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BBe.aean:e 

/1 I 
1. B 1956 r. nn: n: HHr rro.aBeprnn: COMH8HHIO I HHBapHaHTHOC'I'b cp113H'I8CKW<. 

IlpOU8CCOB OTHOCHT811hHO OIIepBUHH p 1 OCHOBHhiM. c'BofiCTBOM KOTOpOfi SIBJJSI8TCSI H,3 · 

M9H8HM8 .3HBKa IIpOCTpBHCTB8HHhiX KOOp.UUHBT H HMIIYllhCOB 'IBCTHU /orrpe.aeneHHSI 

P eM. 1 aarrpHM ep1 B 
121 

§ 7 I. H 8HHBa pHaHTHOCTh OTHOCHT811hHO P .a eficTBHTenhHO 

/3/ 
6b111B YCTBHOB118HB B PH.Ue H3B8CTHhiX 0Ilh!TOB 1 CM., HBIIpHMep, o6aop • nocKOJJb• 

KY C'IIITBliOCbl 'ITO p 

:lK8HIIH IIpOCTpBHCTBB 

SIB11SI8TCSI Ilp8.UCTBB118HH8M !"'80M8Tpii'I8CKOfi orrepaUHH OTpa~ 

... ... 
X-+-·x 1 TO 9TOT cpBKT MO:lKHO 6bi.TIO 6bi IICTOJJKOBBTb 1 KBK 

caH.a eTenbCTBO Toro 1 'ITO nyc Toe rrpocTpaHcTBo /cpH3H'IecKHfi naKyyM I HMeeT orrpe

.aeneHHYIO CIIIIp81IhHOCTb 1 TBK 'ITO OTJ)B:lK8HH08 IIpOCTpBHCTBO OTJJH'IB8TCSI OT H80Tp&

:lK8HH0!"'0 (ec1111 IlpOCTpBHCTBO BO BCeX OTHOU18HHSIX O.UHOpO.UH0 1 TO OIIepauHSI CMe-

lll 8H HH BO BpeM e.HH KOMMyTHpyeT C !"'80M eTp11'18CKOfi orrepauHefi OTpB:lK8HIISI 1 'ITO 03 .. 

HB'I88T 1 'ITO I1pOU8CChi B OTpa:lKeHHOfi cp11311'18CKOH CHCTeMe .UOli:lKHhi H.UTII TaK 

/4/ 
:lK9 1 KaK B HeoTpa:lKeHHoi!:", '). O.aaaKo B03MO:lKHO 11 .apyroe TonKoBaHHe: "necoxpa-

aeaue '19THOCTH" CBH.U8T8JJhCTByeT TOllbKO 0 TOM 1 'ITO IIp9.UCTBB118HII8 OIIepqUIIH 

... ... 
-X-+-•X Bhl6paHO Hey.aa'I~O: B011HOBhl8 cpyHKUHH peallbHhlX 'IBCTIIU IIpll 

... ... 
x-+-·x ae rrpeo6paayiDTCH rrpu rroMOUlH orrepaTopa P. 

. /5/ 
Bn:x, BaitTMaH H. BnrHep yKaaanu, 'ITO rrpe.UCTBBJJ8HH8M 

Em e B 1 952 r. 
... ... 
x-+-x MOT' 6b! 

/6 7 I 
6biTb u orrepaTop PC, r.ae C-orrapaTop aapSI.aoBoro corrpSI:lKeHHH /eM, TaK:lKe ' 1. 

. . !Bt 
Taxy10 TO'IKY apeHHH MO:lKHO H31IO:lKHTh eme B TepMMHax "aapSI.aa:-rrceB.aocKanHpa ': 

IIpH rrpOCTpaHCTB9HHOM OTpa:lKeHHH 'IaCTHUbl ee S118KTpH.'I8CKHfi 3apH.U M8HS18T 3HBK 1 

. /5/ 
T8K 'ITO 3apH:lK9HHBH 'IBCTHUB He HM88T OIIpe.aeJJeHHOfi p -tJeTHOCTII , nocKOllb-

KY B onepaUHIO ·PC BXO.USIT TBK:lKe H3M 8H8HHSI 3HBKB 118IITOHHOI"'O, 6apHOHHOI"'O 'IHC-

118 H CTpaHHOCTH, TO H STH xapaKTepnCTHKH S!BllSIIOTCSI IIC8B.UOCK811S!pHb!MM, 3Ta rn

IIOT938 "COXpaHeHHSI KOM6MHHpOBBHHOfi. '18THOCTM" BOCCTBHBB11MB88T paBHOI1p8BHOCTb 

apaaoro u neaoro a aaxyyMe u BMecTe c TeM MO}KeT o6"bHCHHTh· orrhiThi no "aecox

paHeHHIO '19THOCTll", 

C.aenaeM .UB8 38M8'18HHSI IIO IIOBO.UY TBKOfi I"'HIIOT83hl: 

a/ YMecTHO crrpocHTb, He SIBnSieTcSI nu rrpe.acTaBrreaneM 
... ... 
x-+-·x 1 liarrpHM ep, 

orrepaunH PC', r.ae C' OTllH'IaeTcSI oT C TOllhKO TeM 1 'ITO ne MeHfleT 3HaKa 

cTpaHHOCTH, O.aHaKo 6nu:lKafiwnM crre.acTBneM PC' -nHBapHaHTHocTn HBimocb 6hi 
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po,K.oeHne rnnepoHoB co cTpaHHOCTbJO, npoTn:nononO)KHoil: OObi'IHoil:
1 1• llerKo nn.oeTb, 

."'TO BOOOlU9 ITO,ll00Hbl9 npe.ocTaB.TI9HliSI npHBO,llSIT K YB9nii"'9HHIO "'HCJia 9J19M9HTap-

Hb!X "'8CTHU, BOOOlU9 r'OBOpsi, H9)K9JI8T9JibHOMy /nnH ',ll,;l)Ke npOTHBOpeqaw:eMy Ollbi-

1// PC· TY • SIBJISI9TCSI C 9TOil: TO'IKH 3p9HHSI CaMbiM npOCTb!M npe.ocTaBJI9HH9M 

x-+-x 
I 

5/ PC -nHBapHaHTHOCTb BM9CTe c C-HHBapnaHTHOCTbiO ooecne"'HBaeT~oxpaHe 
2/ 

HHe "'eTHOCTH" B CHJihHbiX naanMo.oeil:cTBHSIX · • Ecnn npouecc PC- n: C -n:Hnapn:aH• 

T9H O,llHOBp9M9HH0 1 TO MO)KHO 11B9CTH 00b!"'H09 ITOHSITHe BHyTpeHHeil: npocTp8HCTB9H

HOfi P-qeTHOCTli .anSI "'acTnu, yqacTByJOmn:x B npouecce. Jlng "'acTnu, He SIBJISIJO

mn:xcSI C8M038pS!,llOBOCOllpSI)K9HHbiMR, 9TO llOHSITHe HMeeT orpaHU"'eHHYIO OOJiaCTb npH

M eHHMOC.TH /5onee WHpOKyJO, BnpO"'eM, "'9M ITOHSITHe H305apn:"'9CKOT'O- CITHHa/ • 

2. K;aK y)Ke ronopnnocb, ecnn: onepaTop PC C"'n:TaeTcSI ncTn:HHbiM npe.ocTal3-

neHneM reoMeTpH"'9CKOrO 0Tpa)K9Hll:SI 1 TO OH .llOJI)K9H KOMMyTHpOB6Tb C raMHJibTO

H naHaMn ncex npoueccon. M bi 5y .a eM ronopn:Tb, "'TO nee npoueccbr Tor .a a .oon>KHbi 

5biTb PC HHBapnaHTHbi. Ecnn oi5Hapy)KHTCSI, "'To TaKofi HHBapnaHTHOCTH HeT, To nn-

00 HY)KHO HCKaTb .opyrHe npe.ocTaBJI9HHSI , nnoo .oonycTn:Tb •cnnpanb -

HOCTb" cPH3H"'eCKOT'O BaKyyMa. Paa pe"'b H,ll9T 00 9KcnepHM9HTaJibHOM BbiSICHeHll:H 

CBOfiCTB llpOCTpaHCTBa, TO Mbl He MO)KeM npt)eKTbl COOTB9TCTBYIOlUHX Oilb!TOB 083H-
' ' 

pOBaTb Ha KaKHX- JIHOO "'6CTHblX .oonymeHHSIX 0 BH,lle B36HMO,ll efl:CTBHSI /JIOK6JibHOCTb 

B3aHMo.oeficTBHSI H T.n.l. B "'acTHOCTH, Henb3SI aaMeHSITb Hccne.ooBaHne PC -n:Hna

pHaHTHOcTn: ll:CCJie,llOB8HH9M HHBapHaHTHOCTH OTHOCHTeJibHO BHT'HepOBCKOT'O o5pameHHSI 

/2 9/ 
Bp9M9HH T, OITHp8S!Cb Ha TeopeMy niO.oepca-nayJIH 1 

, HMeJOmefi CHny TOJibKO 

.anSI onpe.oeneHHoro Knacca noneBbiX Teopnfi. 3To oaHa"'aeT, "'TO Mbi .llOJI)KHbi cpaB

HHBaTb peaynbTaTbi npoueccon· c peaynbTaTaMn: cooTBeTcTByJOmnx npoueccon c yqac· 

THeM 3apSI,llOBO-cOrrpSI)K9HHblX "'8CTHU. 

OrpaHH"'HMCSI nponepKoil: PC -HHBapnaHTHOCTH TOJibKO .anSI npoueccoB pacna-

.oa /.anSI "cna5biX naaHMo.oeficTBHil:" I. Jlng B3aHMo.oeil:cTBHfi ~coxpaHSIIOillHX "'eTHOCTh" 

nponepKa PC CBO.OHTCSI K nponepKe C -nHBapnaHTHOCTH. 

" 
1/ Ecnn npouecc ll+p-+ Y+ ~ onnoepeMenno PC'-nnsapnanTen u C-nnsapnau

TeH' TO Haps.oy c HH~ Ll0J'J>K9H R1'TH npouecc n + p .. Y' + !(' ,r.ne Y' stBJISJ9TCSI 

P-oTpameaneM l' H RMeeT, xpoMe Toro, npoTHBonono)Knyro CTpannocTb: Y' -= 
... pc•c Y • Tor a a coxpanenne cTpannocTH ·He aanpemano 6'bt peaxur1n Tuna 

N + N ... A+ A , ne nat5moD.aeMb1e a axcnepaMeHTe /pomaenne rnneponoe 5ea conpo
aom.n.arow.u.x. HX i<-M930HOB/ • 

2/ Cne.oyeT aaMeTHTb, 'ITO .anH ncTonxoeafiHR xam.ooro OT aenbnoro axcne-

pHMenTa no ·uecoxpaueanro 'i9THOCTH' .ooCTaTOliHO tS&mo 0bl npe.onono>KHT~, qTo 
pacna.o.aromasrcst llaCTHua ae HMeeT orrpe.oem:nrnoA :enyTpeuneA qeTnocTH IT.e, HBns-

",.. BTCH cynepnoamuteA l!eTuoa 11 uel!eTnoa co5cTBBHHbiX QJyuxuaA onepaTopa PI, ue c:esr-

3biBasr $TO c uanHliHBM 3apsr.o.a, Tor.aa P-HueapHaHTHOCTb ~e 5y.oeT aanpewaTb a3-
:eecTu&re acRMMeTpHH, O.o.uaxo Tor.o.a Tpy.o.uo o5'bRCHHTb •coxpauenHe l!BTHOCTH ... B 
ClllibHblX B38.HMO.llBRCTBIHIX, 
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B aneKTpoMarHHTHbiX B3aHMO.llel!:cTBHSIX C-HHBapnaHTHOCTb TBep.llo ycTaHoBneHao Ha· 

Y'IHOe MHeHne He- O:lKH,llaeT ee HapyweHHSI B CHJlbHbiX B~aHMO,llel!:cTBHSIX/no-BH.llRMOMY,. 

H an6onee ,llOCTYIIHbiMH OIIbiTaMH- B 9TOM HanpaBJ19HHH SIBJlSIIOTCSI OIIbiTbl IIO· B3aHMO-

' /10/ 
.ll9i!:CTBHIO a'HTHIIpOTOHOB C !IpOTOHaMH, CM,, HaiipHMep '/o 

npH,ll9TCSI OTKa3aTbCSI OT OOCY:lK.ll9HHSI 3apS!.llOBO-COIIpS!:lK9HHbiX IIpOU9CCOB K 

fJ -pacna.llY o CaM bill: .llOCTYIIHbii!: na HHX - {J -pacna,ll aHTHHei!:TpOHa - IIOKa 

H9B03MO:lKHO HCCJ19.llOBaTb na-sa MaJlOl"'O 'IH.CJla aHTHH91!:TpOHOB H HX OOJlbWOl"'O Bpe

M9HH :lKH3HH, 

P acna.ll bi ~r:!: p.:l: K -Me3oHoB, a TaKme n aHTHrnnepoHoB yme Ha6nro· 

.llanncl:>, CooTBeTcTByromne aKcnepnMeHTbi n 6y .llYT o6cym.llaTbCH c ueni:,ro rro.ll

biTom HTb H3B9CTHbie ,llaHHbie o PC-nHBapnaHTHOCTH R yKaaaTJ;; .llanbHel!:wne Boa

M O:lKHbi9 9KCIIepHM eHTblo 

3. 0Ka3biBaeTCSI 1 'ITO OOJlblliHHCTBO 9THX OIIbiTOB MOT"YT paccMaTpHBaTbCSI KaK 

npoBepKa PCT -TeopeMbi, B HaCTOSIIUel!: pa6oTe 9TH OIIbiTbi noaToMy o6cym,llaiOTCSI 

H C, 9TOI!: TO'IKH 3p9HHSI1 a TaKme C U9JlbiO pa3.TIH'I9HHSI 9KCIIepHMeH1laJlbHbiX CJ19,llCT

BHI!: PC H PCT -nHBapnaHTHocTel!:, 

npoBepKa TeopeMbi nro.llepca-naynH KpOMe OOIU9H3B9CTHOT"O HHTepeca /KaK 

npoBepKa cnpaB9.llJ1HBOCTR npe,lliiOCbinOK TeopeMbi/ HMeeT eme H CMbiCJl npoBepKH 

cnpaBe,llJlHBOCTH TaKOl"'O npe.llCTaBJleHHSI OTpameHRSI BCeX 'leTbipeX KOOp,llHHaT 

"p.-+ -'xp. , npn KoTopoM H3MeHSIIOTCSI 3HaKH aapH.llOB /aapH.ll PT-nceB.llOCKa-

. M ~/ n Sip t, cpo cnnbHOe OTpameHRe R y aTbroca o 
• 

HacTOSIIUaSI pa6oTa SIBJ1SI9TCSI B OCHOBHOM 0030pOM 1 TaK KaK OOJlbWaSI 'laCTb. 

