHaB€aH ruEoma .t.l$

'€vod oJodors r{oredJerHr.r l,{rsH geHuroqxdx rf,
-mexedHs oHHosrtvodtoneH fl Isronrar osrJahHro) ,xeLI4

( r9'l)

:uo{Ho) {oI€
quova dg HrHorller€ <q.Lesodr4r{n,{JodoD qmur nsro?rao .(X) 

U"q
-udx orollo, ender)edex 'eccohodu oJoc8 ol,tHehar s ,{[er aoHHam
-gooc 'fr ?I].tlar osrJohltrox oemgo I,IIIJeH Iqgorh oJoJ 6uV

.u d {r)s l) tpd4+dpt-=og

Nfitu(rou ((9,7'6) Ir'tndo<p 'I,{r) y + 'r = 'e eda4e61 ner.rHeHssd,i
crumsetrorqro Jcn s Jp evorcro Bt4lrotraduo JpA=dp1+AF
(6S I) ,{rr.{Ndoe ,rofdunHadeoenfrodlJ . jpd +Jpir=69 (Z .rf
'ttJ) Hxtrt\ieHfi yol,{der I4toHoxp€ ltrssdau 6ct.ila,{6qroucos oJor€ trur-

(^,'f.+^\)li'=a



Ocrronnag 3a,qaqa Hacrotulero naparpa$a cocronr B BbI{c-

HeHt4U yCLOSU , np| KOmOpbtX eelultuHa 3mozo uHmezp&'\a oKatsdga'

emcn He 3aeucnulefi om Qopuw nynu IAB), T.e. o.4Ho3HaqHo onpe-

,u.ergercJ{ HaqanbHoft u xoueqHofi ToqKaMLl A u B, fhe 6H 3Tn

TOqKI{ }tE ilexiuu{.

lloseAeulle I{Hrerpua (1.63) onpeaer*erct cBoiicrBaMn

r140OepeHqHanbHoro BblpaxeHI4q

Pdt+Q4. (1 64\

croJrurero noa 3HaKoM hHTerpata. Hanplluep, ecrn peqb l.t,u'er o

,lnS$epeHrlrlpyervloir $yHruuu F(x.y) or aayx nepeMeHHbtx 14 o

ee (no,rnora) AMOO€peHuHan€

) F '  ' r '
J F = : L u \ t - t | v .

D x  A ' '

ro oH orox,{ecrrurr{ercrr c a},rpaxeHueu ( | .64) npr

( 1 . 6 5 )

(1.66)

Ornaxo aa,rero He KaxJIoe Br,rpaxeHlre Blraa (1.64) ecrb
"'loqHHii 

4H@@epeurtlraL'r", T.e. He.rlJrfl K KAoro raKoto Bblpaxe-

r{r.rr{ cyrqecrByer "repnoo6pa:nal 
Synxun*" F(x,y). nw Koropoi.i

lro BLrpDKeHr.re cnyxnr (nonHbrM) ansQepeHlruanou. Kax 6y,rer
yloqHeHo! r{HTerpaJl (1.63) He 3aB}rcHT or II}"TM I{MeHIIo B Tex cny-
qarfi. KorAa efo noAbrHTerpa.rbHoe BbrpaxeIIr4e ecrb ro,{llbl}4 (nor-

rrrrir) anrlQepenrrHaJr. C$opMynl{pyeM 3To r}yu,4aueura.Luxo uax-

lroe )TBepxaeHne B BHAe TeopeMbl:
Teopetwa.,ntn moeo, qmo6u KputonuHeixwii uxmezpar (1.63)

Hc 3a6ucer om Qtopnw nymu uHmezpupoeanun, neo1xodutto u docma'
nowto, umo6w duQQepeuLquamuoe aupatceHue (I.64) 6uto e pac-
c.uampueaenoi o6"4acmu noruat'u du$Qepen4uanoa om Hercomopoi
( oinotu aunoil $ynxtquu deync nepeuennwx.

^ d F . . i Fr = - .  v = -
ar .  -  ey
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LZ

'r^torEunHedeQQur nr.rHhor onqg (tg. I ) o '{Hex?dHs
Iqgolh 'oloJ- Elltl r'{o}tso]IJ^ l{tcNfivoxgoolt BcJ.ce8r<If,ef,o auHom
-oHlooc oroJaodu oll ao]IqreJ?hetlE€ oJe 'notedgo ,rtu) gI

(69 1)

'oIIquJre{o[clf, .xnH

-vosruodu xrqHHemar rJ x,{gtr osrcHeged Je?{LthouJaqo ! , 
'a

-o!Je
xr,rHtro{f, ,lodu xnHLreh sJroH{IqdadueH }re}rHexououtredll

(89 r)
x81a €
o.9 6e

xC ,(g

Ae de

iOxp (i)

or9 dg

(t9 ll
{", ru ':- A '__1- r

:(99'l) uarcHosed orcer{ rorey{r or.l >rz:. '(f,r)E nr{frxHIe
Hodolo)aH r,?ufrHadaoQ n' sroa (p9 1) oriHox"dEs HUtfi .,{s?dt

KJre€h,{ttou xenclldu r{H}to)cr4 Nngaxoroutradl nore nd11

xo {a
-' u -i arcHyoacuodu orqHrJeh ago rsHandsdueH
oe d8

rot {srJelniiJ (O) III'8rgo 4olraeaudlencced s oJh .qreJeL
-oii[ad oHsiraj,i.rHuouoll xeii{g {tr'sdu{ rsr{ 'ay'idoo nxd;{od rLT
HoHgoY,{ u lloJcodu s ;eH[ndu qJl.|tr(uo rcgorh oJor 6Ly

'IrJdu ro erufuarHr't oJoH4oHurof,{d) HJ,sohlHcngetoH rt{sotiJ.i
H <IU4HSrrqs oHqrerghHo)o l,}lffoscorr Joduos rol€ EH roslo .r,f,H

hri{ nol?r.{nHodeQQl-{tr r'{lsHhor (t9 l) araHex?dF[ ooH.tuwrmredro
-oHY aoHHexolitradll I,lr roraBl1Iu'qJr.raoHsrJ^ oxxolt,$ruxetdu
Ir{o)er oI] "{or o todxos roe)I{Hf,os oHHasttetJo qdouel

Br,?ulIHadaOQ||V oJonro.l, xuuetdg .7.g.1



1.3.3. llrrerpxpytoutrfi Mtrorure,'Ib

I,I:eecrno, qro lpaBHeHHe R nolHtlx auQ@epeHuNa.nax ncer-

.ra HHr€rpfipyerct B KBa.tlparypax. floerouy ecrecrB€HHo Ro3Ht'tKa-

er Bonpoc: Henrsq ru ypaBHeHxe He B noJIHbIX rt{QQepeHunanax

rrpr{Recrn K BH.{y }?aBHeHxn n nolrux gnQ$epeHuua,rax? Ora:u-

RaeTct, qTo Bo MHoTI,IX cnyqaqx ?To MoxHo cAerTaTl,. A uMeHHo:

yAaercq Haiirl4 OyHKlll.{}o p= tt(x,y). noclle yMHoxeHre Ha Ko-

Top!'ro Bblpa)(eHne

P(x,y)dx.+8(x,y)dy, (  1 .70)

KOTopoe He ecrh norbHblll gutlQepeuuua,r, npeo6pa:yetca o no,r-

arni dufuQepeu4ua't

p(P(x,y)dx+ Q(x,y)4,  -  du (x,y) ( 1 . 7 1 )

Taxal @ynxrlu.rl p Ha3hlBaercrl aHmezpupynquJrt .^lHoJ,cume-

,re,u, a @ynxuul U(r,yl - coomsemcmaynuluin e y uHme?Puno.nr

ypaBHeHr{t

P ( x , v \ d x + Q ( x , Y l d Y  = 0  .  ( l 7 2 )

O6ruuii uurerpal ]paBHeHl,lfi (1.72) naetcs paBeHcruoM

f ( x , ! ) = c .

flpr.t srou ornocfirerlbHo Qysxuufi P(x,y) u Q(x,1,) urr

Ilpe!flOJlaraeMr qTo oHI{ Henpepl'rBHbl BMeCTe C qaCTHhIMu

aP ao
nponlaoilHbrMl{ ? u ? B HeKoropofi oaHocBt3Holl o6lacrn u

oy cx

Hlr R ollHoii ToqKe 3Toii ooracrl,I H€ o6parqaercg oaHollpeMeHHo B

H)nb. a oT HHTerplrpybtrlcro MHoxHTer'It p I'lu Tpe6yeu, vro6u

oH He oSpaula,tcl B Hyn[' !t r.IMer He[pep6IBH],Ie qacrHble rpoll3-

Ro,,'lHble nepBoro flOP.SAKa.

2 8



'qrar

-r.{xoHrlr r4Hlrror^dnfuorHrl u J.efarJoIrL{J '(z/'I 
) rnHoH{?dd elrEd

-JoJHU OJCITT9O aHHesosrcomf3 xumol{dltrHedeJ'xrttsoricf xHdor
-o)oH rdu orh 'vioJ o ?I.{ado3J ro^umal[,{3 esMrc rislngo g

O={px-ry{
sivfl rNrqHHayried3u bc,^ifiIflolrueV€Pd t oILtHeH(€d^ ) rtlHtroa}tdu

euHeHsed ooHvodoHlo ot'g=iQ+x,1 ex urtg '0+@+x(I rl]f')

,,{O+xd =d

trrtB

Jeal tn qtroJl.rxoHn xulno dufugrufi orh 'q.L?t?tor oHxol{ otlor
'/ll.r r.rHeuorc ox Uor lr 4oHtso ufiIrtH,{Q oH}ItrodoHvo * fi u ,J eus

, 0- tp(t'r)O+ry(t'x),r

rr.rnenaedf otoHvodoHtro eeh-,{[J s'dor{udf€H
'([El 'tto) (Zl'l) rHHoH{?d,{ r/ qrarlfxoHx

laHmo|,(dHfuorHr,r 'rwrct ,{ar 'v (n'I) 6l,lHaHs?df or'IHomod l,rl$eH

o:'usr B3r3etr( xr?h-{Lo xrqdoroxoH I oH 'IcHrHol'ssl,ls--r€ I4hBvEt

vte, 'Q[i vNnense&( rllHesodudJsrHH eh?Ituc }'{oh 'ohJor JH

(t/ l) I'I.rHoHsedf n resodudratsn EheYe€ tehdrJ }{offlgo B
'rl 

4eHlt)H,{ap {oHmoscfioH . €ttrBdou

otogder I,{vugHvos€uodll fiI4llsHJ,c"h ? 3uHaHsed,{ oJe

(z t)
I x.t /p \ f,) t(p

.o=l; -:lrt*tto1-rod

:aYr4s noJ,{Hdes€?d s onHaHs?d.,{ or€ l,{omulle€

(€r'l)ry ,te 'n = -- - " (On)s Qn)e
orr iensed,{ qrsdosrarsofi

Hoxorov t/ qlleu,rxoHn U}Irfiot {dudlorHtr oJn 'nEtrox?H '(Illl

orHNonsudd ) erelrnHedeoon[ oJoHrou xeHsl|du sItHoNxdII



Teopeua. Ecau ypaeneaue (1.72) u.ueen o6apfi wmezpat (pe-
we4ue )

u(x ,y )=C, (1.75)

ede U ecmo aumeepo..lt lpaeHe*ut (1,72) e paccnampueae-uoi
o6tacmu, uuen4ui HenpepusHue qacmHue npouzeodnue emopoeo
nopadrca, mo ?mo ypaaHetue u eem u wmeepupynryufr Eoxumenb
(o'r. [3]).

B xosqe [plBeaeM cneAytorryrfi npnuep. 3aueruu, vro
BbIDAXEHUE

df (x, y) = ydx + xdy (r.76)

ecrb fionxblfi lurftfepeuuuan, ,.*. !=!=t, a BlrpzDKesr{e
ay ox

df (x,y)= ye-yi, yxe He {nncercs nolxnv 4nr!@epeHrl}rarroM.
Yusoxln o6e qacrlr gToro BbrpaxeH[ x ua lf y2 , nonyql,rM

(r.7't)

$e dU - nonHblii Arrooepeuqual. Ilocxolrr-v

a P  , f l l  I  a Q  I  a P
o , = a r v f - t  ;  l = a y '

H3 cpaBHeHr,rs (1.17) c (1.71) cnelyer, qro y'yt nsrcqrnaer a
KaqecTBe r{HTerp[pFo Iero MHox Ten.s.

1.3.4. I{nrerpalu rro 3arKnymuy Korrrypy

,{o cux nop Mbr paccMarp[Birnn xpzuonruefinufi uurerpan
( 1.63)

I r@,v\e+e@,.4dt
ilB)



?(olcto or

\61'I)

:Hrrtrpd suqg r.urxlfov t\uqtrHdx yiI,II€ ou rgfi"dlerHl x?) x"I
'@l,ly\ u (flWy) r.rJrJeI. eH ole ltrxolted 6r rl f r,rhr?xhor woH ?H

ru\rqrr€{ oHqrosc[odfi or ,(S.l.cfid) (6r) nlcergo e dfi,uox 4xr
-,!runee 4o.r.codl [ogorrr qmo (l) nl:.a.r.lll ro (f9.1) zrefuer
-H!{ <tJJoI.1{ItJrrg?ceH ?IreheHc lar}Ixorouvcd,oHsreu.tsJJ{atr/

'I'I cxd

'oHredgo H .orIIdH Hesed eV:acu (91'1) rBdJourn
or 'ur,ftr ro rucr{see eH (t9.I) refuarHH (r9.I) rnsox8dlqs
nourreunuede(ptpHtr xoHHsy ndlr nrre ;omrqs Ixonuemod
'.{Joduos HorHorususxe Jod[o{ roJ,€ oJh .gree?)oD oHxol^{
'slj,{H s rJro?In?dgo eyJoJs IredJorHr.{ r,o.Le xrcdoJ,ox I,|dII .nrBorr^

rnHotrxoxulr o roduos tarsetcotr t,r .(C,) raneugo xeIrovedu a
(9 1 

'rnd) (Z) fafr,nox l(l{o$Hrrt?€ rg{omodu ,$rogorr ou ororrca

',QA+xpdl

erBfuout{ orlHad
-ronf,red ) qdo ar rcnnr,edgg .rlHesodfidJeJHn !J,{u Jo rrcl|aB€
oH ri?fuoJHll ror€ etrJo) .soeh,l{llc caslr) {ml{x?s ror rueh/kfi x

.J= I

(8/'l)

\o) 7'---\v
-L-vo)



t t t f
|  =  |  +  |  =  |  -  |  = 0 .
) J J J )

(L) taLtR) (aNA) <1M3) I-INE}

MoxHo goxasatr x o6parHoe.
Teo1nna.,ll4t mozo, 4mo6u tcpueonuHertnw'i wmeepaa (1.63\

He 3a6uce.n om nymu, neo6xodtttto u docmamoano, umo6u unmeepan
(1.78) no no6oxy 3anKHymo y NoHmypy 6on paeen uynn.

Moxno susecru B,DKHoe coorHoruesre (1.69)

npu noMoIII[ Apyrfix paccyxleHnir. flycm, F = Flx,y) - Qynxurs
nepeMeHHbrx r r{ , BHaqare 3aAaHa B AnooepeHqnanbHofi OopMe,
T.e. creAyrorqnM o6paeou:

dr = r(x,y)*+9(x,y)dy. ( r . 8 1 )

flycrr, Qy'nxura F B ToqKe (;rn,.vo) rueer npolt3BonbHo
Bli6[paeMoe 3HaqeHr.re n. bs toro qro6rr couacHo (1.81)

flonyqrrr, ee 3HaqeHr{e 4 R roqKe (I,y,), Mbt AoJD(Hbr [por{H-
rerpnpoBarb )To BbtpaxeHlre no rn6ouy nyrlt u3 ro'{Kx 0 ,ro
ro*r(u l) mlocKocrn ry (Hanpr.rMep, no ffyru a ua pxc. 1.6):

F,- F" = IdF = Iee+Ody).

| .6. Isa ryru NtL pactera I dI.'.

(1.80)

aP _aQ
Ay ax

(:ro, t0 )



ti

:OHqUOIESotr:m ',( 
OlrjHgt eHf. OX ,{NOI H ,(}toHro r n

-r6)oHJo 'A u ,,0 lp('fi ,'6) tuaevlot [pA{ evrrche:rrt € soEj
-Jo xr.rJ€ f?l,a,rg ej,{dy Jo J,{df ,.1p ttrrHroJf,Jed eu xrqnldu : zl
xrquqrnvl.edeu xdrJf orslnor,{ou I nyeed.ro 11 fi 1 eadJh orcHi{
-exrogo 4orr.rd;r cfi waxedns ,{pQ,l et.at nd rlry .lloxLodr-1 ̂,iE
-Hprp)I 'Hhna({ed ?H s ot,{sud) qdJ-{H)r,{ee 1.1.cl.td EH olir{r:lr
-s?J.f,f,/adu t{Hdrot^iot€d }rucn Ho.Le rIiV .I.IHhl4rHon HxJehrliFfl
-.rplr (Zg t) u (69.I) Kfisorc^ orh ,brclfilagd oNutroxgooH

'(0 x (g) nJ" u oII oHmdgo u I oI1 (r) ir:_{ljl ou g ro ,danlg
-eH) ,,,{d,fuHo) ,{wo;lrrynec ou redrarutr,, roehuHto 6 xesr :r:

(zs r)'0 - l^po + xpJ rg

oarcHeg?d orf,ow <Irsh[{ oH]Gl}f,
ptrJef,a oJ (",{.o{) o)hoJ x tre€eH raqlltredsroa .H,LconJr€h tr .xa?j

'oJ-*J orr.ruaneHe Bcq,LrHsed Haxro[ Jxc>leJ (,tpd * rp,lli o, .tq,

cj"{rr HodoJs nodrglss utrcc ,oHqrolesovau] .Hrf ro o^rrn""ra,
ort.tq erBdJerHrt ojoj€ eHHar,eHo tsgorr, ,lrfloro,{ y{HaerJoLI

(tp1 + q,I)i fr.hced ) 
./.T . .rd

.r0



(1.83)

Orcroaa uueeu:

6san-ttPa'+,'  - '  ox
( | .84)

rae aBoiiHofi HHTerpan renepb pacfipocrpallqercq Ha BcIo n]Io-

luaabr orpaHnseHny'Io KpfiRofi. flocre auarotnquoft Nrrepnpera-

rtuu, ,j Pdx (npu orou cnegyeT rrHTbrBaTb HanpaBJIeH[e aBHxe-
HHq), nor]"IaeM paBeHcrBo:

Q,,-Q)=\99a,
; o x

6\pa* r eayt= 1( 1.0 - i4 l*o" ' - \  (x oY I
( r .85)

Cne,qonare.nruo, rrc roro uro6u ypannenue (1.82) 6ulo
cnpaBe.u/5r,IBo ,[,.rq .nro6oro 3aMKryrono Konrypa, aonxHo o6q3a-
renbno Bbrnon HJrrrcrr yclrosfie (1.69).

Bnocne.qcreura Mbr 6yaeM [Merb aero c raruMr{ Qusuvec-
KIIMU BE]IXqI{HAMII, KAX NOABCAEHHOE KOJII-{TICCTBO TEIIJIOTbI I,I CO-

BepueHuiur pa6ora, arut Koropblx ypaBHeHI{e (1.81) .an.lrxercr rolt-

Ko rnooepeHuxaJrbHl,rM coorHoIIIeFt{eM H He qBrterct noJIHbIM

au0<bepeHqlra.nor'a QynruqlrN F. O6o:ua'{u^l 6ecxoseqso ua.noe
npHpaueHlle raKofi BenuqnHbl F .Iepe3 t, T.e.

6 F = C (x, y) dx + D (x, y) dy, (  1 .86)

ue C n D Tenepl Hc o6nsarerL}lo AonxHbt yaoBnerBopsrl' ycnoBl.{-

rru rlHrerpupyeMocrs (1.69). B:rolt caytae ypaBHeHrle (1.86) ue

onpeaenrff Hexofi rlyHrqnn ,n(,;r,y). Xora [pl{palieHlre f RAon6

orrpeAeJreHHoro ny r, HanpxMep, 4.

lO r  =  l l l (A+UdY) ,
J  J -

rr!{ceT RTIoJIHe oIIpeAeIeHHOe 3l{aqeHlre, TeM He MeHee, OHO OTJIHq-

so o'r irpupaueHuq, fiolyrtoHHofo llp]t l.lHTefptlpoBaHl{u IIo.qpy-

( r . 87 )



st

0H 8r,?'}InHodo0Qr{V oJo)?r oltrrEgodnfuerHH .oJodom rrL/ft qD-
n nr'(u oJosde rJfr, qD Herwd, tpx, xpt = zg srertrHedJ(poHY ol
-oHroueH Jo (q'r) of (0'0) Jo ffefuarHx ,nnodor.o 

{oJ/idr :)

(g'r) '(0'r) '(0'0) Hxdorxo€dJ orr woredlorur4 3 Ja€tre sot oJh

(g'l 'cr{d) Hased (q'r) oV 33rru[ u (9,0)
otr (0'0) Io uudo.Ixondl ou (9'p) ov (0'0) ro {pr + xpl = ry (GL.ll
',,{t) pwl{nHodoQQrrv oJoHrox ro uedlaJ,Hl4 .I daxldll

' qo - Al,l tl+ )Ql o
q.

