
06'bEllHHEHHbiA HHCTHTYT SlllEPHbiX HCCJlEllOBAHHA 

JIABOPATOPJ-HI TEOPEH14ECKOH ¢H3HKH 

M.A. MapKOB 

P-1269 

HE~TPVIHO 

.LJ.y6Ha 1963 roll 



M.A. MapKOB 

P-1269 

1-iEHTPVIHO 

.Lly5Ha 1963 ro.a 



J 

0 r H A B H E H H E 

ITpe~HcnoBHe •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••...••• 5 

Bse.JteHHe • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 6 

§ I. Caoeo0pa3He qetupe~epMHOHHYX B3aHMo,~;eRcTBHR •••••••••••••••••••••••••••••••••••••••• 7 

§ 2. AHaawHqecKH A~opwHpyeMYe $op~Ktopu •••••••••••••••••••••••••• • •••••••••••••••••••• I3 

§ J. Yr-¢ Ye ? .llBa THna noneR .IJ.HpaKa. • .••..•••••.•..•.•.........•....••••.••.•......•• 17 

§ 4. flpOMes:yTO'IHYA 0030H ••• • ••• • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 23 

§ 5. HeMtpHHHYe 3KcnepHMeHTY aa ycKopHtenBx ••••••••••••••••••••••••••••••••••••••••••••••• 27 

§ 6. Bo3MOXHOCTH aeAtpHHHYX 3KcnepHMeHTOB B KOCMHqecKHX nyqax. Pe3oaaacaoe pacceBHHe 

§ 7. 

§ 8. 

§ 9. 

§IO. 

aHTMHeAtpHHO. •••••••••••••••••••••••••••••••••••••••••••••••• 

HeRTpHHHO -nenTOHHYe B38MMOA8HCTBMR ••••••••••••••••••••••••••••••••••••••••••••••••• 

CJ1a0Ye B3aHMOA9!11CTBHB THna (.l.f>)(.lf>)j (ol.ol.){ol.ol.) .................................... .. 

49 

61 

65 

.Be3Ha,J;i!JEeH JIM H9ATpHHRYA acneKT cnaOYX B3aKMOA9ACTBHR? •••••••••••••••••••••••••••••• 69 
(ev)(ev) - B38MMO~eRCTBHe •••••••••••••••••••••••••••••••••••••••••••••••••••••• 74 

§II, B03MOlEHYe MaKpOCKOnHqeCKHe npORBJieHMB CJia0YX B3aHMOAeACTBHA, •••••••••••••••••••••••• 77 

§12. EctectBeRnHe HeRTpMHHYe notoKM • ••••••••••••••••••••••••••••••••••••••••••••••••••••• 82 

ConHne • ••••••••.••••••••••••••.••••••.•••••••••••.•••••••••••••••.•••..••••.•••••••• 82 

3eMJIII. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •••• • 88 

KocuHqecxHe JIY'IH •••••••••••••••••••••••••••••••••••••••••••••••••••••• 0... . . . . . . . . . . . 87 

§IJ. KocMonorHqecKHe npo6neu~ • . •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 88 

HeiTpHRHOe •uope• • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.••••• 90 

§14. JanbHei•He B03MOZHOCTH KeATpHHHOA ~H3HKK. ••••••••••••••••••••••••••••••••••••••••••• 95 

BcTpequye nyqxx .•••••• ~ •••••••••••••••.•...•..•.......•.••••••••••..••••••••.••••••.• 95 

I K t 8 paT y p a.••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 97 



5 

IT P E I H C n 0 B H E 

ITpe~naraew~R Od 30p orpaHH4eH ~H3H4eCKHMH RBneHHRMH B HeArpHHH~ X ny 4KaX H pR~OM npod neM B3aH­

MO~eRCTBHR1 CBR3aHHHX C ~H3HKOR HeRTpHHO • 

. Bee donee H donee cranoBHTCR RCH~w, 4TO neRrpHHHHe npouecc~ wrpavr cy~ecrsyv pon& B npwp o~e, 

pacKpHsaercR dorarellmee pa3uoodpa3He 3<M>eKTOB c y4a crH eu uett r pw11o. 

ECTb OCHOBaHHe nonaraTb 1 4TO pH~ acrpO~H3H4eCKHX npodnCM MOl[eT Ha RTH CBO e peweHHe npH ~anb­

Hellmew K3y4eHHH 3aKOHOiolepHOCTeR HeRrpKHHOit ~H3HKH. He HCKnD4eH0 1 4TO HeltrpKHH~e npouecc~ HMeDT 

cy~etTBeHHOe 3Ha4eHKe AnR KOCMOnOrHH H KOCMOrOHHH. 

HeltrpHHHaR acrpoHOMKR uoxer d~Tb ~enow He raKoro xe ~an eKoro dy~mero. 

Mozer OKa3aTbCR 1 4TO 3KCnepKMeHranbHHe pe3yn&rar~ B o6na CTH ~H3KKH HetiTpKHO BYCOKK X 3HeprHR 

cnocodH~ c~rpaTb pemanmyv pon& npH nocrpoeHKH dy~~en reopKK 3neweHrapHH X qacrHu. 3AeCb HeodxOAK­

wo nony4eHKe pR~a cBe~eHHR o nose~eHKK H ellrpHHH~x npoueccos B odnacrw 04BHb don&WKX 3HeprwR • 

qaCTb nO~OdH~ X CBe~eHKR B npKHUHne B03WOXHO nony4KTb Ha COBpCMeHH~X yCKOpKTenRX H B 3KCnepH­

WeHTaX C KOCWK48CKKWK ny4aWH. llaKOHei{ 1 yCKOpHTenH dnHxaRmero ~eCRTHneT KR - BCTp84HYe ny4KK H KOH­

KypKpyDmKe C HHWK yCKOpKrenK KOnOCCanbH~X HHT8HCMBHOCTell 1 B npHHUKne . ~onycKaD~Ke 3 KCnepKWeHT~ C 

orpOMH~WK T04HOCTRWK 1 .BKAKWO 1 3aBepmar H3Y4BHKB npodneu HellrpHHHOII !f>H3KKK B acneKTe rex nporpauw 

K 3aAa4 1 KOTOpHe 3aHHMaDT Harne BOOdpaxeHHe B HaCTORmee BpCWR. 

M. MAPKOB. 

Asrop BYpaxaer npK3HarenbHOCTb H.M. lKene3H~X, r.T. 3anenHHy, A.A. Kouapy , B.A. Ky3bWKHy, 

HryeH BaH 1&ey 3a ueHHNe 3awe4aHHR no Ra3nH4HNM pa3Aenau o63opa H P. AcaHosy 3a TPYA no noAro­

TOBKe npenpHHra . 
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I. DneAeHHe. 

OtKp~THe TUKOA 1 BO WHOrHX OTHOmeHHHX nopa3HTenhHOA 4aCTHll~, KaK HeATpHH0 1 He 6~no HH TpHyW­

~anbH~M, HH ApawaTH4eCKHW C06~THeU B HCTOpHH HayKH 1 OHO AaXe He 6~no C06WTHeM npHypo4eHH~M K on­

peAeneHHOA 3HaweHarenLaoA ~are. 

B cy~HOCTH HeAtpHHO OTKpWBanOCb 1 ecnH MOXHO taK CKa3aTL 1 "Henpep~BHO" B Te4eHHe no4TH 4eTBep­

TH CTOneTHH. 

ITo BOCnOWHHaHHHM COBpeMeHHHKOB BOCCTaHaBnHBaeTCH 1 4TO HeAtpHHO KaK rHnOTeTH4eCKaH 4aCTHll8 6~­

na sneps~e BBeAeHa B. naynH1 ( I93I r ) . 

rHnote3a B03HHKna H3 C006paxeHHA 1 CBH3UHHWX C 3aKOHaUH COXpaHeHHH npH aHanH3e O~eKTOB )3-
-pacnaAa pa3nH4HWX cnoxH~x HAepf21. 

HeATpHHO BXOAHnO B Kpyr aneweHTapHWX 4UCTHll HeysepeHHO H po6KO! B Te4eHHe pHAa net He 6WnO 

HCHOCTH 1 npe~CTaBnHeT nH C060A aeAtpHHO peanbHYC 4aCTHIIY HnH HBnHeTCH teopeTH4eCKHW nOHHTHeW, 

YA84HO KOnH4eCTBeHHO ~opwynHpycmHW HC4e3HOBeHHe B pa3nH4H~X peaKUHHX OHeprHH K WOMeHTa KOnK4eCTBa 

~BMXeHKH. 

TonLKO onwrawK PaAHKca, Koyoaa/3/ ( Reines, Cowan) 6wno noxaaaao, 4To aeAtpMHO wo-

XeT He TOnLKO KCnyCKaTLCH 1 HO K norno~aTLCH. Tew CaMHY 1 K B C03HUHKK cPM3KKOB HeATpKHO K3 "nony-

4UCTHll~" (co CBO~CTBaMK TOnLKO "KcnyCKaTbCH") npespatKnOCb B "HaCTOHmyC" 4UCTKUY 1 B nonHOnpaBHOrO 

4neHa ·cospeweaoro ceweActsa, T.H. onewearapawx 4acr~u. 

npyrHMK CnOBaMK 1 KaK K BCe "oneueHTapHWe" 4aCTKUW HeATpHHO XapaKTepH3yeTCH 4etwpexwepH~W 

neKtopow oaeprHH-Kwnynbca K raxxe woweHtow KonH4ecrsa ABHxeHHH• 06naAaH nonyuenww cnHHonwu wowea­

row, HeAtpHHO BXOAKT B Knacc cl>epMKOHOB HapH~ C oneKTpOHOM 1 fl -We30HOM K 6apHOHaMH. 

CornaCHO TeHAeHUKHM COBpewe UHOrO Hay4HOrO o6meCTBeHHOrO WHeUKH MaCCy nOKOH HeAtpHHO cne~eT 

C4KTaTb paBHOA Hynv./4/ 

Bo BCHKOW cnyqae 3KCnepKWeHtanbHOe 3Ha4eHKe C06CTBeHHOA MaCCW 3HeKTpOHHOrO HeAtpHHO ( aHTK­
-1 

HeAtpKHO) Nl,eTCH B9HH4KIIOA mll < 2S"OO tl'le 1 rAe fYie,. -wacca :MeKtpoHa. 

Ha4ano reopHH ft- pacnaAa K aaqano reopHH cna6wx B3aKMo~eActBHA, soo6me, 6wno nonoxeao pa6o­

toA ~epwH/5/ ( !934). TeopHH cna6wx B3aKwo~eAcTBHA, KaK reopKH B3aHwo~eAcrnHA oneKtpOHHO-HeArpHH­

Horo nonH C npOTOHHO- HeAtpOllHNM nonew, CTpOHnaCL no o6pa3y H nOA06HC 3HeKTpOAHHaMHKH: 

~3 aneKTpOHHO-HeATpHHHNX cPYHKUHA CTpOHTCH 49THpexwepHHA BeKTOp MaTeMaTH4eCKHA aHanor BeKTOp­

HOrO nonH 3neKTpOAHHaMHKH 1 a H9KOTOpaH HOBaH KOHCTUHTa ~ onpeAenHet ManoCTL B3aHWOAeACTBHH 

3toro aosoro nonH c ayxnoHawH. 

3ateM TeOpHH HCnNTana AnKTenhHHA nyTL KWWUH9HTHOrO pa3BKTKH. Eonee rmatenOHNA aHanK3 

BHytpeHI!KX B03WOXHOCTeA teopHK npKBen BHU4ane K pa3nH4HHM nonNTKaW OTXOAa OT 3nektpOAKHUMK4eCKOrO 

o6pasua. 

ENnK CAenaHN nonNTKH BBeCTH BO B3aHMOAeRCTBKe BHCmHe npOK3BOAHNe OT none\\ C OAHOA CTOpOHH H 

C ApyroA CTOpOHH 3neKTpOHHO-HeAtpHHHNe nonH He B6KTOpHOA npHpOAN. 0Ka3anoCb 1 4T~ H3 3H9KTpOHHO­

HeAtpHHHHX CnHHOpH~X cPYHKUKA MOlmO noctpOHTb He TOHbKO BeKtopaoe none (V) , HCl H cxanHpHoe 

( S) , ncen,ll,oc xaJutpaoe (P) , nceSAOBeKropHoe (A) H teaaopaoe (T) 
TBOp4eCKHR ~X cPH3HKOB BOCCTUJI npOtHB "y30CTH" oneKTpOAKHaMH4eCKOrO npoo6pa3a H cPH3KKH 

Ha AP.HJIHCb, 4TO npKpO,ll,a HCnonh3yeT 3TH ,ll,pyrKe B03UOXHOCTH. Ilo npKpON!, B 3TOW OTHOWeHKH OKa3anaCL 

6onee 6e3AapaoA KnK 6onee pa360p4HBOR. 

BwcmKe npOK3BO,li,HHe B cna6HX B3aHUOAeACTBKHX 6NJIH 6YCtpO OCTaBn8HH (!937) no tpe60BaHHD 

:lKCnepKMeHTa . 

~TO xacaeTCH AO ~pyrHX HeBeKTOpHHX aapHaHTOB TeOpKK 1 TO ,ll,nKtenbHOe Bp6MH Ka3anOCb, 4TO T60-

peTHKK n04TH yrOBOpHnH npKpO~ npHHHTb TeH30pHHA H CKanHpHHA B8pHaHTN B38KUO,ll,eRCTBHA. 
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Hllllib COBCeM He~aBHO ( 1957 r. ) re0p1111 f -pacna~a CHOBa np116JII1 311JiaCb K CBOewy 3JieKTp0~11HaMII­

'leCKOMY npoo6paay16/,/71. 

B03BpameHHe K BeKTOpHOMY BapHaiiTY B CJia6biX B3aHMO~eRCTBI111X 6biJIO HaCTOJibKO Tpl1yM<jlaJi bHbiW 1 

'lTO 3apO~I1JIOCb n0~03peHI1e, 'lTO B np11p0~e, B00611le OCYIIICCTBJIIIDTCII BeKTOpHble B3ai1MO~eRCTBI111 11 B0 3HI1K­

Jia TeH~eHUIIII "BeKTOp1130Ba Tb", eCJIII TaK MOJrHO CKa3aTb <jli13(.!Ky/8/. 

ITp11 CBOeR (.!~eRnoR 6JII130CTH K 3 JieKTp0~11HaMI1KC reop1111 CJia6biX B3ai1MO~eACTBI1R noKa coxpaHHJia 

ro cymecreenHoe ceoeo6pa311C 1 Koropoe ona nony'l(.!Jia B nepeona'laJibnoR pa6ore ~epu11. JTO ceoeo6pa3He 

3aKJID'laeTCII B TOM, 'lTO nOCTyilHpyercR B3aHMO~e~CTBI1e 'leTblpex <jlepMIIOHOB, JIOKaJli130BaHHOe B . O~HOR 

npOCTpaHCTBeHHO-BpeM&IIHOA TO'lKe. TaKIIIo! o6pa30M, B03H11Kaer np11HUI1n11allbHO HOBbiA KJiaCC B3aiiMO~enctBI1R, 

O'leHb He nOXOllllll Hli MHOrOC 1 'lTO 113BeCTHO 113 :JJieKtpO~IIIIIilo!IIKII 11 Te0p1111 Me30HHbiX none!!, (BonpOCbl 

nepeHOp1411pyelo!OCTI1 0 xapaKtep paCXO~IIMOCTeR, 3HepreTH'leCKHX 38BI1CI1MOCTeA Ce'leHIIR II T.~. ) . 

O~HIIX ¢H3HKOB aro ceoeo6paa11e 'letHpex<jlepMHOHHbiX B3aHwo~eRcrBHR "He y~oenereopner" ~ OH(.! 

lllilYT B03MOliHOCTeA YHI1<jl11KaUHR BCeX BII~OB B38111o!O~eRCTB(.!" ( H~CII npoMeJ:YTO'lHOrO BeKTOpHOrO Me30Ha). 

npyrv.e Ha~eDTCII IIMeHHO B CBOC06pa31111X 'leTblpexMepM110HIIbiX B3aHWO~eRCTBI1R HaRTH peme111111 113BeCTHbi X 

<jlyn~aweHTaJibHbiX rpy~HOCTeA COBpeMeHHOR TCOpllll n01111 0 np(.!~aB <jlyH~aMCHT8JibHbiA CMbiCJI 'letblpex<jlepWHOHHO­

wy B3ai1MO~eAcrBHD. 

Moxno na~eRrbcR, 'lTO B 6JIHxaRm11e ro~bl ~11neMMa 6y~er paapemena 11 reopeTIIKII nony'laer B arow 

CllbiCJIC donee O,liH03Ha4Hble 3KCnepHMCHTiiJibllb16 YKa3ai!HII nyrell, Ha KOTOpbiX CJieMeT l<!CKaTb HOBbiX 

B03MOJrHOCTeR ~Jill nocrpoeHJ<!II TeOpHV 3JieMCHTapHb1X 'laCTHQ, BHAHO, He nOCJie~HIIII pOJib B pemeHHII npo6-

Jielo!bl npe~naana'lena H neRrpHHHbllo! aKcnepH~enraw, 

§ I. Ceoeo6paa11e 'letblpexd!epMHOHIIbiX B3aHldo.geAcre~<~R. 

B cor JI8CHH C 113BCCTHbllo!l1 IIBJICHHIIMII J - pacna~a IICRTpoHa JlarpaHJrHf'.H B3ai!MO~CRCTBHII 1 onHCbiBaDIIIHR 

TaKOR pacna~, WOXCT 6b1Tb 38nHCaH 'lepe3 npOII3Be~CH1111 HYKJIOHHHX 11 JICnTOHHbiX TOKOB/6/,/7/ 

r~e 

t_ = .£ L (~ n)+ ~ e. 
~ J.. 0.:1.. d'J. 

j: = ~n ~ { 1 +h's) lfP 

i 1 == 't ¥.~.. ( 1 +rr J rl' 

(I) 

(2) 

(3) 

't' - oneparop pox.n.eH(.!II 'laCTHI.lH 11 yHH'ltozenHR aHTH'laCTIII.lbl J '/' - oneparop yHII'lToxeHIIR 'laCTHI.lbl 

HJIII pOJ:)l.CHIIII aHTI!'l8CTHI.lbl 

jd. ( v) 'f ~ Y' - BCKTOp 

j.,JA) r ~~s-r 
( 

-V9 G = yt1±o_,o1). 1.o 'i}f~ 

nceB)l.OBeKTOp 

( 4) 

G- - cnCUH<jlH'leCKaR KOHCTai!Ta 1 ynpaBJiliDI~aR CJI86HW11 B3811WO)teACTBI!llliH. 

ECJIII BBCCTH lo!DOHHbiR TOK 
. ,... -
j .l = r ~ t.~.. ( 1 + r!>) 'fy ( 5) 

TO narpaH:a:HaH B TOR XC <j>Oplle ( I), C TOR Jre KOHCTaHTOA B3ai!MO)l.eAcTBI!ll: 

';/,_ = £ 2_1-i ~'-)+ ~ R.. 
Vi tJ.,..lcf.t <lJ... ( 6) 
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XOpOWOM) OJIMCHRaCT pacna.n r -MC30Ha ( r-- e_ + Y + V) . 
flOIIBJIIICTCll COBCplUCHHO CCTCCTBCJIHOC xenaHMC H8JIMC8Tb JiarpallliM8H 

G- "(,.. '1 = Jr (j-J.j}.l. 
(7) 

OllMCYB81lU!Kil cnadoe B38MMO,l(CIICTBMC r -MC30HOB C HyKnOII81tM M BOOdlllC JHMBCpcanM3MpOB8Tb cnadoe B38M­

MO,nellCTBM6 4CTYpeX~CpMMOHOB: 

t= ~ (j~r~}) 
(8) 

r.ne j:, }: - TOKl! BM)Ia ( 2), ( J), ( 5) M T.,n., COCT!lBnCHHYe M3 ~epKMOHHYX ~YHKUl!f.l. 
Ho nonYTKa YHl!BepcanM3MpoaaTb 83aMwo.nellcrBl!ll 8 BM.ne Odllletl <J!opwynY (8) OKa3b1Baercll cnMmKow mMpo 

KOil. J3 3TOM Bl!,l(C OHa, KaK 

peanM3YilTCH. ( Pacna.nbl TMna 

Ha e.nMHMuY M T.,n.). 

OK83biB86TCII 0 CO.ll6pEl!T MHOr04MCnCHHH6 B03MOEHOCTl! 0 KOTOpbiC B npMpo.ne HC 

- - + -r __. €. + ( +e. pacna,nbl C M3M6HCHl!6M CTpaHHOrO 4l!Cna dOJibWe, 4Cil 

B03HI1Ka6T C HCKOTOpOil T04KM 3p6HMII HenpMIITH811 neoclXO,l(MMOCTb M3biCKaTL pa3nM4Hb16 <J!opllbl 3allpCTOII, 

KOTOpble HC onpaa.naHbl BHyTpCHHKM co.nep:mHMCil reopMM M 118nllllTCII 48CTO npOCTbill 8KTOB H8CKnKII 118.11 

<J!opwanM3MOM. flOJIOliCHKC OCnOEHIICTCll Tew, 4TO 8 nocne.l(HKC ro)lbl H8J4H811 od~eCTBCHHOCTb 11046MJ-TO 

04CHb nerKO 11pM3Hana H npMIIIIJI8 JIIHBepcanbHHil XapaKTep pll)l8 "npaBJfn", 0 KOTOpbiX HCnL311 CK838TL, 

4TO 01111 803HMKnM B pe3ynLTBTC MC46pllbiB81llllHX 3KC11CpHliCHT8JILIIHX HCCJIC,l(OB!lHHil. 4aCTO 3TM npaBHna 

3BJ4BT CKOpee KaK 38KJIKH8HHIII!II)• 

ITO~TOWY WHpOKall, JH1!8epcanLH8ll TCOpHII cnadbiX B38HMO,l(CilCTBMil B H8CTOII~ee BpCMH HaXO)IHTCH nMIUL 

8 CT8,l(HH CTaHOBnCHHll. 

Bo3apaUlallcb K aHanH3Y caoeodpa3HbiX 4epr 46Tblpe~epwHOIIHbiX 83aKwo.nellcTBHil cne.nyer no.n4epKHYTh, 

4TO Odpa~aeT H8 CCdH BHHilaHHll xapaKT6pH8ll pa3W6pHOCTL KOHCT8HTbl cnadbiX B38KWO.Il61lCTBHil. HweHHO 

j(;" _ D ,.._ "1 10-H 
ViC- 'lo = 1 · 1 CP. (9) 

li3BeCTHO, 4TO TPYAHOCTH COBpeueHHOll Teopl!H 3newentapHbiX 48CTKU 48CTO CBII3biB81lT C OTCJTCTBI!CW 

8 TeOpl!l! ~YH.l(8W6HT8nLHOil .l(nl!HH, KOTOpall CyllleCTBeHHO WO,llK~l!UHpOB8JI8 dbl B38l!MO.l(ellcTBIIII 118 wanHX 

paCCTOIIHI!IIX. 

BHyTpl! COBpeweHHOil TCOpl!l! ( 3nCKTpO.l(l!Halil!Ka TeopHl! lle30HHbiX IIOJiell) HeT HMKaKl!X opraHl!4CCKl!X 

orpH.Hl!4CHI!I1 odnaCTl! llpl!MCHKWOCTK npOCTpaH CTB6HH0-8peUCHI!OrO Olll!CaH 1111 COdHTKit: TeOpl!ll nceeT CWYCn 

npl! nlldYX napawerpax CTOnKIIOBCHl!ll 3JlCM6HTBpHb1X 48CTKU. 

G 3TOI1 T04KH 3p6lll!ll 4CTYpexrpep!il!OIIHYB B38l!MO)ICltCT81!11 npe.ncTaBnllllT COdOil Tlpl!MCp TeOpHII, opra­

HK4CCKH CO)Iepxa111e11 B cede HOByll lillpOBYil KOHCTaHTY pa3WCpHOCTbll .nnHHbl <J!yH.l(aMCHTanbHYil ,II.Jll!Hy eo t 

ynpaBnlllllllCil 83al!WO.l(CI1CTBHCli. 

B cawow ~oplin!1113We 4CTYpex~epul!OHHYX 83al!Mo.nellctsl!l1 3anoxeHo orpaH1!4CHI!e ero npKMCHIIMOCTH. 

HweHHO 11p11 napawer.paX CTOJIKH086Hl!ll e ~ fo TCOpHII B ee C08peweHHOW Bl!.ll6 OKa3biBaCTCH HenpMMCHMMOil II 

.nonxHo CYillCCTBeHHbiM odpa3ow lo!OAK!f>lll.ll!po8aTLcH 
-------------
!! )3.nec b wweerc11 a 811.ny 8pewll J:M3HH f. -we3oHa 't;il..cor = (:,9..G "!:01ov} .w-'eu{ 

-r; ~"P = (!l)H .. to1o!} 1o-' u-t~ 
**rtpaa11no /LJ Sf= i : - npH pacna.ne 4aCTHI\ crpaHHOCTb He wozeT weHIITLCII donLme, 4ew Ha e.nKHKuY. 

npaa11no .6Q =AS : - 3THK npaBH.IIOlol perynHpyllTCII H3NeHeHKII 3.11elTpK4ecKoro 3ap11Jta H crpaHHoro 4HC.IIa 

ITpa8KJIQ__~~~~ : - 3TIIK npaBHJ!Olol perynKpyeTCll H3M6HCHKe l!30TOlll!4CCKOrO CIIKHa npK r.nadbiX pac­

na,ll;aX. 
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YTCTBII8Y 
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48CKMX 
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IHOfO 411CJI8 

lwx pac-

') 

KaK M3B8CTH0 1 CJ!Bdhle 48Thlpex~epMMOHHhl8 B3BIIMO)lellCTBMII npMBO~IIT K Ce4eHIIIIM 3¢¢e KT OB C KBB,!lpBT M4-

HOil 3HepreTM48CKOil 3BBIICMMOCTbD B CMCT8Me QeHtpa MHepQHII CTBJIKMBBD.MXCII 4BCTMU 

i. 
s""Ei 

( IO ) 

C T04KM 3p8HIIII ~OpMBJIM3Ma COBp8M8HHOil T80pMH 1 C848HM8 (10) KOppeKTHO )lO 3HeprHH lOll 3B B CHC­

T8M8 Q8Htpa MHepQMHo 3)l8Cb MM88TCII B BM)ly 1 4TO TeOpMII B03My~eHHII 1 C nOMO.bD KOTOpOil nony4B8TCII ce-
E 11 

4eHM8 (IO) nepectaeT ClbiTb cnpaBe)lJIHBOil )lJIII i > 10 '38 1 TBK KBK Ce4eHMII 1 )lBBBeMh!e BbiCWIIMH 

npMClJIM~eHMIIMH teopH11 1 HB4MHBDT CpBBHMBBTbCII, a npM ClOJlblUMX 3HeprMIIX H npeBOCXO)lHTb Ce4eHMII, Oni!Cbi­

Baeuble HM31UMMH npMClJIMXeHHIIMH TeOpMH 803MY.8HIIII*) o KpMTH4eCKOe 3HB4eHIIe 3HeprMM, 0 KOTOpOM M)leT 

pe4b, neXMT r.ne-ro selnM3M 3Ha4eHMII Ec= J .Io11 38o 3ro oelctol!renbCT80 C8113aHo KMeHHO c reu, 4To 

~OpMBJIM3M TeOpMM 48Tblpex~epMMOHHOfO B38MMO)lenct8MII CO)lBPXMT ~YH.llBMBHTBJlbHYD KOHCTBHTY pa3MepHOCTbD 

~JIMHbl M Cle3p83MepHHM napauetpOM pa3JIOX8HV.II B pll)lBX nony4a8MbiX C nOMO~bD T80pMM B03My~eHIIII IIBJIIIeTCII, 

rpyelo fOBOpll, OTHOWeHHe napauerpa y~apa K )lBIIHOil ~YH.llBM8HTBJlbHOil ~JIIIH8 (~"), 
Bn3pacraHMe 3¢¢eKTMBHOCTM cnaelhlx 83aMuo.nellcTBMil c 3HeprMell cranKMBaD~KXCII qactMU 3KcnepKueH­

ranbHO nO)lTB8pX)l8HO 8 HBCTOIImee BpeMII 8 pa3JIM4HHX 3¢¢eKTBX pacna.na )lO 3HeprMK nopll)lKB )l8CIITK08 

MMJIJIHOH08 38o 

Pacna.n K -ue3oHa Ha :~neKrpoH H HellrpKHO 

K~ e-r-V 

( II ) 

H3y4eHKe 3¢¢eKron npi!Moro 83aMuo~ellct81111 HelltpKH BbiCOKol 3HeprKM c HYKJIOHBMK no.nrsep~.naer .nanb-
/ 16, 

HellmMil pOCT COOTBeTCTBYD~HX Ce4eHHil C pOCTOM 3HeprHK HelltpKHOo ilOCJle)lHM8 3KCnepKM8HTBJlbHble )lBHHble 

.no8e.neHH .no ::!HeprMil "'I E38 o 

Cy~eCT8Y8T MHOfO BBXHbiX COOClpaxeHMil, KOTOpble 38CTBBJIIIDT 8 HBCTOII~ee BpeMII HCKaTb OTB8TB HB 

BOnpoc, KaK se.nyT ceelll CJIBClble B3BMMO)l81lCTBHII npH eme ClOJlbWMX 3HeprHIIX 4BCTIIUo 

B npHHQKne npH 048Hb dOJlbWMX 3H8pfKIIX MHTeHCMBHOCTb CJIBClbiX B38KMO)lei!CtBMil MOfJIB CpB8HHTbCII 

C CKJlbHbiMM B3BMMO~ellCTBMIIMM, 4TO C03)laBBJIO Clbl COBepmeHHO CBOeoelp8311YD CMTyaQMD B ~BHHOil OdJIBCTH 

IIBJI8HKilo 

ilpK Kpai!He ClOJlbWMX ( c T04KH 3peHMII C08peMeHHbiX npe,!lCTB8JleHHil) 3HeprMIIX CJIBClble B38MMO)lei!CT81111 

MOfJIM Clbl CTBTb Cp881111Mbl C 3JleKTpOMBfHMTHbiMH M 3~eKT, HanpHMep, npespa•eHMII ~OTOHB M 3JieKTpOHa S 

f -ue3oH H .nsa Hellrpl1HO uor Clbl KOHKypMpo8aTb c 3¢¢eKTOM KountoHa o 

ITo oueHKaM KpallHe peniiTHBHCTCKoro cny4a!l, ce4eHMe 3¢¢eKra ¥+e.~ f +Y t-V 
BM/IO/ 

r.Jte Ev 3HeprHII <Porona 8 cHcreue ueHrpa HnepuHHo 
2 

KaK BM.llHO M3 ( 12), ce4eHMe pacr er HecKOJlbKo Clhlcrpee, qeu Ev o 

Ce4eHMe xe )lJIII 3¢¢eKra 1\ounroHa na.naer npMMepHo KaK ;,{;£. o 

-5---------- E ~ (4GJt2.t ~ )1/y 
* YCJIOBMe YHMTapHOCTM BlmOJIIIII8TCII TOJlbKO, 8CJIH ~ J , T. eo 8CJIH 

HMBeT 

( I~) 



IO 
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0¥ --v Jf to E~ J 

llpM :J HeprMIIX f;,_ 250 E:JB B CKCTewe UeHrpa KHepUKK 

6"'~")"6¥ 

e'­
'Zo= m&c2 

( !3) 

B p11.n;e pa6oT/I!/ e~e Ha 3ape ~K3KKH CJJa6~X B3aKWO~ei!CTBKI! 06paTKJJ BHKMaHKe Ha 

OC06y~ pOJJb napaweTpa ~JIHH~ (lo)B ~eT~pe~epWHOHHOW B3aKWO~eRCTBKH M 0 B03WOEHOW CBOeo6pa3KM ~H3KKH 
cna6~x a:JaKwo~eRcraHH npH o ~ eHb 6onbmHx :J HeprKIIX. B ~acrHOCTK, KW YKa3aHo, ~To npK o~eHb 6onbmHx 

3HeprHIIX B03WOKHa CBOeo6pa3Hall CKTyaUKII B :J~eKTaX WHOXeCTBeHHOfO poz~eHKII ~aCTKU. 

4eT~pe~epWHOHH~e B3aKWO~ei!CTBKII npHBO)!IIT, KaK K3BeCTHO, K CHJJaw, ~ei!CTBY~IIIHM we~ ~aCTKuaWK, 

~Jill KOTOp~X xapaKTepHa BYCOKall CTeneHb 3aBKCHWOCTK OT paCCTOIIHHII. 

TaK p-none ( 3neKrpoHHo-Hel!rpKHHoe none) ~aer noreHuKan, ~eAcray~IIIKA we~ noKOII IIIHMMCII HyKno­

HawK (HanpHllep, npOTOHOW M HeRTpOHOM) B BK~~l2/ 
y ,._ -&- (14) 

Ha paCCTOIIHMIIX 10-IJ CM. 3TH CKJIY O~eHb CJJa6Y M3-3a MaJIOCTM CJJa6oro B3aKWO~ei!CTBMII, CTORI!Iel! 

B K03~KUKeHTe BYpazeHMII ( !4) . Ho Ha WeHbWMX paCCTOIIHMIIX, Ha paCCTOIIHKIIX 6JJM3KHX K ~JIKHe CJJa6YX 

B3aHWO~ei!CTBHR ( ~ 0,7.IO-l6cw. ) 3TH CKJIY MOfJJK 6Y 6YTb B WKaJJe K3BeCTHYX CKJI KOJIOCCaJJbHYWK. 

H3BeCTHY npe~OJJOXeHKII pa CCMaTpKBaTb 6030HY/!J /, uanpKWep, KaK COCTaBHYe ~aCTKUY, Jr -We30HY 

peccwaTpKBaTb KaK cKcrew~, cocTOIIIIIKe K3 HYKJJOHa K aHTMHYKJJOHa, K -we30HY KaK cMcrewY, cocTOII~He 
M3 HyKJJOHOB M aHTMfKnepOHOB K aHTKHYKJJOHOB /! 4/ ,/!5/ ,/!6/. 

!nil o6pa30BaHKII CKCTeW C TaKMWK orpOMHYMM ~~eKTaWM MaCC He06XO)!KW~ orpOMHYe CMJJY, )!eRCTBY~­

UIKe Ha M!'.JIY X paCCTOIIHKIIX Well)!y 'laCTKUalAM. 

3TMW rpe6osaHMIIM YAOBnersopii~T 'leTYpe~epwKOHHYe B3aJfMOAeAcTBKII. 

RweHHO, 'l6TYpe~epWKOHH~e CJJa6Ye B3aKMO~ei!CTBKII 6YJJK KCnOJJb30BaHY B KOHKpeTH~X nonYTKaX 

nOCTpOeHMII WO~eneA COCTaBHYX 'laCTMU/15,17,18,19/. 

Ycnex MJJH Heycnex no~o6HY X nonYTOK onHTb-TaKK CBII3aH c xapaKTepow nose~eHKH cna6Yx B3aMwo­

~eAcTBKII Ha W8JIYX paCCTOIIJJKIIX, Ha paCCTOIIHKRX, 6JJM3KKX K ~YH.!I!'.WeHT8JlbHOil ~JIKHe CJJa6YX B3aKMO)telt­

CTBHR. B KOHKpeTH~X pac~ eTaX COCTaBHYX ~aCTMU )!eJJaJJOCb npe)!nOJJOJieHMe, 'lTO CJJa6Ye 'leTYpe~epUKOH­

HYe B3aKUO)!ei!CTBMII o6pe3a~TCII KaK pa3 118 paCCTOIIHKRX paBHYX "-' 0, 7. I0-16 CM. B 3TH X ycJJOBHIIX B 

TaK H83. uenHOU npK6JJHKeHHK, CYMYKPY~IIIeM onpe)!eJJeHHYR KJJ8CC ~eRHMaHOBCKKX rpa$ y~eTCII nO~'lKTb 

p11~ pe3yJJbTaTOB, nOKa3YBa~IIIKX , ~TO nO)!OdHOfO po~ npe)!nOJJOKeHKII He RBJJII~TCII Hepa3yMHYMH H 3acny­

EHBa~T ~JJbHel!wero 6onee KoppeKTHoro warewaTM~ecKoro aHaJJK3a. 

B npKHUKne He TOJJbKO 6o30H~-Ji-ue30HY, K-ue30HY uornK 6~ oKa38TbCR cocTaBHYUH qacrKuawK, 

HO T8KHe ~epUKOHY KaK r- -Me30HY KJJH :JJJeKTpOHY U~r JIM 6Y npe)!CT8BJJRTb C060I! CJIOZHYe CKCTeUY, COCTOII­

IIIKe K3 He'l eTHOfO 'lKCJJa 6apHOHOB K aHTK68pKOHOB/20/,/2l/, CBII3aHHYX we~ COdOA CTOJlb CKJlbHO B03paC· 

Td~IJIKUH Ha UaJIYX paCCTOIIHMiiX ~eT~pe~epWHOHHYMK 83aMUO)!ei!CTBKIIUK. 

OpKeHTKPOBO'lHYe oueHKK noKa3~Ba~r, ~To nony~eHHYe c nowol!lb~ "cna6Yx B3aKWOAeRcTBHA"Jii-ue30HY 

KaK CKCTew~, COCTORIII~ e H3 HYKJJOHOB M aHTMHYKJJOHOB, B CBO~ O'lepe)!b, B38KMO)!ei!CTBY~T C HyKnOHaWH 

C :J~eKTKBHOR KOHCT8HTOI! nOpli)!Ka e~KHMU~. JtpyrKMH CJIOBaUH, C :JTOi! TO'lKH 3peHHII CKJlbHYe B3aKMO,JJ;ei!­

CTBHii ( RAepHYe nOJJll) woryT npe)!CTaBJJRTb C060I! pe3yJJbT8T "cna6~X B38HMO)!ei!CTBKI!". 

J TOT n~6on~THYI! pe3yJJbTaT cau no ce6e aacnyxKsaer 6onee Tl!lareJJbHYX HCCJJe,JJ;osaHKA 6onee co­

aepweHHYUK M6T Q,!IaMH, HO K cawa no~06HaR, 6e3yCJJOBHO 3aWaH'lKBall 803MOJIHOCTb MOlleT 6YTb peaJJH30BaHa 

TOJJbKO ~ eCJJK yKa3dHHdfl 3HepreTH'leCKall 38BKCMMOCTb B Ce'leHKIIX :J~eKTOB CJJa6~X B3aHWO,!Iei!CTBKI! COX­

paHReT~II nO'ITM BnJJOTb ~0 KpHTH'leCK OrO 31184'6HHII ""' J . ! Oil :JB. B CKCTeue UeHTpa TlilleCTK. 
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JlpynB411 CJIOBaloiH, H )ia HHblll Kpyr lll!Tepe CHbiX npOOJieM TpeOyer )(JJ II CDOero pa3BHTH!l H OOOCHOBaHIIH 

CBe)l;el!llil 0 l!OBe)leHIIII 'l8Tblpex¢epM110HHbiX B3aiiMO)l;ellCTBIIIl B 00JiaCT>! O'l8Hb 00JibWII X 3Hepr llll, 

MOX!IO npO.JiOJilltiiTh Cl!IICOi\ <fJJH)IaMeHTaJibHbiX np00Jl81o1 7 peUJCHIIe KOTOpbiX 3fiBHCHT OT ora era na BO!lpOC, 

KaK )ill.JJ8KO C 3Hepr11ell np O.JiO JI~eTCH pOCT CJIU0biX B3UIIMO)l;Cil CTDI!Il, 

JJieKTpOMarHIITI!aJI ttaCTb C0 0CT DeH HOil :l!lepriiH 3J!CKTpOIIEI., llll. r!pHMep, pa.CXO)iHTCJI, Kil.K H3i38CT IIO, 

norapHtPMIItJecKII. Ton h KO npM .lillllnnx, 11awn o r o MeHbWV!X rpaBIITai\IIOHHoro paAIIy ca :J JieKryoHa (~;vro-58cM) 
:lJ18KTpOMEI.fHIITHil. !i C00CTB CHHEI.fl Mll.C Ca :JJI8KTpOna CTEI.li0Bl1TCH pcUl!IOi-1 ero 3KC!l8pHMeHTaJibHOMY 3HatteH IIKl. 

C .Jipyroll CTOpOHbl, CJiilOJJ e llCTHpextpepMMOHHble i33UI1MO)ICilC TB rHI, Ha np111.1ep, P 3a li!MO)l;CilCTBII!l, CBll3aH­

HUe C nepeXO)iOM 3 JI8KTpOHU B f -Me 3 0H 111 odpll.TIIO e-- r+Y+ Y- e. , )la8T 3 KC!lepi!M8HT/lJ!bHOe 3Ha-

4eHII8 MaCChi ;>J!CKTpona y>r.e Ha pa CCTO!lHIIIIX, 0JI1!3KII1X K eo , 
TaKIIM 00pa301l 7 tteTblpex¢epMIIOHHble B31l.II1MO)ieACTBIIJI C y4aCTII8M 7 B 41l. CTHOCTII 7 HellTpiiHO, MOfJJII Obi 

11rpt1.Tb cPYH.lill.M8HTaJibHYD pOJib B TeOp llll CI\MIIX 3Jl8M8HTapHbiX 41l.CTiH\. 

HaKoHeu, sell 3Ta rpynna npoOneu Mor Jta Obi Ol:lTh CljlOp1iJ iii!poaaHa Cone~ oOU\IIM oOpa3ow. 

OcHOBHa!l tPYHAaMeHTaJibHaH TPY.liHOCTh cospeMeHROI'I reopv.11 nonH 3aKJIDttaercSJ s TOM, 'ITO oHa 

npiiBO.liiiT .Ji!Ill Pll.liU saxnellwnx seJIIIttiiH, KaK Hanpln!ep, coOcrseHHall wacca 4acu:u, 3apii.Jibl 41l.CTIIU K Bbl­

paxeHI!liM, KOTOpble )ill.llTCJI paC XO.lilllllllloliiCH IIHTerpaJiaMII B 00JIEI.CTII 00JibWIIX 3Heprv.lt ( II Jill lolaJibiX )iJ!IIH ) , 

C0 3)i&8TC!l B!l841l.TJI8HIIe, 'ITO !lOJIBJieHI!e B TeOpllll KaKOil-JIIIOO tPYH.Jill.M8HTEI.JlbHOil )iJIIIHbl, Ha KOTOpOil 

Obi o0pe3a.JII!Ch B31l.IIMO.liellcTBIIIl np11seno Ol:l K nacToll~lell Teopllll 3JteMeHTapHb1X ttaCTIIU. O.JiHEI. 11 3 KUH)(II.Jia­

Typ HE!. pOJib Tll.KOil YHllBepcaJtbHOR )iJ!IIHbl JIBJII!eTCil 111.teHHO )iJli!Ha CJia0biX B3aiiWO)leRCTBI!Il. 

KoHKJpllpy~U\eR .JiJIHHO~ 3)i8Cb riOKa C411T88TCI! .JiAIIHa, CBJI3aHHEI.Il C C00CTB8HHOil 3HeprHell HYKJIOHa 

" t _f'{ e- == -- ~ £. . 10 c~ . 
N MI/C ( II) 

Ha nepsbiR B3rRil.Ji, KUK Oy.liTO cymecTayeT pewa.DU\Hil apryweHr B nonb3Y HYKJIOHHO~ )(JII!Hbl, KaK .JiJ!HHbl 

YHIIB8pCEI.JlhHOil, )leno B TOM, IJTO !lpll )l;JliiHaX ll8HhilliiX e!V, IIHTerpanbl, 0 KOTOpbiX WJia p84b Bblme, K 

KOTOpbiW npiiBO.liiiT II CI!Rbllbl8 B31l.I1MO.li8RCTBII!l 7 )iaBEI.Jlll Obi Hepa3JWIIO 00JlhWII8 3JIIl.4eHIIII )(Jill BeJ!HIIHH Mll.C C , 

OapiiOHOB II 11X cnel\lltPII48CKI1X 3UNI.liOB. 

Ho 111\.liO Ill! 8Th B BII.JiY 1 'ITO nOCJle)l;HIIe apryM8HTbl IIW8DT ClolbiCJl AIIWb TOr )Ia, KOf Jill. KBaHTbl CIIJlbHbiX 

nonell ( Jf , K - we30Hb1) paccMB.TpllsallTCll KaK :JJteweHTapnble, To4e4Hble. EcJ111 xe scra.Tb Ha rottKy 3peHII ll 

cnoxHoro crpoeHIIII 3TIIX 4aCTIIU, ro pa3MepH c 11creM, KoropbiM~r n pe)lcraBJIH PJTCll Jr , K -Me30HI>, Mor Jtll Clbl 

llBI!TbCfl 8CT8CTBBHHbiMII .JiAII )iaHHOfO KaBCCB B3aiiW0)(81l CTBIIIl )(J!IIHI\WII, o0pe3aDIUIIMX E H800XO)ii!MOM MeCTe 

COOTB8TCTBYillilll8 p!iCXO.lillll\1118Cll IIHTerpaJtbll! ) . 

ilpiiBB)(eHHble co oOpaxeHHll raKxe cnocoOcTBYDT OOOCTpBllllll IIHTepeca K cPII311K8 HeRTpHHO BI> COKII X 

3Hepri!ll, 048Hb xapaKT8piiOMY .JiJ! ll <j>H31!KI! T8KYl'\8fO MO!.IeHTEI. BBOOU\8. 

K coxanenHD, anepr1111 nopll.JiKa roii 3B ( s CllcTeMe ueHrpa TllxecTI!), no KpallHell wepe B Clnnallm11e 

rO.I\bl He Oy;zyT .JiOCTynHbl :J Kcnep iiMeHTa:;:opaw. TaK11e 3 Hepr111! MOrJtll <lbl peanH30BEI.ThC.R s ycTanoaKa x co 

BCTp84Hblloll! nyttKBMII 3Jl8KTp011HO-::JA8KTp011HbiX 0 ::J A8KTpOIIHO-n0 3111TpOHHbiX C 3HeprH!ll.IV. 4aCTI!U B Kall:)l;OM l!J4K8 

l!)CI!e.JiYeT no.'l;48pKHyTb, liTO YHIIBepcaJtbHBil .l\Jl11Hil. 7 0RII3Kal! no CBOeMy 3Hil.4 €HIIXJ K HYKJ!OHHOil )iAI!H e 00pe-

3ana Obi BCB paCXO)J;Illl\118CP. HHTerpaJtbl CJJa0biX II 3R8KTpOMal"HIITHbiX B31l.l!lol0)181lCTBIIII Hll. CAHIUKOM 00JlbUJI1 X 

paCCTOIIHI!JIX, 3 )l;8Cb i!MeeTCII B BH)(y, 'ITO COOTBBTCTBY~IUI!8 BKJ!Il.)lbl 7 H80p111o18p, n C00CTB8HHYD 3 Heprl1~ 

4aCTIIU oKa3aJtHCb Obi Hl!llTOXHHMII, no cpasHeHIIIl c 3Kcnep11weHTRJihH~MII Maccawll: 3TO 3Hatt~tno 6~>, 'IT O 

waCCbl 3 R8KTpOHOB M tt -!.1830HOB 711U!lp11Mep ,He IIM8Jlll Obi nOJIBBOfO !lp011CXOJI.li811i!!l, 
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-v roii as. 

BHAHVO, 3TY B03VOXHOeTb Henb3H OTHeeTH K HeAaneKOVY dyAy~evy. 

lloarovy a uactoHmee spevH eneAJeT n~ratbeH nony'IHTb orser~ ua noerasneuu~e sonpoc~ ue cronb 

~enoepeACTBeHH~V odpa30V. 

0AHH H3 TaKHX KOeBeHH~X nyteR CBH3aH C paeevotpeRHeV B~eiiHX 3~eKTOB TeOpHH B03vymeHHH enad~X 

B3aHVOAeReTBHll. llpH B~'IHCneHHH 3THX 3~eKTOB B npovexyT04H~X eoeTOHHMHX COBpeveHH~R MaT8MaTH48CKHR 

annapat teopHM AOnycKaeT B03MOXHoetb nDd~x donbmHx Hvnynbeos, dnH3KHX K KpMTH'IeCKMV ( Ke = ~~t: ). 
BenH4HH~ MHOfHX M3 3THX 3~8KTOB eymecTB8HH~V odpa30M 3aBHCHT OT MaKCMVanbH~X 3Ha48HHR HMnynb­

eos, ~onycKae~X B npovexyTO'IH~X COCTOHHMHX. TaKHM odpa30M, epaBH8HH8 T80p8TH48CKMX H 3KenepHV8HtanJ 

H~X 3Ha48HHA AnH AaHHOfO poAa 3~eKTOB B npHHUHne cnocodHO AaTb U8HHYD HH~OpMaUHD 0 AonycTHVHX 

seRH'IMHax npeAen&uoro Hvnyn&ea. 

C 3TOA TO'IKH 3p8HMH/22/ npoauanH3MpOBaH pHA 3~eKTOB/2J/,/24/,/25/. 

AHanH3 npMBO~HT K B~ABHX8HHD pHAa HOBHX ~YHAaM8HTan&H~X npodneM TeOpHM enaduX B3aHVOA8RCTBHR, 

KOTopue taKxe XAJT esoeR aKcnepMveuran&uoR nposepKM. 

0AHHM H3 npHVepOB 3~eKTOB llOAOdHOfO pOAa HBnHeteH 3~8KT npespameHHH r -Ve30Ha B aneKTpOH 

B npoueece paeceHRMH f -Ve30Ra Ha npOTOHe: 

3TOT npoueec onweusaeteH ~eRHMaHOBeKOR AHarpavvoR BHAa 

r-- (.. 

p p 

PHe. I. 
- ~ /24/ 

OtHOIIeRHe ce48HHH 3TOro 3~eKTa K 3~eKTy RH3lllero npMdnwxeRHH cr +p- l'l+V) AaeteH B~paxeRH8M 

O[ {(p--e-p) 
6:r(fp-.nv) 

~ 
G-f/;_ Y,4:J( 

16 :JT y 

B HaetoHmee BpeVH 3KenepHVeHtanbHOe OTHOIIeHHe (16) orpaHM'IeHO 3Ha4eHHevf26/ 
s-sL ~ ~,Y. 10-r-
~1 

(16) 

B rpyd~x oueuKax (16) ee'leHMH nepsoro H sroporo nopH~KoB Ha'IHHaDT cpaBHHBat&cH ( 6f~~r) 

npHvepao npM HMnyn&eax ...., 1000 M"'=. l:c. 
3KcnepHMeHtanbHOe OTHODI8HH8 3TMX ee48HMR, 3Ha4HTenhHO M8Hhmee eAHHM~ (17) eBHAetenbeTByeT 

0 TOM, 4TO npovexyTO'IH~e HMnynbe~ B 3~eKTe r-p~e-p odpe3aDTeH Ha MaKeHMaRbHHX HMnyn&eax, 

B03MOXHO B HeeKOnbKO pa3 MeHbiiHX KpHTH4eeKHX. 

K eozaneHHD, odcy~ae~R a~eKT noKa aKcnepMveHtan&Ho He odHapyxeH, noKa aKcnepHveuran&Ho 

AaeTCH nHmb ero BepXHHH rpaHHUa. 

04eHb xenateJibHO B ~anbHeRmMX 3KenepHMeHtaX YTO'IHHTb OTHODI8HH8 (17). 
l!o eJI8AJ8T HMeTL B BMJIY, 'ITO OTHOIIeHH8 (16) 3aBHeHT OT HVnynbea (K,..a") B 4eTB8ptoA eteneRH 

H tpedyeteH ysenH4eHH8 B T04HOeTH 3KcnepHV8Hta no M8HhmeR vepe nopBAKa Ha ABa, 'ITOd~ TOnbKO B tpH 

pa3a yMeHbiiHTL B8nH4HHY /(~~taX • 

CosepmeHHO O'leBHAHO, 'ITO AOnXHu B dy,zymeR teOpMH B03HHKHYTb KaKM8-TO oOetOHtenbeTBa, odpe3a­

D~He poet 48THpe~epMMOHHHX B3aHVOAeAetBHR Ha KaKXX-TO MaKCHManbH~X HVnynbeax, HO qJH3HK8 dnwxaHmero 

dyAJmero npeACTOHT BUHeHHTb, B KaKHX npeAenax neXHT BenH'IHHa 3TOfO r~4~H KaKOR MexaHH3V OT­

BeTeTB8H8H 3a oenadJieHHe B3aHMOAeRetBHH npH nOAXO~e K 3TOA 3R8preTH48CKOR OdJiaeTH. 

!Ia 

d~ eAe na 

soodme, 

TaE 

BHAOB HE 

poJib <Poi 

Bee 

B~COKHX 

eTOJIKHOE 

orpOMHOE 

OdH3aHHI: 

ReP. 

KO OAHHll 

B donbmv. 

uwne uau 

B m 

odpe3ae'l 

TH'IeCKMI 

Alo:a 

HeTO'IHHK 

JlJJII 

ydeAHTeJl 

.ll.ell 

odpa3oM 

<PopvanbH 

HHH HenJ: 

<PaKTop, 

~aKTOp B 

rop 

rHH He H 

dOJibiiHX 

HAeHTH4H 

pa3JIH'IHil 

Bo3 

BeKTOpHO 

HOe B3aH 

!!Q!l!L~~ 
!E) Bepue 

no enado 



CTOJIL 

1 cnae!Yx 

~ HMnynL­

~pHMeHTanJ 

~Mil X 

ei!CTBHII, 

KTpOH 

/24/ 
YpaxeHHew 

16) 

rsyer 

ax, 

.JILHO 

:eneHH 

:o B TpH 

, oC!peaa­

~nHmllmero 

r-

I3 

!!a OCHOBaHIHI aHaJlll3a 3KCnepl1Mei!TaJihHbiX II TeopeTII4!lCKllX .l(aHI!biX 0 Ce4eHl11! X ~ II ~ MOJr.HO 0b1JIO 

611 c,D;eJiaTL 3aKJill4eHHe, 4TO K,.,Jl <I< u·;t , ecJIH ectL ysepeHHOCTL, 4TO npouecc f P--- f€. 

BOOC!~e, He 3anpe~eH KaKHMII-JIIICIO npiiBXO.l(llmiiMII 00CTOI!TeJILCTBaMII. 

TaKoro po,D;a oC!cTOI!TeJILCTBa B03HIIKallT B r eop1111, npe.l(nonarallme~ cymecrsoBaHIIe, HanpiiMep, .l(Byx 

BH.l(OB HellrpiiHo, cymecrsosaHHe npowexyro4Horo Clo3oHa, a cneu11aJihHO )(Jill .l(aHHoro 3~eKra B03MO~HYll 

ponL ~opMPaKIOpOB CHJlhHbiX B3aiiMO.l(ei!CTBIIII. 

Bee acneKTH 3TIIX B03MOXHOCTel! tpeC!yllT WllpOKHX 3KCnepHMeHTaJihH!IX HCCJie,D;OBaHIIII B ~11311Ke Hei!TpiiHO 

BIICOKHX OHeprHI!. KoHe4HO CJiaC!ue B3aHMO,D;ei!CTBHR B npiiHUIII!e MoryT C!biTL HCCJie,D;OBaHbl II B 17 f 1 f e. 

CTOJIKHOBeHIIRX. Ho y4aCTHe 3TIIX 4aCTHU B KOMI!JleKce ,D;pyrHX C!oJiee CHJ!LH!IX B3aHMO,D;ei!CTBHII 1 nopox,D;allT 

orpOMHOe pa3HOOC!pa3He pa3JIH4HHX 3~eKTOB, Ha ~ORe KOTOp!iX Tpy~HO Bhi,D;eJIHTL pe,D;KIIe cny4aH COC!biTIIII, 

OCI1!3aHHiie CJlaC!YM B3aHNO,D;ei!CTBIIRM. 

Hel!tpHHO, B 3TOM CMbiCJie, - yHIIKaJihHall 4aCTHUa - OHa B3aHMO,D;ei!CTByeT C ,D;pyriiMH 4aCTHUaMH TOJ!h­

KO O,D;HHMH cnaC!biMH B3aHMO~ei!CTBHIIMII, il03TOMY C!OJlhWaR npOHIIKallmaR CI!OCOC!HOCTL Hei!TpiiHO 1!03BOJllleT 

B CIOJ!LWIIX CJ!OI!X 3amHT!I norJIOTIITh npHMeCH BCeX ,D;pyrHX BII,D;OB H3Jly4eHHR B Hel!tpHHHOM ny4Ke II B !!piiH­

UHne HaUeJIO JlHKBII,D;HpOBaTL HexeJiateJILH!il! ~OH 3~eKTOB, OCIH3aHHIIX ,D;pyriiM BH,D;aM B3aHMO,D;ei!CTBHII. 

§ 2. ]MHaM114eCKII AeWOPMHpyewble ~OPMWaKTOp!i. 

B HaCTOI!Iqee BpeMll eCTh H3BeCTHhle OCHOBaHHII nonaraTL, 4TO Hei!TpiiHO-HYKJ!OHHOe B3aiiMO~ei!CTBHe*) 
oC!pe3aeTCI! Ha 3JleKTpowarHIITHOM pa,D;Hyce HYKJIOHa, T,e, Ha 3Ha4HTeJ!LHO C!OJILWeM paCCTOI!HHII, 4eM Kpii­

TH4eCKal! ,D;JlHHa CJiaC!HX B3aHMO,D;ei!CTBHII. Ho noKa OTO rHnOTe3a, TpeC!yllmaR 3KCnepHMeHtaJlhHOII nposepKH. 

MO:IHO HapHCOBaTL HarJill,D;HYll KapTHHy, KaK CHJlhHHe B3aHMO.Itei!CTBIII! BOOC!me CllOCOC!Hii "pa3Ma3aTh 11 

HCT04HHK CJlaC!HX B3aHMO,D;ei!CTBIIII. 

lJIR BeKTOpHOI! 4aCTH raMHJihTOHHaHa CJiaC!YX B3aHMO,D;ei!CTBHII TY J:e KapTHHY MOXHO pHCOBaTh C!onee 

yC!e,D;HTeJILHO. 

lei!CTBHTeJ!LHO, 3JleKTpoMarHHTHHII ~OpM$aKTOp HYKJIOHa (X~ruta,D;tep)JO/ ocnaC!nlleT COOTBeTCTByllmHM 

oe!pa3ow B3aHMO,D;el!ctBHH 3neKrpoMarHIITHHX nonel! c HYKJIOHawll. Cnae!oe BeKTOpHoe B3aHMo,D;el!ctBHe waxer 

~opwaJihHO rpaKToBaThCH KaK csoero po.Ita "cnaC!HI! 3JieKrpowarHeTII3M". ITpe,D;nonaraa BHnonHeHHe ypaBHe­

HHH HenpepHBHOCTII ,D;JIR COOTBeTCTBYllmHX TOKOB, MOJ:HO C)enaTL 3t~KJlll4eHIIe, 4TO X~WTa,D;tepOBCKHII ~OpM­

~aKTOp, KOTOp!iM ,ItaeTCI! pacnpe,l(eJieHHe, HanpiiMep, 3JieKTpll4eCKOrO 3apH,D;a HYKJ!OHa I!BJII!eTCI! TaKxe ~OpM­

~aKTOp BO BCI!KOM CJiy4ae ,D;J!R BeKTOpHOII 4aCTII CJlaC!HX B3aiiMO,D;ei!CTBHI!. 

ropa3,D;O CJ!OXHee CHTyaUHR C A -B3aiiMO,D;ei!CTBHeM (aKCHaJlhHO BeKTOpiiHM) . 3,IteCh npe,D;bi,D;YWHe auano­

rHH He HMellT CHJiy. llpaB,D;a 1 II B 3TOM CJ!yqae HMellTCR COOC!paxeHHR, cornaCHO KOTOp!iY B npe,D;ene 04eHL 

C!OJlbWIIX 3HeprHI! noBe,D;eHHe MaTpH4HiiX 3JieMeHTOB A-B3aHMO,D;ei!CTBIIR CTaHOBIITCI! B HeKOTOpOM C),(IICJle 

H,D;eHTH4HHM v -B3aiiMO,D;ei!CTBHll. Ho HeH3BeCTHO np11 KaKIIX 3HeprHRX peaJILHO ( B 3TOM CMHCJ!e) CTHpallTCR 

pa3JIH4HR weuy V 11 A B3aHMO.Itel!crBIIRMH. 

Bo3woxHo, HaKoHeu, 4TO B ,D;ei!CTBHTeJILHOCTII pean113yerca C!onee cnoxHHII cny4al!. Moxer ObiTL 

BeKTOpHOe B3aHMO,D;ei!CTBH8 B CaMOM ,D;eJie OC!pe3aeTCR X~WTa,D;tepOBCKIIM ~opM¢aKTOpow, a aKCHaJ!LHOBeKTOp­

HOe B3aHMO,D;ei!CTBHe e•e npo,D;OJIJ:aeT CBOII pOCT Ha 3Ha411TeJILHOM OHepreTII4eCKOM HHTepBane. 3ta B03MO X­

tlQQ!~-~~~~!-Q~Q~ npHBJleKaTeJ!LH!Ie CTOpOHH. 
!E) Bepuee, npouecc y+t.J-tl+r ,cooraercrayDmHI! nepsowy HeHc4e3aDmewy npHC!nHxeHHll reop1111 so3uymeuHR 

UO CJiaC!owy B3aHMO,D;ei!CTBHll, 
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Buwe yxe oOcy~nach nonHTKa nocTpOHTh CHnhHHe B3aHWO~eHCTBHn Ha Oa3e B3aHWO~eHCTBHH cnaOux, 

O~HaKo, KaK H3BecTao, B cnaOux B3aHwo~eHcTBHnx uapywaeTcn coxpaueuHe npocTpaucTseuuoA 48THOCTH. 

Bo npe~noxeaaux nonuTKaX nocTpoeHHn cHnhHHX B3aHwo~eAcTBHA aa Oa3e cnaOux, o0H4HO asTowaTH4eCKH 

B03HMKaeT HapymeHHe 4eTHOCTH B CHnhHHX B3aHWO~eRCTBHnX, EcnH Xe B cawow ~ene OKaXeTcn, 4TO BeKTOp­

HOe B3aHWO~eACTBH6 o0pe3aeTCn npH 3HaqHT6nhHO WeHhWHX 3HeprHnX 1 4eW aKCHanbHOe, TO CHJihHOe B3aHWO­

~eHCTBHe1 B03HHKmee oT cnaOoro aKcHanbaoro, Oy~eT no-npexaewy xapaKTepH30BaThcn coxpaueuHew npocT­

paucTseuuoH qeTHOCTH. 

HapymeHHe COXpaH6HHn qeTHOCTH B cna0UX B3aHKO~eACTBHnX B03HHKaeT JIHWh B TeX 3~6KTax, ~JIR 

KOTOpHX cymecTBeHeH HHTepPepeHUHOHHHA 4neH A H V B3aHWO~eACTBHA. llpH wanOCTH V -B3aHKO~eACTBHH 
COOTBeTCTBYDDIH6 HHTepPepeHUHOHHHe 4JI6HH Oy;IJyT npeaeOpeXHWO W8JIH, Ho TOUa .3~eKTH THna ('-+f-- f+l­

~OJIXHH 0HTh no~BneHH KaKHW-TO ~pyrHW wexaHH3WOW. 

~en o0pe3aHHn cnaOHX B3aHWO~eACTBHA ~opM¢aKTOpaKH 0apHOHOB 1 B03HHKallDIHX B pe3yJihTaTe CHJihHHX 

B3aHWO~eACTBHA oqeHh nerKO nonyqHna WHpOKOe npH3HaHHef2?/,/2B/,/29/, 

Ho nonynnpHOCTh H~eH He COBC6M COOTB6TCTByeT ee 000CHOBaT6JihHOCTH, ECJIH apryweHTHpOBaTh 

3KCnepHMeHTanbHHWH ~aHHHMH 0 cymecTBOBaHHH X~WTa~TepOBCKOrO ~opM¢aKTOpa, TO Ha~O HWeTh B BH~, 

4TO :JKCnepHMeHTanhHHe ~aHHHe OTHOCnTCn K ManUM nepe~aqaw HMnynhca/JO/ 1 HW6HHO }
2 ~ 40(fyC)'l.. 

