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l13BeCTHO, KaK B8)KH0 HM9Tb CTpOI'He rpaHHUbl JlnSJ HCKOMbiX BenH'IHH, 

T8KHe, HanpHMep, KaK BapHaUHOHHbie OU9HKH 3H8'19HHH aHepi'HH B Cny'lae 

CBSI38HHbiX COCTOSIHHH.; HanH'IHe CTpOI'HX rpaHHU nOMOI'aeT, HanpHMeb, "oo

paTHOH' 38Jl8'19 Bb!OOpa napaMeTpOB B38HM0Jl9HCTBHSI Ha OCHOBaHHH CpaBHe-

HHSI SKCnepHMeHT8nbHbiX JlaHHbiX C TeopeTH'IeCKHMH OU9HK8MH. 

BapHaUHOHHbiH npHHUHn anSJ aaaa'! pacceSJHHSJ, npeanp*eHHbiH BnepBbie 

/1 I /2/ /2/ 
KaTo , obm pa3BHT B paooTax • B npHHUHn MHHHMyMa Hcnonb30Ban-

C.H llnSJ Bbi'IHCneHHSI JlnHHbl pacceSJHHSI '18CTHU He TOnbKO CT8TH'I9CKHM no

T9HUHanOM, HO T8K)K9 CnO)KHOH CHCTeMOH, HM9l0IIl9H M JlHCKpeTHbiX ypoB-

H OBbiH Me TOll, npuroaHbiH B cny'lae HeeyneBOH aHeprHH naaa10meil: 'lac

/3/ 
Spruch 'oM : H ap. • Hcnonb3YSJ iflopManbHbiH npo-THUbi, obln npeano*eH 

/4/ 
eKUHOHHbiH MeTOJl , OHH JlOKa3anH, 'ITO C B03paCT8HHeM 'IHCna Y'!HTbiBae-

MbiX BHpTyanbHbiX (3aKpbiTbiX) KaHanOB onpeaeneHHbie KOMOHH8UHH aneMeH

" 
TOB K -MaTpHUbi MOHOTOHHO yBenH'IHBalOTCSJ. 

/5/ 
B paooTe MeTOJl obin o6o6meH Ha peaKUHH c nepepacnpeaeneHHeM 

'i8CTHU. 
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HH>K9 Mbl IIOKS>KeM, KSK MO>KHO pacnpOCTpSHHTb IIOJlXOJl Ha OIIHCS-

/6 7 I . 
HH9 ' peaKUHft 06IJiei'O THIIS C IIOMOIIIblO K -I'apMOHHK { CMo p83Jl91I 1). 

npH :3TOM 3SM9'18T91IbHbiM SIB1ISI9TCSI TOT <fJaKT, 'ITO JlO nopol"a pa3Ba1Ia' CHC

T9Mhl oT6pachiBSHHe 1II06oi'o '11IeHa paano>KeHHs:r no K -I'apMOHHKaM npHBo

JlHT K OJlHOCTOpOHHeMy CJlBHI'Y ynoMSIHYTbiX napaMeTpOB pacCeSIHHSI. 

BTopoft pa3Jl91I pa60Thl IIOCBSIIJIS9TCSI paCCMOTpeHHIO npoUeCCOB C JlByMSI 

H 6onee <fJpai'MeHTaMH JlO HnH nocne peaKUHH. B aToM OTHOW9HHH OJlHO 

Ha yJlo6cTB MeTOJla K -I'apMOHH'I9CKHX <IJyHKUHA aaK1IIO'Iae.Tcs:r B TOM, 

'ITO OH II03B01ISI9T CB9CTH OIIHCSHH9 CHCT9Mhl K peWeHHIO ypaBH9HHft Jl1ISI 

<fJyHKUHA X K( p), 3SBHCSIIIIHX OT OJlHOft nepeMeHHOft {paJlHyCa I'HITepc<fJepbl p), 

aH81IOI'H'IHO TOM~, KaK :3TO Jl91I89TCSI B 3S)la'le JlBYX T91I ITpH pa31IO>K9HHH 

'I' ( ;12 ) ITO wapOBhiM I'SpMOHHKSM Yo (0)' : 'I' ( p ) ·;,. I X e (p ) y e ( 0 ) 
Lm 12 f, Ill 12 m 