, a ,f -qn=xpls+Apln

n9

'f,t l-{Jroxcol,.II a o{HesodrdJeJHl4'8 1 'Jrrd

0

G'o)(9'0)

Kder{xdII

soIIeYced xl{Ifioldtrarc b|ltr oHHaheHt
eoHsr,'ErH3','I3trH^Q J3afi (re[nH3d3tp0[Ir lrqHfou 3H p ,eHrL

-r4ras BBren oHholro)Jeg o)grot) J9 H (IrBuIIHsdaOOt,ID r4rsHr,otr r
Ip r4ll{KyrL''|Hou qrayr sl,{HHHadronra3?d,{Ifxel,{ enr4Hc?d

.BIIAH 
IO I,{TqHhIIIIO 6f,I:I

-€)o 'offIrasd )ex .{d,fiHox ,{rro$rxrwc ou Jg$ euJol .({ ,r.i:.

uunrudQ orfxau srBrroYeduo rexor.rJ au ,{noreou (g) xJlu jxo:



taer q)yHK{r.{}o coc"totrHvt z(x, y)_

nptrMep 2. Eyael .'ru KpuRonuuer?trbrfi rHrema;r

[G' + t')Gdx+ fit)
( r r

no .nn6ouy 3aMKHyroMy KoHT!?y paBeH Hynro?
Omaem ylvepplrerrHbri, Tat< KaK no4uHTerpanbrroe Bbrpa_

xeHLIe qDHo rrpeAcraBnrer co6oi nonHbrii AN00epenqlan or
l

tfynxur.rn l1y'�+y'):.

1.3,5. Ilpu,roxenne x Ongnvecnxu gaaaqau

B cnere N:loxeunofi reopuu B€pHeMcq K HeKoropr,rM paHee
paccMorpeHHbrM 3aaaqaM H3 pa3llena MexaHrKlr ll @tt:tm.

l) Padoma c,uooozo no.,rs. B n" 1.2.4 (npuu.l, (1.5g)) 6u.ro
ycraHo&rreHo, vro pa6ora crtoBofo nonr [pr4 rrepeMerleHr.{lf
Marepr4anbHot TorrKt{ c eArlHr.{qHofi vaccoit s{or}, TpaeKTopHrr
(,() eupaxaercr xpuno.nnHefiuuu r.rHreroa;roM

e= !(r,a'+r,a4),

IAe 4 =4(r,'1,) u F,=F,lx,y) - c!,rr, npoeKuul.r HanpmKeHHocrr.t
nor'lq Ha KOOpAUHaTHbTe ocx,

BbtrrcHI,IM yc;IotsHg, llpr,I KoropLIX pabora ct,r:r norfl 3aRrisx.r
nt{lul or Haqart lloro Ir KoHeqHoro noroxeHu}.i ToqKk, Ho He or
qropMlr rpaeK'lopl.ru. Sror Boflpoc, orreBn4no. paBHocI IeH Borrpo-
cy o He3alucr,rMocrr4 3traqeHrrq KpHBorl4 rreiir{ot o l lHrerpirna (l-gg)
or nlrl{ r4Ht etpupoBaHnq. lIo3ToMy r.rcxoi\{brM ycnoBlteM AuIIAr. rcrl
paBeHcTllo

!l'. = 9F'
dx o!1*

r ;petrrroJrara!, KoHeqHo, .{ro o6,ractr, oxBarllBaeMa.g IloJreM, oA}to-

l 6

( 1 . 8 8 )

(  L8q)

t l

l l

:

:l

L

a



(f6 r.)

LI,

rrfrc w{c-
olrHoxedna,{xg[o)cou .xlIsHqI€HnHeJou

nalalJlftE OIIOU 3O)T8OHOIOTSH OIIr .OHCr OHHOSrCvcdroucH

,r/ ^ , ,t
tfuD_ 

= f u _!)_ = !r :)er ucrucedrs8 uco

elr J rqtrMJ Kr.rluoodu or .r/1( n tfx- 11;y6g,rr^rrJo 3 Uor?J
I{ore xrsr{curs€Jtoo ,l]olr.L{ Ea,{rrnoox )e)l yp.J ..{x firco)roru
s JeHutrdoox elffheH Io ,, rDrhol ouHromced , z{+z{A=/ JEJ

(z6 tl

orrfyor,,l o rloxeed .y uorur c 6l dd ran
) bcqrest BrxdII mv,{g ruHveIIcoII sJ€ or,J)l ,{ccen ,, fxlot
s p '&tz ̂Jr?w qu.rJJar.{o[ O J?H[Vdoo) olrsheH { vug .enHa*a.
-ndu ozoxJao otuuqa atou nudtowcc?d edal^Ixdu ogrrah€x g

(r 6 t)(v) n-(a) n= (r'%) a- (v'k) n
:I,lHh)H,{Q gosorr4J (xuHeyfied]rdu,{NeIIIoL(sIJr_{

-JooJ oJJodu ettaed (,,{. k)g ar4aaxorou a (%.or)y rr.ruoxo(ou
f,lt lDthoJ rl,lHalraNedou ndu rrol| oJoHqrBl{nHotou prog?d

' o? oHg wnhHau ou eI{HegoHelrr{Eu
roeh^ro[ eroll owec rsHesosrceln{c ea eeMuJ B 

.goHsrBHIrHaroll
[r{[|ru lrosorl,I. rorBsrq€eH oHhrrgo orufrxH,{e,ir,6 .(f.r)/] nnhfltlt!&
qoHhDHtoHgo nodowoxau wo womnhHadaqenp wnuvou BJwatrg

(06 t)dp-! + xp'.]

ot ogDd tDHdDwHattat€ opeox ,ar.h{nJ xw
9 oxgtou n ,Notu s nndow)raDdu nwdoq wo umlngoe aH aoe(dp g tna -artouou ozoHgo tn nxhota nouqtondawow nnHanahadau ndu twu rE
?wo,ood :ovtdoe Uo)er a u qru€edrqs oHxoN ofi{orrd ex oJ 'ro s.r.J cro mthol. olqgoco oJ,h H E?HEF

.t



c-{}xl{r AnOO€p€}IUHaJIoM ,[Jrq O}'HKUHI4 U = GL, xoropaq r,r
f

nfpaeT 3aecb ponb noTeHqI{anbHofi o}rrKur{}r; ee Ha3brBaroT
HbtumoHooccu.t nomeHquaJrou (nom rovrl O). IIpn nepeMeuleHr.{tr
TorrKu H3 noJloxeHrrr I B noroxeHue B curbr norc coBeDrraror
oa6orv

(1.e4)

fl\e ra LI r, * cyTb paccTorrHuq ToqeK I [r I oT ueHTpa. IIpn

yAa,'reH!{H ToriKx .B r 6ecxoHeqHocrr pa6ora npeupaturcl a

.  t , _ m  _ m 1
A =  -1  | J - -G - -

i  +  r ^ )

r.c. oaa 61gcl paBHa KaK pait Bclll4rrt4tt€ Hbru,loHoBcKoLo Ilo'rcHul,(a-
jra R cnfrae, KorAa roqKa nepeMeuaercr '|3 oecKoHeqHocrl4 R fto-
nox.elJ.,ne A.

flprluepaull HenoreHunaJrbHbrx noleri Mor!"T cnyx rb rronfl,
o6pa:oranNne currori

. ' m .
fr

Lirr4 p -!. Qt - utnst),

fi _95)

( r .e6)

fraupawteHue Koropoii cocraBnqer yroir z/2 c nanpaueuuell

i)a.'rr4yca-rJeKTopa i. .llirq :roro HlxHo y6eAt t cr u roM, qro

DrBeHcr$o (l-89) xe BbrnorHsercrr.

lJce crauHsoe 3ilecb JlcrKo nepeHocxTcq lr H;r clyvaii

r rpoc rpaHcTBeHHoro cfiJtoBofo uo/' lt,

2) Kotuwcmeo mennomu, noenouleuHoe ea3oJtt.

l':rccltorpunt lHoBb Bollpoc o Ko;lt{qecrM reruta, noJrfteH-
ir,r\ i.taH}{oii Maccoii (cKaxer\,l, I MoneM) I,tAezL'IbHoro fa3a l]pu r.r3-

,,{a}jI{}t cfo cocrolHl,{tt. Ec,ttt npouccc !{:MelIeIILtg cocroqHl4q ra-
.: ' , i tf lr i!:-rci)rr3y\,. ic1.j Kprnr)i! (K) ua n}ocxocr[ Pt', 1:o- KaK Mbl

3 8



(ror.r)

6t

tsrloJ | 4\rlt"t+ rlul"t- S

rrHnxll^e rlrx^rJ qceIT[ r]oHIpdgoo{de|l
'r/lluIIlladroQml 

Ltrctruou riogo?.i"Abii.rie.l-.i/3Cu'i.rlrtrric:rlo'codorox

di,
--- rr-- r-
up ..1P o!1

(001 L)

ot'{}ri]xudrqg x Navttdu oI 's€ej

cd(rPdJrllrJr BPHtr,{l;o)gn'lrJJa
.,ld

= J e[-l '.1, 
I r]H .tJl,r_r(oHtLi

(66 t.'d .u ' optl+ .rpa a 
= Ot\

HIOtfUot 9gtJehl4rox oJoHd?JHoNe|J€ exHaxEdlqtr urta
'rqJorruor osJJehr{uo) aodoJorsH (.lrbdsrox Hrfu) r{modgoHdu

JJXO' t HO 'SHIIBOIJOJ 
eoHqreheH OJo A t?J HAmOleIIlUdB0o{

'accofiodu t4oxtohl.{rrr}rn rrdu a)a.eX/ 'ffoand orr.rHBorjoa ,{wor€
) t-iHlcdorox 'pctenodn o.toJ, ro rl4cl.rrrec fi om? t  tso tJo) pnhr\tq
yiuasvss aH O putotuaw oqul1ahnroy oJh 'te,4.[elrj evortro

I:T
-tg ot *'t orh oJor,{lfiss 'oHq[au4snrJoV 'ouam, deH oHsn qJerr

uJcono. dndrarHn ou{olla,,t or 'rr,,{rqHHen€uaH (r.rHHo[s?V xoH
-Hno,Lloii nd rr Jr,{aq.go noHHBoJ3oIl fidu) ?€€J o; Ia '; ulcorlt:
-orual alqHdnrroN <rr€Jr,lhc 'oHhl<lgo rxJAeuef, oJe )e) ' ll5a

x I v),rc a (.H\da
'.l I ' n.r ; g ',r 

[- 
'.r.f e

(.16 tl

'(sltHJheHcogo ol.rHxodu rqHoHedxoc qroFei

( .a u)'/'^
(ra 4+arAl )l 

= o

: l,roredlerHn I IIqH4aHI,luos rld) Bsu,Icedtqs ruor
'u:-l osrrohlrffox ao$Hrl,rou,{ '((Ig'l) 'z'Nr.rdu) 

t z l "u s fireni€



Kpu eo,ttnefi n uft r4HTerpan

(1.102)

)xe He 3aBhcHT oT [yII4 lrHTefp{poBaHltc, coeal{HJrlouero IIocTo-
rHHlro roqKy (Y,,p") c nepeueunoii rovxoft (r/,p) r.r Jrr,utrb rroc-
roqHHoft crara€Mofi orrr.tqaercrr or yxasaHxofi eblure dynrulru S.
Srult raxrerpa,tolr onpeAe;ltercr HeKoropiu elt:nvecxal noll-
ulrua (rar ua3hrBaeMar oamponun), yxe rBJurrou{iurcc Op{Krraef
cocTotHl.tg ra3a 14 l|rparouat BaKHyro pon6 B TerrJIoBhIx pacrleTax.

t t  .e\ 
dO

t -
' T

{Y^ ,p" |  
'

40



tl

'r.Il)eo 
.,aIgHYr.rsahoow?t,, au)ul

.{r?aodurdwdoQ a}l ror?Ir4houvadll exJ^dv 'nogor dtrxan rarcaoH
-€ed s BcrrtroxeH '{ol{ar3r.n uesrJdr c urrJcrlorragd xoxcahr{r,{ellfir
-o^der I ucJli[ox?H xlqdoro) €L aotrxp) .Erer ?sll o.Lh .Xrifnacsrj
'ti)HI leHHtrowdor Hox?t Uof[orfH JoIe'I?L€I.t r.toxo)e xIqHHEsod
- l.^wdo(p3 r<tJoHUou rIrI rsdora? arqdoroxeH orh .ItHror.{ro

'rro)p€ KcJeKrsK xrqdoro) I^tenHolrrgogo .flod3r,{fidu cr4 H}{tsO
4o9OC lonrr.rreJclladn 4!|{rcvarc f,H eotrx?x y{3hr{du .e8J35I[a8 nxil
-roHHegoto ntq{om]3J oU hroreI'IIloBsJ"{U J AnsIJemOJ.{rI eEOd ol
-eo{rc xex fi)fiy{eHHtrOr,{doJ pHO)e€ OJOtrXeX r}IgJsveVJ qrSU4dISXJ
-Jud omMr 'oHr6odeg 'e)'lleneJ.?N tl tradoor uJ,coHqraresotrou)otr
oHgovoll',{xHn?HxvoNder ordHqrpJco qrlr8f,?d oHxor\r xgdoro,
err 'j{or4c)" xHxJehHJOIr noyBd HIgHHamdesBt r4ulqg uHo ng HL-c
)ax 'xeJ l{xtthlEHH['o] tdal IqHOX?I IO{eJ?II€I,| I<IdOISE enJOItN

'nH5l
-o I)lpr goH s etqdorox '.6r4HolltreJ,Jtrod arqHhr{r6?d <IIxH36f ngor.L
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gnJoHtit rassrqJ,eo(o xHH €X yrqtrx?r nar ,{[)|(3}\l -x?)sodf,L:ir
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llepuuii raxou repMo]Ir.{HaMr,rKr.{ npocro }nRepxAaer $axr
coxpaHeHH.,r 3HepIHr{, oTMeqiu npu 3ToM! qTo TeIIJIoTa qBIteTcrI

onHoli r.r3 Sopu aHeprnlr. HHoraa co:raaerc.rr BrreqarrreHr{e, qro

laKoH coxpaHeHur 3HeprHH - 3To npocTo psl onpenetreHuH Toro,
rrTo lt{br rroHl4Maen nog anepruefi. cuaqaaa cgtrTaJllt, qTo 3Hepfut
ccTb noHqTt{e Y[cTo MexaHl{qecKoe, a I{N{eHHo cI.IJIa, yMHoxeHHarI
lra flepeMeuleHtle. \4 ro, u Apyroe MoxHo r{3Mepr.rrb MexaHr{r{ecKn.
Hr :axoHog Hrorosa ar,rreK:L{o, qro BeJrr{rrr{Ha MexaHlrrtecKoii
llrcprull coxpallqcrcrr. Ho ncxope Bbi{B}tJnrcb cryqau, KorAa Mexa-
HHqecKar ?Hepnlt He coxpaHrrercn. HanpuNep, KorAa Mbt co-
Bep aeM MexaH r{ecK}'Io pa6ory, noBopaqnBarr Bar gJleKrpl{qecKo-

rc rcHepaTopa, To Mbl IoBopI4M, rrTo sHeprH.{ He r{cqe3ra, a flpocTo
npeBparr,rracb rl3 MexaHr.rqecKoii B SneKTpoMarHurnl'to. Kpolre
1oro, KaK 'xe orMeqaJTocr,, MexaHxrrecKar{ eHeprua "ucveuer",

Koraa MLr coBeprxaeM pa6ory npmrn cr.ur,r rpeHnr{. B gToM crfrae
npHH-qTo roBopl1Tb, qTo 3Hepruq npeBpaTllqacr, B TennoTy, KoToparr
trP'trtrercfl ogHofi Nr Sopu oHeprnn. Moxer noxagarr,c{. qro KaK
ToJItKo MbI o6Hapyxr4BaeM TaK),ro urlyaUulo, B KoTopoii SHeprrt R
n3BecrHofi Hau @opue He coxpaHrercq, uu uso6peraeu uonlro
$opuy enepmlt, qro6u ne Hap!,rxlrrL liKoH ccxpaHeHtul 3Hepruu.

Oauaxo nepnr,rii 3aKoH TepMoAr{HaM r.{Kr.{ ecrb neqro 6orb
ujee, rleM npocroe onpereneHue. Brrpaxettne, qro renJlora 3To
(s()pMa 3Heplut{, flolpa3]ueBaer. irTo rlMeoTce rarue csoftcrna
TenJlorrrt, xoropr,re He oqeBr4r'lHbr H horopble rpe6yro r cBoefo .ao-
rro"rrH [Teir LHoro paccMotpeHH,I.

llepnrrit :axou reprlro/xurraM[Ku (xax r aropofi) npo re Bce-
ro rpcplryr rrp-vcrcrr R Rn.qe nr{(bOepeH Hiurbgoro ypanHenu.a. Mu

ircrKo t{HTcpec-velrcs o6rqnu KorIItgecrBoM 3Heprntr, xoroprlv o6-
niltiic.r re,qo, Aaxe ecJlu 66t Lt vornlr ero onpenej 4Tb HJIl,t x3Mc-
pI{Tb. ll flciicrBrrre.ln Hocrx BaxHo coorrro eH!4e .vexJy KoJrHqecr-
lalrg pa3lnqabrx lllnoB )Hcpn{H, Koropble Ao6aBncrorcfl K TeJry
r4jrrl orHI,IMaIoTct o i i:e l c. ilciln..ii i -?ayaH roBopHT o Tolvl, qTo
cv[rcc] riye] sceoofl(uii 3anac 3lreprr{r4, KoropbrM o6.rallaet tcp",r6-
Iut lraN{rrrie cKa, cr4creMa, Ha3blBaeMbtii Bllyrpcttllcfi grrcprHefi 3Tofi
olcreMbl U . Ee lloxno H3McHHTI, no,{aeArr }rnx orReA.q 3Hepruro

42



tv

: j rqlrHr ̂!oced or,{rrdtJltaw:ru€ Ir
-brravcduo Jp ouHemar,{adau e}t c Hriito rqHrrhtl(J8 JfiHAvOs€I,{OdlI

or 'il )otofuo etr Br4BJc[cV ao ut4u:)rqed e 

 

ii qJ3rr!.,r]e bJodeu
oL'aJ, aoH.llffHd3.Ier,{ lr lglrU) IIaHm3Hg tlieuSItHeY I/OU xuJ!

'rqJoged 
4o)srhuHexoN exJ,KHort lr3J3ulruu,E)r{}rux

-ihi .t,a,idl4dauo fiyilcdoro) 'llLrJ.bHou xr{mHeHxr?g cIt },\iaH o
'c3fi1?mgogo

,r rr r4 rrsrr"gB xu)ta6r,trn(p xlgHxoiis eorr.og ltltprgo eH.I3LtIISH?fu3
-odiired ,rx.{eH MHJtrgCBd t^taIIIUeHcrrlTa trdu ':)fiHllxar,{ B ynods

touJ 1l SlqHHUrogedlcs 'g JtsHou ortr .oHHefIJJaJJS OHHOIIIdCBOC
iiNot€oU rl{rlartru alqHxorc aauoq x}Ilno{ph,{rll .Uudoer xl,t)3ah
-rrtrql xt{r,odu xe-^g aatttrd :HJ}tlr[Ed ?IrHh,{roll r{ qoerHf,/od?€ 'xur{}r
-err]tJ xr.txcJhHeHO xrcJtodu aelrogtt€fi o pt,{eH - €xltHExet\l

lcrogud srrcxou oruoBgogg .Z.I.Z

'lJ',1)n= 
n 't'r 'e}{os,go ro x oH 'rsddJedout[Jr ro oxqror eH JuJ

- se€ /l eeMrf, wolngo fl ^xoreor .t{onec.go .o.t .rraltHexorouced
,{IgllirriEtfl ytteuvayodllo nHJdeH€ neHqra}rnrreJor xH e ,Ijod,{r
-edauxer Brrorrovodxo IIuJt?h nnHexr.lstr oJoxJahrrro€x lrl doH€
na)JJhliiaHl4x )E) teJ rrrsr){0[ofiu?0a x'l rr,rJdeH€ uoHglrexn
-HOJolI u or0r ore xumol{r?dgo 'rrHrc?h xocs ocp}t edJHaII oJa
oHqrrorr.rcoHJo Ijurtax g\l olo)tohr.rrosx UlrJdoH€ xH)rohHroHH) elr
-I^{,i3 ur{ged eror olo)cahr4 uoxlodxen rludaue rruueddng

'firJdaHo {oHHaddHa ererra€ oJoHqrr€h?H
-r,r{dru eH}tEorou s3!o)€)o }!o['_r(g) I or .IgHuaorou enHsgd o&
uH su.tuomsd H[rJosoHs€d s ,{fiorcrrJ xllta:?Hr.rh{uJs seHB}rcHaI-
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vHJdaHe HoHHadL^Ha np orr.rHoHar^lsr.t fnsmgo enaed uoloura
r{ xoseqotr xfire xotn enn{c BetcehfipdgeJl? oH .artdoe 
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(2 .1 )

Orl.rernu, qro t,4 He r.urtrercfl rroJrxbtM ara@QepeHuua.nou.
C.renomrellHo, B AanbggftureM aneMeHTapHar pa6ora 6yger o6o:-
Haqarbcg ctlMBo;toM 6A BMecro dA.

