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1. B pa6oTax' 1- 4 1 6bln pa3BI1T HOBbli1 nOAXOA K pac4eTY ce4eHI1i1 
npo4eCCOB ~APO-~AePHOrO pacce~HI1~ B 3HKOHa11bHOM np1161111*eH1111 
rnay6epa-CI1TeHKO, OCHOBaHHbiH Ha pa3110*eHI111 ~113114eCKI1X ee!111-
411H /aMnni1TYA 111111 ce4eHI1i1 paccMaTpl1eaeMbiX npoueccoe/ e P~A 
no o6paTHbiM 3Ha4eHI1~M MaCCOBbiX HOMepOB CTanKI1Ba~11XC~ ~Aep 
(1/ A 1.1/ A 2 ). B HyneeoM np1161111*eH1111 no 1/ A 1,1/ A 2 , KOTopoe Mbl 
e Aa11bHei1weM 6yAeM Ha3b1 BaTb ABa*AbiOnTI14eCKI1M np1161111*eH11eM 
/no aHanor1111 c TepMI1HOM "onTH4ecKoe np1161111*eH11e11

, np11H~Tb1M 
B Teop1111 aAPOH-~AePHOrO B3ai1MOAeHCTBI1~/, A11~ ~a30BOH ~yHKUI111 
x \b) ynpyroro ~APO-~AepHoro pacce~H11~ YAaeTc~ nony411Tb 
cpaBHI1Te11bHO npocToe 3aMKHyToe Bb1Pa*eHI1e e np1161111*eH1111 Hyne
aoro pan11yca NN -a3ai1 MOAei1cTBI1~. np11 3TOM nonpaBKI1 11~6oro 
nop~AKa no aeni1411HaM 1/ A 1 , 1/ A 2 K aMn1111TYAe ynpyroro ~Apo
~AepHoro pacce~HI1~ MO*HO Bblpa311Tb 4Cpe3 ~YHKU110Ha11bHbiC npoi13-
BOAHble no ~YHKU11~M T011~11Hbl CTa11KI1Ba~~11XC~ ~Aep OT aMn1111TYAb1 
ynpyroro ~APO-RAepHoro pacceRHI1~ , pacc411TaHHoH a ABa*Ab10nTI1-
4eCKOM np1161111*eH1111. CxOAHMOCT b pa3nO*eHI1~ no 11 A 1 , 1/ A2 
OKa3b1BaeTCR HaCT011bKO 6biCTpOH, 4TO B C11y4ae B3ai1MOAeHCTBI1~ 

~AeP C A > 10 y4eT nonpaBOK nop~AKa 1/ A I , 1/ A 2 npi1BOAI1T K 
npeebiWeHH~ T04HOCTI1 pac4eToa, onpeAen~eMOH KaK T04HOCTb~ APY
r11X 11Cn011b3yeMbiX B TeOPI111 np1161111*eHI1H /Hanpi1Mep, np1161111*eHI1R 
HeKOppe1111POBaHHOrO pacnpeAe11CHI1~ HYKnOHOB B AApax, np1161111*CHI1R 
Hyneaoro paAHyca NN -a3aHMOAei1cTBI1~ 11 Ap./, raK 11 T04HOCTb~, 
C KOTOPOH 113BeCTHbl, Hanpi1Mep, OAH04aCTI14Hble nnOTHOCTI1. 

3TO OGCTOATe11bCTBO n0380!1AeT np11 paCCMOTpeH1111 B3ai1MOAeHcT
BI1A TaK11X OTH~Ab He TA*e11b1X RAep, KaK a - 4aCT11Ubl, CO C peAH11MI1 
11 TA*ef1biMI1 AApaMI1 OrpaHI1411TbCA y4eTOM 1111Wb HI13WI1X /T.e. nOPAA
Ka 1/ Aa I nonpaBOK K ABa*Ab10nTI14ecKoMy np1161111*eH11~. 

