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XapaKTepaol!: 11nlil wapoKoro Knacca saaHMOilel!:cTBHl!: aneMell

TapllbiX _ '18CTHil C 8TOMHbiMH lil/lpSMH li!Bnlii9TClil· C:y'W9CTB9Hil8lil pOZib 

MHOI'OKp8TilbiX CTOnKHOB9HHil: _'ISCTHil C H:y"KnOHSMH lil/lpa. K 'IHCH:y 

ll8H6onee H3B9CTilbiX npoli!BneHHil: HanH'IHlil TSKHX CTOnKHOB91lHll: OTilo

. CHTClil lleljleKT nonabix· ce'leaall:, T.e. paaaocTb MeJKil:Y · nonllbiM ce'le

HHeM B38HMO/leii:CTBHlil '18CTHil C lilllPOM H C:y'MMOll: nonllb!X Ce'leHHil: 

. B3SHMO/lell:cTBHlil ax c a:yKnoaaMH lil/lpa. BnepBbie o6'bli!CHeHHe aTOM¥ 

aljJ«!JeKT:y Ha npHMepe pacCeliiHHlil u -Me30HOB'Il9ATpOH8MH 11an rna:y-
/1/ . ' 

6ep : • Ero TeopHlil MHOI'OKpaTaoro pacceliiHHlil 6blcTpbiX -iacTHil -
- n! 

lilllpOM, p83BHT8lil B paMKSX HepenliiTHBHCTCKOl!: KB8HTOBOli:.MeX81lHKH· 

aawna 6necTli!Wee nollTBepJK/leaae · B onbiTax no :ynp:yroM:y pacceli!HHIO 
- . /3 4/ ' 

u -Me30HOB H npOTOHOB nei'KHMH lilllPSMH , ' • 

Bee aTo npaseno Plilll asTopoe.- c OllHOll: cTopoHbi, K nonbiTKaM 

060CHOB8Tb T90pH!O rna:y6epa _B p8MK8X 6onee o6well:, lleJKenH nOTell

IlHSJibHSlil, TeopHH pacceliiHHlil," a _c llP:YI'Oll: CTOpOHbi, K noacKaM HOBb!X, 

3KCnepHM91lT8Jlbll0 npoBepSI9MbiX, npe/lCK838HHll: 9I'O TeOpHHo 

BonpocaM o6oCHOB8HHlil TeopHH rna:y6epa H HeKOTOpb!M npH

MellellHliiM ee K 3all8'18M pacCeliiHHlil 'ISCTHil /l9li:TpOH8MH nOCB~WeHa 

nepBalil rnasa aacTolilmel!: llHCcepTanaa. B §1 aToll: rnaBbl /lSHO. KpaT

Koe aanoJKeHHe ocaos TeopHH rna:y6epa. nocKo.JlbK:Y ocaosaoe npe11- _ · 

nonoJKeHHe rna:y6epa·o TOM, 'ITO peayJibTHP:Y!OWHll: C/lBHI' ljlaabl, 

o6:ycnosneaHb!ll: pacceliiHHeM aa . lil/lpe, pasea c:yMMe CllBHI'OB ljlaa 

pacceliiHHlil aa KaJKilOM aa H:yKnoaos, MOJKeT 6biTb o6ocaosaao nHWb 

B UOT9HilH8JlbHOll: TeOpHH, CTpO.I'O I'OBOplil, HenpHM9HHMOll: K OUHCSHH!O 
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B38HMOAelfCTBH51 3neMeiiT8pHbiX '18CTHII1 JKenaTenbH01 ecnH 3TO :· 

BOOMOlK~o, riOey'IHTb pe~·YnbTaT .fnay6epa B paMKax 6o~ee o6u:iea 
.. . ' . t. 

·TeOpHH. 3~ OCHOBY 6bin8 H36p8H8 TeOpH51 .MHOI'OKp8THOI'O pacce-

51HH51 BaTcoHa, nosson51IOma51 Bbipa3HTb aMnnHTYAY pacce51HH51 'lac

THII liB CHCTeMe HyKnOHOB qepe3 8MIInHTYJ1bl B38HMO.[IeliCTBH51 3TOli 
> -. • • • 

'18CTHIIbl C OTAenbHbiMH HyKnOHSMH1 He3SBHCHMO OT. KOHKpeTHOI'.O 

BHJ18 -I'8MHnbTOHH8H8 B38HMO.[IeliCTBH51o 

B §2 noKa3aHo, 'ITO B npe.11ene BbiCOKHX .sHE!prHli npH npaBAo

noAo6HbiX npeAIIOliOlKeHHSIX' 0 IIOBeJJ;eHHH aMnnHTYllbl pac~e51HH51' 

H B npeHe6pelKeHHH 3Hepi'Hli B38HMO.[IeliCTBH51 HyKnOHOB rlO Cp8BHe-

- HHIO C 3HeprHel!: .HaneTaiOmel!: '18CTHIIbi1 ' 6ecKOHe'IHbil!:. P5!llt Ko-x:o-' 

pbiM np~ACTasn51eTC51 BMnnHTyAa pacce51HH51 B TeopHH BaTCoHa, 

npespamaeTC51 B KOHe'IHb!l!:1 COBIISASIOmHl!: B Cny'lae, eCnH 8MIInHTy

liJo.I. pacceSIHHSI 'laCTHIIhl oTJienbHhlMH · HyKnoHaMH :KoMMYTHPYIOT ( 11ro 
CIIp8BeAnHB01 eCnH npeHe6pe'lb HX CIIHHOBOlf H Jf30CIIHHOBOJ!: 3SBH•. 

