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NP'MOE'{hCNEHHOE I4HTETPhPOBAHhE YPABHEH'I%

AUHAMTIK4 vnPvfUX MEXAHhI{ECKhX ChCTEM C
o,4HOCTOPOHHhMh KhHEMAThLIECKI4Mh
OTPAHhqEHI4flMVI. III. PACL{ET ChCTEM C NAPAMh IPEHV'.
h Kocoro yAAPA

P . E A P A Y C K A C

<DopmuponaHr.re cl lcreMhl orpaHHqeHnfi.  PaccMarpHBafl Kocoe co-

yAapeHr,re B KoHTaKTHOfi lape, yql irblBaIOTcq CHrbI He roi lbKo Hop-

MaJrbHoro, Ho I4 TaHf eHuHaJIbHOrO 83aHMOAeftCTBI{f l .  ECln CI' IJIbI

raHreHr{HarbHoro B3aHMOAeftcrBHfl onpeAeJlfiIorcs IIo rl,InoTe3e py-

xoro TpeH[.f l ,  rrpocKaJIbsbIBaHLIe B TaHIeHqI{aJIbHOM HanpaBJIeHHH

He [poHcxoAHT, [oKa MoAyJIb gTHX CLIJI He IIpeBbIIIraeT KpHTI4tIe-

cKoro 3HaqeHfif ,  paBHOra k1Fry, rAe F17 - HOpMaJIbHafl KoMnOHeH-
ra cH.rrbr BsaHMoAericrBrrfl, a k7 - xoe$Quqaent cyxofo rpeHl',Ifl.

I
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Pnc. l. VKII c Qepprroarrrra MarHurocrpr4KrrnoHHbrM ou6ponpeo6pa3oBareJreM:
npnHqflnHa.'IbHas CXeMa s KOHeqHO3JIeMeHTHafl MOAe,'Ib

Bocno.nlsyeMcfl pr{c. I u o6osuaqeHrsMrr H3 pa6orbl [2]. Pasnuuy
raHreHqraaJrbHbrx KoMnoHeHT cKopocTefi ToqeK i u i nupasHM B
BnAe l(iir-ii,);o|*To * KAr- O,)hlb-1, ryeio.io,6, - rpu B3araMHo-
lep[eHAI]KyfiqpHbIX OpTa, npHrleM ns gBJIgeTCfl eAHHHIIHbIM B0KTO-
poM HopMaJIIr K [JroulaAKe KoHTaKTHpoBaHLrfi. Ec;lu flpocKaJrb3br-

(r7)

(4 ) ,  d " :b ,  S , , :

(18)

tr4s cpa urrennn ( 18) c o6uleuseecrnbrM ( 15) BHAHo, lrro onu
OT.II[ITIA.}i}T'{J'1 i]OCTO'{HHbIMIT I(OSOQHIIHCHTAMI{. IIOTCPV HA BI,IXPC.
Bbre ror{ir. onpeAerfleMbre no (18), 6y4yr 6onrrue na 330/s no or-
HOLDelll:IIO i: i [OTepfIM, OnpeAeilseMblM nO (15).

tiyu{ccln,l ir irc, 1119 HccJreAoBareJru, HanpnMep B [3] , yxaauaa-
ioT trr2t vlle.'t i lr let{}toe 3HarIeIIHe SKcnepnMeHTaJIbHo rI3MepeIIHbIx ,no-
'repb B irrlC'rosori cTaJrH rro orHorrreHnlo r{ pacqerHbrM Ha 30-50%.
3'ro IIoATi:.ei.i)linaer 4eJIecoo6pa3Hocrb Hcfio,rbgoBaHufl BbIBeAeH-
Hi,lx $OpiuV;tI An; lvifHOBel{HbIX 3HarIeHHft noTepb B CepAeqHIlKaX""

Buno4nl. i. Ha ocuoBaHnr{ npoBeAeHrrbrx HccJreAoBaHrft npe4-
.{o)KeHO Orrpe/lerErb [oTepH oT BLIxpeBbIX TOKOB nO I{X MTHOBeH-
HbI[,r 3r'raqerri{ni\,r, I 'ar{ KaK npn gToM SKCnepHMeHTaJIbHbIe AaHHbre
H alidon,ee cor,'i acyloTcfl c p acrreTHbIMLI.

2. Hcno,nnsoBaHLre BbrBeAeHHbrx saBucr{Mocrefi Han6oJree rleJre-
cooopasno nplr pacrreTax AkHaMHqecKHX npoqeccoB qI.IcfleHHbtMI{
t. lTepaullollHbll4Ii MeToAaM'H B corleTaHI4fi C MeToAaMH MaJIOTO na-
pal,{erFa.
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BaHIlfi ts 'llallrei"IUfiaJirbHOM I{anpaBJIeHI][I HeT, CKOpOCTI.I fi yCKOpe-
HUfl 'r'oqeK Cr.rcTeMbI AOJIIKHbI yAOB,'IeTBOpflTb OfpaHHqeHHrO

f - 0 C 0  " . .  - a * - a y - a z . . .  r x a y l z . . .  0 0 0  l c l
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O6r{a:r CI:i{:TeMit iitiHeMaTllqeCKIrX OlpaHZ,IeHLIft AMeeT BHA

.Pn {/ {i rf,i

P., {l: o

P=. { - / : 11

.Fr U =.a"

(.2.a)

(2.6)

rAe fiepBbre rpn coorHorrreHnfl (2.a) Had'raraIoT orpaIIHqenrIrr Ha
Iloll iua.[brri ' lc r{oMriorreHTbr, a [ocJreAulte ma (2.6) - Ha coorBer:
crnyror-(He'r'anrer{ur{a"rrbHbre KoMnoHeHTbr [epeMeutenlrft , cxopocrefi
r. i ycKclpeuuii roqex KoHraKrHbrx nap. B o64rervr cJryqae Marpr{qa

P7 coffiorrT r.r3 
, 
AByx noAMarpr{q Pr: 

I 
j:_1, coorBercrBynurHx

L r T 6 J

KHr{er', laTIIrlecKr.r[,1 orpaHHqeHHffM B AByX 83alrMHoleprreHAHKyJrffp-
Hblx I-taIIpaBneHIif lx B TaHfel{q}ianrHoft [JIocKocrH, oAHaKo .HHx(e

/Urrr nf ocro'rrrr paccxrorpl{M AByMepnufi c.nyvafi, r. e. KofAa Pao:S.
Ec.;trr s {iaqecrBe 6asosoli cxeMbr r*rcJreHHoro laHTefpprpoBaHr.If l

rrclroJrrr:l le'fc:r o6o6qesssrii n,tero4 Htnuapxa Bropofo nopfiA,Ka c
v1x*1, rry,rsrrt. npaBbre qacrr.i paBeHcrB u (2.a), (2.6) JroK'aJrbnbre
coll l l lpclrlt,q B I(olITaI{1II6IX napaX KaK B HopMa"'IbHOM, TaK II B
Ti.lrrfer-{LIIIa.rrr)irol\4 ,f laIIpaBJIeHHrrx npeAnoJlararcrcq a6conIoTHo IIJIac-
r i rT{ecr i r ixr r r  (cr r .  [2 ] ) .  B cucreue ofpaHr lqewui t  (2.a) ,  (2.6)  Aoa]K-
HLI BL'Iro.qr{rrrF,cfl drtilub re orpaHIlqeHI,Ifl [oAci,IcreMbI (2,6) , l,nN
i{oropblx rr0rrB.:rf iIorqeecfl npH SToM TaHteHqLIaJrbHoe yCI,IJIHe MeHb-
[ie cBoero riprirrrqecKofo si{aqeHr.rn kyF7r. B npornnnoM cfiyqae Be-
.rII4rIIIIIa Trilr 'euqHaJrtuorl cu.tr, l paBHa k,yF7s, H BbInor' iHeHLIe cooT-
BefcTB:\, ' Iolrt l ix orpaHi.it leHnfi ne rpe6yerCx. 3rO OsHaqaeT, qTO CTpO-
Ka L{arprii i . l ,r Pr, coorBercrByrorlafl 3ToMy orpaHrrqeHrrro, AoJr}KHa
6r'trt 1t42,1s112.

