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B H 6 P O T E X H h K A .  1 9 9 2 , 6 7

YflK 534:52-50

PACI{ET MHOTONEPHOAHbIX NEPEXOAHbIX h
yCTAHOBhBW4XC' PEIKI4MOB BblHvlKAEHHblX
KO,NEEAHhN YNPYTNX MEXAHhqECKHX ChCTEM C
cyl4EcrB E H H btMh HE nuHEnHOCTtMh

P, BAPAYCKAC

llpnmeuenne MeroAa ycpeAHeHHfl. PaccnaorpuM MarpLIrrHbIe AIIQ-
Sepeuqna.irbHbre ypaBHeHHs ynpyroft MexaHr.rqecKofi cucreMbr B BI{-
AE

mu +cit  +xu:w(u, u)+R(r),  (1)
the .Mnxn, cr,*n, Kn*n - MarpIII lbI Macc, AeMnsuponaHun lI >Kecr-
KOCTI{, unxb Rnxr - BeKTOpbr y3JIOBbIX nepeMelrleH[fi n yCUnnft,
Wo,r - BeKrop HeruHefiHbrx cIcJI. Bos6yx4enxe npHMeM nepno-
AHqecKilM B BLIAe R(f):4$+f). f leperrreuleHllff I4 cLItbI npeA-
CTABHM B BHAE OTPAHUqEHHbIX PffAOB (DYPIC B BIIAE

T. l .  064 c"
i2. f l l l0lrClrl l f l  F. I{., AET.IIA@ A. A.

i)rjts l.r c'i \'/ ';lcuroB By3oD. 2-e t'isA. M.:

Lr.utctut tt ri il.r.'riir exHtirlecKliil
l i l lcT, t ' t  Y l '

Cnpanoquux uo '$usui<e AJIfl aHrKeHe-
Hayna, 1964. 844 c.

flocrynuno
20.07.1 989

U (t)*  f ,  , rcos(f t -  1)cor*uf  s in (k-r) 'ot ,
k : I

p

R (r) - f, rf cos (k - L)oi I +Rf sin (k - 1) ar /,

(2a)

Q6) (2)

W(t) - i  r rcos(&-1)ro/+ W! s in(k-L),ot ,  (2n)
k - l

fAe rro onpeAerreHr{ro Uj:x}: W!:A, a a,:?. I4cno.nrsyx
MeroA ycpeAHeHr.rq [1], 6yaerra paccMarpr.rBarb aMnJrrrryAbr utr,
U!, lc--L, l, B BuAe $yuxuufi BpeMeHH. Kporure roro, rrorpe6yeu"
.rro6H Bhrpa)Kerruff cKopocreft ureilv ry x<e Qopuy, trro r.r B clry-
qae nocToffHHblx aMnJIHTyA, T. e.

p

u fO: Z - ut (k -1) co sin(lc- l)o r+
k-l

+U! (k - 1) co cos (k- 1) or t, (3)
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Tax rarr Lr A,er'icreureJrbHocrn Uf , W gaBacflT or BpeMeHr.i Iz
sro o6cro' f i 'e"tbt iTBo,4,on)KHo yqHTbrBarbcf l .  rrpLr auoQepeurlnpoBa_
rriiri, BilA BLipiil l{elrilfl (3) npeano,[afaer Bbi[o,'rHeHHe paBeHcrts

i l f  c ts ( i -  1 )  r , : t  aUt ]  s in ( /c -  l )o t :O (4 )

,[,"rrx ]rce-i l;,==i,-i. fl lrrf$epeuu]rpyfl Bbrpa]KeHHe (3), nolyur.rna

fi
lr

ir
!'
ir
t . .
1i

(7) i.
1

ll.
I
,i

i
i i , '

u2
U1"

, , ,

UP"

UP"

w2
-wI

T'
-w|
WP"

R3
-nl

i'
-n3
R?C

i  ( t  l ' -
' ,  

i . - { f f  ( k *  1 )2<o2  cos  ( l c * l ) a t t -
l ,

J i ' , : , i :  s i n ( i c *  l )  e t - U : ( k -  1 ) < o  s i n ( / c -  1 ) c o t *

