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AHIIOT8UHSJ 

HacTOSHU8SI CT8 T bSI S!BnSICTCSI BT OpOA t{8CTblO p a OOTbl, B KOTOpoA ll8H npaK -

THt{eCKHA MeTo.a nocTpoeHHSI yrnOBbrx onepaTopoa. B aToM MeTo.ae HCnOnbay-

lOTCSI TOnbKO .ll HQ3Q3epeHUH8nbH biC OflCp8UH H H MO>KHO OOOATHCb 6e3 CnO>KHbiX 

CyMMHpOBaHKA , CBSI38HHblX C Bblt{HC.'ICIIHSIMH C riOMOIUblO K03cJ>Q3HUHeHTOB 

Kne6wa-rop.aaHa H c npeo6pa.-1oaauHSJMH PaKa HnB ct>a no. 

B 9ToA qacTH Hayqenbr H3MeHeHKS'I BH.lla yrnoabtX onepaTopoa, Bbtaaauubre 

.ao6aBJieHHeM a npouecc uoaoro op6HTanbuoro MOMewra HnH u enoro cnHua • .LlaHbr ¢op

Mynbr ,llnSI npaKTHt{eCKHX Bblt{HCneHHA H npHBe.aeHbl npHMepbl, 
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BeeneHHP. 

HacToHwaH CT8TbH S!BnHeTcH npononmeHaeM CT8T bH [1] B 3THX CT8 T u nx 

p OLU8CTCfl np06li9M8 H8XO >K.ClC IIHSI B SIBHOM BH.cte 110llll0f'O H8 60p8 yrnOBbiX 0 110 -

paTopOD, !10 KOTOpbiM MO>i<IIO p831lO>KHTb s - MaTplluy naHHoro npouecca c 

U91lbl0 npoeeneHIHI cP830BOf'O 8H811H38 3KC!lepH M CHT81lbHbiX .Cl8HHblX HllH C U Oll b iO 

!lOny'l CH Hll ypaBHC HHfl .Cl llSI cP830BbiX C.ctBHrOB H3 LUIHilM HlfCCKHX ypaBHCIIHil: .ClJlSl 

s -MaTpHUhl, 0TH OCHT91lbHO Ortp enenrniHH yrnOBhlX Ol19p 8T OpOB H HX pOnH npH 

11-31 
pe WCHifH T8KHX 38.Cl8 lf MO>KHO COClli:ITbCSl H8 6onee p8HHHC pa60T bl , 

n pH H3y'ICHHH npoueccoo, B KOTOpbiX yqacT aycT 60nbwe 110 M 4 LI8CTIIUhl, 

Bbi'IHC11 9 HH9 yrnOBbiX onepaT OpOB CT8HOBHTCST Olf9Hb CllO>KHbiM H .ClllHTCllbll uiM , 

n o 3T OMY B03HHK89T npaKTHlCCKHi!: BO !lpOC 0 !lOJlylf9HHH !lOJlHOf'O 11a6opa y rnOB biX 

onepaTopoa naHHOro npouecca a npennono>KeHHH, ' lTv H3BecT Hbl yrnoDhl O one-

• 
paTopbi 6onee npo c Toro npouecca . B caM o A npocTo~ ¢opM e aTy aanaqy MO>KHo 

11 
38!1 HC 8Tb B BHn e COO T HOWCH RH 

"'" 
[lD 1 (a., r a 1 - ;: U.~) = J (a., .- a~ ~ ~ a}v + 5) Ill 

HllH f2. ] (." ~ f qj. ) = J ( 4. • 5 - ~ ~~) 

.[lpyrHMH Cll0B8M H 1 onepaTOp n. "no6a BnHeT "' a npouecc HoayJO c K a.:nJpHyJO 

lf8CTHUYo 0.ctH8KO, HCTpy LlHO !10K838Tb, 'ITO 3 T Y 08.Cl8lfy MO)I<HO CcpOpMynHpo-

B8Tb K8K lf8CTHblf1 CllYlf8H 38.Cl8lfH 0 H8X O>K.ct 9HHR onep8TOp8 n I KOTOp b lH 

M9HSI9 T KB8HTOB09 lfHC110 O.ClHOf'O H3 HMCIOW HXCST B p98KUHH MOM9HTOB K01llilf 9 CTBll 

DBH>K9HHSI C £' no 1 , H e M9HS1SI KOnHlfCCTB8 lfaCTHU , yqacTByiott.orx e npo-

uecce. 3To noaoo nH e T nonylfHTb nonHbiA Ha6op yrnOBbJX onepaTopoe npouecc a, 

ecnH H3B9CT9H TOllbKO OD HH lfll 9 H 3TOf'O HllflOpa . fT03TOMY CH8lf8118 Mbl Hllf'I .ClCM 

HBHhlA aHa onepaTo pa , a a 4-M p aon ene Bblpaa HM fl. qepea 

TaK *e noKa>KeM, 'ITO npenno>KCHHbiA MeTon MO>KHO HcnonbaoeaT b H Jll!Sl 

Haxom neHHst yrnOBbJX onepaTopoe npouecca , s K OTopoM , no cpasHeH 1~ 10 c Hc x on 

HhlM, 38M9HeH8 OLl H8 CKanSipH8Sl 'l8CTHU8 BCKTOpHOA HllH TOH30pHOA. 

1 I 
CRMBOllbl a , 4-..: , a.l 
u a co cnHHOM Hynb . "J-
CK06Kax. 

03H8 lf8 10T 11100bl9 lf8CTHUbl HllH S!Llp8, S eCT b 'lliCTH

OCTb yrnosoA onepaTop npouecca , yxaaaHHOJ'O a 
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4HT8T911b• KOTOpOrO HHTepecylOT T011bKO npaKTH'I9CKH9 pOOy11bT8Tbi 093 M 8 T e 

M8TH'I9CKRX BbiBOLIOB, MO>KeT ODyCTHTb '18CTb 1-ro p83LI9118 OT TeopeMbl Ll>KoH

COHa LIO cPOPMY7Jbl / 10/ BK11IO'lHT911bHO , H p83Ll911bl 2-A H 3-A, KpOMe K OH9'1H b1X 

cPOPMY11 / 15/, / 16/ H /15 ' / 1 /16' /, KorOpbie B8>KHbl LIM! npaKTH'l9CKH X Bbi'IHC1Je-

HHA. 

