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PyxorrHCb ITOCTyrrH~a B H3~aTenbCKHR OT~e~ 
28 OKTR6pR 1966 r. 

I. B B En E H ~ E 

B o6aope/l/ 6~H no~p06HO paCCMOTpeHH MHOE6CTB6HHOCTb M 

COCT8B BTOpHqHHX qaCTH~, o6paayD~XCH B HeyrrpyrHX B38HMO~e~

CTBHHX• BHCOKOSHepreTHqecKHX qaCTH~. B H8CTOH~e~ pa60Te, HBHH

D~e~CH rrpO~OHZ6HHeM o6aopa/l/, MH p8CCMOTpHM Te CBO~CTB8 BTO

pHqHHX qaCTHU, KOTOpHe CBH38HH C HX SHepreTHqeCKHMH, HMITYHbC

HHMH H yrHOBHMH pacnpe~eHeHHHMH. 

KaK H B o6aope/I/, MH OrpaHHqHMCH 06H8CTb~ SHeprH~ 
li ~ I raB ( lr - KHHeTHqecKaa aHeprHH nepBHqHo" qaCTH~H 

B H860p8TOpHO~ CHCT6M6 KOOp~HH8T); O~H8KO ~8HHH6 1 OTHOCH~H6CH 

K 8HHHrHHHUHH 8HTHHYKROHOB 1 M~ 6y~eM paCCM8TpHB8TD rrpH BC6X 

aHeprHax, HaqHHafl oT nopora lr = 0. Hawe~ ~enDD, no-npeEHeuy, 

OCT86TCH CyMMHpOB8HHe H CHCT6M8THqeCKHH 8H8RH3 H3B6CTHHX 3KC

nepHM6HT8HDH~X ~8HH~X, B~ITOnHeHHH~ H638BHCHMO OT K8KHX-nH60 

npe~aHTHX TeopeTHqecKHX npe~cTaBneHH~. MH Ha~eeuca, qTo nony

qeHHHe T8KHM o6p830M B~BO~~ YoryT nocnyEHTD OCHOBOH ~nfl ~8Hb

H6HWHX TeopeTHqeCKHX ITOCTpOeHHH. 

HeKOTop~e rrpe~BapHTenDH~e peaynDTBTH 6HnH HanoEeHH B 

rrpenpHHTe/2/, HBITHCBHHOM c yqacTHeM ~.ITaTepa. HacToHmaa pa6oTa 

HBHH6TCH 6onee ITOHHHM H cy~eCTB6HHO nepepa60T8HHHM 0630pOM. 

B npo~ecce pa6oT~ HBM 6~nH B6CbMa noneaHH MHoroqHcneHH~e 

06CyE~6HHH C K.ll.TonCTOB~M, ITDHD3Y6MCH cnyqaey B~p83HTD eMy 

Hamy rny6oKy~ 6naro~apHOCTD. 

llanee 6y~yT HCITOHD30B8TDCH Te Ee 0603HaqeHHH, qTQ H B 

o6aopef11. 
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I!. 8HEPr!.1H ~I VIMIIYJlhC POWIOIIUAXCH 4ACTi1U 

PacnpeAeneHHe pOXAB~mHXCH ~8CTH~ no KHHeTH~eCKO~ SHeprHH, 

HX pacnpeAeneHHe no nonepe~HMM HMnynncaM, AOnH sHeprHM, aaTpa

~HBaeMaH H8 00p830B8HHe HOB~X ~8CTH~,- BCe STH BenH~HH~ nBnH

~TCfl cymecTBGHH~MH X8p8KTepHCTHK8MH Heynpyroro B38HMOAeHCTBHH. 

~3 HX 8H8nH38 MOXHO nony~HTn B8ZHHe CBeAeHHH 0 BHyTpeHH8~ 

CTPYKType cTanKHBaiDmHxcH ~acTH~ H MexaHH3Me B38HMOAe~cTBH~ npH 

60nnillHX SHeprHHX. 

nanee M~ BCerAa 0JA6M nonn30B8TnCH CHCTeMO~ ~eHTpa M8CC~ 

8TO il03BOnHT HCKniD~HTn HecymecTBeHHWe S~GKT~, HMeiDmHe ~HCTO 

KHHeM8TH~eCKOe npOHCXOXAGHHe. B qaCTHOCTH, npH STOM 3H8qHTenn

HO ocna6nneTCfl 38BHCHMOCTn HMnynnCH~X H SHepreTH~eCKHX pacnpe

AeneHH~ OT yrna B~neTa ~acTH~. B HeKoTop~ cny~anx , BanpHMep, 

llpM OAHOBpeMeHHOM pOXAeHHH OOnnWOrO ~Rena lf - MG30HOB, 

yrnOBO~ 38BHCHMOCTniD B npeAenax SKCnepHMGHTannH~X OillHOOK MOX

HO BOO Ome npeHe6pe ~n. B na6opaTOpHOH xe CHCTeMe KOOPAHH8T, 

K8K STO BHAHO, HanpHMep, H3 pHC. 1, ABXe npH HGOOnnillOM H3MeHe

HHH yrna qHcno pOXABIDmHXCfl qaCTH~ H3MGHHGTCfl B AGCflTKH pa3. 

8TO H3MeHGHHe HBnHeTCfl TGM 6onee CHRnH~M, qeM BWille SHeprMH 

CT8RKHB8IDmHXCfl qaCTH~. 

ITOHHTHO, qTQ BHOOp CHCTeMH KOOPAHH8T He BnHH8T H8 none

peqH~e HMnynnc~ qacTH~. 

2.1. CpeAHHH SHeprHH qaCTHg 

B HacTonmee ~peMH HaKonneHo yme 6on1woe KOnHqecTBO aKcne

pHMei r TannH~x ABHHWX 06 3HeprHHX H HMnynnC8X qaCTH~, pOmABIDmHX-

4 

Cfl npH H 

BHHU8HHe 

CpeAHe~ 

CT8nKHB81 

B8HHOCTn 

B STMX c; 

KOTOp8fl I 

( E.c...· 
~eHTpa M< 

BXOAHT B 

rAe npMBE 

B~qHcneHf. 

3Aecn 

~8CTH~ on 

~MM , Yl 

HeTHqecKa 

~eHTpa M8 

MOXH 

npM 6on1m 

npH niD6o" 

CH npH6nlr1. 



~H6T~l{6CKOn 3H6pr~~. 

~ORH 3H6pr~~. 38Tp8-

3T~ Ben~q~HH HBRH

roro B38HMOA6»CTB~H. 

i1H 0 BHyTpeHHen 

j B38~MOA8~CTB*n npH 

~TeMo~ ~eHTpa Mace~ 

\TH, ~MeiDmHe l{HCTO 

np~ 3TOM 3H8l{HT8RD

~preT~\16CK~X pacnpe

cnyqaax , RanpHMep, 

1\ - M630HOB, 

raRDHHX OillH60K MO~-

:TeMe KOOPAHH8T, 

)~ H660RbillOM H3M6H6-

:H B A6CHTKH paa. 

16M BHill6 3HeprHH 

!8 BRHH6T H8 none-

18 K01!Hl{8CTBO 3KCne-

: l{8 CTHU, , pOlKA8 IO!l\HX-

ca np~ aeynpyrHx B38HMOAe«cTBHRX. ITepBoe, 'lTO o6pamaeT aa ce6a 

BH~M8H~e llpH p8CCMOTp6HH~ 3T~X A8HHHX,-3TO cna68H 38BHC~YOCTD 

Cpe~He~ 3Hepr~H pOXABIDm~XCH l{8CTHU OT HX COpTa H OT COpTa 

CT8HKHB8ID!l\HXCH l{8CTH~ BO BC6X cnyqaHX, KOr~a cpeAHHH MHOJK6CT-

B6HHOCTD !"L AOCT8T0l{H0 Ben~Ka ( ~ 3-t4). OnpeAeHHIDmeti 

B aTHX cnyqafix HBnHeTCH nHillD aaeprHH E., -= £c...- { M
1 

+ M'l.) , 
KOT0p8H MOJKeT 6HTD 38TpaqeH8 H8 o6p830B8HH6 HOB~X l{8CTH~. 

( S~ - nonHaH aaeprHH CTanKHBaiDmHXCH qacTH~ B CHCTeMe HX 

u,eHTpa Mace, M, H - M8CCH 3TKX 'l8CTHU,, eCnH OHH 

BXOAHT B l{HC1IO BTOpHl{HHX). 8TO XOpOillO BHAHO 113 T86HHU, I-4, 

rAe npHB6A8H~ Cp6AHH6 3H81{8HHH 

s :r ... j- WCJ") v{ T, 
0 

BHl{HC1!6HHhl6 ITO 3KCll6~M6HT81IDHHM 3HepreTHl{8CKHM CIT6KTp8M 

z fl_ . 'd 6". CT) w (.T) ~ ..i. 
5"', 

...... J J () :r 
3 "ec~ rc>2":C::r) m.n ~ D ---- - AH~epeHu,HanDHOe ceqeHHe pOJKAeHHH ro:r 

(I) 

(2) 

qacTHI.\ onpeAeneHHoro copTa B J -oM KaHane aeynpyro~ pe a K-

UHH, YL . - 'lHCno 3THX \!80TH!.\; 3A8CD 11 Be3Ae Aanee ~ - KH-
J 

H8TH\18CK8H. c -= r + M - nonHaH 3HeprHH l{8CTI11.\~ B CHCTeMe 

U,8HTp8 M8CC. 

IT pH 60HDIUI1X 3He prHHX ( 8 B cnyqae 8HH~lrl1JIHU,l111 

np11 1IID60R 3HeprHH) H8 OAHY CTeneHD CB060A~ B cpeAHeM npHXOAH T

CH npH61!11311T81IbHO OAHH8KOBOe K01Il1'l8CTBO KHH6THl{6CKOt1 aueprHH. 
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C 3TO~ T0'4KM 3p8HMH 3HepreTH'48CK08 pacnpe~e~eHMe pox~a~~HXCH 

'48CTHU HB~fl8TCH oonee y~06HOH xapaKTepMCTHKOH HeynpyrKX B38K

M0~8HCTBHH, '48M pacnpe~eneHKe 3THX '48CTMU no MMTiyn~cau, KOTO

pble cymecTBeHHO aaBKCHT oT uacc qacTKL\. Hanpzuep, -cpe~HH£i HN

nyn~c TipOTOHO B, pOJK~8!0l!IHXCH B 1j-:_ p CTOnKHOB8HHHX npH 

T = 7 raB, TI0'4TH B ~Ba 

3TOM lf - M830HOB: 

/39/ 
• B TO BpeMH K8K HX 

paaa 6on~we HMnyn~ca pOJKA8!0l!IHXCH npH 

p -::: 0,9 r aB/c, _ Q ~ 0,5 raB/c 
-p lir 

Cpe~HHe KHH8TH'48CKHe 3HeprHH Tip8KTH-

'48CKH O~HH8KOBbl: TF ~ ~ :::. 0/f ~~ . 
Upe~nonOJKeHHe 06 O~HH8KOBOM KOnHqeCTBe KHH8TH'48CKOH aHep

rHH, npHXO~Hl!I8~CH B Cpe~H8M H8 K8JK~Y~ CTeneH~ CB060~bl B CHC

T8M8 BTOpHqllbiX '48CTHL\, HBnHeTCH OCHOBOM CT8THCTH'48CKO~ T80pHH 

MHOJK8CTB8HHOrO pox~eHHH '48CTHU ~epMK K pa3nH'4HbiX rK.Z(pO.Z(HH8MK

'48CKMX 0606l!I8HH«. 

0.Z(H8KO p8B8HCTBO cpe.Z(HKX KKH8TH'48CK~ 3HeprK~ pox~a~~CH 

qacT»U BbiTIOnHHeTCH Bec~Ma np»6n»MeHHO. TaK, HecuoTpH Ha 6on~

w»e OWM6KK H3MepeHM~, KMH8TK'48CK8fl 3HeprHH BTOpHqHHX npOTOHOB 

B J/-JJ · CTOnKHOB8HHHX OK83biB88TCfl 38M8THO 6on~we~ KHHe-

TM'48CKO~ 3HeprMH 1f - M830HOB; H8060pOT, Cpe.Z(Hflfl KKH8THqe-

CK8H /f - M830HOB, p0JK.Z(8!0l!IMXCH B 7T- N · CTOnKHOB6HHHX, 

38M8THO npeBbiW88T cpe.Z(H!O~ KHH6TH'48CKY~ 3HeprH!O 7r - N830HOB 

K3 _N- )./ CTOnKHOB8HH~, 

~3MepeHKfl 3HeprKM, 38Tp8'4KB88MO~ nepBHqHo£i qacTKL\8~ H8 

o6p830B8HH8 HOBbiX qacTMU, BbiTIORH8HHble MHOrHMH 8BTOp8NH, npHB6-

nM K 38Kn~qeHH!O, qTo B o6naCTH BbiCOKHX 3HeprK£i H8 HOBH8 qacTH

Ubl, K8K npaBHRO, 38TpaqMB88TCH RHW~ M8Hblli8 TIOROBKHbl 3HeprHH 

6 

nepBKqHJ 

Hh!X .nom 

T8RbHO 1 

'48CTKL\. 

yBenH'4el 

KHH8THq( 

yBem1'4el 

~ 3J 

aano, '4'1 

KaK npa:E 

MH'48CKHU 

8H8llH3 E 

pa6oThl/9 

'48CTHL\8i1 

Cp8.Z(HHH 

npeBblwae 

Bhl.nenen» -30HOB H 
,.______ -

ToT 

cJ!yqae 1 
HOB, pOlK, 

TeM, '4TO 

MOX8T 6hl' 

O.nn• 

TIOK8 RKW; 

3KCnepHMt 

'48CTHUbl I 



l p0llC~8101JlHXCH 

:ynpyrHX B38H-

ryn:r,caw, KOTO

', -cpe~HHI.t HM

HHHX npH 

,8101JlHXCH npH 

"":r 0,5 ra:s/c 
prHH npaKTH-

TH1.!eCKOH 3Hep

J60,Zthl B CHC

qeCKOit T60pHH 

rH~pO.ztHH8MH-

11.t p0llt,l{8101Jll1XCH 

>TpH H8 doJII,

lHbiX npOTOHOB 

1Jll>UJ6it KHH6-

!HH KHH6Tirrqe-

:KHOB6HHHX, 

7r - M630HOB 

8CTHL\6f.t H8 

Op8MH, npHB6-

HO:Bb16 '18CTH-

Hbl aaeprHH 

nepBHqHhiX qaCTHL\ (CM , § 2.2) H, CJI6~0B8T6Jll>HO, Cpe.ztH BTOpHq

H~X ~O~Hbl 6b1Tl> qaCTHL\hl, KHH6TH1!6CK8H SHeprHH KOTOp~X 3H8qH

T6JII:.HO npe:BOCXO,l{HT cpe.ztH!O!O KHH6THqeCKYIO 3HeprHIO OCT8JII:.HhiX 

qacTHL\o 8TOT 3~~6KT CT8HOBHTCH BC~ 60Jiee CYIJl6CT:B8HH~M no Mepe 

yBeJIHI!eHHH aHeprHH aaneTaiO!lleii qacTHL\hl T , Tar< KaK CP8AHHH 

KHH6THqecK8H 3HeprMH BTOpHI!HhiX qaCTHL\ ~ ll03p8CT86T npH 

YB6JIHI!8HMH T B6CI:.M8 M6,l{JI8HHO . 

~3yqea11e 3Hepre~HqeCKHX cneKTpOB :BTOpHiiHbiX 1i8CTHL\ llOK8-

38JI00 liTO cy!lleCT:BeHHO :Bhl.zteneHHoii no aHeprHH - "nH.ztHPYIO!lleA" -, 

K8K npa:BHJI0
1

H:BJIH8TCH BCero JIHUJI:. O,l{H8 qaCTHL\8, (B Ollb1T8X C KOC

MHI!6CKHMH Jiyli8MH K T8KOMY BhiBO.ztY npHBOAHT , B li8CTHOCTH, T8KllC8 

8H8JIH3 S6JIHqHH npo6erOB JIHBH806pa3yiOIJlHX 1i8CTHL\; llO,Ztp06Hee CM, 

padOThl/92 • 93/) , B CJiyliae JV-JV B38HMOA8HCTBHI.t Bbi,Zt8JI8HHOH 

1i8CTHL\8H H:BJIH8TCH HYKJIOH , WM8HHO 3THM H o6~HCHH8TCH TO, liTO 

cpe.ztHHH KHHBTH1i6CK8H 3HeprHH BTOpHI!HhiX HYKJIOHOB ll 3TOM CJiyliae 

npeBbiUJ88T cpe.ztHIOIO KHHBTHI!BCKYIO 3HeprHJO 1f" - M830HOll. I!OCJie 

Bhl,l{BJIBHHH "JIH.ztHPYIO!llero" HyKJIOH8 KJIIHBTH li8CKHe aHeprJIIH 1'f" -Me-

30HOB Jll BTOpOrO HYKJIOH8 OK83hiB8DTCH 6JIH3KHMH , <------------ ---
ToT ~aRT, liTO cpe.ztHHH aueprHH BTOpHI!HhiX 1f - MeaoHOB B 

C]Iyqae 1\- .tJ CTOJIKHOBBHHH npeBbJUI88T c pe.ztHrO!O 3HeprHIO 1f -MB30-

HOB, pOJK~8!01JlJIIXCH npH CTOJII<HOB8HHHX HyKJIOHOB, MOllCHO 06~HCHJIITI:. 

11-.Al B38HMO,Zt6HCTBHH JIH,l{HflV!OIJl8H li8CTJIIL\8~ 
("' :::.L:__ -

MOllC6T 6b1Tl> K8K HYKJIOH, T8K H 11 - M830H, 

0~H8KO CJie.ztyeT JIIMBTI:. B BH,Zty, liTO 3TH 38KJI!Oii8HHH HMB!OT 

ITOK8 JIHUJI:. K81i6CTB6HHWi1 xapaKTep, T8K K8K TOiiHOCTI:. M3B6CTHhiX 

3KCDepJIIMBHT8JII:.H~X ~8HHhiX Bille H8BBJIHK8 Jll 3HeprH IO J!JII.l{JIIpy!OIJlBH 

li8CTHL\hl MOllCHO onp e.zt8JIJIITI:. JIHUJI:. BBCI:.M8 npJII6JIJIIlli8HHO. Ts e p.ztO ycTa-
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\ 

HOnneHH~M HnnHeTCH nHWb C8M W8KT cymeCTBOB8HHH RH~Hpy~me" qac

THU~; nocne~Hee ronopHT o TOM, qTo nonHero "paaMewHBBHHH" 

aHeprHH npH n38HMO~e~CTnHH He DpOHCXO~HT, T,e, HeynpyrHe CTOnK

HOneHHH n o6naCTH oqeHb 60R:Ollili!X aHeprHM HeJII>3H paCCM8TpH B8T:O 

qHCTO CT8THCTHqeCKH (HanpHMep, C DOMO~:O~ rH~pO~HH8MHqecKOM MO

~enH), 

B~~eneHH~M xapaKTep o~HoM oqeHb 6~cTpoU qacTHU~ KaqecT

neHHO XOpOlliO cornacyeTCH C MO~en:o~ nepHwepHqeCKHX B38HMO~GMCT

BH~ . HapH~Y C aTHM n TO~ qaCTH X8p8KTepHCTHK Heynpyroro B38HMO

~eACTBHH , KOTOpaH Henocpe~CTBGHHO He CBH38H8 C RH~HpyromeM qac

THQe~ , ~OCT8TQqHQ HCHO npOHBRH~TCH CT8THCTHqeCKH8 qepT~. 8TO H 

HBHROCb npHqHHOA ycnexa B 06~HCH8HHH pH~a B8~H~X CTOpOH Heynpy

PHX B38HMO~eMCTBHA, ~OCTHrHyTOPO paHee B paanwqHWX CT8THCTHqe

CKHX TeOpHHX . 

Cne~yeT no~qepKHYTb , qTo OTMeqeHHaH nwrne cna6aH aaBHCH-

MOCT:O 3HeprHH T OT COpT8 po~~8IDIItHXCfl H CT8nKHB8~II(-HXCfl 

qaCTHU HM88T MGCTO nHlli:O n CHCTeMe Q8HTp8 M8CC, ilpH nepexo~e K 

na6op8TO pHO~ CHCTeMe KOOp~HH8T aTa aanHCHMOCTb CT8HOBHTCH oqeHI> 

38M8THO~ , HanpHMep , Cpe~HHe KHHGTHqeCKHe aHeprHH If~- H 7T ~ 
M830HOn , po~~8~IItHXCH B HeynpyrHX lf -- p B381i!MO~eUcTnHHX npH 

T = 6 , 65 ran ' B na6o paTOPHOi1 CHCTeMe !<00p.l(HH8T paanHqa~TCfl 

noqTH BlJ.B0/74/, 

:r- = (I,55±o,08 ) ran, a 
lf-

:r- = (0 , 76± 0 ,12) raB . 
io 

. C cpOpM8JibHOi1 TOqltH apeHHfl aTO o6yc nOBJI8HO TeM , qTQ B CHCTeMe 

ueHTpa yasc yrnon~e pa~peAeJieHHH qacTHU paanHqH~x cop~on cHnb

H~ paaJIHqa~TCH (eM . rn . IT) . KpoMe Taro , npH penHTHBHCTCKOM npe-

8 

o6p830B8HKH K JI860p8TOpHO~ CHCTeUe KOOp~HH8T Cyii(-eCTneHHO CK8-

3~B86TCH T8KE8 p83JIHqHe U8CC qaCTHQ (cp. Cll8KTp~ npOTOHOB H 

1\- U630HOB HB pHC. I), 

llo Mepe yneJiaqeHKH 3HeprHH CT8JIKHB8~II(-HXCH qaCTHU Cp87J.Hflfl 

aHeprHH po~,ZlaiOntHXCH qacTHU MelJ.JIGHHO BoapacTaeT. TaK KaK 

-:J = Cc ~ 
n.. 

cc,.... T -'2. 
) 

y, ,_ T~ 

TO UO~HO OEH,Zl8Tb, qTQ CT808Hb pOCT8 ~ llpH6JIH3HT8JibHO T8KO-

B8 Ee, K8K H ~JIH Cp87J.H8A UHOE8CTB8HHOCTK f'V , 8TOT B~O.ll 

OCT88TCH CnpaBe~JIKB~M H n TOM CJiyqae, eCJIH yqeCTb, qTQ OCHOB

HJlO qacT:O 3HeprHH YHOCHT JIH,llHpyiOII(-8H qacTHQ8, DOCKOJI:OKJ aHeprHH 

STOA t{8CTKUbl :;- = ol.. cc. !. \ 

( ol~ 0 ,5+0,7 ; cu. § 2. 2) K noaTouy - ) ~ J '".:' Cc: - o< { c... t"V T - . 
Yl- . 

~3 PKC. 2 ' r,Zle cyuMHpoBBH~ BDJIO T:O 71.0 T """' ro4 raB 3KCrte -

PKMe HTRJI:OHble ,llBHH~e no aHeprKH 7r- ueaoHOB, pOE.ll8IOntHXCH B 

JJ - j/ CTOJIKHO B6HHHX, BKll.HO, qTo SHepr eTHqecKyiD 38BHCHMOC T:O -::f ( TJ ,Zl8 tiCTBHTeJI:&HO YOlltHO a rrnpOKCHMMpOBaTb cpyHKUH e A 

;) ( T) -:::: 0 i +- 0 iT ~ (3) 
.) ~ 

CymecTBeHH!lle OTKJIOHeHHH H86JIIO.llBIOTCH nHrn:o B o6nacTH aHeprH~ no-

PHJ1.K8 HeCKOJI:OKHX raB. 

3KcnepHU6HT8JI:OHb16 3HaqeHHH KHHGTHqecKOA aHeprHH HJKnOHOB 

H ,ZlpyrHX Tflllt6JllliX qaCTHU, 1113B8CTHb16 H8M rtOK8 JIHlli :O 71.0 SHeprHA 

DOpH7J.K8 HGCKOJII>KHX 7J.8CHTKOB ran, T8KE6 YOlltHO a rrnpOK CHMHp OBaT:O 

cpyHKUHeti Jf{T)(3). 

9 
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0~H8KO OWH6KH H3MepeHHH n H8CTOH~ee npeMH e~e oqeHb B81IHKH H 

H8pH~Y C (3) B03MO~H~ T8K~e H ~pyrHe nH~~ arrrrpOKCHMa~H~ . 

Bo nCHKOM cnyqae, UOZHO yrnepz~8Tb, qro cpe~HHH KHH8TH~ 

qeCK8H aHeprHH pox~a~~HXCH qaCTH~ He no3p8CT88T 6~CTpee, qeM 

~~. 

~HTepeCHO OTM8THTb, qTO nono~eHHe M8KCHMYM8 n CIT8KTpe, 

T,e, BenHqHH8 H8H6onee BepOHTHOH (ITHKOnOH) KHH8THqeCKOH aHep

r HH po~~a~~HXC.fl qaCTH~, OCTaeTCH rrpaKTHqeCKH ITOCTOHHHOH 

~ ~ { 2+3)f11rrC2-
n orpOMHOM HHTepnane aHeprHH OT H8CK01lbRHX ran ~0 COT8H T~C.f!q 

ran (cu. pHc. 3). Boapa·craHHe cpe~neii1 aneprHH ;;- 1!.2QH_C-

XO~HT B OCHOnHOM nHWb 38 cqeT OTHOCHTenbHOrO yBen~HH.fl rrno~a

~H -;:cOKOaHepreTHqeCKOH qaCTH ( 11 XB;CTary C;8KT~2, 9fi./, 

ITpH WHKCHponaHHOH aneprHH cranKHBaiD~HX~H qacTH~ ara qacrb 

cneKrpa c J>> ~\) onHc·~BaercH crenennoii1 WYHK~Heti 

W C.T) ,...._ T 
-of.. 

( o!7 o) 
(4) 

8To cne~yeT H3 nH~a cneKrpa woronno-aneKTponn~x KaCKa~oB, o6-

paayeMNx KOCMHqeCKHMH qaCTH~8MH B 8TMOCW8P8 H ITJIOTH~X cpe~ax 

(cu. ~anee). 

B na6oparopnoii1 cHcreue Koop~HHaT 

noapaCT8~T npH61IH3HT81lbHO K8K -r ~H 
!/, 

cnyqae He ue~nennee, qeM T :z. • 

3H8qeHHH 

T~ 

-J HJ 
f 

H BO nCHKOM 

3anHCHMOCTb cpe~Heiii aHeprHH qaCTl1~ OT qHCJI8 _l!I~eiii / B 3B83-

~e HCCJI8~0B81l8Cb no MHOrHX pa60T8X. B 1f- .JJ n38HMO~eii1CTBHHX 

IO 

qaCTH~~ H3 M81IO]!yqeB~X 3B83~ BO BCeX CJiyqa.f!X OR83~B8IDTCH n 

cpe~HeM 6onee ~eCTRHMH, qeM qaCTH~~ H3 3B83~ C 60JibWHM qHC]!OM 
:t. 

nyqeH. HanpHMep, cpe~HHt1 HMrrynnc lT - ueaoHon H3 ~Byxnyqe-

Bb!X 3B83~, 06pa3yiD~HXCH IT pH He ynpyrHX 1f -__ p naaHMO~eHCTnHHX 

c aneprHeiii II = 6,8 raB, cocraBnHeT 620t6o MaB/c, a cpe~HHe 
· .+ 

HMTIYJibCbl l: -- M830HOB H3 qer~pex- H weCTHnyqen~X 3B83~ 

paBHbl 52ot 50 H 460t60 Man;c/39/. 

VlHTepeCHO OTM8THTb, qTQ B ~Byx~qenb!X 3B83~8X npH 7(:_p 

B38HMO~eHCTBHHX OTpH~8T81lbHble 7f - M830H~ po~~a~TCH BCer~a 
. + 

anaqHrennno 6onee xecTKHMH, qeM lT - ueaon~. TaR, npH 

T = 16 raB cpe~H.flfl aneprHff 7T-- M830HOn B 3Be3~ax c ~YMH 
+ 

ny qaMH COCTannHeT (I,OsiO,l) raB, a lT - M830HOB- ncero 

RHWb (0,8~-Q,l) raB; n qeT~pexnyqeB~X 3B83~8X cpe~HHe 3HeprHH 

li~H Tf+ - M830HOB OKa3biB8~TC.fl yze rrpaRTHqeCKH O~HH8-

ROn~MH: 

:;- = (0,5Ii0,05) raB, 
~-

rr- = co s2to 05) raB /77/ 
0 + ' ' • 1r 

8TOT peaynbT8T yRa3bJB88T H8 pa3JIHqHbiH M8X8HH3M o6p830B8-
- + I 

HHH lf - H 1f - M830HOn B Manonyqen~X 7r- AI n38HMO~etl-

CTBHflX. 

Cpe~HHH aneprmi (HMnynnc) BTOpHqJ!biX qacTH~, po~~aiD~HXCH 

B N- Af CTOJIKHOB8HHHX, T8K~e YI.!8Hbill88TCH C pOCTOM MHOJKe-
+ 

CTB 8HHOCTH, TaR, Cpe~Hflfl RHH8THqeCR8fl 3HeprHH 1f - M830HOn 

B 3B83~8X C qHCJIOM nyqei-j Y\- = 2,4,6,8, o6pa3yiD~HXCH B p·p 
CT0Jil{HO J3 8HIMIX npH T = 24 raB, COCTaBnReT COOT B8TCTB8HHO 

I2IO , 740 , 630 H 470 MaB/48/;c pocrou unoxecrBeHHOCTH yueabwaer

' CR H 3HeprHR ITpOTOHOB, 

II 



CoBepweHHO ~pyro~ BHBO~ 0 xapaKTepe 38BHCHMOCTH :7 (h) 

6un nonyqeH B WOToauynDCHOHHHX pa6oTax1I4 , 961: cpe~HH~ HM

nynDc lf"i- Y830HOB H npOTOHOB, pOlK,Zl8!01!lHXCH B ,N-.J/ CT 

KHOB6HHHX npz ll = 9 f aB, B 3THX pa60T8X OK838nCH He 3aBHC 

lllHM oT qzcna nyqe~ rt ( ~ = 32s±30, 37o±so Mas/c H 
T 

p = ns2±9o, 
F 

Io2s±so MaB/0 cooTBeTcTBeHHo AnH aBeaA c 

n..= 2 ~ 4 H rL= 5 ~ 7)/I4/. 

