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AHHOTSUHSI 

PaceM OTpeH BOIIpOC 0 38BHCHMOCTH IIOB9.Ll9HHSI CHCT9M 

HOrO MOM9HTa. 

Abstract 

K0 Ko OT qeTHOCTH op6HTanb-

A problem is considered as to how the behaviour of the [(0 
[(

0 systems depends upon whether the orbitaf 

angular momentum is even or ood. 
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Jib-

PacCMOTpHM KaKy~nHOO RaepHyiD pe8KUHID 1 B peaynbT8Te KOTOpOH B qHcne apyrHX 

BTOpHqHbiX qaCTHU 06paayeTCR CHCTeMa 
x/ 

• HH)!{e 6yaeT IIOK838H0 1 qTo TaKaR CHC-

TeMa o6naaaeT psraoM crreuH!j:JHqecKHX oco6eHHOCTeA, He cBoiicTBeHHbiX oaHHOqHbiM K 

MeaoaaM H CHCTeMaM THrra K K nH6o KK • HeKOTOpbie Ha STHX oco6eHHOCTeii· y)j{e 

/1-5/ 
o6cy)j{aanHcb B pa6oTax • B HacTosrmeii aaMeTKe rrpoBeaeHo o6mee paccMOTpeHHe eorr-

poca H rronyqeHbi HeKOTOpbie HOBbie aaKniDqel'!HR /eM. TaK)!{e
161 I. 

§ 1. CHcTeMa KK , KaK H niD6asr cHcTeMa 6oaoa-aHTH6oaoH, o6naaaeT oaHoA 

B8)!{HOH OCOOeHHOCTbiO: ee KOMOHHHpoBaHHaR qeTHOCTb Bceraa IIOiii))!{HTenbHa (CP = +1) • 

LleifCTBHTenbHO, rrpH niOOOM OpoHT8ilbHOM MOMeHTe 1 aapRaOBOe COIIpSJ)!{eHHe aaeT !j:la-
p 

30BbiA MHO)!{H'J'eilb ( -1 ) B TOqHOCTH T8KOH )!{e MHO)!{HTeilb aaeT H IIpOCTpaHCTBeHHOe 

oTpa)j{eaffr 
p , TaK qTo uocne C p -rrpeo6pa30BaHHR OOIUHii !j:la30BbiH MHO)!{HTenb pa-

BeH (-1) =+1 

C apyroii cTopoHhi, rrapbi K, K, H K2 K2 B cHny TO)!{aecTeeaHocTH exoasrmHx B HHX 

qacTHU Bceraa H8XOaRTCR B COCTORHHRX C qeTHbiMH OpOHTanbHbiMH MOMeHTaMH. TaK KaK 

KOMOHHHpoBaHHaR qeTHOCTb K,- H K 2 -qacTHU cooTBeTcTBeHHO rronO)!{HTenbHa H oTpH

uaTen:bHa, To KOM6HHHpoBaHHaR qeTHOCTb napbi :(,K 
2 

pasHa (-1) P+l • nosToMy, ec-

nH sTa napa o6paaoeanacb H3 cHcTeMbi K K 1 o6naaaiOIUeif, KaK ObiiiO IIOK83aHO Bbi we, 

CP =+~ 
1 TO anR aee B03MO)!{Hbi TOilbKO HeqeTHbie OpOHTanbHbie 

xx/ 
MOMeHTbi • Ta-

- KHM o6paaoM Mbi cTanKHBaeMcR c oqeHb ceoeo6paaaoA CHTyauHeif, Koraa cxeMa pacnaaa 

RBJIReTCR HeiiOCpeaCTBeHHbiM aeTeKTOpOM qeTHOCTH OpOHTanbHOrO MOMeHTa anR Ka)!{aOrO 

!j:JHKCHpOBaHHOrO aKTa B38HMoae1tCTBHR. 

B 6nH3H rropora napa o6paayeTcR, eoo6me roeopR, B S -cocTORHHH. VIa cKa-

aaHHOrO BbiTeKaeT, qTO B STHX YCJIOBHRX OH8 MO)!{eT pacnaaaTbCR TOilbKO no CXeMaM 

, iiHOO HO He no cxeMe 

EcnH OOOHTaJibHhiA MOMeHT HeqeTeH, TO B03M0)!{Hbi pacnaabi TOilbKO THIIa 

n OCKOilbKY eaHHCTBeHHbiM BbiaeneHHbH' HarrpaeneHHeM MO)!{eT CJiy)!{HTb TOilbKO HarrpaBileHHe 

KK 
1 TO B CHCTeMe ueHTpa M8CC STOft rrapbi yrnoBoe aBH)!{eHHR ueHTpa TSJ)!{eCTH IIapbi 

·-K - Me30HOB aOii)!{HO ObiTb CHMMeTpHqHbiM OTHOCHTenbHO IIiiOCKOCTH 1 rrep-pacrrpeaeneHae 

rreHaHKynRpHOH K yKa3aHHOMY HarrpaeneHHID. KpoMe TOro, B CHny aHTHCHMMeTpHH BOiiHOBOH 
... 

!j:lyHKUHH HeB03MO)!{eH BbiileT qacTHII IIOa yriJOM • 06oaaaqHM qepea p H q HM._ 

IIYJibCbi paccMaTpHBaeMbiX qacTHU B na6opaTOpHOH CHCTeMe KOOpaHHaT, a qepea 

Eq - Hx saeprHH. Toraa H3 ynOMRHyToA aHTHCHMMeTpHH eonaoeoii ¢YHKUHH BhiTeKaiOT 

x/ 
3aecb H HH)!{e paccMaTpHBaeMbie K- H K -MeaOHbi eceraa rrpearronaraiDTCR 

Hei!:TpanbHbiMH • 

xx/ 
E cnH rrapa K K o6paayeTcR Ha cHcTeMbi 

HbiA MOMeHT OOR38TelJbio ~eTeH. . 