9KCIIepHM9HTOB yme npe.llnaranaCb B pS!.ll9 pa6oT1 cpe,llR KOTOpbiX OCOOO CTOHT 

/11 I 
oTMeTHTb cneunanbHO nocBHIUeHHbie npoBepKe PCT -Te opeMbi pa6oTbi CTanna , 

/12/ 
nro,llepca H 3yMHHO , 

4, no BbiWeH3J10:lK9HHbiM !IpH'IHHaM TeopeTH"'eCKOI!: 6aaol!: TaKHX 9KCII9pHM9H-

TOB He MOT"YT cny:lKHTb 1 HaiipHMep, TeOpRH BTOpH'IHOKBaHTOBaHHbiX liOnel!:, Bee o6cy>¥-

,lleHHe fSy.lleT BeCTHCb H8. OCHOBe OOIU91!: RJ1H cP9HOM9HOJ10l"'H'19CKOI!: peJISITRBHCTCKOI!: 

/13-16/ 
TeOpHR peaKUHA1 l"'O,llHOI!: R ,llJlSI OIIHCaHHSI 'ISCTRUbi HyneBOI\ MaCCbi , 3Ta Teo· 

pas MomeT 6biTb npnMeHeHa, HanpnMep, .llJl.~ cl>aaoBoro aHanRaa. TaKoii IIO.llXO.ll .lle

naeT B03MO:lKHOI\ npoBepKy PC H PCT-HHBapRaHTHocTei\' 6ea noMOIUH nocTopoHHRX 

.llOIIyiUeHnA, B 'IHCTOM BH.ll9o B pS!.lle cnyqaeB B o6aope npHBO.llSITCSI TaKme peaynb-
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ITaTb; paccMoTpeHHli Ha ocHoee YHHBepcanhHoro cPE;PMHeBcKoro '19Tbipex¢epMHOHHo

ro B38HMO.ll9ftCTBHH • 

. M bi H8'IH9M C Kp8TK0r'O H3nO:>K9HHH OCHOB cP9HOM9HOnorH'I9CKOfi T90pHH peaK-

" ..k " 6 '\L'aKo6oM H BHKOM 
1141• 0Ha UHn B 't'OpM~, npe,llnO:>K9HHOn rnaBHb!M 0 pa30M ""'' HBnH-

9TCSI 9,llHHCTB9HHOft .ll0CT8TO.'IHO CTporofi cP0PMOfi 1 npHrO,llHOfi . .l:{nH H8WHX uenefi, no

M HMO penHTHBH3Ma H B03MO:>KHOCTH paCCMOTp9HHH !IefiTpHHO OHa o6na,ll89T T8K:>K9 

.llOCTOHHCTBOM npocTOTbi Ia CMbicne M9HhWetl: rpoMoa.nxocTH ¢opMyn/ .na:me no 

. /17/ 
cpaBH9HHIO c 6onee H3B9CTHofi ¢opMotl: Bonh¢eHmTeliHa • flocne.nHnH .na:me B 

·/18// ceoetl: penHTRBHCTcKotl: Mo.nHcPHKaUHH/ eM. CTann .llnH 6onbWHHCTBa o6cy:m.llae-

Mb!X npoueccoa pacna.na HenpHro.nHa. 

fl 1. OcHOBbi penHTRBRcTcxott ¢eHoMeHonorH'Iecxotl: 

T90pHH peaKUHfi 

Hac HHTepecyroT nepexo.nbr o.nHotl: HnH .neyx cao6o.nHbiX 'laCTHU B xaxoe-To xo· 

H9'IH09 COCTOHHH9 /npOHCXO.l:{HUlH9 BCn9.llCTBH9 pacna.na '18CTHUbl Hnll B38HMO,neficT

BHH .llBYX 'laCTHU/, COCTOHW99 TO:>Ke H3 CB060.llHb!X 'laCTHUo AMnnRTy,na B9pOHTHOCTH 

npRCYTCTBHH B 'MOM9HT Bp9M9HH HY~HOr'O KOH9'IH0r'O COCTOHHHH rp 
niOUHOHHpOB8.BW9M Ha'lanbHOM COCTOHHHH r(F(t). paBHa <'rjl, r(F (t) > , r.ne 

r(F (t) c·U (t,t
0

) tP, 
COCTOHHRe, U (t,t0 ) 

r/f0 -aa.naHH09 /B MOM9HT Bp9M9HH 

3/ -onepaTop pa3BHTHH BO Bp9M9HH 

HanpRMep! aMnnHTY.na BepoHTHOCTH " -M930HY C HMnynbCOM 

B npoaBo-

pac-

naCTbCH Ha IL C HMnynbCOM H npoexuRetl: cnRHa mz R V C HMnynbCOM 

p: H np09KURefi m, paBHa MaTpH'IHOMy an9M9HTy OT U •Me:>K,ny BOnHOB~!MH 
cpyHKUHHMH COOTB9TCTBYIOWHX .COCTOHHHfi CB060.llHbiX '18CTHU: 

<·q,,Urp 0 >'e < ~~ m1 ~' ni ,lUI $0> .• 

0 MaTpRue u Mbl 6y,neM 3HaTb TOnbKO T0 1 'ITO cne.nyeT H3_ 38.KOHOB_ COX-

'paH9HHSI 0 nocne.nHBe HanaraiOT onpe,lleneH~ble Or'paHH'I9HHH Ha U 0 KOTOpbi9 MO-

ryT 6biTb nony'I9Hbl KaK cne,llCTBHH KOMMyTaUHH U C onepaTOp8MH CM9W9HHfi H 

'Bp8Ul9HHft B npOCTp8HCTB9 0 a TaK:>Ke .npyrRX B03MO:>KHbiX npeo6pa30BaHRfi: OTpa:me-

' 
31 B npoueccax paccesrHRH U ( oo,-oo) Ha3brBaeTcsr S -MaTpRuett. · B cnyqae 

pacna.na BM9CTO S -M.aTpHUbl cne,nyeT opaTb U(T,O) : OTC'I9T Bp9M9HH Ha'IHHaeT• 

csr c MOM9HTa po:>K.ll9HHSI HecTa6HnbHOtl: 'l!l._CTHUbi. B Ka'!ecTBe T Ha.no '6paTb MOM9HT 

Bp9M9HB1 MHOr'O 60nbWHli Bp9M9HH :lKH3HH pacna.naromeficg 'IapTHUbl /HO M9HbWHfi 
Bp9M9HH :>KH3HH npo.nyKTOB ee pacna,lla/. 



8 

HHft, 38pSI.!lOBOI'O COUpSI:lK6HHSI H T,n, IHHBapHaHTHOCTb OTHOCHT6nbHO KOTOpb!X npen-

41 
nonaraeTcH 

TaKHM o6pasoM, ~eHoMeHonorn:qecKaH Teopn:H saKnroqaeTcH a yMeHHH onn:caTb 

COCTOSIHHSI CB,060.!IHbiX qacTHU H H3Bn6K8Tb cnencTBHSI H3 HHBapHaHTHOCTH U OT-

HOCHT6nbHO H6KOTOpb!X npeo6pa3oBaHHfi, 

1, H aqanbHbl6 H KOHeqHbi6 COCTOSIHHSI 38.!l8IDTCSI nepeqn:cneHH6M HM6IDI!lHXCSI B 

STHX COCTOSIHHSIX qacTHU H YK838HH6M HMnynbCa ~ Kam:nofi qacTHUbi n: npoeKun:n: 

ee cnn:Ha Ha HMnynbc m (helicity) • TaKoe onn:caHn:e B03MO:lKHO KaK nns qac-

1141 
THU H6HyneBOfi TaK H HyneBOfi M8CCbi UOKOSI , 0HO 6y .!l6T penHTHBHCTCKHM, ecnH 

3HaSI BOnHOByro ~YHKUHID l~m> COCTOSIHHSI B O.!lHOfi nopeHTUOBCKOfi CHCT6M6, Mbi 

MO:lK6M Hq_ftTH BOnHOBYID ~YHKUHID STOI'O COCTOSIHHSI B .!lpyrofi CHCT6M6 'oTcqeTa, 3To 

neftCTBHTenbHO MO:lKHO C.!lenaTb, .ecnH B6KTOpbi COCTOSIHHfi CB060.!lHOfi qaCTHUbl npn:

Ha.!lne>KST npOCTpSHCTBy H6KOTOpOI'O H3B6CTHOI'O IHenpHBO.!IHMOI'OI npe.!lCTaBneHHSI He• 

0 .!lHOpO.!lHOfi rpynnbi nopeHTUS I3S.!l8BS6MOI'O MSCCOfi Je 
113 14 151 

S (5+1) qacTHUbii1 UO.!lp06HOCTH CM, ' ' • 

n: KBa.!lpaTOM cnn:Ha 

2. 3aKOH coxpaHeHHSI nonHoro HMnynbca MaTeMaTn:qecKH Bbipam:aeTcSI B nn:aro-

HanbHOCTH U no HH.!IeKcaM nonHoro HMnynhca, Hanpn:Mep, Bbi!llieynoMSIHYTbifi ane-

M6HT <'Pz m1 p_,m, 1Uf·p0 > .!lOnm:eH HM6Tb BH.!l 

<·~~ 1llz 1', m_, lUI '1' o>. cv <'1'1-P, m1 m)U (po) I >' 8'~1 + P' -'flo) 11.1 I 

... ....... 
B .!lanbHeftweM Mbi BBe.!leM BMecTo P, n: P_, nepeMeHHbie nonHoro HMnynbca Y, 

4 I npoueccbi B cMemeHHoft B npocTpaHCTBe KaK uenoe, noaepHyTofi H T,n. n:so- · 

nHpO~SHHOft ~H3HqecKOfi CHCT6M6 .!lOn:lKHbi npOT6KSTb TaK m:e 1 KaK H B Henpeo6paso• 

BSHHOft cn:cTeM.e, A n:MeHHO, ecnn: 1/J = Ul/1 0 ecTb pesynbTaT aBonroun:n: HeKoToporo 

COCTOSII{HSI 1/J0 , a pesynhTFIT SBOniDUHH CMelll6HHOI'O, noBepHyTOI'O H T,.!l, COCTOSI-

HHSI ~O eCTl:- 1/JD ='UTJ1/J
0 

, TO Bbipa:lKeHHe 0 T8K m:en 03HaqaeT, qTo '1, 
OTnHqaeTCSI OT 1/J TOnbKO HH.biM pacnonom:eHH6M lopH6HTauHefil B npOCTpaHCTBe, 

A HMeaao ~ =r.Dtfr .llnsr acex noeo6oasoaaHn:fi, KpoMe nopeHTUOBcKn:x •. EcnH 

~ =IDl/J , TO HlvieeM U~ = ~ = !DU~ H UOCKOnbKy STO B6pHO nnn nro-
6oro COCTOS!HHSI ~ 1 TO (f)U =·U!i) 1 T,e, U KOMMyTHpyeT C COOTB6TCTByro-

IUHM onepaTopoM npeo6pasoaaaHsr, 

B .cnyqae nopeHTUOBCKHX npeo6pasoaaHHfi L ~ oKasbiBaeTcn eme H cMemeH-

HOft a npo9TpaacTae no cpaaaean:ro c L~ • B pesynhTaTe aecKOnhKO 6onee cnom:-

HOI'O paCCMOTpeHHSI OKS3b!BS6TCSI, qTo 

H3B6CTHOMY onepaTopy, 

[L, U] XOTSI H He. paBHSI6TCSI Hynro1 HO paBHO 



9. 

M MH,lleKCb! p 5y ,lleM. 0IIYCK8Tb 

15y.oeM C'!HT8Tb 1 'ITO 'Bbi5paHa C.U.H, 'peaKUHHI 0 TaK 'ITO Cpe.oH HH,lleKCOB aneMeHTa 

U . 5y .llYT qmrypHp0~8Tb TOlibKO OTHOCHTelibHble HMIIYlibCb!, 

3aKOH · coxpaHeHHH nonHoro MOM eHTa HaKna.o biBaeT .oanbHeil:ume orpaHH'!eHHH 

Ha U • Mo:>KHo rroKaaaTb, 'ITO aneMeHT <'p %m
2

\ U\> ·Ha 11,1 I .llliH pacrra

.oa '!8CTMI1bl a CO CIIMHOM J H IIpOeKUHeil: M Ha .OBe '!8CTH11bl M 2 CO 

CIIH~8Mit Sl H S_, H HX IlpOeKUH.IIMH m
1 

H m
2 

jHa. Haiip8BlieHMe p 
I 113,14,1511 

BH.ll CM, 

I HMeeT 

11.21 

(} H rp cyTb CcpepH'!eCKHe yrlibl P ~THOCHTenhHO He~oTopoA TpOAKH oceA. 

l 
.. p, 

Bbipa:>KaeTC.II '!epea M8CCbl II OKO.II '!8CTMU a . , 1 H 2, 

.IIBliHIOTCH H3BeCTHbiMH cpyHKUH.IIMH, CBO.ll.IIUlHMHC.II B '!aCTHbiX Cliy'!aHX m=O HliM. 

n=O K c!}jepH'!ecKHM cpyHKUHHM, eM. rrp11nomeH11e A. 11,21 oaHa'!aeT, '!To aaBIICH-

MOCTb U OT yrliOB (} 
M rp IIOliHOCThiO 113BeCTHa, 8 aTOM H COCTOHT ·cne.ocT-

BHe 3aKOHa COXpaHeHIIH IIOliHOro MOMeHTa, 

B cny'!ae pacrra.oa 1161 a-> 1 + 2 + 3 HMeeM 

<[PJ(,(:l)m1 mftm3.IUI M>·=_l_:t V(2j+1) (2]+l) D' ( (} .1. ) !1,31 
A 411 Jm . m3+m2,m .-17, 2.' TT-'1'_, •. 

D~ +m ,. M (-~r, (}1 117~¢ 1 )<'m J11J21 3 jmpOJ I U1 1 > • 

0THOCHTelibHbie liM IIYlibCbi p(l) . 1191 
a.oecb HMeroT oco5oe onpea.eneHHe : 

p(l) ecTb cyMMapHb1fi HMIIYlibC 'lacnru 2 H 3 B nopeHTUOBCKoi!: cHcTeM e u.H. K
123 

· Tpex '!aCTHil 1,2,3;' OH paBeH ..:P1 , T,e, aHTHIIapanneneH 'HMIIYlibCY .'!aCTIIULI la 

K 12~. 'Pf2J -HMIIYlibC '!acTIIIlbi 2 B .nopeHTilOBCKofi CHCTeMe K
23

, r.oe cyMMap-

Hbifi IIMny.ni:,c 2 M 3 paBeH Hy.nro, Bbipa:>KeHHe j'J(2J qepea HM:rry.nbCbi P
2 

11 P, 
/16/ /20/ '!aCTHil 2 11 ~ B K 

123 
rrp11ae.oeHo B · 11 • 

0503H8'!810T ccpepll'!eCKHe yr.Tibl p(l) 1 OTC'!HTb!BaeMbie OT HeKOTOpOll: 

TpOfiKH OpTOB 0 8 t OTHOCIITelibHO KOTOphlX IIpOKB8HTOB8HO CIIHHOBOe COCTOHHHe pac-

rra.oaromell:cH '!acTHilbi lrrpoeKuHH 'MI. (} 
2 H c/>2 -ccpepH'!eCKMe yr.nbi pm 
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OTC"'HTbiBa9Mbl9 OT TpOitKH OpTOB 0 1 1 OIIP9Ll91ISt9MOit' cneLlyiOIUHM o6pa30M: 

z1 II -pm. Yt II [iaxp(1J] ' I"Ll9 za -Tp9TbH OCb oa • npoeKUHH m1 

KBaHTYIOTCH OTHOCHTenbHO OpTOB 01 , a m 2 H m 3 CYTb CIIHH0Bbl9 npOSKUHH Ha 

,. 
p(2) 

3. B LlanbHeitwel'J noHaLlo6HTCH noHHTHe BeKTopa nonstpH3aUHH 'l:acTHUbi, no

cxonhKY HaM He BCTp9THTCH "'aCT~Ubl CO CUHHOM 60nbillHM 1 12, TO 6onee cnO:lKHbiX 

T9H30pOB nonHpH3aUHH BBOLlHT~ H9 6y Ll 9M, .0nst HeitTpHHO He HY:lKHO 6y Ll9T B006IU'~ 
113141 .. 

BBOLlHTh nOHHTHe nonstpH3aUHH ILlnH cnpaBoK cM. ' I, noaToMy 6yLleT LlOCTaTo'l-

H biM onp9Ll9nHTb BSKTOp nonstpH3aUHH TOnhKO LlnH "'aCTHU C HeHyneaoit Maccoit no-

KOH, 

0npeLl9nHM COCTOHHH9 CB060LlHOit "'aCTHUbl CO CUHHOM CnSLlYIOIUHM o6pa30M: 

1 I yxameM HMnynbc "'acTHUbi ;J IHanpHMep1 B C,U. H, peaKUHH/; 21 B nopeHTUOB-

CKOit CHCT9M9 1 I"Ll9 "'aCTHIB UOKOHTCH 1 3aLl8LlHM ee CUHHOBOe COCTOHHHS. nycTb 

<'lm> m = -112, + 1121 o6.03Ha"'aiOT BOnHOBbie cPYHKUHH "'SCTHUbl C onpeLle-

neHHbiMH npoeKUHHMH m IHa HanpaBneHRe, napannenbHoe If / B aTofi CHCTeMe, 

OnpeLlenHM o6bi"'HbiM o6pa3oM MaTpHUY nnoTHOCTH: 

P m m=l: am <m11 m><m 2 1 m>·* 
1' 2 m J 

11.41 

I"Ll9 a 
m 

B9Ca OTLl9nbHbiX "'HCTbiX COCTOHHHit <'lm> • .0nst HenonstpH30B8HHOI"O coc-

TOSIHHSI a_~=a+~ • Spp = 1 npH HaLlnemamefi HOpMRpoB~e. 

BeKTOp nonstpH3aUHH onpeLlenHM B nopeHTUOBCKOit. CHCT9Me 1 I"Ll9 "'aCTHUa ncKo

HTCH1 KaK y LlBOeHaoe cpeLlaee 3Ha"'eHH9 onepaTopa nonHOI"O .MoMeHTa M , paBHOI"O 

onepaTopy CUHHa lnOCKOnhKY op6HTanbHblit MOMSHT '3 9TOit CHCT9M9 paBeH ayniO/: 

P,. =2Sp.'tllrp= Spukp K =10 y, Z 11,51 

u. -MaTpHUbl naynH. CBH3b c LlPYI"HMH B03MO:lKHbiMH onpeLleneHHHMH CM,, aa

npHMep, B/fl/• 

,Onst cPOpMynHpOBKH npaBHn OT60pa OK83b!B89TCH Y Ll06HbiM BBSCTH UHKnH'I:SCKH€' 

... 
npoeKuHH . p H onepaTopa ~ 

p = ( P,. + iPy Jlv"f. = Sp (u_1p); 
- t Po= r .. /1,6/ 
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lL= _,( p - i p ) 1- i2 = _, p * 
"T.I X y 1 y •V 

I 1.61 

M aTpHUy IIIIOTHOCTH p Terrepb MO:lKHO Ilp9LlCT8BHTb B BHLle 

• • tJ 
p=~·l+~2; (ut.p) 

,.... 1 r r 
11.7 I 

I oaHa'laeT TpaHCIIOHHpoBaaae/, Bonpoc o nopeHT~OBCKHX rrpeo5paaoBaHHSIX orr-

. /15/ 
pelleneaaoro TaKHM o5pasoM BeKTopa rronSipaaauHH paccMaTpHBancSI B rr.3.. B Llanb-

neltweM Mbi 5yLlOM HMOTb LlOIIO C TaKHMH KOMIIOH9HT8MH IIOIISipH3aUHH
1 

LliiSI KOTO

pbiX aecywecTBOHHbi aTH crreuaanbHbre rrpeo5paaoBaHHSI, ViaM epeHHSI BexTopa rronSipH

sauHH IlpOHSBOLlSITCSI 05bi'IHbiMH CIIOC05aMH /HaiipHMep, IIO pa3HOCTH BTOpH'IHbiX pac

COSIHHfi HarrpaBo-naneBol. 