§ 1. Vf3M9H9HH9 3H8'19HHH KB8HTOBOrO 'IHC118 MOM9HT8 

K011H'I9CTBa LIBH >K9HHSI 

ByneM paccMaTpnaaTb peaxuaa Tuna 

a, .. A.L - a.~ .. a.~ '" ..... a. I. /2a/ 

H pacnanbl Tuna 

' I I a ____., u., .. ~L.,.. • • • .. ~~~ • 1261 

B npoueccax THna / 2a / RMeeTcs:r OLIHH H8'1811bHbrA a k -1 KO H9'1H biX H938BH-

CHMbiX OpOHT811bHbiX M OM 9 HT OB /a C HCT9M9 ll9HTpa RH9pllHH/; 8 p8Cil8Ll8X /26/ 

HB'I MbHbiX op6aTanbabiX MOM9HTOB HeT H qu e no x oHe'IHbiX T o>Ke paaHo Jc- A . 
• 

ECII H y'leCTb TaK >Ke CIIHHbl a cex q acTHil npoue ccoa /2a/, /26/ , To cymecTay-

eT acero M H8'1411bHbiX H N xoHe'IHblX He3aBHCHMbiX M OMeHToa xonuqecTaa 

LIBH>K9H HH 0 !lpH'19M 

OsMs3 
I 

k -1~ N~lk -1, 

a 38BHCRMOCTR OT Toro, CK01lbKO q acTau RMeiOT oTnH'IablA o T Hyna cnaH. EcnH M 
Rna N 6onbwe enuHRUbl, T o aTH MoMeHTbl MO>KHo c xnaab!Bt\Tb LlPyr c npyroM 

B CyMM 8 pHbl9 M O M&HTbl; IIpB .TOM 'IHC110 H8'1811bHblX KBSHTOBbiX 'IBC911 6yLieT 

.2.M -1 H 'IHcno ltOH9'lRbiX ISyLleT 2. N--/. B ee STH MOM9HTbl u cooTBeTCTayro-

1UH9 HM KB8RTOBbl9 'IBC118 6yLlyT 0603H8 '18TbCB /600 p8311H'l BH Op6HT811 bHb~. 

CilHHOBbiX H CyMM8pRbiX / (5yx BOA 1 C p83HblM H HRLl9KC8MH 0 

PaccMoTpBM n ro6oA npouecc T&na / 2a/ una /26/. LloiiyCTBM, 'ITO ero x o 

He'IHOe H H8'1811bHOe COCTOHR H H X8paKT9pH3yiOTCH Il011HbiM H H860p8 MH ICB8HTOBblX 

'IHC911 MOM9HTOB lt011H'I9CTB8 LlBH.>K9HRH. PaCCMOTpHM TpH MOM9HT8 



~ --- r 21 1.., t ~ t "u~ Ha6opa KOH9'1HOI"'O COCTOSIHHSI H .UODYCTHM 1 'ITO OHH CBSI38Hbl 

COOTROW9HB8)1( -
/ 3/ 

0 npapo.ae 

..... __. 
MOM9HTOB 14. H lJ. He .ae naeM IIOK8 HHK8KHX npe.anon0)!{9HHA, 

YrnoaoA orrepaT op J ( · · · fQ. , J.a. 1 lo.e.; · ·) c KB8HTOBbtM H 'IHCnaMB Jc;. 1 4 
H i.._,t MQ)!{9T 6biTb 38!IHC8H B 

r.ae ~ tJ'1 - cpyHKU HH O CTSnf?HbiX 

H ~ '" • EcnH a npaaoA 'laCTH 

BH.ae 

~ 

nepeMeHHbi X npouecca, ae 38BBCBW He OT Ja-
141 IIO.UCT8BHTb BM9CTO cf:lyHKUHI 

cpyHKUHB 

g.' 
c TeMH )!{e 3 Ha'laH HHMH 14 .t H M t KO C .apyrHMH { ' 

B ,{._, 1 T O Bblp8)!{9RBe 

npe.acraanSJeT co6oA .apyroA yrnoso A onepaTop Toro )1{9 c aM o r o npouecca. 

noa ToMy nepexo.a oT "' ( • • J ... J.k ~t) K L (- · · 1~1~ { ,)naHsaneaTeH nepe-

(f 'VI''· 1_, ff lj 
xo.ay a npaao A '18CTH /4 I OT l 1 M K ~ • M' B MO>KeT 6blTb cpopManbHO 

.;4Q ' O v 

381IHC8H cne.ayJOWHM o6p830M: 

DJ ( ... ,f.J,f., ··) = ]( .. ,e; 1; 1J .. ) 

rrr:'·~ ~ rA_·j~· 
j" ~M . J,.," f'1 ' 

_, 
H jJr - .UBB8Mit'I9CX.R 9 napeM9HHbi9 

-t 
2 I iJ 

Caaq ana npellnonaraeM , 'ITO A.o. 

/5/ 

/5 1
/ 

K OH9'1HOI"'O COCTOSIHRSI , noa TOMy 'ft
4 

B9KTOpbl B npocTp8BC T B9 rBnb6epT8 , 

H l{.f,~- B /4/ npellCT8BJUI IOT co6otl K9T -
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-rae onepaTop Il 
..,., 

38BH C HT OT ~ 
H ,f;, H SI81ISI9TCSI Cy 11SipOM OTHOCHT el!bliO 

~ 3/ OaHosp9M9HHbiX epaweHH A npOCTpaHCT B' X ap8KTepH3yiOUlHX <\ H f.~, . 

CHa'lana HaR.a eM SIBHbJR BRa J2 a nSI cny'laSI 1.' "'~ 1- r , LJ " ~ ~ 4 1 

r.ae r s,. A 0 - 4 
I I I • B ocnOl!b3yeMcSI Teope Moi{ M .r . n)i{OHCOH~ [

41 • KOTOpyTO 

MO)KHO c¢opMymrposaTb cneayJOLURM o6pe.aoM . EcnR cywecTsyJOT seKTOpHbie one

paTopbi A , B c nepecTaHOBO'IHbiMR cooTHowe H HSIMH 

[/ A.J a vLf. .. L A 
..... I I If .. , " It J [ lh, A1] = o 

16a I 

~,f, k = .x,.,,t 

[fa~ 1 Bj ] ::: Q j [ j~~ ) BJ ] = ~ ~ (/', Bl\ /66/ 

t J( 7 l " 1 

/5/ TO M8TpH'1Hhl~ aneM9HThl H X CK811SipHoro npOH3BeaeHH SI paBHhl /eM . HanpHMep, , 

¢opMyna 13. 10 11/ 

< 1.. ~,~I ~ • .t I t:~ I M I I A. l3' /1.,. I f,~.llq~ I M > ~ 
= ( ja • r ! A ! ,( > ( ~ + s ~ B ~ ~ > X r J ~~l ~e ~ ' M 171 

rs 
rae "/... - . 'IHCileHHbie x o a ¢¢HuH e HTbJ, npHeeaeHH ble s Ta6nHu e 1. CRMson 

<£.,. t- r : A ; I_, ) onpeaenR eTcSI cooTR OweH HSIMH 

~ 

( 1. • 1; A 1.). 1/11.·~·- -.· <1 .. 4, -./A, /l., -.) 
181 

<( J~ ~ A f )~) c 
A 
~ < la. , ~ I A. /Ja 1 M\a > 

<J. -4 1 
A ! J .. > = ~ 1: - ~:: (J" - /11 ~0. I Al I 10., ~") . 