Marpilqu clacreMbr (7) 6novuo-Ar{arogaJrbHbre. B cJryqae orcyrcr-
Brs He,rr{HeiiHocrer? (llz:0) cncreMa (7) pacnapaercfi Ha k uesa-
BI.TCUMbTX nOACr.rCTeM Br{Aa (6), Ka)KAafi I.t3 KOTOpbIX rrO3BOJrtieT
oirpeAe,'II4Tb aMrrr'ir.ITyAbI cooTBeTcTBylorqHx rapMor{IIK Kore6aHHft.
Ecnu W*0, ypaBHeHriis cBfl3aHbr H e o6xleM cryqae Heo6xoArarrao
perrrarb cHcreMy (7) pa3MepHocrbro (2p_-l)n\(2p-l)n. 34ect,
KaK il B pa6ore [2] , e clyrrae JroxaJrbHbrx r{eJrnHeftHocreft Mo}KHo
npeAcraBurb Marpn{br H BeKTopbi s 6roquoil.r BHAe, npuqeu 6noxra
AOJI)IIELI cOOTBeTCTBOSaTS flllHeftsOfi. u He"raHefinOft qaCTflM cHCTe-
Mbr coorBercrBerino. O6pauleuHe MarpHrI, coorBercrByroxlnx truHeft-
aort .Iacru, ocyulecrBJlsercg B KarrecrBe Haqa.nouoft oirepal1nu, r] Ha
KalKAoM llrare HHTefpHpoBaHLrfl perrJaeTcs cHcreMa a"tre6paiaue-
cKr4x ypaBHeuufi pasuepnocrbro (2p-1)nzxpp-l)n2, rpe fl.2 -
qnc,'ro He"rnueftuux creneuefi ceo6oAH. Ec,nu se.nuseiisocru cyuie-
cTBeHHbre, pelxeHr{e STofo HeJrrruefiuoro ypaBHeHHfl MeTOAOM npOC-
rofi urepaqur{ peAi{o [pHBoAHr x cxoAquleficq fioc,'reAoBareJrbHocrr4
npn6.nnx<enrali. l lprruenrfl MeroA Hrrcrosa-PaQcona, Ha KaxAoM
Ixare uHrerpHpoBaHiza rrpHXoAHTcfl onpeAeJrflrb MarpHrly npoHs-
BO.U,HbIX

dw: aw:
iu, W
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II ,vcpe/r,iri{ir r{n.npoMe}KyrKe [0, I] , AJrfl, ]Kail<Aoro ft:1, p nony-
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, . i t u s { f - -  l ) c o  l ,  k :  1 ,  p .

;  i ( l  cr{r ' i , i l i . : i . ,r  : . .rr i : i i l i . , i r l  . t i r I i : i  MaTpHIIbr (B) an;iarcrcf l  aMn,, j I{Ty.II ,bI tap-
' ,r ,- i l {rr i . '  

1l i i . r . , j i rr t , . .r i i i r i j  f i -} ' i t r i i l lHi l  (9) B pgA Qypte, A"rrtr uX oIIpe/{e-
.rrtr i t l l " l l  { . : i : \ .r | | i i '1 'r  i ] .  ! i I i . l ' f  i i i l  JII ICKpeTI-Ioe f ipeo6pa3oBaIILie Qyple na4,
i - . i j , . t l \ i ! :11 ; r ! i , :1 : :  . : , : i i , r i i - : i i 1 \ i {Jc | fM i I  (9 )  c  reueHI4e I Iep l {oAa [0 ,  r ]  .  Tax
i.,:l ii :r ia) .j:: ' : , .,i.j,rrfrg1;r'utotto ocyulgglgHTb qlicJIellHo, IIpe;],,llaf ae-
, l i r i f i  i r i -r ir :r i r l i ,  ' . ' {- , i { i /(rr ycpe,4t{eII i{ f f  I{e rpe6yer Bbiro"qFIeFII iu KaIi i lx-
, r l i i , i r )  ,a r i : ,1  r l  i , i i i i j { r i i : r r . : ;  i l peo6pa3oBaI rHt i  } I cxoAHol l  c } i c reMnr  ( l )  l " t tg
' , :  J i  : ' : : :  '  ' : l : i t , r : i  e l i c ' f e M b I ,