4. EcnH BOIIHOBaSI QJYHKUHSI t!Jf IIpOLlYKTOB peaKUHH IIPOLlCTaBnSieTCSI B BHLle 

t TO HX MaTpHUa IIIIOTH09TH Bbipa:lKaeTCSI qepea M8TpHuy IIIIOTHOCTH 

/17 I 
H8'18IIbHOI'O COCTOSIHHSI H U CIIOLlYIOWHM o5pa30M /eM, p83Llo 4/: 

pf = UPo ut. 
BBOLlOM BMOCTO MaTpHUbi IIIIOTHOCTH 

/17/ . 
PeaynbTaT Bbi'IHcnenHlt /eM. pasll. 4/ 

KB:lKLlOlt 'IBCTHUbi BOIIH'IHHbi Spp H ~. 

38IIHW9M B BHLle OLlHHOlt QJOpMynbi, OXBa-

T biBarowelt xax Bbipa:lKeHHe F=SpU ut;2 LlnSI yrnoBoro pacrrpeLleneHHSI npOLlYKTOB 

p8CII8Ll8 H9IIOIISipH30BSHHOlt '18CTHUbi1 TSK H 5onee CnO:lKHbiO QJOpMynbi LlnSI HX IIOnSI

pH38UHH IlpH IIOnSip!I30B8HHOlt paCII8Ll8IOWeltC5I '18CTHU9 

= ~ ( q1r1 q2r2 ... I W ( 81 , rp1 ,r/1); 82 rp2 ... )lit ,.r )p/q /
8

) 

q,.r,. 

/1.8/ 

/1,9/ 

PaaBepHyTyro aarracb /1,9/ eM. B rrpHno:lKeHHH B. Lln5I '18CTHUbi CO CIIHHOM 

1 /2 o5oana qaeT ( 6 9) rrpH 

CIIHHOM 0 = 0 IIPH 

q=O=r 

q'i'O, r'fO, 

H u
1 = u r. = -1,0, +1 ,· Lln5I '186THUbi co r r 

, H uo =l . BMecTo · U -MaTpHUbi Mbi 
0 
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BBenn 6onee ynoTpe6uTenhHOe o6osHaqeHHe MaTpHUhl .rrepexo~a R • 0Ha orrpe~e-

nHeTeR o6hlqHhlM o6pasoM: U =l+iR • llnR rrepexo~oB e H3MeHeHHeM eoe-

TORHHR U R iR eoBrra~aiOT, 

OeTanhHhre o6osHaqeHnn: P/0.0)=1 osHaqaeT queno paerra~aromnxen qaeTHU 

H ~ (l,r)=·.~ .-UHKnHq9eKH9 ITp09KUHH HX B9KTOpa ITOnSipH38UHHo 

p'(O,¢rJIHJ ¢ ... ;0,0,; 00 •• ) osHaqaeT yr-noeoe paerrpe~eneHHe 
t t 2 2 

F ( (} A. pW;(} ¢ ... ) 
t '+'z 2 2 

TaK:»<:e nx paerrpe~eneHHe rro rrpo~yKTOB peaKUHH /a 
/19/ 

MO~ynRM· OTHOeHT91ThHbiX HMrrynbeOB llanHTU8 / 0 

/ (01 ¢'1 i); 02 ¢ 2 ... ; lr; 00 ... )/ F( Ot cpzvf'>; 82¢2 .. J - UHKnuqeeKHe rrp09KUHH BeKTOpa 

rronnpHsauHH rrpo~yKTa paerra~a 1, nerrymeHHol!: e HarrpaeneHHH Oz,cpt /e HMrrynb-

eoM p(Z) I, rrpH yenoBHH, qTo ~pyr-He qaeTHUhl BhrneTenx e HarrpaBneHHSIX, xapaKTq-

pH3Y9MblX yr-naMH (}2,cp 2 H T.~. 

§ 2. npaenna OT6opa, BbiT9K8rOIUH9 H3 PC, T H 
PCT -nHeapnaHTHOCTel!: 

1. PC -nHeepcnn. 

nyeTb l p nt> BOnHOBaSI cpyHKUHSI eoeTOHHHSI H9KOTOpOl!: qaeTHUhi, o6na~aiOIU9ll .. 
orrpe~eneHHhiM HMrrynheOM p 

HYIO Oeb /He rrapannenbHYIO 

H ITp09KUH9ll errHHa n Ha H9KOTopyiO cpHKeHpOBaH-

p/. • oaHaqaeT aHaK aapn~a, nerrTOHHoe queno, 

6apHOHHOe qHeno, eTpaHHOeTh. llel!:eTBHe PC orrpe~enHeTen KaK rrponsee~eHne orre

paunl!: P H C: 

PCI'P nt >'=I ~·'P ,n, ~ > e 111(f>. /2.1 I 

Ma nepeeTaHoeoqHbiX eeoiieTB P H C e r-eHepaTopaMR TpexMepHbiX epa IllOHHii 

M /orrepaTop rronHor-o MOM9HTa/ H nopeHTUOBeKHX rrpeo6pasoBaHHfi /eM., HarrpH -
K /4/ 

Mep, / ene~yeT1 qTO B03MO:»<:Hhlii cpa30Bbiii MHO:»<:HT9nh exp(i71) He 3aBHeHT OT .. 
p H n , HO Mo:»<:eT 6biTh pa3HbiM ~nSI pa3HbiX qaeTHU /aHanOI'HqHQ BHyT-

p9HH9l!: p-qaTHOeTH qaeTHUhl/, 

Ee1IH npouecc a-+ 1 + 2 + 3 HHBapnaHTeH OTHoenTenbao PC, TO /eM. rrpnMe-

. 4/ I qaaHe 

(PC I ~1)p(2)m m m >, R .PC II! M >') =· 
t 2 3 a 

/2.2/ 
= ( I prt.JP(2) m 1m2 m 3>; R I p a:./ > ') 
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CnHHOBbie npoeKUIIII He 113MeHsnoTcsr np11 npocTpaHcTBeHHOM oTpa:lKeHHII, ao y aac 

0 Cll KB8HTOB8HHSI z .ansr · :n napannenbHbl HanpaBJleHHSIM HMUYJlbCOB 1 KOTOpb!e 

npH OTpa:lKeHHH MeHSIIOTCSI Ha npOTHBOUOJlO:lKHbie. 0cH KB8fiTOB8HHSI Y .ansr m 

UpH OTpa:lKeHHH He MeHSIIOTCSI, .[(eJiCTBHTeJlbHO, LlJlSI H8'I8JlbHOT'O COCTOSIHHSI e.aHHCTBerl-

Hb!M .llOUOJlHHTeJlbHbiM Bbi.lleneHHbiM HanpaBJleHHeM, KpOMe HanpaBneHUSI ... 
z, HMnyn~~>-

ca a B naoopaTopHoli cHcTeMe, aanpnMep, MO:lKeT ObiTh TOJlhKO aanpaBneaHe nonsr·-

pH38UHH, KOTOpasr SlBJlSieTCSI nceB.llOBeKTOpOM H npH OTpa:lKeHHH He MeHSieTCSI, Ocb 

y II[~ X pW] II [ -p X -{11) ] 
1 a a 

/eM, § 1/ TO:lKe He H3MeHSieTcsr: 
• AaanorH'IHO 

I .ansr KBaHTOBaHlUJ m 
2 

11 m 
3 

'. 

H a3oBeM, cooTBeTCTBeHao1 o: , o; , o; 
pb!X OpTbl 

... z OTpa:lKeHbi, a OpTbl 
... 
y 

"'OTpa:lKeHHbie" TpO!J:KH OpTOB, y KOTO

HeTo HaM H8.ll0 OTHeCTH CUHHOBbie npoeK-

UIIH B JleBOJi 'I8CTH /2,2/ K 9THM HOBb!M OpTaM, 'ITOOb! COXpaHHTb II nocne OTpa:lKe-o 

I HUH n:x onpe.aeneHn:e KaK npoeKuHli Ha HanpaBnean:e HMnynbca, 3aM.eTHM, 'ITO 0 
c 

OTJlH'I810TCSI OT 0 TOJlbKO UOBOpOTOM Ha 180 BOKpyr oceli Y • BonHOB8SI cPYHK-

UHSI 'I'm cocTOHHHSI c onpe.aeneHHo!!: npoeKuHeli Ha cTapyro ocb z cne.ayiO!llHM 

00p830M Bb!pa:lKaeTCSI 'Iepea CUIIHOBbie cPYHKUHH 'tr c onpe.aeneHHbiMII npoeKUIISI-

Mil rrf Ha HOBYIO 2 -ocb: 

• S s+·m . ~ ';;.,; •• 'tr ~l,m (O,rr, 0) ;' (-1) if?.m• /2.3/ 

noaTOMy 

12.41 

3HaK r-> HaLl R 03Ha'IaeT, 'ITO MaTpH'IHbiJi aneMeHT B npaBoli 'IaCTH OUIICbiBaeT 

npouecc C COOTBeTCTBYIO!llHMH aHTH'I8CTHUaMH. 

Heliwero Up0113Be.aeHHe cP830Bb!X MHO:lKHTeneli, 

1( -HecymecTBeHaoe .ansr .aa.Tib-

exp i71 
. s 

H (-1) 

<l>opMyna 11.3/ 03Ha'IaeT, 'ITO aneMeHT U n:nH R 3aBHCHT He OT Han-

paBnean:li -;, p(1) H p(2) B OT.llGJlbHOCTH, a OT IIX B38HM'tOJi OplleHT8UIIII, 

To'!aee, OH aaBIICIIT OT alinepoBCKIIX yrnoB 1 -rr, ()
1

, rr-¢
1 

I H 1-rr, ()
2

, rr-¢
2 

I) 

yKa3b!B810IllHX OplleHTaUHIO 01 OTHOCIITeJlbHO 0 H 0
2 

OTHOCIITeJlbHO 0 . /eM, 

/'22/ " 1 
np11Jl0)f{, A, no.apoOHOCTH B /, nerKO yoe.aHTbCSI /xOTSI Obi Ha npoc;::TpaHCTBeHHOli 
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M o.oenH I, qTo ecnH aT a opHeHTBUHSI paHee aa.oaBanacb yrnaMH ~ 1¢1; 112 1¢2 

TO OpHeHT8UHSI 0' 1 
OTHOCHTenbHO o· .. H 0'

2 
OTHOCHTe.TibHO o· 

1 
aa.oaeTcSI yrna-

MH 11 -d. • (} _..~,. 
· 11. '~"1 1 21 '~"2 

vfTaK,· H3 12,41 H 12.21 nonyqaeM COOTHOllleHHe: 

<"m1 m2 m3 IR((}1¢:tP(1); 82 ¢ 2 )IM>-= 

l{ (-l)m~+m2+m3-'M . I~ (1) I <-m1 ,-m2 1-m3 R((}1,-¢1 1p ;_(}2 1-¢2) -.1!> 
12.51 

BbiTeKalOUlee OTC!O.ll8 npaBHJIO OT6opa B TepMHHaX K09cPcPHUHeHTOB W , CM, 11,91, 

nonyqeHo B npHno:lKeHHH B: 

(q r q r q r I W ( (} ¢ rf1J ; (} ,~.. ) I q r ) = · 1 1 2 2 3 3 1 1 2 '~"2 a a 
12,61 

=·(-1) 
q1+q2+q3+ q., (i) 'i+; +r3+r., <q1-1z q2-12 q3-131W(e1 1~ pm;e2 1-¢2 >lq.,-1.,>. 

1231 
0HO OT.TIHqaeTCSI OT nonyqeHHOI"O B npaBHna OT6opa, BhiTeK8lOUlei"O H3 P-HHBapn-

8HTHOCTH TO.TibKO TeM, qTO B npaBOA qacTH 12.61 CTOHT w -K09cPcPHititeHThl .ll.TISI 

38pSI.llOBOCOnpS1 :lKeHHOI"O npouecca. 

CooTBeTCTByroruee 12,61 C<?OTHOll!, eaHe .on£1 pacna.oa a... 1 + 2 nonyqaeTCSI y .oa-

neHHeM H3 12.61 HH.lleKCOB q3 r3 H p(l)1(}21c/J 2 • 

npocTeAlllee cne.llCTBHe H3 12,61 nonyqaeTCH KOI".ll8 Bee q H· paBHhl 

aynro: yrnoBhie pacnpe.oeneHHSI npo.oyKTOB pacna.oa aenongpH30B8HHhiX qacTHUhi H 

aHTHqacTHUbi paBHhi. nocKO.TibKY HHTerpan no BCeM yrnaM OT YI".TIOBOI"O pacnpe.oene-
. 51 

HHSI He 38BHCHT OT nonHpH38UHH qacTHUhi 1 TO npocTeAlllee C.TI8.llCTBHe 12,61 Be-

ll eT T8K:lKe K paBeHCTBY BpeMeH :lKH3HH qacTHUhi H 8HTHqacTHUhi H paBeHCTBY BeCOB 

cooTBeTCTBYlOIUHX IB38HMoaapg.ooBoconpH:lKeHHhiXI KaaanoB pacna.oa. 

2. 06pameaHe BpeMeHH no BnrHepy. 

npHHHMaeM cne.oyroruyro HCXO.llHYlO ciJopMynHpOBKY HHBapHaHTHOCTH OTHOCH-

124 251 
TenbHO T ' · 

<"¢. 1 U(t,o)t/J. >=<'Trfr. 1 U(t,o) T¢ > 1 I 0 0 · I 
12.7 I 

r.oe T 
124 261 

onpe.oenSieTCH cne.oyromHM o6paaoM • : 

51 
Mcxo.o£1 H3 11.91, 11.31 H IA.21 MO :lKHO noKaaaTb, qTo 

Jf d cos (}1 dcpi JJ d cos (}2 d¢l 0 0 0 0 0 0 IW((} 1¢ z- .. )1 q.,r., )4') Oq , 0 &; , ,0 
a a 
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T1 pn>= 1-p,....n)(-1)" e's;. /2.8/ 

KaK H B /2.1 I 
.... 

,; He 38BHCHT OT HMIIYJlhC8 P H IIpOeKUHH CIIHHa n 

npH T -HHBepcHH CIIHHOBb!e rrpoeKUHH n Ha ~HKCHpOB8HHYID OCh KB8HTOB8HHH 

M eHHIDT CBOft 3H8K, TaK :>Ke, KaK H B II, 1 B ll8HHOM CJJyqae, TpeoyeTCH rrepeOTHece

HHe m -rrpoeKuHlt K HOBbiM TpoltKaM OpTOB. vf3 /2,7 I. /2,8/. /2,3 I aaaJJOI'H'iHO 

rrpellbillyweMy llJJH pacrralla a-+ 1 + 2 + ••• rrony'iaeM 

<'m1 m ... 1R(O ,c/J ... )1M>;.~ <J!I R(O .~ ... ) I in m ... > 
2 1 1 ' 1 1· 12 

/2.9/ 

3 onpe.aengeTCH aHanorHliHO l{ B /2.4/ H" /2.5/. 