31 
Yr1IOBbJ9 OllepaT Opbl ';F - CK81IS1pbl OTHOC HT91lbHO O.O HOBp9 M9HRbiX Bpawe

HHR BC9X op6HT81l b R biX H CflHROBbiX a HH 8MH'I9CK HX n epeM 9HR biX npo u e .cca . 
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Ta6nuua 

X~~ ::: -+ ~ ( JA ~ ~ ~1 d)('~ T i~ t 1 + 2.)( 1<1 t JJ .. 2-lX iA + ~~+A-)) 

A1 0

=- ~ ~(,l+ JQ-J~+A}(l+fl-fa){ f+ la + J-'._J)( f..•~-J~d) 

A4 
--1 = 1 ~(J t Jo. -)e. t- A}( 1 rf~-J# t 2)(1 -/,. + J~ -J}( f- },_ + JA-) 

~o-~= ~ ~ ( £ - ~ + fl)(J +Z. -J~ ~'}{ f 1 J.+ ~ + 4}{~ .. J1, -J} 

~-1 -4=- 1 ~(f" + Jkrf+A)(f" .. j~ .-Jj(JA~f.~- -;/j(Ja+/J. -)-4) 

AaanorH•IHbie cooTaoweH HSJ aMeJOT MecTo .onR . ( ~ -t S ! B ~ J; ) . 

.UnSJ ysenH'IaHHSI Hnll yMeHbW9HHS'I ,e H ~ H8M HY)I{H bl T8KH e onepaTOpbl 
n rs 
ol!.. , M8TpH'IHbie aneMeHTbl KOTOpblX ace paBHbl HynJO, 38 BCKnJO'IaHHeM TOT'O • 

y KOToporo cnena cToaT ({-tr1 ~+-s 1 1-a.t ~ j B cnpaaa J-<4-<.t 11?'\.). 
M bl aanaweM HX a au.oe cKanSJpaoro npouaae.oeHBSJ .o»yx BeKTopoa A,. , i3 s 

Tlma /6/ , KOTopbie cornacao TeopeMe .n)Koacoaa .oon.>t<H bi HM9Tb BR.ll 

r
1 :.·. A(r).1. JA> < J : A(r}; p > ( Ja. r - - "+ r ; : ;t..., d,.r' 

/9a / 

/ 96/ 

' (r} ($) (
--t - ) 

T or.oa MaTpR'IHbJe ~neMeHT bi A · B 6y.oyT cornacao /7/ 



- ~ -

~ ~ 

( _( ~ r ' 1~ ~ S
1 la~ M 1 I A (r! 8 (~J I ~ JJ. jQ~ M ) -

1101 

p : A(")= ' >< ~ <:. ;t<~. r r i ~ ti..c. f,,. + s Bf l}; t > rs (' f' d, , j 
; J X drr ' rJH 1 r;ttl fo.t ~I'M 

Cn e.aosaT e nbHO , onepaTOf>bi _, __, 
;{ 

f2r~ (f .. i,.~,) = rs A r • Bs 
<Jc..f r ~ Ar l J-. ) (lk+ s\ B s ) J,~) I 11 I 

o6na.a aiOT Tpe6yeMbiM B c s o A c TBaMH /eM . / 5 / , / 5 ' I I 

f2rs ( 41_. ~~) t:£~ "' 
~ J .. 'r P' I 1) T j 

;l .. J. ' 

TO e CTb 

[2" ( f. f; i.t) J ( .. 1.1 j J 1 !.1 ·) = ~ ( ) , " t J. • s1 J.l ) , /12/ 

npHqeM 

r s = ;( 0 -1 
I I I • 

n nsr TOI'O , 'iT06bl cpOpMynbi / 12/ H / 11 / HMenB npaKTH qecKH A CM biCn , Heo6-

XO .OHMO HaATH HBH blA BH .O seKT o poB A,. H Bs, o 6 na.aaiOwsx c s o A c T BSM H / 8a6/ 

H /9a6/ • 3 T OMY D OCBSI WeH bl p a 3 ,oenb i 2 H 3. 

HaKoneu, cnen a e M .oea 3aM e 'iaHHH. B o-nepBbiX, ecnH ¢opMyn y / 12 / n p H

M eHHTb DOBTOpHO, MO>KHO J~ H 1~ yB9 11H'iHTb HllH yMeHb W HT b H8 n i06bi9 

B 911H'i HH bl: 
"'_.., "' -,f 

D. r,.s,... ( ,(. .. E rl( 1 1;. • .L. 51
1 
~~) ... f't s· (llJ. lt ) I ( ... !.a 1-t 1..~ .. ) = 

It·~ 1(·-1 .. .. a 1131 ... ,. - J (.Jo.+L r~ J 1;. • ~ 5" 1 l a.S .. . ) . 
k· 4 k· ~ -=" __, 

B o -BT Op biX • 9C11H 1~ H ~ - nepeMeHH bl9 H8'f811 bHO I'O COCT O HHH SI , 

y H r npe.ncT 8B11 SIIOT C060A 6pa - B e K TOpb11 H n pH B bi BO.Qe / }2/ 'f TO 

cne.ayeT cooTBeTCTByiOw He ¢opMynbi 3aM eH HTb a p MHToso - con pH>K eHHblM K. T or.na 

BM9CT O / }2/ 6y.neM HM 9 Tb 
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/12 ' I 

H, 8H8JIOI'H1.fHO, BM9CTO / 13/ -

~ 

A
,. 

§ 2. 51B HblR B H.ll B9KTOpOB B CJIY'l89 op6HT8JlbROrO 

:>.!OMeHT8 BJJH uenorO CllHH8 

38BHCHT OT TOI'O, HBIISI9TCSI /HI MOM9HT 

CyMMOA .llByX fHII H H 9CKOJlbKHX/ MOM9HTOB HJlR HaT . noa ToMy cnyqaii, KOI'Jl.8 
~ ...., ~ 1a 2 J.a, -r lat. p 8 CCMOTpHM B C119.llYIOUl9M p83.ll9119 

41 

8 H8CTOS!Ul9M p83.ll911e Mbl npennOIIO>KRM, 'ITO C06CTB9HH 8fl cpyHKUIISI 'f'/ Aq ""t.,.., 

p8BH8 wapoeoR cpyHKUHR: 

EcnH J7 -;,op6HT MhH bi A MO:..feHT, TO f 6y.oeT e.llHHH'lHbi A HMnynhc , f = 
9CJ1H >Ke ~ 03H8'l89T ueJJ biA CIUIK 1 TO f 6y.aeT CllHHOB8SI nepeMeHH8fl 

8 060HX C1IY'l8HX HM99T M9CTO COOTHOW9RH9 

p 
- p- j 
~. 

4 / "i-
8ce cpopMyJibi 2 - r o H 3-ro pa3.aeno~ nony'leHbi TOII bK O .onH eeKTOpoe A 
CooTB eT CTBy IOwHe cpopM vn bi nnst B.l' non y qa IOTCst TpHB R 8JlbH biMH 3a:-.teHaM H 
_, _, ~- ..... p I 
A ~ B 1 r __.. s 1 la. _, ),e. tl-a. __, .NJ. J ~ ... - ,...,). ) f .__, f · 



- 10 -

~ 

LlnS! HaXO }Kll9HH SI onepaTopoe A,. B llBHHOM cnyqae uenecoo6pa3HO 

npHM 9 HHTb1 T8K H83b!B89Myl0, rp8llH9HTHyiO cpOpMyny ( eM., H8llpHMep , [ 61 t 

cpopMyna 12.58/ unu [1] , cpopMyna /5.9. 171) : 

) 

~ ~(P)'It_ (f')·- f}M (-#- f ¢) t'·fb (#+ 11~P) t-4 

5/ 
npHtreM 

=r ~! " = , cl t-~ ,.._ )' t{)"- Y, ( ~, 1 /p L , Lr.{ .- -,r P;/~ ~"" /- ,A-I"- I 

n Jtti = + ~ (Z: 
~ 

~ ~~) J )o ~ 

- _£!' 

