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BOITPOC~ TEOPHH PEAKUHA HA rronHPH30BAHHOA 
ITPOTOHHOA MHIJJEHH 

AaTope~epaT anccepTannn, npeacTaaneaaol! Ha concKaHne 
yqeHoll CTenean AOKTOpa ~ll3BKO-MaTeMaTnqecKHX H8YK 



3a nocne.1u111e ro.111,1 nocTnrayT cymecTne1111blll nporpecc n ¢>11a11Ke sneMe11TapllbIX qac

Tnn, BaJKHellm11e oTKphITIIH nocne.111111x neT {oTKpblTlle 11ecoxpa11e1111a '1eT11ocT11·n cna61,1x Baa-

IIMOA&IICTBHHX, OTKpblTl!e pe30IISIICOB, o6aapylKeHll8 pacnanoB nonroJKHBymnx t::
0
-Me30HOB 

' aa nna fT -M830H8 II np.) npnnenn K 3H8'111T81IbHOMY pa3BIITIIIO T80pllll, 

0.1111aKo nocnenoBaTenbHSH AIIHSMll'18CKSH Teopl!H Clllll>Hb!X B3SIIMOllellcTBIIII B HSCTOHII188 

Bp&MH OTCYTCTBY8T, 

A11an113 CllnbHblX B3allMOnellcTBHII HS OCHOB8 nllmb 06m11x np1111n11noB TeopllH 083 KOIIK

peTJlblX npennonolKel!Hll O llHIISMHK8, nponepKa 06m11x npHHnllnOB no-npelK)l8My OCTSIOTCH BSlK

HblM 11anpanne1111eM B ¢iH3HKe sneMeHTSpllbIX 'ISCTlln, 

PaoOTbI, npe)ICTSBneHJlbI8 B llHCcepTanHH, CBH3Sllbl C 9THM 11anpanne1111eM, Oc11ony .11.IIC-
' /1-14/ 

cepTanHH COCTSBnneT n11Kn paooT , nocnameHHbIX paCCMOTpeHHIO B03MOlKHblX npHMe11e-

Hllll nonap1130BSIIJIOII npoTOIIIIOll Miime1111 B ¢>11a11Ke Bb!COKIIX s11epr1111, 

/15/ 
nepBblll onhIT 118 nomrpll30BSHHOII MIIW8HII Obin Bblnonaea B 1062 ro.11.y • B STOM SKC-

nep~MeHTe H3Mepnnocb ceqeaHe pacceaHHH nonap11aona1111oro ny'IKa c saepr11ell 20 Man nona

p11aona11aoll npoTOHHOll. MllmeHblO, MumeHb, 11cnonb30BSBmaHCH B STOM 9KCnepHM8JITe, Obtna 

B8CbMS 11e6onbWIIX paaMepon; nom1p11aan11n npoTOHOB B MHmeHH COCTasmma OKono 20%. B 

HSCTO!Imee BpeMH BO MHOrHX KpynHblX na6opaTopHSIX MHpa HMeIOTCH nonapH30Balll!ble MHme-

1111 llOCTSTO'IIIO 6~nbWHX paaMepoB C nonap1!3Sllll011 npOTOIIOB OT 50 AO 80%. 

Ha nonsip113oBaHHOll MllmeHII ylKe Bblnonae11 nenblll psin BSlKHblX OnbITOB: H3Mepe11a no-

nsipH3SllH!I, B03HHK8IOWSH npH pacceHHHH npoTOHOB 
/18/ 

OT 1, 7 no 6, 15 fsB , H3Mepea napaMeTp C nn 

npoTOHSMH B WllpOKOM HHTepsane saeprHll 

/17/ 
B p-p pacce11HHH npH saeprmi 680Msn, 

/18/ 
H3Mepella nonapH3SllHH B ,,- -p pac_c8HIIHH B Hl!TepBane HMnynbCOB OT 6 llO 10 rsn/c • 

/Ill 20/ '.2 -r11nepOHOB ' BbmonHeHbl ODb!Tbl no ll3Mepe111110 qeTHOCTell ! - II II llp, 

Bee cymecTBYIOII1118_ MHmeirH npencTaB/UIIOT coooll KpllCTann )I.B81lllSTll'1eTbipeXBOAIIOro 

llBOlllloro IIHTPSTS na11Taaii-fylar1111a, COAeplKailll!II ... 8% BOllOpona no Becy. OKORO onaoro 
8+ -- ,, -·. 

npone11Ta IIOHOB La B KpllCTanne 38MemaeTCH napaMarHHTllbIMH HOiia MB Nd a+ C s¢>¢ieK-
£ .; 

THBHhIM cnHHOM 3neKTpoaaoll o6ono'IKII paBHbIM 1/2, Kp11cTann oxnallCllaeTcst .11.0 HH3KIIX TeM-

nepaTyp ( ~ I°K) ·H noMem·aeTcst B OllHopo.11.aoe MarHHTHoe none ( .., 20 Krc). Ilepnea.11.H

