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B rrocneaaee BpeMH aasBamre "cna5o-aneKTpoMaranTHbie" yTnepannoch 

38 pacrraaaMn K -Me30HOB 1 HJlY!IlHMH ITO KaHanaM 

K .... T7 +TT + y 

K -+TT + T7 + T7 + y 
' 

K .... e + v +y. 

McrrycKaane ~oToHa B nmooM pacrraae Kaoaon 

K .... a+h+ ... +y 
MO:lKeT B OO!IleM cnyqae OCy!IleCTBliHThCH JlBYMH IIYTHMH: C IIOMO!IlhiD BHyTpeH-

Hero TopMosnoro nsnyqennsr, c neooxoanMocThiD corrpoBO)!<Jlammero Bee 

nepaanaunoHHhle rrpouecchl, n rrpu rrpHMOA aMnccnn ~oTona npu rrepexoae 

OT naqanhnoro K -cocToHHHH K KOHe'IHOMY ( a + b + •.. ) . 
' 

ITpouecc BHyTpennero TOpMosnoro nsnyqennH xopomo nsBecTeH, ero 

8MIIliHTYJl8 IIpOIIOpUHOH8llhHa IIpOH3Be)leHHID cG - KOHCTBHT 8lleKTpOMBrHHT

HOrO H cnaooro B3BHMOJlelfcTBHH 1 I! TOpM03HOH Y -KBBHT IICIIyCKaeTCH Beer-

JlB C-n p - RHBBpHaHTHb!M rryTeM, TaK HB3b!BBeMaH IIpHMBH ( lilli! CTpyK-

TypHaH) 8MRCCHH ~OTOHB IIOK8 He OOHapy:lK~Ha 8KCIIepnMeHTBllbH0 1 HO KBK pas 

C 8THM MeXaHR3MOM B03HHKHOBeHHH y -KBBHTB CBH38H pHJl HHTepeCHb!X 

rrpooneM, ileHCTBHTellbH0 1 KBK 8TO cneayeT H3 C8Moro H83B8HHH Jl8HHOro 

MeXaHR3MB 1 IIpOCTOe IIOJlTBep:lKJleHRe cymecTBOBBHHH IIpS!Mb!X rrepeXOJlOB II03BO

lll!ll0 obi caenaTh orrpeaeneHHbre BbiBOJlhi o cTpyKType K- Mesona, Tio

BHJlHMOMY, nanoonee yaoono nccneaonaTh cnaoo-aneKTpoMarHHTHbre pacnaabr 

C neiiTOH8MH + + + 
K- .... c-(!L-) + '' + y 
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rne OTCyTCTByeT Mellla!Olll88 BliiHIHHe Cl!JlhHOB3allMOneiicTBY!OlllliX 'IaCTHU 

B KOH8~HOM COCTOHHIIH, 

Ecnn rrpHMaH sMuccuH ~oTona cymecTByeT, u ee aMrrnnTyna xoTH 5bi 

cpaBHHMa no B8Jlli~IIH8 C aMIIJIHTynoti BHyTpeHHero TOpM03HOrO II3Jly~eHHH 1 

To HHTepec K cna5osneKTpoMarHHTHhiM pacnanaM K -MesoHoB sna~nTenb

HO B03paCTaeT, 

B oTJIH~He oT CP -IIHBapuaHTHoii aMnnHTynhi rrpouecca BHyTpennero 

TOpMosnoro nsny~ennH ( Korna ponona~anbHbiH pacnan 5es y -KBaHTa 

K-+ a +h +... CP- unBapHaHTeH) aMnJIHTyna npHMbiX nepexonoB, Boo5me roBo-

pH, MO*eT 5b!Tb KOM IIJ18KCHOH 1 TO 8CTb H8IIHBapHaHTHOH OTHOCHT8JlbHO o6pa

Ill8HHH BpeMeHH, B TaKOM Clly~ae MOrJIH 5b! nOHBIITbCH 3KCnepHM8HTaJlbHO 

3aMeTHbl8 3~~eKTbl OT HapyllleHHH T-. HJIII CP -HHBapHaHTHOCTH, o6napy-

*liTh KOTOpbie MO*HO 6biJ10 5b! H8CKOJlbKHMH cnoco5aMH. 

ilepBbiH H3 HIIX CBH3aH C liCCJienoBaHHeM HHTe p~epeHUIIOHHOH KapTUHbi 1 

B03HHKa!Olll8H Me*nY aMnJIHTynaMH BHyTpeHHero TOpM03HOrD ll311y~eHIIH 

II IIpHMOH 3MUCCUU 1 8CJ1U nocnenHHH HM88T 3J18KTpii~8CKYIO npHpony, 

CnenaeM ne5onbrnoe oTcTyrrnenne. B Ka~ecTBe rrpocTeiirnero npn5nu

*eHHH nJIH ~eHOM8HOJIOrn~eCKOrO OnHCaHUH IIpHMbiX nepexonoB MO*HO Bbi-

5paTb MexaHH3M B03HUKHOB8HHH ~OTOHa npH ll3Jly~eHHH 3J18K,TpU~eCKOrO II 

MarHHTHoro nunoneli - E 1 II l\11 • Y 6onhlliUHCTBa sarrpemeHHbiX rro ~eTHO

CTU rrepexonoB rrpHcyTCTByeT nsny~enne MarnnTnoro xapaKTepa, a y pas

perneHHhiX rrpeo6nanaeT ll311Y'l8HU8 3J18KTPU'l8CK0l! rrpnponhi, ilo3TOMY B pac-0 . . 

rran K L -+rr+rr-y 6yneT naBaTb BKnan TOJihKO MarHuTnoe nurronhnoe nsny-

~enHe (ecnn He IIpHHUMaTb BO BHUMaHH8 BHyTpeHHee TOpM03H08 ll311Y'l8Hll8 1 

corrpoBo*naiOmee CP - napyrnaiOmnii pacrran K ~-+ rr + rr - ) , a B pac-

nan K
0 

->rr+rr -Y 
~ 

- 3J18KTpi!~eCKOe nHnOJibHOe II BHyTpeHHee TOpM03H08 

nsny~eHnSI. B pacrranax sapSI*eHHbiX K - MesonoB, He HBJIHIOlllHXCSI co6cTBeH

HbiMH cocTOHHHHMH CP -rrpeo5pasoBaHHH, B03MO*Hbi Bee TpH THna nepexo

noB. l.J eTHDCTb MarHHTHOrO II3Jly'leHHH npDTHBOITDilO*Ha qeTHOCTH DCTaJlbHblX 

llBYX npouecCOB II HHTep~epeHUHH M8lKilY HHMII OTCyTCTByeT, ( J1 HTep!jlepeH

UI!OHHbiH 'IJ18H B 3TOM CJiyqae l!C'l83aeT ITOCJ18 cyMMllpOBaHHH ITO ITDJIHpH3a-

UIIH !jloTOHa), 

4 

HeHHBapHaHTHOCTh aMnJIHTynhi npHMoii sMHCCHH K o6pe.meHHIO Bpe!V 

MO*eT npOHBHTbCH TOJlbKO B HHTep~epeHUliOHHOM ~neHe KBanpaTa MaTp 

HOrO 3J18M8HTa, OTHOCHillerocH K HCCJienyeMoMy cna5o-sneKTpoMarHHTH• 

pacnany. PaccMoTpHM Haii5onee o5rnuii cny~aii - pacnan K't.-+ rr 'trr 0
y , B 

TOpOM ~OTOH MO*eT B03HHKaTb 5naronapH J11050My H3 Tpex. MexaHH3~ 

AMIIJlHTynhi pacnana IIO Ka*nOMy KaHany - C BHyTpeHHIIM TOpM03HhiM II:::: 

~eHII8M 1 C npHMbiM 3J18KTpll~8CKHM II MarHIITHbiM nepexonaMII nOil*Hbi 5 

nponopUIIOHaJibHbl COOTB8TCTBY!Ollll!M ~OpM!paKTOpaM f 
TOpM, f 

e 
II 

BKJIIO~aiOillHM B ce5H sqJ~eKTbi CHJibHbiX BsanMoneiicTBHli, Dpn coxpane 

CP -HHBapuaHTHOCTH, a B paMKax CPT - CHMMeTpHH - T -HHBapHaHTHO 

3TH ~OpM~aKTOpbi 6ynyT nei!CTBHT8JlbHbi C TO~HOCTb!O no KOMnJ18KCHbiX IV 

*HT8J18H1 B03HHKa!OlllliX H3-3a HaJIH~liH CliJlbHOrO TT TT - B3aHMoneliC'I 

B KOH8~HOM COCTOHHUH, lleiiCTBUT8JlbH0 1 IIpU CP - rrpeo6pa30BaHUll ~YHl 

f I rrepexonHT B caMHX ce5H 1 a !Ipll 3pMHTOBOM COIIpH*eHHU ·f1 -+ f l 

EcnH nano*UTb na aMrrnnTyny rrpouecca ycnoBne CPA -+ A+ , ~To osHa' 

HaJIH~Ue CP -UHBapHaHTHO~TU 1 TO IIOJIY'lliM CBH3b f I"' f I * , .TO 8CTb B :0 

Clly~ae ~OpM~aKTOpbi f I non*Hhl 5b!Tb neHCTBUT8JlbHbiMU/ 1/, 

. ECJIH y~eCTb erne CUJlbHOe TT TT - B3aHMOil8HCTBUe B KOH8'IHOM CDC~ 

HUU1 TO IIOHBHTCH H8KOTOpaH pa3HOCTb ~a3 ¢ .Me*llY S- II. P. -BOJ 

MU 1 KOTOpaH !IpU o5pameHUII BpeMeHU M8HH8T 3HaK, TaKUM o5pa30M, n 

+ + 0 
rrpu CP -nHBapnaHTHOCTU pacrrana K- ... rr ...:.rr y B HHTep~epeHUHOHHOM ~• 

MaTpii~HOrO 3J18M8HTa IIOHBJ1H8TCH MHO*I!T8Jlb COS cp , H8liHBapnaHTHbiH 01 

cnTenbHO o5pamennH BpeMenn. Ecnn *e caMa aMrrnuTyna pacnana A 

-nenHBapnanTna, To ycnoBHH CPA -+ A+ n f ,. f * 
I I 

He. BbiiiOJIHHIO 

~yHKUHH 

eme ~asa 

f I 
¢ , 

MoryT 5b!Tb KOMIIJ18KCHbiMll 1 H B MHO*HT8Jlb cos¢ Boi 

, xapaKTepii3YIOlllaH CTerreHb napywennH CP -nHBapuaHTHo, 
• • I 

J1HTep~epeHUIIOHHbiH ~J18H C MHO*HT8J18M cos( cp+cpJ BXonnT, Ha!Ip!Il 

B Bbipa*enne nnH snepreTn~ecKoro crreKTpa rr + -MesoHoB/2,3,4/ n I 
*eT rrpHBecTH K IIOSIBneHHIO sKcrrepHMeHTaJibHO saMeTHhiX CP -HeHHBapn1 
HbiX 3~~eKTOB, 0TM8THM1 ~TO nnSI TOrO ~T05bi TaKne s<jl¢eKTbl 5b1Jlll HatJ 

naeMb!Mll 1 MallO TOJlbKO HaJIH'lllH llHTep~epeHUIII! Me*nY aMIIJIHTynaMH Ka1 

C BHyTpeHHIIM TOpM03HblM ll3Jly~eHH8M II KaHana C IIpHMbiM 3J18KTpU~ej 

rrepexonoM. Eme neo6xon:uMo ycnoBire ¢'>> ¢ . no TeopeTn'leCKHM ouenKa' 
0 

¢ .. 10 , 'ITO c y.~eToM ManocTn CP - nennBap:uanTHhiX aMrrnnTyn M 

oKa3aTbCH OCHOBHOH TpynHOCTb!O IIpH anannse HHTep~epeHUHOHHOH KapTI!H 
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OJl9HCTBYIOIIUfX '!aCTIIU 

ee aMIIniiTyJla XOTH 6b! 