/14/ 

/ 14a/ 

-+ - -rae .!~ , £'t' H .l-t o6pa3yiOT aexapToey c acTe My eaHHHtrHbiX BeKTopoe. Ecnu 

ll0llCT8BHTb 8 /14/ 38 ~ (P) cpyHKUHIO p.l HnH p-J--f 
1 

TO 11 Ctr93H9T nepBbiA 

Hml BTopoA •meH cnpaea) COOTB9TCTB9HH O. VfM eH erue B BHllY 061.U9H3B9CTH09 COOT

HOW9HH9 

lt ~- (p) - ~ ~- (f ) I 
"" / 14' / 

M bl npHXOllHM K 38Kn l0tr9HH I0 1 'iTO H3 M8TpHtr H biX 9n9M9HTOB BQKTOpoe 

vtA = p 1·.2 ~t p -.1 -,( 
/15a/ 

__, _ 1 ~~] vo = ::: -,(, [ p b1 
/15e/ 

-+ _ _, p-J+-1 ~ pl 
'V - ~ /15c/ 

OTnHqHbl OT Hyng T OnbK O Te, KOTOpbi9 COOTB9T CTByiOT nep9XOllY OT ,l K f.,_ dl 
,l H 1- ;/ cooTBeT c TBeHHO. TaKH M o6plnoM , eeKTOpbl / 16 / o6naaaiOT ceoA-

5/ 3aeCb H B ll81TbH 9 AWeM OnyCK89M HHll9KC ClL. 'j 1., J I"'A II T.ll . 

_j 
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CT BOM / 9 / . KpoMe Toro MO>KHO y6e.nHTbCSI np SlM blM B bl'lllCII9RR9 M 1 'ITO OHH 

y.nOBil eTBOpSIIOT nepeCTdHOBO'IHb!M COOTHOW9HHS1M / 6/ . Vfa /14/, / 14 ' / R /8 / 

cne.ayeT To>Ke, "'T O 

< f r t( V rA \ 1 > ::: v lf.,.) 
/ l6a/ 2l+J 

< t ~ v· \ 1 > :. 1 / 16a/ 

/l6c1 ( 1-A v -{ ·. 1 > :: f 21 +11 
J.l-1 

# 

~ 

Ar 
§ 3. s:J: BH bd! BH.O B9KTOpOB B cnyqae cyM M 8pHOr O MOM 9 H T8 

npe.a rronO>K H M Tenepb , 'iTO cPYHKUHSI f),.... SIBIISI9 T C B K O M 6 HH8 UH 9 A .OBYX HII H 

H 9CK OilbKHX wapOBbiX cPYHKUHA: 

I HH.09K C a,. OIIS!Tb onyc K aeM / . 3TO COOT B9T C TByeT CII O >K 9 H B IO MOM9HTO B 
~ -:-t ----+ 
j .. j -1 t- ;(._ 

p OM 1.~ ( .V • ,t1 ~I t) , 
Ecna Tenepb no.aeAcTsyeM aa ~1 B9KTOpH biM onepaTo

T o cornacuo o6we A TeopHH / eM . [S ~ n o n y'IHM cMecb 

COCTOSIHB A tt + -1 , f,t B fJ -.{ 
np09KUH OHHbJX onepaTOpOB 

~ 
--..t 

) ( j + " ) :: ) -

~ = 11- J (1 - l) 

r: ~ i'" - ( J, t 1) ( J, + 1) 

