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OBID;A.ff XAP AKTEPHCTHKA P ABOThl. 

AKTYaJibHOCTb paooTbl. 

BaaIIMO;a;eiicTBIIC a;a;poHOB c .11;a;paMII - Ba)l(Hrul II IIHTepecHrur o6rraCTb 
conpeMeHHOII q>II3HKII rrpoMe2KyTo'lllhlX n BhlCOKIIX aHeprIIii, rro:Jnorurro
~rur 1my'!aTb rrpocTpaHCTBCHHO - BpCMCHHJIO KapTIIHJ rrpon;ecca a;a;poHII-
3an;m1 a TaK2Ke BlIII.IIHIIC KOlilICKTIIBHhlX .11;a;epHhlX a<p<peKTOB. H;a;po 3;a;ec1, 
IICIIOlib3YCTCJI KaK aHarrII3aTop ClI02KHOH ;a;IIHaMIIKII B3anMo;a;eiicTBII.II a;a;
poHOB, IIMCIO~IIX KBapK - rrapTOHHJIO cTpJKTYPY· 

TeopeTII'ICCKaH IIHTeprrpeTan;IIJI rrpocTpaHCTBCHHO - BpeMeHHOil Kap
TIIHhl <popMIIpOBaHIIJI a;a;poHOB B HaCTOJI~ee BpCM.11.IIBJUlCTC.II HeOµ;HOt3Ha'I
HOH, 3To CB.113aHO C TCM, 'ITO II3J'ICHIIC rrepII<pepII'ICCKIIX IIlIII "MJirKIIX" 
B3aIIMO;a;eiicTBIIH a;a;poHOB IIpII BhlCOKIIX aHeprIIKX HaTalIKIIBaeTCJI Ha He
perneHHyro B KBaHTOBOH xpoMo;a;IIHaMIIKe (KX,r() rrpo6rreMy 60llblllIIX pac
CTO.IIHIIH, r;a;e IIOKa HCT a;a;eKBaTHOro MaTeMaTII'ICCKoro MCTo;a;a perneHII.11 
ypanHeHIIii K:x,n;. ,I];a2Ke B 2KecTKIIX npon;eccax c 6orr1,rnoii rrepe;a;a'!e.:ii IIM-

. -

nyrr1,ca MC2K;a;y KBapKaMII II rlIIOOHaMII B aKcnepIIMeHTax Ha6lIIO;a;aIOTC.II 
lIIIIllb IIX COBOKYIIHOCTII - a;a;poHhl, a He KBapKII II rlIIOOHhl CaMII no ce6e. 
IloaToMy ;a;lIK orrIIcaHII.11 a;a;poHHbIX npon;eccon B K:x,n; cy~ecTBJIOT pa3-
lIII'IHhle <f>eHOMCHOlIOrII'ICCKIIe Mo;a;elIII, IICIIOllb3JIO~IIe II;a;eII K:x,n; (Mo;a;ellb 
Mernirn, CTPYHHaH Mo;a;errb II T.n.) lI II03BOlIJIIO~e IIOH.IITb npn orrpe;a;erreH
HbIX yrrpo~eHIIJIX MexaHlI3Mhl lI 3aKOHOMepH0CTII a;a;polliman;IIII. -

,I];lIK KplITlI'IecKoii rrponepxn pa3lilI'lllhlX cy~ecTBYIO~IIX Mo;a;erre.:ii He
o 6xo;a;nMo II3Y'I8.Tb II lICII0lib30BaTb aKcnepIIMeHTallbHhle pe3ylibTaTbI Ta
KOH peaxn;m1 n TaKoii KIIHeMaTlI'ICCKOH o6rracTn, r;a;e B Han6orr1,rneii cTe
neHn IIp0KBlIJIIOTC.11 pa3lIII'III.II B Mo;a;ellbHhlX npe;a;cKa:JaHII.IIX IIpII 0IIlICaHIIII 
pa3lilI'IHhlX xapaKTepncTIIK npon;ecca. 

H;a;epHoe aKpannpoBaHne rrpon;ecca a;a;poHH3an;IIII CB.113aH0 C ;a;nyM.11 
OCHOBHbIMII .IIBlICHII.IIMlI: 

1. cy~eCTB0BaHHe ;a;rrnHhl <popMnpOBaHII.11 o6pa30BaHII.II a;a;poHOB, 

2. a«pq>~KT n;BeTOBOH rrpo3pa'lH0CTlI, T.e. npo3pa'IH0CTII JI;a;epnoii Ma-
TepIIlI ~llj{ T0'IC'lllhlX 6ec~eTHhlX O~'bCKTOB .. 

KpoMe Toro neo6xo;a;nMo J'IIITMBaTb :JaTyxaHHe rrpoMe2KyTo'll1oro KBap
KOBoro C0CTOJIHII.11 B .11;a;pe KaK pe3ylibTaT BlIII.IIHll.ll JI;a;epnoiicpe;a;M Ha <f>yn
K:n;mo · <{>parMeHTan;IIII KBapKa. 

,I];allbneiirnee nccrre;a;onaHHe aTIIX a«p<peKTOB Tpe6yeT KaK pa3BIITWI Te
opeTII'ICCKIIX npe;a;cTanrreHHH o rrpocTpaHcTBeHHo - npeMeHHoii- cTpJK
Type npo:n;ecca a;a;poHHoan;HII, TaK II Il0lIJ'ICHRll axcnepIIMeHTallbHOH IIH-
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<popMan;nn o npon:eccax, · rµ;e oHiI yc1mem,1. ,[(nccepTan;mI nocnJill.l,eHa 
HMeHHO aTo:ii n:errn. 

IJ;enbro HaCT0.1111\eH paooTbI .aan.aroTc.a: ,,. 

• :rmy'leHHC a<p<peKTOD n:neTonoii nponpa'IHOCTII II ;D;lllIHhI <pop11,rnpo
DaHII.lI IlpH o6panoDaHHII llll;D;IIPYIOI.QIIX qacTnn; n a;a;poH - .lip;epHhIX 
D3aHMOp;eiicTDII.lIX ; 

• TeopeTII'leCKOe OIIHCaHHe npocTpaHCTDeHHO - npeMeHHOll KapTIIHhI 
npon;ecca a;a;poHHnan;HH n1,1coKo-n11pTyan1,Horo KnapKa; 

• aHarrIIn p.lI;a;a 2KCCTKIIX npon:eccon Ha JI;a;pax (rrry6oKo - Heynpyroe 
pacceJIHHe rrenToHon Ha .lip;pax, 06panonam1e CHMMeTpH'lHhIX a;a;
poHHhIX nap c 6orrhlllHMH PT Ha JI;a;pax) ;a;rrJI nccne;a;onaHH.lI a<p<peKTon 

, n:neTODOll nponpa'IHOCTII lI ;D;lIIIHhI <popMnponaHII.lI j 

• nccne;a;onamie KorrneKTIIBHhIX a<p<peKTOB npn no;a;noporonoM pmK;a;e
HIIII CTpaHHhIX 'laCTIID; Ha .lip;pax. 