TOpM03HOrO II3nyqeHIIH1 

-M930HOB 3Ha'!IITenh-

rrpouecca BHyTperrrrero 

crran 6e3 y -KBaHT8 

epexonoB, Boo6me roBo

Hoil OTHOCIITenbHO o6pa

rbCH 8KCIIepHM9HTanhHO 

HBapHaHTHOCTH 1 o6Hapy

)aMH, 

J<{JepeHUHOHHOH KapTHHbl 1 

ropM03HOro II3ny'I8HIIH 

qecKyJO rrpiipony. 

~ rrpocTeilruero rrpi16nii-

rrepexonoB MO)KHO Bbi

eHrrH aneKTpli'19CKOrO II 

larrperueHHbiX ITO 'IeTH0-

'0 xapaKTepa, a y pa3-

npoJlN, 008TOMY B pac

IHTH09 JlliiiOnhH09 Il3ny

~ TOpM03H09 H3ny'I9Hli9 1 

... rr + rr - ) , a B pac-

BHyTpeHHee TOpM03H09 

e siBnHIDlilliXCH C06CTBeH-

1 ace Tprr Tnrra rrepexo

ma qeTHOCTH OCTanhHNX 

'TCTByeT, ( J1 HTepljJepeH-

l 
HeHHBapnaHTHOCTh aMrrnrrTyJlhi rrpHMOH aMnccrrii K o6pemeHIIJO BpeMeHII 

MO)K9T IIpOHBIIThCH TOnbKO B IIHTep<{JepeHUIIOHHOM '!neHe KBa)lpaTa MaTpli'I

HOrO aneMeHTa, oTHOcHruerocSI K IlccneJlyeMoMy cna6o-aneKTpoMarHIITHOMy 

pacrrany. PaccMoTpnM nan6onee o6mnil cnyqail - pacrraJl Kt.... rr ±rr \ , B Ko

TopoM <{JOTOH MO)K9T B03HIIK8Th 6narOJl8pH n1060My Il3 Tpex. MeXaHII3MOB, 

AMIImrTyJlhl pacrra)la ITO Ka)K)lOMY KaHany - C BHyTp9HHIIM TOpM03HbiM H3ny

'19HH9M1 C rrpHMbiM aneKTpli'I9CKHM li MarHIITHb!M rrepeXOJl8MII JlOn)KHbl 6b!Th 

IIpOIIOpUIIOHanhHbl COOTBeTCTBY!OlliliM <{JopMifJaKTOpaM f TOpM, f e II f m , 

BKnJO'Ia!OlliiiM B ce6SI aqJcpeKTbl CIInhHbiX B3aiiMOJl8HCTBIIH, Tipn COXpaHeHIIH 

CP -nHBapi18HTHocTn, a B paMKax CPT - CHMMeTpnn - T -IIHBapnaJITHocTn, 

8TH <{JopM<{JaKTOpbl 6yJlyT Jl9HCTBIITenhHbl C TO'IHOCTh!O JlO KOMIIneKCHbiX MHO-

7T 7T - B3aHMOJl8HCTBIISI 

B KOH9'1HOM COCTOHHIIII, lleilCTBIITenbH01 IIpll CP - rrpeo6pa30BaHIIH cpyHKUHII 

f I IIepeXOJlHT B CaMIIX ce6SI 1 a IIpii 8pMHTOBOM COIIpH)K9HIIII ·f1 -> f 1* 
Ecnii nano)KIITh na aMIIniiTYilY rrpouecca ycnoBne CPA ... A+ , 'ITO 03Ha'!aeT 

rranii'!IIe CP -HHBapiiaHTHO;TII, To rrony'IIIM CBH3h f 1 = f 1 * , .To ecTh B aToM 

cnyqae cpopMcpaKTOpb! f I JlOn)KHbl 6b!Th Jl9HCTBIITenbHb!MII/ 1/, 

.. Ecnn y'IeCTh erne CllnhHOe TT 7T - B3aiiMOJl9llCTBHe B KOH9'IHOM COCTOH-

HIIII1 TO IIOHBIITCSI H9KOTopaSI pa3HOCTh <{las .M9)KJlY S - II P. -Bonrra-

Mil, KOTopaH rrpn o6pameHIIH BpeMeHn MeHSieT 3HaK, TaKHM o6pasoM, )la)Ke 

+ + 0 
rrpn CP -IIHBapnaHTHOCTII pacrraJla K- ... rr _·rr y B HHTep<{lepeHunoHHOM qnerre 

MaTpH'IHOrO aneMeHTa IIOHBnH9TCH MHO)KI!Tenh COS cp , H9HHBapnaHTHblll OTHO

CHTenhHO o6pameHIIH BpeMeHII, Ecnn )Ke caMa aMrrnnTyna pacrraJla A CP-

CPA ... A+ f f * -HeHHBapi1aHTHa 1 TO ycnOBHSI H I = I He BbiiiOnHSIIOTCSI 1 

cpyHKUHH f I MOryT 6hiTh KOMIIneKCHb!MH1 II B MHO)KHT9nh COS cp BOUJl9T 

eme ¢asa ¢ ' , xapaKTepnsyJOruaH cTerreHh HapyrneHnsr CP -HHBapnaHTHOCTH. 

J1HTepcpepeHUHOHHblll 'IneH C MHO)KIITeneM COS( cf>+cf>J BXOJlHT1 HaiipiiM9p1 

B Bb!pa)K9HH9 Jlnst 8HepreTH'I9CKOrO Cl19KTpa 7T + -M930HOB/2,3,4/ H MO-

)K9T IIpiiB9CTII K IIOHBneHHIO 8KCIIepHM9HTanhHO 38M9THb!X CP -HenHaapnaHT-

Hb!X a<{J<{JeKTOB, 0TM9TIIM1 'ITO JlnH TOrO 'IT06b! TaKII9 acp<jleKTbl 6binH Ha6nJO

Jla8Mb!MH1 Mano TOnbKO uanii'IHH HHTep!jlepeHUIIH M9)KJlY aMIInHTyJlaMII KaHana 

C BHyTpeHHHM TOpM03HbiM H3ny'I9Hll9M H KaHana C IIpHMb!M aneKTpH'I9CKHM 

rrepeXOJlOM, Eme Heo6XOJlHMO ycnOBI!e ¢'» cf> . no TeopeTH'I9CKHM ouenKaM/5/ 
0 

¢ .. 10 , 'ITO c y'IeToM ManocTII CP - nenuBapnaHTHhiX aMrrnnTyJl MO)KeT 

OKa3aTbCH OCHOBHOU TpyJlHOCTh!O IIpll aHann:se HHTep!jlepeHUHOHHOfi KapTHHbl, 
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llpyraSI B03MO*HOCTh o6aapy:lKeHUSI T -HenHBapn:aHTHbiX a¢¢eKTOB 

B cna6o-sneKTpoMarHHTHbiX pacrranax K 

,llOBaHHH peaKUHH C neiiTOHaMH 

+ + K- ... J1 -+ v +y 

Me3oHOB rroSIBnSieTcSI rrpn nccne-

B KoTopofi B oTnnqne OT TOnhKO qTo paccMoTpeaaoro rrepexona B rr -Me30Hbi 

IIOSIBnSieTCSI eme O.!lH8 rrepeMeHHaSI - HeHyneBOH CIIUH J1 -Me3oHa, 3TO II03BO

nSieT accne.OOB8Tb KQppenSIUUIO Bl!.!l8 aIL ( pk X p rr ) 1 MGHSI!OlliYIO 3H8K IIpll: 

o6pameHn:n BpeMeHn:. B oTcyTCTBn:e cnnhHbiX BsanMoneficTBII:fi B KoaeqaoM 

COCTOSIHUII: IIOSIBneHne OTnnqHOH OT HynSI HOpManhHOH COCT8BnSIJOlliefi IIOnSipli-

38UUU J1 - Me30H8 ~ "' a ( pK X p ) 6yneT IIpSIMO yK83biB8Th Ha Hapy-
_t J1 " 

meane HHBapnaHTHOCTH OTHOCUTenhHO o6pameHHSI BpeMeHU B ,llaHHOM rrpo~ecce, 

AaanornqHbiH 8¢¢eKT non*eH nMeTh MecTo n B pacrrane K± ... rr0 ; v , 

o6ycnoBneHHOM cna6biM B3anMoneficTBneM. TmaTenhHbie rron:cKn: aopManhHofi 

COCTaBnSIJOllieH rronSipll38UHII: J1 + -Me3oHa rrpnBenn K oTpnuaTenhHOMY pe3ynh-

TaTy
1 

B TO BpeMSI K8K T8K8SI KOMIIOHeHT8 IIOl!SlpH38UHII: .!lOn*H8 ,llOCTUI'aTb 

BennqHHbi .. 20%, ecnn: 6bi aapym eane CP -nHBap!!aHTHOCTII rrponcxoanno B cna-

6biX B38HMO,lleHCTBUSIX, 

KaqecTBeHnoe oTnn:que pacrra.oa K ... J1 v y oT rrpouecca K ... J1 v 77 o 

COCTOHT B TOM 1 qTO nepBblll ll3 HII:X ll.!leT 3a cqeT KaK cna6oro, T8K II sneKT

pOM8I'HllTHOI'O BsanMoneficTBIIfi, Ecnii HapymeHne CP -nHBapnaHTHOCTII npo

ncxonnT B sneKTpOM8I'HIITHb!X B3aHMO,ll9HCTBHSIX1 T0 1 KOHeqHo, O:lKII,llaeMblll 

a¢¢eKT B pacnane K ... J1 v ynon*eH 6biTh 3HaqiiTenhHO 6onhme, qeM B pacna

ne K J1 3 , rne sneKTpoMarHnTHoe B3anMoneficTBne BbiCTyrraeT B KaqecTBe 

rrorrpaaoK K cna6oMy BsanMo.oeficTBHJO. TaK :lKe KaK II B cnyqae pacrra.oa 

K -o TTIT y T8KOe Hapymean:e MO*eT UMeTb MeCTO TOnhKO .llnSI aMIInii:TY.!lbl IIpSI-

Mofi· 8MHCCIIll y -KBaHTa. Ecnn npennonO*HTh Hannqne MaKcnManhHoro aa-

pymeHIISI (nnSI lf'opM<p8KTOpOB 1 COOTBeTCTBY!OlliiiX IIpSIMbiM rrepeXO.!l8M 1 

lm f
1 
=Re f

1 
r, TO B 8TOM cnyqae MaKCIIManbHaSI Bennqr!Ha HOpManbHOH COCT8B

nSIJOllieH nonSipnGaunn J1 - Me3oHa anSI aeKoTopbiX ToqeK anarpaMMbi. llaniiT

ua Morna 6bi nocTIIraTb 3HaqeHIISI .,5Q% nonaoii nonSipii3aurm16, 7 I, O.oaa

KO llHTerpanhHblll stfJ!jleKT IIpii:BO,llliT K 9KCIIepiiMeHT8nbHO Ha6nronaeMOH 8CIIM