3TOT peaynDTBT MO~HO llOHHTD nHWD B TOM cnyqae, ecnz ,llO

nyCTHTD, t{TO npH nepeXO,lle K 3B63,Zl8M C 60nDWHM t{HCnOM nyqe~ 

pe3KO YM6HDW88TCH SHeprHH BTOpHt{HHX He~Tp8nDHHX t{8CTH~ (HnH 

zx qHcno). ITocne,ZlHee npe,llCTBBnHeTCH BeCDMB YAHBHTenDHHM, oco-

6eHHO ecnH yqeCTD, t{T0 1 ll0 ,ll8HHHM MHOrHX 3KCnepHMeHT8nDHHX pa

QOT , npH T >> I raB SHeprHH BTOpHt{HHX 1r - M830HOB 

p83HHX 3H8KOB 38pH,Zl8 MBnO OTnHt{8!0TCH ,Zlpyr OT ,Zlpyra. 88M8THH8 

paanHt{HH Ha6niOABIOTCH nHWD B cnyqae "'IT"- .A./ B38HMO,lleHCTBHI 

· ,llnH O,ZlHO- H ,ZlByXnyqeBHX 3Be3,ll. 

ITO-BH,ZlHMOMy, H3MepeHHH B pa60T8X/I4 , 96 / He TQt{HH, T8Y 

6onee qTo B 6onee noa,ZlHel pa6oTe/47/, B KOTopol yqaCTBOBana z 

qaCTD 8BTOpOB pa60TH/ 96/, ,ZlnH cnytiaR 1-p B38HMO,ZletiCTBHti 06-

HapyllteHa yllte 38MeTH8R 38BHCHMOCTD ~(~) (B p-11.- B3 

,ZleMCTBHRX 3H8t{eHHR ~ no-npelltHeMy nonyqeHH H8 3aBHCR~MH 
TT 

OT qHcna nyqeti Vl-- ) • 

2.2. Koa¢¢HgHeHT HeynpyrocTH 

Cpe,ZlHRR SHeprHR ~ T8CHO CBH38H8 C BOllpOCOM 0 BenH 

He 3HeprHH, 38TpaqHB8eMOM B Heynpyrou B38HMO,ZleHCTBHH H8 06pa-

30B8HHe HOBHX t{8CTHI\, t{TO,B CBO!O oqepe,Zln,CBMHM TeCHHM o6p830M 

12 

cBH38HO c uexaHzauou Heynpyrzx B38HMOAelcTBHH . TaK:"~eijTpanD

HHe CTOnKHOBeHHH 11 C OTHOCHT6nDH0 H~nnWHMH napaueTp~ YAB

pa, ,llnR OllHC8HHH KOTOpHX t{8CTO HCTI OnD3yeTCR CT8THCTHt{8CK8H Te

opHH ~epKH, X8p8KTepH3YIOTCH 3H8t{HT8nDH0 60nDW8H HeynpyrOCTD!Ot 

qey 11 ll6PHWepzqeCKHe CTOnKHOBeHHH 11
1 r,Zle OCHOBH8R qaCTD SHeprHH 

yHOCHTCH 1 K8K npaBHnO, BCero nHWD O,llHOH qaCTH~eti. 

Hccne~OB8HHe llOTepD SHeprHH H8 o6p830B8HHe HOBHX qaCTH~ 

oco6eHHO B8~HO B o6naCTH KOCYHqecKHX SHeprHI. B pH,Zle cnyqaeB 

H3UepeHH6 3TKX llOT6pD HBnHeTCH 6,ZlHHCTB8HHHY CllOC060M nonyqzTD 

CBe,ZleHHR o6 aHeprHHX po~ABIOI!lHXCR qacTz~. 

BenzqHHY aHeprHH, nepeXOAHI!le~ B HOBHe qacTH~H, Y.zl06Ho xa

paK TepH30BBTD K03~H~H8HTOY HeynpyrOCTH rc , KOTOputi onpe,Zle

nReTCH K8K OTHOW8HH8 cyuuapHOH SHeprHH BCeX pO,llHBillHXCR B uey

npyrou CTOnKHOB6HKH HOBHX t{8CTH~ K nonHOH 3HeprHH CT8nKHB8!01!lHX

CR t{8CTH~. 

QqeBHAHO, qTo onpe,ZleneHHHti TBKHM o6paaou KOSWWH~~eHT Hey

npyrocTH He MOlK8T npHHHM8TD 3H8t{eHHM, 60nDWHX 8,ZlHHH~~). 8Ha

t{6HHe k = I coOTBeTCTByeT npo~eccau aHHHrHnHnHH CTanKHBBIOI!lHXCH 

x) B HeKOTOpHx pa6oTax Koa¢¢HnHeHT Heynpyr ocTH onpeAenReT

CR K8K OTHOWeHHe nonHOH 3HeprHH BC8X HOBHX t{8CTHn K 

ITOnHOti KHHeTHt{8CKOH 3HeprHH CT8llKHB8!01!lHXCH qaCTH~ HnH 
K TOt! e e qacTH, KOTOpaR MOlK8T dHTn 3aTpaq eHa 

Ha odpaaosaHHe HOB HX qacTH~. 0AHaKo TaKo e orrpe,Zlene -
HHe Hey,ZlOOHO, T8K K8K B cnyqae 8HHHrHnHnHOHHHX npo~eCCOB 

B6nHaH nopora Koa~~H~HeHT K MOllteT npHHHMBTn cKonn
yro,ZlHO 6onnwoe aHaqeHHe. KpoMe Taro, ABllte ,ZlnR JV-JJ 
B38HMO,ll8HCTBHti onpe,ZleneHHHH T8KHM o6p830M K03~~HnHeHT 
6y,ZleT 38BHC8TD OT BH6opa CHCTeMH KOOp,llHH8T (cp. COOTHO
ill8HHe (6)). 

B o6nacTH 6onnwKX aHeprHti, KOrAa ll~> ~~~ , paa

nHt{HHe OITpe,Zle neHHH K03~WHnHeHT8 Heyn~yrOCTH np8KTHt{8CKH 
COBll8A8IOT. 
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~aeTHU; B 3THX enyqaHX B KOHeqHOM eoeTOHHHH H8T qaeTHU T8X 

e opTOB, K8KH8 6~nH B HaqanbHOM eoeTOHHHH: Bee BTOpHqH~e qae

THU~ a;neeb ~· HeynpyroeTb Beex ;npyrHX TRfiOB B38HUO,l\8~eT

BRH Me Hbllle e;nRHRI~~, npH aToM K < I ;nallte B Tex eny~aHx, 

KOr;na B HOB~e qaeTHU~ nepeXO.l(HT M8KeRM8nDH0 B03MOlltHBH 3HeprRH 

c .. -=-W-(M+M)· - ~ ~ L ~ 

TaR K8K 3HeprHH, nepe;n8B86M8H HOB~M ~aeTHU8M, B K8llt,l\OM 

8KT6 Heynpyroro B38RMO,l\e~eTBHH OK88~B86TeH HeeKOHDKO KHOlt 

(eM. pRe. 4, 5 , 6), TO y;no6110 BBe eTH epe;nHHM K03ilJ~UR6HT 

HeynpyroeTH 

K-
5 kJJCk)olfc 

]JI (k) dt 
(5) 

r;ne .]{ ( f<. ) - ~Reno HeynpyrHx B38Huo;net1eTBHt1 e onpe;neneH-

li~M 3HaqeHH6M K03MJHUH6HT8 HeynpyroeTH. 

Bene;neTBHe eRMYeTpHH Haqan»HOH eHeTe~ paaneT qaeTHU , 

pOliC.l(8IO~HXeH B N- J/ eTOHKHOB6HHHX, npoHeXO.l(HT B eHeTeMe 

U8HTpa uaee B epeAH8M eHMM6TpR~HO no OTHOlli6HHIO K nnoeKOeTH 

e=rr 2 
, nepneH,l\HKynHpHOM K B6KTOp8M eKopoeTH nepBHqH~X 

qaeTwu. B aTOM enyqae noTepH aHeprHK Ha o6paaoBaHKH HOB~ qae

TRU B na6op8TOpHOH eHeTeMe H B eHeTeMe U6HTp8 uaee eBH38H~ 

npoeT~M eoOTHOW6HH6M 

Ll E L :::: (S' c.." .1 E <:.-

H eoOTBeTeTBJIO~He K03~HUK6HT~ HeyrrpyroeTR 

3~B8IOTeH O,l\HH8KOB~MHX): 
k H 

L 
)C OK8-

C> 

X) ilo;n~epKH6M, qTO 3TO paBeHeTBO HY86T ueeTO nHmh B epe;n

HeM; ;nnH oT;nenbH~x lite 3Bea;n yrnoBoe paenpe;neneHKe qae

THU Y0llt6T 6~Tb pe3KO aeHMM6TpwqH~M. 
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k L. = ~ f L- -= '6 c. .. : D. E~:: 2M ¥c.. Llf~c.. = IJ_§_c.--= k ( 6 ) 

E t. E'- Ec.. Ee.. Ec. c.. 

Jlp~l 3TOM M~ yqnw, . ~TO !lJ8KTOp penHTHBI1_eTeKOrO npeo6 p83 0B8HHH 

r,l\e 

Ec... 
(c...-::. 2M K E

2
-=2ME 

c.. L 

E L. H E~ - nonHaH aHeprwH eTanKHBBIO~wxeH qaeTHU 

eOOTB6TeTB8HHO B na6op8TOpHOiti eweTeMe H B eHeTeMe U6HTp8 M8ee. 

B ;npyrwx enyqaffx, H8llpHMe p , ;nnH rr-Af B38HMO;ne~eTBHH , 

Ko awwwuweHT~ k L H Kc.... paanwqaiOTeH. 

B HeKoTop~x pa6oTax paecuaTpHBaeTeH KoawwwuweHT Heynpy

r oc TH B T8K H83 WB86MOA "aepK8HDH0~ CHC~eMe KOOPAHHBT", r;ne 

li8H6T810~8H qaCTHU8 H qacTHU8-MH lli6 HD M6HHIOTeH MeeT8MH/S5, BZ/ • 

,l\nf! N- .N B38HMo;net:!eTBl1H onpe;neneHHblt1 TBKHM o6paaoM epe;n

nwiti !W3tlJLj)HU11 8HT HeynpyrOCTH k: Jtt"::::. Jc =: k 
L c... ' 

Ecnw HHTepeeOB8TDefl TOHDKO 38pHliC6HHbiMH HHI1 TOHDKO HeA

Tp8HDHb!MH qaeTHU8MH, T~eTe M-L._r + ~- H6HD3fl paCCM8Tpl1B8Tb 

KaK cwuMeTpwquyiO ;naze B cpe;nHeM, TBK KBK yrnosble paenpeneneHl1H 

p0~,1\8IO~HXCH 38pHZ6HHb!X qaeTHU B 3TOM cnyqae 8CHMM6TpJtlqHbJ 

(CM . § 3.1). 

0TM6THM , qTo H3 COOTHOW6Hl1M (6 ) Cp83J liCe cne;nyeT CBH3D 

Cpe.l(HYIX 3HeprHi1 1f - M830HOB B na C5 opaTOpHOM CHCT6M6 H B CHC

T6M6 U6HTp8 M8CC 
- - E 
t'--= t'- ( YEL.) . 

I 

(6 ) 

.l(nH aT oro cnenyeT n11n s c noMIIHTb, qTo 4 E -= 11... [ · .1 E = rz.. E 
c:. lT ~ .J L 7r L. J 

IS 



B ~pyrHx ~e cny~aHx 
-* k =/: j( L ; O~H8KO BO BC6X cny~aHX 

6onnill8H B6RH~HH8 K03~H~H6HT8 HeynpyrOCTH B na6opaTOpHO~ CHC

T6M6 KOOp~HH8T B cpe~HeM COOTB6TCTBY6T 60RnillOH ero BenHqHHe B 

36pKannHO~ CHCT6M6 H B CHCT6M6 ~eHTpa M8CC. B qaCTHOCTH, ~nH 
.! ~ ~ 

HeynpyrHx 11- .J'J B38HMo,n:et1cTBHt1 c K !5 0, 5 H K :> 0 , 5 

COOTB6TCTBYIDmHe cpe~HHe 3HaqeHHH K03~~M~K6HT8 

IlpM6nH3HT6RnHO 0,3 H 0,7). 

k p8BHhl c.. 

Cne~yeT no~qepKHYTn, qro H.Hqero HOBoro no cpaBHeHHID c VC 
.Jf-

paCCMOTpeHHe "aapKannHoro K03~H~HeHTa" k He ~ae T. O,n:Ha-

KO 3TO T K03~¢H~HeHT MO~eT 6h!Tn Bhlp8~eH TOnnKO nHilln qepe3 

3HeprMH CT8RKHBaiDmHXCH q8CTH~ H 3HeprHID HYKROH8 OT,n:aqH 

K-It= T*-.T-lt" 
E'., 

1-

(7) 

>(' 

3,n:ecn T M T * - KHHeTMqecKaH aHeprMH HyKnoHa B "aepKairn

HOH CHCTeMe KOOp~HH8T 11 ~0 M nocne CTOnKHOBeHHH , £{- nonHaH 

3HeprHH CT8nKHB8IDmKXCH qaCT.H~ B 3TOH CHCTeMe KOOp,n:HH8T. 

noaTOMy B rex cnyqaflX, KOr,n:a 3HeprHH ,n:pyrHX BTOpHqHhJX 
0 

qaCTK~ (H8IlpMMCp, Tf - Me30HO B) H6M3BeCTH8, BhJqHcneHHe KO-
~ 

3~~H~H6HT8 ~ BCe ~e ,n:aeT B0 3MO*HOCTn nonyqHTn CB eAeHHH 0 

HeynpyrOCTH B38MM0,116HCTBMH . 

KpoMe rronHo ~ rrorepM aHeprHH L1 E ·. 6onnmo~i MHTepec rrpe~-

CT8BRH6T OT~ennHO paCCMOTp eTn, K8K8H qaCTb 3HeprHH rrepBHqHhJX 

r,n:e E. = ::r +- "11-11T" ~T- cpe~Hee qHcno po~~aiDmHxcH 

1\ - Me30HOB . 

~OpMyna (6 ) qaCTO OK83h!B8 6TCH oqeHh rrone 3HOM H8 rrp8KTHKe . 
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q8CTHU TepHe TCH H8 o6p830B8HHe BTOpHqHhiX qaCTHU orrpe,n:eneHHOrO 

copra. TaKHe napuHa nnHh!e rro repH aHeprHH raK~e y,n:o6Ho xapaKTe

pH30B8TD K03~HUHeHT8U.H HeynpyrOCTH : 

K -= (g1T" 
1T" E ) 

k = (Af) 
K - k. 

E 
(8) 

Ill T • .zt. 

lfCXO.ztH H3 o6cy~,118B ill6 HC H B rrpe,n:h!,ztymeM naparpa~e H B 0630-
/i/ 

pe aHepreTH~ecKo~ 38BHCHMOCTH cpe,n:Hero qHcna po*~aiD~KXCH qac-

THU V\.- H HX 3HeprHH .T t MO~HO O~H,118Tn, qTO B 06-

naCTH Qq6Hb 60RhillHX KOCMHqeCKMX 3HeprHM K03~~MUHeHT Heynpyro-

CTH 

( :r;; +- Yl-1 _1I J ~ 
Ec. 

-::: n.-11"' !1.~ 
Ec_ 

K1T 

6y,zt6T IlQCTOHHHO~ HRH oq eHb cna·6o 38 BHC~me~ OT 3HeprHH Ee nHqH

HO~ , 8 Il OnHhl~ K03~H~KeHT He yrrpyroCTH 

K = K + n_r (:;- + M ) 
1\ T T 

E. c.. 

( 9) 

BO BCHKOU cnyqae He ,1\0~eH y6h!B8Tb rrpH B03p8CT8HHH 3H e prHH 

CT8RKHB8DmKXCH ~8CTHU . 

3HaqeHHH K03~HUHeHTOB Heyn pyroCTH B 06n8CTH YCKOpHTenn

HhiX 3HeprH~ UOXHO nonyqHTn Henocpe.ztCTBeHHhiM CYUUV! pOB8HHeM 

aHeprztt pollt,n:a iOmHxcH qacTMU, npiiiBe.zteHHhiX B Ta6nHuax 1-4. ( IT pH 

3TOM, O,ltH8KO, cne,ztyeT HMeTb B BH,zty, qTO Cpe,n:Hee 3HaqeHHe, 

onpe.ztenHeMOe COOTHO WeHHeM (5), MOlltHO RHWn rrpH6nH~e HHO 38MeHHTb 
- -

npoHaBe.zteHHeu c pe.ztHHX T H Yt.- ) • qTo JKe KacaeTCH o6nacTH 
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KOCMHt{6CKHX 3HeprHH, TO 3HepreTHt{6CK06 pacnpe~eneHH6 pOXA8D

~HXCH qaCTH~ 3~6Cb, K8K npaBHnO, nK60 B000~6 H6H3B6CTHO KHH 

H3B6CTHO Ot{CHb TIHOXO, il03TOMY ~nH onpe~eneHHH K03~~H~H6HT8 H6-

ynpyroCTH npHXO~HTCH HCllOnb30B8Tb p83HHt{H~6 npe~OHOE6HHH H 

KOCB6HH~6 M6TO~~. 

~3B6CTH~6 3H8t{6HHH K03~H~H6HT8 

Ta6Jm~e 5. 

K 1r npHBeAeH~ B 

~3 3TOH T86nH~~ BH~HO, t{TO npH yCKOpHT6HbH~X 3HeprHHX 

T ~ 30 raB ~onH nonHoii aHeprHH E<- , aaTpaqKBaeuaH Ha o 

p830B8HH6 1f - M630HOB B )1/ -jl/ CTOnKHOB6HKHX, COCT8B 

6T OROnO 30-:55%. 

B cnyqae B 38HMO~e~CTBH~ 11 - M630HOB C HyKnOH8UH npH 

3HeprHHX, 60nbWHX H6CKOHbKHX raB, 3H8t{6HKH K03~H~K6HT8 H6 

rOCTH B T86nK~6 5 llOt{TH B~B06 npeBOCXO~HT 3H8t{6HHH ~ ~HH 
J/-JJ B38HM0~6HCTBHH. ilO-BH~HMOMy, 3TO o6ycnOBH6HO Teu, 

npzBe~eHH~e B Ta6nH~e aHaqeHHH K 
~HPYD~ero lf - M630H8 B fr-JV 

B~t{HCH6H~ 063 yqeT8 HH

CTOHKHOB6HHHX, T.e. B 

npe~TIOHOE6HHH, t{TO 3HeprKH BC6X BTOpHt{H~ 

Cp6~H6M O~HHBKOB~. 

7r - U630HOB B 

ilpe~CT8BnH6T 60nbWOH HHTepec H6TIOCpe~CTB6HH06 3K 

TannHoe Hccne~oBaHHe aToro Bonpoca . 

Cne~yeT oJKH~8Th, qTo B o~Ho~ qacTH HeynpyrHx Tr-.N' 
B38HM0~6HCTBHH 6y~eT H86nD~8TbCH B~COK03HepreTHt{6CKH~ HyKnOH, 

B ~pyrOH qaCTH - B~COK03HepreTHtl6CKHH 1f - U630H, 3H8H OT

HOCHT6nbH06 tiHCno 3THX ~Byx THllOB B38HM0~6~CTBHH, MOJKHO llO 

t~HTb BBJKHNe aaKniDqeHHH o BHyTpeHHe~ cTpyKType Tr -MeaoHa/I 

I8 

TaK KBK ceqeHHe po~~e HHH cT p a HHHX qacTH~ H aHTHHyKnoHO B 

B o6n8CTH ycKOpHTenhH WX 3He prHH Mano (CM, 0630p~/I! 5 ,!!6/, TO 

aaTpB TB 3Hepr HH H8 OOp8 30 B8HH6 3THX COpTOB tiBCTHQ H63H8t{HT6Rb-

H8 TIO Cp8BH6HHID C ll E11' H K03W~HUH6HT~ k: H k1r 
np8 KTHt{ 6CKH COBTI8A8 ID T, 

IT pH aHHHrHnHQHH Me~neHH~x aHTHHyKnoHoB BCH aHeprHH nep

BHqH~X qaCTHU paCXO~yeTCH H8 06p830B8HH6 HOB~X qaCTH~~npeHMy

ll\6 CTB6HHO T\ - M630HOB. 0~118KO npH T ;:::>- I raB yllf.e 38M6T

HO CK8 3~BB IDTCH H6811HHrHHHUHOHH~e npouecc~. MOJKHO OJKH~8Tb, liTO 

C po CTOM 3HeprHH BKna~ 3THX npouecCOB 6yA6T yBenHqHB8TbCH H 

npH T >> I r aB K03¢WH~H6HT HeynpyroCTH B JY -JI B38HMO-

~eHCT BHHX 6y;n;e T n pHOHH3HT6HbHO T8Kl-1M JK6, K8K H ~nH }./-.;../ 

H 1\-JJ - B38HM0~6HCTBHit, 

il pH 3HeprHHX ~ ~ 30 raB K03~WHUH6HT HeynpyroCTH H3B6 -

CT6H nHWb ~nH cnyt~BH HyKnOH-HyKnOHHWX CTOnKHOB6HHM . 8KCnepH

M6HT8HbHW6 ~8HHY6 3~6Cb B6CbM8 H6TOqHW H HM6IDT OOHbWOA pa36poc 

no BenzqHJ!e. 

HH3K8H TOt{HOCTb K03~HQH6HT8 HeynpyrOCTH B OTIYTBX C KOCMH

q eCKHMH nyqaMH o6ycnoBn6H8 B OCHOBHOM Tpy~HOCTbiD TOt{HO onpe~e

nHTb 3HeprHID nepBHtlHOH KOCMHtl6CKOM tl8CTHU~· EonhWHHCTBO M6TO

~OB onpe~eneHHH 3TOH 3HeprHH OCHOB8HO HB npe~llOHOllf.6HHHX , KOTO

pwe He Bcer~a B~nonHHIDTCH (eM. HHJKe) . 

qaCTb ~BHH~X , npHB6~6HHYX B T80HHU6 5, nonyt~eHa H3 8H8-

nH38 B38HM0~6HCTBHH KOCMHqecKHX qaCTHU C nerKHMH H~p8MH. TaK 

K8K tlHCnO BHyTpHH~epHYX CTOHKHOB6HHit B 3TOM cnyqae nHWb H6 H8-

MHOro npeBOCXO~HT e~HHH~y/II?-!! 9/, 8 K03~HUH6HT HeynpyroCTH 
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CR860 38BHCHT OT 3HeprHH, TO nonyqeHHH8 T8KHM o6p830U 3Haqe

HHH k:~ AO~HH 6~Th 6RH3KH K COOTB8TCTByiDmHM 3HaqeHHHM 

ARH JJ-JV B38HMOA8~CTBH~. 

HaK6onee TOqH~e A8HHH8 ARH nerKHX HASP (ARH yrnepOA8 H 

ARH CP8AHero HAP8 B03Ayxa) co6p8HH H8 pHC. 7. KaK BHAHO, B 

orpOMI! OM AH8ll830He 3HeprHtt,, OT T "' IO raB AO T,..,. IO 7 
raB, 

K03~H~H8HT HeynpyroCTH _HYKROH-HA8pHOrO B38HMOA8~CTBHfl COCT8 

RH8T OKORO 40-50%. HyKROH-HYKROHH~tt K03¢¢H~H8HT HeynpyroCTH 

AOR~eH 6~Th H8CKORhKO M8HhWHM, OAH8KO CR8AJ8T O~HA8Th, qTO 

T8K~e 6yA8T OCT8B8ThCH npH6RH3HT8RhHO llOCTOHHH~M. (ECRH BOC

TIORh30B8ThCH MOA8RhiD BHyTpHHA8PH~X K8CK8AOB 1 TO ARH 3TOro K03 

WH~HeHTa nonyqaeTCH sHaqeHHe, paBHOe 30-40%). 

Xy~e o6cTOHT Aeno c aHanHsou B38HMOAe~CTBHM B ¢oToauynh

CHH, rAe HM88TCH 60Rhlli8fl npHU8Ch TH~8RHX HAep. P83A8RHTh 

HYKROH-HyKROHH~e H HYKROH-HA8PH~e 3B 83AH B ¢QT03MYRhCHH Tpy 

AB~e B OTIHT8X H8 yCKOpHT8RHX, rAe 6oraTaH CT8THCTHK8 saperHCT 

pOB8HH~X C06HTHH TI03BORH8T HCTI0Rh30B8Th ~enyiD cepHID npaBHR 0 

~ 6opa173 • II7 • 124/. TeM 6onee aTo TPYAHO .cASnan ~nH 
nyqeH. 

ITpKM8Ch B38HMOA8MCTBH~ c TH~8RHMH HAP8MH HBRH8TCH HCT 

KOM AOllORHHT8RhHHX OWH 60K B K03¢¢H~H8HT8 HeynpyrOCTH, OC068H 

3TO CK83~B88TCH npH OllP8A8R8HHH 3HeprHH nepBHqHOH qaCTH~~. 

Pas6poc sHaqeHH~ ~ rr B Ta6nH~e 5 o6ycnoBneH e~e H 

T8M, qTo BO MHOrHX pa60T8X npHBOAHTCH 3HaqeHHH K03~H~H8HT8 H 

ynpyrocTH, nonyqeHHHe B p e aynhTaTe o6pa6oTKH 

KHX 3B83~, B TO Bp8MR KaK e rOB8RHqHHa CHRbHO H3M8HR8TCROT CR 
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1 c~yqam (eM. pHc. 4-6). Kpoue Toro, 6onhmHe owH6KK uo~eT 

~afh fSKae o6H~o Kcnonhayeuoe npeAnono~eHHe o TOM, qTo aHep

rHfl, 88Tp8ll8HH8H H8 o6~830B8HHe 38pHll8HHHX ir - M830HOB
1 

B ~a pasa npeB!imaeT aHeprH~ 
0 

lT - MesoHoB. TaKoe pacnpeAe-

~8HH8 BHeprHH BlillORHH8TCH RHllih B Cp8AH8Mj B OTA8RhHHX ~e 3Be3-

~8~ uoryT 6HTh 3H8llHT8RhH!ie ¢niDKTya~HH. 

Bee aTo npHBOAHT K Touy, llTO 6onhwyiD qacTh sHaqeHH~ 

B o6R8CTK BHW8 YCKOpHT8RhHHX 3HeprH~ CR8AY8T p8CCM8TpHB8Th 

JIKmh K8K rpy6yiD 0~8HKy, 

k 
Tr 

06p8III88T H8 C86H BHHM8HH8, qTo,, HeCMOTpH H8 60RhWH8 ¢RIDK

TY8~KH13HaqeHHfl k 1r , nonyqeaH~e H3 aHanHaa B38HMOAe~cTBH~ 
KOCUHqeCKHX ll8CTH~ B AK¢¢Y3KOHHO~ K8Mepe H B ¢0T03MYRhCHK 1 B 

cpeAHeu AOBORhHO 6licTpo yueHhWBIDTCH c pocTou ,-~ HanpMuep, 

no A8HH!iM ¢0T03MYRhCHOHHO~ pa60TH/125/,
1 

a 1no ABHH!iM 

ell(e 6~cTpee: 

k ,......, T - c o,~-70, 4) 
11 • 

KaMepHO~ pa60T!i/22/
1

BenHqKua ky 
oT 0,.4 npH T =102 raB AO O,I npH 

YM8HhW88TCH 

T - 3 -IO raB. 

rOCTK 

BHBOA o 6!icTpou yueHhWSHKK BenMqHH!i K03¢WH~HeHTa Heynpy

~rr C pOCTOM 3HeprHH nepBOHSqanhHO 6~R nonyqeH T8K-

Ee B p860T8X 6pHCTOJILCKO~ rpylliT!i H3 Cp8BH8HHH 3HepreTHll8CKOrO 

Cll8KTpa nepBKqH!iX KOCUHll8CKHX qaCTHn C 3H8preTKqeCKHM Cll8KTpOM 

re}lepHpoBaHH!iX KMK '() - KBBHTOB/93 • 104 • I 26/. IToKasaTenh 

KHTerpaJihHOro Cll8KTp8 ~ - nyqe~ (T,e. HaKROH CIT8KTp8RhHOM 

KPKBO~ B ROr8pK¢MHll8CKOM M8CWT86e, cp, pHC, 18 B § 2, 4) OK8-

38RCH ilpH6RH3HT8RhHO B AB8 pasa M8HhW8, qey ITOK838T8Rh CTI8KTpa 

KO CUKqe CKHX qaCTK~. TaK K8K 3HeprKH 15 - Jiyqe~ onpeAeRHeTCH 
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SHeprKe" p8CTI8BWKXCH If - M6 30HOB, TO STO MOZ8T O~TD nHWD 

B TOM cnyt~ae, ecnH K 1T -:::- 3 K "" T - Ji 
Tf" 

38KJID1.16HKH 00 YY6 HDW6HKK B 6JIK1.1KH~ r( C pOCTOM SHep-

rHR T 6~n.H nonyt~eH~ TaKze B pa ooTax/127- 130/. 

Be e STK pe syJIDTBT~ ot~eHn TPY~Ho cornacoBaTn c aHepreTKt~e

CKO~ 38BKCKMOC TbD cpe~He H MHO~eCTBeHHOCTK K cpe~He~ SHeprKK 

1\ - M630HOB, pOX~8D~KXCH npH Heyn pyrHX B38KMO~e~CTBKHX; 

T8K, H8TipHMe p , ~JIH OO~HCHeHKH pe3yJinT8T8 6pKCTOnbCKO~ rpynn~ 
- -

CJI8~0B8JIO 6~ npe~TIOJIOl!tKTb, tlTO V\..- K .J"" OCT8DTCH TIOJTOHH-

H~MK KJIK O~H8 K3 STKX BeJIKtlKH y6~B8eT C pOCTOM lr (T8K tlTO 

npOK3Be~eHKe Y\.- . T ,...,· ~~ ) . 