T.e. COOTB6TCTBYIJ111He ~nHHH He M6Hh1Ue HyxnOHHOH ~nHHH ( l}l=~c.. -:::;. ) . 10-f'f l'.A . ), He HCKnD-

46HO, qTo 3JI6KTpMqeCKHA ~opY$aKTOp ~nhme BHXO~HT, HanpMwep, Ha KOHCTaHTy, 

Bo BCnKOM cnyqae 3KCTpanonnuHn 3KCnepHM6HTaJihHOro BHpaXeHHn ~nn X~mTa~TepOBCKOrO ~Op~KTOpa 

Ha KaK yro~HHe ManHe ~JIHHH nOKa He3aKOHHa, 

XoTenoch Ou c~enaTh Oonee ncHHM nonoxeHHe, 4TO nonynnpaoe yTsepx~euHe oO oOpHBaDmeA ponH CHJih­

HHX B3aHMO~eACTBHH B ynpyrHX HyxnOH·aeATpHHHHXnpoueccax HM66T TeH~eHUHil KaK-TO YHHBepcanH30BaThCn*{ 

063 OonhWMX Ha TO TeopeTH4eCKHX H 3KCnepHM6HTaJihHHX OCHOBaHHA, 

ECJIH oOcy~aTh BOnpoc B qHCTO TeopeTH4eCKHW acneKTe, TO yqeT ponH CHJihHHX B3aHKO~eHCTBHH 

B 3n6KTpowarHHTHHX nsneHHnX H B cnaOHX 3~6KTaX ~eACTBHTenhHO Be~eT K nonsneHHil B WaTpMqHHX 3Jie­

weHTaX aeKoTopux ~KTopos, 3aBHcnmHx oT HMnynhcos, nepe~saewux ayxnoay**). EcnH Ou 3TH ~KTOpH 
wornH scer~a HrpaTh ponh ~opw~KTopoB no~asnnDDIHX OonhmHe nepe~aqH Hwnynhcos, B qacTHOCTH, Oonh­

mHe HwnynhCH H BHpTyanhHHX COCTOnHHH, TO 3TO 3HaqHJIO, qTo B 3neKTpOMarHHTHHX H cnaOHX nonnx OTCyT­

CTBOBanH OH H H3BeCTHHe Tpy~HOCTH C paCXO~HWOCTnWH. BHBO~ ~YH~aweHTanhHOA BaXHOCTH, 6CJIH OY OH 

Oun cnpase~nHB. 

HeKOTOpHe CKYTHH6 OCHOBaHHn ~nn TaKOA B03KOXHOCTH (THna Ha~e~) B nHTepaType oOcy~nHCh/Jl/, 
KaK H3BeCTHO, B COBpeKeHHY.D TeO pHil Henh3n BBeCTH 4JeHOKeHOJIOrH4eCKHH "zeCTKHH" ~opytlaKTOp 

0e3 HapymeHHn TaKHX ~yH~aKeHTanhHHX CBOACTB, KaK npHqHHHOCTh HJIH YHHTapHOCTh, 

3~eCh xe H~eT pe4h 0 ~KTopax, KOTOpHe aBTOWaTH46CKH B03HHKallT B pennTHBHCTCKO- HHBapHaHTHOA H 

YHHTapHOH TeOpHH - OHH no onpe~eneHHil ~OnXHH 0HTh CBOOO~HH OT teX He~OCTaTKOB, KOTOpHWH oOna~aet 

"xecTKHA" ~eHoweHonorHqecKHA ~opM¢aKTop. 

~pyrHMH cnoBaKH :JTH "eCTeCTB6HHH6" ~Op~KTOpH ~OnXHH 0HTh B OTnH4He OT "zeCTKOro", ~~OpWH­

pyew TaKHW oOpa3ow, qTo coxpaHneTcn KoHe4HOCTh pacnpocTpaHeHHn cHrHana no oOnaCTH ~opM$8KTopa H 

TaKHK o0pa30K COXpaHnetcR npHqHHHOe OOHCaHHe COBpeweHHOA TeOpHH. 

~n ornH4Hn no~oOaoro "xopomero" ecTecrseaaoro ~opw~Ktopa oT nopoquoro xecrxoro Oun BBe~eH 

cneuHanhHHA Tepweu "~HHawHqecxew ~~opwepyewuA ~opupaxTop"/Jl/, 
------------- lZ .. f 2 
M) T,e, pacnpOCTpaHHTCn Ha ueynpyrHe npoueccH, Ha BMpyanhHHe COCTOnHHn, ~nn ltOTOpHX fo-P "/= tn 

!UE) cw. M, L,Goldberger, S,B,Treiman. Phys.Rev. III, J54 ( 1958). 
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Ho noKa .D;HHaMH'IeCKH Ae<PopMHpyeMNII $opw$aKTop nHml>repMHHOnorH'IecKoe awpa~euHe Ha .D;ex.D;. 

IlpHMep .D;HHaMH'IeCKH Ae<PopMHpyeMoro $opw$aKTopa $eHoMeHonorH4eCKH nocTpOHTI> He y.D;aeTCII, TaKan 

"HexecTKall" cHcTewa 3apii.D;OB HrpaeT ponb oOphiBaD~ero $opM$aKTopa Ton&Ko .D;RII MaJibiX nepe.D;a4 HMnyn&ca, 

aepHee, Kor.D;a cnenHan&Ho oTOHpaDTCII nHml> cny'laH ynpyroro pacceHHHII. 

IloHBHJiac& npHBN4Ka c $opw$aKTopaMH HYKJIOHOB, B03HHKaD~HMH npH ynpyrHx pacceHHHIIX ::~neKTpouoe 

Ha HYKJIOHaX, CBII3biB8Tb HafJIII.li;Hble npe.D;CT8BJieHHII 0 CTpyKType HYKJIOHa. MoEeT 0h1Tb npaBHJII>Hee H B 

3TOM cnyqae no.D;4epKHBaT& JIHWI> ceoeoOpa3He .D;auuoro BH.D;a ynpyroro nponecca*). 

HarJIII.D;Hhle npe.D;cTaBJieHHII o B03HHKHOBeHHH pasMepoe qacTHU H3-3a "pa3Ma3KH" HYKJIOHOB 3a C4iiT 

CHJII>HbiX B3aHMO.D;eiiCTBHII CKopee 3aKOHHhl B HepeJIIITHBHCTCKOII 00JiaCTH 1 KOr,D;a $opu$aKTOp B p-npe.D;CT8BJie­

HHH saBHCHT oT npocTpaHCTBeHuoll qacTH BeKTopa HMnyn&ca. HeKoTopoll HJIJIDCTpanHell .D;HHaYH4ecKH Ae<Pop­

YKpyeMoro $opw$aKTOpa ·IIBJIIIeTCII 3JieKTpOHHOe 00JiaKO aTOMa BO.li;OpO.D;a. B HepeJIHTHBHCTCKOII 00JI8CTK .li;JIII 

0'16Hb Me.D;JieHHhiX 3JI6KTpOHOB 1 na.D;aD~HX Ha aTOM BO.D;Opo.D;a, - 3JieKTpOHHOe 00JiaKO aTOMa CJierKa Ae<I!OpMKpy­

IICb .D;eiiCTByeT KaK .D;eiiCTBHTeJibHO pacnpe.D;eJieHHhlll 3apii.D;. 

Eonee TOro, MOEHO Bbi'IKCJIKTb 3JieKTp0MafHHTHYD C00CTBeHHYD 3HeprHD CBH38HHOf0 3JieKTpOHa 1 Y4KThi­

Ball B03MOXHOCTK ero nepexo)ta ua JIDOhle .D;HCKpeTHHe ypoBHH H oua oKaxeTcll )~axe Kouequoll. Ho y'liiT JID­

Ohlx B03MOXHNX Ae<PopwanKII ::~neKTpouuoro oOnaKa, HMeHHo y4iiT B03MOXHOCTK nepexo.D;a B uenpephiBHhlll 

cneKTp (ueynpyrKII nponecc), cuoea aosepa~aeT sa.D;a'ly K pacxo.D;H~KMCH HHTerpanaM. OTcyTcTBKe uaOJID.D;ae­

woro 3$$6KTa r-+ P- f+ e- Ka3aJIOCb ON IIBJIH6TCH CKJII>HhiM apryMeHTOM B ll0Jib3Y Cyll{eCTBOBaHKH HYK­

JIOHHOrO $opy!jlaKTOpa 1 CllOCO<lHOrO O<lpe3aTb H HMllYJII>Chl BHpTyaJibHhiX COCTOIIHHII. Ha ,D;aHHOII CT8.li;HH pac­

CMOTpe!IHH BOnpoca MOXeT <lhiTb .D;axe He 0'16111> cyll{eCTBeHH0 1 llOHBJI116TCII JIH $opYP8KTOp ecTeTCTBeHHbiM o<l­

pa30M1 KaK pe3yJibTaT CHJibHhiX B38HMO.D;ei!CTBHII KJIH .li;JIH BBe.D;eHHH T8KHX $opu$aKTOpOB B .D;aJibHellmeM 

norpe<lyeTCH HOBaH TeOpHH 1 cy~eCTBeHHO OTJIH4HaH OT 00hi4HOII. B CBeTe CKa3aHHOfO Bhlme, 3TO npHMepHO 

O.D;BO H TO xe. BepHee, B paMKax o<lhi'IHOII reopHH MH noKa He yMeeM nocne.D;oBaTeJI&Ho onHcar& no.D;oO-

HYD CHTyauHD, ecnK oHa .D;axe cymecTeyeT. 

RTaK, Bonpoc 3aKJID4aeTCII B TOM, 'ITO Ha.D;O JIH C4HTaTb, 'ITO B 3KCnepHMeHre r-+p--- P+€.­

yxe B03HHKJia HM6HHO 3Ta CHTyaUHH 1 HJIH TOJIKOB8HHe ero HeJib311 C'IHTaTb O.li;H03Ha4Hhllt. 

K COxaJieHHD, CJie.D;yeT npH3HaTb 1 4TO TOJIKOBaHHe 3KCnepHMeHTa HeJib311 C'IHTaTb O.li;H03Ha'IHbiM. 

HeJib311 C.D;eJiaTb O.li;H03Ha'IHOrO BhiBO.D;a 0 Cyll{eCTBOBaHHK $opM!jlaKTOpa TOJII>KO Ha OCHOBaHHH OTCyTCTBHII 

3$$eKra**). 

Jteno B TOM, 'ITO He TOJII>KO f"'+ f ~ f -1- e- 3$$eKT OKa3hiBaeTCII 3anpell{eHHhiM. IlO'IeMy-TO He pea­

JIK3yeTCII nenhlll CllHCOK 3$$eKTOB 1 KaX.D;blll H3 KOTOphiX 1 Ka3aJIOCb 0hl 1 .D;OJIXeH Ha0JID,D;aTbCII 1 eCJIH KaKOII-TO 

0011{KI! CMhiCJI HMeeT $OpMyJIKpOBKa CJia<lhiX B3aHMO.D;eiiCTBHII B BH.D;e (8), 

HeKOTphle H3 3anpell{eHHhiX peaKUHII BOO!lll{e He CO,D;epxaT CHJibHO B3aHMO.D;eiiCTBYD~HX 'laCTK~. TaK, 

uanpHMep, He Ha<lJID.D;aDTCII peaKUHH JlA-t -')€.-t--ry 1 )" -t- __, e 't- +- e- -t- e T 1 KOTOphiX HKK8K HeJib311 

llO.li;8BHTb $Op~aKTOpaMH 1 B03HHKaDil{HMH 3a C'leT CHJibHhiX B3aHMO.D;ei!CTBHII. Ka3aJIOCb Ohl Oonee eCTSTCTBeHHO 

MhiCJib HCKaTb KaKHX-TO O<l~HX npH'IHH .li;JIII BCero KOMnJieKCa H3BeCTHhiX 3anpeTOB, 

---------------
*)B KaKoii-To Mepe no.D;aenenHe ynpyrHx nponeccoe npH <lon&mHx nepe.D;a'lax Hwnyn&ca .D;OJIEHO <lhiTI> nponene-

HHeM yHHTapHOCTH: KaHaJihl HeynpyrHX nponecCOB 1 00113aHHhle, B 'laCTHOCTH 1 CHJibHbllt B38KMO.D;ei!CTBK11M z 

B03HHKaDil{He BO BCe OOJibmeM 'IKCJie npK yeeJIH'IeHHH 3HeprHH na,D;aDil{ell 'laCTHUbl, .li;OJIX!Ihl no.D;aBJIIITb KaHaJI 
ynpyroro paccenHHH. He cnyqal!uo, nonHoe ce'!eHHe paccenHHII censaHo c ynpyrHM pacceHHHeM "enepe.D;", 

.D;JIII Koroporo xapaKTeDHhl ManNe neoe.D;a'IH Hwnyn&ca . TaKHM o<lpa3oM, .D;JIH nonuoro ce4eHHn "ynpynHI 

$opM!l>aKTOp" KaK Cly,J4TO He Cyi~eCTBeHeH, 

"AJECJIK <lhl 3$$eKT )'t T f' __.,P-t--e. .D;eiiCTBHTeJII>HO Cyll{eCTBOBaJI, HO C ltaJIOI! BepOIITHOCTbD 1 OCHOBbiBaiiCb 

ua KOTopoll woxHo <lhlno Bhi'IHCRKTI> cooTBeTcTByD~HII K~r- 3TO cymecTBeHuo cy3Hno ON npoH3Bon ronKosauKH 
Oco<leuuo, ecJIK Ohl/(~coena.D;ano c coorBeTCTBYDillell eeJIH4HHOII .D;JIII xo$wra.D;TepoecKoro HYKJIHa. K coxane­

HKD, H600XO.li;Kit0 yBeJIH'IHTb TO'IHOCTb 3KCnepH1teHTa (26) Ha 5-- 0 nop11.D;KOB 1 4T00hl HM6Tb B031tOEHOCTb 

3aperKCTpHpOB8Tb 3$$eKT, eCJIK OH cy~eCTByeT. 
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+ -1- - + ITpespameHHe ~ -Me30Ha B ::J JieKTpOH!.I ( r - e +t. + e ) MOlri!O 3anpeti!Tb B nep&OM llOpSI,li,Ke TeOpllll 

B03MYIII6HIISI, npe,ll,nOJIOXIIB B JiarpaHXIIBHe (8) OTCyTCTBI!e "HelttpaJibH!.IX" TOKOB, 

3ta r11note3a Owna Bll.li.BIIHYTa B pa0otax6•7 , KaK HeKotopoe ytsepx.n.eHKe, oOoOmanmee 3Kcnepi!MeHtaJib-

HYe CBe,ll,eHI!SI 0 CJiaO!.IX B3611WO,ll,eltcTBHSIX 0e3 KaKHX-JIHClO rnyOOKHX TeopeTI!4eCKHX 0000CHOB6HHA, 

Ho H 3TIIX HBCHJIHR HB,ll, TeOpHeR CJiaCl!.IX B3aHWO,ll,eRCTBHit 0Ka3WB66TCSI H6,li,OCT6T04HO , ~eKTY tHna 

~-3t<. woryT, WHHYSI YCT8.HOBJ16HH!.ilt 3anpeT, B03HHKaTb B B!.ICMHX npH0JIKX6HHSIX TeOpKK B03Wy~eHKA22 , 
B Hll3wew HeKc4e3anmew npHOJIHXeHHH ,li,HarpaWMa npouecca r-3e HWeeT 

e+ 
I ~ 

f c:T e 

Bll,ll,: 

HJIH 

~ v ~ 

v r-
t ~e-

PHc. J • 

rpy0a11 OI.t6HKa BepOSITHOCTH 3~eKTa no .n.HarpaWMe24 pHc. 

4TO H (16) 

2. ~eT ,li,JISI OTHOM6HHSI 3~6KTOB BTOpOrO 

H nepsoro nopSI.lf.Ka B!.lpaxeHI!e Toro xe THna, 

W(r-3e) 
w ( r-- ~" 'ii) 

t ky 
,...., G '" :n- y 

EoJiee ,li,6TBJ!bH8.SI Ol.t6HK8. 3~eKta32 npHBO,li,HT K OTHOrueHHD 

,...,_ 3 e-f.l:. y ~ 10-10 (1:.) y 
if(. 11 Y Jnrv ( inl' 

3KcnepHW6HT8.J!bHOe 3H8.46HHe 3TOrO OTHOMeHHSI H3BeCtHO C T04HOCtbnJJ 

-6 < ;v :10 

CornacoBHBaSI (18) H (19) , cne.n.osano Ow C4HT8.Tb 

1:.,..4~ ~go b3e. 

(17) 

(I B) 

(19) 

(20) 

C 3TOit xe T04KH 3p6HHSI HHTepeCHWW SIBJ!SieTCSI H WWCJIKMaSI B03MOXHOCTb pacna~ t< -M630H8. H8. 

3JieKTpOH II 2)- KB8.HT, ,li,8.BaeM8.SI ,ll,l!arpaMWaWH pHC, 4, 

r- 6-1
~ 

e 

~ 

r- e 

Pi!c. 4. 

0UeHK8. BKJ!a,n.a T8.KIIX ,l!.HarpaWM B BepOSITHOCTb f - ( +l{ pacna,n.a npMBO.IlMT B BWp8.:&eHMil24 

.t /. z.)'i..f Gk ~)~ 
().) ""('t:n)" lG-r- (~ r- (21) 

3,n.ecb ot KOHCT8.HT8. TOHKOit CTPYKTypw, r -wacca f" -We30H8., 

Eo11ee 8.KKYp8.TH8.SI OI.teHKa TOrO xe 3~6KT8., ~HH8.SI H~e25 (eCJIH npHHATb ero apryweHt!.l OTROCKT6AbHO 

appHOpHOR MaJIOCTH BKJI8.,ll,8. HeKOTOpWX ,li,HarpaMM) BWpa~eTCSI OTHOW6HH6W: 

= .!__ €..1.. e-2 k. v fen .K.;] £ 
3Jr .) (_ .., '"~< 

Wur R = ----
we.rv+v 

(22) 

ITocne )l 

JTO 3H 

OOI~JIIM . 

f\€..-~ t 
Kt 

H8.0JID)!.c 

Blll!X, ! 

T< 

H T,.l(, ) 

ITo 

Koro 3a 

ITp 

JT--
Cn 

C r-Me3 

Xo· 

anp11ppH1 

H8.HIIe Ht 

CBOI'IX ll j 

46CTIIIU ] 

EcJ 

HanpHMei 

n, 
w1.1 e )IIIIa; 

Bo: 

JI8.C b pi!, 

Ha1 

paClo TaWJ 

coxpaHeJ 

csoeoOpc 



e teopHH 

pHMeHTaJib-

rw THna 

Yut6HHA22 • 

atoporo 

(17) 

(18) 

(19) 

(20) 

(21) 

)CHteJIJ.KO 

(22) 

I7 

llOCJie~HHe ~KCnep11MeHTaJibH~e ~aHHUe B~pa~nTC.II 411CJIOM34 

-8 R...< C.1D 
( 23) 

3TO 3Ha411T 1 4TO 113 (23) 11 (22) CJie~yeT BepXH.II.II rpaH11Ua ~JI.II OCipe3aDlUero B3ai1MO~eACTBI1e 11MflYJibCa 

t /M<>.J( < 25 biJ8 

0CilU11M AJIH scex paCCMOTpeHH~X 3(jxjleKTOB t --~-- p- p + e- ' r - 3 e. r - e+o, 
t++R..--- f-+e+ 23 11 T.~.) .IIBJIHeTC.II TO OCICTOHTeJibCTB0 1 4TO 1111 0~11H 113 HI1X He CI~JI HaCIJID~aeM. 

( 24 ) 

KoHe4H0 1 He 11CKJID4eH0 1 4TO AaRbHeAmee YT04HeHI1e 3KCnep11MeHTaJibHHX ~aHHHX MOXeT np11BeCTI1 K 

HaCinn.n,aeMOMy 3cfi<PeKTy 11 CJie)l,OBateJibHO K yctaHOBJieHI1D 11CTI1HHOfO 3Ha4eHI1.11 k !tfAJ( B CJiaCI~X B3ai1MO~eACTBI~ 

BI1.11X. K COxaJieHI1D MO~HO yseJII1411Tb Cfli1COK no4eMy-TO He ocymeCBJIHDmHXC.II peaKU11A. 

TaK B03HI1KaeT BOnpoc, no4eMy OTCYTCTBYDT pacna~H Bl1~a: 

k:l:- + - + r- +e.+ +JT- (25) 

""0--
± +e.+ n +r (26) 

K±- + - + 
r+r+.JI-

(27) 

11 T.A.) 

ll03TOMY ecTeTCTBeHHa TaK~e MHCJ!b 1 4TO BO BCeX 3TI1X CJ!y4a.IIX AeACTByeT oCimHA 3anpeT. ilOHCKH ta­

KOfO 3anpeta npHBeJIH K H.n,ee ~BYX BH)l,OB HeAtpHH. 

§ 3 • Yr F Ye: ? 
( Jlsa Tl1na noneA .llHpaKa) 

llpH pacna,l\e n- P+e.-+V B03HHKaeT 3JieKTpOH H HeATpKHO (aHTKHeATpKHO). llplf pacna~e 

JT -- f<-+ Y B03HHKaeT f<- -Me30H H HeATpHHO ( aHTHHeAtpHHO). 

CnpamHsaetcH, HeAtpHH0 7accouHHposaHHOe c 3JieKtpOHOM 1tox~ecTseHHo c HeAtpHHO, accoUHHposaHH~M 

C r-Me30HOM 11JII1 3TH HeAtpal!bHHe 4aCTHUH pa3JIH4HH nO CBOeA npHpOAe. 

XOT.II B TaKOM YTBep~~eHHH HeT nperpemeHHA nepe.n, 3aKOHaMH JIOfHKI1 1 XOT.II .n,eACTBHTeJibHO HeT 

anpHppH~X OCHOBaHHA ~JI.II OTOX)l,eCTBJ!eHH.II 4aCTHU 1 B03HHKaDmHX B pa3JIH4H~X npoueccaX BCe Ie Harne C03-

HaHI1e HeOXOTHO npHHHMaeT TaKyD B03MOXHOCTb 1 B KOHUe KOHUOB ycTynaH TOJibKO HeOCIXO~IfMOCTI1. ECJ!H B 

CBOI'IX npO.IIBJiei!H.IIX 3TH 4aCTHUH OKaxytCH pa3J!H4HHMH 1 TO T eopen!KH 

4aCTHU pa3l!I14HHe 3Ha4Kif 1 a nOTOM cyweDT npH~aTb ~M H COOTBeTCTBYDmHA CMHCJI. 

ECJIH 3TH 4aCTHUY ~eACTBHteJibHO pa3JIH4HH 1 TO pacna~!i HeilTpoHa If Jf -Me30Ha CJie~yet flHCath, 

HanpHMep, B BH)l,e! 

( 28) 

( 29) 

nerKO YCMOTpetb 1 4TO B CJ!y4a~ pa3J!H411.11 MDOHHHX 11 3JieKTpOHHHX HeATplfH BCe 3(jxjleKTH 1 OfllfCHBae­

MHe ~HarpaMMaMI1 1,2,3 1 4 1 ~eACTBI1TeJibHO 3anpemeHH. 

Bo3MOXHOCTb cymecrsosaBHH ~syx pa3JII14HHX B11,1I,OB HeAtpHHO B teopeTH4eCKOM acneKTe paccMatp11sa­

Jtacb p.11~oM asropos. 

HaHCionee paHHKe paeloru OTHOCHTCH K 1957 ro~35 • 36 • 37 • B CloJtbmoA rpynne paelor, cne~ynmKx 3a 

paCiotaMH lliBHHrepa35 11 HHWHJKifMH36 pa3l!H4He HeATpHIIO BHTeKaeT 113 HeKOTOpHX flOCTYJIHpOBaHHHX 3aKOHOB 

coxpaHeHHH. llp11 ycnoBHH cymecrsosaHHH TaKHX 3aKOHOB co .paHeHHH neso 11 npaso nonHp1130BaHHHe HeArpHHo , 

CBOeOCipa3HO KOMCIHI!Hpy.I!Cb B peaKU11HX C r -Me30HOM H 3JleKTpOHOM 1 Be~yT K pH~Y li:CJ!a TeJibHHX 3anpeTOB, 
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B pa6ore21 cornaCHO KOHUenUKK 6RpHOHHOro CTpOeHKS He6apKOHH~X 4aCTKu20•21 nenTOH~ OKa3~BaDTCS 
o6na,l(a t emnm CTpaHH~X 4KCen. Heo6XO)(KMOCTh npKnKCaTh r -We30HY K :JneKTpOHy pa3nK4H!le CTpaHH~e 4KC­

na, KaK pe3ynhTaT pa3nH4H~X CHCTel.l 6apKOHOB, npe)(CTaBnSD~HX 3TH 4aCTKU~, npHBena K He06XO)(Hl.IOCTH 

npKnKCaTh WDOHHOWY K :J neKTPOHHOMY He~TPHHaW Ta Kxe pa3nK4H!le CTpaHH~e 4KCna. 
JB 

B pa6oTe 3enh.D;OBH48 BBO)(V.T CS .IlYSneTnas CTpyKTypa nenTOHH~X rpynn (evi) K ( f112 ) • 

Cne)(yeT oco6o no)(4epKHyTh, 4TO 3anpeT peaKUHH f --t.--1-e++.e·, r-- t+lr' 'r+P--
- P+t- J ~t+e-- r-+e+, MOXHo nony4KTh, ecnK MoxHo taK cKa3an, K 6onee ".Ilemeao ~ ueao~", B03Bpa­

~asch K CTapo~ K)(ee KOHOnKHCKOrO K Maxwy)(a39 • CornaCHO 3TO~ K,l(ee r--Me30H, B OTnK4Ke OT e-
( 3neKTpOH) SBnSeTCS aHTK4aCTHI\e~. B CeMeRCTBe r-Ye30HOB ( t" +J f'lJ B OTnK4Ke OT CeYe~CTBa 3neKTpOHOB 

(e~ef)qacTKUe~ sansercs f<+. nerKo BH)(eTh, 4TO Bee peaKI\KK TKna r-~e-+t++.e-J/f-+-P-f+-i - K T.)(. 

3anpe~eH~ 3aKOHOW COXpaHeHHS 4HCna h.. , npe)(CTaBnSDiqero pa3HOCTh 4HCna 'laCTHU K aHTH'laCTHI\. 

li,I(es TpaKTOBaTh r + H e- .KaK 4aCTHI.U>I, a r- H e t- KaK aHTH4aCTHU!l cawa no ce6e HHTepec­

Ha. Mil yxe ,l(aBHO npKy'leH~ K MllCnH, 'lTO nOHSTHe 4aCTHUH H aHTK4aCTHU~ He CBS3aHO O)(H03Ha'lHO CO 3Ha­

KOM 3aps)(a. llporoH ( p+ ) acer)(a C4HTancs 4aCTHUeR, a a~nmpotoH ~ p- ) - aHTii'la CTHUell. Hat~6onee 
SpKKil npHWep OTCYTCTBHS O,ll;H03Ha4HOil CBS3K Wel()(y nOHSTHeW 'laCTHI.U>I H 3HaKOM 3neKTpH4eCKOrO 3aps,D;a 

+ ... -
WOXHO HallTH B npKwepe cy~ecrsoaaHKS L H L - qacTHU. B Ka'lecrse )(anhueUwero apryMeura Yoxuo npt~-

aecrt~ npt~wep KaCKa.D;Horo rt~nepoua, o6na)(ac~ero oTpt~uarenhHHM 3aps)(ow. 

Eonee toro, ecth npt~wep~, r)(e nOHSTHe 4aCTHUH K aHtK4aCTKI.U>I He CBS3aH~ C 3neKTpH4 eCKHM 3apS,D;OW 

aoo6~e ( uellTpHHO -aHTHHellTpt~Ho J K0 H Ko -Me30HH). l{.n;es KouonHHCKoro Maxwyra npt~sneKarenhaa H 

Tew, 4TO 3,l(eCh BnepB~e nOSBRSDTCS KaKHe-TO non~TKH HallTH peanhHHe OTRH'lHS r -Me30Ha OT 3neKTpOHa, 

KOTOpHe CnOC06H~ nposBnSThCS B ps.n;e Ha6nD.D;aeWHX 3~eKTOB. 3,D;eCh r-We30H BnepB~e paCCJ.taTpHBaeTCS He 

npOCTO KaK 11 TSXen~~ 3neKTpOH" H 3TO , B03WOZHO, Ha4ano nyTH, Ha KOTOpOW 6y)(eT Ha ll)(eHO pemeHHe 38-

ra,D;KH HepaBeHCTBa J.ta CC 3THX 4aCTHU. 

B nocne)(yD~ell, B uacros~ee speMs nonynspuoll ~opwynKpOBKe reopHH cna6~x B3aHMO)(ellcTBKil6•7 , 

H.n;es KoaonHHCKoro-Maxwy)(a 6Hna ocrasneua, raK KaK B caoell Henocpe)(CTBeHnoll ~opwe oHa nporv.sope'lHT 

3KcnepHwenranhHowy 3Ha'leHHD napawerpa Mv.mens. llapaMetp Mwmens B taKo~ reopHH oKa 3HBa ercs paBHHM 

Hync7 BM9CTO toro, 4t06~ 6HTh 6nH3KHM 3/4. 

O.n;HaKo, 6onee )(etanhHOe paCCMOtpeHHe BOnpoca noKa3ano, 4TO B paMKKX teOpHH .IIBYX HeTOX)(eCtBeH­

H~X HelltpHH HWeeTCH B03MOli:HOCTh npK coxpaneHHH rHnote3~ KOHOnHHCKOro-MaxMy.n;a K36ezath npOTKBOpeSMKS 

H c 3KcnepHMenranhH~M 3Ha'leHHeM napawerpa Mv.meRH. 

Hav.6onee no)(p06HOe H3nozeHHe H.D;eK )(BYX HellTpKH, pa3nH4aD~HXCS npaBOil H neaoll nonspH3aUHell, 

WOXHO Ha llTH B pa60Te KaBaKaMH40 • 

HCXO,ll;S H3 'leTHpexKoMnOHeHtHOil 'f/~yHKUHH, Y.IlOBneTBOpSDlflell ypaBHeHHD nv.paKa, BOnHOBHe ~YHKUHK y 

"npasoro" H "nesoro" uellrpv.uo onpe.Ilenscrcs BHpaxeHHSMH: 

~R. := ~ (1- 'rs-) 'f'v (30) 

~t- = ~ (1+os-) ~v 
) 

"Vvit K 

tr == 'lf1 (1. ~ ¥"., ( JI) 

C noMOlflhD onepaUHH 3aps)(oaoro conpnxeHKS nons 

('+'v~) H aHTH- 1...- uellTpHHRbl< ( '¥v~) nons: 

~L npeo6pa3yeTCS B aHTH- R_- HelltpHHifr.tC.. 

r)(e 

I!. - r -1 ( "-'C. 
'Yvll -= c. 'fvtt = 2: 1+os-) Tv 

c. -r "( v)LI.I~ Ul _ c_Ul = -1-rr Tv 
1\IL- lvL ~ 

c. -r 
C.+C.=-C-ICT=+1 J 'f/ =C.'f.l 

(32) 

TaKHM o6pa3oM, ~ - uelltpHHO H aurv.-L-uelltpHHO npasononspK3oBaHHHe 'laCTHU~, L -uellrpHRO H 

aHTK - i- HeRTpHHO - neBononspH30BaHHHe HellTpHHO. 

nanee npe)(nonaraercs : A) 3aKoH coxpaneut~s nenronnoro 'lt~cna a BH.Ile 

Bent~4HHa 

ue BH.Ila 

B 3 

f<+ ' e. 
3aKona c1 

){am 

eu1e O,ll;HH 

E) : 

Bcne.n;crav. 

H O!lpatHO 

3aKOH CO X 

He Moryr 

IlpHHHTHe 

3anpelfleHH 

3TOR TeopH 

Pacna 

aHtHHelltpH 

TeopHn a 3 

Me30HOB BO 

Ul!H 3THX 'II 
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L = n(~+)-n{r-J.tn(e-)-n(e4-)+ 
-r- n (v~~.)- n {vR.c.) +- n {v._)- n (v ~} . (JJ) 

BenH'IHHa L coxpaHIIBTCII so scex npoueccax c yqacTHew nenToHoB. n ( J.) - l!HCJIO, OTHOCII111eec11 K l!aCTH­

ue sua rJ... 

B 3TOil ltJopwynMpOBKe 3aKoHa coxpaHeHHII nenTOHHoro 'IHCJia npe.D:nonaraeTcll, 'ITO '18CTHU8W11 IIBJIIIDTCII 

ft + ' e- y fl.. ' VL. 11 8HTH'I8CTH1l8YH r-' e+ ' v: ' y ~ • HHal!e rosopll, B ~t~opwynHpOBKY 
3aKoaa coxpaHBHI111 nenTOHHoro l!Hcna BKJID'Ieaa H.D:ell KoHonHHCKoro H Maxwy.D:a, o KOTopolt mna pel!L Bhlwe. 

Ranee, )!,Jill TOro, 'IT06bl nOJIY'IHTL 06~11CHeHHe HaH60J!LWewy 'IHCJIY H86JID)I.aelolbiX 3anpeTOB BBO.D:HTCII 

eme O)I,HH 38KOH COXpaHeHI!II 1HioleHHO! 

E) 3aKOH coxpaHeHHII HellTpHHHoro 3apii.D:a N : 
fv'= n{r+J-n{r-)- n(C}+n(t+} t-

+tl (v~)- n (Y~)- n (v~..) -tn (V~,.c) (34) 

BcJie,li,CTBHH 3aKOHa COXpaHeHHII nenTOHHOrO 'IHCJ!a r+ He MOlleT npeBp81l(aTLCII B e.+; /'-- B e 
11 06paTHO • 3)I,eCL 1 T8KHU o6pa30Y 1 COXpaHIIDTCII Te xe 38npeTb1 1 'ITO H B TeOpHH KOHOnHHCKOrO-MaXyY)I.a. 

' k.+s "-,· ,..-r,. 6 +, e- K /1..-3aKoH coxpaHeHHII HeWTpHHHoro 3ap11)!,8 3anpemaeT nepeXO)I,bl ,. ~ {" n ~ I 

ae woryT B03HHRaTL H Hcl!e38TL napawH, T.e. 3anpemeHbl npoueccbl THna 

+ ± :t -K--r- +e -t-JT'f-
(35) 

(36) 

+ + Y. - - e c f -t + ~+Yt. -' ft- ~ +V ll +Y L- ('37) 
(. 

v,. -r P-h+ tt + v ~ +n P+r- (Ja) 

3anpem8Hbl npOUBCCbl THna V~o + p ..- n + .e_ + • TaKHiol o6pa30Y 1 none y/l. Bcer,ll,a CBII38RO B 

3TOil TeopHH c r -nonew, a VL c 3JieKTPOHHbllol nonew. 

Pacna)I, r-Y830HOB&BH)I,e (37) 1 npHBO)I,IIllleW B B03HIIKHOBBHHD .D:BYX HBilTpHHO (pacna)I, r+) HJIII .D:BYX 

8HTHHeltTpi!HO (pacna)I, ~-) xapaKTBpH3YBTCII cor Jl8CHO IIO npaBI!J!LHbl)( 3H8'1eHHeK napaKeTpa MHWeJIII. 

Teop11:11 B 3TOW cKblcne OKa3bl&aeTCII anonHe 3KBI!BaneHTHOII Teoplnt N. S. H ~- F , r)le B pacna,ll,e (<­

Ke30HOB B03HHRa8T HeltTpHHO H COOTBBTCTBYDIIIBe BKY 8HTI!H81lTpi!HO: B TO~ II B ,ll,pyrolt TBOpiiK nonRp1!38-

UIIH 3THX '18CTHU O,li,HH8K0Bbl, C 60J!Be 06111elt TO'IKH 3peHHII KOXHO CKa38TL 1 'ITO KaK B CJ!yqae351J 6 
1 TaK H 

B cnyqae37 BBO)I,IITCII )!,Jill J!BnTOHOB HOBble "KB8HTOBbiB llHCJia" 1 pacnopllxaiiCL KOTOpbiYK KOXHO DOJIY'IHTL 

KBJiaB)(biB 3anpeTbiK~ -· 
liOXBT 6biTL He CJ!yl!altHO 1 'ITO B cpopKaJIH3KB COBpBKBHHOit TBOpKH eCTb eCTBCTBBIIHOe I.!BCTO K8K )!,Jill 

nnoTe3bl KoaonHHcKoro-llaxwy,na 1 TaK 11 )!,Jill ue~~: .D:BYX aelttpHHO. 

3,li,BCb HKBeTCII B BHAY ypaBHBHHB BTOporo nopii.D:Ka )!,Jill CnHHOpiiOrO nOJIII. llpKWBHIITBJ!bHO K 3JIBKTpOH8M 

ypaBHBHKB BTOpOrO nopll,li,Ka ,li,J!II CnHHOpHOrO nOJIII o6cy~8J!OCL WHOrO JIBT TOllY H838.1l4l 

CoOTBBTCTBYD~Kit narpaHXK8H nHC8JICII B BH)(B 

L =- ~ L ~ '6'1'!r- -o¢> - I!! ;p</> 
2m tP ,., x1 "'Xr- 2. 

ll) llpl!nKCbiB811 'II!CJ!!l. L~+1'1aCTI!U8W r+l t.~ v~, Yt... N=+'( /'4 +~ t_+/ v/t.~ )ILC 

L A - +.1c C c =-· r) e )yf() YL ~ 1,1:-1. f) t-1 y~l VL 

11 npe,llnonarall coxpaaeHKC l!Hcen L 11 ,V ll peaKI\I!IIX wolltHO nerKo Bhlnl!caTb ace Tllnbl pa3peweunux 11 3a.npe-

~eHHbiX npoueccoa. 
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TaKaa reopHa OKa3~aaerca cnocoOHon onHc~aaTh 3neKTpOH-4aCTKQY c nonoxKrenhHOil 3HeprKell K 

OTpK~aT CRhH~W 3RCKT pll:4C CKHW 3apa~ow(e-J, n03MTpOH ,KaK ~~~~pKy" B 3aHIIT~X COCTOIIHHIIX OTpH~arenhH~ X 

3HeprHil . 

Ho a 3toll xe reopKH Mweerca wecro H ~na ~pyroll 4aCTH~ c nonoxHrenhH~N 3apa~ow H nonoxHTenLHBA 

3HeprKeA H, ~~~~~ e e aHTH4aCTH~ - ~~~~pKH 11 B pacnpe~eneHMH ypOBHell 3aHIIT~X 4aCTH~aWM C nonOXHTellhH~M 

3apa~ow H orpM~aTellhHHWH 3HeprHIIWH. 

3neKrpoa waxer aaMrHnHpoaa.Th c noall:Tponow ( "~HpKoll" ) , no c ~pyro ll nononrenLnoA 3apHJ:ennoA 

4aCTH~ell anMrMnii~HII HeB03WOXHa. 

Cornacno 3TONY ypa.aneHHD a npHpo~e ~onxen OHn OH cymecraosarh "aropoA" 3neKrpon. CaoAcraa ero 

B HeKOTOpON CWHCI!e "oOpaTH~e" 31!eKTpOHY - 48CTH~ell l!BnlleTCll KBaHT nona, 3apl!XeHH~A nonOXll:TenbHYM 

3neKTpH4eCKHW 3apa~ow, a 8HTH4aCTH~a HeCeT OTpHuaTenhH~Il 31lCKTpH4eCKHA 3ap11~. 

Ta K KaK 11 BTOporo"3neKTpOHa B npHpO~e, BH~HNO, HeT, TO B03HHKaeT 3aNaH4ll:Ball H~ea B 3TOA TeOpHH 

B Ka4eCTBe BTOpoA 4aCTH~ paCCNB.TpHBaTh r+-Ne30H. TaKaa T04Ka 3peHHll B03NOXHa, ecnH pa.CcNaTpHBaTL 

ypaaneall:a aroporo nopa~Ka KaK ypa.anenHa ~na "ron~x" 4B.CTH~, oona.Aavmwx paBH~NH NaccaNH (Mt=mr) 

H ecnH C4HTaTh, 4TO BYpO~eHHe no NB.CCaN CHHWB.eTCII B3aKWO~CllCTBHeN. 

ilOHBneHHe HOBOA B03WOXHOCTH B ypaBHeHKH BTOporo nopa~Ka CBII38HO C TeN, 4TO OHO 3KBKBaneHTHO 

B Aa.HHON cny4ae ypaaaeHHD nepaoro nopa~Ka THna nHpa.Ka, HO ~Ill! BOChNH KONnOHeHTHYX ~YHK~Hil. llpeoOpa 

30BaHHeN 3TO ypaBHeHHe NOXHO npHBeCTK B ~BYN He3aBHCHM~N ypaBHeHHIIN ~pa.Ka/4!/ 
( i p +m) 'fe == o ( I ) 

{ip -fYI) ¥f.= 0 ( IT) 

3TH ypaBHeHHII NOXHO OO~e~HHHTh B e~HHOll 3anHCH 

I p =!f. Pr-(i P+-rm)'P= o 1 'f=(t;J 
r~e r -BOChMHpll,li;HB.ll MaTpH~a. ( ~v <.) ) - I o r _ or r - o -r) ) r- - o b',.... 

Harpa.HXKB.H 3TOro ypa.BHeHKII NOXHO 3anHCB.Th B BH~e 

L = _ i (v; [. 'l>'f - '££. r w)- m If l'f 
2. I v '<>l'v 'D)C, v r 

HerKO nony4HTh 3aKOH COXpaH8HHII TOKa 
?) -
~ 'f' ''v ~-= 0 

" 
{ 'f _ e. iJ. r If 

1 
f _ <r e.- iJ. ,-) 

H nnoTHOCTh 3apll~a B BH,I(e 

.f=: ('r:~-'f;t,._J 
ITpe,n:noxeHHYil na rpa.HXKB.H KHBapHB.HTeH H OTHOCHTellhHO npeoOpa30BB.HHll 

\jl- {.iJ. 'f J 'f- f .e.- iJ... 

C nocne,I(HHN CBOACTBON narpaHXHB.Ha CBll3aH BTOpOA 3BKOH COXpaHeHI!II 

7> -~ 'f/T;f = 0 
v -

Bropo ll 3a KOH. COXpa.HeHHII MnycKaeT HHTepnpeTa~HD BYpa.XeHHll 'fly If KaK nnOTHOCTH 4HCI!8 48CTHn 

N = '+':f~ + r/ t~ 
IT ocne KBa HTOBB.HHII COrllaCHO nOI!OXHTenbHOA NeTpHKe*) 38KOHH COXpB.H8HHII nepenHCYBB.DTCll B BH~e, aHa-

I! OrH4 HOW (JJ) H (34) . MOXHO CK83a.Th, 4TO cymeCTBYDT ",n:aa ypaBHeHll:ll ~pa.Ka": O,I(HO ~RII 3neKTpOH8 

ll ) [ f'e.('f..), 'f e( ~)]+ = (-p-i~) A (J<- ~) 

cr~cJ(,, f'r~n+ = {-fJ +i"'J ..1 c"-"J) 
c:P = f ('f(.+ '(I t<J Y ~OBileTBOpaDmee ypa.BHeHKIIN BTOporo nQI>li~Ka nO,I(4HHIIeTCII npBBKI!y: 

[4'(Y:)
1 

(p())(.,]+-:: O(IC-<J) j [</(~)/ <P('J}j+ =- p a(x- :J) 
ECI!H none 'f~'" KBaHTOBa Th no HH~~HHKTHOll MeTpHKe, Ha 4TO NOryT O~Th K CBOH OCHOBB.HHII, TO 

[ cfl(r::)) <Pr<tJ] =- i rn A(')( - ~ J. 

(ipt-M H~ 
ECTCC1 

.ltJta oomnoc1 

pe4h o Mace 

H r- - Ne3C 

aenno c ne,JtJ 

3neKTpOHY. 

HIIDTCII NeC1 

TaK1u 

TaKHM 

B acnE 

-Me30HHOf 

0 B0 3MOJI:H 

B npo< 

31leKTpOHa 

EcnH ' 

TOllt)(eC TB eHJ 

T04KH 3peHI 

B npe; 

llpH m 

,I(OOB.BKH K t 

3HB.Ka.li!Ell) 
' 

fipH 38.T pa.B o 

onH3KON K : 

3neKrpona . 

TaKMN oopa 

HHll, KaK 41 

Cymec· 

no,I(OOHHe ,n: 

KOTOpHN NO 

B03NOXHO , 

Ho oocyx.ne 

U!E)CN. no 

**) 
~' 

IE) ITo.npoOH 



IJ!OltltiTCJ!bHhllo! 

l.pRXCHHOit 

::aoltcrsa ero 

0 DIT e Jlb HhlW 

B noll reopHH 

.ccwarpMBaTb 

' (1H,=!tlr) 

tBI!BaJieHTHO 

!KUHil, ITpeoOpa 

( I ) 

(IT) 

'laCTI!U 

B BH.liC, aHa-

~ :JJ!CKTpOHa 

, TO 

2! 

(ipt-M )-jl~ = 0 , ,llpyroe**) ,li;Jlll r -Me3 0Ha (1 p- n\) 't /" -==0 , 

ECTCCTBCHHO C'II!TaTb, 'ITO I! ,li;Jl ll HC il Tpi!HO MOXHO OI!CaTb )IBa TaKI!X xe ypaBHCHUII**) 

(ip+1Y1~)'t';=o tc. (1j3 - ~~J'f':-=o . 
t.. r-

.nna 00lllHOCTI! 3,li;CCb l'flv I! lt1v OOJ!Oli:CH!o HepaBHblMI! HJJID, Ha.no 3aMCHfi!Tb, 'ITO B TUKOil (jlopMyJII!pOBKC l!.l(CT 

pet!b o uaccax "ronhlx" qacTuu. MoxHo, Hanp11wep, nonaraTb, 'ITO noJIIIMI! :J JICKTpOHHoro Tl!na ( ~c.1 'I'¥ e) 
II ,.. -we30HHOro Tl!na Nr, cr:) oni!CblBaDTCII . ".nyOnem" (e} v~) I! ( f', Jlr) . IT pi! TaKO!A conocTaBJICHIHI ecTeCT­

BeHHO CJIC.JlYCT, 'ITO Yf"-- HCIITpi!HO Ha XO.l(IITCII B TaKOM XC OTHOWCHI!II K Y t. HC~Tpi!HO, KaK ~ -MC30H K 

3JleKTpOHY. B t!aCTHOCTI!' t!aCTl1Uhl I! aHTI!t!aCTI!Uhl non ell 3JICKTpOHHOro I! r -MC30HHOro nonell KaK Obi Me-
t. ,.. 

HIIDTCII J.ICCTaUI!, J TO CBOllCTBO CCT CTCTBCHHO COXpaHI!Tb II np11 mv = Mv = 0 , 

TaKI!M o0pa3oll, ecnv. Y~-HellTpi!HO neaononapii:JOBaHHoe, ro ~woxHo nonaraTb npaaononHp1!30BaH HhlM. 

TaKMM oOpa3ow, B03HI!KaCT cxeua nenTOHHHX qacTHU, 0JI1!3Kall K cxewe, 113JioxeHHOil Bhlme. 

B acneKTe CYIIICCTBOBaHHII p83Jlllt!HhlX OOJ!Cil lMpaKa (CKUXCM noRa yCJIOBHOlf ) :JJ!CKTpOHHOrO II r­
-MC30HHOrO Tl!na), CYlllCCTBOBallllll .liBY X pa3JIII<!HbiX ypaBHCHI!Il )\Jill 3TIIX OOJICil, B03HIIKUCT BOn po e 

0 B03MOXHOCTI! CHHTI!II BblpO K,li; CHIIII no MaC CaM fl. , (t-· <laC Till\ npH BKJID'ICHI!I! oOI-It!HbiX B3ai!MO.l(C ilC TBI!il. 

B npoOnewe m,.1:- M~ IIBJIII8TCII 3ara,nKOil IIMCHHO TOl!t,li;CCTBCHHOCTb BCCX 113BCCTHhlX B3aiiJ.IO,nellCTBIIIl ,nJIJI 

31lCKTpOHa I! ~- W830HU, 

ECJII! " roJiblll" :JJICKTpOH II "rOJihlll" ~ -MC30H oniiCblBaDTCJI O.l(HHW II T8W XC ypaBHCHIICM, TO np11 

TO~CCTBCHHOCTII BCCX B3aiiMO,llellCTBIIIl r -M830Ha I! 3J!CKTpOHa IICKJID'ICHa B03WOJ:HOCTb OOHHTb C OOJ!CBOil 

TO'IKII 3p8HI!H npOI!CXOX,li;CHI!C pa3Jlii'II!H B Maccax t!aCTIIU. 

B npe,nJIOJ:CHHOM ~OpMaJ!II3J.Ie HCCKOJlbKO IIHaH CIITyaUHH, KOTOpaH TpeOyeT .naJibHellmero aHaJiw3a, 

fipH nanucaHHH ypaBHCHHil B BH.llC (i p+ M~) '-V ~ = 0 H (i {)_ m,._) 'f'~ 0 TpeOyeTCJI, 'IT00bl 

,li;06aBKII K mc=~B :J TIIX ypaBH CHI!JIX, B03HIIKaDllli!C OT BKJID'ICHHOfO B3aHMO,nellCTBHH 0blJIII Obi OAIIHaKOfO 

3HaKa***), T.e. , Hanp11wep, 

h1~=rne-~m /11~=- M,..-om 
ITp11 3aTpaBot!Holl wacce qacTIIU, paaHoll, .nonycTHM np11wepHo noJIOBIIHe peanbHOil ~ -we30HHoll wacce ~~~~ 

ClJ!1!3KOM K 3TOWY lte 3Ha<ICRIID, IIOJmO 6blJ!O Obi B npiiHUIIne OO'bHCJIIITb pa3Jlii'IHC B uaccax f -IIC30Ha II 

3J!CKTpOHa, Eonee no,llp00Hblll aHaJIK3 3TOil B03110XHOCTK paccuaTpiiBaeTCJI B § 9, 

TaKIIM o6pa3ow, npe,llcTaanaeTcJI uenecooopa3Hhlw TpaKTOBUTb npoonewy Yt..IV~c Oonee m11poKoll TO'IKH 3pe­

HKH, KaK t!aCTHYD npoOnewy, CBJ13aHHYD C CYIIICCTOBaHHCM .llBYX pa3Jlllt!HhlX TllnOB OOJ!ell lKpaKa, 

CyiiiCCTBOBaHHC .llBYX TllnOB non ell JlHpaKa HC orpaHII'IIIBaeTCH CJIY<I6JIMK J!COTOHOB, .lfweDTCH, BK,ni!MO, 

no,lloOHhle .JIYOneThl OapHoHoa: 

(p~ n) ) 

KOTOphllo! MOXHO COOTBCTCTBCHHO COnOCTaBIITb J!COTOHHhlC )lyOJieThl 

(r+, v,.J , (~~·~e) 
OapiiOHaw z. ~ z- cne.nyer ( ?) 

Yo_ A"-2° - -vr 
B03MOXHO' 'ITO conocraBJ!HTb HellrpaJibHble 

o ...-o 
::zO- ~ 
4:.. - « 

KOMnOHCHThl 

Ho oOcyx.neHIIe nOCJ!C)lHIIX 3alo!e'laHHil BhlXO,li;IIT 3a paMKII 0030pa, 

***)CW, no,llpOOHee npenp11HT 4l, 

**) e v 
'fe. = ~S" r f"' ) ~II :::- '(S 'f/ f'-

lf) IIo.npoOHee cw. 41 npenpiiHT"6 .nayx r11nax nonell ll!paKa" 
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ll p e~CTaBRHDT H 3BeCTH~~ HHTep e c OOHCKH pemeHHH~f*mLnpodneM~ H Ha ~pyrHX B npHHUHne 80 3~o~­
H~X HanpaBRCHHHX . 

XOTH fHflOTe3a CRO~HOfO CTpOeHHH nenTOHOB, B~CKa3aHHfiH B HarnR~HO~ ~opwe20 H HOCHT 4epT~ yn­

po~eHHH H OPHWHTHB H3Ma HO no ~yxy CBOe~y OHa no~nyll COOTBeTCTByeT TeH~eH~HH~ B COBpe~eHHOil TeopHH 

3ne~eHtapH~X 4aCTH~*). ilOCTeneHHO CKRa,D;~BaeTCH T04Ka 3peHHH, 4TO B odnaCTH C HRhH~X B3aH~O~e~CTBH~ 
B Odpa3 RDdO~ H3 Ta K Ha3. 3 Re~eHTapH~X 4aCTHU BHOCHT cy~eCTBeHH~~ BKRa,D; Bee ~pyrHe 3Re~eHTapH~e 

46CTH~~. 06pa3 He~TpOHa, Hanpw~ep, He YHCnH~ de3 Jf-~e30HHOfO nonH, KOTOpoe cy~eCTBeHH~~ odpa30~ 

onpeAeRHeT CTpyKTypy HeATpOHa H ero BaxaeAWHC CBOACTBa. 

Jf -We30IIHOe OdnaKO HaCTORhKO onpeAeRHeT CBOACTBa npOTOHa H HeATpOHa, 4TO Jr-~e30H~ B H3BeCTHO~ 

eMYcne "ctpyKtypHo" BXO~HT B npotoa H HeAtpoH. To xe, no-BHAH~o~y, ~oxHo CKa3aTh o K -~e30HHO~ 
none H eBH3aHHO~ C HH~ none rwnepOHOB, 0 none W H J' -We30HOB H T .,]I;, 

lpyrK~K cnoBa~H 4aeTH~ no ~epe HX OTKp~TKH KRaCCH~H~KpyDTCH no COpTa~, K~ AaDT OTAeRhH~e 

H63BaHHH, KX Ha3~B6DT 3ne~eHT6pH~~K, HO 3ate~ B~HCHHeTeft taKoe TeCHOe B3aKWOOTHOWeHKe ~eXAy HH~H, 

4TO KaXAaft K3"3Re~eHT6pH~X" 46CTH~ Ha4HHa eT npe,D;eTaBnHTheft enoxaoA KO~n03HUKeA BCeX 11 3ReWei!T6pH~X" 

qaeTK~~O£). 

EeteetBeHHO B03HHKaeT HAeH, 4TO B odnaeTH CHRhH~X B3aK~OAe~eTBHA donhWHHeTBO KnH AaXe Bee 

":Jne~eatapHYe" qacTHU~ - "cnoxa~e". 

llo cy~eeTBy, ~HOfKe, eenH He Bee HWeDmHeCH non~TKH noeTpOeHKft TeOpHH 4aeTHU eBH3aH~ B KaKOA­

TO ~epe e OTXOAOW OT HeKOfAa roeno,D;eTBOBaBmeA, HO CWYTHO~ H,D;eH "AeACTBKTeRhHO 3 ReWeHTapH~X 4aCTHU". 

llporpawwa reA3eHdepra, KaK K3BecTHo, eoerowT, HanpKwep, B non~TKe nony4HTh " :J neweHTapH~e" 

46eTH~ KaK CJIO:IU~e 34xfJeKTbl KaKOfO-TO YHKBepcanbHOfO nonft <Pepww, KaK pe3ynhTaT CHnhH~X ( HeRH­

HeAH~X) B36K~OAeAeTBHA. PaeCMaTpHBanacb B 3TOW :1e HappaBneHHH non~TKa B3ftTb 3a OCHOBY 4eT~pex~ep­

WKOHHOe B36K~OAeACTBHe dapHOHOB, fAe dapHOH~ TpaKTYDTCH Ka K B036yZAeHH~e COCTOHHHft HYKROHOB20 • 

Bo3HKKHoBeHKe HOB~x 4acTKU B 3TO~ B3aHWOAeActBKH ( Jr, K -4acrwu) nponBnnerca KaK B03HHK­

HOBeHHe nonDeOB B COOTBeTCTBYD~eA $ -MaTpHU~l9 , 
llporpawwa paCCMaTpKBaTb 4aCTHU~ KaK COOTBeTCTBYD~He nonDCa Pe,D;Xe IIBnlleTCII B KaKOA-TO ~epe 

nonYTKOA B AaHHOW KOHKpeTHO~ ~aTewaTH'IeCKO~ O~opwneHHK peanH30BaTb TY :1e H,D;eD He 3 ne~eHTapHOCTH 

3ReweHTapH~X 4aCTHU. 

* ) 3ra exeMa wozer ae npoTKBope4HTb ~euo~eaonorH4eeKo~y onweaHHD ,D;By x THnos noneA lwpaKa. 

**)Cy~ecrByeT "3KcrpewHcTeKaa" TO'IKa 3peHKII, eornaeHo KOTopoA de3pa3RH4HO H3 KaKoro "watepwana" 

eTpOHTb 3ReweatapH~e qaeTH~ B CHnbH~X B3aH~O,D;e~CTBHIIX, Pe3ynbTaT AORXeH d~Tb OAHM~ K Te~ xe, B 

eBoeA, O'leHb od~e~ ~opwe cnpaBeAnHBOeTb H,D;eH n04TH O'leBHAHa. 

ilpKHUHnK6JibHall B03WOXHOeTb, HanpH~ep, paecwaTpHBaTb pa3nH4H~e ~OAeRH dapHOHOB H }( -we 30HOB 

HarRIIAHO KRnDeTpHpyeT K,D;eD: 

1 . Bo ~HOfHX npe,D;nonoxeHHIIX, KaK K3BeeTHO, ~ -We30H paeewaTpHBaeTell KaK eRO:IHall 46CTHUa 

K0 = n+A0 
( I ) 

2. rwnepOH pa ceMaTpHBaeTell KaK enO:IHa H 4aeTHUa
42 

;\ 0 ~ 11+K0 ( 2) 

J . HyKnoH npeAnonaraeTcH cnoxHO~ qacTwuea 43 

n =. A"+ 1<" (J ) 

Ho B eBoen Od~e~ ~opwe 3KCTpeMHeTCKaH T04Ka 3peHHH WOXeT H He odna,D;aTb 3BpHeTH4eCKOA UeH­

HOCTbD, 0Ha HWeeT HeKOTOpOe CXO,D;CTBO no aHa.IIOfHH C BQ3~0XHOCTbD HCllOJib30B6Tb pa3JIK4H~e CKeTeMY 

KOOpAHHaT AJIII OilHCaHHH ~H3K'IeCKHX HBneHwll - .n e llcTBnTenbHO raKaa Bo3woxaoeTb wweerca. Ho TaKxe 

npaBKnbHO, 4TO renKO-UeHTP.H4eCKaft eHCTeMa )IRII OnHCaHHH )IBH:IeHHII, Hanpwwep, nnaHeT~ WepKypHII, ecteCT­

BeHHee, qe~ reoueHTpn4eCKaH. 

K COli 

JlnH e 

H B 3 

B 3aHWO)Ie~c 

HnH Man~X 

Ilpe.nc 

n03HUH~ B~ 

noeneAHHX 

C 3TO 

4KH C 3KCn 

3 Hep rwll , 6. 

Ho B ; 

reopeTH4ec 

!.Ia oro 

donee cnox1 

Mwe e rca np• 

ca Ha neno: 

B CBH ! 

eHOBa B03p< 

~ ep~HOH~ B: 

na - 3 n eKTJ 

poAe, noHBJ 

3.necb 

uoryT no-ne 

cax ~H3HKH 

llpo~eJ 

~epWHOHH OfC 

pa30W AaBaJ. 

3 KCnepHWei!T 

C APYr 

B3aHMOJ~e~CT 

Oonhman aHa 

B03WOXHOCTe 

B3aHMO AencT 

AeAC TB Jdt Be 

3Ha'leHHftMH 

* )CneAY e T 3 

da3e CH Ji b H~ 

woryT ,D;asat 
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K coxaneHIID, nenroHbl noKa ablna,~~;avr 113 3toll nporpa~. 

nJill e e peaJIK3aUIIII Hyli:Hbl CI!JibHSe B3ai!MO,Il;ellcTBI!ll*) . 

H B 3TOW CWbiCJte WO ll:eT 6b1Tb 3awaH411Ba Ha,~~;e:~,~~;a Halltl! II ,ll;Jill JtenTOHOB COOTBeTCTBYD~ee CI!JibHOe 

B3aiiMO,Il;eJ.ICTBI!e B "CJta60M" 4etblpe~epWIIOHHOW, KOTOpOe npeBpa~aeTCll B CI!JibHOe npl! 60JibWIIX :J HeprllliX 

1!](11 llaJibiX napaMetpaX CTO JIKHOBeHHll. 

llpe,ll;CTa B](lleT Cll, 'IT O HOBbiJ.I llO,Il;XO,Il; K llOHliTIID " 3JteWeHtapHbiX 4aCTKU", KOTOpbiJ.I C pa3Hbi X KOHKpeTHbi X 

1103HUHJ.I Bb1KpiiCTa RJI1!30Bbi Ba eTCll B ilJK311Ke liBJtlleTCll WOll:eT 6b1Tb CaWbiW cy~eCTB6HHbiW ,ll;OCTHJ:eHIIeW HayKII 

llOCJte,ll;HIIX ,ll;eCliTI!JieTHII. 

C 3TOJ.I T04KII 3p eHI! ll l! ,ll; e ll ,ll;By X TllllOB Helltpi!HO 110Ka 1103BOJtlleT 11pO,Il;OJIXRTb ,ll;yllaTb 6e 3 npOTI!BOp e-

411ll C 3KCnepKMeHTa JtbHHMH ,ll;a HHbiMII 0 npaBI!JibHOCTII TeOpllll 4etblpe~epWIIOHHbiX B3ai!WO,Il;eJ.ICTBIIII BllJIOTb ,11;0 

:J HeprKII, 6JIH3KIIX K e e Kp11TH4eCKO II 3HeprKH ( .-. 300 5:JB). 

Ho B nocJteAHH e ro,~~;bl ,~~;n ll K,ll;ell 4etblpexilJepwKOHHoro B3aKwo,~~;ellcTBKll B03HKKJta cepb e 3Ha ll, noKa 411CTO 

reopetH4eCKall "onactHOCTb" co cropoHH K,ll;ell r.H. npowexyto4Horo 6o3oHa. 

§ 4. llpowe!YT04HYII 6030H. 

MHo r o ner rowy Ha3a,~~; DKasa44 npe,~~;no:a:KJI paccwatpKBatb cna6oe B3aHwo,~~;ellctBKe KaK B3aHMo,ll;ellctsKe 

6oJtee CJIO li:HOfO xapaKtepa , 'leW Henocpe,ll;CTBeHHOe 4-X ilJBpWIIOHHOe B3ai!WO,Il;eJ.ICTBI!e • ITO WYCJIII DKaBbl 

11weetcll npowe:a:yto4HHJ.I 6o3oH ( nyctb W ) , Koropblli KcnycKaliCb, Hanp11wep, HYKJIOHawK, 3ateM pa cna,~~;a e 1· 

Cll Ha Jten OTOHbl ~ 
n- p+W-

B CBll31! C HOBellWI!W 3Tanow B pa3BIITIIII TeOpllll CJta6biX B3ai!WO,Il;eJ.ICTBI!Il K,ll;ell npowe:a:yt04HOfO 6030Ha 

CHOBa B03p0,11;1!JtaCb. H,JI;ell npowe:a:yT04HOfO 6030Ha B KaKOII-TO wepe YHHilJKUKpyet 1!3BeCTHble B3a i!MO,Il;ellctBilll: 

ilJ epWIIOHbl B3ai!WO,Il;ellcTBYDT C 6030Ha MH. Teopllll noJtell CTpOIITCll no o6pa3y caoero IICTOpi!4eCKOfO npotOTII­

na - 3JteKrpo,~~;HHaWHKII. Co3,~~;aercll ane4atJteHIIe, 'ITO aeKropHblll 6o3oH 11weer KaKHe-ro npeHJ.IY~ecra a B npv,. 

po,~~;e, nollaJtlletcll ecrercraeHHa ll teH,Il;eHUHll noHliTb cKpblrble npi!411Hbl yHHaepcaJtbHOCTi! seKropHoro nonll. 

3,1l;eCb OTKpblaaetCll 60JtbWOII npocrop ,ll;](ll ,ll;aJtbHellWi!X IIHTepeCHbiX teopeTH4eCKIIX cneKyJtliUKil , KOTOpble 

uoryr no-noaoMy onpe,~~;eJIKTb ,~~;aJtbHe"wHe nyr11 a pa3BI!Ti!ll reopeTH4ecKoll MbiCJIII a ilJyu,n.aweuta JtbHbi X a onpo­

cax ilJH311KII 6JIHxallmero ~y,~~;y~ero. 

TipoMe:a:yro4Hbi J.I seKTOpHHJ.I 6o30H ecrercaeHHO o6~liCHllet i!36paHHOC!b seKtopHoro aa pllaHta 4erupex 

~epwiiOHHoro ilJopwaJIH3Ma cna6blx B 3ai!MO ,J~;eJ.Ic r nK~, a 3upn~eHHblll npowe:a:yto4Hblll 6o30H ecrercraeHHbiW o6-

pa3ow ,~~;asaJI 6bl o6aliCHeHKll rowy i~Jaxry, 'ITO "tOKII" B narpaHxHaHe cna6bi X a3aiiUO,Il;ellctBI! Il no rpe6osaH HD 

:JKCnepi!Uenta npi!XO,Il;IITCll lli!CaTb 3api!XeHHbiJ.III. 