M9TpHH B pacrrpe.oeneHHH sneKTpoHOB oT pacrra.oa MJOoHa acero nnrnh 

B 1-2%, T8K qTO aenh3SI CK83aTb, qTO ITOIICK HapymeHII:Sl T -IIHBapii8HTrtOCTll 

SIBnSieTCSI .llnSI 8TOI'O P?CII8.!l8 IIpOCTbiM II Ha,lle:lKHb!M .oenoM, 

6 

HaKoaeu, cymecTByeT B03MO*HOCTh rrpSIMOfi rrpoBepKH aapymeang 

BapnaHTHOCTH B cna6o-sneKTpoMaranTHhlX pacrranax K -Me30HOB, Pace 

cnenyromyro cnTyaunro, CPT- CHMMeTpnSI B rrpenrrono*eann, qTo yqa, 

mne BO B3aiiMO,llefiCTBHll raMnnhTOHHaHbl conep*aT TOnhKO Cl!nhHO- U 

B3anMoneficTByromue qacTn, o6ecrreqnBaeT rroRBneane paBencTBa/8/. 

r + o+ r + + .J- r + 0 0 =r- o+r- -++ r- 0 o, 
"" """ """ "" """ """ 

rne r - rrapuuanhHbie qacTOTbl COOTBCTCTBY!Ollil!X pacrraaoB, DepeXO! 

ae pa3pemeH nng Koaeqaoro S- cocTOSIHUSI n: us (1) MO*HO rronyqu 

He3aBII:Cl!Mb!X COOTHOllieHII:SI 

r = r 
rr+rr 0 rr-rr0 

r +r 
rt+rr+rr- rr+rrOrrO 

= r 
rr- rr-rr+ 

+ r 
rr-rrOrrO 

DpaBnno 1 /':;.I 1 = 1/2 aaeT KOnnqeCTBeHHOe COOTHOllieHne Me*.!lY 

UIIanhHbiMH qacToTaMII pacnanoB K+ ... rr +" i7- n K+ -orr+" 0 rr 0 , KOTopoe 

eTcSI TaKIIM *e II anSI oTpnuaTenhHO 38PSI*eHHhiX K - Me3oHoB; To ec 

MO*eM aanncaTb 

r rr+rr+rr- ;r 1T +rr 0 "0 -r - rr-rr- 17 + / r "-"o 17 o. 

YpaBHeHne (3) COBMeCTHO C COOTHOllieHII:SIMll (2) IIpllBO,llii:T K TO! 

B aToM cnyqae Mbi nMeeM paBeHcTBO Bcex napun:anhHbiX qacTOT 6e3ne~ 

KaHanoB pacrrana K ~ - Me30HOB, I 

I 

Ecnn Tenepb BKnroqn:Th sneKTpoMaran:Tnoe B3anMoneficTBne, To' 
I 

pa3pemeHbi aeKoTopbie HOBbie KaHanbi pacrrana, B qacTHOCTII K± ... rr ~ 

OnaaKo II B aToM cnyqae Bee erne 6yneT oqeah aeGaaqnTenhna CBSI3h 

nenToHHbiMH n: 6eGnenToHHbiMn KaaanaMn: pacnana. To ecTb Terreph CPT 

MeTpiiSI Tpe6yeT TOnbKO 
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HIHBapH8HTHb!X 8cpcpBKTOB 

)B IIOHBl!HBTCH IIpll llCCl!B-

'O rrepexona B IT -Me30Hhi 

H f1 -Me3oHa, 8To II03BO-

' MBHHIOlliYIO 3H8K IIpli 

~MOllBHCTBHH B KOHB'IHOM 

>H COCTaBmiiOlliBH IIOl!Hpii

MO yKa3biB8Th Ha Hapy-

BMBHII B A8HHOM rrpo~ecce, 

+ + 
B pacrrane K- -.ITo~ v , 

IhHhlB IIOIICKH HOpM8l!hHOH 

K OTpHU8TBllbHOMY pe3ynh-

38Ullli llOli~Ha llOCTHraTh 

rHOCTH IIpOIICXO:!UinO B Cna-

oT rrpouecca K .... f1 v 77 o 

~aK cna5oro, TaK n aneKT

CP -HHBapnaHTHOCTH rrpo

To, KOHB'IH0 1 O~lill8BMbiH 

•HO 5onhrne, 'IBM B pacrra

rne BhlCTyiiaeT B K8'IBCTBB 

KaK n B cny'lae pacrrana 

llhKO lll!H 8MIIl!IITYllbl IIp.H

nii'IHB M8KCHM8llhHOrO Ha-

>.HMbiM rropexonaM, 

~'lllHa HOpM8llhHOH COCT8B

TO'IBK nnarpaMMbi. llannT

rronHpH38Ullll/ 6, 7 I. OaHa-

lnhHO Ha5l!IOA88MOH acnM-

aa MIOOHa Bcero nnlllh 

ueHnH T -IIHBapnaHTaocTn 

M ABl!OM, 

HaKoHeu, cymecTnyeT B03MO~HOCTb rrpHMOH rrponepKrr HapyrneHnH ~nH

napnaHTHOCTn B cna5o-aneKTpoMarHnTHbiX pacrraaax K -Me3oHoB. PaccMoTpnM 

cnenyromyro cuTyauuro, CPT- CHMMeTpHH B rrpenrrono~eHrrrr, 'ITO y'laCTByiO

rnue BO B38HMOllBHCTBHH raMHllhTOHH8Hbl conep~aT TOllhKO CllllhHO- H cna5o

B38HMOllBHCTBYIOlliHB 'l8CTH 1 05BCIIB'IHB8BT IIOHBl!BHliB paBBHCTBa/8/, 

(I) 

rne r - rrapuuanhHbiB 'l8CTOTbl COOTBCTCTBYIOlliHX pacrranoB, Oepexon 1T1T->IT1T1T 

HB pa3pBlliBH lll!H KOHB'IHOrO S- COCTOHHHH II li3 (1) MO~HO IIOliY'IIITb AB8 

HB38BHCHMb!X COOTHOlliBHHH 

( 2) 

r +r = r + r 
It +IT+ IT - IT +IT 0 ITO IT- IT-IT+ IT -IT 0 IT 0 

Opannno 1 1'\ I 1 = 1/2 naeT KOl!II'IBCTBeHHoe cooT Horne Hue Me~ny rrap-

unanhHbiMII '!8CToTaMn pacrranon K+ ->IT +IT iT- II K+ ->IT +IT 
0 

IT 0 , KoTopoe ocTa-

eTc.H T8KliM ~e II llli.H OTpHU8TBllhHO 38p.H~BHHb!X K - MB30HOBj TO BCTh Mbl 

MO~BM H8IIHC8Th 

(3) 

YpaBHBHHB (3) COBMBCTHO C COOTHOlliBHH.HMli (2) IIpiiBOlliiT K TONYo 'ITO 

B 8TOM cny'!ae Mbl HMBBM paBBHCTBO BCBX rrapUH8llhHbiX 'l8CTOT 5e3l!BIITOHHbiX 

KaHanon pacrrana K ! - Me3oHoB, 

Ecnn Terreph BKl!IO'IHTh aneKTpoMarHIITHoe B3aHMoneucTnue, TO 5ynyT 

pa3pBlliBHbl HBKOTOpb!B HOBb!B K8H8llbl pacrrana, B 'l8CTHOCTH K± .... IT-t, 0 y 

0nHaKO H B 8TOM Cl!y'!ae BCB Bille 5yneT O'IBHh HB3H8'IHTBl!hHa CB.H3h MB~AY 

nerrTOHHhiMH n 5e3nerrTOHHhiMll KaHanaMn pacrraaa, To ecTh Terreph CPT -cnM

MBTpn.H Tpe5yeT TOllhKO 
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f' + f' 
1T+1T0 y 1T +1T0 

+ r +f' =l +f' +f' +r < 4) 
17+ 1T +1T - 17+ 17 0 17 0 1T - 17 <y 17 - 17 0 17- 17- 17 + 1T "'iT 017 0 1 

rJle f' + 0 - ITapuHanbHasr qacToTa paciTaaa c yqeTOM BHyTpeHHero TopM03-
1T- 1T y 

HOI"O li311Y reHHSio 

TioCKOllbKY SlleKTpOMai"HiiTHbie s$$eKTbl Mallbl 1 paBeHCTBa ( 2) If ( 3) 

ocTaiOTCSI ITpH6llH3HTenbHo ciTpaBe.lWHBbiMH H Ha6niOneHHe HapymeHHSI CP -HHBa-

p!iaHTHOCTii C ITOMOillb!O ITpOBepK!i 9THX OTHOilleHHll Tpe6yeT oqeHb 60llbillOll 

ToqHOCTH H3MepeHHfi, nH6o cHnb!IOro HapymeHHSI rrpaBHna I 1'1. I I = 1/2 . C npy

rofi CTOp0Hbi1 TaK KaK ITepeXOJlbl 1T1T ->1T1T y If 1T1Tll->1T1TY pa3pemeHbl B ITepBOM 

ITopsrnKe ITO sneKTpoMarHHTHoMy B3aHMoaeficTBHIO, To HapymeHHe CP -HHBapH

aHTHOCTH B apyrnx 6eGneiTTOHHbiX KaHanax paciTaaa (To ecTb HapyrneHne 

paBeHCTBa COOTBeTCTBYIOIIIHX ITapUHallbHbiX qaCTOT) MOlKeT ITpHBeCTH/9/ K He

Bb!IIOllHeHHIO paBeHCTBa: 

f' O ( ITpSIMaSI SMHCCH.II) 
1T+ 1T y 

f' 
n-1TO y 

( ITpSIMaSI SMHCCH.II) 1 ( 5) 

B TO Bp0MSI KaK ITapUHallbHbi0 qaCTOTbl STHX ITpOU0CCOB !(11.11 KaHallOB C BHyT

peHHHM TOpMOGHbiM H3nyqeHHeM OCTaHyTCSI paBHbiMH 1 IIOCKOllbKY f' 17 + 17 (j' f' 1T _ 17 o 

TaKHM o6pa30M 1 IIpOBepKa COOTHOilleHHSI (5) SIBllSieTCSI B TO lKe Bp0MSI IIpoBep

KOll cTeiTeHH coxpaHeHH.II CP -HHBapnaHTHOCTH/ 10, 111. THrr!fqHoe BbipalKeHIIe 

!(11.11 3ap.IIJlOBOll aCHMMeTpHH 1 KOTOpa.SI JlOlllKHa B03HHKaTb ITpH HapyrneHHH 

CP -HHBapnaHTHOCTH B paciTaaax K .... " " y, nMeeT BH!l/ 12/ 

1'1. 
R+ -R-

-
sin ¢ Im fe (6) 

R++R- 2 2 
C 1.+ros¢ Re f·e+C 2(Ifel +lfml ) 

rJle cs - KOHCTaHTbi 1 ¢ - OIIHCaHHaSI Bbiille pa3HOCTb $a3 1T 1T - pacce-

.IIHHSI1 a R± = f' ( K± .... "±." 0 y) If' ( K±. .... 17 ± 17 °) 

H3 (6) BHAHO, qTo HHTeprrpeTaun.sr pe3ynbTaTa H3MepeHH.II TaKofi 3apsr

aoBofi aCHMMeTpHI! HeO!(H03HaqHa; paBeHCTBO /), = 0 MOlKeT BblliOllH.IITbC.II 

B cneayiOII!HX cnyqa.srx: 

8 

,,,) 
r 
7 . 