PacC411TaHHble a paMKax TaKoro noAxOAa 131 ce4eHI1~ ynpyroro 
11 Heynpyroro /conpoaO*Aa~erocA ao36Y*AeHI1eM MI1WeHI1/ pacceA
HI1A a -4aCT11U c 3Heprl1ei1 Ea = 1. 37 r3B ~APaMI1 yrnePOAa 11 Kanb
U11A HaXOAATC~ e xopoweM cornac1111 c 3Kcnepi1MCHTanbHbiMI1 AaHHbiMI1, 
nony4eHHbiMI1 c noMOU~b~ cneKTpoMeTpa BbiCOKoro pa3peweHI1A It\ E 
-150 K3B/SPES - I I&,S/Ha ny4Ke a-4aCTI1U CI1HXPOTPOHa "CATYPH". 
H11*e OCHOBHble 311eMeHTbl TCXHI1K11 paC4eTa Ce4eHI1H ~APO-AAepHOrO 
pacceAHI1A, pa3811Tble 8 pa60T ax I 1-41, npi1MeHA~TCA K aHa11113Y 
APyroi1 COBOKynHOCTI1 3KCnepi1MeHTa/lbHbiX AaHHbiX 0 pacceAHI111 a -
4aCT11U CI10*Hb1MI1 RApaMH, nony4eHHOH Ha ny4Ke a -4aCT11U CI1HXpo

· ~a30TPOHa OH.RH I pa - 17.9 r3B/ c/ 11 I . 
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/ 7 / 2. 3HepreTH4ecKoe paapeweHHe ~E -150 H3B ycTaHOBKH "AJlb~A", 
Ha KOTOpOH B~nonHeH 3TOT 3KCnepHMeHT, He n03 BOnHnO paa,qenHTb 
npo4ecc~ ynpyroro pacceRHHR H npo4ecc~ eoa6y~,qeHHR , H paaeana 
MHWeHH. nocne,qHee 06CTORTenbCTBO 3aMeTHO ycnO~HReT TeopeTH-
4eCKy~ HHTepnpeTa4H~ 3KCnepHMeHTanbH~X ,qaHH~X, nOCKOflbKy Tpe-
6yeT )'4eTa MHOrHX KaHanOB B036y~,qeHHR R,qpa-MHWeHH. 3a,qa4a He
CKOflbKO ynpo~aeTCR, ecnH npH CyMMHPOBaHHH Ce4eHHH B03MO~H~X 

B036y~,qeHHH R,qpa-MHWeHH, ,qonycKaeM~X 3HepreTH4eCKHM pa3pewe
HHeM annapaTyp~, npH6flH~eHHO HCnOflb30BaTb YCflOBHe nonHOT~ 
BOflHOB~X ~YHK4HH KOHe4H~X COCTORHHH B036y~,qaeMOrO R,qpa: 

Iif >< fl .. l. 
f 

B 3TOM npH6nH~eHHH H3 paccMOTpeHHR HCKn~4a~TCR ,qeTanH cTpyK
TYP~ BOflHOB~X ~YHK4HH pa3nH4H~X B036y~,qeHH~X COCTORHHH R,qpa, 
He,qocTaT0 4HO xo powo H3y4eHH~e. B peaynbTaTe e~pa~eHHe AflR ce-
4eHHR OKa3~BaeTCR 3aBHCR~HM flHWb OT BOflHOBOH ~YHK4HH OCHOBHO
ro COCTORHHR R,qpa- MHWeHH. O~enpHHRT~M RBflReTCR paa,qeneHHe pe-
3YflbTHpy~ero ce4eHHR Ha ynpyroe H Ksa3Hynpyroe: 

~ = da8 1. + daq.el. 
dt dt dt /1/ 

npH4eM nocne,qHee R&nReTCR ,qOBOflbHO CnQ)I(HOH BeflH4HHOH , npe,qcTas
nReMOH o6b14HO B BH,qe CYMMI>I! 

d a d (n) 
q.el. = I _!!._ • 121 

dt n dt 
d (n) 