C ,ll;pyroll CTOpOHU WOli:HO HaiiTi! apryweHTbl, KOTOpble ,ll;eJtaDT llOflbiTKII BBe,ll;eHIIJ! B TeOpiiD C](U6bi X 

B3ai!MO,Il;ellCTBI!Il npowexyT04HOfO BeKTOpHOfO Ue30Ha He CTOJ!b 11p11BJI6Ka teJibHbiMII. ~ell C TBIITeJibHO, CJIHWKOM 

60JtbWall aHa](Ofllll B llOCTpOeHI!II teOp1111 CI!JibHbi X II CJIU6biX B3aiiMO,Il; eJ.I CTBIIJ.I Ka3a](OCb 6bl He ,ll;aDT HIIKaKII X 

B03WOJ:HOCTeJ.I II B 6y,ll;y~ew llOHliTb caoeo6pa3HJD cneUII~IIKY CJta6biX 83aiiWO,Il;eJ.ICTBIIII. ll04ewy B CJta 6biX 

B3aiiMO,Il;ellCTBIIliX B OTJIII4i!e OT CI!RbHbiX HapywaetCJ! 4eTHOCTb 0 eCJIII CTpyKTypa Cll](bHbi X II CJta 6biX B3aiiMO-

,Il;eiiCTBIIJ.I aeKropHoro 6o30HOB c HYKJtoHa WII ( v0
1

fJ VV noJtll) ,~~;onxHH otJIH4atbCll ronbKO 4HcneHHbiMH 

3Ha4eHI!liWII KOHCTaHTbl B3ai!WO,Il;eJ.ICTBI!ll. 

*) Cne,ll;yeT 3aWeTKTb, 'ITO llOCTpOeHI!e 3JteMeHtapHb1X 4aCTI!ll II JteflTOHOB B 4aCTHO CTII B03M0 li:HO TQ ](bKO Ha 

6a3e CI!JibHbiX B3ai!WO,Il;ellCTBHJ.I, CJta6ble 83a iiMO,Il;eJ.IctBHJ!, ecJIH OHII BO Bcex CJty4al! X OCTaDTC ll CJta6bi MII 

woryr ,~~;aaatb JIHmb " cna6ble" nonpaaKII K napaMerpaw, xapaKtepii3YD~IIM 4aC TIIUY (ee ua ccy 11 r.,~~; . ). 
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Eonee roro, C rex nop KaK craH H3BecreH :uarewaTK4eCKKh ~Kr 1 4TO K3 ABYX CfiHHOpOB MOXHO 

nocrpOHTb BeKTOp pO,liHHaCb H XHBeT K,lleR, KOTOpOR HKKaK HeHb3R OTKa3arb B 3aWaH4KBOCrH, - KMeHHO 

C4HTaTb <lJepWKOH!i OCHOBllliW :uarepHaHOK B fiOCTpOeHKK 3HeMeHrapH!iX 4aCTKU. 

Ho He3aBHCKWO OT HaWKX Hay4HiiX BKYCOB 1 - BOnpoc 0 cy~eCTBOBaHKH KHK OTCyrcrBKK npo:uezyr04HOro 

6030Ha B CHa6WX B3aHWO)IehCrBKRX - 3rO fiOKa 3KCnepH:UeHraHbHaR npo6newa tPYH,lla:UeHTaHolt B03KOXHOCTK 1 

pemeHKe KOTOpolt cymecrBeHHO onpeAeHKr nyrK pa3BHTKR TeOpKK fiOHR K 3Re:UeHTapH!iX 4aCTKU. 
EcnK, B 4acrHocrw, oKaxercR, 4TO uacca npo:uexyT04Horo 6o3oHa cymecrBeHHO weabwe, qe:u 

KpKTH4eCKaH Macca cna6wX B3aHMOAe~CrBKh (300 b3B), TO Cna6we B3aKMOAellCTBKH He 6YAYT K:UeTb 

cymecraeHHoro 3Ha4eHHH B reopKH Jne:ueHrapHwx qacrwu. B 3TOM cnyqae ponb cna6wx B3aHM9Aeh­

crawR - AaBarb nwwb cna6we nonpaBKH K napa:uerpa:u, xapaKrepK3YD~Ke 3Re:uearapHwe 4aCTKUW 

(llX MaCCb1 1 3!1Xl>eKrKBHble 3apH.l\bl H T.,ll.). 
B HUCTOH~ee BpeMH Cy.CTBYDT HeCKOnbKO BapKaHTOB TeOpHK npowexyr04HOro :Ue30Ha B CHa6biX 

B3aHMO,IleltcrBHRX. 

K comnei!Hil 1 TeOpKH B ee COBpe:UeHHOM COCrOHHHK 1 KOr ,!(a OHao6peUeHeHa pii,llOM :nmwpH4eCKHX npaBKH 1 

cnpaBeAHKBOCrb, KOrop!iX llOKa HeRb3H C4Krarb CTporo AOKa3aHHOR 1 He ll03BORReT O,llH03Ha4HO Bb16parb 

cxeuy cna6WX B3aKMOAeltcrBKit 1 OCHOBaHHYil Ha npo:uexyr04HO:U :Ue30He. 

TaK, B TeOpKK CHa6biX B3aKMO,lleltCTBKit 1 C<iJop:uynwpoBaHHall ~.D.Lee H 
45 

c.N.Yang ' Y4KTWBaeT 

pRA rpe6oBaHHR*). 

~T06bl YAOBReTBOpKrb 3rKW rpe60BaHKII:U 1 aBTOpa:u npKWROCb nocrpOKrb ,llOBOHbHO CROZHYil reoperK4eCKY 

cxe:uy, BBeAH 4erupe THna npo:uexyr04HiiX BeKTOpHiiX 6030HOB. lBa K3 HKX HeCyT 3ReKTpK4eCKKR 3apRA 

W-r w- W" o 
1 1 ABa HeltrpaRbHble - o.. 1 W ( • TaKH:U o6pa30:U 1 BBOAKTCH 4eTblpe HOBble 4aCTKUbl -

uenHR KOioU!ReKc 4aCTKU B KaKO:u Cllblcne aHanorw4Hblll K3BecrHo:uy Ko:unneKcy !\-4aCTHU ( K + , I<'- j ¥t, /(.l
0 

) • 

3TH nonll no K30TOfiH4eCKOMY CllKHY ll:UellT ABOitCTBeHHYil npHpOAY! ~-none, CBH3aHHOe C TOKO:U 1 He COXpa­

HRil~K:U CTpaHHOCTb 1 Be,ller Ce6H KaK K30CllKHOp1K o6naAaer CBORCTBa:UK K30CKanRpa K K30BeKropa, KOr,l(a 

CBH3aHO C TOKO:U 1 COXpaHIIIlmHM CTpaHHOCTb. 3ra K30CllKHOBaH pa3,liBOeHHOCTb npo:uexyr04HOrO Me30Ha llOC­

nyzwna npW4KHOR ll04rK MeAKUKHCKOrO HaH:UeHOBaHKII 3rKX 1 fiOKa rKilOTerK4eCKKX 4aCrKU - WK30Hbl (KJIK 

CKHUOHbl - schisons ). 

B reopKK npo:uexyro4noro :ue3oHa, pa3BKBaewoll .n• 3cnaabH/46/ yAaerca K36emrb we30HHoll 

WK30<lJpeHKK K BBeCTK 1 npaB,I(a TOXe ABa Copra HOBbiX 4aCTK~ 1 HO B 3TOil reopKH OHK npeACTaBReHbl 3apHZeH­

Hbi:UK :ue3oHaMK. B 3row aapKaHTe reopKK pa3peweH cna6b1R pacna,ll 
,.....,---- 11+e.-+V 
~ 

r.e. pacnaA C K3MeHeHKeM trpaHHOCrK Ha 2 eAKHKUbl /4 S ( -= f. . 3T or pacna.ll 3anpemea a reopKw 

liH-HHra, Crporo roaopR, noKa JKcnepH:uearanbHbiX <PaKTOB HeAocraT04HO A»H 3anpemeRKR pacnaAOB c 

/45/ = 2. , xorR KOCBeHHble yKa3aHKII B nonb3Y cymecrsosaHKR no,11o6Horo 3anpera B RKTeparype 

npKBOAHrca 47 • ITpaua, 6onee rmarenbHblll aaanK3 sonpoca ( rn3woywt) cyl!leCTBeHHO ocna6naer apry­

:ueHTbl B 060CHOBaHKK 3anpera o6cy~ae:uoll peaKUHK. B006U{e:U CRO,Ilyer 3a:UeTKTb 1 4TO B RaCroamee Bpe:UH 

TPYJ\HO roaopKTb o 3aKOH4eHHoll reopKH npo:uexyT04Horo :ue3oHa: eme Her .llOCTaTo4Horo o6o6cHOBaHKR 

:UHOrKM, npaBAa, yxe craBWKM npKB!i4HbiMK r.H. "npaBKaRaM" perynHpyllmKM pacnaA crpaHHbiX 4acrKU. TaK 

B nocneAHee ape:ua noi!B>!nocb cooOmeHKe o aapymeHKIIX npaaKna ~ S~Q = + i 4~o cymecrsoaaHKK 

pacnaAa119 2_ +_ n + r-t + V 1 KIDTOp!ill 3anpell(eH 1 B 4aCTHOCTK 1 K TeOpKell J!K-HHra!'"' llOCHeAHHR t 

~s J 
l!J!~lj.J!Q._!_~IS.-J!_<2_!.£0KTCH 1 4T06!i cne,J~yR "npaBKRy" Ll. Q. = +:1. 3anpeTKrb fiOA06Hiie 3tPtPeKrli. H 

lf) a/ OTCYTCTBKe CRa6biX B3UKMO)\ellCTBKil C K3MCHel!l!eM CrpaHHOrO 4KCRa Ha 2 

a/ BwnonHeHKe upaB11na /Ll I/ = I/2 Mil pacnaAOB c HapywenKeM coxpaHeHKH 

I- nonHwll VI3oronK4 ecKHil cnKn CI1Rbi!O B 3c1KUO.l\ellcrayllmKx 4acrHu. 

(LJS==±2) 
CTpaHHOCTK. 

a 
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Jlo :lTIIllll KpUTIIIJ8CKIUUI 3llM8lliillllllMII llliCKOJibKO He yManHeTC.R lla JICH OC Tb npo6,1eMLJ npouexyrOl!H OrO 

14830Ha, XOT.R 6LJ B ee llOIJrll nepBOHii 'lctnbl!OM CW!:ICJte, B CW!:ICJie UKaBU, B CU!:ICJie B03MOJKHOCTI1 OTpl!UllH11.R 

npHMOro 48Tl:lpexcpepMliOHHOl'O B3UIIl40)(e~CrBHII. 

lie BXO,II;.R B ,II;CTUJIH pa3Jili4Hl:IX teopllll npONelcyTOilHOl'O 6030Hll 1 ll0l[H0 3alletl!rb, IJTO wacca ero .l{OJill:-

111:!. 6HTh qonh:Ue MllCC, CJIJICCTBJ1l!!U1X 
1 

OTHOCl!tenbHO )IOJirOl[l!BYillllX, 6030HOB ,n;n.R Taro, 4T06J.J 1136em Tb 

H8HU6111l,llll eM!:IX pacna)lOB, HanpHUep 1 rllnU 

K-- w-+ r 
K coxaneHl!D, ,lllllKC B03llOXH08 :JKCnepl!MSHTUJibHOe OTKpHTl!e .llBYX Bll,llOB He!!Tpl!HO He I!Bl!TC.R CyUieCT­

BeHH!:IIol apryMeHTOM B nOJib3Y IICTI!HHOro lletl:lpeXlleplll!OHHOrO B3al!llO,llel!CTBl!.R, )lnyHe!ltpOHHil.R rllnOT83a 

0Kil3!:1Bil8TC.R HC06XO)IIIIolll ,1\nll TCOp1111 CJII.L6biX B31ll!UO;J:ellCTBl!J.1 1 OCHOBllH!IO!l Ha l!)lee npoU8JKYT04HOrO Me30IIll, 

G. Feinberg 1 B TliKOll TeOpllll .l{OJll!I:IIH ClH ua6JJD,llllTbCII C BepOIITHOCTbkl, npOtl!BOpe 

IJilUte!l :lKCn8pl!M8HTY, te )[8 :J(jxpeKTU f<- .t+r 1 f<- 3 12. , KOTOpHe JlOCTllBJlllklT 60JlbWil8 Henpl!IITHOCTII 

npll 06CylK)I8HIIIl HCriiHHO 48Tblpe:<IPepMl!OH!IbiX B3al!UO,ll8l!CTBI!lt. 

3,necb CliTYilUII.R 81J1C donee OCtpan, TUK KllK KOHCTilHTa CBH311 npOll8:1J'T04HOro B8KTOpHOro 6030Hll 

C ~eplll!OHH!:I!.I llOJ!Cil npl!MepHO paBHll KBa,llpaty KOpHD ll3 KOHCTUHTH CJia!loro IJ8THpeX1PepM110HHOrO B31liiUO,II;eJ.I­

CTBH.R, EtJibWll.R BeJllllll!Ua KO!ICTUHTH CB.R311 ycyry6JI.R8T CIITYlll~l!D, r11note3a .ll.BYX nei!Tpl!HO npll3HBil8TCII II 

3,ll8Cb )l.J!H OCYUI6CTBJleHl!ll COOTBetCTBYkllllliX aanpetOB. 

TaKl!lof o6pa3oll c pa3JIHilHHX T04eK 3peHl!.R Bl:IHCH.ReTca, 4To 3KcnepHweHraJibHoe pemeHIIe npoelnewH 

- 3TO 3ll,ll;ll1Jll, KOTOpyD HllCYUIHO HeO!lXO)Il!lofO peUJIITb !flll3l!Ke 6JIIIlmllWIIX net. B oro!! 11n11 

111101! :jlopue OTOT :JKCnepl!M8HT )lOJlllCH 6!:1Tb BblllOJlHCH Ha ycKOpl!TeJiflX. npll YCJIOBl!ll 

peaKUifll Tlma Yf'\+rt- P+ e.- .~OJilrlla !luTb 3anpef!leHa 11 B~-ny4Ke (HanpHuep, B 

,II;OnJICHbl Ha6JID,I\llTbCII JlliWb fl -M830Hl:l. 

Vr-'f= Ye. 
YCKOpl!tenHX 'ff ->tJ•'fc ) 

HHtepecH!:Ie KOHKpetl!biC npe;tJio~enii.R :JKcnepnMeHtOD no Yl'- Ye. npo!lneue co)(ep:mtca B pa!lorux 

D. llOHT8KOpBo
52 • 53 

1 nOCBflUtCHHHX OTOMY BOnpocy. B JTifX padotax odpaUiaetCII BHl!MilHlle, B 4UC THOCTII 1 

Ha BOJWOJ:HOCTb I!CnOJib30BilHIIII lo!OH03Heprerll4eCKOrO ne!itpl!HHOrO l!3nytteHII.R, .UellCTBIITeJlbHO 1 !.IOHO:lHepre-

JT -t t I(+ II TI14CCK11e HC!ltpl!HO B0311liKI:LllT np11 OCTaHOBKI:LX B Be!lleCtBe r -We30HOB. 

Jf+-- r-t-+ "~ 
1<-t--- r .. + vfA 

E., .l(l\klT = 29, 8 M:JB 
_,_ 

£11 =cJ5,7 M3a 

r-+ A-v,._+ ... -11- Ey =!00 t.IJB 

B Kllecrae npliNepa )lJIII Y f"'- npe.nne.raerc.R l!3Mep.Rtb celleHIIII peaKUIIll npoBepKII TOl!C)(CCTBeHHOCTII y( II 

Y. + C. 12. - e --+ N 12. ,.. 
3Heprl!R llcnycKaeMHX :JneKrpoHoB, Dhi3HBaeuLJ x na JtetrtJOUtHWl uono:JHepretH4eCK11MH Y,._II3B eCTHI1 . 

-1'1. 
np11 :JTOM IIC06XO)(IAMO 3UpCI'I1CTpllpO!lltTb 311nH:J)(HBuklt:llie n0311TlJOH!:I OT pacna.n.a N . Onl:IT npe.unnruetcll 

OCYll(eCTDIITb KaK C noMOUlbll 3JlCKrpO!!IIl:IX MeTO)IO B perucTpctU1111 4a CTIIH, TC:.K ll C nOI.IOIJibD 6onbJUO A n y3Hpb­

KOBOII KaN8pl:l, l!pi1BJieKaT8Jibl!OCTb :I)',C II 11CllOJibJOBCi.lll111 MOHO:JHepr CTH4eCKliX He!ltpl!HO 3UKJ!Il 411CTC.R B TOM, 

IJTO TUKaH oprll.H113aUllll :JKCnepl!MeHTll. ;:.ony c K.:teT KliHCMitTll4eCKYa1 IIHrepnpetaUl!IJ COCll:ITl!li, BLi3BaH HH :< 

H8i1tp11HO, 

llpl! :JHeprHHX ny4KOB ycKopeHHHX 4<~ Cti1It, cnoco<lH!:IX npo; tJUiipoaatb ny4KH Jf -Me30 HOB ( T . e . Ep'" fb'J B) 

C4et, no OH8HKe UBtopa/
52/ .l{eJiaet !!p8,14Jltll'll. t1Nl:IA OKCnepi!MC!!T npliHUllnl!aJlbHO OCYIJieCTBliM!:IM Ha CHJibHO­

TOIJII!:IX yCKOpl!TeJIH X 6JIIIJralllUero dy,!(JIJiero. npl!MepHO c taKIIM :w:e C4llroN oCyiJieCTBIIM If .npyro:l, pacc u:o-rpeH­

HHII flonteKOpBO 3KCilep11N8111' , C 11CI10nb30BtWltelA, B OTJIII41f e or npe)(U)lYUlero npe,nnOXCI!Ifll He lllHi'fp11H O, 

I! aHTI!Helltpll~ OT pacna.l(a OCTIJ.IIOBIIBlUliXC.R r + -MC30110B ( f< +- e.++ y~ + vr-) c E); "-' 3 s- HU3 -

ECJIII Yr II ye TOX)IeCTB8HHLibl' TO BO:J~IOJICHa peaKI(l!ll ~ + p ........ .e t- + n. r 
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B cny•me v,. =f Yt. 
1012 CeK-i 1 I.e. cqMta etCH 

3ta peaK~MH OTCYTCTByet. qMCJIO yfL O~CHMBaetCH npMMepHO paBHHM 

paBHHiol qHcJiy Jf -11eaouos, npo;zy~HpyeMYx B cospelleHHH x ~aaotpouax. 

ll pM McnonbaosaHHK c ~MIItKJIJIH~IIOHHoro cqerqMKa tKna PallHKca M Koy:JHa 

coGHtMR ( ecnH YL = Yr- ) o~eHMBaercR npMIIepao paBHHII I B qac. 

(f- ~ tn) qMCJIO 

.llJIH 06Cyllt;z~aewx HellTpMHHbiX 3KCnepMM611TOBS2 ,S~ xapaKtepHH OTHOCMT6JlbRO ae6oJibWHe 3HeprKH. 

B 3TOiol Clo!UCJI O BHrO~HeO B npMH~Mne MCllOJlb30BaHMe HelltpMHHHX nyqKoB 3HaqMT6JlbHO 60JibWMX 3HeprHR 1 

t a K KaK ceqenHH nelttpHHHO-HYKJIOHHH X B3a.HMo~ellctBHil, no Kpallaelt 1o1epe, B o6nactK E11 < I E:JB, 

pa ctyt c :JaeprHen KBa~paTHqHo. Ho c ~pyron ctopoaH, ~aaotpoHH c lf-700 M:JB, woryt ~atb 6oJibmHe 

MHTOHCMBHOCTM - 3TO BeCKaH npM ·iHHa 1 3aCtaBHBWaH ilOHT6KOpBO MCKatb peweHHH npo6JieMH MII6RHO B 06JlaCTH 

HelltpHHO lll'l3KMX :JlleprHR. 

HPI-

3KC 

llHC 

B < 

TH' 

10-

BO~ 

c l 

B J 

on~ 

qJOI 

wa< 

3Hl 

01\1 

Mel 

x) 

XX 

o6o 

xx: 

XX: 

pe: 
Te: 
yc · 
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!RHO B 06JiaCTH 
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VJCTOprlil He l!TpHHHHX ::lKC!Ienr.u.!eHTOB Ha YCKOp11T6llflX BeC:bMa liOY'!IlT61l:bHa. 3.!(6Cb OllE: H:b 

HpKO H C 601I:bWOl! BHpa3HT6JI:bHOCT:b~ !Ip0HB1Ifl~TCH y.l(HBHT61I:bHHe B03MO*HOCTH COBpeMeHHOrO 

3KC!I6PHK6HTa. B03MO*HOCTH 3TH Ha'!HHa~T onepexa T:b Hawy wanTaaH~. 

OueHKH Hel!TpHHHHX OTIHTOB Ha YCKOpHT61IHX ~e1Ia1!HC:b ~aBHO 11 BO MHOrHX HHCTHTyTaX 

MHOrHx cTpaa. 0 TaKoro po~a o6cyx~eHHHX x) ( 1956 r o.l() coo6~aeT PaliHHC 129 , npHMepno 

B 3TO BpeMH B03MOXHOCTH Hel!TpHHHHX O!IHTOB Ha YCKOpHTe1IHX 06CyE~a1IHC:b B Ay6ne B Teope­

THileCKOM CeKTOpe ~a6opaTOpHH BHCOKHX 3HeprHl! ( BanyeBHM H aBTOpOM). Ho C6'!6HHH 

10-38 C~ Ka381!HC:b ~61IOM H8CT01I:bKO ~a1!eROrO 6y.l(ymero, '!TO, BH.l(HMO, HHKTO He C'!HTa1! 

B03MOEHHM Bcep:be3 npe~O~T:b 3KCTiepHM6HTo 

li'ITI1IOM Ha TeMy 11 0 B03MOEHOCTH HCC1!6.!(0BaHHH B3aHMO~eiiCTBHH Hel!TpHHO 601I:billOll aneprHH 

C Be~eCTBOM Ha YCKOpHT61IHX11 BHll01IHeH B MOCKOBCKOM YHHBepCHTeTe CTy.l(eHTOM IT.r.~aKHpOB~54 

B 1958 ro~ H aamHII(eH xx). 

B aToll pa6oTe ~aBa1IHC:b paclleTH nel!TpHHHHX rry'!KOB na coBpeuennHx ycKOPHTenax, 

O!ITHMa1!:bHHX paCCTOHHHII ~eTeKTHpyiD~X ycTaHOBOK OT MHmeHH, ,!(aiDmel! 3\ - M630HHHll nyllOK, 

~ona uamHHH H ~Ha KOCMil'!eCKHX nyqel!, neo6xo.l(Huoll aa~TH, a TaKEe oueHKH neo6xo~uoll 

MaCCH Hel!TpHHHOII MHlli6HH ( ~ 1 Ky60M6Tpa CBHHua) • HeCMOTpH Ha H6CK01I:bKO 3aBHllieHHH6 

8H8'!6HHH Hel!TpHHHHX TIOTOKOB ( !IO'!TH Ha TIOpH~OK xxx: B08MOEHH6 TIOTOKH jl - M680HOB 

0U6HHB81!11C:b TeopeTHil6CKH); HeCMOTpH Ha OTITHMHCTHqeCKOe 88K1!DileHHe aBTOpa XXXX ) 3KC!IepH­

M6HT BCe- T8KH npe~CT8B1IH1ICH B Harney C03H8HHH ~61IOM He CTOJI:b 61!H8KOrO 6y~y~ero. 

x) KoyaH, B ~oc Ana»oce. 

XX)BH~HUO, B 3TO ze BpeMH ael!TpHHHHe 5KCnepHM6HTH na YCKOPHT6JIHX 601I:b~X 3HeprHII 
o6cya~a1!HC:b H reopeTHKaMH UEPHa, KaK o6 aTOM coo6maeTcH B pa6oTe Yamaguchi 58 

XXX)8TH 0U6HKH ~aKHpOBa 6H1!H YTOqHeHH B pa6oTe Vl.B.ITo1Iy6apHHOBa 51 • 

~ApyrHMH C1IOBaMH, B H8CTOHmee Bp6MH CTaHOBHTCH U6116C006paaHHM o6cy~eHHe 
peaJII>noro WHBHilecKoro aKcnepHuenTa c nel!TpHHO 6o~moll aneprHH na coBpeuennHx ycKOpH­
TeJIHX. llpe~BapHT6JI:bHHe 0U6HKH !IOK83HBSIDT, llTO !IpH COOTB6TCTBYID~ell 38mHT6 OT HeiiTpOHOB 
ycTaHOBKH H KOCMHileCKoro H31IyqeHHH WOH MOEeT 6HT:b HHEe o6cyE~euoro awweKTa 

11 54 



28 

RMruL Ha KHeBcKoa KOH~epeHUHH x) no B~COKHM aHeprKHM E.lloHTeKOpBo 52 ocuenHnca c 

60llLWO~ ~azqeCKO~ TpH6yHH 3BHBHTL 0 npHHUHnHallLHO~ B03MO~HOCTK He~TpHHH~ 3KCnepHMeHTOB 

Ha ycKOpHTenHX. 

Ho ~aEe ilOHTeKOpBO, CTOllL CUenH~ K Bll~6neH~« B He~TpHHO 3KCnepHM6HTaTop, cqHTan, 

qTO He~TpKHH~H 3KCnepHM6HT BK~KMO 6y~eT peanDH~M, KOr~a HHT6HCKBHOCTH 6y~~X YCKOpH­

Tene~ yBenzqaTcH nopa~Ka Ha TpK. 

ilOHTeKOpBO aaKaHqHBaeT CBO~ CTaTL~ 11 8neKTpOHH~e H MIDOHHHe He~TpHH0 11 C1IOBaMM: 

11 PeaDNHpyH, MOXHO CKaaaTL, qTO nocTaHOBKa on~Ta no B~HCHeHHID BOnpoca 0 TOE~eCT­

BeHHOCTH v~ H V~ , XOTff H oqeHL 3aTpy~HHT8llLHa, ~OllXHa 6~TL cepL63HO paCCMOTpeHa npH 

npoeKTHpOBaHKH HOB~ ycKopzTene~ 11 • ~ueroTcH B BK~Y ycKOpHTenM Ha cpe~HKe aHeprHH EP~ I EaB. 

B 1960 ro~ noHBHnac» aaueTKa M.lliBap~a 55 , B KOTopo~ aKcrrepHMeHTaTop, KaaanocL 6~, 
noqTH C Henocpe~CTB6HHO~ HaHBHOCTLID TeopeTHKa BCepLe3 npHBO~T ~aHTaCTHqeCKHe napaMeTp~ 

~HTaCTHqecKO~ ycTaHOBKH He~TpKHHOrO 3KCnepHM6HTa Ha YCKOpHTene B~COKO~ 3HeprHH. MOEHO 

6~no Ha6nD~aTL, KaK MHOrHe ~K3KKH, qzTaH aaMeTKy, noxzuanK nneqaNH. 

~eno B TOM, qTO HeCUOTpH Ha ~enOBO~ TOH H KOHKpeTHOCTL 0U6HKK npe~no~eHKH illBapqa -

OHO OTHDAL He 3Byqano OITTHUHCTKqecKH, KM6HHO B CBOe~ 3aKHDqHT8llLHOH qacTH! 11 8TH OU6HKH 

ITOKa3~aDT, qTO npe~arae~a 3KCrrepHU6HT HaxO~TCH BHe B03MOEHOCTH cymeCTBYID~X YCKOpH­

Tenei Ha o~H HnH ~Ba nopa~Ka". 

Cne~eT cKaaaT•, HH Haxo~Bmaaoa B cocTOHHHH nycKa UEPH-oBcKaH uamHHa, HH roTOBHB­

mH~CH K nycKJ ycKopHTenL EpyxraBeHa, He ~HrypHpoBanH B aaueTKe, KaK ycKopHTenH, npKrO~HHe 

~nH ~aHHoro aKcnepHueHTa. B aaueTKe uex~ npoqHu yKaa~BanocL Ha 6onLmHe BOauo~HOCTH 

6y~y~X ycKOpHTene~ 0 60llLWHMH HHT6HCHBHOCTHMH ~0 1015 npOTOHOB. ~ 3TOT H8BHHH~~ 3KCKYPC 

B o6naCTL ycKOpHTene« 6y~~ero KaK-TO He~TplnH30B~Ban 3aM6TKJ.B 3TOH ~e TeTpa~Ke ITHCeM 6ana 

ony6nHKOBaHa aaueTKa lH H HHra 28 , yKaa~aDmaa Ha ~YH~aueHTBHLHoe aHaqeHHe He~TPKHHoro 
3KcrrepuueHTa. 3aueTKa HBHnacL cepLea~ CTHuynou ~a ~LHe«mHx paau~neHH~ TeopeTHKOB 

K 3KCnepHU6HTBTOpOB B acrreKT6 npo6neu He~TpHHHO~ ~H3HKH B~COKHX 3HeprH~. ~ yxe OC8HLID 

3TOro ro~a Ha Qqepe~HO« KOH~epeHUHH no ~H3HK6 B~COKHX 3HeprH~ B PoqecTepe MOXHO 6~110 

yc~aTL no~po6H~~ npoeKT He«TpHHH~ aKcrrepKueHTOB Ha UEPHoBcKou ycKopHTene. 

X)~OKna~ HB Teuy:" K ~H3HKe He«TpHHO B~COKHX 3HeprH« 11 , 3BHBll6HH~« rpynnoa TeopeTHKOB 

~6HH ( AcaHoB, BanyeB, MapKoB, llony6apKHOB), 6~n aaTeu aBTopaMH CHHT, KaK HeCKOllLKO 
11 HecBoeBpeueHH~" rroa~e uaTepHanu aToro ~oKnana 6~nH Ha~aH~ B KaqecTBe rrperrpHHTa (~.577, 

~6Ha 1960) B ~onoxe~ aBTOpou Ha cne~yro~e« KOH~epeHUHH no B~coKHu aHeprHHM B PoqecTe­

pe ( 1960 r.). KpaTKoe co~epxaHHe aTHx pa6oT, o6~e~HHeHHHX o6~MH H~eHMH ~HSHKH 
He~TPHHO B~COKKX aHeprH«, 6~no ony6nHKOBaHo HeCKOnLKO paHee 22 • Co~epxaHHe HacToame« 

KHHrH HBllH6TCH B ee cymeCTB6HHO~ qacTH 6onee ~eTBHLH~ H3llO~eHHeU 3Toro KpaTKOrO 
rrpHueqaHHH 22 • 
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EepHap;nHHH 56 c u:aocTI>Il 11 apTHCTI1l!HOCTI>Il HCTHHHoro c»JxopeHTHit~a HPKHW!: uaaKaMH 

paco:aan HH.zt.YCTpHaJII>Hblit nettaax YHHKaJil>HOti ycTaHOBKH. 

rrocel!laH KonyuCiHLtcKHLt YHHBepCHTeT, MOlKHO CibiJIO ycnamaT:b 0 EpyxraBeHCKOU npoeKTe 

HeitTpHHHOit ycTaHOBKH. 

B OC06oa, CBOitCTB6HHO« ]e,l{epuaHy ~JieruaTHqHOlt MaHepe H3JIOlK6HHH, OllHCaHH6 3KCnepHMeHTa 

3ByqaJIO oqeH:O yCieAHTeJI:bHO. 

B HCKpOBbiX Kauepax, KaaaJIOC:b, 6biJIH Ha"A6Hbl Cp6ACTBa HaCiJID,l{6HHH aABKBaTH~e aaAaqe. 

Tenep:o B HaqaJII>HOLt CB061t CTaAHH 3KCll6pHM6HT BblllOJIHeH, H HaAO CKaaaTI>, B YCJIO:BHHX 

IYAWMX, lieu aTo npeAnonaranoc:o B oueHKaX JJl:aapua. OH BhlnOJIHeH c HHTeHCHBHOCT»I> npr ~OHHoro 

llYl!Ka Ha llOPHAOK M6Hl>ille1t T6X UHHHUaJil>HbiX HHT6HCHBHOCTeH, C KOTOpbiX HaqHHaJIOC:O 

3KCll6pHM6HTa. 8Kcnep11U6HT BblllOJIHeH, He AO~AaHC:O C03AaHHH CHJII>HOTOqHbiX YCKOp11TeJie1t 11 

AalKe Ciea HCllOJII>30BaHI1H MarHI1THbiX ~OKJCHpOBOK. 8KCll6pHM6HT BblllOJIHeH Ha He«TpHHO BbiCOKI1X 

aHepr11Lt - Kaaanoc:o Cihl, :aonpeKH xeneaHoLt JIOrHKe. 

ITepBble no~poCiHble pacl!eThl He«TpHHHoro aKcnepHueHTa Ha ycKopHTeJIHX ( ~aKHpo:a 54 , 

noxyCiapHHOB 51 . ) 6b1JIH np11cnocoCineHbl K napaueTpau ,llyCiHeHcKoro ycKopHTeJIH. K coxaneHH~>, 
HHT6HCHBHOCT:O 3TOrO YCKOpHT6JIH He Aa:BaJia B03MOXHOCT:O paCCMaTpH:BaT:O B 3TI1X YCJIOBHHX 3KCll6-

pHM6HT KaK peaJI:OHbllt. qTOCibl YB6JIHlJHT:O cqeor 06CYJK~86MbiX 

qeTau ycTaHOBKK C ~OKYCHpyi>~M MarHHTHbiM llOJieu 51 • 

ITpH pacnaAe Tl M630Ha ( .91- r + v ) pOlKAaiOTCH 

C06biTH« npHmJIOC:b OCipaTHT:bCH K pac-

( H = c. =I ) 

r.l{e l'n:Jt H m,.. - uaccbl noKOH .71 z f-<. - ueaoHoB, 

ueaoHa, Q - yron M61KAJ nepBoHal!aJil>HbiM aanpa:aneHHeu 

Hel!pRHO. MaKCHUaJil>Hbl6 SHaqeHHH SHeprHH H61tTpHHO ( 

AaHHOLt ( ~Jr ) aHeprHH BhlnHcaHhl B TaCiJIHue I. 

Ta6JIHua I 

I 2 3 4 5 

0,86 !,28 I,?I 2,!4 

(39) 

E.Jr H P.:rr - aHepr11H H HunynLc Jr -

JT - M630Ha H HanpaBJieHH6M ABHlK6HHH 
)! c "'"?' ) OT pacnaAa JT - MeaoHa 

6 7 8 9 IO 

2,5? 3,00 3,42 3,86 4,28 

-BepoHTHOCTl> pacnaAa JT MeaoHa c HMnyJI:bcou P.x B eMHHIJ.Y :apeueHH c BbiJieTou -HehpHHO C HMnyJI:bCOM t JI6lKal!IHM M61K.zt.Y p., H ft -1- elf., t paBHa 
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l'.D;e P H P. 4-HI.IUYJll>Cii Jf - Me30Ha Irl Hett'rpHHO, p 2. =- fY1 'l. 
~ v Jl T! 

T.. (E.Jr) - :speuH llrn3HH J/ - tresoHa c aHepr;,eit ~ .;r • 

B!i1lHcneHHH s~eKTO:B 
V+rt..-e-rp 
Y+-P-- e +n 

,........ 
Y+.e.-- n+p 

6~JIH :B~flOJIHeH~ ~.ilony6apHHO:B~M Sl, HCXO~fi HS narpaHXHaHa 

'cf_(t-}= ~ (P("H/,.,._(1+~s) h(J<))(~(J<H'r-(1+(s)V(x)) +C. c. 

CO SHS.lleHHell 

~ = I,4I.I0-49 apr.cu3 

t Pv =0 

(40) 

(41) 

(42) 

(43) 

B~qzcneHHe ceqeHH~ B STO~ pa6oTe npoBe.D;eHO 6es yqeTa BOSMO~Horo ~opM~aKTOpa HYKJIOHOB. 

TaK KaK, KaK BiiHCHHJIOCl> paHI>me x, ponl> ~opM~aKTopa B o6nacTH Ev~ I Ea:s He HBJIHeTCH 

pemao~e~, a .l!;JIH npe.D;eJil>HO 6oni>mHx eaeprH~ ~opu~aKTOP HeHSBecTeH. Eonee Toro, nocKOJil>KY 

cauo BHHHHHe 06Cyx.D;aeMHX ~OpM~aKTOpoB Ha ceqeHJriH CJia61iX BSaHMO.D;e~CTBH~ npe.D;cTaBJIHeTCH 

flOKa 3KCnepHM6HTaJil>HO~ rrp06J1eMO~ - ~eJiaTeJI:bHO He rrpHBHOCHT:b B BHpa~eHHH Ce1leHH~ l'HITOTeTH­

qecKHX MOMeHTOB 0 BH.D;e ~OPMWaKTOpOB. Bo BCHKOM cnyqae ~eJiecoo6pa3HO HMeT:b O~eHKH 3~6KTOB 

B HX "1lHCTOM BH.D;e" .l!;JIH CpaBHeHHH C 6y.D;y~MH 3KCITepHM6HTaJI:b~MH .D;aH~MH. 

llona~e ceqeHHH rronyqea~ B cne.D;y~~eM BHAe: 
r---------------------1 

G-f. /'v1YCY 

ltJf1i v l" E.v fo ~ ..... 11_.. ~ +r J..(mf'L+-~c'i.) -t- {trll-h1e~2. 
M'L /'1v 

(1- h1~+£mJ }(1- f 2.) h1e +me 
M'Z.. (44) 

G-9.. /VIYCY 

6" v-rp .. ~..-n = 1:brn '( Ep~v fo 
(. ~ 'i.) / f i )£ 

j_ 2(h1" +me- lfnn -h?e 
- ('v19... r My 

m,., + tnp +mr- +me-
{ 

f £ 'i. f 

1- £ M2. 

I. f t)f (., 2. ~ f 2. /. 2 2) (~'»"'-me- +(h1e-mv) -2..(m"+-tne-)cMr +h17 

f. 2 2.)( 2. 2.)~ ( 2. 9.)1 ~ £)£. trYI,.,+m< mp-tn; + mp+h1y- cfrlr-m< 
+ %.11" 

£ M" 

(m; -m:)(m/-m.,'-)P- ( 
M II J (45) 

B~qHcJieHHH ceqeHHH c ~opu~aKTopaua HYKJIOHOB 1r1 o~eHKa Bos~~EHoa ponH ~opu~aKTopa B o6nacTH 
oqeHI> 6oni>mHx aaeprHa a~nH c.D;enaa~ e~e B pa6oTe lenesH!iX • 

9TH 

WL 

H HM: 

B CHt 

ecJIH 

6, 

6 

. j 



(40) 

(41) 

(42) 

(43) 

pa HYKJIOHo:s. 

JIHeTCH 

TIOCKOJI:&Ky 

:BJIH€TCH 

~ rl1noTeTK­

:KH 3\WJeKTO:B 

(44) 

J (45) 

>pa :B 06JiaCTH 
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8TH ceqeHPJH 38TIHCaHH :B npOM3:BOJI:&HO~ CHCTeue e~HH~ H :B rrpOHo:BOJ!:&HO~ CHCTeMe KOOp~HaT. 

~0 - OTHOCHTeJI:&HaH CKOpOCT:& CTaJIKH:BaDmHXCH qacTH~, AeJieHH8H Ha CKOpOCT:& C:BeTa, M8CCH 

Wl H 3HeprHH £ OTMeqeHN KHAeKcaMK • M- uacca CKCTeYN, :BHpaEan~aHCH qepe3 3HeprHK 

H HUTIYJI:&Cii CT8JIKH:BaiO~XCH qacTH~ I( "1/ HJIH V ) H 2( r, rl .,e ) COrJiaCHO ~OpMyJie 

M'l. = (t.,+t.t.)'"/c4 - (fi. +P:.Y"/ ci (47) 

B CI1CTeMe KOOp~HaT, rAe qaCTH~ 2 llOROHTCH, a He~TpHHO H aHTHHe~TpHHO HMeeT HMTiyJI:&C 

.llJIH npo~ecco:s 
-v+e. ~v+e 
v-4-e.-+v + e 

' 
m1..=0 

ecJII1 OHH cy~ecT:syiOT H ynpaBJIHDTCH yHH:sepcaJI:&HHM B3aHMOAe~cT:sHeM ~epMH 

(48) 

(51) 
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CymecTBy~T npOCT~e npH6nM~8HH~e COOTHOWeHKR M8ZAY CetJeHKRMH! 

b ~3 6_ ~ (52) 
V+~-e+p V-+p-~+e. 

6 ~ ~6 r-
V+e.- ~+p Wlf' \1 +p~vt-+e 

6 . ~~~6 "" 
'\l+ e.-.v+e Mf' :V +p-Vt+e 

(53) 

(54) 

6- - ~ ~~ ..... 
V+C~'V + e W\p -::; +p-;.~He. 

B o~eHKax nonyc5apHHOBa, Ka K BH~Ho Hs ( 43), nononeHo I G f4.. \ = \ G \1 \. 

(55) 

B pactJeTaX HMaryqH 58 , Cab1bo u Gatto 27 KCIT0Jlb30B8H~ donee COBpeUeHH~e ~8HH~e, 

cornacHo KOTO PiliM { G AI* jGy / , HM eHHO A = -~: = 1, 2 5 
B OTJIHtJHe OT pact~eTOB iloJiyc5apHHOBa, 3TH pact~ e Till yCJIOZHeH~ BBe~eHHeM ~oputaKTOpOB 

H CetJeHHR ~aH~ B Jiac5opaTOpHOn CHCTeMe X • 

3TH OUG HKH OtJeHb rrOytJKT8JlbHill, a rHITOTea~, OTHOCH~eCR K ponM ~OpM~8KTOpOB B CJiac5!liX 

B38HMO~e~CTBHHX, c5e3yCJIOBHO RBRTCH Oc5~eKT8MH 3KCnepHM8HT8JlbHiliX HCCJ18~0B8HHn • . 

B pac5oTe Kac5H660 H raTTO 27 YHHBepcanM3Mpy~TCH ~opu~aKTOp~ HYKJIOHOB THna CT8H~O~ 
CKHX, nonyqeHH!lle K3 3KCnepHM8HTOB ITO pacceHHHID 3J18KTpOHOB Ha HYKJIOHaX 

-F(K1
) =~ A 

1+~ 
a .2 = 3 'T> S m ~ (56 ) 

3TO Blllpa~eHKe 3KCTpanonHpyeTCR Ha K8K yro~HO c50JibmMe X • npaKTHtJeCKH npH B~opaHHiliX 
,... ,.... 

\lJOpM\PaKTOpax paccMaTpH:saeMble c et~ eHHH 3({>\PeKTOB V+n .. t-+ p H y + p ~ e- +/1.. 

( B OTnMtJHe OT COOTHOW8HHn (52)-(53))cpal3HHB8IDTCR ~pyr C ~pyrOM H B~XO~HT Ha KOHCT8HTY 

co aHat~eHKeM "" 0, 75.ro-38 cM2 y'1Ke B palloHe ~ ""IO. ir1MeHHO ~o 3THX aHat~eHd 
rnp 

rrpH :s e~eH!ll Blllt~HcneHHH paccMaTpHBaeMNx cet~eHH~ B pac5oTe 27 • PeaynbTaT!ll ~aHill B BH~e KPHBiliX 

( 5 ) H (6) • 

W·ltf-r:"' 

. ~ .no~ ... ID tjA( 

PHc.S PKc.6 

xcneAYeT rro~qepKHYTb, t~To cet~eHHR paccuaTpHBaeM!liX rrpo~eccoB B pac5oTe ITony6apHHOBa ~aH~ 
npH m ... * 0 CetJeHHH ~H ~YXKOMITOHeHTHoro He~TPHHO <m~: 0 ) B ~:sa pasa 60JILmHe 

(T.D.Lee, C. N.Yang, Phys.Rev.10~L 1671 (1957 ) , qey 

CetJelill ff rrpH mv'* 0 B ITOTOKe HeiTOJIHpK301!8HHiliX He£!TpHHO. 

u 

((( 

C€ 

r 

MOM• 

Tac5n 

fhrar 



(52) 

(53) 

(54) 

(55) 

lO:S B CJISCJbiX 

Ia CTSH\f)O~ 

(~6) 

3biOpSHHbiX 

1 KOHCTSHTY 

i8116HH£t 

BH.l{e KpHB.biX 

pHHOBa ,JtSHbl 
mHe 

33 

BoJiee no.l{pOClHble BHIIHCJieHMH HuaryqH 58 npHcnocoClJieHbl K napaueTpau UEPHo:acKo tt 

JamHHbl, r.l{e cpe.JtHHH SHeprHH aettTpHao JieXHT B o6JiaCTH, ClJIHaKo« I BaB. B aTo~ paCloT e 

KOHKpeTHble pacqeTbl .JtOBe.l{eHbl .JtO f:v = 2 Ba:a. AaanHTHqecKoe BblpaxeaHe .JtH\P\f>epeH~HaJinHbiX 

ceqeHH~ C yqeTOM \f)OpM\f)SKTOpOB B JISCJOpaTOpHOtt CHCTeue 38llHCSHO B BH,Jte 58 

+-fmr[2/f; (~~ +jf2 (~~/t(-to.~ft~+ftlf2 (~11~} + 

+ I xtr, ~~~li I +2 (to.n!-Y-+-1.;-, (ia.n~lJ + (57) 

+ J Re{(-rJ~~+j~(t~)HA (~9}{£-#;-:&,.}(-ta~Jl] 

tn - uacca HyKJioaa. 

BhlllHCJieHHH :ae;n;yTCH npH A =I,25; f = 3, ?I ( paaHocn aHoMaJILHhiX MarHHTHhiX 

KOK6HTOB npOTOHS H He~TpOHa), 

Bee \f)opu\f)aKTOpbl npoH3BOJILHO noJioxeHbl TOX.JteCTBeHHHMH 

~ = f! =-FA=~;~)~ 
1 'I m' 

• 
z_ (2E~-jin~Y 

Q - .2 
V 1-r!l.t,v('}inl} 

r~~- qeThlpexuepHbl~ HMUYJILC, nepe,JtaBaeMhl~ 
HYKJIOHy) (58) 

Ta6JIH~ ~\P\f)epeH~SJinHhiX CelleHHU B Jia6opaTOpHO~ CHCTeMe (IT ) H (ill) B3HThl H3 pa60Thl 
Huary~~H 58 • 
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Ta6mn.1,a II 

~~epeHUHanbHOe ceqeHMe B na6.cHcTeMe 

i~idfl /cfl: MYvr2) ,..ll, ll .A v+p-+n+e+ 
E 1 - SHeprHfl HehpHHO B na6 . cHcTeMe; 9 - yron ( ve-) 

~M 0,25 0,50 0,75 1, 00 1, 50 2, 00 

0 0,16016 0,64-06 1,4-4-1 2,563 5,766 10,250 
2 0,15994- 0,6385 1,4-33 2, 54-0 5,669 9,978 
4- 0,15928 0,6321 1,4-08 2,4-72 5, 392 9,216 
6 0,15820 0,6216 1,367 2,365 4-, 968 8,106 
8 0,15670 0,6073 1,313 2,224- 4-,4-4-3 6,827 

10 0,154-79 0,5894- 1,24-7 2, 058 3,868 5,54-3 
12 0,15250 0,5685 1,171 1,876 3,c89 4-,369 
14 0,14985 0, 5449 1,Ulj9 1.686 2, 74-1 3,368 
16 0,14686 0, 5191 1,0032 1,4-96 2,247 2 , 556 
18 0,14356 0,4917 O, Sl156 1,312 1,817 1,920 
20 0,13998 0,4630 0, 8286 1,1385 1 ,4-55 1,435 
22 0,13615 0,4337 o, 744-0 0,9793 1 ,1572 1,0716 
24 0,13210 0,4041 0,6633 0,8359 0 ,9161 0,8017 
26 0,12787 0, 3747 0, 5875 0,7088 0 ,7238 0,6025 
28 0,12349 0,3457 0, 5172 0, 5979 0, 57!7 0 , 'f556 
30 O, II899 0,3176 0 ,4530 (i 1 ~023 0,4523 lJ , 3t:72 
32 O,II440 0,2905 0,394-9 0,4-207 0,3588 0,2667 
34 0,10975 0,2647 0,34-29 0,3516 0,2858 0,2067 
36 0,10507 0,2403 0,2967 0,2935 0,2288 0,1617 
38 0,10040 0,2173 0,2560 0,24-49 0,1842 0,1277 
40 0,09574 0,1959 0,2204 0,2045 0,1492 0,1017 
42 0,09II3 0,1761 0,1894 0,1709 0,1216 0, 0818 
44 0,08659 0,1579 0,1625 0,1431 0, 0998 0, 0664 
46 0,08213 0,1412 0,1393 0,1201 0,0825 0,0543 
48 0,07778 0,1259 O,II94 0,10II 0,0687 0, 044-8 
so 0,07354 O,II21 0,1024 0,0854 0,0576 0,0373 
52 0,06942 0,0995 0,0878 0,0725 0,0486 O,OU3 
54 0,06545 0,0883 0,0753 0,0617 0,0413 0,0264 
56 0,06161 0,0781 0,0648 0,0528 0,0353 0,0225 
58 0,05793 0,0691 0,0557 0,0454 0,0304 0,0192 
60 0,05440 0,0610 0,0481 0,0392 0,0263 0,0166 
62 0,05103 0,0538 0,0416 0,0341 0,0230 0,014-4-
64 0,04782 0,0474 0,0361 0,0298 0,0201 0, 0125 
66 0,04476 0,0417 0,0314 0,0261 0,0177 0,01096 
68 0,04186 0,0367 0,0274 0,0231 0,0157 0,00966 
70 0,03912 0,0323 0,0240 0,0205 0, 0140 0 ,00855 
72 0,03652 0,0284 0,02II 0,0183 0,0125 0,00761 
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Ta6JWua II (IJpO,ll;OJil:eHHe) 

74 0,03407 0,0250 0,0186 0,0164 O, OII2 0,00680 
76 0,03177 0,0219 0,0165 0,0148 0,01014 0,00610 
78 0,02960 0,0198 0,0147 0,0134 0,00914 0,00550 
80 0,02756 0,0170 0,0132 0,0122 0,00837 0,00497 

2,00 82 0,02565 0,0149 O,OII9 O,OII2 0,00764 0,00451 
84 0,02387 O,OI31 0,0108 0,01025 0,00700 0,004II 

10,250 86 0,02219 O,OII6 0,00978 0,00945 0,00644 0,00376 
9,978 88 0,02063 0,0102 0,00898 0,00876 0,00594 0,00345 
9,216 90 0,01918 0,0090 0.00820 0,00814 0,00550 0,00318 
8,106 
6,827 Ta6JIRga ill 

5,543 ( d6fJfl) /r 1!1/ uY.t,~ 4,369 ,JJ.AJl J!+n~p+e-
3,368 

~y 0,25 0,50 0,75 1,00 1,50 2,00 
2, 556 
1,920 
1,435 0 0,16016 0,6406 1,441 2,563 5,766 10,250 

I ,0716 2 0,16016 0,6403 1,439 2,554 s, 717 10,089 

0,8017 4 0,16018 0,6392 1,432 2,528 5,573 9,626 

0,6025 6 0,16020 0,6374 1,419 2,485 5,343 8,910 

O,lf5 56 8 0,16023 0,6348 1,402 .2,425 5,089 8,017 

(! , 31:7: 10 0,16026 0,6314 1,380 2,351 4,678 7,080 

0,2667 12 0,16028 '0,6272 1,353 2,263 4,279 6,027 

0,2067 14 0,16081 0,6221 1,322 2,164 3,861 5,070 

0,1617 16 0,16032 0,6162 1,286 2,055 3,442 4,202 

0,1277 18 0,16031 0,6094 1,247 1,989 3,036 3,444 

0,1017 20 0,16027 0,6016 1,204 1,819 2,654 2,800 

0,0818 22 0,16021 0,5980 1,159 1,696 2,304 2,266 

0,0664 24 0,160II 0,5835 I,III 1,574 1,989 1,829 

0,0543 26 0,15997 0,5731 1,061 1,453 I, 710 1,476 

0,0448 28 0,15978 0,5620 1,0II 1,337 1,466 1,192 

0,0373 30 0,15954 0,5501 0,9596 1,225 1,255 0,9661 

O,O:U3 32 0,15924 0,5375 0,9086 1,120 1,074 o, 7856 

0,0264 34 0,15887 0,5244 0,8581 1,0212 0,9192 0,6417 

0,0225 36 0,15844 0,5107 0,8086 0,9293 0,7875 0,5267 

0,0192 38 0,15794 0,4966 0,7604 0,8446 0,6759 0,4346 

0,0166 40 0,15736 0,4823 o, 7139 0,7668 0,5813 0,3606 

0,0144 42 0,15672 0,4677 0,6693 0,6958 0;5012 0,8008 

0,0125 44 0,15600 0,4529 0,6268 0,6312 0,4334 0,2524 

0,01096 46 0,15520 0,4381 0,5863 0,5727 0,3758 0,2130 

0,00966 48 0,15434 0,4233 0,5481 0,5199 0,32?0 0,1808 

0,00855 50 0,15340 0,4087 0,5122 0,4?22 0,2855 0,1543 

0,00761 52 0,15239 0,3942 0,4784 0,4292 0,2501 0,1323 
54 0,15131 0,3?99 0,4468 0,3906 0,2198 O,II42 
56 0,1501? 0,3659 0,41?4 0,3559 0,1939 0,0989 



58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
82 
84 
86 
88 
90 

20 

18 

16 

f4 ,, 
f.() 

Ql 

Q' 

04 

().2 

0,!4897 0,3522 
0,14771 0,3388 
0,14639 0,3259 
0,14503 0,3I33 
0,14363 0,3012 
0,!4218 0,2895 
0,1407! • 0,2782 
O,I3920 0,2674 
0,13766 0,2571 
O,I36II 0,2472 
O,I3454 0,2377 
O,I3296 0,2287 
O,I3I37 0,2200 
0,12979 0,2II8 
0,12820 0,2040 
0,12661 0,1965 
0,12504 0,1895 

(d-/d4) ('o)wt-P~-·-) 

(6y"'•/2W2) 
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0,3899 
0,3644 
0,3407 
0,3187 
0,2984 
0,2795 
0,2621 
0,2460 
0,23II 

0,2173 
0,2046 
0,!928 
0,1819 
0,1718 
0,1625 
0,1539 
0,1459 

I 

I 

• 

0,3246 0,!716 0,0826 
0,2966 0,!524 0,0754 
0,2714 O,I359 0,0663 
0,2488 0,1215 0,0586 
0,2284 0,!090 0,0519 
0,2!00 0,0981 0,0463 
0,1935 0,0886 0,0414 
0,1786 0,0802 0,0371 
0,1652 0,0729 0,0335 
0,1530 0,0664 0,0303 
0,1420 0,0607 0,0275 
0,1320 0,0556 0,0250 
0,1230 O,OSII 0,0228 
O,II48 0,0471 0,0209 
0,1073 0,0435 0,0192 
0,1005 0,0403 0,0177 
0,0943 0,0374 0,0164 

A p ~, • ~a 'A 
/.2S S.'11 ,., , 
, II ~~~ FH 

, I (F11 ) 11a (FN) "I~ 

{; v = na.ae HliKJIOHct. 

e-'fLO"' ,.~~s'1 v u e.-

e 
o to- ~· 3o- 40" tK>- t.o- 7o- 6o- ~ too•"" ~ ~~ 

Puc . 1. 
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t 
ce 

no 

yr 
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net: 
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HSM 

Ed 

0 

0, 

ol 
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5, 
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COOT 

60JI 



,0826 
,0754 
,0663 
,0586 
,0519 
,0463 
,0414 
,037! 
,0335 
,0303 
,0275 
,0250 
,0228 
,0209 
,0192 
,0177 
,0164 

e -
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8TH Ta6Jm:Uhl IIOKa3biBailT, t{TO yrJIOBbl8 pacrrpe.n;eJieHHfi B ag)q>eKTaX V +f _. e + + n 
H V+ n _, p + e- cyrn.eCTB8HHO pa3JlH'l!Hh1. ilOJIHOe C8ll8HH8 y + n _, p + e- 6on:ome Ce'l!eHHfi 

V -t p ~ € + + n.. 3a C'l!8T 6onee M8.n;Jl8HHOrO CIIa.n;aHHfi B 3aBHCHMOCTH OT yrJia ( ve ) • 3TH 

ceqeiDIH cpaBHHBaJOTC.H rrpH 6oJI:omHx ::meprHHX E¥ rrpH ytieTe cpopM!lJaKTopoB HYKJIOHOB, I<OTOphle 

rro.n;aBJIHJOT a~eKT Ha 6oJII>mHx yr11ax ( rrepe.n;atia 6oJII>mHx HMrryJI:ocoB). PHc.7 HJIJIDCTpHpyeT 
rt.n Ev yrJIOBYD 3aBHCHMOCT:D 3'*"*'8KTa ,ll;JlH CJl:f'l!aH m =I B Tpex paaJIHqHhiX rrpe.n;rroJIOJKeHHHX OTHOCH-

T8JlLHO WOpucpaKTOpOB. 

KpHBaH I OTHOCHTCH K rrpe.n;rrOJIOJKeHHJO "TOl!81!HOr0 11 cpOpMcpaKTOpa aKCHaJl:DHOrO B3aH•MO­
V V 

.n;el1CTBHH -F, = -fi ) f"A= 1 • KpHBaf! n I10Ka3biBaeT BJlH.fiHH e Bb16paHHOro cpOpMqJaKTOpa H ,ZJ,JI.fi 

aKCHMLHOrO B3aHMO,l\8~CTBHH. KpHBaH m Y'l!HThiBaeT pon:& B03MOJKHOrO rrpoMeJKyTOl!HOro 6030Ha 

c uacco~ = 840 MaB. ~OpMaJl:DHO pon:& ero 3KBHBaJieHTHa H8KOTOpouy H3MeHeHHIO wopucpaKTOpa. 

8TO~ CJiyqa~ He 06Jla,ZJ,aeT KaKOH- JIH60 pe3KO BhlpaJKeHHO~ CIT8UHqJH'l!HOCT:OJ0 9 Ha OCHOBaHHH 

KOTOpO~ MOXHO 6~0 6bl OTHOCHT8Jll>HO JBepeHO CY.ZJ.HT:O 0 HaJIHl!MH rrpoMeJKyTOqHoro M830Ha. 

IToa.n;He~mHe .n;aHHhle o rrpoTOHHhiX wopucpaKTopax 30 rroRaaanH, 'l!TO B TO BpeMH, KaK 

warHHTHhl~ wopucpaKTOP 6biCTpee rra.n;aeT K HYJIJO B 06JlaCTH 60JI:&lUHX rrepe.n;aq HMITYJI:OCOB, 3apH,ll;OBhl~ 

WOPUWaKTOp B03MOJKHO BhiXO,ZJ,HT Ha IIJlaTO CO 3Ha'l!eHHeM B6JIH3H X ~ 0,42 • H.Ka6H66o 59 

nepecttHTaJI ceqeHHH .n;JIH paccuaTpHBaeMhlx a\{xlJeKTOB ( V+ p~ h +e+ , Y+rt-,) p-te.- ) 
C yqeTOII cy~eCTBOBaHHfi TaKO~ 11 C8P.ZJ.U8BHHh111 

( CD 'Z.e ) y rrpOTOHa, 3KCTpal1011HpyH peayJI:&TaThl 

H3UepeiDI~ B 06JlaCTH 60Jl:&lUHX 3HeprH~. 

B Ta6JIHUe IY rrpHBe.n;eHhl peayJI:&TaThl STHX Bhll!HcJieHH~. 

Ta6JIHua 1Y 

Ed M oL 
({.( 38 -- O"v-·IOi( v·IO 

c J1 
~-roffif ~ro3B 

0,43 0,60 0,15 0,60 0,15 

0,62 0,75 0,22 0,75 0,22 

0,89 0,925 0,29 0,865 0,31 

1,28 0,845 0,38 1,024 0,44 

1,84 0,832 0,46 1,31 0,60 

2,66 O,BI 0,53 ~,68 0,81 

3,83 0,79 0,56 2,48 0,97 

5,52 0,76 0,59 3,69 1,72 

XCTporo roBOPH noKa MOJKHO KOHCTaTHpoBaT:& JIHm:o HeKOTopoe aaMe.n;JieHHe na.n;eHHH 

COOTBSTCTBYD~X 3KCII8pHMeHTaJI:&HhiX ,ll;aHHhiX, XOTH B .n;aJI:OHe~meM IIOf!BJieHHe rrnaTO B o6naCTH 

ClOJll>lliHX 3Hati8HHli nepe.n;aBaeMbiX HMIIYJll>COB He HCRJIIO'l!8HO. 
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B pa60Te ilony6apHHOBa S! ~aeTCR BHpa~eHHe ~a30BO~ IT~OTHOCTH He~TpHHO q epea 

~a30BYD ITROTHOCT» rropoz~aiD~X HX ~- M830H0Bo EcnH ~~(}(, ft~) ~a30BaR ITROTHOCT» 

~ - U830HOB, TaK qTQ B waaoBOU: 06i>eMe (t, X+ d X ; f'Ji' ;r-'Ji' +d~) HaxO~TCH 
f:J\(x,'f:n-)dX'd~ :J\- M630HOB, a cl-w(p;. .,t\,)=f(r;.)rv)d~ 

~ 

-BepoRTHOCT:& pacna~a ~ - u:eaoaa c Hurryn»cou: P:rr B e~muzy BpeMeHH c po~~eHHeu: - __. \-He~TpHHO C HMITyR»CO.M B ( p 'V ' p..., + a ?\I ) , TO 

~ J~ ~T\(;(, pl\) f (~,~)d)( d~ 
...., _, cl"-'\ 

HettTpHHO BHReTaiOT B e]lHHHizy BpeMeHH H3 06i>eMa (X. ' X. + X ) 

c Hunyn»eou B Cpv ., f-v +d~ J 
He~TpHHO, BneTaiOUU~e B cl Sl. a a e]lHHHey Bpeu:eHH, aaazuaiOT o6i>eu 

\ 'ii-X I!. tS"v J Q. 15"-cKopocT:& HeliTpHHO 

(59) 

(60) 

8TOT reoMeTpHqecKH£! ~aKTOp yu:eH»WeHHH ITROTHOCTH H6~TpHHHOrO nyqKa rrpHBe~eT K TOMy, 
_, -f cl..... ' :-7' _, d_, ) 

liTO B oCiMu:e ( ~ , 'j + ~ ) 6ylJ.YT Haxo~nca Het!TpHHO, nocTaBnaeuHe o6i>euou: \. x) X+ ~ 
B HHTepBane HMnyn»COB ( p._, ) pv +d r\1 ) B 'IIHCne 

( l clV,. s>~ (x,~ )}(f~ ,""')}cl;t Jp:, 
l'"i-t)!. '\fv J Q_ 

_, _, 

(6!) 

1/IJIH, HU:eH B BHlJ.Y, liTO 113 TOqKH )( :J HeKOTOpyD T!I'IIKY ';i ITOITa,JJ;yT nHW» Te HettTpHHO, 

y KOTOPHX ___,. ..., _, 
r'l - "'-){ 
\l>'"\- \ q-t\ 

BHptuteHHe ~JIH ~a30BOI.t ITROTHOCTH Hel.tTpHHO f ( ~? P V) ... . 
IIpocTpaHcT:aou: X , uosHo aaiiHcaT» B BH;a;e: 

(62) 

t ITOCTaBRReMHX BC8M 

14 

Ta 

liHc 

rAE 

H.MII 

~( 
(63 

.... ~ X ... .... ..,..... ~ 2.~ ~ YCKI ~ J._, ) ~ - - J j ~"Jc'i ,rv) d'}d~ .... = (1:/-t.)t. ~P:sr f:rr~,f"J p1\.,fv\l!-Xl rv ~v d~ (63) BOe 

HJIH 

MHWE 

pace 

liTO 

9\:' 
.B0311 



JIOTHOCT:& 

Em eM 

(59) 

(60) 

:T K TOifY t 

(x,x+dt) 

(61) 

?HHO, 

(62) 

et.t 

di (63) 
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(64) 

- ,n:syXMepHaR b - ilJYHKU.HR, yqHThiBaiOll(aR ( 62) 

TaKHu o6paaoM, ilJaaoBaR rrnoTHOCT:& He~TPHHO paBHa 

- r-
liHCJIO C06blTH~ v+r -f Yl+ e.. B 6,1U1H.1:1Izy BpeMeHH, Bbl3hiBaeMOIX aHTHHe~TpHHO ( B 06'beMe 

("\[ ,l}+Jg)) OT pacrra,na 'A- M630HOB paBHO 

(66) 

r;n;e ~ r - rrnoTHOCT:& rrpoTOHOB, 6 ( . Pv ) - rronHoe ce:qeHHe Bsa.Huo,neLicTBH.a: Heti TpHHO 
r-J 

Hurryn:&ca Pv c npoTOHOM, 15'0 (p"") - OTHOCHTeJI:&HaR cKopocT:& V - npoToHa, 
r-.- f""-,j 

~(~ ,p~) - IlpOHHTerpHpOBaHHaR IIO HarrpaBJI6HHRM V ilJa30Baff IlJIOTHOCT:D V (65) T.e. 

