
H .0 .Axa6a65IH, JI .~.rpeKOBa, B.H.OeHeB, r .11.KonbiJIOB, 
P. K. Tpa5IHOB, A J1.llJKJIOBCKa5I 

KOPPEJIHW111 ME)I(~Y OOOEPEqHhiM11 11MOY JibCAM11 

3APH)I(EHHhiX qACT11U, 

PO~EHHhiX BO B3A11MO~Et1.CTB11HX rr- -ME30HOB 

C OPOTOHAM11 11 HEMTPOHAM11 OP11 40 r3B/ C 



eAJUreHHOrO HHCTHT)'T& $1,ll8pHJiX 

X}JJe,qoB&Hd 
06'1teJlBBeHHOrO BBCTBTyTA QepBWX 

rca CAMOCTOliTenloHioiMB nyGnBKAilHliMB. 

11& co CT. 4 YCTaBA OHJIH. OTJUNBe 

UJIO'I&eTCll B TOM9 qTQ TeiCCT JlpellpHBTa 

ae.-eB B ICAJCOM•nB60 BA)"'JIOM *YJ)B~e 

- ... enlleT 

~JCRX 

11M. 

1 - 9212 

* '1(. H.O.Axa6a61!H, JI.,a.rpeKOBa, B.H.OeHeB, r.H.KonbiJIOB, 
P. K. Tpa1!HOB; A .:H .llJKJIOBCKaf! * 

KOPPEJIHUHH ME)K,aY OOAEPEqHhiM:H :HMOY JlbCAM:H 

3APH)KEHHhiX qACTHU, 

PO~EHHhiX 80 83A:HMO,aEMCTB:HHX TT- -ME30HOB 

C OPOTOHAM:H :H HEMTPOHAM:H OP:H 40 r3B/C 

* HHCTHTYT HDepaoA ¢H3HKH H HDepHOA 3HepreTHKH 

( r. CoqmH). 

061>::._...~: . ..;.Jtthl!l r.::crnTYT 
t:l;;p:;L:Ax rc~;,:x;oom;._3 

r,. ;-;::. :1 ; .._, n~KA 



' 

Beebe Hue 

llocne,AosaTen&Ho s uecxon&KHX pa6oTax A.cl>pH,AMaH, 
)f(.)i(oio B ,Ap. pa3BBnB HOBwB nO,AXO,A /I' 2/ K B3y'leHBJO ICop· 
penJIIlBB Me>K,Ay 'laCTBUaMB, po>K,AeHHWMB npB BWCOKBX 
3HeprBJIX. CyT& weTo,Aa cocTOBT B cne.AYIOIUeM. Donepe'IHwe 
BMnyn&CW p T I , P T 

2 
nBOHOB 1 B 2 B peaiCUBB 

a+b->1+2+ ••• /1/ 

npe,ADonaraJOTCJI pacnpe,AeneHHWMB no 3aKOHY 

2 2 -> -> -> -> 
dN-exp(-aPT -bPT -cPT PT )dPT dPT, /2/ 

I 2 I 2 I 2 

npB'IeM ,AononHBTen&HO npe,AnonaraeTcJI, 'ITO a= b. 
Tor.Aa nepeweuuwe 

-> 
p 

-> -> 
pl, + p 1' 

1 2 
/3/ 

-> -> 

PTI - PT2 
-> 
Q /4/ 

.ABarouanB3HPYIOT pacnpe,Aeneuse /2/: 

/5/ 

TaK 'ITO pacnpe,AeneHBJI no p B Q JIBnJIJOTCJI rayCCOBWMB: 

dN exp (-A I p 2) ' A I 
2a + c 

/6/ --- -----
dP 2 4 

dN 2 
A2 

2a - c /7/ - exp (-A 2 Q } , 
dQ2 4 

3 
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Cne,D;oaatenLHO, no HaKnouy pacnpe,D;eneuaB: aenaqau P 2 , 