Kyn11pao OOCTOSIHHOMY MarHIITHOMY nonIO npHKilS.[lbIBSeTCSI BbICOKO'l8CTOTHOe MarHIITHoe none. 
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TTpn COOTB8TCTBy10mei! '18CTOT8 H AOCTaTO'l'.BOil HIIT8HCHBHOCTH nepeMennoro llOIIH·llpOTOHbI 

xpncTannnaannonnoi! B0AbI nonnpnay10TCH (¢uauqecxue ocHOBbI SToro M8TOAa nonnpH3alUIH, 

KoTOpblil npHHHT0 H83bIB8Tb M8TOAOM AHH8MH'l8CKOi! II0IIHPH3MHH, nanaraIOTcll BO BTopoM paa

nene nnccepTanHn). 

Hcnom,aoaanne nonnpH30BallllOi! npoTOHHOi! MHllI811H B axcnepHM811TaX C 'laCTHllSMH B·blCO

xnx aaeprni! ~enaeT ll800XOAHMbIMH T80peTH'l8CKH8 HCCII8A0B811HH B03MO}KHOCT8il ee npHM8118-

HBR. 

B paooTax, npencTaBIIBHHblX B nnccepTanan, paccMaTpHBaIOTCH B 0CHODH0M cneny10mue 

BOllpOCbl! 

{I) onpeneneHne DHyTp8HHHX '18THOCTeil 'laCTHll B axcnepnMeHTax C ll0IIHpH30BaHHOi! 

MIIlll0HbIO; 

( 2) H0Dble aoaMOll<llOCTH ¢eHoMeHonorR'l\\'CKoro auannaa; noanm110mneca 6naronap11 nc

nonb30BaHH10 nonapuaoaa1111oi! Maruean; 

(3) aoaMoJKHocTn npoaepxn oomnx npnammoa a axcnepnMeaTax c non51paaoBaHuoi! MH

men&10. 

. TTepBbI8 pa0OTbI aToro uuxna 0blllll Bblll0llllBHbl AO coanaHHH nomrpaaoBaHHOil MRIDBHR. 

B IIRX npennoJK811 oomni! M8T0A onpeneneHHH BIIYTP811HRX '18TIIOCTeil CTpallHblX 'laCTRll. 

Ha 0CH0B9 numb oomax TpeooBaHHil HIIBapaaHTH0CTH 0TH0CHTBllbH0 Bpamenni! H 0TpaJKe-
11,2/ 

HHil M0}KH0 noKa3aTb ''IT0 C8'18HHe'n106oi! H3 peaxnni! 

,r+p ➔ (A,Il+K 

K+p .. (A,Il+,r 

K+p ➔ S+K 

B cnyqae, ecnn MRmeH& nom1pna0Baaa, panno: 

➔ 

u .. =u 0 (l+IP
0 

P). 
p 

(1) 

(2) 

3nec& P -non11pnaann11 MnmeHn, u
0 

-ceqeane peaxunn Ha nenon11pnaoaaaaoi! Mnmean, 

Pa ,. P0 ii - nom1pnaann11 K0H8'1HbIX rnneponoB, noaunxa10ma11 a cnyqae nenon11pnaonannol! 

Mnruenn { ti -nopManb K nnoCK0CTH peaxnnn) 1 a I -OTH0CHTenbHaH BHyTpeHHSIH '18TH0CTb 

npouecca. OTHOCHT8llbHaH '18TH0CTb I paBHa 

I = 1
1 

1, 
(3) 

rne 11 (I,) -nponaBeneane BHyTpeHHHX '18TH0CT8il aaqanbHblX {KOH8'1HbIX) 'laCTHU. Ha (2) 

BbITexaeT, 'IT0 acHMM8TpHH aa uonHpH30BaHHOil Mnmean paBHa 

4 

l 
l 

i( 

! 
l 

:J 

. .. .. 
e =IP0 (P • n). (4) 

TaKHM oopaaoM, AIIH onpeneneann 0TII0CHTBIIbllOil '18TIIOCTH I H800XOAHMO npn OAHOA 

n Toil l!Ce saeprxn Bblll0IIHl!Tb naa axcnepnM811Ta. B nepBoM sxcnepaMeHTe cnenyeT naMe

pXTb acXMM8TpXlO e Ila nonnpnaoBaHHOi! MHID8HR. !3o BTOpOM A0JI}Klla 0h!Tb H3MepeHa no

napxaanxR . rnnepoaoa, noannita10maa B peaxnnn c nenonRpnaoBaHaoi! Mnmellh10. ~enn'lnHa 

STOil nonnpnaannn onpenenaeTc11•no pacnany rnnepoHoB n nna pnna anaqenni! yrnoa n sHe 

rni! B HaCTOHil!88 BpeM.11 R3BBCTH8.. Kax BHAH0 na (4), cpaBH8HH8 peayn&TBT0B 8THX AByx 

aeaaBHCHMblX axcnepHM8llTOB ll03BOIIH8T 0AII03Ha'IH0 onpenennTb 0TII0CHTem.ny10 '18TH0CTb 