K K nH6o K K , TO ee OpOHT8Jib-



cne.oyiOruae paBeHCTBa .onH rronHbiX sepoHTHOCTe:l!: pacrra.oa: 

w I K, fP), K2 (q) 1- w I Kl (~. Kip) D ~ (1) 

W I K
1 

(E, ), K 2 (E., ) I .. If I TC i E.,), K2 ( E,) I "' ~ (1') 

K poMe TOr'0 1 BO BC9X CHCT9M8X KOOp.llHH8T 1 KpOMe CHCT9Mbl U9HTpa HHepUHH paCCMaTpHBa-

9MbiX K -MeaoHoB, HMeeT TaK:lKe MecTo .oorronHHTen&Hoe paBeHcTso: 

WI K ( E ), K ( E )I= 0 
1 " 2 " 

E ..... ·E 

" " 
/2/ 

T.e. Kt K 2 -qacTHUbl ae MoryT HMeT& O.llHHaxoso:l!: 9HeprHH. 

,LlnH He'leTHbiX yrnosblx MOMeHTO.B sonaosaH cPYHKUHH aHTHCHMMeTpH'IHa H Herrocpe.o-

CTB9HHO IIOCne B03HHKHOB9HHSI rrapbl KK HM99T BH.ll: 

1/18 =J 
2 

I K (p) K (q) - K (q) K (it) I .. /3/ 

VfaBeCTH0 1 'ITO K-
> K - Meaoabl csHaaHbl c KrH K2-'18CTHU8MH COOTHOW9HHSIMH 

~ 

K= K 1 +iK 2 , K= K1 - iK2 
'./2 J2 

.. /4/ 

-
K = K + K K= K -K 

1 \]2 
, 

2 i\/2 /4'/ 

VI cnon&aya /4/, MO:lKHO rrepenHcaT& 1/J B BH.ll9 
a 

1/J · .. _1_ I K (p ... ), K (q ... ) - K (q) K (p) I . 
a j './ 2 1 2 1 2 

13'1 

0TM9THM 1 'ITO COCTOSIHH9 /3' / o6na.oaeT CTp8HHOCTbl0 1 paBHO:l!: Hymo, XOTSI K1 H K2 -

'18CTHU8M B oT .oen&HOCTH aen&aa npHIIHCaTb orrpe.oeneHHYIO CTpaHHOCTb. B 9TOM aaxniO'IaeT

CH CYIU9CTB9HH09 OTnH'IH9 OT cny'laSI O.llHHO'IHOr'O pO:lK,ll9HHH, K0r'.ll8 06pa3y!OIU8SICSI '18CTHU8 

c aeo6xo.oHMOCTbiO o6na.oaeT onpe.oeneaaol cTpaHHOCTbiO, BonHo Bbie cPYHKUHH K1- H 

'18CTHU CO.ll 9p:lKaT, K8K H3B9CTHO /eM. T8K:lK9 H8'18nO § 2/, BpeM9HHbl9 MHO:lKHT9nH 

, A1 r ) ] ex.p [(-nn1 -~ H 
• X2 (J) ] , ex.p [ (- tm2 --r 

K-2 

r.ae m1 H m2 - M8CCbl K,-H K2 - 'lllCTHU, a r H (J - HX C06CTB9HHbl9 Bp9Me-

H4 1 OTnH'I410IUH8CSI OT na6opaTOpHOr'O Bp8M9HH MHO:lKHTenHMH './1-v2 
. 1 

H './1-'v2 
2 

I&CIO.llY npe.orronaraeTca h = c = 1 /. noaTOMY OKOH'I8Ten&HO MO:lKHO 38IIHC8Tb: 

4 

t 
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a-

.a-

eT-

ll8 

e-

. 13' 'I 

- K ( p) K ( q) exp [ - j ( m T + m e ) - 2!_ T - ~ e l l . 
2 • 1 1 2 ., ;: 

CneayeT cneuHaJibHO llOLl'IepKHYTb, 'ITO B o6weM cnyqae H3-38 pa3JIH'!HS1 aeJIH'IHH E P 

H Eq co6cTBeHHhle BpeMeHa 

BpeMeHH t . 

H e ITO pa3HOMy OTJIH'l8IDTCS1 OT JI860p8TOpHOrO 

C ITOMOUlbiO 131 MO.>KHO Bbi'!HCIHiTb BepOSlTHOCTb TOrO, 'ITO B HHTepB81l8X dr H dO 

6yLlyT 06Hapy>KeHbl p8CIT8Llbl THIT8 T<.l H !\ 
2 

, ,UJIH COOTBeTCTBYIO!lleif IIJIOTHOCTH BepOSlT· 

HOCTH cpa3y nonyqaeM: 

TO'IHO T 8K .>K e 

'l.' 1 " r .. > ..... r .. J e l = ;,1 A 2 r ' ' e ) r ,,2 p , "I q ; r, exp - " 2 r - " 1 .• 
2 

06e B9pOS1THOCTH C0BIT8Ll8IDT npH 

BOLlHT K COOTHOlll9'1HID 11 I. 

e • VI HTerpauHst 151 H 15' I no 

151 

15' I 

H 0 

):lJISl '!9THbiX yrJIOBbiX MOMeHTOB BOJIHOB8S'I cPYHKUHS'I CHMMeTpH'!H8 H HenocpeLlCTB9HHO 

ITOCJ19 B03HHKHOB9 HHSl IT8pbl K K. 

