
c 3 4 G. "(J a/ 
-,--611 a 

OB"bE.UHHEHHbiH 
HHCTHTYT 
H.UEPHbiX 

HCCilE.UOBAHHH 

.Uy6ua l . 3026 

B.M. roJIOBHH, JI.A. KyJIIOKHHa 

nOJIHPJ13Al.U10HHbiE 3<I.><I>EKTbl nPJ1 HEYnPYrOM 
Nd -PACCEHHJ1J1 

~ 1. J1cxo,nuble npe,nnoJIO)I(eHH.H, oQeHKa 
;: ~<lJ<lJeKTHBHbiX ~Hepf'HK 

• i • 
I t"' 



1 - 3026 

B.M . roJIOBMH , JI.A . KyJIIOKMHa 

OOJIHPH3AUlttOHHbiE 34>4>EKTbl OPH HEYOP~TOM 
Nd -PACCEHHHH 

I. HcxoAHbie npeAnOJIOJKeHMll , o~eHKa 
:l<jJ<jleKTMBHbiX :lHeprM~ 

~ ... - ...... - ':), __ ..... ,...- v.. .... --- -~ ~ ... ;. 

~ ~- .. ·. '!' ~r :.. . . . . - ' 
~ r 

j.lt ' .... ~~- • ·'- . .-- .! , . ' I 

~ .. _}~.:.~·.:..:~: ~· ·~r 



1. OcaoBbi Teopaa paccesaas ayxnoaoa aei!TpoaaMa 

PaccMoTpaM cacTeMy, cocTOBIIlYJO aa aei!Tpoaa a aaneTaJOmel! aa aero 'laCTHtlbi, B aa

qan&HOM COCTOliHHH aaneTaiOIIlYJO 'laCTHilY 6yaeM OTM&'IaTb aHilGltCOM 0,1, a 'laCTHilbi, o6pa-

3YJOIIlH8 ll&I!TpOB1 HBil8KCaMH 02 H 03, 8 KOHG'IHOM OOCTOliHHH T9 lKG '18CTaQbl 6yayT OTMG -

'laTbCll aHil8KC8MH 112,3 COOTBGTCTBGHHO, nonaraeM, 'ITO B CaCT8M8 llGIICTByJOT nHWb llBYX

'IaCTH'IHbl8 CBnbi H B3aaMO.[l81!CTBH9 aaneTSIOIIlGII '18CTaUbl C 'ISCTHUaMa 02, 03 OllBCbiB89TCB 

BaaaMOilGIICTBae '18CTau, BXOilBIIlHX B COCTSB .[lei!TpOHa, 381l89TCB .. 
<j>yaxuael! Vd k I - 99 BOn HOBO!! 

BGltTOp, a I( :iT I - nonaall ltaBGTa'IGCKSB 9H8prHH CHCT9Mbl. llnll npOCTOTbl Mbl notta He 

6yaeM y'IHThiBaTb cnaaoay10 aaaacaMoCTb can, aellcTByJOmax MGlKilY 'laCTHtlaMa. 

raMHnbTOBaaa paCCMaTpBBaGMOII CHCTGMbl MOlKBO aanaCSTb B Ba.[le 

. -{' 
+ v d + v2 + Va 

H o + v2 + v a 

H 0 + v. 

(I) 

npa 9TOM onepaTOp V onaCbiB89T B03MYIIl9Hae, upaBOilBIU99 K nep9XOil8M M9lKilY C06C TB9H-

tlbiMH COCTOSIHHSIMH H 0 

Ehmo noKaaaao
1 1

• 
21

, 'ITO pacceHaae HaneTaJOmel! '18CTallbi aeATpOHOM MOlKHO npea cTa

BHTb K8K nepeXOil MelKily H8'18nbHbiM a KOHG'IB biM COCTOliHBHMa noll ll&I!CTBaGM onepaTopa 

T' HMGJOIIlero BHil 

rae -· g- (E-K+i<l 

(2) 

b - saepraH CBHaa aei!Tpoaa; 
-I 

V1 + V1 (E- K-V1 +ill Y1 OnepaTopbi COOTB8TCTBYJOT paCCGHHHIO HaneTSJOll!el! 'ISC-

THilbl H8 -qacTaue aei!Tpoaa; td -p8CC9HHH8 '18CTHU 02 a 03. 

CaM son l;" 03H8'188T CyMMBpOB8HHe no T8M KOM6aBSUHHM 

pbiX COC81lHH8 onep8TOpbl He HMGIOT OllHHSKOBbiX HHil8KCOB H onepaTOp td 

Kpai!Hero neaoro ana KpaAaero npaaoro nonoJKeaaA. 

3 

" H td, B KOTO-

H9 38HHM89T 



Pa3no>J< enne ( 2) n om:< HO 6J,J T b HB CK OnhKO H3MBH B HO B c nyqa e ero npH MB HBHHSI n m1 

aHanH3a Heynpyrwx rrpoue c coa. l1 3 Mene HIHI o6ycnoaneHbi Te M, l.I TO MaTpH'IIHbie aneMeHThi t -

o n epliTOpO B fie p y TC fl MS>Kll Y COC TOHHHH M H 1 Oll iiCbiB89MblMH nnOC K HMH BOnH8MH 1 K O T Opbie He 

SIBnSI!OTCfl COGC T ll8H H bi M H C OCT05I HU SIM H H o 

MY C06C T B 8HH08 C O C T O SIIIH8 \j l( k-+1 • k 2 , 'k 3 

T. K. nocnenuHtl BKn iDt~6eT a ce6H V d fl03TO -

onepo T opa ll0 COUBplKH T, KpO MB IT n OCKII X 
~ ~ 

B OnH
1 

T 8 K>K 8 C X OJJ, HU(H9C SI c <f1epHlJ8CKl! e BOn H b i . 4>yHKU H SI 'I' 1 ( k 1 • k 2 k a ) MO>I<S T 6 b lTb 

o n pe n ene ua Bl lp ll>!{8HHeM 

'I' r ( k I 'k 2 ' ka ) = ( I + 
"+ -+ .... 

