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OcHOBHble aaKOHOMepHOCTH npo'-'.eccoa MHO*eCTBeHHOro o6paaosa

HH~ a,qpOHOB, B ~aCTHOCTH M8CWTa6H~e CBOtiCTBa 3THX npo~eCCOB, 

MOryT fibiTb noH~Tbl H8 ()CHOBe coo6pameHHI7! <I>H3H~eCKOrO no,qo6Hff 

H aHanHaa paaMepHoCTeH 111. 

Ha OCHOBe npHHQHna 8BTOMOAe1lbHOCTH ·H C006pa)t(eHHI::t 0 KBap

KOBOH CTPYKType a,qpOHOB B pa60TaX 
12

•
31 

6bi!1H ycT8HOB1leHbl OP.a

BH11a KB8pKOBOro C~eTa, KOTOpble C HtnOJlb308aHHeM CB~3H / 4/ Me)f(

AY ynpyrHMH H HeynpyrHMH ¢opM<I>aKTOpaMH a,qpoHos ,qaiOT,' a ~?cT-. 
HOCT\.1, / 4,S/ , . . , 

2na-3 
F 2, (x) • (1 - x) , x ~ 1 . /1/ 

' 
3TH npe,qCTaBJleHH~, ,QOBOhbHO eCTeCTBeHHble B ·KaapK-napTOHHbH 

MO,Qe11H, npe,qnonaraiOT, ~TO T04e4Hb1MH .COCT88!1R~HMH, OTBeTCTBeH

HbiMH 38 938HMO,QeHCTBHe 8APOHOB, ~e.n~fo:tcR 004,TH CB060,QHble, H.e

B38HMOAeHCTBYIOUIHe KB8PKH /HMOY!1bCHOe nplo16!1HM<eHH.e/ C 38MOPO.

M<eHHb1Mio1 BHyT·peHHHMH CTeneHRMI-1 CB060Abi,TaKHMH,, KaK, HanpHMep, 

nonepe4HOe ,QBH)f(~HHe H AP· 

nepBble t Ha~-t6o.hee 04eBH,QHble cne,qCTBH~ y4eTa AHH8M'HKH KeapKOB 

CT8Illo1 B03.MOM<Hb1Mio1 C pa3BHTHeM KB8HTOBOI::t xpi:>MOAHHaMHKH, Onpe,qe

Jl~~eH xapaKTep B3aHMO,qeHCTBH~ KBBPKOB C r!lDOHHbiM noneM. Y4eT 

B3aHMO,qei1CTBHfl npoR8Jl'fleTCfl B OTK!1o'HeHHH Ce4eHHI::t nenTOH-a;QpoH

HOrO pacceRHHfl OT MatwTa6~oH HHBapHaHTHOCTH. npH 3TOM y' CTpyK

TYPHbiX (J>yHKLU.1i1 COCTa'.B!1RIOiqHX a,qpc)HOB' nbRB!1ReTCfl 38BHCHMOCTb 

oT xapaKTepHol::t A!lfl·:rny6oKoHeyripyrHx npdQeccos 6onbwoH nepe,qa4H 

HMnynbca F2a(x) -+'F 2 a·(x,Q 2 ) .HaH6onee 4eT"Ko ·aTa aaBHCHMOCTb npo

RBnReTcR npltl a·Ha'n~~tae MOMekTOB COOTBCTCTByiOW,HX <I>YHK4J.ott1 pacnpe

,qeneHHR 8 ·KX,lt lSI, 0TMeTIIIM, 4TO' B8M<HOI::t aa,i:J,at..~el::t Ha 3TOM 3T.3ne 

RB!lReTCR H3y4eHHe KB8HTOBOXpOMO,QHH8MH4CCKHX 3¢¢eKTOB B p8MK8X 

TpeXMepHbiX 'KB83HnoTeHQH8!1bHbiX ypasHeHHH/?/ AJlR C0CT8BHbiX t..~ac
THQ H nepeMeHHbiX CBCTOBOrO ¢pOHTa/81. 

