


I ~ C T O ~ W S  p a d o ~ a  nocsmueHa onncasm C B O ~ C T B  ~ T O ~ R ~ O B ~ H H H X  rrpen- 
cTasneHa5 cmureTpnqecKnx bnonr-io-~pex,unaromn~m ( n  rn O ~ ~ T H E T X )  MaT- 

PllIJ B se3yJIbTaTOB BX RCnOJIb30BBHQR llFB BKaJI83e TpeKOBofi H H @ ~ ~ H ~  B 

odnac~m + 0 3 m ~  BHCOKBX a~eprni l .  
B pado~ax I I+4 I npeanoxem maTeMaTarIecm Monenb II a ~ ~ a n n ~ a q e c ~ ~ ~  

BWI @p~.~yn rn BoccTaHoarresm KnHehraTanecKnx napme T ~ O B  TpeKos 3 a p ~ -  

XeHHUX YaCTmU. npfl 3 TOM B yKa3aHH0? hlDAedH B::CCTaHOBJIeHflR TPeKOB ¶aC- 

T ~ I  I ~ C I I O J I ~ ~ O B ~ J I C E I  pm CBORCTB @ K T O P E ~ ~ O B ~ H H ~  npenc~aBne~att uwprm- 
uaosaax MaTpnil. Snocnencranfi, npn npaxrnuecm pacrIe Tax 1 5 1 B pamax 
O~BC~HHO:? PflOAeJIJi 1 2 1 ,  BbIRCHRnOCb, TTO M I I ( ~ O ~ ~ I ~ U M O B H ~ . ~ I  P.4aTpma B ~ K T O -  

pn3OBaIiHOM npe)JCTaBJIeHHfi flFiJMeTCR NIOXO o~J'cJIoBJI~HHo!?.  TO O ~ C T O R -  

TedbCTBO (IIpJl JiCnOJIb30BaHlln MaTeMaTHWCKOrO aUIIapaTa I 1.21 ) npEBOA0- 

no K H ~ Y C T O ~ ~ W B O C T B  BU¶llCJleHRfi. 

3 pado~ax 1 6& I 6 w a  nsgsealr C B ~ B C T B ~  d n o w o - ~ p e r n n a r o s a ~ ~ s m  ( n  
BF,,I o6pa~~EDo r m ~ p ~ m  oduero Bma 0 npnaeneaa nx I$x~opm3omi~are npen- 
C TaBJfeHMfi, H e  0CnOdb3~&le TPeXTO¶e¶HEM PeK,VPpeHTIiHX C O O T I I O U ~ ~ H ~ T ~ ~  ( I, 21. 
~ O C K O J I ~ K ~  E I H @ ~ M ~ ~ ~ O H H H ~  1.4aTpWH B 11.21 OTMOCRTCR K YKa3WHOMJ' TEIW 
hlaTpm, TO 3f0 AaJIO BO3MOKHOCTb IIpFVAeHLlTb y~T~firIklBH# (B OTJLElYkle OT 

I I, 2 1 )  r . r n ~ e h l a ~ n ~ e c ~ ~ W  annapaT am $a~~opasarma  o ~ ~ o p ~ a q u o a ~ ~ x  MaTnm. 

~a ocHose I 6& 1 cfpp~~iynapye~ cnemnuym TeopenT AXR cmtme rpmrIecKnx 

b n o s ~ o - ~ n a r o a a n a ~ i ~ ~  hlaTpn9. 

Teopem. l l y c ~ b  f l  - t i e o c 0 6 e ~ m  cumdeTpmecm bnor1~o-~~em54aaro- 
I I & I I ~ H ~ E I  MaTpmua Bma 

rae ( det #o# At(&; )jKzz - sce (nan)noannarosana~~e 
a n e ~ e a ~ ~ d n o x a  ~ e o c o b e ~ ~ t r e .  nycrb ~ a x m  Bce senyuae 6 n o s ~ ~ e  yrnosae 
~ n a o p ~  r,carpwr;n #(i) O T J U ~ ~ H  OT H ~ J I R .  Torna a n e ~ e s ~ a d n o ~ u  MaTpMlrH 

4 -  6 0 6 p ~ ~ o i I  K #, M O r Y T  dHTb npenCTaBJIeHH B Bane 

rne (2) 

(3) 



ecna i A i ~ j a  m , 
e c n a i ~ i = j ~ m ,  (6)  

ecm i r j ' i r m  ; 

7' 
$;;$+i+$..{. +$...a- = @$ , e c m  i r i ~ j r m ,  

9' 4-1 4 .  

