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§1. Bseneaue 

11-41 
B pa6oTax c¢opMynuposaaa o6maH HileR o CBH3H yrnoBbiX H aaep-

reTHqecKHX KOppemiUHH TO)K)leCTBeHHb!X qacTHU C IlpOCTplliiCTBeJIJIO-BpeMeH

HOH CTpyKTypoii rrpouecca HX reHepaUHH H ITOK838H00 KllK 9TOT ITDJlXOJl MO)KeT 

6b!Th peanH3DBaH B cnyqae npocTeiimnx CHCTeM Tlma "pe3onanc+qacTHUll ", . 

nn6o .. pe3oHaHCfpe3oHaHc ... HacToHmaH cTaThH noC'sHmeao llllllnH3Y 6onee 

cno)KHbiX CHTyauuii, CBH3aHHhiX. c o6pa3oBaHHeM 6onhmoro qncno BTopnqH.hiX 

qacTHU. KoHKpeTHo peqh 6yaeT HllTH o6 ncnapeHHH cnni:.noBo36y)l<neHHhlX 

Hllep H 0 reHepaUHH TT -Me30HOB rrpH CTDnKHOBeHHH Hllep, JlBH)KYlllHXCH C pe-

nHTHBHCTCKHMH CKOpOCTHMH. 

06e rpyrrrrbi HBneHHii rrpe)K,.'le Bcero rrpeucTaBnmoT HHTepec caMH no 

ce6e; c upyroii CTopoHhi, HX MO:m.Ho paccMaTpHBllTh B KaqecTBe Moneneii 

rrpoueCCOB, COilpOBO)KJllliDlUHX. CTOnKHOBeHHH ynhTpapenHTHBHCTCKHX 9neMeH

TapHblX qaCTIIU ( CTllTHCTHqecKHe MOJlenH MHO)KeCTBeHJIOH reHepaUHH, rrpo-

6neMa ¢aiiep6onoB H T.n.). 



§~ HcnapeHne HyKnoHoB BhlCOKosria6~•neHHhlMH 

SIDpaMH 

1. OcHoBHoe conep•aHHe HaCTOSiwero naparpa~a CBSI3aHo c npoueccoM 

HCrrapeHHSI Heii:TpOHOB t OTDenbHbJe 38Me'laHHSI OTHOCSITCSI TaK*e K HCIIapeHlJJO 

npoToHoB. EyneT rroKaaaao, 'ITO aa6moneane KoppenSIUHii: MeX{DY ToxmecTseH

HbiMH HYKnOHaMH 1103BOnSieT OUeHHTb BpeMSI *H3HH B036y•neHHblX SIDep 110-

-18 -21 
pSIDKa 10 -10 ceK • .Hnpo rrpenrronaraeTCSI nocTaTO'IHO 6onbT"IIM u aa-

CTOnbKO B036y>KJleHHbJM 1 'ITO HCIIapeHHe OllHOrO HnH D~*e HeCKOnbKIIX HeiiTpo

HOB ae cKa3biBaeTCSI aaMeTHbiM o6pa30M Ha ero TeMrrepaType. DnSI coana

HHSI KOHTponnpyeMbiX soa6y•neHnii: TaKoro MacwTa6a ·•enaTenhHO o6ny'laTb 

Sinpa SinpaMH •e, ycKopeHHbiMH no ::meprnn HeCKOnbKO Mas Ha HyKnoa; o6ny

'leHne penSI THBHCTCKHMH '18CTHU8MH MeHee yno6Ho: . B 8TOM cnyqae BenJJ'IIIHa 

8Hepr1IH B036Y*il.eHIISI H npyrHe xapaKTepHCTIIKII IICIJap~IOWerOCSI SIDpa HO'ITII 

HHKorna He 6bJB8JOT H3BeCTHbl C HY*HOii: TO'IHOCTbiOo 

AKT ncrrapeHHSI rrponcxonnT Torna, Korna Heii:TpoH rrpno6peTaeT aHeprnro, 

rrpeBbJW8JOWYJO 8HeprHJ() CBSI3H. B COOTBeTCTBHH C qmyKTyaUHOHHbiM xap~J:tTe

pOM 8TOrO rrpouecca ecTeCTBeHHO C'IHT8Tb1 'ITO BepOSITHOCTb HCIJapeHHSI 
. -, • • ' ' . ',, • I • . 

OIJHCbJBaeTCSI 8KCIIOHeHUHanbHbJM .38KOHOM C HeKOTOpblM, cpeDHHM BpeMeHeM 

)I{H3HH r • Benn'lnHa r peaKo rranae:r c pocToM aHeprnu soa6y)l{!leHHSI W ; 

B rrepBOM Ilpn6nu*eHIIH MO*HO roBOpllTb 0 38BHCHMOCTH 

l/r .. pv·s exp(-U/kT), (1) 

rne · U - 8HepruH CBS13H1 p - IJnOTHOCTb Heii:TpOHOB .. B SIDpe, V - HX CKOpOCTb1 

·s < . /5/> 
- rrnomanb rrosepxa_ocTn Sinpa eM., HarrpnMep, . • Opu nocTaTO'IHO 

6onbllillX. 8HeprHSIX B036y>KJleHHSI TeMrrepaTypy MO*HO OUeHHTh C IIOMOllibJO 

COOTHOUJeHl!SI 

W/A=="-f-kT, 
( 2) 

rne. A - aToMHbiii: aoMepx/ 

xl · 
Opn 6onblliliX aHeprliSIX B036y>KJleHHSI yqeT BOnHOBblX CBOHCTB HyKnOHOB 

BpSID nu ll3MeHHT IIOpSI DOK Benll'IHHbl rrpHBODHMbiX opHeHTllpOBO'IHblX OUeHOK TeM-

rrepaTypblo 4 

B COOTBeTCTBIIII C O~WHM nyXOM CTaTIICTII'IeCKOii: T< 

TaK•e rrpenrronaraTb, 'ITO paann'IHbie sneMeHTbi rrosepxl 

Htipa SIBnSI JOTCSI He3aBI!CI!MbiMII II3ny'laTenSIMH C Ol1HH8KOB 

*H3Hll T 1 llpii'IeM B K8X<LlOii: TO'IKe IIOnHaSI BepOSITHOCTb I 

CyMMe I18pUIIanbHbJX BepOSITHOCTeii: He3aBIICIIMbiX llpOUeCCI 

poHoB _pa3mi'IHbiX aHeprnii. C'lnTaeTcSI, 'ITO Heli:TpoHbi He 

HOBbie KOppenHUllll OTCyTCTBYIOTo 

2. PaccMoTpuM He6onbwoii: aneMeHT rrosepxHocTu SI£ 

B' TO'IKe ;I t IIOCne B036Y*ll~HIIH B MOMeHT t = 0 OH H8'l 

HeiiTpOHhl c aHepri!eii E1 • 

A~mmiTyna uanytieHHH 

E It t 
exp ( i --r- - ---) 

n 2r f•> 0 I 

f-
0 t ~0. 

B wnpoKOM nHnrraaoHe aHepruii: Boa6y•neHI!H speMSI 

semiKO u BbmonHeHo ycn;:,sHe E 1 '>> 1i :' r • B aToM cny'laE 

CaTb T8K*e B BHDe 

f- I 
exp ( i £ t.'-li 

d£ 
( - E - i 1i .. ·' 2 T 

AMrrnHTyna o6Hapy•eHHSI ucrrymeHHoir · qacTHUbl B on 

B MOMeHT BpeMeHH 

00 ....... 
exp ( i £ t / 1i - i p: i r- r 1 I / 1i __________ ...;_ ___ a { , 

F- f 
-oc (- E 1- i1i/2 T 

rne 

2 2 2 2 4 
£ +p c =m c • 

DorryCTHM Terrepb 1 'ITO B TO'IKe r paCIIOnOX\eH ne~ 

He KoopnnnaTy 'laCTIIUbr, a ee snepri!JO { rrpul\Iepol\i TaKorl 

6bJ cny•uTb peaoHaHCHbiii rrornoTHTenh .I!ni! p~ccei!BaTenh) 

cnenyeT, 'ITO aMrrnn1-yna ero cpa6aTbiBaHim 
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Y)I(JleHHbiMH 

a CBH3aHo c npoueccoM 

TCH TaK)I{e K ncnapemuo 

IUHH Me)KJlY TO:>I(lleCTB91!-

036y)I(Jl91ll!biX Hllep no

tTO'IHo 6onbl"IIM II Ua

Jl8)1{9 UeCKOilbKIIX 1!9HTpO

~DepaType. nnH C03Jl8-

)l{enaTenhHO o6nyqaTb 

:o M a a Ha HyKnoH; o6ny-

B'9TOM Clly'Iae B91lll'IIIH8 

lpH!OlUerOCH Hllp8 DO'ITH 

1011 npno6peTaeT aHeprmo, 

!YKTyaUHOHHbiM xap~KTe-

'HTHOCTb HCDapeHHH 

~~ cpellHHM apeMeneM 

eprnn Bo36y)I(Jl9HIIH W ; 