B pa6oTe 1916bln ,qaH aHanHa a~¢eKTOB HapyweHHR cKeHnHHra 

HHKni03HBHbiX cneKTpOB no npO,Q0!1bHOMY HMnynbCY (x) BTOpH4HbiX 

4acTHQ B aApOHHbiX coy,qapeHHRx. B o6nacTH ~parMeHTa~HH nHAHPY~

L4~ro. KBapKa, T .e. e cnyt..~ae, Kor,qa 6blcTPb1H KBapK pacna,qaeTcR 

Ha ,qeTeKTHpyeMbfi1 PbiCTPbiH MeaoH nn10c APYrHe MeAJleHHble aAPOHbl 
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/MeXaH~3M, OTBeTCTBeHH~~ TaKme 36 o6pa30B6HHe flHAHPY~HX 46C
TH4, Hecyll(.Hx 6onbwoH p..L.. 1 15

•
101 

xdcrAB...,C 
=a::.d,_x-- • ~ Jf q (x1) Dq (x2) B(x 1x 2 -x) dx1 dx 2 . 

x~l 
/2/ 

0Ka36Jl-0Cb, 4TO 3HepreTH4eCK6R 3aBHCHMOCTb HHKll-~3HBH~X ce-
4eH ... H AB-+ C /2/ MaCKHPYeT 3Ha4eHHR noKaaaTeneH na , onpeAe
nReM~x npaBHll-aMH KeapKOBOrO C4eTa AnR CTPYKTYPH~X ~yHK4HH 
KsapKOB B aApoHaX /1/, H ee Heo6XOAHM0 Y4HT~B6Tb npH Cpas
HeHHH pacnpeAeneHHH /2/ C 3KCnepHMeHTall-bH~MH 191

o 

3aecb MY XOTHM o6paTHTb BHHMaHHe Ha BTOpoH 803MOmH~H HC
T04HHK nOA06HOrO OTKnOHeHHR, a HMeHHO, H6 3aBHCHMOCTb peayflb
TaTOB aHanH3a ce4eHHH 12/ OT senH4HH~ cpeAHero nonepe4Horo 
HMnynbca cocTaanfliOlqHX KBapKOB I rlliOOHOB/ *o 

§lo AHaJU13 3KCnepHMeHTall-bHOt1 CI<'ITyaU,HH, npoaeAeHHbli-'1 B HaCToR
~e~ pa6oTe, CSHAeTell-bCTBYeT 0 TOM, 4TO aenH4HH~ noKa36Tene~ 
IH3BneKaeM~e H3 0AH046CTH4H~X cneKTPOB rrp-aaaHMOAeHcTBHR/, 
ne)KautHe s6nHaH paayMHbiX 3Ha4eHHH n 17 o:1(2) H n P o:3(4) ,~oryT 
HMeTb, OAHaKO, ll-HWb npH6ll-HmeHH~H C~Cll 4HCell- COCT6BllfliOlqHX 6A
POHOB. B 1.1aCTHOCTH, cpasHeHHe aaBHCHMOCTH F(x} o: (1- x) n 
c ABHH~MH 3KcnePHMeHTa no o6paaosaHHIO ", K -MeaoHos a "p-H 
pp -cOyAaPeHHRX B WHpOKOM HHTepsane 3HeprHH H pe3yll-bTaTa-M~ 1121 

npH cpaSHHTeJlbHO He60JlbWHX 3HeprHRX /PJla6o "S.. 20 rsBic/ 
noKaa~aaeT YAOaneTBOPHTellbHOe cornacHe /pucoll H 3Ha4HTellbHoe 
paCXO)KAeHHe C pOCTOM 3HeprHH /puc.21. 0TMeTHM, 4TO HBCTOR~HH 
aHBll-H3 npOBOAHllCR Ha OCHOBe COBOKynHOCTH MHpOB~X 3KcnepHMeH
TaJlbHblX ,qaHH~x I ccblnKH co,qep>KaTCR a pa5oTe /l3/ I 0 B Ka4ecTae 
OpHrHH8JlbHOrO 3KCnepHMeHTaJlbHOrO MaTepvtana 8 pa60Te 6blJ1H HC
nOJlb30BaHb! A8HH~e no 17-p -aaavtMOAeHcTBHIO npvt PJia6.=5 H 40 r38/c, 
noJly4eHHble Ha OAHOMeTpOBOH sopopOAHOH H ABYXMeTposoH nponaHo
soH KaMepax 06DeAHHeHHOrO ~HCTHTYTa.~,qepHblX HCCll-e~OBaHHH /aa
TOPbl npHHOCRT CBOIO 5narOA6pHOCTb KOJlll-eKTHBaM 3THX COTPYAHH-4eCTB/, eM. H.C.AHrenos H AP· OHRH, Pl-9882, AY5Ha, 1976. 

Ha puc 0 2 MO)KHO aaKJ1104HTb, 4TO ,qa>Ke a 3KcnepHMeHTax, Bbtnon
HeHHblX npH OAHH8KOBbiX 3HeprHRX, ~Hal.leHH.R noKa3aTe1leVf n~,(s 4li1:KC) 
HCObiTbiBaiOT OTKJl-OHeHHR OT 3H64eHHH, onpe,qenHeMbiX npaBHll-6MH 
KsapKoaoro C4eTa. 