::F.:--- - K- -- it- l d ) <!> ( k I ,k 2' k 8) • 
(3) 

r ne ~>( k~ 1 , k
2

, k
8 

-JHITepecyiOIUee uac KO H e LJ:Hoe cocTOSIHHe , conep>Kamee n Hm h nnoc -

KII B B On li L t , KoM 611Hllpy!! ( 2) H ( 3), BIIHHM , 'ITO npouecc 11e y npyror o paCC BSI H H!I COOTBBTCT-

ByeT n epe x o.ny M S>K.Ll Y H8'-18nbH b i M COC TORIIH8M 

'I' In f•o <k~o 2 l<l>(k~O I ' k: 2· - ;o2 )dk o2 

H KOH B •tH b\M COCTO!IHHBM (3) 
/ I / 

noa a eAcTDIICM o n epaTo p a 

3 n ecb 

T-( l+ (F. -K it) 

+ A 

td )T ' 

z= ~ 2 + l3 + 12 g t 3 + 13 g l 2 + l d g 12 + l d ! l 3 + I. "' lglg t + 

I_' -H M99T T O T >Ke CMbl Cll , 'ITO ~ -- a ( 2 ) , HO onepa T op 

3 8HHMB T b non a HaK O M cyMMbi KpafrHee n e a o e non o >K eHHe. 

(4) 

( 5) 

A ' 

l d MO >K9T T enepb 

B c nyq ae , Ko r .ua HaneTatorne:A qacTnueH s:tanH e T C H npoTOH HllH He t! T pon, MaTpH4Hbie 

a neMeHT bJ o nep.1 Topoa T H T non>KHbl 6btTh , KOHC l.IHo , BHT HCHMMeTpH30BBHbi no co CT O -

SI HHH M TO >Kil9CTB9 HHbi X HYKllOIIO B . 

Pac ceSHIH G qacTHU BbJCOKHX aHeprHt! .uenTp OHa MH q aul e a c e r o paccMa TpHBB lOT a T B K 

H83 b i B 89MOM "' n Mny nbC HOM n p H 6 11H >K9 HHH"' 1 COOTB 9TC T BYI01!19M y .nep >KB H HJf) llRUi b nepBbi X .llBYX 

qneH OB p83 11 0>K9HM SI 1 T. e . H C TT Ollb3 0B8UH10 B K8 lJ9C T B9 onepOTOp8 nepeX O.ll8 B b lpO .iK9 HHSI 

T ' = T = 
A 

t2 + t a (6 } 

n e rKO BHH B Tb , 'IT O OT 6p8C u! B 8 HHB B pa3 nO lKBltiiH ( 2) Hnll ( 5) 'ln B HOB B b i Cili HX nopiiHKOB 

COO T B9T C T Bye T rrpene6pe>Ke HH IO MHOrOKpBTH b iM p8CCeH HH9M H B 3 8 H l.10ll9fiC T B II9 M qaCTHil B 

KO HBq HOM COCTOS! HHH, flocn B Jl HHfi 3{j><j>eKT 0 6bi 'IJIO ll b1T8JOTC!I y 'IB C Tb, llpHMBHSI!I B K8 '1BCTBB 

BOn H O B b i X ~yHKUMA K O H 9 l.I HOr O COCT O SI H H Sl He nnOC K ne BOnHbl , B Bbip8 >K9H H Sl 6 onee C n O>I<HOrO 

/ 2-4/ 
a 11 n a ( CM,, nanpHMep , ) • 

4 

J 

2 

4 ncnoHnhl9 pactteTLI, 

pa6o T 3Toro nnKna , 6yneM 1 

B KB'IBC Tae onepa T opa nepe: 

IT p llMB M p 8 B HOA (4) C BKn JO' 

TpoHa a n M nynhC HOM n penc~ 

a (~) = C HC 

n pennonaraeM, lfTO K O HeqHQ• 

C Oll 9 p>KBIUR M H CTT HHOBb19 rrep• 

Mbl O TK 83LIB89MCSI OT 

saeaeHHe M 6onee cno~CHhiX I 

6op TflKilX ¢ Y HKUIIA B H8CTOf 

OflHCBIJllhiX rTp116nJ!>K9JflHIX ME 

iliiMOCTH lfCTTOllb30B811LI B pa 

HOB pa3nO>KBJJH!I ( 5) , 

B caoux Bbi YncneHJHIX 

M HX 3 11 ll lJ9 HHSI 6yaeM HB X O.Ul 

UI9HH. B 3 T OM OTHOIII91Hfl1 HE 

p8 ClJ9 T b l 1 Bblfl011 1J9HHbl9 B pa 

CneayeT OTMeTHTb , liTe 

tJ:TO H8 "l8llbBOe H K OH94HOe C 

C SITCH K p83H b iM 3 HeprJHIM it 

6btTb Dbl pa;KeHbJ q epe a aMnn 

H OC TH . H e KOTOpbiM OC H O B BIIH 

¢eKT HCflOllb3 0B8HHH M 8 TpH4! 

