
9. Teprrro4uHaMHqecKafl MoAeflb MexaHuqecxofi
cpeAbt c BHelUHHM ynpaBJreHr,teM

9.1 .  OcHoBHbte  repMoAHHaMHqecKHe 3aBncnMocrn

Mexauuqecxor- ' r  cpe,noi i  c BHe[rrrr{M ynpaBrrerrrreM Mbr rra3brBaeM
cnJlotxHylo cpeAy, Koropafl noA AeiicrBrreM rrer(oropbrx Br{errrHux
QaxropoB Mo>r(er H3MeHflrb cBoH peoJrornqecKne csof icrsa H Me-
xaHHrIecKoe cocrof l I IHe. f lp lntepaurr  noAo6nurx cpeL f lBJrf l lorcf l :
TeJra, HaxoAnuluecfl noA eoaAerjcrBHeM troHu3upyroulerl pa1la-
I1HH, Koropaf l  Bbr3brBaeT QoroxHvr.rqecKrre peaKqHn v npr. tBoAHT
x o6parnMbrM u ueo6parnMbrM Mr.rKpocrpyKrypHbrM r.r3MeHenuf lM;
noJrHMepHbre reJra ttpH r(Ba3lrcrarHrrecxofi r{arpy3Ke, HaxoAflulne-
cfl l toA Aono/Tr-rnTer'rbr-rbrM nu6paquorrrrbtM Bo3Aer'rcrBHeM: 6Ho.no-
ruqecr(ue rKaurr, Koropbre B oprarrr.r3Me HaxoAflTcfl noA sosAerl-
c ' t 'Br.reM pa3rHrrHbrx cpusrronorHqecr(Hx Qaxlopon 6Hosrexrpuqe-
cNof i  v 6Houexarnr,recxor i  npupoAbr (rnlr , lurevlras rr{aHb, Koropaf l
Mox{er coKparr1arbcf l  nprr  sosAet icrnlru gJreKTpHqecKoro cHrHa-
.na) .  I {exoropbrc qacrrrbre,  cJryqarr  cpeA.c BrreurrrrM yrrpaBJreHHeM
p a c c M o ' r p e n b r  B  p a 6 o r a x  [ 1 6 ,  3 1 ,  3 3 ]  .

. [ ,onycrrru,  qro Btreunce ynpaBJreHrre Mo)r(er 6urs napaMer-
pH3oBano c noMorr lbro MoAe,r tnol : t  cpyrrxr lnH ,y,  I (oropaff  gaBHcHT,
r (poMc Bpcr \ rc r rn  t ,  ra r ix (c  o r  onpeAeJrer r r ro ro  qucJra  napaMerpoB
Fr ,  Fz ,  . . . ,  B , r ,  xapsKTep l I3y lOUI Ix  B l leu l lee  nOgAef iCrnue.  [ony-
crtrM Tar()r(c,  r t ro 'y  f lB ' r f lercr l  ct(aJl f lprrot l i ,  l renpepunl tot l  H noJIo-
)Kr.rr_cJrr,rrori Qynxqueir. B cnyqae orcyrcrBHfl ynpaBJrerrufl, y - 0.

Cor .nacuo nepBoMy Lr  BropoMy Har raraM TepMoAHHaMHKH,  A l f l
npocrofo ruarepnalra B cryqae cpeAbr c BHe[rHHM ynpaBJreHHeM
I , IMCEM

p#u: I tn i lx ,nxr , t f i r rnr*  ha,u*  p i  +7,  (9.1)

D  / h e \  b  - -p2Tn- ( . - f  ) . f t -pT  
- i>0 ,

rAe A u fr npeAcraBr'rf lror co6oli coorBercrBeHHo BHyrpeHHroro
gHepruro r.r gHTponuro, . Koropbte BHocflTcfl B eAHHHTIy o6teua
ynp a Br'Ifl lox.u.t M c rrlla JIOM.

C nouourbro onpeAe/rerrnfl nJrorr-rocru cso6oArrori eneprnu

H e paa noa e cHan re pnod uuan urc a

H f iepBofo  r ]a r raJra  repMoAHrraMr l r { r r  (9 .1 ) r  LHCCIr t ra rLrBr roe  Hepa-
BeHcrBo (9 .1 )2  Mo) t {Ho npeo6pasoBarb  K BI IAy

r  D  D  r  I  D  -  0  o h t
p ( ; rp  *  q  -D,  g)  - t  tpdx,nXr , t  a  Crcr - - -6-  -  tp  <0,

(e.3)

rAe BeJ*rqrrr{y $ -  a -  dq Mo)r(rro paccMarpHBarb KaK nJlorrrocrb
cro6oAHoit  arreprurr ,  I {oropaf l  BuocHTcr Jnp aBJIf l  }ou{t tM cHrHa, ' IoM.

llpu orcyrcrBnu ynpaBJrernrs 'y - 0 ) rf - 0.