CTll , 

(1) 

HJlpe, V - liX CKOpOCTb 0 

): Dpii aocTaTo~no 

~UeHIITh C DOMOillbiD 

( 2) 

[I!OBbiX CBOiiCTB HYKITOI!OB 

I!THpOBO'IHbiX OU9HOK TeM-

B COOTBeTCTBllll C O~illliM llYXOM CT8TliCTli'IeCKOH TeOpllll Mbi6yJleM 

TaK)I{e npeanonaraTb, 'ITO pa3nli'IHbie aneMeHTbi noaepxHoCTll 6onbmoro 

HJlp8 HBITH IDTCH 1!938BIICI!MbiMH ll31lY'I8TellHMll C OllHltaKOBbiM BpeMeHeM 

)l{lf3HH r 0 llpl!'IeM B KMKJlOi1: TO'IKe DOITH8H BepOHTHOCTb ll31ly'lel!lUI p8BH8 

CYMMe napUl!llllbHbiX BepOHTHOCTeii He38BHCHMbiX npouecCOB lf31lY'IeHIIH HeiiT

pOHOB ,Pa31lll'IHbiX aHepruii. CqnTaeTcH, 'ITo HeiiTpOHbi He nonHpH30BaHbi n crm

IIOBbie KOppenHUHll OTCYTCTBYIOT• 

2. PaCCMOTpliM He6onbWOii aneMeHT ITOBepXHOCTH Hllp8 0 paCDOil0)1{9l!Hblli 
... 

B' TO'IKe r1 i ITOCne B036y)I(Jl~llliH B MOM9HT t = 0 OH H8'1HH8eT IICHyCK8Tb 

HeiiTpOHhl c aHeprneii E1 • 

AMnnnTylla lf3nyq'eHIHI 

E It t 
exp ( i --,..- - -- ) 

n 2r f '> 0 I 

(3) I -· 
0 t 'S. 0. 

B wnpoKOM annna3oHe aHeprnii, B036y)I(JleHnH apeMH )1{1131111 aocTaTO'IHO 

aenHKo u BbiDonHeHo ycn~ane E 1 '>> 1i :' r • B aTOI'.I cnyqae ( 3) I'.!Ol!\HO 3ann-
., 

exp ( i £ t .'1i 
------------------- d£ I- J ( 3') 

£ - E - i 1i .. ' 2 r 

AMnnnTyaa o6napy)l{eHHH ncnymeHHoi1 qacTHUbi B OTllflllc'IIIIOfi TO'II{e r 

B MOMeHT BpeMeHll 

....... 
exp ( i £ t / 1i - i p l r- rJI / 1i 

- d (' F- J (3") 
£-E 1-ifi/2r 

rae 

2 2 2 2 4 
£ +p c =m c . 

He KOOpll!IHaTy '18CTIIUbl 0 £L ee 31!9pl'l!IO ( DpiiMepOI'.I TflKD-rO A9TL'KTOpn :\lOr 

6bi cny)I{HTb pe3,JHaHCHbiii rrornoTHTenb nn11 pacceiiBaTenb) •• Tornn 11.::1 ( 3'') 

cneayeT, 'ITO aMnnnTyaa ero c'pa6aTbiBallltH 
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A 
£ 

exp ( ~ ip:!? -:?1 ll I It) 

£ - E J - i1i I 2 T . . 

(4) 

llepeiiJle.M Teiiepb K . JlBYM nsnyqaiOJUIIM sneMeHTaM IIOBepXHOCTII HJlpa B TO'I-

... ... ... . 
r 3 II . '4· KaX r

1 
II r

2 
li JlBYM IIpHeMHIIKaM, pacrronO:lKeHHbJM B TO'IKaX n 

tPIIKCIIpyiOJUIIX qaCTHUbl c 9HepriiHMH £3 II (4 • · Ecnii crriiHhi aeiiTpoaoB · rra-

pannenbHhi, TO aMrrnuTyJla paccMaTpiiBaeMoro rrpo'!_ecca 

A 
£ 3'£4 

exp(-ip 3 r13 11i)exp(-ip4 r24l1i J 

( t:r E 1- i1i 12 r) ( £ r E 2 - iii I 2 r .) 

exp (- ip4 '14 lli)exp(- ip3 r 23/1! J 

(£rET -ili/2 r)(£ 3-e2-i1i /2 T) 

xl 
r11e BBeJleHo o6o3Ha'IeHue ro =:1 r"7,-;' I 

t. m L _m . 

(5) 

. 3HaK "MIIHyc" B ( 5) OTBeqaeT TOMY 1 'ITO HyKnOHbl c· rrapannenbHbiMII 
. ' . . 

CIIHHaMII HBnHIOTCH TO:lKJleCTBeHHblMli tflepMHOHaMHo 

BepoHTHOCTb 'periiCTpauuu P£
3 

,£
4 

=:IA£
3
,£) 3aauc~T, KoHe'IHo, oT aenii

'IIIH E 
1 

II E 2 • B JJanbHei'irueM aac 6y11eT IIHTepecosaTb . aepoHTJIOCTb peru-

cTpauiiii, ycpeJJHeHHaH rro 9HepriiHM E1 II_E2 :, T.e.· 

( 6) 
.< P ·> = I P c1 E 1 c1 E 2 • 

£3,£4 £3;£4 

xl . B COOTBeTCTBUII C UHTepecyiOmeii HaC 3aJl_aqeii . IIpU BbiBOJle. ( 5) 
npeJJrronaranocb, 'ITO o6a n3ny'IaTenH Bo36y:m'JlaiOTCH OJlHOBpeMeHHO, 3aMeTuM, 

OJ1H8K0
1 

'ITO OTKa3 OT 9TOrO ycnOBIIH HU'Iero He· MeHHeT. B IIOCneJlyiOIUIIX Bbi-

BOJ18Xo 

6 

Ecnn rronHpn3aUIIH He ¢nKcnpyeTcH, To HaJlo ycpe! 

THIIa ( 6) II~ BCeM B03MO:lKHbiM KOM6IIHaUUHM IIpOeKUIIH 1 

. ) .. · 

llpn aToM cneJJyeT yqecTb 1 'ITO B rronoBIIHe cnyqaea, · KJ 

IIpOTUBOIIOnO:lKHbJe IIpOeKUUU CIIIIHOB1 OHU BeJlyT ce6g Kt 

. TIIUhi 1 T.e. BepoHTHOCTb periicTpaunn. pasHa cyMMe KBaJ: 

Jloro n3 cnaraeMbiX ( 5). C yqeToM acero cKa3aHHoro r 

BbiKnaJloK nonyqaeM OKOH'IaTenbHoe Bbipa:lKeHIIe: 

P ! 1 J l cos a .< f f > - - --. . 2 2 2 , 
3' 4 2 l +(£3-£4) '. 11i -

a=+[p3(rl3-r23 )-p/r14-r24 )]. 

B rrony'IeHHOM COOTHOIIJeHUU (7) nepBhlH 'IneH OCTanCH 

'IeHIIH pa3nU'I8lOIUIIXCH 'IaCTIIU, BTOpoii 'IneH CBH38H C HC 

HeiiTpOHOB1 o6naJlaiOIUIIX OJliiHaKOBbiMU npoeKUIIHMU CIIHHO 

3 0 nanbHeHIIJIIH aHanii3 npoBeJleM CHa'Iana JlnH cny 

HeiiTpOHbl OJ1UH8KOBOH 9Heprnn ( £
3 

= £
4 

=£ , p 
3 

= p
4 

=P ) 

rncTpauiin 

<P ·> - l - T cos [ p ( r 13 - r 23 + r24 - r 14 J lli 1 . 