(63). 

ITo:ztcTaBHB (63) B (66), nonyl!Hu 

n c<r) c1~ = ~y ~.~r. 6(?.) '\f~~) t ~ li ~~)~ ~ .~ r,. ~"ex ,f,)f~ , r" ~~xV J\f , 67, 

YEe B nepBblX ou.eHKax ~aK.1:1pOBa awilJeKTHBHOCTR ~-Me30HHblX rryqRoB, B03HHRaro~x Ha 

yCKOpHTeJIHX B ilJOpMHpOBaHHM He~TpHHHOrO rryqKa OKa3aJIOCb, liTO reOMeTpHlieCKHe ilJaKTOpbl (yrJIO­

B06 pacrrpe,neneHHe ~ - ueaoHoB) ,nenaDT Bhlro,nHblU pacrronoxeHHe ,neTeKTHpyiDme~ He~TPHHO 

~mmeHH B Henocpe){CTBeHHOL1: 6JmaocTH OT X- ueaoHHoro HCTOl!HHKa. "reoMeTpHqecKt~ ti !l>aKTop" . 

' pacceHBa~~~ He~TpHHO OKa3NBaeTCff ClOJiee MOll(HblM, qeM yueH:&WeHHe qHcJia He~TpHHO H3-3a TOro, 

qTO Ha ClJIH3K.I:1X paCCTOHHHHX OT ~ - M830HHOrO HCTOqHzKa ycrreBaeT pacrraCTbCff JIM~:& qaCT:& 

9t- M630HHOrO IlOTOKa. 8TO ClblJIO IlpHl!HHO~ TOro, liTO TipHIDnOCb OClpaTHTbCH K paCCMOTpeHHD 

B03MO~HocTe~, KOTOphle Morna Clbl ){aT:& uarHHTHaH !l>oKycHpoBKa ~ - t.teaOHHoro rryqKa. 
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SJ 
Eb!JIO rrpe;ztJlOJIOllteHO t 'tiTO C IlOMOII(:DIO uarHHTHbiX JIHH3 MOl!!:HO C03;ztaT:D IlY'tiOR MOHOXpOMaTl!- .~ 1 

'tieC!GfX :J'C- Me30HO:B. J li 

Bb!liHCJieHHH 'tiHCJia C06b1TH~ ~ +f~ Yl+ e_ + 6b1JIO IlpO:Be,zteHO B CJiyqaHx: ~ ( 

a) JIHHe~HOrO MOHOXpOMaTHqeCKOrO rryqRa aL -Me30HOBi 

6) mHpOROrO JlY'tiKa 9C -Me30HOB. 

B ITOCJie;ztHeM CJIYqae TaRO~ rryqoR OI1HCbiBaJICH ~a30BO~ ITJIOTHOCT:DIO pacrra;ztaiOII(HXCH 

Me30HOB 3a;ztaHHO~ :B BH;zte ~YHKUHH: _ crv-x) · 
l co oz-r;.) e. ftr'\!tr't:(£.1i) 

f:n-~,t) = "\S" 

0 

s v1r 

&~e. v"$1' 

~-

(68) 

r;zte 3 - HaqaJI:&Hbl~ ITOTOK Ha e;ztHHHey ITOBepXHOCTH t v3i UHJIHH;ztpHqecKaH 06JiaCT:& p!i,ZU'Iyca 
~ 

€ c oc:&IO, napaJIJieJI:DHOii pJi (pHc .8), ;zteTeRTop s;ztec:& l!306pallteH B B.Ue .1U'ICKa TOJIII(HHo~ 
d t H pa;ztHycou ((. • OcH ;ztHCKa H nyqKa co:erra;ztaiOT. 

IIO;ztCTaBJIHH f~(X',k) H f(~,fv) B (67), HHTerpHpyH ITO Q6'beMy ,1UiCKa ( { )
1 -f 

IIO a3HMYTY H paCCTOHI:IHIO OT OCIII .X 1 IIOJiyqaeM Bblpa.JKeHHe )tJIH ql/lcJia C06biTHil lip 

r,v \ 3 fr ~~ Jt ) ' 1>. ( ~ - ~D(. 
n.. \. iMU.) = ~ fv E{fv) o f" e. ,.Tr 'i:(<i.1\) 

-,r1\ t"C(.£,r) c~; -M r) p'f" 1fv Co~tf 

1 ~t. 

. ~ J~ 
~. 

e.. '\1 'If~ t:.lf) 
{ [&(«-a.)r..J-+e(a.-<~}•:-ii~S(I"---tl- ~~'f)+ 

(69) 

+e(c:1..-+~-~~)e(j ~'f- \a..-g0 rgt d-'t~C.o~ ~2.+1t.~t.~_C(.t. +Cl..'-~c:.c~ cJ...'-+~~'t'f_gt 
L 1B~~~ 1.~~ 

- ~ ~ 4a..•G'-- (o..'+€'--<;'~''l'J-]3 

EcJIH JIOJIOJIIIIT:& 4.= e =0,5 M HI = 3J\ct\. ro8 " -MeaOHOB t E. =4,2 E3B X 06'beM 
C:€K ri 

;zteTeKTOpa \f;ztHCK =0,52 M
3

, fr = 1,2.10
24 rrp~~~OB , TO IIOCJie;ztHHH ~OpMyJia, YliHTbiBaH 

XllpH COy;ztapeHHH ~Q :03B 9 HOrO IIpOTOHa C HyKJIOHOM ITO O~eHRe 60 pOl!!:;ztaeTCH ~ 0,05 ~-Meso­
HOB B HHTep:BaJie 3HeprHit 3,7 -5,1 E3B ( ~ =4,2 Ea:e), TaR qTo yKa3aHHbiR ITOTOR ~-Me3o­
~OB 3THX 3Heprl/l~ B03HHKaeT OT ITOTOKa 2.IQII ~· 1 KOr;zta O.I qacT:& ero ITOrJiomaeTCH 

:e omeHH c poll[;zteHHeM 1(.,- ueaoHoB. 

He 

Ba 

3K 

He: 

3HI 

061 

Ha 

2,4 

2 -

KO'I 

8TO 

pea 



HOXpOMaTH-

ifXC.fl ::Jr-

(68 ) 

nacn pB.AM~yca 

Ka TOJIII\HHOi! 

HCKa ( ) ' 

(69) 

o...'t+~~ 't'f_g'­
~ !ll. ~ ~ <t' 

X 061leM 

na, YliRThiBaH 

05 ~ -ueso­

ox :1\' -ueso-

rnomaeTcH 
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B CyT KH B 3aBHCHMOCTH OT 

IlOJ!OllteHHH ,1\eTeKTOpa OTHOCHTeJI:OHO HCTOqHH Ka :fl -Me30HOB ( f!. ) H paCllOJIOJKe HHH 3all\HTbl 

( IlOrJIOUlaiOnte£1 ~ - Me30Hbl CTe Hbl) OTHOCHT eJI:OHO ,1\eTeKTOpa ( ~~ (pHc.8). 

llpH 

-p,.. 

~= )1.--

,1.........__ _____ _ - - -- · 

~. 
~------ ~2..--------~ 

~~ =. i:a.. = 50 MeTpOB H ~~ = 25 M 

YL = 0 075 C06h!THI! 
' CYTKH (70) 

ITpHHHMa.fl BO BHHMaHHe H,1leaJIH3HpOBaHHbl~ xa paKTep MarHHTHO~ ~OKYCHpOBKH, JlOJiyqeHHble qVJ CJia 

He Bh!rJIH,1leJIH CJIHWKOU OTITHMHCTHqHO H He B036y~,1laJIH EeJiaHH.fl CJIHWKOM HaCTORqHBO peKOMeH,1lO­

BaT:O 3TOT 3KCTiepHMeHT AJIH KOHKpeTHOrO 06cy~,1leHH.fl 3KCnepHMeHTaTOpOBo 

K Touy JKe K 3TOMY BpeueHH ( BecHa I 959 r.) cTano H3BeCTHO, qTo ITOHTeKo pBo ,1\JIH 

SKcnepHueHTaJI:r:.Horo pemeH~H Bonpoca o "r-Ye - HePiTpHHO npe.11naraeT a Kc nepHueHT c 

He~TpHHO MaJibiX 3HeprH~ ( ~ 35 M3B), KOTOpbl~ ~eJieC006pa3HO TipOBOAHT:O Ha MaWH Hax cpe,11HHX 

3HeprHti ( ,110 700 MaB), r~e 60JI:OWa.fl HHTeHCHBHOCT:O ~ -Me30HHOrO nyqKa MOJKeT 6h!TD Jier qe 

o6ecneqeHa. ITpeHMYnteCTBa npe,1lnoxeHHH IToHTe KOpBO 6h!JIH oqeBHAHH. 

Ho ~aKTzqecKH ycnex 6~ ~ocTHrHyT He Ha nerqai!meu nyTH: 3KCnepHueHT 6b!JI BblnonHeH 

Ha ycKOpHTeJie HMeHH0 60JI:OWO~ 3HeprHH 6I • ~HTeHCHBHOCT:O npOTOHHOrO nyqKa 6biJia Ha ypOBHe 

2,4 X lOll npOTOHOB B HMnyn:r,ce npH 300 HMllYJI:OCOB B qac - 3TO npnuepHO COOTBeTCTByeT 

2 - 4 lOll npOTOHOB • ~HTepeCHO, qTQ MHHHMaJI:OHa.fl HHTeHCHBHOCT:O npOTOHHOrO nyqKa, C • CeKYH~y 

KOTopo~ HaqHHaJIHc:r:. o~eHKH illBap~a, npHHEManac:r:. paBHO~ 

5 101~ npoTOHOB 
• cexyHAJ 

3TO Ha TIOpH~OJt 60JI:Ome TO~ llHTeHCHBHOCTH, C KOTOpO~ 3KCnepY!MeHT BblllOJIHeH. 

PeayJI:r:.TaTbl 3KCilepHMeHTa HHTepnpeTHpyiOTC.fl TaKHM o6paaou, qTO npoTeKaiOT HUeHHO 

peaKUHH THna 
V+n-p+f<-­

y+p-n+~t-
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T.e. peaKUHH c po~~eHHeM ~ -MesoHa, a ae aneKTpoHa OT HenTpHHO, B03HHKa~~ero B 

peayRI>TaTe pacrra~a Jl -MeSO HOB. 0TCYTCTBHe 11 SReKTpOHHhiX C06biTI4n11 ( ;:_ + n ......,. p + e - ) 
v+P _...n +.e.+ 

~aeT OCHOBaHHe CqHTaTI>, qTO rHIIOTesa v~~ Ye IIO~TBepE~aeTCR ~aHHbiM SKCIIepHMeHTOM. 

rnaBHOe ~OCTI4XeHHe 3Toro SKCIIep14MeHTa saKR~qaeTCR B TO M, llTO BIIepBhle Ha YCKOpHTene 

143MepeHO ceqeHHe "-' IQ-3B CM2 • 

CeHCaUHOHHbl~ pesyni>TaT, CBI4~eTeni>CTBY~~~ B ll0RI>3Y ri4IIOT 63hl ~BYX BI4~0B He~Tp!4HO, 

STO yxe 11 3acnyra11 !Ip!4pO~, a He SKCIIepHMeHTaTOpOB. XOTH aBTOp He UOXeT CKpbiTI> CBOHX CI4Mlla­

TI4~ K rHIIOTese ~BYX HeMTp!4HO, BCe- TaK!4 C OKOHqaTeRI>HbiM CYE~eHHeM CIIelli4T:b BPH~ Rl4 ~ene­

C006pa3HO - CRHWKOM e~e uana CTaTHCTHKa B STOM SKCnepHMeHTe 14 B03MO~Hbl BC.HKHe HeO~~aH­

HOCTH C ero HHTepnpeTaUHe~ x. Kpoue TOro, CReAYeT SaMeTHTI>, qTo cna6hiM B3a!4MO~e~CTBI4HM 

X HarrpHuep, KaK yKasan fluaryqH 58 , 14HAYUJ4POBaHHOe rrceB~OCKanHpHOe B3a!4MO~eHCTBHe 
(M.R.ron»~6eprep H C.E.Tpe~MaH. Phys.Rev.~,354 (1958) ), KOTOpoe xapaKTepHsyeTCH 

S~eKTHBHOA nceB~OCKanHpHO~ KOHCTaHTO~, rrponOpUJ40Hani>HO~ Macce sap.H~eHHOrO nenTOHa, Be~eT 

K saueTHOMY BKna~y B ceqeHHR C o6pa30BaH!4eM 14MeHHO r- -Me30Ha OT HetiTpi4HO • 

BKn~ STOro, 06blqHO HeyqHThiBaeMOrO B3a!4MO~e~CTBHH, AOCTHraeT SB ~ 0,17 .Io-38 Cy:2 

AR.H fv~t'" =I 14 aaTeM naAaeT C SHeprHe~ HehpHHO ( AO 0,05.I0-3B cu2 ~H Ev /M~ =3). 

TipaB~a, COrRaCHO 3TI4M O~eHKaM 14H~qHpOBaHHbiM ITCeB~OCKan.HpHbiM B3a!4M0~6HCTBI46M H6R:b3H 

o6~HCHHT» rrpeHuy~ecTBeHHOro nOHBneHHH f -uesoHOB B EpyxraBeHCKHX SKcrrepHMeHTax. 

Ho rroKa e111e uo~HO ( rrpHueHHH HSBecTHhle "cHnOBhle" ycHnHH, rznoTeTHqecKH yBenHllHBaH 

KOHCTaHTY nceB~OCKaRHpHOrO B3a!4MO~ei1CTB14H) 11 THHYT:b 11 O~eHKH B CTOpOHY rrpeHMy~eCTBeHHOrO 

o6pa30BaHHH B paccuaTpHBaeMO~ peaKUHH fl -MeSOHOB H B TeOpH!4 C O~HI4M THIIOM HenTpHHO 

(L.I.La.pidus,"On the Interpretation a.t High Energy Neutrino Experiments" 

rrpenpHHT, .lly6aa, -II20, 1962 ). 

KoHeqao, s~ec» aeoXM~aaaocTH ae HCKRWlleHhl. 

~ 

11 

c 

3 

c. 

r 

Ut 

BE 

YBenHqeHHe CTaTHCTHKH H nepexo~ K 66ni>lliHM SHeprHHM He~TpH HO, r~e SW@eKT HHAY~HpOBaH- YJ 

HOrO !IC6B~OCKaRHpHOrO BSaHMO~e~CTBHH CTaHOBHTCH MeHI>me, CITOC06Hbl !IpHBeCTH B 6onz,myiD np 

HCHOCTI> 14 06cyx~aeyYD CHTyaUHIDe B STOH CBH 3H He !IOBTOp.HnO CBO e 3HalleHH e 14 rrpe~R0*6HH2 

ITOHTeKOpBO - H6~TpHHHbli1 SKCIIepHM6HT B o6naCTI4 MaRbiX HeHTpHHHhiX SH epr14~ , T. e . SKC!Ie pHMeHT 

B rryqKe MIDOHHhiX He~TpHHHO C SHeprHe~ HHXe !IOpora pox~eHHR ~-Me30Ha. 

.. 

en 

ro 

\;\ 
TOt 

THf. 
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OC06eHHO "BeSeT" B CBOeo6pa3HIXX CHTyaUPIHX: KOr~~ta-TO 3KCnepHM8HTaJII:.HO 11 I10,l!TBe plK,Z!aJIOC:b11 

HanHilHe I1pOid3BO;nHhlX B ~eTIXpex~epMidOHHHX B3aldMOAe~CTBidHX ld Ha HaiDHX KHldlKHIXX I10JIKaX 

HlleeTCH KHidra 62 
1 r,l\e TeOpldH ~- pacrra~a ld3JIOJKeHa B acrreKTe H;net\ IOJIHHCl8Ka-KOHOI1HHCKO­

ro. 3aTeM 1 KaK ld3BeCTH0 1 3KCI18pldM8HT I10,1\TBep;nldJI TeOpld~ qeTJXpex~epMidOHHOrO ~3aHM0,1(8t\CTBidH 

B nepBOHaqaJII:.HOt\ ~OpMe ~epMH. 

KaK H3B8CTHO, Cl!XJIO BpeMH, KOr,l\a 3KCnepHM8HT 11 I10,1\TBepllt,l\aJI11 s) T -BapldaHT TeOpldH 

p -pacrra;na, H HayqHoe o6~ecTBeHHOe YHeHHe ,1\0Jiro ,1\eplltanoc:r:. 5
1 

T KoHuenUHH cJia6ax 

B3aHMO,Z!et1CTBld~. 

HayllHOe 06~eCTB8HHOe MH8HHe OXOTHO rrpHHHJIO 11 JipaBHJI0 11 

~s~Q=+i. 
KOTOpoe, KaK MOlKHO npoqecT:& B Cep:&e3HIXX pa60TaX, 11Illldp0KO I10,1\TBepllt,1\8HO 3KCJiepHM8HTOM 11 -

Tenep:r, 3KCI1epHM8HT CTaBldT JIO,l\ COMH8HH8 H 3TO 11 JipaBHJI0 11 
• 

ITpaB,l\a, Ha 3TOT paa xo~eTcH ,1\yMaT:r:., qTo TOJIKOBaHHe EpyxraBeHcKoro aKcrrepHMeHTa 

~OCTaTOilHO 0,1\H03HaqHOo 

naJI:&H8~WH8 H8~TpldHHIX8 3KCI18pldM8HTIX npldSBaHH B JiepBy~ oqepe,l\I:. pemaT:b BOJipOC 0 

cy~ecTBOBaHHH npoMeJKyToqHoro MeaoHa. OT peweHHH aToro Borrpoca Henocpe.l\CTBeHHHM o6paaoM 

3aBP!CHT HanpaBJI8HldH ,1\aJI:r:.He~mero pa3BHTHH TeOpldld 3JI8M8HTapH!XX qacTHU: cy~eCTByeT ldJIH He 

Cy~eCTByeT ldCTHHH08 qeTHp8XW8PMHOHH08 B3aldMO,l\8~CTBlde? 

K COEaJieHldm, 3KCJI6pMM8HTaJI:&HN8 B03MOXHOCTld peWeHHH 3TOrO BOJipOCa 3aBldCHT ld OT TOro, 

r~e ( aHepreTJdqecKH) JieJKHT aHa~eHHe Maccu aToro, noRa rHJIOTeTHqecKoro, rrpoMelKyToqHoro 

lleaoHa ( W ) • 
EcJild /17 W Ha~OAHTCH rAe-TO B6JIH3ld 3HaqeHJdH HYKJIOHHO~ MaCON, TO yil.e rrpO,l\OJillteHHe 

Be~uterOCH H8l1TpHHHOrO 8KCJI8pHM8HTa Ha EpyxraBeHCKOY YCKOpldT8JI8 pellildT BOllpOC. 

Henocpe,l\CTB8HHO~ 6Jlld:m:ali!rue~ aa;naqe£:1 STOrO SKCI18pldM8HTa HBJIH8TCH BblffCH8Hl18 npldpOAN 

yllte Tenep:r, Ha6JID,l\a8MNX COClNTld~, KOTOp~Xe, JIO C006~eHldiD aBTOpOB 1 KOHCHCT8HTHH C rHI10T830H 

npoMe:m:yTOqHoro MeaoHa. 

ABTOpH B STOM CUNCJie HaCTOpOlKHJild v6~eCTB8HH08 HayqHOe MH8Hld8 rry6JIHKaUPi el1 ITHTld 

cnyqaeB, KOTOpHe MOJKHO TpaKTOBaT:& KaK C06HTHH 1 CBld;n8T8JI:bCTBYID~e 0 pacna,l\8 I1pOM8lltyToqHo-

ro MeaoHa. 

,ll:aa H3 HldX ,1\0llYCKalOT TpaKTOBKY w+- f++ V 1 0,1\HO TpaKTY8TCH KaK pac rra,l\ 

W"t... JTT-+ .Jf-+ JT+ 1 0,1\HO C06b!Tld8 ,1\0TIYCKae T TpaKTOBey 3JI8KTpOHHOrO pacrra;na npOM8lKY­

TOilHOrO M830Ha ( w +- ~ + + Y ) 1 a JIHT08 COClblTJ.18 BOSMOlKHO npe,l\CTaBJIH8T COClO~ 
w+- JT-t- + Jfo • 

CornacHo oueHKaM 63 , B ycnoBHHX aKcnepHMeHTa ~onJKHO 6HJIO 6H Ha6n~AaT:r:.cH 20 cnyqaeB 

ntna Y-t-p- W\r + p • eCJIIt1 m w = ~ 6 mp ' ld ,1\Ba C Jiy~aH, ecJm mw = mf . 



44 

EcHH BCe ITHT» yKa3aHHHX cnyqaeB B ~e~CTBHTeH»HOCTH HBHHDTCfl cnyqaflMH VV -M630HOB 1 

TO BepOHTHee BCero ty]K < m W < I'YJ P 

K COSaHeHH~, HHTeprrpeTaUHH VV -cnyqaeB ~aHHOrO THITa ITOKa CHHbHO HeO~H03HaqHa. 

lloKa HeHcHa pon» ~pyrHx rrpoueccoB B ycnoBHHX ~aHHoro 3KcrrepzueHTa, KOTOpHe uornz 6H 

HMUHTHpOBaT» ITOHBHeHHe VV -U630Ha. 3~ec» HU66TCH B BH~, Hanpzuep, ITPOU6CCH THna: 

v +- p - r-+ + Jf-+ p 
v + P ~ r + + Jl" + ~ 
v + n- trt + JT-+ rL 

v + n- r-+ + .f' + Yl 

He~aBHO a~eKTH TaKoro THrra,zueHHo: 

v + p -- e- + .:nt-+ p 
v + n - e- +JT 0 + p 
y +- n - e+ +~T( t p 

l-1 T,'"l), 

6HHH OUeHeHH, HCXO~H H3 rrepH~epzqecRO~ MO~enz 64 • 3~eC» yqTeHH nHmn HeKOTOpHe 

~arpaMMH B BeKTOpHOM BapzaHTe cna6HX B3aHU0~6~CTBH~, THITa p~c 9 . 

v 
Le:) 
I 
IJTf 

NAN 
P~Ac.<3 

v .e. 

Jr 

N 
N' 

Pzc.IO 

(?I) 

~arpaYMH THna pzc.IO He yqzTHBanzc». Peayn»TaTH qzcneHHHX BHqHCH6HH~ npHBe~eHH Ha 

pzc.II. 

6_3!/ 2 
21-/10 ~m) 

V+p-+e~p~Yi" 

I 

0~ ' ' "'f"''"''"L 

Pzc.II 

E 

1 

(l 

~ 

E 

d 

E 
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Bee ceqeHHH paccMaTpMBaeMhiX rrpo~eccoB (7!) 6HHaKM ;n;pyr K ;n;pyry. 

B CBOHX Bbi'!IHCJieirnHX aBTOphl BBO,ZUiJIJ/1 ;n;JIH COOTBeTCTBYIOll(ero yaJia ;n;HarpaMMhl SJieKTpO­

MarHHTHhln ~OpM~aKTOp jf -Me30Ha COrJiaCHO 65 • 

KoHeqHo, HC IIOJI:&aoBairne "yMoap.IIITeJI:&Horo" aJieKTpoMarirnTHOro cpopu~aKTOpa T1 -ueaoHa 

E KOHKpeTHOn ~OpMe 65 H 8KCTpaiiOJIH~H ero Ha KaK yro;n;HO 60JI:&illJ/Ie HMIIYJI:&Chl He MeHee pHCKO­

BaHo, qeu, HaiipHMep, HCIIOJI:&30BaHMe B aCCHMIITOTHqec Kon 06JiaCTH XOBWTa;n;Te pOBCKOrO ~pM-

~aKTopa B peaK~H V -t- P - Yl + tL t HO KaKMe- TO cy~;n;eHH H 0 IIOpH;n;Kax BeJIHqHH Ce'!I eHH n 

He CnHmKOM ;n;aJieKMX OT J/ICTHHHNX MOryT 6b1T:& IIOJiy'!IeHhl H Ha STOM rryTM. 

EoJI:&moe KOJIHqecTBO KaHaJIOB peaK~H T.IIIrra (7!), pH;n; HeyqTeHHNX ;n;Harpauu, B qacTHOCTH, 

;ztHarpaw BH;n;a V + p- t-t +- + f t- 11 J Y t- p _,.. ~ + + K0 
+- tt u...., · ~ · 

r- r-
]I K 

hJl t1JT 

N' N N' 

a.) f>) 

PHc.I2 

cxeAYeT rrpHirnMaT:& BO BirnMaHHe rrpH o6c~;n;yeHHH ypoBHH "~oHa" co6h!TH~, o6naaHHhiX paaHH'!IHhiM 

HeyrrpyrHM rrpo~eCCaM 66 • HeCMOTPH Ha rpy60CT:& O~eHOK HeyrrpyrHX ~eKTOB - BCe Xe 

~eJia~TCH BepoHTHhiMH coo6paxeHHH, qTo B ycJIOBHHX Epyxra:BeHcKoro He~TPHHHoro aKcrrepHMeHTa 

MOrJIO Clhl Ha6JIIO;n;aT:&Cff H6CKOJI:&KO C06b1TH~ ;n;aHHOrO TJ/IIIa. 

EOJiee TOro, KaK ITOKa3biBaiOT O~eHKM MHO~eCTBeHHOrO po~;n;eHHH ~ -Me30HOB B 

aeltTpHHHO- HYKJIOHHhiX coy;n;apeHHHX 64 ( peaK~fl THrra V+ tJ- Jf+ .e. HI +Ji) , y~e cpe;n;H 

HaelJI~;n;eHHhiX cnyqaeB HenTpHHHO- HYKJIOHHhiX B3aHMO;n;eltCTBJ/Ilt ffiJI:&3fl HCKJIJOq.HT:& 6;n;HHH'qHble 

cJiyqaH S(P~eKTOB rrapHoro pollt;n;eirnn 3\ -MeaoHOB ( --- {'\ +JI +Jf ) • CorJiacHo KPHBhiM 

pHc.l3 , 3TH ceqeHHfl COCTaBJif!IOT .1\0JIH rrpo~eHTa OT OCHOBHOrO Ha6JIIO;n;aeMOrO ceqeHHH 66 • 

O~.teHKa rroJIIOCHhiX ;n;HarpaMM MHOlltecTBeHHoro pollt;n;eHHH Jl - ueaoHoB Ha HYKJIOHe, corrpo­

BO!.lta~IIiHX IIOHBJieHHe Ji H K- MeaoHa (pHc.I2a) H (126) , ,llaHHan HryeH BaH X:&ey 66 , 

OKa3hiBaeTCH TOrO Ee IIOpH;n;Ka, qTQ 1.1 .
64 • 

~fl MHOliteCTBeHHOrO pOX,lleHHfl JT -Me30HOB Ha HYKJIOHe OT He~TpHHO C 3HeprHe~ 

Ev:: I EaB H Ev =5 EaB ceqeHHH (pMc.I2a) cooTBeTCTBeHHO paBHhl 2.ro-40 cu2 H 3.ro-39c u2 • . 
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AHH YHOEeCTB8HHOrO poz~eHHH ~ -Me30HOB COBM8CTHO C K-Me30HOU (pHc. l 2D) Cet~eHHH 

oneHHBaBJTCH 3HalleHHHMM, paBHbiNH ro-40 cu2 ~JIH Ev = 2 D3B H s.ro-40c"'2 ~H E y = 5 D3B. 

06pamaeT Ha CeOH BHHUaHHe BbiCOKaH 3HepreTHqecKaH 3aBHCHMOCT» ceqeHH~ HeyrrpyrHX 

rrponeccoB B acHMITTOTHllecxo~ o6JiacTH (EOrv E~) 64 ,cKopee Bcero o6HsaHHaa r py6hiM oneHKaM. 

BosuosHo, llTO rrpH 6oJI»WHX 3HeprHHX He~TPHHO celleHHH HeyrrpyrHx rrponeccoB ~e«cTBHTeJI»HO 

OOJI»me CelleHHH )} -t- {'/- {'I+ r-
I .S r f>_110 ~) 

(IO em 
/.0 

0. 

0 

PHc,I3 

r-
KpHBaH I HS06pasaeT CelleHHH V t- p H Y + h • 

KpHBaH 2 OTHOCHTCH K CelleHH.Hil V + p H V + VI. • 

MoxeT 6b1TD yBeJIHlleHHe cTaTHCTHKH H yJiy-qrueHHH paapemaBJme~ crroco6HOCTH cpe~cTB 

HaOJIBJ~eHHH CMOryT ~aTD 0~03HaqHyBJ HHTeprrpeTaUHBJ VV - C06b1THHM H B EpyxraBeHCKOM 

3KCII8JlHM8HTe. 

C,ne~yeT ITO~tlepKHYTD t tiTO He HCKJIBJti8HO t tiTO Ha6JID~eHHe p0llt~8HHH nap W + t yV- -OT 

~OTOHOB 67 B ycJIOBHHX EOCTOHCKOrO SJieKTpOHHOrO YCKOpHT8JIH llOllteT OKa3aT»CH 60Jiee 

a\WJeKTHBHHM B pemeHHH npo6JieYhl, ecJIH mw He npeBhlmaeT 2 mp • 

3~eC» OT60p W -cny-qaeB IIO 6biCTpiD4 r t e. llaCTHnau, JI8Tl'lii\Hil 11B 06paTHOY 

HanpaBJieHHH" Tell 6oJiee a~~eKTHBHO, t~ell 6oJI»we uacca npouexyToqHoro 6osoHa. KoHellHO, 

B Ha6JIBJ~8HHH a~~eKTa 3JieKTpOuarHHTHOrO poz~eHHH ~ -M830HOB, pacna~aD~XCH no KaHaJiall 

f+V 
.e_+ e.-

} 

(.+Y , BCTpeTHTCH cymecTBeHHble TPY~HOCTH B HaJIHllHH 6oJI»ruoro ~oHa 

nap. Ho HeHcHo, HaCKOJI»KO 3TH TPY~HOCTH Henpeo~oJIHMhl, ecJIH Ha6Jiro~aTD 

+ -f- , f<- 1 

npO.l(yKTbl pacnMa w -M830HOB B 11 o6paTHO~ IIOJIYC~epe 11 t B 0 HaiipaBJieHHH Ha3a~0 • 8TH 

BOIIpOCbl Tpe6yBJT 6oJiee BHHMaTeJI»HbiX paCCYOTpeHHU H oneHOK, 

K coaaneHHn, aKcnepHueHT, B KOTopou VV - uesoH npo~yUHpyeTCH He«TpHHO 

( Y + ".2: - 'l
1 
+ f"' + w ) TaKEe Be CB060~eB OT ~Ha, 3aTpy,1UIHIImero H~eHTH~KanHID C06b1THH, 

STB aaTp 

ltpy 

HBJIHeTCH 

HH~ CJia6 

Epy 

B H· 

OKOJIO I : 

ueaHallHT• 

c 6omunn 

Han] 

paBHO 0,1 

= 01 
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~· .. ~ 
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~ :.. · 
~ 
~ 
I 
~ 

ou~aeJlbiit 

IS EeB-HOl 
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9!1 aaTpy;n;HeHHH BospacTanT npH 6on»mHx uaccax npe;n;nonaraeuoro VV ueaoHa. 

~pyro~ BaEHe~we~ npo6neuo~ He~TpMHHYX SKCIIepldMeHTOB Ha 60JIJ>WMX YCKOpHTeJIHX 

HBXH8TCH BHHCHeH!de BOnpoca 0 BOSMOXHHX ~opu~aKTOpax, TIO;zJ;aBJIHD~X pOCT C SHeprHe~ cet~e­

HHit CJia6HX B38JU40;zJ;e~CTBid!. 

BpyxraBeHCKHe 8KCI1epHM6HT8.Jil>HHe ;n;aHHHe noxa He OTBetlaiDT Ha STOT BOnpoc. 

B He~TPHHHOu rryt~Ke oTIS EaBHHX npoTOHOB x rnaBHYD ponJ> HrpanT He~TPHHO c Ev 

OKOXO I EaB. Ho npH STHX SHeprHffX OEH;n;aeuoe BJIHHHHe ~opu~aKTOpa Ha TIOJIHOe ceqeHHe e~e 

HeaHalUITeJIJ>HO - OHO BblpaEaeTCH HeCKOJil>KHM11 npon;eHTB.liH. 0T60p cnyt~ae:B Y +- 11.- p T" f'l-­

c 6ommHM!d ( v r- ) yrnauH 6Hn 6H 6onee noKasaTen»HHM. 

HanpHuep, cornacHo Ta6nnn;H (IT) npH E v = I Ea:B H yrne 50° , cet~eHHe npon;ecca 

paBHO 0,47 .ro-38 , a npH TOM ze yrne, HO np"-1 E v = 2 Ea:B, cet~eHHe yueHJ>waeTcH 11 3 pasa: 

= O,IS.Io-38 cu2 • 

KaK cne;n;yeT ns Rp"--BHX pHc.7, aTo not~TM TpexKpaTHoe yueHJ>meHHe cet~eHH« npozcxo;n;HT 

B OOHOBHOM sa CtleT npHHHTOrO ~opu~aKTOpa. 

K coxaneHHD, t~Hcno ue~TPHHO, :BOSHHKaro~x 11 nyt~Ke npoTOHOB sa;n;aHHO~ aueprHH, 6HcTpo 

nSAaeT C SHeprHel!. KaK BJd;n;HO HS KPHBHX pHC • I4 

EY • ., 

OIH;zJ;aeKH~ B yCJIOBHHX BpyxraBeHCKOrO 9KCIIep"-!MeHTa SHepreTHqecKH~ CTieKTp He~TpHHO OT 

IS BeB-Horo nyqKa npoTOHOB ;n;e~CTBHTen»HO 6HcTpo na;n;aeT c aueprHe~ He~TPHHo. 

Bonee t~eu B IO pas na;n;aeT t~Hcno HeHTPHHO c Ev = 2 Ea:s no cpa:BHeHHID c t~Hcnou He~TPHHO 

c E 'J = I EaB, ecJIH Huen B EH;n;y Hei!TpHHO OT pacna;n;a Jf -uesoHo:B. B o6naCTH E v = 2 EaB 

HeOKOJlbKO 60JIJ>WH~ BKna;n; ll He«TpHHHyiD HHTeHCHBHOCTl> ;n;aiDT K-Me30HH. 

xHeiTpHHHH~ aKcnepHueuT Ha Epyxra:BeHcKou ycKopzTene BHTIOnHeH B He~TPHHHOM nyqKe 

OT I5- EaB-HhiX npoTOHOB. 
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CyAH no KpHBHU (14), MOEHO 6uno 6H nonaraT~, ~TO B 6yny~x yCKOPHTenHX Ha 60n~mHe 

SHeprHH,He~TpHHO 6on~IDHX SHepru« 6ynyT nOCTaBnHTb B OCHOBHOY K-MeSOHHo 8TOT BHBO~ 

MOEeT 6HTb HeCKOnbKO rrocrremHNM, TaK KaK SKCnepHY6HTanDHH6 AaHHHe 0 po~eHMH ~aCTH~ 

npOTOHaMH 60nbiDHX SHeprH~ ( KOCMHqecKHe nyqH) ITOKa O~eHb CKYAHH H OHH CKOpee CBH~eTenD­

CTBYDT 0 TOM, ~TO SHeprHH nepBHqfiNX qaCTH~ B cy~eCTB6HHO~ ~aCTH .TpaTHTCH Ha 06pasoBaHMe 

B oT~enbHOM aKTe Jf- ueaoHoB. B03MOEHO, ~TO cy~eCTBOBaHHe 6onbmoro ~Hcna pesoaaHCHNX 

COCTOHHH~ 6HCTpO pacnanaD~XCH Ha J1 -M630HH CHnbHO no~aBnHDT K- M630HHH~ KaHan. O~e 

HeUTpHHHO« HHT8HCHBHOCTH B Jl -ueSOHHOY KaHane ~BH pasnH~HNX SHeprHU npOTOHHHX nyqKOB, 

npeBNman~x npenenbHNe aHeprHH, pa6oTaD~x B HaCTOH~ee BpeuH ycRopHTene~ 68 , npHBeneHH 

Ha puc.IS. ti V 
r--------------r--------------.-----------~ 

0 T•il 0 

·l.l 

" - I,.P 

0 T•ID D 
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- ItO 

0 0 

·Z.O -z.o 

- it. 

0 fO 20 3P lt,D 0 3.0 6.0 9.0 fc D IIJ lO jp t,O 

O~eHKH 8TH OCHOBaHH Ha OTHOCHTenbHO~ B8nHqHH8 COOTBeTCTBYD~X ~a30BNX 06~eUOBo 

3~eCb T- SHeprHH npOTOHa, K- SHeprHH He~TpHHO · (ESB), V - qHcno He~TpHHO Ha O~HO 

npoTOHHOe coynapeHHe. O~eHKH naHN nnH Tpex paanHqaax paccTOHHH~ OT MHmeaz. 

KpHBNe pHc.I5 HHTepeCHN B TOM CMNCne, qTO HHTeHCHBHOCTH He~TpHHHOrO rryqKa C 

SHeprueU E v = I EsB B IS EaB-HOU npoTOHHOM ycKopHTene, B ycKOPHTenHX c sHeprHHMH 70,250 · 

1000 ESB COOTBeTCTBYDT He~TpHHHHe SHeprHH, paBHNe 3,10 H 20 EsB. 

npyrHMH cnOBaMH, HSUepHTb ceqeHHe HeUTpHHHO- HYKnOHHNX B3aHMOAe~CTBHU TaM, rne OHO 

npH npHHHTNX ~OpM~aKTOpax pa60TH 27 ITOAXOAHT K aCHUnTOTH~eCKOUy 3Ha~eHHD 1 YAaCTCH TOnbKO 

Ha yCKOPHTenHX 250-IOOO•ESB-HHX SHepruR. 

EcnH ~HSHKe c~ecTBeHHNU o6paaou "He noBeseT": ecnH uacca npouexyTo~Horo 6oaoaa 

OKaEeTCH rne-TO B6nH3H ~eCHTKOB EaB, TO HeUTpHHHNe SKCnepHUeHTN no 06HapyEeHHD npoueJyTOq 
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Horo uesoHa Ha yeKopnTeJIHX yJI~Tpa 60JI~WMx sHeprHM eTaHyT :see 6oJiee H 6onee TPY~H~MM no 

llpHilHHe BOSHHKHOBeimH HOBbiX KRHaJIOB t HMMTHpyiO~X W -C06b1Tli1H. 8JieKTpOMarHli1THbltl lie 

cnoco6 pox.zteHHH W + , W- nap cTaHOBli1TCH B STOM enyqae TeM y.n;o6uee, qeM Bblllle Mace a 

W -MeSOHa. BepHee, B STOM enyqae llpli1 Ha6JIIO.zteHHl'i IIpO.ztYKTOB pacna.n;a W Y:630Ha ( f 1 e ) 
B o6paTHOIL K na.n;aiOll\eMy nyqKy y - KBaHTOB HanpaBJieiDf14, pOJI~ li1MMTJi1pyiO~X StMJeKTOB 

( r~r- ), ( ~+,t- CTaHOBJi1TeH Bee MeH~me Ji1 MeH~me. 

§6. B03MOlltHOCTH HetlTpli1HHbiX SKCTiepli1MeHTOB B KOCMJi1qeeKHX nyqax 

ITpe.ztCTaBJIHIOT 3HallHT8JILHbiH Ji1HTepee He~TpHHHble SKenepHMeHTbl B 06JiaCTH SHeprH~ He~TpHHO 

~ 101~ 1012 3B. YCKOpHTeJI~HaH TeXHJi1Ka ell\e He CKOpO rrpe.n;ocTaBHT B03Y:OlltHOCTJi1 ,ZJ;JIH TIO,ZJ;06HNX 

8KCIIepH1LeHTOB. KaK llOKa3biBaiO~ OUeHKH (pHe.l5) , llpli1 HHTeHCli1BHOCTJi1 TipOTOHHOrO nyqKa 

~ro11 npo~~~oB , TOJI:&Ko B npoTOHHbiX ycKopHTenax c sHeprHe~ 250 Ea:s HHTeHeHBHOeT:& 

He~TPHHHoro ny~Ka c Ev = IO Ea:s npHMepHo cooTBeTcT:syeT HHTeHCHBHOCTH He~TPHHHoro nyqKa 

e Ev"" I Ba:s B ycJioBHHX Bpyxra:seHcKoro SKcnepHMeHTa. 

IOOO BaB-Hblit npoTOHHbdi ycKOpHTeJIL cooT:BeTCTBeHHO noBblmaeT SHeprHIO HetlTpHHHoro ny11Ka 

TOJI:&KO ,ItO 20 Es:s. qT06bl llOJIYilJi1TL 06c~.n;aeMyiO HHTeHCli1BHOCTL He~TpHHHOrO rryqKa C SHeprli1e~ 

4-5.Io10 a:s OT npoToHHoro ycKopHTeJIH B 1000 Bs:s, Heo6xo,ZJ;Ji1uo nopa.n;KaHa 2 no.n;HHTL HHTeH-

CHBHOCT:& npOTOHHOrO ny-qKa ( ~0 1013 rrpo~~~OB ). 8TH OUeHKH llOKa3biBaiOT, llTO llpH rrpoeKTJi1-

pOBBHHH 6y~~X IIPOTOHHbiX yCKOpHTene~ rrpe.zteJILHO 60JILWJi1X SHeprH~ UeJieC006pa3HO llOTpaTHTL 

}(alle 3HallHTeJI:&Hble YCHJmH :B ,ZJ;OCTII!liteHHH Ji1HTeHC14:BHOCTII! llpOTOHHOPO nyqKa rv 1013 g~~TOHO:B 

8KcnepHM6HT e Heh'pHHO 06Cyllt,~taeMblX SHeprHH H HHTeHe.H:BHOCTDIO :BpH~ Jili1 MOlKHO 6y~eT BbiiiOJIHHTL 

Ha yeKOPHTeJIHX paH~me, qeu neT ~epea .n;eCHTL. 

CJie}(yeT TaKllte no.n;qepKHYT~, liTO Tpy.n;HOCTH HeiiTPHHHoro SKcnepHueHTa B o6nacTH 6om.WHx 

He~TpHHHbiX aHeprH~ ( E v > IO Es:s) CHJILHO :soapaeTa.DT: ue.n;neHHee paena.n;a.DTCH Jl -ueaoHbl 

BbiCOKHX 3HeprH~, 60JILWHe paCCTOHHHfl ~0 HeWTpli1HHbiX ~eTeKTOpOB Be,~tyT K llOTepHM HHTeHCli1B­

HOeTeti B HehpHHHOM llY1lK6 Ha e,1tJi1HHU] llOBepXHOCTH ,Z\eTeKTOpa. 3HepreTJI!'q6CKH~ CIIeKTp Jl -

ll630HHOPO rry~Ka B 06JiaCTH npe.n;eJILHO B~COKHX SHeprH~ 6e~eH ITO CB06~ HHTeHCHBHOCTH. 

Bon:&mOe rrpeHMYll\eCTBO Be~~erOeH He~TpHHHOPO SKCTiepHMeHTa ~JIH HSy~eHHH ena6b1X B3aHMO­

~eAOTBH~ - STO 'qHCTOTa He~TpHHHOPO nyqKa aa aa~THOti eTeHo«, rrorno~anll\e~ Bee .n;pyrHe BH,ZJ;bl 

HSJIY116HHH. 

Ho tL -MeSOHN C SHeprHe~ 2.Ioli SB rrpOXO,ZJ;HT TOJimy BO,ltbl paBH~~ 0,1\HOMY KHJIOMeTpy. 

!pyrHKH CJIOBaMH, npz SHeprHHX HeWTpHHO TaKOPO Ee llOpH~Ka B03HMKHYT cep:&e3HNe SaTpy~HeHHH 

C ~ - Ke30HHbiY ~OHOM. 

ECnH OKaEeTCH, qTo npouelltyTOqHN« Me30H HMeeT Macey 3HaqHTeJILHO 60JILWyD, qey Macca 

HYKJIOHa ( OKB.XeM, l't1 w = 10 h'1 N ZJIH 100 m II ) t TO He«Tp!4HHbl« CllOC06 06HapyllteHHH npoue-



so 

EyTO~HOrO Me30Ha OKaEeTCH OC110ZHeHH~M MHOrHMH 06CTOHTe1lhCTBaMM. na H CaMO ce~eHHe 

po~~eHHH npouezyTO~HOrO Me30Ha OT He~TpMHO ~OB01lhHO 6~CTpO na~aeT C yBe~~eHHeM Mace~ 

VV-MeaoHa. 

Ha llOBepXHOCTh 3eUJIH na~aeT nOTOR He~TpHHO B~COKO i-1 SHeprHti, B03llliKaJOmHti OT pacna­

~OB :Jf H K-Me30HOB, KOTOP,Ie reHepHpYJOTCH B aTMOC<{lepe npOTOHaMH ROCMH~eCKMX 1lytre~. 

3HepreTHqecKH~ cneKTp paccuaTpHBaeuoro llOTOKa He~TpHHO MOEHO nonytrHTh no COOTBeTCTB~ 

~eyY SKcnepMueHTaHDHouy cneKTPY [L-ueaoHoB, rrpe~nonaraa, qTo Bee Ha611JO~aeUHe B 

KOCMHqeCKHX nyqax r- -Ue30Hbl B03HHKaiOT OT pacn~a Jl -Me30HOB. B 3TI4X OIJ;eHKaX 

HrHOpHpyeTCH norpemHOCTh, CBH3aHHaH C TOM ~aCThiO nOTOKa fL -Me30HOB, KOTOpaH B03HMKaeT 

OT pacna~OB K-Me30HOB. llocne~Hee ~ony~eHHe HeCK01lhKO 06e~HHeT B~COKOSHepreTH~eCKYIO 

~aCTh He~TpHHHoro cneKTpa. 

. flpH pacna~e Tt- f< t-V B C06CTBeHHO~ CHCTeMe KOOp~HaT HetiTpP!HO YHOCMT npHMepHO 

30% C06CTBeHHO~ SHeprHH Jl -Me30Ha. llpH pacna~e K-Me30Ha STOT npon;eHT nOB~maeTCH ~0 

90%. 

Bo BCHKOM C1l~ae, CqHTaH ~ -UeSOH~ e~HHCTBeHHbiU HCTOqHHKOM fl -Ue30HOB, MH He 

SaB~aeu nOTOKH He~TpMHO B~CORO~ 3HeprHPI. 

3HepreTHqecKH~ cneKTP paccuaTpHBaeuoro noTOKa HMeeT npaKTHqecKH CBOJO co6cTBeHHym 

BepXHDJO rpaHHn;y: oqeHh 6HcTp~e ~ -ueaoHH, BOSHHKWHe B npeAenax aeuHo~ aTuocwep~ 

H3-3a pe11HTHBHCTCKOrO yBe11HqeHHH BpeueHH 3H3HH, He ycneBaJOT pacnaCThCH. 3TH Me30HH, 

~01leTaH AO n1IOTHHX C1IOBeB SeMHOrO Be~eCTBa, TepHIOT CBOIO SHeprHJO B peay1lhTaTe CM1lhH~X 

H 31leKTpo-uarHHTH~x B3aHUOAe~cTBH~. EcTeCTBeHHH~ aHepreTMqecKH~ npeAen neEHT r~e-To 

OK0110 Ev"" 1012 3B. ( 11 CB060AH~ti nyTD" rv' 30 KH1IOMeTpOB). 

CBOeo6pa3HHe B03MOZHOCTH He~TpP!HHOrO 3KCnepHM6HTa B KOCMHqecKHX nyqax 3aK11JO~aiOTCH 

B TOM, qTQ Ma1laH BeJIHqHHa ceqeHHH B3aHUOAe~CTBHH HetiTpHHO C BemecTBOM n03B011HeT npOeKTH­

pOBaTh OllHT rny60RO no~ 3eM1le~, B~~611HH peaKIJ;HH ( C 06pa30BaHHeU rc -Me30HOB, a MOXeT 

6HTh H 3116KTpOHOB) OT He~TpHHO, H~~X 1!3 11 HHXH6H nonyc<{lep~", T.e. npOXO:z\HmMX BCIO 36M1110. 

TaKaa nocTaHOBKa B npHHIJ;Hne uozeT nonHOCThJO HCK1IJOqJ4Th "<{loH" OT KOcMHqecKHx nyqe~. Bee 

H3BeCTHHe qaCTH~ B KOCMHqecKHX nyqax, KpOMe He~TpHHO, nornomaJOTCH Ha nyTM A6CHTKOB 

KPI1IOMeTpOB BemecTBa H, TaKHM 06pasou, n011HOCThiO SKpaHHpyiOTCH nnaHeTO~. KoHeqHO, eCnH 

rny6HHa, Ha KOTOpy!O nOMemeHa perHCTpHpyJOmaa ycTaHOBKa, AOCTaTOqHa, qT06H MOEHO 6H1IO 

npeHe6peqh M~1IOBepOHTHHU npon;eCCOM paCC6HHHH ~ -M630HOB 601lhWO~ 3HeprHH 11 Ha3aA"t 

KOTOpOe B npHHIJ;Hne CTIOC06HO HKMHTHpOBaTh HCKOM~~ 3<{l<{leKT. 

npyraH, MOReT OHTh, HaH601lee cymeCTB6HHaH OC06eHHOCTh llpOHB1leHHH KOHKpeTHOrO 
I 

3Cficl'eKTa V + N- N + f'L B ycnoBIIIHX KOCMH'!IecKoro aKcnepHueHTa saKHIOqaeTca B TOM, qTo 

perHCTpHpyJOmaa ycTaHOBKa C06HpaeT Ha611JOAaeMH~ a<PtPeKT C rpaH~03HHX T01lmHH BemecTBa, ne­

Z811lHX nOA ycTaHOBKO~. 
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~e~CTBHT6JIDHO, ~ -M630HH TepHDT CBOIO KHH6TilqecKylO 3Hepri!IO B cy~HOCTH TOJIDKO 

Ha l10Im3a~IO Be~eCTBa. f - M630HH C HaqaJIDHOid 3Heprl1e~ paBHOid IQII 3B npOXO~HT TOJllllH 

Be~ecTBa, SKBHBaJieHTHHe no norJio~aD~e~ cnoco6HOCTH npzuepHo nHTH~eCHTH aTuocwepau HJIH 

nOJiyKHJIOMeTpOBOMY CJIOIO BO~H. ITpzuepHO C "MHmeHH" TaKO~ TOJI~HH, CO CJIOeB 36MJIH TaKO~ 

TOJI~HH, Jie~alllHMH ITO~ perHCTpHpyJO~e~ tt -M630HH ycTaHOBKOid npaKTHqecKH ~OJI~eH C06HpaTD­

CH o6cyx~aeMHid a~eKT. 

XOTH 3HepreTzqecKHid cneKTP He~Tpi!HO 6HCTPO na~aeT c 3HeprHe~ - yKa3aHHH~ sw~eKT 

11 HaKOTIJI6HHH 11 r- -M630HOB B rJiy6HHHHX CJIOHX ITO~ ycTaH(JBKOid npHBOMT ( npH npe~nOJIOJI:6HHH 

JIHHeUHoro pocTa ceqeHHH c aHeprHeid) K Touy, qTo Ha6JIJO~aeMHta cqeT co6HTH~ OKaSHBaeTCH 

qyBCTBHTeJieH K BepxHeU rpaHHU6 3HepreTHqecKOro cneKTpa HeidTpHHOo ~M6HHO, 3Ta CBOe06pas­

HaH OC06eHHOCTb Ha6JII0~6Hilfi 3WW6KTa B03HHKHOB6HHH fl -Me30Ha OT B3aHMO~eidCTBHH HeidTpHHO 

C Be~eCTBOM ~eJiaeT ero oqeHD y~o6HHM ~Jifi TipOBepKH npe~TIOJIO~eHHH 0 JIHHeUHOU pOCTe ceqeHHH 

c SHeprHett. 

TpeTDff cy~eCTBeHHaH oco6eHHOCTb KocuHqecKoro aKcnepHueHTa aaKJIJOqaeTcfi B npHHUHTIHaJib­

HOid B03MOEHOCTH HCTIOJID30BaHHH, B YCJIOBHHX XOpomero 3KpaHHpOBaHHff, TI0~3eMHOid ycTaHOBKH 

60JIDlliHX nJIO~a~e~ ~eTeKTHpylO~X ycTpOMCTB, HM6HHO nOpfi~Ka H6CKOJibKHX COTeH KBa~paTHHX 

MeTpOB. 

8TH nepeqHCJieHHHe CBOe06pa3HH6 OC06eHHOCTH KOCMHqecKOrO 3KCTiepHM6HTa, KaK noKa3HBalOT 

~eTaJibHhle oueHKH, ~eJiaDT B npHHUHTie ero B03MOXHHu, XOTH H TPY~Ho ocy~ecTBHMHu. 

Tpy~HOCTb ero ocy~ecTBJieHHH cKopee qHcTo ncHXOJIOrHqecKaH: WH3HKH, pa6oTaJOlllHe Ha 

yCKOpHT6JIHX, yxe npHBhlKJIH K HH~CTpHaJibHOyY xapaKTepy COBpeMeHHOrO 3KCnepHM6HTa. 8Kcnepi!­

M6HT WH3HKH KocuHqecKHx Jiyqeid B cy~ocTH TOJIDKO Tenepb HaqHHaeT HH~CTpHanHSOBaTDCH. ITcH­

xonorHH WH3HKOB- aKcnepHueHTaTopoB, pa6oTaJOlllHX c KOcMHqecKHMH JiyqauH, e~e BO uHorou 

onpe~eJIHeTCH ycTapeBmHMH MacmTa6aMHSKcnepHueHTa. KocMHqecKHe JiyqH uoryT e~e BHeCTH cy~ecT­

BeHHHid BKJia~ B Wi!3HKY aneMeHTapHHX qacTHU, ecJIH aKcnepHMeHT B aTo~ o6JiaCTH pemHTeJIDHO 

MO~epHH311pOBaTD, npz~aB eMy MaCmTa6w COBpeMeHHOid YCKOpHT6JIDHOM TeXHHKH. 

B nepBHX pa6oT, TIOCBH~eHHHX 3TOyY BOnpocy 29 ,69 ,S? HeidTpHHHWid CTieKTp onpe~eJIHJICH 
no 3KCTiepHMeHTaJibHOMY ~- M630HHOMY CTieKTpy ?O • A~aJIHTHqecKHid BH~ HeMTpHHHOrO CTieKTpa 

annpOKCi!MHpOBaJICfi CJie~IO~MH BHpaxeHHRMH 

S~ecb aHeprHH ~aeTCfi B EaB. 

-2. 
6. 10 

( 1 b3B < Ey < 30 b(}fl>) 

(30t;?e, < Ei < 300 63t>) (?3) 

ITpo6er ( R_ ) r- -Ue30Ha B rpyHTe ( Z. =jO, A=20, nJIOTHOCTD j =2 ) MOXHO npHHHTb 

paBHW 

(?4) 

'l~CJIO cqeTa f -M630HOB B ycTaHOBKe IlpOIIOp!zyiO J'l ~>.JIDHO npo6ery r -M630Ha B rpyHTe 

i!Jli'l h6. oc::oBaHHH ( ?4) npOIIOPUHOHaJIDHO ero 3HeprHH. 
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B OTHK~He OT fL -uesoHa aneKTPOH 6naro~apa cBoe~ uano~ rrpOHHKam~e~ cnoco6HOCTH 

6!icTpo nornoiJlaeTcH rpyHTou. 8To aHatmT, uo c~eT SqJqJeKTa Yr + N- N+r , no cpaBHemnl 

co c~eTOM SqJqJeKTa v(. + N- {+IV aaBHCHT OT JIHWHetl CTerreHH E r--
Ha6nm~eHHe a~eKTa Y t'- + tV- f\1 + fL oKaaliBaeTCH I.\enecoo6paaHee, qey Ha6nm~eHHe 

a~eKTa v(. + N- N + f?. ' ecJIH ~B.llte y r- = y (.. • EcnM v,.. ¥= Ye ' TO B03MOlltHOCTl> perHCT-

pa~H sneKTpOHa 60nDWHX SHeprH~ OKa&eTCH eiJle 6onee 6e~HO~, TaK KaK He~TpHHO C 60nl>WHMH 

SHeprHHIIH ( E 11 >)" EaB) BOSHHKaiOT OT pacnwtOB Jl ( K-MeSOHOB), T.e. OHH B OCHOBHOM 

~OnllH!i 6!iTl> MIOOHH!illH HebpMHO• 

B paUKax HMeiO~XCH 3KCrrepHUeHTanl>HiiX qJaKTOB B TeopeTzqeCKHX rrpe~cTaBneHH~ MOlltHO 

npe~onaraTl> cne~ym~e peaK~Z ~H He~TpMHO H aHTZHe~TpHHO, B03HHKaiD~X OT pacna~a Jr -

MeSOHOB: 

v,.. + n.- p +,.... -a . 
g, ,..... + Yr+ p- Yl+ r 

"- - +' 
c . Yr-rn--2.+r 

d. 
"'- 0 +-vr + P- L +r (75) 

e. . v,.... + P- A()+ r+ 

3TH peaKnHH uoryT conpoBox~aT»Cff pos~eHHeY o~Horo HJIH uHorzx Jf -ueaoaoB, HanpHuep, 

Yr-+n--- P+f-+~JI (76) 

r~e Yl JT' -1\eJioe ~Hcno. 

Kpoue Toro, BOSMOlltHO pox~eHHe K-ueaoHOB npM B!iiTOnHeHMH coOTBeTCTBYIDIIlMX npaBHJI 

OT60pa no CTpaHHOMY tmCJiy. 

~ ~- + k.o v,..- + n-- ~ + r + 

v r + n -- p -t ~- + K o (77) 

H T.~. 

MOlltHO OI.\9HHTl> B03MOlltHOCTH 3KCilepHMeHTa C KOCMHqecKHUH JiyqaMM ~nH npOBepKH 3Hepre­

THqecKoa SaBHCMMOCTH a~eKTOB THna (75) B o6nacTH ~HeprH~ Ev >:> I EaB. 

CeqeHMe peaKI.\HH (a) npH Ey ~ 1 EaB MOlltHO B3HTl> B BH~e: 

sy ~ r,s ro-38 Ev (78) 

,.._ 

0603Ha~eHHH y~ H V~ HMeiOT 3~eCl> nm•:& OTHOCHTeJil>Hii~ CM!iCn - 3~eCl> nOKa 

HeCyiJleCTBeHHO, ~TO "Ha CaMOU ~ene" HBJIHeTCH qaCTMUe« H aHTHqaCTHUe~~ 

llOCJ 

OKa < 

Ha:zt< 

THm 

KOYI 

a B 

f 
KOCII 

H3 C 

,Zlam: 

H 5 

r:zte 

cneK 

noJia 

H 

H np 

nJioDt 
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,llJIH peaKI.lHlll ( g ) () B TPH paaa MeH:~>me 

o,s.I0-38 E:; (79) 

,llJIH OCTaX:bH~X peaKJ.lH~ (c), ( ~ ), ( e ) UP111MeM ceqeHHe TaK Xe paBHOe {79). 

ilocnenHRH rHUOTeaa MOMeT, B111~MO, 111 He onpaB~aT:bCH, ceqeHHH ~XH 3THX peaKI.lHU MOryT 

OKa3aT:bCH e~e MeHl>We, HO 3TO 06CTOHTeX:bCTBO He CHX:bHO H3MeHHT OKOHqaTeX:bH~~ peayn:~>TaT. 

Ha~o 111MeT:b B BHAY, qTo 3~ec:b He yq111T~BaeTCH 60X:bWOe KOnHqecTBO ~pyr111x KaHanOB peaKUH111 

THna (76) 111 (77) 111 T.~., KOTOp!ie aTy norpewHocu ( "l/2 a\W)eKTa11 ), Ha](o nonarau, 

KOMITeHC111pyDT, eCnH ~axe OHa ~e~CTB111TeX:bHO 111MeeT MeCTO. 

8HepreTH'IeCK111ll Cll8KTp f- 14830HOB B peaKI.lHHX t B~3b1BaeM!iX HellTp111HO t O~HOpO~Hbll.t t 
S! 

a B peaKJ.lHHX c aHT111Hel.tTpHHO ,...., Er- ; BepHee, 

""'E,._ (Er--lf;;JdE~ (80) 

llpo6erH f -Me30HOB, COOTBeTCTB8HHO 

R.1. == (81) 

(82) 

3~ec:b ~t~1 -noporoBaH aHeprHH- ycTaHOBKOI.t perHCTP111PYDTCH TOnDKO 

f -MeaOHbl c aaeprHe~ E,..._ .?: E-~:lrr• BBHAY :soauozHoro ¢)<>Ha OT pacceHHHbiX ~ -weaoHOB 

KOCM111qecK111X nyqef.t El~~ aen:~>aH 6paT:b uanol.t. H111XHee ~onycT111MOe aHaqeHHe MOZHO nony'IHT:b 

1113 o~eHOK woHa ~nH paanHqH~x rny6HH noKanH3aJ.lHH aKcnep111MeHTan:~>Hol.t ycTaHOBKH B aeune. 

~an:~>ae1.tw111e pacqeT!i npHBO~HTCH ~nH ~yx 3HaqeHHI.t E iAr , paBHNX cooTBeTcT:seHHO 0,5 

111 5 EaB. 

1l111cno co6IiTHI.t - noTOK ~ -weaOHOB ( N t- ) qepea noBepxHOCT:b S :s TenecHOM yrne Jl 

( B Koayce c yrnou pacTBOpa 120°), 

N,.,._ = J1 J ( 6.,{(1 +4 6"~ R.2) j kEy} d E.v f !v'~vCJ3 . $ (83) 

r~e \)v 111 S"~ onpe~enHDTCH :s~pallteHHHMH (78) H (79), RJ.. H ~- (81) H (82), f (Ev} 

CneKTpoM Hel.tTplllHO COrXaCHO (73), JP - nHOTHOCT:b rpyHTa, KOTOpaH np111 ITO~cqeTe C06!iTHI.t 

nonaraeTCH pa:BHOI.t ~YM• MH03BTeX:b l/4 B B~pallteHH111 {83) B03HHKaeT UOTOyY, qTO 'IHCXO V,._ 
"-

H v~ B cneKTpe Ev ) npHHHTO paBH~. llpHwepHO O~HaKOBO TaKXe 'IHCXO He~TpOHOB 

H npoTOHOB B rpyHTe. 

EcnH rropor 3Hepr111H perHcTpaJ.lH111 fL -weaoHoB B!i6paT:b pa:sH!iM 0,5 Ea:s, TO qepea 

rrno~a~:~> 1000 w2 npol.t](eT ( npH rrpHHHTbiX :Slime ](Ony~eHHHX) I weaoH sa TP111 ~HR. EcnH nopor 
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paBeH 5 BaB ( T.e. ITOB~maeTCH B ~eCHTb pas!), TO cqeT yveHbmaeTCff nHWb ~0 I Me30Ha sa 

ITHTb ~et;l. 3TH O~eHKH ITOKaS~BaDT, qTO paCCMaTpHBaeYHt;\ a~eKT ( T.e. cqeT COCl~TH~) 

OKaS~aeTCff ~e~CTBHTenbHO qyBCTBHTenbH~M B BepxHe« rpaHH~e He~TpHHHOrO cne KTpa {73) 

H B npHH~ne aBnaeTCH nparo~H~M ~na o6HapyzeHHH pacTa ceqeHH« cna6~x BSaHMO~e~cTBH« 

B o6nacTH Ev N roll SB' ecXH OH ~e«cTBHTenbHO CYII\eCTByeT. 