Q 
2 

MO)I(HO OllpC,D;CJ1HTL K03!WJHUHeHT KOppenBUHH e nonepeq

HbiX HMllYJ1LCOB qaCTHU 1 H 2. 
Ilpa:weueuae onacauuoro no,D;xo,D;a K H3yqeu~ npoueccoa 

auuaransnaa pp npa 5, 7 T3B/c o6uapy)I(Hno /l/ uaJJHqae 

3HaqaTeJ1LHbiX KOppenB:UHH Me>K,D;y 77 -Me 30HaMH paJHOrO 

3HaKa, B TO >Ke BpeMB ,D;JlB O,D;HOHMCHHbiX DO 3HaKy 77-Me

JOHOB TaKHe KOppenBUHH oqeHL Manbl. 

§1. OoHo>~ac•u>~Hr.re pacnpeOeAeHU.JI nonepe'lHr.rx 
UMnyAbC06 

H3J10>KCHHbiH BO BBC,D;CHHH llO,D;XO,D; Mbl DpHMCHHJ1H K HC

CJ1C,D;OBaH~ KOppenBUHOHHbiX CBB3CH MC>K,D;y 3apB>KCHHbiMH 

lfaCTH.UaMH, pO)I(,D;CHHbiMH BO B3aHMO,D;CHCTBHBX OTpHUaTeJIL

HbiX 77 -:weJouoa c HMnynLco.w: 40 F3B/c c HyKnoua:wa. Hc

nonL3oaauo CBbiWC 10000 C06b1THH /"" 6000 77- p - H 

"'4000 ,-n -a3aHMO,D;CHCTBHH/, 3aperHCTpHpOBaHHbiX B 

.D;Byx:weTpoaoB: nponauoaoB: Ka.w:epe. 

fiOCKOJ1LKy B HaWeH pa60TC HCXO,D;HbiMH BBJ1BIOTCB O,D;HO
+ qacyaqHble pacnpe.D;eneuas nonepequblx HMnynLcoa 77--:we-

lOHOB, TO paCCMOTpHM HX llO,D;p06Hee. 

Ha pac. 1 npe,D;cTaaneHbl pacnpe,D;eneuas 

HHKJ1103HBHbiX npo:ueccoa: 

77 + 
77-P ... I 77+ -+-

-77 n _. 
77 + 

177-t- -+-

... ' 

... ' 

JN 

dPt 
,D;JlB 

/1/ 

/11/ 

P dN uc. 1. PacnpeoeAeHU.JI Cn - 2 OA.JI UHKAI03U6Hr.rx npo-

~ 
dPT 

&~eccoe 77-p ... 77 ±-+- ••• /eeepxy/ u 77-n ... 77 ±+ ••• /eHu3y/. Pac
npeoeAeHU.JI OA.JI 77 -- Me30H06 HaHeceHbl nyHX.UpHbiMU AUHU.JI
MU. 

5 

~ .4 .& .8 '··~---------------



Pacnpe~eneHHJI 

BBM 

dN 
2 

dP T 

dN 

dP 2 
T 

exp (-A'P2' T'. 

cpaBHHBa.nHCb C 3aBHCHMOCTblO 

/8/ 

llo~qepKHeM, 'ITO HaKnoH A' o~HO'IaCTH'IHbiX cneKTpoB B 

cllopMyne /8/ He coana~aeT c Ko3cllciiHnHeHTaMH a , b B 

cilopMyne /2/, XOTJI H nepeXO~T B HHX npH c > 0 : 

A' =a ~ 

A' b + 

c2 

4b 

2 c 

4a 

I M.ll 'IRCTH~bl 1/, 

/9/ 

/MJI 'IRCTJmbl 2/. 

llony'leHHble B pe3ynbTaTe no~roHKH KO~~eHTbl A' 
BMeCTe C COOTBeTCTBYIOUUIMH 3Ha'leHHJIYH X 2, paCC'IHTaH

HbiMH Ha o~y cTeneHb cao6o~. cae~eHbl B Ta6n. 1. KaK 
. ? 