C IIOMO!UhiD /1.2 I H /}.3/ MO)!{HO IIOK838Th 1 'iTO B 

J19HHH /2,9/ rrpeBparuaeTCH B COOTHOIU9HH9 

< m1m ~ .. I R 11.11 >;..:S 0:: .VI R11 in~:r> • 

m m ... ].11 -rrpellcTaB· 
1 2 

12.101 

E cnH BbiopaTh ~a30Bbie MHO)!{HTeJJH TaK, 'iTO Obi E,. = 1 I E
0 

He paBHO E I, 

To /2,10/ 6ylleT 03Ha'iaTh, 'iTO MaTpHua R1 .cHMMeTpH'iHa BcJJellcTBHe T HHBapH

aHTHOCTH, 

CooTHOIU9HHH /2,9/ HJJH /2.10/ CBH3b!B8IDT aneMeHTbi rrpHMOlt H oopaTHOlt pe-

aKUHlt 1+ 2+3 -+8 • nocnellHHH rrpaKTH'iecKH HeooyweCTBHM a H HerrocpellCTBeH-

HO /2,9/ rrpOBepHTh H·eB03MO)!{HO, 

B rrpHJJO)!{eHHH B rroKa3aHo, 'iTO ecnH rrpOllYKTbi peaKuHH /1.2/ H T.ll. B3aH-

MOllellcTByroT cnaoo, TO H3 YHHTapHOCTH MaTpHUbl u CJlellyeT apMHTOBOCTh R -

MaTpHUbi: Rt =R • Torlla /2,9/ MO)!{HO rreperrHcaTh B BHlle: 

:::·m1m., .. l R(O r/J ... JIM>=:S< m m ... 1 R (8
1

--tP ; ... ) I M>'* 
' ~ 11 12 1 

/2,11 I 

oTKYlla cnellyeT TaKoe rrpaBHJJo oToopa /eM, rrpHno:m, B/ 

(q r ... JIV(O rP p(1);(J cf> ... ) j'q r )= (-l).r1+ ... +~ 
11 1 1 2 2 .... /2~12/ 
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3. npaBHliO OT6opa, cnenyroruee H3 PCT -HHBapHaHTHOCTII B cny'!ae cna6oro 

B38HMO,llBttCTBIIR I'lpO.llyKTOB pacnana, I'lOliY'!aeM KOMtJIIHIIpOBaHIIeM 12.61 II 12,121: 

( q r ... L 'W ( (} ¢ p(1); (} ¢. ... JI q r ) = 
11 11 ·22 aa 

= (-1) q1+ ... +qa ( q1 r 1'"J W ( (} 1¢ 1(11); (}2 ¢ 2"') I q ,r ,). 
12,131 

KaK K H3 13.6/ npK acex q H r paBHhiX Hynro 1 oTcrona nony'!aeTcSI pa-
('J 

BBHCTBO ·yrnOBb!X pacnpeneneHII.lt UpO.llYKTOB pacnana a K a , paBeHCTBO KX 

127.28/ . 11191 
BpeMBH >KII3HK ' K paBeHCTBO BeCOB COOTBeTCTBYIOIUIIX KaHanOB pac.na,lla ' , 

PaaeHCTBO nonHbiX aepoRTHoc·Teft' pacnana lapeMeH »<K3HKI nony'!aeTcR K B cny'lae 

CHIIbHoro asaKMoneftcTBKR npo.llyKTOB pacnana 1 eM, npKno»<, B 1 n. 2. 

§ 3, Pacnan hi rr II IL -Me30HOB 

YcTaaoaneaHoe aKcnepHMeHTanbHO paaeHcTBo apeMeH »<II3HII rr-r II rr 

+ - /29/ /L H p. -Me30HOB /cMo 0 rn, 21 RBliReTCR CaMhlM npOCTh!M cne,llCTBHeM 

PC H PCT -KHBapiiaHTHocTeft 1 a TaK:>Ke nepBhiM CBII.lleTellbCTBOM cnpaaenniiBOCTII 

1271 1181 
XOTR 6b! O.llHOft II3 HHX 0 

, CnenyiOIUKM UO npOCTOTe cne,llCTBIIeM ,llOll»<Ha 

6bxna Obi· Ob!Tb TO»<necTBeHHOCTb yrnoBhiX pacnpeneneHIIft TT+ II TT Ia TaK»<e 

H enonRpH30BaHHhiX p. +· :o; p. I, ao II30TponKR o6o1Ix STIIx pacnpeneneHIIft cneny-

BT H3 paBeHCTBa HyliiO CI'lHHOB rr+ H TT- , no STO:il: :>Ke npR'IHIIB /L -Me30Hbl B 

rr-+p.+v pacnane MoryT obiTb TOllbKO npononbHO nonRpH30BaHHhiMH. IKaK H aneK-

TpOHbl OT pacnana Hel'l011RpH.30BaHHOrO IL -MesoHa, ecnH aanpaaneHRR BhineTa Heft· 

TpHHO HB perBCTpHpyroTCRf. Bee 9TH <iJaKThl MO»<HO UOliY'IHTb <iJopMallbHO H3 <iJop

Myn /1,2/
1 

/1.31, 11,8/, 11.9/, HO OHH .llOCTaTO'IHO npOCTO BbiTeKaiOT Henocpe.ucT

BBHHO H3 HCXO.llH:E>IX nono:menHft BhiBO.lla 11,21 1 11,31 - H3 HHBapHaHTHOCTH oTHOCH-

T91Ib-HO BparueHRft. )leftCTBHTellbH0 0 I'lOKORIURfiCR TT -Me30H He Bhi,lleliReT HRKaKOrO 

HanpaBIIBHHR B I'lpOCTpSHCTBe, B KOHe'!HOM COCTORHHH ecTb TOllbKO. O,llHO Bhi,llelleH-

HOB HanpaBliBHRB - RMI'lYllbC p IL -Me30H8 IKOTOpblft onpenenReT TaK»<:e R RMnynbO: 

H eATpRHO 1.· .Llon>KHhi obiTb paBHhi aMnnRTY .llbl nepexona R3 noaepHyToro Ha'laJibHoro 

cocTORHHR /nonHOCTb-IO coananaromero c nenoaepHyTb!MI a TaKHM »<:e o6pasoM 

I'lOBepHyToe KOHB'IHOB COCTORHRe, BparueHHR BOKpyr pa3HbiX ocefi 1 nepneH,llHKYJIRpHhlX 

K P I npRBO.llRT K paaeHCTBY aMnniiTY .ll c pa3HhiMR p , T,~. K H30TpOUIIII yrno-
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Boro pacnpeaeneHHSI, .Llanee, npeanono:>KHM, 'ITO ecTh HepaBHas:r Hyn!O KoMnoHeHTa 

nons:rpHsauHH P , p:epneHaHKyns:rpHas:r p • Toraa TaKyJO :>Ke BenH'IHHy aon:>KHbr 

HMeTb KOMnOHeHTbi, nony'IeHHble H3 p Bp8Il.(8HH8M BOKpyr p , B TOM 'IHCne H 

K_oMnoHeHTa npoTHBonono:>KHoro HanpaBneHHs:r, PesynhTHpyiO•uas:r nepneHaHKyns:rp-

HaSI KOMnOHeHTa 5yaeT paBHa Hyn!O, 

Pacc\1oTpHM 5onee TOHKHe aKcnepHMeHTbi no npoBepKe PC If PCT. 

1. Yfs 12.6,, a TaK:>Ke H3 12.131 cneayeT, 'ITO npoaonhHhie KOMnoHeHTbi 

p.+ H JL- -Me30HOB OT pacnaaoB noKOS!IUHXCS! 11 -M830HOB npOTHBOnOnO:lli:HO 
1111 

HanpaBneHbl : 

< 1')1)0\ w I>= -<"101)1) !WI>. I 3.1 I 

EcnH Het!TpHHO aByxKoMnoHeHTHoe, To p. -Me30Hbl nOnHOCTb!O nonSipH30B8Hbl 

IBaonb HMnynhca/, B aanhHetlw:eM paccMoTpeHHH Mbi He 5yaeM C'IHTaTh Heii:TpH

HO 05SI38T8nhHO L{BYXKOMnOH8HTHb!M, 

npH npeo5pa30B8HHH 113 CHCTeM bl nOKOSI 11 -Me30Ha B na5opaTOpHy!O CHC-

TeMy HMnynhC fl. -Me30Ha H3MeHSI8T HanpaBneHHe, BeKTOp :>Ke nons:rpH38UHH noq-

TH He H3MeHSieTCSI no HanpaBneHHIOS/, noa-:r,:oMy B na5opaTOpHOH CHCTeMe BeKTOp 

nons:rpHsauHH KaK npaBnno He 5y aeT HanpaBneH Baonb HMny.nhca, HO 5y aeT noBep-

HYT OTHOCHTenhHO Hero Ha HeKOTOpbrtl yron a Och!O rroBopoTa s:rnns:reTcs:r rrep-

neHaHKyns:rp K HarrpaBneHHSIM HMrrynbCOB 
-+ 

~I 11 H fl. -M830HOB B 
p 
p.l H 

na5opaTOpHOtl CHCTeMe, B § 1 9Ta OCh H83b!Banacb OCh!O ~ U !1KnH'I8CKHe 

KOMnOH8HTbl p! BeKTOpa rrons:rpH38UHH OTHOCHTenhHO CHCTeMbl ocetl z
1 

pp.l 

H 

t .J 1 N{ 
P = ~ u ( O,a,O) P = D - ( O,a,O) F'a =- Pv 
v r JI,T T v,o 

I 3,21 

pi = (-1) l+v -pt 
, -v 

13,2 11 

610 y I' /15) H Bpaw:aeTcs:r BOKpyr ocR 1 eM; aanee H yron ero noBopoTa • 
MO:>KeT 5b!Th BKn!O'I8H B yron a /eM, aanee; KOHKp8THaSI BenH'IHHa a B 

nocneay!OIUHX paccy:>KaeHHs:rx necyw:ecTBeHna/, 

06'J.e,JtRHeiiHWI\ HHCTWtj'Y 

Jl,11epHWX HCCJit,llOB!t!Hl:'! 

6H6JU10TEKA 
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npH rony'leHHH 13.2'1 Henonb30BaHa ciJopMyna IA.11. 
~ P, o5oaHa'laeT nonnpH-

3aUHIO 
N ~ 
1.1. , BbmeTeBwero no.ll TeM :>Ke yrnoM K HMnynbey rr B na5opaTopHoil 

eHeTeMe, 'ITO H /.1. OTHOeHT9nbHO Tr 

05wan ciJopMyna .llnn yrnoaoro paenpe,lleneHHn H nonnpHaauHH aneKTpOHOB 

paena.lla 1.1.->e+v+v nonyqaeTen H3 11,81 HHTerpauHeil no yrnaM BhlneTa 

HeitTpHHO IT.e. no yrnaM 92, ¢ 2 eM. § 11: 

p '( (} ,cp; q r 0000) "' ( qrOOOO I lV ( 9,¢) I 00) Po (0,0) + 
I 3.31 

+ '£ ( q r ·oooo IW ( 9,¢ ) llv ) P:. 
v 

t{eTbipe HynB o503H8'l810T eyMMHpOB8HHe no nonBpH38UHSIM Heil:TpHHOi B ,llanbHefi-

weM OHH onyeKaiOTCR. 0 -yron Me:>K.llY p H HMnynbeOM aneKTpOHa j}(t) 
/.ll 

B e.u.H. 1.1. -MeaoHa. 

3aMeTHM, 'ITO nepBhlit 'lneH npaBoft 'laCTH 13.31 He 3aBHeHT OT ~cp 

H He paBeH Hynro TOnbKO ecnH r = 0 • 

EenH 1.1. -pacna.ll PC-HHBapHaHTeH, TO BBH.llY 12,61 H 13.2' I paaeHeTBO 

13,31 npHBO.llHT K eOOTHOWeHHIO 

ql1' .~ 

p' ( (}, cp; qr) = (-1) (q-r IIV I 00 )-1 + 

13AI 

+ ~ 1 + v 1 +v r#t + +~(-1)q 7(q-rllV(0,-¢)1.1-v)(-1) (~1) P., =(-1) q 
7p'(8,-cp;q-r)~ 

a H3 PCT -HHBapHaHTHoeTH cne.llyeT 

N ~ N£ 
pi (8,¢; qr) = (-1) q ( q r I W I 00) 1 + ; (-1) q (qr I W (0, cp) 11 v )(-1)1 

(- P, ) = I 3.5 I 

=-(-1) 9 p' (O,cp; qr) 

2. t.IacTHbte ene.llCTBHn 13.4 I H 13.51 (eM. Ta5nHuy 1) 
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1} Ecnn · _IL HenonSipHaoBaHbi, To KaK na PC, Tare n na PCT HHBapHaHTHoc-

TH CJJe.oyeT 1 'ITO npO.llOJJbHbiG KOMnOHGHTbl nOJJSipH3aUHH e HMGIOT npo-

THBOnOJJO)KHb!G 3HaKH: + -P,, =-<P,, ~ HeaaBHCHMOCTb P,
1 

oT yrnoB n paBe!f-

CTBO HYJJIO· OCTa~bHbiX KOMnOHGHT nOJJSipH3aUHH B STOM CJJy'lae y)Ke OTMG'IaJJHCb 
11 

BbiWe 

2) Mo)KHO norcaaaTb, 'ITO yrnoBoe pacnpe.oeneHne aneKTpoHoB IL -pac-

na.ooB BCJJG.llCTBHe BpawaTGJlbHOit HHBapHaHTHOCTH 'SIBJJSI&TCSI 'IGTHOA ¢yHKUH9it 

¢: F ((}, ¢) = F ((}, -,.p) • noaTOMy, ecJJH IL_, H l npoHCXO.OHJJH OT pac-

na.ooB 7T H' -cooTBeTcTBeHHol n He .oenonSip_naoBanncbl, TO rcarc PC, Tare 

+ 
e n e H PCT - HHBapnaHTHOCTb Be.oyT K paBeHcTBy yrnoBhlX pacnpe.oeneHnA 

+ /11/ ..J.. F (O,rp)=F (O,rp) • 3aBncnMocTb oT 'I' nOSIBJJSIGTC.SI BCJJ G.llCTBne HaJJH-

'II'I.SI HenpO.llOJJbHb!X KOMnO_H.GHT nOJJSipH3&UHH IL -Me30HOB B na5opaTOpHOit CHC..., 

TQM9 I ¢ MO)KHO onpe.oenHTb KaK YI'OJJ Me)K.oy BeKTOpOM [ p x.f/ ] 
p.l • 

BQKTOpOM ( ( p X p ) ><p ) • 
"' p.l p.l 

B nepe'lncneHHbiX cny'laSIX T -HHBapnaHTHocTb He Be.oeT HH K KaKHM· cne.o-

C'l'BHSIM, Kale MO)KHO 11pOBepHTb 1 HCXO.llSI H3 12,121, noaToMy PC H PCT HMeJJH 

O.llRH&ICOBbie CJJG.llCTBHSio Pa3JJH'IHSI nOSIBJJSIIOTCSI TOJJbKO B caMbiX CJJO)KHbiX SKene-

pHMGHTaX: nOJJSipH3BUHSI SJJQKTpOHOB OT nOJJSipR30BaHHhlX IL -MeaoHoB, 

s) PaerxnweM /3,41 H 13.51 B cnyqae q =·1 B 05bi'IHbiX .OeKapTOBb!X npo-

GKUIISIX 1 CM, 11,6 I, nony'laeM COOTBGTCTBeHHO 

+' _, 
P., (O,rp)=-1'., (0,-rp) /3.4'1 + ' -· P;, ( (}, ¢) = - P., ( (}, ¢) 

+ -· Py (0, ¢) = _,_py (0, ¢). 

BcnoMHHM, 'ITo ocbiO z KBaHTOBaHHSI LlJJSI SJJ9KTpOHa SIBJJSieTCSI HanpaB-
-+ 

neHne ero·HMnynbca P. B c.u.n. /L -Me3oHa 1 a OCbiO y SIBJJSIGTCSI HanpaB-

JJGHHe (p X p ) 
1L I e • noBTopstSI paccy:m.oeHHSI nepe.o 18.21, nony'IHM, 'ITo napan-

JJ GJJbHBSI HMnyJ;IbCY e-:- B JJa5opaTOpHoA CHCTeMe .KOMnOHeHTa nonS!pn-

11 Pac'leThl no Teopnn 'leThlpei¢epMHOHHoro BaanMo.oeAcTBHSI c .llBYXKOMno

HGHTHbiM HeATpHHO B cnyqae V-A nna V+A · BapnaHToB .oaiOT .onSI npo.oonbHOit no. 
/30-331 ' ' n Sipnaaunn senH'IHHY, t>JJH3KYIO K 100% • T aKaSI me BGJJH"'HHa nony'laeTcSI 

H npH I'HnOTG3e HeHa5JJIO.llaeMOCTH 3HaKa MaCChi /32,341, 



20 

38UHH e- 6y.lleT o6paTHa no 3H8KY KOMnOH9HTe ~1+(0,-cp) lnOCKOnbKY pn 

9CTb cynepii03HUHSI J!. H p , KOTOpb!e COI"naCHO 13.41 II 13.51 IIM9IOT IlpOTIIBO· ... ... ... 
nonom:Hb!e 3HaKII .llnSI e- II e+ I. n epneHLliiKynSipHaSI K PIL t H Pet KOMno-

H9HTa ~ paBHa P. y • B Ta6niiue 1 Bb!IIHCaHbl COOTHOW9HHSI M9:lKLlY npoHHTer· 

'p!ipOBaHHb!MII no cp KOMnOH9HTaMII ptl ((}, cp) II pl ((}, cp) 1 0603H8'!9HHb!MII IlpOCTO qe-

pea p
11 R p.J. 