Onltt noxasulaer, vro pa6ora o6na,qaer 3aMevareJILHsIM
cBoiicrBoM "xoJl.l.recrseHHoro nocroqucrra" npu nn6ux ravecr-
neuHurx npeo6pa3oRaHr,r-flx. .{ericrtnre,r*ro, MoxHo rryreM BBeAe-
Hrrs coorBercrByroruux npeo6pasyloutrx cBr3efi Mexly cgcreMoft u
tsHeurHr.rMu re.naun npeo6pa:oBalTl Ma:roe nepeueulenue n 6ons-
uioe, ia nao6opor (puvar), xpunolnuefiuoe - B npqMorr4Heiinoe
(Bopor) r.r T.A., Ho npfi gToM BcefAa Ha6nloAaeTct Korr.rqecTBeHHiul
ueusueruer.rocrr pa6orrr.

Ilo Mepe pa3Bt,tTlt t caMofi uexasuxr pr oxBara ero Rce 6o;ree
cjroxHblx MexaHr4uecKlrx A8rxeHr4ii, [pollcxoAH1 AaJrbHelilllee pa3-
surue u o6o6uleHue epBonarlarbHo c:roxr.tBtrrrxcq noHqrufi. Ta-
Koe pa3BL{TEe u o6o64euue flperepneBaer n noHltue pa6mtr.

fieficrnllrenruo, npr,r BpauarenblroM ABI{xeHHr.r, 3neMeHTap-
Har pa6ora 6l Mox€T 6nrr npellcranreua KaK rrpoH3BeAeHue Mo-
r{eHTa cl,tjr Ha 3teMeHTapHoe ylnoBoe nep€MeuleHHe

6A= Mdd. (2.2)

B cny'{ae Mexanu.{ecxoft AeOopMaqHI.I, Bo3Hr,rKarou{eri floA
netcTRlreN{ paBHoMepHo paclpeAeneHHoro IaBJIeHut B xltil,Kocr}r,
rale, sjreMeHTapHa.fl pabora ofipeAerrleTcrl KaK rIpoI,I3Be,{eHr{e .{aB-
JIeHufi Ha 3JleMeIITapHoe ltsL{eHe}tue o6beva

5,4 = _ pdl

Pa6ora clln lloBeplorocrHoro Harru(eHLIs

6 A -  -adS,

(2 3)

(2.4)

,,ic .7 (O3QQXUHCIiT norJepxHocTHo[o HaTrDKcHttt, a S - ruro-
urirrb rroRepxHocrr{ pa3Ilena, T.e. oHa (pa6ora) onpe4e.nnerca npo-
ri lBeJer{ncM roxf@uqucura noBepxnocrHoro HartxeHl,{l Ha gte-
'.!clt tapHoe H3tvteHcH[.re nnoula/tr4. Boo6ue, ccjl]r cHcTeMa I{axo-
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r ioHIHHJey{ a Eco{^lnKvox?H 'l{ olcJ-SoHHChr.tltJewell a {x3I.Jl]l
t4j-lacndu oH)t{oy{ uI4H3(uIJ xIqIIJl,{Hl?I\ edaw dx e{Icehsx [J

'trBder b e 'lrHlto[ oroxcot udrxare ll?t4lrrleJoll - o, tEt

(q z)' hpo- = r.g

ItrI{8 I
eHornerlvldu qJtcg JaxoN olrou wolcelr.rdrxare I uvEduc oloxret
-HdJ,)eu€ lrfiHelnelredru eroged ruHdelHswer€ 'oloJ€ ,{uuc g

'trHHrInar!odau

oJo)oarrur;pxel{ HrxoQQe efimomgrq€rqs 'rnou ot tsolrlrt grqHHef
-evcduo 3llUoua IqHetKIc ungltHaug6 ttltnweegldr,eNlred 5 or-h
' l{r.i euaworc,{go qraoHXor{cog er€ r.tr!},txt3hnHexo}.,{ I't\tHl,t.LrH
-ou J rri,ijitii Jii 3iqgoF r4J€ qle€B8c qlJoHxoweor xcmeaux,{deugo

o)nrrvo ('X/r n 6 vvou rennHaJ-o 'H t4tfti E- rJro qltoHHtx

i;dri|u ) ri)trHexe]^,r',iti.iulioir j,c SlgHi,iiliio'l''rurHou ornoH IqHeF
-)gg qrrqg ]qTlxuor lil,tH?Jltuo xv ttlfft 'oH<IlIcj,p,sovrrJ 'x]Dtcehl,tHsx

-ar\ &HHauub ro xH xr.rmorchr.rllJ,o '{ol.co}t;ragoco x}rxoahfiOnlrouc
riosrtexoHh r(xrrtr;iigo (otIHruHJEr,{ Hry e}rtcJh}tdna[€'dowudll
xH ) iciiodHdu ijoxJthitHzxJr\3H lttt IIiL'sH orh'oI{Ha,tfi oJ3H

-Y .J H SUOI] AOIIJH}IjE!{] R I,1/OXOJ C BX'HYOAOdU

Jnlr:xHsl1 'Erar oJor{dtr o ou l4roxcohHdJtall€ B erar oroHHox
-bde[ auHe)orsts'daiurduell rltrodr4du goxtshfiHexorioH y{rlrHolgu
qr€flo{lFJlno3 J^ftor{ (bnH:menadSx SIcwSeYolr-o?H er{xcahl,I[oxc
-od;er.i) icr)eQQ€ olucehltHexeN orh 'raBsrl€u)ou Jts O ;rcJog?d
IJHJ.BHOU aI4HOIngOgO aOmrJOHqreV .r?Ors!{J,tal[Il{r() eX Xe),

'aHHY3II3OU S H OHetSHade[ Or
-l.rg Frog?d onrbrlou fixH€]ro souatr0ud xL ,(dtr ,{elill,l96€d J.

nro9
-ed $oHderHohieffe rltr' {rlHexsdr.rs 14 Hoodmou { on0€dgooHr.rtro
63Joetl nxr{deHgo ttxr.rHBxe}^r \?)rrrcd s exf '}{oe?dgo ,{}TXBI

(s z) 'tpr = vg
frog?d [Jces€r.rodn ar{oJar4c s onuvoxgoeH /p eH

lsHl4r,{ BxHohr.rrog^ 6ftr oJ '/ ur.rHo)(6JeH }r{arrstalJaY troII EoIIlI



oJrc H. DJts, Tofo, qro6L'I yBerHqfiTb ee HaMarHIrrIeHH ocrb Ha dM

H]'XHO COBeplllI4Tb pa6oTy

(2 7)

Haroueq, paccMorpnM eule o,[l,tH naxxuii npnuep. llycrl
 rleeTcq cHcTeMa lr3 n tRaHMOAei{CTB}'lOlUlrX UaCrlrq. Pa6ory, co-

BepruaeM]'ro n.nq yBenHr{eHltrl qllcjra \acTHu Ha dn, MoxHo npea-

CTaRUTI, B BI'IIc

5 , 1 - p d n , (2 8)

rne l] Ha3IiBagTCq XUMUqeCKI'M nOTeHUUarOM. I'�IO npUSeAeHUOrO

tsbrpaxeHr,rq MoxHo rerKo ycraHoBl4Tb Qu3u'recKlrfi cMbIcJr xI{MI4-

qecKoro noreHullara: oH tlt'tcJreHHo paBeH ToR pa6ore, xoropylo

iiyl,i(i{o coriep[t'lTb ,qjls iiiMeHeHI'Iti qUCIa qacTlil C}ICT9Mr'I iia eAI'I-

Hr{uy.
Ec.nlr nepeouava;rbHo lotulrl4e cl{nbl fi nepeMeureHxc (2.1)

BbtcrtrriurH KaK rrpocrble, t(cxoaHbre noHsTIIq, a IloH.ltue pa6otrt

flBJltLlOCb nOHqTneM cJlo)GIbIM, TO nO Mepe pa3BItTHrl MexaHl'�lKl{

Bripr{coBbtBasrct o6pautaa KaprI{Ha: paScra npno6peraer 3llaqe-

aue QyHqauexra.nbHoto floH.srllt, a Berl,tql.lHbl, ee oflpeAensb-

une, oSo6ulantc{ fi non}'qalor HoBbIfi cMhIcJt.

Kar snrexaer n3 BblpaxeHuii (2.1)-(2.8), BeJrI{qHHa 3JIeMeH-

raplroii pa6oru flpeAcraBner{a B BuAe npon3BeAeHI,Iq ,[B]x BenH-
ril.rH. r{3 xoTophrx nepBat KotHrIecTBeIrHo onpeaelneT nplrquHy

rrpoi.(ecca (cula F, r{oMelrr cr,IJIbI M, aauenlte p H T.a.), a BTo-

par{ - KoJ{ttttccrRcHrJvlo N{epy npoficxoaqulero npoqecca (nHHeH-

Hoe crrelleHfle d/, yrxoBoe - dQ, uzueueut'ie o6l,eua dl'- qnc a
'racTllu tln u t.A.).14ueuHo :ro o6croqreJlbcrBo no:so,tl.t,to Jlal-

paHxy BBecru Li r!{e\aHtlKy noHsrfiq o6o6utessol't cu;ru x 0606-

ltleHHOtt Koop.qfiIlaTLI.

O6odutc;iilag cnra -- aBrxyuraq cura [poqecca, a o6o6uen-

9a! KOCp/lUHara - ReJrHrrr.lHa, h3i"Ia'}IeHue Koropoii xapaKTepx3yer

IOOeKT npoIIecca.



t.f
.(s.Lumdoso, 

::
t;;) 'Orol ro e J-) H.L u Jo JuJuseL .lloficrf,r4i soHHayascfiodu ,t9:
-oged osJ_f,ehHro) oJh,ir€fl:Fjapdvo ,prntlinlrodao{pr4, 

oJoHL-o:_
l{ !{o)Eltt y g wv gxvwsof:quou Iqw oJh ,a)()uJ y\it4jet,{lo ,-a_

[r] -LeEr?ed[o8 /) e ,l{owalJ}lc r:),1?emd3so3 rg elogpd aQPcj
-rderr ,{al[dlt.{rad! B xrqrr}ItvJ{Hdrr xecl:xudu xaa8 oB trol.{oJclt:
Il?ll t'.Q ,{rogEd .tJllmdouoc f,unt lrr qrurrr?J-)E{, hul4 .lqtr}rJ rHritit
lroirHJxonlrdtr hodoJ_oxoH uurodu ;z.g ,{roge d .r.urnldiltroc eJ uxaei
'Jplr '.r u{Het{t}{ olrxox /? Iqwcl.f,ul uu.tdriie cxottt cdr,{trg

rrudaHe rsHnadr{Hs r{ Broged .t.l.Z

'noJ,{dy rr 6nHe\<ArIt
Eln.ftr oJorryo ltr,lneeoeedgo:dr x,qHHtgJoarrHro) eder,{ Eel[go r€i
-oJo)eH qtegosJtamdt €Hxffoll oJh ,floJ O CI€n,{V IOrr[eJrP[ |{r
-odtjdu Hxlrat.sr xnxsedgooxeeo xrqNp, <I€Bsconueca relnor^trIjx'
-I[dJ 'oHsrernsJJ{ev .[oHHetrHXoaH nrrerJwB aw nroged youder
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\.6 2)' 'rp'x = Yg
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-xs Nemgo s xrr qJtrs8Jf,trodr rj Jog"d xlcd?rHa',{or€ br,t rHHertd
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"f eodah {rflIc o|fHHengogo ql-?heHrogo tsccrHsorc{ , rJq



Hanprruep, paccMorpl'tM ra3 [ ulln HApe noA nopuillcM

(puc. 2.1). flyct cuavara oH HaxoAltrcs B paBHoBecHoM cocro{-

Hnu. 6y4e*r cqnrarb 3a,qaHHbrMf Haqalrr'HLle napaMerpbl ra3a P,
,/,7,m. Ecnu )r,r{eHblrlt.{Tb BHelxHee AaBJreHI,t€ Ha Miulylo B€Jrl{ttllHy

dp, To ra3 HaqHer pacufipnrbcq, nplqeM pabora pacunpenr'u

(flporllB BueuHux cfin) paRHa:

5A=\p+dp)dv  -  pdv  >0 (2.10)

(rropoe claraeuoe rMeer 6o:ree nucoxuft nopqroK MaJIocrI{, rIeM

nepeoe). 9ry pa6ory flpl{Hrro cql.rrarb noroxllTenbHoll. OHa

r{oxeT coReprxaTr,cc 3a cqeT [3MeHeH]rg BHylpeHHen 3HepflrH
ra3a, l't\teHbl]lalouleHcq Ha BeJII{IIHHy:

(2 .  I  r )d U  =  - d A  < 0 .

Yl {C-  2 -2 .
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rfiHaxedrcs eu rtJHllatseduo ,f/ ?rog?d
rprro)oH oL'l.l)d=d oJh 'oHJJ:rrfi HUJIJ ,1 to nrao r,trrse€ s
,J rttavuawtu x?x 'cteH€ rsHxrrotr rqt{ oJ '7 o[ , ro 'den]rdu?H
'ENasgo r{ HeHeH€r,r du e.r.oged 4owercrc VeH r.{oHHemdosoJ o
sfiHatreat q .I}'drou }{trrox rqN urcg arredrc lrosoceh ou edfJHox
avoxgo udtr enqreruxoror e.loged zrg l1 4oreur,rVdo n ('1,',1)
scnnogs uJo hro)eefuo 'z,l qotelHuydo'Z't {osHdx 4ouHanuned.ro
'Htrelnoru "Hssd oHHauoxh e.r,oged reirdenn,{3 'exrcun{ oronHea
-oxufumsrj orqfelnoun BcJ,orroyoduo eroged reHdelHonsrg

'Q 
Z 

'xild) uuarJ4otror.{nues oJo)cah
-lrnzHr.r[oNdor occenodfi s FIWoJJT|J ur.rHrorcoc (7'd) xzrexuVdo
-ox s ohtrtefuerv en r,uroedgocl4 rqHercHc olrHroreoc or.ImotrveE
-aduo oHheH€oHVo 'rqHfihr.r(es 'e'L 'J'l Lr]trM J'd'./'(i orsHHor^rod
-eu btJorBgrqtrell)Jo NIJJo ou otrJ 'reHlrvdoo) aHarcHt HoHqroJdon
-bdu I sJexedgor{ oHgotr,i ro,roohr.rQEdJ eceJ euHUoJJoJ

'ecal ar4HetredJeH tgg ormocuodu IIor€ 'rdu xe){ xBL 'huqHqrou-lx

-orou - rar.r:dexe {eHHedJ-,{Hs enHsHot^{€r,r u 'UoHqreJenxdro qrel
-Hhc lqg oreso[ert efeJ ^roged or 'unsrnt Hr{HHmoHs ItwrqHhor
-rqger.{ rJr?r{rxt oHqrarHHrol]ov €eJ rqg Hmo 'rodogo"H

'u3J,3etr)I(?rxo ltoJ,e ndu t?J 'oHhsHo)



B cryrae KpyroBoro flpouecca pa6ora 6yAer onpenentrbcJl
nnouraabro QurypH an1'rpu :auxnyrott xpunofi (pxc. 2.3). Ilocle

nepexora cr{creMbl Lr3 cocrorlHsf 1 n cocrottuue 2, N o6parHo,

r,r3MexeHr{e BHyrpeHHoit gHeprufi cIrcreMI'I paBHo HyJlIo, uo pa6ora

orjrr{qHa or Hyn.s. Oua xaparrepusyerct llJloulaAblo OI4rypbI H

3aBr4cr.rr or cnoco6a, KoropblM ocyqecrBJlterct npouecc. C.neaona-

rersno, pa6o'ra, [por43Boal,IMaq cHcreMoii, ecrh xapaKTept4crr'rKa
npouecca; Ho oHa He voxet 6r'trr repMo.tllHaMlrqecxoft serlrqfi-
rrofi u;rn $ynrqnerl cocrotl{L{t c}tcrer{bl u ,l o3ToMy IIe tart-

ercq rrorHbrM AuOOepeHquanoM.

Puc. 2.4.

B qac'urov cnyrae (puc. 2.4) pa6ora, coBep eHHat{ 4(e,ub-

HbrM ra3oM np nepexo/Ie I{3 cocrotHlrq I s cocrosHue 2, tanucut

or roro, /ltlr4raeMcrr Mhr no n!"TH laz finu xe no nlrn lr2. IIo

nyrlr la o6'uelr cr4creMbl He Ll3MeHqercq, rar.no utxaxoli pa6oru

caN{HM l ?t3oM I{JII{ nO OTHOITeHI,(rO K m3y He COBepUaeTCrI, XOT,{

elo rcMncparypa lr3MeHrrerct or T, = (prltrlvR) to Tr-(p,VrlvR).

|Io uynn 42 He H3Meruerct raBJIeHHe, rar uro pa6ora, coaep-

ntr-teHHa.rr fa3oM rtpta npoxoxneHl4u nceti rpaexropvu la2, pa*la

,t". p,(r', (). AxaloruvHo, paoora coBepueHllaq ra3ollr rlpr(

rpoxoxJleHull iao.nr nyrn 1b2, paBna A, = pr(Yr. ( ), our.rvarcs

or -r, ToJu,(o MHoxI{TstleM A.
Te xe AoroAr,r roryTcst IJI[. 'toro, ,lro6bl noKa3ilTr', tITo
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;-{or{?J pJogsd IiU}LOXOJ-CI,IJ tr€H rcloged al4HSmdegoJ orrlg tql^tol
-trlrJ l.fl,tJdoHe ItHHsHsy{t}r t{3 tJ LruqHHeaI?HHvO lqg I4rca

mrdeHe rBFHod Hs n Brorruol -t-I.Z

'aHltcrrcn[r4 0J0cg acrt}]od {I H],{rcHqur4{edu gcrre8€Jco rq(.{}t
-ooQ ttmuH lqgorh oJor mdi ,ul.{ecmnodu Hr^rt. 3ohl,rr?t3tt€?s) }rr4r
- Ig,,{oeg lqceH' xn rtrlloHon€H IiI{IqHHUOItOU t{ Hfi tqllHelrtr5r{ Hr,{}fx
-e.r rcJehopd ltmeH qrnglltrlrHedJo BJroyr.rdu r lBH o>Il,tr{sHlttrohtder
B 

'nr{HBortoc otr,tHoHssd^ ou goHH"rlthctEd .aunr.nrag x e)[xlrg
Jotr{g oHsrorHsrJ{!tr ?rog?d reHHemdasoc lt rtrcosoHgpd otuH
-rJoJ,'oa ) exen(g rev,{g et{ercltJ orh ,lgHodag_,t <Iuirg naxow IsN
Kr. follanicu oJoHHoLldeI4t L govoxodall xHx?r ?flrcoxoHl^t fi lthHII?H
Hdu olqroJ 'r .r r /o .rHroJroJ x yoxederj qrnmdanoc oHHetff?I,|t
xoJe€ 'atr3osoHaed rcrNsoHeJ,c,{ ")oll .cctretrrxoll yt | , I BuH
-BoJJoc Jo uioxedax .oHHarlalc H nnltundou ltr4trtr?x trI{HoHa}ri
-tl4 su,rtrosf,uodu lsH)Krov lqw ,t{or€ol] .uaJ,a€trorxgo, aH enr.tllog
snHBoJaoc ar.rHoHsed,{ s .(cmoHrHa[,{gdh .dox[d[eH) rfl,rHgr
-flu ,KtD|(otrJ ergqoH tor?xllHeos or ,odrrlsg oHhowroov &ttrtro€r
-odu br.tHeHer [6It HIIc! Lr]tHOHanoI,l ]lre rBvoxrxodu xzx .oJor
edJI,,t ou rfiJesoHsed rltHrorcoc eedoh u4troxodu oHqrarqotrellJoll
ul{ortttt oJh'ttt{ods aon?c ox or g mJEIIo[ ,r1 u d wtuanawtn
90 e'I 'I,I!{U SrOtrg nnHoxfisll o gIfidOAOJ OHXOn eEJoJ ax )3)
'trr4HoheH€ orsHHoffevod[o }{rawu (J ].r .rtheH€ ,e) 

I U d nilgo .,
'x?I rf,qrBobd Uo qJ){rotreol] oHxdH ,Il3tsltJ roler{I.l J r_r d enrox
'[I{IrJaqoHA?d s arHg et^toroltc nqorh OH .1ya=1d er,rHOHsedd
osHl.trasedl]t xlcdoro){ rlrt/'unlqHoesoHsed brroryIfar rlnarrm
flJ]{x 9uo[8 nnHBoJCOJ erSHhor,{Xexodu er( oJ.h .oJor e t,I umtr
-oxru osrrJ?hrotr nl/t xerahssd xltmsH g .l-z.Jt1d eH {toHHex"dg
-o€I.r 'I.Il^tnsdJ?r,r[ alrJrr,ll3 eH gcqlexdstre€ o)qror]aH otrBH

'EUHrOtJOs 
UaUID{Hr{Q qr"Ftg rsxox

oH 'er,IHrortor ee roeslqJl,Iro 4rlsdoJo) ,?droNEdeu ojo)cahHH?xeh
ogHlr-olo)?) BltHeHewcr E[-€u goyteJrln3 geHHetrosefiodu,erooed



cl{creMbt, To Kaprr{Ha 6tua 6u npocrofi. Toraa se ronrKo ,lU, Ho

tr 6A 6tm 6u no,rsuu auooepeHrlHanoM: KaKiur 6u pa6ora nu

npol{3Boax;racb, ee, B,{Tore, uoxuo 6u,ro 6rt nepHyrr B B}t&€ Me-

xauuqecrori nrx 3.r€KTpuqecKofi, LtrH MarHHTHofi sueprrara. Taro-

Ba 6u,Ta ucxoAHat reopuq repMoAllHaMuqecKvx cncreu: pa6ota

6nra 6u pa6oroii, a ren,lora - TeruIorofi. BeeaeHtte Ko;tltqecrBa

T€rrJrorbr ,O fioBbluano reMflepar]?y reJla, a Korua reJlo ontrb

nepnylu 6u K flepBoHaqarrHoft TeMflepar]?e, oHo oraasaro 6lt ro

xe Korr{qecrBo renJrorbr, roropoe 6lr,ro coobureso eMy Ao 3Toro.