.I' !• 

l'·l 
1:.1 
I 

; 

1) CP- HHBapiiaHTHOCTbi 

2) CP - HeHHBapnaHTHOCTb 1 HO ¢ = 0 ; 

3). CP - HeiiHBapnaHTHOCTb B MarHHTHOfi aMITllHTYAe, a lm f e 

B rrocneaHeM cnyqae Heo6xoaHMO rrpHBneKaTb K paccMoTpeHHIO !(HcpqH 

UHallbHbie pacrrpeaeneHHSI 1 He CyMMHpOBaHHbie IIO IT011.1IpH3aUHH tPOTOHa 1 

CTBHTellbHbie K HapyrneHHIO CP -HHBapiiaHTHOCTH B Mai"HHTHOH aMITllli' 

Ho aalKe ecmr cnyqaii: 1-t3 He nMeeT MecTa, pa3HOCTb cpa3 "" -paccesrHnsr ac 

6biTb He CllliillKOM MallOH1 qTo6bi scpcpeKT MOlKHO 6blll0 06HapylKHTb SKCr 

MeHTanbHbiM ITyTeM. HaiTOMHHM, qTo ITpH HCcneaoBaHHH HHTep$epeHunc 

KapTHHbi B paciTaae K+ .... "+" 0 y cHTyaun.sr 6bma o6paTHOH - pa3HOCTb cp 

BbiCTyiTana KaK MemaiOII!HH $aKTop H Haii6onee 6naroiTpH.SITHbiH cnyqaii: 

6b! MeCTO ITpH cp = 0 

HnlKe Mbi paccMoTpiiM BbiBO!lhi, rronyqeRHb!0 B ITpoBeneHHbiX aKciTep~ 

TaX ITO cna6o-sneKTpOMai"HHTHblM paciTa!(aM, Ceii:qac lKe lllillib OTMeTHM 

oTHOCIITellbHbie qacTOTbi ITpoueccoB K .... " " y H K .... """ y , oiTpeaem 

IIpH aHallH3e HeCKOllbKHX !(eC.IITKOB cnyqaeB, HaXO!(.IITC.II B ITpH6llH3HTeT. 

COI"llaCHH C pacqeTaMH· t:lll.II qHCTOI"O BHyTpeHHei"O TOpM03HOI"O H3llyq 

OaHaKo He Bee cna6o-sneKTpoMarHHTHbie ITepeXO!lbi OJlHHaKoBo yJlo6HJ:o 

rroHcKa rrpsrMhiX ITepexoaoB. Ecnii paciTat:lbi K .... !L v y , K-+ """ y H K0 ->: s 
He UMeiOT, Ha ITepBbiH B3I"llSI!(1 HUKaKI!X CITeUIItPIIqeCKI!X OC06eHHOCTeH1 TO 

Henb3.11 cKa3aTb o ITpoueccax K:!: .... ":!:" u y n K:!: .... e "!:. v y 

TipaBHno 1111 I = 1/2 GaiTpemaeT paciTaA K± .... "±." 0 , a an.sr neiTTo. 

rrepexoaa K;l;. .... e ;;t;v cymecTByeT ITOAaBneHne, o6ycnoBneHaoe ciTnpanbHC 

H0HTpHHO H MallOCTb!O MaCChi Sll0KTpOHa. TaKHM o6pa30M 1 ITOCKOllbK: 

ITepBnqHbie paciTat:lbi 6e3 y - KBaHTa ITO!(aBneHbi1 TO !(OlllKeH 6b!Tb 1 I 

BeTCTBeHH0 1 ITO!(aBneH KaHan pacrraaa C BHyTpeHHHM TOpM03HbiM H3llyqe 

PaccMoTpHM IToapo6Hee aaHHbie ITpoueccbi. B cB.SI3H c HanHqneM ITOAaB 

pOt:!OHaqallbHblX paCITa!(OB pa3yMHO ITOCTaBHTb BOITpOC 1 a He MOI"YT llli i 

cpaBHHMbi ITo BennqnHe ITapunanbHbie qacTOTbi 

l 1T±1T 0 H l 1Tt.1TO y 

f'e±.v H f'e±v Y 
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--------------------.............. 
~ BHyTpeHHero TOpM03-

paBeHCTBa (2) H (3) 

e HapyrueHnSI CP -nHBa

rpe6yeT o~eHb 6onbruoil 

1 I L'l I I = 1/2 . C npy-

pasperueHhl B nepsoM 

~pyrueHne CP -HHBapn

(To ecTb HapyiiieHrre 

KeT rrpnsecTrr/9/ K He-

r aMrrccrrg), (5) 

anSI KaHanoB C BHyT

CKOnhKy r
17

+
77

0"r
77

_
17

o 

To lKe BpeMg rrposep

Trrnrr~Hoe BbrpalKeHne 

KaTb nprr HapyiiieHnrr 

T srra/12/ 

( 6) 

b ¢as "" - pacce

rr o ) 

~epeHnSI TaKoil sapSI

MolKeT BhiiiOnHSITbCSI 

n~ 

il 
'; 

1) CP- HHBaprraHTHOCTb; 

2) 

3). 
CP - HerrHBaprraHTHOCTb, Ho ¢ = 0 ; 

CP - HerrHBaprraHTHOCTb B MarHHTHoil aMnnrrTyae, a Im f 
e 0 

B rrocneaHeM cny~ae Heo6xoanMo nprrsneKaTb K paccMoTpeHrrro arr¢¢epeH

urranbHbre pacnpeaeneHrrH, He cyMMrrpoBaHHbre no nongpuaaurrrr ¢oToHa, ~YB
CTBHTenbHbre K HapyiiieHrrro CP -HHBaprraHTHOcTrr B MarHHTHOil aMrrnrrTyae. 

Ho aalKe ecnrr cny~ail 1-t3 He nMeeT MecTa, pa3HOCTb ¢a3 "" -pacceHHHH aonlKHa 

6b!Tb He Cni!lliKOM Manon, ~T06b! 9¢¢eKT MOlKHO 6binO 06HapylKHTb 9KCneprr

MeHTanbHbiM nyTeM. HanoMHHM, ~To nprr rrccneaoBaHrrrr HHTep¢epeHurroHHoil 

KapTHHbr B pacrraae K+ ... "+" 0 y crrTyaurrg 6brna o6paTHoil - pasHOCTb ¢aa ¢ 

BbiCTynana KaK Meiiiaroiiirril ¢aKTop rr Han6onee onaronprrSITHhril cny~ail rrMen 
obr MecTo nprr ¢ = 0 . 

HrrlKe Mbr paccMoTprrM BbrBoahr, nony~eHHbre B nposeaeHHhiX aKcrreprrMeH

Tax no cnaoo-aneKTpoMarHrrTHbrM pacnaaaM, ceu~ac lKe nHIIIb OTMeTrrM, ~To 
oTHOCHTenbHhre ~acTOTbi npoueccos K ... " " y rr K ... """ y , onpeaeneHHbre 

nprr aHanrrse HecKonbKIIX aecSITKOB cny~aes, HaxoaSITCSI B nprr6nrrsrrTenbHOM 

cornacrrrr c pac~eTaMrr· anSI ~rrcToro BHyTpeHHero TOpMosHoro rranyqeHrrSI. 

OaHaKo He Bee cnaoo-aneKTpoMarHrrTHbre nepexoahr oarrHaKoBo yaooHbi anSI 

rroncKa npHMhiX rrepexoaos. Ecnrr pacnaahr K ... p. v y , K ... """ y rr K~ ... TT + "Y 
He HMeroT, Ha IIepBb!ll B3rnSia 0 HUKaKHX CIIeurr¢n~eCKHX OC06eHHOCTeil

0 
TO 9TOro 

HenbsSI cKasaTb o npoueccax K:!: ... TT :!:" u y rr K:!: ... e ~ v y 

Dpasrrno I ~'~II "' 1/2 sanpeiiiaeT pacnaa K.± ... "t" 0, a anSI nenTOHHoro 

rrepexoaa K~ ... e;tv cyruecTsyeT noaasneHrre, ooycnoaneHaoe cmrpanbHOCTbro. 

HeilTpHHO H ManOCTbiD MaCChi aneKTpOHa. TaKHM Oopa30M
0 

nOCKOnbKy 9TH 

y - KBaHTa noaaBneHbl 0 TO aonlKeH Ob!Tb
0 

COOT-

BeTCTBeHHo, noaaaneH KaHan pacnaaa c BHyTpeHHHM TOpM03HhrM rrany~eHneM. 

PaccMoTprrM noapo6Hee aaHHhre npoueccbr. B CBSI3H c Hanrr~rreM noaaBneHrrSI 

poaoHa~anbHbiX pacnaaoa pasyMHo nocTaBHTb Bonpoc, a He MoryT nrr OhiTb 

cpaBHHMbi no senrr~rrHe napurranbHhre qacTOTbi 

(rrpHMag 9Mnccng) 

r 
etv n r 

e±v y ( IIpHMag 9MUCCUH) ? 
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i 

PacrraA K.±-> 11± 11° , 3arrpemeHHhtil rrpaBrmoM l ~II :1/2 , XOTSI II IIOA8B-

neH rro cpaBHemno c pa3pemeHHhiM 3TI!M rrpaBnnoM rrepexoAOM K~-> 11+ 11 -, 

HO o6naAaeT Bee *e 3aMeTHoil BepoS!THOCTbro. B CBSI31! c 3TI!M rrpeArrono*I!M 

rrpocTeilmee - A8HHhiil rrepexoA rmeT 3a C'leT aneKTpoMarHI!THhiX rrorrpaBOK 

K cna6oMy B3anMoAeilcTBI!ID, Hapymaromnx npaBnno l ~ I l "' 1/2. C Apyroil 

CT0p0Hhl 1 KaHan C IIpS!MOH 3MI!CCI!eH Y -KBaHTa MO*eT 6hiTb o6ycnoBneH 

B3anMoneilcTBI!eM c I ~I I "'1;2 , TaK KaK Hann<IHe ljloToHa cHHMaeT 3anpeT, 

o KOTopoM roBopHnoch Bhtme/ 13,14/. { B aToM cnyqae cl!cTeMa 11 - Me3oHOB 

MO*eT o6pa30BhiBaTbC.SI B COCTOSIHHI! C 1!30TOIII!'IeCKI!M CIIHHOM 1) • 

Torna Mhi Mornn 5ht 3arrncaTb aMrrnHTYAhi pacrranoB K± ->77t,.77o 11 K±->77 ~0 y 

H { IlpS!MaSI 8MI!CCI!SI) B Bnne: 

+ + 0 A ( K - ... 11-77 , ~I f. 1/2 ) 
1 

G e "'e G 

+ + 0 A 2 ( K- ... 11-11 y , ~I ,. 1/2) g' G e
2 

.. c
2

G g' 

rAe g HeH3BeCTHhiil ljlaKTOp1 CBSI3aHHhlll CO CTpyKTypoif IIpOMe*yTO'IHOI'O 

COCTOSIHHSI IIpl! IIpHMOll 3MHCCHH ljloTOHa. 