CHMOCTblO) C OpHI'JfHSnbHbiMH BhlpSlKeHHSI~H fnay6epa. 

.Eonee Toro,.nony'leHo o6o6meHue rnay6epoacKol!: TeopHH Ha 

Cny'lal!: nio6hlX HeKOMMyTHpyiOmHX onepaTOpOB nepeXOAS 

• n 

T(b}=2ik f .P~. (I , ••• ,_I } I. ~I;;.,(b..;.s. L-:-
1 · n 1= 1 ·;· · "1 · 
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. 1 X ' 1 j X LX L 1 .1 . , n . 1 _ n 
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I'Jle r ( b- S } - H3BeCTHSSI H3 TeOpHH fnay6epa cjJyHKIIHSt 

ni>ocjJHnSI, · 51BnSI!Oma51C51 ABYM'epHbiM cjJypbe-o6pasoM aMnnHTYllbi pac.:.. · 

ce'!IHHSI, a .p 1 if .p J. - sonHoB~>Ie cjJyHKIIHH Ha'lanhHoro H KoHe'IHoro 

COCTOSIHH51 5!llp8. 
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B nocneJiyiOmux naparpacjJax paccMoTpeHo.npKMeHeHHe TeopHH . . . . - . '· . . . '.. . 

fnay6eJl,ll K Bbi-.:iHc_ne~HSIM HeKOTOpbiX. nongpH38IIHOHHbiX, acjJcjJeKTOB 

B, nponeccax ynpyroro pacceSIHHSI " -MesoHoB · K HyKnOHOB ·AeliT-

- . pOHSMH: 'ABTOpOM UOK838H01 'ITO 38BHCHMOCTb rionHOI'O ceq.eHHSI 

- B3SHMOAel!:cTBH51 n106ol!: .'ISCTHIIbi c AeliTpoHoM. oT BbiCTpoeHHOCTH 

· ( KBSApynongpH38IIHH) AeliTpOHa, KSK 'ISCTHIIbl -CII~Iia -j j . ~6ycnoB-
• • • •" • 4 ~ ·\.- : • • 

--neHa nHillb 'lneHOM ABYKPSTHOI'O pacceSIHKSI B SMIInHcyAe H OTCYT-

CTByeT B. npH6nHlKeHKH y'leT.a TOnbKO a~nnJ!TYll OliHOKpSTHOI'O p_ac

CeSIHHSI. 

B §§3,4 nonyqeHbl SIBHI>Ie Bb!palKeHHSI AnSI 38BKC51meli OT 

BhlCTpOeHHOCTH _'ISCTH nonHOI'O- Ce'leHH51. B38HMO.[Iel!:CTBHSI 1t -Me-

30HOB H- HyKnoHos·. c_ AeliTpoaaMH: 

_, ~--

~BHAY OTHOCHt:enbHOl!:- np~CTOTbi H 3HS'IHTenbHoli ·To'IHOCTH 
. . . ' 

HSMepeHHSI- nonHbiX ce'ie~Hlf -He JfCKniO'ieH01 iiTO TSKHe H3MepeHH51 

MOI'YT 6biTb none3HbiMH AnSI OIIeHKH· senH'iHHhl TeH30pllol!: IIOnS!pH,;_ 

· 3anHH AeliTepHesoli ·MHilleHH, i ecnH y'I_HTbiBaT& cymecTseHHyiO cnolK

HOCTb APYI'HX MeTO.[IOB H3MepeHHSI 3TOl!: nonS!pH38IIKHo 

HaKoHen, ·. B -§5 · o6cylKASIOTCSI nongpH3aiiHOHHI>Ie 3KcnepHMeHTbi 

s "d ___ H· Nd ynpyroM pacceSIHHH ~ pal!:oHe npeAnonarasmeroc51 

'nposana' B AKcjJcjlepeHUHSnbHOM Ce'ieHHH.-

TeopK51 fnay6epa s ee npocTel!:meli .cjJopMe npeACKa3hiBaeT 

npciaan B AH4ic!JepeHIIHBnb~o~ ce.'ieHHH ynpyroro pacceSIHHSI nH(mo·s 

_H IIpOTOHO~·Hen~ngpH30BSHHhlMH AeHTp~HaMH npK 3Ha'ieHHH nepeJISBa-
' . ' ·. 2 .. 

eM':>ro KMIIynbca • I .t I = 0,3 of 0,4 (fss/c) . , ecnK .HyKnOHbi B · AeliT-

·poHe HSXO.[ISITCSI TOnbKO B S -COCTOSIHHH. 