I loerouy MH BnpaBe roRopr{Tb ru6o o sH}'rpenxeii sneprlru u.rcre-

Mbr. Koropaq 6r,ura panua noJIHoMy 6anaHcy pa6orbl, trpon3Be.qeH-

Hofi Ha,q cHcreMoii uru caraofi cl4creMofi, .ru6o o xoluqectte refl-

norbr, KoropbrM o6la.{aer reno (o6 o6uleu 6alance uortrottleaHofi

mu BbrAereHHofi TeruIorLI), n3MepeHHoR rro reMneparype rejla

Hccogltcctllt'locrl groft l\.{oac,rfi BcurccrBa c SKcnepItMeHToM
oKa3iulacb Heo)c.I,(aHHocrr,ro. Teuneparypy reJIa MoxHo H3MeHHTI,

coRepur.rB Ha.[ HLIM pa6ory: relo Moxer rlorJlorr{Tb rennory (cKa-

xeM, or nevlr) u npor43Becrl.t MexaHlt{recKylo pa6ory. Cra.iIo no-

Hr{THO, {TO Mbr He MOXeM fOBOpHTb O TerIJIme, KOTOpTO "COAep-

xltt" cllcteua, HJIIT o MexaHt{tlecKoir 3Hepfi{H, Koroparl B cl{creMe

coaepxg'rcq. OHa o6ra-{aer roJIsKo eaHHI'rM 3anacoM coaep-

xaureiicg R Hefi 3rleprsH, Ha3brBaeMoi.i BHlrpeHHefi gHeprHefi U,

lionorHseuofi npr{ lroAtsoAe u uexaHtqecxofi pa6orrt, ll renjlorbl.

9ry:neprrlrc MoxHo H3rt'ler{b KaK B $llae vexaultqecxofi gHepfHI,I,

TaK 14 B BttAe 'I efL'lorbl. Bctxoc lt:MeHeHVe U Ha Benl,{q}tHy dU

ecTh pa3llooTb Mexly noIBeI(eHHbhl KoIUrIecTBoM TennOTLI dg t4
pa6orofi, coBepureHHoli ctcreMor:i a-l ua npouxcHl.{H KBa3ucra-

THIICcKoIO npoUccca, cn e,[OBaTeJI f'H O:

{tu - 6Q .iA = 6e (rar +Ltlt+ ttau + pan), (2.13)

rile r/U nonHblfi AH0OepeHqI{&{, a 6Q v 6A - Henojlribre

ln$rlcpcurlnallr. Orlrerxv, qlo no npl4Htrt'llt :aecl o6ogua-
,rclrr{sM t0 ecrb KOJIHqecrBo reuror},r, floaBoreHHoe K cl{creMe, a



'y --)- ,n= O rrxHaHs?d,{ 6t4 oHLIlg oHHogrt[,adco[oH oJ6 .rrHHtroJJoo geflr
)Hfo mraru{I6 oH 'tiorar aoHHoh.{ror ,eruer osJxohr_lro)

...r{rIHhttJouaH,, ytsH 6Cla)re) unnltelca(c
uoHgrlotrro 90 )e) ero|Jllor o ouuol,uerot/adu p,rJl,.iJorc,{ Iloxtrou
4o)or uHawod{ ,{r,if,Inlromerl ) 

.HodeJJ 
,,J:Hlfusaho,, ll .,ollodn"

ertl/ not{e3 uu nlrdoar tsegoH oJh ,},{or { rrgoJ crpltxeg, scoruv
-oxIIdU tlgl/or]I orrr )€r .triu oxqrol ou?X3nreH IrJ<IIe{IoCqfoI] ,lior
-rratnirdautxe J trJre.{3?rloc eodoJo),NrqHHegrcHI{[a qcorBrB)o
(tl Z) tHHaHspd1i otroJrqa UoH[o { aH oua[ ,rcrper,,{dc€d

.(Nq)J3roH
,{ol,e[ BJraErJo dox xr4t o[.r.rHtrx?ed Ho)Jehr{r,{1fi t4dr  oHHoIl
-xogosSlqg'nromlor ogbehl,tuol| oHHesJrYcdooueH qrHdenrl,I oH 'qutdal,{efi orJodu oHquau.tHgedc ,:gHsunruoduoc eader, ?)or oJo)
-:ar,nfuxare Hrrretrxoxod ndu srol{nTorrl.efiqs,[rotrueJ) oHnddJ
rPhtroII IqJoL.[eJ 4OHHOVOStsOU OSrtehHffo)I oHhoJ qJ|,|d3I{€U Om3
rEhBor r.r eY 'V9 Lr np oHqrotudestrodu sudal,,[eu ,Vg+ 

np=Og
orHHeHBed,r( ou r{olrHsrcuhrrs qrErovadlo oJoJs ahJor etr
-rouu @g lqroruer rjoHHa[asllou oaJ.3ahnro) e ,sJ,llder{€tt o xorr
orddoro) 'rr. deH€ nrHHedUHs oxqror rJrerrsB nodronedeu nnr
-€l 'bHHrorJoJ drarudEn groe oH _ d ,{rsIIo)IJoII ."Frqr,{J Ham
-Hr :)oduofl ror€ oJh ,q3olrp€Bxo .oneJcfiJ s ..rc fxdetro3,, redor
-o) ',{Jourer qrndaner.r )?x .Jod[oa 

IIsHrIrxd[oH JrrH, tmg .eHod
-oJO nuHqrel[xouou rudoroxag i.r .lJ€ul,txddeHgo qco[s oH

'orudooJ o H{odm n odrcodu a!.xodu B rql{r{, IoH -Halrrveduo t{?!.tHemHg Br{ods or a qjou?eex ,q}rell?finHadeeeutr
HWrqHIro qrBJr4hr n[qreH yg uH 14 Og I,ts orn .AJog?d s sJeInEd
-{adr otl-rHerax ou oHxorr ,ttoruot ott ,oJor aouquo otgmon
-orr 3 osJf,crerece)ov wHHyUSOhO OUrSg 5H OJ,q .gXJX ?L?h?H
rroxr{€HQ 6r,t, 'oH ,{xo8ol rcqreanruM rrHxlroY nHo rr}r{arcHc
rludoge nanuadl4Hs BnHottofirl,l erohced udu lt rlsldane rqn
-doQ asv cffJ - zrorner q erog?d rfi)cohrH?xetr oJh ,rHJErrJ HO
rlinr,i?Hl4tror,{doJ Hoxe€ Srqsdo cJre H (g.Z) axHaHard4

.Xor|ror3ltc rruHHamdouo3 ,eJ,ogzd _ yg



fieficrnure.nrHo, pa3Hocrb IJ.-[J2 3aBucvr roJIBKo or Ha-
qarbHoro t{ KoHeqHofo cocroqHltfi cl4creMbl, TofAa r(aK p 6ora A
3aBLtcr4T eule 14 or tTyt'I4 llepexoAa. flosrouy I,r KoJrr,IqecrBo .relr;ra

Q-LIr-Ut-l TaKxe 3anHcHT or nyrn nepexoAa, t.e. or cnoco6a,
Ka(uM cncreMa 6lt-a npnregeHa B paccMarpr4BaeMoe cocror{Hue.
liro lr :ravur, qro BeJrr,tql.rHa 0 - He ecrb Qyrruur cocrorHrlq
cucrelilt. flepenecra cficreMy B paccMarpuBaeMoe cocrof,Hr,te
r,toxHo 6ecqlrclel{HblM MHoxecrBot"t cnoco6og, Bo gcex atfix cno-
co6ax cucreMe coo6uaetcq o[Ha A Ta xe BHyrpeHHqq 3Heprtrq, Ho
paraereHre groii seJlu.{flHn Ha pa6ory u coo6ureHHoe remlo B
pa:Hux cnocobax 6;'rer pasHsrt*1. Ecln :aAauo cocroqgne cuc-
TeMbr. Ho Ir€ )'r(a3aH npouecc, KoropblM 9To cocroflHlto 6rrno Aoc-
Tl,tfH]"To_ To Ht4qelo HerE3s cKa3aTh o KoJIrqecTBe TenJIa. 3altaceH-
HoM cucreMoft npfi repexoAe B paccMaTpl{BaeMoe coctoqnue. B
JloM CMLICIC Hcrb3rr rOBOpgTb O KOiIi{qcCTBC Tenjra, coacpxa[IeM-
cfl I IH 3:rnaceHHot{ B Tetre. Ho Rcel4a MoxHo roBopt.irb o 3anace
RHyrpeHHeff gHeprl,tu, TaK KaK oH He 3aBr.tct{T or cnoco6a npnoe-
,xeHl4l cncreMr,r B paccMarpl,rBaeMoe aocrocnl,re. O xo:rrqectse xe
renra, coo6ulexuoM Teny, nMeer cMblcJt roBopnTb Jrr{tub B ToM
c.nrrae, Koraa yKa3aH fipouecc, KoTopbIM cncTeMa nepexolt{na B
paccMaTpr{BaeMoe cocTor{Hr{e.

C,reAlrouaq altarorr{q Moxer pa3lJrcHrtrr clrr gela. [onyc-
THM, qTo o3epo nonollHr{eTcq BoAoIi 3a cqeT AoxAc r{ 3a cqeT Bollbr
nrexarotqeii B Hero H3 pexlr. Hueet cMtlcr roBopltrb o Kolrnrr€crBe
BOAbr, KOTOpOe [OnaAaeT B O3epO 3a C]'TKLI r.t3 peKU, a TaIO(e o Ko-
.lrrqecTBe Boabl, BHnalaorqer.r B Hero 3a To xe tspeMq B BH.qe aox-
/ltr. Ho nuueno cMr,rcna )TRepxAeHue, qro B o3epe, paccMarpr.rBae-
MoM oe3orHocHTerllto K rlpoueccaM ero HanoJIHeHHl, coAepxr{Tcg
cro/rbKo-ro xy6ravecxlrx MeTpoB AoxleBoii u crolr,xo-ro xy6Hqec-
Kr{x MerpoB perlloii BoAbI. B oocpe ecrr " elusanq" BoAa, H orra
Morna ronacrl ryaa pa3nnrtHr'lMlt cnoco6aulr. Tar n o BHyrpeH-
rte !i 3Hepl[r, coAepxauerics B TeJIe, He r{Meer cMblcna rcBopttTb,
qro oHa cocro}lr r{3 croJlbKr.IX-To eANnnrl paboru u croJrbKHX-To
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-:il \ln eI Itdu r.{naJ,cuc HIJO'T{3oIIUAI }r Ur.{tqH[ed $V,{g .Ag I9I
-,r t.rl al EsJJshuIIo) elqHh]trmed .ridofioJ allrgoos,oR .Iqddlpdatner

:r{:JJmrq{ou 3x or H oHvo rt^{IJIeSrOOa htstroxsdel Whre L{eJg
]ror\fidu lrorc sH eumexer ,...,.g,l|1,y yuHroJ'?oc eH)Er{rg oHheH

-o)lrg alqHhr4ir;ed tr ,tuJado[ raxor{ l{ 6r.tH}JOr3O) eX p}\orJr.{J
'{}1i8r,{eqgo r4r{Iqt{hx(€ed 5 oH . 

Jp+ J llodftedouy,toJ 3x r{or }t
foHtso c rltHUorJoc rorexpdgo€u Hoy\ibdu l.lor€ r.uhor oJfl . Jp ,{H
-]rhHr3{r "H /t r{)hor ro ot^IflroJ3Jo l.{ pnac,go HJo O{r{Hsrerredeu
'.!? u^nlrdu NrEasodII .g 

7.cud) (t,rt) lV Uoxnot" E.raexedgo€x
aHHboJcoJ eoHvoxJtr sm^U .,{d^redauNol H Noq,qo qurtg
oHxollr xgdoro>r asrJahex { .ur,{EdJon?d?tl tsl,,r, sV rcro!,revodflo
o{qr3oHlror o.todorox er,rHroJaoc .olfor ooHvodoHYo r.txrahl4€Ho
'dowudueH "tufuontc?d .I'I{Hborf,ot oJorHeyer rI4 exaJ,oHc
ruYoxade[ oodorox I .trIrHroDoc oJo)€t.{lrg oHhoHo)rag oJot orqJ
-Jolliiou Jma Janratredlo alr Jp rqd, redalytar eHHeHaxtI4

'"; eodsr. qr"h?H€ogo natrdg rcw ̂Hrrharotr ,{.[O .BsJaeIneR

miow oJoHvo qrcoxt{eorfl3J _ CrJOXnrOrUer seHdrroN aHgotrd
aeroq 'J €adoh qr?heH€ogo },'totr,{g Iqtt oo :UoHsuotrf Joruslqe?H
sl:)o)neolIueJ 'enl4Hr.{tra eHspd ?[or p3Jetr zvJox .e?Mm g

tvre)
Os- "

:rsd,fuedeuHal. oJo Jp otr,tHoH3r{cu fwalno|dsJ,cJ,es
-J.oor ) 'I{oror oJoHHoMrtou ,@g rsroruel e{rcaMllox oJou€}^r
oHh"1HO)COg aHHomoHJo K3reBflrlrsH J BrOI OISICO)naOrueI

IrJlo)Nl,lrootflfor arfietiayed|Io .I'Z.Z

smoxnoorltel .z.z$

'BHHBxdo[oJ oJoxrc€
oHomr{r oruor ii l.Logpd ti1 er{Heremed aa .orr.lJdaH€ otorHHodMHs
oreMrol] orer I.rhtI,D{") .{oJtenodu ro ohruJrrsp,ccH .rrij3.L hrrHntre



pexo.{ax. floarouy reruloevxocrb e!-Tb r:Jar::?r!-fi{xa He oAHoro
KaKoro-nl46o cocrotHtq cHcTexL|- a -I4r 6c=rogeqHo 6nH3KIrx ee
cocTorrHl{ff, l.{3 KoTopbrx o.uHo .{EUIetcr Halalilliiv. a apyroe -

KoHeqHltM. Bttlecro Anlx 6ecxoHeqgo Crnrxn cor-llcHrl 

 

MoxHo
3a,{aTb oAHo r.I3 Hr.rx H HanpaBJreHHe n)TH nepero.fa dtcTeMbr B
f)ecKoHe,{Ho 6lllgKoe coctogttne. Tarcrv oSpa:ov. TeruloeMKocrb
ne ecrt $1uxI1nt cocro.{Hut rera, a ntt,urficc raparrepncruxoft
6ecxoueqgo Miuloro npouecca. coBeDrrraeMoro rejtov.

flpr.uaauu :rnv
Ha ocHouaunn rpopny.n

Tax xax

O6r,eM t'
-trB'IeHttt P. B

Pnc.2.5.

paccyx.leHr.rrM xoruuecrnenrilro @opr,ry.
(2.14\ u dU = 6Q -dl Mo)rIro Hanr,tcarb:

^ dU+pdV
dT

(2.15)

(2.16)

du=(4!) ar*(r!\ av.
\ar  ) ,  \4 , /  r r

c=rcgl  * l (v) . , lgt .
\  ,  L\  a,r  )r  )dr

3aBHclf He roj'tbKo or reMnepaT)?bl Z , Ho l.t or

3ABNCI{MOCTI,I OT TOTO, KAK MEH'ETCq T,ABJIEHHE,
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(8r z)

LS

- / r i ::rzdgoHd 

 

etrJoJ oxqror (6I.2) oraHo)€dlsq aalflgo
.IltJ"ot^€qrou oJ,.)eh

,\:..a.io\ '"3 utlf auna>redEs ooJ,(d[ x sJecuxeH oHxor\l

. . :, 
'l '"q)fr. ';lt 

1' - , -,-, -, r,l! )tt \nCll

leJcoxNooffuor HJcoHc€d slltr,

'(#)].'(#)=""

o/ ro\ 
re€r (91'z)

errfwdoQ o?h^r3 rtore t 
l;J 

or,{HtrotrcHodu or^Hrceb s rHtr

oxaoofi - ol{HomoHro or ,ol,rHallsey oHHlrorcou ex HIrJg
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Toraa
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Ec,rn npeanoroxxTb, qro rlpouecc I4Ier npl locroqHHoM t,

rae x Moxer o3Haqarb:ro6ofi naparaetp, To, rtpoBoaq pacc)'xae-

Hr,{.s, aH a.[oruqH ble npenblAyl{r'IM, nojr}4lItM :

I  a l  i  l r  e r ' '  ^ . (  t p \ ,  t  a r  1( o - , ' , - i t , , ; l  f , t -  : l i  - l  - i  ( 2 . 2 1 )
1 , , . /  l l , ' r  l ,  l ' , 1 r r , .  l a r l .

Oanaxo c rloMorublo ronlKo nepgoro Haqara repMoauHaMn-
KI{, cBrl3l, Mcxly Cr', C, t{ napaMerpaMl cocrosHHq B pacKpbrroM

Ru4e Moxer 6rrt rolyvena ruult' Mu rpocrefturux cncreM.

2.2.2. flpxuepn

Paccvorpnlt KoHKperHbIe [pr{Mepbl.
l\ Ildeantnufi za:. Ht ypaRuelrht cocrolHufl, 3anucaHuoro

ll{q oaHofo Morq ,{earbHoro ra3a, I{MeeM

p V = R T .

llpoan$Qepelt uupoBaB 3To ypaBHeHL{e rto ?" B nepRoM
c.,rl.lae npu rocrosHHoM I/. a Bo BTopoM cnflae flplr nocroqllHoM

f . Ilo,lyriuM
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,,_r, =r(#),(#),
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\.er ), v
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v -
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xrb paufioHanbHyo TeMlepaTypHyo rIIKany, He 3aBHcfiu)'ft1 oT Bbr-
6opa repMoMerpl,IqecKoro rena t{ ycrpoircrBa repMoMerpa- OHo,
coBMecTHo c [epBbIM HaqaJIoM, [o3BoIceT Taraxe ycTaHoBtlTb MHo-
xec'tBo Tor{Hblx KoJItqecTBeHHbIx cooTHollreHl,tff Mexly pa3Jlltq-
H!,IMH MaKpOCKOnuqeCKr.rMtt napaMeTpaMH TeJI R COCTOTTHT4H Tep-
Mo.ql{HaMtqecKofo paBHoBec[t. Bce taxr,re roqHble coorqoureg[rl
rror'Iyrrxru o6ulee tta:uauue mepnodunaltutecrcux coomnowenui,

VNrurM To tcoH (no;rytumunii no3aHee 3a Ha) rHbre 3acnyfu
rrrln nopla KerrroirHa) n i85lr. aa,'i rarqro Sopnry-;rnpoBkJ nocry-
nary BToporo HaqaJra repMoALrHaMr.{KH: "Heeosnotcex rcpyzoeofi
npoqecc, eduncmaeHHutfi p$ytbmamo Komopo?o 6i't,to 6u npous-
aodcmeo pafiomw sa cqem ox,tatrcdeuun menJtoooeo puepeyapa".