3TO MQ)KeT Cll-Y>KHTb yKa3aHHeM Ha Cy~eCTBOBaHHe HCT04HHKa 
OTKIIOHeHHR D a =D ~O) +A a , OTJlH4HOrO OT 3KpaHirlpOB6HHfl, Bbi3BaH
HOrO 3$¢eKTaMH 3HepreTH4eCKOro HapyweHHR CKeHnHHra /91. 

*PaCCMOTPeHHe 3THX 3$¢eKTOB B np04eccax o6pa30BaHHfl aAPOHOB 
c 6onbWHMVI nonepe4HbiMH HMnynbcaMH npoee,qeHo a o6aopax 1111 
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Puc.l. CneKTPbl F(rr-p~rr+) 
npltl VIMnyJ1bCe HS4SI1bHbtX 17 -Me-

30HOB P,a6. ~. 5 H 40 r3B/c. 
CnnowHaR I1J.1HJ.1.R cooTeeTCTeyeT 
annpOKCHMSL!ItiVI ¢>YHK~J.1eC1 (1-x)n 
CO 3HS46HH6M n 17 Vl3 TS6Jlltll!bl 

pa60TbT 191• ¢>YHKI..li-1.R D" -
s napaMeTplti3SllJ..111 /l2/. 

Ol! I . 

-l. c6 -.5 -~ -.2 0 .2 
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FUc.2. 3Ha4eHiti.R noKa-
3aTenR n cTeneHHoro 
y6btBSHJ.1.R B annpOKCHMa

U,Itlltl (1-x) n B peaKL.t\llfiX 

77p, pp --. rr, K, + X 
npltl pa311J.14H~X 3Hepr\IIRX 
VI 3Ha4eHI-1RX X ~ 0. 

10 

I 
i 
i 
I 
L 
! 
! 

X 

I -o-ot• I <I 
I . I 

~b-i I 
I 

I I I 
¢1 ,. ' • -qo 

I • I 
I [X 

I ¢- i• J 
I 0 .• ~ 

I I I 
I 

i o I 0 I 
I 
2 3 L, 

n. 

X 
~ 

)(>0 X<O 
- + Jtp•Ji 0 • 

.1ip•J( ~:.• 
fln-Jit o • 
:iln-Ji- v "' 
ifp-1i--<> .. 
f,p-K• ¢ + 
PP -K· X ~ 

5 6 7 

3 



BMecTe c 3H1M noee,QeH!.1e .QBYMepHbiX pacnpe.QelleH\t'IH 
da/dp.idx (AB ·-Jo C) np1.1 ¢!.1KC!.1poaaH!.1!.1 O.QHoH 1.13 nepeMeHHbiX 
yKa3btSaeT Ha Hecnpaee,qn!.1BOCTb $aKTOP!.13a4\.1\.1 3aB!.1C!.1MOCTei1 OT 
x- 1o1 k.L -nepeMeHHbiX, T. e. o HapyweHI.1J.1 np1116!1J.1}f(eHII'I.R KaapK-nap
TOHHOH MO,QeJllt'l. 

~aKTII'I~eCKII'I, KaK CJle,QyeT 1113 puc.Ja~6, J.13MeHeHJ.1e HaKJlOHa 
KPJ.1BbiX pacnpe.QeneH"''IIi 

I 
x= <!JHKC 

COOTBeTCTByeT 3$¢leKTJ.1BHOMy J.13MeHeHio110 Be!U14J.1Hbl nOKaaaTeJ1.R n 
a pacnpe.QeneHHH * 

n-
F(x,<k..l.>) • 2ci(l-x) ', n 3q,<jl ~ f(n 1 +n 2 ) 

' 
OcTaHOBHMCR cei14ac no.Qp06Hee Ha aHanHae soaMO}f(HOCTH snHRHio1.R 

$11YKTya~HIIi cpe,QHerO nonepel.lHOrO lo1MnY!lbCa COCTaBll.RIOU\HX 119 •201 

Ha CTeneHJ.1 y6biSaHH.R X -cneKTpOB 6b!CTpbiX Me30HOB np1o1 X-Jol, T. e. 
Ha CHTYat.tHI-1, KOTopa.R .QO c1o1x nap He paccMaTpHeanacb np111 lo13Y4e
HJ.11o1 npot.teccoa ¢parMeHTa4\.1\.1 6blcTpblx KaapKOB a o6nacn-1 Manblx 
p-I. /15/ 

§2. RsneH\t'I.A Koppe!l.Rlt\.1\.1 npo.QO!lbHOro 1o1 nonepe4Horo ABH}f(eH!.1Vi 
COCTaBil.AIOift\t'IX B a,QpOHaX MOryT 6b!Tb nOH.RTbl npvt lt13y4eHYIYI KBa3vt
noTeHt.tY!aJlbHbiX BOJlHOBbiX ¢lYHKt.tHi1, OnHCbtBa!OIJ.lHX CB.A3aHHble qQ-
H qqq -cHCTeMbl 8 paMKaX TpexMepHb!X KBaaHnOTeHt.tHaJlbHbiX ypaBHe
HYIH a nepeMeHHbiX caeToaoro ¢lpoHTa /5,8/. 