l-Xpuue4eulre K cr.rcreme c oAHo3HaqHofi nelnHefiHocrun. 3aau-
cIItr 'rocrrr {ltr. lr,I TilnfeHu,r4aJib}tofo B3aI,IMoAeftcrgnq or cKopocru
B3ar.rMIloro raHf eFrqllaJIbFrof o ABHxeHHrr ToqeK onpeAeJIseTcfl rro
$opir,ty.ne

F,r: * It,"f" sig11 tPrU), (3)

r4e F1*, i;'r' -- KOI\{IIOHeHTbT CHJTbI KOHTaKTHOTO nSanUO4efiCTBI{g B
IropMa,rrbHoNr r'r TaHf eHl{r{2"trrbl{oM HanpaBJIeHH g.x. vctonn3yff Bbrp a-
x(ellrre {,3} ,ann onpeAe/reHi.rfl raHreHrlualnHofi cHJrbr, ,ctrcrerr,ra 4n$-
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QepeuuHanbrJblx ypaBneHuft c KHHeMaTI,IqecKIIMIt OrpaHHrIeHHflMIi
npeAcTaB,'Ifl eTCfi B BI4Ae

uA+cu +KU: -PFFr+R(t)

PNU <do

Pry U:0

P N U : o .  $ )

I4urerpupoBaHlle crcreMbl (4) ocyuecrBJlsercfi no $opuy.rtaM; npu-
BeAeHHbrM s ra6n. 2 pa6orw [2] , npn'lerra MarpuqHoe arre6paflqe-
cKoe ypaBHeHHe, pe[IaeMoe Ha Kax(AoM luafe, HeJII{HeI{HO U pe-
rrraercfl IireparLIBHo, cM. ra6JI. I pa6oru [2] . Ecna xe AJIff oII[-
caHnq KoHraKrHoro 83alrMoAeftcrslls Hcno,rlbsylorcr QenoueHoJIo-
rArIeCKI.Ie MOAeJIH' HOpMaJIbIlbIe CI{JIbI Frt BbIpa)Ka}OTCfl rlepeg

rrepeMeureHafl I,I cKopocrll TolIeK KoHTaKTHbIX nap u cncreua (4)
Mo>Ker 6nt' cBeAeHa K gaAY

mtJ +Cu +Ktt :W (U, U)+R(t)  (s)

($oprvry.nu qrrcireHHofo r.rHrerpupoBatttf l cM. e ra6r.. I 12]). OA-
HaKo B cfiyqae PrO:O 3HaqeHuff lqz, rro tpopuy"rre (3) onpeae.nn-
nrcfl HeoAHo3HaqHo. 3ro o6croqreJlbcrBo flBJlterct npnvnuoft ne-
ycrofi uu nocrll, Koro p afl n pofi Brqercfl oclru JIJIH pyloull'IM noBeAeHI'IeM
sHa.reHarl tasreuqna.nr'gori cHJIbI, KofAa pa3Hocrb raHrenuHaJIb-
Hbrx KoMtroHeHT cxopocrefi KoHTaKTIIpyrcqux roqeK 6nnsxa K
HVJIIO.' 

@r'urqus sign uox<er 6nrr alnpoKcI,IMHpoJaHa Hexoropofi o4-

HoeHaqHoft Qyuxqaefi, HanpuMep, SyHruuefi a arctgt"(.)1. llpn-

6nrxesue reM ryque, qeM 6orbilre sHarIeHI,Ie o. @opuyla (3) s
sroM cryqae npeo6pasyercfi K BIrAy

) -
Fr: -kFn i arctg(aP7U). (3')

HeAocrarroM gAecb flBJlgercfl To, r{To npn 6o.nuullx 3HaqeHuflx o
seo6xoAuuo yMeHbrrrarb, rrrar HHTerpLIpoBaHHff.

llcnoJlrsosaHLre $eHomeno.norHrlecKI,Ix MoAerefi. flpu gHaqe-
rrHr.r MOAyJIfl TaHreHIIHa.nlUOft Cr{JIbI, MeHb[IeM KpHT[rIeCKOrO, BMeC-
ro 3aMeHbr MHoro3HaqHoro yqacTKa cv.itosofi xapaKTepI{crI{Ku rpe-
Hr.rr (3) B BHA_e (3') ann onpeAeJlenIifl BeJIIttII,IHbI TaHreHIrHaJIbHoft
cI.IJrL,I MOryT obITb HCIOJIb3OBaHbr q)eHOMeHOJIO|IEgeCK]Ie MOAeJIIT.
AHa.IIoruqHo pacrrery HopMaJrbr{oro KoHraKrr{poBal,l.nfl. t2] npeA-
noJlataercfl, ltro 3HarIe]H'vfi ycwnl4r? na trlnoro3HarlHoM yrlacTKe xa-
paKTepHcruKH (3) o6yc.uoeneubr JroKaJrbHbIMH raHreHulraJrb,HbIMH
Ae@opMaunflMn w cKopocrflMr.r AeQopMaquri s xoHrarrnoft nape.
TaureHuraarbHbre crIJIbr F7 n erou cryrrae npeAcTaBJrflrorcs "nnuefi-
HbrMH zrrz 6o.ree cJIox(HbIMH Oynxuusrtrn nepeMeuleHuft 'u cxopoc-
refi ro,reK xosraxrnofi fiapbl. Ec.nn SeHoMeHorornqecKyro MoAeJrb
B raHreHur{aJrbHoM HanpaB"'reHIiH [peAcraBHrb B tsHAe [apaJlJrenbHo



coeflIlileflilblx y[pyroro s.IIeMeHTa C KogQSHUIteHToM ]I{€CTKSCTII fr6
rr SteMerrTa Brr3Kofo rpeHr,rfl c KosoonqreHToM c6 k-ft. sreMeHr Ber{-
ropa TairfefluHaJlbr{brx ycwLlwfr, O[peAe/rflercfl B BHAe

." { lr,,Py{U - %)+ crPr1"(J flpr lfr*l<krfru,
t - , = - 1  . :  - - - - : - .  

^  ( 6 )Mi 
{ L'r..{,^ sign [/c1, Prn(U -Un) * c1,P76U] e nporunnoM cryqae, ' '

t ' ,r le frn"-- cHrra FIopMa,'IbHoro B3allMoAeftcreHs n ft-f i napei {Jo -

rjeK'r'ci l .\r3JroBrrx i lepeMex{eHr.ti l  KoHcTpyKiIHH B MoMeHT Haqa.rla Ko}I-
TaI{Tir- dr:s crio.irr;r(euag B k-it nape.