0~H8KO 6H6JIK3 llOK83~B8eT, tlTO BO BCeX CJIY1.18HX, KOr~a npK 

K3Me peHKP.X B woTOSMYJinCKK KJIK B ~KWWY3KOHHOH KaMe pe 6~na nony-

t~e Ha CKJibH8H 38BKCKMOCTD ~ (lr) , SHeprKH nepBKtlHO" w 
KOC MK1.18CKO M 1.18CTK~~ onpe~eJIH JI8Cb T8KKM o6p830M, tlTO OH8 MOrna 

6~Tb cy~eCTBeHHO saB~ru eHa. B t~ a CTHOC TK, KaK 6~no He~aBHO noKa

saHo B.C. MypsKH~M/131~ KpyTo na~aD~KH cTeneHHO~ aHe preTKt~eCKKH 
ClleKTp nepBKtlH~X KOCMKtleCKKX 1.18CTK~ npKBO~KT K TOMy, tlTO ~axe 

Cpe~HDD SHeprKD STKX 1.18CTK~ H8Jlb3H npaBKJibHO K3M8pKTb, e CJIK 

He y1.1KT~B8Tb nonpaBOK, 38BKCH~KX OT CT8ll8HHOrO llOK838T8JIH KX 

9HepreTK1.18CKOrO Cll8KTp8 K c pe~HeKB8~p8TK1.lHOH OWKOKK K3MepeHKH 

SHeprKK OT~eJibH~X 1.18CTK~ . 3TO XOpOWO BK~HO K3 pKC . 8 , r~e 

H8H6 C 8H~ 3He 1.18HKH K09W~K~KeHT8 ~ , nonyt~eHH~e B paOoTe/
129 

OO~tlH~M ~OTOSMYJibCKOHH~M M8TO~OM C onpe~eJieHKeM SHe prKK nepBK 

HOH 1.18CTK~~ no wopMyne KacTarHOJIK, K TeopeTK1.leCK8H KpKB8fl 3 

t~eHK~ KCT) , KOTop~e nonyt~aDTCH, ecnK nonn30B8TbCH wo pMy 
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KacTarHOJIK 6es yt~eTa yKasaHH~ B~rue nonpaBoK, XOTH nonol!teHH~~ 

B ocHOBY pact~eTa 11 KCTKHH~il" KOS~Kl.\K6HT K npe~nonarancH 

rroCTOHHH~M K p8BH~M e~KHKUex). 

nononHKT6JIDH~ KCTOtlHKKOY OWKOOK CJIYlftKT TIOJIOl!t6HHOe B OC

HOBY B~Bo~a WOPMYJI~ KacTarHonK npe~nonol!teHKe o TOM, t~To BTO

pKt~H~e 1.18CTKI.\~ p83JieT8DTCH B CKCTeMe UeHTpa M8CC CKMMe'TpKtlHO 

no OTHOW6HKD K llJIOCKOCTK t7 ~ ~ . ITocne~Hee, KaK Ylfte oT-

Me1.18JI0C b, B~ITOJIHHeTCH,BOOO~e roBOpH, JIKWb B Cpe~HeM; ll03TOMY 

npKMeHeHKe wopMyn~ KacTarHOJIK K OT~eJinH~M 3Bes~aM Mo~eT npK

BeCTK K cy~eCTBeHH~M OWKOK8M (CM. T80JIKI.\Y 6). 

qTO K8C8eTCH pe3yJibT8TOB p800T/93 • 104 • 126 / , TO OOJiee 

nos~HKe K3MepeHKH H . T.Eapa~seH, H.A.rpKropoBa w ~p./134, 135/, 

B~llOJIHeHH~e C llOMO~bD KOHK38l.\KOHHOrO K8JIOpK M8Tp8, TIOK636JIK, 

qTO llOK838T8Jlb KHTerp8JibHOrO Cll8KTp8 t - Jiyqew M8JIO OTJIK

qaeTCH OT TIOK838T8JIH CTI8 KTp8 nepBK1.lH~X qacTKI.\. 

x) B pa6oTef131/ 6~no TaKJKe noKasaHo , qTo npeiieOpeJKeHKe 

nonpaBKBMK Ha wopMy aHepreTKt~ecKoro cneKTpa KOCMK1.leCKKX 

qaCTKI.\ TipKBO~KT K OWKOOtlH~M 38KJIID1.18HHRM 0 rrpK0JIH3KT8Jib

HO TIOCTOHHH~X 3Haq eHKHX cpe~HeA MHOJKGC TBGHHOC TK p0lK~8D

~KXCH t~aCTKI.\ npw oqeHb B~COKKX aHeprKRx. WMeHHO aTHM 

6~n o6yCJIOBJieH Bb!BO~ n . ManTopa/132/ 0 11 H8C~ UI8 1!KH 11 npol.(eC· 

COB MHOJKGCTBeHHoro o6p830B8HKH 1.18CTIIL( npK T :> ro2- 1u3raB 

( CM , CTp , 42 B 0030pe/l/). 

38KJIID1.leHKe 0 CKCT8M8TK1.18CKOM 38BYW8HHK SHepr HK KOC 

MK qeCKHX 1.18CTHI.\ npK onpeAe JieHKH K03C).xiJHUK8HT8 ueynpyro

CTK K B cJ:x> ToaMymcHOHH~X H B KaMepHbiX pa6oTax 6~no 
nonyq.eH~ TBKJKe B ~11ccepT au,HH 'l' . C . 10n~aw6aenaf133/, r~e 
~8H TIO~p0 6Hb!L1 8H8JIK3 p83JIK1.1Hb!X MGTO,l(OB H3MepeUHR K03tlJ

Wlll.\H8HT8 K"' 
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OnHTH c ~ - we3oHaMH don:omoH aHeprHH noA 3ewneH TBK~e 

llOK83HBB~T, ~TO llOK83aTeHH aHepreTHqeCKHX ClleKTpOB KOCUHqeCKHX 

qaCTHU H reHepHpOBaHHHX HUH BTOpHqH~X qaCTHU pa3nHqBIDTCH oqeH:O 

wanoii36/, 

CTp8HH06 OTnHqze pe3yn:&TaTOB HX H3UepeHH~ OT ABHHHX ApyrHX 

padOT OTMeqanH H cauH aBTOpH padoT/93 • 126/. B donee ll03AHeM 

Od30pef92/ yKa3aHa yze 3H8qHTen:&HO donee cnadaH 38BHCHMOCT:O 

KT(T) : D.K'1V/k1f '-::- 4ofnpH H3MeHeHHH aHeprH" T 
OT 2'103 AO 5'I05 faB, B npeAenax TOqHOCTH aKcnepHMeHTB CTOn:O 

He3HBqHTeH:OHOe H3MeH6HH6 k' 1f npaKTHqeCKH 03HaqaeT He38B11-

CHMOCT:O KOa~HUHeHTB HeynpyrOCTH OT aHeprHH, Od aTOM rOBOpHT-

CH 11 B nocneAyiDmeH pa6oTe aTo~ rpynn~/IIO/, 

ilOCTOHHCTBO 11HH O~eH:O cnadaH 3aBHCHMOCT:O ~1r OT aHep

rHH CHeAyeT T8K~6 113 HBHdonee TOqfl~X B HaCTOHmee BpeMH H3M6pe

HH~, B~llOnHeHHHX C ilOMO~~ HOHH3aUHOHHOrO KBnOpHUeTpa. 8HeprHH 

nepBHqHOH qaCTHU~ B aTOM cnyqae onpeAenHeTCH cyuUHpOBaHHeM 

aHepr.IH! aneKTpOH-{flOTOHHOrO KBCKaAB, reuepHpOBBHHOrO a TOil qaCTH

U6H B ToncTou cnoe nornoTHTenH/SS, I03, 133, 134/, Ben11q11HB 

K08<fJWHUHeHTa HeynpyrOCTH, nonyqeHHaH TBKHU MeTOAOM, OCTaeTCH 

AnH KOCMHqeCKHX qaCTHU npHdHH3HTen:&HO TaKOH ~e, KaK H B odnac

TH ycKopHTen:&Hb!X aHeprH~ T-:::: IO+ 30 ra~. 

K auanorHqHouy B~BOAY npHBOAHT aHanH3 aKcnep11MeHTan:&HHX 

AaHH~X llO BHCOTHOH 3aBHCHMOCTH 8HepreT11qeCKOrO cneKTpa HyKnOHOB 

B aTMOC{flepe (CM,, Hanp11Mep(I33/), 

qTo KacaeTCH Koa~HUHeHTa HeynpyrocTH AHH po~AeH11H 

~ - Me30HOB ~K , TO B o6naCTH KOCUHqeCKHX aHepr11H HMeiDT

CH nHlli:O OTp~BoqH~e ~aHH~e, KOTOpb!e, O~H8KO, YK83~BaiDT, qTo 
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a.zteC:O, KBK Ill nplll yCKOpiiiTen:&H~X 8HeprHHX, k k "'-4 }(Tr / 92/, 

.nonH aHeprHH, YHOCII!MaH rHnepoHaMH npH T ~ 30 ran. 

TaKZe COCTaBJlH6T nzm:o He3HaqzTen:&HyiD qaCT:O ITOnHO" aHeprHH 

cTanKHB8ID~IIIXCH ~acTHU. B odnacT!II oqeH:o B~COKIIIX aHeprH~ ~Hcno 

po~~aiD~HXCH rHnepOHOB no-npezHeuy OCT8eTCH OTHOCHTeJl:OHO H6-

60J1:0WIIIM (He donee 20% OT nonHoro ~Hcna poxAaD~HXCH qaCTHU; 

cu./I, liS, ll6/) H YflOCHMaH IIIUH aHeprHH He UO~eT CTBT:O oqeH:O 

cy~eCTB6HHO~. 

TaKHM o6pasou, uoxHo yTBepx~aT:o, ~TO B lliHpoKoil odnacT11 

aHeprH~ OT HeCKOn:OKHX raB ~0 T~ IO; raB KOa~HUH6HTbl Hey

npyroCTH k lc. , K y , k ii 3Ha~HTen:oHo ueH:&llie k.'lf" , a 

CyMuapHb!H K08qxilHUH6HT HeynpyroCTH k -::;- 30-40%. 

KaK yxe OTueqanoc:o Bb!We, Bb!BO~ 0 npH6JlH3HTeJ1:&HOM UOCTO

HHCTB6 K08{fl{flHUHeHTa HeynpyrOCTH B OdJlaCTH Bb!COKHX 8HeprH~ llO,ll

CK83~B86TCH COllOCT8BJleHHeM H3B6CTHb!X 8KCnepHKeHTaJl:OHHX ,llBHHHX 

06 SHepreTHqecKOH 3aBHCHMOCTH CP6AHe~ MHOEeCTB6HHOCT11 BTOpHq

HHX qacTHU YV(T) H 11x cpeAHe~ aHeprHH J (T) • O.ztHaKo 

Upl16Jll1311T6Jl:OHOe llOCTOHHCTBO K08{fl{flHUHeHT8 ~ HBJlfl6TCH 3HaqH

Ten:&HO donee TB6p~O yCTaHOBJleHH~M {fl8KTOM, qey BH~ 8HepreTzqe

CKO~ 3aBHC11MOCTH ~ (lr) (cp, Ta6nHUb! 2 H 5); noaTOMY npeA

ITOqTHT6Jl:&Hee B3HT:O 38 OCHOBY 8KCU6pHM6HTan:&H~6 ~aHHble ITO n-(T) 

H k C T) H 113 HX COITOCTBBneHHH ITOJlyqzT:& ,llOCTaTOqHo ,llOCTOBep

HOe 38KJliOqeHHe 0 TOM, qTo npH T >> 1 r3< TCT) "' T .1-4 

a OCHOBHaH ~8CT:O aHeprHH 

k. c i- k) cc ~ C 65 -7- r s /.) c c. "' T 2. 
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KOH~eHTpHpyeTCH BCero RHill~ H8 ~Byx BTOpHqHhlX qaCTHU8X, KOTO

pHe HBnHIDTCH q8CTHU8MH TOrO ~e COpTa , qTO VI CT8nKVIB8IDmVIeCH 

(6onee TOqHo: RVIill~ HB O~HOH Vl3 HVIX; CM , § 2.1). B STOM CM~Cne 

VIHOr~a roBopaT, qTo HaneTaromaH qacTVIUB rrocne Heyrrpyroro B38VI

Mo~eHCTBVIH COXp8HH6T OCHOBHJID qaCTn CBOeH nepBOHaqannHOH SHe 

rVIVI, XOTH , CTpOrO roBOpH , peqb MO~eT l1~TVI Rl1illn o_ nepBV!qi!OH 11 

BTOpl1qHOH qaCTVIU8X O~HOrO copTa. 

~3 pHC, 5 11 6 BH~HO, qTO B pacrrpeAeneHHHX HeynpyrVIX 

B38VIMO~eWCTBVIH no BenVIqHHe K03W@VIU116HTB HeynpyroCTVI npo 

CH ABB OTAeR~H~X MBKCHMJMB , COOTBeTCTByromHe paanHqHOM MHO~ec 

BeHHOCTVI. 

0AH8!{0 CTeneH~ AOCTOBepHOCTVI STOrO 38KnroqeHVIH B HBCTOH~e 

BpeMR OCTaeTCR B8CbMa H8RCHOn . He VICKnroqeH O, qTO rrp oBan 

B pacnpe~eneHVIRX C(~) Ha pVI C, 5 VI 6 MO~eT 6HTb o6ycnoB n eH 

H8~0CTaTOq HO KOppeKTHO n VI~8HTH~VIKaUVI8~ B T Op VIqH~X rrp OT OH OB, 

K 3TOMy BOrrp ocy MN e~e B8pH eMCR B c ne~yro~eM pa3~ene B CBR3H 

C 0 6CyX~8Hli8M CTp yKT yp~ HMITYRh CH~X CIT8KTp OB B TOpVIqH~X qacTVIU . 

He38BHCVI MO OT TOrO, cy~eC TByeT B AeHCTBVIT8 RnHOCTH CTpyK

Typa B pacrrpeAeneHVIHX k:(VL) VlnH HeT, VI3Me pe HVIH, B~ITOnHeH 

paanHqH~MVI 8BTOp8MH~8 ~PHT6nHX, yK8 3HB8 IDT, qTO K8K B 7r

T8K VI B iJ-JV CTOnKHOB6HHHX BenHqHH8 K03WWHUH6HT8 Heynpy

roCTH B CpeAH6M B03p8CT88T npVI yBenHqeHHH q11cna pO~A8ID~HXCH 

qaCTVIU 11 B38HMOA6HCTBHHM ·C 6on~WeH HeyrrpyrOCT~ID, K8K npaBHno , 

COOTB6TCTBJ8T H 6on~W8H MHO~eCTBSHHOCT~ BTOpHqH~X q a CTHU, He-

6on~mHe 3HaqeHHH K03~HUH6HT 8 HeynpyrOCTH H86RIDAB IDTCH npe 

~eCTB8HHO B 3B63A8X C M8nHM qHC n OM nyqeH, 6on~WH6 3Ha qeHHH -
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KBK B 3B63ABX C M8n~M, T8K 11 B 3B63A8X C 6on~WHM qHCnOM nyqeH, 

BM6CT6 C TeM, KOnVIqeCTB6HH~e ABHHHe 06 yBenV~qeHHVI KOsw

qJHUH6HT8 HeynpyrOCTH C pOCTOM MHOlK8CTB8HHOCTVI jiV B p83HHX 

pa6oTax nonyqaroTCH paamfqHHMH. TaK, aBTopaMH / 14 ' 961 AnR cny

qa!l .N- N CTOnKHOBeHHH npH T = 9 rsB nonyqeHa Ha

cTonnKO cHnnH8H aaBHCHMOCT~ K C V\) , qTo cpeAHHH sHeprVIH polK

~aro~HXCH qaCTVIU Jr OK838n8Cn np8KTVIq6CKVI He 38BVICH~6H OT VIX 

qHcna. TaKOH JKe peayn~T8T AnH p-vt- B38HMOAe~l CTBHi1 npH 9 rsB 

nonyqeH B pa6oTe/47/. B ~pyrV~x pa6oTax ycTaHoBneH aHaqHTennHO 

6onee cna6~J poeT KOS~VIUHeHTa HeyrrpyrocTH. 

3BBVICVIMOCTn K03~HUH6HTB HeynpyrOCTH OT Mli 0~(8CTB8HHOCTVI 

pOlKABIDmHXCH q8CTVI~ HCCneAOBanaCn TBKlK6 B Ollb!TBX C KOCMHqeCKVIM!1 

nyqaMH. ABTOpaMH 1103 • 133/ AnH B3BHMO~eHCTBHi.1 c qHcnoM pOlKABID

~VIXCH qaCTVIU h.'> 9 npVI T = 102-:-103 rsB nonyqeHO 3HaqeHVIe 

~ 0 = 0,19±0,02, B npe~enax 3KCIT 6 pl1M6HT8R~H~X OWVIOOK He 
1t 

oTnV~qaromeeca oT aHaqeHVIH k:rr.= 0 ,17±o,02, KOTopoe nonyqeHo 

AnH B38VIMOA6HCTBVIA C MeH~WeH MHOKeCTBeHHOCTnro; B nocneAyiDm»x 

pa6oTax (eM., RanpHMep,/137/) rronyqeHbl aaKnroqeHHH o 6onee sa

MeTHOM B03p8CT8HVIH BenHqHHH k: ITpVI nepeXOAe K 3Be3ABM C 

60nnmHM qVICROM nyqei;j, B STOM OTHOWe l!HH 3A8Cn , ITO-BHAl!IMOMY, H6T 

cymeCTBeHHOrO OTnHqHff OT o6n8CTVI yCKOpHTennHbiX 3HeprHi.1 , 

2.3. WMnynncH~e cneKTPhl 

Te qepTH HeynpyrHX B38HMOA8HCTBHiii, KOTOpb!e 6YAYT paCCMOT

peHbl B STOM naparpawe, DAVIHBKOBO npOHBnH~TCH KBK B l!IMITynnCHOU, 

TBK 11 B SHepreTHqeCKOM CITeKTpax, ilOSTOMy BITOnHe AOCTBTQqHQ pac-
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eUOTp8TD HHWD O~HH H3 3THX e nyqaeB. MH OeTSHOB HMCH H8 HMITYRDC

HOM eneKTpe, T8K K8K STOT THIT eneKTpa paeCM8TpHB88TeH B dORD

WHHeTB8 3KCnepHMeHT8RDHHX pa60TX). 

He paa~•qaac~ no cpe~HeR aHeprHH, pacnpe~e~eHHa ·po~am~Hxca 

qaeTHn llO HMfiYHDe8M OK83HB8~TCH eymeCTBeHHO paanHqHHMH B 38-

BHeHUOeTH OT Taro, K8KHe STO qacTHnH H K8KOB THU Heynpyroro 

B38HMO~eMeTBHH. 

Ha pRe. 9 npHBe~eH HunynDeHHM eneKTP npoTOHOB Ha Heynpy

rHx lT-- p BaaHuo~eMeTBHi! npH T = 3, 86 raB. B cneKTpe 

OTqeTRHBO BHAHH ITHKH, BHXO~HmHe 38 eT8THeTHq8CKHe OWH6KH (B 

padoTaxfi38/ dHHO np08H8RH3HpOB8HO OKOHO 2500 npOTOHOB). 

B p860T8X, B~ITORHeHHHX npH donee B~eOKHX SHeprHHX, eT8TH

eTHK8 aaperKCTpHpOB8HHHX COd~THM 3H8qHTeRDH0 M8HD ille, IT03TOMY 

B 3KenepHM8HT8HDH~X pacnpe~eneHHHX W (p.) npOHBRHIOTeH JIHlllD 

BeCDM8 rpy6~e ~eTanH eTpyKTyp~. TaK, He~aBHHe HauepeHHH He

eKORDKHX rpynn 8BTOpOB UOK838RK, qTO B eneKTpax HYKROHOB H rH

nepOHOB, poz~a~>mHxeH B 1\- .N BaaHuo~eileTBHHX npH T .>:;;>IraB, 

Ha6niO~a~TeH ~Ba oT~enDHHX uaKeHuyua . (eu. pHc. 9, IO) . 8TH 

M8KeHMyuH Oe068HHO OTqeTJIHBO npOHBJIHIOTCH, 8CRH paa~eHHTD eneKT

p~ ~JIH aBea~ e paanHq~u qHCJIOM nyqei!. ~a pRe. II H I2 BH~o, 

x) 
K aHepreTHqecKouy cneKTpy uo:a:Ho nepeMTH c nouomDil npoc-
Toro COOTHOllleHHH 

?5nC.:J"") =W(p) £{£ = W(/rcr+2M)) T+ tv1 - • 
cXJ'" V:TCT+ 2M) 

r~e M - uacca po~aiOI!lHXCH qaCTHn, m Cp}-HX . 
H~H cneKTp. 

Cyl!leCTBeHHO no~qepKHYTD, qTo uez~y cpe~HHMH 
MH jr H fl _npOCTOH CBH3H HeT, U03TOMY B TeX C 
KOr~a B 3KCnepHMeHT8JIDH0~ padOTe npHBO~HTCH JIHWD cpe~
HHa HMnYHDC 1 BeJIHqHH8 cpe~He« 3HeprKH OCT86TCH 
Hoi!. 
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qTO cTpyKTypa cneKTpa npoHBHHeTCH KaK B ManonyqeBHx aBea~ax, 

TBK M B 3Be3~8X C dOHblllHM ~CJION nyqe~. 0~H8KO B~COK03Hepre

TKqe CKHH M8KCHMYM donee 38MeTeH B 3Be3~8X C He60JinlllHM qirfCJIOM 

nyqeM. 

Boodme roBo pH, yKaaaHHH Ha CTPYKTypy HMnynncH~x cneKTpoB 

nonyqeH~ yze ~8BHO (CM . , H8UpHMep, pa6oTyf38/ ), OTHOCfll!lYIOCH 

el!le K !957 ro~y). 0~H8KO TOqHOCTD H3MepeHH~ d~Jia HeBeJIHK8,H 

8HOM8JIHH 1 H86JI~~8BlllHeCH B Cfi eKTpaX,BCer~a MO~HO d~JIO UpHUHC8Tn 

B03MOliH~N CT8THqeCKHM OillH6K8M. 

Ho ~6JIO He TOJibKO B TOqHOCTH H3MepeHH~. AH8JIH3 , B~ITOJIHeH
HH« B pa6oTax/

4
0-42, 87 • 89 • 90/ , fl0K838JI , qTo M8KCHMyM~ B 

Cfl6KTpax d8pHOHOB CBH38H~ C COBepllleHHO pa3JIHqH~MH THU8MH Hey-~ -----
npyrn B3aHuo~e~cTBHH. Kpoue paanHqHoM 

MHO~eCTBeHHOCTH , 3TH ~Ba 

THna BaaHuo~eHCTBHH xapaKTepHayiOTCH paanHqHWMH 3HaqeHHHMH Ko-

a~HnHeHTa HeynpyrOCTH, a T8K~e, K8K YBHAHM B CJie~YIOI!lHX napa

rpa~x, paanHqH~MH aHaqeHHHMH nonepeqHoro HMnynnc a H yrnoBoH 

acHuueTpHH po~~aiOI!lHXcH qacTHn. CymecTBeHHo paanHqHoM oKaawBa-
1.. eTcH H nepe~aqa qeTwpexuepHoro Hunynnca 6apHoHy . ~a pHc. IO 

H !2, H8llpHuep, XOpomo BH~HO, qTO B CTOJIKHOBeHHHX , COOTB8TCT

Byll~X HH3K03HepreTHqecKOMy M8KCHMyMy B CfleKTpe, 

POHy B cpe~Heu nepe~aeTcH B HeCKOJinKo vaa dOJibillHU qeTupexMep

HHi! HMUYJibC 1), ~ V ( p - p ) ( p _ p )t< , qeM B CTOJIKHOBeHHHX , 

A - rHne-

" r t' A r 
COOTB6TCTBYDI!lHX B!iCOK08HeprHYHOMy M8KCHMYMY H M8JIO~ MHO~eCT-
BeHHOC TH PO~aiDI!lHXCH qaCTH~ . 
0'1'1f6TJIHBO 

14). 

B cyMMapHwx pacnpe~eneHHHx no 4 

flPOHBJIH~TCH ~Ba M8KCHMYM8 ( CM. , HBUpHMep , PHC . 13 H 
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~ue~TCH yK8 38H~H, ~TO Heynpyr~e B38~MO~e~CTB~H C MSJIOU 

Ben~~HO~ 6 xapaKTep~a y~TC H TaKxe uano~ ne pe~aqe~ aHe pr~~ 

~ TpexMepHOfO 11Mllyn:ocaf
9D/. 

pa 

T 

~ 3 c p8BH8HI1H C OOTBBTCTBY~~~X nno~a~e~ ~Mnyn:oCHOrO cneKT-

1\ - r~ne poHOB HS pnc. 10 MOlKHO aaKmoqii!T:O, ~To np111 

= 7 raB B38~MoAe ~cT BI1 H c uano U nepeAaqe~ ~Mnyn:oca (aawT p~-

XOB8HH 8H ~8CT:O Cll BKTp8) 

nonHoro ~111cn a Heynpyr~x 

oueHK B nonyqaeTCH 111 AJIH 

COCT8BJIH~T np~6JI~3HTBJI:OHO Tp eT:O OT 

rr-N B38~Mo~e~CTBIII~ . TaK8H lKB 

rr ~ .N B38111MO~e ~CTB~I~ nplll T =1 6 ras . 

0THOWB H~B nno ma~e ~ BHCOK0 3He preTIIIqBCKOrO Ill H111 3K03HBpre

TM qeCKOf0 M8KCIIIMyM OB B cneKTp8X npOTOHOB 1113 pa60T/
40

•
42

/ OK8-

3HB88TCH HB CKOJI:OKO 60JI:OW~M. 0Ad8KO 3KCnep~MBHT8JI:OH8H CIIITY8UIIIH 

B cnyqae npOTOHHYX CllBKT pOB HBJIHBTCH B H8CTOH~ee BpBMH AOB On:O-- ,-
HO ueo npe~eneHHO i-1 ,~ ~8HHYB p83Jl11qHblX 8BTOpOB qaCTO OK83blB8 lOT -

- -- ' ___ :----
eR npoT I'!Bopeqa~~MI'I APYr Apyry. TaK, B AYOH eHCKOR pa6oTe/

39
/ 

B oob~e He Ha6n~Aanoe h HI1K8KO~ eTpyKTYPY B ~Mnyn:oeHoM eneKT pe 

npOTO HOB ; paenpBABJIBHMB npOTOHOB , nony~BHHO B B H B MBUKO~ 
paooTe/144 / np11 TOi1 JKe 3Hepr111111 T = 7 raB , xoTR 11 IIIMBBT 

AH8 OTABn:OH blX M8K ei1MYM8 , HO 3TI1 M8KeiiiMYMbl pacnonara~TeR K8K 
W( f) 111a 

p83 T8M , r AB 1'\ MBlOTeR MMHMMY Mbl B paenpBABJIBHI-iM 

pa6oT/ 40 • 42/ ( e M. p11 e . 9). B eneKTpe npoTOHOH 113 ~oToaMyn:o-

eV!OHHO~i pa60T!l/42/ nplll T = 16 r a B HeHO BMABH BTOpo t:i MaK

eMMyM , B TO lKB Bp BMR V! MTiyn:oeHOB paenpe~BJI8HI1B npOTOHOB np~ 
T <;: 10 raB, noeTpo eHHOe no ABHHblM KaMepHbiX pa6oT/1

4
1-I

43
/ , 

XOT R 11 yK83bi B8BT H8 eTpyKTYPY 
W Cp) B o6naeTM 6on:ow11x 

tiBHI'I W p , HB 1'\MB BT ABYX OTABJI:OHHX M8KCIIIMYMOB (eM. pMC . 

JO 

ilpHqHH8 BCeX 3THX npoTHBOpeqHU B 3KCnepHM8HT8JlhHHX A8H

HUX OCT8eTCR TIOKS e~e He B~RCHeHHO~. 

B pa6oTax1139 • 140/ B~CKaa~BaeTCR npeAnonoxeHHe, qTo 

aaKJIVqeHHB 0 cy~eCTBOB8HHIII ABYX pe3KO B~ABJieHHbiX U8KCHMJMOB 

B CilB KTpe npOTOHOB o6yCJIOBJieHO B OCHOBHOU HBAOCT8TQqHQ KOppeK

THbiU 8H8JIH30M npHpOAbl BTOplllqHbiX qaCTHU B ~T03MyJI:OCHIII, 6nar o

ASPR qeuy TepReTCR aHaqHTen:oHoe KonHqecTBO npoToHoB c npoue

syToqHbiMH 3HaqeHHHMH 111unyn:ocoB. Cpe~Hee q111cno npoToHpB, npH

XOARDtHXCR H8 OAIIIH 8KT Heynpyroro 1f" -- N B38111MOABHCTBII!fl 

. ~pzQ,27, onpeAeneHHOe B p860Te/~/, AB~CTBIIITBJI:OHO 3H8qii!

T8H:OHO MBH:OWe HX CpeAHero qll!ena ~p = 0,44±o,04, nonyqeH

HOrO B pa6oTef39f, rAe He H86nto~anoe:o "AByxropOo~" CTpyKTy-

pH npoTOHHoro cneKTpa W(p) . 