3TO 06CTOSIT91IbCTBO IT03B01ISI9T o6pa30B8Tb ITSKeT ITO ITepeMeHHOft p 

B K8HS1I8X peaKUHH C 'IHC1IOM <fJpai'MeHTOB N ~ 3 H TeM CSMbiM o6o6IJIHTb 

TeOpHIO speMeHHhiX 38Jl9p>KeK Ha TSKH9 ITpOUeCCbl, 

1. fpaHHUhl ll1ISI ITapaMeTpOB p8CC9SIHHSI 

Pa;CMOTpHM pacceSIHHe 'ISCTHUhl Ha C1IO>KHOA CHCTeMe, nycTb B ITpo

uecce pacces:rHHSI ITpOHCXOJlSIT B036Y>KJleHHSI MHWeHH H peaKUHH C ITepepac

/7/ 
npe)le1I9HH9M 'ISCTHU. npeJlCT8BHM B01IHOBY10 <fJyHKUHIO CRCT9Mhl B BHJle 

'I' X+ <P ' ( 1 ) 

I'Jle <fJ -<fJyHKUHSI, OITHChiBSIOIII8SI SCHMITTOTR'I9CKOe ITOBeJleHHe IJI R H3-

/7/ 
BeCTHas:r C TO'IHOCTblO JlO KOHe'IHOI'O 'IHC1Ia napaMeTpOB pacces:rHHSI 

fpaHR'IHhie yC1IOBHSI 3S)l8'1H HS 6eCKOHe'IHOCTH II01IHOCTblO OITpeJl91ISIIOTCSI <IJYHK-

UHeil: <P 3a)laeM ee B BHJle CTOSI'IHX B01IH: 

4 

'•, 

' 

ll 

;1, 
~: 

M 

... I mn !12 T( . 1 o ) b k 1 o )] 
(-k--) cpn anSln(~t--yLnTT + nCOS( ni-2Ln17 ,(2) <P 

r-+ oo n n 

I'Jle m n - npHB9JleHHSSI M8CCa, k n - B01IHOBOe 'IRC1I0 0 cp T - C06CTBeH-
n 

HSSI <fJyHKUHSI MHWeHH, M - 'IHC1IO OTKpb!TbiX KSH81IOB. 

an H bn CBSI38Hbl COOTHOW9HH9M 

M 

I K nm a 
m 

(3) bn 
m 

" 
3JleCh Knm- aneMeHThi peanbHOA MaTpHUhi peaKUHA K • Koa<IJ-

$HUHeHThl an 38JlSIOTCSI ITpOH3B01IbHO ( ~ a: = 1 ) .1 a .b n OITpeJl91ISI-

IOTCSI H3 ypaBHeHus:r WpeJlHHI'epa, X- HeH3BeCTHas:r WHKUHs:r. !1ciT01Ib30Ba

/6/ 
HHe BapHSUHOHHOil: <fJopMyliHpOBKH ITpHBOJlHT K CRCTeMe JlH$4JepeHUHS1Ib-

HOI'O H anre6paH'IeCKHX ypaBHeHHA: 

(H-E )X =-(H-E) 4J 

r (4) 

" " ,!.. <<I> 
2
,(H-E)X >= -< <1> 

2 
,(H-E) 't' >, 

I'Jle < • ' ..• > " 03HS'I89T RHTei'pHpOBSHHe ITO BC9M ITepeMeHHhiM. <I> 
2 

6eu H3 <fJyHKUHA, KOTOphie B <fJ CTOSIT nepeJl ITapaMeTp8MH pacces:rHHSI 

CTO 

bn • 

4RC1IO 81II'e6paH'I9CKHX ypaBH9HHft paBHO 'IHC1Iy OTKpb!Tb!X K8HS1IOB. 

<l>yHKUHSI X OT1IR'IHa OT Hyns:r B KOHe'IHoA o6naCTH. Ee YJl06Ho paa

/8 9 10/ 
nai'aTb ITO K -rapMOHHKaM ' ' • Paano>KeHHe HaiTHllleM, HCIT01Ib3YSI 
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npoeKUHOHHbie onepaTOpbl p H Q 0 CBS138HHbl9 ycl!OBHHMH IIOliHOTbl 
• . 2 2 

P + Q = 1 H opToroRanbHOCTH PQ = Q P = 0 ,P = P , Q = Q : 

X=PX+QX. (5) 