Crlroi 'o foBopfl, r locJre orpuna ror{eK rosrarrnoii [apbr Ae+op-
MaiIIJ,. l l ir.: l iotaeuo,tofl lqecKofi MoAeJlH He cTalIoBHTCfl MfrroBeHHo
l)aBric.ri i  rry,i l lo. .[. ls rOro rITO6bI ToqHO OnHcaTb aToT npoqecc, Hyx{-
i io pac'.:rir i, l 'rpHBarb 4u$QepeuqrdaJlbHbre ypaBHeHHfl 4euxeHnx Qe-
ilor\,1tr1o"r1o|K.lecnoii MoAeJILi coBMecTHo c ypaBHeH[flMn ABI,I]KeHHE
ynpi'i'oir lior'rcrpyr(uHI.I. oAr-IaKo $enoueHo,'rorHrrecKafl MoAeJrb c,'ry-
ltiilr 6o.,ii,rLre ,4iIJr npeLcraBJIeHFrq raHfeHllrzaJlbHoti cHJrbI B Haqa.rlb-
r-iotii r]ra:rr,: T{oHTai(TLIpoBaqkrfl,, a Bo BpeMt orcyrcrBufl KoHTaI{Ta 'OHLI

r\roryT r1 rie rra,reTt drasuuecxofo 9KB?rBaJreHTa. floarouy Bbrpax{e-
rrrle Blrrl i ir (6) i lpaKTi.rriecKr{.Hcnod'Ib3yercfl Bo BpeMfl Ko}rraKTr4po-
Biirntfl 5e; npocr<ztl ' Ib3bIBaHLIfl, & B cryqae Har{a'Ta cKoJIb)KeHHfl
i i . i irr orpLrua ge$opl,iaqun QeuonaeHorornqecKori MoAeJIu Iie pac-
c[,ra]'pIiBac'rcr rr np]IHIrMaercfi paBHoll HyJr]o. VpanneuiaR ABrr]rie-
rrrrri qbeHot,teFioiiorl.IqecNofi naoAe.nn AoJrN(Hbr paccMarpr.rBarbcfl, ec,'rrr
MOAC.JIIr COCTOiiT I43 NOC,ICAOBATCJIbHO COCAIJHCHHbIX SJICMCHTOB.'Ior;la 

1'orriiu iioc.rleAoBareJlbHofo coeAaHeHIIg AorioJIHrIIor qHcJro
cTeIIeHeir <:so6o.r,nr KoHcrpyKlll.rr4.

Cr,'t{cclnesribr Nr HeAocrarKoM SeuonleHo.uof nqecKgx MoAefl eri sB-
JltleTcfi 1'o, t11s OTCyTCrByioT [pocTble LI HaAex{l-lble MeToAbI OIIpe-
Aer,ieHril lrx ro:$$irqireH'r'oB. f loarouy ern xos$$?rrlneHrbr o6uqno
fioA6ilparoTcfi TaKHN{ o6paeom, qro6u lroJryqlrrb perxeHHfl ypaBHe-
rrlri l  i lo B03N,rolKr{OcTLr 6Jru3KvtMr4 K npoueccy peaJlbHoro ABUN(eHHri
CIICTCi\ ' ib i .

fipnnaeuenme MeroAa MHoxrr.rreJrefi Jlarpanx<a. Vpannenr.rfl BH-
aa (11),  (16) B pa6ore [11] l . r rr  Al IOSepeHqHarrbHblx ypanueunft
r'(rurilr{rriirr lioucrpyKunu c KHHeMarrlqecKfiMI{ orpaHrlqeHr.tnvut (2.a),
(2 6) : lrrricrrirrror*r c,neryrouliN{ o6paeou:

.  -  "  l a

f  , l f  i ' -LCu +KU J-Pf i ) ,0 :R( r ) ,  ,(
{  ,Dn, iJ  {de,

lf : {J + Pi. }\r + .nlp-r :0.
r i t  t t t

P,., ,\ i./ : - Prfi-, (8)
( l )  ( r )

. P r / : \ f - i :  - P r U - ,  l : 1 ,  2 .

;13I1T{CCI(I iNI CMbICJIOM MHOX(HTCJICfi . I IATPAHXA gBJIf l  }OTC':
-.- .  r i r) i) l inJrrrubie ycu,tut,  o6ecleql4BaIoIrIHe coBtraAeHHe no-

.,r ir l t( t lHIII : I  I(oHTaI{THbIX Tor{eK B MoMei{T BpeMeHI.I t* Lt;

fu2 _. HOpMaJIbHbIe ycHJIHfl, O6ycnonneuHble cKaqKoM
r{brx ycKopeHl4ft B MOMeHT KOHTaKTI'IpOBaHr4fl;

1,1 - r{Mn}JIbcbI HopMaJIbHbIX yCHJIHI1, O6yCrOBJeHHbIe
cKopocTeft B MoMeHT KOHTaKTLIpOBaHVIfl';

p2 _' r&HreHqI.IaJIbHbIe ycLIJII{s, O6yCrOBneHHbIe CKaqKOM XICKO-
peHIzIl  B MoMeHT KoHTaKTI,IpoBaHHs;

PI * I4MNYJIbCbI TAHICHUHAJIbHbIX YCTIJTI4qI, O6YCTOBflCHHbIE CKAq-

KOM CKOpOCTefi B MOMeHT KOHTaKTIIpOBaHHfl, eCJIH rIpO-

CKAJIb3bIBAHI.Ig HCT.
Ec.nu cucreMbr ypaBHeHHfI (7) ,  (8) BbIno./IHeHbI, Bo Bcex KoH-

raKrHbrx napax [pocKaJIbsbIBaHH:f l ,  uet. Ecnu N(e B f-KoHrarruoft
[ape nMeer Mecro npocKa,' IbSbIBaHHe, rIOTpe6yeM, qro6u raHfeH-

IIIIaJIbHafl CUilA LrMeJra 6U xpnruuecKoe 3HaqeHI'Ie, B 3aBHCHMOCTI{

or 3HaqeHr{fl cooTBercrByloqeft HopMaJIbHofi xonraxrHoft cliJlbl, co-

rJracHo SaKoHy cyxoro rpeHl{fl:

I t  r r l : k r ) . r r ,  l :1 ,  2 .  (9 )

B raKoM cryqae cHcreMa (B) npeo6pa3yerct K BLrAy

u tA +P{,r,, +Pf,Pr.,: s,
( r )  ( l )

P N A U :  - P x U - ,

i,, n'ii : - i,r?*, I: to 2,
rAe Pw flBJIflercff Marpliqeft Pn,, B Koropofi j-n crpOxa Pivi, Coo't-
BercrByloqafl cKorb3qulefr KoHraKrHofi nape i, 3aMeHeHa lla crpo-
Ky (Pri* lc|PT.rsignELlr), P1, flBJIfl€rcfl MaTpli4efi Pr, Lrs l(oropoil

yAaJreHa j-n ctpoxa P.y1, 0, flBJiffercff 
"{n"oP?ofl, 

'H3 Koropofo

yAarreH i-ft e.neueur pj. o6os'ao"" 
I in]:U, ti;]:F, ( ] ):

:trrr cHCTetvty (10) [peAcraBI{M B BI'IAe
t  ( t ,

I  M Lu *Pr) , , :s,
I  -  < r r  - ( r )  

'  (11)

I  p t u :  -Pu - ,  l : 1 ,  2 .