Hanounuu, rrro no,[ 'renJroBbrM pe3epByapoM noHItManr re-
jro -I{_{r.r c}rcTeMy Te_[, Haxoarlulybcg B cocTorHHr.r TepMoaHHaMrr-
qecKoro paBHoBecr,rq n o6,'ra{anu}'ro saaacoM BHyrpeHHefi SHep-
rr r. Ho renronoii pslepByap caM MaKpocKoru recroli pa6olu ne
coBepllaeT, a MoxeT TonbKo nepeaaBaTb BHyIpeHHIoIo 3Hepl}lrc
apyroMy reJry rurn cncreMe reJL EcrH nocrenHsq crcreMa npolr3-
nognr pa6ory 3a cyer BHyrpeHHe* eneprrau reruroBoro pe3epByapa,
To oHa Ha3lllaerc;t B Teptto1HltaMure pa6o,ttot menott. Tarvu o6-
paloM, cof,racHo Toucouy, HeaosnoteeH Npyeoso npo4ecc, eduncm-
seHHuM pnylrbmamou Komopoeo 6t t,to 6w npouseodcmeo pa6omu sa
c4em yveHbweHut 8HlmpeHHeu 3tepzuu mennoao?o pnepeyapa.

Moxno xoItxpeTl43xpomTl" B rIeM lo)rxHo BbrpaxaTr,cq
ttporl3noAcrBo sHeuueli pa6oru, u raKHM nyreM nonlqr,rrb MHo-
xccreo parHoo6pa3HLrx OopM-vnupoBoK ocHoBHoro nocrylrara. On-
na r.{3 H}rx npuHa4nexur M. [naHKy (1858-1947). Olra cocrour R
cner'lyTolrleM: "Heeo'3,+tnrcno nocmpoumb nepuoduuecrcu deicmeyn-
u,lyto Mourwty, edwcmeeuHant puynbmamolt rcomopoi 6wto 6w nod-
Hnmue 2py3a 3a cqem ox,taucdeHun menioao?o pe3eplyapa".

Vra:auye Ha [epxor[rrHocrr, AeficrBnf Marlr.rHrrr n @opuy-
,rtilpoRKe filanxa c]utecrnenHo. To.tno TaK xe B $opuynr.rporxe'foucoga 

cyxlecrReHHo ro, rrro flpol(ecc ao.nxeH 6rtm Kpyrol]btM.
.l.elicTrrrelluo, Ro3MoxeH npoqecc (Ho rre KpyroBoit). eAUHcr-
rleHHbrM pe3y;Ibr"aroM KoToporo 6bl[o 6br [o Hmr{e fpy3a ]a ctler
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no-roxeHl{e: "Tenloma He o)rem ca onpou3aonbHo nepexodumu om
meto evee Haepemoeo x mety 6otee xazpemony". fIoA remoroii
3.recb saAo rroHuMarb BHyrpeHHroro 3Heprltrc re.na- flocrylar
Klaysnyca Hr.xouu o6pa:olt He cBoAurcr K )TBepxaeHulo, qro

[pr{ HenocpeasrBeHHoM Ten[oBoI{ KoHTaKIe AByX TeJI Ten]IOTa
BcerAa nepexoAlcr or reJla 6onee Harperoro K Teny MeHee Harpe-
TOMy.

Ho nocryrar K.nay:nyca He )'TBepxlaer, qro rrepeAaqa renna
or rcJra MeHee Harperoro x rely 6olee HarperoMy soo6ule Hegog-
ri,roxHa. Oga HeBo3MoxHa npt{ yc;roBl,u{, rITo Bo Bcex ocrilllbHblx
rerax Hutarcux uweaenui ae doLtcrcno npousoimu. B atou n gax.rro-
qaercrl cMbIcJr cnota "canonpou3eonuto ", yrotpe6leuxoro npr

Qoplrylnponxe Broporo Harrara repMolr{HaMr.txn. Eun xe 4onyc-
TriTb apyrlre npoueccbt, To nepoaaqa TeIrJra oT TeJra MeHee HarpeTo-
ro K Teny 6onee HafperoMy craHoBurcrr no:uoxHofi. TaxNe npo-
ueccbl Ha3bIBaIoTcA Ko neqcupytoultr u npoqeccanu lInH, Kopoqe,
Ko.MneHcaupgtru. Tax, g xoroAnttHblx Ma[rl,tHilx rerlJto, 3aHMcrBo-
BaHHoe or Merree Harperoro rena, nepe,qaercs 6o:ree Harperovy re-
ly. 9ro uc fiporl{BopequT nocrynarv K;lay:vyca. TaK KaK TaKoft
nepexoA npoHcxoar.rT 3aec6 He caMonpor,r3Bo.[bHo, a conpoBoxtra-
erca pa6oroft 3JreKrpuqecKoro Mmopa.

$3.2. O6parunrue tr Heo6paflrMbte [poueccbl

Ec;rn u pe:yltrare xaroto-lN6o flpoqecca cucreMa rrepexo-
iIr{T r.{3 cocroqHrr{ I B lpyroe cocrotHr{e B u ecn},r ao3MoxHo
BepHlrb ee xourrl 6q ornnu cnoco6ou B r{cxorroe cocros+tue A n
npltroM TaK, .Iro6H eo Bcex ocritlbHblx TeJIax He npon3olulo HI,t-
KaKlrx H3MeHeHr.ft, To 3roT npouecc HzBbrRaerc|i o6pamuuotu. F,cstu
xe 3ro c1elrarb HeBo3Moxro, To npouecc Ha3HBaercrr ueo1pamu-
n ou't. llpnuepou ueo6parlruoro npouecca MoxeT cJrlDKItTb )repe-
xor rcnna or 6olee Hatperoro reJla K Te;ry MeHee llafperolry rIpH
'rerr;roBoM KoHTaKTe 3Tr.{x reJI. Heo6parNuocrr, TaKoro nporlecca
HenocpeAcrBeHuo cne.[yer H3 nocryJrara K:ray:uyca. Hco6paru-
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pxc.  i . l .

EclN n perylr,rane I{3MeHeHHf cHcreya Bepxynacb B l,rcxo,tr-
Hoe cocTosH[e, To roBopm, qTo oHa coBepurxjra KpyfoBoii IIpo-
Uecc r{IIt qI{KJr. TaKoft npoqecc, ecJI}{ oH KBa:}HcTaTKqecKr4fi Ha
A[arpaMMe vP, u3o6paxaercr^ 3aMKH]Tofi KpuBofi (puc. 3,1). Pa-
6ora, coreptueuuaq cucreuofi a KplToBoM npouecce, qtlcreHHo
paBHa rurouaqr [i.rr!-Ia, 3ailrpH](osaHHofi xa pltc. 3.1. flpn arou,
ecjll.t ToqKa, tr3o6piD(alouas cocTocHr.re c}lcTeMbt. on cl,rBafi
rlr.rxjr rro qacoBoft crperKe, ro pa6ora qr{KIIa noroxHTenbHa. EctH
xe qr{K;r o6xo4ntcr B sanpameHur{ npcnl{B qacoBofi crpeJrKr4, ro
oHa oTpr.{qaTelbHa.

Bce xeatucmamuqecKue npo4eccu oipamuuw u npumo o
|3KOM crva(ie uOea. B caMoM .{€re, KBit3r{cTaTfiqecKr.ti flpoqecc
ecrb oecKoHcrrHo McAnerrHblfi npoqecc, cosroqulr{fi r{3 nocne.{oBa-
Tejrhrrocrl4 cocrorlHllfr paBHoBeclrJI, ToqHee, cocroqHufi , 6ecKoHe.r-
Ho Nra.'lro orruqatorl[xcr{ or paaHoBect{brx. Ec.lt}r gg.ttl KaKoe-JlI{6o
pallHotsecHoe cocToqHfie, To rro caMoMy or]peaeneHr{ro paBHoBecr.tq
ri oTcyfcrRue tsrrelllHrrx Bo3AeficTBHii OHO 6y[eT COXpaHrTbCs
HeolpaHh{eHHo Aonro. tlTo6IJ Harrarct npouecc, Ha,[o c no-
r{olriLn RHe[rlrHX Bo3aeiicTBt4i HapyuI.tTS paBHoBecr{€, T.e. MeHr{Tb
nlretrJHxe flapaMerpr,I r{ reMnepar}?y oxpyxaloqeii cpeAbr. llnt
KRa3Hcra'I i.{ {}t ocrr4 trpoqecca Heo6xolrvo, q-ro6bl 3TLt I,t3MeHcHl,rH
coBctltxiLir!{cb Hacro_{bKo Me&|IeHHo, 'tro6bt B xax-ru,rri vouetr
\pe\lcur't cucreMa HaxoattJracb t[t6o B par]HoltecHoM cocroqHuh.
-rtr6o r cocro.gttttx, KaK yfoAHo Maro otJTuyarcrleMcg or paBHoBec-
rroro. B rrpegele nonyqtrcr Hleanrr3HpoBarllrbrfi [pouecc, tr,lyll(x I
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Jronodu lut)cehttJ,?JJltcB{ry'v'lofl dgo hl}t)el Krlllrohel{r r{rcH[ox
-rlt xrlloa5 t I{rcoHhor g rctor?Irudgeos IsYodr ualnolexdd)o ?dh
-€daur{er fi Hdmned?u orIfimoga ,fiqfforJo 'ltugaHer{€H xiote)Ltt{
ratrlJotHodll eH xerreJ xnmorgx{d)o u eccalod o:ouredgo n olon
-6du omrsr,{€sd s 'nor€ r4dll 'allhnlf€ed aowrr oHhoHo)cag or€ H
Jol{€rh3r.r "lrnucHtosoHsed oJodJc BcJorerovJ rqcralodn [IcHredgo
n 4olniudfl evJo)t 'oraved g 'aoHpd erhvoxodu eno :ndorox esdgt'
'XlrHror)oi Jo stcr.rlnoteh!,tno orpn oHhaHoxrlg 'nlrHnol'oa) €ad
-eh o)trrdoll NoHredgo s trtroxodu 'f, onHBortot aoHYoxJr.t s u3toH
-d:g esoHc ?r.{e.LcHr oJ 'orqHxoro[os]rrodu eH Ed,fuedouxer u uod
-r3r,rgde[ xnHmeHs 4l4HemedHdu xlqrrutt oHhoHoxoeg H:{EHI <rrult
-aw€r{ rlrcg 'unad( eomslIog oHhorEr3oE oxc[or n a,{gedr oJor€
6r."1 :o)arl?Y oHVoJ[ )?) oJoHqreheH Io oomnoJJJo 'g eHHrorsot
roHhoHo) {r t HrrHUorJoc oJoHquehuH rH ^}{artnJ t,tJ.'eaodsll oH
-]i{oh so3oenodl] xrrx€r orstrlonou C nHreBoHeed [[HtrorJoo xrlH
-ci:i€€oliaffJoll sI4 4ltlllborcoc x olqrJodo)c t^{otrzht oHhtHoxtog c



rhqecKr.{ pactltlt p;rrbct no r.I3orepMe I-+2 (pt{c. 3.2). flpN eroll

oHa 3al{McrByer KoJruqecrBo renrorbr q or HarpeBarent 14 flpot 3-

nognr pa6ory ,4r, flporuB BHeurHero .naueH[n. floore :toro crc-

reuy aaua6aruvecKu H3onlrpylor lr 3acraBlullor KBa3t{crarliqecKu
pacuuprrbcr no aana6ate 2 + 3, noKa ee reMneparypa He Aocrur-
rreT TeMnepaTypr'r xolIoIIIlJlI'HLlKa 72. llp[ 4anabaruvecxou pac-

rrrHpeHHr,l cHcreMa raKxe coB€pulaer HeKoropyrc pa6ory .{,r [po-

T B BHeurHefo AaBreHLtc. B cocroqlinu 3 clrcreuy rpr4Boa.sr B Ten-

,'roBofl KoHTar0 c xonoa[JIbHXKoM 14 HerrpepbIBHhIM ].BeJIHqeHUeM

IaBreHln Lt3oTepMMqecKI,t cxI,IMaIoT ao HeKoToporo cocroquun 4.

IIpu :rou caMa crcreMa coBepuaer orpulrarenbH)'Io pa6ory ,4\4 v

orAaer xolloAllJrlHr4Ky KoJIrIqecrBo ren,lrorbl Q. Cocrorune 4 au-
6Npaercr rax, vto6st MoxHo 6r,uro KBa3ncrarlrqecKuM cxarl{eM no

rulua6are 4'>I Bepnyrb cncreMy B LIcxoAHoe cocroruue 1. ,{.nn
3TOrO Ha.{O HaA CUCTCMOfi COBOpUr.rrb pa6Ory (r.e. CaMa CHCTeMa

aonxHa npo{3aecrr{ orpHrlarenr,Hyro pa6ory lo,). B pe3ynbrare

KplroBoro npouecca KapHo BHyrpeHnst 3Hepr[q cqcreMbl He s3-
veHr4Tcr, a noroMy npon3Be,[eHHaq en pa6ora panua

vl ,/4 t/ v1 V

Puc.3.2.

A = .4o + A.., + 44 +.411 = Q, - Q,.

Pacclrorpuu rlr.,rK-ir KapHo c I uoleu ltIeaJIbHoIo ra3a.
flpu ll:orepuuvecKoM npouecce l-J2 BHyrpeHHsr 3Hepttul
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^", = #li, _(;,)" )= ;* _ r, . (3 6)

= 7 ,
T,

I ra:, anNabatuqecKr.t cxt{Maqcr,, conepua-

raK KaK rl3 ,.t.0, f 5l'
\ / ,  )

Ha yuacrxe 4 --r

er pa6ory

(3.7)

( v  \ ' ' '  r
r i l K  K a K  I 4 3  ( 3 . 3 )  l r  |  = 1 .

t , t "  )  T,

I,l: noclernero Bbrpaxeuul BMrHo, qro A^= 4r. lloerouy

rrorHan pa6ota

A = A, ,  + A,y + A-  + A! \  = Q\  + A4 Q,-4.=Q-Q, (3.8)

O'teBuAgo, {To qeM no-rlHee npeBpaulaer reflroB:lq MauHHa
noryracMoe H3BHe KojrltqecrRo renrorr,I 9r B none3Hyl,o paoory A,

TcM 3Ta MaurHa al,IroaHee. floerouy reruoBylo MaurlrHy npllH.gro

xapaKTepu3oBarb ro:(rQHIlnexrou nore3Hor-o aeiicrBs.q 4, Koro-
pblii oflpeAenqerct KaK orHotrreHr,Ie coReprxaeMoii :a qlrx;r pa6oru
.t U lo.'rlareH HoN{y 3a uHKn relny pl

, =fi,[, i|)")=;r, ,,

,=;,-e'-;!=vt
lJaiineM, or rlero 3aBI,rcHT xoeSrlruqltetlr fiore3Horc aeiicr-

Buu rurr,rosoli r{arrrHH[,r! pa6oraoueii no uI{KJIy KapHo. !,la :ro-
ro. nojrcraBr4R B OopMyrly (3.9) nnpaxeHnt (3.1) tr (3.2) tl npuHqB
Hi) nHfi\rarrHe (3.5), no,rFuu

Q' RT,lnV,ft/,

(3.e)

T
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Ho oHa He l{HrefptlpyeMa, nx xau -u! +!!L. B crytae .[Byx He3a-
dV AT

BIICUMbIX IIepeMeHHLlX Atrrl 3JIeMegTapHOro KOtI4qeCTBa TenJIoThl

t9, Koropo€, corilacHo nepfloMy 3aKoiiy repMoulfiaMl'tKH, He gB-

r.serqr norHbrM au0Qepenuua:roM. Bcerua Mox(Ho lia*T!'! Hrerpu-

pyloruuii MHoxltrenb p\T,l/ ), taxoit, 'r.Io

aUu l  a (pN)
AV ?T

,r ItO oKa3btBaerc[ no]IHblM ar.r00epenqua:roM. flpl'rMefirt ]paB-

HeHHe (3.12) K {acrHoMy cnyqao H.u,eaJIbHoMy ra3y, B KoropoM

M = const, N = Rf lV , cpa3y xe nonyraeM, qro HHTerpupyrc leM

MHOXIITEJICM 'IR]/rSIETCA BCJII{qIIHA / = 1/ T . MOXUO AOKA3ATb, qTO

:ra Qopua I yHlrBopciulbHa, ecJII{ paccMo'rperu o6paruuue npo-

UeCCbI B COCTaBHI'IX CXCT€MaX. COCTOflUIllX l'13 U.{eZIJIbHO|O ra3a I'l

npor,r3BoJrbHoro rera, Haxoaqluuxc.s B paBHoBec[u. Tarulu o6pa-

3OM, .4IrI KOJILIqeCTBa TenIOTtI HHTeTpIpIOXIIIM MHOXI{TeJIoM sB-

rrercr BeJIrt.rLIHa, o6parxal a6conrorsoii TeMneparyp€. Sror ve-

TO-a rinjrrlcTct oaHI,IM I,I3 CnOCO6OB BBeA€HII.{ a6COlrOrnOi reu-

flepaTypbr.

flonHLI i.i trHOoePeH uHan

60 du 6A+ -
T T T

o6o:Ha.ralor

( 3 . l 4 )

rAe .t Ha3r'IBanr 3HTponfielt.
B npegu.lyueu naparpaoe MbI notyql{JrI4 B['IpiDKeHI,Itl:

(3 .  r3 )
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{ * = r .  ( 3 . r s )

lrro Moxuo paccMarpnBarl! xax o6o6ureHxe ypaBHeHHt (3.17).9ro

HenocpeacTBeHHo cneAyeT rr3 T€opeMr,r 4 n.1.3.5 rnaBbr 1.

$3.5. Hecxo.rrxo [pocrefi trx npn;roxennri

PaccMorpuM HecKo,'rbKo npocreftnux fiprrroxeHr4tt BToporo
Haqala.

flycrs, relo c o6,,euou y vMeer reMneparlpy I, oany H ry

xe ilo Rcex ero ) IacrKax, r.r H:rxoAI,ITcl noA AaBJIeHneM p. Mexay
p,,' h I cyqecrByer rorAa HeKoropaq 3aBr.rcHMocrb: 3To crrpaBe,l-

.lr,lRo &rls fa3oB, xr44KocTen r.r TBepaLlx rerlJ ecllr B cjryqao [ocle/I-

Hr,rx AaBJTeHI{e {ruIreTct cJtelIcTRr{eM ael4cTBr.{s cHn nepneH.[I{Ky-

IrIpHbtx K Hx noBepxHocTl,t.
Bo:sueu 3it He3aBlcHMLIe nepeMeHHLIe I/ u ?'. TorAa, cor-

nacHo [epBoMy Hartat[y,

oTKy.{a

/ 1 ' t ,  / ^ r r \

do = i  ! ! - )  ar* l i !  ' t  ay*oav-  
\ a r i ,  \ a v  ) ,

6 0  r ( a u \
,  7 t . . ? 7 . ) , .

1u* *u* 99 no:ru r.rfi ln$$epeHurliu, ro

a  f r  i a u  i  r  .  I r  [ f  a u )
. l r , l i i ,Y  i  1= , , r '171 t ; r  ) ,

(3. re)

(3.20)

( i . 2 1 )

*.il(#),.,)*

"]j

I a'u I ff e./ )- 
r-'f\ay ),

I  t f a ' u  a p t
+ n ) -  - - _ + : , .' J  T  ' L d T A r  ? r  l 'T AL' '7 '

(3.:22)
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( ? U \
(aK Mbt  noKa3aJ ln ,  i  -_ :  |  =0 .  TaK M o6pasoM:

| , r I ' / ,

a \ ' p
dS=1dT+ ::d,/ , (3,.27)

T V

A, ecnu (:y He 3aBI{cIrr or I

s  -c ,  { " ,n { .  (3  2s ). J T  J i '

llocle nHrerpnpoBaHlrt 3Toro Br'rpa;(cituc, noily{aeM :

S  = C n  I n I + v R l n l / + C ,  ( 3 . 2 9 )

I]le C -- KoHcrarrra H HTerpI{poBaH ht.

B xaqecrre npkl{epa no[yquM ypaBHeHtte aAla6arLl An-{

Hirea.lrbHoro ra:a llpr alr4a6arl4qecKoM Ilpollecce 0=0, orctola

S . cr)nsr (r.e. arua6aruqecKttii tlpoqecc sBJlqerct Il3osHTponlti{-

Huu upoueccou), r{, raKI.tM o6pa3oM:

C r l n T  + v R l t (  =  c o n s t  .

Hln xe

T" V"R = c:onst .= TYl ) = const ,

UlC l = I . fl Ol,t gl,r r.ro,[e MbI Bocnollr'3oBar[qcb coorHo reHHeM
(',

Mafrepa ('" -C,. = vfi.