'n OCKOn&Ky ._ 3KCnepHMeHTanb!fO 6binO' ycTaHoaneao- OTCY~CTBHe 

O~H.[IaeMOI'O IIposana,, pa3nH'iiibiMH SBTOpaMH 6binH. npeJinOlKeHbl 

sos:MolKHhle o6'bSICHeHHSI sToro SIBneHHSI. · HaH6onee npasl:t~noAo6HhiMHr. 

no-BHAHMOMy 1 SIBnSIIOTCSI cneAyJOmHe: 

a) HSA~elKamHM Bbi60pOM D-KOMIIOHeHTbl sonHOBOli cjJyHKIIHH 

:AelfTpOHa, He npOTHBOpeqamHM ASHHbiM no ero 3neKTpOMSI'HHTHhlM 

_ xap'aKTepHCTHKBM,· MOlKHO '38IIOnHHTb' npeACKa3biBSeMhlli npoaan; 

:-
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6) To )Ke caMoe· MO)KHO c)lenaTr., ecna. y'lecl'h ~X:miJl·. aeyn

pyrux npo.Me)KyTO'IH~~:.COCTOSIHH~ .'B SM!IliHTy~y Jl~YKPSTH~I'O ~~~j .': 
' . . . ' . ," 

CeSIHHSI. \f.,' 

Pa31IH'IHTb STH JlBe B03MO)KHOCTH noaBOliSIIOT liHWb nongpuaa

UHOHHhie H3MepeliHSI B 061I8CTH npeJlUOliSI'aeMOI'O MHHHMYMS. 

EcliH pa6oTaeT B OCHOBHOM BTOpoli. MeXSllHSM1 TO !IOClie. 

ynpyi'OI'O pacceSIHHSI .U -Me30HOB HliH HyKliOHOB HS )leliTpOHe ei'O 

!101IS!pH38llHOHHOe COCTOSIHHe He MeJISieTCSI. ECliH ?f<e cymeCTBe~HyiO 

polib HI'paeT nepBblli MexSHH3M1 TO COCTOSIHHe !101IS!pB38UBH )leli.T-

pOHOB MeHSieTCSI. • • z 

3KCUepHMeHTalibHOe HCClieJlOBSHHe a~HX a~eKTOB !103B01IH1IO 

6bi ycTaHOBHTb KaK ponb D ,-. BOliHOBOA KOMnoaeHThi cocTOSIHHSI 

)leli.TpOHS, 'ITO·. BeCbMS HHTep~CHO C TO'IKH 3peHBSI CTpyKTyphl Jleli.T

pOH81 TSK H p01Ib. Heynpyi'HX .npOUeCCOB B UpOMe)KyTO'IHOM COCTOsl

HHH1 'ITO_ O'leHb HHTepeCHO JlliSI p83BHTHSI TeOpHH rnay6epa.· 

'B I'liSBe ll pSCCMSTpHBSeTCSI -~B83Hynpyroe pacceSIHHe 6hiCT

pb!X 'ISCTHU )leli:TpOHS_MB, T.e~ TSKOli npoue~c, B KOTOpOM He pO)K

JlSIO_TCSI HOBbie 'ISCTHUhi, . Ho Jleli:TpoH Mo)KeT paaaanuaaTbCSI. 

~liS! H3y'leHBSI B38HMOJleli.CTBHSI aneMeHTapHhlX 'ISCTHU C Heli.T

pOHSMH B Ka'leCTBe MHWElHB .. KB83HCB060JlHbiX Heli.TpOHOB 38'18CTYIO 

HC!I01Ib3yeTCSI neliTepHeBaSI MBWeHh •. flpH aTOM JlliSI OT)lelieHHSI KBS-. ·~ ... - ' . . ' . 

auynpyroro pacceSIHBSI. 'laCTHUhi aa· HelirpoHe ·or xaaauynpyroro 
. . 

paCCeSIHHSI ee.npOTOHOM H OT-!IOClieJlOBSTelibHOI'O COYJlSpeHBSI ee. 

c npoTOHOM .u HeA::rpoHoM craBSITCSI axcnepHMeHThi Ha coananeiiue, 
. . . 

B KoropbiX noMBMo pacceuaaeMoli. 'ISCTHUhi perHcTpHpyeTcSI aeAr-

poH orna'IH non "coiipSI)KeHHhiMH' yrnaMH. BBHJlY cpaBHHTe.nbHo 

HH3KOH a~~eKTHBHOCTH. HeHTpOHHblX C'l~T'IBKOB 3HS'IHTelibHSSI. 'ISCTb 

co6hlTBli peaKUHH ... Ha6eraer' AeTeKTBpoaaHHSI npu raxoli: nocraHoB-

: Ke O!lb!TS. 

floaTOMY npeJlCTSBf'SieTCSI :>KeliSTelibHhiM H3BlieKSTb HH~OpMa

UHIO _0 B38H~OJleHCTBHH 'ISCTHU C HeHTpOHSMH HenocpeJlCTBeHHO ua· 

peaynbTSTS H3MepeHHH1 B KOTOpb!X )leT~KTBpyeTCSI liHWb paCCeBBSe-.. 

MSSI 'ISCTBUS. H 0 Ce'leHBe TSKOI'O npouecca HSPSIIlY C CyMMOH · ce-
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'leHH.it pacceSIHHSI aa Heli.TpoHe H npoToHe coJlepJKHT _TSK)Ke · cymecT-

Be
1
HHbili BKliSJl OT SM!IliHTYAhl. UOClieJlOBSTelibHOI'O pacceSIHHSI. Ha o60:.. 

ax ayinoHax )leli.Tpoaa (nepepacceSIHHe). 
: ..... 