KoHe'IHO, ecnH HMeeT MecTo T -HHBapHaHTHOCTb, To paanR'llH~ Me:lK.llY PC 

II PCT HC'!eaaeT: TOT'.lla Q:lyHKUH9H cp 
27T 

• a 
P ( 8, cf>) = PJ. ( e, cf> ) 
y 

~ (~cp) SIBnSieTCSI 'l9THOH 

-H9'!9THOH, B '!aCTHOCTH, f d cp p J. ( (}, cp) = 0 
0 

t{eTHOCTb P. ((J, cp) cne.llyeT ym:e H3 BpawaTenbHOH HHBapHSHTHOCTH. 

T a 6 n H u a 1. rr H IL pacna.llhl 

J13M9pSI9Mbl9 BenH'IHHbl PC PCT 

BeKTOphl nonSipH38UHH 
~+ 

... ... + ... 
=-·- p-· PIL 

,..._,p-· 
IL -Me30HOB OT IL . IL 
fT-+/L+II -pacna.lla 

npO.llOnbHhl9 KOMnOH9HThl 
p+ =-· P,~ + -· + - P,l ,._. P, 

nonSipHaauHH a n e ll 
:t :1: :t 

B KaCKS.llaX 1T -+ /L -+ e 

YrnoBhle pacnpe.lleneHHSI 
+ -· + -e+ u · e-· B KaCKa- F (8, cp) = F ( 8, cp) F ( 8, cp ) = F ( 8, cp) 

.llaX 
1T :t .. p.:t -+ e :t 

n epneH.llHKY nSipH b!9 
+ p-' + _, 

KOMIIOHeHThl nonSipH- PJ. = p.J. =-· p.L 
38UHH e+ U -· .1. 

e 
B KSCKS.llaX 11±-+p.±-+e:t 

3. 3KcnepHM9HT. 

81 

T 

-

-

-

~ =0 

B pa6oTax 1381 1391 
H H3M9pSinHCb IIpO.llOnbHhle KOMIIOH9HThl IIOnSipH3aUHH 

H e- + -
• 3aM9THM, 'ITO pl} H pll Pit 

e+ HM9IOT pa3Hbli1: 3HSK, KSK B cny-

'lae HenonSipH30BaHHhlX IL -M930HOB, CM. 1 I 1 TaK H B cnyqae, KOI"Ll8 1L -Me-

30Hbl o6na.ll8IOT T9MH nonSipH3aUHSIMH, K_OTOpb!e OHH npH06penH nocne 1T -pacna-

81 M HOrHa aBTOpb73!ff3biBanH, 'ITo H3MepeHHe PJ. npoaepSieT T-HHBa-

pHaHTHOCTb. XopH R Llp. . HCXO.llSIT H3 H9COXpaHSIIOUl9I"O 'l9THOCTb B3aHMO.llei1:

CTBHSI ¢1epMH CaMOI"O o6wero BH.lla, H9HTpHHO C'IHTaeTCSI 'l9Tb!p9XKOMnOH9HTHb!M 1 

eM. TaKme 1351. Bl361 Hl37 I yKaaaHo, 'ITO 6onhwaSI acHMMeTpHSI an~pe.ll-Haaa.cr. 
a T8K:lK9 o6Hapym:eHH8SI Ha Onb!T9 6onbWaSI npO.llOnbH8SI nonSipH3aUHSI an'eKTpOHOBI 31!1 

P. -paCIIa.lla' 16nH3K8SI K 100%1, H9 II03BOnSIIOT O:lKH.ll8Tb 0 'ITO p.L 6y.lleT BenHKO, 
.llam:e ecnH HeT T -HHBapHaHTHOCTH. 

',t_' 
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.ll81 CM. 3/. 0onSipH38UHS1 9JleKTpOHOB H3MepSI118Cb npH IIOMOWH IIOr'JIOWeHHSI HX 

TOpM03HOr'O H3Jiy'leHHSI B HaM arHH'IeHHOM )KeJie3e. K oacf:JchHUHeHT IIOr'.TIOWeHHSI 

Y - KBSHTOB B 9TOM cnyqae 38BHCHT OT HX IIOJIS!pH38UHH, KOTOpag O.llH03H8'1HO 

CBS138Ha C II011SipH38UHea 9JleKTpOHOB. 3HaKH IIpO.IlOJlbHhlX KOMIIOHeHT IIOJIS!pH38UHH 

H e OK838JIHCb IIpOTHBOIJOJIO)KHb!MH H B rrpe.lleJiaX OWH60K OIIb!Ta /Jl0-

9/ 
BOJlbHO 60JibWHX/ paBHb!MH IIO a6COJIIOTHOH BeJIH'IHHe 

noiJb!TKa H3MepeHHS1 IIOJISlpH38UHa KOCMH'IeCKHX p.+ H ,.,.- Me30HOB 1 npe.ll-

A /41142/ ' 
IIpHHSITaSl JlHX8HOBbiM 1 J1I06HMOBb!M H .llP• 1 ewe He. pana onpe.lleJieHHOr'O 38" 

KJIKReHHSI 0 COOTHOWeHHH 3H8KOB H BeJIH'IHH IIOJIS!pH38UHfi /xoTg pe3yJihT8T He IIpO

THBOp9'1HT PC H PCT -HHBapHaHTHOCTSIM B npe.llenax owH6oK OIIbiTa/. 

Bonbwag .llenons:rpH3aUHSI ,.,.-. -Me3oHoB B aewecTBe .llO HX pacrraJl:a He no3-

BOJIHna npOBepHTb paBeHCTBO BeJJH'lHH SCHMMeTpHH BIIepe.ll-H838.1l B rr:l:_. /L:I:_. e:l: 

) /9/ 
pacna.llaX /aKCnepHMeHT 2 /. npoBe.lleHHb!e H3MepeHHSI /eM. (7.10}/ IIO.IlT-

Bep)K.IlSIOT TOJ1bK0 1 'ITO 3H8KH 9THX 8CHMMeTpHa O.llHH8KOBblo 

n epneH.IlHKYJIS!pHaSI KOMIIOHeHTa IIOJIS!pH38UHH Il 
H Y II03HTpOHOB 1 CM. Onb!T 3)

101
. 

He H3MepSinacb ewe Jla)Ke 

4. K aK M bi BH.Il.HM 1 npoBepeHHbie .llO Citx nop CHMMeTpHH /paBeHCTBo BpeMeH 

+ -
)K H3HH H F(1 == - Pr1 I BbiTeKaiOT KaK H3 PC, TaK H H3 PCT -HHBapHaHTHOCTH. 

MomHo cnpocHTh, 'ITO )Ke co6cTBeHHO cne.llyeT C'IHTSTb npoBepeHHbiM? /CM.crrop 

no aToMy noBO.IlY Me)K.IlY CaKypaeM H Bepne, H3JIO)KeHHbii1 B npHMe:'JSHHH pe.llaKTo

/43/ 
pa K pa6oTe . I. 

/40/ 
9 I rpHH H X epcT OTM eqanH I 'ITO nocKOJihKY acHMM eTpHS! BIIepe.ll-H838.1l 

B rr _. /L _. e KSCKa.lle He SIBJI.IIeTC.II nceB.IlOCK811.11pHOfi BeJIH'IHHOH 1 TO ee H8JlH'IHe1 
CTpOr'O r'OB0p.11 1 He CBH.IleTeJibCTByeT 0 p -HeHHBapHaHTHOCTH. Oaa MO)KeT 6b!Tb 

o6'bSICHeHa BBe.lleHHeM 'leTHOCTHoro !L -M e30HHoro .lly6neTa I .llBa p.+ -MeaoHa H 

.llBS ,.,.-· -Me30H8 C IIPOTHBOnOJIO)KHbiMH qeTHOCTSlMH/. 0IIHC8HHbiH Oilb!T ycTpaHSieT 

TSKYIO rHnOTe3y: OHS He MO)KeT 06'b.IICHHTb Ha6JIIO.Il8eMyi0 pa3HHUY B 'IHCJie IIOt'JIO

weHHbiX Y -KBSHTOB IIpH IIpOTHBOnOJIO)KHbiX HanpaBJieHHS!X MSr'HHTHOr'O IIOJI.IIo 

KpoMe Toro, 9TOT onbiT .llaeT npSIMoe cBH.IleTeJibCTBo C -aeHHBapHaHTHOC;J:H 

paciia.lla /L _. e + II+ II : ecnH 6b! OH 6b!JI 38p.I!JlOBOHHBapH8HTeH, TO 3H8KH pll 
H P; 6binH 6bi O.llHHSKOBbie/11 I. 06bi'IHO o6 oTcyTcTBHH C -HHBapHaHTHOCTH 3aKniO -

'la!OT Ha OCHOBSHHH TeopeMbl niO.Ilepca-nayJIH/27/: IIOCKOJihKY aCHMMeTpHS! Bnepe.ll

H838.1l yKa3biBaeT H aa PT-aeHHBapHaHTHOCTh IH3 PT BbiTeKaiOT Te )Ke cne.llCTBH.II, 

'ITO H H3 p .llJISl BCeX onb!TOB 1 KpOM e 3) /, TO 3H8'1HT HeT H C -ItHBapHSHTHOCTH. 

10/ 
nonh3YIOCh cnyqaeM no6naro.llapHTb A.E. HraaTeHKO 3a KOHcynbTauHH no 

COBpeMeHHOMY COC'I'OS!HHIO 9KCIIepHMeHTa IIO " H /L -paCII8.1l8M • 
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Vf3 TaOniiUbl 2 cne.llyeT, 'ITO, 9Cn!I B T8KHX cny<raSIX 9KCll9pHM9HT f'OBOpHT 
"aeT" aa Bonpoc o aann:<rn:n: /cooT.BeTCTBYIOuteii cHMMeTpn:n:, To n: PC n: PCT -n:a-

Bapn:aaTaocTn: He HMelOT MecTa. Ecnn: CHMMeTpHS! llO.llTBep:lK.llaeTCSI, TO OCTaeTCSI 

Tpn: Bapn:aaTa. Ecnn: c<rn:TaTh PCT -n:aBapn:aaTHOCTh oonee cpYH.llaMeHTanhHOii c Teo-

peTn:<recKoil: TO'IKH 3peHRHI1 T;e, ee Hapyll.ieHHe O:lKH.llaeTCSI B nocne.llHIO!O oqepe.ll.hl, 

TO Ollb!THOe ".lla" He cne.llyeT pacueHHBaTb 1 KaK llO.llTBep:lK.lleHRe p C -HHBapHaHT

HOCTHo Ecnn: HeT HHKaKOil: npe.llB3SITOii TeopeTR'ISCKOii TO'IKH 3peHHSI 1 TO Oo~eKTHB -

HhlM cne.llCTBReM H3 OTBeTa ".lla" HBnHeTCSI npOCTO KOHCTaTaURSI 6npaBe.llnHBOC-

TH O.llHOf'O H3 Tpex B8pHaHTOB B Taonn:ue 2, 

T a o n n: u a 2 

PC, PCT HeT, HeT HeT, .ll8 .lla,aeT .lla. .lla 

SKcnepn:MeHT HeT .lla .lla .lla 

TpeoyiOTCst .llanhueiiwn:e onbiTbi Tn:na 3), <rToobr ycTaHoBHTh RCTIIHHbiit Bapn:aHT, 

Ecnn: oKa:lKeTcH, 'ITO 
+ -

p.L =P.L 0, TO HM eiOT MeCTO ooe HHB8pHaHTHOCTH, Ecnn: 

+ -
m e PJ. n: P J. ae paBHbi ayniO lao paBHbi no Mo.llyniOI, To Bepaa nn:oo PC, nn:oo 

P CT -n:aBapn:auTHOCTh, B 3aBn:cn:M'ocTn: oT OTHocn:TenhHoro 3HaKa 
+ -

pl. H p .L • 

0 4. P a c n a .ll bi K-M e 3 o a o B 

. + 
1. npem.ue Bcero OTMeTn:M cpaKT paBeHCTBa BpeMeH >KH3HH K H K H 

npn:onR3RTenhHOe paBeHCTBO BeCOB COOTBeTCTBYIOUlHX KaHanoB HX paCll8.llOB 1 YCTa-

HOBn9HHOe '.llnH KauanoB K '"* P. + II , ... " + " , '"* " + " + " 1441
• 3To nepBoe n 

noKa e.ll RHCTBeHHOe CBH.lleTenhCTBo B nonh3Y PC n: PCT-n:aBapn:aaTaocTeil: K:l:: -

pacna.lloB. 

3aMeTn:M, 'ITO ·ecnn: Obi cymecTBOBann: cn:nhHbre nepexo.llbi "+'"'"*"-+'"+" 

TO n:3 PCT -n:HBapn:aHTHOCTH He cne.llOBano Obi paBeHcTBo BecOB KaHanoB 

It ... tr+ + "o n: K-:- '"*" _+." 0 , a . TaKme K+ '"* "+ + "+ +."-· n: 

K- • - + 1121 'B 0 '"*'" +" +" 1 CM • , a TaK:lK e ~pRnO:lK9HH9 • .llH8K0 1 TaKHe nepexo-
12 I 

.llbi 3anpemeHbi oooomeHHoil: TeopeMoil ¢appn:, eM, § 17. 

06cy.tin:M B03MO:lKHOCTH oonee .lleTanhHOii npoBepKn: PC n: PCT- HHBapn:aHT-

K :I:. ' HOCTH B pacna.llaX, 

2. KaHan K ... p. +II oona.llaeT Han:oonhWHM BeCOM. nocKOnbKY Bee 9Kpnepn:· 
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M eHTaJibHbie .oaHHbie ny'iwe acero cornacyioTcSI c HyneBbiM 3Ha'ieHHeM cnHHa K 

Me30H8 1 TO OTHOCHTeJibHO K -+ /l + II MO)KHO IIOBTOpHTb Bee, 'iTO rOBOp.IIJIOCb· 0 

I, CM. Ta5JI, 1. 
+ + + TOJlbKO yrnoBaSI 8CHMMeTpHSI B KSCKa.oe K -+/l -+ e 

.3KcnepKMeHT8JlhHO .113M9peHa 
1451 

3. VI3 TT -MeaoHHbiX KaHanoB MO*HO o5cy*.oaTh JIHILb K tr 3 pacna.obi, 

Hyneaoa cnHH K-MeaoHa ae.oeT K HaoTponHH KaK· K;
2 

, TaK H K;2 pacna.oa. 

VIa PC -HHBapHaHTHOCTH cne.oyeT paBeHCTBO yrnoBhlX H HMnyJihCHhlX pacnpr 

.oeneHHi!. pacna.ooa K+ ... rr++rr++rr-· .11 K- ... rr-+rr-+rr+ , a TaK*e 

K+ ... rr+ +rr 0 +rr0 
11 K ... rr-+rr 0 +rr 0 

I 4,1 I 

CM, § 2 n.l. C noMOillhiO 11.31 nerKo y5e.oiiTbCH, 'iTo yrnoaoe pacnpe.oenli!HHe 
1 

aaancaT TOJihKO oT 8 2 lcpyHKUHH D (-rr, O,rr-·cf>JpaBHa e.oHHHue np.ll l "'01. 

HanoMHHM, 'iTo 8., onpe.oenseTcSI KaK yron Me*.OY BeKTopaMH P(l) H P (.2) 

... (1) ' I I K + .. TT+ + TT+ + TT-· r.oe p -HMIIYJlhC TT B C,U,H, peaKUHH B CJiy'iae 

.II HMfiYJihC K , a p (2) -OTHOCHTeJihHbli!. HM-

IIYJlbC .OBYX HJIH .oayx TT -MeaOHOB COOTBeTCTBeHHO B nopeHTUOBCKOi!. eHC-
1191 

TeMe, r.oe HX IIOJlHbli!. HMIIY.TlhC paBeH HYJIIO • , 

1121 
VIa PCT-HHBapHaHTHOCTH 14.1 I He cne.oyeT • Ecnn 5bmH 5bi H~aecTHbi 

MaTpH'iHbie sneMeHToi nepexo.oa I T,e, 5oma 5oi naaecTHa 

F+· ( pm, 8
2 

J I H 1\iaTpH'iHoie sneMeHToi peaKuHi!. rr+ +rr+ +rr- -+rr+ +rr+ +rr-· 

H -+ TT+ + 11° + 11° , TO Ha PCT -nHBapnaHTHOCTH cne.ooaan 5oi onpe.oeneHHoifi. 

BII.ll cpyHKUHII F-( p(1J, 8
2

) ( eM • .oanee § 5, n. 4), KoTopoifi MomHo 5omo 5oi cpaa-

HHTh C onoiTHbiM pacnpe.oeneH.IIeM, 14,1 I ewe He npoBepeHo, TaK KaK .llOCT8TO'iH8SI 

6 r+ 
1461 

CTaTHCTHK8 Ha paHa TOJlhKO IIO pacna.oy 

4. K 
ll3 

pacna,llol B IIpiiHUIIIIe npe.ocTaBJISIIOT MHoro. BOaMO)KHOCTei!. H 

npoaepKII PC H PCT -HHBapHaHTHocTefi, O.oHaKo, eec STHX KaHanoB Man H Ha5nro-
- 1441 . 