BH~o H3 Ta6n. 1, pacnpe~eneHHJI dN I dP 1· nnoxo onHcw-

aaiOTCJI KpHBOi BH~a /8/, a K03cllciiH~HeHTbl A' He COOT· 

BeTCTBYIOT Tpe60BRHHIO paBeHCTB8. HaKnOHOB MJI pa3HOHYeH

HO 3apJI)I(eHHbiX qacTH~ (a "' b) . B TO )l(e speuJI ~Ho 
/pBC. 1/, 'ITO OTKnOHeHBe pacnpe~eneHBi /8/ OT 3KCnOHeH· 

:nBanbHOrO nose~eHBJI CBJI3RHO C 'IRCTJmRMB, BYeiOUUIMB 

6onbmoi nonepe lfHbli BMnyni.c. 06pe3aHBe no nonepe'IHbiY 

BMnynbcaM c rpaHB~ei 0,7 T3B/c, KaK cne~yeT B3 nocne~
HBX CTOn6~0B Ta6n. 1, CYJI.\eCTBeHHO nOHB)I(ReT X 2 B ~e
naeT snonHe ~onycTBMbiM npe~nono)l(eHBe o paseHcTse 

BaKnOHOB 3KcnoHeHT, onscwsa~x pacnpe~eneHBJI no none

pe'IHbiM BMnynbCaM MJI ;; +_ B rr-- -Me30HOB. ll03TOMY B 

AanbHeimeM Mbl BCnOnb30BanH 'laCTJmbl TOnbKO C none

pe'IHbiMH BMnyni.caMB :weHI.me 700 M3B/c. 
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§2. PacnpeoeAeHUJI no P 2 u () 2 

Pe3ynJ.TaTw no.u.roHKB no.u. 3KcnepHMeHTanJ.HLie .u.aHHwe 

clJyHKilllii BB.D.a /6/ B /7 I .D.nJI nonyBHKJD03BBHLIX peaKIUiii 

7T TT ... ' 
! ' ; 

/Ill/ TT p 7 TT TT + ... , 
- ~ 

TT TT + 
- -7T 77 + ... , 

7T - ! 77+ 77+ ·I I I\ I n ... ' 
+ -77 77 + 

npB 3HeprBB 40 F3B/c npe.u.cTasneHw B Ta6n. 2 B 3. BH.D.HO, 

'ITO 3TH paCnpe,D,eneHHJI ,D,eHCTBHTenbHO JIBRIIIOTCJI 3KCllO

HeHIOianbHLIMH. 3TO ll03BOnJieT, HCllOnb3YJI ypaBHeHHJI /6/, 
/7 I, onpe.u.enHTb KoppenJI~HOHHLie Ko3cWJ~HeHTLI c /nocne.u.

HHe CTOn6~ B Ta6n. 2 H 3/. 
AHanB3 nony'leHHLIX pe3ynbTaTOB .u.nJI o6oax npo~eccos 

III H IV no3BonJieT yTsep)I(,IJ,aTb, 'ITO B TO BpeMJI, KaK .u.nJI 

O,IJ,BHaKOBO 3apJI>KeHHLIX 'laCTH~ KOppenJI~HOHHLie CBJI3H cna6w 

/K03cWJH~HeHTLI c - Manw/, ,IJ,HJI pa3HOHMeHHO 3apJI>KeHHLIX 

llBOHOB 3TH CBJ13H JIBHJIIOTCJI CYIQeCTBeHHLIMH. 