· 1 ! ., ( .. ) K- ( .. ) K ( .. ) K- ( ... ) l 
'-fie = -- '' p q + q p . 

y'2 
161 

.llpyraS'I B03!v10.>KH8S1 38ITHCb -

16' I 

8 C yqeTOM Bp9MeHHOH 38BHCHMOCTH -

•1 ... ... A ( ] tjJ =--1 K (p) K (q) exp [-im (r + 8) -·...::..L r+O) + 
c y'2 1 1 1 2 

16" I 

Vf3 /6" I HeMeaneHHO cne.ayeT Bb!pa>KeHHe LlJIH nnoTHOCTeit aepoS'ITHOCTH: 

2 

w { Kl(p), [{iq ... ); r, e I=~ exp [-AI (r+O)], 171 

5 



2 

WI~ (p), K2 ( (lJ; r, 81 = + exp [-~2 ( r+8)] 
17'1 

I-1 HTerpauHH 17 I B 1_7 'I ao r B 8 .aaeT COOTB9TCTBYJOWHe nonHbi9 BepoHTHOCTB 

WIK1 (p)K
1
(q)l-.,WIK/p)K/q) I-~. 

.[lnH O.!lHHO'JHbiX K- B K -Me30HOB 1 a TaK;.Ke .anSI nap 

cxeM pacna.aa pal!lHOBepoH'l'Hbi, He Tax ae.ayT ce6s napbi 

Bbiacueuo, paauoaepoHTHbl- TOJJ&Jto cxeMbl pacna.aa K
1 

K 
1 

pacna.aa cHcTeMbl K lC 

W(KK} • 2 W {K
1 

K
1

) +:W (K
1 
~),, 

.. 

KK 

H 

181 

KK na6o lCK ace THnbi 

, .ans xoTopbix, xax obrno 

K2 K2 nonHaH B9pORTHOCTb 

/9/ 

npH'19M B OOW9M Clly'lae H9JI&3H yKa3aTb HJIK8KOrO anpHOpHoro COOTHOWeHHSI Me;.K.ay BepORT-

HOCTHMH W (K1 K1 ) W(K. it) 
-I OHO MO;.KeT 6biTb ycTaHoaneHo B cooTBeTCTBy!O" 

WHX 3KCII9pHM9HTaX, B KOTOpbiX T9M CaMbiM 6y.!l9T onpe.aeneH OTHOCHTeJJbHbiit Bee COCTOSIHHA: 

C '19THbiMH H H9'19THbiMH yrnOBbiMH MOM9HTaMH, Vfa CKa3aHHOrOl TaK;.Ke cne.ayeT, 'ITO B o6-

weM CnY'Jae H9llb3H C'JHTaTb cnpaBe .!lliiiBbiM HCnom:.ayeMOe B HeKOTOpbiX 3KCnepHMeHTani:>HbiX 

pa6oTax npe.anono;.KeHae o TOM, 'ITO nonuoe 'IHcno o6paayrowHxcs nap K K B '19Tbipe pa-

aa 6om .. we 'IRena pacna.aoa THna. K
1 

K 1 • B KaqecTae npHMepa MO*HO yKaaaT~:>, 'ITO a6nH-

3H nopora COOTBeTCTByiOwee OTHOW9HB9 paBHO He 'leTbi.peM, a .!lByM, .;.;~ . 

l 
B OOW9M Clly'lae apHCyTCTByJOT lt81t 'i9'J'Hbi9 0 TaK H He'I9THbie yrnOBbie MOM9HTbi 1 H Bon~- -1 

HOBSR ¢YHKUHH HM99T BH.!l 

lJiaaifF.,+:f3ifFu• /a/~+/'{3f.=1 /10/ 

B .aan&aeltweM Mbl 6y.aeM nonaraT& 

+JA iB 
a= a e , {3 e-b:e , C =-A _,B , 

r.ae a , b , A H B - .aeitcTBHTen~:>Hbie tfHcna. Cne.ayeT y'IIITbiBaT~:>, 'ITO _aae.aeHHbie 

aMnnHTY.!lbl H cpaabl, aoo6we roaopR, aaBHcRT OT P B if • TaK, HanpHMep, npH EP= Eq 

aHTHCHMMeTpH'IHaH 'l8CTb BOliHOBOit cpyHKIIHH ·acqeaaeT, T ,e, b = f) , Vf Me eTCH TaK;.Ke aa-

BHCHMOCTb OT HMnyn&COB BTOpB'IHbiX 'laCTHII, o6paayJOWHXCSI BMecTe C paCCM8TpHBaeMoit na-

polt KK 

Ecnu 6bi peq& wna o napax " - Me30HOB, nH6o o napax KK , K'K , To ae-

" 
liH'lHiibi a , b H C MO)KHO 6b1JIO 6bi onpe.aenHTb nyTeM aHanHaa BH.!la yrnoaoro 

pacnpe.aeneHHH, B cny'lae nap KK T8KOI M9TO.!l OCTaeTCSI B CHne B OTHOW9HHH- B9liH'lHH 

a H b /xOTH HX MO)KHO onpe.aeliHT& H 3H8'1HTellbHO npoiue - no COOTHOW9HHIO M9*.!lY 

x/ 
Vfa yKa3aHHOrO OTCyTCTBHH HHTepcpepeHIIHH cne.ayeT, M9*.!lY npO'IHM 1 'ITO Bi CHCT9M9 

ueHTpa HHepiiHH napbi KK -yrnoable pacnpe.aeneHHH - K1 B K2 - 'lacTHa, paccMaTpH-

aaeMbie nopoaH&; .aon)KHbi 6biTb CHMMeTpH'IHbi /cyMMapHoe yrnoaoe pacape.aeneHHe CHM

MeTpH'lHO "nOHeBone ", TaK KaK B Ka;.KJ:lOM aKTe B03HHKa!OT .!lB9 'laCTHilbi 1 J19THWH9 B npOTH- t 
BOflOJIO)KHbiX HanpaBJieHHHX /, 