ClleACTBHR Y4eTa 3TI4X KoppenRt.tHVi npo.RBJl.RIOTC.R a HeTpYIBII'Ianb
Holli 3aBJ.1CHMOCT\.1 cpe,QHero nonepe4HOrO \t'IMOYJlbCa COCTaBJl.RIOift\t'IX 
4aCT\.1lt OT ,QOJl\.1 Y!MnyJlbCa a,QpOHa X: 

/3/ 

2 \.1, aoo6ute roaop.R, OT aeJ1J.14\.1Hbl Q (~. 
B yacTHOCTV1, a paMKax 3TJ.1X paccMoTpeH14t1 MO}f(HO noKaaaTb; 4TO 

poeT \.1 nocne.QYIOutee na,QeHHe sen\.14\t'IHbl <kl> AJ1R noporosblx 3Ha-
4eH\.1i1 X(X -Jo 1) COOTBeTCTByJOT pe}f(HMY 6011ee 6b!CTPOrO y6b!BaHJ.1.R 
CTPYKTYPHbiX <I>YHK4Hi1 F(x) • (1-X) n 116 : 3TOT <!>aKT COOTBeTCTByeT 

*3aMeT\.1M, 4TO aHaJ10r\.14Ha.A KapT!.1Ha Ha6Jl~,QaeTC.A B COOTBeT
CTBYIOift\t'IX Ce4eHH.RX 06pa30BaHY!R CTpyi1 pp -Jo jet +X, r,Qe p .J._- HM
nyJlbC, nepneH.Qi-fKyii.APHb!H HanpasneHHIO CTPY\.1 114/ 
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.l a)- 0.5<X<-02 
B)- 02<X< 0 
~) O<X<0.2 
2) 0.2<X<0.5 

L 

1 
"j__ 

u 

' "' " '-

;o 1. 
~ 

~~ "'< -o 

w~ "' ~ l. 

.l 

5) 

a) -0.5<X<-0.2 
5)- 0.2 <X< 0 
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2) 02<X<05 
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Of _ : . ~--~......o..__t----.L . • ....L ~ _ .L_. _ _.J ___ .L...._ .OJ 
.I 2 .5 -~ 5 .5 ) .6 .9 I P: (r:>B/d 

Pu.c. J. a - KoppenRU.YIYI x -saeYJCI-1MOCTJ.1 a· pacnpe.qeneHM.RX no p J.. 
peaKU.I-114 rr-P-+"- +X; 6 - TO }l{e .QJ1R rr-p -) rr+ +X. 

2 V13BeCTHOMy paHee T. H. 3$$eKTY seag_ull~ <k..L> -x(l-x), 8 peaKU.IIIfiX 
MHO}I{eCTBeHHOrO o6pa30BSHV1R Me30H0B B S.QPOHHWX COYASPeHYIRX, 
CBR3SHHOMy, KSK BYiaHO V13 nOCile.QHVIX 3KcnepV1MeHTOB no SHHHrV1-
f1Rl\111ltl e+e- a a.QpoHbl-; 171, c pacnpe.QeneHV1eM noToKa 3Hepn1V1 Me>K.QY 
KBapK-ril~OHH~MVI CTPYRMVI B KOHe4HOM COCTORHYIYI. 
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HccneAOB8HHR B paMKaX KB8HT080~ XpOMO.QHH8MHKH nOCT8BHnH 
no,Q COMH€HH€ npe.QCTaaneHHR 06 orpaHH4€HHOCTH cpe.QHHX nonepe4-
HbiX HMnynbCOB C0CT8BJ1RIOiqHX, CJ10>KHBWI4€CR Ha OCHOBe KB8pK
napTOHHOi1 MO.Q€J1H B a,QpOHHbiX COy,QapeHHRX C MSJ1b1MH P J... 3n1 ¢laK
T~ H8WnH CBO€ nO.QTB€P>K.Q€HHe 8 H€.Q8BHHX 3KCnepHM€HT8X no rny-
60KOHeynpyroMy pacceRHHIO nenTOHOB VI 8.QPOHOB C 8APOH8MH, a TaK
)1(€ a onbiTax no o6paaoeaHHIO AlllnenToHoa 114•