Ce'leHHe xaaaHynpyroro pacceSIHHSI 'laCTHU Ha Jle.itTpoae ·c Y'l~ · 
. ·. · . . r 6 .... 151 . 

TOM ?epepacceSIHHSI paCCMaTpHBSliOCb nay epOM H ~paHKO . B 
. . . . ., . . \ ' 

o6nacTH caepXBhiCOKHX · aHeprH.it, I'Jle pa6oTaeT TeopHSI rnay6epa. · 

0JlHSKO He06XOJlHMhlM YCliOBHeM npHMeHHMOCTH STOll. TeOpHH SIBnSieT

CSI Tpe60BSHHe 1 'IT06hi· SHeprHg HSlieTSIOUte.it. 'ISCTHilbl 6blli8 He. TOlib

KO MHOI'O' 601Ibme XapaKTepHblX SHepi'H.it JlBH)KeHHSI HyKliOHOB B JleHT-

. poHe, HO H HSCTOlibKO. BeliHK81 'IT06hl cymeCTBeHHblli. BKliSJl B SM!IliH

TyJlY B38HMOJleli:CTBHSI_ 'ISCTHilbl C HyKliOHSMH JlSBSliO 6eCKOHe'IHOe 

'IHCliO napUHSlibHblX SMUliHTyJl, !lliSBHO MeHSIIOinHXCSI C H3MeHeHHeM 

op6HT81IbHOI'O _MOMeHTS. 

CymeCTByeT, OJlHSK01 JlOBOlibHO WHpOKSSI' H HHT.epeCHSSI 061ISCTb · 

SHepi'HH1 B KOTOpOH Bb!UOli!iSieTCSI nepaoe H HapywaeTCSI BTOpoe 

YCliOBHe IipHMeHHMOCTH TeOpHH rnay6epa. HMeHHO JlliSI aT.OH o6naCTH 

.aaepruli: H npoaeJleHo paccMoTpeaue KBS3Hynpyroro pacceSIHHSI 'lac-, 
THU JleHTpOHSMH. 

: B § 2 STOlt I'liSBbl OCHOBHhie MeTOJlhl pac'leTa JleMOHCTpHpyiOT

CSI ~a UpHMepe pacceSIHHSI 6eCC!IHH.OBhlX 'ISCTHU 6eC'C!IHHOBb!M . )le.itT

pOHOM. PaccMaTpHBaeTCSI JlH~~epeHUHSlibHoe ce'leHHe pacceSIHHSI 'lac-

THUbi· Jle.itTpOHOM1 .COOTBeTCTByiOmee JleTeKTHpOBBHHIO pacceSIHHOli. . 

'ISCTifllhi noll onpeJlelieHHhiM yrnoM H npocyMMHpoBaHHoe no aceM 

KOHe'IHbiM COCTOSIHHSIM !!pOTOHS. H He.itTpOHSo Y'IHTbiBSeTCSI. BKliSJl B 

SMUliHTYilY paCCeSIHHSI KSK OJlHOKpSTHblX CTOliKHOBeHHJi 'ISCTHllbl C 

Heli.TpOHOM HliH npOTOHOM1 TSK H !IOClieJlOBSTelibHOI'O JlByKpaTHOI'O 

pacceSIHHSI HS OJlHOM H3 HHX, a ·aaTeM HS llPYI'OM. 

flpH Bhl'IHClieHHH JlH~epeHUHSlibHOI'O Ce'leHHSI npeHe6peraeTCSI 

38BHCHMOCTbiO.OT HM!IYlibCOB HyKliOHOB B JleliTpOHe !10 cpaBHeHHIO 

C HMUylibCSMH !ISJlSIOineli H paCCeSIHHOH 'ISCTHU BCIOJlY 1 I'Jle STO He 

!lpHBOJlHT K !IOS!BlieHHIO CHHI'yliSipHOCTH •. 0KS3biBSeTCSI1 'ITO UOMHMO 

BOliHOBOH ~YHKUHH Jleli.TpOHS 38BHCHMOCTb OT. BHyTPHJleli.TpOHHhlX HM-

.nylibCOB He06XOJlHM~ COXpSHHTb TSK)Ke B np.OUSI'STOpe,· BXOJlSIIneM 

.B .BblpS)KeHHe JlliSI SM!IliHTYJlbl JlBYKPSTHOI'O pacceSIHHSI. 3aaHCHMOCTbiO 
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:t~e aMnnHTYil · pacceHHUH 0~ BHyTpHMepHOI'? llBU~eHUH uyKnOHO_B 

· npe~eoperaeTcH, KaK a To . ciobi'1HO. AenaeTc~ npJi · paccMOTpeuuu' pac:.. 

ceHHUH 6biCTP!>IX_ qacl-uu. B~ aTOM npu6nu:lKeHuH y'1eTa numb ocuoa

·u;Ix _'1neHOB ·~onyqaeTCH cneAyromast CBH3b Me:lKAY Ce'1eHHeM KBaau.:. 