Hay'IHa.a HOBHoHa. 

PanDIIT <popManII:JM ;a;mr pac'leTa IIHKlII03IIDHhIX ;a;n<p<pepeHn;nanhHhIX 
ce'leHIIH o6panonaHII.lI rrn;a;npyroI.QIIX a;a;poHon B nepn<pepnqecxnx a;a;poH -
JI;a;epHhIX nnanMo;a;eiicTBII.lIX Ha ocHone ;a;yanhHOH cTpyHHoii Mo;a;err11 c yqe
TOM a<p<peKTOD n:neTODOll rrponpa'IHOCTII II ;a;rrIIHhI <popMTipoBaHH.lI a;a;po
HOD. B paMKax aToro no;a;xo;a;a ;a;ocTIIrHYTO y;a;onneTBOpHTellhHOe OIIIICaHne 
aKcrrepHMeHTan1,HhIX )l;aHHhIX o peaxn;IIII 11-++A--+ 11+X Ha panHhIX JI;a;p:ax 
n o6nacTn <pparMeHTan;HH rryqxonoii 'laCTIID;hl. Penyn1,TaThI, rrony'leHHhIC 
D )l;IICCepTan;HH y2Ke IICIIOllh:JOBanlICh II MoryT 6hITh IICIIOllh30BaHhI p;ll.lI 
;a;anhHeHlllero II:Jy'leHII.lI MexaHHnMa a;a;pomman;IIII panHhIX IIHKlII03IIDHhIX 
npon:eccon Ha .lip;pax. '· 

Bnepnhle rrpe;a;no2KeHa II pann11Ta Honan rrpocTpaHCTBeHHO - npeMeH
HaH KapTIIHa rrpon:ecca a;a;poHnnan;nn BhICOKO-DIIpTyanhHhIX KBapKOB. Ilo
KanaHo, 'ITO c11na TOpM02KeHII.lI rrpo1Icxop;.lill.l,aH 11n rrrroonnoro nnnyqemrn 
6bICTpo pacTeT C ynerrn'leHHeM DHpTyanhHOCTH KBapxa Q2(t) ll rrpeBhl
lllaeT cyll.l,eCTBeHHO 3Hc!'.~fmie KOHCTaHThI HaT.1I)KCHII.lI CTPYHhl B Mo;a;enn 
n:neTHoii cTpyHhl. 

Bnepnhle rroxanaHa Da2KHaH pon1, · a<p<peKTOD n:neTonoiI rrponpa•mocTII 
D lIHKlII03IIDHhIX peaxn;II.lIX. ,[(o CIIX nop 3TO .lIBlICHHe nnyqarroc1, TOllhKO D 

. 3KCKlII03lIBHhIX npon;eccax. 
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CxeMa a;a;pomman:nn DhICOKO-DIIpTyanhHhIX KnapKOB IICIIOllh:JODaHa )l;ll.lI 
orrncamrn nxnromrnHoro o6panonaHII.lI a;a;poHon n npon;eccax rrry6oxo- He
ynpyroro pacceJIHII.lI rrenTOHOB Ha H;a;pax. Ilpe;a;nmKeHa naDIICIIMOCTh imp
TyarrhHOCTH KnapKa Q2 (t) OT npeM:eHII t. 

Bnepn1,1e noxanaHa 6onhlllaH nan,;HOCTh a<p<peKTOB n;neTonoii nponpa'I
HOCTII npn 6on1,111nx nHa'lemrnx Q2 , npocneTnHIOll.l,IIX JI;a;epHyro cpe;a;y ll ;a;o
MIIHnpyroll.l,IIX Hap; a<p<peKTaMII)l;lIIIHhI <pop11,mponaHII.lI. B penyrr1,TaTe non
HIIKaeT cna6oe Hp;epHoe axpam1pona~ne, rro;a;Tnepn,;;a;eHHoe axcnepnMeH
Tarr1,Ho. B '<JaCTo ncnon1,nyeMoii xnaccn'lecxoi1 Mo;a;emr n:neTHOII cTpJHhI 
3TOT <paKT o6'hJICHHCTCH O'leHh 6onhlllIU.1 3Ha'leHIIeM )l;lIIIHhl <pop11,mpona
Hllll nn-na MalIOCTII KOHCTaHThI HaTJI)KCHIIH CTPYHhI II 6on1,111011 aHeprnn 
nnpTyan1,Horo <poToHa. Hao6opoT, n HallleM no;a;xo;a;e ;a;mma <popMnpona
mrn npn 6ollhlllIIX Q2 Mana. 

Bnepnhle n paMKax panm1Toii HaMII npocTpaHCTDCHHO - npeMeHHOII 
cTpyxTyp1,1 a;a;pomman:nu nnpTyan1,Horo xnapxa npone;a;eH aHamm npo
n:eccon o6panonamrn CIIMl\i:eTpII'IHhIX a;a;poHHhIX nap c 6onhlllIIMII PT Ha 
Hp;pax. IloxanaHo, 'ITO rrpn 6orr1,111nx nHa•1emrnx Pr ,a<p<peKThI n:neTon011 
nponpa'IHOCTII, npocneTnHIOI.QIIe .lip;epHyro cpe;a;y, npeo6rra;a;aroT Ha;a; a<p~ 
<peKTa:MH TOpl\,IO)KCHlllI n:neTOBhIX napH;a;on, naTeMHHIOll.l,IIMII .lip;epHyIO Ma
Tepnro. B penyrr1,TaTe npn npoMe2KJTO'IHhlX aHeprm1x .lip;epHoe axpam1-
ponaHne HaMHoro crra6ee no cpanHeHIIIO c penyrr1,TaTal\m, crre;a;y101.Q11Mn 
H3 MO)l;Cllll D;DCTHOII CTpJHhl. 

Bnepn1,1e IIccrre;a;onaHo nmrnHne <pep.Mn- ;a;m12Kemui II aiiepnm cnHnn 
HJKlloHon Ha npon:ecc no;a;noporonoro o6panonaHIIH K+-1\HinoHon Ha .lip;pax 
D paMKax ;a;nyxcTyneH'laToro MexaHIDMa. 

Bnepnhle Ha ocHone DhI'IIIcrreHnii noxanaH. nHa'lIIT~nhHhlii .nxrra;a; Ka
Hana p + N --+ 1r + d n ;a;nyxcTyneH'laThlii MexammM no;a;noporonoro po-
2K;a;emrn CTpaHHOCTII Ha .1Ip;pax . IloxanaHo, '<JTO cyll.l,eCTDYIOll.l,IIe TeopeTII
'lCCKIIe HCOIIpc;a;eneHHOCTII, KaK HeTO'IHOC 3HaHIIC pacnpe;a;enemrn DhlCOKIIX 
cpepl\rn- IIMilJllhCOD HJKlIOHOD Hp;pa II HalIII'IIIe pelIJITIIDIICTCKHX a<p<peKTOD 
nonnon.1IIOT onpe;a;emITh 3Ha'ICHIIJI ce'leHnii' no;a;noporonoro O 6panonamrn 
I(+ - MC30HOD C IIlIOXOII TO'IHOCThIO, TOllhKO no nopHµ;Ky BCllll'IIIHhI. 