181
• 3TH H3MepeHHR, 

O.QH8KO, n04TH He .Q810T HH¢OpMa~HH 0 xapaKTepe 38BHCHMOCTH 
dF_(x,ki,Q 2

) /d2 k.L. B To )l(e speMR HasecTHO, LITO a KOHe4HOM co
CTORHHH rny60KOHeynpyro~ peaK~HH Ha6J110,QaeTCR CTPYR 8.QPOHOB 
C OCbiO, H.QylqeM B.QOJ1b HanpasneHHR BHpTyanbHOrO y*-KB8HTa. 
0TKJ10H€HJ.1e OCJ.1 CTpyH OT 3TOrO HanpaeneHHR CBR38HO C H84811bHbiM 
nonepe4Hb1M J.1MnynbcoM K88pKa. ,llpyrHMH cnosaMH, nonepe4HbiM J.1M
nynbc KsapKa a rny6oKoHeynpyroM pacceRHJ.1H nenTOHOB CKna.Qb!Ba-
eTcR 1-13: 3Ha4eHHR nonepe4Horo HMnynbca k 5._

0
), KOTOpbiM MO)I(eT 

o6na.QaTb KeapK a a.QpoHe a .QO nornoll.leHHR HM ¢oToHa /rnooHa/ 

C J.1M"nyJ1bCOM Q , T, H, nepBH4HOrO /aHyTpe~Hero/ nOnepe4HOrO HM-
ny11bCa, H 3H84eHHR nonepe4HOrO 1-'!MnyJlbCa kjl), KOTOpbiM KB8pK 
npHo6peTaeT 8 peaynbTaTe Hany4eHHR /nornoll.leHHR/ rniOOHOB. 

KpoMe TOrO, 8 CTpye H3 ¢lparMeHTHPYIOUiero KBapKa a.QPOHbl J.1MeiOT 
nonepe4Hb1M paa6poc, onpe.QenReMbli1 HMnyn bCOM k.J_, nepneH.QHKynRp
HbiM K OCJ.1 CTpyH, TaKHM 06P830M, CD€.QHHi1 none.Qe4Hbli1 HMnyJlbC -~'2 2 4 2 4 2- -+ 4 (0) .__.(1) 
BTOPH4Hb1X 48CTHLt <p,J..>""Z <k..L>+<k~>; k..l.""k.J_ +k..J... 

3TH H86J110.QeHHR npHee.nH K 38KJ1101.1€,HHIO 0 TOM, ~TO €CJ114 y4eCTb 
B38J.1MO.Qei1CTBHe KB8PK08 J.1 rl1100HOB, TO HMnYJlbC k .l. -COCT8Bl1R~HX 
0K83bi88€TCR He Mall H .Q8)1(€ MO>K€T pacn1 KaK k.i o: a 8 (Q2 )Q 2

.u(X) S/. 
npH 3TOM CTPYKTYPHble ¢yHKUHH pacnpe,QeneHHi1 H ¢parMeHT8UHH 
KBapKOB npH06peTaiOT 3¢l¢JeKTHBHb!M BHA: 

'""2 2 2 '""2 F(x, k.L ,Q ) ~ F(x,Q ) ·G(k-1-), 

'""2 2 2 -+ 2 D(z, k.l., Q ) ~D(z,Q )·G(k..._), 
14! 
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rAe 3aBHCHMOCTb G(kfJ<ki(x,Q2 )>) MO>KeT 6b1Tb Bbt6paHa, B 4SCT

H0CTH, 8 (f>OpMe 

-+ 2 1 4 2 42 

G(.k ) : --'~-exp!-k:t_/<k.l->1. 
.L "<kl> 

/5/ 

C y4eTOM TOrO, 4TO B3aHM0AeHCTBHe KBSPKOB C rn~HSMH npH

BOAHT K no~sneHH~ 3$~eKTHBHOH 3aBHCHMOCTH OT X Ill Q 2 cpeAHerO 

nonepe4Horo HMnynbca cocTasn~IOO\HX, <!><JpMynbl /4/, /5/ onpeAen~
~T HCKOMY~ KOppen~~H~ npOAOnbHOrO H nonepe4HOro ABH>KeHH~ no

cneAHHX, a TaK>Ke 3$¢leKTbl HapyweHH~ CKeHI1HHra 8 CTpyKTypHbiX 

(f>yHK4H~X pacnpeAeileHHH H pacnaAa KBapKOB. 