Bunncusas coorFrolreHnr BIiAa (ZB)-(26) us pa6oru tll ArIfl
cHcreMbr ypaaueHult (7), (l l), uonyuurvr Qopuy.[st qucJleHHoro HH-
rerpHpoBaHLIS

ALU:G -P{ r^o ,

u:s{ +bt Lu,
(')
u- :qf +bf LU,
( t )  ( I )

U : U -  - f u [ - L P r ) t 6

),0 : (P1yl.-1 Pfr)-L (P N A-' G - do),

T,:1Fnt- ' f i)- 'FA-, t:r, 2. (r2)

r8 l

HopManb-

CKAqKOM

(10)

(7)

I
I

t
$
?.r,

1 8 0



TaK uan szrpaHee Hea3Becrllo, i l  KaK[x xOHrirruux i lapax HMeel'
I\{ecro IIpocKaJrb3biBaHIle, AJrfl onpeAeJIeHr.rff IIepeMer{eHnii s Nlo-
MeHr Bpel,reuu tft\t nplrMenflercff cJreAyar{uft anropuru.

A.uroplrrm"

l. fio"'roxcnr a V:F:f :" I 
'

L I T J

2. [Io tltopivtl'.12t (12) ofipeAeJll]rb sHaqeqlifl tvtuoxurelelZ

" f iarpan. i 'na ] "0,  ) ' .1 ,  0. , ,  l :1 ,  2,  s  MoMeHT BpeMei{ i l  t+Lt .
3. Onpe4e.turrb Ber{ropbr sHarreHr.Ift HopMaJrbHbrx H raHreHqrraJrb-

rrblx ur\{rryrbcoB ycrrJiuft orpannueHnll B BI{Ae

c  _  
t ' t n , , i - 1 6 ,  1 + [ , 1  A  +  |  f  6 r  _ , ^L , ^ , - -  .  - - -  A t+ ) , r , r *6 r ,  S r :p r r , r+a r ,

i-r Telri)ric ufiriroprri FropMaJrbHblx H TaHfeHI{HaJIbHbIx yCHJrI.rir B Mo-
Nrellr cl jei\{euil (/$Al) B Br.rAe

f l " ,  r na ,  : I o ,  r+a r  * l r ,  r *A r ,  F t ,  t + t t :  0g , r+a r .

4. l",4anu:rl Bce crpoKu Marpur{ orpannqeHlrfi PNi, Pa1, Koro-
pbrN{ B MONTeHT BpeMeHH l*A/ CooreercrBy}or orpHllareJl.bl-rble 3Ha-
rieHIIt froi(0, Srvy(0 .nu6o .Fr;(0.

5. Ec,nr.r xors 6i,l oArro orpaHl{qeHne B tt. 4 yAaJIeHo, nepeilru
x n. 1, aL{ecro luarpl{q PN, Pr paccMaTpllBafl Marpl{qbl c yAaJIeH-
IIbtMlt B [I. 4 HeaKTI.IBHbIMn OtpaHHrIeHHflMI'I.

B nporlreuolr cryqae nepefira K i l. 6.
6. O:rulerlrrb Bce crpoKa ofpaunqe:nrir i, AJrfi Koropblx BeJrnqu-

Ha raufeHur{a.rrbHoro r{MnyJrbca 6o"nuue KpllTfirrecKoft, r. e. BbrnoJr-
r ler lo  HepaBeFIcrBo kt lSr ; l  {  lCr i l .

7. Ecnn HH oAHo us orpaHurreuuri s n. 6 ue orMeseHo, nepeiirn
i( c"'reAyioilr,eMy Iuary BpeMeHI{.

B nporuenoM cryqae nepeftra K n. 8.
B. f ipco6pa3oBarb Marpl,Irlbr orpanldqeuilfr x nugy P, P, y,ru-

rrriBarr o|paHilr{errHfl, oTMeqeHHhIe B n. 6. f leperlTr K tr. 2.
Pacqernrie $opny.rrsr A,' if l  oAHofo ttrara HHTerpl.IpoBar{ur [pH-

BeAeubi e la6n. AHanoru.rHo aJrropr{TMy HHTerpHpoBaHHfl B Ta6Jr.2
r'r: paliorrt l2l qr.rcJreHr{afl cxeMa Mox{er 6urr sxonoMr43lipoBana,
yqnrblBafl .[oKaJtbHocrt orpaHuueunfi-

Mcno",rt,sogaHLIe cilo)KHbIX cHJIoBblx xapaKTepncrltK Tpelruq.
Ec.urr xalrarireprrcrri l{a rpeHlrtl, KpoMe xynoHonofi, coA,ep}KHT r'r

"i lpyfrre cocraBJrrrrcilIHe, i{arrpHMep, .iruueftuoe trJrrr xy6avecxoe ;[3],
u,e.lccoo6pa3r{o A,'rf l yrlera i<ylouonort cocrasrfl}oilIeft HctroJrb3o-
uarb oAlrocropouHue orpaHr{r reHnn (2.a) ,  (2.6) ,  a  ocrar ' rbHbre coc-
raB;rrfirorrl lre fipeAcraBHrb B BuAe sennseiiuoli HenpepbrBHor? $yur<-
urrrr cKopocreii. Taxnrr,r o6pa3oM, 3a!..a.q^a cBo,{,urcrr K Marpr.iqHoMy
4HQ<pcpeuurr aJrbHoMy ypaBHeHr4lo

tt iJ -r cu + KU :v (u)+R (r)
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( 1 3 )

ooprvryaa q[cJredfioro rlnrerprrltoBafiIff

MU+CU+Ka-RG)
PNU <do

(|)
p n U : o

( l )

P 7 U = O

cyqecrBelrEo EeffluefiEan -""tt-:Yu-- :^-^Tl::t:::3:f

l : 1 , 2 ,  . . . ,  m

KpIITuqecI(oe yctrJrlle

;'";;;;;;"oio uiu"onot" ftcr',vrfr orpe,qerrterct saxo'oM cyxoro rpe'ut

3 t "  a"- t  '  a t '
L q, :LV 

-O=Ot,  t , :P ' f f i t ,  b f  :h lbo '  q f  :qrb lqo '  t : r '  2 '  "  ' '  m

i - t
2. A LU 3 a 6, : G1 a 63, A: b{M + bI C + bt K, Gr +At :Xr +a' - (Mqt + Cql + KCt)