IlpaKTH"IeCKa.JI u;eHHOCTb. 

PanDIITIIC TeopeTII'lCCKOrO lIO)J;XO)l;a K IIpOCTpaHCTBeHHO - npeMCHHOII 
KapTIIHe a;a;pomman:1m n:neTHhIX 'o6'heKTOD B l\lllrKIIX a;a;poH - .lip;epHhIX 
nnaIIMO)J;CllCTDIIHX, HpOHCHHIOll.l,Cro pon1, a<p<pCKTOD D;BCTOnoii Hponpa'<J
IIOCTII II )J;lllIHhI <popMnponamrn rrpe;a;cTaBlIHCT IIHTepec C TO'lKII npemrn 
;a;arr1,Heii111ero lICClIC)J;OBaHirn ;a;nmtMIIKII CIIllhHoro nnanMo;a;eiicTDII.lI rrpu DhI
COKIIX aHepnrnx D. panmI'IHhlX lIHKJII031IDHhlX rrpon:eccax. 
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Panpa6oTaHHa.'I B p;nccepTaQIIIl cxetm ap;pommaQIIII BhlCOKO- BIIpTy
am,Horo KBapKa IICIIOllh:JOBaHa rrpII nny'lemrn p;1rnaMIIKII o6panonamrn aµ;
poHOB B rrry6oKo - HeyrrpyroM pacce.aHIIIl rrenToHon Ha .aµ;pax, n o6pano
namrn cm.1MeTpII'IHhlX aµ;pOHHhlX nap C 60IThlllIIMII Pr Ha .aµ;pax II H"eo6xo
µ;IIMa rrpu nrram1ponamm HOBhlX aKcnepIIMeHTOD, uccrreµ;y10~ux ;.KeCTKne 
npoQecchl Ha Kµ;pax. Oco6eHHo IIHTepecHa c To~IKII npemrn QBeTonoi'r rrpo
npa'IHOCTII o6rraCTh 60llhllllIX nHa'leimi'I nepeµ;aHHhlX IIMIIJllhCOB Q2 ( rrpn 

· rrpoMe;.KyTO'IHhlX ::rna'leHIIJIX 61,epKeHOBCKOH rrepeMeHHOil x B), rµ;e aKcrre
pIIMeHTallhHa.!I nmpopMaQIIJI O'leHb CKJµ;Ha. 

Hccrreµ;onaHne aµ;poHIInaQIIII BhlCOKO-BHPTYaJibHhlX KnapKon n Kµ;pax 
BKlIIO'leHo B q>II:JII'leCKUe nporpaMMhl ncex HOBbIX arreKTJ)OHHhlX ycKopu
Terreii npoMe;.KyTo'IHhlX aHeprmi:. 

Iloµ;noporoBoe po2Kµ;eHne CTpaHHOCTII Ha JIµ;pax .llBIT.lleTCK BblCOKO ~1y
BCTBIITeJibHhlM cpeµ;CTBOM µ;JIJI Ha6rr10µ;eHilJI peµ;KIIX KOMIIOHeHT Hµ;epHOII 
BOJIHonoii <f>YHKQIIII. OHo IIHTepecHo c TO'IKII npemrn IIccrreµ;onamrn pom1 
KOJIJieKTIIBHI,JX Kµ;epHhlX aq>q>eKTOB n co6CTBeHHO MeXaHnnMa. IIoaTOMY 
nacrry2KHBaeT p;arrbHeiiwero p;eTaJibHoro IIccrrep;onamrn TeopeTIIKaMII II aKc
nepIIMeHTaTopaMII. 

Anpooan;HJI paooTbl. 

Coµ;ep2KaHIIe p;IIccepTaQIIII p;oKrrap;hlBarrocb Ha: 

• HaJ'IHhlX ceMIIHapax Jia6opaTopIIII Kp;epHhlX npo6rreM, Jla6opaTo:.. 
pIIII BhlCOKIIX aHeprIIii II Jia6opaTOpIIII TeopeTII'leCKOll q>II:JIIKII 
OHHH, .IJ:y6Ha (PoccilJI), 

• Hay'IHhlX ceMIIHapax lIHcTIITyTa aKcnepIIMeHTaJibHoii q>II:JIIKII CAH, 
KollIIIQe (~C<I>P), 

• Hay'IHhlX ceMIIHapax lIHCTIITJTa Kµ;epHOH q>II:JIIKII, IOJIIIX {fepMa-

HilJI), '· 

• HaJ'IHhlX ceMIIHapax HaQIIOHaJibHoro IIHCTIITyTa Kp;epHo:ii: q>HOIIKII, 
PnM (lITarrilJI), '· 

• Hay'!HhlX ceMIIHapax lIHCTIITyTa Kµ;epHoii TeopIIII, CIIeTJI (CIIIA), 

• KOH<pepeHQIIII Hadron Structure '92 n CTapo:ii JleCHoii (1Icxo
CrronaxIIJI), 

• KOH<pepeHQIIII WEIN-92 B ,lzy6He (PoccilJI), 

• KOH<pepeHQIIH QCD and Nuclear Physics (1991) n 'TpIIecTe (lITa

JIIIJI)' 
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• KOH<pepem:i:1m BARYON-92 (1992) n ErrhCKOM yHIIBepcIITeTe 

(CIIIA), 

• KOH<pepeHQIIII Workshop LISS (1992) B lIHp;IIaHCKOM JHIIBepcII

TeTe ( CIIIA), 

• KOH<pepeHQIIII Workshop European Electron Facility (EEF) 
(1992) n ManHQe (fept!aHIIj[) 

IlyoJIHKan;HH H O 0'beM paoOTbl. 

OcHOBHhle penyllbTaTbl pa6oThl ony6JIIIKOBaHbl n 6 CTaTbKX . .IJ:IIccep
TaQilJI COCTOIIT II3 nneµ;eHilJI, 'leTbipex rrran II naKJIIO'leHilJI. Coµ;ep2KIIT 
120 CTpaHIIQ TeKCTa, BKJIIO'la.!I 24 pIICJHKa II 1 Ta6JIIIQYi n CIIIICOK JIIITe
paTyphl DKJIIO'leHo 106 HaIIMeHonaHIIH. 

OcHOBHble peoyJibTaThl, BhlHOCHMble Ha oain;HTy. 