Bi;-f-ai + ~;.8; + aLi+l-~i+f = EL , ecna i _ ~ i = j _ ~  /n (7) 

P B4-&- + q..$ + BL;,,.q,.. = 01;. 7  ecna f S j c i r m .  
J 

G = ( L A . q s E d l ,  ~-!=(E&.E*)-'; 

B ~ = + ( A S , , A ~ ~ , . . . , A S N ) ;  ~ u 3 M ~ d ~ a $ ( ~ ' 2 ~ 2 9 * ~ * , ~ 2 ) ;  - 
i . 
i i 
I \ 

E =  l \ 

(14) 

rae 

E; , Eiti a Pi - ~ H ~ P F B R  a mmyxbc V ~ C T M ~ ~ I  B aa-e LI N B 

KOWe i - 3JIeMeHTapHOI?o p c m  TpaeKTOpm COOTBe TCTBeHHO, S= ASi . 
-1 i=i 

&I (13) cneayer I I I, =TO G - Z,,.G-~ e cTb ILRTBAEIaFOHWIb- 
Han m~pma: 



r N 
rne { 6;. 3i-0 - armaparypme norpeunocra. - 

-1 Hmxe B radnarle I npiiBeneaa s a c w  06ycnoarrerr~oc~a hlaTpmw 
G . ~ ~ ~ ; . b - ~  B npennonoaeiaa { A si = A S  M 5' = ~'3:~ 
npa paammnhnr tV a B ~ a 6 w e  2 npmenexu YHCW O ~ ~ C ~ T O B J ~ ~ ~ H O C ~  

-1 ' 
MaTparru (G .2; ,3i.6-T+ f? npa Tex xe npeJnonoxeHnrrx 

N { AS; = A S a 6: = c2 3L-=1 n p ~  pasnrzu~mx h' , a TaKYe npn yc- 
JIOBLIRX 

u ( = $2 ]i=2 14 jt/grl = IO-~. T? r a 6 m e  3 npmene- 
HU rlMCJra O ~ Y C J I O B J I ~ ~ ~ H O C T ~  FdaTpHIl!d A (  14). Bce BblsnCJIeHMR Bm7nse:!tr C 

klCnOJIb3OBaHaehT npOrp€lh7hl 1 9.10 I .  
Ta6nm1a I 

N h m n x  
N =  5 0,11795002S45 10; 
N = I0 0,15S15Y988048.10" 
b= 20 0, I581566935180 1g2 
N = 100 0,159922C70090.10" 
N = 200 0,15990:88?810. 102 

3 min 

C .2430421D5772~10-~ 
0,214136262440.10-I 
0.4673032053370- 
0,3006527601250~1D~ 
0,1916717586360~10-? 

'~ond ='nmhx/hmi, 

0,5628445. IP' 
0,7152453- Io3 
0,3364454- Io4 
0,5319164- 1 0 ~  
0,8342593- 10' 



I 
ASM 6;.' 6-2 A S i  L 3'. = q? *(f + -)+ 7 + (T)- q:2.(i-:) , &i72,..>< 

1 A S i  A Si d sci AS;-1 
As;-1 6-1 gi=+:. .(--)+@i,,i=0>f7.1 ,...> IY-1; y i = @ L ' L ' l - ~  7 1 = i  ,..-> d-1) 

l 1  AS, ASi-1 

J "1 ~ ~ + A h ~ , i = ~ 7 ~ > . . . , ~ ;  ~ = o = G ~ ,   AS-^=^, = - - 
A sfl A S ;  