BnnHo, 'ITO B naHHoM cneunanbHOM cnyqae aMrrnnTyllhl A 1 H A 2 

MOI'YT 6b!Tb1 B IIpHHUHIIe 1 lla*e OllHOI'O IIOpS!AKa BenH'IHHhl1 'ITO .SIBnS!eTC.SI 

HcKnroqeHneM H3 o6hl'IHoro rrono*eHHSI 1 rrpn KOTopoM qacToTa rrepexona 

a -> b + c + y cocTaBnS!eT .. 11137 qacTOThi rrpouecca a-> b + c • Tlo-Bnnn

MoMy 1 TaKaS! CHTyaUI!SI He OCy!IIeCTBnS!eTCSI 1 I! B AellCTBIITenbHOCTH aMIInl!-

Tylla IlpHMOll 3MHCCI!H y -KBaHTa He TOnbKO He CpaBHHMa C aMIInHTYllOif 

HepaAHaUHOHHoro pacrrana, Ho n He 6onbme ~MrrnnTyAhi KaHana pacnana 

C BHyTpeHHHM TOpM03Hh!M H3nyqeHlleM. floqeMy 3TO MO*eT IIpOHC{COllHTb? 

CerOAHSI 1 BHAI!MO, Henb3SI AaTb IIOnHOI'O OTBeTa Ha 3TOT BOIIpoc, XOTSI H cy

mecTBYIOT MOAenn/ 13/, rAe rroKaaaHo, 'ITO aMrrnuTyAhi KaHanoB pacrrana 

C IIpS!MOH 3MliCCHeil y -KBaHTa He AOn*Hhi rrpeo6naAaTb. KaK npnMep 

MO*HO IIpHBeCTll IlpOCTOe paccy*lleHHe 1 IIOKa3hiBaromee 1 'IT0 1 . B npHHUHIIe 1 

eCTb B03MO*HOCTb Hai!TII OIIpeAeneHHh!e ljlaKTOphl IIOAaBneHI!SI IIpS!MhiX rrepe

XOAOB. 0CTaBnHH B CTOpOHe KI!HeMaTH'IeCKyiD o6naCTb 1 COOTBeTCTBYIOIIIYIO 

ManhiM aHeprnSIM ljloTOHOB, rAe rrpeo5nanaeT BHyTpeHHee TopM03Hoe n3nyqeHne 

{ nHijlpaKpacHoe pacxo*AeHne), o6paTIIMCSI K cnyqaro, Korna ncrrycKaeMhtil 

ljloTOH IIMeeT 6onb!IIyiD 3Hepi'HID. nnSI 3TOi! o5naCTH aMIIniiTylla TOpM03HOI'O 

10 

H3ny<IeHIISI peaKo yMeHbmaeTcSI 1!3-aa Toro, 'ITO ljlaaoBhtil o6neM An 

IIHOHOB 06paTHO IIpOIIOpUIIOHaneH KBanpaTy 3Hepn!H ljloTOHa, H 1 BO-B 

BepoSITHOCTb nany<IeHim rranaeT c yMeHb!IIeHIIeM aHeprnn aapg*eHHoro 

3Tn paccy*lleHnSI rrpnMeHI!Mhi n AnH npS!MhiX rrepexonoB, TaK 'ITO o5a 

pacrraAa B 3TOM CMhiCne paBHOIIpaBHhi. H 0 B IIOCnenHeM cnyqae IIOSIE 

AOIIOnHHTenbHOe IIOilaBneHIIe 1 OTCYTCTByromee AnSI KaHana C BHyTpeHHII: 

M03HhiM H3ny<IeHI!eM. 0HO COCTOHT B TOM, 'ITO pa3pemeHHhie IIpS!Mhie rre 

IIpi!BOASIT K IIpoMe*YTO'IHOMy COCTOSIHI!ID C op6nTanbHhiM MOMeHTOM 

{ 0 0 - rrepeXOAhl 38IIpemeHht) • nng BCeX *e T8KI!X COCTOS!Hllil BE 

UeHTpo5e*HOI'O 5apbepa AnSI 3MHCCI!I! llBYX IIIIOHOB 5onbme, '!eM AnSI f. 

HOI'O COCTOSIHI!SI C J = 0 . Ha IIpl!Mepe 3TOI'O paCCY*AeHl!SI MO*HO I 

'ITo HecMoTpS! Ha To, 'ITO 3arrpeT, CBSI38HHhtil c rrpaBnnoM l ~I l "'1/2, f 

IIpOCTp8HS!eTCSI Ha nepeXOAhl C IIpS!MOif 3Ml!CCI!eil y -KBaHTa, MO*HC 

B03MO*HOCTb IIOll8BneHl!SI 3TIIX KaHanoB. 

Tloxo*aSI cnTyaung nMeeT MecTo n Ami pacrraAoB K::!: -> e "tv 11 K~ 

HepaAnaunoHHhiil rrepexoA K!. ... e-:!:. v 1 KaK Y*e 5hmo cKa3aHo, rroAaBneF 

CIII!panbHOCTII HeilTp!!HO ll XapaKTepnayeTCSI Manoi! OTHOCHTenbHOil qa 

{10-5). Ecnn cpaBHHBaTb ero c pacrraAOM K~-• p~v, rAe rronaBneHnE 

CIII!panbHOCTH rrpaKTH'IeCKll OTCYTCTByeT, TO KOnH'It!CTBeHHO 3aiipeT Bh 

MHoro cnnbHee, qeM rroAaBneHne BepoS!THocTn pacrrana K::!:-> 11!. 11 rrc 

HeHHID c K
0
s ... 77 + 77- l!3-38 rrpaBnna l ~I l "' 1/2 . nnSI B03MO*HOI'O K8H8J': 

Il8Aa C IIpS!MOi! 3MIICCHei! ljloTOHa B CBSI3H C IIOS!BneHIIeM TpeTbei! q 

3a!'IpeT CHIIMaeTCSI 1 ll Mbl BIIpaBe O*llllaTb1 'ITO qacTOTa. KaHana. 

Mo*eT 6htTb Aa*e 6onbme, qeM AnSI pacrraAa 6e3 y -KBaHTa, ecnn, 

MeeTcH, oTcyTCTByeT KaKoe-nn5o crreunanbHoe rroAaBneHne rrpS!MhiX rreJ 

Boo5me. 

0TMeTnM. eme OAHY xapaKTepHyiD oco6eHHOCTb pacrrana K::!: ->. 

rro cpaBHeHHID c npyrHMll cna6o-aneKTpoMarHnTHhiMII rrpc,ueccaMn 

B KOHe'IHOM COCTOS!Hllll OTCyTCTBYIOT CllnbHOB3aHMOAellCTBYID!IIlle 'I 

n aHepreTn'IeCKne u yrnoBhie KoppenSIUI!I! Me*AY rrponyKTaMn pacrrana 

OT CBOiiCTB TOnbKO OAHOI'O aApOHa K - Me3oHa, 'ITO rroaBonS!eT, B rr 

rrony'IaTh cBeAeHI!SI o rrocneAHeM B Han5onee 'IHCTOM BHAe. B pacrrane 

TO*e HeT B KOHe'IHOM COCTOSIHHH CIInbHOB38l!MOAeilcTBIIYIDIIIIIX 'I8CTIIU1 
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I 1'11 I = 1/2 , XOTH n rronan-

1 rrepexonoM K0 
-> 11 + 11 -, s 

BSI3H c aTHM rrpenrrono~HM 

•KTpOMai'HHTHblX IIOIIpaBOK 

10 I ~ I I = 1/2 . C npyrofi 

Mo~eT 6biTb o6ycnonnea 

~OTOHEl CHHMaeT 3arrpeT1 

rae CllCTeMa 17 - Me30HOB 

'CKHM CIIHHOM 1) • 

mnon K;l; ->7Tt.17° n K;l;_. 17 ~0 y 

e G 

lyKTypoii rrpoMe~yTO'IHOI'O 

lMIIlliiTY.Ilbl A 1 II A 2 

Bellii'IIIHbl1 'ITO S!Bl!ReTCH 

opoM '!aCToTa rrepexona 

ca a ... b + c • no-nnnn

eiicTBIITenbHOCTII aMIIllii-

cpaBHHMa C aMIIniiTY.IlOH 

niiTY.Ilbi KaHana pacrrana 

no Mo~eT rrpoiic;xoniiTb? 

3TOT BOI1poc, XOTH II cy-

IITy.llhl KaHanoB pacrrana 

eo6nanaTb. KaK rrpnMep 

lKHUee, 'ITO,. B IIpliHUIIIIe, 

onanneHHH rrpHMbiX rrepe

:acTh, COOTBeTCTBYKllllYKl 

mee TopM03Hoe n3ny'IeHne 

aro, Korna ncrrycKaeMbiH 

li aMrrnnTy.Oa TOpM03HOI'O 

II3ny'IeHHH pe3KO yMeHbruaeTCH II3-3a TOI'O, 'ITO ~a30Bblll o6~eM .llllH .UBYX 

IIIIOHOB o6paTHO IIpOITOpUHOHaneH KBanpaTy 3Hepi'HII ~OTOHa, II, BO-BTOpb!X1 

BepOS!THOCTb H3ny'IeHIISI rranaeT C yMeHbllieHIIeM 3Hepi'llll 3apSI~eHHOI'O ITHOHa. 

3TH paccyM.OeHHH lipHMeHHMbl ll .llllSI IIpS!Mb!X rrepeXO.IlOB 1 TaK 'ITO o6a KaHana 

pacrrana B aToM CMhlCne paBHorrpaBHhl. Ho B rrocnenueM cny'Iae rroSIBnSieTcH 

norronHnTenbHOe rronanneHne, oTcyTCTnyromee nnH KaHana c BHyTpeHHHM Top

M03HbiM H3ny'IeHHeM. 0Ho COCTOHT B TOM, 'ITO pa3pellieHHb!e ITpS!Mbie rrepeXO.Ilbl 

I1pHBO.IlS!T K IIpOMe~yTO'IHOMy COCTOSIHHKl C Op6HTallbHblM MOMeHTOM J > 0 

( 0 0 - rrepeXO.Ilbl 3ai1pemeHbi) • nnSI ncex ~e TaKHX COCTOSIHIIH Bemr'IHHa 

UeHTpo6e~HOI'O 6apbepa nnH 8MHCCHH .llBYX ITHOHOB 6onbrne, '!eM .llllSI Ha'Janb

HOI'O COCTOSIHHSI C J = 0 Ha rrpHMepe 8TOI'O paccy~neHHSI MO)lUIO BH.UeTb 1 

'ITO HecMoTpSI Ha To, 'ITO 3arrpeT, CBH3aHHbrii c rrpannnoM I~ I I = 1/2, He pac

rrpocTpamwTcH Ha rrepeXO.Ilbl C ITpHMOH 8MHCCHeii y -KBaHTa, MO~HO HaHTII 

B03MO~HOCTb IIO.OaBneHHSI 8THX KaHanoB. 

noxo~aSI CIITyaUIISI HMeeT MeCTO ll .llllS! pacrranon K± ... e !..v II K'!:... e :!:v y. 