CHCTBM8THqeCKIII~ nponycK · qaeTH npOTOHOB B npDMBlKYTO~HO~ 

06JI8CTH HYnYnDCOB uor 6bl T8KEe o 6~f!CHIIIT:O npOB8Jlbl B pacnpeAene

HHIII Koa~HI\HBHTa HeynpyrocTH K ( n ) 111 B cneKTpe W ( .1) 

Bee 3TH BOllpOCbl Tpe6ymT eute ABJihHBHwero T~8TBJI:OHOro IIIC

CJI8AOB8HHRX). 

x) EcnH AJIH aHanHaa CTpyKTypbl 6apHOHHbiX cneKTPOB npHMe

HHT:o UOAeJI:O QBHTp8RhHbiX Ill nepH~epHqecRHX B38HMOAe~eT

BH~, TO ~OllORHHTeJI:OH@e M8KCIIIMYMb1 B 3THX CllBKTp8X MOlK

HO 06~RCHHT:O BKR8AOM nepH~epHqecKHX llPOUBCCOB C pe30-

H8HCHbiMH MHOroqaCTHqHblMH npOMe~yTOqHbiMH COCTORHII!f!NH 

(T.e. llpOQBCC8MH C 06MBHOM B npoue~yToqHbiX COCTOf!HIIIfiX 

pe3oHoHaua r t t K.lt Ill T.A.) • .l(nf! 06~f!CHBHII!fl 
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qTO K8C88TCH CTPYKTYP~ 68pHOHHHX cneBTpoB B Heynpyrax 

JV-Ji B38HU0~6gCTBKHX, TO TIO~OK6HH6 3~6C» 6~8 U8H86 HCHOe, 

qeu B cny11ae TI-~ BaaHMo~e~cTBH~. HaBecTeH ueXYI pH~ pa-

60T, TIOCBH~SHHHX 3KCnepHM6HT81I»HOUy HCC1!8~0B8HKD HeynpyrHX 

p- p H p-1'\.. B38HMO~e~cTBHI npK T > r.rs:s (eM., aa

npHuep/12-14,16/ H T.~.).B KOTOpbiX HS OTM6'18~0eb HKK8KHX cy

mecTBSHH~X OC066HHOeTel B paenpe~eJieHHHX npOTOHOB no HMITY~b

C8M; rHCTOrpauw W ( P) B 3THX pa60T8X HMSI)T JIHWb O~HH M8K

CHMyM. C Apyro£1 CTOpOH~, B pa60T8X 81IM8-8TKHCKOI rpynn~, B~

ll01IH6HHHX ueTo~ou WOToauyn»cHI npH li = 9 H 19 raE, TaK ze 

K8K H B cneKTpe npOTOHOB H3 HeynpyrHX Tf-JV B38HUO~eiCTBHI, 

CTPYKTYP~ cneKTPPB rBnepoHoB aa pHc. 10, 12, 14 ~oeTaTO'IHO 

y'lecn k.-1T" peaoHOH IC-~t c lfaccol M = 890 MaB/I45 ,I46/; 
~ 

npoTOHH~e cneKTP~ Ha pHc. 9, II, I3 npH lr = 7 raB MOKHO 

06~HCHHTh, JIHmh ~onyCTHB Cy~6CTBOB8HH6 6030HHOrO peSOH8HC8 C 

Mac col Mz.-:: 2 raB/I4 7 I. 

IlpH yueHhmeHHM aHeprHH T nHK B cneKTpe W ( p) , co

OTBeTCTByJO~HI onpe~eneHHouy 3H8118HHK> M oz., , para eTCH BJieBo, 

B 061!8CTh MSHhWHX 3H8116HHI p . B '18CTHOCTH, eTpyKTypa npOTOH

HOrO cneKTpa, o6ycnoBneHHaH peaoHOH&UH c M "t. ~ I raB H 

C O OTB6TCTByJ0~8fl npH T = 7 raB o6JiacTH p > I ,6 raB/c, 

rAe OlleHh B6JIHK8 OWH6K8 H3UepeHH~, npH MSHhWHX 3HeprMHX npOHB

JifleTCfl y~e B cpe~He~ 118CTH eneKTpa. STHM UOKHO 06~HCHHTh 60Jih-

wee IIHCJIO TIHKOB H8 rHCTOrpaMMe pHC. 9 npH T '== 4 raB. 

HaooopoT, c pocTou T nHKH, oOyeJioB~eHH~e peaoHaHCH~

MH nepHiiJ6pH116CKHUH npoueCC8MH, ~OJIZHbl nepeXO.lJ;HT» B 061!8CTh 

OOJihWHX HMllyHDCOB. 
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•BllOJIH6 OTqeTJIHBO H86JID~8JIHCh ~Ba 0TA61IbHbiX M8KCHMyMa. AH8JIO

rHqHbl~ 11~Byrop6bl£1 11 BH~ HMSJOT H 

TblpexuepHoro HMTIYJI»Ca npOTOHY 

pacnpeAeJieHHH no nepeAat~e qe

~ (CM. pHC. 15 H 16); npO l:l 81I 

B epeAH€~ ti8CTH pacnpe~eJieHHfl npOTGHOB no ILSI~Jp'-p/ 
B p -p CTOJIKHOBeHHHX llpH 

T&Kxe B pa6oTel901. 
,- =· 9 raB OTMet~86TCfl 

0 CTSlleHH AOCTOBSpHOCTH BCSX 3THX peayJihT8TOB B H8CTOH

~ee BpyMH Tpy~HO e~e CK8S8T» tiTO-nH60 onpe~eJieHHOe. 3~6Ch He-

06XO~HM8 A81IbHe£1maH axcnepHM6HT81IhH8H pa6oTa. 

no CHX nop peq» mna JIHWh 0 cneKTpax OapHOHOB. MunyJihCHNe 

paenpeAeJieHHH po~~8JO~HXCH 1f - Me30HOB HMeJOT HCHO B~paJKeu

HyJO CTpyKTypy B cnyqae CTOJIKHOBSHH~ ti8CTHU C 3HeprHeH 

T "' I raB. B U61IOM PH~e pa6oT 6~1!0 TIOK838HO t liTO 3T8 CTpyi<

Typa CBH38H8 C BTOpH'IHbiMH B38HMO~e~CTBHHMH POAHBWHXCH ti8CTHU 

(cu., HanpHuep, paooTbl/27, 148-149/~ 

B aacToH~ee BpeuH HMeJOTCH yKaaaHHH Ha CTPYKTYPY Jr -
M630HHbiX Cil6KTpoB H llpH 60JIDWHX 3HeprHHX. 8TO CJie~yeT, B ti8CT

HOCTH, H3 3KenepHM6HT81IhHbiX ~aHHbiX no 7f-- p B38HMOAe£1CTBHHM 

npH li = 7,5 H 16 raB, nonyt~euu~x B pa6oTax174 ' 76, 82, 150/ 

(eM. PHc. !7). KaK H B cnyqae npoTOHHbiX cneKTpOB
1

CTPYKTypa 

6onee RCHo Bblpazeua B aBea~ax C M81IbiM tiHCJIOM Jiyqew. 

C ~pyro~ cTopoHbl, B paooTe/39/, BbiTIOJIHeuuo}f npH T =6 ,8 

raB, H .ltPYrHX paooTa:ic HHK8KHX 8HOM8JIH.ti B cneKTpax 7r- Meso

HOB He 06Hapyzeao. He 06Hapyxeao 8HOM8HH.ti H llpH HCCJieAOB8HHH 

cnex1'poB 1f - MeaoHoB, pollt)taJO~HXCH B .N-N B38HMOAe~cTB~t
RX (CK., HanpHuep,/8, 9, 97/. 
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8ToT nonpo c TBK~e eme oqeHh HeRc eH. 

B KMnynhCH~x pacnpe~eneHKHX K-Mes o Hon, po~~a~m~xcH npK 

CTOnKHOBeHHHX qaCTH~ C 60nhlli0~ 3HeprHe~, Ha 6niD~8eTCH BCero 

nHllih O~KH M8KCHMyM; B npe~enax 3KCrrepHMeHT8nhH~X OWHOOK HKK8-

KO~ CTPYKTYP~ s~ech He npoHBnHeTcH. IT pan~a. cneKTP~ K -Me s o

HO B B H8CTOHmee BpeMH H3B8CTH~ BeChM8 HeToqHo. 

B KMnynhcH~x cneKTpax qacTK~, poz~aiDmHxcH n pH aHHHrHnH~HK 

8HTHHyKnOHOB, T8KZe BO BCeX cnyqaHX Ha6niD~8eTCH nHWh O~HH Y8K

CHMYM (CM,/62• 65• lSI/ H ~p.). 0wH6KH H3MepeHHA 3~8Ch cpaB

HHT8nhHO HeBenHKH, 

B padoTe/87/ no~pOOHO HC cne~onanHCh HMnynhC~ rr -Me30HOB, 

poz~aiDmHXCH COBMeCTHO CO CTp8HH~MH qacTH~8MH, 0CHOBH8H qaCTh 

CITeKTpa T8KHX 1\ - Me30HOB oqeHh CXO~H8 CO CITeKTpOM Tr -Me-

30HOB H3 peaK~HM 6e3 CTp8HH~X qaCTH~. 3aMeTHOe pasnHqHe H86niD

~88TCH nHllih B 06naCTH 6onhlliHX HMnynhCOB: ~nH 1\ - Me30HOB 

conpon oz~eHHH aTa qacTh cneKTpa cymecTneHHO odpesaHa, qTo Yo•

HO OO'bHCHHTh TeM, qTo B 3TOM cnyt~ae OTHOCHT8nhHO 60nhlli8H li8CTD 

ITOnHOH 3HeprHH 38TpaqHB8eTCH H8 06p830B8HH8 THKen~X qaCTH~. 

HHKBKO~ CTPYKTYP~ B cneKTpax 

~anoch. 

if - M830HOB npH 3TOM He H86niD-

TaKHM o6pasou, HecuoTpH Ha To, qTo ceAqac HaKonneHo yze 

~OBOnhHO 3HaqHTSnhHOe KOnHqeCTBO 3KCrre pHM8HT8nhH~ ~8HH~ 06 

HMrrynhCH~X pacnpe~eneHHHX qaCTH~, o6pa3yiDmHXCH npH HeynpyrKX 

B38HMO~e MCTBHHX, MHOrHe B8KH~e BOITpOC~ OCT8IDTCH eme He B~HC

H8HH~MH. Ha OCHOBe H3nOZ8HHOrO B~rue 3KCITepHM8HT8nhHOrO Y8T8pHa

na, IT O-BH~HMOMy, MOMHO YTBep~8Th, qTO HMrrynhCH~e pacnpe~ene-

34 

HHH qaCTH~ HM8IDT cymecTneHHYID CTPYKTYPY He TOnhKO npH aHep-

rHHX T ITOpH~Ka HeCKOnhKHX ran, HO H B 06nBCTH 6onee BHCO-

KHX a He p rHA; n pHqeM CTpyKTypa HMrrynhCH~X cneKTpOB 60Ree 38MeT

HB B cnyqae B38HM0~8MCTBHM C He 6 0RhlliOM MHOZ8C TB8HHOCThiD BTO

pHqHHX qaCTH~ H 3HaqHT8RhHO CHRhHee CK83~B88TCH ~RH 6apHOHDB, 

qe M ~RH ~~ - H k - M830HOB, . 0~H8KO onpe~eneHl!b!X 38KRJOqe

HHH 3~8Ch C~en8Th eme H8Rh3H. 

B 3TOH CBH3H cne~yeT no~qepKHYTh, qTo B H8CTOHmee BpeMH 

HeC p8Bl!8HHO 6onee B8ZHb!M HBRH8TCH CHHZ8HHe CT8THCTHqeCRHX H 

CHCT8M8THqeCRHX OWH60R H3MepeHHH npH H8ROTOpOM ¢ HKCKpOB8HHOM 

3HaqeHHH ll , qey Bb!ITORH8HHe HeCKORhRHX, HO MeHee TOqH~X 

3RCrr epHM8HTOB npH pasnHqH~X 3HeprHHX ll , 

2.4. 8HepreTHqeCRH8 CIT8RTP~·aneRTpOHHO-QlOTOHH~X 

R8CK8~0B 

Cne~yeT oco6o ocTaHoBHThCH Ha cneKTpax ~ - n y qeA, aneK

Tponon H IT0 3HTpOHOB, reHepHpyeMb!X B ne meCTBe Ob!CTp~MH KOCMHqe

CKHMH 48CTH~8MH, AH8RH3 3THX cneKTpOB ~aeT B8ZHb! 8 CBe~eHHH 0 

BepOHTHO CTHX po•~eHHH rHrrepOHOB npH 048Hh OORhlliHX 3HeprHHX, 

B PR~e pa 6 0T 3TH CrreRTpb! o6cyz~anHCh B CBH3H C B0 3 MOZHb!M H3M 8-

H8 HH8M MeX8~H3M8 He ynpyrHX B38HMO~e UCTBHM rrpH ynhTpapenHTHBH

CTC KHX 3HeprHHX, 

rl 3KCTIOHH pOB8HllOM H8 OORhlliHX Db!CO T8 X ¢ 0 T03MynhCKH 

~ e Te i\ TH pyiDTC R cpOT OHH 0- 3ReKT pO!!Hhle K8CK8~bl , rropOlK~8HHble 

~ - KB8HT8MH, 3Re KTpOH8MH H IT 0 3HTpOH8MH K8K B Bb!WenezamHX 

CflO HX 8 TMOCW8pb! , T8K H B R~e pllbiX B 3 8HM0~8MCTBHHX , rrpOH CXO~HmHX 

35 



H6ilOCP6ACTB6HHO B ~OTOSMYJibCHH H B CJIOHX BHeCeHHOrO B He e 

TH~enoro Be~eCTB 8. ECJIH e~HHCTB6HHHMH HCTO'IlHHK8MH t - KB8H

TOB flBJifl6TCfl p8CIT8A o6paay~~HXCH npH HA8PH~X B38HMOA6 WCTBHHX 
~0 

1i - M630HOB H TOpM03H06 H3JIY'Il8HHe BTOpH'IlH~X 3Jl6KTpOHOB ll 

IT03KTpOHOB, TO CIT6KTp~ K8CK8AOB, C OOTB6TCTBY~~HX B38KMOA6~CT

BKHM B 8TMOC~epe K ITJIOTHOM Be~eCTBe, AOJI*H~ KM6Tb CXOAH~~ X8-

p8KTep. KaK BrlAHO H3 pHC. 18, 3TO XOpOillO BHITOJIHfl6TCfl H8 OITHTe 

BITJIOTb AO 3HeprK~ -rC~~~ (2 + 5) 103 raBx). ITpK 60JibillKX 

sHeprHHX B PHAe pa6oT (eM., n qacTHOCTK/92, I04, IIO, 152,153/ 

x) HanoMHHM, 'llTO npeMH *H3HH 71°- M630H8 "'C """I0-I6ceK; 

il03TOMy penHTHBHCTCKOe 38IT83AHB8HHe BpeMeHH HeBemmo, 
·o 

K ~ - M630H~ B OOOKX CJIY'Il8flX p8CIT8A8~TCfl np8KTH'Il6CKH 

cpaay JKe nocne KX o6paao BaHKH. Ecm1 KOJIK'IleCTBO ne~e

CTBa, npKXOAHI!(eeCff H8 I cuZ B qpT03MyJibCKOHHOH CTOUKe 

H B B~mene~al!(eM CJIOe 8TMOC~ep~, OAKH8KOBO, TO p8CCM8T

pHB8eMHe AB8 THIT8 Cll8KTpOB B006~e He AO~H~ OTJIK'Il8TLCH 

;n;pyr oT Apyra. PaanK'IlKe cneKTPOB a... K ,g Ha pKc. I8 

npH T ~ (2 + 5) ro3 ran o6ycnonneHO TeM, 'llTO TOJI-
CDbc. 

~HHa HcnonbaonanmeHCH n pa ooTax/92 , I04, I52/ ~oTo-

auynLCHOHHO tl CTOilKH COCT8BJIHJI8 1,3 cpeAHero CB060AHOrO 

npo6era, 8 TO JI~HH8 8TMOC~ep~ H8A CTOilKOH - npH6JIH3HT6Jib

HO TpH cpe;n;HHX cno6o;n;u~x npo6era . qzcno RacKa;n;on, o6-

paayD~HXCH B aTuocwepe, B aToM cnyqae 6onDwe qzcna 

K8CK8,li;OB, nopo~;n;ae~X 'll8CTH~8MH H3 B38HMO;n;eUCTBK~ B 

~OT03MYJibCHOHHOM CTOITKe, 8 KX cneKTp O~CTpee yo~BaeT 

npH YB6JIK'Il8HKK T C.O..\C.. • 
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6~JIO JCT8HOBJI6HO, ~TO Cil6KTp, ilpOHCXOAfl~H~ OT ~ - Jiyqe~, 

aneKTPOHDB M il03HTpOHOB M3 8TMOC~ep~, Cil8A88T 3H8'1lHTeJILHO 

6~CTpee , qey Cil6KTp, llOpOEA6HH~~ ~8CTH~8MH .113 3B83A B ~TO

SMJJlDCMOHHO~ CTOTIKe. 

XOTfl STOT pe3yJibT8T B H8CT0fll!(86 BpeMH H8JIL3fl cqHT8Tb 

TBep;n;o yCT8HOBJI8HHHM (H3B8CTHH pa60T~, H8ITpHMep,/IS4/ rAe 

Ha6n~;n;anocL ;n;ononLHO nnaBHOe HaMeHeHHe JIC44~ npM • 

~~ ~ 103 raB), TeM He M6Hee npe,:n;CT8BJifl8TCfl B8CbM8 

HHTepeCH~Y 06cy;n;HTL, K8KH6 ilpM'IlMHH MOrJIM 6~ 06JCJIOBMTb H3Me

H6HH6 X8p8KTepa 3HepreTH'Il6CKO~ 38BHCHMOCTH 'llHCJI8 3Jl8KTpOHHO

~OTOHH~X K8CK8,li;OB B 8TMOC~epe B 06JI8CTH Qq6Hb B~COKHX 3Hep

rH~. 

B pa6oT61 55/B KaqecTBe BOSMOEHO~ npH'IlKH~ TaKoro H3MeHe

HHH 6~JI npe;n;nozeH pa;n;H8~HOHHH~ pacna;n; B~COK03HepreTHqeCKHX 
~ 
~ - M630HOB, o6paayiDI!(HXCH TipH pacna;n;ax rHnepOHOB B 8TMOC-

~epe. 

B na6op8TOpHO~ CHCT6M6 KOOp,li;HH8T 3HeprHH p8CIT8AH~X 

'"' n - M630HOB nponop~OH8JILH8 3HeprHH nepBHqHblX KOCMH'Il6CKHX 

qacTH~ II , a sHeprHH 7(0
- Mesoaon, o6paayiDI!(HXCH Henocpe;n;

CTBeHHO B pe3JJlbT8T6 HeynpyrKX CTOJIKHOB8HHH, nponop~HOH8JlbH8 

T \r.i. 'TO 0 
(cu. § 2.I). lloaTouy ;n;nH poz;n;eHHH '' - Meaouon , 

3HeprHH KOTOpHX B JI860p8TOpHO~ CHCTeMe KOOp;n;HH8T ~~ 5 •Io3raB, 
1(' 

B 3TRX llBJX Cnyq8ffX Tpe6yeTCfl 3HeprHH KOCMH'IleCKHX Hy'K JI OHOB 

COOTB6TCTB6HHO OKOJIO 104 H 107 raB. 0,llH8KO 'llHCJIO nepBH'IlHUX 

KOCMHqeCKKX qaCTH~ O'll6Hb 6~CTpO JM6Hbill86TCfl ITO Mepe yBeJIK'Il8HHfl 

HX 3HeprzH. llOSTOMy eCJIH qHC~O rHnepOHOB, po~;n;a~~HXC ff B Hey

npyrzx CTO~KHOB6HHHX npH yJIDTp8BHCOKHX 3HeprHHX ~ ~ 104 raB, 

37 



~OC~8TOqHo B6HHKO, TO OCHOBH8H qaCTb ~TOHH0-3H6KTpOHHHX 

K8CK8~0B C SHeprHe~ -r-~~ (2+ 5) 103 raB Oy~eT HM6Tb 

pacna~Hoe npoHcxo~eHHe. 

~8Hee, 6CHH SHeprHH rHnepOHOB ~~y H8B6HHK8 , TO HX 

pacna~ B aTuocwepe H woTosuynbCHOHHO~ cTonKe npoHcxo~HT npaK

THtieCKH p8BHOBepOHTHO. 0~H8KO, KOr~a SHeprHH lly CT8HOBHT-
Jf 

CH H8CTOHbKO BbiCOKO~ ( T'Y "> T Y ) , liTo cy!lleCTBeHHbiM o6-

paaou CK83biB86TCH peHHTHBHCTCKOe 38ll83~B8HH6 BpeMeHH, TO 

OCHOBH8H ti8CTb rHnepOHOB B 8TMOCW8P8 11 nOrHCl86T 11 B HeynpyrHX 

B38HMO~eHCTBHHX 1 npe~Ae ti8M ycneeT p8Cll8CTbCH. qHCHO BbiCOKOSHep

reTHtieCKHX K8CK8~0B B 3TOM cny-qae 3H8qHT6HbHO yueHbW88TCHx). 

r.l(e 

KpHTHtiecKaH sHeprHH ~~ ODP8A8HH6TCH COOTHOUI6HH8M: 

H 

-~-h.. ~ I - cr y - '{ 

p 
P-Ly (IO) 

Ly- BpeMH ~H3HH H Cp8.l(HH~ CBOClOAHbl~ npoeler T y 
rHnepoHa B aTuocwepe ( Ly B e.l(HHHI.\8X "uaccajc~"); it, 
H p - Bb1COT8 H 8TMOCW8PH08 ABBH8HH8 B TOtiKe H8ClH~A8HHH 

( p > L,-0 ) • Ha ypoBHe MOpH T~ ~ I04 
raB, a H8 BbiCOTe 

h ~ II KM, Ha KOTopoH sKcnoHHpoBanacb woTosMynbCHH B pa6o-

X) 0TM8THM 1 tiTO AHH B03ClY~A8 HHbiX (pe30H8HCHbiX) COCTOH-
~ . 

HH~ CiapHOHOB (HanpHMep, N -+ N ~ 7r ) TaKoro 

S~8KT8 ClbiTb He ~O~HO, T8K K8K . HX BpeMH ~H3HH qpea

Bblti8~HO M8HO H penHTHBHCTCKOe 38ll83AbiB8HH8 Bp8M8HH 1 

K8K H .l(HH lf 0 
- M830HOB 1 np8KTH"t18CKH He HrpaeT 

ponH. 
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TSX/IIO, 152/, -r; ~ 5•104 rsB. COOTB8TCTBYID!Il8H SHep

rHH t - KB8HTOB 1 llpOHCXOAHlllHX OT p8CD8AHbiX Tf
0

- M830HOB 1 

paBH8 no llOPHAKY B6HHtiHHbl 103 H 5•103 
rsB, "liTO XOpOlliO corna

cyeTCH C SKCnepHM6HT8JlbHbiMH A8HHbiMH H8 pHC. I8. 

0CHOBbiB8HCb H8 STO~ HA88 H HCDOJ!b3YH H3B8CTHy~ B H8CTOH

lllee BpeMH sKcnepHMeHTanbHY~ HHWO PMBI.\H~ o HeynpyrHx B38»MOAe~

CTBHHX ti8CTHl.\ B 06H8CTH Oti8Hb BbiCOKHX 3HeprHH 1 aBTOpbl /IIO/ 

nonyqHRHfneAYID!IlH6 3H8ti8HHH OTHO lli8HHH HHTerp8nDHbiX TIOTOKOB 

t - KB8HTOB 1 nopO~A8HHbiX HenocpeACTB8HHO POAHBWHMHCH 
0 ' 0 

TI - M830H8MH H 1f - MeaoHaMH oT pacnaAa rHn e poHoB : 

""tfl\ 1.08 
---L. t:;: ...!.--

0 1-0 
..l--

fl_?-_j 

JJ'( y Py ) PY' ) Py 
) 

COOTB8TCTB8H HO AJIH T c.a..o.c.-:- 5·ro2 , 5· m 3 "5 · m 4 
raB. 

8A8Cb ~ - BepoHTHOCTb po~AeHHH rHnepoHa npH HeynpyroM Baa
Y 

HMOA8HCTBHH KOCMHtieCKO~ ti8CTHl.\bl C HAPOM B03AYX8 . 

TaKHM 0Clp830M 1 eCJIH B OAHOM 8KT8 Heynpyroro B38HMOA8 MCT

BHfl npH T ~ r o5 raB pOlKA88TCH He 6onee OAHOro rHnepoHa , TO 

A8JK8 npH M8KCMM8JibHO~ BepOHTHOCTM R = I (T.e. y 
o:y -::: Q". ) 

l'\. 

tiHCJIO K8CK8AOB rHnepOHHOrO npOHCXOJKA8 HHH H8AOCTDTOtiHO AJ!fl 

OCl~HCH8HHH H8ClJIIDA88MOrO H8 OITbiT8 p e3KOro CIT8A8 B CIT8KTpe 

j/CM~ • 

0AH8KO B OClJI8CTH Oti8Hb BblbOKHX 3HeprM~ 1 B npHHl.\HIT8 1 B03-

MO~HO H Kp8TH08 06p830B8HH8 rHnepOHO B ( H8ITOMHHM 1 tiTO yJKe ITpM 

~ ~ 104 raB Cp8AH88 tiHCJIO pOlKA8ID!IlHXCfl Tfl JK8JlbiX ti8CTHl.\ 

11..-,.~ o,tt·Y\.. = 6 , eM. pHc . 6 B o6aopefi/). B aTo ?,l cnytiae 
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BKR8~ SReKTpOHHO-~OTOHH~X K8CK8~0B rRnepOHHOrO rrpOMCXOX~eHHfl 

MOXeT CT8Tn rrpeo6na~aiD~HY. 

KOHeqHO, T8K08 06bflCHeHHe XOTR H HBRH8TCR BeCnM8 O?TPO

YMH~M H rrpHBReKaTeRnH~M, BCe xe B H8CTORmee BpeMR B~rnfl~HT He 

oqeHn y6e~HT6RnH~M. 

B HeKOTOp~x pa60T8X pasnHqHe SHep~eTHqeCKHX crreKTpOB wo
TOHHO-sneKTpOHH~X K8CK8~0B ~ 8TMOC~epe H B nROTHO H Cpe~e pac~ 

CM8TpHB8eTCH K8K yK838HHe H8 cymeCTBeHHO HHOH MeX8HH3M Hey

npyrHX B38HMO,ll;eMCTBH~ H,ll;8pH0-8KTHBH~X qaCTHn rrpH 8HeprHHX 

ll ~ 105 rsB (eM., HanpMMep,/92 • IIO, 156/)~ B qaCTHOCTH, 

pasnHqHe cneKTPOB Ha pHc. I8a H 18B MOXHO 6~no 6~ 06bHCHHTn, 

6CRH npe,li;ITOROXHTn, qTo npH HeynpyrHX B38HMO,li;6HCTBHffX ynn;pa-

::mepreTHqJib!X qaCTl1l..( C 60JinWOt\ BepOHTIIOCTbiO pOJK,li;8IOTCH O,ll;l1H-~B8 

H6 HTp8RnHb!X ir - M830H8, KOTOpbiM rrepe~aeTCH OCHOBH8H qaCTb 

snepr1111 ne pBMqHwx qacTHU. Tor~a na6opaTopHoe BpeMH 1Kl13HH Ta

KHX 1\ - MesonoB 6y~eT oqeHn BeJIHKo, H B ~OTOHHo-sneKTpoH

Hhl e K8CK8,ll;bl B CJIOe 8TMOC~epb! H8~ ~OTOSMYJlnCHOIIHOH CTOITKOU 6y

~e T ne pexo~HTn · nwwn cpaBHHTennno ne6onnwaH qacTn sHeprHH, 

CBH38HH8H C pacnaAOM MeAJieHH~X qaCTHQ. 

0~H8KO T8K06 06bHCH6HH6 HBJlfl6TCfl B 1!8CTOHmee BpeMH 6~B8 

JIH 6onee y6e~HTennHhlM, qeM o6bHCHeHHe c pacnaAOM rHnepoHOB. Bo 

BCHKOM cnyqae He XOTeJIOCn 6~ Bb!CK83b!B8Tn rrpe~nOJIO JK eHH~ 0 

K8Kl1X-TO HOBbiX Hel13BeCTHb!X 118M MeX8Hl13M8X B38l1MO;l\e HCTBHM T8M, 

r~e MOIKHO 060MTHCn 6onee npHB b! QH b!MH rrpe~CT8B Ji e H l1HMl1. 
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2 . 5. PacnpeAenenHe qacTHg no nonepequoMy HMnynncy 

THnHqHh!e npHMepbl pacnpe~eneHH~ qacTHU, pom~a iO~HXCH npH 

HeyrrpyrHX B38HMO~e~CTBHRX, no BeJIHqHH8 norrepequoro HMnyJinC8 jJ 
~ 

z:. n,. e> oi-cp.~.) 
~ ~ C) P .... 

- i. W C P.~. ) - ES,I'\. 
(II ) 

rrpHBe~eHhl Ha pMc. 19 H 20. B Ta6nHuax 7-9 11 Ha pHc . 21 yKasa-

Hbl c pe~HH8 3H8Q8HHH 

pJ. -= S p .L w c pJ. > of p .~- (12) 

KpoMe npHBe~eHH~x B Ta6nHnax, OTMeTHM e me cpe;l\HHA none-

peqHh!A HMrrynnc KacKa~H~x 
~ 
~ - rHnepoHoB. HaM HBBeCTHO 

Bcero JIHWn ,li;Ba sHaqeHHH sToro HMrrynnca: 

( PJ. )..,= 318 ± 35 MsB/c , 

nonyqeHHOe B pa6oTef184/H3 8H~IH38 B38H~O~ei1CTBHH 
11 .-- Me30HOB c 3Hepn e~ 7 raB c R,ll;paMH yrnepo,ll;a npH T::: 7 raB H 

( p ') = 580 ± 60 MsB/c, rronyqeHHOe B pa6oTel159/ ~IIIH 
.1. z 
1i- -p B38HMO~e~CTBHH TipH T = 9,86 rsB. 

M3 npHBe~eHHbiX SKCIT8pHM8HT8RnHbiX ~8HH~X BH,li;HO, QTO ITO

nepeqHb!e HMnyJinCbl pOIK~BIOmHXCH Q8CTHU OQ8Hn CJI860 38BHCRT OT 

SH eprHl1 H THna B38HMO,li;8MCTBHR. 8T8 38BHCl1MOCTn flBJIHeTCH 3H8-

Ql1T8~bHO donee CJI860A, Q8M ~Jlfl cpe~H8H SHeprHH H nOJIHb!X HM

nynnCOB qaCTMQ. 