§3. TaKHM o6pa30M, C y4eTOM nonepe4HOrO ABH>KeHH~ COCTaBn~~

~~~~X KBapKOB BHyTpH aApOHOB A,B,C HHKn~3HBHOe pacnpeAeileHHe 

6btcTpblx Me30HOB s peaKI..IHH AB ...,.c, o6paaosaHHbtX a peaynbTaTe 

¢lparMeHTa~HH nHAHPYIOW,ero KBapKa npH x .... l c AaHHbtM nonepe4HbtM 

HMnynbCOM p ...l..' MO>KeT 6b1Tb npeACTaBneHO B CileAYIOUJ,eM BHAe: 

xsa AB-> c 

adxdp .L 

npH4eM ¢lYHK1..1HH f( x1, kl..l.) H D (x 2 ,k2...l..) onpeAeileHbt ¢opMyi1aMH 

/4/' /5/. 
B 3TOM cny4ae OAH04aCTH4Hoe ceYeHHe 

AB-+C 
a 

/6/ 

/7/ 

~2 
c y4eTOM aaeHCHMOCTH C(p ...l..), onpeA~IleHHoH ce4eHHeM 6HHapHoro 

pacce~HI-1~ COCTaBil~IO~HX npl-1 MailbiX P..i. 

C(p_f) :C-exp[-ApiJ. A-a/r3B/cr2, 

MO>KHO aani-1CaTb 8 BIIIAe 

AB-.,.C -+ 2 dz 2 X 2 -+ 2 
a (x.p.L) :f--z!(z,Q )D(z,Q) B(x,z;p.L) /8/ 

rAe ¢YHKI..II-1~ $ COAep>KHT 3aBHCHMOCTb, OCy~eCTBil~IOW,YIO KOppei1~4HIO 

Me>KAY npOAOilbHbiMH nepeMeHHbiMH X, Z H Bei1H4HHOH pi: 
_,.2 BB' · BB' -.,. 2 

:t(x, z; p .L) : C exp !-(A+ )p, l, /91 
. B+B' B+B'""" 

rAe B >< B(z) , B':B(~) H B(x) :<l{(x,Q2)>-L HaKnOH pacnpeAeneHHfl 

no nonepe4HOMY HMnyilbCY COCTaBil~IO~HX. 
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-1 4 2 Bst.1,qy Toro, \.ITO B (x) =<kJ...> ,¢opMa 3aBI-1CJ.1MOCH1 cpe,qHero no-nepe4Horo ~t~Mny.nbca 6y,qeT onpe,qe.n.ATb 3¢¢eKTYIBHbl~ HaKJ10H pac-.npe,Qe.neH~t~R duAB~C I ctP .l. KaK ¢YHK41-110 ,qo.nt1 npo,qonbHOro HM-ny.nbca a,QpOHOB, yHOCitiMYIO KBapKaMY!, KaK yme OTM€\.Ia.nOCb, onpe,Q€11\IIM I-1CKOMYIO KOppe.nR4YIKl B BYI,Q€ 161 

4 2 4 (0) 2 -> 2 <p .J._ (X)>~ <k .J._ > + <k .J._> KXD 

/10/ 
~a+bx(l-x), 

r,qe K03$¢Yif.II-1€HT a== COnst, a b, B00611.1e rOBOP.A, 3aBI-1CI-1T OT 3Heprlt11-1. 0TM€TitiM, \.ITO nPI-1M€HeHJ.1e s I 10/ ¢lopMy.nbr, onpe,qe.n.AIIJU4e~ aasJ.1c~;~MOCTb <kf>KXD ..... Q 
2
a 5 (Q 

2
), no.ny4eHHOPi B npe,qnOJ10}f{€HJ.1J.1 p€>t<J.1Ma H<ecTKoro coy,qapeHVl.A, .AB.n.AeTc.A npo6neMaTiti4HbtM s o6.naCTitl pacce;:rHY!R C MaJlbiMJ.1 P.J.: ( ,Qpyro~ CTOPOHbl, 3Hepr€TJ.14€CKa.A 3aBJ.1CitiMOCTb K03¢$1-14J.1€HTOB a J.1 b He 6y,QeT J.1rpaTb cy~€CTB€HHOPi POJ1J.1 B ,Qa.nbHePiWeM paCCMOTpeHitll-1, 3aTpaS04Hbl€ 3Ha4€HI-1R napaMeTpOB Mbl Bbl-61t1paeM 1-13 3KCnepHM€HTaJlbHbiX ,QaHHbiX no <p.f > rrp-+7T 8 06JlaCTf.1 PmJ6, "/10-30/ r3B/c: a~ 0,07 /r3B/c/ 2 ,b ~ 1,07 ;r3B/c/ 