( ¢aKTH'l8CKR AOCTaTO'l'.BO cpaBIIHTb IIHllib 3Haxn e R p O ) • 

HM8IOTCH npenBapnTenbHbl& COO0il!9HRSI, 'ITO 8THM M8T0A0M B UEPHe H Bepxnn 0binn 
. /19 20/ 

onpeneneHbI BHyTP8HIIH8 '18TII0CTR ):! - H I -rnnep0H0B 1 
• 

CooT11ome1111e (:2) HM88T M8CT0 AnSI IIIO0blX nponeccoB Tnna 

O+½ .. O+½ (5) 

(0 n 1 /2 - CHHbI 'laCTRll). 3-ro 03HaqaeT, 'IT0 npennoJKellllbIM M8T0A0M MoryT 0bITb onpe

neneHbI '18TH0CTR lllO0bIX qacTHll, y'laCTBYIOil!HX B peaxnnax Taxoro Tnna., 

BonpoCbl onpeneneHRH BHyTp911HHX '18THOCT8il CTpaHHblX qacTHll B peaKllHSIX C nonsipn-

30BallHOil Mnmenb10 nonpoono paccMoTpellbl B TpeTbeM paanene nnccepTanan. 

rne 

/3/ 
CoOTaomeune (2) ll0Jiy'l8HO 3A8Cb TaKJK8 B K0BapnaHTH0M Bnne : 

0 
u,=uo(l+It•t). 

0 

(6) 

e µ - 4-BeKTOp JlaqanbllOl! nomrpnaa!lRH1 a e µ - 4-BeKTOp nonsipnaannn K0ll8'1llbIX 

¢epMHDHOB B peaxnnn C aenonsipnaoBallllblMB Ha'lalibllbIMR 'laCTHllaMn. 

Haxoneu, B TpeTbeM paanene nnccepTannn paccMoTpenbI peax1U1n Tnna 

O+½ ➔ O+O+½, (7) 

/4/ 
TT_oxaaaao , 'IT0 cooTHomenne { 2) cnpanennnao n nnsi peaxnnl! STOro Tnna npn ycnoBnn, 

i~TO OT0HpaIOTCH Taxne cnyqan, xorna HMDylibCbI Bcex qacTBn neJKaT B onaol! lllI0CK0CTH. 

B qeTBepTOM paanene nnccepTallHH paCCM0Tp9HbI peaKllHH 

t + ½- ➔ 0 +. 0. (8) 

. /5/ 
Ha 0CH0B9 TpeooBaHHH HHBapHaHTH0<;TR ~TH0CH~enbH0 ~pameHnll H OTpaJKeHnil noxaaaao •, 

. - ' ! 

~TO nauepeana nonablx ceqeHnll peaxnni! Taxoro Tnna B cnyqae, ecnn nyqox n MnmeHb 
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Ta:rrnM o6paaoM, AIU! onpeAenemm OTHOCRTem,aol! "l8THOCTR I aeo6XoAHMO npll OAHOll 

H Toll l!C8 SHeprRR DblJIOnHHTb ADS 8KC118pRM8HTa. B nep~OM 8KC118pRM8HT8 cneAyeT RaMe

pRTb acBMMeTpRIO e aa nonllpll30D8HHOI! MRmeHn. ~ BTOpOM Aom,rna 6b1Tb ll3M8p8Ha 110-

nllpllaallRll .runepoHoB, D03HHK8101Ilall B peamnn C H81IOJillpll30B8HHOI! MHW8Hbl0. ~enH"lRHa 

STOil nonnpuaanuu onpeAenneTcn no pacnaAy rHnepoHoB R Ann pllAa aHa"leHHll yrnon H snep

rul! B HaCTOnmee BpeMll H3B8CTH&. Ku BRAHO H3 (4), cpaBH8HR8 peaynbT8TOB STRX ABYX 

H838BHCRMblX 8KCII8pHM8HTOB Il03BOnneT OAH03H8"1HO onpeAenRTb OTHOCRT8ru;Hy10 "l8THOCTb 

(q,altTH"l8CKH AOCT8TO"IHO cpaBHRTb nHmb 3H8KH e B Po ). 

HM8IOTCH 1IP8ABllpHT8nbHbl& coo6menHll, "ITO 8THM M8TOAOM B, UEPHe R Bep1tnH 6blnH 
. /18 20/ 

onpeAeneRbl BHyTpeanue "l8THOCTR a - H ! -runepoHOB ' • 

Co0Taomea11e (2) HMeeT M8CTo Ann n106b1X nponeccon Tuna 

(5) 

(O II 1 /2 - CHHbl "l8CTRll). 3To 03Ha"la8T, "ITO Ilp8AnOl!C8HHbIM M8TOAOM MOryT 6b1Tb onpe

A8n8Hbl "l8THOCTB n106bl.it "l8CTBIX, y"laCTBYIOIIlHX B p88KllBHX Ta1toro THna., 

BonpoCbl onpeAeneHRll BHyTpeHHRX "l8THOCT8ll CTpaHHblX "l8CTRil B peamnnx C non11pu-

30B8HROll MRW8Hbl0 noApo6ao p8CCMOTp8Hbl B Tp8Tb8M paaAene ARCC8pTanRH. 