j : i : r : ; i , : i r : j i t !{0!? iviaT'pprnr}t lKecTK0cTI-i .  Ec,r lr  I \4aTpHIla
i iaC:i i i r){.-Tl i  : ,r . i  , ' : r) , : i j l . ( l i I i t ,  '11., e. BO3l\ '{OXiHbI I IepeMelq,eFIHq yt lpyfOft
ia i : ' l ' i . i  ?1Jr i r ' r ' i r i , i , : ' : : i i .  ; ' i {CCl ' i (OfO UeJ lOfO,  HeI IOCpeACTBeHHO pe l I IHTb
ri i i r l ' r . j j \ , '1 i '  . i i )  r i i i , , r i r :-rr i ,  ' i 'aI< }(aK Ha nepBoii  pirepauull  Heo6x0ArrMo
ri i i r i r i r i ' i -  ui l i i i l rr , ' ! r  , t{ .  i lpoc' i 'ef imur\.{ BbixoAot\{ LI3 r ioJIo}KeHHg npeA-
-i ' i ] . ,1.t ,11c't ' r ' j . t  . :rLi. i ; i1r ia.) l !* i l t tse IIpeo6pa30BaHIie MaTpI{qbI K n ne.r iLt-
lr i j .ur '-- i i  rr ir l ' i ' i r  l iz '  i l1lr i  trou lepBoe ypaBHelrne cHCTeMbr (7) I tpe4-
l i l l j" l j j ; ie'f.-:r-l i : l lr l  l l  i : l

, l  ,  I  !  i  ,  i  
' i

'  :  
I  I  l i t

, " q i - ' ,  t r ,  r  i ' ; . ,  r ,  l l i i . l { , ! i - r : r i r x i l i 6 l . U ! ,  r p L I  a r o M  M a r p r l -
i ,  . i

t i i j  i 1 . .  l i i : r . ; . .  l . i ; , I | : I J i 1 1 ,  i { e  t j b l p o ) K A e H a .

,ll.i,u-r;ri.'irti,r' ,ij j,r]iiri(:fiIit{ yrtpyroii r{ac'ru cHcreNibI I(aI{ }KecrKofo
:i , i , ' i r-raf i  r , , i i r ' r  r . t : j . ' r  i : . ' f  t l i ieACTaB,IeHHe nepBOfO ypaBHeHHn (7) r nWAe

(1',)

,. '  l i{.r; ioil lrL.rr\,,[ ypaBueHI{eM (l). t{ro6u pacqer cl{c-
' ) r " i . t i l r i i ieHUl l  

Aa. i I  SKOI ' lON{I{rc BbIq} lCJlLITe, ' lbHOrO pe-

iJr i i i i . ] l0  r  f r j . ) t l ,1br11 r . rHTefprIpoBaI{ f le} ,1 ypaBhiel i l l t {  (  I  ) ,
i  i 'c l : ) i l ,Ai le l luoi i  c t {c] 'e i i lb I  I i l loBoAIrTcf l  c  

-  
uafoNI,  cy-

. ; i : , : i - { i i r i0 i l l l l i \ i  f iepl . rOA ynpy|UX KOJIeOaHII14 MexaHIIqe-
l -  i i . r l ' t  ot r  i r  rMci icHHa t t  cxeMa I t I l refpI IpoBaHIJI I  ASJI )K-

t :  Lt  t r  c 'n3VC"TOi lU0 VCTOkir{HBOI: I .

r i : - i l ; . r ' : ;3 i (1. ' iS i lOBlt !3I I IerOCfi  pelKI , IMa KOJ|e6AHHfi .  L-- l lC:retv la
; ; ,  " . ,  , . ) I i l )  CAC,.r le l l I l f i  t l  iv i  l l  J IHTyA yCTaHOBI{BiXef oCu p eiKl l  L4 a

1i ,  : , r i - ' '11:- le ' l i l i I ,  CCJIH I lp i . lpaBII ' ITb K Hy,r I rc i Ip?1tsyrc CTOpO-

rr i i i : r  i , ' ! .  ; ' i r . ;o6i lar i ,  Heo6xontrvlbl i t ,  A,[x prglxglt I l f l  t Io"ly-
,  ' r ,1 ,  i i i ' i r1 t , ) r : . i  r . le r r r , rue i i r :o t i  c t IcT( ]MI . I  a .n re6nangecxHX v1 l i l3 -: r i' j i-t,i!:r {.)i.,i rrer uile jiHofi c HcrcMbl ar f e6 p a uqe.I5.T,pjl 