1. PaoBIITIIe TeopeTII'!ecKoii cxeMhl o6panonaHIIJI aµ;poHOB Ha Kµ;pax 
n o6rracTII q>parMeHTaQIIII IIJ'!Ka, c BKJIIO'IeHIIeM aqiq>eKTOB aKpaHII
poaaHIIJI QBeTa KBapKoB, ;D;JIIIHhl q>OpMIIponaHIIJI aµ;pOHOB II nepe

pacce.llHIIJI KnapKoB n npoQecce aµ;poHIIoaQIIII. 

2. IIpeµ;rro2KeHa HOBM Mop;ellb aµ;poH1maQHII n1,1c0Ko- BIIpTJaJib
HhlX .KBapKOB. IloKanaHo, 'ITO CTpJHHa.!I M0µ;errb He MO)KeT 6hlTb 
IICII0Jib0OBaHa µ;Jlj[ OIIIICaHIIJI aToro npoQecca. OcHOBHhlM IICT0'IHII
KOM aHepreTII'!eCKIIX IIOTepb BhlC0K0-BIIPTYallbH0rO KBapKa KBJIJI
eTCj[ T0pMooHoe norry'IeHIIe rrr100Hon. B TeopIIII aooMy~eHIIH KX.IJ: 
II0JIJ'IeHa q>opMJJia µ;JIJI aHepreTII'!eCKIIX II0Tepb KBapKa, II0 KOT0-
poii crreµ;yeT, 'ITO OHII .llBJIJIIOTC.!I 6hlcTpopacTy~e:ii: q>JHKQIIeii BIIp

TJaJibHOCTII KBapKa. 

3. BnepBhle IIOKatlaHa Ba;.KHa.!I, II µ;a;.Ke µ;oMIIHnpJIO~a.!I pollb a<pq>eKTOB 
QBeTOBOH npoopa'IH0CTII IIpII aµ;pOHIIOaQIIII BhlCOKO-BIIpTJallbHOro 
KBapKa B Kp;epHoii cpeµ;e. 8To nepBhlH crry'Iaii Ha6mop;eHIIJI KBlleHIIJI 

QBeTOBOH npoopa'IH0CTII B IIKlIIOOIIBHbIX peaKQIIKX. 

4. IlollJ'IeHO Bhlpa;.KeHIIe ;D;JI.ll q>JHKQIIII <pparMeHTaQIIII BhlCOKO- BIIpTy
aJibHOro KBapKa B Kp;epHOll cpeµ;e, C J'IeTOM a<pq>eKTOB AJIIIHhl q>Op
MIIpOB~ II QBeTono:n: npoopa'IHOCTII, He cop;ep2Ka~ee cno6oµ;HhlX 

napaMeTpon. 
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5. IIpe;a;rro)KeHHruI cxeMa a;a;pomman;mI BhlCOKO- BIIpTyarrhHbIX KBapKOB 
IICII01Ib30BaHa ;a;rur ornicamrn IIHKIII03IIBHOro o6pa30BaHIIir a;a;poHOB 
B rrry6oxo-HeyIIpyroM pacce.HHIIII rreIITOHOB Ha .H;a;pax. IloKaaaHa ;a;o
MIIHIIpyrorn.rur porrb :Jq>q>eKTa n;neTOBOil IIpoapa'IllOCTII IIpII BbICOKIIX 
:meprII.HX. IlpII Hll3KIIX :meprII.HX Y'!TeHa 3aBIICHMOCTb :JHepreTIPie
CKIIX IIOTepb KBapKa OT BpeMeHII. 

6. PaaBIIT HOBhlll IIo;a;xo;a; K oIIIICaHIIIO IIpon;eccoB o6paaoBaHn.H a;a;po
HOB C 601IbllJIIMII IIOIIepe'IHbIMII IIMIIJIIbCaMII Ha .H;a;pax, HCil01Ib3JIO
lll.llll cxeMy a;a;pomman;HII BhlCOKO-BIIpTyarrhHhlX KBapKon. Bea cno-
6o;a;HhlX napaMeTpoB norry'rnHo xopoIIJee corrracIIe c ;a;aHHhIMII no 
pO)K)J;eHIIIO CIIMMeTpII'IHhlX nap a;a;poHOB C 601IbllJIIMII PT· 

7. liccrre;a;onaHO BIIII.HHIIe <f>epMII-;D;BII)KeHII.H II ::meprIIII CB.H3II HJKIIOHOB 
Ha IIpon;ecc IIop;noporoBoro o6paaoBaHII.H I(+_ MeaoHoB Ha .H)J;pax 
B paMKax ;a;nyxcTyneH'!aToro Mexa.HII3Ma. Haii;a;eH aHa'IIITeIIbHhlII 

- BKrra;a; KaHarra p + N -> 1r + d B ;a;ByxcTyIIeH'laThlII MexaHII3M IIo;a;
noporoBoro po)K;a;emI.H cTpaHHOCTII Ha .H;a;pax. IloKaaa.Ho, 'ITO cyrn.e
CTByrorn;11e TeopeTII'leCKIIe Heonpe;a;erreHHOCTII KaK HeTO'IHOe 3Ha
HIIe Kprur pacnpe;a;erreHII.H <f>epMII- IIMIIJIIbCa HJKIIOHOB .H)J;pa II Harrn
'IIIe perr.HTIIBIICTCKIIX a<f><f>eKTOB He II03BOIDlIOT onpe;a;errIITb Ce'"IeHII.H 
IIO)J;IIOporoBoro o6pa30BaHII.H I(+_ Me30HOB C TO'IHOCTbIO IIY'IIIJe, 
'leM IIO nop.H)J;KY BeIIII'IIIHhl. 

CO,IJ;EP)KAHME ,IJ;MCCEPTAD;MM. 

Bo BBeµ;eHHH q>OpMJIIIIpJIOTC.H HeKOTOphle OCHOBHhle n;a;en:, CB.H3aH
Hhle C COBpeMeHHhlMII IIpe;a;cTaBIIeHII.HMII O CTPYKType a;a;poHH3aIJ;IIII B 
a;a;poH - .H;a;epHhlX B3aIIMo;a;eiicTBII.HX IIpH BhlCOKHX :JHeprII.HX. lit11IO)KCHhl 
HeKOTOphle npo6rreMhl IIHTepIIpeTan;nn npon;ecca po)K;a;eHII.H a;a;poHoB Ha 
.H)J;pax. naeTC.H KpaTKOe OllIICaHIIe aq>q>eKTOB 0KpaHIIpOBaHII.H IJ;BeTa II 
)J;IIIIHhl <f>opMIIpoBaHII.H a;a;poHOB. IloKa3aHo, 'ITO 0KCIIepIIMeHTaIIbHOe IIC
crre;a;onaHIIe A - 3aBIICIIMOCTII ceqeHnii ( IIIIII OTHOIIJeHnii ceqeHIIii Ha .H)J;P,e 
II HJKIIOHe) o6pa3oBaHII.H a;a;poHOB .HBII.HeTC.H KpIITII'leCKOII npon~pKoii pa3-
1III'IHhlX Mo;a;erreii IIpon;ecca a;a;poHuaan;un. 