§3. 3a6UCUMOC.b KOppeAJifiUU nonepe'IHbiX UMnYAbC06 
o• MHoxec•eeHHoc•u 

KaKOBO npOHCXO)I(,IJ,eHHe OTnB'IHOi'O OT HynJI K03cWJHillleHTa 

c B 3MllHpH'IeCKOH I)OpMyne /2/? IlpOCTeiiruee 06'bJICHeHHe 

MO>KBO nony'IHTb B paMKaX "npOTOCTaTHCTH'IeCKOH" MO,D,e

nB /3/, cornaCHO KOTOpOH BepOJITHOCTb po>K,D,eHHJI qacT~ 
c nonepe'IHLIM;H HMnynJ.caMH PT1 , ... , P Tn He 3aBII.CHT OT 

BX npo.u.onJ.HLIX HMnynbCOB PI! i H nponop~HoHan~»Ha /npH 

,D,aHHLIX PI! i I senH'IHHe 

n 2 ~ _. 
dN - exp [ - p i ~ 

1 
P T .J o ( l P T.) [I dP T 

I I 

/10/ 

3,D,eCb B 3KCllOH~HTe CTOJIT TOHbKO KBa,D,paTLI PT. CKanJipHOe 
-> I 

npoH3Be,D,eHHe PT
1 

P T 
2 

noJIBJIJieTcJI nocne HHTerpHpOBaHHJI 
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no "JIBUJ_HBM" BMnyJIJ.CaM PT
3
, ... , p Tn' 6naro,AapJI TO.My, 

qyo CYMMapHWR nonepeqHWR BMnyJibC ,AOJI*eH 6WTb paBeH 

HYJIIO. 3aMeTBM, qyo B npoTocTaTacTaqecxoA MO.AeJIB ecTJ. 

TOJibKO O.ABH CB060.ABWR napaMeTp -p, TaK qyo Te napaMeT

pw a B c , KOTOpwe B03HBKHYT nOCJie BHTerpBpOBaHBJI no 

PT , ... , PT, .AOJI*HW oxa3aTJ.CJI B3aBMOCBJI3aHHwMB. )J.eAcy-3 n 
BBTeJibHO, BHTerpBpOBaHBe ,AaeT 

n - I 2 2 2 p -> -> 

dN-exp[-p---(PT +PT )----PT PT]dPTdPT./111 
n-2 l 2 n- 2 l 2 l 2 

06o3HaqeHBJI Te lKe, qyo B <)opMyne 121 . 
CpaBHBBaJI c 121, 151, npaxo,ABM K cne.A}'IOUUIM npe.A

CKa3aHBJIM npOTOCTaTBCTBqecKOR MO,AeJIB: 

a = b = p ~--=.!_ 
n-2' 

2 
c = p ---2 

n -
1121 

TaKBM o6pa30M, OTHOWeHBe a/ c OKa3WBaeTCJI CBJI3aHHWM 

C nOJIHOR MHOlKeCTBeHHOCTLIO polK,AeHHWX qaCTB~ 

~~ + 1 n = - c 1131 

H3 cpaBHeHHJI BwpalKeHBJI 1111 c 161,11 I BB.AHO, qyo HaxnoH 

cneKTpa Q 2 He ,AOJI*eH 3aBBCeTb OT MHOlKeCTBeHHOCTB 

qacya~ n, a HaKJIOH cneKTpa P 2 
cna6o 3aBBCBT OT n lnpB 

60JibWBX n I . . 

l n 
A = -p --' 

l 2 n- 2 
1 

A = -p. 
2 2 1141 

3TH CJie,ACTBBJI TaKlKe MOryT 6WTb JierKO npoBepeHhl 3KCne

pBMeHTaJibHO. 

Mw BCCJie,AOBaJIB 3aBBCBMOCTb KOppeJIJI~OHHWX K03<)cllB

~eHTOB c OT MHOlKeCTBeHHOCTB BTOpBqHWX qaCT~. llony

qeHHWe pe3yJIJ.TaTw npe.AcTasneHw B Ta6n. 4 B 5, a TaKlKe 

Ha pac. 2. BB.AHO, qyo B 3.AeCJ. xoppenJI~BOHHwe J<)cllexTw 

.AJIJI O,ABHaKOBO 3apJilKeHHWX UBOHOB 3HaqaTeJibHO MeHJ.We, 

qe M B cnyqae rr + -rr-Me 3 oHoB. KpoMe Toro, yBeJIBqeHae 

MHOlKeCTBeHHOCTB OCJia6JIJieT KOppeJIJI~OHHYIO CBJI3b Me)I(,Ay 

UBOHaMB pa3Horo 3HaKa. BwqacneHHwe no <)opMyne 1131 
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3HalleHHJI MHO)KeCTBeHHOCTH llaCTH:Q n npe,IJ.CTaBJieHLI B noc