My , K C p8BHHT9llbHO M 8 ll b i M 

c Hee . Cnen yeT yqec Th TBK>1 

M oryT 6biTh onpe.ne neHb i B H 

nyKnOH - HyKnOHIIbi X n o T e HU11 81 

II LIMII . 

B 11yxe npn6 nH >KB HIIst <I> 

38 11 C C OOTB9T C TBYJOI1Iefi BMTT 



) M8TpH'tHble an e M8HTbl t -

MH BOnHBMH, KOTOpbl8 H8 

oqaeT B ce6sr V d no3TO-

•.£t8p>KBT , KpOM8 flllOCKHX 

) ' (3) 

, conep>Kamee nHmh nnoc -

oro paCC8HHHH COOTB8TCT-

(4) 

(5) 

t + . .. 

A' 
op 1d MOX<eT Tenepb 

ICHMM9TpH30B8Hhi fiO COCTO-

ro pacCM8 TpHB8lOT B TBK 

p manu10 nHWb nepBhiX nsyx 

nepexo.aa B b tpa ;.KeHHSI 

(B) 

e HOB B b !Clll lfX no p~.OK O B 

HIMOll91iCTBHeM lJ8CTHU B 

Tb 1 npHM8HSHI B KaqecTBB 

htpa >KeHHst 6one e cnO>J(HOro 

2. O c noanb!e J:! CXO!IIIbie npen nonome n HH 

4HCnP-HHh18 p8Cl.f8T b l 1 p e 3yllbT8Tbl KOTOpblX COCT8 BRT O C HOBy c o.oep>Kll HHst n nrn eayinl·mx 

pa60T 3 TOrO nHKn8 1 6 yA8M ITpOBO!IHTb B HepenRTHBHCTCKO ~ I JI T\ t fT YilbCHOM rrpn 6 1TH >i< 8 H HH, T. e . 

B K8'!eCTBe Ollep8TOp8 rrepeXOil8 B03bMeM Bblp8>t<eHHe (B), <l>yHKUHIO HaqallbHOrO COC TOSIHH!I 

rrpnMeM paBHOfl (4) C BKiliO'!eHHeM 3llBHCHMOCTH OT CIIRHOB '18CTRU. 0CHOBHOe C OCTO!IHHe aen-

/1/ 
Tp0H8 B liMITYflbCHOM npe!lCTD.Bil8HHH 38f1Hlli8M B BH!l8 

a{~) = C HOpM. I I I 
~ - (5-.2- a- ) ,.---+--K-2,-- ' 

2 
a 

Mc
2 

~~b 

(7) 

npe.nnonaraeM, ttTO KOH8ttH08 COCTOHHH8 CHCT8Mbl OfTHCb!B88TCSI fTITOCKHMII BOITH8MH 1 T8K IK8 

C0.08p >K 8 W HMH CflHIIOBW8 nepeM811HW9. 

M b l OTK83 bi B88MC51 OT ITOfl bi TOK yqeCTb B38HM008A'CTBJ.I8 l.J D. CTHn B KOH8ttHO ~I COC TOHUHH 

BB8.Cl 8 HH8M 6onee CnO >I\ HbiX BOniiOBbiX cf1y'HKUHA, T8K KBK, C O.!lHOA' CTOpOHbl, 060CHOBaHHbiA' Bbl -

6o p T l1 KIIX <jlyHKU H A B H8CTOST!ll 88 B p 9 M H 3 8Tp y llHHTe neH 1 8 C a.pyro A - nony r.t8HHL>I8 H8MH B 

O fTii C8 1Jfl hi X ITp H 61TIDK8H lHIX M8 T plflill b 18 3 1l8M8HTb l t -onepa T OpOB MOryT 6b!.f b ITpH ue o 6xo-

/l / 
ll iHAOCTJf 11Cnonb 3 0 B8ll b l B p 8MK 8X MeT Oll OM 3ae p eTT8 nns:t BbllfU C fleHU fi fiOCJleO y K>HtHX l.fn e -

H O B p83 1lO >Ke i!H H ( 5), 

B csonx B bt l.fn c n e HHRX Mbi He npe.n.nonara eM nocTOHHC TBa HyKnoH-Hy KnonnbtX aMnnHTyn 

H HX 3ll8l.J9HIIH 6y.O.eM HBXO.!lHTb C yqeTOM BenH'IHHbl JI H8fip£l Bfi8HHH HMflyflbCB HYKI10H8-MH

UI8Hlf. B 3TOM oTao m eunH aa w n pactteTbi nposenenbr a 6onee o6utHX npennono>KeHHRX, tteM 

pacqe T bt, B b rnonu e HHhre a paannt.tHbtX sapuaaTax npocToro Hl\·tnynhcuoro npH6nn>KeaHsr
131 

CneayeT OTMeTHTb, 'ITO rrpH npoaeaeHHH acex 3THX Bbi'IIlCileHHtl Mbl rrpeHe6peraeM TeM, 

"'TO H8tt8nblf08 H KOH8t:JH08 COCTOQHUR ana KB>K.llOA: H3 nap B3llHMOll8ACTByJOTUHX qftCTHU OTHO-

Cs:tTCSl K p83HblM 3HeprHHM H nonar88M 1 1.fTO M8TpH1.1H h i8 3J18M8HTbl ;o. - onepaTopoe MoryT 