IIepaan rJiaBa IIOCB.HUJ;eHa TeopeTII'IeCKOMY II3J'leHIIIO IIHKJII03II-
BHoro IIpon;ecca / 

1r+A->17+X, (1) 
IIccrre;a;onaHHoro Ha ycTaHOBKe rIIIIEPOH IIpII 0HeprIIII 10 raB. Pac
CMOTpeHIIe IIpOBe;a;eHO Ha OCHOBe )];JaJibHOII CTpyHHoii Mo;a;errII C y'leTOM 
crre;a;yrorn.11x a<f><f>eKTOB: 
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• aKpaHnponaHII.H n;BeTa, 

• ;D;IIIIHbl <f>opMIIpo~aHII.H a;a;poHOB, 

• naan:r..rn;a;eiicTBII.H Hec<f>op:r..mpoBaBIIJIIXC.H a;a;poHHhlX COCTO.HHIIII B 

.H;a;pe. 

CHa'!arra o6cy)K;a;aroTc.H a<f>q>eKThl ;a;rrnHhl q>opMnponaHII.H m1;a;11pyro
rn.nx a;a;poHOB II BlIII.HHII.H .Hp;epHOil cpeµ;hl Ha q>JHKIJ;IIIO q>parMeHTaIJ;IIII 
IrnapKa, 'ITO IIpIIBO)J;IIT K ImMeHeHIIIO nepo.HTHOCTII pO)K)J;eHII.H a;a;poHa. 
8To o6bI'IHO HHTepIIpeTnpyeTC.H KaK·norrr01.1~eH11e KBapKa B .H;a;pe. IloKa-
3aHo, 'ITO .H;a;epHrur cpe;a;a OKa3h!BaeT BlIII.HHIIe II Ha aq>q>eKTIIBHbie CTpyK

TYPHbie q>YHKIJ;IIII aµ;poHOB. 
narree npep;IIO)KeH HOBbIII napIIaHT napaMeTpII3aIJ;IIII 3aBIICIIMOCTII ap;

pOHHOro ce'IeHil.H naan:r..rn;a;e:i'rcTBII.H OT OTHOCHTeJihHOro KBapKoBoro npu
IJ;CJibHOro napaMeTpa n a;a;poHe, Y'IIIThlBarorn;n:i'1 aKpamrponam1e n;neTa. lia 
:JKcnepm1eHTa1IbHhlX µ;aHHhIX norryqeHa on;eHKa )J;JI.H nonepe'!Horo paaMepa 

n;neTHo:i'1 cTpJHhI p0 ~ 0,2 ·<PM. 
Ilpone;a;eHa Krraccnq>HKaIJ;II.H MCXaHil3MOB IIKIII03IIBHOro po)K;a;emrn a;a;

poHOB Ha npoToHHOil MIIIIJCHH. IloKaaaHo, 'ITO .H;a;epHoe aKpam1ponaHIIe 
cyrn.ecTBeHHO 3aBIICIIT OT MexaHU3Ma po)K;a;emrn. IIp1rne;a;eHbI q>opMJJihl 
;a;rr.H ;a;nq><f>epeHIJ;IlaIIbHblX ce'!eHIIII, COOTBeTCTByrorn;ne ;a;aHHhlM Mexamm-

1IaM II J'IllThlBaIOlll.Ile BhlllJe JllOM.HHJThlC :Jq>q>eKThl. 
B nocrre;a;Heii qacTn npone;a;eH aHamm ,npon;ecca IIHKIII03HBHoro 06-

paaonaHII.H 17- Me30Ha B 7r+ - .H;a;epHhlX B3aIIMO)J;eHCTBII.HX npn :JHeprnn 
nyqKa 10 f3B Ha ycTaHOBKe rIIIIEPOH. IIorrrreHO Y)J;OB]JeTBOpHTeIIbHOe 
onncamre 3KCilCpH1feHTaIIbHhlX ;a;aHHhlX npn aq>q>eKTIIBHOM KO:Jq>q>IIIl;IICHTe 

HaT.H)KCHIIJI IJ;BCTHOll CTPYHhl ,;, = 3 raB/<l>M. 

IloKaaaHo, 'ITO 3H~'leHII.H OTHOIIJeHnii { RA(xF)} R' COOTBeTCTBJIOlll.llC 

BKJia;a;y rrrraHapHhlX ;a;:uarpaMM, npeBhlUJaIOT 3Ha'!eHII.H { RA (x F)} p' COOT

BeTCTBYIOlll.IIe BKJia;a;y IJ;IIIIHH;IJ;pII'IeCKIIX ;a;narpaMM. O;a;HaKO pa3JIIl'IIIC He 
TaK nerrrrKo KaK B pa6oTe [1]. Ilo aToii npII'IIIHe Mo;a;errhHhle rrpe;a;cKa
aaHII.H oTHOIIJemrii ceqeHnii RA;n(xF) (p11c.l) HHKIII03IIBHoro o6paaoBa
HII.H 17-Me30HOB Ha .H)J;pe K ;a;ei'ITpoHy He IIOKa3h!BaIOT paHee Ha6rrroµ;aeMhlII 
CIIJibHhllI pocT npn 6oIIbllJilX XF, 'ITO IIO)J;TBep)K;a;aroT II HOBhle 0KCIICpII
MeHTaJibHbie ;a;aHHbie [2]. Crra6h!H pocT OTHOIIJeHIIII ce'!eHIIll RA;n(xF) 
;a;JI.H x F > 0,8 o6ycrronrreH 6mmocTbIO rpa.HIIIJ;hl )J;BJX'!acTIPIHOro <f>aao
noro o6'beMa x 0 = 0,84 ;a;rr.H n;nmrn;a;p11'lecKoii ;a;narpaMMhl. 

Bo BTOpOH rJiaBe paCCMOTpeHa a;a;pommaIJ;II.H BhlCOKO-BIIpTyaIIbHOro 
KBapKa B . rrry6oKO- HeyIIpyroM pacce.HHHII. 3;a;ech IlOKa3aHo, 'ITO IIpo
CTpaHCTBeHHO - npeMeHHruI KapT1rna a;a;poH1man;11n KnapKa aHarrorII'IHa 
npon;eccy TOpM03Horo 1mrry'IeHII.H ycKopeHHoro aap.H;a;a B Kan. IloKa
aaHO, 'ITO :JHepreTII'ICCKIIC IlOTCpII Ha rJIIOOHHOe TOpM03HOe II31IJ'"ICHIIC 
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Pn:c. 1: 0THOIIIeHIDI ,Iffl<j)(pepeHJlHaJibHblX ce<reHHH HHKJIIOOHBHoro 06-
paoonaHHH 1]- MeOOHa (1) Ha Hppe K peiiTpoey RA;n(xF) {2} PlIH Hpep 
Be, Al nCu. 