'iT06bl IIOIIY'IHTb 'IHCTbl9 COCTOSIHH SI 
~~~ 

nerKo BH.neTb 1 'ITo onepaTopbi A 

• 3aT e M .aocTaTo 'IHO a p a w eaBTb npoa ase.aeHHR 

117 I 

B t .( . .( • T aKH M o6paaoM, 

6y .nyT HM 9 Tb BHLl 
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~ ~ 

vt ~ = Pr R ~ ' 

~ 

OnepaTopoM Ao H81IH CT C R, O '!eBH.rJ. HO, nOllHbiH MOMeHT: 

_, _, .... -v· = 1 = J + J. 
4 ~ / 15 ' 8/ 

/eM . / 158//, 

Bbi'IHCllHM Tenepb 

~ 

V 
.. , 

8 HBHOM 8H.ll e, J.1 M eeM 

~1 

~ 2 f~v = ~ j~~ ~ i" ~ [ 1 ; ~(~] ,Y = X, d ,l 
n epBbJA 'llleH, .neACT 8y H Ha 'flm.. ' 0'198H.llHO' .ll8CT HYllb. BTopoA '111 9H 38fi H UieM 

13 8H.ll e 

[ if't fJ 1 [ ....,1 l.z. 1 ]'l 
l. J ,.(.~.. pt +- j, J [ J 1• j 

.!]eACT8y SI Ha f,t / ~ ll8CT P. ,. 21 
.- ~ 

p_ = - l ( 1 + 1) ~ 
C nOMOLUbiO COOTHOW 9H HA 

[ 1.~ I f 1J] = v L_t..,.i, 
k "'J .. 1ot 

? E "l k c J"" ~ = 
MO>KHO .ll0K838Tb, 'l"t'O 

f:i ~;,.. - cr;~ ljl 

[ 1~ 11i] = .2v (i.xlL)~ 

c 1,L [1~ i.J] = .!_ 1 .• ( 1 (1·1)-1, ('.· 1 +-JL ( ,L ~·v 

-,UL;_ ( 1 ( ,e +4) I !, ( !, f4) - J, {1, +1)+ h ( 1, d.) , 
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--. 
V ~ .. 

TaKifM o6pa3oM , -

\jt~~2l{f{f~4)- j4(f~-4}+1J.(( +J})-J.l;. (1{1+1)+~(1~+1) n s•ac l 

- ( ( 1. t 0 + t ;, (! 1 + 1 " 1) [ l J' z] . 
L{ nSl B bl lJHC !JeHHSI :-.f&T p R'iH J.I X aneMeHTOB 

npHMeHHM cpo pMyny 

~~..,.....,...,.-::--,.---,..~--.......--r-.....,....,...,..--,-__,..--__.,...., 11 8 I 
-; -~ 1 e1 := l ~ .t.i f-1\ = .1( t11~f.)(t ~ t.<(JU,~l.. .-A +1 J(l1 ~ 1~ + /( -1/ 

\~~ .t .z..• z / ~ ftfL(.21-1}(1.J +4) 

/eM. [
5] , cpopMyna /3 . 86a// u, KpoMe T oroJ cpopMynhi 

( f, "- i + 1 J z X z r 1. f L f > = -~ (/, I 1 < J. ~ 1 t/f i f. 1 ~ t1 f > 
I 18' I 

<~ i l i-4 ~ [l r l:J ~ J,111) = ~vf < f. lz 1-1 ~ J.i \ f,l,_ f) 
7 

KOTOpbie BbiBe.[leHbl B npuno>K OIIHH . C RX fiOMO tUbiO H&ALle M 

(J.i fL f + ;{ j VA ~ f.,,( J) = 2l[f¥.1 i (f +-1-~ + 1,. }(f+ 1 +1.-fz)(/,r ~ ~~~~{ ~T ( - 5) 
/ 16 ' / < ~~L~) Voj i.JJ.f):: 1 

Bee OCTMbHbiO MaTpHttHbie an eMeHT bi paBHbi HyniO , K&K H aon>KHO ObiTb cornacHo 

cpopMyne /9/ . 
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0 4. AuanHa peaynbTaToB 

~ ... 
1. ¢ opMyna 111 I oupenenHeT onepaTop .l L , c noMOWbJO xoToporo 

MO>KHO, COrlt8CHO 1121 B 1131, DpOH3BOitbHO M9HRTb KB8HTOBbJ9 'IRCit8 , xapax-

TepH3YIOWH9 yrnoable onepaTopbl "f nauuoro npouecca. BexTopbl Ar HMelOT - a ..... 
BHn BltB B9KTOpOB vr / <PopM)'ItbJ 116'11 RnH B9XTOpOB r; r I<PopMyltbJ 1151/ 

B 38BBCHMOCTB OT TOrO, MO>I<HO nB COO'J'B9TCTBYIOWRtl MOM9HT z: t XBaRTOBOe 

'IHCitO KO~porotnenye'J' B3M9HB1'b, 38rJHC8Tb B BHne CyMMbJ 

MeHTOB Jet.. , ~' snH HeT. TaxsM o6paaoM, ecn• saaecTea 
'"' ,.~ 

paTop naaaoro npon:ecca, TO c noMOUlbiO onepaTopoa A.J.. 

ace ocTanbHble. 

2. KaK t5bUJO y>Ke CX838HO BO BBeneHHRe onepaTop n 

npyrax nayx Mo

onaa yrnoaoA one-

M O>KRO nony'IHTb 

MO>KHO TO>K9 

ucuonbaoaaTb nns nepexona 1t t5onee cno>KHOMY npon:eccy. conep>KaweMy aa 

OnRy CKanstpHyiO '18CTHUY 6onbW9r '19M HM991' BCXOnH&dl npon:ecc lcM.¢opMyny (1} I. 

3TO CB5134HO C T9M 0 'ITO W8pOB8SI <PYHXUHR ~o p8BH4 DOCTOSI~OA ,f:;. ' 
1'8K 'ITO BB9n9HB9 8 npoueCC HOBOro Opt5BT8nbHOrO MOM9HT4 1 C XBaHTOBbiM 

'lHCitOM f t paBHbJM ayniO, ceonRTcst x 

Ha ~/11 • H anp&MeJ) 

yMRO>K9BJIIO acero sat5opa yrnoBbiX one-

paTOpOB 

• 

t1 
V¥ IT ~ ( a.~ ~ az. _, ? o.~) c J ( o., + a, ~f 

A 
a~ +- .s)) 

rne P ,. 0 ;{...s ' • 

nony'IHB T8KRM o6pa30M yrnOBbJ9 onepa'I'Opbl HOBOrO npoaecca nmt 

MO>KRO C noMOWbiO n•o ( 0 1 i, £) YB91tR'IKTb 3H8'19RK9 1J1 
, , ·0 

s 

H c noMOlllbiO 1131- no n106oro uenoro aHa'lesasr. 

BoabMeM, HanpHMep, npouecc s., ~ s .. ___, s~ t- S*. 
eM bll cnenyJOIJlBMR yrnoBbiMH onepaTopaMH 

I ( ) 2l+A (/) (;-+ ~J fl s, +- s~. ---t sf.,. s1. o 't 7T Jj. f"f; 

no ;J 

, xapaxTepaay-

/19/ 

j .. o, 1,.2. , ... 

J 

' 

( 

t 
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. A 
YMHO>KRB Ha Ylf 7r , nony'IHM7 oqeBH.D.HOp 

2.£. + 1 tJ) ( ...... ) - I ( .s J I ~ .s I + .s ') ( + 1T) Jf.t Jf f'f; - 001. .s • + ~ ~ • L ' 

CornacHo / 11/ H /15/, onepaTop 

npeo6paayeT 

]ot (s,.s._--. •: ··~ • •',) B 

{t' ( 0, 1, £) Jot = ;},t. '•' ( .s,. s, ---. •i • ·~. •:) J 

It pH '19M 

Llns y.ao6cTBa npHBe.aeM cne.ayJOI.URe ol5m•e q,opMynbl, noneaHbie npu 

JCOHitpeTHbiX Bbi'IHCnetiHSJX : 