/3/ 
CoOTHomeaue (2) nony"l8RO 3A8Cb T8KlK8 B KOBapRaHTHOM BHA8 : 

(8) 

0 
rAe e µ - 4-BOltTOp H8"18JlbRO!I JIOJIHpR38/l.HH, a e µ - 4-B81tTOp nonHpH38IXHH KOll8"1HblX 

q,epMHOHOB B peunnu C HenonnpR30BaHHbIMH H8"l8nhHblMR "l8CTR!laMR. 

Haxoaen, B Tp8Tb8M paaAene ARCC8pTal(HR paCCMOTP8Hbl peaJtllBR TBna 

(7) 

/4/ 
IToxaaauo , "ITO cooTHomenue ( 2) cnpaneAnnno u JlJIH peunul! STOro Tnna npu ycnoaun, 

"ITO 0T6upa10Tcn Taxne cny"laR, KOr)la ~MnynhCbl BC8X "l8CTR!l neJKaT B O)lHOII nnocKOCTH. 

B "l8TBepTOM pa3)lene ARCC8PT8IlRR paCCMOTp8Hbl peamuu 
."\-.• 

.' "{ ·,~. 

, J.: + -l- ➔ 0 +. 0. 
l '.'2 • 

(8) 

. /5/ 
Ha OCHOB8 Tpe6onauul! RHBapuaaTHOCTH OTHOCRT8JibHO ~pameaul! H OTpaJKeaull noxaaano 

"ITO H3M8peHH8 nonHblX C8"18HHI! pea1tnul! T81toro THJia B cny"lae, ecnH ny"lolt B MBW8Hb 

5 



nonHpH30BaHbI, II03BOn.!l8T onpene1111Tb OTHOCHTen&HyIO '18THOCTb nponecca • IlOK838HO 

T8KlK8, '!TO OTHOCHTen&Ha.!l '18THOCTb I MOlK8T 6bITb O.[lH03H8'1HO onpeneneaa nyTeM cpaBH8-

HH.!l 8CHMM8TpHH B peaKIIHH (8) C nonHpH30B8HHbIM IIY'IKOM H aenonHpH30B8HHo!! MHID8Hbl0 C 

8CHMM8TpHe!!, B03HHK8IODl8A B cnyqae aenonHpH30B8HHOro ny'!Ka H IIOIIHPl(30BaHHO!! MBmeHH. 

B cneny10mux Tpex pa3Aenax paccMa:rpHBAIOTCH HOBbie B03MOlKJR>CTH ,j,en0Meaonoruqec1to

ro aH8111138 IIponeccoB pacceHHH.!l M830HOB HyKnoHaMH R HYKnOHOB HyKnOHaMH, B03HHK8IODlH8 B 

CB.!l3R C coanaHR8M IIOIIHpR30B8HHO!! IIPOTOHHO!! MRID8HH. 

/8/ 
B IIHTOM paanene paCCMOTp8HO pacceHHRe M830HOB HyKIIOHaMR nongpH30B8HHaH MR-

meHb naeT B03MOlKHOCTb H3M8pHTb B STOM cnyqae napaMeTpbI R H A t Xapax:repuay10mue 

nonHpH3anHIO KOH8'1llbIX HyKnOHOB, B03HHK810DlYIO IIPH pacceHIIRR M830IIOB Ha nonSlpH30BaHHbIX 

Hyitnoaax. 0'!8BH.[llIO, '!TO 6ea nonHplI30BalIHO!! MHID8HH onpe11enHTb napaM8TpbI R II A 

H8B03MOlKHOo 

HaMepeHHe C8'181IH.!l pacceHHII.!l M830HOB 11enonHpH30BalIHO!! MHW8llbIO,nonHpR3aUHII HyK

noHOB 0Tll8'1R (acRMM8Tpnn npn pacce!IHHH aa IIOru!plI30BaHHOI! MlIIDeHn),' a Ta)tlK8 napaMeT

poB R H A ll03BOII.!l8T OllH03H8'1HO (c TO'IHOCTblO llO o6me!! ,j,aabI) BOCCT8HOBIITb MaTpnny 

M830H•HYKnOHHOro pacceHHII.!l aenocpencTB8RRO no s1tcnepRM8HT81IbHbIM naHHhlM npn ,PlIKCII

poBaHHbIX 3H8'18HH.!lX yrmr H saeprnH. MeTon IIp.!lMOro BOCCT8HOBneHHSI MaTpRUbl pacceHHR.11 

6y11e:r aaR6onee s,j,,peKTRBeH B o6nacTR B&ICOKRX saepru!!, rne npo_BeneHRe on11osHa'!Horo ,j,a

soBoro aaanRsa 3aTpy/lH8HO. Ilpn BblCOKHX SHeprR.!IX, KPOM8 o6bI'IHO!! pemITBBRCTCKO!! ltHHe-
/21,22/ ' . 