Moxiro nlueHnrb BblpaxeHIte (3.29) arrrpoulrll, une.as

BMcdro y' efo 3HaqeHHe y ='RT , HafiqeHHoe Ll3 lpanHeHl{.q

uociorulxs. TO-rAa

URT
S ' ( ' ,  I n f  + u R l n - ' : -  C  ( ( ' ,  '  v R ) l n f  I  v R  I n  v R  -  r  R  I n  4  -  ( '  .

p

;rcaoMr.rHaq ypaBHeHr,ri Mailepa C" =C, +vR, OKoHqareJILHo

76
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er,{)ro
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or, (1 1) 2 = 2 eeer oJoHet?od oeh^r, s )ex
lf ro \

xEI '. ) 
I 

:: I /i&(NdoQ r,r rrrr^l r Ft^r .nHodor: 
!loJ,{d, J

(zrr) 1=(4-!:r\-!1=d-H,-'(rc1 n \p .iu j .ta v ' l.ne )
.(g7.g) 

4orfurdoe rch{o,{0e rourog
z.l q- '1
;- Ja 

=d :Y{utroxeH

(rrr) .ta=g-a1({.a)
\" /

elz.l o,roHsr,?ad Kror\t oJoHVo ytlx vv]H:iHged| EV

srer oroaqruod otuh{lrr r oxnexanrdll .7.g.g

(0t-E)' p+ d qya- 1u1a3 - g

xuMrou



( 9 q \  * p = r ( l ! )
\.dv ), \er ),

Tazurn o6pa:ou, norb3ylcb Qopnynofi (3.26), no,rpruru:

t  , .  r ' 1

as !c . .ur* '  l . f l r )  1a,  - lc .a ,  J 'P)  ar .
r  r L  ' \ d r l " . ]  7  \ a r t ,

Ho n-qc DearbHorn ro'ro [i4] 
R

'  
\  r r  ) , =  v  - � b ' ' o ' n u

,ls =c' ,IT + 
R 

dl, .
T  t / - b

14Hrerpupyn 3To abrpaxeHlte, nonftfi M

S  = 9 .  l n r + R l n ( t / - r ) + C .

(3.36)

(3.37)

(3.38)

B xaqecrse npuMepa [pr{MeH€HIts tfopr.ay:ru (3.38) nolyvtttl
ypaRHei{He alna6artt an.rr pearbHoro raga. Tar KaK npouecc aal{a-
OalHqecKxia, To s - corst" l.l rorAa, [cnonb3ys tbopttlyly (3.38),
,{ M eev

C,hT + Rln(l/ - h) = "ontt ,

3
f(v - b1" = g6ng '

Ho RlC, ,  =t , -1 ,  r lo3roMy

T(Y -b)' ' =consr (3.39)

rrn.rJ{erc,l ypaBHeHHeM u3o3rrrpont{fit{oro (anua6arnvecxoro) npo-
Ilecca ant{ pea"rlbrtoro ra3a.

3.5.3. IlpnuexenRe K c.r]4rarc $oronuom ra:a

3aroulr lcpr,i o;lrH:rMrKr.r trpI.{MeH}tMbI K nlo6ofi Sr:uuecxofi
CIICIeMe, IlplitICM tle TOJIT'K0 K CUCT9MaM, COCTOflIIIiM I'I3 qaCTtlU'
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-12.r OJoHqnTeVfi Irr4JdrHC xBHHsdl-^HH n etrJ ,c- l|.?)A oJh ,ues
-r,rrxrli ?trlo.L €wore lrlrJdaHf: yexJohrrJ.aHu) tsrHtrodr _ (13) otrJ ,'\ -t\ 3 (- \-t)ut)=(^d) npl oloit,tLfi;r] l4 (U(rUt\lol.r?r)tjL'o rph,{fJ A

( rflr)t

G4'! 
='l'�1

w3tr
-I8H lqli{ 'BuHoder.iri€l.l xl4r{dtr x^str elJh/i olrJou e .'rr'r1 3yH31,g11s
:?HtrJdl eH ll ctrHol/o{f,Hodu NHh,{rou nw nHHorrtr/:ld3^ ru)oll .r
.rfo pH nr{Jr?h pJsu.{ nh rjufDeodu 'd .rqntr.:er. UoHfo ecqu,{[
-,rlt JltHageJ.{tx odv .scq[,(uyil,t ar4HalloNtlt aafnoo _ /v gtrl

(0f t)
s/! sr\ J',f s

/\' s'ltd\ iJ\_l'l ,.iT 1 
"

:r"tundllou ltgtr
-rrs?[ aLT EIiJof .L qoo e]r frurcpb xrJodo)c rl,tnJaodu - 'a 

atrJ
' /\ "15' : -1 t{e.Lgo eH srlrxoH}r,{ a nI{JrEh otun?drHenHo; oHx,{H
',r! ttl.{ed8 er It 5' olq['emoru c ^x]{ala go ltlrHssoH)Iror3 BrtI,Ih
iiitHar3llhrqfl u(V edevf oJotrxex alicou {o)rHor, 4lcHHeh^rou '3cll^llnfi ore etsr. uw]t relnolKrserJoS - x IJ?HHeoe[^ ?.(:r
ilJo x eHdgrr-,fuutrHelrdau erHar3 .e.,r) eJcufur,iu rplfloll'Ifserooo
x ?HHorrlcregJo ^)HaIc o fiult€h rsd8v,{ pc oJh .qlerr{h3 notrIg .d

r^iocqr1(uwu Joe['e]Igo ?nHraeh netr)KE) Orr, ,nnxorolrrdg
'I hior{?<r.go 3 exI-lmr s r3oJalnrtrox

-EH H u LleHIredJHelHoI r (Irr{r4H ̂Vxalr hreusJJuellor,{I{e€0 r.t rHJ
-tPh {Nedcnred chadgoH3du oHxow l^godoro: g .cp-! oLe orh ,t,{I4H
-woueH) etJ oJollgrEayH oHHaIIB?II, flnffcuhtqa ,(HoJoO .?r,fiau

oy': 'r{orE) erHaKJU€ oJoHdfu)ddrt ur4J bddlttl.rJodxHox oH
.H)Ly'rzHr.ttror{d3r rqHoxef, lqr{I,IItaNItd[

ex)eJ ^NeH ) Ner,lllohduf,tr tuqHtesoltsEd ItoJe?sne?H auHoh,(L€I,I
oJe I,{ JtsoHRBd ,.,lo)cahH}reHl{trondar Hdll .arou aoHrHrt:efiodr
-xelfe JoHHey'/'edou 'e J ,ol4Hebfr€u l,I elflo m{srtom^J ,p€rcemoa

ewod) 'enercHJ gogollf g ,eJtquo oJoHg?Htrarsou €fi Joe)errqu
)e) offoll d^oHu.iHJB]^rodJxou€ x l{ e)ct?J oH ,,{smatrof, ) ,J,r



l:l- nor'rr{r,rM

p y  = 2 u .
3

CAelaeu ue6o,rruoe o6o6uleHue: 3arrfirrleM BMecro
P L ' = 2 U  l 3

pt/  =(y _ t)U . (3.43)

r,Heprflt U yMHoxaercq Ha (r, - l) .d,,r.s yAoocrBa, noroMy
qro B cnflae QoroHHoro ra3a MHoxr.rrerb flepen U paseu ue 2f3,
a Ap)4oMy vucly. Tor4a B cJrf{ae oAHoaroMHoro fa3a, TaKoro, KaK,
Hanpl{Mep,  fe t  i r ,  y  -5 l3,  noToMy 'cq� ro 513- l=213.

Buure 6uno cKa3aHo, qro coBepuraeMar npr cxarr{I{ ra3a
pa6ora paBHa -Pd,/ - C'xfiP'e. rlpi{ KoropoM Tenno He noDrouraer-
cg Ir He RbrAejrneTcfl, flBnfle'rcq it4nabarrtecr u. flpti sroM cxa_
Tr{H Bcr 3arpaveHHiur pa6ora yxogur Ha rr3MeH€Hr,re suyfpeHneft
3tfeprru n, 3Haqr{T, Pdy = -dU . Ho nocxoltry U = py /(f -I) , ro
t\{oxHo 3anl{caTr,

du = Pdv +Y'dP-
y - I

'dTar, -Pdr' -Vdr;+Vdp)t(f _D xrru, c,4eJraB npr{BeA€Hr{e
rcrAoosux qreHon! [lloJryqaeM /pdy = -ydp , uflLr

dY dPy -  + -  = t J .' r  P

Iiclu trplI}ut],, qTo / [ocTotHHaJ a 3TO TaK ts Cnrrae oa_
HOitr0rvlH6IX ra3OR, Tu ypiiBHeHfie hHTerpHpyeTcr 14 nory{aeTCq
;  in I  r lnP=C, rye  C -  nocroqHHar  HHTerpupoBaH q .  f lepexo4e
k crerrclrgM, Mbl noJI) Iacu ,t(e nolrlqeHHoe xaulr r m.2 ypalue_
sxe I i vaccoHa:

PYl =C (tocrot ruax).

(3.42)

80

(3.44)



(9t f)

l8

')= 
t,4J

(s€ej oJoHHoroo rrE'?HoJr?.{ll rr..rHaHapd.,( roff?He) fHo)e€ y3re
-nHnhvou cxJ{mx e ouHaM[€x .rHhetr€ r,t , g1y = I .e.t , 

t/l Hosed
(ft f) s (l-l) qreurxoHhr sorroroo 6r1.y ,oHsuolesotsrrrJ

'rqHl.{gorou €cg
rd =\3) nJlettHsBd eHoJoO oJoHVo ru.rdeH€ pf,eJ oJoHHotoe Bt"tl

7
e ' ad 

i 
= (e) rc't,arrl..ged er{ow EnJdo}re rrHtradr p[p.J oJoHdewore

rl'tr olh 'r,{ar oHor.ruom{go o16 .E/1 e t/Z eH {rforuxoHr{
rnoJ3 l.rfiJdeH€ 4ouHed.l,(Ha lroHxhl.{ros trodal ecel oroHHorod)
e"h^ro tl 'etel oJoHt{oJeoHvo .ro ct{hl rJo tr .Woe?dgo r{}DIeI

(sr t)'(€ter oroHHoroq aer,Ilc e1 ! = 77 'n

r.rHJdeHe [oH
-HodJ,{Hs cmfu eHVo mreeMrolj .aoxoro(r orcr{h eH €Horoo orr,tj
deH€ c{orHvedc cruxoHM r.rmKrov I,l eHoroo oJotrx?t Ee[JdoH€

-'1 oroY $reawn l9 t\J Jd = g :?HoLoO rlrJdeH€ o_r€ - "resa qlrodoxJ
eH eHoroQ ersr,{unr oHHatras€nodu .eJeac aroodoxc ?H UI.IHHaX
-oHw( 'pHoj,oQ rglJl{uNH or€ - eHHovaseuod JEH aolnof,{cod3JHl.t
,{r{oJ€ou 'etesc Iilcodoxc eggzd qrcodoxc ? .oso)extlyo IcHerE?d

eH sJcodo)r K r<rrdlx[I4 laouoroQ ufi ^d oHs?d fr^loh
(J''t) anHamoHrooJ osul,tres?dllc rotrfg ?€sJ oroHHoloo

6r,atr etrJoI d womr^ nI{ ro?Wrgo Horoe 4|qlfxe) orh ,nfixolfoll
-)7adu {oHoroo orcl,th eoH}todlo Ecroenr oJodoro) rdJ"{Hg 'Iqd

{redeur,lo,L lfoxocss otr {tsJefuuH ,)HInr ,{enc€os sdollol
.xst oHHer{u r}ryoxJltodr ers HrtoHqlrorfisrcuoy

u H oJ,h 'ree(lg0?xo JIgIro oH ,uxcot tuadoor, orcnr, Nrr.rMuou
:clr relqr,{ead roJ€ 'nsHHUoJf,ou sHEhurea qrca - €/S r,tHouerc s
r{r{9o ?H buHauaev er,rHotres€fiodu seer oJoHnoJBoHtro a?Mrc r or
( brraesrfue}l nHr?x3 Hdx spl t,{ HHohorlnrJu rl!/.Jdalf'e r.rdaJo[ .a.r]

lr_rroH hfiJ,€g?r.rtrs lrHsomd rsHeHrouHg r{[co .rdoaol aneul4



(3.2-1)
Aanee. ecrn rroacraBr4Tb U =3PV t) ocltoBHoe vDaBHeHue

ro o6uapyxlrrca, tto

[99) . ,=.1! t ]  .
\ ari l, \ar ),

( d t - i \  - ^  - ( a P \
I  -  -  J r  =  I  |  -  |
\  av I  t ,_r r  l

- P . (3 47)

(r .48)

(3.4e)

flocxolrry o6leu rulr.rxa He r.{3Meu.gercrr, MoxHo 3aM€HlITb
/rr\ dP
, -l: I sa 1 ll norryvnrr o6brKHoBgHHoe Alt@Qepenulalrsoe )pan-
r l l /  d T

nanta. Oto nerKo ltHTerpllpyercs, M noJr)4raer ctr ln P - 4lnT + const,

V]IA

P = const. '[ '  .

.llanneHne Hsnf{eHr{r nponopur.roHanbHo verreproft creneuu
TeMncparypbr, noSToMy, 3aKJrIoqeHHa! B r.r}]IyteHlrH njroTHocTb

T] P
)HeprHr 

;=J, 
roxe MeHrercq [po[opqnoHaJ-r6Ho ?'". obuqHo

TIUIUVT TAK:

U 4o *o
V  c ^ '

r.[c c - cKopocrr, cBera! a o - flocroqHHas. floc.nerHee
BbrpaxeHrle Ha3rrBaercrr 3aKoHo[,r CrcQarra - 6o.nsuuaHa.
Tepuo,[nHarvlnra caMa no cc6c He onpele;lrler noclogHHyto d.
i)ro Haurx1Hsrii npllr{ep u ee "Moryu1ecrRa", u ee "6ecculnn"-

Vcrarroanrl,, qro U i| nponopql{oHul}ro Io , :ro yxe 6o-nnuoe
rlocTr.{xeHrre, Ho oflpelenHTb, rleMy uMer ro paBHo 3HaqeHlte
{.; iL' . \pv roii }Inn urroii TeM[epaT]?e, Moxrro roJrbKo B paMKax
uirulcii Teopur{ crarucruqecKoit @u3nKlt, ttrc lollflaerclt
o - k1,r' | 60h'c' - 5.67 l0-3 Br/r'l1paaa.
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' dpq - ilii = si.I

htth lIoI| " lT-;r=0C
lioLi}\do(p qJl{mgego€qtrorto8 .e)tud])ar6xV er{a.[go rcll]tHI,IVa
;ror{:ps ndrewJoad ruflodlge .S otiJ ,,!pJ - A-? prf,anodu oJ
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-odgaHadu tr 'J lcd,{I?de }leJ }l 31 6trou or}rnx}L{rp )p) El.rcrro rfi
Forrlae{c}r 7 cxnnecndrrou ol,{xcaudr>rare npjeroutrrdlj

Its tl'dpr-np=49

I^tllh,{IIou

euso.y'zgf ,g+11= 
''"2 suxorou 'stgf 

,g ani,\xex { brrou olo)reh
-HdJ.xaffe oru-rd:nc '"'p clr Nuravn& M d 1/V + g -. e atr.ixdoQ ou
,/ olrnpclrdlrffox ol,itJehldrxar€',{etrosg . (Brou oJo)axhrdJ)au€

otxldou€ neho{rfls) tql {orcr{t HHJdoH€ UeHHJd.r"/iHs qJ,roHrolrl]l

_ "'""n ,elfieJ- oJol,{I4Yos[ou ogJ,cehl4lfo)t eoHdBIHeNeII€ Ag ayJ

(os r)
xi1

' AP n 
-'"""nP = Og

em4{l
{ or/?h?H eosdou r,{omfiu?t ' 1pd (uuJl-xc) nr.rHedl,{mced 4oro9
-ed 'ornqonto,{ o '}r€redgeHadu 'Ap(yf 

lg\- Eused €xxdl;Iar€r.tv
tlr,{aq.go rqnHHrrYe BL.tr eroged rsxcohfi dryoue K€HdeJHonore

'nlqlulrortou -, tio<Lgc r]rsHqriStr{ e ,axlo'l
lloYxp)| s I,lNrqHqroulredeu g n E ndorxas nrorcodu rfftr rrEJ
-eirouliedu' (sdoJecHayHox li}texHr.tJ.ptru ̂Ifxor^I, de],{ud usH) elrou
Jo)sah,rdlxar€ aoHtrodoHl/o aoHHttolco[ eoHmeHrr o{ oJoHHaI[a]i
-on 'eiHdI)eII€r.rY oJalflrtrosodlloH ?hlaq,go nnr.rHu[o 6ti t4xu[
-pHl1trot{dar uL?},eH oJoedau eunaxedrsa ?r€haHc l^tamu eg

arou xoxcorxd.t xere
noHtodolltro HoHrrro-|;rolr xasmoHs o[ xndrxaretr[, .t.S.t



Peurat gro ypaBHeHfie orHocr{TeJlbHo dS, cqfiTa_{ He3aBucLI-
MbrMr{ repeMeHHtte E n f, u norb3yncb ycjroBreM cyulecrBoM_
HHr{ rroJrHoro Ar,tooepeHql,{tr,'la d.l , no.nyrnv

(#),='(#),.,(#),.(3.53)

orKyaa

, @. 4 =' Ii,(#),., (ff),p, ., 0,,t, (3.s4)

rae U(0,f) gHeprurr AHsnercrpnKa B orcyrcrBr,re 3JIeKTpI4qecKom

nolr. flpnuenm ery $oprilyny K qacrHoMy cryqalo, Koraa

-  a( I ) - i  -r = - L ,

(e 4lralerrpuvecKarr rrpoHr,tqaeMocrt), nolyrnu

,.... -, . # = #( *! !). u p,r1

(3.s7)

(3.s6)

Ec.nt a - I - constlT , vro npv6ttr,rxenwo [paBubHo Arrq A]r-
TToJTLHOIO ra3a. To

u*,,, ={+up,r) i lnr4 u =u(o,r),

T.e. ruIoTHocTb BHyrpeHHeti gHeprur.l B BerIIecTBe AIr3neKrDfiKa U
He 3aRI,tCl.tT OT nortq.

3.5.5. flapauarner[K Bo BnemHeM nocrornnoM oAaopoArroM
MAISIITIIOM IIOJIE

C novoulrrc @opuyl varnltrocrarnKa terKo noKa3arb rry-
re\r rorrHo raKoro xe pabcyxleulltt, KaK 14 B cllyqae AH3neIopHKa,



s8

''rcoD,l Ho)?€ ra,{Verj ,, eyf,\Lo ,Jf 
II tsuor=AlA)t

PtrJo) 'etrJoJ, o)qlfor oHxol^{ttos 016 e .lloflo>?J {Jrsg
BHXIfotr resedu u .oHqtroJesotrcr/J .11 ro 6r.rrIxH/{O ueHU.HLru
crsa esrrHosed oror€ qrreh yeseV .(tl7)l = HX .a.t .HI _ n
o?h.,{(, wor€ a .orrqreu4urrJev .Bo€eJ xrqrrJfiHJened?u rL.T
rJf lrmorrHrouts[ omodox , 

JIH tsuo:t _ 71 :Hdo{) Hoxee roerarrqs
^sedc ?rerqr^rad oloHHah,{ro! cu or ,(adf,redauN 

 

goHHptr fidu)
]{ vtou Jo JLtoHgBr aH / cJ,cogunltt4lrduoog reurl,rmer^t HIIJE 'Hxrw?HuVor{der 

HllnaHaed{ eu noroVadlo qrlqg J?xom eH / ,tLrfi -xH{Q Lng '(tlg)l=l? orh .raf[auo oHHosrcYodrou)H eY{)ro

(09 f]"(#u),..(#)'

' o r' u lrrodrs€ z rern Hoda eortr oroH rrolr ""rnoo*.""lrlf^orl"fl -c,{ yolre^,{Btsroucos H (J,A) xrsHHor^{odeu a WpH _ np = SpJ txLryl -EHXVondor ol4Herrged,{ ooHrroll3o namH adeu oJoJa IrrV

(6s r)'\tlu)t = w
or '(soteJ xrsHJrHJ?xedB[ rl,t os}lrltras"dxc

orh) (J)n = n 'a.L ,H EUor. ro utcnBe€ eH n nula oJh ,nox?xoll
'(ol,,r^^x?s 

B nrorr HHJdoH€ cog) axllraHrew rl.tJdoue rrrHHedJ,{Hs
- n 'H :r.;(or olrHet.gedtleH ?H ?Irer BrHehtolt oJoHJHIu?nr oJoH[orI
B nxJodu l{ '(oHl/odoHyo ll)oohr4r)?du H evor] uuxo,o]{firc^I]
-otr or.h) ,(xtras:en ,{r{ocs o) rcrqJoHro affHeHtredd grotr€

i 8i t)A[pH - np =ap
riHs reow}I ? ouou aoHJ}rHJeW eoHtrodoHtro aeHmsHg os oJoH -Hf,m:ytou 'sxl4raHJew Btf, u\uyteH r/olprder oL?h?H oogdau olh



$3.6. 3aron BospacraHtrfl glrl?onnll

3.6.1. 3aron Bo3pacran[tr gHTponf,l

Hal,r6olee saxHofi oco6eHHocrblo gHTporll4l4 *Mnercfl ee

rioBeaeHr{e npr.r ueo6parulrlrx npoueccax. 3ro teu 6oree BaxHo,
rrroj KaK )DKe yKa3blBanocb, nogttrae o6 o6parnuou flpouecce ,IB-

nrercrl n.[earl43aqueii. BeAl npn o6paruvou [poqecce cl'lcrella Ha

;rroSoil eio crarllu aonxiia tlaxoAllrcq ii cocrorlHltll repr{oal{Ilantl{-
rlecKoro paBHoBecuq. n.r,q ycraHoBJIeHHt paBHoBecnq rpe6yercl

BpeMn, H no3ToMy rlpouecc, qro6ut 6sIrr flotHocrblo o6parl'lMblM,

.uoJrxeH rlporeKatt 6ecxoHeqHo MeaJIeHHo, qro, KoHettHo, HI'IKorra

He nMeeT MecTa.
Kax norasr,rsalor r olrblr 14 Teop[n, rr.s ueo6paruuu npo-

UeccoB B 3ZIMKH)'TLIX cl{cTeMax 3HTpOn!'u Bcerua Bo3pacTaeT' I{ 3To

csoitcreo rapKe fipucyue SHTpon]{H, KaK )Heptttlt cRo}.lcrBeHHo
coxpaHtrrcr{ npn lro6ux [poueccax B 3aMKHyrbIX cl4creMax.