Ill 
B. COOTBeTCTBUU C IIpii Man oM yrne 1/J Me:lKJly Haflpl: 

HeHTpOHOB apryMeHT KOCUHyCa MO:lKHO npeJlCTaBUTb B BU . ... 
r11e H - eJlUHU'IHhiH BeKTop, ne:lKamiiii B nnocKoCTII, o6p8 

piiSIMU HeiiTpOHOB n nepneHJliiKynHpHbiii 6IIcceKTpnce yrm 

TpaeKTOpUHMII. B pe3ynhTaTe (8) MO:lKHO TaK:lKe 3annca'I 

7 



(4) 

~ UOBepXHOCTH Hnpa B TO~-
.... .... . 

\.i B TO~K8X r 3 H r 4 . H 

Ecnn cnnHhi aefiTpoaoB na-

uecca 

)· 

( 5) 

'KnOHhi c napannenhHhiMH 

tBHCHT1 KOHe~H0 1 OT BenH-

OB8Th BepOSITHOCTh peru-

r.e. 

( 6). 

:a..Jen npu BhiBOne . ( 5) 
'CH onaoBpeMeHao, 3aMeTuM, 
vteHHeT. B no~nenyromnx Bhi-

EcnH nonSipnaauHH ae <f>uKcupyeTcSI, To aano ycpenaHTh eme Bh!pa)l{eane 

THUB ( 6) no BCeM B03MO)I{HblM KOM6HH8UHHM npoeKUIIfi. CUHHOB HefiTpOHOBo 

flpu aToM cnenyeT y~eCTh, ~To B nonoBHHe cny~aeB, · Korna aefiTpOHhi HMeroT · 

UpOTHBOUOnO)I{Hble npoeKUHH CUHHOB1 OHH BenyT ce6g K8K paanH~IIMble ~ac-

. THUbl 1 T,e. BepOHTHOCTh perHcTpBUHH paBH8 cyMMe KBanpaTOB Monynefi K8)1{

noro Ha cnaraeMbiX ( 5). C y~~TOM Bcero cKaaaaaoro nocne aecno)I{HbiX 

BbiKnanoK nony~aeM oKoa~aTenhaoe Bbipa)l{eHue: 

( 7) 

(7') 

.. 
B nony~eHHOM COOTHOIIIeHHH ( 7) nepBb!H ~nea OCTancSI 6b! H B cny~ae Hany-

~eHHSI paanH~BIDIUHXCH ~8CTHU1 BTOpOii ~nea CBSI38H C aepaanH~HMOCThro· 

HeifTpOHOB1 o6nanaroiUHX OAHH8KOBbiMH npoeKUHHMH ClllfHOB, 

3. JlanhaeiilliHii aaanna npoaeneM caa~ana nnH cny~aSI, Korna oT6HparoTcSI 

HeifTpOHbl OAHHBKOBOH 9HeprHH ( £ 3 = £
4 

=£ 1 p 3 = p4 =P ) H BepOHTHOCTh pe

I'HCTpaUHH 

< p ·> -l- _J_. cos [ P (r13 -r23 + '24-'14 )/1i] 
2 ( 8) 

Ill 
B. cooTBeTCTBHH c npH Man oM yrne t/1 Me)l{ny aanpaBneHHHMH BhmeTa 

. . .... 
HeifTpOHOB apryMeHT KOCHHyca MO)I{HO npencTaBHTh B BHJ;te p tP ,:;2 "H /1i 

.... 
rne H - ennan~Hhiii BeKTop, ne)l{amnii B nnocKocTn, o6paaoBaaaoii . TpaeKTo-

. pHSIMH HeifTpOHOB H nepneHAHKynSipHblH 6HCCeKTpHce yrna.' ;vte)l{ny STHMH 

ipaeKTopnSIMII. B peaynhTaTe . ( 8) MO)I{HO TaK)I{e aanncaTh B Bnne . 

7 
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' ' 
'· 
~~ 

.<Po> - l - + cos [( ;1 ..;. ;2 }N p ifr I 1i ] • ( 8') 

llmi TOrO 'IT06b! nony<iHTh atiJtiJeKTHBHOe eeqe}me . a 1 eOOTBeTeTBYIOIUee 

paeeMaTpHBaeMOH KOHtPHrypaUHH 1 e.iJe.nyeT Cll!e npoH.HTerpHpOB3Tb ( 8') no 
x/ . . . . .. 

noBepxHoeTH nepe.nHeii nonyetiJepbi , onpe.nenSieMoii HanpaBneHHeM BhineTa 

HeiiTpOHOB ( HanoMHHM1 'ITO yron Me)f{.ny HMnynbeaMH ~eHTj)OHOB e'IHTI:leTeSI 

ManeHhKHM). B yenoBHSI~ TennoBoro paBHoBeenSI Ka;.naSI nnoiUa.nKa nanyqaeT 

B mo60M HanpaBneHHH e HHTeHeHBHOeTbl01 nponopUHOHanhHOH nnomann ee 

npoeKUHH Ha nnoeKOeTh 1 neprreHAHKyn~pHyiO Bb!5paHHOMy Hanpa~neHHIO ( 3aK.OH 

naMoCpTa) • DosToMy HHTerpHpOBaHIIe no nonyetlJepe paBHOUeHHO IIHTerpHpO

BaHHIO no paBHOMepHO H3ny'1aiOIUeMy AHeKy 1 SIBnSIIO!UeMyeSI npoeKUIIeH nony

etiJepbl (eM. pile. 1) • 3TO npiiBO.tlHT. K Bb!p8)f{eHHIO 

a- l--'-(--- )2 
I (9) 

2 X 

B KOTOpOM apryMeHT X 6eeeeneBOii: tPYHKUIIII eBSI38H e pannyeoM 51Apa . a 

eOOTHOII!eHHeM 

x = ap 1fr I li'. ( 9') 

E~n11 oT6npaiOTe51 Heii:Ti:JDHhi pa3HbiX aHeprnii: (Sf= f 3 - €,j f. 0) , .To Hano 

BMeeTo ( 8') HHTerpnpoBaTh no noBepxHoeTn nepe.nHeii: nonyetlJepbi Bbipa)f{eHHe 

( 7). BBOASI eKopoeTh Heii: TpOHOB v II BenH'IHHhr · p = ( p3 + p 4 ) I 2 II 

l'l P = P 3 - P 4= l'l {I v MO)f{HO nepenneaTh <Paay (7') B Bn.ne 

a= p ( '1~ - '23 + r 24- '14 ) IIi+ l'l p ( r J3- r23 + r 14 .;_ r 24) I 211 .: (7") 

x/ 
HHTerpHpOB8Th HY)f{HO He aMnnnTy.ny, a Bep051THOeTbi noCKOnhKY H3-

ny'1eHIIe Heii:TpOHOB H3 K8)f{)l0H napbl TO'IeK noBepXHOeTH npHBOAHT K onpe
.neneHHOMy KOHe'IHOMy eoeTOSI im10 SI.npa, 'oTnH'IHOMy OT .npyrnx. 

8 

P11e. 1. 

·.' ~ 
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:me a 1 COOTB9TCTBYIO!ll9e 

~~Terpupc>BaTh ( 81
) rro 

'' aarrpaBneaueM BhlneTa 

>Ill ~etiTpOliOB C'IIITIHiTCH 

llKJlaH rrnomapKa uanyqaeT 

IOH&nhHoti rrnomaJln ee 

HDMy HarrpaBneHI!IO ( 33K,OH 

e paBaoueaao I!I!Terpupo

~eMycH npoeKuueti nony-

(9) 

lll C p&JliiYCOM .HJlpa , a 

( 91) 

( j - £4 f, 0) 1 TO 118/lO 

~en~onyc~ephl BhlpalKel!ue 

= ( PJ + p 4 J I 2 I! 

( 71
) B BMJle 

24)/211. ( 7") 
. ;· . .,. 