9 .2 .  Onpe4enntou1ne ypaBHeHHs

B xaqecrBe ocHoBIrbIX JIoI(a,'r brr r,rx rep M oALI r{ a M lrqecKux n ap a Mer-
poB npHMeM BeJrHt l l . I r rb l

C x r i  0 ;  0 , i < i  y ;  R ( l ) ,  l : 1 ,  2 ,  . . . ,  l / .
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(e.4)

rAe R( , )  -  A /  Br ry rper r r rHx  r rapaMerpoB pasuo l i  reusopHof i  pa3-
Meper{HocTH, c noMou{F,ro KoTopbrx MoAeJrHpyeTCfl  Heynpyfoe no-
BeAeHHe paccMarpHeaeNror t  AeQopMrrpyeMoi r  cpe4u.

B ttaH6o;ree o6urerr,l BuAe oilpeAe/'rf lIoulr.re ypaBueHHfl Moryr
6ttrr ilpeAcra sJrenbl coorrroruer{ r.rfl M r.r

rlr - r| l  (C mr,ti 0; 0,,,,r i R(/); y),

l * n : 7 o r ( C r r ;  o ;  o , , , u i  R ( / ) i  \ ) x ^ , K x t , L ,

I  :  I  (C nwi 0;  0,  ry;  R(/) ;  y) ,

hn: f r rc (Cnu;0 ;  0 ,n ;  R( r ) ;  v )  xk ,K ,  (9 .5 )

0 : r} (C rr; o; 0, r,,; R(/); v),
D

f r  R*,  g(.)  (C uui  0;  0,  ry;  R(/) ;  y) ,

f r  :  i  (C t , r6i  0;  0,  ru;  R(/) ;  y) ,  in,  I  :  l ,  2,  . .  . ,  ly ' .

c rroMou{bro coorHotrrerrHf l  (9.5) 1 [nccHrrarHBHoe HepaBeH-
crBo (9.3) Mo)r{rro rpeAcraBHrb B BHAe

' (#+n) *n* #''n-, P#'s(/)+I
t : l

d$
0'  

d 0 , o

*'(dh- twxx, uxr,,)#rnr+ o# #, - + -
- !,<0. (e.6)

Heo6xoLnMbre kr AocraroqHbre ycJroBuf cnpaBeAJrnBocrH Hepa-
Ber{crBa (9.6) npH cAeJrarrrrbrx Bbrrre rpeAnoJro)KeHHflx (9.5)

2p

t : e -O t l (9.2)
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d{, -^*!_ : ?t - Q,l l : -  do '  ?%:? t :

S d{, ,,\
loar i i .  

g t t t  -  q

Pas,To)KrtM BeJIItqt{HbI g(l) ,  r1,

yrnrrbrBafl ,  rrro rp + 0 npn y -> 0:

B c.nyuae reopIIn, Juureirrrorl  no orrroueuuro r( yupalJrrroueMy
cI{rHaJIy, Hs HepaBeHcrBa (9.10)2 rroJr}e8eM

@

[1 : I $tm\ (C yu; o; o,,vi R(/)) \*,
m : L

o

*rrr _ |  gum) (Cmui 0; 0,n, i  qo))yn, (g.g)
rn-0

oo

hp, :  L  ht* t  (Cmr,r ;0 ;  o , ru;  R( l ) )y ' .
m : u

f loAcranlss pa3, ' ro) t (cut t f l  (9.8) B I IepaBel lcrBo (9. i ) ,  noJly '
qaeM

Ec,nH ynpaBJrsloullt i  cnrnaJr He oKa3brBaer npflMoro BJTHflHHn
rra neperroc renJra,  ro Be, ' rH.rr . r r ro l i  l t l l  s  r repaBerrcrBe (9.12) cJre-

Aler npeue6peul,  r rpHqeM B sroM _cJryqae noJryqaeM, qro BHe-
ceHHar H3BHe cso6oAHaf l  gHeprun Q ue pacxoAyercs roJrbKo Ha
BHyTpeHHr.re cTpyKryp r{bre u3MeHeHufl :

st',=i'# g(r1-+

N

St'r=Ir#g(/ry.