. 6-T Yqarman n n o q o  06ycnoenees~oc~b eaTpiur G-+ E ~ ~ ~ .  
-1 -T 

H ( 6 . za3 , ; .6  + 4 1, EPteCTO (IC)+(IS) AJIH Bl-IU!IC.~~I!CI(I 7.TlelleIITOB - 
~ J I O K O B  (18) ?.BTpMUH (Yaw) IvlH BCIIOJIb3YeM ( B  CRJIJ ~ o ! ' ~ ~ ~ I I I ~ O ~  BH- 

me l'e0pe~tJ) IIepeKgpceHTHHe npCnCTaBJIeHKR BW.2 (2)+(4).  
I? padorax I 3 , 4  1 6wra noJryueHa aII3JrmTHuecKan k p 4 g m  nns onpcne- 

nemm KaHert:aTane cKnx napale ~ g o n  a a 8 npmvro.rm~e41rh~ TpeKon. 3 
n a ~ ~ o ! i  ra6ore oaa nprmenelra c s c n o n b 3 0 ~ a ~ ~ i e ~  n p e a c ~ a s n e ~ n f i  B ~ C O B H X  

b1aTT;nu V a w (2)+(4)  m meeT s s n  

Sgeca Q - H-OH rpexa, 1 - nHTepcenr, AS :)= x,-x,-~ , Xi - 
Koopnn a r a  i -TO$ TOWH TpeIca, t; r (v - q - l ) / ~ ~ i  - Iranps.lrerrae 
nsaxetIrzn uacrryH B i -TO-? Towe rvem,  F =. ($l-x27 Kl-%2) , 
P= , ~=x jx~+q~) ) ; i ,  V YI 7PJ - K B ~ ~ ~ B ~ X T O ~ H  B npencTaBneHrni1 
(2 )+(4 )  arrmOph~auaoh.~OY' rdaqxmbi ( 171, ( 18).  

13.5 pacse r a  KmHeraaTssecKrlX napale T ~ O B  TpexoB no +?PI l y ~ e  (21) 6a- 
w c03na11a nporpa,m,m c LICE-~rbsosa~aehi JiaTpm1 ( , ) B npencrasne- 
Hall. ( 2 ) + ( I I ) .  Ira nporyaraia 6 m a  s m T I e I l a  B parlee cc3na~a& naxer 
nporpa~vl :roneJrHpoeaHsrr 1 I 5  I .  

X )  3necb npemonamm,  m o  UacTmw BueTamT B y3Ko),t KoIryce non ):am- 
 MI^ yrmna K oca OX . 8 nporasHopd cxynae ASu = AX,. - 

6 

Pe 3yJIbTaTH paCW? TOB n a m e  TFOB 3aPfmeHHHx YacTnq 

Ilpouempa noJryueHasI oueHoK ~aHeemTwrecKPrx n a p . ! e ~ p o ~  B m x  
B W ~ O ~ I H C ~ ~ I H O ~ !  hlOAeJIfl 6 m  BbmOnrreHa O~AHO~! R 3  KOH@UTYPU& CIIeKT- 
pohqeppa "rmnepo~" / 111, n p e m a 3 ~ a n e ~ ~ o r o  m R3gseHRa rrmpoKoro m- 
ca ~ ~ O I ! P C C O B  I12 1 O ~ ~ ~ ~ O B B H B R  u pacn-a n a c r w  B H C O K ~  atreprat Ha 
76-r3B ycKopaTene I!.?.53, B nacTIIocTa npoueccoB Tmna 12 1 

ntp+ K +  zz+ (22) 

B O ~ J I ~ ~ C T M  3lrep~~fil 5+20 b9. 
Cxehrarnnec~oe mso6raxeHHe onHoro a3 sapaaHToB YcTaHosKm "Tanepo~" 

1 
npssenerro Ira pacyrxe. 