KaK HSBeCTHO, MOZHO npHBeCTH pH~ apryYeHTOB B ITOnbsy TOrO, qTO ceqeHHH (78) ~OHEH~ 

06pesaTbCH npH KaKHX-TO SHeprHHX. COBepmeHHO oqeBH~H0 1 qTQ STH ceqeHHH He MOryT paCTH 

6earpaHHqHO C SHeprae«. IlpH SHeprHHX E 'I > 300 EaB, B CHCTeMe ~eHTpa Mace, ceqeHHH npH­

XO~HT B npOTHBOpeqHe CO CBOt;\CTBOK YKHTapHOCTH. Ho OCTaeTCff BOnpoc: rrpH KaKHX SHeprHHX 

Ev< 300 EsB aaqwHaeTcH ~e«cTBHTenbHOa cy~ecTBeHHoe HSYeHeHHe aHepreTHqecKo« saBHCHMOCTH 

ceqeHH«. 

8KOTpanonH~H SKCnepHMeHTanbH~ ~aHH~ OTHOCHTenbHO XoBmTa~TepOBCKOrO WOPYWaKTOpa, 

HCITOHbSOBaHHe ero B KaqecTBe WOPYWaKTOpa H ~ff cna6~X BSaHMO~et;\CTBH~ Be~eT cornaCHO 27 

K ITOCTOHHHOMy ( HeSaBHC~euy OT SHeprHH He~TpHHO) ceqeHH~ ( ~ I038 cu2 ). 

llpH cy~eCTBOBaKHH TaKOrO WOPMWaKTOpa 6y~yT ITO~aBnHTbCH nepe~aq~t~ 6on»WHX HMITyn»COB 

HJKnOHJ H ~ -MeSO~ B CHCTeMe ~eHTpa HHep~~ 6y~yT POXAaT»Cff B KOHyce, HanpaBneHHOM 

"Bnepe~" ( no HanpaBneHHRJ na~a!D111ero Y HXH V ) , cyJKaiDII\eYCH c pocTOY ::mepraa. 

Tor~a SHeprHH r- -MeSOHOB B na6opaTOPHOt;\ CHCTeYe 6XH3Ka K SHeprHH He£\TpHHO H 

aHTHHe«TpHHO H HX npoOer MOEHO O~eHHBaT» KaK 

12
1 
= Rfl = .2,3 {Ev-E tJ.r) 1.0 "l C--U. (84) 

Ilo ~opwyne, auanorMqHo« (83) , Haxo~w, qTo B cnyqae TaKoro cyiJieOTBeHHoro aaueHeHHH 

BSaHMO~e~CTBH« Ha HJKnOHHOt;\ ~nHHe 0~0 COCl~THe ( ITORBneHHe ~ -M6SOHa) MOEeT 6~Tb 

OTMeqeHO ycTaHOBKOt;\ ( C TeMH lite napaYeTpaMH, 0 KOTOp~X mna peqD B~me) Sa 30 ~He«. npyrHMH 

OnOBaMH, npH npO~OH~IJieMCff p0CT6 ceqeHHH C SHeprHe«, ITOTOK r- YeSOHOB qepes ITOBepXHOCTD 

~eTeKTopa 6on»we npawepHo B ~ecRT» pas. 

CTporo rOBOpR, B 06Cyllt~eHHOM HaMH SKCnepHYeHTe C KOCYHqecKHYH He«TpHHO HSYepReTCff 

ue ~eKT "ynpyroro" npo~ecca 

Vr--+N-N
1
+f-

a B CYIIIHOCTH, ~eno u~eT oiHsYepeHKH nonHoro ceqeHHR 
I 

V~ + N ---+ N + f- +Bee, qTo TOnbKO MOlleT 6~T». 
He HCKHKJqeHO, qTQ 60nLmOe KQnHqeCTBO KaHanOB HOB~ peaK~~. BOSHHKaD~X C pOCTOM 

SHeprHH Het;\TpHHO BHOCRT CTOnL Cyll\eCTBeH~t;\ BKn~ B nonHOe ceqeKHe 1 qTO STOT ~eKT B 

~enox MOEeT nHHe«ao pacTH c aaeprae« ~o saaqeHH« 6XHaKHx K KpHTaqecKHw H ~aze npH yqeTe 

Bcex ecTeCTBeHH~x, ~HaMHqecKH ~ewopMHpyeM~x wopywaKTopoB B KaXAOY us 3THX KBHanoB. 

c uac 

TO, B 

w-

3~eCL 

3~ecb 

~na o· 

1: =II 

cneKTJ 

EcnH 

OKa3~l 

qecKH> 

TOt;\ litE 

Xcw.Tc: 

XX 
Pas :E 
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ITpowe~yTO'liH~~ 6oaoH 

EcnH cna6~e B3aHMO~e~cTBHfl AeHCTBHTenbHO HAYT qepea rHrroTeTH'llecKH~ rrpoue~TO'liH~~ 6oaoH V\1 
c waccolt m w) ml( , pacnaAaiOll\H~Cfl, B qacTHOCTH, no cxeue 

WI- r± t-'r'(v) yv-±- e± + v(v) 

TO, BHAHM0 1 HaH6onee rrpHrOAHHM 3~eKTOM Anfl OOHapy~eHHfl vv - Me30Ha flBhflh~fl 6~ 3~eKT pO~AeHHfl 
VV - Me30Ha OT He~TpHHO B KynOHOBCKOM none flApa 28 X) 

V+ X-vJ++r-(e-)+X
1
-{t++f-(e-}+Y

1
+ X

1 

!.~""~ ~++ft-{C)+Y 1 + X 1 

'Y+X- w-+ r+(e+)+X'- f-+ f+(e+)+v'+X' 
"II,. e-+ f+ ( e+-)+ v'+ X. 1 

(85 ) 

{86) 

3AeCb rrpHHflTO AnH rrpoue~TO'liHoro 6oaoHa aHa'lleHHe ero uacc~, paBHoe uacce K-ueaoHa, T.e. rrpHHHTO 

~nfl O~eHOK HaHHH3mee H3 AOTiyCTHM~ 3Ha'lleHHit Mace rHTIOTeTH'lleCKOrO npoue~yTO'QHOrO 0030Ha. 

MOXHO C'qHTaTb, 'liTO wopuynolt (86) o~eHHBaeTCfl a~eKT OT cneKTpa HeltTpHHO c Ev ~ IO E3B. llonaraa 

l =10, MOXHO rrpH TipHHflT~X napaueTpax ceqeHHe (86) 3aTIHCaTb B BHAe: 

-3fo (fJ. A ) 3 
0 = 1. 0 t {..17 2 £y 

(87) 

lloTOK {l- Me30HOF OT cnoe:a rpyHTa, nexa~ero TIOA ycTaHOBKolt, npoAY~pyeMo~ yqacTKOM HeitTPHHHOro 

cneKTpa c Ey ~ IO EaB MOJKHO B~pa3HTb wopuynolt 
300 

N,._::=3S
0 

rv'~vo~ f..L/> . 10~~ f-/(Ev)~{Ev-2.Etlt,-+ EE~~{en;_eJ~dt=JI 
(88 ) 

EcnH $ =103 u2 H 3HeprHR perHCTpHpyeu~ r -ueaOHOB E,...,. I Ea:a ( E tJ.r-= I Ea:a) t TO trncno OTC'lleTOB 

OKaa~BaeTCfl TIO (88 ) paBHHM ~YM B AeHD. 
I 

CneAJeT e~e pas ITOA'llepKHYTD CBOeo6pasHe V+ N-r + N' aiJ!q>eKTa B ycnOBHflX 3KCITepHMeHTa B KOCllH-

qecKHx nyqax. 

EcnH OH TOT Ee aiM>eKT OT TOrO xe HeitTpHHHOrO _CTieKTpa C06HpanCfl C MHWeHH TOnll\HHOH B OAHH MeTp, 

rolt xe nno~aAH, TO 'liHcno oTc'lleTOB OKasanocb 6~ B 30 pas weHbWee :a cnyqae npoue~yTO'liHOro oosoHa xx). 

Xcu.TaKXe E.llOHTeKopBo H P.PHHAHH, KHe:acKaH KoHwepeH~fl no BHCOKHM aHeprHau, 1959 r. 

XX tJ I 
Pas B 15-20 ueHbmee B cny'llae npauoro V+ -+- f + N BSaHMO~el1cTBHH. 
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11Hat!e ro:sopH, 11 HaKaiiJniBaHHe 11 r- Me30HOB B 11 llO.liYlUKe 11 !IO,ll YCTaHOBKOti B STOll cnyqae I 

.z~aeT npHuepHo TPH.lluaTHKpaTHOe y:seJrnt!eHHe a!WJeKTa. EcTecTBeHHO, t!TO MH sneKTPOHOB ( Y+-111- N +-€ ) 

C HX MaJJNM rrpo6erOM OTCt!eT C06NTHti cy~eCTBeHHO yMeHblUaeTCH. 

KaK noKa3HBaiDT oueHKH, :s cny1.1ae cy~eCTBOBaHHH rrpoue~yTOt!Horo ueaoHa c uacco~, ueHbmeU 

HyKnOHHOti HJJI1 .ID!HeUHoro pOCTa cet!eHH£1 \j IV C 3HeprHeU, C'leT 'li1CJJa B03HHKaJJ!lU1X C06iiTHU 

{ r -Me30HOB) MOryT 6HTb O,liHHaKOBNMH. HO 3TH ,li:Ba 3~6KTa MOryT 6HTb pa3nHt!HI.INo ~eKTH 3TH 

Ka'leCTBeHHO pa3JJHt!aiDTCH Tel.!, t!TO B nepBOM cnyqae B pea~H y ~N-- /VI~ fL 
( v t x - w + -t- ~-+- x '- r + + r-+ v '+ x ') :soaHHKaeT O.liHH 1 - ueaoH, :so :sTopou cny1.1ae -

B03HHKaeT rrapa I' -M630HOB. 

TaKHM o6pa30M, perHcTpaUHH r-weaOHHNX nap B 

CTBOBaTb o Tet!eHHH rrpouecca qepea npouemyTOt!HHH yV 
o6cy~.r~aeuow SKcrrepHweHTe uo~eT CBH,lleTenb­

-ueaoH. 3aBHCHMOCTb t!HCJJa C06iiTH£1 OT 

3HepreTH1.16CKOrO nopora perHCTpHpyeNHX r<- M630HOB TaKXe p&3J!Ht!Ha ,liJIH 3THX ~6KTOB 0 11ccne,liO:BaHHe 

3T0£1 38BHCHMOCTH TaKEe MO~eT HBHTbCH C!IOC060M pa3.ID11.16HHH 3~eKTOB. 

B !IpHHI.\HIIe CIIOC060M pa3nH1.16HHH 06Cy~.z~aeMHX 3~~eKTOB HBJIH6TCH H HCCJJe,liO:BaHHe HX Jt -
aa:BHCHI.IOCTH. 

CetieHHe {86) ,liOBOJ!bHO 6iiCTp0 IIa,llaeT c y:senHt!eHHew 3Hat!eHl1H MaCCH mw -rrpoMelltYTOt!HOro 

1.1630Ha. B Ol.\6HKax HetiTpHHHHX IIOTOKOB B KOCMHt!eCKOI.I 3KC!IepHM6HTe He Yt!HTHBanHCb H6HTpHH0 1 

B03HHKai011\H6 B aTMOC~epe 36MJIH OT pacrra.z~a r -ll630Ha. 

H~6onee ,li6TaJJbHNe paC1.1 6TH He~TpHHHHX IIOTOKOB B 36MH0£1 aTMOC~epe !IpHBe,lleHH B pa6oTe 

3aue!II1Ha H Kya:&MHHa 71 • ABTOPH IIOKa38.JUI, t!TO B peaynuaTe pacrra,~~o:s :;r.....,. r + y u. f<-- e.+ Y+-Y 
06pa3yJOTCH cpaBHHMH6 !IOTOKH Het\TpHHO. Yt!eT !IOTep:o 3HeprHH (' ~ll630HOB ,110 HX pacna.z~a cna60 

M6HH6T HHT6HCHBHOCTb IIOTOKa H6MTpi1HO OT pacrra.z~a r--+- ..{ + V + V • He~TpHHHHe !IOTOKH B 8TMOC~e­

pe pacrrpe.r~eneHH aHH30TporrHo. CTerrea:o aHHaoTponHH 

pv(E/To/p"(E, o) B03pacTaeT C pOCTOM 

3HeprHH He£1TpHHO ,110 10I2 3B, CTpeMHCb !IpHMepHO K 10 ,llnH Jr ~ r + J) pacrra.z~a. 

,llnH HeUTpHHO OT r-- ..{+'))+ V pacrra.z~a CTeiieH:& aH1430TpOIIHH ,llnH 3THX 3HeprHU ,liOCTHraeT 

~ 300. ,llpyrHMH cno:BaNM, Ha 6onee ,li.IDIHHOM yqaCTKe nyTH fL -ll630HOB B aTMOC~epe ( HaKnOHHOe 

rra.r~eHHe) MOEeT pacrracT:&CH (' -weaoH 6on:ome~ 3HeprHH. 

3TO TaKEe 3Ha'li1T, t!TO 3JI6KTpOHHble He£1TpHHO ( r-- £. + \J; + V ("- 6on:omo£1 3HeprHH 

cne,~~yeT OJKH,llaT:& 11H,llyll\HMH C ropH30HTa 11 
• 

Ha pHc.I6 H306paMeHH 3HepreTH1.16CKI1e CIIeKTpH HenTpHHO B BepTHKan:&HOM H ropH30HTanbHOil 

IIOTOKax 72 • llpHBO,liHMHe pacqeTH, cornaCHO 7I, y:senH'!HBaJOT IIO cpaBHeHHJJ C Ol.\6HKawH 69 B6pTH­

KaJJ:&HHM noTOK HetiTpHHO c 3HeprHHMH Ev~ I E3:s rrpHuepao :s IIHT:& pas. BH,liHuo, H~6on:omaH norpemHOCT:& 

B OU6HK6 HeMTpHHHOrO IIOTOKa, B03H11K8ID~ero B aTMOCWepe 36M.IDI IIpOHCXO,liHT OT Heyt!eTa ponH K-Me30HOB, 

HO 3Ta IIOrpelUHOCTb 3aHHMaeT HHTeHCHBHOCTb BbiCOK03HepreTH1.16CKO~ t!aCTH HeHTpHHHOrO CII6KTpa. ~TO 

KacaeTcH ,110 HeRTPI1HO Bb!COKOR aaeprHH (Ev /I E3:s), H.liYil\HX H3 rny6HH BceneHHo", co6cTBeHHO 

KOCMI1'l6CKHX HeRTpHHO, TO H30TpOIIHaH '!aCT:& 3TOrO B03MO*HOrO H3ny'leHHH, BH,liHM0 1 3HalJHTen:&HO cna6ee 

ITO 11HT6HCHBHOCTH He~Tpi1HHOrO ClleKTpa, B03HHKaiD~ero B aTUOC~epe. ilOBH,liHMOMy, 6CT:b OCHOBaHHH !IOnaraT:& 

t!TO KOCMH1.16CKHe nyt!H 06paayJJTCH B 060nOt!Kax HOBb!X H CBepXHOBHX 3B63,ll 73 

CornacHo pa,liHoacTpOHOMHt!eCKI1M .r~aHHb!M, B pacmHpHIDil\HXCH o6onot~Kax 3THX a:sea.r~ uaoro penHTH­

BHCTCKHX aneKTpOHOB. B Kpa60BH.liHOti TyuaHHOCTH aHeprHH aneKTpoao:s :s o6onot~Ke oneHHBaeTCH :s 

1050 
- 1053 

Ea:s ( E e > 0,25 Ea:s), IIpHt~eu crreKTp aneKTPOHOB na.z~aeor KaK ~ - ~~s • 8cn11 

aneKTPOHl 

HelATpHHO 

3JI6KTpOHI 

H61ATpHHO 

Ham 

BaHHH ITO 

O,liHI 

HOCT:b HCI 

CH B Kat!l 

qacT:h noc 

uenecoo6] 

3]le< 

HHH ,llpyr 

Ha H H3M< 

HH~e" m 

onpe,~~eJJH! 
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I \ 

"-. PHc.I6 

aneKTPOHH o6pa3o:eanwc:& B pe3yn:&TaTe H~epH~x coy~apeHH~, TO Ha K8.ll,11hlli ~ KTpOH npHXO~TCH TpH 

aeliTpHHO TOli xe cauoli aaeprHH. Cornacao oueHKaM no uaKCHMan:&H~M ~aHHHM, 

aneKTpoHH HaKannw:eanwc:& 900 neT. R.. =5.!021 , E '""JC = 103 Ea:e) MOJEHO aali 
3.!0-5 

HeliTpHHO B~COKHX 3HeprHli H3 Kpa6a Ha 3eMne MOr 6H Hll6Tl'> cneKTp ~~E~---

qTO nOTOK 

CeK.-1 Cll-2 o 

HanHqHe ~TOHOB B~COKOli 3HeprHH 3a rpaHHUaMH aTMOC~epH MOrna 6~Tl'> ~OBO~Oil B nOn:&3y cy~eCTBO-

BaHHH no KpaHHeli Mepe TaKHX lEe nOTOKOB HCTHHHO KOCJlHqecKHX HeliTpHHOo 

O~Ha H3 CBOeo6pa3H~X 0C06eHHOCTeli HeliTpHHHOrO 3KCnepHM6HTa B KOCMHqecKHX nyqax - 3TO B03MOJE-

HOCT:& Hcnon:&aoBaHHH KonoccaJI:&HHX 11 MHDieHeli". TaK, B npoeKTHpyewoli ycTaHOBKe R ei.nes 'a.. HcnoJI:&3yeT-

CH B KaqecT:ee 11MH!ll6HH 11 109 rpallMOB BO,llhlo BBH~ Taro, qTO B ~eTeKTOp j<- -Me30HOB 3HaqwTeJI:&HaH 

qaCTb nOCJI6~HHX npHXO~T 113 rny60KHX CJI06B 361lnH llO~ perHCTpHpy~meli ycTaHOBKOli, KalEeTCH 60Jiee 

uenecoo6pa3HOli 71 cxeua, yKa3aHHaH aa pHc. 17. 

3 

2 

1. 

PHc.I7 

3~6Cb 1,2,3 - ll03aHqHH6 CJIOH CUHHTHJIJIHUHOHH~X cqeTqHKOB, pacnOJIOX6HH~e Ha ~OCTaTOqHOil paCCTOH­

HHH ~pyr OT ~pyra, C nOMOm:&m KOTOp~X Onpe~eJIH6TCH TpaeKTOpHH npOXO~H~ero qepe3 ycTaHOBKY fL -M630-

Ha H H3MepH~TCH OTHOCHTeJibH~e BpeMeHa 3ana3,11h1BaHHH; qTo n03BOJIH6T B~~eJIHTl'> U630H~, HAY~e H3 

HHJEHeli nonyc~epH. Me~ CUHHTHJIJIHTOpallH pacnaJiaraeTCH nOrJIOTHTeJI:&, cyMMapHaH TOJI~Ha KOTOporo 

onpe~enaeT noporo:ey~ aaeprH~ perHcTpaUHH ~ -ue3oaa. 
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O~Ha HS OCHOBH~X Tpy~HOCTe~ npH npoBe~eHHH He~TpHHHOrO SKCnepHM8HTa B KOCMHqecKHX nyqax STO 

~H ~ -MeSOHHOro KOCMHqecKOrO H3Ry'I8HMH. 3KcnepHM8HT Tpe6yeT OORbmMX ITROI!Ia~e~ H OO~eMOB 

IT0~38MH~ COOpyXeHH~. ~H STOM neRH, BH~HMO, HaHOORee y~OOH~ C pasRHqH~X TOqeK speHHH CORHH~e 

maXT~ HRH nyCTOT~, OOpaSOBaHH~e B STO~ nopo~e. 

Rein€Sdm SKcnePHMeHT HaqaT B coRHHO~ maxTe H TaM ~e npe~nonaraeTCH ero pasBHTHe. 

K coxaneHH~, Ha nnaHeTe HeT no~o~mHX nycTOT rny6oKoro saneraHHH. IToaTouy uenecoo6pasHo 

HMeTb 0U8HKH ~ -MeSOHHOrO ~Ha Ha rny6HHaX ITOpH~Ka COTeH MeTpOB. 0UeHKH fl -MeSOHHOrO ~OHa ~H 

no~sewHoro He~TPHHHoro SKcnepHMeHTa 6~ c~ena~ B pa6oTe 3acTaBeHKO H qHROK 74 • Ha rny6HHe 

4.104 2. /cM2 ITOTOK f -MeSOHOB paBeH 4,5.10-S '18CTHU qepes CM2 B C eKyH~t T.e. 108 qaCTHU 

qepea IOO u2 aa wecHu. Cawo no ce6e BSRTOe STO qHcno aa ceMb-BOCeMb nopH~KOB 6onbme o~~aeworo 
qHcna ~ -MeSOHOB OT ae~TPHHO. ITpe~nonaraeTcn, qTo ycTaHOBKa (pHc.17) oT6HpaeT ft · -wesoHH, 

H~e 11 CHH3y BBepx" • l103TOMY CRe~eT OU6HHBaTb RHIDb ~H 1 06pasyeuuti TeMH ("<- M6SOH8l.IH, KOTOp!ie, 

pacceHB8HCb B rpyHTe 1 KOryT HaCTORbKO HSM6HHTb CBOe HanpaBReHHe, qTO CITOCOOHH ~Tb ROmH~H OTCqeT 

B YCTaHOBKe THna {pHc.I7). 

B pa60Te 74 paCCMaTpHBanHCb S~eKT!i KaK O~HOKpaTHOro, TaK H MHOrOKpaTHOrO paccefiHHH ~ -MeSO­

HOB, npHBO~HmHe K HSMeHeHHm nepBOHa'laRbHOro HanpaBReHHH ~ -M630Ha Ha OOnbiDO~ yron HSM6H6HHH 

rrepBOHaqanbHOrO HanpaBR6HHH (e) 
Yrno:aoe H SHepreTHqecKOe pacnpe~eneHHe r -Me30HOB B~COKO~ 3HeprHH' npHXO~HmHX 11 CBepxy" 

npHHHM8ROCb B BH~e 

No 

E .Jr = IOO Ea:a, W G~ = ~ 6 

E-1,s 

1 + E cc<;e~ 
c:Jr 

(90) 

eCRH c,e1Q >O,I25, H c..e1e~= O,I25 

~HKUHH 

, eCRH 
"ft G< .t - t. -1 - :t. ;;6 ).,,r ...... s O,I25. 1v0 =0,033 w-. ~ c.Wp 1..c :~e 

~ (x,t<' 1:) ' 

~a!OUlB.H qHCRO f<- 11630HOB B 1106paTHOM11 KOHyce n no < 'L Ha rny6HHe )( c SHeprHe~ K ' rrpoxo~R­

mee qepea I cw2 aa I ceK, B!ipaxaeTcH B BH~e: 

'f(x,t<, -c)~ 4 .JrNo X-
2
'
5 K (K-c) (9!) 

K-HeKoTopaH ~YHKUHH, sHa'leHHe KoTopo~ ~H &:0,7; I, 2,3 Ea:a rrpH 1: oT - 0,4, ~o - 0,9 ~aHH B 

Ta6RHue Y. 3Ha'leHHe X B ti>opwyne (91) ~aeTCH B Ea:a. X - HOHHSanHOHH~e rroTepH f< -weaoHa Ha 

BepmHHe OTpesKa rryTH B ~aHHym TO'IKY rpyHTa. 

Pa]:tHaUHOHH~e ITOTepH Cyl!leCTB6HH~ ~R M630HOB C 3 HeprHef.t ) 1000 BaB. 8<_WleKT 1 B OCHOBHOM 1 KaK 

OKaS!iBaeTCH, onpe~enHeTCH O~HHM O~HOKpaTH!ill pacceHHHeM, C H6KOTOpOf.t nonpaBKO~ Sa C'leT MHOrOKp8THOrO 

pacceRHHH. 

Ha rny6HHe 4.Io4 </(..M2 
t T.e. npH X 

-2 s; 
=80 H l.pr No X ' = 7,2.10-6 cw-2/ceK-I ~H K 

(rroporo:ao ~ aaeprHH) =I Ea:a H 1: = -0,7' 'f = 3.10-I4 /' -wesoHa sa I ceK qepes I cw2 HRH 

3.10-2 p.L - MesoHa B Mecl!l( qepea 100 M2 • 

:r: 
MHOrO 

c 

oueHeH 

r~e E 
Paccwo 

ITpH He 

yBeRH'I 

ce'leHH 

3~ecb 

r -

'[ -w 
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Ta6Jmua Y 

(j?yHKIJ,HH K ( /( '[;" 

~ 4/3 I I/2 I/3 

-0,4 8,29.I0-7 3,65.10 -7 2,94.10-8 4,6r. ro-9 

-0,5 2,52.ro-7 9,47.10 -8 4,28.ro-9 3,2o.ro-10 

-0,6 7,13.10 -8 2,2r.ro-8 4,96.ro-IO I,I6.IO-II 

-0,7 1,78.10-8 4,24.10-9 3,52.10-II I,7I.IO-I3 

-0,8 3,49.10-9 5,39.10-IO 9,5. ro-13 5,65.ro-16 

-0,9 2,9o.ro-10 1,16.10-II 3,23.ro-16 

PeaoHaHcHoe pacceHHHe aHTHHe"TpHHO 

fHrrOTeaa rrpouexyTO'IHOro M830Ha Be~eT K CBOeo6pa3HOMY peaOHaHCHOMy 3~8KTY 75 , CITOC06HOMY Ha 

eao- MHOrO ITOpH~KOB yBenH'IHTb Ce'leHHH CHa6HX B3aHUO~e~CTBHR. 

f!-

B 

9.K 

:>ro 

Ce'leHHe rrpouecca Heyrrpyroro pacceHHHH aHTHHe~TPHHO Ha SHeKTpoae 

V:. + e-- ~r- + f<--
oueaeHHoe COrHaCHO 06~Hoa T80PHH qeTHpex{j?epKHOHHOrO CHa6oro B3aHKO~eaCTBHH 1 MOXHO 3aiTHCaTb B BH~e: 

r~e f:y - 3HeprHH aHTHHe~TpHHO, rra~am~ero Ha 3H8KTpOH B na6opaTOpHO~ CHCT6K8 KOOp~HaT. 
PaccwoTpeHHe Toro xe rrpouecca qepea rrpoue~yTO'IHH" ueaoH 

v+e- w--v,._+r-

(92) 

npH HeKoTOPNX aHeprHHX aHTHHe~TPHHO p~KanDHO weaHeT oueHKY ce'leHHH. HueHHO ce'leHHe rrpouecca 

yBeHH~BaeTCH Ha 5-8 ITOpH~KOB B 3aBHCHMOCTH OT 3Ha'I8HHH MaCCH rrpOM8EYTO'IHOrO U830Ha. ~e~CTBHT8HbHO, 

C8'18HH8 B 3TOM cnyqae ITpHHHMaeT THITHqHO peSOHaHCHH~ xapaKTep: 

E£. 
o=s-: o 

0 (Ev-Eot"+rf.. 
(93) 

[7 - o6oaaaqaeT peaoaaacayD WBPHHY 

r = . --
'Lw 

Tw- :speuH DaHH rrpouexyTO'IHOro ~o~eaoHa, mw - ero rrpe~rroHaraeuaH Macca 

T _ (h/"11111)3 AQ 6 -1 -1- !i.. w- -- ·1. m nc cu<. . 
h1w N 

(94) 
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Ycpe~HeHHOe ce11eHM e B6nHa~ peaoHaHca oueH~BaeTCH B B~~e 
Eo+Ll :l: fs-{E)dE :: ~ (~o) (~~) ~o 

E.-.c.. 
(95) 

0HO aaB~C~T OT KBa~paTa KOHCTaHTH CBH3~ ~ - M830HHOrO ITOnH C nenTOHH&M, KOTOpOe np~H~KaeTCH 
O~HaKOBHM B cny11ae 3neKTpOHOB ~ ~ - M630HOBo (fHnOTeaa YHHBepcanLHOCT~ cna6&X B3~MO~e~CTB~~). 

TionaraH m w ':: ml( ' r~e 1171( - uacca K-ueaoHa,~H peaoHaHCHO~ 3Hepr~~ nonyl!aeM 3HalleHHe 

2,3 X ! OII SB ~ lli~p~HH P = 1,5 .105 3Bo COOTBeTCTBYIOUUie 3HalleH~ff Be~III'IH ~ fnw = !Yl/V 

h1N - Macca HyKnoHa): E0= 9,Io11 3B ~ P=2.ro6 aB. 

EcTeC TB eHHaH illHp~Ha pe30HaHCa 0118HL Mana, HO cymecTB8HHOe y~peHHe pe30HaHCa B03H~ KaeT OT 

pacnpe~en eH~fl CKOpOCTei1 3neKTpOHOB Ml'llli 8H~. ~ff aneKTOpOHOB CO CKOpOCTHMH, paBHHMH j3C B HanpaB­

neHM~ na~a10mero nyiiKa aHT~Hel1Tp~Ho, aHalleH~e peaoHaHCHO~ 3Hepr~~ cuemaeTCH K Be~II~He 

I / )-1 Eo =t1+f>, Eo 
Ta~u o6paaou, 3Kcrrep~weHTan:&Hoe aHall eH~e m~p~HH peaoHaHca np~6~xeHHO oueHHBaeTCH B&pa~eH~eu: 

- 7i;{37- . £0 
r~e ~ cpe~H~~ aTOMH&H aapH~ BemecTBa ~meH~. B o6nacT~ peaoHaHCH&x 3Hepr~~ cel!eH~e ~nH rrpouecca 

B03pacTaeT ITO OU8HKaK Pnemoy Ha B0C8ML ITOpH~KOB C !0-4° CM2 ~0 !0-32 cu2 ). 

TipHH~MaH ITOTOK aHT~HeHTp~HO C 3Hep~eti 9.!0Il 3B, na~a10mero Ha llOBepxHOCT~ 36MJIH ( aHT~Hei1Tpi'IHO 
OT pacrra~a J\ -M830HOB) B B~~e 10-II CM-2 CeK-l 03B-l ~ ~H E V = 2.3.10II 3B B B~~e I0-9 CM-2 

ceK-I EaB-I aBTop yKaa&BaeT, liTO c o~Horo KB~paTHoro weTpa nnoma~, pacnonoEeHHoro no~ aeune~ 

(3allUiTa OT rpOHa) 3KCll8~M8HTaTOp .11M86T B03MOEHOCTL 3aperHCTp.11pOBaTL COOTB8TCTB6HHO ~a M630Ha ( ntw=MK) 

.11n.11 0,1 MeaoHa ( tl1w o: h1w ) B ~eH:&. 

! . S. Barton 76 coo6maer o peayn:&TaTax ~auepeH~li weaOHHOro noTOKa, KOTopue rrp~BO~nHCL Ha 

rny6~He, 3KB~BaneHTHO" 5050 M8TpOB BO~ B T8118H~e 21 ~Hff C reoMeTp~lleCKOH nnoma~, paBHO~ 0,08 ~ 
TIOTOK f -Ke30HOB 6on:&ill0H 3Hepr~~ OKaaanCH MeH:&me, lleM 0,5 M - 2 B ~eHLo 

ABTOp np~XO~T K BUBO~, liTO uacca npoMe~yTOIIHOrO M630Ha, ec~ OH cymeCTByeT, 6on:&me 

uaccu K -11acT~~ • 

KOHeiiHO, cne~yeT 3aMeTHTL, liTO CTaTHCT~Ka B 3TOK 3KCITepHM8HT8 ITOKa 0116HL 6e~HSH .11 ITOKa 

rrpex~eBpeweHHO ~enaT:& Ka~e-JIH6o OKOHIIaTen:&H&e cy~~eHHH ~axe o wacce npoueEyTOIIHOro ueaoHa, paBHo« 

K-ueaoHHO~ uacce. 

Eonee Toro ,rrpHBe~eHH&e oueH~ o~~aeuuxB ~aHHOM aKcnepHueHTe Be~IIHH ocHoBaH& Ha npe~nonoxe­

H~~ TOE~ecTBeHHOCT~ MJOOHHoro ~ aneKTpOHHoro He«TpRHo. B npoT~BHOM cny11ae (T.e. ecnH Yr~ Ve 
oueH~ Hel1Tp~HH&x rroToKoB, y11aCTBYIOIJUiX B peaKUI'JH VL- +e-- ~- t-Vr B aHepreT~IIecKo~ o6nacTH 

paCCMSTpHBaeM&X pe30HSHCOB { lOll -1012 3B) npHBO~T K Be~IIHHaM, llOpH~Ka Ha T~ MeHLlliHM, 

TaK KaK B 3TOM cny11ae B peaKUI'JH YIISCTByJOT ~ill:& Ye - H8HTPHHO ( BepHee aHTI'!HeliTpHHO), B03HHKS!Om1'!8 

B aTMOc rpepe JIHW:b OT pacn~OB r- -Me30HOB { r-- e-+ YR- + y r- ) • :ztpyrHMH cnoBa!.IH' 

ecJIH VI" 1= Y e , TO Ollrn~aeuu~ aqxpeKT ( o6paaoBaHHe npoMelKyTOIIHOro weaoHa) B cny11ae 1111\1 = J-11 ~<: 

na~aeT ~o 0,002 weaoHa B ~eH:& c o~Horo KBa~paTHoro uerpa nnoma~ MHmeHH H ~o 0,0001 

M830Ha B cnyllae m"' ':: M K • EcJIH ~alKe CIIHTaTD, liTO oueHKH ITOTOKOB HeHTPHHO, npHBO~Il&e 

Glashow 38HH~eH& n~MepHO Ha nopH~OK ?! BCe paBHO, OIT&T& Ba~ton~a He ~SlOT llOKa OCHOBSHHH 

~nH aaKniOIIeHH H, liTO h1 w ":::> M K • 

:ztanD! 

Ha ycTaHOl 

( npH h"w 

oueHKH Het 

CTaHOBHTCf 

Oco6E 

pue B03HHI 

~nH ocyl!lec 

~enaer arc 

Eme ~o6pu' 

JlnH 1 

U6HTpa HHE 

EcnH 

6apHOHH&X 

no~o6H&e c 

aKcnepHMel 

pOHa. TipH 

TOII811H&Mo 

BpeMH H8H < 

Ha-aa cnac 

aneKTPHIIeC 

BoKp~ 

3JleKTpi'III8C 

MarHMTH&H 

lleru~ 

r~e Yx 
en~ ITOJIH 

~HH& io 
~a B OCHOB 

cna6ue ane 

C aHTI'I!IpO't 

XapaK 

npOTHJ:eHHO 

paanHI!He u 

uana. :3ro 

"BoKpyr an 

113ccy IY1 i 
x JlnH cpa 
TIIIST8Jl:&H&e 
HOCHT Kalle 

xx):ztaHH&e 



61 

JlaJI:bHe~mHe IIOHCKH peaoHaHCHOrO S<I>\PeKTa :a peaK~H Ye... + e.-- vr + {<- Kpat!He llteJiaTeJI:bH.bl. 

Ha ycTaHOBKaX C 60JI:bWHMH IIJIOOia~HUH MHilleHe~ ( 1000 w2 ) MOlltHO O~~aT:b OKOJIO 2-X CJiyqae:a B ~eH:b 
( llpH ty\W: MK ) H 0,1 CJIYqafl B ~eH:b 1Ip111 /')1 W = t\'l,v • ECJIIII llpiiiHHTb :SO BHHMaKHe, qTQ 

O~eHKH He~TpHHH~X IIOTOKOB y Glashow 3aHHllteH~ X) Ha IIOpH~OK, TO :SaXHOCT:b 3TOrO 3KCIIepiiiMeHTa 

CTaHOBIIITCH Qqe:SIII~O~. 

Qco6eHHOCT:b 3TOrO SW\P6KTa aaKJIIDqaeTCH B TOM, qTQ 60X:Dme IIOJIOBIIIHH BCeX fL -Me30HOB, KOTO­

p~e :aoaH!IIKHYT OT pacn~a rrpowemyToqHoro 6oaoHa , 6y~T c aHepriiiHMH > !O Ea:a. Heo6xo~MOCT:b 

~XH OCYDI6CTBXeHIIIH peaoHaHCHoro 3\MJeKTa y ~+e.-_.. ("'-t-v,.. Het!Tp!IIHO c 3Hepr111HIGI > roil a:a 

~exaeT 3TOT aKcnepHMeHT cawo~ rrpupo~o~, rrpe~uaauaqeHHO~ crre~ax:DHO ~XH KOcMHqecKHx xyqe~ xx) • 

Eme ~06p~~ ~eCHTOK XeT IIOCTaHOBKa II0~06HOrO 3KCIIepHMeHTa OKallteTCH He:SOSMOlltHO~ Ha yCKOpiiiTeXHXo 

§7. Het!TpHHHO- xenTOHH~e BSaiiiMOAeticT:aHH 

)lJIH XeiiTOH-JieiiTOHH.b!X B3aiiiMO~e£iCT:SIIIti THIIa y t- €,_- r t-V B~pallteH!IIe ~JIH ceqeHJ4H B CHCTeMe 

~eHTpa HHepiJ,HH HMeeT TOT lite Bill~ (1 0) · 
ECXH OTHOCHTeJI:bHO orpaHHqeHHH 3HepreTHqeCKOrO pOCTa ceqeHH£1 qeT~pex\PepMHOHH~X XeiiTOH-

6apHOHH~X BSaHMO~e~CT:SIIIt! HMeJOTCH HeKOTOp~e 0006pallteHHH, CBHSaHH.ble CO 11CTPYKTyp0~ 11 HYKXOHa, TO 

II0~06HHe C006pallteHIIIH ~XH JieiiTOH- JieiiTOHH~X B3aHMO~e£iCTBH£i He HMeJOT CHJ!Ho ilOKa HeT HHKaKHX 

3KCIIepHMeHTaJI:bHHX yKaaaHHlt Ha cymecT:SOBaHIIIe KaKOrO- XH60 3XeKTpOMarHHTHOrO \POpM\PaKTOpa y 3JieK~­

pOHa. ilpH IIICTOJIKO:SaH!IIH peayXl>TaTOB 3KC1IepHMeHTOB TIIIIIa XOBmTa~Tepa 3XeKTPOH IIOKa llpHHIIIMaeTCH 

TOqeqH.b!Mo ECXH He~Tp!IIHHO- 3XeKTpOHH~e BSa!IIMO ~eHCTBIIIH He 06peaaJOTCH KaKHMH-JIH60 B HaCTOHOiee 

:apeYH Heiii3BeCTHHM111 llplllquHaYH Ha paCCTOHHIIIHX IIOpH~Ka HYKXOHH~X ~XHH, TO Ha MeH:billiiiX paCCTOHHIIIHX 

"-11<) 111a-aa cna6oro ( Y~l ( v r- ) :aaa~~~wo~eRCTBIIIH B03HIIIKaeT c:aoeo6paaH~R <PoPM\PaKTOp ,paawaa~Ballmult 

axeKTplllqecK!IIt! aapH~9 • 
BoKpyr 3JieKTpOHa BOSHIIIKaeT aapHllteHHOe UIOOHHOe IIOJie, KOTOpoe 06pasyeT pacrrpe~eJieHIIIe IIXOTHOCTH 

axeKTplllqecKoro aap~a axeKTpoHa no~o6Ho TOMy, KaK IIIIIOHHOe rroxe HYKXOHa paawaa~:aaeT era SJieKTpo­

warHH TH.bl~ a a pH~. 

~eTHpeX\PepMHOHH~e B3a!IIMOAeltCTBHH ~aiDT ~JIH IIOTeHIJ,HaJia TaKOrO IIOJIH :S~pallteHHe THIIa 77 

v"' (lo)S" k.5:.. e-)<..'t. "'-' (loJ S" frc. (96) 
'l.- ( 0 't- eo 

1; ti 
rAe / X.::.: tw,.C. WI('<- -Macca f -MeSOHa. l/K - MIOOHHaH AJIHHa OIIpeAeJIHeT Jllllill:b 6~CTp~~ 