v;: (JJ I (pr-J ~ -• (R1]! (FF') • ~[;)I' 
V:' (1)/ (f1)- Rl•t ~ R."1"' f II')·- (Mjr' I+- (f'-r' (fr'Jj t /20/ 

V:· (l) I (f")· R-t.A ~ R' I (f~) = Nf t- (f-,.. (1!1 f I 
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H 38M9THM , 'ITO aeACTBBe \t,f 
~ 

npu f = 0 -CBOaHTC SI K YMHO:>K9 HH IO Ha - r . 
C TIOMOll{biO 3THX ¢opMyn n o ny'IBM, H8 K OH9U 1 

J-t,i +- 1,1 = 
A 

( 't .,. ) .lfi. 
fTY.t.l-t-d 

v J + ,f (- (R~ 1(PF'J 1J ~(rri1- (f'J(ff) YJ) 
''L - - A .v ~f.,. ,f) fT 
([ 1, l , l - ( 'ru; :1;,. v ( J .,. A) 

__, [ ....... ] C/)1 
;t- P't ~~ 1211 

~ = A lfV,!L+'[ 

0 1,1-1, 1 ('t7!) .1p_ VI ( 1 (F) 1J ~((f'?J -(fi)(flfJ) f 1
). 

ra e !!} 38 BH CHT OT ( 1 p) 
npoaon:>~< aR a anbwe, MO>KHO nony'IHTb 

uanpKMep1 

J~J / ~~ j anSI is:: .Z1J . .. H T • .ll . I 
:J 

t - _li__ 
(j-i1f, t ('f n) .~l,_ 1 }.

1 
;

4
• . • -- ~(tf1f-J(c-ri-(fr-:,r;rJf0f1Pflr} · 

3 . BeeaeHue uenoro cnHna Mo>K e T ObtTb npoe e aeHo auanorH'IHbtM o 6 p a -

30M . npu ST OM M O >KRO BCnOnb30B8Tb BCe nony'I 9HH~~ 

Thl , ecnH . B HHX npOB9CTH ¢opM8nbHyiO 38M 9 HY 

%~ ( r) ~)~~ 
HnH , 'IT O a KBHBaneHTHO , 

____, ~'t71' r. ----t .t. . ,,..-;::-- • 
"' "" T3 

"" =- x, ~d. 

TOnbKO 'ITO p e3ynbTa-

1221 

TaKHM nyTOM nony'IHM yrnoe~e onepaTopbt npoueccoe Tuna 

S I I s ~ ,.. "-~ s • .,. 11'2. , 

I 
rae 1f.t - B 9 KTOpH8H '18CTHil8. 

H anpuM ep~ cor-nacHo /21 I 
~ 

J-,e,e = -
A ~(.ti+A) 

(ii1J vi (,l + 4) 

--t 

[ rr] fl' , 12 1' I 

t 

·t. , 

.J.,-

) 
.. J 

,.. ~ . . 
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r.ae 

I t t AHanOriPIIIO MO>KHO nony'IHTb yrnoBbJe onepaTOpbi .ann s, +-51..----> ..S 1 -r 

r.ae t' -TeH30pHan 'l8CTHU8, H T. ll e 

3aM9THM H8KOH9U, 'ITO 9CJlH HSC HHTepecyeT TOnbKO CJlY'-181% CnHH8 I, TO 

MO>KHO nony'IHTb yrnoBbie onepaTopbi 5onee npocTbiM cnoco5oM , npH'ieM OCHOBHa~ 

Q:>opMyna 17 I He HY>KHa. C noMQj.UbiO / 14 / H ¢opMynhl 

/eM. , /5 .9 . 14 I I MO>KHO nerK o BbJBecTH cne.ayiOwH e cooTHoweHHn: 

/23/ 

~ J (2 1 + ~) 
0TCI0£18 B H.llHO , 'ITO .aeA CTBH 9 C T OSHUHX cnesa onepaTOpOB npHBOllHT K 38M9HP 

Y,-- =iZ.£•1 
QJYHKUHB /). H8 W 8 pOBOA B9KTOp ~ .-. B yrnOBOM onepaTope, T.e. K 

38M9He CnH H 8 0 H8 CfiHH ~ y COOTBOTCTBYIOlU91% '18CTHllbl. 

HanpHMep, fi0Jlb3ySICb COOTHOW9HHSIMH /20/ , MO>KHO H3 /19 / nony•ntTb 

yrnoBbJe onepaTopbi .ann 

ti J.~Jlll e loJII 

~epHWX ~lC.Jie 

6H6J1Af' 
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t{ ~-· ( j_,.';4 ~ (Pf} ~ f~ I g Y /1 (lr !IJ • (F- rrrr)) ~). V1 (Z1 +- A) 

E cn-H n po 8 e cTH cooT8 eTCTBY IO WHe 3 a M e H hi / 22/, 3TH cpopMynhi 
6/ 

COBnaayT C /21/ , 

E c nH CllHH 1 CK118.Qhl88eTCSI C CyMMOii. .Q8yX H1IH HeCKOllbKHX MOM eHT08 K 0 1IH-

4eCT88 .Q8H)KeHKSI , HY>KHO onepaTopbi 8 n e 8hiX 48CTSIX /23/ onpe.aen HTb c noMOl.l.lbiO -8 e KTopoa V /eM . I 15'aac/ I . 3 .aecb, o .aHaKo, 9TOT cnoco6 H e 8eaeT K 6onb-

WHM ynpoweHHHM, H DO.TOMY Mhl ei'O npHBO.QHTb He 6y.aeM • 8C9I'.Q8 M O>KHO npH

M e HRTb o6h!4HhiR M9TO.Ll C llOMOLUbiO onepaTOpOB .(1. , 

§ 5. n p H M e p hi 

n o Ka>KeM H8 BeCK011SKBX npHMepaX, K8K MO)KHO C llOMOWbiO OllB C 8HH OI'O Me-

T oaa nony4HTb H3 onepaTopos peaKU HH 

s+N ~ s'-t- N' 

yi'noshle one paTophl peaKUH H N 
s+ ~ s.+~ + N;, 

KoTophie npHse.aeshl B Tat5nHaax I, II H III cTaTbH [s] . K ax a:a s ecTso , 

7/ 
yNIOBhie onepaTopbl npoaecc a /24 I HMeiOT 8H.Ll 

_, 
j_ { U+-1) q?, + ,' ~. py q?' J ·' 1' " 1 ,I • Ll11Sl J= +z. :o ~i--; 
t.,n .C. :(' 

J_ 1-(t+~) ff,Y f.+- g:f f'f , .. {' ~ L'+ f ~ J-{ ~ i 
~, 

/24 / 

/25,1 I 

/25.2 I 

8/ 
nepsb!R H TpeTBA yrnOBble onepaTOpbl COBll8.Ll810T T04HO, BTO.,ROI-c TO\fHOCTb!O 

.ao aaaKa . 3To CBSI3aao c Bhi6o p o M <Pa3hi npH onpeaeneaa:H T • (~it •) • EcnH 

npH Bhi4Kcnesa:R /2 II npHM9HHTb ..0.:-i BMecTodr 1 TO 3H 8KB / 21,/ B /21 ' I 
c o8naayT , 

CI0 1lb30B8TbCH 0603H84tl1HSIMH 0 BB9.Q9HHhJMH B [SJ 
H Hcnonb30B8HKbiMH To>Ke 8 5 - M paaaene cTaTbB • B qacTKOCTH aanoMK HM , 

7 / 
B a anbseRweM Mbl 6yaeM 

4To ~ -. [F • r j 1 
" ..... ~ ( .. " ) r; -r - f' r·r . 

t 
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; ~ { -l'?. p ~'- ~. ~ f,' J 1~ 
.( 1' ~ j 1 J :: --o ~ l. I. J 125.31 

,( 
{ i' f, ..... ~ f'J Py f' 3~ 

, f - f'_ -1 f I • 125.4 1 - A. 6. 1 ~rr 
- i """ -i.= J, 

r .ae .L' e CTb op6HT&nbHhiA MOMeHT KOHe'iHOrO COCTOSIHHSI , H nonHHOMbl fle)I{BH LlP8 