r,qe --
0
--- ce4eHHe KsaaHynpyroro /HeKorepeHTHOro/ e3aHMo-

dt 
,qeHCTBHR pacceHBaeMOro o6DeKTa /a,qpOHa HflH R,qpa, OCTa~erOCR 
B OCHOBHOM COCTORHHH/ C D HyKnOHaMH R,qpa-MHWeHH . B~pa)l(eHHR AflR 
aMnflHTYA n-KpaTHOrO KBa3Hynpyroro pacceRHHR OAHOrO R,qpa HyK
nOHaMH ,qpyroro 8 TepMHHaX npOH380AHbiX OT aMnnHTYA~ ynpyroro 
R,qpo-R,qepHOro pacceRHHR no lf>YHK4HH TOfl~HH~ B036y>K,qaeMoro 
R,qpa, nony4eHH~e eme e pa6oTe 13~ a npHH4Hne pewa~T 3a,qa4y pac-
4eTa AH~epeH4HanbHbiX ce4eHHH do (0f dt. O,qHaKo soapacTa~~aR 
C pQCTOM KpaTHOCTH D rpOM03,qKOCTb pac4eTOB 3THX senH4HH Cy~ecT
SeHHO YCflO)I(HReT 3a,qa4y B~4HCneHHR Ce4eHHR KBa3HynpyrOrO pac
CeRHHR OAHOrO R,qpa ,qpyrHM B Tex Cfly4aRX, KOr,qa 8 CYMMy /2/ 
3aMeTH~H BKna,q BHOCRT HeCKOfl bKO cnarae~x . EcnH aMnflHTYA~ 
NN -pacceRHHR 4HCTO MHH~, TO ,qnR cyMMapHoro ce4eHHR KsaaH

ynpyroro pacceRHHR o ,qHo r o R,qpa ,qpyrHM e ,qea*A~nTH4eCKOM npH -
6nH>KeHHH MQ)I(HO nony4HTb 3aMKH)'TOe Bblp~eHHe, 11pac4eTHaR11 CflO)I(
HOCT b KOTOpOrO TOrO )l(e nOpR,qKa , 4TO H Bblpa~eHHR AflR Ce4eHHR 

d a(l) 
0AHOKpaTHOrO KBa3Hynpyroro pacceRHHR 

du~> 
~e Cfl0)1(H0CTH paC4eTa BenH4HH ----

dt 

2 

--- , H cy~eCTBeHHO HH
dt 

C D ~ 2. 

3TOT peaynbTaT noasonReT nposec TH pac4eT~ ce4eHHH ynpyroro 
H KBa3Hynpyroro pacceRHHR a -4acTH4 cno~H~MH R,qpaMH e paMKax 
ynoMRHyToro MeTo,qa /,qea~,q~onTH4eCKOro npH6nH~eHHR c nonpaeKa
MH nopR,qKa 1/ A a I ,qocTynH~MH cpe,qc TeaMH /T. e. c aaTpaTOH 
pa3yMHOrO KOnH4eCTBa C4eTHOrO epeMeHH Ha 3BH/H cpaBHHTb HX 
C 3KCnepHMeHTanbH~MH ,qaHH~MH / 7 / . 

3. A~o~nnHTy,qa ynpyroro pacceRHHR F(q), HOPMHposaHHaR ycno
BHeM 

~ =IT I F( <i) l 2 
d t ' 

I t l = q 2 • /3/ 

e 3HKOHanbHOH TeopHH npe,qcTaenReTcR ,qey~o~epH~M ~ypbe-npeo6paao
saHHeM TaK Ha3~eaeMOH npO~Hnb-~YHKUHH 1~ ( 0)/RBflR~eHCR aHano-
rOM nap41o1anbHoH aMMHTYAbl f o6bi4Horo paano)l(eHHR no napuHanb-
H~M BOnHaM/: 

F(q ) = _i_ f f (b )expiqbd 2 b = 1 f f ( b ) J 0(qb ) bdb , 
217 

r (b) = 1 - exp i X ( b ) . 
/4/ 

B ,qea~,qwonTH4eCKOM npH6nH~eHHH ( A 1 2 ... oo ) H e npH6nH~eHHJ.1 

Hyneeoro pa,qHyca N N - eaaHMOAeHCTBHA An" ~aaosoro CABH ra X 6 (b ) 
A 1 A 2 -pacceRHHR, o6ycnoeneHHoro cHnbHbiM eaaHMO,qeHcTBJ.1eM, 

e pa6oTax 1 1-4 / 6blno nony4eHo cne,qy~ee BbiPa*eHHe: 
8 2 . 2 x (b) =-.!-f[ z(expu - 1) + u(exp z-1) - uz l d s, /5/ 

a 

z = x exp - u . u = y exp- z , 

-a 
y = - T ( $' 2 2 • ) ' 

x - ~ T (b- s) - 2 1 ' 
ij = a to t (1- i £ ), 

NN 

!61 

r,qe T 1(2)(S) - ¢lyHK4HH TOfl~HHbl R,qep A 1(2), CBJl3aHHble C OAH0-
4aCTH4HbiMH nnOTHOCTRMH pacnpe,qeneHHR HyKnOHOB B 3THX R,qpax 
06bi4HbiM COOTHOWeHHeM: 

.. ·•2 2 +oo !F:e-
T 1(2)( S )=At(2) f p1CZ ~( s +( ) d (. 