( r )  ( l )  ( l )  =  =

u:st+btLu, Li- :qt+bt\u, a=u'- -M-rPr\r,

),0 : (px I -1 PF ) 
- | (P N A- | G * do), 1, = 7F M-', F1 -', 

-Ptj -

B lapax co croJrbxenlrerur ]'r1:1rr, ttu:!'\:tt, l : 1 ,  2 ,  . . . ,  m

Frv.r+Ar *10,r+At
S,r:-f f i  At+11,r+Ar, Sr:Pr,r+Ar,,

Fn:Io,r+ari lz,t+Ar, Fr:Pa,t+Ar'

r{Tepaqtrf .qnx or6opa aKTtrBEbrx orpaIItrtIeIIIIft \r]0, sivr]0, Fn120,

lrrepaqtr{ 4nr or6opa [ap' rAe uMeer Mecro croJrbxeul{e tro yclroBtrro

&r lSrvr l(  lSrr l .
( D

3. Ula61=qf *blLU,a6', l = 1 ,  2 ,  . . . ,  m

c ofoaHnqeHlif lMl'I (2'a), (2.6), rAe y(U) --

cJr araeM blx cltr'I o BOft x a p a KTepucrHKI',I rp eHI'If '

rerpr.lpoBallufl raKOft cHcreMbl I'ICnOJIb3yeTcfl
crosnieft pa6ore aJIropHrM' o6beAHHeHHbIft c

neHHbrMLI i ra6l. I us Pa6oru [2].

cyMMa HeIIpepbIBHbIX

A.ns qncneHHoro uH-
npr{BeAeHnblft s Ha-
Qopuy.naruu, nPI'IBe-

(14)

co3Aaer
Qeppo-
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l lpnnnepu qncreHHoro pacqera. 11', l lccneAoBaHue AHHaMltKll

uara MnKponepeMelqeHnc ynpaBJIfleMOfi KOHTaKTHOfi napbl' Pac-

cMarprrBaeMan yrpaBrlf ieMaff KoHraKrHafl napa. tY-91-lryAcraB-
,""t '  

"oOot 
Qefplltonnfi uarnnrocrpl{KIlIIoHiblft nn6ponpeo6paso-

BareJrb, AByMff KOHqeBbIMI'I On.opaMI'I .onfipaloquftcs 
ua poBHyIO Qep-

DOMafHI{rHyIo noBepxHocrb (puc. 1)' B rasreuqHaJlbHoM HanpaB-

;;i l ; ; ;;6ponpe66pasosaiirlo n'pu,noxeHa c'rla Fi K xosqau

o6rraorru noAKrIOqeHO Hanpfl}Kej/'Lr9 vn, B pe3yJlbraTe Koroporo uo

o6uorre nporeKaer roK

I ( t ) : 1 " + I o s i n  c o l '

Ou cocrour u3 llocroflHnofi cocraBJlflrcIqei4 Ic, Koropoe

HOpMaJrbHOe ycHJII{e, npnTsrHBaloqee npeo6pasoBareJlb K



Mafi{lrrrroir rroBepxHocTvt, t7 t4s nepeMel{Hoft cocraBJrflrorqefl, n pe-
sy.rrbra're xoropoft eu6ponpeo6pa3oBareJrb coBeplxaer npoAoJrbHi,Ie
r<.ore6arrrrr, a raK>xe oAHoBpeMeHHo Bapbnpyroqeii B€Jri4ur4rr! Hop-r
uanugori. cu' 'rbl. EcJfi [epeMeHHaq cocraBr-aloilIafl ToKa .Ia:$, 911-

"na F lreAocraroqHa A.rrff Tofo, trro6H npeoAoJrerb cr-IJry rpeult.n
rvre)riAy onopaMri H noBepxHocrbro u npnBecrr{ nu6ponpeo6pa3oBa-
Tertr B llgr.r)rierrrie. Ecnu I"*0, B pe3yJlbrare lpoAo.rlbHblx KoJre-
6aHrrfi ru6ponpeo6pa3oBarerq noA sosAertcrBl4eM cnnur .F naqz-
iiaelcrr rrarrpalld'telrHoe B cpeAHeM cKoJIbxellne IIo IIoBepxHocTII.
' I ' ^ , - , , , ,  ^ i , . - - ^ , "r ar\rrrr tJU'crrv*r, , .r  reM nos6yx4eHnn an6pagwl sosN{oxuo ynpaB-
Jlel{ l le cl io.r lb)I(eHiieM, npl4qeM KOpOTI{I4e f iaKerbl r lMny,l lbcoB Bo36y)K-
rleHrrr l{oryT' BbI3Barb oqeHb MaJIbIe nepeMeIqeHHt.

f3 p*ynrrare pacqera MarHHrHoft rIe[H noJryqaercf l  BeJTHqLIHA
rropr.{aJu,ur.)ro ycnJtus, npHTfifHBaIouqero nu6ponpeo6pasoBare, 'rb,K
i loBep;iHcc'f lr  I Ia Kax(AoM KoHqe. OHa sasHcliT or BeJI{rILI i{bl roKa
I1 pi, lBH;r

3Aecr MaTpr{ubr cucreMbl noryrralorcr no $opuyJlaM, [pLIBeAeHHbIM
a [5] ara crep)i{HeBoro rnbe3ooJleKrpl{qecKoro nu6ponpeo6pasoaa-
TeJrff, a cufinr P1, P, o6yc.noeJlenuble nocrosusoft r f lepeMeuHol? co-
CT A BJIff IOUIH M H CI{JIbI M ATHI{THOTO NOJIfl , P ABHbI

P1: H.S1e44n,

P :  HaSreu r .

Ber[.IHHbI H"u Ho npeAcraBJlflIoT
nepeueuuoii cocraBJIfl lolq,efi cu.llrt
rorcfl no Qoptuy,rarra

u r  I " nn" : - - / ^  I i ,g \  ,
t " \ ' -  &  /

Ion
no: - - - l  

,  2hSJ 
.

e' \ '+ s,-i

(18 )

co6oir nocroffHHyro H aMnJILITyAy
MaTHHTHO|O nOJrfl rr onpeAeJls-

(1e)
( 1 5 )

ec,lrr npuLlfrb, qTo pacqeT npoBoAHTcff Ha JrHHeftHoM yqacTKe KpH-
BOii HZlr,rarlrrrql.{BaFrrrf  MaTepr.ra4a (uarnurHag npoHr.rqaeMocrt p:
:const). 3Aect ft - qr4clro BrzrI{oB o6Morxu, Fo - MargnrHaq
ilocrofluHarr. t{ro6tr orrpeAeJrHTb gKBr.IBa,'IeHTHoe MafHIiroMexaHu-
qecr(oe ycrrJrne, 4elicreymqee r{a KaxAorrl konqe eu6ponpeo6paso-
BaTe"Tt B IIpOAOJIbHOM HaIIpaBJIeHHII, BOCIIOJIL3yeMCfl aHaJIOfhel?
Melr iAy cocTaB.ntroqrrMH ypaBHeHHsMH AJrf l  nbe3o3IeKTpHqecKHx r.r
Marri i rrocT'plrr{rIr4oHHhIX MareprlaJroB. Tax, AJIff  Marnr4TocrpHKrrHo}r-
ruofo Milrepi laJra grrr ypaBHeHr{f l  r .rMeror eua [4]

ot :  c{{ e1 - €utrHr,

A,l1: 9YlL e1*xy11H1,

rAe $r - ivIeXaHIMeCKOe HaIIpflXeHUe;
NIaltEs; :14 1 ._ HaMarI{AqeHHOCb; f/1
cfl .--- uroAyJrb xecrKocra Marepl,raJra npu nocroflHHoM MarHrir-
HO[{ IlrJ..iIe; gvrr - MaIHHTOSJIeKTpLIqeCK[fi KOSoQI.rqueHTi i4prrr -
i ioarp$uquerir MarHurHofi BocnpuuMrrrBocrpi. Marpuuuoe Ar.r@Se-
perri lnofibrioe ypaBIIeHHe ABHIKeHI,II Bl.r6ponpeo6pasoeareJrs rrMeer
Bi.ilI