JOHTl!OCTbj IIOCKOnhKy 113-
l!OCTM I1p11BO!li1T K OIIpe-
. OT JlpyrMXo 

Puc. 1. 
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:-

I ,_ 
i, 

i,.. 

nepBoe cnaraeMoe (7':) coBrraaaeT c ~aaon B cooTHomeHHH (8). qTo Ka

caeTcSI BToporo cnaraeMoro, To o6bi'IHO oHo Mano, H HM MO)I(HO rrpeHe6pe'lh. 

nenCTBHTenbH0 0 nerKO BHaeTb 0 'ITO, MHO)I(HTenb ( r J 3- r23 + rJ 4- r 24-

paBeH no nopstaKy BenH'IHHbi pamrycy stapa, a MHO)I(HTenb 

~ !J.£ 1 1 =--=--=--, 
21i 21i v v r e 

rne f -nyTh, npOXOllHMbin HefiTpOHOM B Te'IeHiie CpeaHero BpeMeHH )I(JI3HH 

r • nocKOnhKY Boa6y)l(neHHOe stapo B paMKaX pac·~MaTpHBaeMon MOaE!nH 

)I(HBeT .nonro no cpaBHeHHIO c xapaKTepHbiM staepHbiM BpeMeHeM a I v 

oTHomeHHe a If<< 1. 
I 

B aTHX ycnoBHSIX BpeMeHHbie nepeMeHHbie oTaenSIIOTCSI OT npocTpaHcT-

BeHHbiX, H HHTerpHpOBaHHe ( 7) UpHBOaHT K COOTHOilleHJi:IO 

2'J J (X) - )2 

X 
a-1--1- 1 -( 

2 1 + ( /). £ • r i1iJ 2 
( 10) 

4. 3aBHCHMOCTH a oT x=apt/JIIi H y=!J.al11 noKaaaHbi .11a 

pHCo 2. Hx MO)I(HO HCTIOnh30BaTb anSI 3KCrrepHMeHTanhHOrO onpeaeneHHSI Bpe

MeHH )I(H3HH H paaHyca Boa6y~eHHoro stapa. Oco6bin HHTepec npeacTaBnsteT 

.nepBaSI BenH'IHHa, XOTSI H 0 BTOpOH npH 6onbillHX Boa6y)l(aeHHSIX H3BeCTHO 

cefiqac o'!eHb Mano. 

EcnH Boa6y*naTh TSI)I(enbie stapa ( A .. 200 ) H oT6HpaTb HefiTpOHbi c 

3HeprHefi £ ,;; 5 MaB, TO xapaKTepHaSI BenH'IHHa X= J OTBe'!aeT yrny 

t/1 =til pa"" 0,25 , T.e. npeanonaraBmeecSI npH npoBeaeHHH pac'leToB ycnoBHe 

tP << 1 MO)I(HO C'IHTaTb BbiUOnHeHHbiMo 

BpeMSI )I(H3HH r , KaK Y*e oTMe'lanoch paHee, peaKo aaBHCHT oT 

aHeprHH B036y~eHHSI ¥f • fpy6bie OUeHKH C UOMOIDblO ~( 1) H ( 2) aaiOT, 
1i 4 . 1i 6 

HanpHMep,- ... 2•10 aB npH ....1!_ = 1 MaB H -= 5•10 aB npH AW -2 MaB. 
r A r · . 

BoaMO)I(HOCTH aicnepHMeHTanbHoro onpeaeneHHSI r onpeaenRIOTCSI paapemaiO-

mefi cnoco6HoCThiO H3MepHTenhHOfi annapaTyphl; ecnH C'IHTaTb ee 6nH3KOH K 

10 

r 

I, 

I 
lj 
Jl 
l 
l 
I 
\ . 
i· 

t 
I 

6 

0.6 
(}.I, 

O.l. 

0.6 

a~ 

~ 5" 
_,__- ==n.---

5 l~l 

Pee. 2. 
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IOTHOllleHHH (8), lJTO Ka-

>1 H HM MO)KHO npeae6pe'Ibo 

~nb ' ( r 13- '23 + '14 - r 24 

l)KHTenb 

cpenaero BpeMean )KH3HH 

ccMaTpHBaeMoti: M.onEmH 

b!M BpeMeHeM a/v 

~nensnoTcsr OT npOCTpaHCT-

:>llleHHJO 

} 
( 10) 

f:la/11 noKaaaHbi aa 

·anhHoro onpeneneansr Bpe-

6biH HHTepec npenc.TaBnsreT 

B036y)KneHHHX H3BeCTHO 

H OT6Hp8Tb Heti:TpOHhl C 

: .. J OTBe'IaeT yrny 

:>BeneHHH pac'I~TOB ycnoane 

ae, peaKo 38BHCHT OT 

\iOlllbiO ( 1 ) H ( 2) · naroT, 
•'· 6 
5ol0 sB npn ! -2 MsB. 

onpenensrroTcsr paapell!aro-

cnn C'IHT8Tb ee 6nH3KOA K 

l 

Jf 
l 

6' 

0.6 
(}./, 
D.l. 

5 1 2. ' ~ 5" 
X 

1 ---
Q.8 

., 
0.6 

a~ ,!·, 

tl2 

1 2. 3 4 5 lyl 

Pit c. 2. 
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10 KSB
0 

TO o6naCTb IIpHMeHHMOCTH OIIHCbiBaeMoro MeTOJl8 H8'IHHaeTCH r.ne-
-18 -21· -22 

To B paii:olle r"" 10 · cex n rrpocTnpaeTCH .no r"' 10 -10 cex. 
. I 

Tipii eme MellbiUIIX alla'!eliHHX r , T.e. rrpn eme 6onbUJHX soa6y)l{.ne-

HHHX, HapyUJaeTCSI BBe)leHHOe Bbillle ycnoBHe a/ f.(< 1 H H3MeHHeTCH. xapaKTep 

rrpouecca IISny'!eHIISI, rrocxonbKY 6onbUJaH .nonH HyKnoHoB rrpno6peTaeT aHep

riiiO, rrpeBbilli8IOIUYIO SHepriiiO CBS! 3H. Tio CyTII .nena 3/:iecb Henb3H y)l{e rOBO

piiTb o6 ncnapeHIIn. Eonee a.neKBaTlloii: HBnSieTcSI xapTnHa poH rro'!Tn cso6o.n

HbiX llyKnOHOB, paaneTaiOIUHXCSI rrocne 6orrbUJoro qJicna .saanMHbiX nepepac-

x/. CeSIHIIH • CKOIIbKO BpeMeHH )l{liBeT T8K8H CHCTeMa H KaKOBbl ee OKOII'I8-

TerrbHbie paaMepbi - rrpe.ncKaaaTb Tpy.nHo. Ba)I{HO, o.nHaKo; rro.n'lepKHYTb, 'ITO 

II B STOM cnyqae COOTHOUJeHHe (10) OCTaeTCSI Ka'!eCTBeHHO cnpaBe.lliiHBhlM 0 

H C ero IIOMOIUbiO yKa3aHHbie rrapaMeTpbl MOryT 6b!Tb oueHeHbl 3KCI1epHMeH-

T8I1bHOo 

5. CooTHOIIIeHHe ( 10) rrony'!eHo B rrpe.nrrono)l{eHnH, 'ITO soa6y)l{.nemwe 

H.llpO IIOKOHTCSI. Ecnn B rrpouecce B036y)I{MeHHH OliO npno6peTaeT 3aMeTHYIO 

CKOpOCTb
1 

TO Jlii.II IlpHMeHeHHH ( 10) Jl0CT8TO'IHO I1pOH3BeCTH KIIHeMaTII'!eCKHH 

nepexon B cncTeMy Koop.nnHaT, CBH38HHYIO c H.npoM. B cnyqae, Kor.na p_eriiCT

pnpyroTCH HeHTpOHbl
1 

CKOpOCTb KOTOpblX IIapannerrbH8. CKOpOCTH Hnpa, MO:KHO 

HCIIOI1b30B8Tb (10) II B na6opaTOpHOH CHCTeMe, IIOCKOIIbKY Benii'IHHa X 

rrporropUHOH8I1bH8SI IIOIIepe'IHOH KOMIIOHeHTe IIMIIYI1bC8 0 He H3MeHHeTCH I1p11 

rrpeo6paaosaliHH KoopnnHaT. He MeHHeTCSI n 'Bun aasncnMOCTH a oT 1'1 ( 

HO U1HpHH8 COOTBeTCTBYIOIUero MHHHMyMa ysenH'I<IBaeTCH H3-38 Sq1q1eKT8 

norrrrnepa. 