-oo 

PeweHHe CHCTeMbl TpaHCUe H,qeHTHbiX ypaBH eHHH /6/ npo~e BCero 
npOBOAHTb MeTOAOM nocne,qo ea TeflbHbiX HTepaUHH! 

z
0 

.. xexp (-u 
0

_ 1 ). u
0

= xexp (-z 
0

_
1 

), 

z 0 = X u o= Y. 171 

z (u )= lim z 
0
(u 

0
) . 

n -. oc 
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BBHAY KOMMeKCHOCTH BeJ'IH~H X H y KOMMeKCHbiMH TaiOKe OKasw
BaiOTCR u H z H Cl>aso aaR <I>YHK~HR )( 11 C6 ). B npeAeJ'Ie 4HCTO 
MHHMWX aMMHTYA NN -pacceRHHR ( c ~ 0 ) X .y , U , Z CTaHOBRTCR 
4HCTO aeUiecTaeHHWMH, a X - 4HCTO MHHMOO . Y~TwaaR 4HCJleHHYIO 
MaJlOCTb napaMeTpa C - OTHOWeHHR BeiJieCTIIeHHoH K MHHMOH 4aCTH 
aMMHTYAbl NN -pa cce.RHHR Ha HyneaoH yron, aeJ'IH4HHW u , z , 
x 11 MOikHO pasnolKHTb a P"A no c TeneHRM c • TorAa c T0 4HOCTbiO AO 

8eJlH4HH nopRAKa c 2 nD11Y4HM, pa3AeJlRR )( 8 Ha BeUieCTBeHHYIO 
H MHHMYIO 4aCTH, 

)(II ( b ) • 1/J ( b ) + it/> (b). 
.. 2c -- e ... 2 [ - i - u -'::1 2 1/J{ b)- - f uzd s. t/>( b)=-f u(e - 1)+ z (e -1)-uzJd s, 

(] (] 

----- --u .... ~- o ... z - xe-u, u=ye-~:, x - 2 T 1 (b-s), y -
2

T2 (s), 

(]- (] tot 
NN • 

! 81 

npHBeAeM TaK*e awpalKeHHe Aflll nonpaaoK nopRAKa 1/A
1 

JlH4HHaM I/J1tf> : 
K ae-

6. 1 1/J = _ c_ I ~ f z2 ii f! [ u ( z - 1) + t {2-u-i) 1 d 2 s + 
2A 

1 
(] 

+ 2( ~ f uZT(l-i)d2sX~ f z(exp u-1)d2s) I. 
(] (] 

6.1 4> = -
1- 1 ~ f z2iitd 2s + ( ~ f z(exp u - 1) d2s) i . 

2A 1 (] (] 

- -- -1 t = (1- u z ) . 

191 

1101 

Bwpall!eHHe AJ1.R nonpaaoK - l I A 2 nony4aeTcR H3 191, I 1 01 c no
MOIIIbiO aaMeHw A 1 ... A2 H z .. u. 

4. Y4eT KyllOHoacKoro 83aHMOAeHCTaH.R o6w4HO npOH3aOA.RT, A0-
6aanRR K 11RAepHWM11 Cl>a30BWM CABHraM )( 11 KYJlOHOBCKHe Cl>a30Bble 
CAaHrH: 

c .. -1 0 .. .. .. .. .. 2 . 2 
X (b)= Z 1 Z2(~A2 ) f x

0
(b- s

1
-s

2
)T

1
(s

1
)T

2
(s

2
)d .s

1
d s

2
, 

)( ~ ( b)=2n In bit, 
I 11 I 

I -l rAe n ~a v , a = 187 , v , It - CKopocTb 1o1 HMnynbc pacceHaaeMOro 
AAPa a na6opaTOpHOH CHCTeMe .RApa-MHWeHH. Pa3AeJlRA 8 nocneAHeM 
awpalKeHHH 3CI><I>eKTbl B3aHMOAeHCT8HR T04e4HWX 3aPRAOB Z 1 H Z 2 
H 3CI><I>eKTbl, CaR3aHHble CO CTPYKTypoH RAep: 

4 

)(c(b)=)(c{b)+ )(c(b), 
P E 

c ... c c ... "" s x {b)=Z 1 Z2 x (bJ, x E(b)=417Z 1Z 2n f ln(-)r 12 (s)sds, /12/ 
p 0 b b 