~ ynpyroro pacceHHUH qaC!UUbl Aeli:TpOHOM Ha ll&HHblli: yron H ·xapaK-

TepHCTUKaMU paCCeHHUH ee npOTOHOM U ueli:TpOHOM: 

.:~=I 
'·. dOq 

da ', da-· 
~(k,q) ·+-_--n-(k,q)+2S(k.;...q)Ref f* 

d 0 q ·. • d 0 q , , - . ·P n 
I -

... 

1 1 . d aP . .. t , t , dan 
--<-

2 
>1--(k,q)[a (q)+a- (k)]+ --(k,q) x 

41T. ·I .dOq. n n dOq 

(2) 

.··\;'' t ·. · ·· , dap·-
x [a (q ).+a •(k)] I+ - 1- <-.-1-> If[ -·-(k,s) ·X 

p . . p. 4" I2 . do s . 

-da 
x-·· _n_ (s,q) + 

doq · . 

da . dd 
--n-(k,s)--P-. (s,q)]dOs I 

d0 8 .· dO~ . .. _ 

Bb!pa:lKenue a nepBbiX !flurypHbiX cKooKax npeAcTaanseT aKnaA OAHo-
. dq, dap. · 

KpaTHOI'O pacceHHUH. llpu 9TOM ~ U ~- - Ce'1eHUH pa_c-
. . q q 

CeHHUSl '1aCTUU Ha UOKOSIWUXCSl-Heli:TpOHe U npOTOHe COOTBeTCTBeHHO, 

fn U fp - COOTBeTCTByiOmue aMnnHTYilbl paCCeSIHUSl, k - UMnynbC. 

naAaromeli: '1aCTHUbr, q _ -ee uMnynbc nocne paccestHHst ua noKost-

meMcst HyKnoue B. aaAaHHOM uanpaaneuuu, S ( k - q ) 

Top AeiiTpoua. 
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Bbipa:lKel):ue BO BTOflb!X cpurypHblX CKOoKaX o6ycnoaneuo UH-
• -

TepclJepeuuueii aMnnHTYil OllHOKpaTHblX· H AByKpaTHbiX paccesruid!:, 
da dan· 

npH'1eM aenH'1UHbl. --=..:...E.,_d H ---, Te :lKe, 'ITO H B npellb!llyrueM 
oq . dO q · 

cnyqae, a at U at -nonHble .Ce'1eHHSl B3aHMOJleiiCTBHSl paCCMaTpH-
P n . 

aaeMoli: qacTHUbi c npoToHOM H ueiiTpouoM npu aueprusrx, ·cooTBeTcT-

ayromux UMnynbCaM k H q 

• HaKoneu, Bbipa:lKeHHe a TpeTbux cpurypHbiX 
. · · . . - da 

a~~;naA llBYKPaTHOI'O paccestHUSl. BenH'1HHbl don 

CKOoKax eCTb 
dan . 

u~,KaKH 
dO · 

a npeAbiAymux cnyqasrx,_ - AH¢cpepeuuuanbuble ceqeuu·sr uaneTaromeli: 

'1SCTHUbl Ha UOKOSIWUXCSI Heli:Tpoue U npoTOHe, HO npH u·eCKOnb.KO 

oTnH'1HbiX OT. npellbiAymux aua'1eHHli: apryMeHToa. Ta ua aenH'1HH 
. danfp . . . . .• , ' . . . , . 
~-, KOTOpast CTOUT HOil 3HaKOM.UHTerpana cnea~, COOTBeTCT

s_ 

ByeT ynpyi'OMy paCCeSIHHIO '1aCTHU C JIMnynbCOM k ua .noKostmeM-

CSI HyKnOHe B ,aneMeHTe TeneCHOI'O yrna ·. d 0
8 

· t no KOTOPOMY 

BeAe'rcg ·H~TEirpupoBaHHe. ·npaBblli: 'COMHO:lKHTenb UOilHHTerpanbHOI'O 

Bb!pa:lKe~USl COOTBeTC!By_eT Ce'1eHUIO nepepaccestHUSl qaCTUUbl, pac

CeSIH~?li: ua· n~paoM ~yKn()He a TeneCHbili:_ yro~ dOq .AeTeKT~po
sauust H .OTHOCHTCSI. K_'HHOli: uaqanbH_oli: auepruH, a HMeHHO, K aaepruH, 

KOTopoli: qacTuua oonaAaeT nocne nepaoro paccesruusr. naa qneua 

B. TpeTbHX cpurypHblX CKOoKaX 03Ha'1a!OT ~Be B03MO:lKHOCTH: paccest

Hil:e q·acTuUbi. cuaqana ua npoToue, a aaTeM ee nepepacceSIHue ua 

ueli:Tpoue H. uao6opoT.·. 

JllHTepcpepeHUHSl aMnnuTyll, COOTBeTCTByroma.st STHM llBYM Me-
. 1 

XaHH3MaM, OK83biBSeTCSl aenH'1UHOH nopstAKa 
kid 

I'O B TpeTbUX cpurypHblX CKOOKaX Bb!pa:lKeHHSl, I'lle 

OT Bb!UHCaHHD-. 

k HMnynbC 

uaneTaromeli: '1aCTUUbi, a Id- XapaKTepHOe paCCTOSIHUe B·Aeli:Tpo-

He, H Mana npu llOCTaT0'1HO Bb!COKHX SHeprHSIX. 