I lpaxruuecKH cHJry Pr Mo)KHo He paccMarpuBarb, nocKoJlbKy 06-
ycJroBJreHHafl ero npoAoJrbHaff Aesoprr,rarlis oqeHb iMafla. llpaao-
cropoHuuft BeKrop cKaqKoo6pa3Hblx HeJll{HeftHocrert corJlacHo H3-
.uox<esnofi B Hacrofluleft pa6ore MeroAHKe npn orcyrcrBlru npo-
cKaJIb3brBaHHfl 3aMeHgercfl MarpI{qHbIM ofpaHl4qeH[eM B pliAe pa-

BeHc?Ba (2.6), rae P,:[ j,333:::33?] B erou cilyrrae He crreAyer
paccMarpr,rBarb orpaHrrqeufif l BraAa (2a), raK KaK ABH)I(eHHe B
HOpMaJIbHOM Ha[paBJreHIrH He ripoHcxoAl{r, a BpeMeHHag 3aBHcH-
Mocrb HopMaJIbHori clt.I lr, l  Far saAaHa u nu4e (l$).

Ann ananus a pesyJlbraroB HclloJrb3ylorcff 6eep aslvrepuble tseJrl{-
TIHHI,I

* ult

" :  P  '

rAe
1  , , ,  ,  4 c ! , b h  |  , , ,m :  ,  pDn l t  K : - - - ,  V : -1  vbh t ,

Qr v - nJroTHocTb r.r npocTpaHcrseHunfi KogQ$nltfienr 4eunQnpo-
Barrr{fl MarepuaJra nu6ponpeo6pa3oBareJrfl.

I(auecreo orpa6orKu oAr{HoqHoro lrrara B peoyJrbrare rroAaqrr
rraKera cHHycoHAaJIbHbrx KoJre1auuit roxa ooe6yxAeHufl saBHcr{T
oT HopManlnofi cn.nu Fry, ,{,Brrx}qeir criflbi F H .racroru xone6a-
Hl.rli ol. Pacqe'ru noKa3brBaror, qro aMlJrr.rryAHo-rracrornafl xapaK-
TepI{crHKa HMeer nHK npn pesonaHcHor} qacrore 6:1, a oflrtr-
MaJIbHbIMIi sHaqeHI{fiMLt CHJI ffBJIseTCfr Fyhy:Q,019, F:kt. Fx/2.

1 / m  -  . 1 / k  -  t r
a : a  l l ' - .  t : t  l l  -  " - -v  k '  v  m t  r -  y l - p ,

- i __43-\' s,
rn :1 /s:  ,  , , -  J 2vo '

\ 5;. 
r",r I

I
P:u
i
I
i

(16 )

€r - M€X&HurIecKafl Aeqlop-
- CI4JIa MaTHLITFIOIO nOJiff;

P.,

F_P,

i ;  N -
t Y : V  t l t

I :  p  F ,  U :  p  V  _ t

] .; l.[f F*kr

,t/ {'/ I- ("u + KU : -l :
L r*n,

f ' r " l
i f ;  i  l ' ; , .r.

L  _pJ

slgn

sign

(r7)

1 0 ,
I  C ' f 185

- l



40 AA E0 100
a

0,r,0 1* -
0 i r j
0,1a )
0 : 5 1
Lt,zA )
n  ' c  I

0,10 1i,  ̂
! or r.\rl
tl0il -lll=1
- i l

U,
n,22
0,20
0 1 6
0,16
q t 4
012
0,10
0,0E
0 06
i].04
0,02
0ll0

0,045
0,440
O, OJJ
0, 0J0
0,025
0,02 0
0,0r  5
0  0 1 0
0, 005
0 000

0,015
0 0J0
0 025
0,020
0,015
0 005
0,000
0,005
0 010
0.01J
0,020

6
Prrc. 2. l)pe'lieulrue 3arlrlcnlrocTr.l rnepelvreuleuufi fi cKopocrefi npaBoro KoHrIa Bu6-
ponpco6pa:onarenl  VI( f l  npu 3HaqeHHrx 6e3pa3MepHbrx napaMerpou F^ ' f t7:

.  ,  t i - .  k ,
: t i , ( ) 1 9 ,  t - -  

- ' i ' ' ,  
< o : l :  a - l  K 3 ;  6 _ _ 1 0  K 3 ;  a - 2 0 K 3 ;  1 - U n ; 2 - -

( / t.,i !.1 \
U]1 ; -i - ;, cpeAHtq cKopoc'fb Bl.I6polrpeo6pa3oBare.nrl

I  l t r  p i lc .  2  noxasauu BpeMeHHbIe 3aBv cHMOcru nepeMei l Ieur4s Lt
c i io l , ) i - )c l i r  l r1)aBofo i (oHua npeo6pa30BareJr f l  B 6e3pa3MepHoi ; i  sop-
Mc nplr l-r036y)r(AeHHu IIflTbro IIepllo,4aMr.r clrHycoLrAaJIbllo.ri cr],'rbr
lr-:;.rsittrrrl, f icrlo,rrb3yfl lvroAeJrb ng oAnofo r(oHetluofo 3JIeMeHTa
ti{3j. i\ ira"rrr.r: pe3ydTrbraroB rroKa3blBaer Jr?rrlrb r(arlecrBeHHoe cxoA-
cnro llliilii(errr.ifl [pocreiimefi uoAeilIt pi{c. 2a c LewKeHLIelvr 60,ree
c,, 'r0iri i 'rbr;r.. B paccir.rarpaBaeM0ri cHcTeMe BKJraAbr BbrcIlrHX ruo4 (puc.
9.5, a) ),.rr\/ inllaro'r AuHaMrrqecKue xapal{TepucrI4KH yl(f l, Tar( KaK
BeJIllr if ir i i ,t . Urilf i t 3Aecb IIoJIyqaeTcfl 6oJlrue, a cKopocTb loJlyqa-
0'r0rr lrc{)' i 'plrrlare,nbFrofl }ra BceM npoMexyrKe ABHx{eHLIR. Pac'rerbl

t 8(j

0,000
0,055
0,050
0,04J
0,040
0.0r0
0 025
0: 020
0.01 5
0 ,010
0 005
0'000

l ) ,4 0. i"
tt,i5 i
l ] JLr ]
il,25 1
t),2c I
0 , r5  j
0 ,101
0 0:.ii
O,nOr{

5TU npoBoArrJiricb, npeArroJrarat, qTO MOAyJrflrIIit HOpMaJrbHOfi CUflU
orCyrcrByer, r. e. I lprl .Fry:sonst. ypaBHeHHt (17) sanucblBaJlucb
Afifl c,'ryqafl, KorAa cHr'ra Qpr.rKrlr.roHHofo BsaHMoAeiicrBr{fl orrpeAe-
JrfleTcq rro rHnoTeSe KyJIoHoBoto TpeHr,rff, H IIpE HeI{3MeHHoft Be-
JrHtlHHe fu.Fx BeJrnqr4Ha cr.rJrbr TpeHHfl. SaBvcHT tnrrrb oT 3HaKa
cKopocrl.I. Eo.nee xopouee npH6Jrr{xeHHe K peaJrbHoMy KoHraKTHo-
My 83aAMOAeTICTBHIO AaeT r,rcnoJrbSoBaHr.re cJroxHblx MoAeJrefi Tpe-
HHfl. 3Aecb 6y4eiu ucrroJrb3oBarb cr{JroBbre xapaKrepucruKn, coAep-
)Karr1fle KyJroHoBoe, JrraHerlHoe u xy6uuecxoe cJrafaeMbre. B HLI)Ke-
IIpI{BOAHMbrx paCrreTax I,IcnoJrb3yeTcfl ceMericTBo xapaKTepHcr}rK,