/fi) .... ~ () I -?tt 3 88HCSIT OT r·r <:: (.OS If • 3aM9THM, 'ITO $1 j f ~-4 H Sl. eCTb '18 CTHUbl 

C O CITHHOM Hynb 6e3 onpe.aeJ~eHHOA 'ieTHOCTH0 ecnH 'i9THOCTb , H $
1 

OllHH8K088 

(.s, /:. 11} , To paapewea TonhKO nep8hiA H 'i9T8epThiA Kanan hi . 

1. l{eTbipe yrn08biX on e paTopa T a6nHUbl 1 8 (SJ , COOT89 TCT8Y!OWH e 

K 8 aHT0 8biM 'iHcna M .f. '" 0 1 l,_ = .i, ' , M O)i{HO nony'IHTb H3 125. 1 I - 1 25.4 I 
-4 

n y TeM yMH 0 )1{9H H SI H8 ~ 

vv' 

(It) :: .~ (zr.z) H T. ll . 1261 
I '4-r 

2 • ..[l8eHallU8Tb yrno8 biX onepaTOp08 /IT I/ - /IT I2/ Ta6nHllbl IT 
8 [ s] MO)I{HO nony'IHTb B 3 /I I/- /I 4/, cornacH O ¢opM yne 112/ H8CT O SI WeA 

CT8TbH
1 

C ITOMOWbiO cnenyiOWHX COOTHOlUeH HA : 

.rr.•• (l.~o, 1,1-<, L =-f=.f.1A)(t;>~ i u,.1) ~.~ + .. ~ ~ ~:J = (][ -0 
&L40 (I,. =O,J .. 1 L=1 -;a ~) _!_~ J l(+-f) §? + .-'i!.P.y fj_'J ~ C[s- ) 

(C,r) l .(1. ~ 

.n;H (.l~ ~ o, ~-~~ L =t --1~ -A) (I ~1)~~11.. --t = ([ 9) 

Jt'-1(1..=-0,.R~i-{,L = fl.-+A) (T!j3j tt)1~~l~+.f = (}[ 2.j 3j If) 

JL. o ( )
4 
~ o I 1~ , L , 'l- ) ( r 2 i 5 j ~t) = (I 'j 1 i J) 

n ,_. { 1,. = 0 J - ,f L == 4 -1 } ( I ! j 5 j i(} ::::. ( _/t A 0 j A A j ~ 1} 
&.ILl J 1 I I 1-a-tl, - ..f 

127 I 
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C HMBon/ I 1/1 1 03Ha<~aeTt ,_-...._-A 'iTO P. II II HY>KHO none T8BHTb 3Ha'ieHHe J .. - ~ 
BM ecTO 11. , T, e , 

(I A). ~ ) 
J,_ ..... J.,_--1 

~:.J. ( (f._. +-

_ _.. 

,·c;. ~ 

3aM eTHM , 'ITO a <~aCTHOM cny<~ae pcaKUH H JT AI -1 Jr]l tV' cywecTey!OT 
1 

H3-38 COX paHeHHSI tJeTHOCTR, TOJlbKO yrn O Bbl9 011ep8TOpb1 /12 ; 3; 4/H /TI 2;3;5; 

s ; 1 o; 1 11. 

8 K8'1eCTBe 11PBMepa npoaepHM COOTHOWeHHe 

4 0 ) JL ( l .=O J L,.. i+A =11- 11 3; = 1II 7/ 
I '1 I 1 

npH'leM 
-. , ..... 0 

~o · ~· ~ 

SL ::: x-•O<~; V4f O)(l~ i Q'fi._) 

.[3 ~, 

~ 
..... 
~ ""-

VI~ u ... +1) 

I e M. 1 161 H Ta6 . 1 / , 3anBweM 11 J;s BHLle 

_L.J r - ~~ ~ -r g; -~ t f 'J 
(~T) 1'- '- 4'"._ I 

- -? _t::, .. ) - f.) ~ ~ 
rue t/" = G ~·r r,H 1 38BHCHT OT r-(' . c 110M0Ulbl0 /20 / nony'IHM 

..., 2. ({)! .1> tO" 
t;;r<' ( -( 4' 1J. -~f' 1J I J == -.-11. nr-;] (~f) :11. - •[if~] g;_ 

1

-A~;j CpA] Ji_ = Jl 1. rz.. ) 1. ,_ 2 

. (J ) -i ... ;; fi)' . r:-· --1 tO' . 0' ~f r:J ,, 
-;; - ..<. ~ -1 (;;'· b r_ ~i - "- L. G ..t J Ji - _. ly t ,/_ 

1. r r l. "' I. -, 
.:..t e iicTBB e o nepaTopa '\}Q csonHTCR, KaK H p&.Rbwe /eM .TeKCT no n /20/ I , K yM -

..... 
HO)KeHRIO na ~1 . TaKHM o6pa3oM . nony'IHM 

I ....,. ,.,. _.. 

~·(IJ)= _,· 3 {(1.,. --1)6.; ~·t~ ~ ~-~[[;Jifj r-~j ~-~ 
(l.frr)~ la.fit +-·0 I ' a. 

1! "1 
:tl ) , 

Y To H coananaeT c onepaT opoM Ill 7 I. 

3aMe'T' H M ,'lTO C yrnOBbiMH onepaTOp8MH/I:.i /B lf1 7/ MO>KHO COrJOCT8BHTb 

LIH 8rp8MM bi t KOTOpbte H8f' 11SILlHO 110K83b!BIUOT CBSJ3 b MOMeHTOB KOJIH'"IeCTB8 nBH>Ke

HHSI /cM . pRC,l / , MoMeHTbl H8'181lbHOf'O COCTOSIHRSI CTOSIT cnpasa , KOH9<fHOf'O - cneaa. 

K 8>1<noMy MOM9HTy COOTBeTCTByeT On H a JIHHRSI , np1Pl9M Cn HH 1 /2 0603H8'leH 

CTpen KOA. V!3 n KarpaMM T8K>Ke BRnHO, K8K neilcTByiOT onepaTOpbi ...(1 , 
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PH e . 1 

- -3 . '-{ eTblpe n epSbJX yrnoabiX on ep aTo pa I Ill - 1 . • 2; 3 ; 4 I Ta 6nHuhi !..!!. 
OJ a MO>KHO non y qHTb H3 / l 1· 2· 3 • 4 I -- ' , ' 

en e.a y JOIUHM o6pa3 oM: 

8/ 

/ 28 / 

( -l )·( 1 ~) 
c =-

- fi (- !-. ) 
2 V3 

( Jff_ A- 4 ) (1 1-4) 
PHe, 2. 

P e3ynbT8Tbt D 2 aepabl .anH op6HTanbHoro MO Me~Ta B u en or o c nHaa, ao 
8H8nOrHqaoe COOTH OWeHH !O / 15a / COOTHO WeH Re v• = ~ ~ TO>Ke aepH0 1 

Tax xax oao SbiTexaeT B3 y paaae au H 1'1- 6'~ X•t..r = N. 'V'Y:a. AI. /eM. 11 4 • 1 I. 
AaanorHqao c n e.ayeT Tax>Ke I " r· 

<! : ~ ,: -!> - 1 ~ : l. ! l. - · / eM. /16 a// . 
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npoaepHM , H anpHM e p , BTOpOO H3 COOTHOLUeH IIA /28/, Y1 M eeM 

-"?:·t (I l) = ( ~ : )¥t { u~ +-1) '-i e:y- ~1. - ~ -f '· ~ YJ: j = 

~ 
1
,:>"' (u .. •> (H- < Urfl) f-(f,j - ·~ [~ fl) f.'} ~ (ij .t) . 

4. BoceMb yrnOBblX onepaTopos I m 5-12/ M O:>KHO nony'IIITb H 3 (ilt ;f - 4 ) - -
C n OM OWbiO c n e.oyiOUlBX COOTHOlUeHHA: 

.n:·-1 
( 1 == 1, ~~ , 1"' + i) ( m 1; 2 J ~ ( m s-) 6) 

0 -- - -f. ~ 1.-1 

~A 0 

( i: ~ 1 I"' I 1~ + t ) ( I!I ~ j 2) ;:: ( !f[ '! j J) 
1291 

J1 AO( J·::. l ) 1 - i ) ( m 3 . it) ::::. { m 9 . A o) 
1.1 1. 1 -a t.. ;,..; I __, ) 

S2/'( J·=- 1 I. ~ -i) ( ttl 3)· 4) 