]Mllin H8 oqHn 60JinlliOM HHTepB8JI8 BHeprMH MOIKHO 38MeTHTn 

oqeHn Me~nennoe (rpy6o roBopH, norapH~MHQ6CKO~) BospaCT8HMe 

Cpe~HRX 3H8QeHHH p . 0;l(H8KO 11 BTO B03p8CT8HHe 118Jln3H eme 
.L 
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C4MT8Tb ua~e*HO JCT8HOBn8HHYM , TBK K8K B o6,8CTH KOCMH48CKHX 

a ueprHM ll~> IO ran 048Hb BenMKH OWH6KM M3MepeHHM . 

npM ycKopwTenbHWX aueprwRx cpe~HHe nonepe4uwe HMnynbcw 

48CTHU pa3nH4HhlX COpTOB B npe~enax aKCll8pWM8HTBnbHYX OWH60K 

H8 CKOnbKO OTnH4a~TCR ~pyr OT ~pyra .1'1 B cpe~HBM COCT8Bnff~T 

OKOnO 350 Manjc . 

I!O -BH~HMOMJ , 3H848HHR pl. B03p8CT8~T C yBenH48HH8M 

MBCCW 48CTHU. 06 aTOM rOBOpRT, H8ITpWMtp , ~8HHYe 1 npHBe~eHUWe 

11 8 pwc . 22 . 0~H8KO nonHOM RCHOCTH B aTOM BOnpoce e~e HeT ; B 

pn~e pa60T AnH nonepe4HWX HMnynbCOB npOTOHOB nony48HW M8HbWHe 

3Ha4eHwR , 4eM AnR lf- M830HOB, 

B o6naCTM KOCMH48CKHX aueprWM nono*eHHe HBnR eTCR T8K~e 

He BTIOnHe RC Hb!M , CpeAHRR BenH4HH8 p ~nR 1f" - M830HOB 
.J.. 

B o6nacTH aueprwti T = ro2 -t ro6 raB COCTBBnReT npw6nwaw-

TenbHO 400 -t 500 J.1 aB/C ; nMlllb W3pe~K8 BCTp848~TCR If" -M830Hbl 

C nonepe4Hb!MH wunynbCBMH ITOPRAKB H8CKOnbKMX ran . 8TO HB non

IT OPHAK8 M8HbW8 C]JBAHero nonepe 4HOrO HMllJRbCB TR*8Rb!X 48CTHU , 

p ""' I ran/c , nonyqeuuoro .1'13 auanM3a B3 8HMOAeMCTJmi1 BTopw4-
.~,. 

Hb!X Hei1TpanbHb!X 48CTHU B Q8HTp8nbHOli 48CTH RHBHeti , Bhl3YB88MYX 

KOCMM48CKHMH ny4BMM/ 92 • 93/ . C Apyroti CTOpOHbi~B pa6o Tef 22/ ~RH 
11 - M830HOB >! TRJK 8nhlX 48CTHU , POiKABIOUjMXCR B JJ -.N 

CTOJll(li0l3 8HviHX npl1 T = ru2 -t ro3 I'aB , nony4 eHbl npw6n!i!3H

Te J!bi!O p8BHh! 8 3H848IH1R p 
.l.. 

rl npe;L\w~ywwx naparpa~ax y~e ronopwnocb o TOM , 4TO aKcne -

PHMBHTB~bHwe ~8Hllb!B PR/.\8 BBTO]JOB YK83b!B810T H8 cy~eCTBOB8Hii!8 

~nyx ·r v:rwn neyn pyl'l1X n sawMo.n. etl cTBH i1 , rWTO]Jhie xapa]('r e pVIay :uTCH 
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paanM4HYMH HMnynnCHYMH CIT8KTp8MH, p83RH4HOM MH0~8CTB8HHOCTb~ 

.1'1 T.A• 8TH ~Ba THD8 Heynpyrwx B38HMOA8HCTBMM MO*HO 06HapyEHTb 

.1'1 B pa cnpe;L\eneHwHx 48CTHU no non epe4HYM HMnynncaM. TaR , cpe.n.-

HRH nenH4HHa nonepe4Horo HMnynnca 1\ - rwne pouon , PO*.D.aiO-

U111xcH n 11-- ~ na aJ.uw~e ticTB11.RX npr-: T-= 7 ran , cocTan

nHeT 420±25 11 295ii4 MaB/ C CO OTB8TCTB8HHO /.\RR CTORKHOB8HI1M C 

6onbWOH H MBJ!OM nepe .JJ.84e i1 4eTwpexMe pH OrO 11MDJnbC8 , ( i1 > 700 

l1 6 <: 700 iA aB j c ; cp . § 2.3) . 8TO 3H8411TeRbHO OTR!i!48eTCH 

oT cpe ;L~ne ro aua4eHI1H p = 383i rz Man; c / 87 I . 
.I.. 

Ecn11 ueynpyr11e B3811MO.JJ.e AcTBII!H paa~eni1Tn ua ~n e rpynnw n 

38Bl1CMMOCTU OT BeRH4HHY anepr1111 , 38Tp84eHHO A H8 o6p830B8HI1e 

l!OBblX 48CT11U , TO B rpynne , X8]J8KTep113J eMOH 60Rblll11MI1 3H848HI1H

Ml1 3TOM auepr1111 , nonepe4HYe 11MllJRbChl 48C T11U OK83YB8~TCH B 

Cp8/.\HeM 38MeTHO 6onbllli1MM, 4eM B .JJ.pyro~ rpynne . 8TO OC068HHO 

38M8THO ARH lr - Meaouon (eM . Ta6n . 8 11 p11c . 23 11 24 ). ITp11 

048Hb BYCOKI1X 3Heprl1HX BKR8.JJ. B3811MOAe~CTBHH C 60Rbllll1MI1 3H848-

HH HMH p~ HeCKOnbKO yBenl14HB8 8TCH , OC06eHHO .JJ.RH TH~enwx 

48CT>IQ , 

O.n.uaKo roBOp11Tn o nanv.411H Ka KoA- nl16o cyU1eCTBeHHOH cTpyK

TYPhi B pacnpe~eneuHHX W ( ? ~) MOJKHO n11mn c eute 6onnweA 

OCTO]JOlKHOCTb~ , 4eM B cnyqae 

I'pa lj)ax cn eKTpoB W ( p) H 

paCCMOTpeHimX B npe.JJ.hl/.\ J U111X napa 

W(t!.) . ~1 3 aKc nepHMeHTBnnHh!X pac-

npeAeneuwtt W ( p.L) MOlKHO Bu.n.enHTb ~Be o6oco6neuuwe rpynnh! 

B38 l1MO.ll;ei1 cTB.I1i.i. CO cpeAH11MI1 3H84eH11HM.I1 non epe4HOrO .I'!Mnym,ca 

P~ : 200 -t 300 l1l 3B/ C ' ~l. ~ 500 -t 800 MaBjc , HO B 

npeAeJiaX OWH60K 113MepeHH~ T8ROe p83AeneHH8 HBnHeTCH He 04eHb 
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H8~6XH~Y. 8TO XOpOlliO BH~HO, B ~BCTHOCTH, H3 pacnpe~eneHHH 

W ( P .1. J ~Rfl 3B63~ C p83RH~H~Y ~HCJIOU Jiytie£l HB pHC. 23 H 

24. B OTJIHllHe oT cneKTPOB W Cp) """ W C A) !llopua pac

npe~eneHH~ nonepellH~X HMITYJibCOB llBCTH~ B MBJIO- H MHOrOJiylleB~ 

3B63~8X OK83~B86TCH B npe~eJIBX 3KCIT6pHM6HT8JlbH~X OlliHOOK npM-

6JIH3HT6JlbHO O~HHBKOBOH. 

BuecTe c TeM H6Jib3H He aaueTHTb aaBHCHMOCTH pacnpe~eneHHH 

VV(pL)oT llHCJia llBCTH~, pomAa~mwxcH npH Heynpyrou B3BHMo~eM

CTBHH. Ma TB6JIH~ ID H II xoporuo BH~Ho, llTO npH nepexo~e K 

aBea~aw c 69JiblliHR llHCJIOM nyqe~ cpe~HHH nonepellH~~ HMnynnc 

npOTOHOB B03p8CT8eT, a cpe~HHH nonepellHHH HMIIYJibC pom~aiDmHXCfl 

1\- M630HOB OCT86TCH'npaKTHll6CKH IIOllTH IIOCTOHHH~M . 8TO 

yKa3~B86T Ha TO, llTO pom~eHHe ll8CTH~ B 3B63~8X C MBJI~M H B 

3B63~8X C 60JiblliMM llMCJIOM JiylleA CBH38HO C p83JIHllH~MH IIpOCTp8HCT

B6HH~MH 06JI8CTHMH. 

PaCCMOTpHM STOT BBEH~H BOIIpOC no~po6Hee. 

2. 6 . ITpocTpaHCTBSHH~e . paauepu o6nacTH B38HMO~eAcTBHH 

C IIOMOmniD COOTHO W6HHH Heonpe~eJI6HHOCT6~ 

(6P~) c L,:) ~ 11~ 
' 

(13) 

r~e (6 p ~) -= ~ w C pol) p ~ d p!. - ( S w c PJ.) PJ. d 1~) ~ 
~HcnepCHH nonepe llHOro HMnynnca , MO~Ho oueHHTb cpe~

- k; 
HH6 p83M6pbl npOCTp8 HCTB6HllOi1 OOJI8CTH ? ;:. ( ""l. ~) ?.... , B KO-

TOpoi1 pe8JIH3Y6TCH Heynpyroe B38~MOAe~CTBH6 . 
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TaK KBK aKcnepHIIeHTannHHe pacnpe~eneHHH W ( p ') waBeCT-
.L-

HH e~e c ~OBOJibHO 6onnWHMH omw6KaMM, To npaKTHlleCKH (6 pJ.2 ) 

13 illOPMYJI6 (I3) uoxHo aaMeHHTb Ha cpe~Hee 3HBlleHHe pJ. (Ha

npHY6P, ~Jlfl IIpOTOHOB B 1\-- p B38HM0~6MCTBHHX npH 

T = 7 raB paaHocn ( ( p-J. ) .li :_ p ::40±90 MaB/I65/); J. .L 
B aTOM CJiyll86 

P~ t--p-
.1.. (I4) 

Cne~yeT, O~BKO, HM6Tb B BH~y, llTO onpe~eJieHHy~ T8KHM 00p830M 

B6JIHtiHHY .J' H6Jlb3fl paCCM8TpHB8Tb KBK napaMeTp y~apa, 

TSK KBK 3T8 B6JIHllHH8 cy~eCTBSHHO 38BHCHT OT B38HMO~BMCTBHH 

llSCTH~, 06p830B8BlliHXCH B II6pBOH81l8JibHOM 8KTe Heynpyroro CTOJIK

HOB6HHH . 

Ma ~aHHux, npHBe~eHHHX B Ta6JIH~ax 7-II, cne~yeT, liTO oc

HOBHBH llBCTb HeynpyrHX B38HM0~6HCTBHM ITpOHCXO~HT B OOJI8CTH 

9 ':::: (0,5 ": 0,8) 'IQ-I}" CM. 8Ta 06JI8CTb npHC5JIH3HT6JibHO Ta

KO~ ~e B6JIHllHHH, K8K H H~epH~A pB~HyC ll8CTHU 1 IIOJIY1l6HH~i1 H3 

8H8JIH38 OII~TOB IIO ynpyroMy p8CC6.flHHKf'I 9D/, H B npe~eJiaX 3!CC -. 
II6pHM6HT8JlbHHX OlliHClOK He 38BHCHT OT COpTa CT8JIKHBaiDmWXCH 

ll8CTHU. 

C pOCTOM SHeprHH ll cpe~HHA p83Mep OOJI8 CTH Heynpyroro 

B38HMO~e~CTBHH, IIO-BH~HMOMy, M6~JI6HHO yM BHbWae TCR (cp. pHC . 2I ). 

Q~BKO K STOMy 38KJIID1l6HHID CJie~yeT OTHOCHTbCH C 60Rb WOM OCTO

POXHOCTbiD. 

8KcnepHMeHTannHHe ~aHH~e, npHBe~e liHbi e jla pwc. 22 , yKasu

BBR>T , llTO 06p830B8HHe THJKeR~X tJ8CTHU CBH38HO C M6ll billHHl1 npo

CTp8HCTB6HHHMH 06JI8CTHMH, ll6M p0JK~6HH6 1\ - M63 0HOo , XOTH 
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H 3TOT B~BOA HBnReTCR He OtieHh AOCTOBepH~M. 

C yBenHtieHHeM . MHO~eCTBeHHOCTH pO~A8ID~HXCR ti8CTH~ npOCTp8H-

CTBeHH8 R 06n8CT.b 06p830B8HHR 1f - Me30HOB OCT8eTCR npaKTHtie-

CKH HeH3MeHHOM, B TO ~e BpeMR npOCTp8HCTBeHH~~ p83Mep ? 
xapaKTepHayro~HM po~AeHHe npoToHoB, aaMeTHO yMeHhwaeTcR. rro

cneAHee MO~HO paCCM8TpHB8T1 K8K e~e OAHO YK838HHe H8 cy~eCTBO

B8HHe ABYX THITOB HeynpyrHX B38HMOAe~CTBHH : B38HMOAeHCTBH~ C 

M8nO~ MHO~eCTBeHHOCT1ID BTOpHtiH~X ti8CTH~, npOHCXOARmHX H8 OT

HOCHTenhHO A8neKHX paCCTORHHRX Me~AY nepBHtiH~MH CT8llKHB8ID~HMH

CR ti8CTH~8MH ("nepH~epHtieCKHe B38HMOAe~CTBHR") H B38HMOABACT

BHW c 6onhwHM tiHcnoM po*AaiD~HXCR qaCTH~ , pe anHayro~HXCR npH 

OTHOCHTen.bHO M8ll~X paCCTORHHRX Me*AY CT8nKHB8ID~HMHCR ti8CTH~8MH 

("n.eHTpanhH~e B38HMOAe~CTBHR"). ToT tlJaKT, tiTO cpeAHH~ none

peqn~A HMITYllhC 1\ - Me30HOB npaKTHtieCKH HB 38BHCJIIT OT MHO

meCTBeHHOCTH , cornacyeTCR C K8pTHHO ~ , B KOTOpOH 3TH Me30HH 

o6 pa3yiDTCR B peayn1T8Te CTORKHOBBHJIIR M830H8 H3 nepHqJepHtiBCKO

ro "o6naKa" OAHOH nepBHtiHO ~ tiaCTH~~ c n.eHTpan1HOA qacnro 

(KepHOM) Apyro~ . PaaMepw o6nacTH , B KOTopo~ npoHCXOAHT "KpHc

TannH38JJ.HR " Me30HOB, B 3TOM Cnyqae onpenenRIDTCH B OCHOBHOM 

nHW1 paAHycoM ~eACTBHH RAepn~x cHn,(IToAp06Hee o MOAenH n.eHT

pan.hH~x H neplll~BpHtieCKJIIX B38JilMOAeKcTBJIIH CM,, H8ITplllMep,/I9Z,l9l/ 

KaK OTMe48JIOC1 B § 2 .3,MeXaHH3MW 06 p830B8HJIIH ITOJIO~HTeJI1-

HWX Ill OTplllJJ.8TeJI1HbiX 1f - Me30HDB B 1f- N B38HMOABHCTBJIIHX 

C ue 60ll1lliJIIM tiJIICJIOM pO~A8 ID~HXCH ti8CTJil~ RBJIRIDTCR, ITO-BJIIAJIIMOMy, 

C;') l!\eCTBBHHO pa3JIJII4H b! MH, 0AH8KO nonep BtiH~B HMIT YJI.bC W 3TJIIX Me30HOB 

C XOpowei1 TOtiHOCT110 OKa3 b!BaiOTC R O~HHaKOBhiMJil, HanpHMep, nplll 
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T -= I6 raB: 

( p.l. \.+ = 42o4o, 36o±zo, 3so±zo, 42o4o MaB/c • 

(~ )~_= 4Io±4o, 36o±zo, 3so±zo, 32ot3o MaB/c 

COOTBBTCTBBHHO AnH 3Be3A C tiJI!CnOY ny~e~ VL = 2,4,6,8, 8 TO 

TBKJKe rOBOpHT 0 TOM, tiTO HBCMOTpH H8 pa3]ll{tiH~e MBXaHJil~lru paa

MBP~ npOCTp8HCTBeHH~X 06n8CTe.tl, B KOTOp~ npOJIICXOAJIIT o6paao-
+ -

B8HHe 1f Jll 1f - Me30HOB, ITplll6nJil3HTen1HO 0Al1H8KOB~. 

TaKHM o6p830M, HBCMOTPH H8 TO, liTO K8pTJIIH8 nepBl14HOrO 8K

T8 MO~eT 6~T1 Cl1JihHO 38TyWeB8H8 BTOpl1tiHb1Ml1 B38HMOAeHCTBJilHMH 

POAHBWHXCH ti8CTl1JJ. BO BpeMH 11x paane Ta, Be e JKe MOli\HO yTBBPli\A8T1, 

OCH0Bh!B8RC.b H8 COOTHOlliBHJill1 HeOnpeAeneHHOCTe~, tiT5 06cymA8BWHB

CH B npBAhiAYml1X naparpawax AB8 TJIIIT8 HeynpyrHX B38JilMOABHCTBKA 

CBH38H~ C paanHtiHO.tl "CTBITBH.b!O nepH<fJe pH tiHOCTH". 

nnH til1CAeHHOM OJJ.BHKJII "cTeiTBHH nepl1qJ8pH~HOCTH" He06XOAHM 

6onee T~aTenbHhiH 8H8nH3 C ITpHBnetieHHeM KOHKpeTH~X TeopeTMtie

CKHX MOAene.tl H 6onee AeT8nhH8H 3KCITepHMeHT8n1H8H JI!HqJOpM8JJ.JilR , 

ilOACT8BnHH H3B~CTH~e 3KCnepHMeHT8n1H~e A8HU~e B COOTHO 

WeHHB ueonpenenennocTeA AJIH npononi:.HoA cocTaBnRro~eA HMnyn1ca A 
II 

- ~2. 

c~ P~~) c~~~) s /if (IS) 

H B COOTHOWeHHe (13), HeTPYAHO y6eAHT1CH,tiTO B npO)lOJI.bHOM 

H8llp8BJieHHH 06JI8CT1 B38HMOAe~CTBHH Cli\8T8 npH6JIH3JI!TeJI1HO B 

((c paa ( Oc.:: i/'V' i- ~~ - nopeHIJ,BBCKHR wa KTop 

.1lJIH CHCTeMbl JJ.eHTpa M8CC: 

( 'l_ '2. )>i,. / --"2.'" )' Yz. -
j, / (<:.11 
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TaK, no ~aHH~U pa6oT~/IGS/ ~JIR rr~p B38HMO~encTBH~ c 

aHeprze~ ll = 4,7 H I6 ran OTHOlli6HHe 

I 2(LlF\~)y( r:)~ J 
(((c) '~r 

~~ 

COCTaBJIReT COOTBeTCTBeHHO I,I5 ± ~~i ;I,II±Q,I? H 0,85±0,2. 

Cne~yeT no~~epKHJTn, ~To aToT pesynnTaT He RBJIReTCR 

CTOJin TpHBH8JinHhlM, K8K aTO MDlK8T nOK838TnCR C nepBOI'O B3rJIR~a, 

TaR KaK OTHOCHTCR K CHCTeMe U8HTpa Mace, r~e 06JiaCTn B38HMO

·~e~CTBHR HM88T HyneBy~ CKOpOCTn; KaK BH~HO, OCHOBHaR M8CC8 

BTOpH~HblX ~8CTHU 06pasyeTCR B COCTORHHH, KOr~a 0~6Hn cy~eCT

BeHHO OTHOCHT8JinHOe ~B >llK8HH 8 nepBH~HblX CT8JIKHB8~IqHXCR ~8CTHU. 

9TOT p63JlinT8T RBJIR8TCR akcnepHM8HT8JinHblM 060CHOB8HH8M ~eHO

M8HOJIOrH~eCKOPO HCITOJin30B8HHR B p83JIH~H~ CT8THCTH~eCKHX TeO

pHRX HeynpyrHX B38HMO~e~CTBH~ KOa!lJiiJHUl18HT8 liOp8HU8BCKOrO 

CJ!t8THR Y6'"' · 
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111 . YrJ!OBbiE PACITPE,l{EJIEHiilR POJK,Z{AIO!JU1XCH qACT VIU 

B na6opaTopHOH CHCTeMe KOOp~HH8T ~8CTHU~, po~~a~IqV.8CR B 

Heynpyrv.X B38HM0~8HCTBHRX npH 60JiblliHX aHeprHRX, B~JI8T8~T B OC

HOBHOM no~ M8JiblMH yrJI8MH K HanpaBJI8HH~ ~BHlK8HHR nepBl1~HO~ 

qacTH~u. C pocToM aHeprHH yrnonoe pacnpe~eneHHe KOHUeHTpHpyeT

CR B o6JI8CTH BCe M8HblliHX H M8HnlliHX yrJIOB, ilpH aTOM BO MHOrHX 

cny~aRX B yrnOBOM pacnpe~eJieHHH ~fTKO Bhl~8JIR~TCR ~Ba KOHyca: 

ysxv.n- BHyTp8HHHn H 6onee ~H~J3Hb!H - HapylKHhln (CM, pHC, 25). 

Bee aTH ~epThl HMe~T ~HcT'o Kl1HeMaTH~ecxv.i1 xapaxTep. B 

~8CTHO C TV. , J3KHti H ~l1qxpJ3Hh!M KOHJCbl o6p83JIDTCR npH peJIRTHBHCT

CKOM CJK8 Tl1H yrJIOB ~8CTHU, Bb!JI8T8~Iql1X B CHCTeMe U8HTp8 M8CC 

COOT B8TCTB 8HHO B nepe~H~~ H 38~H~~ nonyc!IJep~. 

,l{ane e, K8K H npl1 paCCMOTpeHHH HMnynLCHblX pacnpe~eneHHH, 

M~ BCer~a 6y~eM nOJI130B8T1CR CHCT8MOM U8HTpa Mace, 

3 .I. AHH30TPO nHR H 8CHMM8TPHR yrJIOBblX pacnpeAeJieHHn 

Ha pv.c . 26 H 27 npHBe~eHhl xapaxTepHhle npHMepbl yrnonHX 

pacnpe~eneHHH ~8CTHU, pOJK~a~IqHXCR B JI-JV H /T-JJ B38l1M0-

~8MCTBHRX npH 60JI1WHX 3HeprHRX: 

w (~)-= J:_ 
6". 

~"' 

( 3~8C1 l1 B83~e ~a nee yrOJI e 

~ (J(e) --
J5l (I6) 

onpe~eJIR8TCR no OTHOW8HH~ K 

HanpanneHHill B8KTOpa CKOpOCTH ~8CTHUhl , KOTOp8R B JI860p8TOpHO~ 

CMC TeMe K OO p~HH8T RBJIR8TCR H8JI8T8~IqeA) . 
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HO. B 

TBMbl 

yrna 

KaK BH~HO , BO BCBX cnyqanx qaCTMUbl p~3B8 T8 ~TCR 8 HH3 0Tpon

p- p B381U40~8i1CTBHRX B Cl1JIY CHMMeTpHM l1 CXO~HOiii CHC 

yrnO Bble pacnpe~eneHHR qacTHU CHMMeTpHqHIJI OTHOCHT8Bl>HO 

6 = ~ , B ~PYI'HX lKB cnyqanx H86mo~aeTCR Cl1Jll>H8R 

8CHMMeTpl1R. ilpH STOM HJKJIOHbl IIOCBe CTOBKHOBBHHR BCer~a CTpe

MRTCR COXp8HHT:b H8IIp8BBBHHB CBOero nepBHqHOI'O ~BHlKBHHR. To lKB 

C8MOB MOlKHO CK838T:& 06 JI'BOBbiX pacnpe~eneHHRX f\ - 11 2.... 
I'MII epOHOB: B II0~8BBR~meM 60Bbill l1HCTBe STI1 ~8CTI1Ubl Bb!BBT8~T B 

Ty ~e CTOpOHy, B KOTOpy~ ~BMI'8JICR HJKBOH ~0 CTOJIKHOB8HI1R . 

.-7 

B HacTonmee BpeMR oqeHI> Mano 113BeCTHO o poJK~eHHI1 ~ -

I'HII epOHOB. 0~H8KO B HBMHOI'HX 11CCJie~OB8HHbiX cnyqanx 81.'Vl nJl!t: 

pOHbl T8KlKe npeHMymecTBBHHO BbiJieTa~T B CTopoHy ~BI1llteHI1R nepBHq-

J( -- p B38l1MO~e~CTBHM npH Ho r o HyKno Ha . HanpHMep, B cnyqae 

T = 2,24 rss q11cno .Z - rMn e poHoB , BblneTal'JmHx B TY 

lKB nonyc~epy , qTo l1 IIepBHqHbiM IIpOTOH, npH6Jil13HT8~bHO B ~B8 pa
.-.. 

38 npeBO CXO~HT qHCBO ~ - I'HIIBpOHOB , BbiBBTB~mHX B ~pyry~ 

nonyc riJepy/193/. 

WMe l'JTCR sKcnep11MeHT8JII>Hble yKaaaHHR , qTo aHanorHqHoe no no

JKB HHe HMe eT MBCTO H ~JIR 1\ -N B3811MO~etlCTBHi1/IB4/ . 

T8KHM o6p83 0M, BO BCBX CJiyq8ftX OCHOBH8R qaCT:b p0llt~8l'Jml1XCR 

68pl10HOB pa cnpBABJIRBTCR B Cp8BHHT8BbHO J3KHX TBJIBC HbiX J I'JI8X 

BOKpyr H8IIp8B BBHHtl BBKTO pOB CKOpOCTH nepBHqHbiX HJKJIOHO B. 

Yr noBwe pacnpe~e neHHR 

mHXCR B Heynpyrl1X JJ-.N 
11- H k - M830HOB , po;KA810-

l1 TT- .N saaHMo~etlcTBHRX , 6o- · 

nee l130Tp0!1Hbl H Cl1MMBTpHqHbl , qeM yrJIOBbiB pacnpe~eneHl1R 

B IIHO H-HJKBOHHbiX B3811MOAB tl CTBHRX 60JI:bill8R qaCTb MB30HOB BWJI8T8-
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eT B no nyc !jiepy, 06p8 THJ!'J TOii , B KOTOpyl'J BblJ!BTaiOT 6apHOHbl , !1pH 

aTOM cpeAHHe yrnoBble pacnpeAeneHHR OTPHUaTen:r,uwx If - M830 HOB 

B 
1\ -_ p 11 11-- n.., B38HMOABMCTBHRX 38MBTHO 6onee 8Cl1MMeT

+ 
pHqHbl , qeM yrnoBHe pacnpeAeneHHR 1f - M830HOB (CM . Pl1C.27 ), 

HS060p0T t B If+_ J.f B38HMOABMCTBl1RX 6onee 8CHMMBT pHqHo 

pacnpeABJIRl'JTCR TIOJIOJKHTBJil>HbiB 7f - M830HLI, 

MOlKHO CK838Tl> , qTo B Heyn pyrHX Tf-.N B3811MO.l(8 HCTBH-

RX pOlKA8 l'Jml1BCR lf - MB30Hbl T8KlKB CT8p8 lO TCR CO Xp8Hl1Tb H8-

IIp8BJI 8Hl1e ABl1JKBHl1R 11 3H8K 38pRA8 IIBpBHqHOI'O If - MB30H8 , 

YrnoBble pacnpeAeneHHR lf- H K - MB30HOB ' PO JK,l(8 !0ii(l1X-

CR npH 8HHHI'l1JIRU11l1 MBAJI8HHbiX 8HTl1HJKJIOHOB , B IIPBABJI8X 3KCTie

pHMBHT8JlbHbiX OillH60K He OTJIJ.iq8l'JTCR OT l130TpOTIHbiX, ACI1MMBTpi1R 

paaneTa qaCT11U CTSHOBHTCR aaMeTHotl JIHill l> npH sHeprHRX lr> Irss , 

KOI'A8 JlKB CJlljBCTBBHr:bl HBaHHHI'HJI RUHOHHbiB HeynpyrHe B38HMOABi1CT

BHR. B STOM CJiyqa e X8p8KTep yrJIO BbiX pacnpe.l(BJIBHHM B 06llj i1X 

qepTax T8KOB lKB, K8K H B cnyqae J.1 -JV B38HMOABi1CTBHi1 . B 
l!8CTHOCTH, pOJKA8l'Jll1HBCfl HYKJIOHbi 11 8HTHHJKJIOHbi CTpeMRTCR coxpa 

HHTb Hanp8BJIBHHB ABHlKBHHR COOTBBTCTBJ!'Jllji1X II~pBHl!HbiX l!8CTI1U. 

HanpHMep ' B p- p B3811MOABMCTBHRX IIPH T = 0 ' 92 rss 

l!l1CJJO TIPOTOHOB H HBt!TpOHOB , Bb!JIBT8!0lljHX B H8Tip8BJI8!1}!11 ~Bl1JK8Hl1R 

TI8PBl1l!HOI'O IIpOTOH8 , COOTBeTCTBBHHO B (I4i 6) H (2 , 7±2 , 7) p83· 

6on:r,we, l!eM B o6pa TH OM HanpasneHHH . Hao6opoT , 6oJII>illHHCTBO 

8HT11HJKJJOHOB Bb!JI BT8 8T B Ty ze IIOJJJC¢epy , liTO 11 nepBHl!Hbltl 8HTl1-

TipOTOH: B STOM H8Tip8BJIBHl1H pOlKA8!0llji1XCR 8HT11IIpOTOHOB Bb!JJBT88 T 

TIPMJIH3l1TBJII>Ho B (I s±n ) paa , a 8HTHHei1TpoHoB B (3 ,44) paaa 

6o~bWe , l!BM B o6p8THOM H8IIp8BJIBHHl1/I 94/. 
J 
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Po~~a~~HeCH npH aHHHrHnHnHH aHTHrHnepoH~ paaneTaiDTCH 

npeHMymeCTB8HHO B TOM ~e H8llp8BH8HHH 1 qTO H 8HTHHYKHOH~ 

(cu., HanpHMep,/67/). 