HMeHHo rloroMy, qro 3Heprfic coxpaHnercq B 3aMKHyrofi

cncreNre, oHa (aueprrrl) He Mox€T cnlxxrb QyHxuuefi, noKa3HBil-

rorl{eri B KaKoM HarIpaBreHHq tIA}'t npol]leccbl B TaKoH cucreMe;

Be.[b rlprr np6oM u3MeHeHun cocTofrrlsJ/ 3HepIHJl B HaqaJIe Ir B

KOHqe npouecca oaHa I.I Ta xe, H rIoSToMy oHa He aaer Ro3Mox-

HOCTL OTJTHqI,ITb .qpyr OT Apyra HaqiubHoe n KoHeqHoe cocTotHHq.
9urponux xe B ecrecrBeHHo I{AylIHx npoueccax EcerAa Ro3pac-

rarcular, qTo no3BorseT cyalITE, KaKoe HanpaMeHl{e flpouecca

RO3|\!OXHO X KaKOe HeT, !L[H KaKOe COCTOqHUe qBJI{9TC.I HaqaIL-

rILIM H KAKOC - KOHeqliblM.

Ecnu, Hanpuuep, !tbI cMeltll{Baer{ aBe Maccbt Boali c pa3Hbl-

\r,r reMfleparypaMr, To HerpyAHo y6elnrrcl, trro cyMMa 3nTpofil'lli

o6e8x Macc !o cMcuJeI{ q Mellbllrc 3HTpo[t.{}t cr{ecH, HMeIou{e

lpoMex)roqHlm reMncpar)?y. Slclto, vto flpouecc cMeuIuBaH t

\{o;,l{eT rpoTeKaTb caMocTosTejlr'rro, Ho o6parHstti npollecc caMo-

!ror{Tejlbl{oro pa3,[eneHr'tq cMeuaHHblx Macc ]lcBo3MoxeH, raK KaK

o1r 1r )r{t()Br))Krarc;r 5u yveurtttenl4eM 3nrponl4H.

Poct : luponua r lto6ou npouecce Hc npoaoJlxaerct Saft(o-
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.Latr^g ,lcew3 ird,{ii?dexr{or ofh ,oHJtr

'nt'L3?u

-irhHr3a,{ lqneJ)I{a tJuuodIII€ oJ-h rhtex€)ou'x3.t-otesnllq?dn$ xn

HdilBdauyier l-| Ictros EoHfouox arrer^l ox {oxl11 ]ft.orrual ,Le"IlJ.o

BEos KshrdoJ 'dowHdueH 's['Jo) 'b?lrill:) oJJmrJaroodI rlfv
'flg rsroruer eRrcor,

-r,t rfox ax oJox€r Bl4Hoh^rou reh3 ?€ ot4Httor'oJ ooSJ JaltHeNtll €r
oroJ. 'oHH:gJ3to{Joo3 :dg- IqJoruar eaJ,rah}rro) olodoroxcll ltu
fiderou JOnJ ?€ Nol€ ltdu ul.L?uHay'i€Il ,/ EUJr anHbol:o]

'f,Jenodu 
4nl,lnr,edgoerr ror€ BJJeetrxosoduoc

wtgdoJ.o) 'ur4[odJH€ onHaHohr€lr wr4uouhr<rg 'i < [ trr,{1
'BJJore{I,tH{lldlqg ror xxoqo rcd,{J.edeurtgr oJah aJBrqr^eod

{ '.tNorafuuH oaHer{ x eror oJoJodJeH aerog ro srntrox}deu Jofl(g
eroruaJ, oJ '2.1 r.r J 'ouHcuroJ,rgroo3 'rqnged xndorox Hd^redon
'r\{:J 'g H y nl(ar egl JHHegcHoo)rtduc3 s rJ-JefludU l'l_if,a

anutradauor,rra.r, ndu nnuod.r,ue omahnref,A'Z'9'€

'HO)e€

JoJ€ ar.tlflol{dudrcolrrfi 'ndawudu endoroxeH r,,r5trasndu
'Hxr4l{uHutrondal, err-uhex orodotg JI,tH?xde[oo Ja]rilFerJoJ xeJJen

-odu mnrredgoeH udu HuuodrHe ruHercpdf,o€ Ho)sf, ror€
'qJ?)oJodu Joxoh{ eH xHUofuH€ waNxomcuor,{d

J JJcIIodIl UlsHredgo :sHaxorhr.rH,4 quqg rexon sH exd eHo
'rellllemor Htr)KeHtro 'oH oll4JasoHsed ) Bvoxodou sJteflodu mo)
-E3e OB ,,Xttoetr€o3,, oHI{UOI3OU zHO l.{ ,,rCqr€gef,/e O3,. JSyOW K!!U
-odrH€ 'eHoxorhHH^ HH 'eH8treoc L{H qJrlg Je)t(ot4J oH ru,IdoHe xex
nnods oJ [J'l,tuJdeH€ ro ]tJJoBhfir[o oHHesrtenl{J 'rHHltorsoJ IJr4n
)H,{O )sr 'rqworcHJ 

l4oJ-{H)It€€ 6r.{uodJH€ 'No€?dgo t^u.tx€I
'mroreIfl?d)ed[ B sm{etreos oJaHmoHs €og KrrHnomoJ 6r{H

-aHerrrH r4rflqg uH or rqg elfJe) 'oJ,{HJ}trJoV oHo )e) 'oJor ercou
t{ rt{JosoHsed ot!{Hyortoc ra. srtraarooo HIruodJ,He ol,IgtheHf, eoH
-qlar{r4a)en oI€ 'Iqt{olf,ttc 

4oHHets EIr'v o.ronderxedex 'I'I-lHehpHe

oJoHq(?r[utx?w oJoHHe[aieduo EHHexurcotr oV qml{r e 'oHheH



1 '  =Tt+71 '
2

a r.{3MeHeHX€ 9rrTponn}r

s-'t!9itQ.
t r  J  r '

1 1  '  T , '

rx.e 'Q=cmdT, c - yflerbHar{ TeIrJIoeMKocrb Bo4r,t (c = const
ct,l le;lbHo f). CncAobafcnLuo,

3.6.3. Vseax,reHle gxTponnf, [prr pacuup€ur{f, xJleaJrbtroto ra3a I
rrycToTy

Mrr )rre orMeqaJlr4, qro npouecc pacutpeHxq ra3a B lyc-
Tory rroJrHocrblo neo6paruvu* npoqecc. floxaxeu renepb, qro

3TOT rrpOUeCC COI]pOBOX.{aoTC.S BO3paCraHHeM Onrponltl. Kar us-
RecTHO, paclllrperll,Ie r{aeaJrbHom m3a B lrycToTy rrpoHcxo.El,rT r.t3o-
TepMI,IqecKI,t, noToMy tITo BH)'rpeHHt_q 3Hepfug l{,EeaJrr,Hono I:(}a He
3zlBlrcl{T or o6rer.ra. Stor rlpoqecc, cJreAoBarejtbHo, np€AcraBJlter
co6oii lepcxoa ra3a LI3 oAHoro paBHoBecHoro cocrotHu.s 1, npfi
KoropoM o6T,eM ra3a paBer Vt, B lpyroe paBHoBecHoe xe cocrorl-
Hue .4 npu KoropoM o6teu oospoc Ao 3llaqeHr4q Ir, (xorx nce
nporde)K]'Toqr{bre cocTorHr.tq HepaBHoBecHbre).

Kax 6suro yKa3aHo, 'q,,Ir onpeAeneHrur pa3Hocru sHTponxii
\t B 3TI{x ARyx cocrorlHxrlx xeo6xo4r.rvo BbIqucrHT], r4HTefpan

\l= j;'+ ,arls raxoro-Hr6yAb o6parlMoro npouecca (n aauHor,l

cny,rae o6parnMoro H3orepMutlecxoro npouecca)-
Taxnu npoucccoM Moxer, HanpxMep, clrlDrc,{rb npoqecc o6-

AJ - r,,fn I t cnhL = r^6(7, 
- Tzl' 

, or,

rar xax ({ +Tr)'� > 4T{; .

T2 4TT
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or3[ r.{trcE v'I H ts{H?go(o) .uxHol[ads 'Hr.rHtxfistr oJoHqrcreurfu
-f, ou x tt IJI{JdelIe Be)3ah}lLHu) rJ3JOrrgy, utlr},I}ICSOIDITOIC ^trXCr"1
I.Ir,{)arot{ ro{tyslrgo IodoJo) .r.ru:daHe }^{oyrl{ }{rsHHafl.LcHI,Iro
E 'oxtred tcrorahdllc tsltHegoH){rort ?I{)ISJ oH .r{o.r^dI, J J^dtr
ncrorBd?v^oa lcr,fuaffo,{ ,u3J,e3}t,{sed .ro^sl'alnfs es r,{xorlon xu.r
-,{dU orf{g )ex.xBJ r,{aHv3dc s ngrt rrtr?{ ?ser er,{xoro}J b?xbrs
oJh '<l.L?JeIIoUVed! JHhetrr ,rrJl.eovu c?l ou, ,qrs[,xde{J

'/4 OY /lV)-I) ro _ z ErdoJ teJ 2 .l oy l?, Jo }lis(Lgo
lrogc rudnmled I ErdoJ €€J orh ,dr,,IoJ ) tscJoyarro lq}lieJJx, ex
aHHaH:neH 'Hrerceh xrcHvoxcH x^atr {njdaH€ xr4HHedrirr{ ewr^rdc
lr orr",{rtunuvatl gx fu raatru ,gonHo) oIIHo) s .IqNarJt4, uoH
-fiVo n rr4JdoH€ ITBHHOdJ-,{H8 BeHroll .ar,{arJtD 

UoHHeBodI{[o€H
u Jcanodu {tgr {tflpdgoeH rrogoo mrlrg?mtredu angesumawc xex
xer 'sreJ.cedcog eHxrov rnnodrH€ nruHetrxdJ{J,/i r{rrHxedu ,rHm
-€H oU 'BtqJ€sl4met{c oHgffoa€Hodu xzea nuroscou u ,{xvodoJad
-au wadeg^ rqlr sdeual .ed. ]edeur{eJ rx ,!or 14 HnHauaev ex noJ
udu rl.{resoHsed s rtolefitr[ox?H n fixtrodoJodex rsHodorc uoJ{dy
) lvJ-l) }l{os,go oJelnorcXl{H?s .(?ro€? .daw du?H) z erdo,?r?J
l!0rolr{ a(2?*l) H'fxf,/odoJedo[ rlHodol3 *iroHtro r lniolyun= 04
uuHars?[ u 0J od,fuedau{er fldu lD llregqo oJomorur{nHe€
'(6r.u||J0J 'dewHdueu) 

1 erdot p,€?J {elror{ uD BcJreewt4 ewihe:fi) 'src-,{g 'leelced€og aJar{c nHuodrHe ao€?J xfgv urH?sHmar.r3
l.rdtl oJh'htexexon ?donl{dlr oJoHqrrorHhotrxeo osm3h?x g

socuJ trna{QQllE 4ou}r{ne6s Rdtr UtrItOdrH€ aruahflfos4 .r,g.g

'reeJcedcoa ,{Joia,{I] s ?cer
ul4H?dr.rmosd ndl rqruofune .e.r .0 < 5'r7 ol .f1 < N xex xe1

((.e'E)
t11

tqY=sv
gy unuod.lne er4HeHe}{cI,I }trHrrl{hrgs aeHsd

rqr,,r o.rodorox Erfr ,eteJ rHHodHmc?d oJoxcehfilrdoJo€t oJor.{Hted



o6croHT TaK, To B cMecfl o6a m3a aoJrxHhr BecrI,I ce6r raKr.rM 06-
pa3oM, KaK ecnu 6H aplToro ra3a He cyuecTBoRtulo: y Kaxloro 6y-

,4er cBorr co6crReHr{a{ 3Heprn.rr, cBoo co6cTBeHHoe napuuajrbHoe

IaIlreHHe H cBot coocrReHHat gHTpoflfiq, He MeHflIo {aqcq n3-3a

npuclrcrBnq ap)'r x ra3oB. Koue,rxo, B peaJrbHbrx ra3ax. npt{-

c!"TcTBt{e oaHoro fa3a B cMecr.( HecKojrbKo cKaxeTcs Ha ap}ToM
fa3e, r{o arfl TaKax ra3oB, KaK fe.lrlifi H a3or, HaxoarulHxcq npfi

KoMHarHbrX TeMneparypax, aror eQQerr 6y4er uar.

O&taro .4rq cMeclr H,4eaJrl,Hbrx ra3oR 3HTponr.rl crrrecu 6yaer
paRHa cyMMe orae;rbHr,rx 3rrrponfifi. BHlrpeuHue 3Heprrru ra3oB
lIpH cMe[rrrBaHlI,I He ]I3r1eHtlorcq; cr'IeroBarerbHo, vro6u yrnarl,
KaK rl3veHqrct orrerbHble 3HTponxr4 npr pacufipeHut..t o66eMa,
lryxHo BocnoJrBoBaT,'or oopMynoii u3 irpeablAyrqero [yHKTa
(3.62) tirs, ri3MeHeHX{ 3HTporrfir{ oAHoro Moju ra3a npM i.r3orepMr.i-
rrecxoM pacurlpeHr,n ra3a. B aaunov cnyqae atrq oaHoro copra
ra3a oHo nprirMeT BI{,q

V I
LS, - dnRh;i = anRln- ,

a oOuEfi npfipocr aHTponHt{ Ang o6oux ra3oB nocJre cMeuHBaHuq,
Ha3brBaeMbrfi 3HTpoflflefi cMe[rHBaHr.rq, paBeH

(3.63)

.{la slrarettnfi 0<a<i BHpaxeuua (3.63) ecr6 noroxrl-

Tgrr'rbHaq BcrurrHlra. Orot npupocr aocTr,rraeT uar.r6olr,ureft Beluqu -

Hhr, KoIAa cMeUJUBaIOTCf paBllbtc KoJIt{qecTBa aByx Ia3oB
(a-ll2\. Orucruu, qro.D'ls r.{AeaJrbHHX ra3oB 3]H.a.reP.�IIs, P u T
lr KoHeqHoM cocTorIHHH Te xe, qTo l.{ B l.tcxonHol,t cocToqH[I,{; Ho
il)lf peajrbHblx ra3oB P L{ I HgcKorbKo H3rleHqlorcq-

Bo3pacraufi q 3Hl ponuu cncAycr oxr{.[arb, KofAa cMerrlr-{Ba-
rorol rRa pa3Hnx ra3a. Ho qro xe 6y4er, cc,rn B3rITb aBa o,itr{HaKo-
Hr,tx rata',! l{:rvexurcq rI,I 3trrpo[nt ra3a nocre rolo, xax uu y6c-

r s  =  nn fab l+11 -a )h I  l .
\  a  t - a )
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ecSonoolr ax oJoI^luI
-?dgorrr I{rV er^lHredgooH oJc cr)eh x?) t?r .frsfiH.LpdgoeH men
-odrr r,{oh}jdu 'Jronodu rrogoJ,{d) Jor,{€edgo ?ccenodu ego elqrBrfl
a.rJowg (rcroged n lgl,ouuoJ goxHHhorcH ol<IIfiowou J) l\ocaenod[
r^{r9}{}rledgo t e{llnol.'oc JoHqrBhuH s ,{NaJtuc ,{meu qoeugr

NoHdog g er,rHtroJJoa r{ t ur.tH6oJtor cu urYoxoda 'r{or{u wrqN
.!,.rgdgoal[ gr'oHque.LKor3ol^Iej ?r4JeJcIlJ n?dolo)irr,cJc.{Ll

'l.rn od
-IHe r ror{H?J3?d€Og Kf,JOIetrx{OOOdUOf, Oh{5ttH3 UOJ{tIXI{et s rccJslt
-odu irswuredgooH ar<lgo r orh 'qtB€?)otr olngoos oHxol l

ouh,{rn r{el[go s rqr{adoar o8JJqrare€?xov '1.€S

' )ItodoJodax rHHeu"tr(
eu3o ..q3ull?mant,, n^xeuoxt xrqHhttltraY[ r{JcoHx,&ogot estr oJ,h
'qJer?)J U€qrfaH orh r?t 'erd)erorr r€HH?tr u.{troxudu H)[odoJod
-cu rqHodols {o)r2) c '(erl3r.rwt Horrrulf t{oJe go codxo{) qJ,e€?t3

rJ€qrIeH sftoxrrH (ttttorcuc ?rYbdouteg fodet{ UcrerttrB ur{u
-odrH€ orh 'weBHr,{ nw axrou) e)VBdouJog Bl{Hahums^ oJo)u)rhH
K.qJ,evo fguH oIDI(rOY tH OHqreII-IsJ,c4oY Ir)VodoJsda |wHewv.f
elfco or 'I(IsoxeHlrtro nxt'odoJede[ IsHodoI3 ego on Hrrf)er
-ol.rJ MUce :rloegdgo r^{xlnor_{louc qJ,ewr4Horr oHxoy[ or€ oHHesJ,seh
-E) OTHUOdJH€ rO6HOl,{0t{ OH e€BJ AX OJOI H OJOHIO UI-IIdOU &{{[

er{H?s}rmonf, orh 'oHere)otr mvdg oJodJc eerog neJ .4o)r,rHex

-ex 4oxrohltrsr.trers 03 rrrHarfl4{o)eHro ox' (?rggr,rJ wof,)ov
-edeu oJor{eestq€eH) Boxovedeu oJor€ ol,rHemad <IJID(o[ro l.r]DKIoV
H l^l l,oJJer r ?H su{seJcou ^)vodoJodsu r.t[re '<lttrllo try odJH€
Hri n3J.Hm<IHO}{lA e}U{hrnrfJoeH BnuH€ed eJ€ x)rohHuo)Jodxsr^t
oH 'H)tsodo.todau 0eg ̂ah rHl.tHolflal^radau ]^lao{J s eHaH?oJ, oerog
aaH ro ^Hodorc {HVo oII ?cBJ Bu,{xerorrr 'eJror] eH mroe}Jo extrod
-oJada[ strJo) ar4righ aav eH we<Lgo or-{m6(etr ',$trodoJedeu ned



bcnr,r npeacTaBnTr, 3ToT r.rHTerpM xaK cwMy aByx l4HTerpa-
JroB, cooTBeTcTByloulIX aBlar claar{rM Kp}ToBoro npoqecca, To Mbl
nonr{uM:

ido iao
t -  = +  t - - = < { J .
J T  J T

(3.6s)

fleprufi l.t: 3Tnx nHTerparoB paBeH Hynro, Ta( KaK cl,IcreMa
3aMKH!'Taq U TeIUIOTa He rloDrotqirracb 14 He Bbllerulacb cltcTe-
ruoii. Bropofi xe r.rHTerpajr, nocKonbKy oH oT}rocrrcq x o6paruuo-
My rrpoueccy, paBeH:

ciicaoDarcnbHo,

"|f="-'"=*'

u l9*s , . � s " .0 ,

J . { - s ;  <0 ,

S ,  < S , '

,r

ullA

(3.66)

(3.67)

T.e. 3r{TponHfl npn HeoopaTr.rMoM nepexoae l,t3 oAHofo cocTo.srir4rr
R Apyroc Bo3pacraer. 3To cnpaRe.DIHBo 4,rrt rrc6sx npoueccoB n

rlBr.tercs o6u{an saroHonr flpl,IpoAbr - BToprlrM Haqaro}r repMoAl,t-

H MIIKU'. ueo6pamuuue npoueccu e aanrctymoi cucme e ocezda con-
poeolrcdanmu snpacmaHuei4 3Hmponuu.