:
1\r lr : i (r i t l r i i  i i i , t r- , iotta--F:rt fcoHa, onpe,4e, ' I f lercf l  I Io $opttty. i lar,I

, ; ,r :  i i  { j  c. ir !rqae peureHHfl ycpeAneHHblx AIIQ$epeHIIt iaJib-
|: :  i r .  L:; , ;11t N,iaTpI{Ua x{ecTl(ocTi4 BEipo)KAeHa, I IepBoe
ri, ."f  i . 'L, l i r{  : t t tr ' le{ l f ieTCJI ypaBHeHI' ieM BeInA (7').

,  : l l 1

l lpnnnepu qr{cJreHHoro pacqera. t. Bu6poy4apHbre KoJre6aHns
ynpyroro crepx{HeBoro BH6ponpeoopa3oBaTeJrs, npnxaroro nocTo-
sHHofi rrpoAoJrbHofi cr.rJrofi ( onope. Crepxuenofi nn6ponpeo6paso-
Bare/'rb (puc. la) acrlor'IbByercs B KoHcrpyKqliqx BH6poABHrare-

P t t l

Pac. L KoHe.iuosre[{eHTHafl MoAeJrb au6ponpeo6pa3oBaTeJ]fl, cosepuaro.Illero sri6-
poyAapHbre xo,re6anug (a) il xoaeuuooneMeurH,afl MoAenb na6po4nurare,rn (6)

refr Arfl co3AaHHr nepeMeHHoft HopMa,'ibHofi cfi.nu pear(qlrH no-
BepxHocrr.{. IJesarpenneHHbrft Bu6ponpeo6pa3oBareJrb rrMeer npe-
I IMYIIICCTBA IIO CPABHCHHIO C KOHCOJTbHO 3AKPENNCHHbIM, TAI( I(AK
B nocdIIeAHeM IIpaKTrirrecKI4 HeBo3MoxHO npeAoTBpaTHTb yTerrKy
Ko,'re6areJlbr{ort sHepfHH rrepe3 soHy )KecrKoro KpenJrenux. Bir6po-
rrpeo6pa3oBareJir,  AJrnHbr I npe4craeJreH KoHeqHooreMeHTHori irao-
AeJIbIO, CH,'Ia npII)KaTLIff paBHa P6, aMIIJIHTyAa CHJIbI IpOAOJIbHOTO
BO36ylKAeHHf paBHa Pt, 3aKoH BosoylKAeHHfl fapMoHr.rqecKr.rf t
Pt(t) :P$incoi. Pesyrr,rarbl npeAcraBJreHu a 6espasMepHbrx Be-

-  t - l i  E  *  U
. } l H t I n H a X  t : t T V  

o , U : 7 ,

E : #, F : PIEF, a : ut l/ pl E,

fAe .9, Q - MoAyJrr Iosra r{ [JrorHocrb MarepnaJra coorBercrBelgo.