Y C T ~ H O B K ~  COCTOBT 113 Tpex OCHOBHHX acac~efi: 
1 )  Ily%OBOrO CneKTpOhJeTpa Ira OCHOBe ~ + . ~ ~ T ~ o B o I ' o  hlEWHLTTa R ~J IOKOB 

nponopuaoaEm.Hm wdep  IIIIX14. C x y m ~  rn Y T O ~ I H ~ H L I ~  mlrryaca nepsmn- 
HOW P ~ C  TW; 

2)  ~ o ~ o , r i o p o ~ ~ o P  mmeHa; 
3 )  nrclpOKOanePTypHOI'0 MaTlUiTHOI'O HCKPOBOI'O CII~KTpOMeTpa,perHCTPE- 

pgQnlero npOJiyKTI4 ~ 3 a M M o n e ~ c ~ ~ d l ~  11 I .  C O B H ~ H  Ha OCHOBe ~ J ~ ~ K T P O ) A ~ T H P I T ~  

MC-I2 m d a o ~ o ~  n c ~ p o s m  npomnowbuc mdep MmC5,10. E a o ~ a  m e p  

I m5-8 c ~ r y x a ~  nm onpenene~nrr yrw s n e ~ a  s ~ o p a w o f i  n a c ~ m  B WHAT 
MC-12, a dnom q-IO - yrm BHJI8Ta 03 Hero. 

PaspetUaIOqme cnocod~oc T 0  YC TaHOBK0 no KEHehtaTR¶e CKaM napahre TpaM 

Onpe,rieJrmncb K a K  pa3HOCTm M e m  CMOnewpOBaHH~pl 0 BOCCTaHOBJre~ 
3HaPeHH,fIFdJl KRHehlaT0PeCKm IIapBMe TpOB 0CCJemeMHX pwmf!, YCpeHHeH- 
Hhle no ~ O J I ~ U O M Y  PRCW pa3WWHhM c06tXTM. 



'lO'Ji6M C o b a ~ m ,  coome TcTBymulne F e w m i  (221, reHepmpomIcb c no.. 
MOneJPdpyrclu;e!! IIpOFpEh4hlH 1 131, C S ~ ~ ~ H H O ?  ;ia OCHOBe 06ule2 ~ ! o H T ~ - ! ' ~ ~ J I o  

nporp .am BtluncneHaR @ 3 o ~ o r o  o6'bervm FOWL 1141. k cretiep!!posaeHm 
C O ~ N T ~ ~ ?  F E l C C s M T W l C b  TpaeKTOpMM ~ 1 1 X ; i H . Q  BTOFIlYEklX fi+ -?de30I!OB B 

peracTpapyIoim aneMeHrax cnexTFo!,Ierya " T ~ n e p o ~ " ,  a Tame B none p a r -  

HMTa MC-12. 3~11 T~eKTOpJlfl 11CKaFUIMCb C QseTonl neficTB!?JI cJrlruaRr~buc 
@KTO~OB:  CdHOI'OKLMTHOI'O KYJIOIiOBCKOI'O raCCeRH11ff I 4  nOl"~eLl!HOCTII, CRR3aH- 
HO? C HeT09HOCTbM OIIpeAeJIeHELR KOOPnMHaT UaCTIIU RCKPOBUI*?I1 KZU*le%MI?. 
O+~onempoBaa~ne ~ a x m  06r~a3or<1 ~ 0 6 ~ ~ 1 1 ~  mcnonb30~am~cb B zanbt1e3~1e1<1 
am onpeneneHmR xmeuaT)iuecxax n a p m e ~ p o ~  TpeKcs B T O ~ : T . I : : ~  fit - ~ e 3 0 -  
HOB. 

K E i ~ e ~ a ~ ~ l s e c x ~ e  n a p e  T ~ H  rpexoa ~ o c c  ~a:!asnnsanacb c norAombm n ~ y x  
Me TOHOB : 

a )  MeToga, onacatiHoro B pa6o~ax  I I 4  l r? ocIrosaHHoro !:a yseTe non- 
HOT hElTPlUH O E G ~ ~ O K  B @ ~ K T O P M ~ O B ~ H H O M  IIpenCTaBJIeHIIll. %~-W,I~TDH IlpsIMO- 
J U I H ~ ~ ~ H O ~ O  TpeKa B PaItIKZU 3 T O F 0  kIeT0na n?eACTaBSIIIK)TCR B B1We (21) ; 