, d $
rh t :  p  

ad ;  *u ,

0  . h ._#<0.

r.r hn B psa no

Kxt,  u

(e.7)

creneHffM T,

(e .12)

(e.13)

$ t : L ' s ( / o )  - o ' n i t t  
" .  /N  ^ i I

f1 ' . '  dRtr , ' ts ' - ' -  o 
- I ,Geft 'g(rrn)-

- o,xhl"t - 0,,) y,,, < o. (g.g)
0 )

f locxo, ' Ib t {y  nepBble ABa qJ le l la  B gToM I lepaBel lc rBe I Ie  3aBHcf lT

oT ynpaBJIf l IOU{erO CI{frIaJIa, HMeloT MecTo cJleAylouHe ABa Hepa'

BCHCTBA:

B saH6onee O6ulerv t  cJ lyqae LI3MeHeI{Hf l  BHyTpel {HLlx  napa '

MeTpoB oKa3bIBaIOT BJIHf l I { I {e  Ha [ IepeHoc Te[J Ia ,  TaK KaK c Hx

nOMoUIbro yql lrblBaeTcfl  crpyKTypHoe cocToflHl le cpeAbl. OAHaxO

Mbr npeue6pell(eM OTHM acprpexroM, TaK KaK OII f lBJIf leTCfl (<CBf'

3aHnbrM)> I { ,  cJ IeAoBaTeJIbI Io ,  6o.nee cna6ut t r , t  no CpaBI Ie l lHIo c  oc '

HoBHbrMn  aQQex rauu .  f l oa roMy  HepaBer l c rBo  (9 .10 )  1  psc ra ! , a€ r '

c f l  Ha HepaBet lc rBa

N

I t# 
'  s(ro) -e,hhf' <0,

i G'# 
g(tm) -'y-$'')Y'<o

N

; t# 
'  s(ro)<o,  o,hh(t )>o'

9.3. JInHefiHas reoprrfl

B .nuuer?rtou BapHaHTe rrg.uaraeuol l r  r raMrr reoplul  npr. lMeM, r ITo
IIJIorHocrb cso6oAHof i  srreprHH f lBrrercf l  KBaAparuqrrof i  Syux.
qneft  reH3opa 6ecNouequo ua.nor i  4eQopr ' lauHrr,  reMrreparypbr H
BHyrpeHHHx nap a MerpoB :

, t Nprp:  f ,Au, ,nn"ht&*o++ I  
g(1m1.(Rr, ,  g R(-) )  +I  Kt l leu^X

I ,  m - t  l : L

x R(4 + +c (o - oo)'* N n|nr(o - oo) * F(,r .  qttr (0 - 0o).

( e . 1 4 )

f iocle roAcranoBKH BbIpax(errHr (9.14) B ypaBHer]Ha
(9.17) 1,  s I IoJI ]edeM 

N
tnt :  Aut^o"^n* Nnr (0 -  0o) *  E,n/ i , .  R( ' ) ,

(e .  l5 )

F ( / )  .  R ( I ) .

B .nuuef i r roM BapHaure reopnH rreo6xoArrMbrM rr  Aocrarot l r rb lM
ycJroBHeM cnpaBeAfluBocnr nepaBcrrcrB (9.1 I  )  nn,rnclcn cyue-
crBoBaHrte cfleAyrou{Itx .uttttefrrtrrx 3aBr.rcHuocreir :

N

o ,or : I L(ntt). ,ffi, htfi - Lu,o, u
t t t- I

N

I
(e .10)

(e. r r)

A'

- P o l ' l  : N , n n l , n n - : - ' C  ( 0 - 0 0 )  *  I
t : l

(e.16)
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r . re {Lt tml l  -  HenoJrox( l r reJrbno ot tpeAeJrer{Han Marpur la,  a

l ] "et \  -  HeorpuuareJlbno onpeAeJleHHaf l  MarpHIra.  f ioc.ue noAcra.
H o B K H  y p a B H e H H r  ( 9 . 1 a )  n  ( 9 . 1 6 ) 1  l l o l l a z e M

r l o l  i ( t t  
N

g  - r r r rnsnm*  I  B " ' ' , .R ' - ' ,  *F " ' , ( o -oo ) ,

rAe

RTL

H e paa uo a e cHan r e p Jrtod uuauurca

B KOTOpOM peOJrOfUqeCKHe XOeCpCfUqHeHTbl  rBJr f rOTCf f  J lHHef iHblMH

QynrqunMn yrpaBrrrourero cr{ r r raJ la:

n  n Ufrr  :  l i  -  sT, ?u2-
r9-  tPr  -  rE) \

272

(e.17) (e.23)

N A /

: L  y ( t r t .K [L ,  F ( ' )  :  LL ( t ' , t .F ( ' ) ,  S { rn t : I  L ' " ) .  g ( rm l
f lo.nyuerrHue rcoperuqecKue pe3yr'rbrarbr rraxoAflTcfl B coor.