MaTRKR, aeo6xonRMO, KaK R3B8CTHO ' Y'IRTbIB8Tb TaKlK8 cnenR,PH'18CKRA penHTRBRCTCKHA 

noBopoT CIIRHa. 

B IIHTOM __ paanene nony'leHbI C y'l8TOM STO;'O s,p,peKTa penHTRBRCTCKRe <POPMYIIbI nnH 

- np.11Moro BOCCTaHoBneanH MaTpHUbI MesoH-HyKnoaaoro pacceHHHH no naaabIM npH <pRKCRpoBaH-

HblX 3H8'18lIR.!lX yrna R saeprRHo PacCMOTpeHo paCC8.!lHHe rr -MesoHOB npoToaaMH. Bcnen-

CTBHe R30TOllR'l0CKOil RHBapRaHTHOCTH MaTpHna rr -MesoH-HyKnoH~oro pacceHHRH xapaKTepn-

sy8TC.!l '10TblpbM51 CKanHpHbIMR KOMIIII0KCHbIMR ,j,yHKUR.!lMB yrna pacceHHR.!l R saeprRR. nony

'10Hbl penHTRBHCTCKHe ,j,opMynbI nna npHMoro BOCCTaHoBneHH.!l STRX ,PyHKnR!! Rs naHHblX no 

pacceHHRIO rr + - R rr - -MesoaoB nporoaaMR n nepesapHnKe. noxasaao, '!To nnH Rx onao

sHa'IHoro onpeneneHRH aeo6xonRMO npR naaHoM sHa'!eHHH ~rna R sHeprHR npoRsBecTH RSMepe

HHe neBHTR BenH'IRH. 

B meCTOM R C8llbMOM pasnenax naccepTSIIHH paCCMaTpHBaeTCH pacce.!lHH8 HYKnOHOB 

11,81 
HYKIIOHSMH • Pa3BHT M0TO)l npHMoro BOCCTSHOBneHHSI MSTpHUbI HyKIIOH-HyKnOHHOro pac-

C0HHH.!l B penaTHBHCTCKOM cnyqae. nony'leHbI penHTHBHCTCKHe COOTHomeHH.!l, CBH3bIBSIODlH0 

Bee R3M0p.!l8Mble Ha onbITe KOMnoHeHTbI 11om1pnsa11HOHHbIX T0H30p0B BToporo paara C KOMno

H8HTaMR nonHpHsannoHHbIX :reasopoB B c.u.n. IloKasaao, KaK . no ce'!eHHro, nonHpHsanRH H 
. ~ ' . . . 

KOMnOH8HTaM nonapHsanHOHHblX T8H30pOB BTOporo paara B c.n.R. Mory:r 6bITb O/lH03HS'IHO 

(c TO'IHOCTblO llO o6me!! ,j,asbI) BOCCTaHOBn0HbI BC8 nHTb CKanHpHbIX ,PyHKIIHA, xapaKTepRsy-

8 

;;-,.· 

IOIIOIX Ma:rpany HyuIOH-HyKnOIIHOro pacce.!lHB.!l. PacCMOTp8HbI pa3HbI8 nponellypbI BOCCTaHoB

neHRH, KoTOpbie Mory:r f>bITb ncnon&aoBaHbI B pas1111'!H&IX o6nacTax yrnoa n saeprR!!. Pac

CMo:rpeao pacce.!lHR8 DpOTOHOB npoToaaMR R ae!!:rpoaoB IIpOTOHaMR. nonyqeHbI penaTRBRCT

CKR8 ,popMynhI nna npnMoro BOCCTlllIOBneHH.!l MaTpRilhl HyJtnoH-HyKnOHHOro paccenHHH B coc

TO.!lllllH C nonabIM R30CIIRHOM, paBHbIM Hyn10, R3 llllHHbIX no n - p H p - p pacce.!lHHIO. 

06cylK.[(aroTCR B03MOlKHbI8 onbITbI no H3M8p8HHIO nonapR38D:RR HyKnoaoB, B03HRK8!0Dl8!! 

IIpR pacceHRRH nongpR30BaHHOro ny'!Ka non:gpR30BaHHo!! MHmeHbIO. PaccMaTpHBaIOTC.!l TaKlK8 

onbITbI no.R3M8p8HRIO KOppen.!lllHH nonHpRsanR!! KOH8'1HbIX HyKnOHOB B cnyqae, Korna na11a10-

DlHA IIY'IOK nonapR30BaH (nn6o Korna non.!lpR30B8Ha MRmea&). B STBX SKcnepHM8HTax Brrep

BbI8 CTSHOBHTC.!l B03MOlKllbIM onpeneneHHe KOMIIOH8HT nonapnsanHOHHOro T8Hsopa Tp8Tbero 

panra. Ilony'!8HbI penHTBBBCTCKH8 ,j,opMynbI nna Bcex R3M8p.!l8MbIX B STRX OIIbITllX B8nB'IHH. 