6biTb Bb!pll lKeHbl qepe3 aMrrmtTYilbi c so6oaHoro NN -pacce!IHII!I Ha Maccoaon rrosepx-

IIOCTII. HeKOTOpb !M OCHOB81JH e M llll!l T8KOrO rrpeue6 p e >KeHR!I !IBilReTC!I TOT <!>aKT/J/' '!TO ,..P-

tfleKT HCfiOJlb30B8HHQ M8TpJ.PIII b iX 3 fi9MeBTOB BH8 M BCC O BOA noaepXHOC TH npUBOJlUT, fiO-BHllHMO-

My, K Cp8BHHT9JlbHO M8JlhiM H3M8H8RHSIM peaynhTBTOB, nonyqeHHbiX B npene6pe>K8HHH YXOtlOM 

c 1-1ee. CnenyeT yqecTb TBK>Ke, ttTO caMH MaTpHttHbte aneMeHTbi BHe Maccoson noeepxaocTH 

MOryT 6btTb onpeaen9Hbl B H8CTOHtnee Bp9MSI JlHWb npH BCfiOJlb30B8HBU KOHKpeTHbiX QopM 

ByKITOH-HyKITOHIIblX fiOT9HUH8nOB, KOTOpbt9 C8MB ITO ce6e HBnSHOTCH H800CT8TQqHQ 060CHOB8H-

ll b iMH. 

3, OcHOBHbie pacqeTHwe <!>opMynhi 

B ayxe np1!61lH>KeHll!l <l>epMH
151 

MaTpR'!Hblll 3neMeHT t -onepllTOpa MO>K9T 6b1Tb CBH -

3 8 11 C COOTBeTCTBYIOUleli 8MllllllTyllOI! CB060ilHOrO NN -pacceRHHH , aanToH a c . u . M. nsyx 

5 



HyxnoHOB. Yxa3llHHYJO CBH3b aannwe" ( 11anpnMep, IIOH t 2 ) B Billie 

~ (2rr)' (ll~f ~ 
<k~ 1 .k,,k3 l~ 2 lkol•~2 .~ 8 >•- 2 

M 12 (e 2 .0 2 la(k 1 +k~2 -k01 l. 
Me 

(8) 

3nec b : p. -npuBelleHHBA MBCCB B3BHMOIIeliCTBYIOUlHX UyKOOHOB0 a(;) -BOOHOBllA 4>yHK-

uun 11el!Tpoaa, M 12 (e 2 ,0 2 l -aMnrtHTYilB pocceHHHR HyxnoHOB 0 I 11 02, •2 -O>cll<fleK-

THBHBR :::meprHR COynapeHHH, 0. - y l'on pacceRHIIR B c.u.M. asyx HyKilOIIOB, 

B xa'!eCTBO IICXOIIHOll q>opMynbt IIIl A pac'!eTa nonnpnaoBaHHbtX ce'!eHnt1 < IS > ( I -ce-

~euHe pacceHunsr, S -COHllOBOl! onepaTOp) MOJKeT 6btTb B3SITO BbtpaJKeHl!e 

d < IS > • 
Mc

2 
1 "' "' + 

(licl" ~ • sp 1«1- P10 >oJ>, IT I 'I',. >p 10 <O -P12 ><t>, IT I 'I',. > x (9) 

!'lie 

A -+ -+ -+ •• dkt • dk2•dk8 
X s I X s ( r f - r. In) s (It I + k 2 + It 8 - k 0 I) (2rr) 

k. 01 - eonnos oH aeKTop HaneTtuomero HyKnoua a n.c . , 
~ 

k
1 

-Bo
2
nHOBble aeKTOpbl 

(llcl 2 
F:tn• ~~ k.Ol - b 

- (lie )2 
• • • 

f. f • 2 Mc2 (k I + It 2 2- k 3 

T- ~k2 
f 2 Me f 

IIYKOOHOB 1,2,3 B KOHe'!HOM COCTOSIHHH (n.c.); 

-aHeprug HB'-IBnbHoro COCT051JilHI CHCTeMbl j 

-aneprnR Koneqnoro cocToHHIHJ; 

-3HeprHH f -'lllCTHUbl ( f = 01 ;02;03;1,2,3); 

P12 - onepBTOp ne_pecTaHOBit.H npocTp8HCTBeHHb1X H CnHHOBblX KOOpltBH8T TO:HUleCTBeH

HblX l:f:BCTHU 1, 2; 

p
10 

-MBTpM:UB nnOTHOCTH H8tf8flbHbiX CllllHOBbiX COCTOSIHHA, KOTOpBSI npH HCITOnb30B8HHH 

HenonRpli30BOHHOa neHTpORHOA MHWeKR HMeeT BH.n: 

1(1+P ·ol·An pIn = 0 01 I 
( 10) 

A ={<3+;1.,7'.>. 
23 

CnHHOBhle onepBTOpbl CI1CTeMbi 1 COCTOSIIDetf H3 Tpex HyKnOHOB, BKJ1l01.f8}()T 9JlHHIPJHhtfi 

onepaTop ( HenonSJpnaoaaJ!Hoe paccestHHe), onepoTopbt nonHpH3BUHH K 8>KJJ.oro H3 HyKnonoa, 

KOppe."ls:IUJHt non51pH38UUl1 KBJKJJ.Ofi. H3 nap HyKnOHOB 1 KOppenSIUHH nonRpH3aQJf1'\ BC9X Tpex HyK-

.tlOilOB: 

{

= 1 • 
~ 

= 0 • a 
~ I i s .... .. .. 
· =(a 1 • a 1 ) • (a l • b l ) • 

.... .. .. .... .... 
=(a ·• ) •(a ·b ).(a · c). 

i t J j t t 

:, b .. ,;_ - npOH3BOnbHbl9 9!lHHH1.fHble BeKTOpbl . 