Jie,IJ.HHX cTon6:uax paccuaTpasaeMLIX Ta611H:Q. YlleT He 3ape

racTpaposaHHLIX BTOPHlfHLIX llaCTH:U IHeiTpaJibHLIX rr-ue-

30HOB I 41 , HeiTpa11bHLIX cTpaHHLIX llaCTH:U, a TaiOKe po)K

.neHHe noliTH B nonosaHe cnyllaes B KalleCTBe 6apaoHa -

HeHTpOHal npHBO,IJ.HT K y,IJ.OB11eTBOpHTe11bHOMY cornacmo BLI

lfHCJieHHLIX BeJIHlfHH C Ha61110,IJ.aeMLIMH. 

MLI ,IJ.eJiaeM BLIBO,IJ., liTO npOTOCTaTHCTHlleCKaJI MO,IJ.e11b B 

C11ylfae nap rr +rr - KalleCTBeHHO npaBH11bHO npe,IJ.CKa3LIBaeT 

KaK TeH,IJ.eH:QHIO H3MeHeHHJI a H c C MHO)KeCTBeHHOCTbiO, TaK 

H a6C01110THLie 3HalleHHJI n • 0T11Hl1He npe,IJ.CKa3aHHH ,IJ.11JI nap 
+ + 

rr -rr -oT ,IJ.aHHLIX OnLITa rOBOpHT 0 TOM, liTO 3,IJ.eCb He YliTeHLI 

KaKHe- TO Ba)KHLie fPaKTOpLI. Hanpauep, 3TO MO)KeT 6LITb 

HHTepcilepeH:QHJI Me)K.IJ.Y TO)K,!J,e CTBeHHLIMH 6o3oHaMH I :,I. 
3aMeTHM, liTO, no- BH,IJ.HMOMY, KOppeJIJI:QHH Me:>K,IJ.y none

peliHLIMH HMnyJibCaMH ropa3,IJ.O 6o11ee liYBCTBHTeJibHLI K 

CBOiCTBaM MO,IJ.e11H, lleM WHpOKO npHMeHJieMLie HLIHe a3a

MYTaJibHLie KoppeJIJI:UHH IHanpaMep, 3aBHCHMOCTb nocne.naax 

OT II 11y~e COrJiacyeTCJI C npOTOCTaTHCTHlleCKOH MO

,IJ.e11bl0 131 I. 