6) rdeTona, B KOTOPO~I  nomraeTcn, s ~ o  nonHaR oma6m B orqeneneamr: 
KOOpnllHaTba -08 TOUKM OnBHEiKOBa H.5i BCeX TOUeX TpeKa. 3 3TOhl CJIy- 

uae n a p e T p u  Tpem am YOX - npoexnnm aankiuryTcn cnenpmrnt o 6 p a 3 0 ~  

no BOCCTaHOBJIeHHW*% XapaMeTpahl TFeKOB (C InlCIYYIb30RaIIlV?hl hleTOHOB 
a 1.1 6) s u n n c n m c b  rnmgwc Pn m yron On n a a e ~ l r ~  !!a MmeHb nep- 
BMnHOFO fl' -Me3OHa, YTOn BbureTa 113 MHLLleHI? eKt II EIMIIYlIbC PKt BTO- 

pmslloro K+ +.feao~a, a Tame HenocrawuIaR x K+ - 1 ~ e 3 o ~ y  nlacca r?.!. 
9 ~a6JUlUe 4 IIpLIBe~eHM ,IlJIfl CpaBHeH11R TO¶HOCTHble XaPaKTepllCTMKM 

CIIeKTpOMe Tpa BTOPllYHLiX 'lac TBU HJIR BapBaHTa PeOMe TFMIl YC TaHOBKE , K O r -  

na gron sweTa nacrnm 113 ?,mrneHa ~i sneTa ee B I. larrrsT czpenenrieTcrr no 

m o x m  xmep i.UKg_tj, a yron sweTa ee 113 M a r H m a  - no dno~ahl l,lTIK9-I0. 
B AaHHObl C-e H a  IIyTEl YaCTElIlrr a0 MarHMTa WIeMTCR 3Ha9IITeJlbHMe TRRB- 

m e  cpena B Brae sepeHrcoBcrcHx C ~ ~ T P L ~ ~ O B ,  C W T ~ ~ . ~ ~ O H H ~ D [  ronocxo- 
IlOB m T.D. 

!i3 T ~ ~ J I M U M  c.ne.n-:e T , 1Iro V I C ~ O J T I ~ ~ O S ~ H ~ T ~  r.ie Toss a B n a ~ ~ o f f  K O H ~ I ? ~ Y -  

paurr~i y c raaom!: ~ O ~ B O J I R ~ T  j r n ~ m ~ ~ b  TO-IHOC ~6 on:exener.m xaaer.laTaue- 
cxrrx naparleTpoB yeaxu:iM (22). 

norcaaa~~a ~ ~ ~ ~ K T I I B : ! O C T ~  1rcno~b30~a1111.q annapaTa 1zcroprr30sar l~m 
~ ~ ~ ~ c T ~ B J I ~ I I L I ' ~  ~ J I O ~ I H O - T F ~ ~ M ~ ~ O H ~ R ~ I ? ~ ~ X  11 MM O ~ F ~ T H U X  hh"dTPllU nFM ya3pa- 
6 o ~ x e  11 npaxrasecrcord ~ c n o n b a o s a a a ~  nlaTer,zaT!!uecxoro 0 6 e c n e n e ~ s ~  nm 
odpa6orx1r 3 1 c c n e p f i 1 e r ~ ~ a ~ r b ~ ~ ~  ZaHMm B ?ri3u~e BUCOKIIX 3!epr~3. 

A B T O ~  ~ c x p e  H I I ~  nprra~?arenba~ nne~y-xoppecnoane HTY AI; CCLT 
npo4leccopy I I I . : ' . T ~ B O ~ ~ F I ~ ~  3a rwrepec ~c r a 6 o ~ e ,  a Tame Ih EH Cexy 
(LC1W) 33 u:icnetr;:Me 1 acuem (npr:sener111~1e B T ~ ~ J I I I ~ ~ X  I ,  3,3) c n e x r w b -  
HbD[ XaP;LtiTePkICTI',K. 
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PyxOmCb IIOCTYIlLUIa B Ll3~aTf3JLbC~Llg O T n a  

27 C ~ H T R ~ P R  I989 rona. 
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