CII~ IIOJIH Ha OTHOCHTeX:bHO 60JI:billHX paCCTOHHHHX, r~e OHO H TaK MaXO IIO IIpHquHe MaXOCTH KPIIITJIIqecKO~ 

~~~~H~ fo • PaccuaTpH:aaewoe aapHllteHHOe noxe 111 coOTBeTCTBYIOlllaH e14y IIJIOTHOCT:b axeKTpHqecKoro aapH­

Aa B OCHOBHOY pacnpe~eXHTCH IIO 06JiaCTIII t rvi0 • ECXIII CIIIX:bH~e B3aHMOAe£iCTBHH He IIOAaBJIHIOT 

CJia6He SXeKTpOHHO- 6ap!IIOHHHe B3aHYO~e~CTBHH y SJieKTpOHa ~OXllteH B03HIIIKaT:b \POpM\PaKTOp, CBH3aHHH£i 

C aHTHnpOTOHHO- He~TpOHHHM IIOXeM Ill C aapHllteHHHM 6apHOHH.b!M IIOJieM, :aoo6me. 

XapaKTepHO~ qepTOti qeTHPeX\PepY!IIOHHHX B3aHMO~eltcTBH£i HBJIHeTCH TO 06CTOHTeJI:bCTBO, qTQ 06JiaCT:b 

npoTHllteHHOCTH STHX sapHAOB~x o6JiaKOB paaHo£1 rrp111po~ o~Ha 111 Ta lite, HMeHHO fo • HecymecT:aeHHOe 

paaJIHqllle MelltAY HIIIWIII XHm:b B 6HCTpOTe CII~aHHH B TOlt 06JiaCTIII, r~e IIJIOTHOCT:b aapHAa yllte JIICqeaaJOOie 

YaJia. STO paSJIHqJIIe CBO~TCH K paaJIHqHJO Mace KBaHTOB aapHllt8HHOro ITOJIH, 06paay1001ero AaHHOe 06JiaKO 

11 BOKpyr 8XeKTpOHa11 B ITOHBXeHHH BHpallteHHH (96) 3KCITOHeH~aJI:bHOrO \PaKTOpa €-K,'t. , CO~ep:.atall(ero 
M'CCY IYl j i -0~ qacTHI\li ( ~ . = 1)1~C. ">?eo) o ilOCKOJl:bKY B ~aHHOM cnyqae lll~eT peq:& 0 BHpTyaX:&H~X 
X )lJIH cpaBHeHHH C 3KCII6pHM6H;OY H ia:.ate ~JIH ITJiaHHpOBaHHH IT0~06Horo 3KCITepHMeHTa H606XO~M~ 6oxee 
Tl!laTeJI:bH.ble KQJIHqeCTBeHH.ble O~eHKH ~eKTa B006me. B IIIHTepeGHOlt 3aMeTKe rnemoy STill O~eHKIII B CYDIHOCTH 
HOCHT KaqeCTB6HHH~ xapaKTep. 

XX)JlaHHHe pa60TH 86 llp!IIMepHO Ha ITOPHAOK yxyqmaiOT peayJI:DTaT 16 , HO Ill OHIII eme He~OCTaToqHo TOqH.blo 
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npoueccax 0 ~arpaMUax THlla C06CTBeHHO SHepreTHqeCRHX, TO noRa HeT OCHOBaHH~ cqHTaTb, qTO BKna~U 

STHX ~Harpaww B nenTOHHO- 6apHOHHOM BaaHMO~e~CTBHH eCTeCTBeHHO nO~aBXHIDTCH CH~HHMH B3aHMO~e~CTBHHMH 

yxe B pawxax c~ecTBYID~ero WOPManHaMa. 

0TBXeRaHCb OT OllTHMHCTHqeCRO~ TOqKH apeHHH Ha Tpy~HOCTH COBpeueHHO~ TeOpHH nonH, npe~~~e 

C006paxeHHH MOEHO pe3IDMHpOBaTb TaRHM 06pa30M! B 06nacTH ~ 0 ~ 10-16 CM MO~HO OZH~aTb nOHBXeHHH 

cne~~Hqecxoro ~opM~aKTOpa y aneKTpoHa THna HYKnOHHoro ( XoBmTa~TepoBcxoro) c oqea» cxo~HO~ CTPYR­

Typo~ aapH~OBoro o6naxa . EcnH 3TH npe~cTaBneHHH npaBHn»au, TO B ~uauqecKHM o6paa Taxo~ qacTHnu 

KaK aneKTpOH BHOCHT CBO~ cy~eCTBeHHU~ BKna~ BCe OCTaHbHUe aapH~eHHUe qacTHUU BCeX uacc. llOliHTHO, 

C KaKHM HHTepeCOM OXHAaiDTCH peay~TaTU TeKy~ero OUUTa llaHO~CKOrO, rAe B ~WeKTe pacceHHHH 

BCTpeqHUX ane KTpOHHHX nyqKOB npoBepHeTCH aneKTpO~HaMHKa ~0 ~nHH 3.1o-15 cu. EcnH B aTo~ o6nacTH 

~XHH ( T.e. 3.10-!S CM) aneKTpO~HaMHKa Ae~CTBHT8XbHO cy~eCTBeHHO HapymaeTCH, T.e. ecnH yxe B 

3TO~ o6naCTH B03HHKaiDT KaKHe-TO ~aKTOpU cy~eCTBeHHO 11paaMa3HBaro~e 11 3XeKTpHqecKH~ aapH~ 3XeKTpO­

Ha t TOr~a H cna6ue nenTOH- nenTOHHUe B3aHMO~e~CTBHH He uoryT HrpaT» cy~eCTBeHayro pOX» B CTpyKTy­

pe aneMeHTapHUX qacTHU B006~e. EcnH Xe ~OpM~aKTOp 3XeKTpOHa ORaEeTCH ~e!CTBHTeX»HO cy~eCTBeHHUM 

TOXbKO B 06HaCTH KpHTHqeCKHX ~H cna6UX B3aHMO~e!CTBH!, TO 3TOT peayX»TaT 6y~eT B TO Ee BpeMH 

3HaqHTb, qTO CXa6ue, llO Kpa~He! uepe, nenTOH- nenTOHHUe B3aHMO~e~CTBHH ~e!CTBHTe~HO paCTYT C 

3HeprHe~ BO BCHKOM cnyqae AO BHeprH~, 6XH3RHM K KpHTHqecKHM H qTO CXa6ue B3aHMO~e~CTBHH MOryT 

6UTD CHXbHHioUI, woryT yqaCTBOBaT» B 1106paaoBaHHH CTpyKTyp" aneMeHTapJWX qacTHUo 

TaKHM o6paaow, qHcTo aneKTpo~aaMHqecKH~ aRcnepuMeHT ( pacceHHHe aneKTpoHa Ha aneKTPOHe) 

B o6naCTH oqeH» 60XbmHX 3HeprH~ MOEeT OKa3aTb pemaiD~ee BnHHHHe Ha cy~6y TeOpHH CXa6HX B3aHMO­

~e~CTBH!. 

llocne~Hee aaweqaHHe HHCKOXbKO He ywanHeT ~YH~aMeHTan»HO~ BaEHOCTH axcnepuweHTOB no uayqeHHm 

npRMHX He~TpHHHO- nenTOHHUX B3aHMOAeacTBHa B 06XaCTH npe~eXbHO 60XbmHX 3HeprH~. K CO~aHeHHID, 

Ha6nm~eHHe He~TpHHHO- XenTOHHHX B3aHMO~e~CTBH~ npH 60XbmHX 3HeprHHX noKa ~eaCTBHTeX»HO XeXHT 

aa npe~eXaMH B03MOEHOCTea COBpeueHHUX, BepHee ~eHCTBYID~X ycKOpHTenea. 

ne!CTBHTeXbHO, ceqeHHe (10) B na6opaTOpHO~ CHCTeMe KOOp~HaT HMeeT BH~! 

s--me.Ev (97) 

Cne~OBaTeY.bHO, npH ~aHHO~ 3HeprHH He~TpHHO ceqeHHe ( Ve) B3aHMO~e~CTBHH llpHMepHO B 103 paa 

~; ) MeH»me COOTBeTCTBym~X He~TpHHHO-HYKXOHHHX ceqeHHa. Ecnu ~eTeKTHpOBaHHe HeaTpHHHO­

HyKXOHHUX ceqeHH~ B HaCTOH~ee BpeMH HaXO~TCH Ha rpaHHUe 3KCllepHMeHTaXbHHX B03MO~HHX B03MOKHOCTea 

cawux MO~UX COBpeueHHHX yCKOpHTene~, TO ceqeHHH Ha TPH ITOpH~Ka MeH»mHe Tpe6yroT C03~aHHH yCKOpH­

Tene~ C yBenuqeHHeM npOTOHHO~ HHTeHCHBHOCTH ITO MeHbllie~ uepe Ha Te Xe TpH llOpH~Ka. 

B ~eTeKTHpOBaHHH HeaTp~HHO- aneKTpOHHHX B3aHMO~e~CTBH~ HM6IDTCH H CBOH Tpy~HOCTH. 8TH B3aHMD­

~eacTBHH ~OX~HU 6HTb ~eTeKTHpOBaHH Ha ~OHe He~TpHHHO- HYKHOHHUX ~eKTOB 9 ceqeHHH KOTOpUX Ha TpH 

nop~Ka npeBUmaDT 3XeKTpOHHO- He~TpHHHHe ceqeHHHo B HaCTOH~ee BpeMH H3BeCTeH nHllib O~H BH~ , 
cna6ux nenTOH-nenTOHHHX Baauuo~e~CTBH~, HMeHHO f - fl.. + v + Y • Cy~ecTBOBaHHe Baa;um-

~e~CTBH! THna ( ~y) ( e v) CBHaaHo c rHnoTeaoa, KOTopym uenecoo6paaao o6cyx~aT» cne~an»Ho. 

~enTOH- nenTOHHOe B3aHMO~e~CTBHe B ero H3BeCTHOM BH~e Be~eT nHllib K O~HOMY THllY 3~6KTOB - B03HHKHD­

BeHHBl OT He~TPHHO f -1&630Ha 
,..._ - - r 
V+ e- t-t+V 

(98) 
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8TOT ~eKT He 38BHCHT OT TOro, TO~A8CTB8HHU HnH H8TO~~eCTB8HHH aneKTpOHH~e H WIOOHHHe He~TpHHO, 

npHHHM86TCH HnH OTBepraeTCH rHnOT638 npou:eEyTO'lHOrO 6030H8. 

Ho r -u:e30HH Oy~yT B03HHK8Tl> B WHill,.:HH-B :HCH,qy pas '18Ule OT peaKI.UIH Tima ( y n.... ) ( F r- ) . 
A cau:oe rnaBaoe nopor peaKI.l.IIH Y+€ -r+ v neuT BHe saepreTHt~ecKHx BoswouocTeL'I 

COBpeu:eHHUX ycKOpHTeneL'I: 

(99) 

"Pa60'IHe" ny'IKH HeL'ITpHHO T8KHX 3HeprH~ WOXHO H~eHT»CH nonyqHT» 68 Ha npOTOHHHX YCKOpHTenHX 

c 3HeprHeL'I BO EaB npH HHTeHCHBHOCTH npoTOHHOro nyt~Ka roi4 npOTOHOB . ceK 

llocne~HHe 38M8'18HHH CHn»Hee no~qepKHB810T B8EHOCT» KOCWH'I8CKOrO 3KCnepHW6HTa no nOHCKY 

B03WOEHOL'I pesoHaHcHoL'I peaKI.l.IIH. Ho ecT» npHwepu nenTOH- nenTOHHHX ~eKTOB, B cneUH~H'Iec~x 

ycnOBHHX CHn»HO CHHEaJO~X noporoByiO 3HeprHIO peaKUHH. HanpHU:ep, He~TpHHO pacceHBaHC» Ha KynOHOB­

CKOM none H~pa Cll0C06HO npOAJI.UIPOB8T» naplil e-t + '18CTH~: 
-:::z I - + f 

y + L - r. +e. + f .,.. v (IOO) 

~arpaMMa, HnnJOCTPHPYIOU\8H npouecc (IOO),npHBe~eHa Ha pHc.l8. 

c.' 

PHc.IB. 

Y'I8CTHe B peaKI.UIH (!00) THEenoro H~pa, npHHHM810Ulero Ha Ce6H Hu:nyn»C OT~a'IH CHHEaeT ~HepreTH'I8CKHL'I 

nopor peaKUHH llO CpaBH6HHIO C (99) npaKTH'I8CKH ~0 X) 

(IOI) 

Ha TO'l6'1HOM KynOHOBCKOM U6HTpe Ce'leHHe COOTBeTCTBYIOUlero ~eKTa npH O'leH» 6on»mHX3HeprHHX co~e~o 

6~ B ~opu:yne THna (97) Bu:ecTo waccu aneKTPOHa u:accy THxenoro H~pa. CneUH~HqecKaH pon» H~pa, 

CYU\6CTB6HHO W6HHIOU\8H X8p8KTep 3~6KT8, HBHnaC» npH'IHHO~ TOrO, 'ITO Ha 3TOT ~eKT B CBOe BpeMH 

6~no o6pal!leHo BHHMaHHe 5? • 

K CoxaneHHJO, yt~eT pean»HHX pasu:epoB H~pa cHn»HO sapeaaeT ce'leHHe 78 • Ho ocTaeTCH CYUleCTBeHaoe 

npeHMYUleCTBO npouecca (160) no cpaBHeHHJO c npoueccou: pox~eHHH {t- u:esoHa aa CB060AHOM sneKTpoae, 

KOTOpoe 88Knn'l88TCH B pe3KOM CHHE6HHH 3HepreTH'I6CKOrO nopora. B acneKTe npe~HAJ~X 88Jle'laHH~ 

3TO 06CTOHTenbCTBO npeACTaBnHeTCH O'leH» CYU\6CTB6HHHM, ~enaH B npHHUHll6 B08U:OEHHM H86XJO~eHHe 

~eKTa Ha CHn»HOTO'IHiiiX YCKOpHT6HHX 6nHmaAmero 6YAJUlero. Eonee Taro, xapaKTepHaH OC06eHHOCT» 

X 
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STOre S!))<lleKTa - B03HHKHOBeime CII~UHilJH'leCKHX f<+e- nap .1(eJiaeT B llPHHUHIIe B03UOEH1ill Bli.1(eJIHT:b 

a<M>eKT Ha <l>OHe 0,1(HHO'iHiiX r -ueaOHOB, BOSIDiKa.JOU\HX B ( y N ) ( tq) ) - B3aHM0,1(e~CTBHHX. 
B pa6oTe 78 BfiqacJieH He a!))<lleKT (IOO), a no cBoea rrpHpo.l(e euy 6JIHaKHa 

v+"l-"2 1+e-+e++Y
1 

{i) 
I - -1- I (2..) v + c ....... c + r + r + v (I02) 

8TOT S!))<lleKT npe,l(IIOJiaraeT peaJIHSaUHK> B !IpHpO.l(e B3aHW0,1(e~CTBH!t THIIa ( e. )I ) ( e Y ) B JIOJI:b3Y 

cy~eCTBOBaHHH KOTOpOrO JIOKa HeT 3KC!IepHMeHTaJI:bHiiX apryMeHTOB. 

Ho cpe.l(H .l(HarpaMM (I), OUeHeHHiiX B pa60Te 78 , HMeeTCH ,l(Harpawua BH.l(a pHC. I8, KOr,l(a HMIIYJI:DC 

H.l(pa rrepe.l(aeTCH pox.l(eHHiiM SJieKTPOHOM. llpe.l(rroJiaraR, 'iTO rrpH saeprHH > I EaB ce'ieHMH rrpouecca 

p0llt,1(emtH f+r- , e+e.- !Iap He CHJI:bHO OTJIH'laeTCH OT npouecca p0JK.1(8HHH rt-e- rrap ( 'lT0 9 KOHe'iHO, 

,1(0JilltHO 6iiT:b yTO'iHeHO .1(eTaJI:DHiiM paC'ieTOM), TO Ha CBHHUe Ce'leHHe a!l>!l>eKTa (IOO) MOllteT HMeT:b 3Ha'le­

HHe, 6JIH3KOe K I0-4I C~ ~ I0-43 cw2 • XOTH STOT a~eKT CJIHillKOM MaJI JIO cpaBHeHMID C ( V~ ) 

( f1 N ) ailJ<lJeKTOM, cJie,l(yeT HMeT:D B BH,l(y, 'iTO a!l>!l>eKTa Y + e - f + V B006Jile He cyJileCTByeT npM 

aaa'leHHRX aaeprHa aeltTpHHo, ueHnmHx II EaB. HeKoTopym HHilJopuaUMK> o aeltTpHHHO- JieiiTOHHiiX B3aHM0-

.1(eltcTBHRX JipH SKCTpeMaJI:bHO 60JI:billHX SHeprHRX MOlltHO IIOJIY'IHT:b KaK H B CJiy'iae BSaHMO,l(e~CTBHlt HeltTpHH­

HO "HYKJIOHHiiX npH ,1(aJI:DHeameu paCCMOTpeHHH B!l><lJeKTOB BliCillHX JipH6JIHEeHH!t. Ha 0.1(HH H3 HHTepeCHiiX 

a~eKTOB B CB06 BpeMH o6paTHJI BHHMaHHe E.llOHTeKOpBO 23 • HweHHO B CHCTeMe, COCTOH~e!t H3 f< -Me30-

Ha H SJieKTpOHa (MDOHH!t), eCJIH HeT cneUHaJI:bHOro aarrpeTa B03MOXHO rrpeBpaJileHHe MKlOHHH B aHTHMK>OHHa 

~-

.(. e.+ 

PHc.I9 
IV 

llpH o6peaaHHH HKnyJIDCOB BldpTyaJI:DHiiX COCTO.IIHH!t ( Y ld V ) Ha KpHTH'leCKOI BeJIH'lHHe ..v !000 USB, 

BepOHTHOCTb STOrO rrpouecca no OTH0ill8HHD K BepOHTHOCTH paCJia.l(a t<+ -ueSOHa ,1(aeTCH BeJIH~HOi 24 

'W' ( r+e-- r--<.+) 
w--( ~+- .t.+vv) 

~ 10-S" 

(I03) 

B IIPHHUHII6 9 STOT SKCIIepHil6HT BOSMOEeH, XOTH HlleDTCH HeKOTOpiie CIIeUHilJH'ieCKHe Tpy.1(HOCTH 9 

CBHSaHHiie C ,1(BHE6HH8M KK>OHH.Il B BeJileCTBe. KaKHX-JIH60 3KCnepHMeHTaJI:DHiiX rpaHHU ,1(JIR OTHOilleHHH (I03) 

B HaCTO.Illl\Hlt MOMeHT yKaaaT:b H8JI:b3R 9 TaK KaK JIOKa He 6iiJIO COOTBeTCTBYIDlllHX 3KCIIepHM8HTaJibHiiX nonliTOK. 

EcJIH .1(eiCTBHT6JibHO v~ :/= vt.. ' TO rrepexo,1( f+e-- r-<-+ CTporo aarrpellleH • 

B cBeTe rrpe.1(1i.1(1JilHX paccuoTpeHHtt oco6iilt HHTepec rrpe.l(cTaBJIHJIH 610 rrpoueccu BliCmHX nop.ll.l(KOB 

( JIO CJia6o!t KOHCTaHT6) HeaarrpeJileHHiie BOSMOlltHiiM CYJil8CTBOBaHHell .1(Byx p0.1(0B HeltTpHH. Ho nOKa,BH.1(HM0 9 

H6JI:b3.11 !IpHB6CTH KaKHK-JIH60 apryueHTii, KOTOpiie CBH.l(eTeJI:DCTBOBaJIH 61i 0 He06X0,1(HMOCTH npH 

o6piiBaTD sHa'ieHHR HMIIYJII>COB qacTHU B rrpouexyTO'lHiiX cocTORHMRX Ha BeJIH'lHHe K t~~ll,oc << K c~it = 300 6~ . 
HaBeCTHO, 'iTO B6KTOpHaR KOHCTaHTa CJia61iX B3aHM0,1(e~CTBHl, OIIpe.l(eJieHHaR H3 0I4 H KOHCTaHTa, 

orrpe.l(eJieHHaR H3 r- ~ YY pacrra,l(a' HeCKOJI:bKO OTJIH'iHii .1(pyr OT .1(pyra 79 • 

8T 

nonpaBO 

BHRM MO 

BHT8JibH 

B3aHMO,ll 

.ne 

H r-
61i, ,1(0JI r--t 

K < 

o6ycJIOBJ 

aaKJIJO'leJ 

,1(aJI6KHX 

Xot 

IIOKa He, 

,1(0JIJ!Hii c 
YT! 

JIOJIOEem 

HCTHHHO 

ramll\HX 1 

uepe B 1 

Bee 

IIPHP0.1(1i 

KOTOpoe 

HX rrpmpo 

HHTepnpe 

61iTD 3TO 

60KH6 OC 

A uo:aeT 

RBJieHMI. 
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8TO pa3HHtJHe ( 2%) noKa He y~anOCL 06~HCHHTL H ~OBOHLHO T~aTeHLHHM aHanH30M B03MOaHHX 

nonpaBOK ?9 • KaK aaMeTHH H.A.CMopo~HCKH~ 80 , ytJeT BNCmHx npH6HHEeHH~ no cna6NM BaaHuo~e~cT-. 
BHHM UOr 6N OKa3aTL BnHHHHe Ha pa3HHqHe S~eKTHBHNX KOHCTaHT, eCHH CHHLHNe B3aHMO~e~CTBHH ~e~CT-

BHTeHLHO B COCTOHHHH nO~aBHTL COOTBeTCTBY~~e BKH~ B ~eKTN OT 60HLmHX 3HatJeHH~ HUnyHLCOB 

B3aHUO~e~CTBY~mRX qacTH~ B npoueEyTOtJHNX COCTOHHHHX. 

J.{e~CTBHTeHLHO, TOr,lla 6N B03HHKHO paaHHtJHe B poxe BNCillHX npH6HHlleHH~ B npo~eccax fl- p+e-+Y 
H r- (.-+)I+ y • B nponecce n- P+ e-+ y pOJIL BNCmHX npH6HHJleHHa no cna6o~ KOHCTaHTe 6Nna 

6N, ,llonycTHM, npeHeCSpeEHMa, a yqeT cooTBeTCTBY~~x ~arpauu ~e~HuaHa (pHc.20) B npo~ecce r-- (_-+ Y+ y o6~HCHHH CSN HaCSn~~aeMNe pa3HH'U'IH B 3HatJeHHHX KOHCTaHT 

e' 

v 

PHc.~O 

K COEaHeHH~, pa3HHtJHH B KOHCTaHTax HaCTOHLKO Mano, tJTO npHHHMaH ~axe, tJTO OHO neHHKOU 

o6yCJIOBHeHO pOHLD CHHLHNX B3aHMO~eRCTBHR, KaK OKa3NBaeTCH 24 , 3TO npe,llnOHOlleHHe He Be~eT K 

aaKJIKJtJeHHil, tJTO npOMeEyTOtJHNe HMnyHLCN B a<pipeKTe n- f+ f-1- V ~OHERN CSNTL OCSpeaaHN Ha 3HatJeHHHX 

,llaneKHx OT l<cril = 300 EaB. 

XotJeTCH ellle pas no,llqepKHYTL, tJTO H B tJeThlpex\PepMHOHHNX B3aHUO~e~CTBHHX ( n p ) ( e y ) 
!! f 

noKB. HeT aKcnepHMeHTanLHNX ocHOBaHH~ CqHTan, tJTO HMnyJILCI:l npoMeEyTOtJHNX cocTOHHH~ ( fr- 1: 111 

.li:OHllHN CSI:lTL 06H3aTeJILHO oCSpeaaHI:l Ha 3HatJeHHax J( 114~ << k' erc·t = 3 (TO ~5 . 

YTBepz,lleHHe aTo c:saaaHo cyl!leCTBeHHNu oCSpaaou c npe~nonoxeHHell Yr- =/:. Ye... MlleHHo, aTo npe,ll­

nonozeHHe noKa OCTaBHH6T CBOCSO~ ~H TeOpeTHtJeCKHX llOCTpOeHH~, OCHOBaHHNX Ha Cyl!leCTBOBaHHH 

HCTHHHO tJeTI:lpex\PepiiHOHHNX B3aHIIO~e~CTBH~ BnJIOTL ~0 HIIUYJIDCOB CTanKHBall~XCH \PepiiHOHOB, ~OCTH­

ra~~X B CHCTeMe ~eHTpa HHep~H SHatJeHH~, 6HH3KHX K 3HatJeHHD f!cr-it = 300 :05B ( no KpaaHe~ 
11epe B BHpTyaJIDHNX COCTOHHHHX). 

§8. CnaCSI:le BaaHifO.ll:eacorBHH THna (~B)(oll} ):(ol.. ol.. )(J.ot ) 
r ' ' 

Bee H3B6CTHI:le CJiaCSI:le tJeTNpeX\PePJIHOHHI:le B3aHIIO~e~CTBHH npOTeKallT C CYllleCTBeHHNII H3MeHeHHell 

npHpO~ nepBHlJHNX tJaCTH~. B HaCTOHl!lee BpeMH HeHSBeCTHO HH O~Horo CJiytJaa CJiaCSI:lX B3aHUO~e~CTBHa, 

KOTOpoe CSN CBO~JIOCL K npOCTOMY pacceaHHil CTanKHBaKil!IHXCH tJaCTHn, 6ea CYIII6CTB6HHOrO H3MeHeHHH 

HX npHpO~. EcJIH 8TO ll08BOJIHilT aaKOHI:l COXpaHeHHa, TO BCe H3BeCTHI:l6 CJiytJaH CHaCSI:lX B3aHMO~eacTBH~ 

HHTepnpeTHPYKITCH KaK pacna,ll tJaCTH~ HaHCSOJILme~ llaCCI:l, yqaCTBYillllea B STOll B3aHMO,lle~CTBHH. MozeT 

CSI:lTL 8TO CBO~CTBO H HBHHeTCH xapaKTepHO~ tJepTO~ cnaCSNX B3aHMO~e~CTBH~. YozeT CSNTL HII6~TCH rny-

60KH6 OCHOBaHHH, noqeuy no~OCSHNe HSMeHeHHa BHyTpeHHHX CTPYKTyp tJaCTH~ H8 IIOryT npoHCXO~TL CSNCTpO. 

A MOEeT CSI:lTL ecTeCTBeHHI:l~ OTCSOp CJIYtiaeB CJiaCSNX BSaHIIO,lle~CTBH~ noKa orpaHHtJHJI C\Pepy HaCSJIIl,llaeMNX 

HBJI6HH~. 
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~e~CTBHTennHO, cna6~e B3aHMO~e£iCTBHH, He CBO~H~6CH K pacrraAY llaCTH~, MOryT Ha6nro~aTbCH 

nHmb B a~eKTax cna6oro pacceaHHR. ~3HKa Ton»KO npHcTynaeT K Hccne~oBaHMro 3TO~ o6nacTH aBne­

HM~. EcTeCTBeHHO, B03HMKaeT BOUpOC, HMeJOTCH nH B rrpHpO~e B3aHMO~e~CTBHH Tldila ( o( f> ) ( c{ f> ) , 
KOTOp.te CBO~RTCH TOnnKO K 11 CJia601lJ11 pacceRHHIO ~YX llaCTH~ rrpHpO~ oZ H f> B qaCTH~~ TO~ lite 

npHpo~. B npHH~ne worJIH 6~ cy~eCTBO~aTb a~eKT~ cna6oro pacceRHMR He~TpOHOB Ha npoTOHax ( nf) 
( 1'1 p ) cna6oro pacceaHMR npoTOHOB Ha npoToHax ( Pf ) ( f f ) He~TPHHO Ha npoTOHax ( Y f ) 

( Y p ) , He~TPHHO Ha 3JieKTPOHaX ( Y ~ ) ( V 12- ) , 3JieKTpOHa Ha 3JieKTpOHe ( (! e_ ) ( .e € ) 

H T.~. flORa BCe 3TH BOUpOC~ rrpHXO~TCR 3a~aBaTn rrpHpo~e, a He TeOpHH CJia6~X B3aHMO~eHCTBH~,KOTOpOR 

B CTpOrOM CM~CJI6 3TOrO CJIOBa UOKa He cy~eCTByeT. HO B TeopeTHlleCKOM peaepBe HMeeTCH MHOrO CXeM 

CJia6~ B3aHMO~e~CTBH~ 1 pa3JIHliHO~ 3BpHCTHlleCKO~ ~eHHOCTH, KOTO~e BpeMR OT BpeMeHH ~eJieC006pa3HO 

rrepH6HpaTb H1 CpaBHHBaR C 3KCrrepHMeHTOM 1 

TOliKH apeHHH B YCJIOBHHX rrpe~rrOJIO~eHHH 

HeCKOJibKO JieT TOMY Ha3~ S.A.Bludman' 

HCOOT~BaTn 11 Ha rrpOliHOCTb 11 B pa3JIHliHhiX yCJIOBHRX. C 3TO~ 

Y r-_ :::: Y .e.. 3acny~BaeT BHHMaHHR cxeMa, npe~no~eHHaH 
81 82 6 7 

' • 0Ka3~BaeTCR 1 pacmHpRR CXeMy M. S. H F .G. 

MOlltHO BBeCTH B TeOpHXl H CMMIIeTpHliH~e He~TpaJibH~e TOKH THrra Y )! , (! e , n n H T .~. 1 H rJiaBHOe-

3aCTaBHTb HX "pa60TaTb11 npOTHB :$,lleKTOB THUa ( ev) ( e V ), BeAYII\IdX B ~arpaMMax (pHc.2,4) K 

UORBJieHHKl 1 KaK CTaJIH ~aBHO rOBOpHTb 1 
11 He:ateJiaTeJibH~X npo~eCCOB 11 ( f _. ~ + ¥', f -+ 3 e. ). 

~e~CTBHTeJibH0 1 B ~arpa.MMax THna pHc.2,4 HMeHHO B3aHMO~ei1C TBHe THrra ( e V ) ( e).) ), ~0-
6 7 

nycKaeMoe KOH~en~e~ M.S. , F . G., Be~eT K HH3KOMY npe~eJinHOMY 3Hat~eHHID rrpOMe~TOliHOrO HMUYJI»Ca. 

B cxeMe Bludman 'a , ~onycKaro~e~ B OTJIHt~He OT cxeAW 6 ' 7 HapaAY c aapa~eHHWH TOKaMH (HarrpH­

Mep, q_ V ) He~TpaJI»H~e TOKH ( ee-) ( YY ) HX B3aHMHoe ~eticTBHe, KaK oKaah!BaeTCH 82 , Be~eT K 

norameHHJO :$.1JeltTOB THrra ( e v ) ( q_ v ) • 
S'l'O 3HaliHT, liTO B TaRO£\ TeOpHH HeT 3\IJ\{JeKTOB f--- i + l() f-- 3 e) OUIIC~BaeiWX ~arpa.MMa.MH THrra 

2 HJIH 4 1 COOTBeTCTBYIOII\IdX BTOPOMY rrpH6JII!llt6HHIO TeOpHH B03My~eHHR no CJia6o~ KOHCTaHTe. 

flpaB~a t 3TO He aanpe~aeT 25 3\{J\{JeKT r....,.. 3 e , rrpOTeKaiO~« COrJiaCHO ~arpaMMe 3, Ha OCHOBe 

H3BeCT~ ( r v ) ( e y ) B3aHMO~e~CTBH«. Ho 3TOT 3~6KT y~e 6onee B~COKOro nopH~Ka. 

!1TaK, He£\TpaJinH~e TOKH 6b!JIII H3rHa~ H3 TeOpHH ~H TOro, liT06~ H36eJKaTn 11 HelKeJiaTeJinH~11 

pacna~OB ( t<- 3 e U til.9. ). 3aTeM He«TpaJinH~e TOKH BBO~RTCH B TeOpHIO, liT06bl H36e:ataTD 

Te lite He:ateJiaTellnHble rrpo~eCCbl B pa.MKax HM6HHO TeOpHH C O~HHM BH~OM He£\TpHHO. 11 U0~06HaR HHTepnpe­

Ta~H CJia6~X B3aHMO~e~CTBH~ 82 B03HHKaeT . 6yKBaJinHO nepe~ UORBJI6HHeM 3KCITepiiM6HTaJinH~ pe3yJinTa­

TOB1 CBH~eTeJinCTBYJO~X B UOJib3Y H~eH ~BYX He~TpHHO. THllllliH~e 3Hr3arH B cy~n6e TeOpHH CJia6~X B3aHMO­

~e~CTBH£i. 

He~TpaJibH~e TOKH 

KOH8liH0 1 Oli6Hb llteJiaTeJinHO pacmHpHTb 3KCrrepHM6HTaJinHyiD 6a3y ~fl B03MO~HOCTH TeX HJIII HHbiX 

cy:at~eHH~ 0 pOJIII He~TpaJib~X TOKOB B 3~8KTax CJia6~ B3aHMO~e~CTBH~. B cy~eCTBYID~X 3KCIT6pHMeH­

TaJinH~ yCJIOBHHX ( yCKOpHTeJIH) HaH60JinillHe cet~eHHR B03MOlltH~X CJia6~X B3aHMO~e~CTBH~ CJieAYeT O~~aTb 

B pa3JII!liH~X 3\{JWeKTax C yqacTHeM HYKJIOHOB. TaK, rrpH ~orry~eHHH He~TpaJibH~X 6apHOHHbiX TOKOB B JiarpaH­

lltHaH lleT~pex\{JepMHOHH~ B3aHYO~e~CTBM« ( C TeM lite 3HalleHHeM YHHBepcaJibHO~ KOHCTaHT~) CJie~eT 0~­

~aTb CelleHH£1 ro-38 cw2 , npH 3HeprHH na~aiO~e~ Ha HYKJIOH qaCTH~~ ~I E3B. TaK, eCJIII BBeCTH 

B3aHMO~e~CTBHe, BeAY~ee K 3\{J!!JeKTa.M p+ p- p + L +, n+ n ...... n + ;\ ' TO nepB~R nopa~OK 
TeOpHH B03My~eHHH ~aeT ~JIR 3THX npo~eCCOB Cet~eHHe 83 • 

-:;8 2. 
6'"-2f . 10 CV-t (1o4) 

6apHOHHbiM 

COCTOHHHH 

TaKOl'U He 

CelleHHe H. 

(!04), TO 

B3aHMO~e~l 

nyt~KH c E 

p+p ... P· 
B03M0li(HOC ~ 

( 'YN) (v 

KaK 3TO rr~ 

c cet~eiDHIIJ. 

EcJIII 

worJIH 6~ H 

npe~JioJKeH 

illHX 3Hepr!t! 

H UOBeCTH 

nna Kc 

SWtPeK~ 

(( 

flo ~a~ 

6oJibmHX rnJ 

Hax Il8 • [ 

3KBHBaneHT8 

( E-v'7 I E3E 

Ha 7! t MOJ!tll 

r~e I= CJ. .1( 

fZ"'"· - norn 

XflepB~ B031 
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ECRH narpaH~aH He CO;l4ep~T HenocpeACTEeHHUX E3aHMO.llefiCTEHH M8*AY He~TpaR»HUMH 

6apaOHHb!MH TOKaMH. TO npOl.(eccu n + n- n f-A 
0 

MOrRH 6u H;(TH qepea pa3RH'1Hble npoMeJKyTO'lHJ:Oe 

COCTORH*H• B 3THX CRy'laHX 0'18H» EepORTHbl 6onee HH3K*e 3Ha'leHHfl C8'18HHR. 0.I~Ha OlleH» rpyOaR Ol.(eHKa 83 

TaKul·u HenpaMoro nepexo.11a .11aeT aHa'leHHe ce'leHHa, Ha .IlEa nopH.IIKa ueH»mee. Bo ECHKOM cny11ae , ecRH 

ce'leHHe anH ero EepxHHH rpaHHI.Ia .IIRR npol.(ecca, Hanpal.!ep, nt n-- n +It 0 oKalKeTca, ynepeHHO H~ttlKe 

(I04), TO 3TOT peayn»TaT Mor 6bl cna.I~eTen»cTnonaT» B non»ay aanpeTa 11acTo Hanaraeuoro B Teopaa cna6ux 

B3aHMO.li8~CTBH i1 Ha EBe;~.CHH e :!3 JJarpaH~aH Hei'!Tpan»HUX TOKOB. ConpeMeHHJ:Oe YCKOpHTeRH 1 .llaiOI!lH e npOTOH!llie 

ny11K* c EP~ lEan .IIOCTaTO'lHO HHTeHCHBHU .IIRH nony11eHHR paayMHoro C'leTa co6uTa~ B a~eKTax THna 

p+ p ..... p + L t HRH n + n- n + !\ 0 
• K COlKaReHHIO, TPY.IIHOCTH <f!oHa CHR»HO, OCROJKHHIOT npaKTH'leCKYIO 

B03MOJKHOC T» OCy~eCTBR8HHR IIO.II06HOrO 3KCnepHMeHTa. 0C06U~ HHTepec npe.IICTaBHRIOT IIOHCK* B03MOlKHOrO 

( y N) ( y f\1 ) B3aHMO.lle~CTBHR 84 • npa BBe;~~eHHH B narpauJKHaH B3aHMO.lle~CTBHfl 'lHeHOB Tana 

I G "- ( "' I L =V2: vt,.._.1+r's-}VfV'(r(1+~s-}Y3 !V+ 11 . c . (I05) 

KaK 3TO npe.IIITOnOJKe HO, HanpHMep, B pa60Tax Ena.I~MaHa 8I H 3eH».IIOBH'la 85 
1 MOlKHO OXH;llaT» ~eKTOB THIIa 

(I06) 

ECRH B npap0.11e .lle~CTBHTeR»HO peaRHayeTCfl B3aHMO.lle~CTBHe THna (I05), TO B He~TpRHHOM ny'lKe 

MOrRH 6u Ha6HIO.llaT»CR 3Be3.llbl 1 .IIHH KOTOpUX 6blHO 6bl xapaKTepHO OTCYTCTBHe aapRlK8HHblX nenTOHOB. ABTOpaMM84 

npe.IIROlKeH TaKJKe 3KCnepHMeHT B 06HaCTH He~TpHHO (aHTHHe~TpHHO) HH3KHX 3HeprH~. AHTHHe~TpHHO He60n»­

lliHX 3HeprH~ ( HanpHMep, OT peaKTOpa) MOrno 6u B036y.IIHT» H.IIPO 
"-- ~ ~ 

v + ~- v + l (I07) 

1.1 IIOBeCTH B .I18R»He~llleM K xapaKTepHOMY H3Hy'leHH~ 
~ 

~ _.,.. z + (5' (I08) 

~ 

:ztna KOHKpeTI!Oro cny'laH, HMeHHO, He~TpHHHoro noa6y*.lleHHax L i. - an Tophi npHBO.IIHT ce'leHl'IH 

1 Q 1 -'f£. £ 
~i ~ ~. 0 ~ (I09) 

SW<{leKT B npHHI.IIr!ne MOJKeT 6blT» Bbl.lleReH aa <{loRa, HanpHuep, no cnel.llr!<{JH'lecRHM cno~cTBa» .llaHHoro 

~ - aany'leHHa ( aHepraa, nonHpHaauHa). 

ilo .llaHHUM HH.IIH~CKHX <{JH3HKOB 86 OTHOCHTeR»HO HHTeHCHBHOCTH IlpOHUKaiOI!lHX aapalKeHHUX 'laCTHU Ha 

60R»lliHX rny6HHaX HeTpy.IIHO C.lleRaT» EepXHIOIO Ol.(eHKY E03MOlKHOrO a~eKTa pacceHHHfl He~TpHHO Ha HYKRO­

HaX II8 • llpe.I~nonaraa, 'ITO nee aapaJKeHHhle qacTHUbl, Ha6niO.llaeMhle Ha rny6HHe 6.388 ueTpon BO.IIHoro 

3KBHBaReHTa, npe.IICTaBHRIOT 0060~ IlpOTOHbl OT.lla'lH B ~eKTe pacceHHHH He~Tp!1HO Ha IlpOTOHe 

( Ev~I Ean), npHHHMaa .IIHH He~TPHHO cneKTp H yrnonoe pacnpe.I~eneHHe no pa6oTe 3auenHHa H KyaDMH­

Ha ?I, MOlKHO IIORY'lHT» OUeHKY 

I Oyt{ N f(IJUC ~ 1,6 10-10 ~-1..CUl-J...C.tiif-! 

I -2. -1 -1 -1 
r.11e == CZ .10 ~ Ct.« err- nepTHKan»HaH HHTeHCHBHOCTD He~TPHHO, noaHHKlliHX n aeMHO~ aTMOc<{Jepe 7I • 

(IIO) 

rzfll<(.- norno~aeMOCTD npOTOHa ( ...... ISO Ycf\1 ~tv' - 'lHCHO HYKHOHOB B I rpaMMe Be~eCTBa. OTCIO.lla: 

(III) 

3- -1 - 4 J = ~ - J = f ) L3 E = ,80 K~l!> . 
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TaKHM 06pa30M, B03HMK8eT OUeHK8 BepxHeH rpaHHUU ~H ~eKTHBHO~ KOHCT8HT~ t~eT~pex~epMHOH~X 

B38HMO~e~CTBH~ ~8HHOrO THna 

F ~ 3.1o-
3 

m2. 

tiTO JIHWD Ha ~Ba nopH~Ka 60J!Dille BeJIHtiHH~ KOHCTaHT~ CJI86~X B38HMO~e~CTBH~. 

(II2) 

~D60n~THO OTMeTHTDt tiTO ~aH~e KOCMKtleCKHX nyqe~ 3~eCD 3~~eKTHBHO KOHKypKpy~T C COOTBeTCTBy~~UH 

~aHH~MH, nonyt~eH~UH Ha ycKOPKTene 87 , r~e BepxHHH rpaHHua ~H Toro ~e cet~eHMH ~aeTCH aa ~a nopn~­
Ka B~we. ECJIH yt~eCTD OTHOCKTeJIDHO 3JieUeHTapHy~ opraHH3aUH~ KOCMHtleCKHX 3KcnepKMeHTOB no cpaBHeHK~ 

C 3KCnepHUeHTaMH H8 yCKOpHTeJIHX - CJie~eT no~epKflYTDt tiTO KOCMHtleCKMe JIYtiK T8HT B Ce6e e~e 3H8tiK-

TeJID~e B03UOlKHOCTH. 

qTO KacaeTCH ~0 6onee CHJ!DH~X rHnOTeTHti~CI~X B38MMO~eHCTBH~ MIDOHH~X He~TpHHO C HYKJIOH8MH 88 , 

KOTOp~MH B npHHUHne MOlKHO Ci~JIO 6~ OCi~HCHHTD pa3JIKt~He MaCC ~ -Ue30Ha H 3JieKTpOHa, TO 3T8 B03UOlKHOCTb 1 

BH~MO, 3aKp~aeTCH n0~3eMH~MH 3KCnepHMeHT8MH 86 , KOTO~e · ~aroT pa3J!Ht~He MelK~ CJia60~ H rKnOTeTKtleCKO~ 
KOHCTaHTOM B38HMO~e~CTBHH yxe UeHJ>We, t~eM Ha ~Ba nOpH~Ka. , ' Ho, KOHet~Ho, Bonpoc o cy~ecTBOBaHKK Y N pacceHHHH ( Y + N- N + Y ) co cna6ott KOHCTaHTOL! 

B38HMO~eL!CTBKH OCTaeTCH OTKp~T~ K 3KcnepKMeHT, perHCTPKPY~~L! B38HMO~eHCTBKH He~TpKHO no HYKJIOHaM 

OT~aqH B OCiJiaCTH ceqeHHA I0-38 cu2 KOHetiHO OtleHD XeJiaTeJieH. 

Ot~eHD xenaTeJIDHO Kccne~oBaTD npouecc Y t N _... N 1+ Y 1 
l'l B o6nacTH e~e ueHDWKX cet~eHHA. EcJIH 

HeT npnMNX (Y N) ( vN) B38HMO~eUCTBHL!, TO OH ~OJillteH CYUieCTBOB8TD KaK aqxiJeKT BTOporo nopH~Ka, cornacHO, 

HanpHuep, ~Harpauue 

y v' 

rJ N' 

Pac.20 

<"'--

v 

p 

' v 

p' 

B OTJ!Ht~He OT BCeX ~~CKTOB BTOporo npHCiJIHlKeHHH, OCicyx~a~~XCH HaMK Ha npe~~~X CTpaHMUax -

3TOT 3~CKT He UOlKCT 6UTD aanpeUieH HHqeu, Kpoue K8K HH3KHM BepXHHM 3H8tleHKCM npoue~TOtiHOrO HunyJ!bca. 

rpy6aH OUeHKa OTHOWeHHR ceqeHML! 3~peKTOB nepBOrO H BTOporo nopH~KOB ~aeTCH TeM llte COOTHOWeHHeU 

a (vtv')(v1rv 1J 
"""-"' 

Scv "''( p+c) 

2. y 
G- I< "'"'· )( 

16 Jr'{ 

llpK k rna.?( -+ k_ Cti~ = 300 E3B 3TO COOTHOWeHHC CTpeMKTCH K e~HHUe. 
B CiJIH&alilWHe ro~, BH~HMO, B03HHKHeT B03MOMHOCTb npoBepKTb o6cy~aeu~e cet~eHHH B OCiJiaCTH I0-40 cy2, 

a MOlKeT 6UTb H HHXe. He HCKJI~tleHO, tiTO KMeHHO 3TOT 3KCnepKMeHT OKalKeTCH Telol 3KCnepHMeHTOM, KOTOpuL! 

~aeT OTBeT aa UHOrKe Bonpocu, KOTopue MN a~ecJ> o6cy~aeu. 

ti03MOJtHOCTb CJI86UX B38HMO~eii!CTBH ll TKna ( n n) ( n n ) t ( .(..e_) ( e €.) B npKH !~Hne He KCKJiroqeHa, 

HO ~eTeKTl'lpOBaHHe 3TKX 3~CKTOB Ha WOHe CHJ!bHUX K 3JieKTpOM8rHKTHUX B38HMO~eL!CTBKL! OTO~BKraeT 3TH 

aKcnepaueHTanJ>H~e npo6neuu B He6naaKoe 6y~y~ee. 

Cy 

UOlKeT 61 

cneUVIan: 

B 1 

B38HUO~€ 

B38HMO~E 

~eCRTKa 

TaJIDHNK 

t~eTHOCTH 

E~n 

cBoeo6pa 

B38HMO~e : 

OeHc 

tleTNpbMH 

KOTOp~C l 

pOBKa TCC 

aanHcb JIE 

ueHHO~. E 
38pHJI[eHHO 

OK838Tl>CR 

!l>epMHOHHU 

Pace 

ueJK~ rpepl 

I. Jl< 

WYHKUH lil : 

Ha H:: 

no cBoeli! r 

MR p83J!HtiH 
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Cy ll\eCTBOBamte ltm1 OTCYTCTBII! e nerrTOHHHX BaaaMo.nei1cTBI1 ~ Tlwa (U) (e. v ) npe2\CTaBJIReT c o6oii 

UOllteT 6biT:b 0 .4HY H3 Hai160Jiee HHTepeC HhlX llp06JieM H3 06JiaCTH CJia 6biX D38V!f.AO.iiCliCTBH M >I OH8 3 8C JIYllrnB8C T 

CllCUVI8Jl:bHOrO p a CCMOTpeHHH. 

§9. Ee aHa,lle lKe H Jll1 1WliTp11HHblll acrr eitT cna6ux B3a>tMO,llei1cTBrill? 

B H8CT0Hll\ee BpeMH eCT:b OCHOB8HHH llOJiaraT:& , 'ITO COBpeMeHH8H iJ.lOpMyJI>tpOBK8 TeOpVIU CJiaOUX 

B3aH!IO,neiicTBHH MOlKCT 6U T:b B .l\8Jli:.He liiDe!J llO,nBe prHyTa Cyll\eCTBeHHOi1 3BOJ!IOUV!VI o Pa3Bl1T>t e TeO]Jl111 CJIUJ HX 

B3aHMO,ne llCTBHll MOlKeT rt,nTH B pa3JIH'IHl>lX HarrpaBJICHHHX ( BKJIJO'i eHHe B TeOp>!JO Heli TpaJI:&HliX TOKOB , ,no 

,neCHTKa llpOMelfCJ'TO'iHDIX Me30HOB >I T. ,n . ) , HO B KOHL\e KOHL\OB ,nOJIJKeH 6b!Th llOJiy'ieH OTB e T H8 iJ!YH.ll8MeH­

T8JThHb!K :BOllpoc: llO'iCyY ,llJIH CJI86b!X :B3a>IMO,lle l1CTB>t ll B OTJIH'IJ.! e OT C>!Jl:bllbiX , xapa !tTepHO HCC0Xp8HCH>I e 

'ieTHOCTJ.I. 

EliJIO 6b! O'i e H:b 38M8H'il1BO CBH38T:b ClleUVItlJM'I HOC T:b CJiaULlX B38 11 MO.Z\el1CTBJ.IM C y 'iaCTMeM B Hl1X T81Wi1 

CBOe06pa3HOi! 'l8CTI1L\bl, Kalt HeliTp>!HO, >I Ha 3 TOM ITYTJ.I llOllUT8 Tl>CH HatiTJ.I KJ!JO'i K ll0 JH'I M8 HH IO MeCTa CJia6b!X 

D3a>IMO.ztei!CTB>tti B pH.ny CHJI:bHiiX ( 11 llO'ieMy 6or CJI86h!K JieBma?"). 

0 eHOlleHOJIOrH'ICCKOe Oll>IC8Hl1e CJia6LlX B38KUO,neiACTBK i1 KaK KOHT8 1tTIIOrO D3 a>I MO.l\CHCTBV!fl Mel!t.l\Y 

'leTblp:bMH !IJep Mll0118Mli OI<a3biB8e T Cfl D CDOeM 06U\eM BJ.I,IIe CJ!J.IIDKOM ID11p0Kl1M - OHO .l\OITYCK3T p H.zt B03MOlKHOC Tell , 

KOTOpb!C ITO Hel13Be CTHhlM llp1.14HH8 M He BCC p e aJIJ.I 3YJOTC fl B ll ]JJ.I pO.l\e . l10 3 TOMY 'ICTb!pex lpepM>! OI!HaH c(JOpMyJm ­

pOBK8 Tc o pwK orpaH>t'il1 BaeTcH pH ~IOM n ocTyJIHTK BHbiX TpeCioBa HMiA . O.nno 1.13 T8Kl1X Tpe<loBaH>~H - 3 TO 

38ll>!Cb JiarpaHlK¥18H8 :B3a>IMO.l\ei1c TBHH l!Cpe3 3 a pRllteHHbl e TOKJ.I ? • ::.ITa H,lleH :mp>tC TJ.I'i eCKIII OK83UJI8Cb 

l.leHH0£1. Bo BCf!KOM CJiyqae llOllbiTKa ll ]JJ.I,ll8Th :JT OMY o r paHH'ie HJ.IIO (jll1311 'ieC KIII £1 CMbiCJI llpi1B eJia K >!}lee 

38pf!lKCHHOrO llpOMeJKYTO'IHOrO MC30H8 11 K ll0C'!8HOB!te COOTBe TCTBYIOU\l!X l1HT epeCI!b!X ::mcnepi1M CHT OB . :Aor.<eT 

OKa 38Tl>CH 3BpKCTI1'1CCKJ.I L\CHHbiWI 8HaJIH3 B0 3MOlKHOCTe i1 11 .n.pyri1X llOCTYJ!f!THBHbiX o r pam:'IC!!l1ll 'i eTLipex­

~epMHOHHb!X B3aHMO,llCKCTBIIIH o 

PaC CMOTpHM O.l\HY H3 TSKI1X B03MOKHOCTeli 
89 • 3KCITeprtMCHT8JibH~e ~aHH~e 0 CJ!80~X B 3al1MO~eWCTDHf!X 

MeJK.ny <.{JepurtoHaMrt noKa yKna~hiBaJOTC !l B c ne.nyiOU\l! e orpaHrt'IHBaiOU\l!e orrpe/(tiJieHHH. 

I. JiarpaHDaH CJI86biX 'ieTblpex\[lepMl10HHhiX B3a>IMO.ztei1CTB111tl o opaaye TCfl 1113 'ie T blpex pa3Jll1'illb!X 

IPYHKUVI ~ : 

L = ... ~ ... ¥;_ ... ~ ... t'f + ~. c. 
(II8) 

Ha f!3b1Ke qacTIIIL\ 3 TO 3Ha'i~I T , 'ITO BO B3a>tMo .ztei-lcTBl1 111 yqacTBYJOT 'i c'rhlpe HerrpeMeHHO pa3JIH'IHLIX 

ITO CBOC~ llprtpO~e 'ia CTHI.lhl o Ha f!3b1Ke .ztHarpaMM ~CHHMaHa COOTBCT CTBYIOU\8f! BCpiD11Ha l1 306pa4ae TCR 'i eTbipb­

MH pa3Jil1'1HbiMH JIKHHHMH, Hallpii!Mep, 

p 
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qaCTHUU H aHTHllaCTHUN H306pa~aDTCH O~HO~ H TO~ Xe nHHHe~. CneACTBHH: 

a) Onpe~eneHHe I sanpemaeT pacrra~N THna: 

;1- n+et-+-e-
f+-+- e++-e-+e-+-

t<+- e-+--r,Y 

:B) Orrpe~eneHHeM I Tpe6yeTca HeTo~~eCTBeHHOCT:b MIOOHHoro H aneKTpona oro He~TpHHO 

'If :f= Ye r--et-~t-Yr-

C) 3anpemeHH B3aHVO~e~CTBHH THITa 

(Q.v)(ev), crvJ(fv)) (p~J(p~t~) I (Ap)(t\p), 
6 7 

paapemae!We M'.S.H F • G. <lJOpMynHpO:BKaLrn cna6b1X B3aHMO~ettCTBHtt. 

BTopoe orpaHH~BaiOII\ee onpe~eneHHe MOJKHO aallllcaT:r, :B :BH~e: 

2. MIOOHHble H aneKTpOHHble liHCJia coxpaHHIOTCH no OTAeJI:bHOCTH. 

(!14) 

(!15) 

(!16) 

Ha OCHOBaHHH ~BYX onpe~eneHMtt B JiarpaHJKHaH B3aHMO~ettCT:BHH ~OJilKHbl BXO~T:b TOR:bKO sapalKeHHble 

3JieKTpOHHble H VIOOHHble TOKH 
·?> - y 
j~ == 'f~?)(1+¥s)'f<Z. 

. r -
j. r- = 't' r- '( (1+ts) ~; (II7) 

BTOpbiM onpe~eneHMeM aanpemaiOTCH pacna~ THna 

1\-n+f-+e+ (!18) 

CHJI:bHNe B3aHMOAe~cT:BHH 

BOSHHKaeT BOnpoc, CYII\8CTBYIOT nH KaKHe- n11160 Ha~elK~, XOTH 6bl THITa HaMeKOB, nOHHT:b KOJIOCcaJI:bHOe 

paaJIHqHe B 3BaqeHHHX KOHCTaHT CHJI:bHbiX H cna6biX B3aHMO~e~CTBHtt. 

EcT:r, B npHpo~e o~no cneuH~HqecKoe HBJieHHe, cnoco6aoe y:BenHqH:BaT:r, a~<lJeKTbl Ha MHOro nopa~KO:B, 

OHO BOSHHKaeT, KOr~a peanHsyiOTCH pe30HaHCHble CHTyaUMH. 

~KeiOTCH HeKOTOpble C006paJKeHHH, ~aiOII\He H3:BeCTHYIO Ha~elKAY OJKH~aT:b B03HHKHOBeHHH TaKHX 11 pe30HaHC­

BbiX11 CHTyaUH~ B qeTblpeXIJ!epMHOHHNX B3aHMO~eHCTBHRX, KOr~a 3TH B3aHMO~e~CTBHH MOrnH 6bl npOHBJIHT:bCH 

~eKTIIIBHO, KaK 06blqHble CHJI:bHble B3aHM0~8HCTBHRo 

EcnH ~ettCT:BHTeJI:bHO, B3HT:b ~H npHMepa lleTblpex~epMHOHHOe B3aHMO~e~CTBHe B BH~e KOHT8KTHOrO 

B3aHMO~e~CTBHH ~YX nonett C JiarpaHJKHaHOM BH~a 

L ( x) == G- 'f t,.- 'f lf 'hf lf + l c. (II9) 

H BblqHCXHT:b ceqeHHe pacceHHHH, pemaH COOT:BeTCTBYDII\ee ypa:BHeHHe EeTe-GOJIIlliTepa B UeTIHOM npH6JIKXe­

HHH 19 , TO B nonylleHHOK C8lleHHH ~eliCTBHT8JI:bHO B03HHKalOT 11 pe30HaHCHOr0 11 xapaKTepa 3HaMeHaTeJIH 

B :BblpalKeHHH 11 3\[lq)8KTKBHOH KOHCTaHTb1 11 B3aHMO~et:icT:BHH. 

CeqeHHe pacCeHHHH qaCTHU, 06H3aHHOe li8Tblpex\PepMMOHHOMY B3aHMO~e~CTBHIO B 3TOM rrpH6JIHJK8HHH HMeeT 

CJ!OlKHbltt BH~: KpOMe 3a:BHCHMOCTH OT HMITyJI:r,ca na~aiOmeA llaCTHUbl ( P ) CelleHHe CO~epJKHT WaKTOpbl , sa:BHCH-

Il\H8 OT MaKCHMan:bHbiX ~nmyn:r,co:B BHpTyaJIDHbiX cocTOHHHII ( Kr.tOol<l ). CTpyKTypa xapaKTepuoro llneaa 

celleHHH npHBe~eua :B ~opwyne (!20): 

3aaMeHaTen:r, 

3acnylltli 

1) B C1 

COCTOHHH i1 t ( 

TeOpHH B03!.4~ 

2) B V 

celleHHH (noi 

lleCKHI! liJieH 

,llpyrHMH CJIOI 

Kr.t~)(' ~ I< 

HHH no cna6c 

TaKHM c 

~e MaKCHMaJ!l 

np11 yqeTe 6€ 

OTCYTCT:ByeT 

A-:BapllaHT 1.u 

npOCTpaHCTB€ 

yllaCTBYIOII\HX 

(~onyCTHM 1 I 

!IJepMHOHHbiX ~ 

Ena.zumaa, ni 

T . ~. t C TOM 

lleTblpex!IJepMv. 

T.e. :BeCTH ~ 

pacn~OB HBI. 

SaMaHlii!BOCTI 

uaTe1I:bHhiMH c 

Paccwo'l 

Cna6ble 
'¥" 

TOKOB j.
11 

11 pacna~. Ha 

x) T.e. 

xx)T.e . 

co c 

.l(JIH 
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3HaJ4eHaTeJib BblpB.ll[eHHH (120) HMeeT THirn'lHYIO "peaoHaHcHyiO" CTPYKTYPY· 

3aCJIYXHB8IOT BHHM8ID1fl ~Ba 06CTOHTeJibCTBa: 

\120) 

1) B cnytrae BeKTOpHoro B3aHMO~eRcTBHf! ITPH 3HatreHHHX MaKCHMaJibHoro HMITYJibca ITpoMe~yTO'lHblX 

COCTOHHH M, OJIH3KHX K KpHTH'leCKHM, cetreHHe (120) Ha BOCeb ITOpH~KOB OOJlbiD e cetreHH", Bbl'IHCJieHHblX ITO 

TeOpHH B03MYll\eHHH. TaKHM o6pa30M, H3 11 CJia6oro" X) - B03HV. KaeT CHJlbHOe B3aHMO~e"CTBHe. 
2) B V-A BapHaHTe B3aHMO~encTBHH, ITOHBJIHIOll\eecH B aHaMeHaTene Bblpa~eHHe ~JIH cooTBeTCTBYIOmero 

cetreHHf! (IIony6apHHOB) TaKoBo, 'ITO rnaBHaf! aaBHCHMOCTl> OT K h<<~x BbliT~aeT, ocaTeTCH JIHIDb norapHcpllH-

'IeCKH" trJieH ( lrt ~IV' ) H 3HaMeHaTeJI:D o6pall(aeTCf! B HYJil> (peaoHaHc) TOJibKO ITPH I< MQ)( >> k'c;;t = 300I>l& . 

npyrHMH CJIOBaMH, 'leTblpexcpepMHOHHOe V-A- B3aHMO~e~CTBHe THITaXX (119) ITPH ITapaMeTpax o6pe3aHHf! 

Khlo.)(' ~ I<' cr-d: Be~eT K cetreHHf!M pacceHHHH, He oTJIHtraJOlll,l1MCf! OT nepBoro rrpHCiJIHJKeHHf! TeOpHH B03Myll\e­

HHH ITO CJiaeio" KOHCT8HTe. 

TaKHI.! 06pa30I.!, He HC!UIIO'leHO, 'ITO ~alKe ITpH TOM lite 3Ha'leHHH 3aTpaBO'IHO" KOHCTaHTbl G- t H IT pH TOM 

JKe uaKCHMaJI:DHOM HMITYJil>ce rrpowemyTotrHNX cocTOf!HH" ( K~o.,) KOHTaKTHOe B3aHMO~e~cTBHe treTblpex cpepMHOHOB 

ITPH y'leTe CiecRoHe'!HblX ueiTo'leK BblCOKHX rrpHCiJIH~eHH~ cyll(eCTBeHHO ycHJIHBaeTcH, ecJIH cpe~ 3THX cpepMHOHOB 

OTCYTCTByeT He~TpHHO; BepHee, eCJIH BMeCTO V -A BapHaHTa B3aHMO~e~CTBH~ OCT8CTCf! JIHIDb, HarrpHMep, 

A-BapHaHT HJIH KaKO~-JIHCiO ~pyro~ BapHaHT (T, S, V ) HJIH ~aEe KOMOHHaUHf! HX, OCiecne'IHBaiOU(8f! coxpaHeHHe 

rrpOCTpaHCTBeHHO" 'leTHOCTHo CymeCTBeHIWM MOlKeT OK838TbCf! H TO OOCTOf!TeJibCTBO, 'ITO cpe~ CiapHOHOB, 

ytraCTBYIOlll,l1X B treTblpexcpepi.!HOHHOI.! B3aHMO~e~CTBHH, Be~ll(HM K 3cpcpeKTHBHOMY CHJll>HOMY t MOryT ObiTl> 

(~OITYCTHM, B OTJIHtrHe OT CJiaOblX) H TO~eCTBeHHble. C 3TO" TO'IKH 3peHHf! OOJiee ecTeCTBeHHa CXeMa 'leTbl~eX­

cpepMHOHHblX B3aHMO~enCTBH~, OJIH3Kaf! K CXel.!e EJiaAUaHa ?I. EJIH3Kaf! B TOM CMblCJie, 'ITO B HeM, KaK H B CXeMe 

EJI~MaHa, npe~ITOJiaraiOTCf!, B '!aCTHOCTH, B3aHI.IO~eMCTBHf! THna ( pp) ( nn ); c~~) ( ~~); (~e) Cf(<-) H 

T.~., C TO" JKe 3aTpaBO'lHOM KOHCTaHTO" ~ o C TO'IHH 3peHHf! He~TpHHHOrO acrreKTa CJiaeiblX B3aHMO~e~CTBH~, 
treTblpexcpepMHOHHble B3aHMO~eMCTBHf! ITO~OOHOro THITa MOryT BOOOU(e He rrpOHBJlf!Tl>Cf! KaK CJiaeible B3aHMO~e~CTBHf!, 

T.e. BeCTH K B3aHMO~e~CTBHf!M CHJll>HblM H 3JieRTpOMarHHTHbll.!. K CO&aJieHHIO, cyll(eCTBOBaHHe HeJieiTTOHHblX 

paciTa~OB f!BJif!eTCf! cymecTBeHHblM apryMeHTOM rrpOTHB TaRO~ TO'IKH 3peHHf!o O~HaKO, rrpHHHMaf! BO BHHMaHHe 

3aMaH'lHBOCTl> rHITOTe3bl He~TpHHHO" npHpO~ CJiaOblX B3aHMO~e~CTBH~, Bpfl~ JlH uenecoo6pa3HO CITeiDHTl> C OTpH­

uaTeJil>HblMH CYlK~eHHHMH H He OOCYlK~aTl> ~pyrHX ~alKe MaJieMIDHX B03MOlKHOCTe~. 

PacCMOTPHI.! CHTYaUHJO C HeJieiTTOHHblMH pacna~aMH OOJiee BHHMaTeJibHO. 

Cnaeible HenerrTOHHble paCIT?AH 

HeJieiTTOHHble pacna~ '!aCTHU, Ka38JIOC1> Obi, ecTeCTBeHHO OO~f!CHHTb B3aHI.!O~e~CTBHeM CiapHOHHblX 
·~ Jp , r~e TOKOB 

'¥ -Jtt == ~p¥(~+rs)'t'n 
0 

H pacna~, HaiTpHMep, J\ - traCTHnH npe~CTaBJif!TD rpacpHKOM 2 2 , 

X) T.e. CO CJiaeio~ 3aTpaBO'lHOH KOHCTaHTOHo 

xx)T.e. ~Jlf! .IlBYX ;Ilep;,m OIH!blX fl OJIC;i 'f >I 'f 

(121) 
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JT 

'P n 

;\0 f 

P.111c.22 

Ho, CTpOrO rOBOpf!, y HaC B CYmHOCTII! HST TeOpHH HeJiel!TOHHNX paona.l(OB, TaK KaK KapTII!Ha rp.22 HMeeT 

l!OKa tn!CTO ~IJ!.liiOCTpUT I1Biillti xapaKTep. ,lleJIO ,l(aJJte He B TOM, '!TO CHJI:&Illie B3aHMO.ztertCTBHf! He ,llaiOT B03M0!(­

HOCTH C,lleJiaT:& KOIIKpeTHbiX Bbi'!HCJieHH~ . 

Yl 

X~ 
p 

. ' ' r-
p }'\. n 

Pl'lc .23 

flpe.l(CTaBnHeTCH ZeJiaTeJI:&Hbl.ll ~arpa.ll.llbl TH!!a 23 peaepBII!pOBaT:& ,l(JIH 6y,lly~e~ TeOpHH CHJI:&HbiX B3aHMO­

,ll6MCTBH" 18,19,20,90 • 8Ta H,lleH e~e He Hcqepnana ce6R. B HacToa~ee Bpeua HeJI:&aa c orrpe.l(eJieHHOCT:&D 

CKa3aT:&, 'ITO ~arpa.ll.llbl TH!!a 24 HJIH .25, YCJIOZHeHHble CHJI:&HbiMH B3aH.IlO,l(e~CTBIIIf!.lllll 1 He MoryT HHTenpeTII!­

pOBaT:& HenenTOHHble cna6ble pacna~: 

/\" 
11.. 

,.-

Puc.24 

r-
~ 

·· ·~ -y..._ 
ve. . 

p n 

""' p 

PHc& 

• 

I 

I 

-

I 

I 

I 

Cy 

3<M!eKTH 

flp 

wx nerr 

(25) • 

HaCTOJI:& 

Ho 3To 

.l(et!CTBH. 

pemeHbl : 

COCTOf!ID 

3\l)ciJeKTOJ 

Bonpocw 

IIICKJIIO'le! 

JieBma". 

Mol 

B3aHMO,l(E 

r- -ME 

paJI:&HbiX 

uaccbl He 

.lle~ 

KBa,llpa.TH 

He !!pHBO, 

( § 3 ) I 

Hec1 

B03HHKa.Dt 

Ill h'\~ 1 

ECJIV. 

CJia6o~ KC 

llCCKOJI:&Ky 

,lle~CTBHH, 

KoHe 

HBJiliKlTCf! : 

'leTblpex\l)eJ 

Ill He HCKJII 

B3aH.IlOOTH( 
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CyMMHpOBaHHe 6eCKOHeqHNX uenoqeK BH~ (24) H (25) TaKEe Be~eT K BUp~eHHRM THrra[I20)K nOHBneHHD . , 
a~eKTHBHO~ KOHCTaHTU B WYHKUHH k'~Qx • 

llpH YHHBepC8nbHOM ~~a~ - S~eKTHBHaH KOHCTaHTa cy~eCTBeHHO 3aBHCHT OT xapaKTepa CYMMHpye­

MHX nenoqeK AHarpaMM. He HCKniDqeHO, qTo CyMMHpOBaHHe 6eCKOHeqH~X uerroqeK B3aHMO~e~CTBHH THna (24), 

(25) , MOAHWHUHPYHCb BKnDqeH~M cHnbauw B3aHMO~e~cTBHew, HaweHHT 3HaMeHaTenb B~paxeHHH THna (120) 

HaCTOnbKO, qTO BCe B~pazeHHe OKaEeTCR cy~eCTBeHHO OTnHq~y OT nepBoro rrpH6nHEeHHR TeOpHH B03My~eHHR. 

Ho 3TO H3MeHeHHe OKaBeTCR' He HaCTOnbKO KaTaCTpO!fJHqecKH OTnHqHNY, qTo6~ ITOBeCTH K CHnbH~ B3aHMO­

~e~CTBHHM. llpH HHTeprrpeTaUHH ~arpaMM~ THna 24 H 25 B03HHKaDT BOrrpoc~, KOTOp~e nOKa He MOryT 6~TD 

pemeH~ B paMKax COBpeMeHHO~ TeOpHHe ilOKa HeH3BeCTHU BenHqHH~ ~onyCTHMNX HMITYnDCOB rrpOMeEyToqH~X 

COCTOHHH~ B 3THX rrpoueccax ( !flaKTOp~ THITa G-k.f.MA)( ); ITOKa HeT MeTO~OB B~~cneHHH BepOHTHOCTe~ 
S!fJ!fleKTOB ITpH 60nbillHX 3HaqeHHHX 3THX tPaKTOpOB, KOr~a TeOpHR B03My~eHHH yxe He npHMeHHMa; noKa He HC~ 

BOITpOCW aaTpaBOqaNX aapH~OBNX KOHCT8HT cna6~X B3aHMO~eHCTBH~, T.e. aenepeHOPMHPYMNX TeOpH~. lloKa He 

HcKnDqeHo, qTo B acneKTe qeTupex!flepMHOHHNX B3aHMO~e~cTBH~ y~acTca B 6yAJ~eu rrOHHTD "noqewy 6or cna6~~ 

neBma". 

MOMHO yKa3aTD e~e O~HO C006p~eHHe B nonbay ~Ony~eHHH He~Tpanb~X TOKOB B qeT~pe~epMHOHHUe 

B3aHMO~e~CTBHH. ilO-BH~MOMy, 6AHHCTBeHH8H rrOKa TeopeTHqecKaR B03MORHOCTb nOHHTb pa3nHqHfl B Maccax 

~ -Me30Ha H sneKTpOHa (§3) Ha OCHOBe ~onyCTHMNX 3KCrrepHMeHTOM B3aHMO~e~CTBH~ - 3TO BBe~eHHe HeHT­

panDHNX TOKOB, BeAY~X K B3aHMO~e~CTBHHM THna (ee.) <rr) HnH ( ee.) ( Y Y ) - rrocne~Hee ,li)IR 38TpaBOqHO~ 

MaCCU HeHTpHHO, OTnHqao~ OT Hyna. 

~e~CTBHTenDHO, rrpe~BapHTenDHOe paCCMOTpeHHe ITOKa3UBaeT, qTO C06CTBeHHO 8HepreTHqecKHe ~HarpaMMU 

KB~paTHq~e B KOHCTaHTe CBH3H ( G-J e_ ) t T.e. ~arpaMMU BH~a: 
~ 

e 
e(i/> 

He npHBO~T K CHHTHD BUpoz~eHHH no waccaw B HCXO~HOM 3neKTpOH- {t -Me30HHOM ypaBHeHHH ~HpaKa 

( § 3 ) c paBHWH aaTpaBOqH!iw waccaMH ~na aneKTpoaa H f4- -weaoaa. 

HecuoTpR aa paanHqHHe Hoxo~ue ypaBHeHHH ,li)IH aneKTpOHHNX H fL - weaOHHNX !fJYHKUHIA 

(ip+tvte)'t'e= 0 tt (1p-mr-)'f~-= 0 

B03HHKaD~e ~06aBKH OT MaCCOBOrO OITepaTopa OKa3UBaiDTCH !flaTanDHO TeX Xe 3HaKOB, qTO H KOHCTaHTU n?L 

H IY\ t'" B 3TH X ypaBHeHHHX. 

ECnH ~OITyCTHTD B3aHMO~e~CTBHR THna ( ~r-) ( £.e. ) , ( .e_.e) ( V \1 ) H T .~., TO B nepBOM ITOpH~Ke ITO 

Cna6o~ KOHCTaHTe B03HHKaiDT ~o6aBKH 41 K waccau qacTHU OT · ~arpaMM BH~a 

Q 
e, v1poA.·, · . . 

ITCCKOnDKJ r- paccwaTpHBaeTCH KaK aaTHqaCTHUa, a e. 

~eHCTBHH, HaiTpHMep, 3HaKH H Cna6ofA KOHCTaHTU ~nR f- H 

- KaK qacTHUa, TO rrpH BeKTOpHOM B3aHMO­
/ 

e - 6y~yT npOTHBOITOnOEHUMH 89 

KOHeqHO, rrpHBe~eHHHe C006paxeHHH B ITOnD3Y e~HO~ KapTHHU cna6UX H CHnbH~X B3aHMO~e~CTBH~ He 

HBnHIDTCH B KaKO~-nH60 Mepe pemaiD~MH HnH ~axe y6eAHTenDHbiWH. 0HH nHillb rOBOPHT 0 TOM, qTO B paMKaX 

qerupex!flepMHOHHNX B3aHMO~efACTBH~ HMeeTCH H3BeCTHU~ llpDCTOp ,li)IH ~anDHe~HX TeOpeTHqeCKHX HCCne~OBaHH~ 

H He HCKniDqeHO, qTo Ha 3TOM HaiTpaBneHHH MOryT 6UTD nonyqea~ cy~eCTBeHHUe peaynDTaTU ,li)IH ITOHHMaHHH 

B3aHMOOTHOmeHHH CHnbHNX H cna6UX B3aHMO~efACTBH~. 
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B 6onee KOHKpeTHOM acneKTe npe~ymKe C006pa~eBMH 060CTpHIDT RHTepec K B03MO~HOCTR 3KCnepRMeH­
x 

Tani>HOil npOBepKK cymeCTBOBaBMH 11RCTRHH0 11 cna6biX B3aMMO;llei1CTBR£1 TRna ( 11 f) ( n f ) t ( e V) ( e. Y ) • 

§10. ( €\) )( e. V ) - B3aMMO;l{etlCTBKe 

,, 
113 BCeX 

11
llOKa HeOTKpbiTbiX cna6b1X B3aMMO;lletiCTBR£i ( £. Y) ( .{ V ) - B3afiii.IO;llelkTBKe noni>ayeTCH HaM60ni>Wetl 

nonynHpHOCTI>Do MHOr04MCneHHble ~WeKTbl, B03MO~Hble npR TaKOM B3aMMO;lle£icTBRR TaK ~aCTO K C TaKMM pa3HO­

o6pa3llleM 06CyJK,naiOTCH t ~TO B03BMKaeT llO~TR peani>HOe y6e~,neHRe B Cyl!leCTBOBaH!IIK ( e V) ( e Y ) - B8aMMO­

_nellCTBKH. npRqKHOil nonynRpHOCTlll 3TOrO B3aJIIMO~ellCTBKH HBKnOCI> TO 06CTORTeni>CTBO, ~TO OHO He aanpemeHO 

M.S. G F • G. 7 - TeOpKe£1. 0HO HeCKOni>O Bbl;l\eneHO lll TeM 06CTOHTeHI>CTBOM t ~TO B3aJIIMO~etlcTBMe ('I P ) { Y f ) 
OKa3biBaeTCH B 3T0£1 TeOpMK aanpemeHHbiMo 

Ho rnaBaoe ( e )I) ( e y ) - B3aJIIU:O,llei1cTBKe oqeai> aanoMJIIHaeT npHBbl"llHYID aneKTPO.nKHawmy - aneKTpoHbi 

B3aHMO,llellCTBYIDT C HeKOTOpbiu: BeKTOpHbiM ( llCeB;l\OBeKTOpHbiU:) noneM, COCTaBneHHbiM lll3 HellTpliiHHO- aHTlii­

HetlTpKHHOrO nonell. BoaBMKaeT Kpyr HBneHH£1, aaanorHqHbiX HBneHHRM aneKTPO.nHHaYMKM. HellTpHHO, pacceHBaHCI> 

Ha aneKTpOHe, CllOC06HO ;1\aTI> CBOe06pa3Hbitl 11 KOMllTOH aneKTpOH 11
• BneKTpOH B BOajyJK,lleHHOM aTOMe MOll!eT 

nepeCKO~Tl> Ha ,llpyryD Op6HTYt JIICllYCTHB BMeCTO ~TOHa HellTpliiHHO- aHTRHellTpliiHHYID napy. HellTpHHO CllOC06-

HO Bb13BaTI> B036YJK.lleHJIIe KOHTypa. TOpM03HCl> B KYnOHHOM none, aneKTpOH CllOC06eH liiCllyCTKTl> HellTpliiHHO- aHTH­

HellTpKHHOe TOpM03HOe H3nyqeHHe. BTO CBOeo6pa3HOe B3aHMO,llet\CTBKe MOrna 6bl OKa3aTI> pewanmee BnKHHKe 

Ha TeqeHJIIe MHOrKX acTpO~R3K~eCKliiX npouecCOB. XOTH no_np06Hbl£i aaanK3 B03MOll!HOCTe£1, OTKpbiBaeMbiX cymecT­

BOBaHKeM (eY) (~V) B3aHMO;lletlCTBJIIH O"!leHI> HallOMliiHaeT ,lleneEI> WKYPill Hey6RTOrO Me;l\Be;liH,BCe ll!e 06Cyll!,lle­

HRe pa3nM"IlHbiX nopo~aeUHX B3aHU:O;lletlCTBKeU: 3~~eKTOB 3BpRCTR"IleCKJII ·aqeHI> UeHHO. 0HO MOXeT Bb13BaTI> K MH3-

HK Cyl!leCTBeHHYD 3KCnepKMeHTanDHYD lll;l\e~, KOTOpaH B KOHUe KOHUOB llOMOXeT llO;l\TBep;liKTI> lllnK OllpOBeprHyTI> 

cymecTBOBaHHe npHMOrO aneKTpOHHO- HellTpliiHHOrO B3aHMO;llellcTBJIIH, 

B 06l!lel4 acneKTe TeOpllllll cna6biX B3aH140;llellCTBHil 3Ta B03140ll!HOe B3aHMO;lletlCTBHe OKa3anOCI> HaCTOni>KO 

CBOeo6pa3HO lll BaxHO, qTQ CTaHO npHMOR He06XO;l\JIIMOCTI>D 3KCnepRMeHTanl>HO paao6paTI>CH B CRTY8UMRo 

XOTHU: Mill 3TOrO lllnK He XOTliiMt HO TeH,neHUHH B pa3BRTRJII ~lii3HKR cna6b1X B3aHMO;lletlCTBH£1 npHBenR K TOUy, 

"!lTD ;l\eTeKTMpOB8Hllle llOKa Bbl,llyM8HHOrO (eV) ( ev)- B3aHMO;llellCTBHH C~8HOBJIITCH 3KCnepHMeHTani>H0£1 npo6ne­

M0£1 ~H;l\aMeHTani>HOil BaEHOCTJII, 

PacceHHllle aellTpRHO aa aneKTpoae 

CeqeaHf,l pacceHHHH aellTpMHO aa aneKTpoae B HaH6onee o6meu BH;l\e ,llaHo H.nony6apHHOBiliM 51 • 

0HO cnpaBe,llnKBO B HD6of,l 06naCTH 3HeprKH, B nD60tl CJIICTeMe KOOp;llliiHaT lll ;l\HH HellTpliiHO C Maccof,l, OTnK"Il­

H0£1 OT fiYHH. 

nocne;l\Hee 06CTOHTeni>CTBO MOll!eT 6b1Tl> cymecTBeHHO AHfl MDOHHOrO HetlTpliiHO, BepXHK£1 npe~en 3KCnepMMeH­

Tani>HOrO aaaqeHHH waccu KOToporo noKa eme BbiCOK ) { rv IMaB) 

G- 2 Mvc Y 
f_ 

/f. .t /J f .t..)i..~ f. J :l.IJrlv +-lilt) 1/t'>'-"'t.. 1- flf< +JH" {122) 
t- M9... + M" ML . 

S' 
Y+t.~v'+t' lt:Jr~Y Ee E.v (>o 

x B acneKTe aellTpMHHOil KoauenUHH cna6Nx BaaRMO,llellcTBRil pemanmee aaa"lleHMe HMeno 6bl 

ycTaHoBneHHe cna6oro B3aHMO,llellcTBHH THna ( n P) ( n p ) HnH ( n p) ( A p) • aapym~mee coxpaaeaHe 

"ll6THOCTH. 

~ 
v 

3.lleCI> Mi 

?v ~e. P.v 
I } I 

BaDilllfXCH "llE 

B o6ns 

(92) (97) c 

B o6na 

Ta!Oite Clllnl>H 

B OTnK 

npe;l\ena: n,~: 

OT aaeprHH 

O"lleHI> Manb!JI 

llOTOKOB 3H8 

~MeH B Bltt;l\Y 

EcnH K 

Oe"!leHHe OKa 

HesaBH 

Bos6yx 

KOH6"!lHble H 

OnHObiBaeTCH 



lld8H­

' ) . 

paaHo­

IBB.HMo-

rpemeHo 

) { y f ) 

:ceM:saHct. 

IOllteT 

cnoco6-

:HO- aHTM-

:ymecT­

icy•.ZJ;e-

• K ll!ll3-

JI:LKO 

K Towy, 

npo6Jie-

nepMweH-

?5 

(123) 

(124) 

?v, ~t. 
1 

Pv 
1 

fe - 5HeprHH H HMnyJI:LChl cTaJIKH:BaiO!IlHXCll t~aCTHU, /o - OTHOCHTeJit.Hall CKOpOCT:L cTaJIKH­

:saD~XCll ti8CTHU 1 ~eJieHH8ll H8 CKOpOCT:L C:BeTa. 

B o6nacTH npe.ZJ;eJit.Ho 6oJit.mHx saeprH~ ceqeHHH ~eKTa npHHHwaDT 

{92) (97) C KOHKP6THhiK 3Hat~eHH61A K03~HUH6HTa, ~a:sae!AhiM (125): 
2. 

c- G. 2 Pv 
ov+<->V+c.. = "~--'1 m<- rn c. 

jl'l-\ ( 

~c..>> ltlt c 2. 

(125) 

B 06JI8CTH npe.ZJ;eJI:LHO MaJihiX 3HeprH~ He~TpHHO, B CJiyqae my =0 :Bhlpallt6HHR AXR CeqeHHR (123) 

TaKKe CHJ!bHO ynpOII\aDTCll 

f_ C,.. 'l. f.. P..2. -Y!>~f>v )~ 
6 -- m(._v_t. ~ J .10 ... c 

v+e. .... v+l.- JTA-.. Y (ht<c) '"t 
(126) 

B OTJ!HqHe OT 3~6KTa pacceHHHll ~TOHa Ha 3JI6KTpoHe 3~6C:L H6'1' cneUH~HqecKOrO TOIACOHCKOrO 

npe~eJia: npH fv40 ceqeHHe (126) CTpeMHTCll K HYJID, a He K KOHCT8HTe. KBa.ZJ;paTHqHaR 3aBHCHMOCTb 
OT SHeprHH He~TpHHO -(~ct/" ~eJiaeT HeOn~a:s~aHHOL! nonhiTKY HCK8T:L ~SKT B 06JiaCTH HSL!TpHHO 

oqeHb M8JlhiX 3HeprHL! ~allte ( K8K STO 6y~eT BH~HO HB ~aJI:LHe£\mero) npH YCJIOBHM peaJIH38UHM Hei!TpHHHhiX 

OOTOKOB aHaqHTeJibHOL! MOTHOCTH. HecKOJibKO HHaR CHTYaUHH coa~aeTcR npH wacce Hei!TpHHO, OTJ!HqHOL! OT HYJIR. 

0 = 5( C. 2.rwi mv p.., 
. v+<.-.V+t Jr~ 'f />o flle +ltlv (mt+III,)C. J P-y ..( trle C. (12?) 

~M6ll B BH~, qTO r = l%_ ~ 
o c:-mvt... 

, ceqeHHe (127) CT8HOBHTCll KOHCT8HTOL! 

~+C.--o'i+C. = j_ G-'i.m; mJ 
P-t.( m< c. 

.;rt,'l • (h1t +-l'llv )2. (128) 

EcJIH MDOHHOe Hei!TpHHO 06Jia~aeT M8CCOL! fn~?l'ffL H COOC06HO paCC6HB8TbCH Ha 3JI6KTpOHe (?), TO 

ceqeHH6 OKaBhiBaeTCll paBHhiM 

(129) 

HeBaBHCHMO OT 3HeprHH HSL!TpHHO B 06JiaCTH 

BaaHwone~cTBHe He~TpHHO c aTOMOM 

Bos6p:.ZJ;eHHe BO~opo~ono~o6Horo aTOKa He£\TpHHO c SHeprHeL! E v >> I cf- c i I ' r~e ! H L -

KOHeqHhle H HaqaJI:LHhle cocTmaHHR aJieKTpoHa B aTowe ~a A( H L- nepexo~oB corJiacHo. A.Kowapy 

OnHChiBaeTCH C6ti6HH8M 



fb 

6 = 1. 10-% {-Ev )' 
"l_V M(. 

(I30) 

PaccenHHe He~TPHHO Ha aToKe c nepexo,ZJ;OI4 sJieKTpoHa :a Henpepb!:aHoi.J. cneKTP ( .liJ!fl He6oiJ:&WHX 3HeprHi1 

Hei1TpHHO) ,ZJ;aeTcH no A.KoMapy Db!pa~eHHeu 

0 
= 5: 10-'H (E,-£JlfEv)~(1- 3Ej -t 3 c/) 

~v n?t. 7 (mt. lfE-1 8EJ" (I3I) 

E,.,":J- ~i -sHeprHH HOHH3a!U1H. B STOll cJiyqae HunyJI:oc sneKTPOHa f4.. << :Z-1. lne • Ce'leHHe (I30) HanH­

caHo .l!.J!R nepexo,ZJ;o:a c K-o6oJIO'IeK. llpM Ev = 2 Ej , .:C = L 

-Sll !. 
0-::::::. 3, 5'.10 CoM (I32) 

ilpH 60JI:&IUHX 3HeprHHX Hei1TpHHO COOTBeTCTBY~~ee Ce'leHHe CTpeMHTCfl eCT6CTDeHHO K Bb!paSeHH~ (I25). 

TaHHK o6pa30K, Ce'leHHe B3aHKO,ZJ;ei1CTBHfl Hei1TpMHO C aT0140Y B 06JiaCTH 14SJIYX 3HeprH~ KaTaCTPOWH'IeCKH 

yweH:&WaeTCH. CTpyKTypa npKBe,ZJ;eHRHX ~OpKyJI TaKOBa, 'ITO B ,ZJ;06a:aJieHHe K Tell HenpHHTHOCTHM, KOTOpHe 

HCCeT MaJIOCTb KOHCTaHT CJia6oro B38HMO,ZJ;ei1CTBHH, llOHBJ!HDTCH BHCOKHe CTeneHH ( ~~~(. ), KOTOpYe pe3KO 

Y146HblllaiOT Ce'leHHH npH MaJIHX 3HeprKHX ( E' y L.< I'YI e. ) H .ztaJte i3: B BHCOKOII CTeneHK YXOMT B 

auaMeHaTeJib ••• 

MOZHO HanOMHKT:&, 'ITO Ce'leHHe HOHH38J.U1H aTOKa ~OTOHOK ( ~OTO 3~6KT) CO.zteplltHT SHeprH~ ~OTOHa B 

Bb!COKOi1 CTeneHH HKeHHO B 3HaKeHaTeJie. 

cp = cfo ~~ v4/i {!;_~/: 

K B 'IHCJIKTeJie l B fiHTOi1 CTeneHHo 

KaxeTCH, 'ITO npHpO.zta peBHHBO 06eperaeT Tai.J.Hy CJia6HX B38HMO,lle~CTBHi1o Bonee TOro, B TeX CJIY'I8HX, 

KOr,ZJ;a Ce'leHHe npH HHMaeT 6JiaronpHHTHY~ CTPYKTypy, Bb!COK8H CTeneHb ~ noRBJIH6TCH B 'IHCJIKTeJie, KOr,ZJ;a 

B03MOlltHO H C03.118HH6 cne!U1aJI:&HWX yCJIOBH~ Ha MHOrO nopH,ll;KOB fiOBHIUaiO~ee C'leT C06HTHi1- C06HTKH, OK83b!B86TCH, 

HOCHT TaKO~ xapaKTep, 'ITO OHH B cy~OCTH llOKa He perHCTpHpyeMHo HueeTCH B BH.liY Bb!CBeQMB8HHe napoU y}l 
pe30HaHCHO B036yE,ZJ;eHHOrO 8TOM8. 

Ce'leHHe (A.Kouap) 3.1160:& Bb!paxaeTCH B BH,ZJ;e: 

( 

- S"~ y !. 
6' £a-) = 'l. .10 2 CoM (I33) 

~pMyJia BHBe.zteHa npH npe.llnOJIOJCeHHH ~ ..Z < 1 .liJIH nepexo.zto:a 1. s .... ~f • 3,ZJ;ec:& ce'leHKe pacTeT c poe TOM ~ , 

KOJIM'IeCTBO B036y~eHHb!X aTOMOB D yCJIOBHHX Jiasapo:a KOJIOCCaJI:&HO. qHCJIO C06HTKi1 B 6.lii!HHuY BpeMeHH no 

cpa:aHeHH~ c .11pyr11MH Hei.J.TpKHHHMH s~eKTaMH :aoapacTaeT Ha .ztecaTKH nopH.ztKOB. Ho KaK .zteTeKTHpo:aaT:& 

M3JIY'IeHHe 8TOMOI4 Hei.J.TpHHO aHTHHe~TpHHHO~ napH? 

ECJIH 6b!JIO 6b! B03140EHO o6paTHTb ~PeKT: Ha6JIJO,ZJ;aT:& pe30H8HCHOe norJio~eHHe Hei1TpHHO - aHTH­

He~TpHHHUX nap C nOCJie,ZJ;y~~M HCnycKaHHeM ~OTOHa, HO fi0~06HHe CJiyqa~Hb!e KOpeJIHUHH y)/ KaJIOBepOHTHH 

,ZJ;a~e B O'leHb llJIOTHOM Hei.J.TpHHHO- UHTHHe~TpHHHOM fiOTOKe. TaKO~ 3~6KT OKallteTCfl B03NOJCHHK, eCJIH cy~eCTBy-
~ 

eT :a npKpo,ZJ;e CHJI:&Hafi KOppeJIHUHH YV napH npH HcnycKaHHH HX sJieKTPOHON npK TOpNOJCeHHK Ha KYJIOHOBOM 

U6HTpe. KaKHX-JIH60 peaJI:&Hb!X yKa3aHH~ Ha TaKyJO B03MOJCHOCTb HeT, KpoMe 06~X C006pa~eHHU Ha B03MOXHOCTb 

Ha OCHOBe 'leTb!pexwepMHOHHb!X B3aHMO,llei.J.CTBHi.J. llOJiyqaT:& CBH3aHHHe COCTOHHHH B ,ZJ;yXe H,ZJ;e~ ~epMH-HHra. 

Ec 

HyKJIOHC 

,li8T:& H 

Ec 

HJlK Ha 

11146IOTCH 

'18CTHUb! 

npHpO,ZJ;e 

3HaHHH I 

6b! CTpa! 

paType 1 

'ITO noel. 

o6Jia.ztaiOrr 

c rn-1: 0, 

HapyllleHH 

BO,ll;HTb K 

ilpe; 

( ev) ( e 
o6p~eHo 

T. e . Hcny 

wano no c 

pe'lb H,ZJ;eT 

(E <<.< 30 

npHBO,ll;HT 

x) Ecn11 C'! 

noJIH :a uen 

CK838Tb, q 

CO,llepli!HT M 

wacc K HyJI. 

nOJIH , Han; 

:a 'leTHpex~• 

HO OHH ,lla!O~ 

(CKaJiflPHOrC 
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EcJIH B CJiyqae HyKJ!OHOB MO~HO OXH~aTL B03HHKHOBSHHH JT -M630HOB 1 KaK CBH3aHHbiX COCTOHHHlt 

HyKJIOHOB 1 MOEHO OEH~aT:O, ~OnyCTHM, WOTOHOB B CJiyqae e-e+ - B3aHMO~eHCTBHlt, HO TOr~a KOEHO OXH-

~aTL H CHJII>HbiX KOppeJ!fllzy!t\ HJ!H 11 CKaJIHpHOrO CBeTa11 B CJiyqae nap. 

ECJIH yme peq:o 3aiDJia 0 CKaJIHpHOK CBSTe, TO UOXST 6~T:O He JIHmHee nOKaJIOBaTLCH Ha npHpO~ 

HJlH Ha Hame 3HaHHe 0 Hett: B npHpO~e HMeeTCH 6eBMaCCOBaH qacTH~a CO CTIHHOU !, CO CTIHHOM 1/2, 

HMSIOTCH HX aHaJIOrH C uaccaMJoi, OTJIHqHNMH OT Hj:J1H. HO cpe.zut TIOCJIS~HI4X HUSIOTCH H nceB~OCKaJIHpH~e 

qacTH~, KaK aapHllteH~e, TaK H HSHTpaJI:OH~e ~o , -Me30H) • B03HHKa6T BOllpoC, ~et\CTBHTSJI:OHO JlH B 

npHpO~e OTCyTCTByeT nceB~OCKaJIRpHaR HS~TpaJI:OHaR qacTHI.\a C uaccott, paBHOti HYJII0 1 HJ!H npDCTO B HameM 

3HaHJ4H HMeeTCH cep:oea~~ npo6eJI? ~ 3~ec:o B ~Xe H3BeCTHOt\ wpaa~ ~paRa UOlltHO CKasaTL, qTQ 6~JIO 

6~ CTpaHHO, eCJIH npHpO~a He HCllOJIL3yeT 3TY B03MOlltHOCT:O. KCTaTH 1 B nOCJie~He ro~~ llORBHJIOCL B JIHTe­

paType HSCKOJI:OKO C006pa~eHHt\ B TIOJIL3Y cy~eCTBOBaHJ4R 11nCeB~OCKaJIRpHOrO CBeTa 11 9! . He HCKJIIOqeHO, 

qTO nOCJIS~OBaTSJI:OHOe npOBe~eHHe H~eH B03HI4KHOBe HI4H qaCTHI.\ H3 'f - nOJIH C HCXO)UlhiU JiarpaHJ!tHaHOM, 
iol~. . 

06Jia~aiO~U e - HHBapHaHTHOCT:OIO, B03MOlltHO TOJI:OKO TOr~a, KOr~a HapR~ C B03HHKHOBeHHeU qaCTH~ 

C 'm # 0 t HapymaiO~X 3Ty HHBapHaHTHOCT:O t B03HHKaeT 11 TICeB~OCKaJIRpH~t\ CBeT11 , KOUTieHCHpyiOI!IHlt 3TO 

HapymeHHe 91 •92 • SWWeKTHBHaR KOHCTaHTa BaaHwo~eltcTBHR 3Toro cBeTa c Be~ecTBOM woxeT H He npH­

BO.zutTL K aaMeTH~ 3WWeKTaM B KOCMJ.iqeCKOU MaCmTa6e X 

Ilpe~nOJiaraeuoe, COrJiaCHO TeOpHH YH14BepcaJILHOrO B3aHMOneltCTBHH - B3aHUO~eltCTBHe BH~a 

( e V) ( e. V ) MOllteT OKa3aT:OCR Hrpa!OI!IHU cy~eCTBSHHYIO pOJI:O B aCTPOWH3HKe 1 KaK Ha 3TO BnepB~e 6~JIO 

o6p~eHO BHHMaHHe pa6oTaMH B.IIOHTSKOpBO 98 • HeltTpHHHOe ~Opll03HOe JIJ3JiyqeHHe -€-+ -z:~ e+r+V+Y 

T.e. HCTIYCKaHHe 3JISKTpOHOU B HyJIOHOBOM noJie H~pa aapa~a ~ Het\TpHHHO- aHTHHet!TpHHHOlt nap~, 
uano no cpaBHeHHIO c WOTOHH~u TOpM03H~u HanyqeHHeu e.+ t-.. "l + ¥ . EcJIH, BO BCHKOM cJiyqae, 

peq:o »~eT o6 aJieKTpoHax c aHeprHelt aHa~TeJILHO ueH:omett KPHTHqecKott aHeprHH cJia6wc B3aHuo~eltcTBHtt 

(E <~< 300 D3B B CHCTeue ~eHTpa HHep~H). rpy6aR O~eHKa OTHOmeHHlt COOTBeTCTBYIOIIIHX BepOHTHOCTet\ 

np14BO~T K B~pallteHHIO! 

- 1 
cJ.._ (!34) 

X) ECJIH cqHTaTL, qTQ B~qHCJISHHe ~eKTHBHbiX KOHCTaHT IS B3aHM0~6HCTBHH CJIOlltHOrO ~epMH-HHrOBCKOro 
TIOJIH B nenHOU npH6JlHl!teHHH ypaBHeHJ4H BeTe-CaJI:oneTepa HMeeT KaKOH-TO HaBO~HmHlt CMHCJI, TO CJie~yeT 

CKa3aT:O, qTQ 3WWeKTHBHaH KOHCTaHTa B~HCJieHHaH TaKHU o6pa30M B CBOeU llpH6JIHllteHHOM BHpal!tSHJIJH 

CO~epl!tHT uaccy KBaHTOB noJielt v6pa3y!O~X ~aHHYIO qacTH~ TaKHM 06pa30U 1 qTO npJIJ CTpeMJISHJIJI'I 3THX 
....... 

uacc K HYJIIO ( HanpHuep, VV ) CTpeMHTCR K HYJIIO H 3WWSKTHBHaR KOHCTaHTa B3aHMO~eltCTBHH CJ!Ol!tHOrO 

noJia , HanpHuep, G-.lr -:o ~ j(£.c~ ~ -9..)1!9.... , r~e .A - sHaqeHHe npe~eJILHoro Ht.myJILca 

B qeTblpexwepUHOHHbiX B3aHMO~eltCTBJIJHX ) X.-::: ~ • 3TH C006p8.lKeH14R He HMeiOT CHJIY ~OKaaaTeJILCTBa, 
HO OHI4 ~lOT B03UOl!tHOCT:O npO~OJIEaT:O paarOBOp Ha Teuy 0 B03MOl!tHOM cymecTBOBaHHH nceB~OCKaJIHpHOrO 

(CKaJ!ffPHOro) CBeTa C MaJIOti KOHCTaHTOt\ B3aHUO~eltCTBHRo 
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- 6eapaaMepHaH KOHCTaHTa cna6ux B3aHMO~e~CTBM~, jf =1,4.10-49 apr cu3, In 

ITpH TeMnepaTypax 3Be3~, 0 KOTOpHX H~eT pe'lb B aCTPOWlti3HKe, paccMaTpHBaeMH~ napaMeTp o( O'leHb 

wan. Ho 6onbmoe paanH'lMe B npOHMKa~~e~ cnoco6aocTH He~TPHHO no cpaBHeHMID c npoHMKaiD~e~ cnoco6aocTbiD 

WOTOHa MOMeT B lti3BeCTHHX ycnOBBHX nplt!B8CTH K TaKHM CHTya~HM, KOr~a HanyqeHMe 3B83~HO~ 3HeprHH 

BO BHe 6y~eT B cymeCTBeHHO~ 'laCTH onpe~enHTbCH He~TpHHHHM H3nyqeHHeM. 8TH C006pa~eHMH 6URH no~TBepE­

~eHH KOnH'leCTBeHHHMH BH~CneHHRMH B pa6oTe r.M.raa~enbMaHa H B.C.ilHHaeBa 94• HMH nOKaaaao, 'ITO B 

o6nacTH TeunepaTyp K,-~ 30 Ksn npH nnoTHOCTH aBea~ ;> 105 r/cu3 saeprHR, yaocHMaR ae~TpHHO Ha 

3Be3~ ( ;t~ 10 ) MO~eT npeBHlliaTD 3HeprH~, HanyqaeMy!O B BH~e 0 -KBaHTOBo He~Tplt!HHOe 1<!3ny'leHHe 3Be3~ 

o6cy~~anocb H paaee. E~e MH~ro neT Touy aaaa~ rauonuw H lliea6perou 95 . 6una yKaaaHa o~aa noaMOEHOCTb 

~H He~TpHHHOrO H3Ry'leHHR 1 KOTOpaH MO~eT peanH30BaTbCH ~epHHMH peaK~HMH B He~pax 3Be3~ npH BHCOKHX 

nnOTHOCTHX BemecTBa H BHCOKO~ TeunepaType. 

HueHHO B nO~XO~Rmlt!X ycnOBHRX MOEeT npOHCXO~Tb npouecc 3aXBaTa sneKTpOHOB H~paMH C 

nocne~yrom~<~M pacna~ou nocne~HMx. 

11. / !1 - A 
'vr: +e- N2 _1 + t 

A A - ,._ 
N - N?: +e. + v 

l.-1 
(j>) 

Koaeqao, ceqeHHe 3Toro npouecca oqeab uano, ao 3TOT nponecc Tew He ueHee uoEeT HrpaTb cy~ecT­

Beaayro pOnb B 3HepreTM'leCKHX llOTepRX 3Be3~. M 6onee TOro, B H3B8CTHHX ycnOBI<!HX, 3HepreTH'l8CKHe llOTepH 

B W0PM8 He~TpHHHOrO H3Ry'l8HHH 1 conpOBO~aromero paCCMaTpHBaeuue H~epHHe peaKUHH MOEeT TaKEe npeBHmaTb 

~oToHaoe HanyqeHHe. ~OTOHH, HweH uanu~ npo6er B anea~Hou nemecTBe, WaKTH'leCKH H3nJ'laiDTCH nHWb 

BHemHe~ o6onO'lKO~ anea~. O~HaKo, uexaHHaw ae~TPHHHoro Hany'leHHH, yKaaaHHH~ IToHTeKopBo, cymecTBeHHO 

OTnH'laeTCH OT npouecca, paCCMOTpeHHOrO rauOBHM H llieH6eprou TeM, 'ITO npouecc He~TpHHHOrO TOpUOE8HHH 

sneKTpoaa HBnReTcH 6ecnoporonuu npoueccou x • ITpan~a, cne~yeT nowHHTb, 'ITO s~eKT rauona H illeH6epra 

OC HOBaH Ha ycTaHOBneHHOM B3aHMO~e~CTBHH - cymecTBOBaHMe ( t \)) ( It Y ) B3aHMO~etlCTBHH eme "npe~CTOHT 

OTKPHTb 11 o 

He~aBHO B.H.PHTYCOM 96 6un yKa3aH eme O~H BaEHHtl MeXaHM3M ~nH He~TpHHHO~O H3ny'leHHR 
I "' 

aBea~ HMeHHO- woTopo~eHHe ae~TpHHO Ha sneKTpoae: ~+e.- e. + Y+ V • 3TOT npouecc HBnHeTCH 

llpOU8CCOM nepBOrO nOpH~Ka no KOHCTaHTe cna6oro B3aHMO~e~CTBHH H no KOHCTaHTe B3aHMO~e~CTBHH 

sneKTpouarHHTHoro. B pa6oTe 96 BH'lHCnH~CH ceqeHHe ~Topox~eHHH napu HetlTpHHo- aaTHHe~TPHHO Ha 

aneKTpOHe H MOmHOCTb WOTOHe~TpHHHOrO H3Ry'leHHH 3neKTpOHHOrO rasa ( KaK BHpO~~eHHOrO TaK H HeBHpOE­

~eHHOrO) B 3aBHCHMOCTH OT TeMnepaTypH H llnOTHOCTI<Io ITOKa3aHO, 'ITO MOmHOCTb ~OTOHe~TpHHHOrO H3nyq~ 

HHH sneKTpoaaoro rasa npH TeunepaTypax KT 7 40 Kan aa ~a nopH~Ka npenuwaeT MOmHOCTb TOpuoaaoro 

He~TpHaaoro ~<~any'leHHH, B3HTOro npa Tex xe ycnoBHHX. TaKoe peaKoe paanH~e onpe~enHeTcH B qacTHOCTH, 

TeM, 'ITO Ce'leHHe ~OTOpO~eHHH HetlTpHHHHX nap 6onee CHRbHO pacTeT C 3HeprHe~ ~OTOHOB no cpaBH8HHIO 

C pOCTOM TOpM03HOro HetlTpl<!HHOrO H3Ry'l8HHH B 3aBHCHUOCTH OT 3HeprHH TOpMOSHmlt!XCH aneKTpOHOB. CymeCTBeH­

HO, 'ITO 3HepreTH'l8CKHtl CneKTp ~TOHOB C~HHYT B CTOpoHy 60RbWHX 3HeprH~ no cpaBH8HHID CO cneKTpOM 

aneKTpOHOB, B3HTHX npH TO~ Ee TeMnepaType. ABTOpOM ~aeTCH BHpaEeHHe ~H UOmHOCTH ~OTOHetlTpHHHOrO 

HanyqeHHR 3R8KTpOHHOrO rasa B cnyqae OTCYTCTBHR BHpO~eHHH B BH~e: 

X 

Q\1 = 3,32. 10-
8
T

8 L 
J<-e. 

'3 f't (.Q.4£-1 c....-!> 

ITpouecc THna ( r ) 3aBHCHT OT HaJll'l'lHR H~ep C HH3KHU 3HepreTH'l6CiillM noporow. 

(134') 

r~e T- T• 

HOHH30BaJ 

3~ecb 

.llJrR 

B Ta6nHue 

SneKTpOHH 

B nocne~H 

HHH, BH~ 

BupOllti 

HeBHPC 

ou 
BemecTBa B 

'leHHe ~OTO 

~opuy 

H3B8CTHH p. 

HOrO COCTO: 

TewnepaTyp• 

g - noc 

3HatJeH 

aanpHuep, q 

HCTO'lHHKOB 1 



:T:biO 

1epx-

IB63.ll 

ICT:b 

:OKHX 

:T-

IOTepH 

maT I:. 

36HHO 

U1fl 

5epra 

IT 

)lit-

)CTH, 

0 

~CTBeH-

• 

?9 

r.ne T- TeMnepaTypa BemecTBa ( T B KaB), .f' - nnoTHOCT:b nemecTBa. 11pe.nnonaraeTCH .b e;::ecTBO noJIHOCTI:.IO 

HOHH30BaHH~M TaK, qTo fiJIOTHOCT:b 3JI6RTpOHOB CBH3aHa C nJIO THOCT:biO B61116CTBa COOTHOWCHH6M 

( i - Be CO BaH ROHUCHTPB.$1fl 3JI61o16HTa C aTOM~ _HOMepOM 
I 

3JICRTpOIIIIOrO r aaa, B~paJKeHHe (134) fipMHHMaeT BH.ll: 

A. H aapH,llOM ~ . . 
' ' 

(135) 

B Ta6JIHue YI npHBO.llHTCH MOIIIHOCTH woToHe~TPHHHoro HanyqeHHH RaR B~po~eHHOro, TaK H HeBHpox.neHHoro 

SJieKTpOHHOrO raaa B 3aBHCHMOCTH OT TeMnepaTypH .llJlH ~HHO~ nJIOTHOCTH JF= 105 r.CM-a B apr C6K-l CM-3• 

B nOCJ16.llH6M CTOJI6Ue npHBe,neH~ COOTB6TCTByiOIIIH6 3HaqeHHH MOIIIHOOTH ~y TOploi03HOrO He~TPHHHOrO H3J1yqe­

HHH1 BH~cneHH~e no wcpuynaM, .naBae~M B pa6oTe raH.neni>waHa H ilHHaeBa 94 • 

Ta6JIHUa Yl 

T I(~S 
' 

Q, '?, 

f,! 
2,08.10-4 -I 1,4+.!0 

2 I,I7gl03 4,06.10 

# 5 4 2,08.10 4,66.10 

20 8 6 1,06.10 1,20.!0 

30 1,09.10 9 3,05.10 7 

HeB~pox.neHH~ raa 40 1,08.1010 1,10.10 8 

50 6,50.1010 3,05.10 8 

70 9,55.10II 9 1,38.10 
180 1,66.!013 9 6,87.10 

OueHKH woToHeKTpHHHoro H ~oTOHHoro HanyqeHHH B ycnoBHHX 6JIH3KHX K pean»HHY ycnoBHHM cocTOHHHH 

B61116CTBa B HOB~X 3Be3,nax H B 3B63.llax, 3BOJIIOUHOHHpyiOIIIHX B 6eHHe KapJIHKH fiO.llTBepll.llaDT CYIII6CTB6HHOe 3Ha­

qeHHe ~OTOHeKTpHHHOrO M6X8HH3M8 3HepreTHqeCKHX fiOTpep:b B 3HepreTHqeCKOM 6aJiaHCe 3B63.llo 
I 

~OpMyJIH {134) H (135) fi03BOJIHIOT OU6H~ T:b 3HeprHIO YHOCHMYD fiOTOKOM HeKTpHHO H3 3B63~ 1 6CJIH 1 KOHeqHO 

H3B6CTH~ pacnpe,neJieHHfl fiJIOTHOCTH H TeMnepaTyp~ B 38BHCHMOCTH OT pa.nHyCa 3B63~. B CJiyqae H6B~pOlK,ll6H­

HOrO cocTOHHHH aneKTpOHHoro r aaa B 3Bea.ne ~oTOHHaH cBeTHMOCT:b L~ MOlleT 6HT:b CBH3aHa c ee 

TeMnepaTypo~ Tc. H nnoTHOCT:biO .fc. B ueHTpe 3Be3~ cooTHOWeHHeM 98 

L~ = C f-o,s .Pc-2,s g T/ 
g - nocTOHHHaH B ~opuyne Kpauepca .llJIH npo6era ~OTOHa 

f.:::: g.f-2..T3,s-

J<-1= ~ C;(Z:.:+i)A'-

3HaqeHHe fiOCTOHHHOK C: H pacnpe,neJieHHH ~eMHepaTyp~ H nJIOTHOCTH B 3B63,lle MO lKHO no;ryqHT:b, 

HanpHMep, qHCJieHH~M HHTerpHpOBaHHeM ypaBHCHHH paBHOBeCHH, npe,nnoJiaraH KaKyiO-JIH60 MO.ll6Jl:b pacnpe,neJieHHH 

HCTOqHHKOB 1 BH.ll6JlHIDIIIHX 3HeprHIO • 
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~H MO~enM C TOqeqHUM HCTOqHHKOM SHeprMH, KOr~a npe~nonaraeTCH, qTQ BCH SHeprHH 3Be3~ 

BU~eRHeTCH B ee ~eHTpe, KoyRHHrOM 99 Ha~~eH~ pacrrpe~eneHHH TeMnepaTyp~ ~(~) H ITROTHOCTH jP(~) . 
BBH~ 6UCTpOrO H3MeHeHHH TeMrrepaTypu H ITROTHOCTH B 38BHCHMOCTH OT paCCTOHHHH OT ~eHTpa 3Be3~ 

~enecoo6pa3HO ~H ~aRbHe"mHX O~eHOK BBeCTH HX cpe~HHe SHaqeHHH, TaK KaK 3TH cpe~HHe3HaqeHHH 

nyqme xapaKTepH3YDT TeMrrepaTypy H ITROTHOCTb OCHOBHO" MaCCU 3Be3~ 1 He~enH HX 3HaqeH~H B ~eHTpe. 

- 11 T= j1 .fTdv ) 
- -1 f -.f=v- fdv. 

l/lcnORb3YH BUp~eHHfl ,1VIH f(7-)H T ( 'L ), BHqHcneHHUe KOynHHrOM, MO~HO rronyqHTb 96 COOTHOmeHHH 

M6X~ 3HaqeHHHMH nROTHOCTH, B3HTO~ B ~eHTpe 3B63~ H ee cpe~He~ ITROTHOCTbD, a TaK~e BUp83HTb 

BenH~HY 3Toro 3HaqeHHH qepea p~yc ( R.. ) H uaccy ( M ) 3Be3~ 
fc=31.0Ji= 8,8YMR- 3 . (136) 

AHaJIOrHqH~e cooTHomeHHH cyll\eCTBYKl!_H ~H Tc _
23 

-1.. 

Tc. ::= 1,85' T -= ~ 2~ . 10 f MR. . (!37) 
-3 

3,neCI> ITROTHOCTH BUpalteHH B e~HH~ax ~ C_.. 1 a TeMrrepaTypa B K3Bo 

ABTOp, Hcrron»ayH 3HaqeHHH nocTOHHHHX, Ha~.neHHUX KoynHHrou, Haxo~T B~paxeHV!e ~H LK B BH~e: 
L¥ = 1-,22 . 10!>Sr-"'~Pc-f,.g r/ = 1,19.103" r--O,l .. ;-9.,~er 8 . 

lrlHTerpupy!i Q v no 06'beMy 3Be3~ 1 HCITORI>3YH j ( 'Z.. ) H T ( 't ) ~fl TOM lEe MO~enH H COOTHO­

meHHH (137), aBTop rronyqaeT: 

L 
t: 'iS' -1 -~S -o,s 9,s 

v = 1, Y;.;.10 f< f fc ~ = 

= 0,82:~.1021 r~.., (t,s-]5-0,f r 9,5'. 

OTHOmeHHe WOTOHe~TPHHHO~ H woTOHHO" cBeTHuocTe" ~aeTcH Bupa~eHHeM 

L., -11 ..,,s 2h -'f -1,S· 'l../, 
L 'b' =- ~p1 . 10 Tc .fc;'Q,rer = q 69 10 T Pc ;:g fef 

~H aBe a~ c rrapaueTpaMH Tc. z 40 KaB H Pc.""' 5.10y r.cM-3 
' 

L~'Y "' 10 
100 

• 3TH rrapaueTpu, 

BH~MO, xapaKTepHH ~H 3Bea,n, 3BORD~OHHpyD~X B 6enue KapnMKH 

CooTaomeHHe L" /L r npH6RHxaeTCH K e~HH~e rrpu 'f = 3.10 ~ ~ c""'- ?> H T • io KsB 

3TH rrapaMeTpH COOTB6TCTBYKlT cy6KapnHKaM, KOTOp~e HHOr~a BCllHXHB8KlT KaK HOBHe 3Be8~ !OI. B cnyqae 

BHpox,neHHOro COCTOHHHH 3R6KTpDHHOrO raaa 3Bea~, WOTOH6~TpHHH8li CBeTHMOCTI> 3B63~ O~eHHBaeTC!i 

8BTOpoM B~pa•eHHeM: 

L = y 
1

1
2. 9 . 10-1- MT 

9/r! jJ ~ 

~TOHH8H CBeTHMOCTI> B 3TOM cnyqae, cornaCHO illanuaHy 102 , 38nHCHB86TCH B BH~e: 
L¥ = 9.

1
88. 10-3 M('~~~ 

Cne.noBaTMI>HO, 1 Lv 
~=La-

== v, Y 8 .1.0- s T ~s /rc.tt) f 1ft 

(138) 

(139) 

~H 

Ha p1 

Ha p11 

HeBbl~ 

COOT:E 

paBH8 

~H B 

Ha nM 

o6nac 

H3 pH 

qloTOH 

60RI>IB 

rrpH p 

ITROTH 

cnyqa 

HaH60. 

3B63,W 

06lli,KX 

npo~e~ 

Ilpo~e' 

cna6bC 

e-+e 
H3nyqE 

MeHTaJ 

npe~c~ 

no~o6• 

~ 
x} B I 

He MOll 



_p('L). 

lHHH 

36) 

37) 

· B BH;zte: 

COO THO-

B cnyqae 

l6TCH 

~138) 

(139) 
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J\JIH j = 10~ZC .... ~ li! T"" 20 KaB 3TO COOTHOIU e HH e CTaHOBli!TCH llOpfl;!\Ka 8,l\li!Hli!Ubl• 

Ha pl'lc.26 li!JIJIJOCTpli!pyeTCH rpaclJHtiecKaH saBl1Cli!MOCTb BeJili!1.! li!Hbl p' OT TeMne paTypbl li! nJioTHOCTli! 

103. 

tO 

I ___.__ 
10 tol 

Plilc.26 

Ha pl'!c .26 JIHHli!el.t T F pas;neJIHKlTCH o6nacTli! BblpOlltAeHuoro rasa ( m1l!te JIHHli!li! T f ) oT o6JiacTe v1 

HeBblpox;neHnoro rasa ( Bblme T f ). ]li!Hl'lli! T ~ KaK B Bblpox;neHHo~. TaK li! B neBbipollt;neuuo~ o6JiacTHX 

COOTBeTCTBYKlT TeM cpe;nHHM TeMnepaTypaM li! nJIOTHOC'rf!M, ;z(Jlli KOTOpbiX \(JOTOHe~Tpli!HHali CBeTl'IIAOCTb 

pa:sua WOTOHHOI.t cBeTli!MOCTli! .]l'!Hl1li! T T ua a TOM pli!CYHKe cooTBe TCTBYJOT TeMnepaTypaM li! nJIOTHOCTHM, 

Nil! KOTOpbiX TOpMOSHali HeiiTpli!HHali CB6Tli!MOCTb paBHa fPOT OHH0£1 CBeTli!MOCTli! • CTpe11Kl'l, llOCTaBJie HHble 
.,- k.v ~ oTI> L v ll>fM 

ua JIHHli!liX '4> li! TT , yKaSbiBaKJT uanpaBJieHli!li poeT a OTHomenHI.t \.... Y 11 \.... r- , T. e . 

OOJiaCTli! TeMnepaTyp li! nJIOTHOCTeJ.!, B KOTOpbiX 3TH OTHOlll8Hli!li OOJ!bllle e,l\li!Hlil~. KaK 3TO MOlltHO YCMOTpeTb 

1'13 pl'IC.26, OOJiaCTb TeMnepaTyp li! IIJIOTHOCTe~ SBes,n;, ,ll;J!H IWTOpb!X cpo TOHetiTpli!HHali CB8Tl1MOCTb npeBbiWaeT 

ilK>TOHHYil l'IJIH paBHa el.t, cyll\eCTB6HHO 00Jlblll6 06JiaCTli!, B KOTOpOIJ. TOp1A03Hali HeL1Tp.11HHali CB6Tl'IMOCTb 

60JI:&llle tf}OTOHHOI!. 

Blil;nl'IM0 1 Hali!OOJI:&lllli!H li!HTepec paccMaTpli!BaeMbl£1 MexaHli!3M He~Tpli!HHOrO li!3JIY1.!6Hli!li npe;ncTaBJili6T 

llpli! paCCMOTpeHl'lli! 3HepreTli!1.!6CKOrO 6aJiaHCa HO BbiX SBes,n;. WM, II0Bl'l,l\li!MOMY 1 COOTBeTCTBYKlT 3H81.!8Hli!li 

ITJIOTHOCTel!, 6Jili!3Kl'IX K j',.... 5.102 r.cM-3 li! TeMnepaTyp T ,...., 10 Ks:s. O~eHKI'I noKas b!BaKJT, 1.!To B 

CJiyqae BCIIblllleK CBepXHOBbiX 3B63)( 1 XOTli HeL1Tpli!HHOe li!3JIY1.!6Hli!e no a6COJIJOTHOJ.1. B6Jlli!1.!li!He .11 ,ll;OCTli!raeT 

!IB.H60JILlllli!X 3Ha1.!eiD'!l! HeJ.!Tpl'IHHbiX CBeTli!MOCT6H 1 O,ZJ;HaKO, B. OOilleM 6aJiaHCe 3Hepre Tli!1.! 8CKI'IX IIOT ep:b 

8B83;z(Y 1 IIOTepli! B KaHaJie Hel!Tpli!HHOrO li!3JIY1.!6Hli!li 1 Bli!,n;li!M0 1 ,ll;OCTli!raeT Jlli!lllb ,ll;OJ!li! npo~eHTa 0! 

06~X 3HepreTli!1.!6CH!r1X IIOTep:&, 

npo~ecc 103 
MCT01.!Hli!KOM HetiTpl'IHHO- aHTli!HeiiTpli!HHbiX nap MOllteT liBli!T:&Cli X li! 

ilpo~ecc 't + ~ -- Y + V OKa3biB86TCli aanpemeHHbiM B llpli!HHTOM B HaCTOlil!l66 B!J6Mli ( V-A) Bapli! aHTe 

cJia6biX ( .e.v ) ( e. v 
e-+e+- V+Y. 

) B3ali!MO,ZJ;etiCTBli!liX 104 • ilpli! 01.!eHb Bb!COKI'IX TeMIIepaTYpax cymeCTBeHeH npo~eCC 103 

CJie,n;yeT eme pas HanoMRli!T:b, 1.!TO paccMoTpeHHble npo~eccbl noTep:b ua ueiiTpl'I HHoe 

113JIY1.!eHHe npe;nnoJiaraeT cymecT:so:saHl'le BSali!Mo,n;eiiicTBli!li ( e V) ( e v ) . iloKa HeT Hli! o.n;Horo aKcnepl'! -

M6HTaJ!bHOrO cpaKTa, CBli!,ll;6T6JlbCTBYJOill6rO B nOJI:b3Y cymeCTBOBaHli!li TaKOrO B3ali!MO,ZJ;etiCTBli!fl , il03TOMY 

npe;z(CTaBJilieTCli Kpal!He BHXHbiM 06Cyllt;neHHe pa3Jili!1.!HbiX B03MOlltHOCTe L1 3KCnepli!M6HTaJibHOrO 06HapyllteHli!li 

IIO;z(OOHOrO B3ali!MO;zteJ.!CTBli!li 1 a B ,n;aJI:bH6£illleM li! npe,n;IIpli!Hli!MaTb KOHKpeTHble 3KCIIepli!M6HTaJibHble li!CCJie-

I!OBa.Hli!li, 
x) B pa6oTe los 

I 

.n;aHbl Cli!JlbHO 3aBbllll6Hilbl6 OIJ,eHKli! aqxjieKTa CM. 103 • CorJiacHo 103 

He UOllteT li!rpaTb cymeCTBeHHOI! pOJ!li! B He~Tpli!HHOM li!SJIY1.!6Hli!li! 3B6S,ZJ;, 

I 

STO'l.' rrpou. ecc 
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§ 12. EcTecTBeHHble uel.jTpHHHh!e noTOIGI 

I. He6ecHble Tena KaK acToqHHKl'! He~TPHHuoro aanyqeHHR. 

C o n H u e 

illHpoKo pacnpocTpaueuo MHeHHe, qTo auepreTaqeciGI~ 6anauc aBea~ Tana Conuua no~epEHBaeTcR R~ep­

HbiMH peaKUHRMH, npoTeKWDmHMH B rnyeiauax Heeiecuoro Tena. XoTR ranoTeaa BblrnR~T oqeu» npaB~ono~o6uo~­

Bce Ee cy~ecTBOBaHHe no~o6HbiX npoueccoB Ha ConHne noxa He no~TBep~eHo SKcnepHueuTou H B npau~ne 

3~6Ch B03MOEHY CDpnpKSY C ~aneKO H~mHMH nocne~CTBHHMH. B HQCTOR~ee BpeMH CTSHOBHTCH peaJI»HO~ 

sa~aqe~ sxcnepHueHTan»HaR nonbiTKa, a~ec» Ha 3eune npoBepHT» STY rHnoTeay H B npHHUHne AaEe THn 

BOSMOKHYX R~epHHX peaKUH~. PaanxqHble TepMOR~epHble peaKUHH, npe~OE8HHble MHOrHMH aBTOpaMH, KaK 

BOSMOEHY6 HCTOqHHKl'! BHyTpHSBes~HO~ 3HeprHH 3B63~ THna ConHua, o6naAaDT OqeH» CBOeo6pa3HO~ OC06eH­

HOCTDD - OHH BC6 conpOBOE~SDTCR H6~TpHHHbiM, a He SHTHHe~TpHHHYM HSnyqeHH6Mo 3TO OCiCTORTen»CTBO He-

H866KHO BYT6K86T HS TOrv ~SKTS, qTO 06paSOB8HH6 TRE6XbiX aneMeHTOB HApa, KOTOpbiX CO~epEaT He~TpOHY, 

H8 BO~Opo~a BOSMOEHO nHm» C HCllYCKaHHeM He~TPHHO: TaKHM . CBO~CTBOM 06na~aDT TaK H83biB86MbiU ( -A/ 
UHKn, npeAnOE6HHbl~ BeTe 105 

c"2-r P 
c'3+ P 
ft/1Y+ p 
N~f+ p 

~.. 1 -13 c13 + ., 
IV -- +e. + Y 

N1Y 

o-~~- Nt>+e+ + v 
-12 " c.. + He. I 

CHHTea H-n o6cyz~aeMHU CanDneTepou 106 

P+P-..D+e++-V 

D+ p -- lte
3 

/-lel+H.e 3 - HeY+P+P 

0qeHi HHTepeCHbl6 BOSMOKHOCTH, YK838HHbl6 ~aynepou 10? 

HaKOueu, peaKUHH 

P+ P -- :D +- e+- + Y 
D+P- He3 7-

l·d+Hev- Be1 - Li. -.e. +-V 

L~ +P-- 8e.&-- 2.Htv 

P+P- D+ e.+-+ y 
3 

D+P - He. 
Ht?.+ He. v-- Be.T-

n r a 8 + oe. + p ~ B - Be + e. + V 

Be. 
8 
-- 2. 1-le. v 

(e-N) 

(H-J>) 

(H- 8~) 

(H- B) 

H.Tyren H P.A.~ove COOCimHnH 3KcnepHM6HTan»Hb18 ~SHHYe 0 BOSMOEHOM c~eCTBOBSHHH HeCT86HnbHOrO 

HSOTona L~ co Bpeueueu llHSHH 0,4 cex. B aaueTKe Reeves 'a 109 o6pall{eHo BHHMaHHe Hl:i .11aEHOCTb aToU 

peaKUHH AXH ;..uepreTaqeCKOrO 6anaHCa SBeS~, H60 B pacnaAe /.} (e.++ V) J/e. y BY~6JIRJI8Cb 6Y SHeprHR 

~ 20 MaB. BH~MO, IIOCJie~HRH peaKUHR, ecnH ORa Cyll{eCTByeT x), ~aeT He~TPHHO HaH60n»mHX SHeprHl HS 

BCeX HSBeCTHbiX R~epHbiX peaKUHlo HHEe ~aeTCH Ta6nHua HelTpHHHOl aKTHBHOCTH Conuna (Ta6n.Yil), 

COCTaBneHHSR B.A.Kya»MMHbiM. B TpeT»e£i KOnOHKe TaeinHI.\bl ll j)HB6A8Hbl UaKCHUSJibHble SHeprHH H6lTpHHO ~R 

paccuaTpnBaeMYx peaKUHl. MaKcauan»Hble aHaqeHHR auepraU, npeAnonaraeMbiX conuequyx ueUTpHH nexaT 
IMa)( 

B auepreTHqecKHX rpaHHuax O, Y'i.. "'~6 ~ E.,. < ~ ¥3 ~H& • ~ Ton»KO B cnyqae UHKna H-B BOSHHKaiOT ........ 
ueUTpHHO c aueprHel E v ""' I4, I MaB. 
X~~~~~OC» 6Y Qq~H» yneJIHqHT» CTeneH» ~OCTOB CpHOCTH ~TOU peaKUHHo C TeOpeTHqeCKOU TOqKH apeHHR cyll{eCT-
BOB8HH6 (01Yutt.11...• K83aJIOCb 61i 611!8 »eHee BepORTHO, qeu cymeCTBOBai!He HanpHMep H y ( KyJIOHOBCKOe 
OTTSJIKHBSHHe). 
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Ann perHcTpaUHH conHeqH~X He~TpHH Heodxo~M~ ~eTeKTop~ c oqeHb HH3KHW 3HepreTHqecKHM noporou. 

B a To~ CBH3H od~qHO odcyllt~aeTCH peaKUHH, npe~oJKeHHaH E.lloHTeKOpBo Il2: V + CQ.!>f.- fir- n+ .J> 

llopor peaKUHH E0=0,81 M3B, K coaaneHHD 1 ~allte 3Ta peaUHH C ee OTHOCHTenbHO HH3KHU 3HepreTHqecKHU 

noporou OKa 3~BaeTCH 6ecnone3HO~ ~nH perHCTpaUHH H6~TpHHO OT UHKnOB H1) H H-Be. 

KyabMHH~u yKaaaaa ~eTeKTHPYD!IlaH peaKUHH c e!Ile 6onee HHBKIH& noporou (E0=0,24 MaB) Ga.
11

- e-l.t 
Ho H3BeCTHO, HaCKOnbKO "TeXHHqaa" 3'J.:a peaKUHH, aacKOnbKO peanbHO ee HcnonbaOBaHHe npH npoBe~eHHH 

aKcnepHueHTa c qy~OBH!IlHO 6onbUJHW'I ~eTeKTHPYD!IlHW'I uacca~ru ( ""1000 TOHH). B Ta6nHue YII ~aH~ oueHKH 

cpe~HHx ceqeHH~ B o6nacTHX npHweHHYOCTH ~eTeKTHPYD!IlHX peaKua~. Cpe~HHe ceqeHHH ( ~ ) He"TPHHO OT 

COOTBeTCTBYD!IlHX UHKnOB noqTH Bee 6nH3KH K ~ 10-46 C~. Pe~KOe HCKnDqeHHe COCTaBnHeT UHKn H-B 

][ 

( N 4,8"10-44 CM 2 ) 1 HO aaTO B nocne~H8U cnyqae OEH~aeM~K nOTOK He~TpHHO X OUeHHBaeTCH BCnHqHHQ~ 

Ha TPH nopn~Ka ueHbUJe~. OueHKH BoauolltH~ ae~TPHH~ noTOKOB OT aBea~ co~ep~T HaBecT~~ npoHeBon. Ho, 

BH~uo, no nopn~KY BenHq»H~ OHH ~ocTaToqHo aa~e~~. He~TPHHHaH aKTHBHOCTb Conaua no paanHqHHu oueHKau 

MOlKeT ~OCTHraTb Ha noBepXHOCTH 3eunH 3HaqeHH~ IIO Io10 - ro11 He~TPHHO Ha cu-2 ceK-l • 

B cTaTbe 3enb~OBaqa, ~YKbHHOBa H Cuopo~HcKoro 114 noTOKH conHeq~ He~TPHHO Ha noBepxHOCTH 

3eunH co cpe~He~ 3Heprae~ 2.10-6 apr oueHHBaDTCH qac~ou 5.Io10 qacTHU Ha cu2 B ceKYH~. qacno 

He~TpHHo, acnycKae~ Conaueu aa ceKYH~ B padoTe 112 ~aeTca, aanpauep, UH~po~ 1038 qacTHU. OueHKH 

He~TpHHHOrO HanyqeHHH ConHU8 nonyq3DTCH Ha OCHOBe cne~yD!IlHX C006palKeHH~. Ilpe~nonaraeTCH, qTQ TepMO­

H~ep~e peaKUHH cy!IleCTBeHHHY odpaaou perynnpyDT aHepreTHqecKH~ 6anaHC ConHua. Bee npe~nollteH~e peaK­

UHH TaKOrO po~a (Ta6nHUa YIT) CBO~HTCH B KOHUe KOHUOB K 3HeprOB~~eneHHD npH npeodpaaOBaHHH qeT~pex 

npoTOHOB B He4 + 2e +2v • 3HeprHH, B~~enneuan B STO~ peaKUHH (27,7 MaB) pacnpe~enneTcH paanHqH~u 
o6paaou uellt~ qacTHUauH 1 yqaCTBYD!IlHMH B ~aHHO~ peaKUHH H ~BYMH He~TpHHaMH. IlOnHaH 3HeprHH, TepHeMaH 

ConHueM aa aanyqeHHe, ~enHTCH Ha aaeprav, oc:eo6om~eHHYIO B peaKUHH .4p- He4 • TaKHM o6paaou, rpy6o 

OUeHHBaeTCH qHCnO ~ep renHH, B03HHKaD!IlHX B CeKyH~, y~oeHHOe qHcno KOTOp~X H ~aeT HCKOMOe 

qHCno He~TPHHO ( AI ). Eonee ~eTanbHaH xapaKTepHCTHKa He"TpHHO ~on~Ha BKnmqaTb oueHKH ~onn qHcna 

He~TpHHO, odnaaH~X TOYY HnH HHOyY UHKnY XX ( s~ - B TadnKue YIT). He~TPHHHaH aKTHBHOCTb ConHua 

Ha no:eepXHOCTH 3ellnH ~aeTCH B~paxeHHeM n -::: N ftmR'l. C..J4-2.Uil-i. r~e R._ - paccTOHHHe OT 3eunH ~0 

Conaua. 

Seunn 
111 

no oueHKail G.Marx H N.Menyhard , aHTHHehpHHHaH aKTHBHOCTb SeMnH onpe~enneTCH pa~aoaKTHBH~W'I 
,tu .t t~t u~~S' 

aneMeHTaJrn: ~ 1 T"h 1 HX npo~KTaW'I pacna,l.\a, HaxO~HlllHMHCR c HHMH B paBHOBeCHH 111 TaKHMH ~onro-
" vo o n L ~'a L 1'H lmBY!IlHW'I pa~OaKTHB~MH H30TOII8MH t . KaK f\Cl. t K ~ t Cl. 1 lA.. • 06pa!IlaeT Ha Ce6R BHHMaHHe 

TO 06CTOHT6nbCTBO, qTO BO BCeX IIepeqacneHH~ cnyqaRX HcnycKaiOTCH aHTHHe~TpHH0 1 a He HeMTpHH0 9 KaK 3TO 

HueeT uecTo npH odpaao:eaHHH donee THXen~ aneueHTOB B :eoaMoa~ npoueccax BHYTPH a:eea~ THna ConHua. 

8TO paanHqae CBRSaHO C Teu, qTO BO BCeX peaKUHHX CHHTeaa U~eT 06pa30BaHHe He~TpOHOB, a B pa~OaKTHB­

H~ pacna~ax, IIepeqHCJieHH~X ~ille 1 pacna~aiOTCH HMeHHO He~TpOH~, HanyqaR e~ - BMeCTe C aHTHHe~TpHHO 

( n-- p + ~-+ y ).ABTopaMH III oueHHBaeTCH aHTHHeltTpHHHaR aKTHBHOCTb w no:eepX!!OCTHOro cnoR 

3eunH qHCnOU 1,7.106 qaCTHU B CeKyH~ Ha TOHHY Be!IleCTBa, 3TO qacno cnaraeTCH H3 aKTHBHOCTe~, npH­

BeAeH~X :e Ta6nnue Yill. 
XJHeRCHO, H8CKOnbKO Ha,l.\elKH~ 3KCTpanonHUHH Ha oqeHb ua~e 3HeprHH ceqeHH~ THna Be7Tp-- B8• 

XX~HeprHR, YHOCHUaR He~TpHH0 9 He BHOCHT BKnaAa B CBBTOBYIO aKTHBHOCTb ConHua. 
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:s: 

TaGJm.llill!L 

UHKn Pacna~ E,..."= M3B llOTOK He~TpHHO OT .l{eTeKTOp ~CS', ceK -1 
y ConHua (B cK06Kax - 6" 

perHCTpHpyeMbl~, F' ) --
H-.U 

P+P, ~+ 
0,42 6,5.1010 s~~l> c;. 11 c. '71 

7,26.10-46 cv2 3,I!J..10-35 CeK-{ S'lfH (4,3.1010 0H'P) o..- t.. 

Be7,K 
0,86 (88%) 

{ -45} H-Be 0,8 3,3.ro10 
bt-~6~ 

'fo1 11 5,0.10 -45 -34 

0,38 (12%) G-o. - G-~t. -45 4,5.10 1,5.10 b~&~ 
1,0.10 

CR.n _ /'t.t.H I ,14.10-46 c.,l 3,3.10-36 f 14&~ 

H-B y,"~', ~+ 14,1 107 x) CR.H- A,_H 4,8.10-44 c.,l 4,8.10-37 

{ 1'1'~ r 1,185 3 4.1o10 b'c..v 
' 10 c_el'J- A,_n 2,3.10-46 cil C-N (1,33.10 6,,.,.) 

10 -35 
t- d~ ~+ 1,'f3 

3 ,4.10 ficN 
-46 .,;. 

1,8.10 6o1 
0 

(2,36.1010 &'c~o~) 6,0.10 c 

P+P+e-..-d+v 10 
cen~ A.C'f. 2,7.10-46 c.,;. -37 li 1,43 7,2.10 s-f.f 5,8.10 2p 

x) 
OueHKa ~aynepa ( w.Fowler ). 

F - perHcTpHpyewu~ noToK. 

s~ - ~onn 3HeprHH B~~enHevo~ 1-TUY UKKnOV OT nonHoro 3HeproB~~eneHHH ConHua. 
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Ta6JIHga YIJJ 

AHTMHe~TPHHHaH aKTHBHOCTb flOBepXHOCTHOrO CJIOH 3eMJIM 

~30TOfl BpeMH MaKc»MaJibHaH 3HeprHH KoHueHTparUHI AKTHBHOCTb 
noJJYpa)na;na (MaB) rp/TOHHY Y jcaK TOHHY 

(ceK 

u2J a I,4I.Ioi6 ol - H3JIYtleHHe 3,97 

Th2J4 6 O,I9 
4 

2,08.10 5,0.IO 

Pa2J4 I 2,32 
4 

6, 96.10 paBHOBeCHaH 4,9.IO 

Pb214 3 0,65 _u_ 4 
1,6I.10 4,5.I04 

Bi214 
3 2,03 -"- 4,5.IO 

I,18.10 

Tl210 
I I,95 -"- 10-I8 

7,92.IO 
8 

-4 
Pb210 6,93.10 0,02 -"- 4,5.IO 

5 -"-
-4 

Bi210 4,32.IO 1,17 4,5.IO 

Tl2o6 2 I,65 -"- 0,05 
2,54.10 

! 
Th2J2 

I7 al -H3JIYtleHHe II,28 
4,38.IO 4 

8 
Ra228 2,II.IO 0,05 paBHOBeCHafl 7,4.IO 

Ac2 28 
4 

4 
2,2I.IO I,55 -"- 7,4.IO 

Pb212 
4 -"-

4 
3,82.IO 0,59 7,0.IO 

4 
Bi212 3,63.I03 2,5 

_ .. _ 6,9.IO 
4 

Tl2o8 2 
I,86.IO I,79 -"- 2,3.IO 

u2J5 2,24.10I6 d.. -H3JIYll:eHHe 0,03 

4 
4 

Th2Jl 9,18.IO 0,20 paBHOBeCHafl 3,7.IO 

Ac227 
8 4 

6,84.IO 0,04 
_ .. _ 3,7.IO 

Fr22J 
3 I,2 _n_ 

-I 
1,26.IO 

4,4.IO 

Pb211 
3 I,2I -"-

I 
2,I7.IO 

3 ,4.IO 
2 

I 
Tl2o7 2,86.IO I,47 

_ .. _ 
3,3.IO 

4,I.IOI6 I,33 3,08 
5 

K40 
7,8. IO 

Rb87 I,57.IOI8 0,27 94,48 
5 

3,0.I01 

La138 18 0,2I 0,02 
3,15.10 

2,0.IO 
I 

Lul76 7,6.IO I7 0,43 0,02 6,0.IO 
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Pa.nHOaRTHBHOCTI> BHyTpeHHHX cnoeB 3eMJIH HeHaBeCTHa. ~3 npe,nnonoxeHHH, 'ITO Ta6JIHUa Yill npaBHJII>HO 

oTo6paMaeT pacnpe.neneHHH pa~oaRTHBHblX aneMeHTOB B noBepxHOCTHOM cnoe 3eMJIH rny6HHOH IS KHJIOMeTpoB, 

npHuepHO M=2.1019 TOHH, aBTOpbl IIOJiyqaroT OU6HRY aHTHHeV!TpHHHOi:l aKTHBHOCTH3eMJll1 B BH,lle: 

Io == 
wM 

.ltJT ({ 2. =""' b
1 

":f. 10' Y c-- 2 «.«-L - t~aCTHU • 