§4. BAUJIHUe ".IIUOUPYIOIIIUX" 'lac•ull 

KaK H3BeCTHO, Me)K.IJ.y o6pa3oBaHHLIMH so B3aHMO.IJ.eicT

BHJIX llaCTH:QaMH BCer,IJ.a eCTb TaKHe, KOTOpLie B KaKOH-TO 

uepe coxpaa•JOT csoicTsa nepsoHalla11bHLIX llaCTH:Q. TaKae 

lfaCTH:ULI Ha3LIBaJOT c.a "11H.IJ.HPYJOUUIMH". C.nenaHHa.R HaMH 

nonLITKa ycTaHOBJieHH.R B11H.RHH.R TaKHX llaCTH:Q Ha KOppeJIJI

:QHOHHLie CB .. 3B OCHOBaHa Ha HCCJie,IJ.OBaHHB 3aBHCHMOCTH 

3HalleHHH c OT Be11HlfHHLI HMny11bCOB rr--Me30HOB B Jia6opa

TOpHOi CHCTeMe KOOp,IJ.HHaT P 1a5. MLI nocTpOH11H pacnpe

,IJ.eJieHH.R 161 a 17 I .nns pa311HliHLIX HHTepsanos PJia6. BTopali

HLIX oTpa:uaTe11LHLIX rr -Me3oHoB. Hy:>KHO OTMeTHTb, liTO see 

pacnpe,IJ.eJieHHJI BMeiOT He06XO,IJ.HMLIH 3KCnoueH:QHa11bHLIH BH.A, 

liTO H no3B011.ReT HaM 3aHJITbCJI BLiliHCJieUHeM K03c)MliH:QBeHTOB 

Koppen.a:uaa. Pe3y11bTaTLI paclleTOB .IJ.1I.R npo:ueccos Ill a IV 
npe,IJ.CTaBJieHLI B Ta611. 6. BH.AHO, liTO HMeeTCJI, XOTJI B MaJIO 

y6e,IJ.HTe11bHOe 83- 3a 6011bWHX OWH60K, B03paCTaHHe Be11HlfH

HLI KOppeJI .. :QHH C yBe11HlleHBeM HMny11bCa "- -Me30HOB. 
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§5. 3aKAIO'IU.€AbHbl€ 3QM€'1QHUJI 

B HaCTO.II~eii: pa6oTe noKa3aHo, 'ITO cYIQeCTBYIOT Koppe

.JI.IIIUIH Me~y o6pa30BaHHhiMH B HHKni03HBHhiX 77-p - H 'i7 -n -

BlaHMO,D,eii:cTBH.IIX npu 40 F3B/c 77± -MeloHaMH H OHB 

6onee 3Ha'IHTe.JibHhl ,D,n.ll KOM6HHalUIH 'laCTIII~, OTnH'IHhiX 

.IJ.PYr oT ,D,pyra no 3HaKy. OcuoBuoe ycnoBHe npHMeHeHH.II 

onucauuoro MeTO.D.a - 3KcnoueHu;uanLHhlii xapaKTep o,D,uo

qacTH'IHhiX pacnpe,D,eneuuii: - co6niD.D.aeTc.ll y,D,oBneTBopu

Te.JibHO, ecnu paCCMOTpeHHe orpaHH'IHTb ManhiMH 3Ha'leHHJIMH 

nonepe'IHhiX HMnynLCOB ( Pf < 0, 7 F3B/c/. YKa3aHHhle KOp

pen.lllUIH yMeHbwaiOTCJI C B03pacTaHHeM MifO)KeCTBeHHOCTH 

JapJI)KeHHhiX qaCTHIJ;. JlH.D.HPYIO~e qaCTHIJ;hl BnHJIIOT Ha 3TH 

KOppe.JIJIIUIOHHhle CBJI3H, yaenH'IHBa.ll HX. Ilocne,D,Hee YTBep)K

,D,eHHe .sBnBeTc.s BeCLMa npe.D.BaPBTenLHhiM. PJI.D. cBoii:cTB 

KOppen.HIJ;HH yKna,D,hiBaeTCJI B npOTOCTaTHCTH'IeCKYIO MO,D,e.Jib. 

ABTOphl 6naro,D,apHhl BCeM KonneraM CoTPY.D.HH'IeCTBa 

no o6pa60TKe CHHMKOB C .D.BYXMeTpOBOH nponaHOBOH KaMephl 

OHJIH Ja npe,D,ocTaBneHHhle MaTepuanhl, .D.OKTopaM M.H.Co

JIOBbeBy, H.AHrenoBy, X.CeMep,D,>KueBy Ja none3Hhle .IJ.HC

KYCCHH H nOMO~b. Mhl TaK)Ke npH3HaTe.JibHhl aKa,D,eMHKY 

X.JI.XpHCTOBy, B HHCTHTyTe KOToporo BhlnOJIH.H.JiaCb ua

CTO.ft~a.ll pa6oTa. 
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