6bICTpo pacTyT KaK q>ym:qrur BHPTYaJibHOCTII KBapKa Q2' B npoTJIBOno
JIO)KHOCTb cTpyHHoii MOACJIII. B petlyllhTaTe AlIHHa q>opMIIpoBaHira JIIIAII-
pyroI.QHX aApOHOB cyI.QeCTBeHHO coxpaI.QaeTc.1l. ' 

HaiiAeHa tlaBIICIIMOCTh BIIpTyarrLHOCTII KBapxa Q2 OT BpeMeHJI. Iloxa
tlaHo, 'ITO JIIIAIIPYIOI.QIIe aApOHbI o6pa3yroTc.1l B To'le'lHblX cocT0.1lHJI.1[X Ha 
paHHeii CTaAIIII HX q>OpMHpOBaHIDI, a CJICAOBaTCJibHO, crra6o norJIOI.QaIOTCj[ 
B .1lAepHoii cpeAe B cJieACTBIIe aq>q>eKTa axpaHHpOBaHIDI qBeTa. 

IlpIIBCACHhl pe3yrr1,TaT1,1 Bhl'lIIcrreHHii .1lAepHoii npotlpa'l11ocTn:, 

Deff(x) 
RA(x) = A D(x)' (2) 

He COAep.:iKaI.QHX cBo6oAHhIX napaMeTpoB n: HaiiAeHo IIX xopornee corrracJie 
c aKcnepHMeHTaJihHhIMH AaHHhIMH EMC [3] II SLAC [4]. · B Bhlpa.:iKeHHu 

( 2) Def 1 ( x) - aq>q>eKTIIBHaJI q>yHKqH.1[ q>parMeHTaqHJI KBapxa, MOAHq>Hqll
poBaHHaJI .1lAepHoii cpeAoii. D( x) - q>JHKqlI.1[ q>parMeHTaqHJI KBapxa B Ba
xyyMe. Ha puc.2 TeopeTII'lecKn:e npeACKa:JaHH.1l cpaBHHBaIOTC.1l c axcne
pnMeHTaJihHhIMH AaHHbIMH coTpJAHII'leCTBa EMC n: SLAC KaK q>JHKqH.1[ 
aHeprun: BHpTyarr1,Horo q>oToHa AJij[ .1lApa Cu. 
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Pn:c. 2: HpepHaJI rrpoopa<rHOCTb Rcu (2) KaK <PYHKJlIIH poToHHOH :mep
rmr V plIH Q2 = 6.5 raB2 (cIIJIOIIIHaJI Kp1IBaJI) II plIH Q2 = 1.0 raB2 

(rryHKTHpHaJI KpIIBaJI) IIOCJie HHTerpnponaHHH X - pacrrpepeJieHILH OT X 

= 0.2 rro x = l B cooTBeTCTBHH c aKcrrep11MeHTaJibHMMH paHHbIMII. Ilep
noe nHa<remre Q2 cooTBeTcTnyeT aKcrrep11MeHTaJibHblM paHHbTM EMC 
{3}, nTopoe paHHblM SLAG {4}. 

HaiiAeHo, 'ITO o6rracTb npoMe.:iKyTo'lHblX aHeprn:ii 6orree 'IYBCTBH
TeJILHa K OTHOCHTeJibHblM BKJiaAOM aq>q>eKTOB qBeTOBOH npo3pa'IHOCTH 
n: AJIHHbl q>opMn:pOBaHII.1[. 

Pn:c.3 noKa:JblBaeT crra6yro tlaBn:CHMOCTh Rcu OT KBaApaTa nepeAaH
Horo 4-HMnyrr1,ca Q2 B corrracHJI c axcnepm.rnHTallbHhIMH AaHHbIMH. Bn:
AHO, 'ITO BblCOKaJI .1lAepHrur npo3pa'IHOCTb eCTb rrraBHblM o6panoM CJieA
CTBn:e a<f>q>eKTa qBeToBoii npotlpa'IHOCTn:. IlaAeHHe Rcu npn: Q2 > 50 raB 
o6ycJIOBJieHHO EMC- aq>cpeKTOM. 

'IpeTbJI rJiaaa nocB.1lI.QeHa nponrreHHIO acpq>eKTa qBeToBoii npotlpa'l
HOCTH n: npocTpaHCTBeHHO - BpeMeHHOH xapTHHe aApOHHtlaqim, B HeTpn:
BIIaJibHOM .1lAepHOM axpaHHpOBaHim npoqecca pO.:iKAeHII.1[ cm.meTpll'lHblX 
aApOHHhIX nap c 6oJibllIHMH PT· · 

CHa'larra npHBOA.1lTC.1l q>OpMJlihl HHBapn:aHTHhIX ce'leHHH o6panOBaHH.1l 
cn:MMeTpH'IHhIX nap Ha HJKlIOHHoii MHllieHII. 06cy.:iKAaeTC.1l BJIH.1[Hlle .1lAep
Hoii cpeAhl Ha npoqecc aApOHII3aqHJI, nplI'leM n:cnOJibtlyeTC.1l MeXaHH3M 
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PIIc. 3: HµepHM rrponpa'IH0CTb Rcu KaK <PYHK~HH KBaµpaTa rrepeµaH

Horo 4-JIMIIYJibCa Q2 µnH panm,rx cny'IaeB,'Korµa Y'IHTbIBaeTCH T0JibK0 

a<J,peKT ~BeTOBOif rrponpa'IH0CTJI, T0JibK0 a<J,peKT µJIHHI,I <J,opM1Ip0Ba

HHH (rryHKTHpm,re Kprrm,re) H o6a 0TH a<J,<J,eicTa (cIIJIOIIJHM KpHBM). 

,I{aHHble pa6oTbI {3}. 

aµ;pommau;Irn KBapKOB, pa3pa60TaHHbIH BO BTopoii rrraBe. 
,Il;arree npIIBeµ;em,1 qiopMyrrhl µ;rur pac'IeTa 1rnBapnaHTHoro ce'IeHIIH Ha 

H)l;pax. 
IloKa:JaHo, 'ITO B npoTlIBOilOJIO)KHOCTb npeµ;cKa:JaHlIJIM HaIIBHOH nap