Ke3 pacna.ooB • nosTOMY He. 6y.oeM o5-.oanHCh Jl!IWh e,OHHU'iHble Clly'iaHK;~ H 

CY*.OaTh COOTBeTCTBYIOillHe Ollo!Tbl• p aCCMa TpHBaSI BceaoaMo)KHbie 'iaCTHbie CJiy'iaH 

COOTHOWeHHSI 12~61,· HeTpy.oHo COCTaBHTh Ta6JIHUy, no.oo5Hy!O Ta6nuue 1, B OCHOB

HOM, ace 9TH onb!Tbl 6b!JlH npe.oJio)KeUbl paaUblMH 8BTopaMH lrJISBHoiM o6paaoM ,llJl9 

.opyrofi uenH - onpe.oeneuHsr aapuaHTa cna6oro aaauMo.oeficTBHSit. no noBo.llY yr-
. 147 I . 

llOBbiX pacnpe.oeneHHfi CM• H81IpHMep, j HaMepeHHe KOMIIOHeHTbl _nonsrpHaauHW· 
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/L Hliii e ' , rreprreHLlHKy llllpHOH K IlliOCKOCTH paCII8Ll OB K-+1J.+V+17 

HliH K -+e+v+17 . /48 49/ 
npeLXnaranocb B ' ; Boo6we 0 IIOJIHOM Ha6ope OIIhi-

/50/ • 
TOB Llllll aTn:x pacrraLlOB eM, • HarroMHHM, 'ITO Llllll Hawen: uenn: HY)!{Ho, 'IT06bi 

+ -IIOLl06Hbie OIIhiThi 6bmn: rrpon:sBeLleHhi KaK c K TaK n. c K -pacrraLlaMn. 

5. MHTeprrpeTaUn:ll pacrraLlOB Heii:TpanbHhlX K-Me30HOB c TO'IKII speHnll rrpo

BepKH PC H PCT -n:HBapn:aHTHOcTeii: rrpeLlcTaBnlleT orrpeLl~neHHhle TPYLlHOcTn:. 

B paCII8Ll8X CTpaHHOCTb He COxpaHSleTCil, II03TOMY TepSleTCSl p83liH'!He Me)!{LlY 
o ..vo o 

K H K : cBo60LlHhiH K rro n:cTe'leHn:n: HeKoToporo BpeMeHn: rrocne cBoero po)!{~ 
--'o 

L(eHHil MO)!{eT 06Hapy)!{HTb CBOHCTBa K Ilp!I CHllbHOM B38HMOL(eHCTBHH C Berue -
' 0 r-IO 

K -+17+17-+K CTBOM /BcneL(C.TB!Ie B03MO)!{HOro rrepexpLla 

B aKcrrepn:MeHTe Ha6moLlaiOTCil pacrraLl.hi Heii:TpanbHhiX 

-10 pe3KO OTliH'la!OIUHMHCil BpeMeHaMH )!{H3HH /oKOliO 10 ceK 

I. 

K -M esoHOB c LlBYMil 

10-7 /44// 
n: ceK • 

B 60l!blll IIHCTBe rrpeLll!O)!{eHn:ii: IIO IIpOBepKe 
/51/ /52/ 

Mep, , a TaK)!{e I rrpHHHMaeTcll rn:rroTesa 

PC -n:HBapn:aHTHocTn: I eM., Harrpn: 

• /53/ 
renn-M aHHa II n anca , cor-

nacHo KoTopoil:, B 'laCTHOCTn:, LlbnrO)!{HBywn:ii: K 0 
-Me30H o6naL(aeT IIO OTHOllleHII!O 

K pacrraLlaM orrpeLleneHHoii: sapllLlOBOii: ITO'IHee PC-/ '!eTHOCTbiO. Ms aToii: rnrro

Te3hi n: H3 rrpeLXrronaraeMoii: PC -rfHBapn:aHTHOCTH rrpoueccoB pacrraLXOB BhiTeKaiOT 

HeKoTopbie rrpaBn:na oT6opa. B cnyqae n:x: HeBh!IIOnHeHHil rrpe)!{Lle •reM saKl!IO'laTb 

o PC -HeHHBapn:aHTHocTn: cneLXyeT ycoMHIITbcll B MeHee cpyHaaMeHTanbHOii: rn:rro

Tese renn-M aHHa H naii:ca. 

B BIILlY TaKoro II OliO)!{ eH!IIl M hi orpaHH'IHM Cll o6cy )!{L(eHU9M LlBYX 3KCIIepHMeH-

Tal!bHh!X cpaKTOB, 

Ha, HasoBeM ero 

Kacarorun:xc11 pacrraLlOB LlOnro)!{n:Bywero Heii:TpanbHoro K -Meso

Ke -MesoHoM (tong -lived J. 

17+ H 17 l, PaBeHCTBo 'ln:cen 
0 

KaHanaMn: pacrraLla K£ llBll Sl!OTCSl/4 4/ 

0 

K + -£-+e+TT+v- u 

-Me30HOB B Ko e 

0 Ke -+1J.++17-+v 

pacrraLXax. Ocao~HhiMH 

1421 

H 3apllLlOBOCOIIpSl)!{eHHhie KaHallbl, 06ruee 'IHCliO 17- -Me30HOB OT KaHal!OB /4,2/ 

LlOll)!{HO paBHSlTbCil 'IHClly BCeX 17+ -Me30HOB OT 3apllLlOBOCOIIpll)!{eHHh!X Kaaa-
0 

noB, ecnn: a/ Ke n:MeeT orrpeLXeneaHyro PC - 'leTaocTb /n:nn: PCT-tJeTHOCTb, 

TaK KaK onepaQHil T · HHKaK He M eHSleT BOliHOBY!O cpyHKUH!O IIOKOiliUeii:cg 6eccrrn-

HoBoil: 'lacTHUhi I, T.e. SIBnSieTcSI 
0 

K 2 B o603Ha'leHIIII renn-M aaaa II n ail:ca; 



25 

B I BbrweynoMHHYT !J're pacnan hi HHBapHaHTHbi oTHOCHTenbHO PC /51 I HnH 

/271/111 /54/ 
PCT 1 

• B nocnenHHX SKcnepHMeHTax oTHow eHHe o6wero 'IHcna Bcex aa-

perHcTpHpoBaHHbrx B K£ -pacnanax IT+ -MeaoHoB K o6rueMy 'IHcny IT- -oKa-

aanocb paBHb!M 0,91 't_0,23, T,e, HBT nPOTHBOpe'IHH C npennonomeHHHMH a/ H B/, 

EcnH 6hl STO OTHOWBHHe OTnH'IanOCb OT B.llHHHUhl /KaK .STO 6hlnO B paHHHX pa6o-
/44/ 

TaX, CM, , CTp, 262/, TO CKOpee Bcero Hano 6binO 6b! nonBeprHyTb COMHeHHIO 

a/, 

2/ 0TcyTcTBHe pacnanoB 
0 Ke "*IT +IT Y'IHTbrBasr cyruecTBoBaHHe 

nByx BpeM eH muaHH Heii:TpanbHbiX K -M eaoHoB n npennonarasr PCT -uHBapHaHT -
/55/ 

HOCTb B HX pacinanax, Bei!:H6epr nQKaaan 0 'ITO H3 ~aKTa OTCYTCTBHH pacna-
0 + -· 0 0 

noB Kp "*IT +IT n -+IT +IT· BbiTeKaiOT B 'IaCTHOCTH cooTHoweHnsr Bnna IB.3t, 
/56/ xapaKTepHbre nnsr T -HHBapnaHTHOCTH, ICM, HsnomeHHe .LlanHTUa , pasnen 5/, 

0 . 
CnenoBaTenhHo, oTcyTCTBne Ke -+IT +IT ycTaHaBnHBaeT T-uHsapHaHTHOCTh 

HnH, nocKOnhKY PCT -HHBapHaHTHOCTh yme npennonomeHa, PC · ... HHBapHaHTHOCTh, 

rHnoTesa renn-M aHa H nail:ca B noKa3aTenbCTBe BeuHfiepr'a He Hcnoni,syeTCH, 

§ 5, -p + p KacKan 

3TO KaCKa,ll 1:'13HT He TOnhKO B Ka'!eCTBB npHMapa B03MO)KHO!'O SKCnepHMeHTa
0 

B KOTOpOM H3BeBTHhl nonsrpH3aUHH • . 1511 
l'HnepoHa H aHTHPHnepoHa , p eaKUHH - ..... 

p + p -+A +A .Ilana noKa HaH60nhw ee '!He no Ha6niO,ll8HHb!X aHTH!'HnepOHOB H 
/58/ 

HM eHHO 8HTHnHM6na· 'l8CTHU • .[lnsr pacna,lla A B npHHUHne B03MO)KHC 

ocyruecTBHTh nonHbiil: Ha6op onbtTOB no npoBepKe PC -HHBapHaHTHOCTH, n osrcHHM 

noHHTHe nonHoro Ha6opa. 

.Llna aHanorH'IHOB /2.5 I COOTHOWeHHB 

< m 1 R ( (), rp ) 1 M > 

c noMOWhiO 11.2 I H. I A.7 I MomeT 6hiTh nepenHcaHo e BHne cneny10ruero cooTHo-

<.m1:RYz1;:,: A WBHHH Memny sneMeHTaMH / CM. /1,2/ 1 CnHH C'IIiTaeM paBHblM 

1/21: 

. ·1·RYzj·. J{ . , .. R .... Yaj· < m > =· < -: m · >, m =·- Yz, + Yz I 5,1 I 

I m -npoeKUHH cnHHa npoToHa Ha ero HMnynbc/, nonHasr npoBepita PC -HHBapH

aHTHOCTH 3aKniO'l88TCH B npoBepKe cnpaBennHBOCTH STHX .llBYX KOMnneKCHhlX COOT-
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fiOWE.'Illlii IHl!H COOTBeTCTBYIOUlHX HM 'leTbtpex .oeltCTBHTellbHbiX, CM, .ll8l!ee/, no

HS!TI!~ llOllHOrO H800pa OnbiTOB no.opa3yMeBaeT 1 'ITO OH Co',llep>KHT 9KCnepHMeHTbl
1 

no3BO.rtS!lOLUHe pa3l!H'IHTb PC H PCT -HnBapHaHTHOCTH, 

1, n YCTb peaKUHSI BH,lla 

p + p ... Y + Y+ m11 m=·O, 1, 2 .•. .... 
P -!fuBaplia~Tna. Tor.oa BeKTOpbt nonstp~:~sauHH y 

H 
y 

... 
Hbl K HMnynbcy p

8 
na,llaiOUlero aHTHnpOTOHa H HMnynbcy 

6y .llYT nepneH,llHKYllstp

p rHnepoua Y 

ecnH no BCeM nepeMeHHbiM 1 CBSI38HHbiM C IT Me30H8MH
1 

npOH3Be,lleHO HHTerpHpo-
. . /f37/ y y 

BSHHe, t{moy ryau-'I>Kao noKasan 1 'ITO BeK·l'Opbl nOl!stpH38UHfi H 

(abmeTaiOiuHX B cpe.oueM B npoTHBonono>KHbiX uanpaanenHstX nocne BbtweynoMsmy

Toro HHTerpHpOBSHHst) paBHbi no BenH'IHHe H ooa l!HOO napannenbHbl 1 l!HOO aHTHna

pannellbHbl [ p x p ... ] • EcnH nonstpHsauHSI ue o6pamaeTcSI B Hynb npH HHTerpHpo-
• too) 

BSHHH no BCeM yrnaM BbtneTa f , f t TO Cp9,llHSISI /nepneH,llHKYllSipHaSI/ no-

"' 
l!SipH38UHSI y paBHa cpe.ouelt nOllS!pH38UHH y 

npH npeo6pa30B8HHH B naoopaTOpHyiO CHCTeMy 119pll9H,llHKynstpHaSI KOMilOHen

Ta H9 H3M9HSI9TCSI, cp, § 3, n, 1, n09TOMy T8K09 >Ke COOTHOWeHHe M9>K.llY nonS!-
N 

pH38UHSIMH y H f Oy.ll9T HM9Tb M9C.TO H B naoopaTOpHOit CHCT9M9, 

2. nonb3YSICb cpopMal!H3MOM )K•aKooa H BHKa, H3llO>K9HHblM B § 1, Bbi'IHCllHM 

BhlpamenHSI .onSI yrnoaoro picnpe.oenenHSI H nonSipHsauHH npo.oyKTOB pacna.oa 
,.... ....... 

A-+N+·IT IHnH A-+ N+11 I. 3ToT cpopManasM, H HMeuuo .onSI aToro cny'laSI, 

/59/ 
yme npHM9HSill )KaKOO • Bonpoc 0 nonHOM uaoope onbiTOB .llllSI BOCCTaHOBll9HHSI 

. M aTpHuhl pacna.oa A .. N + 11 
/60/ 

B paooTax • 

B oobi'IHOM cpopManHsMe paccMaTpHaancH, uanpHMep, 

Ocb z KBSHTOB8HHSI .llllst CnHHOBbiX npoeKuHA M 

i'A 

rHnepoua /anTHrHnepo-

na/ C'IHTaeM uanpaBn9HHOA no HMnynbcy rHnepoua /coOTB9TCTBeHHO 8HTHrHne· .. 
poua PA I B naoopaTopuoA CHCT9M e. Ocb y KaK .llllSI A • TaK H .llllSI A 
C'IH.TaeM napannenbnoA [ i'. x ~ l , T,e, nanpaaneunoA no hma npo;aa/ BSKTopy 

nOl!SipH38UHH A Hl!H 

noH9HThl nonSipH38UHH 

'A 
A 

1 CM, BbiW e, B 9TOA CHCTeMe ocelt UHKllH'IeCKH9 KOM
~ 

H A HM910T BH.ll: 

/5,3/ 
P (1,0)=0 1 p ( 1, . t 1) = i p J\;..(2'. 

n p.HBO.ll HM TOl!bKO pesy JibTSTbi Bbi'IHCll eHHit, 
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YrnoBoe pacnpeLleJieHHe npoTOHOB pacna.[la A -+ P +" HM99T BHLl 

e H 

F ( e, ¢ ) = L I \ R -· 2 + I R+ 12 1·1 1 - .1\R_: 
2
- \~±1_

2 

P A sin e sin ¢ I "' 
4rr R_\2+\R+\2 

A 
N1- a PAcos (p pA) 

p 
R-=<~'h I RY~ > 

+ 

I 5.41 

¢ -ccj:JeplPI9CKUe yrJibl HMnyJihC8 ~ npOTOHa, OTC"'IHTb!B89Mbl9 OT Bbi-

opaHHOll CHCT9M bl ocefi, LlJIS! K09cpcpHUH9HT8 8CHMM9TpHH a oonee H3B9CTHO Bhl-

pa)K9HH9 1 T'Ll9 9JI9M9HThl MaTpHUhl nepeXOLl8 

1601111 
HyMepy!OTCSI 3H8'19HHSIMH 0 H 1 opOHT8JibHOT'O MOM9HT8 npOLlYKTOB pacna.[la Y, 

npn HHTerpupoBaHHH 15.4 I no e H ¢ nonyq_aeM, "'ITO B9pOS!THOCTb pac

na.[la A no KaHany p + rr""' paBHa ( R_)2 + ( R+)
2 

"' "<ITO BepoSITHOCTh pacnaLla A no KaHany 

cHny 15.1 I paBHO I R_\
2 

+I R+ 1
2 

paBHa 

, nocKOJihKY ,paBHbl BepOS!THOCTH no COOTBeTCT-

BYlOIUHM KaHanaM, To H BpeMeHa )KH3HH LlOJI)!(Hbi ObiTh OLlHHaKOBbi, l13MepeHHbre 

BpeM 9H8 )KH3HH 
X 144581 

H COOTB9TCTB9HH~ paBHhl 
1 

12.7 ;!:0.1 I 
-10 

10 ceK 
+1 1 -10 

12,8_ 0·•7 1·10 ceK. H 

,.. 
Lianee H3 15,1 I cneLlyeT, "<ITO Koscj:Jcj:JnuneHTbi yrnoBofi acHMMeTpHH A H A 

~ ~ 
HM9!0T pa3Hbl9 3H8KH! a =-·a • nocKOJibKY A H A non.HpH30B8Hbl OLlH-

HaKOBO leCJIH OHH oepyTCSI H3 peaKUHH 15,21 I, TO STO 03H8'189T, "'ITO 

""' F(8,¢)= F(8,-¢) 1 HJIH "'ITO 8CHMM9TpHS! BB9pX-BHH3 A=B-H/B+H 

LlJISI H BcneLlCTB.He PC- HHBapnaHTHOCTH HMeeT pa3Hbre 3HaKH. I B -que-

no· npOTOHOB p8Cll8Ll8 1 Bb!JI9T9BW HX B BepXH!O!O nonyccpepy OT llJIOCKOCTH peaKUHHj ..-
"BBepx" H LlJISI A H LlJISI A onpeLleneH KaK HanpaBneHHe [pax PAl· I, 

nepneHLlHKYJIS!pH8SI K ~ H pp KOMnOH9HT8 llOJIS!pH38UHH pacna.[lHbiX npo-

TOHOB! 