QqeH:& B8XHO llO~qepKHYT:& 1 qTo BCe 38RmoqeHHfl 0 npeHMyme

CTB8HHOM H8llp8BH8HHH BHH8T8 qaCTHn Cllp8Be~nHB~ HHlli:& B CpeA

H8M1 AHH 6on:&ruoro q.Hcna HeynpyrHX B38HMOA8HCTB.H H. B OT~en:&HNX 

~e 8~T8X Heynpyroro B38HMOAeiC TBHfl "MOryT H86niD~8T:&Cfl 3H8q.H

Ten:&H~e OTKHOHeHHH. HanpHMep, B 3B83A8X, 06paayro~HXCH llpH 

HeynpyrHX p-p B38HMO~e iCTBHHX 1 C 6on:&lliOH BepOHTHOCT:&ID 

( ~ 50%) ~a6n~~aeTCH ac.HMMeTp.HqHul paaneT qacT.HU (eM. 

p11c. 28). "llHcno 3B63A c "neBol " H "npaBol" acHMMeTpHeli np.H6m1-

3HTen:&HO o~HHBROBO, noaTouy B cpe~HeM yrnoBoe P?Cnpe~eneHHe po 

~~aiDmHXCfl qaCTHU OR83~B86TCH CHMM8TpHqH~M. 

0TRMOHeHHH OT cpe~HHX yrnoB~x pacnpe~eneHHI qame Ha6nm

~aroTcH B ManonyqeBHX 3B83~8X. 0~H8RO BepOHTHOCT:& T8RHX OTRHO

H8HHH H8CTOR:&RO BenHR8, qTO HX H6R:&3)l 06'bflCHHT:& llpOCT~MH CTa

THCTHqeCRHMH ~niDRTY8UHHMH. 

Mo~Ho ~yuaT:&, qTo aBeaA~ c paanHqH~M xapaRTepoM acHMMeT

pH.H o6pa3yiDTCfl B peayn:&T8Te nepH~ep.HqeCRHX B38HM0~8HCTBHH p83-

nHqHHX THllOB. C 3TOH TOqRH 3p8H.Hfl npeACT8BRfl8T 6on:&lliOH HHTe 

pec p83~en:&HOe 3RCll6pHM8HT8H:&H06 HCCne~OB8HH6 3B63A C "neBOH 11 

H11 llp8BOH 11 8CHMYeTpHelx) , 

X) B p8YR8X H3B6CTHUX B H8CTOHmee BpeMH TeopeT.HqeCKHX MO

~enel (eM., H8llp.HMep,/l 9S- l 9?/) 3B83AU c "neBOA" , 

8CHMMeTpHel B CHCTeMe U8HTpa M8CC M03HO HHTepnpeTHp0-

~8 T:& R8R peayn:&T8T B38.HMO~e acTBHH nep.H~ep.HqCCKOI 06-

naCTH HaneTammeA qaCTHUU C Kepl!OM qaCTH UU- M.H lli 6HH ; 
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KonHqeCTBeHHO yrno~y~ acHMMeTpHm po~AammHxcH qacTHU 

y~o6HO xap8RT epH30B8T:& OTHOlli8HH8M q.Hcen qaCTH U, B~neT8IDlll.HX - ...... ) COOTB6 TC TB8HHO B nepe~HIDID H 38AHIDID nonyc~ep~ ~~ ~ X 

~ -flp.H CTOnRHOB6Hl1H TO~A6CTB6HHbiX qaCT.HU ~ ~ rt,. -= 1 
B aTOM cnyqae yrnoBoe pacnpe~eneHHe YA06Ho xapaKTep.HaoBaT :& 

OTH0lli6HH 8M yrna, B ROTOpOM COAep~HTCH qeTBepT :& BCeX BTOpHqHbiX 

qaCTHU , R COOTBeTCTBYIDlite.My yrny fj; -= ~ "fr ~JIH H30Tpon-

HOrO pacnpeAeneHHH: 

r~e 

A~ it 
el 
~ 

. H 
1/ 

e~ 

I e 
X. + 

G>" 
~ 

II 1 e~ 
eo 

}4 

~ ( I It) 
-='trr e~+e~ .<n) 

- yrm•, B ROTO pUX COA·ep~HTCH TIOROB.HH8 

H806opoT , np.H B38.HMOA6HCTBHH RepHa HaneTammeA qacT .HUbl C nep.H

~epHeR qaCTHUbl M.Hlli6HH ~OnZHH o6paSOBbiB8T:&CH 3B83~bl C 11 llp8BOI 11 

8CHMM8Tp.Hel . 

CHMMeTpHqHble 3B63~~ M03HO HHTepnpeT.HpOB8T:& K8R peayn:&T8T 

CTO JIRHOB 8H.HH RepHOB qacT.HU, CTOnRHOBeHHH .HX (OAHH8ROB~X ) n~p.H

~ep.HqeCR.HX o6onoqeR .HRH R8R peayn:&T8T CTOnRHOB 6H.Hfl 1 KOr~a OA

HOBpeMeHHO npOHCXO~flT ~Ba C.HMMeTp.HqHbiX B38.HM0~8HCTB.HH T.Hna 

KepH-nepH~ep.HH . 

x ) B HeRoTop~ pa6oTax yrnoBym acHMMeTpHm xapaRTepHayroT 

A c- ~ - ct-) OTHOW6H.H6M L.l. :::: rt - Yt,. V ( 11... + 11.. • 0AH8RO B6R.H-
-i' ~ 

qHHa h.~ 1'\.- HBRH8TCH 6onee npOCTOR VI HarnH~HOH 

X8p8RTep.HCT.HROH. QqeB.H~HO, ( ~/~) -::: ( 1.+ ~ )~ _ fj). 
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qa CTHU, BUn6T8~~HX COOTB6TCTBSHHO B nepeAH~~ H 38AHDC nony

c~epu ( cu. pHC. 29), EcnH He yqHTUB8Tb CT8THCTHl{6CKHX ~DK-
1 11 x) 

~au~, TO 8 1 ~ e • 
~ ~ - ....... A 8Ha qeHHH B6HHqHH (1.. / VL- H npHB6A6Hbl B 

T86HHU8X 12-17. 0CHOBH8H qacTb ABHH~ 3A~Cb OTHOCHTCR K 06-

naCTH ycKOPHT enbHbiX aHeprH~. ilpH 6onbmHx aaeprHHX TPYAHO paa-

mtqHTD p - p , P - V\...- H HyRHOH-HA6PHb16 B38HMOA6~CTBHH; 

il03TOMY AnH KOCUHqecKHX 3HeprH~ npHB6A6Hbl H~Wb 3HaqeHHR 8HH-

30Tp0lllt!H A , KOTOp8R Cp8BHitiT6HbHO CH860 38BHCHT OT THll8 

B38HMO~e~CTBH~. 

~3 T86HHU BH~HO, qTO C pOCTOM 3HeprHH -r 8CHMM6TpHH 

BbiJI6T8 qaCTHU 6NCTpO yBenHqHB86TCH, 8TO OC066HHO 38U6 THO ARR 

1\-JJ Baaauo~e~CTBH~. B aTOM cnyqae ~e npa aHeprHHX 

nopHAKa HeCKOHbKRX ran rro~aBnH~~e e 6onhWHHCTBO BTOpHqHNX HYK

noHOB H ranepoHoB BuneTaeT B aa~H~~ nonyc~epy. UpaBAa, cneAy

eT Jli6CTD, qTo yK838HHble B T86JIHU8X OWH6KH ..!.- d ( M/;t_ J 
BO .BC6X CJIYliBHX HBJUIJOTCH liHCTO CT8THCTHqeCKHM!d, Kpoue aToro, 

HM6~TCH e~e 3H8qHT6JihHbl6 CHCT6M8THqeCKH6 OW~6KH, CBH38HHble, 

B qaCTHOCTH, C HeToqHO~ H~6HTH~HK8UH6U pOXAa~mHXCH 118CTHU. 

x) ~Hor~a BMeCTO A HCil0Jih3Y6TCH B6JIHqHH8 

I= e~ ;oe~ rAe e ~ - yron, B KOTOpOM 

co~epxHTCH TpH qeTBepTH poE~a~maxcH qacTHU. TaK KaK 
/ 

~~ r ~~ ; Tf , TO,C TOqHOCThD AO CTaTKCTH-
~ /~ 

qeCKHX ~HDKTY8UH~, 

e ll 

I 7r -
-= ---~-

~e~ -
"{ 

~- 2A 
0A 

54 

~____! 
A-=2.. 1-t.)I . "' 

• 

STH OWK6KH OC068HHO Cy~8CTB6HHO CK83biB8~TCH H8 B6JIHqHH6 8CHY

yeTpHH 6apaoHoB. HanpHwep, Aaxe He6onhmoe HaueHeaae l~Hcna 

6apHOHOB,BbiH6T8lO~HX B 1\-JJ B38HMOA6~CTBHHX B nep6AHJOJO 

nonyc~epy, npHBOAHT K 0l{6Hb 60HbillHM H3M6 H6HKHM B6HHqHHbl - -h./ \1\. • 

K coxaneHHJO, orrpe~eneHHe BenHqHHN TSKHX owH60K aaBHCHT 

OT MHOrHX qaCTO cy6~eKTHBHbiX ~8KTOpOB. 

liTO K8C86TCR yrnOBhiX pacrrpeA8H8HH~ qaCTHU B CJ!yqae p- P 
B38HMOA8~CTBH~, TO Bb1JI6T npO TOHOB n pH yBena qeHHH 3HeprHH 

CTBHOBHTCH 38M8THO 6onee 8HH30TpOilHhiU ; B TO ~e Bp6YR 8HH30-

Tp0llHR yrJIOBbiX pacnpeAeJieHH~ 1\ - M630HOB OCT86TCH np1t16JIH-

3HT8JlbHO il OCTORHHO~ B orpO MHOM HHT8 pB8JI8 aHeprH~ OT H6CKOJ!h

KHX COT8H M3B ~0 TNCHq r aB ( BM6CT6 C TeM , B OTA6JibHbiX 3B63~8X 

B61IH'UiH8 1\ MOX6T H3M8HflTbCfl B COTHH pa3), 

B npeAbl~ymHx naparpa~ax 6Nno ycTaHOBJieHo, liTO cpe~HH~ 

nonepeqHbl~ HMnynhc po~~aJOmHxcH qacTHU 

p j_ ~ p-~ e ~ pE: 
-

QqeHh CJI860 38BHCHT OT 3H6pi'HH , a llOBHbll HMllYJihC p B03-

p8CT86T npa6nH3HT6JibHO KaK T 'lt; . 8TH pea yJI:oTa 'rbl MOlKHV 

cornacoBau co c naeiol aHepreTHqecKol aaBHCVIMOCThiO yrJIOBb!X pac

npe,lleJieHHI 1\ - M630HOB J!HIIIh B TOM CJiyqae , 8C JIH 3HeprHH 

liBCTHU , BblneTaiO~Hx no,ll ManNMH yrJiaMH ( a B c;ryqae .\f- .;v Baa-

HMO,llelcTBH~ - H B 06JI8CTH JI'JIOB ( p - lf J ), YB6JIH1!HB86TCH 

c poe ToM T aHaqHTen:oHo 6I>CTpee, 1Jeu cpe)(Hee 3Ha1JeHHe Y 
3To 38KJIIOqeHHe xopo111o cornacyeTCH c pea ynhTBTBMH Henocpe)(CT

BeHH~>X H3NepeHHI 3HeprHM 1!8CTH~ , pO lK,llaiD~HXCfl ITO,ll pa3JIH'iH~MH 



yr~aKH/15, 39, 106, 107/. ilpH aTOM H8Hdo~ee d~CTpue qaCTHUH 

qa~e BCero POE~S~TCH B 3B83~8X C dO~DWOI 8HH30TpOnHel H ua

~M qHc~ou ~yqe~ . B o6naCTH uanux yr~oB c~eCTBeHHy~ ponD 

HrpaeT 06CyE~8BW8HCH BHWe nH~Hpy~~SH qaCTHUS, cpe~HHH aHeprHH 

KOTopoti BoapacTaeT KSK T h . 

Cne~eT oco6o OCTBHOBHTDCH Ha yrnoBou pacnpe~e~eHHH 

qaCTHI.\ B HeynpyrHX P- n..,.. CTORKHOBBHHHX. B p860T8X/4 7 t 97' 

21
4

/ 6uno ycTaHOB~eHo, qTo npOTOHH H 38pHX8HHH8 11 - M830HH 

B p- Y\..... CTO~KHOBBHHHX npH T=9 raB BH~eTaiOT npeHMYlllBCTBBHHO 

B nepe~HIOIO nonyc~epy, T.e. B aanpaBneHHH ~BHEeHHH nepBHqHoro 

npoToHa. TaRo~ ~e peay~DT8T nonyqeH B He~aBHe~ pa6oTe npaa

CKOH rpynnu/
2
0/. 0TC!O~a cne~yDT BSEHHe T80p8THqecKH6 3aKniOqe

HHH 0 pe30HaHCHOM xapaKTepe nepH~epHqecKHX B3aHUO~e~CTBH~ 

(cu., HanpHMep/
196

/). O~HaKo B j:JaooTax amra-aTHHCKO~ rpyn

nu/15,42/, a TBKEe B padoTe/98/ nonyqeH coBepweHHO npoTHBono

nOJKHhl~ aKcnepH:.ieHTaHI>Hhl£:1 peayn:DT8T: npOTOHbl B·hlneT810T npeHuy

Ul8CTB8HHO B 38~Hl010 no~yc~epy (T.e. C ~ORI>WO~ B8pOHTHOCTl>lO 
_+ 

npoHCXO.l\HT peaKI.\HH nepeaapH~KH), a 11 - - weaoaH - npeHuy-

mecTBeHHo B nepe~HIOIO nonyc~epy. llpHqHHa CTon:o paaHTeHDHHX 

paCXOlK~eHHH B HaCTOHUl88 Bpeufl ~0 KOHU8 BUlB He HCHa. ilO-BH~HMO

uy, ~eno B CHCTeUaTHqeCKHX OWHOKSX flpH H~8HTH~HK8l.\HH pOlK~810-

lllHXCH qaCTHU. B qSCTHOCTH, B pa6oTe/82/ B KaqeCTBe B03MOlKHO~ 

ilpHqHHbl p8CXOlli~6HH~ YK83biB86TCfl H80flp8B~8HHOe HCTIOHl>30B8HHe 

B pa6oTax/
47

t 
214

/ npe,l(ITOHOlKBHHfl 0 TOM, qTO CKOpOCTD BTOpHq

HHX qaCTHU B CHCTBUe UBHTpa U8CC paBHa CKOpOCTH CHCTBM~ QBHT

pa M8CC OTHOCHT8Hl>HO na6opaTOpHOH CH CT BMH. 
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ITO CKO~l>KY Bonpoc 06 yrnoBoa 8CHYM6TpHK B p- Vl-- B38H-

MO.l\B~CTBHflX oqeHD BSEeH ,l(nfl npoBepKH paa~qfiHX B8pH8HTOB 

T60pHH nepH~epHqeCKHX B38HMO~eacTB~ , npe~CTSB~HeT OOHDWO~ 

HHTepeC npO,l\O~HTl> aKCnepHM8HTBnDHH8 HCC~6,l(OB8HHH B aTOM H8-

npaBH6HHH . 

KaK noKa3biB8IOT HauepeHHH MHOrHX aBTopoB, yr~oBble pac

npe,l\eneHHH pOE,l\810~HXCH q8CTHU oqeHI> CHnl>HO 38BHCHT OT MHOlK8-

CTB6HHOCTH. Mano~yqeBbl8 3B83~, KSK npaBHRO, OK83biB8~TCH 3H8-

qHT8Hl>HO 6o~ee 8HH30TpOTIHhiMH, qeu 3B63,l\H C dO~l>WHM qzC~OM ny

qeH. Cpe~H MHOronyqeBbiX 3B63,l( CO.l\BPEHTCH dO~l>WO~ npOUBHT 

npaKTHqecKH HaoTponHHX . 8To xopomo BH.l\HO Ha TadnHQ 16, 17. 

06paUl88T HS C6dfl BHHM8HH6, qTO H30TpOITHH B 3B83,l(8X 

CO CTpSHHbiUH qSCTHUBMH HSCTynaeT npH M8Hl>WHX 3H8q6HHRX ~' 
? 

qeu B 3B83,l\8X 6ea CTpSHHbiX qaCTHU. HanpHuep, n pK ll = 7 raB 

yrnO BOe pacnpe){e~8HH6 1\ - Me30HOB, pOll,l\S!OIIIHXCH B Jr -- p 
B3aHMO~e~CTBHHX COBMeCTHO C 1\ - rHnepoH8MH, np8KTHqecKH 

H30TpOUHO yE6 B qeTblpexny~eBbiX 3B83,l\8X/87/. 

B aBea,l(ax c onpe,l\e~eHHHM qHc~ou ~y~e~ yt, 8Hitl30TpOnHH 

BoapacTaeT c yBe~HqeaHeu aHeprHH CTanK~Ba~~ca qacTHU. Bo 

Bcex c~yqaax yrnoBoe pacnpe,l\eneaHe Taxenblx qSCTHU HBnHeTCH 

donee aaHaoTpona~w, qew yr~oBoe pacnpe,l\eneHHe Tr - ueaoHoB. 

B pa60T8X/40/ HB npHuepe lf-J/ B3aHMO,l(e~CTBH~ npH 

ll = 7 raB HCC~e,l\OBanaCI> 3aBHCHMOCTb yr~OBbiX pacnpe,l\eReHH~ 

pox,l(aiDlllHXCH qacTHI.\ oT Ben~aqHHhl Koa~HUHeHTa aeynpyrocTH. Pe

ayn:oTa TH HauepeHHU npHBe,l\eHH aa pHc. 30. KaK B~~ao, B aBea,l(ax 

C He6o~I>WHM1tl 3H8qeHHHMH HeynpyrOCTH 8HH30TpOllHH 3HaqHT6HDHO 

B~we. 
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Bee 8TH peayn»TST~ CHOB8 yK83~B8DT H8 C~6CTBOB8HH6 

~Byx p83XH'IHHX THDOB HeynpyrHX B38HY0~6~CTB~. 

3.2. YrnoBYe pacnpeAeneHHH qacTHU B o6nacTH cBepxB~

COKHX SHeprHl!. 110rH6H~e map~" 

B on~Tax c KocwqecKHYH nyqaiiH ~M onHcaHHH yrnoBYX 

pacnpe~eneHHl! po~~aD~XCH qacTHU BuecTo BepoHTHOCTH VV(G) 
qaCTO HCDOH»3yeTCH ~YHKUHH 

~ -e . }/ c ~ 8) 
~(e)- ~ J'f(~~)- J.i-(-~e) (18) 

r~e _N c { 6 ) - 'IHCHO TpeKOB B HHTepBane yrJIOB { 0 ; 8 J 
B na6op8TOpHOlt CHCT611e KOOp~HH8Tx). 

ECHH yrnoBoe pacnpe~eneHHe '18CTHU B CHCTelle U6HTp8 

IISCC HBHHeTCH H30TpOnH~II, TO HeTpy~HO DOK838T», 'ITO 

<t c e) = Q e~ -t~ e + .2 e~ o c.. • ) 
(19) 

r~e 0 c..- q,8KTOp penHTHBHCTCKOrO npeo6p830B8HHH OT CHCT6W 

U6HTpa 118CC K na6op8TOpHOlt CHCT8116 KOOp~HHST/93, 215, 216/. 

x) B aKcnepHIIeHTSnDHYX pa6oTax ~YHKUHH <f 06~llHO 

38DHCYB86TCH B BH~e! cf ::. ed _[_ 
~,.. JJ c~4f72 1- ~ 

J-l(srr) 
r~e 
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B aToM cJiyqae B aaBHCHMOCTH OT X = (g f3 G ~YHKUHH 
cp (G) npe~cTaBMeTCH npHuo~ c HaKnoHou cf <f/j )( -= 2. , 

nepeceKSDille~ oc» 

(cu. pHc. 31a). 

X B TO'IK6 X -= - ~ 0 '-

ilpH 8HH30TpOllHOII pacnpe~6JI6HHH q8CTHU B CHCT 6Y6 U6 HTp8 

wacc, HO rrpH W ( "%_) ~ 0 , cl>YHKUHH 4 Cx) onHCh!BaeT

CH KpHBOlt, KOTOpaH M8HO OTJIHqa eTCH OT npHMO~ JIHHHH C H8KJIOHOM 

v{~)( of 2 ; 6CJIH lt6 W (~ )::: Q , TO KpHBBH, 

H306p8E8Dilt8fl ~ ( )() , HM66T f.CHO Bb!p8l!(6HHbiH neperH6 npH 

nepec eqeHHH ocH X ( cu. pHc. 3-IB H c). 

HHXHHH H BepXHHH BeTKH WYHKUHH <fcx) OllHC~B810T 

qaCTHUY , Bb1Jl6T8DntHe B JI860p8TO pHO~ CHCT6118 KOOp~HH8T COOTB6T

CTB6H HO B Y3KOM H ~H~~Y3HOM KOHyCaX. 

ilpH HCCJie~oBSHHH 3Bea~, o6paayeMYX B WOToauynnCHH KO CMH

qecKHMH qaCTHU8YH YJibTp8BbiCOKHX 3HeprH~ 'l ~ ro3 raB, 

6blHO YCT8HOBH6HO, qTQ BO MHOrHX CHY'IBHX 8CHIIfiTOTHqeCKH~ H8K

HOH BepxHelt H HHEHelt B6TBe~ WYHKUHH ~(x) OK83b1B8DTCH 

npH6HH3 HT6HbHO o~HHaKOBYMH H 6nHaKHYH K ~Byui2I 7/. ITpHMepH 

TBKHX yrnoBbiX pacnpe~eneHHti npHBe~eHbl Ha pHc. 32. 8To oaHaqa

eT, qTo CynteCTBYIOT ~Be CHCT611bl KOOp~HH8T , B O~HO~ H3 KOTOpbiX 

6JIH3KO K H30TpOllHOIIY yrJIOB08 pacnpe~eneHHe qaCTHU , BbiJl6T8101ltHX 

B Y3KH~ KOHyC, B ~pyrOH-npH6JlH3HT6J1DHO H30TpOllHO yrnoBoe 

pacnpe~eneHH6 qaCTHU ~Hci>cl>Y3HOrO KOHyc a . CKOpOCTH ~BHlt8HHH 3THX 

CHCTeM KOOp~HH8T OTHOCHT6JIDHO 06ntero U8HTp8 M8CC 6JIH3KH no 

B8J1HqHHe H o6p8THY no 3H8Ky . 
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' 06~HO STOT pe3yrrbT8T Harna~HO H306paxa~T K8K paaneT 

B npOTHBOflOHOEH~X H8llp8BH6HHHX ~yx H30TpollHO pacna~aD~HXCH 

"orHeHH~ mapo.s". 06paao.saaze "orHeHH~ mapoB" cyll( eCTBeaao 

cKaaHBaeTca aa ~pue yrnoBux pacnpe~eneHH~ po~a~~zxca ~ac

THL\ mnn:o npz oqeH:o BUCOKHX aueprzax T . B o6nacTH MeH:o

mHx aueprz~~H, B qaCTHOCTH, npz ycKopzTen:&HUX aHeprzax,cKo

pocTH paaneTa "orHeHH~ mapoB" ell(e HeBemtKH H HX yrJIOBNe pac

npe~eJieHHH nepeKphiB810TCH ( CM. pH C. 31 b H C.. ) • 

TaKaa ~euoueHoJiorzqecKaa uo~eJI:o BnepBue 6hlna npe~nozeH a 

r.KOKKOHH/217/ H rpynno~ flOH:OCKHX ~H3HKOB/215, 216, 218- 220/ 

H B nocJie~~~eu nony~zna mzpoKoe pacnpocTpaHeaze. 

KpOMe HHTerpan:&HO~ ~YHKL\HH ~ (~) , B pa60TBX, flOCBH-

~eHH~ HCCJI6AOB8HHIO KOCMHtl6CKHX Jiyqe~, qacTO paCCU8TpHB86TCH 

T8Kll6 ~YHKL\Hfl 

.f C)() -= w ( ec ... )) . 
BHA aTo~ ~YHKL\HH CHJI:&Ho aaBHCHT oT BeJIHt~HH~ aczMMeTpHH yrJio

B~ pacnpeAeJISHH~ B CHCTeMe 1..\SHT.pa Y8CC. ~30TpOflHOe yrJIOBOe 

pacnpeAeneHHe OflHChiB86TCfl ~YHKL\H6M j" ()(..) , KOTopaa xopo-

UIO ar:rrp OKCHMHpyeTC.fl rayCCOBCKO~ KpHBO~ C AHCnepcze~ 

~ = 0,39. 0TKJIOH6HHfl OT H30TpoflHH npHBO~HT K yBenzqeHH~ 
() • YrJIOBUM pacnpe~SHSHHRM, KOTOphle KHHSMBTHqeCKH MOZHO 

HHTepnpeTHpOBBT:O KBK p83JI6T ~BYX 11 0rHeHH~ wapOB 11 , COOTBSTCT

BJIOT "~yro p6ble" ~YHKL\HH J- {~.) c TaKoM Jte ~zcne pcze~ 
"rop6o.s", KBK H ~JIR cnyqaa zaoTponHoro yrJioBoro pacnpe~eJieHHa 

(cu. pzc. 31). 
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Q~HBKO, XOTH Cyll(eCTBOBBHHe BUAeJISHHliX CHCT6M KOOp~HHBT 

no OTHOW6HHIO K yrnOBOMy pacnpe~eJieH~ tl8CTHL\ B 06JI8CTH JJI:OT

pSBiiCOKHX aaeprH~ B H8CTOH~e e Bpeua MOJ:HO CtlHT8TJI AOCT8TO~HO 

HSASI:HO yCTBHOBHS HH~ SKCnepHM6HT8n:&HHM ~KTOM, ero ~H3H~e-

·KBfl HHTepnpeTBIUlfl fiBJifi6TCfl ABJieKO He OAH03H8qij0~. C~eCTBO

BSHIII6 ~yx BUAeJieHHbiX CHCT6M KOOPAHH8T Ht COOTB6TCTB6HHO ,_ 

AByxrop6hl~ xapaKTep yrnoBHX pacnpe~eneuz~ 5C~) c zaoTpon-

80a rayCCOBO~ ~puoa 060KX rop60B COBC6M He 06H38TeJI:OHO CBH

SSBO c pacna~oM K8KHX-TO ~Byx o6oco6neHHhiX o6beKTOB. B qacT

aocTH, yrJioBoe pacnpe~eneHze qacTHil npz ynpyrou p-p pac

ceaHHH B ne peMeHHHX X-= ~ +s e HM66T TOtlHO T8KO~ Jte 

xap8KT6pHO ~yrop6hl« BH~, K8K H yrJIOBOe pacnpeA6JI6HHe tl8CTHL\ 

B ueynpyrHX BSSHMOAe«cTBHRX, H c t~HCTO KHHeMaTzt~ecKoH TOtlKH 

3p6HHH HX T8KJ:e MOEHO 6HJIO 6H HHTepnpeTHpOB8T:O KBK peayJI:OT8T 

p83J16T8 ~BJX 11 0rH6HHHX mapOB11 , XOTfl o6p830B8HH6 T8KHX 06~eK

TOB 3~6C:O 38B6AOMO HCKJID~86TCfl/221/. 

B p860T6/221/ 6HJIO fl0K838HO, tlTO BCe H3B6CTH~e B HBCTO R

~ee BpeMH 3KCnepHM6HT8JI:&H~e A8HHhl6 no ~Byrop6b1M yrJIOBhiM pac

npe~eJISHHHM xopomo 06~flCHfl~TCH , 6CJIH yqeCT:O 38KOH COXp8H6HHR 

MOM6HT8 KOJizqeCTB8 ~BHEeHHH ~ AOllyCTHT:O, tlTO BC6 ~Byrop6~e 

pacnpe~eHSHHfl o6p83JDTCfl B pe3JJI:OT8T6 nepz~epzqeCKHX CTOJIKHO

B6HH~ nepBH'IIHhiX ~aCTHil. HHKSKHX rznoTea o6 11 0rHeHHhiX mapax11 

llpH STOll He Tpe6yeTCfl. 

Hcnon:LaoBaHHOe B padoTe 1221/ npe~nonozeHze o c ymecTBeH

Ho ll6pH~epH'IIeCKOM xapaKTepe HeynpyrHX B38HMO~e~CTBH~ C ~By

rop6~y yrnoBhiM pacnpeAeneHHew no~TBepx~aeTca TeM sKcnepHMea

TOHtHHu ~8KTOM, tlTO ~Byrop6hle pacnpe~e ne HHR H86JI~A810TCH npeH-

6I 



yY~6CTB6HHO B 3B63~8X C He C~HillK OM60Hl>WHK qHCHOK nBBH6BHX 

qaCTHJ:l f'"L,5 < 20, KSJWII llHCHOK ll6pHWC Tp6KOB V'\.,h ~ 5 H 

60HI>WOU B6HHllHHOU ~HCIT6pCH" C) >- 0,6. 

TaKHK o6paaou, XOTH HSrHH~HSH R8pTHHa o6paaoB8HHH "or

H6HHbiX W8pOB
11 

HBHH6TCH OCTPOYKHO~ H B6Cl>K8 ITpHBH6K8T6Jil>HOJ!, 

ee H6Jil>3H paccuaTpHB8T:b KSK 3KCIT6PHK6HT8HDHO YCT8HOBH6HHH~ 

~8KT H K HeJ! CHe~yeT OTHOCHTl>CH C 60H:DWOJ! OCTOpO&HOCT:DV. C 

~pyroJ! CTOpOHH, B HSCTOH~ee Bpeug HeT CKOH:b-HH6y~ cep:D63Hb1X 

apryY6HTOB H ITPQTHB 3TOU KapTHHH. 