6espasnrepnrrfi nmnynsc KoHraKrHblx ycu.tr.rft paBeH S : SlnftV +,
Ao6porHocrb Bri6ponpeo6pasonarenrr paBHa Q:50. Ha puc. 2, 3
AJIs cpaBHeHHF npLIBoAflrcfl BpeMeI{Hbre saBr{cI{MocTri KoJr,e6aHrrrt
lpaBofo KoHI{a crep).KHtl, tIoIyrIeHHbIe npflMbIM I,IHTerpnpOBaHHeM
ypaeneHaft Ar.rHaM[Kr{, rr BpeMeHHbre gaBr{ctiMocru BeJiraqrzu jaMn.rru-
ryA, Ilo"nyqeuHbre r4r{rerpprpyr ycpeAneuHy}o cHcreMy. tlacrora sog-
6yxAegnri 6eperca pe3oHaHcHaf, 6:1,02, uHc.no KoHeqHbIX g,'re-
MeHroB MoAerH paBr{o I (AeyxirraccoBa.fi clrcreMa, ptc. 2) u paBHo
10 (ptzc. 3). Ans AByxlraccoBor? cHcreMbr ycpeAuen[e B nepBoM
upu6.lnxeHr.rn (p-2) Aaer xopomue pe3yJrbrarbr. Sroro He,'rb3fl
cKa3?Ti: o MoAeJr[ c 10 creneusnrH cso6oAbl, rAe pegyJrbTaTbr nep-
aoro npu6.nu)KeHrrn .rtutub KaqecrBeHno orpaxalor AHHaMHqecKoe
rloBeAeHue. OAnaxo y)Ke rrpa rperbeM npu6nuxeuau @:q) Ha-
6,rrcAaercq H KoJrriqecrBeunoe coBraAeHHe (puc. 3e). l lepexog-
HbIe [poueccbr H3MeHeHHfl aM[JrHryA KoJre6auur?, nonyqer]Hbre rro
ycpeAr{eHnbrM ypaBHeHr{rM ttpu pagrl,rrrnbrx gacrorax ooe6yx4eulrR,
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Prrc. 2. l..leperr.;.qrrlre npoqeccbl nu6poyAapur,lx trone6auuft, qucJlo KO I' P0:
:1- i r . : i , 'a . t - -1,02.  S6t6t t toAeulr€ B reqeHl le 90 nepuo4oe, nocJie-cso'6oAul te
l ic , rc6alurrr :  *  -  l rp l l l ro€ EaTerpt{poBaHue ypaouenui t  aI tHaMIiKI ' I ,  BpeMeHHbIe 3a-
BllrrIlruoa l i:r iii ';tc!eu.Lertttii rrograxtgoti ToqI{E I.I I{MnyJlbca cI'lJI HOpMaflbHofi peax-
Ilriir,24i-)0 ro'icri ili l 'rerpii.ijoBaHI'Ifl; 6 - anrerpllpoBaHlie ycpe,u,HeHHblx ypaBHe-

lnrt ncy.;no;:c nptt6.tituietit.t.:t, F:2, 75 To.{eK I4HTerpEpoBaHfiq, BpielvleHHble 3aBfi-
cljivrocTll .tlr'1il.r1iifyjr. u d,'as xoue6auufi xontaxtgofi toqttu:

t  *  i , i ] ;  : , -  [ ) , : l i t " I + < i ; : X ; 3  -  e , : u r " r *  4 .0 ! '

rror\a3f lrbr Hr) I)uc.4. Ha puc. 5 npHBeAeHbI aMIIJILITyAHO- U saSO-
Li ll Cllc)'tHI-'l e,r,. A i) ;1 I(TepIICTHKH npI,i p a3ILIriHbIX SH aqeFIHfl X ych"il{fl H a -

rf l ra . , lJ,t" ){apatrrepHoft oco6euuocrrblo sB,r l f lercf l  cABHI pe3oHaHc-

rrL'r.r ;  rr ; tcToT i=,tnl iaRo lr Heo!, l lHaKoBaq KpyTIi3Ha CK.IIOHOB ,XapaKTe-
pIIc' t i t I i l I .  f l i ;u :r 'or i t  noJIofHM gB"If lercf l  npannft cI(JIoH, I{ Ha HeM

Br);rr{0;: i . i i r i . t  ! ' r-1' ;1; i i r ,111i33s pa60ra BH6po[peo6pa30BareJlg. Kpuaue /

i? . i '  I lo] i : l3t i l l3anr pa3rHqHe, nofiyr laeMoe npH MoAeJIHpoBaHIIIT cl ' Ic-
' fcr, . ibt r-:  1 r i .L) ircrniblr\{  ad' ieMeHToM I. i  c 10 l iogeqgatMu SJIeMeHTaMI'1.

l I"  Mer-,rrel, i ,r , t-r ; laHr{e ycra}IoBlIBuIerocfl  pe)KLtft Ia ,u,B14x(eHux ru6po'
j ! ,Bpirnrf,nt l"  r \ , ' ioi te.ru, paccMarpnBaeMofo Bl.r6poABllfared'I f l  f ipeAcraB-
Jri lo' i  i : r- ,6rr i i  clep;*i t- teeori oi ' r6ponpeo6pa30BareJIb, coBepruarcult i ' i

11pL), ' i0.r l  r :r iLic r i0",tc6aHrif l  H trMelou{r4i i  rouxy QpnxIIuoi luoro I(oH-

rul(. fa C ir,r ior- i ioc' fbio Ha npaBoN{ I{oHqe (plrc i6) .  Be,ruqtlHa cu,tst

l lol) x ' i r ,nrr i ' i () f i l  r l i i  ul i l i l ' loAeftcrel lg f l  3MeHseTcq c qzlcToToi ' i ,  paunofi  uac-