TOHHOII MOµ;errlI po2Kµ;eHlie CIIMMeTplI'IHhlX aµ;poHHhlX nap c 6ollbllllIM no
nepe'IHhlM IIMIIYllbCOM 0KpaHIIpyeTCJI Hµ;poM II rrraBHOH np°iI'IIIHOil aToro 
JIBmleTCJI TOpMO2KeHIIe n;BeTHblX 3ap5Il];OB, o6ycrronrreHHOe rrcnycKaHIIeM 
'IaCTHD; nocrre Heynpyroro coyµ;apeHHH. 8qiq>eKT n;BeToBoii npo3pa'IHO
CTII 0TO 0KpaHIIpOBaHlie yMeHblllaeT. IlplI npoMe2KyTO'IHhlX 0Hepr1rnx (µ;e
CJITKII I'aB) aq>q>eKThl TOpMO2KeHIIH D;BeTHhlX 3apHl];OB ern.e 3Ha'IIITellbHbl. 
C pocToM aHeprIIII aqiq>eKTbI n;BeTOBOH rrpo3pa'IHOCTII npenhlrnaIOT aqi
q>eKTbI TOpMO2KeHIIH D;BeTHhlX 3ap5Il];OB, B pe3yrr1,TaTe JIµ;epHoe 0KpaHII
ponaHIIe yMeHornaeTCJI. IloKa:JaHo, 'ITO n o6rracTn Marrhlx :JHa'IeHIIH PT 
µ;oMIIHIIpyeT cTaTIICTlI'IeCKIIH MexammM, rrpIIBOl];JIIll,IIH K Hµ;epHoMy aH

TII0KpaHnponaHIIIO. 
B KOHD;e rrraBbl nprrneµ;eHbI pe:JyIToTaThl Bhl'IIICJieHIIH II cpanHeHHe C 
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Puc. 4: PT - naDIICIIM0CTb rroKanaTeJIH cTerremr a2(PT) µnH o6panona

HIIH CIIMMeTpH'IHbIX aµpoHHbIX rrap Ha Hµpax IIpH 0HeprHII 400 I'aB 
BMeCTe c aKcrrepm,WHTaJibHbIMII µaHHbIMII {5}. MoµeJibHble KpIIBbie A 
II B C00TBeTCTBYIOT 3Ha'IeHIIHM CIIJII,I MHI'K0I'0 T0pM0)KeHIIH ~BeTHbIX 

napHµoB Keff = 2 II 3 I'aB/<l>M. 

0KCIIepHMeHTallbHhlMII µ;aHHhlMH IIpII 0HeprlIHX 70, 400 II 800 I'aB. IJo
rry'IeHHOe xopornee corrracue rroµ;TBep2Kµ;aeT Harnu npeµ;cTanrremra o u;ne
Tonoii: µ;rrHaMIIKe B:JanMoµ;e11cTBIIJI aµ;poHon. Ha pnc.4 1mo6pa2KeHa Pr
:JaBIICIIMOCTb IIOKa:JaTelIJI CTenem1 a2(PT ), COOTBeTCTBYIOill,ero napaMe
Tpii:JaD;IIII Ce'Iemrn aµ;poH- JIµ;epHoro B:JaUMOl];eIICTBIIJI, KaK A02(PT) BMCCTe 
C 0KCIIepHMCHTallbHbIMII µ;aHHhlMII IIpH 0HeprIIII 400 I'aB [5]. 

B "<JeTBepToi rJiaBe paccMoTpeHo po2Kµ;em1e aµ;poHon Ha Hµ;pax npn 
aHeprrrnx HIDirn noporono:ii Ha cno6oµ;HoM npoToHe. Ilpnneµ;eHhl Bhl'Incrre
HIIH ce'IeHHH noµ;noporonoro 06pa:JonaHn11 J(+- Me:JoHon Ha Hµ;pax Ha 
OCHOBe µ;nyxcTyneH'IaToro MexaHII3Ma C IIpOMC)KYTO'IHhlM IIIIOHOM. 

CHa'Iarra 06cy2Kµ;aeTc11 porr1, <pepMn- l];BII2Kemrn HYKITOHOB n Hµ;pe n 
aHeprrrn cn113u n rroµ;noporonoM o6pa:Jonamrn J{+_ Me:JOHOB Ha Hµ;pax. 

,Il;arree rrp1meµ;eHhl qiopMyrrhl µ;rr11 ce-qemrn o6pa:JonaHIIJI J(+ - Me:JOHOB 
Ha 11µ;pax B paMKax µ;nyxcTyIICH'IaToro MexaHII3Ma C npoMe.lKyTO'IHbll\I 
IIIIOHHhlM COCTOJIHHeM. IIpoµ;eMOHCTpnponaHa Ba.lKHOCTI, KaHarra C rrpoMe
)KYTO'IHhlM nnoHOM, pm1qi;eHHbIM n pcaKu;m1 pN -> 1rd, KOTOphli'I paHbllle 
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PIIc. 5: 3aBHCHMOCTb ce<reHIUI o6panonaHHH IC+- Me:JOHOB Ha H,[{pe C12 

OT Ha<raJibHOH KHHeTH<reCKOH rJHeprHH IIpOTOHa Trai,, COOTBeTCTByIO

I.l.{aH BKJial{Y B l{ByxcTyrreH<raTbIH MexammM peaKI.{HH pN -+ 1r N N. 
CmroUIHbie KpHBbie 1, 2, 3, 4 cooTneTCTBYIOT :JHa<reHHHM o6penaHHH 

ITO <[JepMH- HMIIYlibcy qmax = 500, 550, 600 H 700 MaB/c. IlyHKTHpHaH 

KpHBaH 3' cooTneTCTByeT :JHa<reHHIO qmax = 600 MaB/c B rrpeHe6pe-

)KeHHH rJHeprHeH CBH:JH. ,[(aHHbie pa60TbI {6]. ' 

He Y'IIITI,IBalIC11 B pa6oTax no 0TOH npo6rreMaTIIKe. 
Crreµ;yroI.QaJI 'laCTh nocB111.QeHa BKrraµ;y KaHarra pN -+ 1r N N B µ;Byx

cTyneH'laThlH MexaHII:JM, KOTOphlH 0Kanarrc11 no nop.Hµ;Ky BeJIII'llIHI,I Ta
KIIM )Ke KaK BKJiaµ; KaHaJia pN -+ 1rd. OH noKa:JaH Ha p1Ic.5 ~Jij{ .Hµ;pa C12

. 
B11µ;Ho, 'ITO 'lJBCTBIITeJibHOCTb K o6pe::3amIIO no q>epMII- IIMIIJlibCJ qmax 

O'leHb BhlCOKa. lf eM MeHbIIIe Ha'laJibHaJI 0HeprII1I, TeM 6olibIIIe Heonpeµ;e
JieHHOCTb, 06.anaHHaJI BKrraµ;y 6oJibIIIIIX cpepMII- IIMnyrr1,coB. KpIIBM 3' Ha 
pIIc.5 µ;eMOHCTpIIpyeT Ba2KHOCTb y'leTa 11µ;epHOH :rneprIIII CB113II. . 