... - 1 ... ... • 2 
r
12

(s)=(A
1
A

2
) f T

1
(s-s

2
)T

2
(s

2
)d s

2
, 

Aflll a Mnm1TYAW A 1A 2-pacce RHHR nerKo nony4HTb npeACTaaneHHe 
a BHAe 

F ( q ) = (...L) -2i( 1_ 2(r (1+i() + 1 f (~) 2i(J (qb)x 
2k q2r (1-iO 2 o 

x[ 1 -exp (i)(0 (b)+ i)( 8(b))lb db}, 
E 

.f= 2Z1Z 2n, 

/131 

RBillliOIJieeCil OCHOa HbiM pa604HM Bblpa~eHHeM TeOpHH ynpyroro A1A2-

-pacceRHHR , 

5. CyMMapHoe ce4eHHe KaaaHynpyroro pacceRHHil RApa A 1, ocTaiO
Uiero cR a OCHOBHOM COCTORHHH , HYKilOHaMH AApa A2 , HCnbiTb1Ba10111ero 
BCeB0 3MOlKHble ao36Y~AeH~ ? 8 npeAellbHOM Clly4ae c =O AaeTCR 
awpa~eHHeM 

dq 1 2 2 . .. ... .. ... ... 
- = - fd b 1d b 2 expt q(b 1-b2 ) 0 (b 1,b 2 ). 
d t 4 17 /14/ 

n ( b 1, b 
2

) = exp- ¢ (b 
1

• b 
2

) - exp [ -4> (b 
1
) -¢ ( b .. 

2
) l. 

3AeCb t/> (b~ ,l.!) npeACTa B/lRIOT MHHMWe 4a CTH Cl>a308biX CABHr 08 ynpyro
ro A1A 2-pacceRHHR , onpeAeneH Hwe a npeAWAYUieM pa aAene . AnR 
8ellH4HHbl ¢(ti1b 2) 8 A8alKAbiOnTH4eCKOM npH611H~eHHH nolly4ae TCR 
cpaaHHTeJlbHO n pOCTOe 8blpa~eHHe : 

4> (b1,b2)~ .!.. J [z(expu - l )+ u ( exp z - 1) - uz-) d 2s, 
(] 

- - -z- x exp -u, u = Y exp - z , 
/1 51 

- (] [ .. .. .. :-\ 1 x= 2 T 1( br s) + T 1 (b 2-s, . - (] .. 
Y = 2 T 2(s). 

nonpa8KH nOPRAKa 1/ Aa K awpalKeHHIO 1151 Bblr llllAJIT HeCKOilbKO 
cnolKHee aHanorH4HWx nonpa aoK K eeJ1H4HHaM ¢ (b): 

.... 1 2 (] ..... 2 (] ...... 2.. 
6. 1!/>(b 1,b 2 )= - l - f([..-T 1(b 1-s)] +[-

2 
T (b - s)]Jx 

2A 1 (] ~:; 1 2 

5 



-- - 2 [ ... ... - 2 2 x utexp(-2u)d s + I T 1 (bcsH1-exp(-u))d s] + 

+ [IT1(bcsHt-exp(-ti")J d2s J2t. 
/ 16/ 

6. KaK noKas~aa~T HenocpeACTBeHH~e pac~eT~ ce~eHHH KBasH
ynpyroro paccellHHil o -~acn11.1 CllO)I(H~MH llAPaMH no ¢>oPMYI1aM 
/1 4/ , /15/, /16/, HX q-saBHCHMOCTb OK83~BaeTCil 611HSKOH K rayc
COBOH 

du du ) 2 - ( q) .. -d - (0 exp - B q 
d t t / 17/ 

8 A08011bHO WHpOKOM HHTepaane nepeA&,HHWX HMny/lbCOB 0 SQS..0,5 f36/c, 
Ha npOTI!)I(eHHH KOTOporo Be/lH~HH~ ((rt;(q)) y6~aaOT npHMePHO Ha 
ABa nopllAKa. 3To o6cTOilTe/lbCTBO nosaonlleT cy~ecTaeHHO ynpocTHTb 
TeXHOilOrH~ pac~eTOB BellH~HH /14/. nonarall cnpaBeA/lHBOCTb npeA
CTaB/leHHil /17/, ce~eHHe KB33Hynpyroro paccellHHil Ha HyneaoH yron 