1o'rc nlro;r,{-\ .r lh{ i l .r{  r1,olre6atL1fr,  B BLIAe ,A/( l) :  (1f sinol l)N. Tar xax

irp()r- io,rt i : , l rr-f  { :  xo, i , ic6arrr l f ,  BoS6yxAaeMbIe cf inol l  P1 (/):pr5inri ,

1.1 i1

0 2 0 4 0 6 0

Pr.ic. 3. llepexo4urre npou."L ra6poyaapuux rone6asuir, qucro KA 10, F0:
:Pr:1, ro:1,02: a - npflMoe r{Hrerpi lpoBauue ypaeuenufi  AHHaMUKI{, BpeMer{-
HbIe 3aBrrcuMocrll nepeMeqeHr.rll KoHTaKTsofi roqxli fi tIM[yJlbca cIiJI HopMa,'rt'-
uoli peaN{uu, 2400 ro.rer }inrerpllpoBaHnx: 6 - LtHl€fp}tpoBaulre ycpeAneHnbrx
ypannenufi  f lepBofo npu6nuxeuua, P:2,75 roqer< IrHrerpupo6aHl-i t ,  BpeMeHHbIe
3aBncrlNrocrlr aMnJuiryA u Qaa r<o;ie6asufi xonraxrnoft rbqxr.r: I - 02: 2 -
0t; 3 - qr; a - lrurerpupoBaliue ycpeAueuubrx ypaBHeHHfi nroporo npu6.nnxe-
HLrn, p:3, 75 ToqeK I4HT€rpupoBaHHlt, BpeMeHHbIe 3aBucr.iMocrlr alrn.nuryA n ,!as
ro,re6aunrt xonraxrsofi roqxu: 1 - 02:' Z - A'; 3 - A'; 4 - qt; 5 - g'; e-
riHr€rpnpoBanrie ycpeaHeunbrx ypaBHeuuft rperuero npu6.nlrxeuna, p:4, 75 to-
qeK fiHTerpnpoBanllfl, BpeMeHHbIe 3aBr4clrMocru aM[,'rr{TyA rone6,auult rosraxruofi
roqxu: /  -  0o; 2 - A';  3 - Azi 4 - A3
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i l irr;. 4. 
'i-lrpr::r.lirrtc 

npoqeccht l3MellellHfl aMtr,'ll lry,4 Ko,le6aHIrfi I]pH pa3Jlliqgblx
qzrtr.cTr)i B03l.illl itr.cltIx, uitcr-to KO i0, P!,=Nt: i, -unc,ro roqel(- I{HTSrpHpoEanl-ifi
. ' f ,  , 1  - . - . i  1 , 1 ' : : ,  i t i , i r 6 p r r ( c l l i c ) :  I  -  O 2 ; 2  -  A r ; 3  *  A 2 ; 4  - U 3 ;  a - 7 i :
- : .0,9 i ) ;  5 - . , -  , ;=* l , i t l ;  s  . - - -  ?, i :  i ,03;  e -*o:1,05

i)[')l:]Oiiili ir,)i:iiriil. i:If.,:i(,['y' f.apM0]IHqOCKHMI{ SaKOHaMi{ npOI'Or'IbHbIX KO.-

. r - ic6ai11!" i  i . {  rLJ} iBr: i€r1I f i14H nopMaJIbl lot i  cudTbI co3Aaercf l  paSHocrb

,J) i ] l  n, l : ,  r \ i | i ' ' . ] l i t . f t  { l i tTI IMaJIL 'HO I IepeAaeT HaIIpaBJIeHHOe cpeAHee

.{ts.rJ;lt-i,rliie.--l 
":'.!lrIli '., 

;scileAcrBpIe qelo nporicx0AHT AB}I)KeHHe yIIpy-

I if:,]

qs| 0,e3 1 0 2  a

Prac. 5. AHX u (DLIX tro.ne6anllii xonrart-
Hoit TorrKrI ola6ponp,e6,Sp33cBarerfl: J -
6ecrorlraxrrrlte xo,re6agnfll 2 - Fo:1,
p:2, E:.10, qac, ' Io'  KO 10; 3 - Po:1,5,
p :2 ,  E :10 ,  quc , ro  K3 10 ;  4  -  Po: l ,
p:2, E:10, .rytcuo KO 1; cn,{ournaq r
RVHKTHDHag ,'IIIHIiH - COOTBeTCTBCHHO

aian,rury.u,u Ar n 0o, n'rpuxnyuKrnpr-Ibre -

Qasa Q.