6 

i = 1,2 ,3 ; 

i = 1,2 ,3; 

r = 1,2 ,3; (II) 

] 

AMnnHTYIIbt paccesiHH> 

( p - 2,3) 

Mlp =alp +t 

C onpenenRIOUUfMU OpT8MH 

OpTbt o , m 

k.lp X k.fp 

~ 

I k lo xk10 

CTpOR 

Hanpa s n e HHHMH BOnROBblX B• 

~ 

•., = •o,-k 

kr.t = kl 

11Mnynbcbl kos flOSIBilHkJ T 

npH 3KCnepuMeHT811bH 

see TPH 'lllCTIIUbl. no3TOMY 

HbiX npoueccoa, npoHHTerpJ. 

IIMIIYObCY TpeTbel! 'lllCTHilbl 

HHTerpHpOB8HHSI H BWITOnHe 

lleTC!l K BHOY 

d<lg>=4(1: 

+ (1-

X a( k, 

xeS( k ~ 

npn 3TOM :;,¢1jleKTHBHbte 3HE 

BaaHMollellcTBHSI HyxnoHOB t 

meA npR 8HTHCHMMeTpH3llU> 

Bblp8>Ke HHSIMH 

( e > ) I 



B au.ne 

a(k 1 +k~-k01 l. 

a, 

HOB 01 l! 0 2, 

aayx HYKilOIIOB, 

HbiX C91.f9Hif11 < IS> 

3qTo Bhtpa>KeHJte 

k1 ·dk2 .ik 3 

(2rr) 8 

>C TOHHI!If ( n . C.); 

JSIHHSl CH C T8Mbl; 

tfSlj 

01 ;02;03;1, 2,3); 

(8) 

( I - ce -

~biX KOOp.O.BHBT TO>fl:!l8CTB8H-

KOTOp8S1 n pH HCnOnb30B8HHR 

( 10) 

U H il KB >KJlOrO H3 HyKnOHOB, 

nonnpH3l!unA acex Tpex HYK-

I; 

3 ; (II) 

,, 
,f 

l 

AMnnHTyabi pacceRHHH HaneTaiOmero HyKnoHa 0 I nyKnoHaMH 02 11 03 311fi!f nieM a snae 

( p - 2,3) 

~ 

Mtp u alp +fJtp (;• .;).(o: .fi)+ylp(;t.;;+;P .;:)+OlpC:l;)(o-+ .;)+flp(;t.f)x (12) 

c onpeaenHIOU!HMII opTaMH 

~ 

-+ kip X k. fp 

D • 

I k',. xlrp I 

~ 

lfp -l,. 
m""' -+ -+ 

I k,. -k,. I 

X (;P • f) 

i: lp + kfp ( 13) 

I k:. + k',. I 

OpTbl o , m CTpOSITCSI HB 8.llHHH'IHbiX B8KTOpax, HanpaeneHnH KOTOpb!X CO B rillllBJOT C 

H8npaeneHHSIMH BOnROBbiX B9KTOpOB OTHOCHTenbHOrO ll,BH >K8H HH : 

( 14) 

l f3 = l, 

11MnynbCb! flOSIBn H JOTCH npH ll8 A C TBJBI onepaTopa P 12 HB 8MflnHTy:-ty 

npu 3KCnepHM8HT8nbHOM lf3yqeHHH Nd- pac cestHHSI rlOY TH HHKOI.ll8 JJ8 perHCTpltpyiOTCSI 

BCe TpH qaCTJfllbt. no a TOMy Bbtpa>KeHHe { 8) MO>KH O , .llO ne pe XO!l£1 h p8CCMOT p8H H IO KOIIKpeT

HbiX n p oueccos, npoHHTerpnpoaaTb no nMn y nhcy oaHOii 113 'IBCTHU (anR onpeaeneauocTH - no 

HMllYilbCY Tp9Tbel1 'IBCTHUbi) , 'ITO ll0380/1HT lf368BHTbCSI OT /l( C1 + k 2 +k
3 
-k01 ) n ocne 

HHTerpHpOB8HHR H B b lllOnHeHHSI pRaa apyrHX H9C/10lKHb!X npeo6pl!30B8 HHI1 ~>Op~!Yilll ( 9) npi!Be-

ll9TCR K BHllY 

1 "' -+ -+ -+ 
4 ( -r;;-;- ) • Sp I [(I - P 

12 
) M 12 (eo 0 2 ) a ( k 

1 
+ k 

2 
- k 

0 1 
) + 

np11 3TOM 3¢¢eKTHBHb!B 31!9prHif e 2 

B38MMO!l9ACTBIIII HYK/lOHOB 01 M 03) H 

( 15) 

(!lllR B3 a !IMO!l9flCTBif SI HyKnOHOB 01 M 0 2 ), e 8 (!lnR 

( anR 8MllnlfTYllbl M 23 = p 12 • ~11 8 • B03HHKD IO-

meA Upll 8HTIICIIMM9TpH38UIIII no COCTORHIISIM TO>Kil9CTB9HH b !X '18CTIIU), 6y!lyT onpeae/lSITbCSl 

B b 1p8>K8HHHMH 

( e 2 ) In ( 16a,6) 
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~ 

2 
(lie) ~ ~ 2 

( e 3 ) In = ~(kol -k 2 ) 
2Me ( 16a ) 