3AeCb PX npeACTaBnHeT co6oii: ttacTb paano:lKeHHH, KOTopyiO yttHThiBaeM 

npH paC'IeTe AliH npH6liH:lKeHHOr'O OIIHC8HHS1 CHCTeMbi, QX - BCS1 OCT8llb

H851 '18CTb p83liO:lK9HH51 0 KOTOpyiO npH pactteTe OT6paCbiB89M, 3TH onepaTOpbl 
/10/ 

cTpOSITC5t C IIOMOIUbiO IIOliHOr'O Ha6opa rHnepc4JepH'19CKHX tPYHKUHH Y K 

Cli8AYIOIUHM o6pa30M: 

~-·~ 

K max 

p = ~ 1Y-><Y-1. 
- K K 
K = 0 

Q ~ 1Y-><Y-1. 
- K K 

K =K max 

(6) 

r'Ae K - COBOKYIIHOCTb KB8HTOBbiX 'IHCell, Kmax - xapaKTepH3yeT 'IHC-

l!O rapMOHHK, He06XOAHMOe An.H npH6liH:lK8HHOr'O OIIHC8HH51 CI!CT8Mbl, DOACT8B

JIH51 ( 5) B ypaBHeHH51 ( 4) II npOeKTHpyH nepBOe H3 IlOJiy'leHHbiX ypaBHeHHH 

C IIOMO!Ub!O p H Q , IIOliY"'HM: 

(PHP-E)PX + PHQQX =- P(H-E)$ (7 a) 

(QHQ-E)QX+QHPPX=-Q(H-E) tP (76) 
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" " , ( H - E) pp X > + < eli 2 , ( H - E ) Q Q X > = - < ci> 2 , ( H - E ) $ > . (7B) 
,, 

<cl> 
2 

3AeCb 

" PHP= pfp +PVaP , QHQ = QTQ + QVaQ, 

(8) 

QHP = QV a P , PHQ = PVaQ , 

V a - IIOT9HllH8ll B38HMOilei!:CTBHS1 "18CTH1lbl C CHCTeMOi!:, 113 ypaBHeHHSl 

(76) MO:lKHO ttJopMallbHO B~Ipa3HTb QX ttepea PX H ell 

QX = I QV PPX + 
1 

E-QH Q a E-QHQ 
Q(H-E) 4J • (9) 

DollcTaBnHH (9) B (7a), (7B) H yMHO:lKaH aaTeM nepBoe yyS'aBHeHHe cnesa 

+· - -
Ha y t< ( 0 ) (rile K npHHHM8eT 3H8"19HHS1 llO K max ) ' HHTerpHpyH no 

0 p H yttHTbiB8S1 (8) 1 MO:lKHO npHi!:TH K CllellyiOIUei!: CHCTeMe M8TpH'1HblX 

ypaBHeHHi!:: 

('f~ +V-EI\Q<p)=- f.d 0 [Y.,.(O)(VaQ 
1 

Q+1 )(H-E)]~ , 
Q(E-T-Va)Q (lO) 
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··-.J·-·· 

" 1 " " <ell 2 ,kH- E)(1+Q QVa}Y(O)]x(p)-= 
Q(E-T-Va)Q 

(11) 

~ 1 A 
-=-<ell 2 ,I(H-E)Q__,..._- -Q(H-E}+(H-E)lell>, 

Q(E-T-Va)Q 

3AeCb 
" "+ I - eAHHH'IHasr MaTpHua. Y 1 ~ ( p) - CTOn61lbl C aneMeHT8MH 

H3 ciJyaxuHA Y -(0) H xoacpcjlHilHeHTos pasno>KeHHSI x- (p HX-=~x-(p)Y-(0)) 
K" . K KKK 

cooTBeTCTBeHHo. T P - .!lHaroHanbHasr M8TPHila_onepaTopa KHHeTH'IeC-

xo:l!: aaeprHH CHCTeMbi B npeAcTasneHHH K - rapMOHHK. Bbipa>KeHHSI B KBaA-

paTHbiX cxo6xax B ( 10) H B ciJHrypHbiX cxo6xax B { 11) o6ooHa'laiOT npsrMoy-... 
I'OnbHyiO ( K max X M ) H KB8AP8THYIO ( M X M ) MaTpHilbi. 