du 
-- (0) H napaMeTp H8KI10Ha 8 MO)I(HO CBil38Tb C HHTerpallbHWMH 
dt 

xapaKTepHCTHKaMH THna 
2 .. ... -1 du 

uq.et =I d bO(b,b)=B dt (O), /18/ 

< q2> u =I d2b (J (b)= B-
2
.sk(O), /19/ 

q.el dt 

e(b)=[v .. v.,. nco1.h2 >li --b b .. b .. 
bl b2 f" e· · 

npeHMy~eCTBO HCn0/1b3088HHR COOTHOWeHHH / 18/, /19/ BMeCTO / 14/ 
O~eBHAHO, 

], 60/lbWOe KO/lH~eCTBO onepai.IHH ~HC/leHHOrO HHTerp!o1p088HHil, 
c KOTop~MH conPil*eHa npo1.1eAYpa pac~eTa AH~epeHI.IHallbH~x ce~e
HHH llAPO-IlAepHOrO paccellHHil, Tpe6yeT 3aTpaT SHa~HTe/lbHOrO KO
IlH~eCTBa c~eTHOrO speMeHH 36M, 

C 1.1e11b~ COKpa~eHHft 3THX 3aTpaT AO MHHHMyMa HCnOI1b308allCA 
PllA TeXHH~eCKHX npHeMOB, ynp~a~HX BW4HC/1HTe/lbHY~ npOI.IeAYPY· 
0AHH H3 HHX KacaeTCft TeXHHKH pac~eTa Ce~eHHH KBa3Hynpyroro 
pacCeftHHil, OH OnHcaH B npe~AY~eM pa3Ae/le. ~yraA 803MO)I(H0CTb 
ynp~eHHA npol.leAYP~ pac~eTOB ce~eHHH KaK ynpyroro, T8K H KB83H
ynpyroro paccei!HHH COCTOHT 8 HcngllbSOBaHHH T8KHX napaMeTpHSa
I.IH~ OAHO~aCTH~H~X nllOTHOCTeH p (r), KOTOpWe npH80AH11H 6w 
K aHanHTH~ecKHM awpa*eHHftM Allll ~YHKI.IHH TOil~HW T(s). PasyMeeT
Cft, yn~eHHWe npeACTaB/leHHA A/lA 3THX Be/1H4HH He AO/l)I(HW BXOAHTb 
11 npoTHBOpe~e c 3KCnepHMeHTallbHWMH AaHHWMH o AAePHWX ¢>op~aK
Topax. 

Ha ~ nyHKTHPOM npeACTaBileHw 3Ha~eHHR ¢>op~aKTopoa RAeP 
12c , AI , 64 Cu, pacc~TaHHWe no ¢>opMynaM: 

' 

I) 
J 

!) 

d 

-3/ 2 5 / 2 
S(q),.. (qR) (q a ) J

312
(qR)K

512 
(q a ), /20/ 

8 cpa BHeHHH CO 3Ha~eHHftMH ¢>opM~8KTOpoa , OTBe~a~X ~enPHHft

ToH ~pMHeBCKOH napaMeTpH381.1HH /CnllOWHWe KPHBWe/ OAHO~aCTH~
HWX nllOTHOCTeH: 

t -l 
p ( ) = p (1 + exp ..I.=JLd ). 

J' 0 /21/ 

3Ha~eHHil napaMeTpoa R , a aw&ipanHCb H3 YCilOBHil coanaAeHHil 
cpeAHeKB8APaTH~H~X paAHYCOB COOTBeTCTBY~X pacnpeAelleHHH p(r): 

2 3 ( 2 5 2) 3 2 7 2 2 <r >"' - R + -a .. - (c + -IT d ) /22/ 
5 3 5 3 

H nO/lO)I(eHHH nepawx MHHHMYMOB o60HX ¢>op~aKTOP08, noc/leAHee 
ycno eHe npH611H*eHHO YAOBneTaopfteTcll, ecnH nono*HTb 

R .. c +113d . / 23/ 

~p~aKTOpaM BHAa / 20/ OTBe~a~T ~YHKI.IHH TO/l~H~: 

T(a) .. A v; a 5 {3(D+X +2R2 )D+ 2(DnXX+2R2)1 / [ (D+xf2rf], 
/ 24/ 

x -s 2-R2 +a2
, D . ( x2 + 4/R2 )11~ 

,....., I I v 
Cl' 