F' t

2,4
t 5

1,0
n 5

0,0
_ n 6
-t,0

I E

-2,0
-2,5

-4,01 -0,0i -0,02 -0,01 0,00 0,01 0,02 0,0i 0,04
P . U

Qpuxunouuoro sga[r4oAeficrsus 1*
F : 1 0 :  /  - y : 0 ; 2  - y : 2 0 ;

(20)

Puc. 3. CeMericrso clrdroBbrx xaDaKTeDr.rcrHK
*y (1-sett*t  -bettxr)sign;, aJSlZ, 

'b:a/7,

3 - y : 4 0 ; ' 4 - y : 6 0 ; 5 - V : A O

noKasaHHbrx Ha pHc. 3. I{cnontsyeMoe aHarHruqecKoe BbrpaxeHHe
I,,IMECT BI,IA

Fr: -krFxsign(,PrU)-

- kr FN (l - argt'rit t - 6"-Fwraly 1 sign (p, U),

rp:e a+b:1. B BbrpalKenr.rr (20) nepeoe cJraraeMoe npeAcraBJrfler
co6oft cuJry Ky.IIoHoBoro rpeHHrr, npu orcyrcTBr.rH rrpocKaJrb3brBaHHr
3aMeHfleMyro KrrHeMarlrqecKHM ofpaHi{qeHr.reM Br,rAa (2.6), a nro-
poe - HenpepbrBHyro HeJrr.rHeiiHyro 3aBr,rcHMocTb cHJrbr TpeHrifl or
cKopocru cKoJIbx<eHHg. PacqerH rroKa3a"rg, rrro paccMarpnBaeMafi
VKII o6naaaer [oJro)KureJrbnorl oco6eHHocrblo ---. XapaKrepflcrr{Ku
ee AIIHaMLTKa MaJIo 3aBHCflT oT rJty6IrHbI MOAyJTflIIHI{ HOpMaJribHoft
crIJIbl, a TaKX(e oT QopMbr cuJroBoft xapaKTepr.rcrl.rKr4 6pr{Krl[oH-
HOro B3anMOAeirCrBufi. Irlcc.ne4yrorcn xapaKTepr.rcTr.rKH Ar4HaMr4KH
VKn e uafoBoM pex{HMe [5] : a.rrnua ilr&r? rprncr H BpeMfl Ao nep-
Bor:i ocraHoBKr.r Ha[paB/renHofo ABax{eHr,rff T^oo. lty1uHa MoAyJtff-
r{r{H HopMaJrbHort cr4Jrbr xapaKTepr{3yercq KogQQl{qaeHToM o, o3Ha-
qarcu{irM orHorrreHr{e aMnJrr{ryAbr MoAyJrfluHi{ co cpeAHHM 3Haqe-
HHeM srofi cHJrbr, 3aBucriMocTH pHc. +a. KosSQnqi.reHT .I, o[peAe-
JrfleT SliarreHHe cHJloBofi Xapaxrepr4cT[Kr B TO\IKaX JIOKaJTbHbIX 3KC-
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Tpehl)Itorr, co01'BeTCl'Bylouue saBr,rcll lMocTH I]peAcTaB,'IeHbr Fla pnc.
46. lSult.t io, rrro r"{y6lrHa MoAyJIrrqrlrr npaKTliqecr(n He BJrr.rrrer Ha
An r i a M] r Lrcc(rr e xap aKT epucrurlt, a ltpn yBeJTraqeHur.i Koo$Srlur4 enra
'v oul.t I i3l ' iei lf i lo' i 'cfl oqeHb He3HaqI{TeJrbHo BIIJIoTb Ao 3Har{eHLlt y;
lprr l ioTopoi\,r HacTynaeT cplrB, T. e. KorAa yKn, trarlaB ABrjlKeHr.re,
He llpl{,\{iAti't B COCTOfiHHe nOI(Ofl npA cl'IflTHlI cl'lHyCOHAa"IbHOro
Bo3Syir{,qeHlirr (IBrr}KeHr4e Fra BofHyroM yrracrxe cuJ'ioBori xapai(re-
p i r c l ' ] l l i u ) .

T
max
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tl ?.C '+0 {
, a

0 I , J a
0

1*-i:)-r-'t:.1, "

Pttc. .i. llasrrcuuocrr'r AriuaMnr{ecKux xapaKTepucrr{x VKII or r.ny6xHu MoayJrff-
ir.lrrr lroJ.)[1lxl.r'roii cr'r.[r,r a Ko3QQHrIueHTa y cr4JroBofi xaparrrepucrr.rKr.r TpeHn.fl nprr
f i , ' r /2,,=:4.619, p:f  *ky/2: a - or Noe$Qllqrr,eHr,a r,ny6uHri MoAyrrrrtau o npx
1': .1C: ; l i  -  or i io:, l tprqaeura y npu o:0

2. klcc,re4oBaHr{e Ai lHaMr.rxr.r cno6o4noro ABlrx(eHrrq rn6pop,nn-
Fa' ieJri"{! .  , \ toAe.us ru6po4nnrareJrf l  c ynpyrirM crep)KHeBbru nu6pc-
lp<-ro6l.r::-r,-ruare,:rel\,t H )KecrKI4M BbIxoAHr,iM 3BeHoM iilaccofi m0 fipe1-
cl ' i r  i t . l i I i r i t  f t i l  pIIC. 5. B ucxoaHoM tlo, ' IoxteH![I  BxoAHoe 3Belio Ha

irlrc- r;. l(.1-riierrlro3,rreMcHTHag Moi4eJI6 nz6polnrlIa're,'Ir co c'lep}I{ueor'titt. uIl6potrpe-
o5 p il:il l :i ' ie.re rr

upirBCr\r u{rr'rqc c}KrrMaeTCfl npo4o.rruofi cn.nofi,F" (o6HuHo cr{.rra
c(rr:l l laclcr rrs-sa o6parlroro nresosQQerra B rrbe3oxepaMuqecKoM
B;T(r/--iHi)i:,f seeue) r.r npHxHMaeTcs noflepe.rHoft cu.nofi Fo. .B MoMeHT
LlirrMelrrr /:0 cu"rya ,F,,, cHlruaercff, H Haqi4IIarorcr{ yfipyffie KoJre-
6:rtpt:r r;r..r6ponpeo6pasoBareJrr, lrpnqeM npaeuii ero KoHeil r{oH-
'i; i l i :rIr lrye'r c RbrxoAHbIM gBeHoM. flpn arolr sa cqer r-ropMa,'ibHbIX
ii ' . ir l i i i  criqllaJrbnblx ci{Jr 83aI{Mo4efrcrauR BbIxoAHoe 3BeHo Ilpttxo-
lt lr ' i  i j  lBux(eHpie. I locne saryxaHufl rone6aunft ru6ponpeo6paso-
Ba'ieilr Ebtxo,{rJoe 3tseHo ocTat{aBJII,IBaeTCfl. I,Icc;Ie4oea,ttcl Bpe-
tutCI t l l i :n t r  3ABIICI lMOCTH ABI i i } I {eHHfl  3BeHbeB I{  XapaKTepIICTIZKU ! .HHa-

F-,

!l

g,l

I i

MlrKr{ no,l lyqaeMoro TaKLTM o6paeou IIJara BblxoAHoro BBeIIa BI,16-
poABHraTe.[tI.