IloKanaHo, 'ITO npII aHeprJ!HX rrry6oKo noµ; noporoM µ;ByxcTyneH'la
ThlH MeXaHII:JM cyI.QeCTBeHHO IICnOJib::3JeT BhlCOKO - IIMnJJibCHJIO. 'laCTb 
cpepMII- µ;BII)KCHIIH, BHOCHI.Qero :JHa'llITeJibHI,Ie Heonpeµ;erreHHOCTII B Be
JIII'IIIHJ ce'leHII1I B crreµ;cTBIIII nrroxoro nHaHII1I KpaJI cpepMII- cneKTpa II 

pelI1I'I,'.IIBIICTCKIIX aq>q>eKTOB. 
B oaKJIIOqeHHH Cq>OpMJlIIIpOBaHhl OCHOBHhle penyJibTaThl pa6oThl: 
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1. Ha ocHoBe )U'aJibHOH cTpyHHo:ii Moµ;eJIII c y'leTOM acpq>eKTOB axpa
H11ponaHII11 n;neTa II ;D;lIIIHI,I q>OpMrrpoBaHII1I OIIIICaHI,I µ;rrcpq>epeHD;II
aJibHhle Ce'leHII1I IIHKJIIO:JIIBHOI'O o6pa::30BaHII1I TJ- Me::30HOB Ha 11µ;pax 
nprr aHeprIIII IIJ'lKa 10,5 raB. 

2. IIoxanaHo, 'ITO xr naBIICIIMOCTb OTHoIIIeHIIH ce'leHIIH Ha .aµ;pax Cu 
II Ha D - Rcu/ D crra6aJI B corrracrru c HOBhlMII axcnepIIMeHTalib
HhlMII penyJibTaTaMII, 'ITO He noµ;TBep)Kµ;aeT paHee Ha6JIIOµ;ae:. 

MbIH pocT RcufD(xF)- · 

3. BnepBhle npeµ;JIO)KeHa HOBaJI npocTpaHCTBeHHO. - BpeMeHHaJI Kap
TIIHa aµ;poHII:JaD;IIII B )KCCTKIIX npon;eccax ;D;lI1I BhlCOKO-BIIpTJalibHhlX 
KBapKOB. 

4. BnepBhle noKanaHa µ;ol\IIIHIIpyroI.QaJI porrb aq>q>CKTOB n;BeTOBOH npo
npa'IHOCTII rrpII aµ;poHII:JaD;IIII BI,ICOKO-BIIPTJalibHhlX KBapKOB B 11µ;ep
HOH cpeµ;e. ::ho nepBhlH crry'laii Ha6rrroµ;eHII1I nrreHHH n;BeTonoii npo
npa'lHOCTII B IIHKJII0::3IIBHhlX npon;eccax. 

5. Ha ocHoBe rrpeµ;rro)KeHHOH cxeMbl aµ;poHIInan;IIII Bhlcoxo- BIIpTJaJib
HhlX KBapKOB onucaHI,I npon;ecchl IIHKJII0::3IIBHOro o6pa:JOBaHIIH aµ;
poHOB n rrry6oKo- HeynpyroM pacce1IHIIII rrenTOHOB Ha .aµ;pax B q>opMe 
naBIICIIMOCTII BeJIII'llIHl,I 11µ;epHOH nponpa'IHOCTII OT aHeprIIII BIIpTy
aJibHOI'O q>OTOHa v, OT nepeMeHHOH <l>eiiHMaHa XF II OT KBaµ;paTa 
nepeµ;aHHoro 4-IIMnylibca Q2• IIorry'leHO Bhlpa2KCHIIe µ;JI1I q>JHKD;IIII 
q>parMeHTaD;IIII BI,ICOKO-BIIpTJaJibHOro KBapKa B 11µ;epHOH cpeµ;e, C 
yqeTOM aqiq>eKTOB µ;JIIIHI,I <popMIIpOBaHII1I ll n;neTOBOH nponpa'lHO
CTII, He coµ;ep)KaI.Qee cno6oµ;HhlX napaMeTpon. 

6. PanBHT rroµ;xoµ; K npon;eccaM o6panonaH:wr cuMMeTpII'IHhlX aµ;poH
HhlX nap c 6oJibIIIHMII PT Ha 11µ;pax Ha ocHoBe npeµ;rro2KeHHOH npo
CTpaHCTBeHHo - npeMeHHOH cTpyKTYPhl aµ;poHIInan;IIII BhlCOKO- nn:p
TJalibHhlX KBapKOB. C ero nOMOI.QblO OIIIICaHO 60JibIIIOe 'llIClIO peaK
n;IIH npII Ha'laJibHhlX aHeprII1IX: 70 raB, 400 raB II 800 raB. Xopo
IIIee corrrac11e norryqeHo npII M1IrKOM TOpMO)KeHIIII napTOHOB nepeµ; 
)KeCTKIIM coyµ;apeHIICM c KOa<pq>IID;IIeHTOM HaT1I)KCHlli[ "' = 2 + 3 
raB/<l>M. 

7. Bnepnhle rroxanaHo, 'ITO np11 6orrbIIIIIX 'nHa'leHIIHX PT acp<peKThl n;ne
TOBOH nponpa'lHOCTII, npocneTJI1IIOI.Q1Ie 11µ;epeyro · cpeizy npeo
firrap;a10T Haµ; aq><pCKTaMII TOpM02KCHII1I n;BeTHhlX :Jap11µ;0B nepeµ; 
)KCCTKIIM pacce.aHIIeM, naTeMH1IIOI.QIIMII .aµ;epHyIO MaTeplIIO. 

8. UoxanaHo nHa'llITCJibHoe BlIII1IHIIe q>epMII- µ;BIDKeHII1I 11 aHepr11rr 
cB11n11 HJKJIOHOB B .aµ;pe Ha npon;ecc noµ;noporoBoro o6panoBaHII1I 
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I(+- Me:JOHOB B paMKax )J;ByxcTyIIelf'IaToro MexaHII:JMa. Ha OCHODe 
Bl,PUIClleHIIH IIOrry'IeHo, 'ITO 3Ha'IIITelll,HhlH DKllap; B p;nyxcTyIIeH
'JaThlH MexaHII3M IIO)J;IIOporonoro po2Kp;eHIIH CTpaHHOCTlI Ha .a:p;pax 
p;aeT KaHarr p + N -+ 1r + d. Om1caHhl aKc11epIIMeHTam,Hhle p;aHHbie 
ce'IeHIIH 11op;11oporonoro o6paaonamm J(+- Meaonon na .a:p;pax KaK 
q>yHKIJ;m[ aHeprIIII II aTOMHoro HOMepa .a:p;ep. 

9. IloKa:JaHo, 'ITO cym;ecTnyrom;ne TeopeTII'IecKrre Heorrpep;erreHHOCTII 
B pacrrpep;erreHIIII q>epMII- IIMIIYllbCOB HYKllOHOB .Hp;pa II Harrwrne pe
ll.HTilBIICTCKIIX aq>q>eKTOB He 1103BOll.HIOT Bbl'IIICllllTI, ce'JeHIIH 11op;-
11oporonoro O 6pa30BaHII.H J(+ - Me:JOHOB C TO'IHOCTl,IO llY'IUie11 ~reM 
rrop.H)J;OK BellII'IIIHhl. 
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