Bee npenhinymee xacanocb ncrrapeliHH · lleii:TpolloB. Tipn ManbiX alleprn-:-

x/ 8To xopoUJaSI Monenb SIBrrellnii:, .nMeromnx MeeT~ liB nocne.nliHX cTa

JlHSIX UeliTp8I1bHhlX CTOIIKHOBeHHH ynbTpaperrHTHBHCTCKHX aneMeHT8pHhlX '!8C
THU, xorna cncTeMa, conep)l{amaH Mlloro . " -MeaolloB, · pacUJnpHeTcSI 6ea . 

H3MeHeHH.II 'IHCna '!8CTHU. 

12 

HX B036y)l{)leHHH BepO~THOCTb HCIIapeHHH rrpqTOHOB IIpeHe6t 

H3-38 BIIHHHHSI JlOIIOnHHTerrbHOrO KYIIOHOBCK!'rO 6apbepa. TI 

6onbUJHX B036ymneHHHX, IIpOTOHbl H8'IHH810T. llCI18pHTbCH H II 

BblX H SHepreTH'!eCKHX· K.OppenHUHH MO)I{eT .ll8Tb UeHHbie Cl 
. . . ~ ' ·- .· 

H .npyrnx CBOHCTB8X KynOHOBCKoro 6apbepa. K C0)1{8IIeHHI0 0 

HOB MO)I{HO OIIHCbiB8Tb C IIOMOIUbiO ( 10) TOIIbKO Ka~eCTBeH 

BenH'IHHY yrna Me)KJlY H8I1p8BIIeHHHMH BbineTa IlpOTOHOB BII 

BaanMo.nelrcTBne _.npyr c .npyroM n c H.npoM. OuellnM rrocne 

rrpnMe pHo B Z pas cnnbHee rrepsoro). 

llm1 aToro Hano orrpe.nenHTb yron () Me)l{.ny .nsyM·H np 

IOIUHMH H3 H.llpa TaK, K8K YK838HO H8 pnc. 3. nerKO IlOKa: 

() = Ze2 /pva. C .npyroii: CTOp0Hbl 1 HHTepeCyJOIUHe HaC yrrrOBbl 

rrpoHBIIH JOTCH rrpn yrnax if; "'211 I pa • 0THomeHne 

() 

if; 

. 2 
Ze . 
2V 

l . 

73 

xapaKTepnayeT OTHOCHTeiibHYIO pOIIb BTOpll'IHblX KynoHOBCKl 

llnH rrpoToHOB c · aHeprneii: "" 10 .·Mas n Hnep c A"' 100 rrony 

0TCIO.ll8 cne.nyeT, 'ITO KOIIH'!eCTBeHHblH 8H8I1H3 yrnOBbiX II 

:Koppemiunii: rrpoTOHOB Tp.e6y~.T rrocnenosaTerrbHoro BKJIID'IeH 

. x/' 
HOBCKOrO B38HMO)leHCTBHH .. C HJlpOM .. 

6. B 38KIIIO'I~HHe . Clle~aeM HeCKOnbKO Ka'!eCTBeHHbiX : 

M hi rrpe.nrronaraeM, 'ITO paann'!Hbie yqacTKH noB~pxHc 
H.npa nany'!aiOT ·Iieii:TpOHbi He3a.sncnMo. 8To cornacyeTCH c 

'!eCKOH Teopnn, HO B .neii:CTBHTerrbHOCTH,. cne.nyeT. BCe )l{e C' 

MO)I{HOCTbiO cymecTsoilaHIIH xaxnx..;:,To xoppenS!unii:. B paMK· 

x~.na nx .BrrHHllne rrpnseno 6bi K HeKoTopbiM oTcTynneHHSIM 

xl C . _ 
Tporo rOBOpSI, B38llMO.OeHCTBHSI B KOHe'IHOM CO< 

MecTo n B cny'!ae ncrrapellnH Heii:TpoliOB (pacceHHHe Heii:Tp 

re). OueHKH noxaahmaroT, o.nllaxo,. 'ITO snnHHHeM Taxnx III 

rrpelle6pe'Ib. 
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l MeToaa Ha~naaeTCH rae
-2I -22 10 · -10 ceK. 

eme 6onbWMX. B036):'>KDS-

<< J . H M3M9HHSTCH xapaKTep 

'Knoaos npno6peTaeT :aaep-

11B;3aecb aen!>3H y>Ke roso

!CapTHHa pOH no~TH CB06oa- . 

'IHCna ssanMHblX nepepac-

MB H KBKOBbl ee OKOII~B-

, ODHBK0 1 noa~epKHYTb1 ~TO 

t~ecTseHHo cnpaseannBbJM, 

6bJTb oueaeHbl :aKcnepn~H-

)>1<9HHH 1 ~TO B036y>KaeHHOe 

110 npno6peTaeT saMeTHyro 

rponaBeCTH KHHeMaTH~e·CKHH 

oM: B cny~ae, Koraa P.erncT

IbHa CKOpOCTM Hapa1 MO:KHO 

IOCKOnbKY BenM~TIIIB X 

:bCB1 He M3MeHHeTCH npM 

3BBHCMMOCTM a OT ~( 

iBBSTCH H3-3a 9cjlq1eKTB 

pOHOB. flpH ManbiX 9Heprn-:-

' MSCTO.Ha nocneAHHX CTa~ 
CTCKHX :aneMeHTapHblX ~ac-
30HOB1. paCWllpHeTCH 6e3 · 

... 
·r 
! 

HX B036y)!{DSHHH BSpO~THOCTb HCnapeHHH npOTOHOB npeae6pS)!{IIMO Mana 

ns-sa snnHHHH aononanTenbHoro KynoaoscKoro 6apbepa. Ilpii aocTaio~Ho 

6onbWHX B036Y>KASHHHX npOTOHbl HB~HHaiDT HcnapHTbCH II H3y~eHHS HX yrno

BblX n :aHepreTII~eCKIIX·. KoppenHunlf I>IO)!{ST aaTb UElHHbJe cseaeHnH o tf>opMe 
'·.-.•.. ' 

II apyrnx cBoucTsax KynoaoscKoro 6apbepa. K co)!{aneuiiro, ncnapeane npoTo

HoB MO>KHO OllliCbJBaTb C llOMOmbro ( IQ) TOnbKO KB~eCTBeHH0 1 llOCKOnbKY Ua 

Benn~HHY yrna Me>KDY HBIIpaBne/IHHMli Bbin9TB IIpOTOHOB BnHS!eT liX KynoHOBCKOe 

ssanMonelfcTBne .npyr c npyroM n c SJnpoM. Oue.HIIM rrocnez:umu :a¢¢eKT ( 011 

rrpnMepao B Z pas cnnhHee rrepsoro). 
,. 

llmt :aToro uano orrpenennTh yron (} Me)!{ay nsyMSJ rrpoToHaMn, BbrneTa-

rownMn ll3 S!Apa TaK,KaK YKa3aHO Ha pliC. 3. flerKO IIOKa3aTb1 qTo 

(} = Ze2 /pva. C apyrolf CTOpOHblt liHTepecyrowne HaC yrnOBble IWppenSJUilli 

IIpOS!BnH IDTCS! II pH yrnax 1/J "'21i / pa • 0THOU1SH!Ie 

Ze 2 

2lic 
J 

T ( II) 

XapBKTepH3yeT OTHOCMTenbHyro ponb BTOpMqUblX KynDHOBCKMX B3aHMOASHCTBIIil. 

nmr rrpoTOHOB c. 9Heprnelf "' 10 M 9B H Hnep c A .. JOO rronyqaeM (}I 1/1 "' J ' 

0Tcrona cnenyei, qTo KonnqecTBeHHbiH aaanns yrno.BbJX n 'aHepreTn~ec~nx 
r<oppemiunu rrpoToHoB Tp.e6yiT rrocnenosa;enhHoro. BKn~qeaim B .Teopuro Kyno-

xl· 
HOBCKOrO B3aHMOABHCTBliSI C S!JlpOM 

6. B 3aKnroqeane cnenaeM HeCKDnbKO KaqeCTBeHHbiX 3aMeqaHIIH. 

Mbr rrpennoiiBraeM, qTo pasnnqJihre yqaciKn nosE!'pxaocTn 6o~brnoro 
SI~pa M3nyqaroT ·fielfTpOHb! He3aBMCliMO. 3TO cornacyeTCH C llYXOM CTaTUCTII

qecKOH TeOpliM1 HO B JleHCTBMTenbUOCTH cne]lyeT'sce >Ke cqJITBTbCS! C B03-.,.' 

