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BalK!lhlM HIICTpyM011TOM HCCII0AOBallH.11 CTATnqecKHX CBO8CTB ".l!Aep, .IIA0pllhlX peaKnnA H 

nponeccoB pacce.1111n.11 H BaaHMllhlX npeBpameanA SJI0M011Tapllb!X qaCTHD DpH BhICOKHX s11epr11.11x 

.IIM.IIIOTC.11 DpHIIDHDbl HHBapHSHTIIOCTH H coo6palK011H.II CHMM0TPHH, KnaccuqecKH0 rpynnhl reo

M8TpHqecKHX CHMM8TpH8, ChirpaBmHe CTOIIL B8lKHYIO POIIL B DpHM0110HH.IIX KBllllTOBOA T0OpHH 

. K onrii:qecKoA CD0KTpoc_KODHH, HM0IOT orpoMIIO0 311aqe11ne H nrpaIOT eme 601100 BAlKIIYIO pol!L 

B .l!Aep11O8 ¢H3HK0 H ¢H3HK0 8/10M011TapHhlX qacTnn B CB.113H C OTCYTCTBH0M DOC110AOB8T01IL

H08 AHH8MHqecxo8 TeopHH SToro Kpyra .IIBII011HA. 

Tpe6oBAHH.II HIIBapHallTIIOCTH s -MaTpHnhl OTIIOCHT01ILHO npocTpaHCTB8llllbIX Bpame11u8, 

HHBepc1rn H o6patn8HH.11 Bp0M011H HAKIIBJlhIBAIOT AOBOIILIIO lK0CTKH0 orpauuqeHH.11 Ha BO3MOlKJlhl8 

BHA aMD/IHTYAhl peaxnnn H mnpOKO HCDOIIL3OBAIIBCL npB 8118/IB38 no11.11pn3annoHHhlX s¢¢eKTOB 

B pa311nqHhIX nponeccax CTOIIK
0

HOB0HB8/t-4/. 

npnM0H011B8 coo6palK8HH8 CBMM8TpBB npBBOJ:tBT K xopomo H3B0CTHhlM 'npaBBIIBM OT6o

pa' 1 npeADBChlBBIOtnHM onpene110Hllbl8 Tpa11c¢opMailBOHllhl8 CB08CTBa pa311nqHhlM 11a61110Aa8Mb!M 

B011HqHH8M, npocTeAmnM npBM0pOM STBX 'npaBBII OT6opa' B nponeccax, 06yc110B1I8llllbIX 

coxpaH.IIIOtnBMH qeTIIOCTL B3aHMOA88CTBBIIMB, MOlK8T CIIYlKHTL yTB0PlKA8HB0 06 opToro11a1IL-

x/ 
. HOCTB B8KTOp1108 DO1111pB3aDHH KOHeqahlX qacTHil DIIOCKQCTH peaKDHH B cnyqae, Korna 11a-

qa1Ihllbl8 qacTHUhl 11eno11.11pB3OB8Hhl {oTcyTCTBB0 'DIIOCKHX' KOMDOH011T B8KTOp1108 no11.11pn3a

n1111). Aua11or11•qHbIM o6pa3oM, 11anpBMep, T0ll3Op KOppe11.11UBH no1111pH3anB8 c,k - < s ~I) s<~> > 

ABYX KOll8ql{hlX qacTnn He MOlK8T IIM0TL KOMIIOH8HT, nponopnBOHAIILHhIX n I a k I rAe n I - , 

HOpMal!L K 11/IOCKOCTB peaKDBB, a a k - npOB3BO/ILHhl8 B8KTop, 110lK8tnll8 B DIIOCKOCTB pe-

aKilHB B T,n, HaKoaen, Tpeooaaane HHBapnaHTHOCTH OTHOCBT011&11O O6pame11n11 apeMeun coa