" A 1 A 
V -=fdOY+(O)VaQ QVaY(O)-

Q{E-T- Va)Q 

" M8TPHil8 (l{maxX~a,.) B38HMOAe:ltCTBHSie ciJ - CTOn6eu C aneMeHT8MH: 

cf> ,7· mkn.) 112 ~T[a siri(k _...L.e rr)+b ms(k r--
2
1 err)]. 

n 'fin n n 2 n n n n 
n 

(10) H {11) eCTb TO'IH8SI CHCTeMa ypaBHeHH:i!:, 3KBHBaneHTH8SI HCXOAHO:i!: 

CHCTeMe 6eCKOHe'IHbiX ypaBHeHH:l!: {7 ). PewaTb CHCTeMY 6eCKOHe'IHbiX 

ypasHeHH:i!: Mbl He MO>KeM, noaTOMY 38MeHSieM ee KOHe'IHO:l!: CHCTeMo:l!:. lle-

penHweM {10) H {11), BBO.!lSI aenpepbiBKbi:lt napaMeTp >.. • 3aa'leKHIO 

A = 1 COOTBeTCTByeT I1epBOH8'18nhH8SI CHCTeMa ypaBHeHH:lt { 10), { 11 ) , 

a npH A-= 0 ypaBHeKHSI { 10) H { 11) nepeXOASIT .B ypaBKeHHSI 6e3 y'leTa 

QX. 
{ 12) 

I T p + v p. ) - E f I x\ ( p ) "' - r d 0 [ ~ + (0 )(>.. v Q 1 Q + 1 )(H-E)] ~ ' 
a Q ( E- T)Q-.\QV,. Q 
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1
: __ ,;}·(1; 
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' •' 

I . ,, 
I ' 

,'"')' 

ll 

" 1 A " 
<ell ,[(H-E)(l+A.Q -QV,.Y(O}]x(p)>-= 

2 
Q(E-T)Q- >..QV,. Q 

{13) 

_A 1 A 

=-<ell ,[>..(H-E)Q - - Q(H-E)+(H-E)] ell>.. >. 
2 Q(E-T)Q-~Q V,. Q 

B 9THX ypaBKeHBSIX1 MeHSISI A OT HynSI AO 9.!lHHHilbi 1 Mbl HMeeM B03-

MO>KHOCTb CAenaTb Henpepb!BHO:l!: npOile.!lypy BKniO'IeHHSI '3aKpbiTbiX' Ka-

" aanos H TeM caMbiM cne.!lHTb aa H3MeHeHHeM MaTpHil))I K 
A+' 

YMHO>KHM ypasHeHHe {12) Ha x>..;(p) H npOHHTei'pHpyeM no p 

" " A s { 13) aaMeHHM cll 2 Ha cTon6eu ell>.. , c aneMeHTBMH 

A.'· m I -ill ,(---!!..) 1 2¢T[a (>..')siri(k r-...l..f rr)+b (A')ms(k r-.l_f rr)]. 
n k n• n n n 2 n n n 2 n 

l13 CyMMbi nony'leHHbiX ABYX ypaBKeHH:l!: Bbi'ITeM CYMMY TeX >Ke ypas-

H9HH:i!:, npH'IeM B nocneAHHX >.. aaMeaeao aa >.. '· • llpH >.. ' ... A , nonarasr 

A '=A +·d A H Hcnonhaysr npasHna onepaTopaoro a&cpcjlepeHilHPOB4HHSI 
/3/ 

!.. 1 = _!._ a ___! 
d ,, ~ " ~ ,, ,, 

A A-Ats A-Ats A- >..B 

MO>KHO nony'IHTb cneAyiOIIIee M8TpH'IHOe Bbipa>KeHHe: 

( " ")( ) ",, A E-T E-T ,,. 
-L<a, K (>..>a> , - <<x+, )(+> xl > 

d>.. l 2 " " 
E-T E- T X 

2 

{14) 

9 



3necb 

" )( =[Q 1 ---~-. 

,, ,, 
QVaYlx 

Q(E-T-J\V
0

) Q 

){ =I Q ----- Q(H-E) I 4,' 
2 

Q(E-T-J\ V 0 ) Q. 