HepaniiauiiOHHbrfi rrepexon K::. ... e::. v, KaK y~e 6hrno cKa3aHo, rronanneH H3-3a 

CIIHpanbHOCTH HefiTpiiHO II XapaKTepH3yeTCSI Manofi OTHOCHTenbHOH 'JaCTOTOH 

( to-5). Ecnn cpaBHHBaTb ero c pacrranoM K:!: ·• pt..v, rne rronanneHIIe H3-3a 

CI1HpanbHOCTH IIpaKTH'IeCKll OTCYTCTByeT, TO KOnll'ItlCTBeHHO 3arrpeT Bbii'nSI.IlHT 

MHoro ciinbHee, qeM rronanneHIIe nepoHTHocTn pacrrana K::!:-> 11!. 11 rro cpan

HeHnro c K
0
s ... 17 + 17- H3-3a rrpannna I ~I I ,. 1/2 . nnSI B03MO~HOI'O KaHana pac

rrana C I1pS!MOH 8MHCCHefi ~OTOHa B CBSI3H C ITOHBneHIIeM TpeTbeH 'JaCTIIUbl 

3anpeT CHHMaeTCH 1 II Mbl BI1pane O~II.IlaTb, 'ITO 'JaCTOTa KaHana. e± V y 

Mo~eT 6hiTb na~e 6onbrne, '!eM nmi pacrrana 6e3 y -KBaHTa, ecnii, pa3y

MeeTcH, oTcyTcTByeT KaKoe-nii6o crreuiianbHOe rronanneHI!e rrpHMbiX rrepexonon 

noo6me. 

0TMeTHM. eme onHy xapaKTepHyro oco6ennocTb pacrrana K:!: ->. e:!: v y 

rro cpanHennro c npyrnMH cna6o-aneKTpoMai'HHTHbiMH rrpc.ueccaMn. 3necb 

B KOHe'IHOM COCTOHHHH OTCYTCTBYKlT CHnbHOB3aHMO.OefiCTBYKl1llHe 'JaCTHUhl 1 

ll 8HepreTH'IeCKHe ll yi'llOBb!e KOppenSIUHll Me)l<Jly I1pO.IlYKTaMH pacrrana 3aBI!CSIT 

OT CBOiiCTB TOnbKO O.OHOI'O anpoHa K - Me3oHa, 'ITO I103BOl!SieT, B I1pl!HUIII1e, 

rrony'IaTb cnenennH o rrocnenneM B nan6onee 'IIICTOM BIIne. B pacrrane K:t ... !l:tv y 

TO)Ke HeT B KOHe'IHOM COCTOSIHHII CllllbHOB3aHMO.IleHCTBIIYKllllHX qacTHU1 HO 38TO 

t 1 



IIpHCYTCTBYBT Hll'IBM He IIOllaBnBHHOB BHyTpCHHBB TOpM03HOB H3nyqeHIIe 1 

smmuomeecsr HB)!(enaTenbHbiM cpoHoM rrpn rroHcKe rrpsrMbiX rrepexonoB. 
+ + 

HecMoTpsr Ha HBCOMHCHHbie rrpenMymecTBa pacrrana K- .... e -v y 

nnsr HCCnCllOBaHRH npHMOU 8Ml!CCRII cpoTOHa 1 B HaCTOHIUCB BpBMH 8KCnepHMCH

Tbl TaKoro pona HaxonsrTcsr Ha npenene HalllHX B03MO)!(HOcTefi. 3necb Heot5-

xonnMo C UHOBpCMCHHO li C llOCTaTO'IHO BbiCOKOiJ: CTBnCHbiO TO'IHOCTH H3MC

pHTb 8HeprRH aneKTpOHa R cpOTOHa nnsr Toro, 'ITOObl MO)!(HO Obino OTUCnHTb 

cpoHOBbili npouecc K.._ .... e±v rr 0 
, Korna onnH n3 

30Ha HB perncTprrpyeTcsr rrprrt5opoM. 

0 
y -KBaHTOB OT pacnana TT -Me-

yrl:_ + 0 
Bbrll!e roBopnnocb, 'ITO no cpaBHCHHIO c peaKUHSIMH 1\.- .... " -" Y 

n K::. .... e-::. v y npyrne cnat5o-aneKTpoMarHHTHbie rrepexonbr He HMBIOT 
+ + + ++-

BRUHMbiX cneurrcprrqecKnx ocooeHHOCTefi. B pacnanax K - .... ll- v y , K -.... rr-rr rr Y 
0 + -

li K 
8

-+ TT TT' y KaHan C BHYTPBHHHM TOpM03HbiM H3ny'IBHRBM Hll'ICM He no-

naBneH rr non)!(eH, no-BHllHMoMy, rrpeot5nanaTb. HecKonbKO ocooHHKOM CTORT 

Ko o 
npouecc L .... rr rr y • KaK y)!(e OTMeqanocb BbilllC 1 nocKonbKY K L -cocTo-

SIHHB HBnHCTCH IIpliO/Ili)!(BHHO COoCTBCHHbiM COCTOHHliBM CP -npeot5pa30B8HHH 1 

MynbTHIIOnb H3nyqeHHSI HH3ll!ero rropsrnKa, KOTOpbiii t5yneT naBaTb BKnan 

B aMnnnTyny pacnana K0 
.... rr+rr-y , t5yneT M1. llnsr BHyTpCHHero TOpMo3-

L 

Horo H3nyqeHHSI B aToM pacnane rrono)!(eHHC noxo)!(e Ha cnyqaft c nepexonoM 

K..± .... rr ± rr 0 
y , TonbKO Gnecb GanpeT Ha nepByro cTyneHb pacnana K~ .... rr + rr -

6onee cHnbHbiH CP - HHBapHaHTHOCTb. 

llpyrofi B03MO)!(Hbiii KaHan pacrrana aeiiTpanbHbiX K -MC30HOB - 8TO 

Ko 0 0 n . 
-+ TT TT y. Ba HBliTpanbHbiX rr 

0 
- MC3oHa ( HUBHTR'IHbie EoGe-qacTHUbi) 

HC MOryT HaXOllliTbCH B COCTOSIHHll C li30TOIIR'ICCKHM cnl!HOM I = 1 ; I = 0 

HC MO)!(BT Ob1Tb1 TaK KaK y -KBaHT yHOCHT OpOHTanbHbiH MOMCHT f f 0 . 

0cTaBTCH COCTOHHliC C I "' 2 1 'ITO TpeoyCT li f "' 2 1 TO BCTb UIIH IIpHMOiJ: 

8MHCCHH y -KB8HTa B03MO)!(BH TOnbKO KaHan C H3ny'IBHHBM KBanpyrronsr; 

liHTBHCl!BHOCTb )1(0 KBanpynonbHbiX nepeXOllOB 1 IIpll npO'IliX paBHbiX ycnoBliHX1 

MHOro MBHbll!B 1 'IBM llHIIOnbHbiX. 

l1TaK, BliUHo, 'ITO pa3nli'IHbie cnat5o-aneKTpoMarHHTHbie pacnanbi nocTa

TO'IHO CllnbHO . OTnll'laiOTCH npyr OT Upyra, li IIpll l!X KOMIInBKCHOM l!CCnBUOBa

HHll MO)!(HO H3Y'Il!Tb BCB MCXaHH3Mbi B03HHKHOBBHHH cpOTOHa B IIpaKTH'ICCKH 

'IIICTOM BllllC! 

12 

1) 

2) 

BHyTpeuuee TopM03Hoe H3nyqemre - K ± -• rr ±.rr rr y , K 0 
s 

rrpSIMbiC MarHHTHbie rrepexonbr l\11 - K0 .... TT+ TT- y 
L 

+ + 0 

TT+ 7T 

+ 3) rrpHMhle aneKTpnqecKHe nepexonhl E1 - K- .... TT-rT y ' Ko 
s _. 1T 1: 

4) 

(II pH ManbiX 8HepriiHX 7T +- MB30HOB CM. IIIDKC) i 

rrpHMbiB KnanpynonhHbJe rrepexonbi K~ .... 0 0 
7T 7T y Ko .... 

' s 
0 

7T 
0 

7T 

5) npHMbiB nepCXOllbl 003 MCUJaiOIUCrO Bnl!HHRSI CllnbHOB3aHMOllBiiCTBYIOI 

~ + + + 
qacTHU - K -+ c -v y , K- -• ll -v y 

Kone'IH0 1 nonHOCTbiO l!CKniO'IliTb rjloH OT Kanana C BHYTPBHHHM TOpM031 

li3nyqeuueM ocot5euuo npu nol!CKC E 1- nepCXOUOB HB/Ib3H; B CBH3R C ~ 

BCTCCTBBHHO GanaTb BOnpOC 1 MO)!(HO /Ill BblllCIIHTb npHMbiC IICpBXOllbl 1 E 

liX aMIInHTyllbl MBHblllB llllll TOnbKO cpaBHliMbl ITO Benll'll!HB C aMIInliT) 

TOpM03Horo H3ny'leHnsr? TaKIIe B03Mo:xmocTn uccnenoBanncb B pa6oTe/ 

rue npOBOlllliiCSI 8H81Ill3 yrnOBb!X li 8HCprBTli'ICCKliX KOppenSIUl!iJ: MB)!(llY I 

+ +0 + + j 
nyKTaMn pacnana nnsr npoueccoB K- .... rr -rr y n K - .... ll -v y , n B paooTe 

B KOTOpOH oocy:x<nanaCb B03MO)!(HOCTb IIOIIHpli38UliOHHblX H3MCpBHlliJ: B. pa1 

ne K:!:: ... ll ~ y .... ll\, e + e-: BbiBOUhi, nony'leHHbie H3 aTnx nccnenoBaunii, r1 

pSIT 0 TOM, 'ITO acprjleKTbl OT IIpHMbiX nepeXOllOB npll onpenenCHHOM Bbl 

KliHCMaTII'IecKHX o6nacTeii: .MoryT 6biTb GaMCTHbi na)!(e rrpu A ( nps 

aMnccnsr) "" 0,5 A (TopM03Hoe nGnyqemre). 

CpaBHHM Tenepb 8TH BbiBOllbl c pe3yllbTaTaMn, nony'ICHHbiMll npn 8K 

puMeHTanbHOM uccnenoBaHHll cna6o-aneKTpoMarHHTHbiX pacnanoB. Hano 

38Tb 1 'ITO npoUCCCbl ll8HHOrO TUna, IIO)!(anyiJ: 1 H8l!MCHCC l!CCIIBllOB8Hbl B 

cTosrmee BpeMsr no cpaBueunro c npyruMH .PacrranaMn K -MeGoHoB. 