2 
(lie) ~ . 2 

(e,. )In = ~ (k 0 1 + k 1 ) 

he 2 
.... -k~, ) 

2 
( e 2 )I =~(k, 

2 Me 

2 

( e a ), 
(1ic) .... ....,. -+ 2 - 2>.!e" (2kt + k2 -kot) ( 166) 

(en), 

2 
(he) ... -+ -+ 2 

= 1lf? (2k2 +k I -kOI ) 

a KOCI! IIYCI>I 9{jltjleKTHBHbiX yrrtOB paCC9SIIlHSI ( B C,U,M, HYKrtOH - HyKrtOH) llrtSI T9X )1{9 nap HyK-

nOHOB pOBIIbl 

( k~ -k )·(2k -t -k 
l 2 0 I 1 2 

Cos 0 2 = 
]k,-k.] ] 2kot -k~, -"k .l 

Cos0 3 

(2k
1 

+k
2 

-k01 ).(k01 +;2 ) 
c 

] 2~1 + k 2 -k01 ll k~ot +.~.I ( 17) 

(2~ 2 + k1 -k'01 Hko 1 + k',) 
Cos 028 ,.,. 

] 2k~2 + k~1 -k01 j]k: 1 + t, I 

B qtopMynax ( 16a ) atjl~JeKTHBH bte aneprun Bbtpa"'ell bt qepe3 HMnynbCht <~acT>!ll a Ha"!artb

HOM, a B cjJopMyrtax ( 166 ) - '!e pe3 IIMnyrtbCbl B KOH9"1HOM COCTO~IIIIH . Bl!llHO, 'ITO :3TH )lBa 

onper:eneHHH He coanaaatoT Me)f{)ly co6on. P a3rtll'11!9 CBSI3aHo c TeM, 'ITO pacceSIHHe HyKno-

HOB npH Nd -coyn apenHHX npmtcxonuT c y xonoM oT Maccoaon noaepxHOCTH, KaK y"'e 

rOBOpl!rtOCb, B CBOHX paC'!9TaX M bl npene6peraeM :3THM a<jl¢eKTOM, 0TM9THM 0 'ITO B OTrtH"'H9 

OT C ."lyqas:r p8CC9RHIHI TO>K.0.9CTB9HH LIX l.I8CTHU 1 KOr.OB H3M9H9HHSI onpe ll,enniOIUHX OpTOB npR 

8HTH CUMM9Tp1138UHH 8MTJnHTYll bl O.OH03H81.1Hbi, onpeaenHIOlllH9 OpTbl H9TO>K.[l9CTB9HHbiX 'tf8CTHU 

TlpH 8HTHCJ1MM9TpH38UHR Nd -aMnm!Ty.'lbl H3M9HSIIOTCH 311A'II!TertbHO 6onee CflO)f{Hb!M o6-

paao M. T aK, a qacTHOCTH, HOpManh 
~ 

••a MO>KeT 6btTb aHTHnapannenbuol\ HnH napannenb-

uon n 18 B 38BHCHMOCTll OT TOr0 1 H8CKOllbKO 6nH3K8 CyMM8 HM11Yl1bCOB I18pbi perHCTPH-

~ 

pyeMhtX qacTI!U K nMnynbcy Ha'!artbHoro n y Knona lik 01 

np11B9rt9M cjJopMyrtbl rt rtH paC'I9T8 nortstpH30Ba!IH biX C9'!9HHI\ tteynpyroro 

I IJISI 1 H3Meps:teMbiX B HeKOTOpi>IX TJH1lf1·1H l..I X 3 K CITepHMeH T BX . 

8 

Nd - paccest -

~ 

I. PeriiCTp11pytoTc~ nan1 

H3 IIIIX: 

d.< IS > 

d(l 1 d(l 2 dE 1 dF. 

+ M
13

(e 3 ,0 3 )af-

tipH ycnOBHH 
2 2 .... .... 

k, + k 2 -klOk l 

2. PerHCTpHpy toTCH nan1 

IIIIX ("nst onpeneneHHOCTH -

d 
3 <IS> 

d(l, d(l2df. 

3 necb 11 nanee: 

k 01 Cos ' 

k = 
2 ,q 

3. PerllcTpllpytoTc~ na n 

d
2 <Ih 

d(l 1 dE, 
= 4_~ 

(I 

4. PerHCTp11pyeTCSI nan1 

d 
2 <I;> 

----- =4_; 
dO, d n 2 k 

5. PerncTpnpyeTc st nan1 

~ 

d< IS > 

ill, 
(-1-

k 0 I 

B tjlop"ynnx ( 18) ncnor 

paMH ~01 H k1 \ 02 

yron Me>Kny BOl1 110BbiMH Be K T 

n p 11 3£1Uil 11HII B9KTOpOB 
~ ~ 

kot , T,e. B BHile k 0 1(k 0 1 , 



( 16a ) 

(166) 

-.:n ou) ann Tex >Ke nap nyx-

( 17) 

H' MflynhChi l.{8CTHU B H8t:{8nb-

51HH H . BH.ctHO, 1.JTO 3TH .llB8 

re M , l.{TO pacceHHHa nyKno

rro aepxnocTH, KaK y>Ke 

A. 0TMeTHM 1 1.JTO B OTnHqHe 

o rrpenenR~mnx opToB rrpn 

, J J-19TO>K.ll9CTB9HH blX tt8 CT HU 

·enbHO 6onee c no>KHbiM o6-

'onnenbuoli Hnu napannenb-

HMnynbCOB Hapw perHCTPH-

11 eynpyroro Nd - pacceR -

1. PerncTpHpytoTCH HanpaanenHH JlBH>KSHHR qacTHU 1,2, H H3Mepne TcH 3 Hep rnH Ka >Kaon 

H3 IIJ·IX: 