~~~ .neTeKTHpOBaHHH aHTHHe~TpHHO, yKaaaHHhlX B Ta6JIHue Yill, Tpe6yDTCH peaKUHH c ot~eHI> HH3KHM 
"' + aHepreTHtleCKHM noporou. ~H peaKUHH Y + p -- n + e. :mepreTHtieCKHi:l nopor E0 = I ,8 MaB. B 

s -2 STOW CJiyqae tiHCJIO 8KTHBHblX He~TpHHO na,naeT JlO IQ t18CTHU B C6Ko H8 CM • EcJIH npe,nnOJIOXHT:b, 'ITO 

Ta6JIHUei:l Yill xapaKTepl13Y6TCH pacnpe,neJieHHe p8,lll108KTHBHblX BemeCTB Ha JIKl6blX rny6HHaX CJIOeB 36MJIH, TO 

I 09 -2 -I 
COOTB6TCTBYKllll8H aHTHH6~Tpl1HHaH 8KTHBHOCT:b Ha noBepXHOCTH 36lolllH OU6Hl1BaeTCH B BH,lle: 0 =2.1 Clol CeK , 

B ,naJieKo~ nepcneKTHBe uenecoo6paseH SKcnepHMeHT, yTOtiHHKl~~ BepXHKlKl rpaHHUY aHTHHeHTPHHHOi:l aRTHBHOCTH 

36MJIH X • 8Ta, BH~MO, 6~HCTB6HH8H B03MOJtHOCT:b IIOJiyqeHHH COOTB6TCTBYKllll6~ l1 i!~OpNa~ 0 COCTaBe BemecT­

Ba B rny6HHHblX cnoax seMJIH. Cne.nyeT no.nt~epKHyT:& , 'ITO 6on:&mol:l ael:!TpHHHhl~ ~OR Conaua B npHHUHne He MemaeT 

STHM HSMepeHHHM 1 TaK KaK H6HTpHHO B6.z1YT K ,npyr1111 peaKUHHM '16M 8HTHHei:lTpHHO. Bl1~M0 1 B H8CT0Hlll66 BpeMH 

,lt6T6KTHpOB8HH6 HHT6HCl1BHOCTei:l IQIQ - lOll HeRTpHHO Ha Clolo - 2 CeK -:1 B 06JI8CTH SHeprHH "" 1 I.ISB Haxo­

)lHTCH noRa H8 rpaHHU6 B03UOJtHOrO 3KCnepHM6HTa. 8KcnepHW6HT no ,li6T6KTl1pOBaHHIO Hei:lTpHH0 1 H3JiyqaeMhlX 

CoJIHUeM,pean:&ao o6cyz,naeTcH MHOrHMH aBTOpaWH. TaR aapo:a.naeTCH aKcnepHMeHTaJI:&HaH Hel:!TpHHHaH acTpO~l13HRa, 

Bl1.llHM0 1 l1CCJI6,ltOB8HHe B03UOEHblX TepMOH,ltepHblX peaKUJ,IR Ha COJIHUe nyTeM ,neTeKTHpOBaHHH Ha 3elollle nOTOKa 

COJIHetiHblX HeRTpHHO - STO nepBOOtlepe,ltHble oKCnepHioi6HT8Jl:bHbl6 pa60Tbl 8CTPOWHSl1ti6CKOrO He~Tpl1HHOro UJ,IKJia. 

BH.nHMO, B 6JIHsa~mHe ro,ltbl 6y.neT OCYlll6CTBlleHa IIOIIblTKa ycTaHOBHT:b waKT cymeCTBOB8HHH Hel:!TpHHHblX no­

TOROB, H,lly~X OT COJIHU8 1 CIIOC06HblX BblSblBaT:b Onpe,neJieHHble H,ll6pHble peaKUHH C HH3KHM 3HepreTl1ti6CRl111 

noporou. 3aTeu XX , Bbl6HpaH .neTeKTHPYKl~e peaKUHH c 6onee BhlCOKHK saepreTHtleCKHU noporou, Bhl,neJIHKl~e, 

H8IIpHiolep, H6HTpHHHOe HSJiytleHHe B paROHe 10-14 I.ISB 1 MOEHO IIO,IITB6p,lll1T:b HJIH OnpOBeprHyT:& CYlll6CTBOBaHHe 

H8 COJIHU6 peaKUHH H-B ( W.Fowler ). 06HapyzeHHe B COJIH64HOiol Hel:!Tpl1HHOM cneKTpe Hei:lTpHHO C oHeprHei:l 

IS-20 MoB MOrJIO 6bl CBH.ll6T6ll:bCTBOB8T:b B IIOJI:b3Y JIHTH6BOrO UJ,IKJI8 • 06HapyJteHHe B COJIH64HOM l13JIY46Hl1H 

H6i:lTpl1HO B 06JI8CTH oHeprHH 6Jll13KHM K 1,7 MoB CBH,li6T6Jl:bCTBOBaJIO 6bl 0 npOTeKaHHH B YCJIOBHHX COJIHU8 

HSBeCTHOro c- N UHKJia. Cne.nyeT H8IIOMHMT:b' 'ITO B o6JiaCTH MaJiblX oHeprHR HeRTpHHO cet~eHHH V+p-- P+e.. 
paCTyT KBa.npaTHtiHO C oHeprHeR HeRTpHHO. C STOH TOtiKH speHHH ,lleTeKTHpOBaHMe HeHTpHHO llHTHeBOH peaRUJ,IH 

(E y ....... IS MsB) 6blJIO 6bl pas B IOO 3<f!<))eKTHBHee; '16M ,neTeKTHpOBaHHe HeRTpHHO c- N UHKJia (Ev ~ I' 7 MaB). 

He l1CKJ1Klt16H0 1 'ITO B o6JiaCTl1 HeRTpHHHblX 3Heprl1R I0-2Q MSB MOJtHO HaRTH a,nSKB8THhle 11 II03TOMY 6onee 

S~eKTHBHhle M6TO,ltbl ,lleTeKTHpOBaHHH 1 cneUJ,t~HtiHble .llllH 3Tl1X OTHOCHT6ll:bHO BblCOKHX 3Heprl1~ XXX 

X CorJiaCHO ,lt8HHbllol He£iTpHHHblX OIIblTOB B6JIH3H peaKTOpa 116 - BepXHHH OU6HK8 aHTHHe~TpHHHOrO l13JIY46Hl1H 

3elo!JIH < IdS '18CTH~ cu-2 ceK-I • no TeMnepaTypHOyY peXHwy 3euJIH BepxHHH oueHKa 3HatiHTenbHO 

yueH:&maeTCH, 

XX 
TaKoe nnaHHpoBaHHe ot~epe.nHOCTH HOCHT tiHCTO ycnoBHblR xapaKTep: perHcTpHpoBaHHe weH:&mero noToKa He~TPHHO 

(Ta6JIHua Yn), HO c SHeprHeM -v I4,I MsB wo~eT oKasaTbCH sKcrrepHMeHTaJII>HO nerqe ocymecTBHwhlu. no 
~~ A l~ 

o~eHKaw Kya:&MHHa ,JteTeKTHPYKlmaa peaKUJ,IH Lf -. ~ 'IYBCTBHTellbHa K woHy KOCMHt~ecKHX nyt~eR H sa 

KHJIOMeTpOBhlWH rny6HHaMH YKPHTHR. 

XXX 
EcJIM 6H wozHO 6blJIO Hcrron:&soBaT:& H,nero B. E.EenaeBa o BOSMO~HOCTH "pesoHaHcHoro " nornomeHHH 

He~Tpl1HO B HApax 131 • 
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MO~HO nOJiaraTJ:>, qTQ B 6y~ll\eM KOCMJ.!:qecKH e KOpa6JIH ~a~yT B03MORHOCTb CT8BHTb HeWTpHHH~e 

3KCrrepHMeHT~ B yCJIOBHHX 60Jiee HHTeHCHBHHX eCTCCTBCHH~X nOTOKOB HC~TpHHOo llpaB~a, Ha MepKypHH, 

HanpHMep, He~TpHHHOe HSJiyqeHHe COJIHU8 JIHWb Ha nopH~OK HHTCHCHBHec , qeM Ha 3eMJieo KOCMHqeCKHH KOpa6Jib, 

npoJieTaa no COJIHeqHOH op6HTe H8 paCCTOHHHH 1 MHJIJIHOHa KOJIOMeTpOB OT CoJIHUa, MOmeT 06JiyqHTl>CH HCHTpHH­

HHM rrOTOKOM npHMepHO B 104 paa 60JibWHM no HHTCHCHBHOCTH, qeM COOTBCTCTBCHHHe 06~eKTH Ha noBppXHOCTH 

3eMJIH. llpH 60JibWHX TeMnepaTypax, KOTOpHe, nOBH~MOMy, HMCIOT MCCTO B B03HHK81011UfX CBepXHOBHX 

SBeS~ax ( T ~ 5.I09°K) , HeHTpHHHHe nOTOKH OUeHHB810TCfl 1058 qacTHU ll 5 B CCKYH~ - Hei.iTpHHO CO 

cpe~He~ 3HeprHe~ ~I MaB. Ha pacCTOHHHH roo CBeTOBHX JieT OT HCTOqHHKa noTOK oueHHBaeTCH qHCJIOM 

rv 1013 CM2 jCeK. 

ABTOpH ll 5 o6pamaiOT BHHM8HHe Ha TO, qTQ TaKHe nOTOKH Hei.iTpHHO ~eTeKTHpyeMH H OHH B~CK83HB810T 

MHCJib, qTO B 6y~meM COOTBCTCTBYIOIIUfe Jia6opaTOpHH, ~eTeKTHPYH BOSHHKHOBCHHe T8KOrO Hei.iTpHHHOrO 

HSnyqeHHa MOrJIH 6H npe~CK33HB8Tb nOHBJieHHe CBepXHOBHX 3Bea~, TaK KaK 6ypHOe paSBHTHe BH80KHX TeMrre­

paTyp BHyTpH T8KHX 3Bea~, Be~eT K B03HHKHOBeHHIO npOHHK8IOII\ero He~TpHHHOrO ld3JiyqeHHH paHee TOrO MOMCHTa, 

KOr~a llOBepXHOCTb 3Be3~ HcnycKaeT BCnl:iXHYBWee MOII\HOe CBeTOBOe HSJiyqeHHe. TaK aapo~aiOTCH H~eH 

HeiilTpHHHO~ acTpOHOIIHH. 

OueHKH B03MORHHX M8KCHMaJibH~X ITJIOTHOCTe~ Hei.iTpHHHI:iX nOTOKOB B KOCMJ.!:qeCKHX nyqax MOmHO 

rrOJiyqHTb Ha OCHOB811HH onHTOB Pei.iHHCa-KoySHa ll6 H naBHCa 4 , BHnOJIHCHHHX Ha peaKTOpe. YCT8HOBKa 

Pe~HHca H KoyaHa cnoco6aa perHcTpHpoBaTJ:> aHTHHe~TpHHO B yqacTKe cneKTpa 3-IO MaB. llpe~nonaraa, qTo 

Ha6JIIO~aBWHi1Ca qJOH ( rrpH BlliKJIIOqeHHO!l peaKTOpe) uem!KOM o6yCJIOBJICH KOCMHqeCKHMH 8HTHHe i.i TpHHO, MOmHO 

nonyqHTb BepXHIOIO OUeHKY ll7 ~a BepxHero B03MO*HOrO 3HaqeHHH 8HHTHei1TpHHHOrO nOTOKa KOCMHqecKHX 

nyqe~ B ~aHHOM yqacTKe 3HepreTHqecKOrO cneKTpa, paBHyiO npHMepHO 1013 CM-2 CeK-l o llpe~nouaraa 
HSnyqeHHe H30TpOnHHM, MOmHO nonyqHTb M8KCHM8JlbHOe SHaqeHHe nJIOTHOCTH He~TpHHHOA 3HeprHH BO 

BceJieHHO~, PaBHO~ 103 MaBjcu3• STO npHMepao B ro5 paa 60JIJ:>We cpe~He~ ITJIOTHOCTH 3HeprHH, ~aBaeMO~ 
aCTpOHOMHqecKHMH 0UCHK8MH H COOTBeTCTByeT ( no 3HeprHH) npHMepHO O~HOMY npOTOHY B CM3• B OnHTax 

l't n -
Jl3iHCa Hayqanacb peaKUHH v -t c.t -- A "L + e.. • ltfa H3MepeHHi1 naBHCa CJie~eT' qTo 

fq>(E)6·( E) c;( E' ' 1 0-H t.L4l. -
1 

• 3~eCb f (E)-nJIOTHOCTb KOCMHqecKHX Hei1TpHHO ( MaB-l CM-a) t 
0 

~(c)-ceqeHHe paccuaTpHBaeMoa peaKUHHo CJie~yeT aaMeTHTb, qTO ycTaHOBKa naBHCa He 3if>if>6KTHBHa ~a 

~eTeKTHpOBaHHa Hei.iTpHHO c aHeprHe~ ~ I EaB, T.e. TaiCHx Hei1TpHHo, KOTopue cnoco6HH npoHaBO~Tb 

pac~enneHHa a~pa xxopa. OueHKY BepxHe~ rpaHHUH ~H B03MOmHO~ nJIOTHOCTH He~TPHHO c aaeprHe~ roo MaB 

MOKHO nonyqHTb IdS OnHTOB naBHCa, npe~rrOJiaraH, qTQ ~eTeKTOp naBHCa 6HJI 06JiyqeH MOH03HepreTHqecKHM 

He~TpHHO ~aHHO~ 3HeprHHx. 