Ilo1taaaao, '!TO ecnR aaaecTHbI KoMnoaeHTbI nonapusanuoaaoro Teaaopa TpeT&ero paara, TO 

nponenypa npaMoro BOCCTaHoaneaun MaTpllltlil pacceHHHH cymec!BeHHo ynpomae:rca. 

nonapusoBAHHaH MRmeHb sHa'IRTen&Ho o6nerqaeT nsMepeane nonapnaanRoHHbIX xapax

Tepnc:rnx HyJCIIOH-HyKnOHHoro pacceHHR.!l. B CB.!l3R C STHM nporpaMMa np.11Moro BOCCTSHOB

neHR.!l M8TpllltbI HyKnoH-HyKIIOJraOro paCC8.!lHH.!l CT8HOBRTC.!l B HSCT0.!1Dl88 Bp8M.!l pean&Ho!!. 

B BOCbMOM paanene o6cyJK.ttaIOTC.!l o6mae CBO!!CTB8 IIOnHbIX C8'18HHil peaKD:R!! C noru1pR-
. /8/ 

30B8RllbIMR IIY'IK8MR R nonHpR30BaHHbIMR MRW8H!IMR • CnRIIbI 'ISCTRll fiY'IK8 R MRID8HR 

npennonara10Tcg paBHbIMR 1/2. IloK838HO, '!TO H3Mepeane IIOnHbIX C8'18HR!! B cny'!ae IIon.11-

pR30BllHHoro ny'!Ka R non.!lpR30BaHRo!! MRW8HR II03BOn.!leT onpenenaTb IIOIIHbie C8'18HR.!l pealt• 

·llRR H3 CHHrneTHoro R TpHnneTHbIX COCTO.!lHRA. 06o6meaa OIITH'18Clt8.!l TeopeMa Ha cny'!al! 

11om1pR30B8llHbIX HH'l8n&HbIX '18CTJIIl. 

B neB.!IToM paanene paccMaTpnBa10Tc.11 nponeccbI aHanrnn.!lllRH 

p+p-+f+f (8) 

( f - snexTpoH, nR60 µ -MesoH) B o6meM cny'!ae nonnpRsoBaHHoro ny'!Ka aHTRnpoTo-
/10/ . 

HOB R non.!lpR30B8HHO!! npoTOHHO!! MRW8HR • 

3apanoBb!I! R MarHRTHb!I! ,j,opM,paKTOpbI, xapaKTepRay10mne B OllHO,POTOHBOM npu6nnlKe

HRR aMIIn~;YllbI nponeccoa ( 8)' KOMnneKCHbl ( o6nacTb Bp8M8H8lIOll06HbIX nepena'I). HsMe-

peHHe ni,j,,j,epeHnRan&BbIX C8'18HR!! STRX nponeccoB C BenonapR30B8HHblMR Ha'!anbHbIMR 

'!SCTRU8MR naeT B03MOlKHOCTb onpenenRTb TOnbKO Monynn ,popM~SKTopoB. 

IloKasaao, '!TO R3Y'l8HR8 nponeccoB 8HHRrHmlllHR (8) B cny'!ae_noru1pus0B8HHbIX Ha

qanbHbIX '18CTRII nosBOnHIIO 6bI onpenenRTb TSKlK8 OTHOCHTen&Hy10 ~asy sap.11110Boro H Mar

HRTHoro ,PopM,P8KTOpOB npoTOHa. nony'l8H KpRT8pR!! IIpRMeHHMOCTR OllHO,POTOHHoro npR6nn

lK0HRHo Ilo1tS38HO, '!TO R3M8p8HR8 nOnHbIX ceqeHR!! llpOD:8CCOB (9) C nOru!pR30B8HHbIM nyq

ltOM R nonapR30B8HHO!! MRW8Hbl0 nosBonnno 6&1 cnenaTb 38Klt10'18HH.!l O IIpRM8HRMOCTH on

HO,POTORRoro npa6nRlK8HHg. 
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B cne.nyIOmnx Tpex pa3nenax n11ccepTan1111 paccMaTpnBaIOTCSI B03MOJKHOCTII npoaep1t11 

o6mllx npnmtnnoB Teopllll ll B03MO)KIIOCTH npoaepKII SU(O -CIIMMeTpllll B aKcnep11Me11Tax 

C nonlipll30B811HOtt Mnmem.IO. 
I 11/ 

B neBRTOM p83.!t8n8 no1t83BIIO 1 'ITO nonapll30Blllflf8SI MIIID81fb llBeT B03MO)KHOCTb ocy-

mecTBIITb npaMyIO npoBepKy CPT -IIHBllpllBBTIIOCTII. 