HC npHHl!MaTb BO BHliM8HliC HBCKO/IbKHX pa6oT noHCKOBOrO xapaKTepa C 

Hl!M - llBYMSI OOHapy)!(BHHb!Mll COOb!TIISIMll 1 TO BCSI liMBIOIUaHCSI CTaTHC 

+ + 0 
cocTaBnsreT "" 1 00 cnyqaeB ( npHMepno 70 pacnanoB K .... rr rr y rrpn 

55 M 30 Ko + - 15 6 • + + +- ; > aB, "' pacnanoB 8 .... rr rr y n co biTIIII K .... rr TT rr >: 

npH'IBM pacnanbl C /ICnTOH8MH BOOOll!B HB IICKanHCb. J 

HecMoTpSI ira 6ennocT!> cTaTncTu'leCKoro MaTepnana nccnenonl 

BCB B03MO:X(Hb!B MCXaHII3Mbl B03HHKIIOBCHl!Sl rPOTO!Ia 1 KpOMC Knanpyno 

nepexonon K' _. TTO TT 0 y 

/17/ + + 0 
Han6onee nonno H3Y'ICH pacnan K .... TT rr y B o6nacTII 6o 

8 HBprHi'i "+_ Me3oHa, T + > 55 M8B. Bbr6op sToii: KIIHeMaTn'l 

" 
oonaCTll HC cnyqaeH. lleno B TOM 1 'ITO OCIIOBHaSI TpynJIOCTb npH llllCII 
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TOpM03H09 113.TIY'I9HH9 0 

::mMhiX rrepexoaon. 
+ + 

~ pacrra):la K- .... e -v y 

muee npeMSI 8Kcrrepl!Me H

MO)KHOCTeii. 3aecb Heot5-

•erreHb!O TO'IHOCTH l!3Me

lhl MO)KHO ObinO OTaenl!Tb 

0 
3aHTOB oT pacrraaa rr -Me-

aKUHS!Mll J0- -> 
+ 0 

TT-TT y 

rrepeXO):Ihl He l!Me!OT 
+ + + ++-K-... fl-V y , K-->TT-rt TTy 

lnyqeJil!eM Hl!'IeM He IIO

KO.TlbKO OCOOHSIKOM CTOHT 
() 

IIOCKO.TibKY K L -COCTO-

eM CP -rrpeo6paaoBaHl!SI 1 

bill 6yaeT L\BBBTb BK.Tia):l 

{.TIS! BHyTpeHHero TOpM03-

) Ha cnyqafi c rrepexoaoM 

:eHb pacrraaa K~ ... rr+rr-

Hh!X K -Me30HOB - 8TO 

eHTll'IHhre Eoae-qacTl!Uhi) 

M CIIHHOM I = 1 I = 0 

:a.TibHhlll MOMeHT £ f 0 . 

, TO eCTb ):\.TIS! IIpS!MOll 

~anyqeRl!eM KBaJ:~pyrronH; 

npoqnx paBHhiX ycnoBUHX, 

trHUTRhre pacrraahr aocTa

KoMrrneKcRoM nccneaoBa

~SI \flO'I'OHa B rrpaK't'II"leCKU 

1) 

2) 

BRyTpenRee TopMo3Roe IIa.nyqemre - K ± -• TT ~ TT y , K ~ ... TT+ TT y 

npHMbiC MarnnTHbre nepeXOLibi M 1 - K 0 .... TT+ rr- y 
L 

3) np>~Mhre sneKTpnqecKIIe rrepexoabr E1 - Ki -• TT~ 0 
y , 

(II pH MB.Tlb!X 8H9pi"IISIX TT +- M930HOB CM. !IIDKC); 

npHMbre KBaJ:~pyno.nhHhre nepexoJ:Ibi K~ .... 0 0 
TT TT y 4) 0 

TT 
0 

TT y 

5) IIp5!Mbie rrepeXO):Ihl 6e3 MelllaiOUiero BniiHHl!SI CIWbHOB38HMO):IefiCTBYIOU!IIX 

"' + + + qacTHU - K ... c -v y K - -• fl -v y 

KoRe'IH0 1 IIO.TIHOCTb!O I!CK.TIIO'Il!Tb ¢on OT KaHana C BHyTpeHHHM TOpM03HhlM 

l!3.Tly'IeHl!eM oco6eHHO rrpll IIOIICKe -E 1- IIepeXO):IOB He.Tib35l; B CBSI3U C 8TIIM 

eCTeCTBeHHO 38):18Tb BOIIpoc, MO)KHO mr BbiaenHTb IIpHMbie rrepeXOL\hl 0 eC.TIIl 

!IX aMII.TIIITYL\hl M9Hb!lle II.TIII TO.Tih!CO cpaBHIIMhl ITO BenH'IHHe C aMII.TIIITYJ:IOll 

TopMoaHoro HanyqeJIIISI? Tarme B03MO)!<HOCTH uccneaoBanHcb B pa6oTe/ 15/, 

rae IIpOBO):III.TICSI aHa.TIH3 yrnOBh!X If 8HepreTH'IeCKHX KOppe.TISI!Illll Me)K):Iy IIpO

LIYKTaMH pacrraaa anSI rrpoueccoB K'!:. ... rr ±rr 
0
y II K '!:...., fl 'tv y , 11 B pa6oTe/ 16/., 

B KOTOpolf OoCy:ll<aanaCb B03MO)KJIOCTb IIO.TIS!pH3aUHOHHh!X U3MepeHHfi B- pacrra

ae IC: ... fl ~ y ... p-!r, c + e-: BbiBOL\hi, rronyqeHRhre ua sTU X Hccneaonauufi, roBo

pHT o ToM, 'ITO s¢¢eKThi OT rrpHMhiX rrepexoaoB rrpn orrpeaeneRROM Bbr6ope 

KnHeMaTH'IecKnx o6.nacTefi _MoryT OhiTh aaMeTHhi aa)Ke rrpn A ( rrpHMaSI 

sMIICCIISI) ~ 0,5 A ( TopMoaRoe na.nyqenHe). 

CpanunM Terrepb sTn BhiBOL\hi c peaynhTaTaMn, rrony•reHHhiMII npn sKcrre

piiMeRTanbHOM ncc.neaonaunn c.naoo-s.neKTpoMarHHTHhiX pacrraaon. Haao cKa

aaTh, 'ITO rrpouecchr aauRoro Tnrra, IIO)Kanyfi, uanMeHee HccneaonaHhi B Ha

cTo>~mee npeMH rro cpannenn10 c apyrnMn pacrraaaMn K -MeaoHon. Ecnn 

He IIpllHIIMBTb BO BHHMBH!Ie HeCKO.TibKHX pa6oT IIOIICKOBOI"O XapaKTepa C 0):1-

HUM - LIBYMH oonapy)KeHHb!Mil COOLITHS!Mil, 

COCTBB.TISieT 

> 55 Man, 

100 c.nyqaeB (rrpnMepuo 70 

., 30 pacrraaon 0 + -Ks ... rr rr y 

TO BCSI HMeiOUia5lCSI CT8Tl!CTIIK8 

+ + 0 
pacrraaon K -• rr rr y rrpn I"+> 

II 15 COOh!Tllll K + ->TT +TT),.-y ) ' 

rrpnqeM pacrraahl c nerrTouaMII noooure He ncKannch. 

HecMoTpH ira 6eauocTb cTaTHCTU'ICCKoro MaTepna.na uccneaonamrch 

BC9 B03MO)!<Hbie MeXaHII3Mbl B03Hl!KJIOBCHIISI ¢oTOJI8 0 KpOMC KnaapyiiO.TlhHh!X 

rrepexoaon I{> 
J 17/ + + 0 

Hanoo.nee IIO.TII!O II3Y'I01I paciia):l K .... TT TT y D oo.naCTH 5o.nhll1JIX 

sHeprnfi TT +_ Meaoua, T + > 55 M ::.n. Bbr6op :onofi KHHeMaTII'ICCKofi 

" 
o6naCTII HC cnyqaeH. Jleno B TOM, 'ITO OCHODI!aSI TpyaJIOCTh IIpll IIJ:ICIITH¢H-
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KaUHH 8TOI'O rrpouecca 3aKnJO'!aeTCSI B OT}leneHIIH tPOHa, B03HHKaJOIUei'O OT 
. + + 0 0 () 

pacrrana K ... rr rr rr , Korna onnH 1!3 y -KBaHTOB OT pacrrana rr -Me3oHa 

He pei'IICTpiipyeTCSI neTeKTOpOMo 

Cno;>~<HOCTb pa3neneHIISI TaKHX Konqmrypamrii BenHKa, rroaToMy aHanH31 

KaK rrpaBIIll0
1 

IIpOBOJli!TeR B KI!HeMaTIP-IeeKOl! o6naeTII 1 He BKll!O'IaJOillefi T' -pae-

nan, TO eeTb rrpii T 17 +:::_ 55 MaB. Ho B o6naeTII 6onbll!IIX aHeprHii 77 +-Me-

30Ha ( ManhrX auepriiii y -KBaiiTa) JlOMI!HHpyeT BHyTpeHHee TOpM03HOe 1!3-

ny'!eHIIe, a aMrrnHTy.lla npenrronaraeMoro npouecca c rrpHMOii aMuccHeii 

y -KBaHTa JlOeTaTO'IHO 6bJeTpO yMeHbll!aeTeR, 'ITO, eeTeeTBeHH0 1 3aTpyJlHSieT 

rroHeK rroenenHeii. llnR T
77 

+ > 55 M aB qacToTa pacrrana K+ ... rr -fn- 0 
y rrony-

qeHa paBHOfi/17/ 

4 
f' rr+rroy= ( 1,80:!:_0,60) 10 leeK, 

- • ./18/ 
'ITO XOpOll!O eornaeyeTeR e paeqeTHOII Bellll'IIIHOII JlnSI '!lleTOI'O BHyTpeH-

Hero TopMo3Horo II3nyqeHIIH ( ,. 104/ eeK). B sToM *e sKerrepiiMeHTe rrpen

rrpHHIIManach IIOIIhlTKa/3/ OUeHIITb BKllaJl B aMIIniiTYilY paerrana OT KaHanOB 

e rrpHMoii s~:IIeeHeii y -KBaHTa. AHamr3 sHepreTwteeKoro erreKTpa rr +-Meso

HOB, SIBJlSIJOIUeroeSI ¢yHKUl!8l! Belll!'ll!H f3 =A ( l\11) I A ( TOpM. ll3Jl.) II 

y = A( E 1 )/A ( TOpM. H3n.), rroKa3an, 'ITO BKnan B aMrrmrTyny oT MarHIITHoro 

rrepexona He oqeBnneH, {3 "" 0 nnR Beex BenH'IIIH y n ¢. B rrpenrrono*e-

HIIII {3 = 0 rronyqaeTeH \ y \ 
+0,40 

= 0,60 _
0

,
15 1 'ITO He !IpOTl!BOpe'!!IT HeKO-

TOpb!M MO}lellbHbiM rrpe}leTaBneHHSIM/22/ 1 HO Bee..:TaKH eTaTHeTHKa He}lOeTa

TO'!Ha,JlnR OKOH'!aTenbHoro rronTBep*nennH eymeeTBoBaHI!R rrpHMhlX El -rrepe-

XOJlOBo 
0 Pacrran K
8 

... rr+rr-y HeenenoBaneH B rronHoii KIIHeMaTII'!eeKoii o6naeTn. 