Pr.rc. 6. AHX r<o.ne6asr.rrt xon-
tartHofi Tor{KH Btt6poABr{rareflg
rlpn pa3nuqHbrx 3Ha.{eHutx cpel-
Heii HopMafibrioir cr{,'rbr: I -
fr:0 (6ecxourarruhre Ko,1e6a-
H H l . ) ; 2 - t r : l ;  3 - f f : 3 ;
4 - N : 5 ; 5 - N : 7 : 6 -
f i :9

ili,

I

6

j

Puc. 7. Xap'arlsprarrKrd ABl.ixyillarr cl4ta-cKopocru (cunournaa J:arr4fl) H 3aBLI-
cr4MocTri KII,4, Or ABIrXyUefi Crrr'Ibr (nyHKrlrpllar ,'iliHu4 npu. pa3,ilur{Hblx 3Harie-

f i r . r r { x  cpeAse f i _HopMar l bHo f t J l . I n r r :  , 1  - J : l : 2  *  N :2 ;3  -  N :3 ;4  *

N : 4 ; 5  * . N : 5 ;  6 - f f : 6 ; 7 - _ N : 7 ;  8 - f f : B ;  9 - N : 9 ; 1 0 * .
f f : 10
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roro Brrf l i )onpeo6pa3oBareJrs r(ar(  )KecrKoro uerofo. CNauxoo6pas-
r i  &Ir , ' , i : i i )  0 r i l  t :p l icT l t t ia cyxoro rpeHllsr.  W 6: N (t)  st  gn{J 61 annpoN-

ci l i l l i l lye ic f l  B Bi iAe lV14: '  a tc tga.(J61,  r l \e  U@) o6osHaqaer cxo-

pocl l  r i lLa i :or i  ( r .  e .  n- f r )  roqKl i  nu6ponpeo6pa3oBareJrs.  Ha p i . ic .
l j , 7 ni,, itneAelrL-r pe3y,rlbrarbl pacrrera ycraHoBlrBrxefocs pelKuMa
JlBri)i i l-tr ir is{ r:rr6PoApriraTe,'rf l no ycpeA,HeHHbIM ypaBrieHHflM .IIepBofo
uil110,, ' iLirirrlt i lJ:t (p:2), rpI4 gToM Kol{erlHog,'eM.HTHafl MoAe,'Ib co-
c'roii ' i '  l t-r I l i  r iorrcqstix 3JreMeHTos. Ha prac. 6 npnBeAeHbr aNrrrd'rr{-
'xyAri{l-rri l 'rr i lHbic xapaKTepHcrHKa xone6auufi xonraxrsoli To'-rKH
nri4l,, lnpic,6pa3ogarerr (an'rnruryAa nepeori rapMoHHKrr Ol,,) npH
0irij.ruiriiirri,)i 3Harteriltgx cpeAHer? BeJIHII]IHbI HopIvIa.ttr,Hofi cnnu 1r/.
c,nnti i ' ;r i :)t3(irralrcHlfx IIacToT SAecb i{e Ha6nrcAaercfl IIpH ,'I io6oM
::t:r,aii l :r i l i ir ,/ i i . oAiraxo oT 3HaqeHHn y'y' cyuecTBeHHo BaBLICHT aMnJIH-
r'-\/j(ii iiir.,r0i;;,-,::lri:i. Ila pnc. 7 npI{BeAeHbI )iapaKTepHcTr.iKr{ ABH)i{y-
ilIiltr ,.rli,;i;1-- Cii.opclcTb, rAe ABU)KyIqafl, cvlla npI,iHHNIaeTcx panHoit se-
Jlrrqlliie 'roi]iv:o3,qirl,efo 