BeTCTBHT.T C sKcnep LrMeHTaJrbrrbrMrr HccJreAoBar{Hf l  MH H SMnHpHqe-
cKHMH MoAeJrsMu,  npcAJro)Kcr rnbrMH B pa6ore  [21 ] ,  rAe npHHf lTo ,
t r ro  ynpaBJ l f l rour l r i i  c l rn raJ ' r  nponopur ro t ra ,Tcu r rpoH3BeAcr rHro  qa .
cro ' rbr  I r  aMnJI l t ryAbr rrpHJro)r(cruroro rJH6paquorrnoro Bo3Aei icrBLrr l
(T -  oool) .

(e .  18)

9.4.  [ Ipnr r reHeHLte reopHH cpeA c  BHeuHI , tM ynpaBJIeHI ' IeM

AJre MoAeJI [poBaHHf l  npoqeccon an6paqnonHof i  nor3yqecrn

Pacunlorpt lM oAl lo tuepnoe . t t l t te j i t toe Bf l3 l (oy f lpyroe TeJIo,  HaXOAn-

ureecf l  noA Bo3.u,e i rcrnr rev nr reruuc i i  uarpy3r(H,  npeAcraBJl f l touef t

co6oi t  cynepro3t . tquto  oAtro f t  KBa3t tcrar t . tqecNot i  H oAHof i  AHHaMH-
qect(oft fapMol' lHtleclt l{x cocTaB!' I f l  loul 'rx:

P ( / )  -  P ( / )  + Po s in o/ . (e .1e)

B cuJry cooTHotxert t t f l  (9.19) oAIIoMepttoe I Ianpf lx(eHHe I I  OAH6'
Mepr{afl 4ecpoplraqtrtt Moryr 6ltrr, npeAcraB,,'Iellbl B BHAe

o( l )  :  o ( / )  +  o0  s in  o l ,  e ( t ) :  e ( l )  +  e0  s in  ( ro l  *  Qo) '  (9 .20)

rAe o ( l )  u e ( l )  npcAcraBJlnlor co6oi i  I (Ba3l lcrar l lqecKl le Qyur '
UnH BpeMeuu. I {aua I IeJIb CoCTOHT B IOCTpOelIHu TepMoAIrHaMH'
qeCxOfi  MOAeIH, OnHcbIBalou1ei , t  KBa3l lCTaTHqeCKylO qacTb npO'

UeCca, npu KoropoM Bo3Aei icrBHe nlr6paUII I I  yql l rb lBaeTcf l  Mo'

AeJrbrrbtM O6paSou c nOMOII- \b l .O ynpaBJIf  IoU{erO napaMeTpa T,
roropuil lBJIrerct Syuxqnefi eerH'{I ' l lJ o6 H o.

PaCcuorpl tu TepMoH3oJIfTop, AJIn KoTopOrO o6MeHoM TenJIa

C oKpy)KaroUel i  Cpeloir  3a BpeMf sKcnepHMel l ra Mol l { r lo t tpeHe-
6peul. 3ro ycJroBHe AeiicrBHTeJIbuo BbItIoJII-tf lerctl Ha IIpaKTHKe

B CAyr{ae rBepAbIX noJIHMeplIbIx Marept laJloB. 9Jpyntypuoe co'

C'r 'ofHHe TeJla Mbt napaMerpr l3yeM BeJIHqHlroi i  c.  Ha ocHoee npeA'

cTaBJIerIHoro .nHt let lnoro BapHal lTa Teopl ' rH u cAeJIaHHbIX Bblule

np eArroJtoN<eu nli II p HxOAI.r M K oArloM ep Il bIM onp eAeJIfl loLr\HM yp aB'

H C H H f l M  B H A A

D

d:  E-e*  Kc,  f r  c :  Bc *  ,<0 *  dy ,  6 :  FE *  rc  *  m,  (9 .21)

rAe E, K, B, R, r n m_ KotlCTalITlt .  f loC.ne HCI(JIIOqeHI'rq CTpyK'

ryprroro napaMerpa I I3  ypant lc t t t t i t  (9 .21)  no,r ryuaeM o606qel{ue
IlroAeJrrr 3rtttepa

fre*lrd -u(hea[,0) {n, (e.22)