Crpourcr KoHerrr{osJreMerrr}rarr MoAeJIb crepxHeBofo Bl{6ponpe-
o6pasonareJlfl, pa6oraloqero IIa pacrtN(eHlle-c>Karl{e u I 'I3rLI6 {5] ,
[pri 3roM xax<Auft y3eJI MoAeJIH I{Meer rpn crerleHl cBo6oAbL Mar-
pr.rql{oe aNsQepeHIII.Ia,'IbHOe ypaBHeHI{e ABH}KeHHfi cllcreMbl san}I-
CbIBAETCfl B BHAE
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- r4M[yJrbcbl HopMaJIbHbIx LI TaHfeHqI,IaJIbHbIX CHJI
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ff;,1 (;).[;:] (;).[f :] (;):
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0  ) 1
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l-F.,(1)

rpe M, C, K - crpyKrypHble Marplrlrbl nu6ponpeo6pa3oBareJltt.
A;rg yrrera Kourar(rHoro B3al4MoAeficrsfis HapflAy c ypaBHeHI,IeM
(21) AoJrxHbr 6urs paccMorpenbl KHHeMarHqecKHe orpaHuqeHufl
BHAa (2.a) ,  (2.6)  c  Marpal laMf i

000 sin g-cos I  0 01,

V
0 0 0  - c o s g - s i n q  0  -  l l .

Macca ru6ponpeo6pasoBareJlfl u Macca BblxoAuoro 3BeHa rIpI4HH-
MaIoTCfl paBHbIMH, m:tTLo, norleperlHafl MecTKocTb nr.r6ponpeo6pa-
3OBaTeJIfl Ha ?isru6 ft" upnuuiraaeTcs cylll,ecrBeHHo tvreglllleft lero
npoAo.nssorl x(ecrKocrll k6 h,r(k1, KoaQSnqneHT cyxoro rpenl{fl
ki:0,5. Ans npeacraBJleHuff pesyJlbraroB Hcnotlbsyrcrca 6espas-
MepHbIe BefllIr{HHbI:

- nepeMeueH[r KoHua BH6po[peo6pasoBareJls B HopMaJIbHoM
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0
lluc. (1. Bper,reunue 3aBuclrruocru nepeueueHufi xouraxrsofi rouxu ea6po,npeo6-
pa3oBare.[a, Bbr-\o.qHoto BBeHa r{ aMnynbcoB KoHTaKTHhIx cl{Jr npr{ cno6o4Hou
/r.B rr)ricrlrri i  nr6pognlrrare,tn ; F o : g,g75, tn : mo, k " 11 ku fu : 0,5

r4e J' - neprioA cBo6o.4"Hbrx flpoAorbHbrx KoJre6aHr.rft eu6ponpeo6-
pa3oRaTejrrfl, Ltp - a6co,rrcrHag BeIIrqHHa HaqalbHofo fipoloJrbHo-
t{) n e l) el '{ eiueTtttg XOHTaKTHofi TOTIKLI.

I-la pnc. 6 npuneg,eHbr BpeMeHHbre 3aBHcHMocrH [epeMeqeHnii
tr rri\,riiyJrbcoB KoHTar(THbrx cHJr AJrg fipocTeftnrefi uoAenu (uoAe"rrr
c]'cll)riilrr ts'BlIAe Maccbr Ha IIpy]KHHe) H Arg MoAeJIH r.r3 rxecTr.I K3
(prrc.  66)  [prr  F11:9,075.  Ana;r l r3 BpeMeHHbrx saBacnMocrei r  ne-
1;r:iueqerrrafi cBIlAeTeJrbcrByeT o6 ycror?unnor? pa6ore a,rropltTMa
iiltc,[(rH]ioro rir lTefpupoBaHHg, HecMoTpq Ha cpaBHI4TeJIbHO 6O,'Ibr[Ofi

Pnc. 7. 3aencaltocrtr xaDaKTe-
plrcrlrK u-rara nu6pogBrf are.{q
npu cso6o,4noM ABlrxeHr.rr4
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0 0 5
0 0 0-(i.05
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-0,20
-0,2J
- 0.30-0,15
-0.40
-4,45

l  f l t t

9l
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i
il
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t
if
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uar (500 ror{eK HHrefpupoBalLln) r,nfl cKaqKoo6pa3Hblx HeJII{Hefi-
HOcrefi. 3anv czuocru xapaKTepHcrl.{K IIIara BE6p0ABI'Irare,If l Or
cunat Fo npHBeAeHbI Ha pt{c. 7, npuuelra xapaKTep}Icrl{Ka $p osHa-
riaeT orKroHeHHe nepeMeuleHHfl BbIxoAHOfO 3BeHa IIOCJIe ,ero oKoH-
I {ATCf lbHOft  OCTAHOBKH OT NCPCMEIqCHUfl  BEJII ' IqHHOft  B MOMCHT NEP'

BOfi  OCTAHOBKH.

BHsor,H. A.nropurlt aIHcJIeHHoro rlnrerpupoBauufl ypaBHel{nft

AUHaMr.iKr.r KOHCTpyKUI.{H c [apaMI'I HOpMaJIbHOTO H. spuxuuonuoro
BsaLIMoAeftcrBHfl noryr{eH B BI'IAe pacuupeHHn o6o6qeHHoro Me-

roAa HbloMapKa, np?rMeHrrfl MeroA HHTerpupoBaHHr AHHaMIjqecKItx
CIJCTEM C OAHOCTOPOHHI{MH KI{HEMATAqECKIIMH OIPAHHqEHI'IqMI'I .  iEC-

JrH TpeHHe B KOHraKrHOii nape KyJIOHOBO n KOHTaKTHafl '  napa B KoH-

c T p y K I { H I , o A H a , H a K a x ( A o M I I I a | e H H T e r p H p o B a H I I q B e J i H r I I l I H b I K o H -
raKrHbrx cr.IJI onpeAeJlqIorcq, He npn6efag I( I{TepaqHoHHoMy ,pac-
qery. ArfoprirM raKx{e npHMeHI'IM K CHCTeMaM cO CJIOX<HbIMH Xa-

PAKTCPHCTHKAMU TPEHIIfl, TIPCACTABJIflIOUIHMI,i XAPAKTEPI{CTIIKY B

Br4Ae cyMMbI KyJIOHOBOfi xapal(repl4cTrlKrl  H HenpepblBHoft nenn-

sefinoft' $yHxurlra cKopocreft. flpu norrloutu pa3pa6oraHHblx npo-
fpaMM HccJIeAOBaHbI peaJlbHble MexaHHSMbI UIaTOBbIX MI'IKpO[epe-
ileureHnli B BHAe ynpaBJlfleMblx KoHraKrHbIx nap n cso6oAHoro ABI{-
)KeHns Bu6poABHrarerfl.
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