MD)!{HOCThro cymecTsosaunH KaKnx.;.To Koppenirunu. B paMKax uawero rroA

xona liX .BnMHUMe rrpHBeno 6bi K UeKOTOpbiM OTCTyrrneHI!HM , OT COOTHOWeUMH 

xl C • . TpOrO rOBOpSI1 B3aUMOASHCTBliSI B KOUeqHOM COCTOSIHMII UMeroT 
MecTo n B cnyqae ncrrapeunH .HelfTpouos (pacceHune ueuTpouoB Jlpyr iia Jlpy
re) • Que UK II IIOKB3biBBIDT1 ODUaK01 qTo BnliSIUMeM TaKHX rrpoueCCOB MO>KHO 
rrpeue6pe%. 
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( 10 ) • · B i:IpHHUHne BoaMo>KeH; onHaKo, H 6onee nocnenoBa· 

Korna KOppemi UHH BHyTpH Ha~ytJ:aTemi c caMoro Ha'lana B: 

o6paaoM B TeopH!Oo BoaHHK810lUHe npH 9TOM COOTHOIIIeHHSI1 
. ' ·., ., 

KOTOpbie 'HHTeHCHBHO Hay'la!OTCSI. ceil:tJ:aC B. OfiTHKe1 ,Tpe6yro~ 

paCCMOTpeHHSio 

B. npouecce Boa6y>KneHHSI Sinpo Mo>KeT npno6pecTH HE 

MoMeHT. EcnH HaneTaromee Sinpo. Mano no cpaBHeHHIO c Sin 

KaK nerKO BHneTb1 nHHeil:HaSI C.KOpOCTb Sinpa MHIIIeHH1 CBS!a 

BpameHHeM1 MHOrO MeHbllle TefinOBbiX CKOpOCTeil: HyKnOHOB1 

meHHR MO>KHo, no-BnnHMoMy, npeHe6petib. Opn cTonKHOBeH 

H8KOBbJX gnep OTHOCHTenbH8SI pOnb yrnoBoro MOMeHTa 1 Be] 

111e, BO BCRKOM cnytJ:ae nnR ueHTpanbHhiX ynapoB, conpoBo: 

IIIHM Boa6y>KneHHeMo 

Bbiiiie Bcrony npennonaranocb, 'ITO nanyqaromag o6na; 

lllapa. ~aKTH'leCKH BOaMO>KHa H 6onee CnO>KHaSI CHTyaUHS11 

otJ:eHb .TSI>KenbiX gnep npH nocTaTo'lHO 6onbiiiOM Boa6y>KneH 

cTanHH npouecca r-:w~eT • nponaoil: TH: · neneHHe. B aT~M cny' 

nBa nBH>KYlUHX~si HCT~iiHHKa Heil:TpOHOB H yrnOBbie KOppenSI 

coBepllleHHO npyroil: xapaKTep. He ncKnrotieHo, 'ITO TaKHM. ' 

BoaMO>KHbiM nonytiHTb HeKoTopbie nononHHTenbHbie cBeneHH 

x/. 
neneHHR 

B 
. • . ·

6
. I fl 

6 
• 

HcxonHoH pa oTe. hlna y>Ke oTMetieHa HneuHaR 

KoppenSIUHOHHoro nonxona c acTpoHoMHtJ:ecKHM MeTonoM or 

BbiX panHycoB aBean no BpayHy H . TBHccy. B cnytiae ncna 

Boa6y>KileHHblX Rnep CXOnCTBO OKaabiBaeTCSI oco6eHHO CHnb 

eT. ponb aBeanbi1 nanytJ:aromeil: BMecTo ljloTOHOB Heil:TpOHhi. 

,, ·~--:;-....;,_....;,_ __ ~ 
x/ .3necb, yMeCTHO OTMeTHTb CX oncTBO C TeMH CTOnl 

ynbTpapenRTHBHCTCKHX HyKnOHOB1 B KOTOpbiX1 KaK npennon 
eT nsa !fiaii:ep6ona~ Ponb neil:TpOHOB nrparoT B · aToM cnytJ:a 
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( 10 ) • · B npnuunne aoaMo:lKeH, OAHaKo, n 6onee nocneAoBaTenbHbili noAXOA, 

KOrAa KOppemi UHH BHyTpH H3~y'laTemi C CBMOrO Ha'lana BKniO'IBIOTCSI SIBHbiM 

o6pa30M B TeOpHIOo Bo3HHK8IOIUHe npn 9TOM COOTHOIIIeHHSI1 aaanorH'IHble TeM1 

KOTOpbie 'HHTeHCHBHO H3Y'IBIOTCSI celi'laC B OITTHKe, Tpe6yiOT cneunanbHoro 

paCCMOTpeHHSie 

a· npouecce Boa6y)!(AeHHSI SIAPO MO:lKeT npno6peCTH HeKOTOpblli yrnOBOH 

MOMeHT. Ecnn HaneTaroiUee SIApO Mano no cpaBHeHHIO C SIApOM MHIIIeHH1 TO, 

KaK nerKO BHAeTb1 nnHeliHaSI CKOpOCTb SIApa MHIIIeHH1 CBSI38HH8SI C ero 

BpaiUeHHeM1 MHOrO MeHbiiie TennOBbiX CKOpOCTeli HyKnOJIOB1 H BnHSIHHeM Bpa

IUeHIISI MO:lKH0 1 llO..;BlfAHMOMy1 npeHe6pe'lbo flpii CTOnKHOBeHHH npHMepHO. OAH

HBKOBblX SIAep OTHOCHTenbH8SI ponb yrnoBoro MOMeHT81 BepOSITH01 ellle MeHb

IIIe1 BO BCSIKOM cny'lae AnSI UeHTpanbHblX yAapOB1 conpOBO:lKABeMbiX HaH60nb-
) 

IIIHM B036y:lKAeHHeM. 

Bbtiiie BCIOAY npeAnonaranocb, 'ITO nany'laromast o6nacTb HMeeT ljiopMy 

IIIapa. ~aKTH'IeCKH .B03MO:lKH8 H 6onee CnO:lKHBSI CHTyaUHSI1 llOCKOnbKY AnSI 

O'leHb .TSI:lKenblX SIAep npn AOCTBTO'IHO 6onbiiiOM Boaf?r:lKAeHHH Ha nepBOH 

CTaAHH npouecca MO:lKeT nponaoli Tn' Aeneune. B 9TOM cnyqae B03HHKHYT 

ABa ABH:lKymnxcsi ncT~'IHHKa neliTpOHOB H yrnoB,bie KoppenSIUHH 6yAyT n~eTb 
coaepiiieHHO Apyroli xapaKTep. He. ncKniO'IeHo, 'ITO TaKHM o6paaoM oKa:lKeTcst 

B03MO:lKHbiM nony'IHTb HeKOTOpbie AOITOnHHTenbHbie CBeAE~HHSI 0 MeXaHH3Me 

AeneHHSix/. 