6 
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X 

j 

e 

qacToTaMH pacna.oos THna K
1 

K
1 

H c • DeftcTBHTenbHO, aa5-

mo.oaa pacna.obl nap no CXeMSM 1 COOTBeTCTBYIOWHM paanH'lHb!M B03MO)KHb!M KOM-

OHHSUHSIM II , Mbl MO)KeM B K8)K.llOM OT.llenhHOM cny'Iae yCTSHOBHTb qeTHOCTh 

yrnOBO!"O MOMeHTS. B STHX ynOBHHX HHTep¢epeHUHH Me)KLlY 'leTHbiMH H He'leTHb!MH MOMeH

xl 
TSMH OTCyTCTByeT H BenH'lHHa C , BXOLlHWSH, KSK H3BeCTH0 1 TOnbKO B .HHTep¢epea-

UHOHHblft qneH 1 He MO)KeT Ob!Tb onpe.[leneHa, Ho "npHpo.oa He TepDJ!T nyCTOTbi' 1 H HH)Ke Mbl 

yBHLlHM 1 'ITO .ona nap soaMO)KeH .opyroa: cosepweHHO G:IIeuH<PH'IeCKHii: MeTO.ll 1 noa-

BOnSIIOWHA K TOMY )Ke 'SKcnepHMeHTSnbHO onpe.oenHTb c He TOnbKO no a5coniOTHOH senB-

'IHH9 1 HO H DO 3H8.Ky, 

8 aaxnroqeHHe HSCTOSIWero naparpa4Ja XO'leTCSI OTMeTHTh, 'ITO paCCMOTpeHHble paanB-

'IHSI II nose.oeHHH CHCTeM KK H KK I nH5o iCK. I HMeiOT O'IeHb npocToA <PH-

3K'l9CKHA CMblcn. B cHcTeMe KK no nro5oMy <PHKCHpoBaHHOMY HanpasneHHIO npH scex 

ycnoBRSIX neTRT RMeHHO K- .,..MeaOH, noaTOMY HS6nro.oaeMble HBneHHH uenHKOM onpe.oe-

nBIOTCSI BHyTpeHHHMH CBOi:CTBSMH K -Me30H8 H HHKSK He 38.BHCSIT OT COOb!THit 1 paablrp:,I-

saromHxca B nroooM .opyroM HanpasneHHH. He To KK LlnH CHCTeMbi 1 DOCKOnbKY B 

aTOM cnyqae B KS)Kl:lOM aanpasneHHH MO)KeT 1 sooome roB>pH 1 noneTeTb ..::K~a::.K~_Ku..o __ -.:::M~e:::a:::.O=H~, 

TSK H KO -Me30H • noaTOMyl OTOHpaH onpe.oeneHHblft THO COOblTHA no O.llHOMy Hanpas-

neHHI0 1 Mbl MO)KeM cymeCTBeHHO H3MeHHTb· COOTHOWeHHe Me)K.llY 'lHCnOM K H -M;J-

30HOB 1 pacnpOCTpSHSIIOWHXCSI B.llOnb LlPYI"OI"O HanpasneHHH1 H TeM CaM b!M UOBnHHTb Ha xapaK

Tep npOHCXOLlHWHX T6M COOb!THA, YK8.38.HHb!e COObpa)KeHHH CTSHOBSITCH OCOoeHHO HCHb!MH B 

csHaH c co.oep)KSHHeM cne.oyrowero naparpa¢a. 

f 2, ,Uo CHX UOp Mbl KnaccH¢HUHpOB8.nH CHCTeMy Kf{ 
• 

T,e, HHTepecosanHcb pacna.oaMH K -Me30HOB HS 2rr 

DO COCTOSIHHSIM K1 

nB5o Ha 3rr -MeaoHa. 
+ _.e 

HH)Ke Mbl oy LlElM HHTepeCOBSTbCSI pacna.oaMH K -Me30HOB no CXeMSM THUS rr IL+ v 

H 1 nHOO HX H.llepHb!MH B38.HMO.lleilCTBHHMH 1 'ITO COOTBeTCTByeT.KnaccB¢HKS-

UHH 

K 

-
no COCTOHHHSIM K H K , npH 9TOM B CHCTeMSX KK 

- MeaoHOB 1 soaHHKSIOT "bHeHHSI" 1 onpe.oen.lleMbie senH'IHHOA: 

1 KSK B .llnH O.llHHO'IHbiX 

11 m=·m
1

-,m
2

• 

Ka)KeTcSI aeoeabiHTepecabiM HS'laTb paccMoTpeHBe sonpoca KpaTKHM aaanHaoM cny'IaR o.oH-

HO'IHOI"O K - Meaoaa. 

K -MeaOH, o5paayiOWHi!:CH e peaynbTSTe KSKOft-nHoO SllJ,epHOi!: pe8.KUHH 1 . ODHCb!BSeT-

CSI BOnHOBOA ¢yHKUH9ft 

1111 

r.oe r =·y 1-,v2 t - COOCTBeHHOe BpeMS1 1 a E.1 p1 H £
2 

p 2 . COOTBeTCTBy-

10~ 9H9pi"HH H HMUynbcy K1 - H K 2 -qaCTHU. C nOMOWb!O COOTHOWeHHA 141 BOnHOByiO 

¢yHKUHIO MO)KHO TSK)K9 aanHCSTb B BH.ll9: 

" 7 



1/f ~~ K I exp [- i ( E
1 

t -'Pr x) _, ~ r] + .,.; H ( E
2 
t- p

2 
x) _, ~ r] + 

2 2 
Ill' I 

+ V; Kl exp [-,i (E t- p x) _, ~ 11) -'up [ -( E.t-,p,x) = ...h r]. 
1 1 2 A A 2 

noaTOMy, B MOMeHT .t H B TO"!K9 X Be pOSITHOCTb 05Hapy)K9HHSI K - "18C::THUbl 

ll (~(, x, t) ~ y., I exp [- i ( E1 t- Pr x)- ~.] + exp [ -,j( E2 t -'P::~ x) _,_h._ r w~ 
2 2 

~ % exp (- Ai) X ;,.P [ - i ( 6. E t - 6. p X) - ~ T ] + 1 \2 
• 

171 
TaKHM o6pasoM, B03HHKaiOT 6HeHHH, orrpe!le1IHeMbie aenH"'HHOi!: lcp. , CTp. 1781 

y=i(6.Et-6.px)+~r. 
'} 

1121 

nocKOJlbKy MOM9HT H MeCTO 06pa30B8HHH !( - "!8CTHUbi B K8)K!l0M KOHKpeTHQM 8KT9 

Slll9PHOH peaKUHH TO"!HO cflHKCHpOB8Hbi 1 TO B 1121 C119llyeT C"!HT8Tb X •'V • t , T.e. 

y~i(6.E-v6.p)t+¥r 112Y 

Vf3 COOTHOW9HlHl E2= p2+ m :z cpasy cnellyeT, "!TO 6. E- V· ~p ~ y~}-:;2 ~Ill, 

T.e. 