. <t>opMyna (2), KaK y:lKe yKa3biBanocb Bbime, cnpaaeAnnaa numb 

AnSI 6eCCUUHOBOI'O cnyqasr. Y'1eT CUUHOBOH 38BUCUMOCTH aMnnHTYil 

paccestHHSl U CUHHOBOH CTpyK~pbl BOnHOBOH !flyHKUUU AeiiTpOHa npu

aN ( t ) BOilHT K 3aMeHe Benu'1HHbl ~ aN BO BTOpblX U TpeTbUX 

lflurypHblX CK06KaX HeKOTOpbiMH 6unuueiiHblMU (nuueiiHbiMH) KOMOH-

HaUUSIMU aMnnHTYil• 
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·KpoMe Toro,· y'leT ABYX nocneAoBaTe/IbHbiX nepesapSUio~ B 

aMnnHTyAe AByKpaTHOro pacceruiHll B03MOJKeH, ecnH paCCeHBSeMall 

'laCTHita HMeeT OTnH'IHblll: OT HyKnOHa H_30Cit'cfH1 'ITO npHBOJlHT K 

A06~BneHHIO HOBb!X Cn~raeMblX B lf!opMYne (2) o 

HBH~e B~paJKeHHH AnH AH.P.PepeHnHa/Ib~oro ce'leHHH pacceruiHH 

ItC9BAOCKangpHblX M930HOB. H HyKnOHOB Aeli:TpOHaMH c. y'leTOM CnH

HOB H H30TOnH'16CKOii. CTpyKTyJl~- aMnnHTYAbl npHBeileHhl. COOTBeTCT

BeHHO B §§ 3 H 4. B npHnoJKeHHH A K rnaBe. II nony'leHbi .TaKJKe 

· Bb!JlBlK9HHH. AnH nongpH3aitHOH!fb!X TeH30pOB, no3BOnHJOwHe B~'IHC-

• 
nHTb C6'16HHe H nongpH3aitHH HyKnOHOB npH pacceruiHH nongpH3o-

BaHHOro HyKnOHa HenongpH30BaHHb!M Aeli:TpOHOMo 

nony'leHHble pesynbTaThl 6yAyT none3H~MH npH HCnO/Ib30BaHHH 

A~'!HHbiX no KBas~ynpyroMy pacceruiHJO i:tnH npoBeAeHHH .paaoBoro 

·aHanHsa Mesoa-HyKnOHHoro H HyKnoa-HyKnoaaoro pacceHHHH s o6-

nacTH SHeprHll: · B HeCKO/IbKO COTeH MsB. 

B, npeAbiAYWHX rnaBaX 06CyJKAanHCb TaKHe npoiteCCb!0 B KOTQ

pb!X: AByKpaTHOe paCCeHHHe Bb!CTynano KaK nonpaBKa, XOTH H cy

weCTBeHHaH, K OCHOBHOMY MeXaHH3MY OAHOKpaTHblX pacceHHHa:,; 

0AHaKO B npHpOAe cymeCTBYIOT nponeCCbl, KOTOJlble He MOryT HATH 

~ npHCYTCTBHH TOnbKO OAHoro HyKno~a, a Tpe6yJOT no -~~pali:Hell: .Me

pe AByX, T.e •. HanH'IHH HMeHHO SU19JlHOll: MHW6HHo 

HaH6onee H3BeCTH~M H3 TaKHX npOit6CCOB HBnHeTCH ABOli:HaH-

nepesapSUIKa 77 -Me30HOB1 BnepBble SKCnepHM9HTanbHO 06Hapy-

JKeHHaH B lly6ae~ 3ToT. nponecc, a TaKJKe. nponecc ABOiiHcii nepe-

'aapSUIKH I -rHmipoHoB, · Ha B03MOJKHOCTb KOToporo HeAaBHO o6-

pamanocb BHHMaHHe, o6ycnoBneHbi ABYMH nocneAOBaTenbHbiMH nepe-

3apSUIKaMH 77 -M930HOB H I -rHnepoHos. 

77-+2p-+ 77° np-+ 77++2n( 77++.2n ... 77°np .. 11-+ 2p) 

I +2p ->I 0 np ... I++2n(I++2n->I 0 np-> I-+2p). 

3Ta H ApyraH B03MOJKHOCTb ABOiiHoll: nepesapSUIKH I -rHnepoHoB 
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~·a . 
'lepea A -neno'IKY 

I + 2p ... A 0 ~ p .. I++ 2 n. 
/- ~ -

; • ~ r. " ' 

. ' 

o6cyJKAaeTCH B § 5 rnaBbl ill 
/6/ 

B pa6oTe nanHAyca, TapaCOBa H aBTOpa . 6bJnO yKa3aHO 
. . . ' . ,--~ . 

Ha cyweCTBOBaHHe cnenHilJH'19CKHX ABYXCTyneH'laTblX nponeCCOB, . 