/Jj 6 6 
B ncxomioli pa6oTe bina y:lKe oTMe'leHa HAeliuaSI nnaocTb Haiiiero 

KOppenSIUHOHHOrO ITOAXOAB C aCTpOHOMH'IeCKHM MeTOAOM onpeAeneHHSI yrno

Bb!X paAnycoa aaeaA no Epayuy n .Tanccy. B cnytiae ncnapennst 6onbiiiHX 

B036Y:lKileHHbiX SIAep CXOACTBO OK83biBaeTCSI oco6eHHO CHnbHbiM: SIApO Hrpa

eT ponb 3Be3Abl1 H3ny'IBIO::Ueit BMeCTO ljioTOHOB HeitTpOHble B COOTBeTCTBHH 

,,,., _ _._ ______ ..;..; ____ ;.... 
xl · · 

· 3AeCb yMeCTHO OTMeTHTb CX OACTBO C TeMH CTOnKHOBeHHSIMH 

ynbTpapenSITHBHCTCKHX HyKnOHOB1 B KOTOphlX1 K8K npeAnonaraiOT1 BD3HHKa

eT ABa ljlaliep6ona~ Ponb HeliTpoHoB nrparoT B aToM cny'la·e rr -MeaoHhi. 
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C 3THM yrnOBhie KOppen.IIUHH HMe!OT IIO'ITII O!lllllliKOBb!H Bl!!l
1 

OTIIII'IBHCh TOIIh

KO 3aMeHOH B (9) MHO:IKHTeii.II (-1/2) 118 (+1). 

§3. HHTepcflepeHunoHHhie Koppen.Huun 

llpH CTO~KHOBeHUU penHTIIBIICTCKIIX 

TT -Me 30HOB 

H!lep 

flyCTh penHTHBHCTCKOe H!lpO CT811KHB8eTCH UeHTpallbHO C 60IIhllli!M He

IIO!lBH:IKHbiM H!lpOM. CaMO HaneT.'!JOII(ee H!lpO ll Y3KIIH CHOII o6paayJOIIlllXCH 

penHTUBHCTCKHX TT-Me30HOB Bb!pe3810T B H!lpe-MijllleHI! Ulln!IH!lpll'leCKyiO 06-

118CTh - TBK H83biBaeMyJO "Tpy6Ky" 1 BHyTpll KOTOpoii llpOHCXO!liiT CllllhHOe 

rrepeMeUJHBaHne BTopU'lHbiX 'IBCTHU. PaccMoTpnM HeKoTophiJ1 .nucK, HBmiiomuilcH 

OpTOI'OH811hHbiM Ce'leHHeM llpO!lOII:IKeHHH "Tpy6KH" 1 KBK 9TO IIOK838HO Ha 

puc. 4. B OIIIICbiB8eMbiX YCIIOBII.IIX MO:IKHO O:IKII!l8Th1 'ITO OH IIO'ITII paBHOl\tep

HO "OCBell(eH" BTOpll'IHb!Mll 'l8CTHU8Mll1 llpH'leM 110 OTHOUJeHI!IO K Ha6nJO[lll1'ell10 

p8311l!'IHble TO'IKI! 9TOI'O !lllCKa MO:IKHO paCCM8TpllB8Th KBK He38BilCIIMhle 

Me)!Qy co6oii l!311y'laTenu penHTUBlJCTCKUX 7T -Me30HOB ll HYKIIOHOBo flpllli.Iep..:. 

HO T8K8H, :IKe CllTYBUll.II 6y.neT II nnH CTOnKHOBeHUif He BIIOIIHe UeHTp81lhHb1Xo 

TaKJIM o6paaoM, soaHnKaJOT ycnoBnH, cxonHhte c TeMn, KOTOphle ocy

mecTBnHJOTCH rrpu JtcrrapeHuu soa6y:~KneHHhiX .Hnep. · IT osToMy pacrrpenPnemie 

YrJIOB rfr Me:~K;Jy nByM.II llpOTOH8Mll1 UMe!OII(UMU onHHBKO~hle 9Hepruu I! Bhl

neTB!OillllMll rrpnMepHo Bnonh HarrpasneHn.II rrepBU'IHoro .11npa, rro-rrp.e:~KHeMy orru

Cb!BaeTc.II COOTHOUJeHUeM ( 9) • Ecnu pe'lh naeT 06 yrne Me:~Kny 7T -Me30Ha

Ml!1 TO B CB.II3ll C OTCYTCTBUeM y Hl!X CIII!Ha cnenyeT 38MeHI!Th ( -1/2) Ha 

( + 1 ) 1 'ITO llpiiBO.liiT K aaBUCHMOCTU: 

2J 1(x) 
) 2. a- l .._ ( ( 12) 

X 

flp11 OT6ope 'l8CTI!U pa3HhiX 9Hepruii cnenyeT O:IKIInaTh IIO.IIBIIeHIIH 'llleHOB
1 

aHanorH'IHhJX MHo:nmTeniO [ l + { t.Ci.J r i 1i )2 ]- 1 
B ( 10). OnuaKo o LinHTenhHOCTU 

rrpouecca nany'leHII.II ( aHanor senn'IIIHht T ) II 0 TO'IHOM ~Haiii!Tl!'leCKOI\.I 

Blln~ 3aBIICIIMOCTH a OT t.Ci.J Hellh3.1I CKa3aTh 3apanee IIO'IT!f HH'l8I'Oj Ha 
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rrepBhiH 11118H an~Ch. BhtnBIII'aeTC.II B03MO:IKHOCTh 9KCIIepl!MeHTI 

qeHll.II rrpo6neMhlo 

0TMCTUM 1 'ITO pOIIh!O KYIIOHOBCKOI'O B3al!MO!leHCTBli.II .M 

11p1!6liii:IKeHIIII npeHe6pe'Ih·. neHCTBIJTellhH0 1 . COOTHO~eHHe ( 11) 

II !IIIH pen.IITIIBUCTCKUX 'laCTIIU1 KDrna {3 "' l 

senn'lnHa ()I rfr .nocTaTO'IHO Mana. 

• IloaToMy .na:~KE 

Ha (12) cne.nyeT, 'ITO pacnpeneneHne yrnoB Me)Klly on 

II.IITUBIICTCKllMl! TT -Me3oHaMH UMeeT. Y3Kllll MaKCliMYM llpll 

C .npyroii CTopoHhl, HeaaBHCHMO oT o6cy:~KnaeMbtX HHTep<flepe. 

Hnii Bee pen.IITIIBHCTCKne 'laCTHUbi neT.IIT BI1ep~n yaKuM KOHY• 

yrnhr Me:~Kny HHMH non:~KHhi 6biTh ManhJMu •. BoaHuKaeT Borrpo· 

onHo OT at~YI'OI'O? 
0TMeTHM rrpe>KL!e scero, 'ITO rrpn 6onhUJUX nnaMeTpax 

<flepeHUllOHHbiH MaKCIIMyM OKa3hiB8eTCH CyllleCTBeHHO 6onee ~ 

TOI'O, UMeeTCH B03MO:IKHOCTh COIIOCTaBneHUH YI'IIOBbiX paCIIj 

HOTIIIIHhiX II p83HOTUIIHhiX 7T -Me30HOB. ( 7T +rr+ IIIIII 17_17..;, C rr+ n 

nn.II onHOTIIIIHhiX 7T-Me30HOB l!HTep¢epeHUIIOHHbiH MBKCHMYM 

IIliTh OT KUHeMaTII'leCKOI'O;. CpaBHIIB8.1I llapbl 7T -Me30HOB on 

ruii C ~apaMH1 UMe!O!IliiMII ,10CT3TO'IHO 6onhrnyJO pa3HOCTh 91 

B HaCTO.IIIIleM rraparpa¢e Mbl ncxonnnn ua rrpenrrono:~Kel 

MOCTll ll311Y'leHIIH H8 pa3HhiX Y'l8CTK8X !li~CK8 j rrpe!IIIOII8I'ano 

panuyc nuc~a .6nnaoK K pa·n.nycy. Hanera10mero gnpa~ He cne 

'ITO 9TO - TOIIhKO rrpenrr:>J:O:~KeHIIH 1 x,OTH II BIIOIIHe ecTeCTBei 

paCCM8TpHBaeMbiX IIHTep<jlepeHUIIOHHhiX .IIBIIeHJJii Mbl BHnJIM 1 r 

II B TOM, 'ITO C HX IIOMOUih!O B03MO:i(lf8 ~KCIIepi!MeHTallhli8H 

u .npyrux rrpencTaBneH;Iii o Mexanua Me B3311l\IO;teiicT3!IH MeJ 

lllHMHC.II pel.!.IITIIB~cT.cKHMH .HnpaMn. Ha aTOM rryTn MO>KHO Ta: 

IIOIIY'lllTh HeKOTOpbie CBeneHH.II. II 0 ·MeXilllll3l\le B3311:\IO;leiiCT 

IIHTl!BllCTCKUX aneMeHT8pHhiX 'l8CTI!Ue 
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8KOBbiH Bllll 1 OTni-I'IaHCb TOJib-

rutin 17 -Me 30HoB 

Knx Hllep 

ue~TpanbHO c 6onbWHM He

!KII.ii CHon. o6pa3 y 10wnxcH 

I lillie HI! UllniiHllplltzeCKYIO 06_ 

>poft ITpOIICXOlliiT CIIJibHOe 

H9KOTOpbiH lliiCK, HBJIHIOWIIilcH 

1 KOK 3TO ITOK8381JO.Ha 

'b, 'ITO OH ITO'ITll paBUO~!ep-

10 OTHoweHniO K na6morwremo 

Ba:r.b . K8K He38Bl!CIIMbie 

lO~OB H HYKJIOHOB, npl!l\tep..:. 