!';::(9 

r~iyl-v2 ~mt-,~r=(i~m+t..)r, 
2 

- co6cTBeHHOe apeMH qacTHUbi. TaKHM o6pasoM, Mbi upHXOllHM K saK1II0"!9HHIO, 

'-ITO B 06I.UeM CJiyqae .HM9HHO 9T8 B91IH"!HH8 OIIp9!l91ISI9T 6H9HHH H 

>..+A 
IV ( !\ , r ) ~ Y, I exp ( - >..

1 
t) + exp ( -, A:zr) + 2 exp (- :..:!.:....:.:3 r ) Cos ~ m r I 

2 

i¥ (if, r) = Y., I exp(- >..
1
r) + exp ( _,f..

2
r) -2 exp( _,~ r )· Cos~mr I. 

2 

1131 

113' I 

VfMeH B BHllY II01IY"!9HHb!il: pesy1IbTST, Mbi 6yll eM H9CK01IbKO yC1IOBHO 3SIIHCbiBaTb B01IHOBYIO 

cPYHKUHIO Ill I B BH!le: 

t/J=-1-1 K1 exp[-im1r-~r]+iK2 exp[-im2r-~r] I. ~ 2 2 

Ill' I 

Bo BCeX HHTepecyiOI.UHX HaC BOIIpOCSX TaKaH HeTO"!HaH cflOpMa 3SIIHCH 1 y)Ke HCII01Ib30BSHHSSI 

paHee B § } , BC9T'lla IIpHBOllHT K rrpaBH1IbHbiM pe3y1lbTaTaM. 

nepeXOllSI K CHCTeMaM KK 1 paCCMOTpHM CHS"'81Ia cnyqal "!9THbiX YT'1IOBbiX Mo-

MeHTOB I HBJieHHSI a6JIH3H rropora nH6o npH ycnoBHH E, ... Eq H T.ll.l. HcxOllHbiM SIBJIHeT-

cs Bblpa)KeHHe 16" I, B KOTopoM B01IHOBbie cPYHKUHH K1 lJ TC 2 cne!lyeT saM9HHTb Ha 

~( H K C IIOM OI.Ub!O COOTHOW9HHH 14' I. TOT'll8 KBS!lpSTbi MOll yneil: KOScflcflHU~TOB lip 
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• 

lt8>K,llOI H3 'leTblpeX B03MO>KHblX KOM6HH8UHI rrapHbiX IIpOH3Be,lleHH9 BOJlHOBblX q>yHKUH11: 

K(~), K(~), K(~J Ll8LlYT BepOHTHOCTH 06Hapy>KeHHH COOT-

aeTCTByJOuuix cocTOSIHHI. Ha STOM rryTa nerxo rrony'laiOTCH cne.llyiOwae cooTHoweHaa: 

IV I lC ( p), lC ( q )I r, 6 l '= IV I K ( p), K ( q); r, 6 l = 

/14/ 

/14'/ 
"' 1 I .,.,. [ -'.\zfr +·6) ] +:up [ -~.i'r + ·6}] +·2 up [ -Az +;\2 ( r+6) ];Coe 1\ m(r+6) I. 
~ 2• 

TaxiiU o6pa30M 1 BMeeT MeCTO npouecc, O'leH& IIOXO>K.HA Ha 06bi'lHbll rrpouecc naAca- na'l'IH ... 

ORB, HO 388HCiiWHI OT CYMM&p~HOrO napaMeTpa r +·6 

n OJly'leH&ble peayJli:!T8Tbl BMeiOT npOCTOI cPB3H'leCKHI CMbiCJl, E CJlH O.ll H8 H3 'l8CTHI1 

H8XOLlBTCH B COCTOiiHHB K1 (q) 1 TO BTOpaH 'l8CTHU8 T8K>K.e H&XO,llHTCH B 'IHCTOM COC-

TOSIHHH K1 (p) , a oaeaasr ae B03HHX&IOT. 11aoe aeno, xor.lla nepsaH qacTaua aaxO.llHT-

CH 1 H8IIpBMep, B COCTOHHHK , Tor.lla BTOpaH 'l8CTHU8 MO>K.eT 6biTb K8K B COCTO-

HHBII 1 T&K H. B COCTO.SIHKH l(z(p) 

K(p)~K(p) 

K2 (p) , 'ITO npHBOLlHT It IIEpBOLlH'leCKHM rrepexo-

• B 'l&CTHOCTH, .ecna uepaa.H 'l&CTHUa aaXO.llHTCH B cocTo.RHHH 

B H8'18JlbHbll MOMeHT IT.e, npB 6 •·0 I, TO, npa 1 BTOpa.R 'l8CTHU8 

,ll0Jl>KH8 H8XOLlHTbC.R B COCTOSIHKB K ( 1J x/ 
1 T,e, COOTHOWeHHSI /14/ H /14'/ 

nepeiTB1 npB ,.:0 COOTBeTCTBeHHO. B 113'/ B /181. 11MeHHO STO II HMeeT MeCTO B 

Ll8IC'l'BB~eJl&HOCTB /JtHWBBI MHO>K.HTem. 112 CB.R38H C TeM 1 '!(TO IIpH 6 =·0 nepBaSI 'l8CTHU8 

NO>KQT 6b1Tb C paBBOI Bep.OSITHOCTbiO K&K K ... , T8K H K - MeaoaoMI. 