PaccM0Tpe11 npouecc ynpyroro paccea1111a a11T11nporo110B upoTolfaMn: 

p+p ➔ p+p ( 10) 

IloKa3aao,· 'ITO 113 CPT-1111Bap11aHTHOCTH If IIHBapnaHTHOCTII OTHOCHT81IbHO BpameHHA BhITe-

KBIOT cnenyIOI!llf8 COOTHomeRIIR 

po, .. it 

• ➔ (2) ➔ 

p • n 

A<2> ➔ 

n 

➔cit ➔ 
A • n 

(l 1) 

➔(I) ➔(2) 
3necb P (P ) -B8KTOP nonap113lUllflf BHTlfffpOTOIIOB (npoToHoB) 1 B03HIIKB!Olll8tt B peaxn1111 

➔(2) ➔(I) 
( 10) C aenonapll30BaRIIOtt MHIDeHbIO, 8 A (A ) -BeltTOP 8CIIMM8Tpllll B cny'lae p8CC8RIIIIR 

nenonapH30B81flfOro ffy'lltB BHTHnpOTOHOB non,rpH30Baaaott npOTOIIHOtt MIIID0l!hl0 (nonapH30BaR-

• Horo ny'llta .11enonRpll30B811HOA MHID0Hb10). 

:::::::---- -

31tcnep11MeHTanbHa11 npoaepxa cooTaomenua ( 11) 61,1na 6bt npaMott np0Bep1to8 CPT -

HHBapHBIITIIOCTB CBnbHbIX (a npll .!tOCTBTO'lHOtt TO'IHOCTII If anexTpoMarHBTHb!X) B38HMOAett

CTBBtt. PaccM0Tpen1,1 B03MO)KHbl8 aapyme111111 paBencTB ( ll) ·B cnyqae, ecnn MaTpnna npo

necca ae 11HBap11a11THa oT.11oc11TenhHO ~CPT -npeo6pa30Baa1111. H3 CPT -HHBap11a11T.11ocT11 11 

IIHBBpllBIITHOCTII OTIIOCIITenbHo Bp81ll8HIIA nony'leHhl T8lt)Ke COOTHOID8IIBSI M8)Klly ApyrHMH no

nS1pl1381llfOHHbIMII xapaKT8pllCTHlt8Mlf nponecca ( 10) • 

nonap1130B~IIHBII MIIID0Hb o6ner'IB8T H3M8p8HB8 nonap113BUIIH '{8CTHl1 npn BhICOKIIX 

aneprnax. 

B OllHHIIBllllBTOM pa3)lene nony'leHhl ac11MnTOTll'18CKll8 COOTHOID01111SI M8)Klly nonapn3a

/12/ 
lllfSIMII •'lBCTlfll B nepeKp0CTHblX peaKUIIRX • 3Tlt COOTIIOID01111SI OCHOBblBBIOTCSI Ha nepe-

KpecTHott CIIMMeTpllll,•TeopeMe $parMe.11a-JI11anene¢a B npllHUHnaX HIIBBpllBHTIIOCTH. B 'IBCT-

If ¢111tCllpOBBHHOM nonapU3allHR npoTOHOB OT-

+ 
HOCTlI ll0Kll:38HO, '11:TO, 'ecnH npH s ... 00 

llB'Ilf B npouecce ynpyroro pacceRHIISI 1T -M030110B npoTOHBMH OTnlf'IIIB OT .11ym1, TO no-

napll381llfll npoTOHOB OT)lB'llf B ,,-- p -paccElSIHHII npn Tex )!{0 3HB'leHlfllX s If t T8K)K8 

He paBHB HynIO If OTnlf'IBeTCll OT nomlp11381llflf B npouecce 1T + - p paccel!Hlfll nlfmb 3HBKOM; 

nonapn3au11a ael1Tpoaa OTll~'Ilf B npouecce nepe3apan1t11 ,,- + p .. ,,o +n o6pamaeTcll B 

Hynb B' 8CHMnTOTll'l0CKOl1 o6naCTlfi o6pamaeTCll B Hynb B 3TOl1 o6naCTII nonllp1138Ulflf :S-
- - + 

rnnepOHOB B peaKUlflf K + p ➔ :S + J:: pBBHbI no BenH'llf.110 11 npOTHBononO)!{Hhl no 3HBKU 

+ + + + - + -
nonap113au1111 I -rnnepoaoB B peaKUlfllX rr + P ➔ I + K II K + p ➔ I + rr • 

B· nBeHBllUBTOM pa3nene )llfCC8pTaUHH SU(4) 

6ap110.11-6apllOHHhlM CTonKHOB8HHllM. 

8 

H SU(6) CHMMeTpHH np11M0HlllOTCll K 

.:. 