2. npr-1 onpe,Q€J1€HI-1Itl, TaK\IIM o6pa.30M, COOTB€TCTBiti.A M€)f{,Qy KOpp€!1.Af.II-1.AMitl B X -pacnpe,Qe.n€HI-11-1 6btCTpbtX M€30HOB 1-1 3$¢€KTJ.18HQt;i 3aBI-1:.. CltiMOCTbiO OT sem14111Hbl cpe,qHero nonepe4Horo I-1Mny.nbca peaKf.II-1V1 f.1HT€rp"lpOBaHJ.1€ C€4€HJ.1.A 181 CKa)f{€T-Cfl Ha 3Hal.leHI-1'1 noKa3aT€J1.A cTeneHHoro y6brBaHJ.1.A n a • TeM caMbtM npORBJ.1TCR xapaKTep ero OTKI10H€HHR oT 3Hal..leHJ.1ill n (O). onpe,qe.n.AeMbiX npas1-1naMJ.1 KBapKosoro C4eTa 6e3 y4eTa ¢l11YKTYaf.IJ.1Pi no <k l. > COCTaBJl.AIO~r.1X 

JaAB~c (x.p1) dp 1 ~ A(l-x) "o<jl<jl 

(Q) A ( 2 ) "o<jl<jl ~ n +"' <p .l-> . 
/11 I 

C y4eTOM B~W€J.13.flOH<€HHOrO B HaCTO.A~eH pa6oTe npOBO,QI-1JlCR aHallJ.13 3Kcnep~~tMeHTaJlbHbiX AaHHblX no 77p -ssaJ.1MO.QeHcTsi-1RM c 4ei1biO onpeAeneHJ.1R xapaKTepa BllJ.1RHJ.1R 3Ha4€HJ.11':1 cpeAHero nonepe4HOro J.1Mny.nbca rr -Me30HOB Ha BI-1A ¢YHK41-1H pacnpe.Qe.neH~t~Pi o "P-+ "(x) • C 3TO~ 4€1lbl0 nposOA1-1.nacb no,qroHKa ABYMepHbiX pacnpe,Qe.neH~t~i1 doldxctPi B pa3I11-14HbiX pe)f{V'IMaX $1-1KCI-1POBaHHbiX 3Ha'-leHY1~ X ~2 
" J.1 P ..1-. PesynbTaTbl no ¢J.1TV.posaHf.110 O.QH04aCTVI4HbiX pacnpeAe.neHitll-1 rr-Me30HOa(x>O) "npoToHOB (x<O) 1xda/dx(,.-p~rr+)-(1-x) "o<jl¢ 

a 3KcnepJ.1MeHTax np1.1 P Jl8.6 == 40 raB/c np1.1BeAeHbl e ma6.1IU4e. 
Pe3yJlbTaTbl CBJ.1A€T€1lbCTBYIOT 0 Hai1V14J.1111 CHJlbHOH KOppeJlRf.IJ.1V'I /eM. TaKme 

1191 I n (<pl >), npoRB.n.AJOutel'::ic.A e y6breaHJ.1J.1 napaMeTpa 3¢l$€KTV1BHOrO HaK.nOHa n 3¢¢ C pOCTOM VIHTepBaJla nonepe4HOro HMny.nbca, T.e. roBOp.AT 0 CYLl.I€CT8€HHOt;i p0JlJ.1, KOTOPYIO HrpaJOT 
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Ta6JIUW1 

HHTepean J.1HTepean 2 HHTepea.n x2/N ~2 no<jl<jl X YN X n o<jl<jl P.L, r3B/c -X 

0+0, 1 0,54+0,01 4,8+0,3 47/12 0,20+0,61 3,4+0,5 3/6 
o, 1 ~o ,2 0,54+0,19 4 ,i+o ,4 6!8 0,17+0,79 2,3+0,2 5111 
0,2+0,3 0. 70+0. 33 2,1+0,4 7!6 0,24 7 0,85 3,0+0,3 9/10 
0,3+0,4 o,n~o,o1 3,9+0,1 14/16 0,3470,77 2,9+0,4 6!6 
0,4+0,5 0. 76+0. 21 3,5+0,3 5/8 o, 34~o, 72 15+0,4 4/7 
0,5+1,0 0,93~0,14 z,o+o, 1 25/13 0,02+0,95 2 ,0+0, 1 14/16 
1 ,o-:-z, o 0,95+0,02 0,7::!:0,1 13/13 0,39+0,95 0,4_!0, 1 12/9 

2 
$11yKTyau.vn .. ., no <p.L>.AHa.nory 3Toro a¢cPeKTa e npoeKu,HH pacnpeAe-

neH~-tR da/dp_f I 4 !};lHKCHp. x cooTaeTCTBYeT noeeAeHHe, npe,qcTae.neH:. 