" 
a n • TI OK8)!{9M0 'ITO dK(A) > 0 • PaanaraeM -·· ; - CTOJJ6eu H3 'IHC9JI 

d,\ 
" 

!flyHKUHH x 1 
" H X

2 
no co6cTBeHHbiM !flyHKUHSIM onepaTopa T 

" (T-d¢ =0, 
f 

l - IlpHHHMaeT HenpepbiBHbie IIOJI0)KHT9nbHbi9 3H8'19HHSI, 

<¢,¢ >=B(l'-d, 
l . f 

• 

" ,, 
xl {,dlCl¢l 

(15) 

" )( " f,df dl ¢l ' 
2 

,, ,, 
rne C , d - MaTpHUbl H3 K09!fllf!HUH9HTOB pa3JJ0)!{9HHSI. Tio.llCT8BJISISI 

f f 

(15) B ( 14), nony'laeM 

" 
<a' 

dK -d,\ 

,, ,~2 "'2 ~ ,~ ~ ,~ 

a>=- f,df[(E-f) (C +d +Cfdf+dfCl)]. (16) 

10 

,, ,, 
TaK KaK cl H d f - MaTpHUbl peaJJbHbie, a IIOJJHaSI 9HeprHSI CHC-

T9Mbl E oTpHuaTenhHaH, TO aenH'IHHbi ( C f + d: f H - ( E- l ) nonoMHTeJJbHbie. 

0TCIO,ll8 B ( 16 ) 

,, 
d K (,\) 
--->0. 

d.\ -

2. BpeMeHHhle aanep)KKH 

3Ha!lHe 9HepreTH'l9CKOil: 38BHCHMOCTH 8MIIJIHTYllbl paCC9SIUHS10 IIOJiy'lae

MOe IIpH CT8UHOH8pHOil: IIOCTBUOBKe 38.llll'IH 0 II03BOmieT CY.llHTb 0 BpeMeHHOM 

pa3BHTHH rrpouecca pacceHHHSI. BonpOCbi o apeMeHH aanep)KKH paccMaTpHBa-

/11-14/ . 
nHCh B pSI)le pa60T , 0JlH8KO HX 8BTOpb! OI'p8HH'IHB8JJHCb CJJy'laeM pe-

aKUHH c JlBYMSI CB060JlUbiMH lflparMeHTBMH JlO n nocne peaKUHH (A+ a -> B + b ) • 

H enocpeACTBeHHOe o6o6meHHe yKaaaHHoro 4JopManHaMa Ha cny'lail: 

peaKURH c TpeMSI HJJH 6onhlllHM 'lHCJJOM lflparMeUTOB (HarrpHMep, A+ a-> B+ h+ c) 

BCTpe'laeT onpeJleJJeHHhie TpyJlHOCTH. 

0THOCHTenbHOe .llBH)KeUHe N ~. 3 lflparMe!lTOB onHCbiBaeTCSI HeCKOJJhKH

MH BeKTOpaMH B 0Tn!P1H9 OT O)lHOI'O BeKTOpa t
12 

AnSI JlBYX Ten. TaK, 

TpH 'IIlCTHUbl MO)KHQ XapaKTepH30B8Tb JlBYMSI p8JlHYCilMH-B€KTOp8MH; r~ 2 
u R ( R - paccToSIHHe TpeTbeil: 'IaCTiiUhi oT ueHTpa ABYX APYI'RX). 

BbinO H8SICH0 0 K8K clflopMHpOBilTb IIaKeT B CliCTeMe KO.OPJlliHaT t
12 

-> 
n R • MoMHo, ouHaKo, nepeH:Tii B TaKyJO cucTeMy KoopnRHaT, B KOTopoif 

/16,6/ 
OIIHC8Hiie HeCKOJibKiiX cpparMeHTOB IIOJl06HO cny'la!O llBYX Ten • 8Be!(eM 

CJJe!(yJOilllie KOJJneKTHBHbie nepeMeHHb1e: p =yi [ :
2 
;-R~ xapaKTepli3YIOillH8 

pa3Mep CliCTeMbi, H ITSITb YI'JJOB 0
5 

, 8 K8'18CTB8 Tpex T8KHX yi'JJOB MOMHO 

BbJ6paTb 3 yrna 3ifnepa, orrpeAenSIIOillliX rronoMeHHSI TpeyronbHHKa 123 

(pH c. 1 ) B npocTpaHCTBe, H nBa APYI'HX, xapaKTepwayJOillHX .ero lj:JopMy. 

11 



... 
r4a. 

2 

PH c. 