.vcr4Jir{fl Ps npu nocroqHHofi cpe4nefi cr<o-
FocrIr l1lfr; ir 'rr lr4i;r niaSponpeo6pa3oBare,rg KaK x<ecrKoro qe.noro. B
fiorrecr'ri i i  rpegueh cKopocTH paccMaTp?iBaeTcf cKopocTb I4sMeHeHLIE
ardn,:rl ir1,,. i i , i  try;leecii rapl'{orir4Ku U&t. 6espasiuepnbre BeJrH!rHHbr
olrpe,;i,enji io'rcfl iro rpopmy.rianr, npHBeAeHHbrM Bblrrre npn orrficaHfiH
rrepBofo iri:)I i i \{epa. l lyuxrupnuMH Jrr{HHflMr{ Ha przc. 7 noraganrr
srBrr(i i l . iocr;r r,,oe$surIHeHra noJre3Horo AeficrsHs (x.n.a.) or
r-rueluneir lnu:xynr,efi cnnu. K.n.A. sAecb orleHrrBaer a$$exrun-
noclb IIencIa.iH ro.rie6are"rrngoii gHepruu B HattpaBJIeHHoe ABr.ix{e-
r : t rc  i i  or l -1cAe.ryrrc ' rc f l  no r foptuy le

,, i .-'1"- l.
"  |  . l { , , c : 6 =  I

{ 're ,4" ** rio,resFrafl pa6ora, A,os6. - pa6ora CHJI Bo36y>KAeHHfl.
Pac,reriri ir.r $opuyna .r.nr r.n.4.' tto ypaBHenr.rflM nepBoro npu6.na-
]i{eIIilrI i.irieeT BIiII.

. "  _  I  2 .%.  t / { o r )  Irr : 
I l:t;fi.,,.].$r-?,,1J l.

!3r.rri,i,r,tr.,. ,IJ.us iracqera BbrHyx(AeHHbIX MFroronepuoAHbIX pe)Ki.I-
rrcr xo.,rcdirriuii npe4loN(er{a qr4cilenHaf, Bepcnq MeroAa ycpeAHe-
lir ir i. Lli, icc,ro l l lrr,4oro I-iHTerplIpoBaHHfl ypaBHeusft AtzsaurrKrr rrH-
rerprrp i r i l rcr r  ycDe4r{eHHbre ypaBrrenl r f l ,  t rpHqeM npeo6pasoeaHrae
:/l l l tRire,ri i i  oc-yit lecrBrgercfl aBToMarl4lIecKI{, !Ic[o,'Ib3yfl qHcJIeH-
r i { }o nJ) f . { ) r l1)a-"oRaHrie (Dypre.  l lccneAoeaua AI tHaMI iKa yr lpyfofo
sir6|r;ni,.t.0f,pit3OBATertfl, COBepIXarcqero BbIcOI(OqaCTOTHble IIpO-
r : .c"rn; r rLrc r io ;edl r i l iq  n nrrSpoyAapHoM pexaMe n pe)KI , Iue pa6oru
p) tinliefi-f i :rO B,I0ll l10ro-BblxoAFlofo seeHa nn6poABHfaTeJl.f l. l lol<asa-
HO. l iro lt l t i t I ico,rre.tloBairi lI l  4nyxltacconoft cI4cTeMbI B Kar{eprBe
ldoIC, , r r l  BU6pOUpCO6pa30Bare,rs  pelxeHHe ycpeAHeHHoro ypaBHe-,
rTrif l iro jr()ltEi)L,ry iIpr{5JrI{)I{eHLIn XOpOmO COOTBercrByer 3Ta,lOHr{O-r
ir4)' l)?lJif irII lor Iro.lyrlellHoMy qI]c.IIeHHbIM HHTefpHpOBaHlIeM ypaB-

1 ,1 . i

sesnfi l\nHaMuKH cHcreMbl. Ecnu an6po[peo6pasoBarenb npeAcraB-
JreH B BHAe KoueqHogJreueuruoft MoAeJII{, nepBoe fipu6JIHx<eHI,Ie
NO3BOJI'CT JIAITb KAIICCTBCHHO OUEHI,ITb ICPCXOAHbIft NPOqECC B BI,IA
crar{HoHapHbrx KoJre6anufi. Ans noflyrreHl.Ifi KoJII{qecrBeHHo IIpa-
Br{JrbHbrx pesyJrbraros Heo6xoAurrao 6pars rpeTbe [pu6JIHxeHLIe.
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