Pf(8,¢) F(8,¢)~-~.[-p'(8,¢;1-1)+f
1

(8,¢;1 +1)]= 

A 
=!:..___( &ILR*+cos ¢+1m R_R*+ cos 8 sin¢) 

2rr 

I 5,5 I 

Bbi"'IHCJ19HO B C,U,H, pacna.[la, nocKOJibKY STO KOMllOH9HT8 B HarrpaBJ19HHH 

1 
TO OH8· MO)K9T Ob!Tb onpeLl9JI9H8 H B na6opaTOpHOll CHCTeMe K8K 

KOMrroHeHTa, nepneHLlHKyn.HpHaSI K HMnynhcaM A H pacnaLlHOro npoToHa IBBHLlY 

[ PA X ~ ] II [ PA X pp) I. B B03MO)KHOCTH Bbi"<IHCJIHTh TaKyro HHBapHaHTHYIO 

l 1
)CooTHOW9HHe M9)!(LlY H R '"'( R - R ) !V2 + 0 l 
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KOMnOHeHTy H 3aKniD'IaeTCB aoCTOHHCTBO Bhl5paHH08 CHCTeMhl 0Ce8 zyx 

CpaBHHM cpeaHHe nepneHanrryngpHhle KOMnqHeHThl nongpnaau~H npo~OHOB u 

8HTHnpOTOHOB B KaCKaae 

,.... ... . -· ,...) ... + 
p + p ... A + A + ... , A -+ p + " , A -+ p + "· , 

BbineTeBrn ax B nonyccpepy -1712 ~· ¢ ~· 17/2 IHaaoBeM. ee ~eBoll 

pP 
.1..11 

17/2 
J d¢ 
-17!2 

( 17sin 
0 

e d fJ Pf (fJ, ¢ J == 
A ... 

2 P Re R_R~ =· P]_. • 

I 5.6 I 

I 5.7 I 

,...· 
Vf cnonb30BaHo 15.1 I • Han oM HHaeM, 'ITo oca z anB A H A pa3Hbie, eM, 

Haqano aToro nyHKTa. 

TaKoe :me coOTHorneHHe HMeeT MecTo ang cpeaHHX no npaBoli nonyccpepe. 

nocKOnbKY fiJI PJ.n 1 TO B CTaTHCTHKy MO:lKHO BKniD'I8Tb BCe npOTOHbl 

laHTHnpoTOHhll, HO npH ycpeaHeHHH nongpaaaunro npoToHoB H3 npaBoli nonyccpephl. 

CneayeT 5paTb C o5paTHhlM 3H8KOM 

p,P- P" = p; 
.!.II .L II .Loll 

-Pfn· I 5.81 

.[lng nepneHaHKynBpHbiX KOMITOHeHT 1 ycpeaHeHHbiX no o5naCTH 0~'¢-'f!: 17, 0~·(J~ ,fT/2:· 

IBbineT BBepx H Bnepea, KpaTKoe o5oaHa'leHHe Bn 1
1 

nonyqaeM 

rr rrf:z . PA _ 
P" == J d¢ sin (Jd(J P"(fJ, ¢) == _. lm R R~ == -·P" . 
.LSR 0 0 , .L 2rr - J.Gfl 

I 5,91 

VfMeeT MeCTO TaK:>Ke H TaKOe aHanorH'IHOe 15,81 COOTHOill9HH9 

P" - PP - pP + P" =-'(pi -pi - p'P + pP ) 
.L8R J.B.J J.H/1 J. H.J J.Bn .1.8.J J.HII J.H.J 

15,101 

laHaeKCbi Bn, B3, Hn a H31 cooTBeTcTBeHHo, o5oaHa'laiDT BBepx u Bnepea 

PBepx H Ha3aa 1 BHH3 H Bnepea 1 BHH3 H Haaaa I, 

M bi nonyqanu coo'i'Horneaug Me:may yrnoBbiMH pacnpeaeneHnBMH H nonBpH-
"' .· 

aauHHMH npoayKTOB pacnaaoB A H A , acxoaa HenocpeacTBeHHO aa I 5,1 I, 

He nonhayHcb 12,6/, TaKHM o5paaoM, Bbirneuano:meHHoe annrocTpnpyeT aa npnMepe 

qacTHoro cnyqag KaK nony'laTb 12.61 ua 12,51, 

-----'--· -=--'------·-'~ --~-----~---~~~--
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3. npe.O.IIOJIO)KIIM, 'ITO 9Kenep1IM9HT8JlbHO IIO.O.TB9p)KlJ.9Hbl paBeHeTBO Bpe
,.. 

\19H )K!I3HII 1 eOOTHOlll9HII9 a =·-• a II eOOTHOlll9HIISI /5.8/ II /5.10/, eM. T80JliiUY 

3. Cne.o.yiOT Jill 1!3 9TIIX eOOTHOlll9Hllfi ypaBH9HIISI /5.1 /? 0Ka3b!B89TeSI, 'ITO e!IeTe-

I R_l2
' +I R+l 2 = I R-1 2 +I R+l 2 

I R_: 2 -·1 R+l 2 =-l R_l'2 +I R+l 2 

/5.111 

.o.ei1eTBIIT9JlbHO IIM99T eBOIIM p9lll9HII9M /5.1/ H938Blle!IMO OT B8pM8HT8 3H8KOB B 

IIOeJI9.0.HIIX .O.BYX ypaBH9HMSIX. 3HaKII ! IIOeTaBJ19Hhl Ha TOT eny'lafi, eeJIII 3H8K no-

,.. /61/ 
J'P 8HTIIIIpOTOH8 H9 oy.o.eT OIIpe.o.eneH, eM. • .[lJig H8lll!IX uenefi 
J,. 

n gpn3 aun n 

H9 HY )K HO TaK )K e Y\1 9Th onpe.o. 9JlSITb II 3H8K IIOJIHp!I38UIIII IIpOTOHa. 

Taonnua 3 

Paerra.o.bi A II 

Vf3M 9pS19M8SI B9Jlll'l!IH8 PC PCT T 

AenMMeTp!IB BB9pX-BHII3 
,.. 

A~-,x .4 =-A -
AoD-Fl/11+ H .O.JlSI 

IIJIII <"' 

A A 
,.. 

II a=-·a 

n epii9H.O.MKYJISipH8SI K 

PA( Pj\J ri p (p_) 
... 

~.p'P ll~ =~ PP -
p p .I..A J.A 

KOM IIOH9HT8 non np 1!3 au nn ... pP !:!. p'P pP ;;o;;.pii 
paerra.o.Horo IIpOTOHa /aH- Jt:n =>·- ~r;,n J.sn- + :~.an .un J.s, 
TIIIIpOTOHa/ 

4. T n PCT -nHBapnaHTHoeTn 

B3a II MOD. efieTBne rrpo.o.yKTOB paerra.o.a A OTHOe!ITeSI K pa3pSI.O.Y eiiJibHbiX. 

O.o.HaKo, eooTBeTeTByrowne cjJa3bl rr N B3aMMo.o.el1eTB!Ii1 rrpn ..., 30 M 9B Bee 

0 /62/ . 
MeH~owe 10 • Eenn eoBeeM rrpeHeope'lb B3anMo.o.el1eTBneM, To 1!3 T -nHBa-

p1I8HTHOeTII II 9pMIITOBOeTII R -MaTpiiUbl /eM. §2/ene.o.yeT, 'ITO 
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<''11 I'R Yll > = ~<I RVll m >= ;;,<·m I R Yll > * 15,121 

OTKy.aa lm R R* = 0 
-· + , nosTOMy ripaBaSI H JieBaSI '18CTH 15,91 H 15,101 .OOJI>K-

Hbl o6pamaTbCSI B HYJib 1 . CM. Ta6JIHUY 3. 

KoM6HHauHefi 15.1 I H 15,121 'nonyqaeTcSI "npaBHno oT6opa" PCT -HHBapH-

8HTHOCTH: 

. I' Vll'' tt-. I~Vll'"* <m R >= .11.::.0<-·m R > . 15,131 

N....., 

0TCIO.!la cneayeT: Re R_R~ =·Re R~ R_, 
. rJ,., _ ... 

H3 15.11, HO lm R-~t = lm Rt R_~ + lm R_R: 

r T,e. T8KOe >Ke COOTHOllleHHe 1 K8K H 

3 TO 3H8'1HT 1 'ITO eCJI H B npaBofi 

'18CTH 15.101 38MeHHTb 3H8K - Ha +1 TO riOJiy'IHM COOTBeTCTBYIO!l.lee CJie.QCTBHe 

PCT -HHBapaaHTHOCTH, eM. Ta6nHuy 3. 

B npHHuime MO>KHo npoBepHTb PCT 1 ecnH a He npeHe6peraTb rrN BsaHMoaeli-

CTBHeM, .LlnR sToro HY>KHO npoHsBecTH nonHbifi onbiT .anSI A H Y3H8Tb R+ H 

R • 3aTeM c noMO!l.lbiO cooTHOllleHHfi lcp. IB.31 I 

J<* < ... m 1 RVll ).'* =I< m 1 ut 1 n > < n 1 'R¥l1 > 15.141 
n 

t"' .,., 
saMeHSIIO!l.lHX 15.131 1 MO>KHO HafiTH R_ H R+ H Bbi'IHCnHTb O>KHuaeMbie pooy Jib-

TaTbl OribiTOB .QJISI X lyrnOBOe pacnpe.aeneHHe H riOnSipH3aUHSI aHTHripOTOHOBI, 

3aMeTHM eme pas, 'ITO npH STOM He .OOn>KHO nony'laTbCSI TO'IHOI'O paBeHCTBa BeCOB 

KaHanoB A-+ P + rr- ~ N e 
A->p+ 17+, a TaK>Ke A->n+rr 

KO Oripe.aeneHHOe COOTHOllleHHe Me>K,ay HHMH, 

B 6onee npocTOM cnyqae pacna.aa I-:. n + rr-· 
) 

H A->ii'+rr 0 
r HO TOnb-

KOI'.08 HMeeTCSI Bcero O.!lHH 
1631 

KaHan, LJ:>Koy ryaH-'I>KaO nony'lan cne.ayiOmee Bbipa>KeHHe .anSI OTHOllleHHSI 

KOScPcPHUHeHTOB aCHMM eTpHH 

r.ae 

! 

t; H 
• 

Bs - :SP 

N 
a 
a 

S' -ci>asbi p . 

cos ( t\.-,·~e-· ( 8'.- S'e)) 
cos ( !1.- tip+ ( s-.- S'p)) 

rr· + n ... rr· + n pacceSIHHSI npH 120 ~SB 

15.151 

= -17° I, a cl>asa t1 s Onpe.aenSieTCSI KaK pa3HOCTb ci>as SJieMeHTa 

-~- :-..;.:-~-- -;;-_ ,:-- ~_.;:-~-~ ·~"""7..:-~::o_..::---:: ~- ---
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<l=DIRII-> 

AaanoriPIHO onpe.aemteTCH tl.p(l=l). 

Ecn11 pacna.a T -HHBapHaHTeH, To = 0 11 Tor.aa 

.... -
a/a =-1 IKaK u B cnyqae PC -HHBapHaHTHOCTH 1 rrocKOJihKY IIHBapHaHTHOCTI: 

oTHOCHTenhHO PCT rrpe.arronaraeTcsr/. Ecn11 *e, aarrpHMep, oKa*eTcH 

·~ S- /!l.p rv 90° t TO OTHOWeH!Ie /5,15/ MO)KeT OK838ThCH ,aa)Ke liOJIO)KHTeJihHh!M, 

Pacrra.a He 6y.aeT PCT -HHBap!laHTHhiM 1 ecn11 Bhi'IIIcneHaoe no cjlopMyl1e /5.15/ 
.... 

sHa'IeHHe .a11H a He COBIIa.aaeT C 113MepeHHhiM. 

3aKI1IO'IeHHe 

n epBhiM pe3yl1hT8TOM npoBe.O~HHOro o63opa HBI1HeTCH y)Ke Ccp0pMy1111pOB8H

Hhiil: B 8HHOT8UIIII BhiBO.O 0 TOM 1 'ITO npo,aeJI8HHhie aKcnep!IMeHTh! He npOTIIBope'IaT 

rrpe.arroi10*eHHIO o PC 111111 PCT -HHBapHaHTHoCTII paccMoTpeHHhiX rrpoueccoB. 

CneiloBaTe11hHO 1 aeo6xo.a liM hi cneuHal1hH hie aKcnepHM eaT hi 1 ec1111 M hi XOTIIM y3H8Th, 

KaKaH 113 IIHBapllaHTHOCTefi - .PC 111111 PCT /111111 o6e BMecTe/ HMeeT MecTo B .aeff~ 

CTB!ITel1hHOCTII. 3TO aKcnep!IMeHThl T8KOrO )Ke xapaKTepa, K8KHe Tpe6yJOTCH .OJIH 

npoBepKH T -HHBapHaHTHOCTH /eM. Ta611HUhi 1 H 3/, Hy)KHO H3MepHTh nep:IeH.aH

KY11HpHhie KOMIIOHeHThi BeKTopoB nonsrpHsauHH qacTHU pacna.aa. Tpy .OHOCTH TaKHX 

H3MepeHRil: ycyry6JIHIOTCH TeM 1 'ITO .OJIH H8lllHX ue11ell: !IX H8.00 Ilp0113BeCTH H C 

OTpHU8TeJ1hHO 38pH)KeHHhiMII 'I8CTHU8MII 1 KOTOphie HJIII .aen011HpH3yiOTCH, 111111 38XBa-

ThiBaiOTCH BemecTBOM I f1. H K -!MesoHhii. 3aMeTHM 1 'ITO cefiqac T-Ha-

B8pH8HTHOCTh YCT8HOBJ1eHa 6o11ee HI1H Meaee H8,0e)KHO T011hKO .01151 

/56 64/ 
f3 -pacna.aa 

aefiTpoaa • • 

nepe'IHCIIHM 9KCrrepHMeHThl 0 KOTOphre )K9118Tel1hHO 6hi110 6b! 110CT8BHTh C 

uenhiO .aa11hHefiwefi npoBepKH PC H PCT -HHBapHaHTHocTeif, a T8K*e c ue'1hiO !IX 

/1112/ 
pasnH'IeHHH. /Bonhuiag qacTh aTHX a Kerr epHM eHTOB 6hi11a npe.ano)KeHa B 

1 I. 

1. VlsMepemre rronHpHsauHll: J.L?:. - Me30HOB B = KJ.I. 2 -pacrra.aax, eM. 

§ 3 II 4. 

2. VlsMepeHHe 8CHMM9Tpllll: Brrepe,a-H838.0 B rr ... f1. ... e _, 11 

KacKa.aax. 

3. VlsMepeHHe neprreH.OHKynsrpHoll: KOMIIOHeHThi nonsrp1138UIIII e+ u e-B 

rr ... f1. ... e' KacKa.ae /rrp11 aToM Ha.ao o6ecrre'IHTh coxpaHeHHe rro11Hp11sauHH 

KacKa.ae. 
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4, Yf 3M epeHHe YI'J'JOBhiX pacrrpe.lleJ'JeHHft B pacrra.llax K 3~ , 
B rrocne.llHHX .llBYX :lKenaTeJ'JbHO H3MepHTb TaK:lKe rronstpHaanHIO 

K! 
p.3 

"t' 

H K;a· 
/l H e 

5. YTO'IH9HHe paBeHCTBa BpeMeH :lKH3HH, a TaK:lKe H3MepeHHst BecoB paaHhrx 

KaHanoB pacrra.llOB I'HIIepoHoB H a~THI'HrrepoHoB, YfaMepeHHH YI'J'JOBhlX pacrrpe,llene

HHft H IIOJ'JS!pi:!38UHft IIpO.llYKTOB HX paciia,lla IIIO,llQOHhl9 IIp9.llJ'JO:lK9HHh!M B· § 51, 

Bbrpa:lKaiO onat'O.llapHoCT? 3.0. 0KoHoBy. H B,H. BanyeBy aa o5cy:lK.ll9HHSI, 

npHJ'JO:lKSHHe A 

¢yHKUHI:I 
I 

Dmn ( ¢:~, B, ¢J ) 

vi (¢ 'B, ¢ )"" e-i"'1ai (B) e. -in¢ 
mn 2 1 mn J 

I A.l I 

cpyHKUHll: al (B) CM, 8
114/ 

mn 
OoruHe Bh!pa:lKSHI:ISI H peKypeHTHb!e COOTHOW9HHSI ,llJ'JSI 

1651 
H • TaM :lKe rrpHBe.lleHa .ll8J'JbHeftwaH J'JHTepaTypa, KOTopyiO MO:lKHo .llOIIOJ'JHHTb 

· 166 I j 1 • I 
§ 7 KHI:II'H , I'.ll9 BB9,lleHa cpyHKUHSI pm n : d =·I" -mp , 

mn mn 

1661 
Cne.llyeT OTM9THTb, 'ITO Bhliii:IC8HHbie Ha CTp, 95 B MaTpi:!Uhl cpyH~UHft 

pf .llJ'JSI ~ "' 1 121 1, 2 HSIIpaBHJ'JbHhl, 0HH He COOTB9TCTBXIOT cpopMyJ'Je 
mn m-n ¥ . 