l.) 1./ 1 ..,./ ~ (if[ 41 j .f.t{ ~ t,d 

I eM , pnc.3t. ~ 

. I 

(! 1) (!Jl· t ) 

Puc. 3 . 

-
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B Ka'lecTee npHMepa ~bl'iHcnHM yrnoeot% onepa Top !.ill 7 I c noMOUlbiO / 111 I /, 

V1MeeM 

A 

V- .4 r7· 
rne B v (, pasHbl~ cornacHo / 15~a/ u /15e/ ~ cne.ay!OutHM sbtpa>K eHHSIM 

a • 

-v· - -1 . "' - )4 - 2 (J - J ... [6 1 .. 
~ 

_, - [ ... b 1 \I 0 ~ 1'1 = - ". I< 1 i ' .. 
r.ae - [~ d ] f , =- ~· Q1r 

3anHWeM / It l • I I e BH.a e npOH3Bo.a E!HHSI neyx Bbipa:>K eHHtt , 

H3 KOTOpbiX nepeoe 1 
-

u e 38BHCHT OT R , a sTopoe, cTosnuee e ct>w-
Q • n o aTOMy onepaTOp s~ .aeACTByeT TOJlb

-TOJlbKO H8 Bb!p8}K9HHe B cPHrypH blX CK06Kl!X: 

E:06Hp8 S! peaynbT8Tbl OT!l eiibHbiX Bbi 'IHCl1eHHA
1 

nony'IHM 

/30/ 
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-3aM e T nM , 'iTO yrn oaoa onepaTo p 1.!!1 7 I ynanocb n o ny'iHTh s 6onee npoc T o A cpop -

Me, q e M OH 38UHC8H B [S] t T8611HU8 m. 
Yfa n pHBeLi eHHbiX DpHM9pOB BHLIHO, 'iTO npeLI110 )1( 9 HHblA M 9 T OLI Bbl'iHClleHIHI 

yrnoBbiX o n e paTo pos npowe o6biqHo Hcnonha yeM biX anre6p8H'ie CKHX M e T OLlOB. 

B qa c T HOCTH, OH npowe '19M M9TOLI 0 DpH BeneHH bi A B [sJ 1 H , KpoMe Toro1 

OH H MeeT 06wy10 DpRM9HHf.10CTb o 

}lOK83 8T9nbC TBO paBeHCT88 nonyqeHH OrO Bbip8)1(9HHR /30/ H B bipa)l(eHHR 

- - (3] 1111 7 / a Ta6neue Ill cTaThH 6onee cno:>~<Ho, qeM caMo Bbl'fHcneHe e onepa-

T~ /30/ 1 TaK KaK_B_ [SJ yrnosoA orrepaTop npeseaeH B rpoM03 Ll KOM BHne. -IJ. nR C p!BH eHHR 0 6 0 HX Bbipa:>KeHHA Heo6XOLI HMO B / fll 7/ B9KTOp ~ 38DHC8Tb 

...... ( ...... ) 
K8K r - f p·r H 1 ynpOCTIIB D011Y'i9HHbii pe3yJlbT8T , npHMeHHTb ClleLIYIOWYIO 

cpopMyny LlliR DOTIHHOMOB lle:>K8HLipa: 

(x~- ~) f"M ~ ! X r;tl = 1 { /.r-1) f (r) • 

,. 
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noKa>KeM COOTHOUJeHHSJ /18'1 . Bbipa>KeHHe 

IA. l/ 

MO>KHO onpene1lHTb C119LlYIOWHM COOTHOmeH H9M 
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-:( ,( ,(_ 1.-Af[l )(~ J t £.1 .. £'; i J(i+ -l--w.) { l-AM) 

I A.21 

[5] - 91 
/eM . , ¢opMyna 13. 831 I. 3To .aanbwe pasuo 
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1.

1 I y 
. ~ 

- r. <£41 MA.IJ,i/1'M.\'>< e'A44' {t~r 11 ~-~-~>. 
).', ~ · 

B nepBOM •m eue J.,' npBHHMaeT 3Ha'le HHst j 1 j t-.{ B I\IM./
1 

- T01lbKO 

Ari4+~ , a s o BTopoM J.' ... J, J.+-,( H ,MA-
1 ~ """'-. TaKHM o6pa30M , nMeeM 

..aa1lbw e 

( £ +1 -I t, 11 +.{ ,....~>< 1+~ ...... ~ li>t I 1 ..... i) • 
+ ~,.lt---1 ~ ll ... y I J. .w.+..f)( 1. .AA-t~/ ).Zi { J. M.t+,(> -

_ < ~ t--1 ,w.. ( J~): ( l+-1 ""') ( 1+---< ~ ( fzy ( 1 MA-t-1> 

- < t+~ ~ I J.t I 1 AM> ( i -"4 ( j,l y l i ~ ~ ,( > :: 
"-(1-1 • i, i i·~><M l,f t> t(Jtt•<-... Jrl.t• ... J 4u.~J"--r ... ~t - ...... {M: JT:::)-t 
+(1+{ L~J><L:'l.,_~l> t ({~i")VIt" -..::vl-~ - ~~· .. J'"-,44A.l ~U---)(l+.w.tAJ), 

9 1 TaK K&K B Ll81lbHeAweM see MaTpH'lHbre aneMeHTbi 6ynyT n HaroH81lbHbl no 

1. H t,_ 
1 

M bi (5y Ll eM 3 T H HHLl e K e bi 'l8CTO. OllYCK8Tb. 
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rne OUS!Tb 6blll H HCnOnb30B8Hbl COOT H OWCH HSl i3 ,83/ B ( 5] nony'le HHOC Bblpa-

>KeHH9 MO>K HO T O>Ke 38UHC8 Tb 8 BH.lle 

< l +1 LL f 1+~> < t+1 f '~ i 1.) { ~l~ ~~ -tW-){1-~J ( 1+-t +- ~ -~) + 

+ (l+~! l, i i> < L :· ~~ ! 1> f ~{t+t-~)(1--w.) { ~+1 --f -A44 --J) . I A, 3/ 

vta cpaeHeHHR IA.3/ c IA.2/ BbiTeKaeT . 'lTO MaTpH'{HbiH aneM e HT I A.1 I M O>KHO 

3 8 UHC8Tb B c n enyJOW9M BHll9 

4 {I r l) ( f +~ ! i ~ f f +-4) ( 1 +~ i 11, f R > -~· ,f ( 1 + 1 ~ ~ ~ 1 )( 1 ~ J, j j) ~ 

~ - -t' ( 1 + 1 f ~A j ~ > (if-{)(1+-.l) +lf1+1) 

z ( l +--1) I 

1101 
r ne nocnenHee paeeH creo c nen yeT c noMOWbJO ¢opMyn bl 

<i.: 1 : 1 >: . .. . 

-· 
iii.. f1) - ), ( ~ +1) + 1 (/f.f) 

1,.1(if-t) 

( eM, 13,361 B (S] ) t npH'i 9 M y'-IT 9HO COOTHOWeH H e I 181 

< 1 + 1 i i~ j 1 > :; - < ,( +1 ! 1._ i 1 > 
Ec111 ynpocTHTb npaey10 qacTb I A .41. Mbi n o nyqHM cooTHo weHHe 

( 1.11. L + ~ i [ .Z x 1: J 1~ 1~. 1> = - ~· ( l + 1) ( 1 +A ~ f. f 1 > , 

I A.41 

I A.51 

K o1·opoe coenanaeT c nepDbiM H 3 coo THoweHHH 118• I • CoeepweHHO aHano r K'lH O 

MO>KHO llOK838Th H BTOpOe COOTHOW9H H e , 

101 
3aMeT HM t '{TO • neM9HT (l i 11-f 1) nonyqaeT CR nepeCT8HOBKOA 3H8'-IK OB 

1 H 2 B I A.5 I . 
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