HOe Ha puC.3,4, - CymeHHe pacnpeAe11eHH~ C pOCTOM X /CM, TaKme 

ce4eHIIIR pO>K,QeHI-1R cTpylil a pp-coy.QapeH!-1-RX 1141 I. 
KonH4eCTBeHHoli1 Mepolil a~weynoMRHYT~x Koppe!1RU.H~ MomeT cny

)f(HTb 38BIIICHMOCT b H8KJ10HB npOeKU.Irlti pacnpe,Qe!leHI-1R a AB-+C (X, Pi) 
BB' 

no nonepe4HOMY IIIMny.nbCY (A+ ) KaK -¢lyHKU,HR X.3Ta !f)yHK'-'1-'tR 
B + B' 

/CM, /9//, C T04HOCTb~ AO C,QBIIIra, npe,QCTaeneHa Ha puC,4, r,Qe 

BMeCTe C Heli! OTJ10>KeHb1 3KcnepHMeHT8!1bHble T04K\.II, COOTBeTCTByiO-

~He 3TOMy HaKilOHy 8 peaK~I-11-1 C0YASpeHr.-1fl 1T -p-+ 1T + npr.-1 p Jia6 = 

= 40 r3B/c. 

FUc.4. 3Kcnepi-1MeHTanbH~e 

ASHHble no HaKnoHy B(x) , 

pacnpeAeneH"~ . z 
-+2 :1- -B(x)p,4.. 

da/dp.L("-P~" ).e 
. 2 -1 -1 . 

I - <k.1.> =(a+bx) , 

II - <ki>-1 =(a+bx(l-x))-
1

· 

lO 

0 o.a 

li :ffp-Ji + 
1Cirp-Ji-

0.4 0.& 
X 

40 rsB/c 

0.0 i.O 

9 



CpasHeHI'!e ABYX so3~40>KHOCTeH, npe,QcTasneHHbtX Ha puc. 4, rosopi-IT a non bay I 101 H, no- BHAHMOMY, 11CKI11048eT cny4ai1 II, cooTeeTCTBY~HH Heorp8HH4€HHOMY pOCTy <k](x)>~OI1Y48€MOMy B pa~~ax KosapHaHTHOt'ii napTOHHOJ.1 MO,QenH 1201.0n1eTHM, 4TO noseAeHVle B (x) corn.3cHo I 101, coOTBeTcTBYJOutee sapHaHTY I, OTae4aeT y~~HHIO 3C)>C)>eKT11BHoro noKa3aTeJlR cTeneHHoro aaKoHa (1-x)n3¢J¢.< P.J .. .>) c pocTOM HHTepsana nonepe4H9ro HMnynbca. 
TaKHM o6pasbM, peayn-bTaTbt aHanHsa_, npoBe,QeHHoro a .qaHHOt'ii pa60T€, CBHA€T€11bCTB~IOT 0 cyuteCTB088HHH 3~e~THBHOH 388HCHMOCTH pacnpeAeneffH" F s-.c (x)~FAB~c(x,<kJ(X)>). 0TMeTHM, 4TO nOHCKH B€Jli.14HHbl "D 6e3 Y4€T8 <ki > - C)>JlyKTY84111t'ii MOryT npHB€CT~ K P8CX0)f(,Q€HI-110 C pe3yllbT8T8MH KBapKOBOrO C4€T8 n = n (O) . noA4€PKH€M, 4TO .RBJ1€HH€ y6bt88HHFI 3H84€HHFI nOK838T€Jlfl D =n(<pl>) C pOCTOM pOJl\.1 nonepe4HOrO ,QBH)f(€HHR COCT88Jl.R~HX BHYTPH 8,QpoH8, no- BJ.1AHMOMy, MQ)f(€T 6btT b 06bFICH€HO 8 p8MK8X ,QVIH8MH4€CKHX KBapKOSbiX npe,QCT88Jl€HHt'ii /a 48CTHO<;:TVI, B ~88HTOBOt'ii XpOMOA1·1H8-MHK€/, 

AsTopbt rny6oKo 6naro,QapHbl H. H. 6oron106osy H A. H. Tasxen\.1A3e 38 noCTORHHYIO Hay.4HYIO nOAA€P)f(KY, s.r.rpHWHHy, A.H.KBHHHX\.1A3€, B.A.MaTseesy, IO.B.TesaaA3e sa o6C.Y>KA€HHe pesynbTSTOB, a T8K}I(e P.A~Keaia,Qse, M.M.KyTB111-1R sa noMOLI.Ib a pac4eTax. 
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