'i15 
I I 27Al I \ 64 Cu 

D~~ !I ', WI ru~ ' : : I : : 
' : : 
~ ; ~ 

11.2 O.lf D.l 0.1 1.0 0.2 0.4 0.& 0.8 1.0 

q /f38/c/ 

PHc.1 

7 
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Tr(s)=A rp F(l/ s 2+ z2 )dz /25/ 
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aHa111-1TI-14ecKoro npeACTaoneHI-1A He 
AOnycKa~T. BosMOM<HOCTb "'cnonb
sooaHHA np~-1 pac4eTax ce4eHI-1H 
FtAPO-AAepHoro pacceFtHI-11'4 "npl-16nl-1-
*eHHbiX11 n apaMeTpHsaul-1.::1 /20/ 
~YHKUI-1.::1 T011~1-1Hbl CnoM<HbiX AAep 
BMeCTO 11T04Hb1X11 /25/ o6ecne4HBa
eTCF4 611H30CTb~ OTBe4a~HX HM 
$Qp~aKTOPOB /eM. pHC. 1/ H MeHb
weH 4YBCTBHTell bHOC~ AeTallFtM 
F4AePHOH CTPYKTYPbl Ce4eHHH a A
pacceAHHA no cpaoHeHH~ c ce~.~e

HHF4 MH e A -pace eFt HHF4. nocneAHee 
06CTORTellbCTBO n03B011AeT napa
MeTPI-130BaTb nllOTHOCTb pacnpeAe-
lleHHA HYKilOHOB B a -4aCTHUe rayc-tO~ ~~~l~o•)----~~m~~~~~~~ 
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~ 2 -3/ 2 ~ 2 2 
p a ( r ) = ( IT R a ) exp ( - r I Ra ) , /26/ 

~ 2 - 1 ~ 2 2 
Ta (s)= 4("Ra) exp(-s I Ra), 1271 

a 3TO, B CBO~ 04epeAb, n03B011AeT Y4eCTb B111-1F4HHe KOppe11F4UHH 
UeHTpa Mace B a -4aCTHUe Ha Be11H4HHy Ce4eHHF4 a -FtAepHOrO 
pacceRHH.A c noMOIIIb~ ~aKTOpa K 2( q ). rAe 

K( Q) = exp ( <fRa21 16) /28/ 

181 
/eM., HanPHMep, /. 

KoppenRUH.A ueHTpa Mace AApa-MHweHH He cKaswaaeTcFt Ha ce-
4eHHF4X npoueCCOB , npocyMMHPOBaHHbiX no BCeB03MOM<HbiM B036Y*AeHH
AM MHWeHH. 

8. Ha pHc.2-4 pesynbTaTw pac4eTa ce4eHHH ynpyroro H Kaaa!-1-
ynpyroro pacceRHHF4 a- 4aCTHU FtApaMH 12 C , 27 AI , 64 Cu no ¢op

MynaM npeAW~X pa3AenOB /CnllOWHble KPH 8We/ COnOCTaBilROTCR 
c 3KCnepHMeHTanbHbiMH AaHHWMH 171. WTpHx-nyHKTHPHWMH 11HHHF4MH 
npeACTaBileHW BKilaAW 8 cyMMapHoe ce4eHHe npoueccoa ynpyroro 
pacceRHHR a -4aCTHU RAPaMH MHWeHH. paCC4HTaHHOrO c y4eTOM 
~eKTOB KyllOH08CKOrO B3aHMOAeHCTBHA, a WTPHXOBbiMH - Te M<e 
8e11H4HHW, HO 6es y4eTa KyllOHOBCKHX 3~KT08 , 

POilb Ky110H08CKHX 3~KTOB, KaK H C11eAOBB110 OIKHAaTb, B03pa
CTaeT C POCTOM Sap.AAa RApa-MHW8HH. npH 3TOM HX BllHRHHe He 
OrpaHH4HBaeTC.A TOilb KO o6naCTb~ MallbiX SHa4eHHH nepeABHHbiX HM
nyllbCOB. Ha11H4He KY110H08CKoro 83aHMOAeHCTBH.A npHBOAHT K cy
~ecTBeHHOMy sanonHeHHD AH~PaKUHOHHwx MHHHMyMo8 AH¢$epeHuHanb
HWX Ce4eHHH ynpyroro a A-pacce.AHHR, a B Cl1y4ae TRIKenbiX MHWeHeH 
SaMeTHO CKa3b1BaeTCR TaKIKe H Ha 8elli-14HHe MaKCHMyMOB 3THX Ce4eHHH 
/eM. TatOKe 181 I. 