1221 § 7 H Raoopa:lKaiOT, rro-BH.llHMoMy, cpyHKUHIO 1-1 I P 
m,n 

1. CooTHow eHHSI opTOI'OHaJ'JbHOCTH 

f a1 (B) a 11 (B) sin(JdB = 28 
1
/2i+ 1 

· mn mn II 
0 

IA.21 

:£ a1 
(B)d1 ,(Bj = 8 , m mn mn n,n 

I A,31 

2, P aano:lK SHHe rrpoHaBe.ll·eHHSI .ll Byx D -cpyHKUHft: 

• ,J. ll Db ll "C' DC c y c y I D 1 ('1-',u,¢) aa/¢ ,v,¢ )=~ (¢,fJ,¢) C. 
0 

C at 
a,a :1 1 ,..,,.. :1 1 c y,yr :1 1 aab fJ aa'bJJ I I A ,4 I 

:£ Da·a,( <P..· (J, ¢1) 11ba,(¢' (J, ¢ ) c c~l a,= DYCY' (¢' (J '¢) c~ba 
a', {31 , • ;J,,,.J 2 J aa b,._, ' 2 1 a f...l 

IA,51 

-~·-=--.... -- -,.-- .-,..._, 
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1651 
ooo3naqaeT xosciJciJHuHenT Kneowa-rop.oana, eM, 1 nanpHMep, 

3. H eKOTOpbl9 CHMM9Tpli'iHbl9 CBOitCTBa: 

I A.6/ 

.. 
J c e > = c-1t-" d1 ce J = c-1t-" a 1 ce J m,n n,m -m,-n 

I A.7 I 

1 (} J-n d 8 · /tin d ( 8 d ( ) = (-1) (rr- ) = (-1) rr- ) 
m,n •m,n m,•n 

I A.BI 

oJ• (¢ ,(},¢_)=( oJcq, ,8,¢)]-1 =D 1 (rr~'¢1 ,8,-rr-¢.). IA.el 
mn :z t :Z l nm nm ~ 

4. CBSI3b c nenopMHpoBaHHbiMH nonHHOMaMH neman.opa H co cciJepH'iecKHMH 

cPYHKUHSIM H IHOpM !ipOBaHHb!MH/: 

D
0
1,

0 
(¢ ,8, ¢ )=·d 1 (8) =P (cos8) 

:z l o,o J 

I A.lOI 

,--;--
( ¢. I(}, ¢. ) = V ~ y ( (}, 1T- ¢ ) 

:Z t 2j + 1 J,n t 
IA.lll 

D 1 (¢_,8,¢)=J 4" (-1)mY (8,rr-¢). 
m,o :z t 2j + 1 J,m '" 

I A,l21 

5, 4aCTHbl9 3H8'i9HHSI: 

d 1 (O,rr,0)=(-1) 1 + ms-
m,n m,-n 

IA.l31 

I A.l41 

n 
-~ +~ 

1+cos8 sin8 1 -cos(} 

m 2 V2 2 

/h.!(})=-~ . cos (Jj2 sin (}/2 d1 ({})"' 
_ sin(} 

cos 8 sin 8 

V2 ..;2 A,l51 
m, m,n 

-sin e;2 cos (}!2 
1-.cos (} sin 8 

+~ 
2 Y2 2 
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6,. :lf'rllbl - TT 0 . • rr-¢1 • B !PopMyne /1.3/ n yrnbr TT 0 
rr-¢ B tPOpMyne /1.2/ - CyTb SftnepOBCKHe YI'llbi nOBOpOTa TpOftKH OCeft 0 B t 

coBMemaromero ee c TpottKott ocett 0 1• npH aToM no.o.pasyMeBaeTc5t, 'ITO TpoftKH 

O'cett npaBbte, Onpe.o.eneHH5t. yrnos 8ttnepa Ia 'cnyqae noBopoTa cHcTeMbi Koop.o.H-

HaT/: , 

1 I ¢1 . - yron spameHH5t BoKpyr opTa .. .. 
z .. 

Y · nepexo-.• OpH aToM opT 

.O.HT B opT Y' 

8 y .. -;r 2/ - yron BpameHH5t BOKpyr • npH aTOM z nepexo.o.HT B 

3/ rPj - yron BpameHH5t BOKpyr 
-:;, . Bee a pam eHH5t no qacosott cTpen-

Ke /ecnH CMOTpeTb C KOHU8 TOI'O OpTa, BOKpyr KOTOpOI'O npOH3BO.O.HTCH Bp8IUefiHe/, 

n pHno:meaHe B 

1. BbtnHweM !PopMyny /1.9/ B passepayToM BH.o.e 

(q1 r1 q~r2 ••• 1 W(01 , ¢1 , ••• JI q,,r.r=~ I(u~l),., ( urq2),.,_ 
111 .. 1 1' ! 2 2. 2 

/B,1 /· 
... <.m1m2 ••• [R(01 ,¢1 ... JI.M><m~m~ ... [R (0

1
¢

1 
... JIM'>.*(u'~"l.) , 

• r 8 M,M 

I 03Ha'laeT CYMMil:poBaHHe no BceM .o.sa:m.o.bi BCTpe'laiOIUHMC5I HH.O.eKcaM, no.o.-

cTaBHM BMeCTo aneMeHToB R B /B,l / paBHbie HM npaBbie 'l8CTH COOTHOW9HHft 

/2.5/: 

N 
=·~I ( 0:1 ) , (-1)"'z +m2-+: .. -M <·-m

1
, -m

2 
••• I ·n (0

1
, -1>

1 
... ) I-'M>.· 

z 1111 • mz••• 

/B.2/ 

-m'-m'- +M'· , , I,..... .I. I"' * ( q•) (-1) 1 2"' <-,m1 ,-,m2 ... R(01 ,-v-
1

, ... ) ;u> u,• M,M' 

Vicxo.o.H Hs onpe.o.eneHHft MaT.pHu O'q' 
r /eM, .!11, n.4/ H Hs Bbtpa:meHHft I 1,6/ .o.nH 

0' • 0' 
-1 o 0'+

1 
1 MO)KHO npoBepHTb t 'ITO ~q o6na.o.aiOT CBOftCTBBMH: 

( 0' q ) = ( -1)'l ( 0' q ) 
r m: m . - -r -m~ -m • 

/8,3/ 

BcTaBHM npaBbte 'lacTH /8,3/ B /B,2/ BMecTo ( O'q) H CMeHHM 0603Ha-
r m~ m 

'leHHH HH.O.eKCOB CYMMHpOB8HHH: BMeCTO Ill sse.o.eM - iii , CyMMa oT aToro He 

L'-:-· _"':-~··- _ ... __ ----. _-.-..,......___ __ -~--- -------- ----------- -----· _.....__._ 
·, 
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1!3M9HHT'CSI! TaK ·KaK m npo6eraroT 3HaqeHHSI -112 H + 112, TO 9TO 6yaeT 03Ha-
• I 

·qaTb TOnbKO neperpynnHpOBKY qneHOB CYMMbl, 3aMeqaSI ewe, qTo 
1-11111·111= 

= 1-1 I r IB.21 MO:lKHO npoaon:lKHTb TaK: 

IB.41 

. ... 1·"" I .... .... I .&'OJ .J. I~ * ( q +r ( q > .. , < m
1 

••• R ( (}1 1 -¢ ... ) M > < 11
1
... R ( 011 -'1'1 ... ) Ill > -1) a a u a ii J.il 

. 1 ·Ta ' 

CpaBHHBaSI nonyqeHHOe Bb!pa:meHHe c onpeaeneHI!eM IB.l I anSI w 
eHTa, BHaHM 1 q TO OHO paBHO 

(-1) 9 1
+ 9

2
+ ... +qa(-1)'

1 
+r2 + ... + 'a (q T • q T I W ((} .J. ) I q -r ) I - , - ... 1-'1' ... I 

1122 1 t aa 

T,e, Mbl nonyqHM COOTHOWeHHe 12.61. 

2 • .[loKasaTenbCTBO 12.121 B npHHIIHne aHanorHqHo • 0TnHqHH: nocne Hcnonb· 

30B8HHSI 12.11 I Haao BOCnOnb30B8TbCSI BMeCTO 16,31 COOTHOW9HHeM 

1. nepenHrueM 

1 - ut =iUfR 

. ,..., 
m-+-m 

I B.5 I 

1 = ut( 1 +in) 

• BosbMeM oT o6eHx qacTeA nocnea-

Hero paBeHcTBa MaTpHqHbiA aneMeHT Me:may cocTOSIHHSIMH I I> -KoHeqHoe cocToH

HHe H I ·a>. -HaqanbHOe. 

<'II Rtl a>=<'ll utR I a>='£< II uti n><n I RIa> 
n 

IB.ll 

I 
npl! Bb!qHcneHHH MaTpHqHoro npOH3BeaeHHSI CYMM8 n 6epeTCSI no BCeB03-

MO:lKHbiM COCTOSIHHSIM n 1 
H8 KOTOpb!e MO:lKeT pacnaaaTbCSI qacTHII8 a H KO-

TOpbie MoryT nepexoaHTb B ·I B pesynbTaTe cHnbHoro B3aHM oaeil:cTBMSI, EcnH 

KSKHe-TO COCTOSIHHSI n . MOryT nepexoaHTb B I TOnbKO B pe3)nbT8Te cnaooro 
c 

B38HMOaeftC.TBHSI 1 TO HX B cyMMe MO:lKHO He yqi!Tb!B8Tb 1 .[leftcTBHTenbH0 1 Toraa 
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'£ <I I utI n > < n I R I a > = < I I R I a.> -
n c. c 
c 

I B,21 

- i ~ < I I ~t I tt > < n I n I a > 
nc c 

B IJPHM epe rr -+ ll + v cna6ocT& s~aHMoaetcTBHH rrpoayKTos pacrraaa oaaaqaeT, 

qTO MaTpHqHbie 91leMeHTbl <rn' mi I .~J I m ni > rrpoueccos ll + v-+ ll + v 
ll v ll v 

H1l H e + V -+ 1L + V 
-44 2 oqea& Maner. VfcxoaH H3 senHqHHhi 10 eM ce-

qeHHH s3aHMoaeilcTSHH HeilTpHHo 1M3 KOTna I c HyKnoHaMM, yHMsepcan&HocTM 

cpepMMeSCKOro qeTb!pexcpepMMOHHOro cna6oro S38HMO.([eHCTSHH M TOrO S03MO:li{HOrO 

1671 pocTa ceqeHMH c aHeprHeil, KOTOpbrfi cneayeT M3 aToro saartMoneficTsHH ,· 
-10 

MomHo aaTb oueHKY 10 am1 rropHaKa senHqMHhi aToro aneMeHTa. 0Tcroaa 

cnea y~T, qTo sTop hiM qneaoM a rrpasofi qacTM IB.2 I MomHo rrpeHe6peq&, E cnH 

see COCTOHHUH n HMeroT xapaKTep n -cocTORHMfi, TO IB .1 I rrpeapamaeTcH c 
B < f I nt I a>=< f I R I a> 

nocK01lbKY <I I Rtl a>=< a I R. I I>* , TO IB.l I CSH3bisaeT MaTpMqHb!e 

91l9M9HTbl rrpHMOfi a -+- n I s TOM qMcne a ... I I M o6paTaofi peaKuHfi, KaK H 

cooTHoweaMR 12,91 M1IM 12.101 • Cornacao 12,101 (ecnH Zo = 1} HMeeM 

<II ntl'a>=< II n'l a>'*, qTo sM:ecTe .c IB.l!rrpHSO.([IIT s o6meM cnyqae K cneayro

r631 meMy ypaaaeHHIO anH MaTpHqHhrx aneMeHTos rrpoueccos a ... n lcp, 1: 

<liRia>*=~<li utln><.niRia>. IB.31 

K oHeqHo, see cooTaeTcTsyromHe aneMeHThi cHn&HhiX rrpoueccos n ... I lcpaabrl 

.([01l)i{.Hbl 6b!Tb H3BeCTHbl, 

noaqepKHeM 1 qTo HX MO)l{HO rronyqHTb 1 H3yqag 0T.([91lbHO rrpoueCCbl paccen

HHH. H rrpoqHe cHn&Hhre aaaHMoaefi CTsHH. HarrpHMep, anH pacrraaa ~-:.. rr-+ n 

aocTaToqHo ;3H8Tb cpa3bl ·rr-.+n-+rr-+n pacceHHitH, eM,, aarrpMMep/
621

• Llefi· 

ut -1 
CTSHTen&Ho, rrocKon&Ky ( T,O) = U (T,O) = U (O,T J , To IB.~-1 ciJaKTHqecKH 

MMeeT BH.([ Rf(T,O)==U(O,T) R(T,O) • 'U(O;T) ocymecTJnHeT o6paTHYIO 

9S01IIOUHIO rrpoayKTOS pacrraaa OT MOMeHTa speMeHH . T .([0 MOMeHTa 't = o. 
Caa•tana OHH cxoaRTCH {KaK cao6oaahre qacTHUbi, ecnH paaHyc '1:8 HX CH1lbHOrO 

B38MMO.([efiGTBHH KOH~qea} B. MOMeHT pacrraaa T OHM H8XO.([HTCH S M81IOM 

~~- ----~-...... 
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06'beMe H B3aHMO.aeficTByiOT, K MOMeHTY 

ryT C'lHTaThCSI cso6o.aHbiMH, ecnn: pa.an:yc 'to 

= Q OHH yme pa30WnHCb H MO

KOHe'leH, a HX OTHOCHTencHaSI 

CKOpOCTb V He O'leHb Man·a, TaK 'ITO 'l.jv <<:'r . '-In:cneHHO aneMeHTbl 

U (O,T) paBHbl aneMeHTaM Uf(T,O), K~TOpb!e .MO)KH~ C'lHTaTb paBHb!MH· aneMeH

TaM Ut(T,-T) {n:nn: .aame Uf(oo,-oo) ), riOCKOnbK'Y H B TOM H B .apyroM 

cnyqae Ha'lanbHhle H K09e'!Hhle COCTOSIHHSI SIBnSIIOTCSI COCTOSIHHSIMH CB050.UHhlX 'lac

THU H sepOSITHOCTII peaKUHfi B e.aiiHHUY BpeMeHII, Bbl'lHCneHHb!e C riOMOWb!O 

U (T,O) . nnn: U (T, -T) npaKTH'leCKII cosna.aaiOT, ecnn: 'lo/v<< r 
,.J 

2. ,LlnSI nonHofi 'sepoSITHOCTH pacna.aa >..t aHTH'laCTHUbl HMeeM Bb!pameHHe 

= 'E ~ '< f I ut *I n' > < n' I R* I a> <a I R* t I n" >< n" I u *I 1 >. 
f n~n" 

.• 

I B.41 

n:nn: r 03Ha'laeT CYMMHpOBaHHe no BCeM KaHanaM { H B · Kam.aOM KaHane-

HHTerpupoBaHHe no BCeM HMnynbCHb!M nepeMeHHbiM H CYMMHpOBaHHe no BCeM cnn:

HOBbiM/. YiMeeM 

~ < f I Ut*l n' > < n" I U* I f >= 8 
l n',n" 

ecnii COCTOSIHHSI f HC'lepnbiBaiOT BC9 COCTOSIHHSI, .UOCTH)KHMb!e H3 COCTOSI-

H n:fi n',n" , T.e. H3 COCTOSIHHSI. a B .KOH9'lHOM C'leTe, noaTOMY H3 /8.4/ Bbi-

TeKaeT 

Po -MaTpn:ua nnoTHOCTH, onn:cbiBaiOruaSI KaKoe-Hn:6y.ah 'lHCToe cocTOSIHn:e I a>. 

HeCTa5HnbHOfi 'laCTHUhl. 

AHanorH'lHbiM o5paaoM Mbl nony'lHM paBeHCTBO secos KaHanoB H 

N ..... 
a .... fo 

1 ecnn: COCTOSIHHSI fo Bbl.aeneHHoro KaHana B peaynbTaTe cn:nbHoro 

B3aHMO.UefiCTBHSI He nepeXO.USIT B OCTanbHb!e COCTOSIHHSI f • B aToM cny'lae 

cyMMa ~ <'10 I u~ n'> <'n"l Ul fo > paBHa HyniO, ecnH n' H n" He COB na.aaiOT HH c 

fo . 
O.UHHM H3 COCTOSIHHi1 fo • .Llanee ~ < fol utj ~~><~~·I u I f,> = 7 < f I uti t; ><~~·I Ul f>,., 

nocKOnbKY <. f' 1 U 1 I>;;;'() , ec.rm f He cosrra- • 
0 

. .a aeT c 

= o,, ,J" 
f' 0 0 
0 • 
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