2 2 
(Me ) k k2 ~ ~ 

4 ~ (-1-)Sp I[( l-P12 )(>.! 12 (e 2 ,02 )a(k 1 + k 2 -k 01 ) + 
(be) k o 1 

( !Sa ) 

npn ycnoBHH 

2. PerHCTpHpyiOTCH nanpaaneHHSJ llBH>KSHHSI 'tBCTHU 1, 2, H H3Mep51 eTcH 3HeprHSI onHoA n3 

HHX ( ~ nH orrpeoeneHHOCTH - 3He~rHH qaCTHUbl J) : 

Me 2 k I k. 2 
4 ------r < -k- l I. Sp I I _ _____ _2,s ___ ---. 

(11d 01 0 12 k 2 , 0 - k 01 C os Ll 02 + <1 Cos •\ J 

( 186) 

3 n ecb n u anee: 

k 
2,q 

3. PerucTpnpylOTCH HanpaenenHe .ctBR>Ke rmst 1.J8CTJIU bl 1, H H3M e pHeTCSI ee a He prust: 

( 18r) 

4. PerncTpllpyeTcR 11arrpa anenne oan>KeHHR ' IBCTHU 1,2: 

2 

= 4 _ I_ f k : d< I I. Sp I I k 2 ,q 

<o 1 12 < 2 ,0 - < 0 1 Cos "o2 + < 1 Cos L\ 21 
( !So) 

5. PerncTpllpyeTCR narrpaBneuwe o Bn>KeHHH qacTI!U bi l : 

2 

k 2,q 

( 18e ) 

B <PoP"YnllX ( 18) ncnonb30B8Hbi o6o3uaqennR: 6. 01 - yron M9>1<.C.y BOnHOBbiMH BSKTO-

paM H k"0 1 1. 02 - y r on Me>KOY BOnHOBblMH BeKTOpaMH k01 
~ 

yron M9 >K.cty BOnllOBbi MH B9K TOp£1MH k. l 

npH 3a.C.8 HHit B9KTOpOB B c ¢ epHqeCK HX KOOp.C.11H8 T 8X C rtOnHpHOfi OCbiO, Ii8rtpA BneHHOA no 

ko 1 , T,e . B Bl!oe k0 1<< 0 1 ,o,o). ke <<e .of .¢e l, 
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Cos Ll Oq a Cos 00 q , 

Cos~ 12 =Cos0 1 · Cos0 2 + Si n0 1 ·Sio0 2 Cos(c;l> 1 -¢ 2 ) 
( 19) 

npHh!91!RIOIU99CR B TBX )!<9 ¢opMynax COKpameaae Sp I 03H8 q 8eT 1 qTO non 3H8KOM 

IIIITypa CTOIIT TaK09 lK9 Bb!palK9HIIe, KaK B <!JopMyne (!Sa), 

Ho npHeene JI HhiX DbJpameHHA BHQHO , ttTO pacceHHHe aaneTa~wero HyKnoHa HyKnOHOM 

nei\TpOIIa l"!pOHC XOil iiT npl! 3<jl<jJeKTIIBHOJ1 3Heprnn, 011p91l911H9MOtl IIMilYilbCOM OTHOCIIT9/lbHOrO 

nRnl"9HilH ::>TilX qacTnu • OueHIIM o6nacTb 3Ha '!eHntl :3<jxjleKTHBHol1 aneprHn n aepoHTHOCb ee 

peann3annH rrpH HeCKonh KHX 3 HaqeHHHX a aeprHH HaneTa~mero HyKnona. 

nycTb HMnynh C H KHH8THtt9CK8H 3 H8prHS1 HaneT8~IIl8rO HyKnOH8 - ft. k.O l n T 0 , a liM -

nynbC HyKnOH8 B neATpOH8 - 'h: Toraa HMnynhC OT HOCIITBllb HOrO OBH>f<BHHB B38HMOl]8tlCTBy-

~lllH X HyKnOHOB 

~ 

bk h(k
0
-;) . (20) 

X o TSI 3 T o H ne anonHe nocne.noaaTenbHO , CBH3b Me>Kny HMnynhCOM H 3HeprneA B03bMe M 

B p9llS1TifBMC T CKOil ~OpMe: 

2 :::! .... .... 2 2 2 
e + Me = ,j ( be) ( k o 1 - K ) + ( Me ) (2 1) 

8 llnSI Bbl tt"J1Cll8HIHI BB pOHTHOCTH W(;) llOS1BneHHSI H M nynb C8 h; aocnonhayeM c H 

n e penSJTHBIICTCKOtl BOll HOBO I! <!1YHKUif91\ netlTpOH8 (7), JlnH llpOCTOTbl npeanO/lO lKIIM , 'iTO B pac-

CM8Tp11B88~ 1 0 ~1 MliTe pBane H3M8H8HHH ce qe:J: IHJ NN -pacceRHHR n ocTOHHH bi, H He 

6y u eM Y'<HTI .IBaTb nx snnRane Ha q•opMI1posaHne paccMaTpnsaeM biX sepoHTHOCTeA. 