3 

Mo>KHO paccMaTpHBSTb 9TH 6 Koop.QHHaT KaK O.QHH BeKTop p
6 

( c Mo.Qy-

neM- p ) B ruecTHMepHoM npocTpaacTae. Aaanor-H'IHhiM o6pa30M 

MO>KHO ITOCTYITHTb JlJISI CJIY'ISSI 6oJiblUei'O 'IHCJia <j>par-MeHTOB •• 

ACHMITTOTHKa BOJIHOBOA <j>yHKUHH Tpex Ten B KaHane p83B8Jl8 HMeeT 
/16 6/ 

npocToA BH.Q ' : 

etOp 

--;sr;: f(E, OS) (18) 

IToaTOMy B HOBOA CHCTeMe KOOp.QHHST y>Ke MO>KHO BBeCTH ITOHSITHe .QJISI 

apeMeHH 3a.Qep>KKH B KaHanax c 'IHCJIOM <j>par-MeHToB N 2 3 aaaJIOI'H'IHo 

TOMy, KSK 9TO .QenaeTCSI B CJiy'lae .QBYX TeJI. 

ITOCTpOHM IT8Ke1'bl .QnSl ITS.QSIOlUeA H paCCeSIHHOll: BOJIH: 

'I' naa.-+ {,dE F(E)e li: z cf>n (~) e-tEt' 
0 

'I' -+ 
pace. 

1Qp 
e r dEF(E) f(E,0

5
)-s72 

. p 
e -1 E t 

' 

I'lle Q =y2mE!tr, cf> (~)- BOJIHOBSSI <j>yHKUHSI CBSI38HHOtl CHCTeMb!, F(E)- Be-"o 
COBBS!: <j>yHKUHSI ITSKeTa. 

12 

/14/ 
Bbi'IHCJISleM cpeaaee BpeMSI, ycpellHeHHOe ITO nnoTHOCl'H ITOTOKa 

.UnSl naaaiOmer-o naKeTa 

r-.r:~e 

< t > = t 
naa. 2iin s 

a 'I' naa. qt • -'I' naa. r ,( naa. 
a'P~a.Q.) t dt d~: 
az 

-1 
1

. l2 da 
v-1 z + 2" S {, F -dE, 
naa. dE 

F=IFie 1 a v-1 
naa. 

= Z"S-
1 JIF 1

2 dE, v = 
kt 

m 

(19) 

2 h a'Pn 
S=Z"f.IFI vdE, (S= --f( a.c:~. 'I'* 

Zim az na.c:~. 
-'I' 

naa. 

a'P~a.Q.) d t}. 
az 

.Umi pacCeSIHHOli: 'ISCTRllbl 

t a 'I' pace. a '~'pace 
<t >=--..:.....--- r <--- '~'* -'~' 1tdt 

pace. ZimS<u(O )) ap. pace. pace. ap 
5 

(20) 

=V- 1 +<u(O )>- 1 S- 1 fiFI 2 Ifi 2 V(~+~)dE 
pacc.P s dE dE 

r-ae <a(0
5

)>= 217S- 1 f.IF(E)i21f(E,0 5)I
2 VdE - cpe.r:~aee llR<!><i>epeH-

UHanbHOe ceqeHRe. f ( E , 0 5 )= I £ I e
1 f3 , 

v- 1 
=fJFI

2 !£! 2
dE/JI FI

2 !£! 2
VdE, 

pace. 

v = tQ 
m 

13 



CpasHeHHe llJopMYn (19) H (20) noKaSbiBaeT, 'ITO sonnosoA naxeT npH 

BKnJO'IeHHH BSaHMOJleACTBHSI SaJlep)KHBaeTCSI Ha BpeMSI < f:l. t > no cpaBHeHHIO 

CO CBOOOJlHbiM noneTOM 'lepes oonaCTb BSaHMOJleACTBHH, 

(JFI 2 Ifi 2 V(:~ + :~ )dE 

<llt>·= --·-

fiFI 2 Ifi 2
VdE 

JIFI 2~ dE 
dE 

flFI 2
vdE 

B saxnJO'IeHHe Bbipa)KaJO 6naroJlapHoCTb B.H. 3axapbesy sa nocTo.srH

Hoe BHHMaHHe H pyKoBOJlCTBO paooToA, H.B. AMepxanosy, B.n. OepM.srxosy, 

IO.H. <l>eHHHy sa nonesHbie JlHCKyccHH. 
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