PesynbTaTw pac1.1eTa ce\.leHHIA Kaas1-1ynpyroro a A -pacceRHHR npeA
cTasneHbl Ha PHCyHKBX nyHKTHPHbiMH 11HHHRMH. BHAHO, \.ITO OTHOCH
TenbHWH BK11BA 3THX Bei1H\.IHH B CyMMapHOe Ce4eHHe, 6yAY4H He3Ha4H
TenbHWM npH ManbiX 3Ha4eHHRX nepeAaHHWX HMny.nbCOB , CTaHOBHTCR 
AOMHHHPY~HM 8 o6.naCTH 6o.nbWHX 3Ha4eHHH nepeA8HHbiX HMnyllbCOB, 
PaaeHCTBO BKilaAOB KBaSHynpyroro H ynpyroro pacce.AHHR B CyMMap
Hoe Ce\.leHHe AllR nerKHX MHWeHeH HaCTynaeT npH MeHbWHX ne~a\.laX, 

All.A T.AIKellloiX - npH 6onbWHX. ~a4eCTBeHHO CTPYKTypa CYMMBPHbiX /yn
pyroro H KB83Hynpyroro/ Ce4eHHH a A -pacce.AHHR CXOAHa CO CTpyK-
TypoH cyMMapHoro ce4eHH.A pA -pacceFtHHR 191• 

C uenbO OUeHKH 4YBCTBHTellbHOCTH Ce\.leHHH aA -pacceRHHR 
K ¢oPMf pacnpeAeneHH.A nllOTHOCTH B RApe-MHWeHH Ce4eHHe ynpyro
rO a 

1 
C -pacce.AHHR 6es y~.~eTa KynOHOBCKHX 3¢$eKTOB pacc\.IHTbl

aanocb TaKlKe All.A CllY\.IaR 0CUH1111ATOPHOH napaMeTPH3aUHH ~YH~HH 
T011111MHW .AAPa 

12 C: 
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' 4 ; 2 -+ 2 2 T(s) = 
2 

[5+4-::ylexp(-s / a 0 ), 
3"ao ao 

/29/ 
a 0= 1,6 ~M. 

Pe3ynbrar~ 3Toro pac4eTa npeAcraeneH~ wrpHx -Aea~A~nyHKTHp
HO~ nHHHe~ Ha pHC.2. 

----- 12 
Orse4a~~HH napat-~eTpH3a4~~ /29/ ¢oPM~aKrop RAPa C ~3o6pa-

~eH Ha p~c . 1 wrp~xoso~ KPHBOH. BHAHO, 4TO ABe napaMerp~3a4~H 
T(s)-~~ /29/, KOTOp~M OTBe48~T 3aMeTHO pa3n~4a~~HCCR 
Me~AY C060H ~OpM~aKTOp~, npHBOART K AOBOnbHO 6n~3K~M 3Ha4eHHRM 
ce 4eHHH ynpyroro a 

12C-pacceRH~R. 
4ro KacaercR cornac~R Teop~H c 3KcnepHMeHTOM , ro ero MO~Ho 

C4HTaTb BnOnHe YAOBneTBOP~TenbH~M, ecn~ y4eCTb TO KOnH4eCTBO 
np~Gn~~eH~~. KOTopoe npHwnocb Hcnonb3oeaTb a npo4ecce nepe
XOAa OT 06~HX ¢QpMyn Teop~H MHOrOKpaTHOrO pacCeRHHR K pa604~M 
B~pa*eHHRM, KOTOp~e HCnOnb30B8nHCb B KOHKpeTH~X paC4eTaX. 

04eHK8 T04HOCTH HeKOTOp~X H3 3THX npH6nH*eH~H , T8KHX, HanpH
Mep, KaK np~6nH~eH~R Hynesoro paAHyca NN -s3aHMOAeHCTBHR, 
npH6nH*eHHR HeKoppenHpOBaHHOrO pacnpeAeneH~R HyKnOHOB B RApax, 
HeTp~BHanbHa H Tpe6yeT OTAenbH~X HCCneAOBaHH~. 

Aerop~ 6narOA8PH~ n.H.nanHAYCY, E.A.CrpoKOBCKOMy, n.H.Crpy
HOBy, A.~~nHnKOBCKOMy 3a none3H~e o6cy~AeHHR. 
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