... 
Bbl'lHCJlBM 'l'enep& aepoSITHOCT& Toro, 'ITO 'lacTaua, HMeiOwaH . HMnyn&e p , a Mo-

M8BT r B8XOLlHTCSI B COCTO.RRHH K , npaqeM o BTopol 'l&cTaue aaBecTao, 'ITO K 

MONeHTy 6 oaa ewe cyw ecTByeT /T.e. He ycnena ewe pacnaTbcHI, ao ee cocTOHHHe 

ae LleTanaaapyeTc.R. YxaaaaaaH aepo.RTHOCTb paBaa, o'leBHLlHO, 

/15/ 

Aaanora'laag aepoHTHOCTb Toro, 'ITO rrepBa.R 'lacTaua aaxO.llHTCR B cocTo.Raaa K , rrpa 

Jli060M CQ::TOHRHH BTOpOI 'l8CTJ1Ubi paBH8 

WI K(p), K(q); r, 6} +WI K(pJ, Tc'(q); r, 6 I, 

npa'leM, aa /14/ a /14' I cne.llyeT, 'ITO s'l'a aena'lRHa no-npe>K.aeMy Ll&eTc.R Bbipa*eHHeM /l5t, 

x/ npa 6 > 0 T&KOI BbiBOLl 6biJl 6bl aecnpaBe.llJIHB, IlOCKOJlbKy CyMM&pH&H CTpaH-
HOCTb CHCTeMbl 1 p8BH8R HYJliO IlpH 6 =r =·0, C Te'leaaeM BpeMeHH H3MeH.ReTC.R, 
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TaiCHM ot5p&30M 1 B yK&38HHblX yCJIOBHiiX nepBail 'I&CTHII& MO:lK9T HSXOLlHTbCil B COCTOSIHHSIX 

K H K 6 paaaoA aepoiiTHOCTbiO, T.e. 6HeHHil HC'Ie3aiOT. 

CoOTaoweaRe 1151 MO:lKHO BbiBeCTH H HHa'le. 113 17 I H 11' I aeMeaneaao cneayeT, 

'ITO B9pOi1THOCTb LlJlil. ot5e&X 'I&CTHII 'LlO:lKHTb' COOTBeTCTBeHHO LlO MOMeHTOB r H (} 

paBH& 

%I ezp [..:..~1 (r+6)] + ezp [-i\
2
(r+6)]}. 

,Unst TOro, 'ITOtlbl IIOJly'IHTb 115/ Heot5XOLlHMO ewe yqecTb paBHyiO IIOJlOBHHe BepoiiTHOCTb 

TOrO, 'ITO nepBail '18CTHII8 6yaeT HSXOLlHTbCil B K8KOM-J1Ht50 onpeaeneHHOM COCTOiiHHH I K 

JlHtlO i I. n pHBea 9HHbl9 npOCTble coot5pa:lKe'1Hst BCKpbiBSIOT TaK :lKe cPH3H'IeCKHA CM blCJl 

HC'l93HOB9HHB 6H9HBI B paCCM8TpHB89MblX YCJIOBHSIX, 

nepeA:aeM Tenepb K CJly'!SIO H9'19THOro .yrnosoro MOM9HT8 1 KOTOpbiA: MO:lK9T 6b1Tb pac

CMOTpea COB9pW9HHO 8H8JlOrH'IHO C IIOMOWbiO HCXOLlHOrO COOTHOW9HHSI /3" I. VfMeiOT MeCTO 

paBeHCTBa: 

.WIK(p), K(q); r, 8} "= WIK'(PJ, K{q); r, (J} = 

1·16/ 

= i I .. ,(-o)\.lr _,)!_.2(}) +' .. , (-o)\.1(} -),:;rr) _,2 ... , [- )\.l;A, (r +(})].Cos!\ m(r + (})} 

WI K(PJ, K{q);r, 6} =WI K{PJ, K{q);r, 8} = /·16' I 
-[. 

,.._1j up ( -')\.lr·-,)!_.2(}) +:up( _,)!_1(} _,~r) + 2 .,.,[ _,~ (r + (})] • Cos 6 m(r+8). 
~ •· 2 

TaKHM ot5pa30M, CHOBa B03HHK8IOT 6H9HHil, ICOTOpble, OLlHSKO, HC'I938IOT IIpH rr=·(} • npH 

BbliiOnHeHHR sToro :lKe ycnoBRil o6paruaeTcil B aym. sepoiiTHOCTb WIK(p),K( q);r,(J}. 

,Ueno B TOM 1 'ITO IIpH re-8 ·, B Bblpa:lK9HHH /3''1 9KCIIOH9HIIR8JlbHbi9 MHO:lKHT9JlH COB-

II&Ll&IOT .llPYr C apyrOM, T .e • BOJIHOB~il cPYHKIIHil 

if! .... Kd p) l<:,(q) _,~(;), Kl q) .. K(p)Kfq) -,f[(q)K(p) 

ae coaep:lKHT cnaraeMblx K (p) K(q) K (p) K {q). 