. B03MOlKHblX • npH B3aHMOAeli:CTBHH 

paMH, npHBOAHWHX K' JlOlKA9HHIO 

· K -Me30HOB c aTOMHbiMH SUI;_ 

K -Me30HOB H ABYX.rHnepoHOBo 

· 3TOT, TaK Ha3b!Ba6Mb!ll: nponecc C ABOliHb!M H3MeHeHH9M CTpaHHOC-

TH K-Mesouos MOJKeT TaKJKe HATH nHwb B npHcyTCTBHH nByx 

HyKnOHOB, npH'l6M B03MOlKHbl ABe CX9Mbl ABYXCTyneH'laTOrO npo-

necca, npHBOAHroKe K OAHOMY H TOMY. JKe K,OH6'1HOM~ COCTOHHHIO, 

. n116o K 2N ... 77 Y N ... K 2 Y, n116o K 2 N ·.. E KN ... K 2 Y 

noAp06HOMY o6cyJKA9HHIO MeXaHH3MOB pasnH'IHbiX peaKnHii, : 

npHBOAHWHX K ABOJI:HOMY H3M6H9HHIO CTpaHHOCTH K -MeaoaoB, 

nOCBHW9H § 2 rn • . ill TaM JKe yKa3b!BaeTcH, 'ITO STH peaKitHK, 

nOCKO/IbKy, OHH npHBOAHT . K o6pa30BaHHIO A·ByX. rHnepOHOB · B KOHe'l

HOM .COCTOHHHH, .'gsnHIOTCH, no-BHAKMOMY, yHHKSnbHbiMK AnH HCCne

AOBaHKH rHnepoH-ranepOHHOrO B3aHMOAeliCTBHH. 

B § 3. paCCMa TJlHBaiOTCH. npoCTeliWHe peaKitHH C . ABOii.Hb!M K3-. .. ·,. 

M9H9HH9M CTpaHHOCTH 

MHW6HH.·· 

K -Mesoaos, · B03MOJKHbie · Ha Aei\TepHesoii 

·Kd ... KY1 Y2 

noCKOJ!bKY aMnJJHTyAa TaKI!X npOit9CCOB HMeeT __ TY JKe · CTpyK

Typy, 'ITO H aMnnHTyAa AByKpaTHoro pacceruiH_H 'laCTHitbl ·aa AeiiTpo

ae, Ce'leHHe STHX peaKitHli HMeeT BHA: .. 

· d a 1 1 . da · d a 
-=-·<->I f --L-"d0'--2 

do · 4 77 I 2 do , do 
(3) 

rAe~
dO' . 11 ~ ·dO 

-AH¢¢epeHUHa/IbH~e C6'19HHH COOTB6TCTB9HHO 

nepsoll: H BTopoll: cTyneHell: pacceruiHH. 
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.·TaKHM o6paaoM, noMHMo.·ce'le!lli51 aaaHMo.aeli:i::TsiiS! .aa' itaJK.aoM 

aTane B · OKOH'IaTelibHOe Bbipa1KeHHe sxo.auT iapaKTepHCTHKa. pac-
• r 1• 

npe.aeneHH51 'ayKnoHoa » .aeli:TpoHe.~ cpe.aHee-aHa'leHHe o6paTHOro 

Ksa.apaTa paccT051HH51 MeJK.ay ·· ifYKnoHaMH. 

XapaKTepHo; ·'ITO npu· .aocTaTO'IHO BbiCOKHX .aHeprH51X .HaneTa-. .. . . - ~ . 

IO!lleli: '18CTHUbl xapaKTepHCTHKH saaHMOAeliCTBH51 ee C HyKnoHaMH · 

H_XapaKTepHCTHK'H pacnpe.aeneHHii .. HYKnOHOB. B .aeli:TpOH~· paa.dens.:.· 

IOTC511 ''ITO MOJKeT Ob!Tb HCUOlib30B8HO .ang H3Bne'I9HH51 HHclJopMaUHH 
. : ' .. . .· •· .. ·-

0 nocne.aHHX. TaKoli::.~pocToli: peayl!bTaT noasongeT Ha.ae51TbCH,. 

'ITO_ H .anH' ce'leHH·a ·.asyxcTYneHqaTwX: npoueccos Ha 6onee cnomHwx 

Ht:tpax . MO:lKHO nony'IHTb npoCTble Bblp8:lK9HHH 1 co,aep:lK8lllH9 UOMH-:' . . : ~ 

MO C9'19HHlt OtlHOCTYU9H'I8Tb!X npouecCOB. T8K:lK9 HeKOTOpyro ·xapaK-

··' '. TepHC::_THKY B38HMHoro pacn~momeHHH HyKnOHos. 

§ 4 nocne.aHelt rnasbi nocBH!lleH paccMoTpeHHIO aToro sonpoca. 

Ha.yqaeTc51 npoH3BOlibHbrlt .asyxcTynen<iaTbtlt np.ouecc,. Tpe6yrol!IHli: 

y'laCTHH .llBYX HyKnOHOB H H.llYIIIHli: no CXeMe 

·xN·
1 

{N.
2
)-. Y8

1
{N

2
)-+ YN

2
{8

1
)-. Z 8

2 
8

1 

· r.ae X -'laCTHna, na.aarol!laH Ha H.llpo, HanpHMep ·. rr HnH K 

-M930Hbi· HnH :S -rHnepOHbi._ N 1 N2 - -uyKnOHbi H.llpa, c KOTo-

.pbtMH oHa saau~w.aellcTsyeT, npHBO.IlH K 'poJK.aeHHIO 6apHOHOB 8 1 

H 8
2 

H M930H8 Z Y. -npoMeJKyTO'IHbiA npo.ayKT nepsoli: 

cTyneHH pacceHHHS: XN 1 · -.·y 8 1 

8HeprHH na.aarol!leli: 'laCTHUbi X ·npe.anonaraeTCH HaCTonbKO 

OOnbl!IOit, 'ITO MOJI(HO npeHeope'lb .llBHJK9HHeM HyKnOHOB B HJ]pe, T8K 

'ITO peaKUHH XN1 -+Y 8 1 H YN 2 ... Z8
2 H.llYT KaK Obi Ha 

UOKOHIIIHXCH HyKnOH8X •. Llanee paCCMaTpHBSIOTCH ·T8KH9 yrnbl pac7 ·: .. 