0ueHKa B03MOX<HOH IIpllMeeii K BHyTpeHHeMy TOpM03HOMy ll3llY'IeHH!O OT IIpR

MOI'O sneKTpll'!eeKOI'O rlepexona IIpl!Bena K BepxHeMy rrpeneny OTHOIUeHHSI 

qaeToT paerrana rro 8TIIM KaHanaM/19/ 

\ A ( E 1) \
2 I \ A 

2 
( TOpM. l!3JI,) \ ~ 0,12 

e noBepnTenbHbiM ypoBHeM 60%. OnHaKo B 8TOM sKerrepHMeHTe He y'IHTbiBa

naeb rrpH anann3e B03MO)!{HaR IIHTep¢epeHUIISI Me*llY aMrrnuTynaMH E 1 -rrepe

xona II BHyTpeHHero TOpM03HOI'O II3nyqeHIIR 1 KOTopaR 1 HarrpnMep, B enyqae 

14 

neeTpyKTl!BHOI'O xapaKTepa MO)!{eT IIpl!BeCTll K HC'!e3HOB8Hll!O s¢¢eKTC 

IIpS!MbiX rrepeXOJlOB B KOppellSIUIIRX Me)KJlY BTOpii'!Hb!Ml! qaeTIIUaMIIo 

llpe.llrrpHHHManHcb norrhiTKII noucKa l\11 - rrepexo.llOB 1 pa3peme 

B paerrane K~ ... rr+" rr- y • B llBYX sKerrepiiMeHTax/19, 20/ He 6bmo o6f 

)!{eHo 3aMeTHOI'O OTllll'!IISI OT ¢ona1 IIMIITIIpyiOillero 8TOT paerran, 'ITO IIpl 

K BepxHeMy rrpeneny OTHOCl!TellbHOH qaeTOTbl 

0 0 
f' ( K L ... rr+ rr- y ) I f' ( K L ... ) ~ 4,2 10 -4 

/21/ 
HaKoHeu, B rrocnenHee BpeMR HCKanucb rrpsrMbie rrepeXOJlbi B pac 

K + ... rr+ rr0 y B o6naeTn MaJihiX 8Hepruii rr+ - Me3oHa,T 17 + < 55 MaB 

aMIIniiTyJla KaHana e IIpS!MOH 8MUeeuefi Y -KBaHTa JlOn)!{Ha JlOeTIIraTb e: 

MaKCHMyMa II IIpORBnSITbeSI B Haii6onee '!llCTOM BUlle (aMIIniiTYJla TOpMO: 

U3llY'!eHUR pe3KO yMeHbll!aeTCSI B 8TOM llHTepBane 8Hepi'UH 1T + ) o lli 

neHHbiH aH8lll!3 IIOKasan, 'ITO II B 8TOH Ha!I6onee 6narorrp!IS!THOH JlllSI nee; 

BaHUSl KIIHeMaTII'!eCKOH o6naCTll aMrrnnTyJla IIpS!MblX rrepeXOJlOB1 ITO Kpl 

Mepe, He 6onbll!e aMIIlliiTYilbl BHyTpeHHei'O TOpM03HOI'O ll3lly'leHIISio 

KaKoii MO)!{HO enenaTb BbiBOil II3 IIMeJOilliiXCSI sKcrrepuMeH'tanbHbiX na1 

llO-BIIJlllMOMy1 3aKOH'I!IlleR rrepBbiH 8T8II B IICcneJlOBaHIIll cna6o-sneKTpC 

HIITHbiX pacrranoB 1 B pesynbTaTe KOTOpOI'O ycTaHOBlleHO OTCyTCTBIIe BO 

KOM cnyqae aHoManbHO 6onbiiiiiX aMrrnHTYil rrpRMbiX rrepexonoB A ( rrr: 

8MIICCIIR) » A ( TOpM. usn.). 

C .llpyrofi CTOpOHbi 1 IIOKa eme HeJlb3SI yTBep)KJlaTb 1 'ITO aMITJlll 

paciiaJlOB1 IIIlYIUIIX qepes KaHan C IIpRMOH 8MIICCUeii y -KBaHTa, He ~ 

ob!Tb cpaBHllMbl ITO Bellll'IIIHe C aMIIniiTYilOH BHyTpeHHei'O TOpM03HOI'O ·: 

qeHIISio llocneJlHIIH BbiBOJl O'!eHb Ba:m:eH, IIOCKOnbKY IIpii 

A. (rrpSIMaR aMnccim) « A ( TOPMo l!3llo) 

' 

'cna60-8lleKTpOMai'HllTHbie paCITl:i.[lbl CTaHOBSITCSI rrpaKTU'!eCKl! Heiiplli'Oi 

anSI pa3llll'IHOI'O pona IIOIICKOB Hapyll!el!l!SI T- unu . CP 
I 

-HHBapiiaHTll 

Heo6xo.lliiMO oTMeTIITb1 '!To· rroKa B sKcrrepl!MenTanb'HoM 

pacrranoB uMeeTCR cymecTBeHHbiii npo6en - He HCCJle.[lOBanUCb 

c nerrTonaMII K ... £ v y ; II xoTR TPY.llHO, BIIJliiMo, HaneRTbCR Ha 

HeO)KIIJla
1

Hl!ble ocooeHHOCTII B CBOHCTB8X 8Tl!X pacrra,llOB1 BCe ;>I<e 

noMOI' obi IIO}lBeCTI! qepTy B naqanbHOH CT8,llllll IIOI!CKa rrpRMbiX rre 
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rpOH8 1 B03HHK8JOIUero OT 
I) 

oT pacrrana rr -Me3oHa 

sennKa, rrosToMy ananns, 

1 He BKJIIO'I8IO!U9ll T' -pac-

6onhllll!X sHeprnrr rr +-Me

ayTpeHHee TOpM03HOe H3-

C8 C ITpHMOH 3MIICCHei1: 

9CT9CTB9HH0 1 38TPYAHHeT 

+ 
ciTana K -> rr -lrr0 y ITony-

AJIH 'IHCTOT'O BHyTpeH-

>Ke 3KcrrepnMeHTe rrpen

yny pacrrana OT Kananos 

CKoro crreKTpa rr +-Me3o

l) I A (TopM. Hsn.) II 

lMITni!Tyt:ly OT MarHIITHOrO 

Y n ¢. B rrpenrrono>Ke-

> He llpOTIIBOpe'!HT HeKO-

IKH CT8Tl!CTHK8 HeAOCTa

BilHIIH rrpHMhiX E 1 -rrepe-

:nHeMaTn'!ecKoil o6nacTn. 

HOMY II3ny'!eHHIO OT llpH

aMy ITpeneny OTHOIUeHHH 

0,12 

crrepHMeHTe He y'IHThrBa

aMrrnnTyAaMn E 1 -ITepe

>aH, HaiTpHMep, B cnyqae 

AeCTpyKTHBHOT'O xapaKTepa MO>KeT ITpHBeCTII K HC'!e3HOBeHl!IO srp<jleKTOB OT 

ITpHMhiX ITepeXOJlOB B KOppenHUl!HX Me>KJlY BTOpH'!HbiMl! 'IBCTIIUBMH. 

IlpeJliTpHHHMBnHCh ITOITb!TKH ITOHCKB l\1 1 - ITepeXOJlOB 1 pasperueHHhlX 

B paciTaae K~ ... rr+' rr- y • B asyx 3KCITepnMeHTaxll9, 20/ He 6bmo o6Hapy

>KeHo 38MeTHOT'O OTnii'IIIH OT <jlona, IIMIITIIPYIOIUero 3TOT paCIIBJl 1 'ITO IIp!IBeno 

K sepxHeMy IIpeaeny OTHOCl!TenhHOH 'IBCTOTbl 

0 0 r ( K L ... rr+ rr- y ) I r ( K L ... ) ::::. 4,2 10 - 4 

/21/ 
H aKoneu, B rrocneanee speMH ncKanncb ITflSIMhre ITepexoJlhi B paciTane 

K + ... rr + rr 0 y B o6nacTn Manhrx anepriiil rr+ - Me3oHa,T rr+ < 55 Mas, rae 

BMIIJIIITYJlB KaHana C llpHMOU 3Ml!CCl!9H Y -KBaHTB AOJI>KHB JlOCTIIT'aTb CBOero 

MBKCl!MyMa l! IIpOHBJIHTbCH B H8l!6onee 'IHCTOM Bl!Jle (aMITJillTYJlB TOpM03HOT'O 

ll3JiyqeHIIH pe3KO yMeHbiUBeTCH B 3TOM l!HTepBane 3Heprni1: rr + ) • IlpoBe

neHHbiH aHann3 rroKa3an, 'ITO n B aToil naii6onee 6narorrpiiHTHoi1 nnH IIccneno

sannst KIIHeM8Tl!'I9CKOH o6naCTll BMIIJIHTyAa llpHMbiX ITepeXOAOB1 ITO KpaifHel't 

Mepe, He 60Jibllle BMITJiliTYAbl BHyTpeHnero TOpM03HOT'O li3Jiy'!eHHH. 

KaKoil Mo>KHO cnenaTh BbiBOA H3 IIMe!OIUIIXCH aKcrrepiiMeHTanhHbiX naHHhrx? 

Ilo-Bl!JliiMOMY 1 38KOH'Il!JICH ITepBbiH 8T811 B liCCJieJlOBBHllll cna6o-sneKTpOMar

HliTHblX p8CIT8JlOB1 B pe3yJihT8Te KOTOporo yCT8HOBJI9HO OTCyTCTBUe BO BCH

KOM cnyqae aHoManhHO 6onbrunx aMrrnnTyll ITpHMbiX rrepexoaos A ( rrpHMaH 

SMHCCHH) » A ( TopM •. nsn.). 

C Jlpyroif CTOpOHbl 1 ITOKB erue HeJib3H YTBep>KJl8Tb1 'ITO BMITnliTYJlbl 

pBCITBJlOB, l!JlyiUHX qepe3 KBHBJI C ITpHMOH 8MIICCHei1 y -KBBHTB, He MoryT 

6b!Tb CpBBHIIMbl ITO B9JIU'IIIH9 C BMITJIHTYJlOH BHyTpeHHero TOpM03HOT'O ll3Jiy

qeHIIH. IlocneJlHIIH BbiBOJl O'!eHb BB>KeH, ITOCKOJihKY ITpl! 

A ( ITpHMBH 8MliCCliH) « A (TopM. nsn.) 

cna60-8JieKTpOMBrHIITHbie pBCITllAbl CTBHOBHTCH ITpBKTII'!eCKll J19IlpiirOJlHbiMII 

JlJIH pasnnq.noro poaa ITOIICKOB HapyrueniiH T- IIJIII - CP -nnsapnaHTHOCTH. 

Heo5xoJliiMO oTMeTHTh1 'ITO rroKa B sKcrrepnMeHTanb'HoM H3y'!ennn JlBHHhiX 

paciTaJloB HMeeTCH cyruecTBennhril ITpo5en - ne nccneaosannch ITpoueccbr 

C neiTTOHBMl! K -> f v y ; II XOTH TPYilHO, Bl!Jll!M0 1 HBileHTbCH Ha KBKIIe-niiOO 

ueo>Kl!JlBHHbie OCOOeHHOCTH B CBOHCTBBX 8TIIX paCII8JlOB1 BCe IKe IIX ananns. 

IIOMOT' 6b! ITOJlBeCTII '!epTy B HB'IBJibJIOH CTBilllll IIOUCKB ITp51MbiX ITepeXOJlOB. 
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