OueHKH 117 npHBO~HT K qHcJiau: ~ l M3B B CM3• BepxHHe OUeHKH He~TpHHHNX ITOTOKOB C 3HeprHe~ 

He~TPHHO --.. I BaB llO~Ho nOJiyqJdTJ:>, aHaJIHaHpya noKa oqeHJ:> rpy6He SKcnepHMeHTH no perHcTpaUHH r--
M830HOB ITO~ 36KJI6"• Yze B H8CTOamee Bpeua MOEHO YTBep~aTn, qTQ nJIOTHOCTb He»TpHHHOH 3HeprHH BO 

BceneHHO~ B o6JiaCTH He~TPHHHoro crreKTpa ,..., I EaB no Kpai.iHe~ Mepe Ha TPH nopMKa MeHnwe ITJIOTHOCTH 

8HeprHH, o6aaaHHO~ ycpe~HeHHO~ nJIOTHOCTH HYKJIOHOB 118 • HueHHo, ~aHHNe no~aeMHHX HaMepeHH" BepTH-

KaJibHO~ HHT6HCHBHOCTH aapHECHH~X qaCTHU 86 n03BOJIHIOT C~eJiaTb 3Ty OUeHKy. 3TH H3MepeHHa llOK83aJIH, qTo 

88pi!KCHHHe qaCTH~, CllOC06HHe npOHV1K8Tb qepea 5 CM CBHHU8 Ha rJiy6HHax 816.1812 ,3410,4280 H 6380 MeTpOB 

BO~HOrO 3KBHB8JICHTa 06Jia~aiOT COOTB6TCTBCHHO HHTeHCHBHOCTHWI: 2,47.10-6, 1,78 .10-6, I,3I.I0-8 c~-ta..- -"ci/'-.1 
2,85,10-9 H ! , 62.10-IO Cll -

2 
ceK-I cT(f. 

X A H HanpHMep, E - 70 Mall. OT~aqa HYKJIOHa He MemaeT o6paaoBaHHIO 'l. • 
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TipHB6.l(6HHbl6 IIJ HTeHCIIJB HOC TIIJ rr paKTIIJ'l! 6C KIIJ COBria.l(aJOT C 0U6HKaMIIJ riOTOI<OB r -Ale30HOB, 06ll3aHHbiX 

pac rra.ny Jf - Me3 0HOB, B03 HIIJ KaJO IJl,IIJX B aTI.IOccpe pe. Be pxHJOJO oue HKY nJIOTHOCTIIJ He l1 TpHHO c 3 Hepne~ E ~I EaB v 
MO JKHO riOJiy411J Tb, npe)lriOJiai'afl , 'liTO BC e {<- IA630Hbl riOll, 36MJieti, pei'IIJCTpHpyeMble B SG, B03HIIJKJIH 

B pe3yJII>Ta Te 31Jt1JeKTOB '; + n -r-+ p ) \) + p ~ r + + h. c ce'l!eHiillMIIJ 6"r"'"' Io-38 cAl. Ma o~eHOK 
CJie.nyeT, 'liTO riJIOTHOCTb He ~ TPIIJHO c Ev ~ I E3B Me HI>IDe, '16M Io-8 CM-3 • 'liTO COOTBeTCTByeT riJIOTHOCTH 

HeUTpiiJHHO~ 3 Hepi'HIIJ B 3TOM y'llaCTKe CrieRTpa M6Hbille I0-5 M3B CM-3 , 'liTO yxe Ha TpH TIOpll.l(Ka MeHbiDe 

HYKJIOHHo ~ rrnoTHoc TIIJ ( Io-2 M3 B cM-3 ). 

§I3. KocuoJIOI'IIJ'l! eCKHe npo6Jie MH 

C HeM TpiiJHHO ~ ~ 311JKOW OKa 3aJIIIJCb CBll3aHHbiiAH H6KOT0pble BaXHble rip06JieMbl KOCMOJIOI'HH. Ho 3.l(6Cb caMH 

npo6JieMbl HOCHT Kpat\He Cri6KYJillTIIJBHbiH xapaKTep H noxanyit nORa 'l!aCTO 6JIIIJ3KH R TeMaTHR6 WaHTaCTH'l!6CKHX 

pOMaHOB. B CBH311J ~ 3apll.l(OBOH a CHMM6TpH eH HaWei'O IAIIJpa B03HHKa!OT H.l(eH 0 B03MORHOM cy~eCTBOBaHHH 

TaK Ha3biBaeMbiX aHTHMHpOB, KOTOpble 06ecne'l!HBaJIIIJ 6bl 3apH.l(OBYIO CHMMeTpH!O BceJieHHOH B U6JlOM. ]ORaJibHafl 

3apa.noBafl a cHuMeTpHH Hawero yqacTKa BceJieHHOit worJia 6bl B03HIIJ KHYTI> B pe3yJII>TaTe WnJKTyaUHH B 3apH.l(OBO­

acHuueTpH'l!HOM MHpe II7 • EcTecTBe HHO .nyua TI>, 'liTO wnyRTyaUHOHHaH I'HnoTe3a npe.nnoJiaraeT cy~ecTBOBaHHe, 
BO BCHKOM cJiyqae B npowJiou ~ 6oni>woro 3apa.noBo- CHMMeTpH'l!Horo "WOHa". TaKoU WOH MOI' 6bl 6b1TI> o6paao­

BaH HeUTpHHO IIJ a HTHH6WTpHHO O.l(HHaROBOM llJIO THOCTH. 

CornacHO WnJRTyaUHOHHo« rHnoTe3e nnoTuocTI> aHeprHH aToro ~oaa .noJIXHa 6biTI> Bblille nnOTHOCTH 3Hepi'HIIJ 

3apll.l(OBO- aCHMMeTpH'l!HO~ KOMnO H6HTbl MHpa, T. e . nJIOTHOCTH 3Hepi'HH, 3aRJID'l!6HHOU B Be~eCTBe, ROTOpaH 

oueHHBaeTca no acTpoHOMH'lleCKHM .naHHblu, paBHo~ npHuepHo ~Io-2 MaB/ c~3 HJIIIJ Io-5 npoToHa B cw3 • 

MoxHo npe.nnoJiaraTI>, 'liTO 3He pre TH'lleCRHH cneRTp CHMMeTpH'l!HOI'O Het!TpHHooro WCHa onpe.neJIHeTCH HYRJIOHHo­

aHTHffYKJIOHBOLt aHHHI'HJlllUHet\ 9 ROTOpall npHBO.l(HT K p0lK.l(6HIIJIO Jf -M630HOB. Pacna.l( ll0CJI8AHIIJX 06pa3yeT 

CHMMeTpH'l!HbiH Het!TpHHHO- a HTHHetiTPHHHblti woH c aHeprHe« HeHTPHHO ( aHTHHe aTpHHo), pacnpe.neneHHOit BOKpyr 

uaKcHwyua HHTeHCHBHOCTH, JieJKa~ero B6JIIIJ311J ~ IOO MaB. STH .no6aBO'l!Hble coo6paxeHHH o B03MOEHOH o6JiaCTH 

cneRTpa C npeHMy~eCTB6HHOH JIORaJIIIJ3aUHe« Het\TpHHHOti 3H6PI'IIJIIJ 11J B HaCTOfl~ee BpeMH, ROH6'l!HO, He HOCHT 

xapa RTepa .noRaaaTeJII>CTBa. OHH JIHWI> WHKCHPYDT BHHMaHwe wueHHO Ha TOM yqacTKe cneKTP~ 3KcnepHueH­

TaJIDHble .l(aHHble OTHOCHT6JlbHO KOTOpOI'O ( B3flTbl6 CaKH no ce6e) nORa He npOTHBOpe'l!aT OTHOCHT6JlbHO 60JibWOit 

nJIOTHOCTH Het\TpiiJ HHO- aHTHHet\TpHHHO~ 3HeprHH. leCTKIIJe 0U6HKIIJ BepXHHX 3Ha'l!eHH~ nJIOTHOCTIIJ 3HeprHH 

H6HTpHHHOI'O nOJill B npOCTpaHCTB e MO XHOnDJIY'l!HTb B pawRaX onpe.neJieHHbiX TeOpeTH'l!6CKIIJX npe.l(CTaBJieHHit 0 

BceJieHHOLt. PaccuaTpHBaa, HanpHwep, rpaBHTaUHOHHoe .ne«cTBHe HeitTpiiJHHoro nona Ha pacmHpHD~DCH 

BC eJieHHYIO MOXHO ycTaHOBIIJTb I 32 BepXHIOIO rpaHHuY Anll llJIOTHOCTH Het\TpHHHOH 3H6pi'HH XX B BH.l(6 2.Io-28 rjcu8: 

= 2.Io-7 aprjcu3 • 

X 
CJIOBO 11 B npOIDJIOM11 03Ha'l!aeT npHHllTHe onpe.neneHHOH MO.l(6JIH BceJieHHO~ COI'JiaCHO ROTOpOit KPHBH3Ha 

npocTpaHCTBa na.naeT co BpeueHeu. B "npomnou", Ror.na npoHaomna WJIYRTYaUHH npe.nnonaraeTca, 'liTO npH 
KOJIOCCaJibHbiX llJIOTHOCTllX 3Hepi'HH TOI'O COCTOHHIIJH BceJieHHOLt ( llJIOTHOCTb 3HeprHH T6M 60JII>We, '16M 60Jibill6 
KPH BH3Ha) - nnoTHOCTb 3Hepi'HH HeitTPIIJHHO- aHTHHet!TpHHHOI'O woHa HauHoro npeBblmana nnoTHOCTI> Be~ecTBa. 

B HacToa~ee BpeuH nJIOTHOCTD TenJioBo« H WOTOHHO~ 3HeprHH ( "cHI.!MeTpH'l!Hoit") woeo C'l!HTaTD Ha MHoro 
M6HbW6H 9 '16M llJIOTHOCTb 3Hepi'HIIJ, CBll3aHHO~ C Macc ot\ nOROfl 'llaCTIIJU Be~eCTBa. 

EcJIH ORaxeTca, 'liTO B HacTOH~ee Bpewa H nnoTHOCTI> 3Hepi'HH YY Ha MHOro MeHI>me nnOTHOCTH Be~ecTBa, 
TO 3TO 6y.l(eT 3Ha'l!HTb, 'liTO 06CyJK.l(aeMafl I'IIJnOTe3a Tpe6yeT CHeUHaJibHbiX .l(aJII>HeitmHX I'HllOT63 0 pa3BIIJTHB 

BceJieHHOLt, o npeBpa~eHHH nepBH'l!HO~ cHuueTpH'l!HO~ KounoHeHTbl 3Hepi'HH B KaKHe-To HOBble wapwbl, KOTOpble 
uoryT npe.ncTa BJiflTI> npe.nMeT cne UHaJII>HbiX o6cym.neHH~. 

XX 
B cy~OCTH paCCMOTpeHIIJe OTHOCIIJTCH K llJIOTHOCTIIJ 3H6pi'H~ ) 06ll3aHHO~ JIJ06biM BH.l(aM CJia60B3aHMO.l(6HCTByD­

lli,IIJX 'llaCTHU. 

c 
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"' C STOn TO~KH apeHHH cpe~Hflfl fiROTHO CTb aHeprHH VV RHillb Ha nop~OK npen~waeT TI ROTHOCTb aaeprHH 

ne~~CTna. ~RR KOCMOROrHH 048Hb cy~eCTneHHO aHaHHe TaKOrO napaueTpa, KaK llnOTHOCTb SHeprHH no BceneHHO~ . 

EcnH OKa~eTCH, ~TO He~TpHHO nHOCHT UO~aBRRID~~ nKna~ n nenH~HHY aToro napaueTpa , TO H8~TpHHH8fl 

npHpo~a BceneHHO~ npoHnHnacb 6~ cnoeo6paan~u o6paaou n paanH~H~x acneKTax KOcuonorHM. Reno , ~To 

aKcnepHMeHT~ no ~eTeKTHponaHHID KOCUHq ecKHX H8HTpHHO n paanHqH~X aHepreTH48CKHX yqacTKaX cneKTpa 

npe~cTaBRHIDT aaa4HTenbH~~ HHTepec. HR~e 6~nH npHne~eH~ coo6pa~eHHH ( §6 ), cornacao KOTop~M 

npe~cTannHeTcH WYH~aMeHTanbHOH namHOCTH peaynLTaT~ aKcnepHueHTOB no naaHuo~e~cTnHID neMTpHHO oqeab 

n~COKHX 3HeprH~ (lOll an) C HyKnOH8MH H aneKTpOH8MH. CornacHO C006paEeHHHM, paanHT~M n pa6oTe II? , 

npe~CTaBRH8TCH nalltHbiM HCCJie~onaHHe yqacTKa SHepreTH48CKO rO cneKTpa KOCMH~eCKHX H8HTpMHO n 06naCTH 

50-100 Man. Mo~ao yKaaaTb H ~pyrHe HHTepecaue c paan~x T04eK apeHHH anepreTH48CKHe yqac TKH cneKTpa 

KOCMH48C KOrO He~TpHHO. 

B H8CTOH~ee npeMR HaWH CB8A8HHH 0 npOHCXO~~eHHH H paanHTHH BceneHHOM nOKa 048Hb CKYAH~ H 3~8Cb 

noKa n03MOlitH~ cau~e pa3H006pa3H~e H~eH, B 06cy~~8HHH KOTOp~X H8~TpMHH8fl ilJH3MKa MOlK8T MrpaTb cy~ecTneH­

HYID poib. Cna6oe B3aHMO~e~CTnHe He~TpMHO C ne~eCTnou, KOTOpOe n H8CTOH~ee npeMR RnRR8TCR ~O C8~11~M 

OOCTORTenbCTnOM npH OOCYJK~eHHH paanHqH~X non~TOK ~eTeKTMponaHHH He~TpMHO, n 6y~y~eM C paanHTHeM 

3KCnepHMeHT8nbH~ B03UOlltHOCT8~ CTaHeT ero orpOMHbiMnpeHMy~ecTnou, KaK opy~H MCCne~onaHHfl , MOlKeT 

6~Tb HaH60nee COKpOBeHH~ OCOOeHHOCTen Bc eneHHO~ H ee SnORIDUHM. He~TpHHO CnOC06HO npOHCXO~HTb 6e3 

norno~eHHR ·OrpOMH~e TOR~ ne~ecTna. BceneHHaH npaKTH4eCKH npo3p84HO ~fl He~TpMHO. ~eHCTnHTeRbHO , 

ae~TPHHO aHTMHe ~TpHao) n o6nacTH aaepreTH4eCKoro cneKTpa ~I Man naaHuo~eMcTnyeT c HYKnOHOM c ceqe­

HHeu c( 10-43 cu2 • ilpHHHM8R nnOTHOCTb ne~eCTna no BceneHHOH 10-5 npOTOHa nOM~, nOJIY488U 

0~0 naaHMO~e~CTnMe MH aHTHHe~TpMHO C npoTOHOM ( Y + P- n + e_i" ) , Ha nyTH 1030 cneTOBbiX neT • 

He HCKniD48HO, 4TO H CCne~onaHHe He~TpHHHbiX TIOTOKOn KOCMH48CKHX He~TpHHO 06araTMT n ~anbHe~weu 

H8WH 3HaHHH 0 CaM~ OT~aneHH~ B npOCTpaHCTne y~aCTKax BceneHHOH H ~aCT B03MO~HOCTb fiORY4HTb UeH~e 

cne~eHHR o caM~X ~penHHx npeueHax ee cy~ecTnonaHHR. EcnH rrpe~rrono~Tb, 4TO Bc eneaaaH noaHHKna Ha 

nepnoHa~anbHOrO HeHTpOHHOr006naK~ TO pacna~ He~TpOHOB ( nnOTHOCTbiD 10-5 Ha CM3 ) MOr 6bl fi~HBeCTH K 

noTOKY aHTHHe~TPHH III > 119 105 cu2 ceK-l n aaepreTH4eCKOM yqacTKe cneKTpa He~TPMHO 0,5-l Man. 

8Ta OU8HKa B03MO~Horo nOTOKa 8HTHH8HTpHHO A88T HHlltHIDID rpaHHUJo 0Ha Y4MT~naeT TORbKO npenpa~eHHe nepnH4-

~ He~TpOHOB B npOTOH~, rrpeHe6peraH B03MOXHOCTbiD aa npeMH Cy~eCT»U~8HHH bceneHHO~ nonTOpH~X 8KTOB 

pacna~OB HeHTpOHOB, BepHee ~- - pacnanOB CnOlltH~X R~ep, B03HHKWHX B npouecce aBORIDUHH 3ne3~HOrO 

nemecTna. ~HTepec npe~cTannReT H o6cyEAeHHe rHnoTea~ o npoMcxox~eHHH BceneHHO~ no cnoeuy xapaKTepy 

npRMO npOTHBOfiOROJ!tHO~ npe~~~e~ . ~DeHHO, ecnM npe~nonO~Tb, 4TO nepBM4H8fl MaTepMR COCTORna 1113 npo­

TOHOB M aneKTpOHOn, TO nocne~ID~e BpeMeHa C n03HHKHOneHMeM He~TpOHOB ~ORlK8 H 6~n n03HHKHYTb TaKO~ 

xe nnoTHOCTH He~TpHH~~ rroTOK III , T.e. panH~~ no uen»we~ uepe ro5 cu2 ceK-I 

CornacHo H.E.3en»~OBH~Y 134 BceneHHaH Ha paHHe~ cTa~M cnoero paanMTHH cocToHna Ha npoToHon, aneKTpoaon 

H He~TpHHOo ITo npe~CT8BR8HI1HM 3en»~OBM~a He~TpMHO, 38HMMaH nnOTHO COOTneTCTBYJOillHe 3HepreTM~ecKHe 

• 
ypOBHH t ~enaiOT peaKUHIO P+ e. -- n + y aarrpe~eHHO~ . Ha paHHei-1 CTa~M paanH TMR BceneHHO~ aaTpy~-

HHeTCH TaKHM o6paaou o6paaonaHMe cno~n~x H~ep. B nocne~He~ uo~eRH BceneanoM e~e 6onee ycyrny6nHeTcH 

acHuueTpHH no nerrTOHHowy aapH~y. He nxo~H B AeTanH cpanneHM~ paanH4H~x npe~cTaBnenn» o paaBMTMM 

BceneHHO rl , MOXHO nonaraT», qTO no BCHKOM cnyqae COOTHOWeHMe HHTeHCMBHOCTe~ ITOTOKOB He~TpMHO M 8HTM­

HeUTpi1!HO B CB060~HOM KOCMM~eCKOM npOCTp8HCTBe Morno 0~ O~Tb rrapaueTpou, xapaKTepM3YIOmHM na~HYID HH\IlOp­

MaUMD o Bceneano" • 

HecKORbKO neT TOMY Haaa~ M.ron»~a6ep121 npe~omm .l(pyroU ToJKe \IJanTaCTM~ecKMU uexaHM3M ~RR 
npouecca paa~eneHHH BceneHHO" aa MMP~ M aHTMMHp~. 
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CornacHo rHnOTese roni>,llra6epa c caMoro Ha'Iana cyll\eCTBOBana o;nHa qacTHL(a "YHHBepcoH" 

Universon ) , paBHaH no Macce - 1.1acce Bcel:t BceneHHO~. 3TOT "YmreepcoH" o6na,lla.JI sapH,liOBO~ 

CHMM8TpHei1. B ,llaJJbHeltmeM B KaKO~-TO 140MeHT t:: i 0 3TOT 11YHHBepCOH11 ,liEWHTCH Ha qaCTHL(y H aHTH'IaCTHL(hi-

I.IY t no TepWHHOJJOrHH roJJb,llra6epa Ha KOCUOH ( Cosmon ) H AHTHKOCUOH ( Anticosmon ) , C COOTBeTCT-

BYIOil\HMH HYKJJOHHNMH H aHTHHyKJJOHHIXWH saJ)H;naMH. 3To cnoHTaHHoe ;neJieHHe YHHBepcoHa B KaKo~- TO 

CTeneHH MO~HO HJJJJIOCTpHpOBaTb aHaJJOrHei1 B pacna;ne KaKOM- TO rHnOTeTH'IeCKO~ sapH,liOBOM CHMMe TpH'IHOCTbiO 

X ~ ~ 

qacTHL(hl Ha ,llBe qaCTIHibl t Ha He i1 TpOH H 8HTHHe~TpOH n H h : X - n + tt c 60JJbWHMH OTHO-

CHTeJJI>HblMH KH HeTH'IeCKHWH 3HeprHHMH. EOJJbWH e OTHOCHTeJibHhle CKOpOCTH KOCMOHa H AHTHKOCMOHa npHBO;l\HT 

K npOCTpaHCTBeHHOMY pas;neJJeHHIO qacTHL( Ha 60JJbillHe OTHOCHTeJJbHhle paCCTOHHHH. Ka~;nbli1 H3 KOCUOHOB B 

npouecce 3BOJJDUHH npeBp~aeTCH B H]KJJOHHOe, COOTBeTCTBeHHO aHTHHYKJIOHHOe Bell\eCTBO MHpOB H 

aHTHMHpOB • 

B nocne;nHHe ro;nbl OTKPhiT nenhli1 PR.ll qacTHU- ~epMHOHOB c MaccaWH, npeBblmaJOil\HMH uaccbl HYKJIOHOB,H 

6030HOB C uaccaWH, npeBIXWaiOil\HMH MaCChi Jf -Ye30HOB • HeHaBeCTHO, HMeeTCH JJH KaKaH-JJH60 BepXHHH 

rpaHHua ,liJJH MaCChi 11 31leMeHTapHo«" qacTHL(hl 122 • B CaMOe nOCJJe,liHee BpeMH OTKphiThl KOpOTKOJKHBYil\He 

COCTOHHHH 'IaCTI.!U ell\e 60Jibilli.!X Mace ( T.H. "pe30HaHCHble COCTOHHHR). ECJJH Mhl y11.e BCTynHJJH 3]\eCb Ha 

nyT:& 6eay,lleplltHO~ ~aHTa3HH, TO MOJICHO BIXCKaaaT:& ri.!ITOTeay, 'ITO B03HHKHOB8HHe T.H. 11~a«ep60JIOB 11 npH 

CTOJIKHOBeHHHX KOCUH'IeCKHX HYKJJOHOB KOJJOCCaJJ:&HhiX 3HeprH« C HYKJJOHaMH Bell\eCTBa 3TO HH'ITO HHOe, 

KaK y-se 11~aKTI.!'IeCKOe 11 pOlK,lleHHe O;l\HO~ HJJH J\BYX 11 3JJeMeHTapHhiX11 'IaCTHU ( 'IaCTHL(hl H aHTHqacTHL(hl) C 

OTHOCHTeJibHO 60JI:&illHUH MaCCaWH t Bell\eCTBO KOTOphiX SaT eM ,llerpa,llll!pyeT B JJHBHH 5f -Me30HOB 122 • IAOlKeT 

61XT:& KOCMOHhl roni>~a6epa 111 npe;ncTaBJJRJOT coda« npe;neni>Hbli1 cnyqa~ TaKHx qacTHU ••• 

IToKa HamH npe;ncTaBJJeHHH o paaBHTI.!H BceneHHOi1 HaCTOJII>KO cneKynaTHBHhl, 'ITO B ;nei1cTBHTeJII>HOCTH He 

HCKJIJO'IeHbl CaUble HeOEH;l\aHHhle B03UOlltHOCTH. He HCKJIJO'IeHO, 'ITO MeXaHH3M, paa;neJJHIOil\H~ MHphl OT aHTH­

UHpOB B0061!1e He He06XOAHM 9 'ITO B03MOXHO, HanpHuep, B03HHKHO Be HHe nepBH'IHblX 11 qaCTHU11 THna KOCMOHOB 

B sapH;nOBO- aCHYYeTpH'IHOU COCTOHHHH ;naJKe H3 aapH,liOBO CHUMeTpH'IHOrO COCTOHHHH. B ~H3HKe 3JJeMeHTaHHblX 

'IaCTHU H3B8CTHhl 

Jr++Jt-- f<o 
CHMUeTpH'IHhle COCTOHHHH, Be;nyll\He K COCTOHHHHU aapH,liOBO aCHMMeTpH'IHhiM, HanpHMep, 

+ - -o 
Jr +Jl ~ I( • ITpaB;na, B 3TOM CJiyqae OKa3hiBaeTCH B03MOlKHblM CO Bpewe-J.!JJH 

o ,_ 
Heu nepexo;n qacTMU B aHTM'IaCTHUhl II -K" . Ho KTO aHaeT, He npeBpa111aeTCH JIH BceneHHaH B AHTH-

BCeJJeHHYD H 06paTHO, ,llpyrHUH CJIOBaMH, He HBJIHIOTCH JJH; HanpHMep, MaCChi 3JieKTpOHa H npOTOHa ~YHKL(HH­

UH t YeAJJeHHO !.18HHIOU\HMHCH CO Bpe!.!eHeM. MOlleT diXTb, MHphl H AHTJ41414pbl HaCTOJibiCO H TaK paa,lleJJeHhl, 'ITO 

HyKJJOHHO- aHTHHYKJJOHHaH aHHJ1rl4JJHUHH npaKTH'IeCKH He ;naeT BKJia;na B CHWeTpH'IHIX~ 3HepreTH'IeCJG1M ~OH. 

Ho ,lla.JleKHe aHTHCOJIHL(a HSJJyqaJJH d b! B xapaKTepHOM 3HepreTM'IeCKOII. ,liHanaSOHe B OTJJH'IHe OT Hawero 

ConHna aHTMHei1TpHHO. M Kor;na-HH6y~ •••• 3;neci>, nomanytl, nene coo6paaHo npeKpaTMTI> odcyJK;neHHe 

TaKara po,lla 11 B03MOlKHOCTe~". 

He i1 TpHHHOe ' Mope '· 

B npHpO;lle Henpe phiBHO npoHCXO.llHT peaKUHH c Hany'IeHMeM Hei1TpHHO H aHTI4He i1 Tpi!HO. Hei1TpHHHO 11 

aHTHH8i1Tpl4HHhlll. H3JJY'I8HH6M conpOBOlK,llaeTCH Cl4 HTe3 H pacna;n 3JJeMeHTOB. 3TH OCHOBHb!e npoueCCIX B 

3BOJIJOUHH uaTepMM HedecHbiX Ten, nocTaBJIHJOT Hei1TpHHO H aHTHHei1TpHHO c sHeprHei1 ~ I MsB. EcnH 

cxeua CJia dbiX B3aHMO ,l\eMC TBH i1 M.S. H F. G. yra,llaHa npaBMJibHO, eCJJH ;l\8MCTBHTeJJI>HO Cyll\eCTByeT 

npHYOe ( ~ V ) ( e V ) B3aHMO,l\e i1 CTBH e , TO HetlTpHHHOe ( aHTHHei1TpHHHOe) H3JJy'Ie HHe ,liJJHHHOBOJIHO-

BOrO yqaCTKa cneKTpa ( aHaJIOr OITTH'IeCKOrO pa,llHOH3JJy'IeHHH H T.,n;.) renepHpyeTCH HMeHHO 3JieKTpOHaMH. 

TopM03HOe H3JiyqenH e 3JieKTpOHOM B I<yJJOHOBOM noJie H,llpa Hei1TpHHHO- aHTI1He~TpHHHOM naphl 
I ,._ 

( ~ + l --. (.I+ ~ + )> + V ) , pOlK,lleHHe He WTpHliHO- aHTHHeUTpHHHOM naphl OT r -KBaHTa Ha , -
3JieKTpOHe ( ( + e_ -- e. + Y + V ) H ,n;pyrHe no;nO OHhle 3\!XIJeKTIX ( e. 'Y ) ( e. V ) B3aHIAO,llei1cTBHH 

CITOC06Hhl Bbi3BaTb ,liJJHHHOBOJIHOBOe Hei1TpH iiHOe H3JIY'IeHHe. TaK KaJ{ COrJiaCHO TeOpi4H M.S. 14 F.G. 

npH!AOe HYKJIOHHO- He ~JTpHHHOe B3aHMO~eiACTBl4e liOJ!lltHO OTCY'l'CTjjOlia'l'b t TO HeCieCHble Tena, COCTOHIJ\He 

H3 HJKJJOHOB H 3JI8KTpOHOB no OTHOW8HI110 K Hei1TpHHHO- 8HTI4HeUTpHHHOMJ nOJJIO He Hei1TpaJI:&Hhl. 
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KaK <lJieKTpOH, ,liBHraHCb no 3aMKHYTO i.1 Op6HTe B CHHXpOTpOH e , ,liOJilKeH H3JiyllaTb (( -KBaHTbl M 

He~TpMHHO- aHTHHet!TpHHHble napbl, TaK .Ill He6eCHble TeJia B CBOeM ,liB.IIIllteHHH no op6HTe npe,liCTaBJIHDT COOO~ 

HCTO'lHMKM H311YileHHH Het\TpHHHO- aHTHHe~TpHHHbiX nap C KOJIOCCa1JbHbllol H G- -3apH,liOM •: 

Bee 6ecqHcJieHHble peaKUHH, B KOTOpblx B03HMKaDT HenTpMHO .111 aHTHHettTpMHO,HanoJIHHDT BceneHHYD 

He~TpHHHO- aHTHHe~TpHHHbiM .1113JIYileH.IIIeM. TaK KaK CelleHMH norJiomeHHH Het!TpHHO ( aHTHHeHTp.IIIHO) OlleHb 

MaJibl H 3TH llaCTHll,bl, CTpaHCTBYH no BceJieHHO~, 3a aCTpOHOMH'leCK.IIIe BpeMeHa ( 109 11eT) npaKTHileCK.III He 

nornomaDTCR, TO B H8CTORme~ wase pa3B.IIITHR BceneHHOn MOlKHO TI01!araTb M,lleT HaKan1!HB8HHe HeHTpHHHOrO 

H3JiylleHHR. 

llpHHIJ,HTI llayJIM orpaHMilHBaeT uaKC.II!MaJibHYD n1IOTHOCTb ll.IIICJ!a He~Tp.IIIHO B CM3 C 3HeprHHMH, 11ellt8mMMM 

uex.ny aHalleHHHMM E H E + d E. MaKCHMaJibHOe 3HalleHHe 3Ton nnoTHOCTH .naeTCR BblpallteHHeu 

(I40) 

TaKHM o6paaou uaKcHuanbHOe 

(I4I) 

paBHO 

(I42) 

EC11H 3ell11R npH CBOeM ,nBHllteBHH BOKpyr C01!HIJ,a HCnycKaeT He~TpHHHOe H3JlylleHMe C .ll11HHO~ B011Hbl )... "'R_) 

r;lle R."" I0I3 CM- pa,nHyC 3eNHOtl op6HTbl 9 TO COOTBeTCTBYD!I(aH 3HeprHH 3THX HelaTpHHO 6y,lleT paBHO~! 

E ,_, m c2.10-f'l."" 10-'l'L M:J& . 
y t.. (I43) 

(I44) 

EcnH ~H WOTOHOB B HbDTOHHaHcKo~ KocuonorHH napa.llOKc 011b6epca123 HueeT CMbiCJI B JID6ott o6JiaCTH 

SHepreTHileCKOrO cneKTpa WOTOHOB, TO HeMTpHHO, TIO,llllHHHHCb npHHIJ,Hny llayJIH, 3aCeJ!HB Bee COOTBeTCTBYD­

IIlHe ypoBHM c E ~ E0 ,neJiaJOT HeB03140lKHh!MH ,na11:DHeilili!He npou.eccbl c HcnycKaHMeM HettTpHHO c E.$ E 0 • 

EC11H E F- i~~ , TO llHCJIO He~TpHHO 8 CM3 B cyli(HOCT.III ell(e Oll6Hb HeBeJ!HKO. HeBe1!HKO B TOM CMbiCJie , 

llTO TaKoili woH HettTpHHO B TaKott o6JiaCTH aHepreTHilecKoro cneKTpa, BH.llHMO, He uoJKeT npoRBHTbCR B 

3neueHTapHbiX npou.eccax THna 

, .ll86TCH BbipaEeHHeM 
fo 

w-:::; J E n(E)dE 

0 

1 
(I45) 
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5To aHat~Hno 6u, 'ITO BCH MaTepHH Bcenenno» cocpe~oTot~eHa B nc»TpHHHOM Hanyt~eHHH. Cpe~HHH nnoTHOCTI> 

BemecTBa BO BceneHHO~ oueHHBaeTCfl 'IHCnOM ro-5 npOTOHa B CM
3 

' T.e. 10-2 MsBjcw3• TaKHM o6paaoM, 

~aJte npH E F "" 13f> Mace a, sa!UIJO'IeHHaH B HeltTpHHHOM Hsnyt~emiH B 10 7 pas 6una 6oni>llle Mace ranaKT¥IK, 

MaCCaMH KOTOpYX MOlltHO 6Yn0 npOCTO npeHe6peq:r, B COOTBeTCTBYIOmHX KOCMOJIOrH'ICCKIIIX OUeHKaX. 

Bonpoc o nnoTHOCTH waTepHH BO BceneHHOM BallteH ~H Bu6opa MO~eJIH Mlllpa. BeJIH'IHHa cpe~He~ nnOTHOCTH124 , 

OTBe'laJOme~ nnOCKO~ BceneHHO~ ( nepexo~ OT 3aKpYTO~ MO~enH K OTKPYTO~), COCTaBJifleT 5.10-29 rpjc1.13 
9 'ITO 

He~aneKO OT TOrO, 'ITO ~aeT yqeT BemeCTBa fMaKTHK. KOHC'IHO, 60JI:b!llafl UJIOTI!OCT:b HCiiTpHHHOrO 

H3ny'leHHH uorna 6u 6YTI> pe!llaiOmHM o6CTOHTeni>CTBOM n:m odcYJK~CHHH Mo~eJIH BceneHHO~. 

Weinberg 9 pa3BHBaH C006pallteHHH CO~eplKall\HeCH B ero CTaTI>e 9 nOCBHmeHHOLi HCLiTpHHHYM 

npo6newaw KOCMOJIOrHK 123 , o6cyw.~aeT CBH3H MC*AY BepXHeLi rpaHHUCH 3HeprHH ~epMH, 3aUOJIHCHHOrO 

ndiTIJHHHoro MOPH ( E F ) H pasJIH'IHiiMK Mo~enHMH Bcenenuo~ 125 • 

Cornacno Weinberg~ B WO~enH 3BOnlOUHOHHpyJOmeLi BceneHHO~ H B CTaUHOHapHO~ MO~enH 

( the steady state cosmology) 

sHeprKH ~epwH E F oueHHBaeTcH KaK 

saceneHHOCT:b HC~TpHHHYX ypOBHeLi O'ICH:b HH3Ka. COOTBeTCTByiOmaH 

EF ~ exp-N% M3B> ( 3BOn.MO~.) 

EF ~ 1_0 -?>b 
IAAL( 

10-2V 
M3e. 

(cTaU.MO~eJI:b) 

3TO 3Ha'IHT 9 'ITO B TaKHX WO~enHX He6eCHYe Tena MOrJIH 6Y l13ny'laT:b Ill HeliTpHHO B xapaKTepHOM ~nfl HHX 

~anaaoHe qacTOT (143). TaK KaK KOHCTaHTa cna6YX B3aHMO~eHCTBHLi HaMHOrO 60nl>llle rpaBHTaUHOHHOK 

KOHCTaHTY 9 a H3JIY'IeHHe rpaBHTaUHOHHYX BOnH Sa KOCMH'IeCKHe BpeMeHa no OUeHKaM 120 MOlltCT COCTaBnflT:b 

0,1% OT uaccu ne6ecHYX Ten, TO na nepBYLi Barna~ anepreTH'IeCKHe noTepH ne6ecnux Ten qepea nenTpHHHO-
x 

BHTHHe~TpHHHOC H3ny'leHHe MOrno 6Y 6UT:b KaTaCTpO~H'ICCKHM. 

B ocUHnJIHpymmeU MO~enH BceneHHOLi, r~e,cornacno BeLin6epry,saccneHHOCTI> neUTpHHHYX 

ypoBHeLi nacToni>KO BeJIHKa ( ~ 2.10-3 aB), o6CYJ!tAaeMN~ ~anason qacTOT oKasuBaeTCH npocTo aanpe-

mennuM. KonKpeTnue oueHKH HacenennocTH HeLiTpHHHux ypoBHe~ B pa3JIH'IHYX uo~enHx BcenennoU woryT 

nepeTepneTI> npH ~ani>He~llJHX ananH3ax H YTO'IHeHHflX Cep:be3HYe H3MCH8HHH 9 HO OCTaeTCfl ~aKT: B03HHIUia 

H~efl HeHTPKHHOrO MOpH BceneHHOK C HeKOTOpOM B03M0lltHOH SHeprHe~ ~epUH f:F , KOTOpaH ~H OCUHnJIHpyiO­

me~ MO~eJIH He TaK yxe Hl13Ka. ~ ecTeCTBeHHYM Cne~CTBHeM 3THX H~eLi B03HHKHYT 3KCnepHMeHTani>HNe ITOITUTKH 

CHH3HT:b BepXHHH npe~en ~H B03MOlltHOrO 3Ha'leHHH E:F • 

B npenpHHTe BeltH6epra 06Cyllt~a!OTCH 14 9 B npHHUHne, IIIHTepeCHYe 3KCnepHMCHTani>HYe B03M0lltHOCTH. 

ECJIH HeLiTpHHHYe ( aHTHHeltTpHHHlie) ypOBHH ~eLiCTBHTenl>HO aanonHeHY ~0 Ev=EF' TO B npHHUHne AOnlltHli 

Ha6JIIO~aTI>CH CBOe06paaHHe OTKJIOHeHHH y BepXHe~ rpaHHUN rpa~HKa K!OpH OT ero nOBeA8HHH 9 BN'IHCneHHOro 

6e3 y'leTa aanonHeHHYX ypoBHCH HeKTpHHO. 

X Ho npOCTYe aHaJIOrKH none~ Boaa rpaBHTaUHOHHNe BOnHH) H <llepMH ( He~TpHHO) B o6naCTI! ManYX 

'laCTOT H 60nbiDHX HHTeHCHBHOCTelt 6onee, 'leM pHCKOBaHHY, TaK KaK ~H ITOJ!H ~epMH HeT IUiaCCH'I8CKOrO 

aHanora. "Mope" HeMTpHHO TaKOH 3HeprHH (!Jt'f) npHBO~T K HecymeCTBCHHOMy H31leHeHHD cpe~Helt 

3HepreTH'IeCKO~ nnoTHOCTI! Bcenenno~. 
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EcJm, HanpHMep, ,llJIH aHTMHe~TPHHO II!MeeTca "\!loH" c E.., = {;F , TO np111 f3 - pacna,l\ax 6YJ\:JT 

aanpeme Hhl Bee pacna,llbl c 3Hepri1HMM aneKTponoB, 6oJI:&lliii!Jrn 'leM Ee. = Wa- E F , r ,l\e We, -"Mai\CMMa.n:u-

HOe 11 B03MOJICHOe 3Ha'leHHe 3Heprl1111 3JieKTpOHa. rpaqmK KIOpll! pe3KO 113MeHI1T CBOe HanpaBJieHHe B6JIH311! 3H8'!eHI1ff 

aHeprHM aneKTpoHa Eq_ = ~ -EF . 

XO.l\ rpaqmKa [{IOpH B6JII13H BepxHe~ rpaHH!.\bl 3JieKTpOHHOrO CneKTpa 6y,lleT TaKOB, KaK ecJIH 6bl 
EF 

aHTHHeUTpHHO, HCTIYCKaeMOe B 3TOM pacna,lle , 11MeJIO 6bl Macey llOKOff frly = C2. (p11c . 27) 

Ha rpa\(lHKe (27) no oc11 a6Cl.\HCC OTJIOlKeHa 3HeprHH sneKTpona pacna,11a, a no op,llHHaT - HaBecTHaff 

BeJIH'lHHa B rpa\(lHKe K10p11, CBHaaHHaH c 'lHCJIOM aneKTPOHOB ( AI ) pacna,11a , ~ - KYJIOHOBCKH~ \(laKTop . 

B cny'lae aanonneHnoro woHa ne~TPHHO, rpaHHUa cneKTpa aneKTpOHHoro pacna,11a nony'lHT xapaKTepHoe 

npo,llOJIJKeHHe aa SHeprHXJ No ( pHc.28) 

9To aHa'lHJIO 6bl, 'lTO KaKoe-To KOJIH'leCTBO aneKTpOHOB pacna,11a B03HI1Kano 6bl c aneprHetl Ee.. "? Wo 
T.e. C Kal!CYII(6MCff HapyweHHeM aaKOH8 C0Xp8H6HHH. 

HaH6onee TO'lHhle aKcnepHMeHTaJI:&Hble ,llaHHble o6 aHepreTH'leCKOM cneKTpe aneKTpOHOB pacna,11a nony'leHbl 

Ha TPHTHH. HuH MeTeR .llJIR E F aaTHHetlTpHHo BepxHHH rpaHHua x E% <tOO :?8 . 

J!JIH HeUTpHHO ( ~+-pac·na,llbl) 3Ta rpaHI1!.\8 paa B TiffT:& Bblllle. l.JTO KacaeTCH ,110 MIOOHHbiX Hei'!Tpii!HO, TO ,1\JIH 
c~ + v 

HHX BepXIIHH rpaHHua c:F ' Ol.\6HHBaeuaH no ,llaHHbiU r - pacna,l(OB JieJKHT eme O'leH:& BbiCOitO E /'..::.' 4 M~f!:> . 

x HanounHu, 'lTO cornacno 132 cpe,llHHH nJIOTHOCT:& aetlTpHHHOi1 aneprHH BO BceneHHO" He uomeT 6b1 T:& 

CTOJII> BbiCOKOi1. 
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no Bai.iH6epry r; F CBff3aHO c MaKC>'!MaJlbHhiM ( f( e ) pa,!111yCOM BceJJeHHOH, BhlpalKeHHhiM B e,lll11lli U,aX pa,!111yca 

Bc eJJ eHHO~i B e e HaC f Offll(eM COCTOffHI111 COOTHOWeHH CM E f: ·~ 5 Re . EcTecTBeHHO, '!TO B 6JJ>'I JKa~w11e rO,l{hl 

B peayJJI>TaTe PHAa 3KcnepHueHTaJJI>HhiX nonhiTOK CMJJI>HO CHH3MTCH nepxHHff rpaHMUa EF • Ba~H6epr 
coo6maeT o6 O,l{HO~ TaKo~ Ha'lanwe ~cff pa6oTe c TpMTMeM B rnaaro. ilepe.l{ HaM>'! O,l{H H Ha nepnhlx npMM epon B 

HCTOpHH WH3HKH, KOr.l{a o6pamaHCb K HCCJJ e ,l{OBaHH~ C06hiTH~ MHKpOMMpa HaAe~TCff nOJJY'l>'ITb OTDeThl Ha BOn~OChl 

WYH.llaMeHTaJ!bHOro aHa'! e HHH AJJH 6y,l{ywe~ Te opHH BceJJeHHO~. He Ha.no 6b!Tb npopOKOM AJJff Tor o, '!T06bl CKasaTI>, 

'ITO B 6y,l{yweu npHuephl no.no6Ho~ CBHSH npo6neu uMKpo- 11 yJ!bTpa uaKpo MHpa 6YAYT nee 6oJJee K 6onee 

qacTbllfil. 

HSAO CKasaTb, 'ITO npeAbl.IIYIII>'I e paccuoTpeHHff 6asHpyiOTCff Ha CTporou BblllOJJHe HMI1 SaKOHa coxpaHeHI1ff 

3HeprKK. 3TO OTHOCliTCH .!18llte K MO.lleJJ>'I CTaUI10HapHO~ BceJJeHHO~ t r.ne no MhiCJIH CaMHX aBTOpOB UO,l{eJJ>'I 

Hapywa eTCH 3TOT SaKOH! sa MI1JIJJI18p.ll JJeT BOSHMKaeT npMMepHO O,l{H8 na pa 3JJe KTpOH-nOSMTpOH B npOCTpaHCTBe 

o6~eMOM I CMs. 3TMM 'l>'ICJJOU xapaKTepMsyeTCff JJHW:b MUCWTa6 BOSMOlltHOrO HapyweH>'!ff X SUKOHa COXpaHeHHff 

3HeprMM. 0HO H~ 'lero He rOBOpHT 0 KOHKpeTHb!X \{>OpMaX BOS!lliKHOBeHHH nO)I06HhiX HapyWeHM~ BO BSaHMO.lle~CT­

BI1HX. TaKOe CJJa6oe HapyweHHe SaKOHa COXpaHeHMH 3HeprHM MOrJJO 6h1Tb CBHSaHO C Te MM lKe CJJa6hiMI1 BSaMMO­

,l{e ~CTBHffMK. CJJa6hle BSaHUO.lle~CTBMH 11 B 3TOM OTHOWeHHH MOryT OKaSaTbCff OpHrMHaJJbHhiMH. 3aKOH COXpaHe­

HHH 3Heprl111 B CJJa6b!X BSaHMO,l{e"CTB>'IffX npeBepH e TCff C TO" lite TO'lHOCTbiO KaK 11 Be pXHffff rpaHHua 3Hepr11K 

:llepu11 E F , B cywaocTH, oqeHI> rpy6o. B aJJeKTPOMarHHTHhiX BSaMI.IO.llelkTBHffX 3\{>(fJeKT Mecc6ayapa 

BH,l{HMO nOSBOJJffeT ,l{aJieKO npO.liBHHYTbCH B npOBepKe 3TOrO SaKOHa. 

HaJJH'!He ABYX BH,l{OB He~TpHHO cyweCTBeHHO MeHffeT UHOrHe CHTyaUHH B KOCMOJJOrH'!eCKHX np06JJeMaX. 

CBOe06paSHble uaKpOCKOllH'leCKHe ffBJJeHHH MOryT BOSHHKHYT:b , ecJJH Macca nOKOH ( .nonyCTHM M~OHHOro) 

He"TpHHO OTJIH'!Ha OT HYJJH. Tor.na HepeJJHTHBHCTCKHe HeHTpHHO, HCllb!Tb!Bafl '!HCTO rpaBHTUI.\HOHHOe npKTffllte­

HI16 He6eCHblX TeJJ, 6y,l{yT 06paSOBhiB8Tb CBf!SaHHble CHCTeMbl MaKpOCKOnH'leCKHX pasuepOB. 

ne"CTBliTeJJbHO, AJ!H He HTpHHO MaCeO~ rn~ B rpaBHTaUKOHHOe noJJe He6eCHOrO TeJJa MaCChi ~ 

pa,ZtHyC COOTBeTCTByDwe~ 11 60POBCKO" " Op6KThl 
i;.'l 

'C. :::::: x. m./· 
r.ne ¥t- - rpaBHTaUKOHHUff llOCTOffHHaH. 

-'f 
nnH MaCChi He"TpHHO yYJ y : 10 me pa,!111yC "60pOBCK0~ 11 Op6HTbl nopH.l{Ka IG1JIOMepOB, e CJJH 

pasuepbl He6eCHOrO T6JJ8 npHuepHO TUIG1X lite pasuepOB H 60JibWe. 11EOpOBCKUH 11 Op611T8 He~TpHHO MUCCbl 
-12. 

p8BHO" HanpHMep m.., :: 10 me. • .liOJ!lKHa yuewaTDCH BHYTPH Hawe" nJiaHeTbl. 3.necb li.lleT pe'lb 
\ 

0 CTUI.\HOHapHb!X He~TpliHHblX Op6HTax BHYTPH He 6eCHblX TeJI. EcTeCTBeHHO, 'ITO He"TpHHO 60JJbWHX CKOpOCTe» 

uoryT 06pa 30B8Tb BOKpyr He6e CHblX TeJJ He~TpHHHYID 6TMOC\{Jepy, B 'lUCTHOCTH CHJ!bHO BhlpOlK.lleHHOrO He~TpliHHOrO 

r asa. B aTou cnyqae liHTepnpeTSI.\Hff 3Kcne pi1MeHTaJII>HbiX pesyJII>TaTOB THna pHc.27 H 28. ( CKaJKeu, AJIH 

if>HSH KOB 6YAYIII>'IX no KoJieHH") MOliteT H He 6b!Tb O,l{HOSHa'lHO~ . BcJie.l{CTBHe BSaMMHoro rpanHTSI.\HOHHoro npH-

Tffl!te HHff HeHTpliHO C nn..,~ 0 MOrJIH 6bl 06paSOBb!D8Tb CKOnJieHHH H 'lHCTO H6KTpHHHO~ MSTepHH B pas-

Jlli'!Hb!X 06JJ8CTHX BceJieHHO» . KpoMe HSBeCTHblX 8JibTe pH8TliBHblX BOSMOlKHOCTe~ paBHOBeCHOrO COCTOHHWH 60JibWI1X 

Mace )( 3JJeKTpO HHO- npOTOHH06 H He~TpHHHOe) B npliHUHne MOlKHO 06Cyllt,l{aTb H 'lHCTO He~TpHHHOe paBHOBeCHOe 

X 0CTUBJIHH B CTOpOHe cepbeSHY~ KpHTliKY MO,l{e JIM CTal\>'IOHapHO" BceJJe HHOH C TO'lKH speHHff HSB e CTHblX 

3KCn e pi1MeHTUJ! bHblX )laHHhiX , CJie ,l{y eT SaM eTHTb 0 'ITO B CT81.\>'IOHUpHOK MO,l{eJJH BCeJieHHOK UOllteT HATH peqb He 0 

,!{6KCTBHTeJJbHOM Ha pyweHHH SaKO HOB coxpaHe HHH 0 a 0 .l{pyrOH \{>OpMe 3THX SUKOHOB. 

B pa 6oTe. 134 CAeJJa Ha nonblTKa HMeHHO Ta KOrO TOJJKOBUHHff SUKO HOB COXpaHeHHH B CTal\HOHUpHO~ 
MO.l{eJJH Bc e JJe HHO ~ : BO SHHKHOBCHH e 3He~ri1H , CllHSa HHOK C BeweCTBOM, KOMneHca pyeTCH yMeHbWeHHeM 

r pa BHTa UHOHHO rt noTeHl\liaJJbHOi.i ~HeprHH. 
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cocTOHHHe, !l>aHT83HpoBaTI:. o HeUTpiiiHHbiX 11 3Be 3;Liax" ••• 

XOTH Be pXHH H npe;Lie JI ;L\JIH M8CChl MIOOH HOrO Heid Tpii!HO ll0K8 O'l e HI> BbiCO K CJielJ,ye T f!OM IU!TI>, 'ITO B 

lf3Be CTHO e COOTHOIUeHII! e MelltlJ.Y M8CC O ~ BblpOllt;Lie riHOr O HepeJJHTifBif CT KOrO, Hal1pl11 Mep, He iiTpOHHOrO 1'838' 

If pa3MepaMH CIIICHTeMhl BXOlJ.IIIT M8CC8 3JieMeHT8pHO I\ '18CTII!ll,bl B BOCI.MO~ .::Te neHii 135 : MR._;== 9-t, q xt,/ 
Ho, B006~ew, MIIIP 6hiJI 6bl npo~e , 11 H3Y'I8TI> ero, BH~Mo, n er'l e , e cJIIII uellTpHuo He HMeJio 6hl noKOH~e~cH 

M8CCbl, 3TO He O'! eHI. CHJ!l> Hbll! apryMe HT, HO Ill OH Hr paeT CBOIO JDJII. B \lJOp!AIIIpO B8HIIIIII H8Y'IHOrO 00~eCTB8HHOrO 

MHeHHH B ll0JJI>3Y HlJ,eH lJ.BYXKOMllOHe HTHOrO Hei!Tpii!HO. 

§14. AaJII>He iiJUHe B03MO JKHOCTH uellTpHHHO~ WH3H KIII 

BcTpetnrue llY'!KH 

ECJIIi cnpa BelJ.JIIIIB8 rllll10Te3a IT OHTeKOpBO- CMOpO~HCKOro, eCJIIi B npOCT8HCTBe cy~eCTBYIOT IIIHT e HCIIIBHhle 

llOTOKIII HeiiTpHHO ( 8HTHH ei!Tpii!HO) C 3HeprHe~ 100 MoB, TO B pe3yJII>T8Te B03HiiKHOBeHHH 3JJeKTpOUHOrO 

ny'IK8 B JIIOOOM YCKOpliTeJie eCTeCTBe HHbiM 00p830M peaJIIII3YIOTCH 3JieKTpOHHO- He i!TpH HHble BCTpe 'IHble llY'IKHo 

ECJIIII npOMe~TO'!Hbl~ Me30H lJ,ei\ CTBHTe JII.HO cy~eCTByeT Ill M8CC8 ero He 60JII.IU8 M8CCbl HyKJIOHa, TO B 

3JleKTPOHHbiX ny'IK8X YCKOPHTeJie ll , BOOO~e rOBOpH, MOJKHO ObiJIO Obi OlltllllJ.8Tl> CBOe06pa3HbiX 3WWeKTOB. 

EylJ.y~l! Jlii!HeAHhl~ yc Ko pHTeJII> ITaHo~pcKoro ~onllteH lJ,aBaTI> nytieK aneKTpoHcB c aHeprHell 4.1010 36 . 

3JieKTpOHbl TaKo ll aHeprHH c o BCTpe'!HbiM aHTHHe~TPHHO c aHeprH ell ~ IOO MaB uoryT o6pa30BbiB8TI> npoMe ­

lltyTO'!Hhl ll weaoH. ITpH Macce rrpoMeXyTotiuoro u e3oua, paBHOA Macce HyKnoua , peooua ucHaa aueprHH 9.1011 ~8. 
B CHCTeMe , rlJ,e 3JieKTpOH llOKOHTCH. XOTH Ce'!e HHe 06pa30B8HIIIR llpOMelltyTO'!HOrO M830Ha paBHO Ill B8JIHKO, 

OHO "' I0-32 Cy_2 ( CJIY'l8A pe 30H8HCa) 1 lJ.JIH H86JIIOlJ.88MOrO aqxpeKTa ( O~lll< f- M830H B CyTKH) Tpe6yeTCR 

O'leHI> 60JII.IU8R llJIOTHOCTI. Hei!TpHHO ~ lO!O CM-3 • ITJJOTHOCTI. 3HeprHH OT TaKHX HellTpHHO B 1012 pa3 

rrpeBbllllaJia 6bl cpelJ,HIOIO llJIOTHOCTI. B e~eCTBa BO BceJie HHOI! ( 10-2 MaB)-EaJII., 'ITO T8K8R W8HT8CTH'leC K8R 

B0 3MOlltHOCTI. III CKJIIO'leHa. 

TeM He MeH ee, BCTpe'!Hble ny'IKH MOryT OK838Tl> cy~eCTBeHHOe BJIIIIHHHe Ha lJ.aJII.He~lll e e pa3BHTI1 8 Te OpHIII 

cna6b1X B38HMOlJ.ellcTBH~ , c KOTopol! CTOJII> Tecuo cBa3aua W113HKa uei!TpHHO. Ce'!eHHe o6pa3oBa HiiH rrapbl 

BeKTOpHbiX Me30HOB B peaKli,HIII CO BCTpe '!HbiMIII 3JJeKTpOHHO- l10311!TpOHHbiW'l ny'IK8MH: e-+ e +- w+ + W­

o6JialJ,aeT PHlJ.OM cne ll,lll!l>H'lecKHx qe pT, no 3BOJIH~~x C'IHT8TI> 3TOT a~eKT Be CI>Ma npHrO;L(HbiM tiJIR pellleHHR 

npo6newbl npouexyTO'!Horo Me3oHa. 

Ce'!eHHe aToll peaKIJ.HH ;LiaeTCH 127• 128 Bblpa.JKe HHeM: 

(147) 

KOTOpoe 6biCTpO CTpeMHTCH K npe;LieJiy, He38BHCH~eMy OT 3HeprHH ( f. ) : 

(~~) = ~ (1+ U1te) 
c( Jl_ ~-oo 16 Mw 

(148) 

3tieCI. ~W - M8CC8 npOMelltyTO'!HOrO 0030Ha. TaKHM 06pa30M, Cllii!H 1 Be;LieT, B OTJIH'!He OT Cllii!Ha 0 Ill 1/2, 

K H838BHCH~eMy OT 3HeprHH Ce'le HHIOo ComTBeTCTBYIO~e Ce'!eHHH ;L\Jlfl '18CTII!ll, Cllii!H8 0 H 1/2 l18;L\810T C 3HeprH el! 

KBa;LipaTH'lHO. ITocTOHHHbiH npelJ.eJI B (147) t\OCTHraeTCH t\OBOJII>HO 6blcTpo ( npH E = ~~.v ) 111 

MOllteT OTBe'laTI> t\OBOJJI>HO 3aMeTHbiM cetieHHHM. TaK np111 M w = 560 Ma B, 6'"" 7.ro-32 c1.12 , 'ITO ua no pa­

lJ.OK 60JII>llle ceqeuHU tiJIR qacTHIJ. cnHua 0 111 1/2 npH 3TiiX lite 3HeprHax. B cnyqae pOllt;LieHHR npouelltyTo'luoro 

Ue30Ha, KOTOpbll! pacna~eTCH llpaKTIII'l8CKH MrHOBeHHO- 3~8KT ;L\OJillteH perHCTp!ipOB8Tl>CH KaK pOllt;Lie HII! e B 
+ -

npouecce € 1 e - CTOJIKHOBeHHR ( f" 1 e_ ) na pbl C O O~el! ::IHeprHeii, MeHI.llle ii , '! eM 2 E_ 

Ho ,KOHe'IHO' oco6bl~ lf HTepec BCTpe'!HbiX JiellTOHHbiX ny'IKC.e ( e ~ e.- j e-/ e + 38KJJIO'l8e TC R 

"A "RO!'!UO )l{HOP.'l'l! rrnoBeOHTl> :3JI6KTDO.IDIH8MHKY Ha paCCTORHIIIRX I0-l 6 CM. 0TKJ!Oll eHHe OT 3J!eKTpO,lii1 H81111 KIII Ha 
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3THX paCCTORHHHX X CBH~eTenbCTBOBano 6~ B nonb3J TOrO, 4TO 4eT~pex~epMHOHHOe BSaHMO,lle~CTBHe B era 

COBpeKeHHO" ~pMe npKMeHHMO ~0 KpHTH4eCKHX SHeprH" HnH ~0 ~nHH~, xapaKTepH3Y~~e~ cna6Ne BSaHMO~e~CT­

BHR. TaKHM o6paSOM, STa ,llnHHa ~ ~ 7.10-I? CM MOrna 6~ npeTeH~OBaTb Ha ~yH,llaMeHTanbHY~ ponb 

B COBpeMeHHOH TeOpHH, KaK e~HCTBeHHaR ~HHa opraHHqec KH B He~ CO,llep~aRCH 9 BOSMOmHO onpe~enan~aR 

H CTPYKTYPY Hawero npocTpaHcTna 133 • TaK 4HCTO sneKTpO~ nauwqecKHU onNT Mor 6~ oKasaTb pewa~~ee 
BnHRHHe Ha paSBHTHe TeOpHH cna6NX BSaHMOAe"CTBHH. qTO KacaeTCR ~0 ~JH,llaMeHTanhHO" npo6neMN 3KCnepH­

MeHT8JibHO£i nponepKH BOSMOlKHOCTH npRMOrO (e V ) (e)/ ) BSaHMO,lleiiCTBHR, TO llOKa HaH60nee peanbH~M 

OCTaeTCR TOT Ee, yxe pas HCONTaHHNK, HO B 10S pas 6oJiee TPYAH~H , llO,llBHmHHqecKHM 3KcnepHMeHT B6nHSH 

peaKTOpOB. ilpaB,lla, MOlKeT OKasaTbCR 3KCnepHMeHT8nbHO 6onee J,ll06HO~ KOnOCC8JibHaH HMnynbCH8R HeUTpHHHaH 

HHT6HCHBHOCTb, B03HHK8Dm8H B peaynbTaTe TepMOH,llepHOrO BSp~Ba. ilo OUeHKe ( BH~MO, 3aB~WeHHOH) 

Pa~HHCa 129 npH 20 KHJIOTOHHOM B3p~Be B O,llHO~ TOHHe ,lleTeKTOpa MOmHO Ha,lleHTbCH nony4HTb 10 OTC4 8TOB 

o6cyM,llaeu~x co6~TH~. 

qTO KacaeTCR ,1(0 ,lleTei<THpOBaHHR llOTOKOB Hei;\TpHHO ( aHTHHeiiTpHHO) CB060,llHOrO npOCTpaHCTBa 

C HHTeHCHBHOCTHMH 105 4aCTHU j G~ CeK , TO llOKa HeT MeTO,llOB ,lleTeKTHpOB8HHH CTOnb CJia6~ HHTeHCHB­

HOCTeU. CJieAYeT llOMHHTb, 4TO HeUTpHHHaR ~H3HKa TOnbKO Ha4HHa~T~R, 4TO TIOKa e~e BepORTHO He HaU,lleH~ 

3KCnepHM8HTanbH~e B03MOlKHOCTH, a,ll3KB8T~e 3a,lla4aM cna6~ B3aHMO,lleUCTBHR. 

CaMH Ee npo6neu~ ,lleTeKTHpOB8HHH cna6~X llOTOKOB He~TpHHO ( aHTHHeUTpHHO) HC60nbWHX 3HeprH~ 

CTOnh 38MaHqHB~ ( HeHTPHHHaR acTpOHOMHR, aHTHMHp~ H T.,ll.), 4TO TBOpqec KaH M~Cnb HeHa6elKHO 6y,lleT 

ucKaTD opHrHHanb~X peweHziil. He~aBHO n o~HOM l!y6HeHCKOM npenpHHTe 131 B.E.EenReB paccuaTpHnan 

B03MOXHOCTb HaKOnJieHHR OllTH4eCKHX Heii!TpHHO B 3aMKHJT~X nonOCTHX, OCHOBaHHYD Ha HBneHHH TIOnHOrO 

BHyTpeHHero 0Tp8llt8HHH B TOHKOY TIOBepXHOCTHOM CJI06 npH yqeTe ( €y) ( e V ) B3aHMO~ei;\CTBHR 

~R ~HHOBOJIHOB~ (OTITHqecKHXj HeUTpHHO. llpaB,lla, 8BTOpOM ~aH~ CJIHWKOM OllTHMHCTH4eCKHe UH~pN. 

Ha CaMOM ~eJie llOBepXHOCTHNU CJIOU, BH~MO. CnHWKOM TOHKH~ ~nH ocy~eCTBneHHH peanbHOrO HaKonneHHH 

HeUTpHHO, HO H3BGCTHaR HeOBE~aHHOCTb H,ll8H H OpHrHHanbHOCTb HanpaBJieHHR TIOHCKOB ~aeT HeKOTOpym 

ynepeHHOCTb B TOM, 4TO, BepoRTHO, eCTb HeXOllt8HH~e nyTH, Ha KOTOp~X B 6y~y~eM Hai;\AYT B03MOlKHOCTH 

AeTeKTHpOB8HHH HeUTpHHO H CJia6oU HHTeHCHBHOCTH, M,6. C03~aB CBOeo6pa3H~e HX HaKOTIHTeJIH. 

COBpeYeHHHKJ Tpy~o ra~aTb, KaKOe HCTHHHOe YeCTO aai;lueT HeUTpHHO B ~H3HKe 6yAY~ero. Ho 

CBOUCTBa 3TOU qacTHUU CTOJ!b sneweHT8pHN H CBOe06pa3HH, 4TO KaK-TO eCTeCTDeHHO AYM8Tb, 4TO 

llpHpO~a C03~aJia HeiTpHHO C KaKHMH- TO rny60KHMH, llOita ~H HaC He BCer~a HCHHMH. 11 UenltMH 11 • B STOW 

CYHCJIG llOHHTeH TOT, ll04TH peJIHrH03~iil,rHYH HeATpHHO, KOTOp~~ 3BJ4MT B KHHre ~X.YHJiepa 2 -

"rpaBHT8UHH HeltTpHHO H BceneHHaH11 , HanHC8HHHU Ha 60llteCTBeHHOU "naT~HH 11 
( MaTeYaTHKe) COBpeueHHOU 

TeOpeTH4eCKOU ~H3HKHo 

PyKonHCb noc TynHn a a H3LlaTenbCKHA 
OTLlen 25 an penH 1963 rolla. 

X 0TKJIOHeHHe OT sneKTpO~HaMHKH B03YOEHO B peaynbTaTe pa~HaUHOHH~ nonpaBOK H BCHKHX BJIHHHH~ 

CHJibH~ B38HYO~eHCTBHU, KOTOpHe Tpy,llHO yqeCTb TeOpeTH4eCKH. 3~eCb H,lleT peqb 0 cymeCTBeHH~ OTKJIO­

H8HHHX OT sneKTpO~HaMHKH, HMGHHO, B o6naCTH ,llJIHH H xapaKTepH~ ~nH cna6~ B3aHMO~e~CTBH~ • bHJIO 

6N M8nOBepOHTH~M COBna~eHHeY H Tpy~HO 06~HCHHYHM, ecnH 6H cy~eCTBeHilliG OTKnOHGHHH OT sneKTPOAHHa­

MHKH B pesyJibT8Te BJIHHHKH 1 HaBpHWep, CHJibH~ B3aHMO~eUCTBHH B03HHK8JIH 6H Ha napaMeTpax ~10-16 CM. 
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