EcnH COCTOiiHHe OLlHOA H3 '18.CTBII He QJBKCHpOB8.Jl0 0 TO 6HeHBil T&K:lKe Bbiii&Ll&IOT, 

KonH'IeCTBeHHO HMeeM: 

1111 
WI K (p), K (q); r, (}I+ WI K('p), Kfq);r, (}} =·Wl KCp)K(q);r;8l+· 

+:WI K(p), K(q);r, 6}= .J.Ieap(-'A,r-'AzB)+-..,(-)\./J-)!.,r)} · 
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• 

0 cPH3H'I9CKOM CMbiCne nony'leHHOI'O peaynbTaTa MO:>KHO llOBTOpHTb CK838HHOe B OTHOW9f!HH 

cny'laSI C '19THblM Op5HTanbHbiM MOM9HTOM • 

§ 3. PacCMOTpHM Tenepb 05IUHA cnyqaft, KOI'.ll8 BOnHOBaSI cPYHKUHH HMeeT BH.ll /}0/ • 

VicnOnh3YSI BM9CTO H 

'lepea !{ H K H Bbi'IHCnSISI KSa.opaTbl Mo.oyneA K09cPcPHUHeHTOB npH napHbiX npoHase.oe-

HHSIX Mbl, KaK H npe:>K.[le, nony'IHM COOT69TCTBYIOI.UH9 sepOSITHOCTH. npH 9TOM OK83biB89TCSI, 

'ITO B006rue I'OBOpSI, 

WI K(M, Kfq);r,e I ~WI KCPJ,K(v;r,e I, 

a HM9HHO: 

>. + >. -2eap[- ~(r+8)] • Cos~m(t-6)+ 
/18 I 

+ 2ab leap [ --l 8-·~r)] · Cos(c-.:\mr) + eap [ -;\ r- At+>., 8] · Cos(c+~ l!'r )-
8 ·~ 2 I 2 

BepoSITHOCTb OTnH'I89TCH OT /18/ TOnbKO 3H8KOM TpeTb9I'O 

/18' I 

+ 2 up [- ~( r + 8)] Cos~ m ( r - 8) + ¥ I up (- >. 1r -~ 8) Cos ( c- ~ m 8) + .. 
/18"/ 
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B Bbipa;,,eHIH! BepoRTHOCTH 

ribiil '!.!TeH BXO:J.HT co 3HaKOM I - 1: 

Wll((p), K(q),r,O I 

IVI~((p), K(q);r,el= B2
1 1+f1 1-·-~ I. 

B OTJJHqRe OT 118"'/ CM9lll8H-

118'"1 

Bb!'~l1CJieHHbie Bbipa)KeHRH co.oep)K8T 6HeHHR .OByX THIIOB - "qHCTbie 6119HHR"' 1 IIM910llJHe Mec-

TO H .OJJS! COCTOS!HHH, C0.09p)K8ll{HX O.OHH TOJJbKO <{9THbl9 JJH60 O.OHR TOJJbKO HeqeTHbl9 yrno

Bb!e MOMeHTbi 1 H •cMeLL!aHHble 6HeHHH•, B03HHK810I.UH9 38 cqeT cyrrepii03HUHH qeTHbiX H He

qeTHbiX MOMeHTOB, B COOTBeTCTBHH CO CK838HHbiM 1 •cMellJSHHble 6H9HIIR' Hcqe3810T B6JJH3H 

rropora reHepauHH nap Ki' nH6o B cnyqaRx,.. Kor.oa EP=Eq IB CHCTeMe, He 

COBII8.0810ll{efi a:: CHCTeMofi ueHTpa HHepUHH I, 

ilJIR yTOqH9HHH CMbiCJJa COOTHOlU9HHA 1181 - 118"' I IIpOaHaJJH311pyeM .OBa <laCTHbiX 

CJJyqaH. nepBbiA H3 HHX CBH38H C H9KOTOpbiM 0606I.UeHHeM CHTyaUHH
1 

y)Ke _paCCMOTpeHHOA 

Bblllle B cnyqae qeTHOrO yrJJOBOrO MOM9HT8, npe,oiiOJIO)KHM, qTO IIpH ()=0 O.OH8 H3 qac-

THU H8XO.OHTCS! B K8KOM-JJH60 OIIpe.oeneHHOM COCTOS!HHH 1 H8IIpHMep, B COCTORHHH i(i[). 

Tor.oa BTopaR q:acTHua B MOMeHT reHepauHH, T.e. rrpH r=O 1 06SI38Ha 6b!Tb B COCTOSIHHH 

g:( p) H C yBeJJH<{eHHeM T .OOJJ)KH8 yqacTBOB8Tb B rrpouecce n aAca-n 11qqHOHHH 06bJq-

HOrO THna. 3TO BIIOJJHe COOTB9TCTByeT .09HCTBHT91IbHOCTII 1 TaK K8K 1 H8IIp11Mep, Bblp8)K9HHe 

/18" I npH ()=O IIepeXO.OHT B 

w I R:(p), KCq);r, ol = i-( a2
+ b2 

+2abCos C). [up (-·Alr) + 

+up( -).2 r) +2up( -• >.,+l,) Cos l'ur-r ]. 
2 

~' 

npe.OIIOJJO)KIIM Tenepb, qTO a=b=l/..j2, a'C=O. Vfa /3/ 11 /6/ cne.oyeT, qTo rrpH r=()=O 

BOJJHOBaSI ¢yHKUHSI /101 IIpHHHMaeT BII.O 1/J= 'K(p), i((q). 

n 09TOMY IIpH ()=f,,O H T=/.'0 Mbl AOJJ)KHbl rronyqHTb KaK 6bi 'rrpo~~:aae.oeHIIe rrpouec-: 

COB n afica-n 11qqHOHH" .OJISI o5eHX qaCTHU, IIpOT9K8101.UHX BO BpeMeHH HeaaBHCHMO O.OHH OT -l 

npyroro, 3TO 0)KH.08HHe TSK)Ke OIIp8B.Ob!BaeTCSI, ,QefiCTBHT9JJbH0 0 IIpSIMOA npOBepKOA nerKO 

y6e.oi!:Tbcfl, qTo , HaiipHMep, WIK(p), KCq); r,fJI MO)KHO B 9TOM CJJyqae 38IIR-

C8Tb B BH.Oe: 