' I 

• Ha . OCHOBe SU(4) - CBMM0Tplflf nony'IeHbI, COOTHomemrn,M8ll(.l:(y nonlfhIMH. C8'181IBIIMB B3811MO• 
I . . ' , 

ne8CTBlfll ,HyltnOHOB C ayxnOHBMll B cnyqae nonllp1130B8HHbIX HB'IBIIbHhIX • 'IBCTIIU. Ilp_oBepKa 
. - -

·•sTIIX COOTHOI!l8Rlllt Tpe6yeT npoaene111111· s1tcnep11M8l1TOB C nonapll30BlllfHhIMII ny'IltaMB HYll;no-

HOB If nonsip1130B8HHhIMH npoTOHHhIMH Mnme~l!Mlf. 

· Ilo1ta3aao, 'ITO B3 SU (4) - CIIMM8Tpllll cnenyeT p8B8HCTBO 
1
So 

a - . 
Ii S1 aMnnHTyll 

ayxno11-nyxnoa11oro paccea1IB11. IlpoH3BOllllTCR cpaB.11en11e c pe3ynhTaTaM11 ¢a3oBoro aaan11aa. - ' 

,Ilo1ta3a110, 'ITO STO npenClta3aJIB0 SU(4)- CHMM8TpHII H8XOlllfTCSI B cornacHH C s~cnep11MeH-

T81IblfhlMH ll81IHbIMII B lflfT8pBane aHeprult. OT 100· AO 400 MsB. 

SU(6) - CIIMM0TpHSI llpllM01IlI8TCSI K CTOnKIIOBeHBIIM· 6apll'.OIIOB C 6apuo11aMH 8 s -COCTOH;.; 

mrn. 31tcnepllMe11;.anb111,1_e Aa11111,1e no pacces1111110 A -r11nepo.110B nporo11aMH, nony,re11111,1e B 

CBM00 nocne1111ee Bp8Mll, cornaCYIQTCII C np8AClt838HlfllMII SU(6) - CIIMM0TpllH llllll 5- aomn.r.· 
I , , . \ . 

/3 
. . , - · . /23/ 

B Tp1111a.1tnaroM p~3nene.paccMaTpnBaeTclI -pacna.1t,nonap1130Ba1111oro 11eATpo11a • 

·, Bwm:cnelfhI pa3n~'Illhl8 11a6n10.1t88Mh18 ,a¢¢eKTbI ( KOpp8nBlllfR sne1tTpoJi-11ettTp~110,· C~~Jr.;p 
, ~ ~ - ' ' 

, sne1tTpo110B, non11a11 'BepostTHOCTb pacna.1ta, ac11MM8Tp1151c npa pacna11e non11p1130Ba1111bIX ueAT-

- pOIIOB, nonapll381llfll aneKTpoHoB) C yqeTOM 'In0HOB nopll.!tlta OTHOID0Hlfll M~CChl snexTpoH: lt 

MBCC8 Hy1tno11a, npOIICXO.!tllllllfX OT "cna6oro MarH0Tlf3M8' If y'leTa OTllB'llf . npoTOHA •. Ilolt~3a

~Ho, ·qro nonpaBKII K KoppenSlllHH sne1tTpon-aeltTp11no n ac11MMeTp1111 sne1tTpo110B. nocTnr;~ 

,'necKOnbltHX nponeHTOB. IlonpaBKII K OCTMbHhl~ s,ji,jiexTaM COCTBBnllIOT AOnH nponenTa; 

-Haxoaen, a·nocnenneM '18ThlpHannaToM pa3nene n11cc0pTan1111 113naraeTCn npocTott cno

bo6 nony'l8HHH.BbIT0KBIOlllll'.X 113 H30TOllH'10CltoA IIHBllpllBHTIIOCTH COOTHome.iui:A Me)Klly Ha6nIO-
. . ' /24/ . . . . _ . · 

11aeMbIMH aenn'lnHaMn (ceqennll, nonapnaannn) • Iloxaaano, 'ITO naBeCTaoe npaanno 
- - . ,~, - . ' '' 

·._lllMym1t0B1f'18 HBnSl8TCH cnencTBB0M. COOTHQID0HHtt OpTorouanbl'IOCTII If CIIMM8TpllH Kos¢-

qiHlllf8HTOB Kne6ma-ropna11a. Ilonyqe110 cTonh )!{8 npocToe npaanno nna nonyqennll cooTHo- • 

meHBlt_ M8]1(Jly nI06bIMII nonllp113annoHHbIMll'. xapaKT0pllCTHKBMB nponecc_oB. PacCMOTp8HbI KOH- ,, 

Kp8Tllbl8 npnMepbI. 

Pe3ynbT8Tbl pa6oT, npencTaBn8Hllhl8 B lllfCCepTBllllB, no1tna.1thIBBnlfCb Ha Me)KllyHap·onHhIX' . . 
_KoH¢ep8111llfllX no ¢n3IIK8 BhICOKIIX 3Heprna. 
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