B epo.nTH OCTh Toro, lJTO HyKnoH a .aef:!TpoHe nMeeT HMrtynhc, ne>KatnHii a H HTepaane 

~ 

~K ~ !1 ( K + d K ) , BCTb 

w { :) d; ~ 2 ~ 

I a(K l I dK ( 22) 

JJ.nQ onpe 1ene:m~ aepoHTHOCTH peanH3BUHH 3HeprHH nepeAneM s ( 22) oT d; K 

de : 

w ( ;)d; .... 2 aK 
I a ( K ( e )) I ~ de d 11 ( 23) 

rne 

K ±( e) 
1 2 _ / 2 2 2 

r;-;:- 1 ,JT 0 (T0 + 2Me )CosO :t ve( e +2Me l-T 0 (T0 + 2Me )Sin 0 , (24) 

10 

a. 
d. 

i1HT9rpapy!l BblpSlK9 HE 

rH!I npeBbU!I aeT 38)1SHHYIO I 

W ( em l 

~yuKUB!I (26) 6hl/18 E 

na10IUIIX RYKnoaos, Peayllb'I 

.KpBBbi9 aToro pacym1 

npu Nd -<:oyu apeanHx, 

np9BbiWSIOIUH9 aaeprHIO nap 

aay'!a!l Nd -<:oynape m 

Bbi WS!OIIlBX auepr1110 aa qam 

A s Topbi 6naronapHbi : 

C. M. B aneHbKOMy, n. l1 . J 

)leHR!I p11ua a a TpoayTbiX B 

I, A. Everell. Phyo. Rev. , 126, 831 

2, N .M. Queen. Nuel. Phys ., 55, 17 

3, K.L . Kowalski, D. Feldman . Ph: 

4, A.H. Cromer. Pbys, Rev., .!12., I 

5, A.C. llasbi ilO&, KsaaToE 



( 19) 

oaHaqaeT, qTo non aHaKoM 

K>lUBrO HyKnOH8 HyKnOHOM 

1MITynhCOM OTHOCHT9n bHOrO 

r anepraa H aeposrTKOCb ee 

noaa - t. k 0 1 H T 0 , a liM -

:oro .UBH>f<SHH H B38 HMO.ll9A'CTB y -

(20) 

1JnbCOM II 3KeprlleA B03bM9M 

( 2 1) 

a BOCITOITb3J9MC!I 

>Thr npe.anono >KMM, 1.{TO a pac-

BCCeSUiHR fl OCTOHHH bi , H He 

IX B9pO!ITHOCTeil . 

1 ne>K81UHti B HHT9pB8.ne 

( 22) 

apetlaeM a (22) oT 

( 23) 

2 • 

0 
+ 2Mc ) Sin (} (24) 

K 

i 

e +Me ~ 

y e { e + 2 Me 2 
) - T 0 { T 0 + 2Mc :1 Sin 2 8 ) 

(25) 

l1aTerpapyH BbrpalKeaae ( 23); aallaeM aeposrTHOCTb W{e m) Toro, 'ITO a<j><jJeKTHBHasr aaep-

rHSI npeBb!IUaeT 3a)laHHY!O BenH'IBHy 

(26) 

<l>yuKOHH ( 26) 6brna Bb!'!Bcneaa aaMB aa 3BM Bli Ol1Rl1 ansr Hecxon&KHX aaepralt na-

aa romax HyKnOHOB, Pe3ylibT8Tbi pac'!eTOB npaseaeab! aa pucyaxe. 

KpBBbl& aToro pacyua noKa3biBaiOT, 'ITO o6naCTb acjxjlexTRBBb!X aaeprall, paanH3J9MbiX 

npB Nd -<:oyaapeBHBX, llOBOITbHO !UHpoKa B, B '!aCTHOCTB, BltiTIO'!aeT aaeprHH, 3aM9THO 

n pea&truaromaa aaepraro naaaromero ayKnoaa. 3To oTKpbrBaeT npaananaan&ayro B03MOlKHOCT&, 

Nd -<:oyaapeHBB, nopy'!aTb caeaeaBB o6 NN -pacceaeae npa aaepraax, npa-

B biiiiSIOWHX aaeprHJO H8"18nbRhiX tt8CTHil. 

AaTOpbl 6naroaapBbl B.n. nlKenenoBy H r.A. 0 COCKOBY 3a noaaeplKity STOll pa60Tb!, 

C.M. Eane HbKOMy, n.l1. nallBaycy H P.M. P blHllHHY 3a MHOrO'!HCneBHble none3Bbl9 o6cylK

ll9 HHB psraa 3aTpoayThtx a pa6oTe aonpocoa, 

!, A. Everett . Phys . Rev., 126, 831 { 1962) . 

2. N.M. Queeu . Nucl. Phys ., 55.177 {1966) 

n a T e p a T y p a 

3, K.L . Kowo1ski, D. Feldmsn . Phys. Rev., l2Q. 276 { 1963) . 

4, A.H . Cromer. Phys_. Rev., !,g2, 1680 { 1964) . 

5. A.C. n a BblllOb, KaaHTOBa!l MexaBHKa. rl1<1>Mn, MoCKBa ( 1963). 

P y Konac& nocTynana a H3llaTen&cxalt oTnen 
14 B0!16pB 1966 r, 
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~t.) 

f,Or-------

KJ"' 

to"2 

2 3 (e.;:) 

MHTerpanbHaR sepoRTHOCTb p e anHaanHH npH Nd - coyaapeHHRX 

3(jl<j>eKTHBHbiX aneprnl! NN - pacceRHHR. 
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