~ He BrronHe ueHTpanbHwx. 

hle ~ Te11.m, KOTOpbte ocy-

,- posToMy pacrrpenPnenl!e 

>lll!II8KOBble SHeprHl! If Bbi

EJO_ro HJlpa, rro-rrpe/KHeMy orrn-

yrne M91KJlY 17 -Me3oua-

lY9T. 38M9HII1'b (-1/2) ua 

( 12) 

~aT~ ITOHBJI9HIIH tzJieHOB, 

), .0JlH8KO 0 JlJIIIT9JlbHOCTl! 

TO'IIIOM OH8lliiTU'IeCKO!I.I 

apanee rrotzTII.Hl!tzero: Ha 

rrepBbiH ITJI8H 3Jl9Cb BbiJlBl!raeTCH B03MO/KHOCTb SKCITepnMeHTaJibHOrO l!3Y

'I9HliH rrpo6neMbi. 

0TMOTUM 1 'ITO pOJibiO KyJIOHOBCKOrO B3al!MOJleHCTBl!H .MO/KHO B rrepBOM 

ITpU6llli/KeHHII rrpeHe6petzb, lleiiCTBIIT9JlbHO, C~OTHO~eHUe ( 11) CrrpaBeJlJlliBO 

U l!JlH pemiTHBIICTCKl!X 'I8CTIIU, KOrJla {3 "' J • nos~OMY Jla/Ke npn . l d. 700 

aemttznHa 8 I ljJ aocTaTotzHo Mana. 

H3 (12) cneayeT, tzTo pacrrpeaeneHne yrnoB MeiKJly oanHaKOBbiMII pe

n5ITiiBiicTcKnMn 17 -Me30HaMII II MeeT Y3KIIH MaKCIIMY~ npll t/J "'1i / p a , 

C apyroii CTopoHhi1 He3anncnMo oT o6cyiKaaeM~IX UHTep!flepeHUHO~HbiX Hnne

Hnii ace penHTIIBHCTCKne· tza~THUbi neTHT anepen Y3KHM KoHycoM, Tt,lK ttTo 

yrnht MeiKJlY HHMH JlOJIIKHbi 6btTb ManbtMn. Bo3Hl!KaeT aorrpoc, KaK oiaemtTb 

OJlHO OT npyroro? 

0TMeTIIM rrpe>KJle ncero, tzTo npn 6orrbwnx anaMeTpax "Tpy6Kn" IIHTep

!flepeHuiioHHWii MaKcnMyM oKa3waaeTCH cymecTBeHHo 6onee y3KUM, KpoMe 

TOr0
1 

. l!MeeTCH B03MOIKHOCTb COITOCT8BJieHl!H yrJIOBb!X pacnpeaeneHUH OJl

HOTl!ITHb!X H pa3HOTHITHbiX 17 -Me3oHoB ( 17 +17+ nmr 17_17..;. c 17+ 77-). HaKoneu, aa>t<e 

JlJIH OJlHOTIIITHbiX 1T-Me30HOB liHTep¢epeHUI!OHIIbiH MaKCiJMyM MOIKHO OTJle-

JIIITb OT Kl!HeMaTH'I9CKOr0 1 cpaBHUB8H IT8pbl 1T -Me3llHOB OJlllHllKOBb!X ,SHep~ . . . 

rnii. C f!8p8Ml! 1 l!MeiOII!l!MH ,'lOCTilTO'IHO 6onbWYIO p83HOCTb SHeprnfi !'! l •>'>11/~ 

B HacTonmeM naparpa!fle Mbi ncxoannu II3 rrpennono/KeHIIH o He3aaucu

. MOCTII II3nytzeHIIH Ha p83HbiX ytzaCTKaX JlHCKa: ITp9JliTOITaraJIOCb TaK/K91 tz:ro 
. . 
paniiyc lliiCKa 6nii30K K pa.niiycy Haner.:~romero nnpa. He cn.enyeT ::ia6i,maTb 1 

'ITO STO - .TOJlbKO rrpenrr:>J:l1/KeHUH 1 XOTH II BITOJIHe eCT9CTB9HHb!9, Ba~<HOCTb 

paCCMOTflliB89MbiX liHTep<!JepeHI!liOIIIIbiX HBJI9Hitif Mbl Bllll1IM 1 Me>Kny ll~O~JIM 1 
' . . 

II B TOM1 'ITO C IIX ITOMOLUbiO B03MO:i<H8 ~KC!1eptn..feHTUllb.li8H ITpOBepKa STIIX 

11 apyriix rrpencTanneaaft o Mexunn3 Me B3<.1JJliiOlleiicT3:rH M91KllY cTanKHBaiO-

wnMIICH per.mTIIBIICT.cKli~H HJlpaMn. Ha 3TOM rryTn Mo.>KHC? TaK/Ke uaneHTbCH 

rronytzl!Tb HeKoTopbte cneneunH 11 o l\texnnJJ31\Ie B3aiLMo;leiicTBIIH ynbTpape-

JIHTIIBIICTCKIIX SJieMeHTapHb!X 'l8CTIIUe 
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B 'I8CTHOCTH1 CTDnKHOBeHue· penSITHBIICTCKHX SI~ep MO)I{eT HMeTb HeKO

TOpoe M~JV.mbHOe 3118'IeHJie, PaCCMOTpliM B Ka'IeCTBe IIpHMepa KOppenSIUIIII 

Me:IKlly 1T -Me30H8MII1 BbineTaiOmHMII neprreH,'liiKymipHO K OCR Tpy6KH B na6o-
. ' 

paTOpllOH CIICTeMe KOOpaHH8T, Ce'JeHHO H3ny'I8IOIQen o6naCTII HMeeT B 9TOM 

cnyqae ljlopMy IIpSIMoyronhHHKa,· BbiTSIHYTOI'O Baonb HanpaBneHHSI aBH)I{eHHR 

HaneTaromero Siapa (KoTopoe C'IHTaeTcSI cenqac ManeHhKHM no cpaaaeHHIO c 

SiapoM M JIIIIeHH) • no3TOMY yrnoBaSI ll1HpHH8 HHTepljlepeHUIIOHEOI'oJ Mf.lKCH:\iyMa 

6yaeT 38BHCeTb OT OplleHT8UIIH IInOCKOCTH1 o6p;30B811JIOM HMIIynhC8MH aByX 

BhiJleneHHhiX 1T -Me3DHOB: M8KCIIMYM Y3DK 1 ecnH OCb Tpy6KH ne)l{l!T B 9TOH 

rrnocKocTn, u umpoK, ecnu oaR rreprreH.'liiKynSipHhi apyr apyry. 

Moxmo HaaeSITbCSI1 'ITO 8HanDI'li'IIlhiH 8HanH3 KOppenSIUIIH BTOpll'IHh!X 

MC30HDB II03BOnliT caenaTb BbJ6op Me)I{Jly TCDpliSIMH MHO)I{CCTBeHHOI'O pO}:me

HHSI IIpll CTOnKHOBCHHSIX penSITHBHCTCKIIX 'I8CTHU 1 IIOCKO:JbKy pa3nH'IHbJe Teo

pUll npHBDllSIT K uanyqaroJUHM ooheMaM cymecTaemio paauon ljlopMbJ, 

ABTDpb! 6naroaapHbl B.n. nro6oumuy aa ueHHbJe 38Me'I8HIISI. 
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