He HCKJI~ll6H8 T8KZ6 H KOIIITpOKHCCH8H CHTY8IlHH
1 
KOr~B B 0~

HHX aBea~ax ~Byrop6ocT:D o6ycJioBnena pacna~ou "ornennwc wapoB", 

B ~pyrHX - CBH38H8 C nepH~epHqHOCT:bD B38HK0~6J!CTBHH. 

PemeHHe Bonpoca saBHCHT npe~e Bcero OT axcnepHMeHTa. 

TaK K8K TOllHOCT:b OITHTOB C KOC~ll6CKHKH HyqaKH B H8CTOH

mee BpeuH HeBeJIHKa, noaTouy TPY~Ho CKOJII>-HH6y~:D Toqno onpe~e
JIHTI> npouenT .N- ..N B38HM0~6J!CTBHJ!, KOTOPHK KOEHO COITO

CTSBHT:b ~Be BH~6JieHHH6 CHCT6KH KOOp~HHST. ITO ~8HHHII ITOJI:DCKO~ 

rpynnH 1B npe~e~ax CT8THCTHlleCKHX ~HDKTY8J:lHU K STOYy KJiaccy 

B38HKO~e«CTBHJ! IIOZHO OTH6CTH np8KTH1l6CKH BCe Heynpyrae 

coy~apeHHH c He cnHmxoM 6on~>moM ~ozeCTB6HHOCTI>m/2IS, 2I8/. rro 
~8HHHK pa60TH/222~ Ha ~He 8KCIT6pHY6HT8Hl>HHX OWH60K 6onee HJIH· 

K6H66 YB6P6HHO a~eKT KOZHO B~6HHT:b npH6HHSHT6Hl>HO B 20% 
BC6X HeynpyrHX B38HM0~6~CTBHU. 
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IY. KBA3~YITPYrOE PACCEffiiME 

AHaJIHs BsaHuo~e~cTBH~ yni>TpapeHHTHBHCTCKHX ~) HYKJIOHOB 

YK83 biB8eT Ha TO, llTO 3TH ll8CTH~hl qacTO HCnyCK8lOTCfl B CTOJIKHOBe

HHflX C M8Jl0~ nOTepe~ 3HeprHH, KOr~a HYKJIOH - MHill6Hl> OCT86TCH 

nollTH B noKoe ( KBasHynpyroe pacceHHHe). 3ToT waxT pesxo npoTH

BopellHT OC5Il\enpHHHTOMy OnHC8HM!O .f'I-Jf B3aHMO~eLkTBH~ no CT8THCTH

qecKOti uo~enH ~epMH, noaTouy B C C RJI e. C5hlna npe~npHHHTa nonbiTKa 

3KCnepHM6HT8Jll>HO HsyqHT:b TaKHe B38HMO~e~CTBHH. 

KOJlJIHMHpoBaHHbl~ nyqox npoTOHOB c xopowo onpe~eneHHO~ aHep

rHe~ B HHTepBaJie 8~24 raB pacceHB8JICfl Ha C5epHJIJIH8BOH WOJihre. B 

axcnepHMeHTe . HayqaJIHCh HMnyni>CHble cneKTpbl npoTOHOB l pacceHHHbiX 

no~ ManHMH yrnauH t1 ~ 60 Mpa~. HaHC5onee HeoKH~aHHbiM pesyJihTa

TOM OK838Jl0Ch TO, llTO CIT6KTpb1 OC5Jla~a~T HpKO BblpaEeHHOH CTpyKTy

po~. ITpH 3TOM KSX~bl~ H3 HMX CO~epXHT nHK OT ynpyroro pacceHHHfl 

H O)U:IH HJIH HeCKOJlhKO nHKOB OT KBaaHyrrpyroro pacceHHHH, Hano-

E6HHbiX Ha HenpepbiBHbl~ CITeKTp, npOCTHpa~Il\HUCH OT CBMHX BbiCOKHX 

HMITYJlhCOB ~0 CSMbiX M8JIHX H 06H38HHbiH XOpOWO H3BeCTHbiM rrpOU6CC8M 

MHoxecTBeHHOro pox~eHHH ( pHc. 33). Heo6xom:tuo no~qepKHYTh, qTo 

ITHKH KB83Hynpyroro paCC6flHHfl ITOHBJlfl~TCfl TOJlbKO TOr~a, KOr~a B 

cneKTpaX ITpMCyTCTByeT ITHK OT ynpyroro pacceHHHfl, npRlleM pa3HOCT 

MeE~ ITHKOM yrrpyroro pacceHHHfl H HaH60Jiee BhlCOKOHMITYJihCHbiM nH

KOM OT KB83Hynpyroro paCC6flHHfl ITOCTOflHHa R paBHa A P :!-jft-~ 0Ha 

He 38BHCHT HH OT yrna pacceHHHfl, HH OT HMITynhca nepBOHaqannHOrO 

npOTOHa. 

*) JiopeHu-waKTop t -:;.>1. 
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KoppenH~H ue%AY ITHKauH oT KBaaHynpyroro H yrrpyroro pac

ceHHHH IT03BOnHeT npe~ITOHOXHTb, qTO rrepB~~ 06ycnOBReH 06MeHOU 
0 

1\ -Me30HOU H B03HHKaeT OT XOpOWO H3BeCTH~ pe30HaHCOB, Ha6nD-

~eHH~X B 1r-Jf pacceHHHH /l33 ,l69 ,l78/. KaqecTBeHHOe o6~HCHeHHe 
COCTOHT B TOM, qTO KB83HyrrpyrRH ITHK 06H38H ~~p8XqHOBHOyY pac

~errneHH~ HYKnOHa-YHmeHH rra~a~~M Ha Hero yn»TpapenaTHBHCTCKHM 

npoTOHOM. Pac~errneHHe HyKnoHa-YHmeHH Ha HYKnOH H ITHOH 6y~eT 

Ana paccuaTpHBaeu~x a~ecD SHeprHH nHWD B TOM cnyqae, Kor~a Ha 

3TO paCXOAYeTCH 3HeprHR rv I raB. Tipo~eccH norno~eHHfl, corr

pOBOE~a~~e KBaaMynpyroe pacceHHHe, rrpHBO~HT K ynpyrouy ~

wpaK~OHHOMY pacceHHHD, ITHK KOTOporo BCer~a ITpHCYTCTByer B KU

rrynDCH~ cneKTpax rrpOTOHOB. ToT waKT , qTO B~COTa llHKOB KB83H

ynpyroro pacceHHKfl C pOCTOM rrepe~aHHOrO HYITYHDCa na~aeT TaK 

%e, KaK COOTBeTCTBYD~fl BenHqHHa ~fl ynpyroro pacceHHHH, TORD

KO ITO~TBepE~aeT B~CKa3aHHY~ BHme rHITOTeay 0 CBH3H 3THX npo~ec

COB. 

KBaaHyrrpyroe pacceaRHe Tr- H K-ueaoHoB Ha npoTOHax aKcrre

PHMeHTanDHO He HayqanocD. O~HaKo, ecnH npHHRT» TY xe TOqKY ape

HMH, qTO H B cnyqae Ji-J/paCCeHHHfl, MOXHO· BHCKa3aTb Onpe~eneH

HHe nporHoa~ OTHOCHTenDHO HMrrynDCH~ cneKTPOB 1f-~ K-ueaoHOB, 

Hcrr~TaBmRx KBaaHyrrpyroe pacceaHHe. CrreRTp~7f.k K-ueaoHOB, pac

ceHHHHX ITO~ ManHYH yrnaMM, TaKEe ~OHEHH 06na~aTD CTpyKTypoa H 

CO~epzatb, llOMHMO ITHKa ~~PBXnHOHBOrO paCCeHHHH, ITHKM KB83H

ynpyroro pacceHHHfl, O~HaKO B ~aHHOY cnyqae OHH CBH38H~ C 06pa-

30BaHHeU peaoHaHCH~x ~-n M K-rr cocTOHHH~. CneAOBaTenDHO, 

CABHr HX OTHOCHTeRDHO ynpyroro llHKa yze He 6yAeT TaKMY,KaK 
' 
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~H 

caM* 

)'[,.,.! pacceHHHH, a 6yAeT orrpeAenHTDCfl H3BeCTHHMM pe30H8H-

B 1i -1f H K- rr pacceHHHH. 

3TO ll03BOnHeT HaAeHTDCH, qTO KB83Mynpyroe pacceHHHe npOnbeT 

cBeT Ha 
MHOrHe HeHCH~e BOllpOC~ HeyrrpyrHX B3aHYOAe~CTBHa C oqeHb 

ManHYH 3HaqeHHHMH nepeAaBaeMHX HMTiynbCOB. 
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v. 3 A K R D q E H H E 

B o6aope/I/ H npe~~Y~KX paa~enax HacToHmero o6aopa 6~nH 
no~p06HO p8CCKOTpeH~ pa3XHqH~e 3KCnepHY6HT8HbH~e X8p8KTepHCTH

KH HeynpyrHX B38HK0~6~CTBHl 3R6M6HT8pH~X qaCTH~ npH 3HeprHHX 

ll ~ I raB. 0CHOBHO« B~O~, KOTOp~~ CH6AY6T H3 3TOrO paCCKOT

peHKH,- 3TO cymeCTBOBBHHe ~BYX THllOB HeynpyrKX B38HK0~6~CTBHa, 

X8p8KTepH3YID~HXCH p83HH~HO« B6HHqHHO~ K03~~HQH6HT8 Heynpyro

CTH H nepe~a~H ~eT~peXKepHOrO HKnynDCB; 3HeprHH pOE~BIDmHXCH 

qaCTHQ H HX KHOX6CTB6HHOCTb T8KE6 OK83~B8IDTCH p83RH~HHMH 

~nH 3THX ~yx THilOB B3BHMO~e~CTBH~. nnH HeynpyrHX B38HKO~e~CT

BH« C U8HO~ Heyrr p yr OC ThD H H660HbWO« MHOE6CTB6HHOCTbiD X8p8KTep

H8 3H8~HT6HbHO 60RbW8H 8HK30TpOnHH yrROBHX pacnpe~eneHH~. 

B 06~eK, HeCMOTpH HB 60RblliH6 3KCnepHK6HT8RbHH6 OWH6KH 1 

~B8 THB8 HeynpyrHX B38HUO~e~CTBK~ YOEHO 06HapyzHTb BO BC6X 

OCHOBHHX X8p8KTepHCTHK8X HeynpyrKX B38HMO~e~CTBH« . AH8RH3 pac

npe~eneHH~ poE~a~HXCH ~aCTHU no BenzqzHe HX nonepeqHoro zu

nynbca noxaa~BaeT, ~To 3TH ~Ba THna Baazuo~e~CTBH~ peanzay

IDTCH B npOCTp8HCTB6HHHX 06R8CTHX p83RH~HHX pa~HyCOB; O~HH H3 

3THX THllOB B38HUO~eaCTBH« ,UOEHO COilOCTBBHTb "nepH~6pH~6CKHU 11 1 
~pyro~ - 11 Q6HTp8RbHHM" CTORKHOBeHHHM. qTO K8C86TCH KORHqeCT

B6HHOrO COOTHOIU6HHH ~HCR8 11 Q6HTp8nDHbiX" H "nepH~epHqeCKHX11 

B38HM016~CTBHa, TO B HBCTOHmee Bp6MH MOaDO RHllib YTB6pE~8Tb 1 
~TO nocne~HH6 HBRH IDTCH 3H8qHT6RbHO 6onee qaCTHHMH 1 qey nepBb16. 

3ToT BHBO~ xopomo cornacyeTCH c TeopeTzqecKHMH npe~cxaaaHHHMH. 

M~ c y~oBJieTBopeHKeu OTueqaeu, qTo MO~enb Q6HTp8nDHhiX K 

nepH~epzqeCKHX CTORKHOB6HK~ 1 KOTOpy~ H8W8 na60p8TOpHH p83BK-
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Bana B Te~eHHe nocne~Hx ~eCHTH neT, nonyqaeT Bee 6onbmee 

3KCnepHK6HT8JibH06 llO~TB6pE~6HH6 K B H8CTOHmee BpeMH CTeHO

BKTCH o6~enpH3HBHHOU. 

Cpe~H BTOpH~H~X ~8CTKQ 1 o6p83JDmHXCH B Heynpyrou CTORK

HOB6HHH1 KBK np8BHR0 1 HM66TCH 11 nH~RpyDmaH qaCTHQ8 11
1 yHOCHmaH 

60-70% llOJIHOa 3HeprHH. B mHpOKOU HHTepBane 3HeprK« OT He

CKORDKHX raB ~0 COT6H T~CHq raB K03~~HQH6HT neynpyrocTH K 
OCT86TCH npH6JIH3HT6nDHO ilOCTOHHHbiM H COCT8BJIH6T OKOJIO 30-40%. 

llOCJie OT~6R6HHH JI~HpyiDmea qaCTHQH B cpe~HHX pacnpe~eJI6HHHX 

3B63~ no MHOE6CTB6HHOCTH H KHH6TH~6CKO~ 3HeprHK pOE~BIDmHXCH 

~8CTKQ OT~6TJIHBO npOHBJIHIDTCH ~KCTO CT8THCTH~eCKK6 ~epTb1 1 ~JIH 

HHTepnpeTSQHH KOTOpbiX 1 B CYmfiOCTH 1 ~OCTSTO~HO RHWb paCCUOTpe

HHH ~830BbiX 06~6UOB. B ~8CTHOCTH 1 KKH6TH~6CK8H 3HeprHH 1 npK

XO~HmSHCH Ha O~HY CT6il6Hh CB06o~~ CHCT6Ubl BTOpHqHbiX ~8CTHQ 1 

B XOpomeu npH6JIHE6HHH OK83biB86TCH H638BHCHmea OT COpTS CT8JI

KHBBIDmHXCH H pOE~BIDmHXCH ~8CTHQ; BO BC6X CJiyqaHX onpe~eJIHDmea 

HBJIH6TCH JIHWD B6JIH~HH8 3HeprHH 1 KOTOp8H MO~eT 6b1Tb 38TpaqeHa 

HB 06p830B8HH6 HOB~X qaCTHQ. 

Cpe~Hee qzcno pox~a~~HXCH ~acTHU 
~ n.... ""T zt, ax cpe~-

HHH KHH6TKqecK8H aHeprHH (He BKniDq8fi JIH~HpyiDmea qaCTH~~) 

T ~"- T ~ ., cpe~H~ nonepe~nl:la mmynbc Bcex BTOpHqHHX 

qacTHU P,~. ~ ,tV\. T . Cpe~ BTOpHqHHX ~acTHU oKono 20% 

cocTSBJIH~T qacTK~~ c uacco~, 6onhme~ uacc~ 11 - ueaoHa. 

Eme O~HH B8EHbl~ BUBO~, KOTOpH~ CJie~yeT H3 8H8JIH38 H3-

B6CTHbiX B H8CTOHmee BpeMH 3KCnepHK6HT8RDHhiX ~8HHYX 1-STO 

B03YOEH06 H3U6H6HH6 M6X8HK3M8 HeynpyrHX B38HUO~eacTBHH B 06-

JI8CTH YJIDTPBBbiCOKHX 3HeprH~ ~ )' ro5 raB. 3TOT B~BO~ e~e 
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B6ChM8 H6AOC TO BepeH, HO A8HLHe~mMe 3KCnepHM6HT8Jl1HHe HCCne

AOB8HHH B STOW H8llp8BJle HHH npeACT8BJlHDT llpHHnHITH8 JlhH~~ HHTe-

pee. 

ilO-BHAHMOMy , OCHOBHO« 3KCnepHM8HT8nDHO« 38A84e« B H8CTO

amee BpeMH cne AyeT C4HT8T1 ynenHt~eHHe T04HOCTH HauepeHa«. B 

3TO~ CBH3H, K8K y~e OTM848Jl0Ch B~We, 6onee Ba!H~M npeACT8BJlH

eTCH Tm8T8JlhHOe HSyqeHHe AeTa ne« HeynpyrHX B38HMOAe«CTBH« 

BCero JlHWh npH H8CKOnDKHX 3H846HHHX 3HeprH« (H8llpHMep, 71- Af 
B38HMO~e «CTBH« n pH ll = 7 H 16 raB H Af-JV B38HUOA6~CTBHI 

npH -r = 9 H 25 raB), qeu MHOr04HCJ18HH~e, HO He 04eHb T04-

H~e H3Me pe HH H npH p83JlH4HbiX 3HeprHHX. 

B 38KJlD4eHHe CH8AJ8T CK838T1 H8CKOJ11KO CJlOB 0 COCTOHHHH 

TeOpHH HeynpyrHX B38HMOAe«CTBH« npH 60J11WHX 3HeprHHX. 

YHorKMB SBTopaMH AJIH oue HKH cpeAHHx xapaKTepHCTHK Heynpy

r Hx B3 8HM0~8HCTBHM HCllO Jlh30B8JlHC1 p83JlHtJH~ e CT8THCTHqeCKHe 

TeOpHH . ilpH 3TOM YtJHT~B8JlCH BCero JlHWh OAHH lfJI - pe30H8HC 
~ 

v~ ~ H, TeM He ue Hee , pa ctJeT~ AOBOJ11 HO xopowo cornacoBa-
~ 'I' 

nHch c onbiTOM. Eea Jv 3 ~ c ornacHe 6blno 3H84HTen1HO xylle . 

0AH8KO ce« t~a C H3B8CTHO 60JlhWOe KOJ1H48C TBO JJ/- H TfTf -

pe 30H8H CO Bi WHpHH8 MHOrHX H3 3THX pe30H8HCOB H8UHOrO MeHhW6 

WHpHHbl pe30H8HC8 v0 ~: , H 3TH pe30 H8HCbl, K838mOC1 6bl, 

AORZH~ A8B8Th cyme cTB 8HH~H BKJ18A B CT8THCTHtJ8CKH6 B8C8 nap

UH8JlhHbiX K8H 8ROB, 0CT8BTCH H8llOHHTH~M: llOtJeMy Ee paHee BblllOJl

H6 HHHe pa ctJe Tbl ~aBanH x opowHe peayn1T8Tbi ? 

ITo-BH~HMoMy , cneAyeT eme paa BepHyThCR K CTBTHCTHtJeCKHM 

Bb14HCJ18HHH M, 4TO OC06 eHHO 8KTY8JlhHO C8~ 48C B CBH3H C p8C48TOM 

68 

nyt.~KOB tJ8CTHU Ami npoeKnipyeublx H CTPORll\HXC H cBepxMOII~HbiX 

ycKOpHT8Jl8~. ITOK8 ze 14b1 AOJll!:H~ KOHCT 8Tl1pOB8Th OTCYTCTB!ile 

K8KO~-nH6o y~oBneTBopHTenhao« CTBTHCTH4eCKo« TeopHH. 

nna 8H8JIHS8 HeynpyrHX B38HMOAe«CTBH~ C8H48C 48CTO HCllOJlh

syeTCH OAHOM630HH8H T60pHH MJlH B 3H84HT8JlhHO« CTeneHH 3KBBB8-

J18HTHbl~ e~ M6TO~ Be~U38Kepa-BHJ11HUC8. 0AH8KO H B 3TOM cnyqae 

AJlH pacqeTa B38HMOAe~CTBH~ c 6on1mHM 4HCno u po~Aa~m»xca qac

THU B BepWHH8X O~HOMe30HHbiX ~Harpayy CHOB8 npHXOAHTCfl HCllOJ11-

30B8T1 CT8THCTH48CKyD TeOpHD (eCnH, KOH84HO, npOCTO He llOA

CT8BRHT1 3KCnepHM6HT8nDH~e Ce46HHH, 4TO He UOE6T HBRHThCH ll0-

CJ16AOB8T6Jl1H~M pemeHH6M 38~8qH). C 3TO~ TOqKH apeHHH 

O,l\HOM83 0HHa.H T80pH.H 0TflH4a8T CR OT paH ee lilc no nh-

30B8BWe ~CH 4HCTO CT8THCTH48CKO~ TeOpHH JlHWh 6onee TQqH~M 

y4eTOM KHHeMaTHKH B38HMOAe~CTBHR. Tpy~HOCTh ycyry6mieTC fl e~e 

H TeU 06CTOHTeJ11CTBOM 9 tJTO npH 60JlhWHX 3HeprHHX CT8HOBHTCH 

HenpHUeHHMNM OCHOBHOe AOnymeHHe OAHOM830HHO~ TeOpHH 0 TOU, 

qTQ BepmKHH8H ~YHKUHH He 38BHCHT OT nepeA8B88YOrO HMnynhC8 

6 H ee MOAJHh nponopUHO H8JleH COOTB6TCTBJDmeuy H86R~A8 8-

MOMY ceqeHHD. 

TaKHM o6paaoM, nonoxeHKe c TeopHe~ HeynpyrHx B38HMOAe~

CTBH~ B 06R8CTH BbiCOKKX 3HeprH~ B H8CTOH~e e BpeMH HBJ1H 8TCH 

Kp8~He Hey~OBJ18TBOpHT6Jl1HHM. 
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Ta6JIHU8 I 

Cpe~BHH KHHeTHqecKaH aaeprHH HYKJIOHOB nocxe Heynpyroro 

B38Kil0~6ilCTBI4H 

B38Hil0- T raB 
::T M3B 

~eitC']:'BK6 
I 

Me To~ nJ20TOHiil H6itTJ20Hiil 
I 2 3 4 5 

p-p 0,81 1?>-<fJIC /4,5/ 6I±7 5916 

0,925 <P /6/ 84±9 8s±8 

0,97 ~-~k /7/ 784 84±.5 

1,5 ~-~k:/5/ 192±23 1n±2o 

2 ~- n~<: /8,9/ I66±3 

2, 75 ~-~k. /5/ 24:¢50 

3,5 cf /10/ 350±36 

4,2 ~ /II/ 31044x) 

6,2 Cf /I2/ 510164 

8,7 ~ /13/ 602±87 

9 ~ /14/ 58245 

9 4? /15/ 43o±5o 

18,9 Cf /!6/ 620±37 

p -n..- "'I B-~k:/17/ 7615 4416 

(0,5 + 1,5) 

1,7 !?, -'tj(/ I 8 I nstn ro9±r8 

(I,O + 2,2) 

9 ~ /14/ 54o±1oo 
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I 2 3 4 s 

.N-,N 
6,2 cf /IO/ S96±90 s o C>- 6~ G 

/20/ - -.,,s o - ~i. S"' 
1

1 e,str ~ S3s±I80 ~ ! ( ....._, (~ tt , 

27 ~ /2I/ 32o±6S as'"" ~ - !~ t'" 
"'SDO Mk'e{c122/ S82t96+ 
(I02 + ro3) 

p-p 3 B-nK. /23/ 3~-4xx) 

TI--p 0.87! B- n '< /24/ nst2 

0,96 8- nK /2S/ arts gats 
I ~-~IC ~/26/ 74tax) 

I P.>-n~ /27/ 90'19 got6 
I,IS <t /28/ rsrt2sx) 

I,3 $-$k/29/ I4¢I3 n6±8 
1,37 B-~k /30/ n2trr> 
I,37 ';f)- r:EJ're/3!/ n3"trax) 

I,S ~-~k/32/ I26±I7X) 

I{2 e,-.<£)1<: /33/ IIs±I4 I8s±54 
3,86 P->- n ~/34, 3S/ 48otr2 s3otr7 
4,S ~ /36/ 39049 
4,S ~ /37/ S8149 
4,7 B-~k: /38/ 288t38 407-66 
6,8 ~ /39/ 372t3o 
7 ~ /40/ 38644 

7,s±o,s n- nk. 141/ 7sotro 
I7 <f /42/ 837±268 



I 2 3 4 5 

1T:.N I,37 :b -~k_/3I/ IIJ1:I3X) 

4,5 <.? 
/36/ 252128 

4,5 ~ 
/37/ 575197 

7 ~ /40/ 393136 "3 .5':1""' ~ ;z. v 

7,3 <P /43/ 43¢I07 ! 12 .:. S~b 

9,89 cp /44/ 7561144 

x) ITpKBe.zte HHoe aHaqeHHe HB~HeTCH cpe.ztHHK .ztnH npoToHa K 

.ztnH H6~TpOH8. 

XX) 8TO 2r , CTporo rOBOpH, HBRH8TCH cpe.ztHHU .ztnH BCeX 

THESR~ q8CTHU, po~a~~HXCH npH HeynpyrOK B38HUO.zte"CT-

BHK . 

+) B YK838HHOe 3HaqeHBe He BKn~qeH BKna.zt RH.ztHpyD~ero HyK

ROH8 (cu. HHEe), ll03TOKY 3TO 3HaqeHKe CHR»HO 38HHXeHOo 
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5 Ta<5JUU\8 2 

3±nx) 
Cpe~HHH KHHeTHqecKaH aHeprKH lT - ueaoHOB nocJie 

Heynpyroro BaaHUo~e~cTBHH 

j$ "J -" 4 ~ £) B38HUO- T, raB 
3" 1 MaB 

~ 12 ~ S~b 
~eUCTBHe YeTo~ lf+ 7f-orT't" 

p-p 0,81 13-~k / 4/ 102'16 

0,925 4) /6/ nstn 
0,97 B:~K: /7/ 148±9 (173±36) 

lHS H 0,97 J:,-nK /45/ 1564 (172±9) 

1,5 ~~-1JK /5/ 134±14 

Be ex 2,0 r:,-n k'/8,9/ 172±3 149152 

J~SHCT- 2,7 <¥ /46/ ro61I 5xx) 

2, ?J5 ro-J:Jk. /5/ 166137 

4 ,2 <} /41/ I4s±I6xx) 
'0 HYK-

6,2 ~ 
/ 12/ 23612oxx) 

lllK8HO. 
8,7 ~ /13/ 3oo±rooxx> 

9 <f / 14/ 3264 5XX) 

9 ~ /15/ 37a±6Ixx) 

9 ~ /47/ 392t.r 8xx) 

18,9 ~ /16/ 263t.I6xx) 

24 B-n~e. /48/ 38012 

27 <P /49/ 32o±5o 

p-h.- "' I B-$k. /17/ n1m I26±ro 
(0,5~ ii,5) 

1,7 1?>-$.>1<: /18/ 2o8±12xx(1444) 
(I,O-t2,2) 

9 f /47/ 290ii6xx) 

27 4 /49/ 34o1soxx> 
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-N-JI 6,2 ~ /19/ 29045XX) 0,05 r.,-nK /62/ 2401r2xx) 

8,51r <P /20/ 300130 0,08 n-nx: /63/ 239119 26212I(2I61rro 

12,5 ~ /50/ 25o4oxx) (0 + 0,22 ) 

(IO+ 15) • 0,15 cf /64/ 20612ox:x:) 

24 <f /51/ (330135) 0,47 n- niC 165/ 3I849XX) 

25 ,8 <f' 
/52/ 34o"t6oxx) 0,47 n- n~<:/66/ 2781r5xx) 

27 cp /21/ 37I4oxx) 2,44 ~- n '</67 1 3zr1r5xx) 

50 
~ /50/ 28647XX) 

p -Yl. 0,08 n-m!63/ 362124xx) 
(10+100) 

20+150 K~ (c'i541 29o±5o 
(0 + 0,23) 

roo tliC, MKB(t.:~f55/ 3ooXX> p-)'1 ""0 cf /68/ 239tr2xx) 

roo 1'"' /50/ 3rotsoxx> ~ /69/ 25r±roxx) 'P r--0 

roo M K r; (c'i22/ 33o±soxx> rv O ~ /70/ r9'71zr:r) 
roo MKB /56/ 278±z~) 0,05 ;f) -/l K.. /62/ 23rti7XX) 

200 cf /284/ 4101230 (0 + O,I) 

200 M Krif..c''f57 I 270xx) 0,08 ct /71/ 2o8±28xx) 
300 1LK/v1 K B (w~55/ 320:xx) 

(0 + 0,23) 

(200i400) 0,14 4 /64/ 20G±2o+> 

500 i'1 K ~ (c'122/ 3SI13sxx) 
(0 + 0,23) 

(I02+I03) 0,14 cf /70/ 22'?125+ 

1A-k:,MK~(,,~55/ 240XX) 
(O + 0,23) 

500 
ro3 M K ~ (c'L) /22/ 23o±8cfX) 

0,17 ~ /69/ 25o±9XX) 

ro3 cp /58/ 3ocfX) 
(0 + 0,25) 

-
4·ro3 ~ /59/ 850xx) Y'\.-- p 0,9 ~-nk: ;n; 27o±26xx) 

z·ro4 cf /60/ 850:xx) 1(- p 0,871 B-nK. /24/ 137'16 rrs4 
- B-nl<. /73/ p-p ""0 e,-m<:. /6I/ 369±16 363±I7(37I1r6; 0,96 233±rs 2o2±ro(204±16) 

"-'0 ~-nK /62/ 24G±r8xx) I 2:,-~k i /26/ 252±39 193±23(262138) 
- I .. 
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li-- Y\... 

-n -- .AI 

I 

1,3 

1,37 

1,37 

1,5 

1,72 

3,86 

4.5 

4,7 

6,65 

6,8 

7 ,s+-o,5 
7,5 

7,5 

!613 

0,6 

0,82 

0,9 

4,5 

1,37 

6,65 

6,8 

7 

B- n K: 127 I 2371!8 I901 5(246i-24) 

~ -~ k::: 1291 276±.19 30o±16(233±.22} 

~- 2> 1e. 1301 292131+ > 

~ -5bl( 1311 3584cP) 

~- ~1<: 1321 33ot5o+> 

~-SK 1331 192±.19 2%137 

r.,-nK 134,351 37a1ro 47rtro(522±.27) 

~ 137 I 398127 

P.,-~K 138/ 426i-31 472146(6691106 

n- n K: 1741 55st34 

4.> 1391 42213sJCX) 

n -m< 1751 362140 33~-41 
~ 1761 45ot41fX) 

n-nK 1411 46otro 55o±ro 

R>- n K 1771 - 59ot3o 

r.,-nK 1781 I59±G +) (17'717}+ > 

~- n K 1791 16319 (203±n) 

r.,-mc 1791 1781n (223'±.17) 

cp 137 I 42~-41 

:b -~1( 1311 289135 ++) 

n- n K 1801 365122 430±24 

~ 1391 39ot3oxx> 

cp n- n~1811 39o13o 39013o(34ot6o) 
) 

76 

7,5 

7,3 

9,89 

4' 1821 

~ 

~ 

1431 

1441 

X) B CKOClKBX J'K838H8 ::lHeprHH j ,llJI.H 

36s±26xx) 

3o6±31xx> 

332±2sxx) 

Ti
0

- U630HO:B 

XX) llpH:B6,ll6HH06 3HaqeHH6 .H:Bn.HeTC.Hcpe,llHHU ,llJI.H 

U630HO:B. 