llpexge scero paccMorplrM o.ilHo RcrloMorarenr,Hoe yrBepx(-

reurae (rrcpanencrro Kray:Nyca). flycrr,, Hexotopar cucreMa co-
Bep[raer qnx.lruvecrnfi npouecc C, ooMeHusascl rennoM c ptIoM
pe3epByapoB, r4Merou{nx reMneparypbr 7,,Tr,..,T. ByAeu c.rnrarr
coorBercrRynuJHe KoJrr{qecrBa rerurorhr Q,,8r,...,Q^, KoropbrMH
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.LeEWl.rHudU (g9 E) or.rHamoHroof, eVJo.L .jg e.truet €flrcehHrrox or. r
-ehr oHhoHo)3eg le?mol'Jou eNaIcuJ ed?isdocod oJoltxrx eH ,^{oh
-udu 'sodufsdecad xHeorIIaJ- etrEd oJoH{rsdedxeH r.lftoy{ou fidu tJ
-Jabl€rcohr{to tconodu oJh .srugwcl/3du t[exow or ,oH{Igdod[oH

rJcreBHsn€It ?d.{I?dO t{3r AIICA .OHde) {lolo{}tn 0u HatgeJro, <rJtgg
mxor^r Jrefiod[ 4rDrcahrrlr)tllrl n rHqroser4odu oJtr .9rr4JaNU€

'}lrnJedgo (ex)pr) t cjon
-odu afto)'orel,{r.c x Ef,rr.rJoHro (g9.t) a s8rcHos?d xeH€

'r'JJ
(Ss f) '0 5 ,-; + + --' -

ti ,A' ,d

:?HHemoHJooS a elnoldtr'tri or3an
reann oJh'cr?epxolll oloKow ?trJof, .uneHuht4ras 

uoHcroJuntrdto
- eo^-oesPYIO e '4oHl,lhtlrrs 

XOHqf3Jr{XOrO ruOr aI OAJiohHIIOX

LtoytaJJI,IO aol loElnouJou <InJIthc rtnrsora,{ nohrdl] .||}\teHl.{httll

-)s Hxl.utehl4edgo:le _ urtededrdocod c p}{arJr.tJ ltrraBsl,IHe}t{qo
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{onycruu, r{To cucreMa nepexoAtr ti3 paBHoBecHoro coc-

roflHuq I B paBHoBecHoe cocroqHue 2 (puc. 3.3), Ho npoqecc n€-
pexora I rBJuercrl Heo6parnMblM (ua pucynxe oH [3o6paxeH

nynKTnpHofi ;tunnefi). BepHeu cucreuy Lt3 cocrotlHu.s 2 s ,IcxoA-

Hoe cocror{Hue 1 xRatltcraruqecKlr Iro KaKoMy-JIu6o nywt II. Ha
ocHoRaHItu HepaBeHcrBa K,raysuyca MoxHo Halll'Icarb

t ?io $o "60 -
o - - - -== l ,_ :  +  l  1<0.
J  T  i T  i ,  T

Tar xax npouecc [l - xsa:uc'rarfiq€cKl{ft, To

- ̂ r)
l?=stt)-stzt
i 1

flo:rou1, HepaBeHcrBo Klaysn-vca npHHHMaer BHA

2.8n
Q1t  l  q r l \  >  l :=

i t
(3.70)

3aecl noa f cnelyer rror{[Mari! TeMnepar]?y oKp]xanuefr
cpeAbr, npn Koropoii oHa oraaer cucreMe renno 60.

Ecrn cucreva aaua6aruqecxu r,I3orr.tpoBaHa, ro dQ=Q, I

uHrerpa,'r n (3.70) o6pauraercq B Hynb. Toraa

s(r) > s(2). (3.71)

Tarltv o6pa:ov. JHmponut adua6amuqecru u3ollupoaa*Hou
cucmevbt ue ,uo)tcem y6ousama; osa nu6o supacmaem, tu6o ocmaem-
cn nocmofl$Hou.

:iro 3axoH enpacmdHuL oqmponuu. EcnI4 .S(2) > S(1), To nepe-

xor arna6allrqecxH r43onupoBaHHoii cncreMLl ug cocTostttust 2 s

cocrorlruc -1 neuo:,l.roxeu, TaK KaK oH conpoBox{ancq 6ot y6tlsa-

rrueM 3Hrporrur.r. Hao6opor, aaua6aruqecKlui rrepexor cxcreMbt Ir3

ioiirtriHur c MeHbulei'( 3l{Tponueii -1 r coctoqHtle c Oonbuleit 9HT-

1-t<ttt'teit 2 ltc npoTHBope{tlT iloulynaTy rtToporo Har{a,Ia TepMo-

/inHaMI{KII H R 3ToM cMIJc,'Ic gMqorcq Bo3MoxIibIM. Btopoe na'la-
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KOe paBHOBeCI{e. B COSIO'HHT{ JII{HaM[qecKoro paBHoBecuq
paBeHcTBo Nt= N1= N12 flotITH HI{KorAa He c66.1r6Aa€rcs.
PaeeFrctno oTHocr.{Tcrl H€ K MfHoBeHHHM 3HaqeHHqM 1r', q N) a K
vx cpedHult 3Ha\eHun 3a a,'lr,rTeJlbHhrfi npoMexlToK BpeMeHH:
N, = N, = N 12. Caxonpouzeomnwe omtctoHeltrn lucen Nt u N2, a
maKtce nfi6ux dpyew Qusutecrcw eeluquH om ux cpe)Hw 3HaqeHui,
o6yctoetenuwe mennooull deuuceauen, na3uaammen $nyrcmya4unnu.
B xaueu flpr4Mepe [pr,rHrlr{rruanbHo Bo3MoxHa n raxax elyxrya-
u!{n, Koraa Bce MoJIeKynbI m3a, rrepBoHaqaJlbHo pacnpeaeJl€HHble
rro BceMy cocyay, caMonpou3BoJrbHo co6upatoTcr B oaHoft n3 paB-
sux qacreft I mu II.9ro6u y6e4uruc.s B 3ToM, rrpeAno;ro)sM,
rITO MOIeKyIhr [a3a tMgroTcrl MaTepHn[bHbIMII TOqKaMH, a CT€HKH

cocy.4a a6conrorHo fnaaKfiMtr. Eclu o Hexoropufi voveur npeue-
lll{ t l.r3MeHr.rTb Ha npoTHBononoxHbte cKopocTlt Bcex MoJIeK}t, To
MoneKyJIbI HaqlIyI aBl.lfaTr,cfl B npoTr.{BorrojloxHbrx Ha[paMeHuqx,
npoxoar B ToqHocTra vepe3 Te xe loiroxeHuq, qepe3 Koropbl€ oHI{
npoxo.rrr4n u paHee. Orcroaa cneAyer, qro eclru B MoMeHT BpeMeHq
t=0 $ce Monexynbr HaxoArrrr4cr, B qacrn cocyAa l, ro oHu cnona
cobeplrcl B Torl x€ qacrH B MoMeHT 2/. floqeMy x€ TaKHe [po-
ueccl,r Hr{KorAa He Ha6nroAarorcs? Orser, AaBaeMHi MonekJ-
ntrpHo-Kr.{Heruqecxoft reopueii, cocTor,rr B ToM, rrro oHlt, xorr H
tlpr.{ HuHrrl4aJlblto Bo3MoxHbr, Ho IIpII KOnOCCaj'IbHOCTrl rrUCIa MO]re_
Ky, lr' Kpa[He MaroReporrrHr,r.

Paccquraeu Bepo.flTHocrb raKr, npoueccoB. flycrl, r cocy4e
r{axoal.rrcl Bcero o,qHa MoJreKylra, TorAa. eorn H€T BHeIIJHI,Ix cltrG
tsbrx lro.lrefl, MoneKyna c paBHorl BepoqTHocrbro Moxer norracrb
nn6o s qactl I,.nn6o a qacrr II. BcporrHocru nonaAaHur{ ee B 3TLt
OII'lHaKOBblc qACTV Pr- Pn=ll2- BAeICM e cOCyA BTop)'IO MOne-
Kyrv. TaK KaK MoneKynlr HAeaJrbrroro m3a rle B3ar4MoAefcrBylor
nex4y co6oii, To l.tx rrona,qaH[tr B Ty vnv r.rH]'ro qacrh cocyAa
6ylyr ge:aancuugtvn co6ltrluur,r. Bepolrrrocrl roro, vto o6e
oHr4 oKDK!'Tcq e,racru I, HafiAercfl no reopeMe ,n{HoxeHnc De-
ponruocrefi x 6yler paDHa Pr =l/2.112-114. Ec.nu s cocyle N
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<DenouenoloruqecKat repMo.uxHaMqKa He npl{HllMaer l,rx Bo
BHLIMaHHo. Taxr.ru o6pasou, MoxHo cKa3arb, rITo BhIBoabI Tep-
Moar.rHaMr4Kr.r BepHbr, ecnu npeHe6pe.rb @ryrryaqnluu. B6rusu
cocrorHr.rfi paBHoBecuq Qryxryaunu B ry rr B Apyryro cropoHy
paBnoBepoqrHbl. Ho ecax co3aarb ItcKyccrBexHo HepaBnoBec-
Hoe cocro,rulle, To B no.{anlIrrrouter.r 6o.rsu n n ctge cr} laeB cl4c-
T€Ma caMonpor{3no.nuno 6yaer rtepexoAltrb s cocrosnfie c 6o,'ll-
ujeft Bepo.mHoqruo. C apyrofi cropoHbr, corJrracHo QexoueHororu-
.recXoI.I TepMOAItHalf I{Ke, Bce caMolpOi{3BOtr,Hble npOqCccbl E
3aMKHyTbrX CHCTeMax COIpOBOXqaIOTCq BO3paCTaHIreM sHTpOn'IU-
Ilo:rouy MoxHo oxuAarb, qro Mexly sHTporrneft crcreMhr ,S B

Kax.qoM cocTor{Hult 14 BeposTHocTr,ro P Tom xe cocTorlHuq aoIX-
Ha clulecrBoBarb odnosua4nan cansa. Tarag, {nore3a, BBeAeHHaq
Eolr,quanou, onpaB.tlaJlacl n oKa3:uracb BecbMa nrororBopHofi.
Haura :a,{aqa cocrour renepb a rora, vro6rr ycrirxoBr{Tb 3Ty cBrl3b.

Ha nepnr,rfi B3Mr.a Kaxercr, qro raKat 3aAaqa rrepa:ip€uHMa

t{ aaxe He I,IMeer cMhlcra, IroKa He ycraHoueHo B o6ueM BI4re,

KaK Olpe,qeI.STI' RepOf,THocTI' IlpoI{3BonI'HOfO cOCTOgHtI.g nro6ofi

TepMolrrHaMl,IqecKofi cr{cTeMH. B Aeiicrsl,{rerr'Hocrt{ Enrr pelueHltt

3aqaqH AocraroqHo 3Harb caMHe oODII{e cBoficTBa, KorophrMH

aorxna o6laaarb BeporrHocrb P npn nro6oM cnoco6e ee onpege-
:renur. Hago roJrbKo ycn;rrrrb rfinore3y o cBs3u Mexry SHT ponuefi

r4 BepotrHocrbro tpe6ooaHreu, qro6u gTa ca.g3b 6ura
ynueepcaatuori, r.e. BblpaxaJlacb Qopuyaofi S = /(P), r4e $ynxqnn

flP) - odHa u ma ee iurt Bcex re.r, B KaKHx 6br cocroqHfiff oHr.t
HIt HaXOII{iIttCb.

[,ra Haxoxgeunn nlrga @yuxu]r]r /(P) paccMorp[M ABe
He3aRr{CHt\{bIe no.[c]IcTeMLI B COCTOTIHU'X C BepO.STHOCTSMI4 4 I{

/'.. l4x sHTpont r n 3Tl.tx cocror{Hrrrrx 6ya}"I S, =,f(l]) v
Jr. f(P,). O6le.qllul.rn o6e noAclrcleuu r o4uy clrcrelry N o6o:-
,riir{uM DgpoqTHocrb ee cocro.sHl,Ul ,tepe3 4., a lt{Tpo|Ixlo - .Icpe3
. flocxorr,xy floacr.rcreMbr He3ar]uc].rMr,r, P,, - P,l'.., a floroMy
' t(P,.).. f(P, Pr). C apyroit cropoHbl, repuo4r4uaur.rxa rpe6y-

. ,r,!)6br 3HTpoirflt cl(oxHoii clIcTcMbI 6r,r,ra palHa cyMMe ?HTpo-
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dy _ _d[
y P

14 urerpupyl 3ro nocJreAHee ypaBHerrne, noJryqnM:

l n y = - l n P + l n t ,

(3 .'t s)

d f k
d P  P '

(lIKy;l4

I = k l n P + C . (3.7 6)

flocrocHuaq [HTerpr{poBaH[q C 4olrxna paBHrrbcq Hynro.
.{eficruutelHro, [o.qcraHoBKa Hafi,neHHoro peueHr4q R ncxoAHoe
)paBHe HI,te (3.73) npunoaur K coorHoueHr.{K)

kln(P,P.) + C = (k tn 4 + C) + (f h p, + C),

orKyAa C=0. I,IraK,

. l = , t l n P . (3.77)

Ocraercg onpelenr{Tb ql{creHHoe 3HaqeHlre nocroqHHoii f .
,[;u rroro AocraroqHo Haiirlt He:agucuvrru cnoco6ou, a aateu
cpaBHr.{Tb ^[Be Bej tqnHr,r: pa3Hocrt, 3HTponH KaKofi-rxbo crlcre_
Mbr B.[Byx npon3BojlbHbrx cocTorrH].tfl( lr lorapNtfnr oTHo leHH.s ee
BeporrTHocTeft B Tex xe cocTotrHuqx. flpoule rcero Bocnolb_
3oBalbcq nAeanbnbtM ra:olr. flyctt yt rt l/1 - o6r,eMu Mors ra:a s
Haq:urbrroM tr KoHeqHoM cocTorHr4rx. TeMnepaTypbr KoTophrx
o,itr uaKoBr,r n re xc. OrrroueHne BeposrHocreii Haiiacrcs no eop-

( v \*'
rJyief l;l , ec,u B Heii no.,roxr.rTt aHa'g^alra l/ =I/1, a 3aTeMl v  l

l - tr-.,. 
'f 

axuu trlreM HaxoAr.rM

I 0 0
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f(xy)= f(x)+ f(y) . (3.80)

9rH cgoicrsa Qyuxqun ./ aaror HaM Bo3MoxHocrb onpe-

aelrr.{rb ee BnA. TaK xax (3.80) BepHa g-ltr Bcex 3Haqennri .r l,t y,

TO MOXHO RtSTb -},=l+r, c 6€CXOHeqHO MaJIa-q Berltql,{Ha nep-

soro nopgnxa. Toraa

f ( x+ex )= f ( x )+ f ( t+e ) .

Pa:rarae o6e '{acrri u pa4 Teilropa rro r rr [peHe6perarr
BCeMr{ qJreHaMH Bbrue lepBoro nopslKa, I4M€eM:

f(x) + xef'(x) = f(x) + f(r) + e f'(t) .

Lnfl e --0 HaxoAr.rM "/(l) = 0. OrcrcAa

x l ' ( x ) =  f ' ( 1 ) = k ,

rAe,t llpeAcraBrxei cooofi KoHolaHry, vJrLr f'(x)=k/r.
Hnrerplrpya, fionfraeM

f(x\=k lnx+const  '

Bcnouuuar, I{To S = /(P) r.rM€eM

S =kInP+corct .

Mbr MoxeM npr.rHrrrl KoHcraHTy rrHTerpupoBaHlrt, paBHofi
uy.rro. 3ro.uolycrnMo, noroMy qro 3HTpo[[q onpe,qereHa c roq-
HOC fbX) ,{ lo an4HTfi8HOfi OCTO'HHOn.

Kone.rno, cJleayer norqepKHyrh, rITo 3Tl,r paccyx,[eHr.{t He

AoKa3brBaror ypaBneHr,u Bonlquasa (3.77), rar KaK Mbr He noKa-
jaru, qro cyuecrByer QyuxutloHaluuax 3aBucuMocrb Mexry S ll
f. OAHaKo MoxHo [peAnonararb, rrro sTor BhrBoA,[cnaer cy[lecr-
BoaaHr.re O)'rrKrIuoHanbHoir 3aBHcnMocrH npaBAono.[o6HbrM.

$3.9, HecromKo croB o rperbeM Haqare repMoannaMurlr

B 1906r. TeDnoannaMr.{Ka o6otarruacr rroauM dvnaa}reH-
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-odrH€ go qrudosoJ [crq]^tt roerriM ,{r^ror€ol] .dravadu ,(noglexox
^I,{oHHerotreduo ) rc.LfirqgdJ.c ruuod.ure orrfH ,{HoHrouo)ge x ur.tH
-oxurgxdu HdIJ orh ,noJ f, u.tolJoc ar4HotrxdosJ,{ oosdrl] .n6r4H
-otrxdatrL{ I{.(s[ ) mu{Eosc ercHdeH rqr{odoot orrHBxdayoJ

.,{xHer[J
noHaoHco a ol]l(mexalltreHfidD .EnedoeJ d)sodlrr,{]{do6 or,{H
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O6r,ealanss o6e qacrrl BMecre, MoxHo aarb reopeMe
Hepxcra cneAfouyn rf opuynrapoar,,l. Ilpu npu6nuxeHns x a6co-
JrroTHoMy Hynro npr4parrleHr{e 3HTponfil{ ,s_.s" cTpeMr.rTcr K BIIOI,
He orrpeAeJleHRoMy KoHerIHoMy npeaeny, He 3aBncqueMy oT
3HaqeHr,rt, KoTopbre rrpnHr{MaroT Bce napaMeTpbt, xapaKTepr3yro_
uIHe cocTofiHr4e cr{cTeMbt (nanpuuep, oT o6!eMa, aaBneHuq, ame_
farHoro cocrorHuil H np.).

Teopeua Hepucra orHocl4Tc.tr TolrrKo K TepMoAlrHaMIrqecKI.t
paBHoBecHbIM cocl.oqHHrM cucreu. K HepaBHoBecHbrM I MeTacTa_
6ruluruu cocro.aHr{eM oHa HenpnMeHr.tMa. flpl,tMepoM Mor]T cny_
xr.rrb aMopoHble TBepnble TeJIa, HarrpHMep, creKjra, npeAcTaBJlrto_
rrlne co6oii TepMoJluHaMr.rqecKu HepaBHoRecHbtre cncreMr,r. Ornaxo
oHu rrepexolqr B TepMoar4HaMuqecKr4 paBHoBecHoe (xpucm,,urn_
.recKoe) cocrotHne Kpalirle MeAneHHo - roAaMH fi AzD(e B TeqeHr4€
ilecqrKoB Il coreH Jrer. B eror4 clrHcre oHH I.l tBJUII.orcq Metacra_
6rutrnrtuu. Kor4a ronopm o Henpr.tMeHl,tMocru K Hl4M TeopeMbr
HepHcra, To r,rMeror R BnAy, rrro 3Tr.r rera HaxoArTcJr B TepMocrare,
ox,'laxrenrroM 4o a6colrorgoro Hym, ,r npxunll B TeMneparJ4)Hoe
paBHoBec e c unu. Crporo roBops, K HepaBHoBecHbtM, B qacrHoc-
1t4, MeracrabHrllt6lM cocrorH[sM noHgrue reMnepar]pbl Henpfl-
\reHHMo. flplr a6co,rrorHolr Hyne HaxoAt4Tcrr repMocrar, a He caMo
re.ro. Eciru 6u revnepari,pa rroHuMaJrach roJIbKo B TepMoaHHaMx_
qccKoM cMlrcre, To yKa3aH[e rra r{epaBHoBecHocrl u lletacra6u,rs-
rrocrb cocronHr.ts nph OopMynhpoBKe reopeMhr Hepucra 6ulo 6n
u3Jlv H|4M.

Ecllr yclonlnlcl 3HTponllro nclxoii paenonecHofi cucrelrrr
npu a6co,ttorHoM H)Jre reMneparyp c,rr4Tarr, paBHori Hynn, To Bcr_
Karr HeoaHo3HaqHocrh r' onpeaeJreHur.r gHTporrur.r ltcve:uer. OH,rpo_
Iu{fl, orpeaejr€rr}{aq raKhM o6pa:ou, Ha3brBaercr a6co,rrctHoii gn_
rpon;reii. Teopeua HepHcra uoxer 6urr,, cneaoBarenbHo, c@opuy_
xHpoBarra cneAylour{M o6pa:oll: npu lpn6:ruxcnlrlr x a6color_
IIOMy Hynl,o a6co,roTHaq 3HTponHq cucTeMbl cTpeM[Tcr] TaK)Kc K
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