C9HHHH1 'ITOObl aHeprHH npO.IlYKTOB peaKUHH Z , 8 1 , 8 2 . ObtnH . 

.TaKJKe MHOI'O oonbrue' xapaKTepHb!X BHyTpHHJ]epHbiX .~aeprHli:. 8To · 

no3BOnHeT npeHeope'lb B38HMO.Il9itCTBH9M B KOHe'IHOM COCTOHHHH 

'18CTHU Z 81 82 C "OCT8TO'IHb1M H.llPOM" no Kpali:Heii 

Mepe .ang nei'KHX HJ]ep._ CyMMHpOB8HH9 no .KOHe'IHbiM COCTOHHH51M 

OCTaTO'IHOI'O H.llpa, UO.Il KOTOpb!M no.apa3yMesaeTC51 CHCTeMa 
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HyKnOHOB1 He y'laCTBYIOIIIHX Henocpe.aCTBeHHO B peaituHH ·~N-;N~ -+ 

..... -+ 2; 8 1 8 .2' , npoH~BO.IlHTCH c noMO!llbiO ycnoBHH .nonHOTbi. TaKHM 

· o6pa30M1 OKOH'IaTenbHOe Bb!paJKeHHe .anH C9'1ElHHH 38BHCHT nH!llb 

· oT xapaKTep_~cT.HKH peaKUHli . X N 1 -+ Y 8 1 H YN
2
-.Z8 2 

H BOnHOBOli clJyHKUHH HCXO.IlHOI'O H.llPB;~H HMeei BH.Il 
.· 

du . :s 1 . 1 _du
1 

= '--··< >---
d0

8 
dO 

- 1 
8

2 

I, k 4rr {<-I kf ·dO 
. B1 

8 BbipaJKeHHH ( 4) . d 0 B 
1 

H · d 0 s
2

. -aneMeHTbi 

s.' HanpasneHHH BbtneTa 6apHOHOB 8
1

. H · 8 2 

du
2 . 

dO 
B2 

{4) 

TenecHwx yrnos 
du. du 

_.1,.. H _.z._ 
d0 81 .· d0a

2 

-ce'leHH51:peaKUHll coOTBeTCTBeHHO XN 
1 

-+ Y 8 1• H • Y N 2 -+ .:Z: 8 2 -· . . 

< 1 
2 

> ';.. cpeiiHee aHa'leHHe o6parHoro KBa.apaTa pac-
{ r1 - I k) 

CTOHHHH M9JK.IlY HyKnOHaMH~ Ha KOTOpb!X npOHCXO.Il51T peaKUHH 1 CYM-

MHpOB8HH09 UO BCeM napaM HyKnOHOB1 Ha ~OTOpb!X paCCMaTpHBa!'l

Mbili npouecc X N 1 N k ·-+ Y 8 182 MOJKeT H.llTH. 

TaKHM o6paaoM, ce'leHHe .asoit~oa nepeaapH.IlKH rr -MeaoHa 

(HnH. :S.,.. -rHnepoHa) onpe.aen51eTCH saaHMHbiM · pacnonoJKeH~eM -

npOTOHOB H 'IYBCTBHTenbHO K HX napHb!M KOppenH.IlH51M1 a·ce'laHHe 

.a~oAHoli: nepeaapSmKH rr+-MeaoHa (HnH · :s+ -rHnepoHa) - K 

. -KOppenH.IlHHM HeitTpOHOB. npoTOH_;·HeitTpOHHbH~ 'KoppenH.Il~H ·. rlO.Il.ll8lOT

CH H3y'?eHHIO npoueccos. r p n .. K 0 'z y H K0 p n ... K+ 2 y ... -

H TSK, KaK BH.IlHO H3 Bbi!llaH3nOJK9HHOI'01 paOOTa UOCBIDaeHa 

HCCne.aoBaHHIO HaKOTOpb!X acneKTOB Kp8THOI'O B~SHMO.IleltcTBH51 'npH . 

cTonKHoseHHH aneMeHTapHbiX 'laCTHu· c H.llPBMH. EeaycnosHo, no

MHMO paCCMOTpeHHb!X BOUpOCOB CyllleCTByeT M8CC8 .apyrHX HHTe

peCHb!X npooneM Kp8THOI'O B38HMO.Ileli:CTBH511 H3y'leHH9 KOTOpb!X 

BbiXO.IlHT 3a paMKH H8CT05Illlelt .llHCCepT8UHHo 

0 
. ' /6-15/ 

CHOBHbl9 pe3ylibT8Tbl .llHCCepTaUHH H3npJKeHbi B paOOTaX • 

~ 
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