+- -1f H Ti 

+) llonyqeao H3 ,llBHHHX ,llJIH + 1\ - P :B38HUO,ll6HCT:BHH C 

llOMO~DD YCJIO:BHH M30TOflHqeCKO~ HHB8pH8HTHOCTH. 

++) IlpHB6,ll6HH06 3H8116HH6 H:BJIH6TCH Cpe,llHHM ,llJIH Tf + 

lt: H lT 0 
- U630HOB. 

77 



Ta6mma 3 

Cpe,ItHHa KHHeTHqecKaH aHeprHH He~TpaKLHHX k - Me3oHoll, 

p0S,ll8D~HXCH B HeynpyrKX B38RIIO,ll6~CTBHHX 

B3a14110-

.IteHCTBHe 

p-p 

.N-JJ 

p-p 

1\-- p 

T, ra:s 

9 

50 
(10 + 100) 

"'0 

0,47 

5,86 

6,65 

7,sto,5 

7 ,s+-o,5 

10,86 

16 

17,86 

7,· 

116TO,ll Y, Mall 

p /45/ 4261240 

M K R:l /83/ 7oo1250 

~-nK /84/ 170114 

n- nv:../65/ 169127 

n- n K. /85/ 355126 

n-nK/861 314132 

ll-mc./871 366113 

n-nK 1881 31ri33 

n-nK./85/ 458177 

R>- nv:.. /89/ 39Qi30 

n- n K. /85/ 5oo11oo 

., 

!. 
I 

Ta6mn.~a 4 

CpeltHfifi KHH6TH~6CK8fi 3Hepri4H rznepOHOB, pOZ,It8D~KXCH ll 

HeynpyrHX B38HIIO,ll8~CTBHHX 

saHMo- T , raB 
J 1 Mall 

ltdCTBH8 118TO,ll .z:+ z:. - 1\ 

N-JJ IV 50 ~1 K r:/83/ 794t2nx) 593±ti3 
(IO -t IOO) 

ii-- p 5,86 n-llK. /85/ 502191 

6,65 n-n K 1861 35840 

7,s±o,5 ll -ll K/88/ 353188 35543 34o±38 

7 ,s+-o,5 n-nK./90/ 40I124 

16 P.>-nl(/89,91/ 656iii6 5571105 5oo15o 

I7 ,86 n -nl(/85/ 5751133 

X) ilpHB8,ll6HH06 3HaqeHH6 HBHH6TCH Cp6,llHHII ,llHH 
+ -

2_ - H z. - rHnepoHOB. 
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~- ? 
( l 

I 

( Ta6JIHila II!! 5 

Koa~HUH6HT HeynpyrocTH Kll" 

' 
24 <f /6I/ o,3rto,os 

(CHCT6M8 ~6HTp8 MSCC) 25,8 ~ /52/ 0 ,29±o ,05 ") 

2?, ~ /21/ 0,45to,I 

BaaHuo-
T, ra:a ~· 40 M~ ~cci1-'f22,I02/ 0,3sto,I4 

,l\6~CTBH6 MeTO.l\ K~~ /103/ o,4r-o,os 65 U,K:.. 

p-p 2,7 "I ~ /46/ 0,20±o,04 70 M K.f:>(c~22,I02/ 0,2?±o,09 
3,:: l_ f /IO/ O,I3±o,03 roo !A-K /103/ o,39to,os 
6,2 <i /12/ o,2sto,o3 

.. 
M K. f->(C'~/22 ,102/ 0,22to ,0? roo 

8,7 ~ /13/ o,3oto,o2 roo MKf'::, 
/104/ 0,4 

9 <t /97/ o,28±o,os ISO cf /50/ 0,6 

9 <P 
/14/ o,32±o,o2 (IO + 300) 

9 <f /15/ 0 t 3.;-t-o t 08 160 lA-IC.. /103/ o,43to,o8 

14 <f /98/ 0,32to,06 200 MIC&(cnj22,102/ o,r9±o,o7 

18,9 ~ /16/ o,2s±o,o6 200 cP /IOS/ o,3I±o,os 

27 c¥ /49/ o,28±o,o3 250 l,UC.. /103/ o,4I±o,o8 

30 c /99/ 0,40 300 MK.~(L:k)/55/ 0,3 

400 MKP.>(c•zy'22,102/ O,I8±o,09 
? -Y~.--

9 <? /97/ o,z3±o,o3 400 V-K' /103/ o,36±o,o8 

25,8 <j /52/ 0,29±o,06 750 \)..\c. /103/ 0,34±o,I4 

27 'i /49/ o,~o±o,04 l ro3 MIC~ /104/ O,I 

N-N ro3 4: /58/ O,IS 
U.,K) C. /100/ 

I 

3 0,16±0,04 r,2·ro3 IV{ \C &:._Gil'j22, 102/ 0,06to,04 
6,2 <P /19/ o,z3±o,o3 z·ro3 ~ /106/ o 6_;+0 ,25 

I t -o,30 
8,7 ~ /IOI/ 0,3310,09 

2 s·ro3 t /93/ 0,25 
9 f /20/ o,zz±o,os (s·ro~ + s·ro4) 

IS MKB(c'f22,I02/ 0 59+0,02 i 2,8·ro3 cf /107/ 0,3 ' -D,4I I I': 

20 U.k c:_ /100/ 0,27±o,03 ) 

~'~ I ' f il.; 
81 
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I 

I I 0 I 0 CD 
1':{ co co 11"1 t CD N 3"ro2 + 6 ·ro3 U.K.. /I08/ 0 4+0,07 A ' -o,n = 0 , 1 

ctl 5·ro3 4' /I04/ 0,2 < ) A 

/I09/ l· ~ I C'-- I 0 I 0 ro4 
o,22±o,o5 

t: 
\0 co ~ lrl 

N ........ tJ' 3'I03+ ro5 / IIO/ ['- 151 Jq ~ 0,3 11"1 AO 

~. 
........ ~ "" ro5 /I04/ - ; ~ 8.1 I 0 I 0 ~ 0,2 

\0 0 Ln ctl :I ~ 

"" 1':{ ~ :I 3"I05 
~ /IIO/ 

A? 
0 0,25 
~ CD CD 
CD lrl ~ ' :I 

l 0 CD p-p t?>- nK/84/ o,99±o,oo5 151 

~~I I 0 I 0 
""0 

:I 
Ln 0 \0 :21 

H N ~-n\(/65/ o,985±o,oo5 lrl 0,47 
tJ' CD 
151 Jq 

~- nK/II2/ . ~ CQ 0,92 o,98±o,oo5 (T) 
ctl 
p. I ,26 B-f'11(/II2/ o,98±o,oo6 
0::: I 
ctl CD 
::z: A 

I 
0 I 0 lrl = I 0 .::T H \0 1(-p ~-nK/73/ CD 
N H 0,2I±o,04 ~ ctl 

0,96 
CD A 
1':{ ~-nKJ27/ 0,25±o ,06 CD :I I,O 
A :21 Jq = lrl 0 

I 0 I 0 ~ -i)k../29/ 0,23±o,04 \0 0 
tJ' ""I "" \0 ~ 

I,3 
151 CD 

&:! ~ A A N B- s:Jic /3I/ :21 ~ ~ I,37 0,29±0,06 ctl ::r CD 
::r 151 ~ ~ 12>-~k./32/ 151 ~ 

I ~I 
0 !,5 0,2610,06 ~ 0 

151 151 I 0\ "0 ctl 0 lrl N 
N ctl tJ' CD ~-~K:/33/ 0,29±0,06 E-1 0 ~ I, 72 

>151 CD 
0 ~ 1':{ ~-$kf38/ 0,43±o,06 lrl 

I ~I 
0 

4,7 
tJ' 

~ I 
H 

0 151 
N n-nK1741 Jq 6,65 o,56±o,r A CQ 

CD = 6,8 ~ /39/ 0,42±0 ,07 
151 

:I 151 ~ n-n(8I/ H 0 
~ 0,49±o,o8 ::z: ~ 

7,0 
A 

::z: (T) (T) CD 
0 ~ ~ 

> 
lrl 4? /76,82/ o,5r±o,n 151 CD 

7,5 
(T) 

::r ~ ~ 
ctl ~ ~ /44/ ctl 

~ I- [ r--
9,86 0,57-o,os lrl 

151 
lrl .& tJ' l3- n ~e../77 1 :s: :21 0 0, 56±o,06 1':{ 151 

I6 
~ 

(T) ... 0 CD 
CD ~ Q) = ~ 1):1 

A :s: X) 8TO 3H8~6HH6 B~~HCR6HO no 3HeprHH l\ - M6 30HOB B CHCT6Me ~ 
~ CD ~ (T) CD 

151 CD ts: 0 ~6HTpa M8CC, ECRH 38 OCHOBY B3HTh 3HeprH~ Tl - M630HOB B 
&:! lrl :I ::z: lrl 

CD 151 CD H 1la6opaTOpHotl Cld CTe Me KOOP.z\HH8T ETTI\ = 2,2 r aB t TO 1<:.. =0 ,35. 
A A A ctl 
CD 0 Q) ~ 

CJie.z~yeT OTMe THTh, ~To n~H~.z\6HH~e B / 52/ cpe.z~aHe aHeprHH 
:I ~ :II 0 ~- M630HOB E~ = 0, 8 ,06 H ~ = 2,2±o,2 raB He 
(T) co (T) co 
:s; ~ s: ~ 

Y.z\OB 1l6TBOpHDT COOTHOW6HHD (6 1 ) , L 

82 
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Ta<S~a ? 

CpeAHHI nonepe~HHI BMDyn»c uyxnoaoB nocne Heynpyr oro 

B88HilOA8lCTBHR 1!1 ?,2 ~-nK. /158/ 330±.26 

?,3 41 /43/ 330±.60 

Baauo-
- -

t)l 
- 9,86 ~ /44/ 38249 

,ll81tCTBJI8 T, rsB Me'fO.lt p..L. USB/CX) 
9,86 r.,-nK.. /159/ 429t.5o 

p-p 0,81 B-~K. /4/ 320"t46 (306"t44) II,26 ~-nK /160/ 4II±34 

3,5 <P /10/ 232121 1613 P.,-nK /7? I 42o±40 

4,2 4' /15?/ 26s±31 16,86 nr;-nr-. /161/ 30o±22 (490±35) 

9 ~ /15/ 43?±52 11--\'\.... <? /39/ 346±33 6,8 
9 cr /9?/ 32o±30 

14 ~ /98/ 3?213? A - --

18,9 <P /16/ 217±31 
Tr-JJ 7 c:p /39/ 37o±40 

24 ern~<. /48/ 27o±40 
7,3 4 /43/ 33o±60 

2? ~ /21/ 326±29 
?,5 4' /82/ 38841+) 

""'36o++ > 

p- V\.. 27 q; /21/ 28rt26 
X) 3H8~8HHR, npHB8,lt8HHH8 B CK06Kax, OTHOCHTCH K He~TpO-

--~--

.N-.tJ 6,2 ~ /19/ 33s±56 HSM, BC8 OCT8nDHH8 8H8~8HHH OTHOCHTCH K npoTOH8M. 

9 -~ /14/ 3?2125 XX) CTporo rOBOpR, STO 3HaqeHH6 OTHOCHTCR KO BC8M THZ6HHM 

500 MKe{c~22/ 31o±44XX) 118C'fii~8M. 

(10 + I03) 
+) :zlns KOS~~~IU18HT8 ueynpyroCTH B "aepKan:&HOit11 CHCT6M6 

11-- F 1,3 n-n~<.. /29/ 33o±28 

4,5 ~ /3?/ 248+43 ROOp,ltHH8T k..jl- ~ 0,5. 
-33 

~) B STO auaqeuHe BKHD~eH T8KZe BKH8,lt 
4,7 1:>-i)K. /38/ 546±1a 

p-1'\.. aBes~ 

n-n~e. /74/ 
c h.~ 5. 

6,65 31341 ++) )C-~t-">DS" 
6,8 ~ /39/ 37o±40 

llpH YCJIOBHH, l.ITO 
) 
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Tac>u~a 8 

Cpe,llHH~ nonepe~HH~ HunynLc lr - ueaoHOB nocxe Heynpyroro (II. ""' roo )Cf?:> /!63/ 22otr6 
B38HUO,ll61CTBHH ,... !40 q; /!64/ 27o±so 

(IO + 500 
Baazuo- T, rsB 

P,~. YsB/c ___ - - ' I . 
ISO ci /50/ zso±3o ,ll6ltCTBH6 MeTO.ll 

/IOS/ (IO + 300) 24o±r6o 
200 cP /' 

p-p 0,8! ~-$)K. /4/ 20o±30 . 200 Mk:~ (L,·J4)157 I ~"- 350 
3,5 ~ /10/ nrtro 

250 <¥ /166/ 37o±8o 
4,2 ~ 

/157/ I4z±rz 
300 f /!09/ 334172 

9 q; /IS/ 3!4'137 
500 kr:, ... /167 I 310±230 

9 cP /97/ zro±zo 
(102+ ro3) 

14 cp /98/ 344±32 *"~ 

~ 
500 

18,9 <f /16/ 154±13 (IO + 103) M ~~ (c.•'f22/ 308±23 
24 ~-n~<: /48/ 34s±1s (33o±zo) j z·ro3 cf /106/ 3oo±so 

<P /49/ rao±I? 2 ,s•1o3 <f /109/ 494±9o 27 1 

2,8·103 f /107/ rv300 •• 3,8·103 cf /168/ 
/365±30/ p-\1\. 27 <f /49/ 1as±I? 

s·103 1 /167/ /37o+50 I 
cro3 + 104) . -30 

.N-JJ 6,2 <f /19/ 22s±33 4·ro3 ~ /59/ 3!6±54 
9 <¥ 

/14/ 24s±30 8,4·103 ~ /168/ /407±32/ 
24 p /51/ /398±25/ 2,3·ro4 

cf /109/ 682±rso 
25,8 <? /52/ 24o±3o 4, s·ro4 

<f /162/ 
/4Is±80/ 

27 ~ /21/ 3r2±2s s·104 
<¥ /170/ /344±104/ 

50 M KP-:. ( Aeufi62/ 310±230 / 8·ro4 p /I ?I/ 1- 420/ (IO + 100) 
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lf-p 

1T: h..-

2"!05 

3"105 

3,3"105 

I,3 

4,5 

4,7 

5,96 

6,65 

6,8 

7,2 

7,3 

7,5 

9,86 

II,26 

16±3 

16,86 

17,86 

I7 , 96 

4,5 

/440198/ f /172/ 

~ /III1 

p /173/ 
450±74 /490±83/ 

n-n K../29/ 3s5±3o 

/667±177/ 

/47140/ 

/236120/ 
J; /37 I 230+ I4 
:z: -IS 

r.,-~t 1381 /506±17 I 
m=- n K 1174;+) 293119 (315±16) 

n- me/SO/ 363±14 

f /39/ 

j:b- n K /I 58/ 

~ /43/ 

~ /76/ 

e,-n~e/159/ 

B-nK/160/ 

e,-nK/77 I 
nF -ni(I'16I;+ 

32o±ro 

36s±ro 

40?±17 

33s±30 

332±28 

27o±zo 

(362±14) 

/340168/ 

25o±3o 

/30o±20/ 

339±1s 

(37o±ro) 

(4I4116) 

/412±21/ 
n- nK.; r so; /397±36/ 

n~-nK!I 74;+ 3s?±zs (36s±2r) 

f /371 

88 

219+14 
- I8 

T\-tJ 4,5 

6 ,65 

6,8 

7,3 

7,5 

7,5 

7,5 

9,86 

I40 
(IO + 500) 

ro4 

q; /175/ 

n-m: ;so; 

~ /39/ 

<? /43/ 

4: /1?6/ 

29o±so 

33?±17 ( 337116) 

3ro±zo 

27o±zo 

2561rs t. 

324±32 ll<1 

n-nKII 77 I 29o±2o /26o±roo; 

<f 1821 2s6±rs 

~ 

f 
/44/ 

/164/ 
3I8ii6 

27o'tso 

LlJ AI\ /120/ +.... ~ 300 

X) fipv.Be~eHHOe 3HaqeHHe OTHOCHTCH K Cp8AH8Uy HYllYHhCY 
± 

aapH~eHH~ 1f - U830HOB 9 B KpyrH~X H B KB8~p8TH~ 

CK06K8X YK838H~ aaaqeHHH COOTB6TCTB6HHO TOHbKO ~HH 

1\:. H T\ 0
- Y630HOB. 

xx) Cu. npHueqaHHe ~ ) K Ta6nv.~e 7 

+) "auepeHHH B~nonHeH~ B nponaH-wpeOHOBO~ nya~pbKOBO~ 
Kauepe . 

++) fipHBe~eHHOe aaaqeHHe nonyqeHO H3 8H8HH38 WHpOKHX 

8TYOC~epH~X HHBHe~ B 8TYOC~epe H, CTpOrO rOBOpH, 

OTHOCHTCH K CpeAHeuy HYllYDhCY BC8X H~epH0 - 8KTHBH~X 

qaCTH~ B CTBOne HHBHH. 

6 ) .l(nH 3HaqeHHH K03qJ~H~H8HT8 HeynpyrOC1'H B 11 :;lepK8HbH0~ 11 

:J.-
CHCTeMe KOOp~HH8T k. ~ 0,5 . 

6 A) llpH ycnoBHH, qTo K4f- ;:::> 0,5. 
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\0 
0 

\() 
H 

B38HMO-
~e«CTBH6 

p-p 

.J.J-JJ 

li--p 

Ta6mma 9 

Cpe~HHe nonepe~HHe HunynbCH poz~am~Hxca cTpaHHHX ~acTH~ 

T, raB 
p .M~ 

Me To~ K:o
1 

)(o z.o z. + ~ 

14 ~ /98/ 31245X) 

23,6±o,6 R>-mc/179/ 379:33 396±50 51o±7o 95o±1oo 

24 "'-nYC' /180/ 38o±40 36o±8oxx) 

5 M IC~ /181/ 54o±IIO 4501:.60 640±190 +) 

9 f /182/ 327±14 ++) 

60 MK.t:/183/ 530+160 
-90 

52o+14o++ ) 
-60 

520+140 ++) 
-60 

7 n~n~/87/ 384±II 389:12 

7,5 n-n~e./88/ 393135 38s±35 587±53 559±85 

9,86 fh-nK/159/ 37o±20 47ot2o 53o±3o+ ) 

II,26 ~-m</160/ 376±42 A 41?±56 A 

16 ,;-n¥:!89,179/ 41ot3o 46o±40 65o±80 650±90 

!6 r:,- n k./180/ 38ot5o 41o±7o AA 

K Ta6n. 7 . , 

xx) IIpRBe~eHo cpe~Hee aHalteHHe ~JIH A = H 
0 

2, - rHnepOHOB. 

+) ilpHB6~6HH06 3H8~6HH6 HBHH6TCH cpe~HHM ~~H Z.-- nmepOHOB. 

. + -
++) YKasaHo cpe~Hee SHa~eHHe ~JIH rRnepoHoB f\) L 

0

, Z 1 Z 

.1 ~ ) IIpHBe~eHHBH BenH~HHa p non:y~eHa 143 aHaJIHsa B38HMo~et!cTBHi! npoTOHOB 
k + -

C H~p8MH tPDT03YYnbCIU'I H HB1IH6TCH cpe~Heil ~nfi Z - H Z - rznepOHOB. 



\.0 
f'\J 

TaC5JH'IU8 IO 

Cpe~HH~ nonepe~HH~ HMnynbc npoTOHOB B 3B63~8X C p83nHt{H!ll( I!HCJIOM nyqe~ rv 
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A t::.) CpMHHH BenHliHHa ~nH npoTOHOB H Het!TpoHOB. 

T ) TonbKO ~JIH aBea~. co~epxa~Hx CTpaHH~e qacTRU~ 
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Ta6mu~a 17 

3BBHCHMOCT» yr nOB0£1 8CHKMeTpHH qaCTHU, po-~a~~HXCH B Heynpyr HX 1(- p B38HilO,lleilCT-
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3aaqeHH6 npH ~~ 106 raB np6ACT8BRH6T C060~ cpeA

HDD oueHKy B HHTepBane lr ~ ro5 + IO~ raB, nony

qeHHYD H3 8H8RH38 mHpOKHX 8TMOC~epHYX RHBHea. 
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PHc . 8. ToqKK - aKcnepKueHTanLH~e aHaqeHHH K Ha pa6o

T~/IZ9/. 06p8~86T Ha ce6H BHHM8HH6, qTo npH ,-< lOOraB 

3HaqHT6RLH8H qaCTL H3U6p6HK~ npKBOAHT K 6ecc~cneHHOMY 

peaynLTaTy k > I. 

CnnomH8H KpHB8H - 38BHCHUOCTL k: (1") , B KOTOpyD 

A6~pYHpyeTCH 11 HCTHHH~an K03~KI{K6HT HeynpyrOCTK 

K -;: ~t -=-1 ecnK rrpeHe6peqL nonpaBK8KK 

Ha ~opuy anepreTHqecKoro cneKTpa KocuKqecKHX qacTKU 

H Cp6AH6KB8Ap8THqH~MH OWK6K8MK K3M6p6HHH aHeprHH OT

A6RLH~X qacTKU. 

ITyH~THp - npeAenLHoe aHaqeHHe pacqeTHO~ KPHBO~ npH 
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T=9.86 GrV 
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1,5 2 

PHc. 9. ~unynhCH~e cneKTp~ npoToHoE, po~a~~KXCH E HeynpyrHx 

lT -- JI E38HUO~e~CTEHHX npH pa anHqH~X aHe prHHX. 

rHCTOrpayy~ ~nH lr = 3,86 H 9,86 raE B3HT~ H3 

pa6oT/I39, I40/, r~e OHH 6~nH no nyqen~ cyuuHpoBaHHeu 

aKcnepHuenTanhHHX ~aHH~x/I38, I39/ H /I4I-I43/. B 

rHCTOrpauue llpH li = 3,86 raB He yqTeHN 3E63~~ C 

qHcnou nyqe~ YL~ 6, BKna~ KOTOp~x cocTaBnHeT oKono 

IO% (cu. Ta6n. 8 E o6aope/I/). CnnowH~e rHCTOrpaUKN 

~RH li = 7 H I6 raE E3HT~ COOTEeTCTE6HHO H3 pa6oT/40/ 

H /
42

/. ilyHKTHpoy YK838H8 rHCTOrpauua H3 pa60T~/I44f. 
KBK EH~HO, llOROZ6HHe MBKCHUyYOE HB rHCTOrpauuax H3 

pa6oT/40, 144/ oKaa~EaeTcH coBepwenno paanHqH~u. 
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PHc. II. lthmyJII.cH·oe pacnpe.z~eJieHHe npoTOHOB B IT - p aBea.z~ax 
c paaJIHliHbiM llHCJiou JiyqeU V\... T ~ 7 raB/40/. 
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j 
n=4,6 

I T 
30 

20 
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0 0.'+ 0.8 
1.2 1·6 PGevlc 

12. lhmyni>CHoe pacnpe.zteneaHe 1\ - rHnepoaoa, f>O.KJtaD-

!IlliXCII B li- - p aaaHuo.ztellcTBIIIIX np11 T ~ 7 rsa, 

B aaBHCIIIIOCTH oT q11cna nyqell B aaea.zte vt_ /87 I . 
3BWTpiiXOBBHHBII qaCTb COOTB6TCTByeT 3HBqeHHIIII qeTwpex-

116pHoro Hunyni>ca, nepe.ztaaaeworo A - r11nepoay, 

b, ~ 0, 7 rsB/C. 
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4N -x 
0,3 

t.N 
-;::r 

O,f 

T=9GeV 
p-p 

0 0,4 0,8 t.Z J" GeV 

T=9GeV 
p-n 

t.N 
IT 

T= rg GeV 
p-p 

o O,li o,8 1,2 1,6 z,o tJGev 

T=l9 GeV 
p-n 

0,9 1,2 f.O 2,0 ~GeV 

P11c. IS. Pacnpe.n;e neHHe npoTOHOB nocne HeynpyrHx p-p 11 p-YL
CTOJIKHOBeHH~ llO BeJIK'IlHHe HX KHH8TH'IleCKO~ 3HeprHH ~ 

(CHCTeMa ueHTp8 MBCC)/42/. 

B cnyqae p-YI.- B38HI4o.n;e~cTBHM cnnoWHble rzcTorpauuhl 

OTHOCHTCH K npOTOH8M 1 Bb1JI8T8~~HM B 38,1l;HD~ llOJIYC~epy 1 

llYHKTHpHb18 - K npOTOH8M 1 BbiJieTa~~HM B nepe,n;H~~ llOJiy

c{1Jepy. 

ilpHBe,n;eHHhle ,1l;8HHble llOJiyqeHbl K3 8H8JIH38 ,n;ByxJiyqeBbiX 

? -r H TpexnyqeBbiX p -It\... B38KM0,1l;et!CTBHl\. 
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PHC. !6. 

T= 9 GeV (),# ~ T= 19 GeV -;;r 
qso 

p-p 
0,~0 

p-p 

0,30 

0.20 

0,10 

0 0,8 ~6 2, ~ 3,2 4 0 0,8 1,6 ~~ .3,2 I; 2 
t.2{GeV/c)2 4 1{GeV/c) 

t.N 
IT 
0,3 

0,1 

T=9GeV 
p-n 

t.N -;:r 
0,¥ 

T= 19 GeV 
p-n 

o o,a 1,6 2,~ J,2 4 42{CeV/cJZ o o,a 1,6 2.~ 3,2 4 42(Gev;c/ 

Pacnpe.n;eneHHe npoTOHOB H3 HeynpyrHX ,n;Byxny'lleBbiX p-p 
H Tpexny'lleBhiX p- V\_ BsaHuo.n;ettcTBHii no nepe,n;aBae

uouy qeThlpexuepHOMY HMnynLcy Ll 1421. 
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PHc. I?. HMnyn~caoe pacnpe.zteneaHe 

16 
PGev/c 

::t. 
1T - M630HOB, PO&A8D~KXCH 

B aeynpyrHx 1'i- }1/ aaaHMO.ztellcTBHHX npH T =7, 5 ras 

B 38BHCHMOCTH or ~CnB ny~ell B 3B63,ll6 h- /82/. 
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Pac. 26. Yr~oaue pacnpe~eneHHH qaCTH~, po&ABD~HXCft B aeynpy

rax CTOnKHOB8BHftX HYK~OHOB. 

npa T = 9 raa cnl!omable racTorpa11w - npoToau, 

nyHKTHP - Tit- 11eaoa/4 7 I; racTorpalllW npa 

T - 300 a 1000 raa oTaocaTca Ko ace11 aTopaqKblll 
38pH&6HHbiK qaC!BUBII /22, 55/, 
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PHc. 27. YraoBoe pacnpe~eneHHe ~acTau, pOElSD~Hxca B aeynpy

rHX 1T--p BaaHuo~eitcTBHHX npH T":::: 7 raB/40,87/~ 
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1 

PHc. 28. CHMMeTpHqa~e H acHMMeTpH~H~e aBea~ B CHCTeue ueaTpa 

MBCC t o6p83YJ0~6CH npH p -P B38HMO~e l!CTBHllX B 

KBMepe BHnhCOHB ~nH -r ~ 300 raB/57/. 

~MnynhC~ CT8nKHB8D~HXCH npOTOHOB HSnpaBne~ ropH30H

T8nDHO. nnHHH B8KTOpOB nponOpUHOHSnhHH BenHqHHe 

HMTiym.ca ~8CTHU. 
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PHC. 29. YrnOB06 pacnpe~eneHHe npH CTOnKHOB6HKK TOX~6CTB6H

HUX qaCTK~. 3amTpHXOB8HH~e 06H8CTK COOTB6TCTBY~T yr

naM, B KOTOp~ CO~epzHTCa llOHOBKH8 qaCTK~, B~HeTaD

~KX COOTB6TCTB6HHO B nepe~HDD K 38~HD~ nonyc~epu. 

I 52 



W~J.---------------~----------------~ 

2,5 

2,0 

1,5 

f,O 

qs 

2,0 

1,5 

1,0 

0.5 

T __,.-
.l 

n=2,3 
f[~ 

T 
I r , -l 

I 1 L T -r--
r j _j 1 

L- _j 

n =2,3,4 
p 

T 
r--+ 
I 1 
I 
I 
I 
I 

__ ...! 

T 
I -r 
1 

n. 1!.5 
p 

0~--~--~----~--~----~--~----L---~--~--~ 
~o o,s 0.2 -0,2 -0.5 0.6 0,2 -0.2 -0,5 Cos B 

PHc . 30. 3aBHCHUOCTL yrnoB~ pacnpe~eneHH~ npoTOHOB H lT -
W680HOB, p0~~8~~HXCR B HeynpyrHX Tf-JJ B88HMO

~e~CTBHRX npH ll = 7 f3B, OT B6HH~HH~ KOS~H~H6HT8 

HeynpyrocT/40/. 

CnnowH~H H nyHKTHPH~WH rHcTorpawwawH HaHeceH~ 

pacnpe~eneHHR cooTBeTCTBeHHO ~HH K * £ 0) s; ,.. 
H K_:;:;>~S". 
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PHC. 32. YrHOB~e pacnpe~6H6HHH 1 KOTOp~e MOZHO npe~CTSBHTD 

KSK cynepll03HUHD yrHOBHX pacnpe~eneHHI ~8CTHU 1 o6-

p830B8BWHXCH npH pacna~e ~BYX OrHeHH~X mapoB/215,217/. 

ll - SHeprHH nepBHQHOrO 
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PHc. 33. MunyHDCH~~ cneKTP npoTOHOB npH KBaazynpyrou p- p 
pacceaHHH. 

I 55 