WI K(p), l{{q);r, e1 = fo I up(-·>.1 r) +up(->.2r) +2up(- >-,;>-2r) · 

. Cos~ mr I X I up(->.,(})+ np(-·>.2()) +2np(--~ (}).Cos~ mel, 
2 

KOTOpNh COOTBeTCTByeT np01!:3B9D:9HHIO /}3/ II /13'/, 

/19/ 

;_: n·-oMOU{biO COOTHOllleHJHI/181 - /1 ~'"I MO)KHO BbJqHCJJHTb BepOSITHOCTII Toro, qTO 

O.OH8 113 qaCTHU H8XO.OHTCH B K8KOM-JJH60 Onpe,oeJJeHHOM COCTOS!HHH, a COCTOHHHe BTOp~ HH-

K8K He ¢nKcHpoBaHo. HanpHMep, BepoHTHD!CTb o.oHofi 113 qacTHU 6b!Tb B cocToHHHH K (p) 
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/20/ 

=a: lezp[ _,~1 (r +·6)] +ezp[ -~,(r + 6) I+ .Jf I • ..,(- ~1 r +A, e) +ezp(-,~1 6- ~,r) I 

TaKHM o6p830M 1 B OTJJH'IH9 OT CJJy'la.eB yrJJOBb}X MOM9HTOB onpe.oeneHHOA '19THOCTH 1 KOI'.llB. 

6HeHHSI Bblll8.£l8IOT 1 p8CCMB.TpHB89MB.SI B9poSITHOCTb CO.ll9p:>KHT I'B.pMOHH'I9CKH9 'IJJ9Hbl 1 CBSI3B.H

Hbl9 CO •cMeLUB.HHbi-MH 6HeHHSIMH• • 

B Ha.H6onee 'IHCTOM au.oe •cMewa.HHble 6ueHuH"' npoHBJJSIIOTCH npu HecKOJJbKO ·uHoA noc

TSHOBKe BOnpoca, KOTOp!iH It TOMY :>Ke ner'le pea.nuayeMB. C SKCII9pHM9HTB.JJbHOi TO'IKH ape-

HHSI. nycTb COCTOSIHHe O.llHOi H3 'IB.CTHil KJJaCCHcPHilHpyeTCSI B TepMHHaX K I . H 

BTOpoA - B TepMHHB.X K H K 

eM, HanpHMep, CJJY'IB.H 1 KOI'.lla O.OHa 'laCTHila pa.cna.oaeTCH Ha .llBB. rr - M930Ha, a BTOpaH 1 

cKa:>KeM, no cxeMe • ,llJJSI llOJJy'I9HHSI COOTB9TCTByiOLUHX Be p:> SITHOCT9i· Mbl .llOJJ)K• 

Hbl 3allHC8Tb BUJJHOBYIO cPYHKilHIO B BH.ll9 

. ll(z (if) K,(q) ezp(-,iml T- ~~ r-,im,6 _,~:1 (}) -K,(p) Kt(v up(- im,r-
2 2 

Bblp83HTb 

-~ r-,im1 6-~ {})I, 
H K,(p) qepea H K (p ... ) H>. Bbl"'HCJJHTb KBa.opa ·rbi MO.ll y-

nell: K09cPcPHilH9HTOB npH napHbiX llp0H3B9.ll9HHSIX THUS. K(p) Kl(q), K(p) Kl(q) 

H T • .ll. Ha qeTbipex Bbipa:>KeHHi, KOTOpbie TB.KHM o6pa.aoM MoryT 6biTb nony'leHbi, npuae.oeM 

B Ka'leCTB9 npHM epa CJJ9.ll yiOLUH9 .llBB.: 

•· WI K(p), K
1 

(q), r;·e l = lJ4 up(-,~/J) I a'up(-'~tr) + /21/ 

/21' I 

npH'IHHa llOSIBJJ9HHSI •cMeLUB.HHbiX 6H9HHi• SICHa: eCJJH O.OHa H3 'laCTHil HB.XO.llHTCSI B COCTOH-
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HHH Kdq) , TO llpH HanH'IHH KaK 'leTHbiX, TaK H He'leTHbiX yrnOBbiX MOMeHTOB, BOnHO-

BaH cPYHKUHSI BTopoA 'laCTHUbi SIBnSieTcSI cyn epnosHuHeA BOnHOBbiX cPYHKUHA K 1 (p) H K 2 ( p), 

'ITO H npHBOaHT K B03HHKHOBeHHID 6HeHHA. 

0TMeTHM, 'ITO B COOTHOWeHHSIX /21/ H /21' / nepeMeHHble r H 6 •paaaenHIDTcSI•. 

3TO ll03BOnSieT HCIIOnb30BaTb npH HCCneaoBa~HH 6HeHHft IIO r BCe aKTbl, 6e3_0THOCHTen&HO 

It TOMy, B KaKOI: HMeHHO MOMeHT llpOHCXOaHT pacnaa BTOpOft 'laCTHUbl. 

B aaKniD'IeHHe yKa*eM, 'ITO onpeaeneHHe BenH'IHHbi H sHaKa C SIBnSieTCSI cywecTBeH-

HblM anSI IIOnHOrO aHanH3a K K - B3aHMOa eAcTBHA. BHeHHSI B o6b!'IHOM npouecce naaca-

n H'I'IHOHH on pea enSIIDTCSI 'lneHOM Cosl'!mr -· • B oTnH'IHe oT HHX •cMewaHHble 6HeHHSI• 

CBSI3aHbl C 'lneHOM Cos(C -·!'! mr) • Vfsy'leHHe • CMewaHHblX 6HeHHA • ll03BOnSJeT IIOSTO-

MY onpeaenHTb He TOnbKO BenH'IHHy, HO H 3HaK 11m , ecnH H3B9 CTeH 3HaK C • Bbma 

6bl B03MO)KHa H IIOCTaHOBKa o6paTHOI: saaa'IH, ecnH 6bl MO)KHO. 6blnO yKa3aTb He3aBHCHMble 

SKcnepHMeHTbl anSI onpeaeneHHSI pa3HOCTH ¢as C 
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