M8CTHo C Tp0DOB8HB.IIMB qHCTO npOCTpAHCTB8HHblX CBMM0Tpll8 DpBBOABT, B qacTHOCTB," K TBK 

H83hIBa8MOMy COOTHOW8HIIIO 'no11.11p1138UH.II - ACIIMM8TpB.11r 

.... 
t • p • n p o6p {I) 

CB.113bIBSIOtn0MY M8lKAy co6o8 ACIIMM8TpBIO f • B nplIMO8 peaKnBB a + b .. C + d , KorAa 

OAHB H3 uaqa11bHhlX qacTlln {uanpBMep, qacTBilB a ) I 0611aAa10ma.11 CDBHOM 1/2, no11HpB3O-

Baua, C nom,pH_3AilH08 p 6 STBX qacTnn B o6p8TH08 peaKDHB C + d .. a + b C 11811O/llI----,----------"o p. 
X HM8IOTC.II B BRAY TaK H83hlBA8_MbI8 6nuapHbI0 peaxnnn, T,0, peaxnnn C ABYMII qaCTH

naMH B 11aqa1ILHOM n,KOH8qaoM COCTOlIHBlIX, 
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·, 

pK30BaHHblMH qacTKnaMK C H d • B cnyqae ynpyroro pacceSIHHSI npSIMrul H o6paTH8SI peax-

D:Kl!l coBna.t:talOT H P .
6 

npe11cTannsxeT co6oll nom1pH3BD:H10, KOTOpasx B03Hnxna obi B nponec-
. o P• 

ce· paccenHHn, ecnx obi na.t:ta10mHe q&CTHD:hl · obinB HenonapH30BSHhI. 

BaJKHBII OC008HHOCTh ynOMllilyTbIX Bbllil8 'npaBHn OToopa' H COOTHOII18HHll M8l!C.t:lY nonsx

pH38llHOHHbIMH xapaKT8pHCTHX8MH 38KmoqaeTCn B TOM, qTO OHR BbillOnBIIIOTCSI H838BHCHMO OT 

as:aqeHBII OTHOCHT8ni,HOll BHyTp8HH8ll qeTHOCTH Bcex qacTun, yq&CTBYIOil!BX B peaxnBH. 

011aaxo cymecTByeT ll npyroll xnacc COOTHOIIl8HHII, KOTOpble aapsx11y c Ha6n1011aeMblMH 

Belll!qHHBMH, xapaxTepH3YIOillHMH COCTOIIHH8 nonnpH38Illlll yqacTBylOillHX B peaKitHll qacTHn, co-

11epJKaT BHyTp8HHIOIO qeTHOCTb I • 11onyqeBHJO COOTHOIIl8BHll Taxoro po11a B cnyqae Ilp0113-

BOnl>HOII peaxn11n, BX OOil!8My 8H8nB3y, paCCMOTpeHHIO OCHOB8BHbIX Ha llHX M8T0/10B onpe.t:tene

HHSI BHyTpeHHBX 'l8THOCT811 qaCTHn H IIX ClIHHOB, IlpllM8H8HBIO BX, X pa3nB'lHblM KOllXp8THbIM 

nponeccaM ll 11pyrHM DonpoCaM, CB!I38HHblM C npocTpaHCTB8HHbIMH CllMMeTpllHMII cnm,llbIX 

/5-18/ 
B38BMO.t:t8IICTBllll,n noCBSII1!8H nnxn paooT , COCTaBnSIIOil!HX OCHOBY HaCTOSIIl!ell .t:tnccepTa-

Illlll, 

BnepBbI8 COOTHOIIl8HH8 Taxoro THna oblno nony-i:e110 BO BKnlO'lGIIHOll B nnccepTSilHIO 

/5/ , 
( rnaBa III ) paoOTe , r11e Ha OCHOB8 TpeooBal!llll HIIB8pH8HTHOCTll OTHOCHTen1,110 Bpamennll 

II o.TP8lK8HBll oblno noK838HO,, qTo B cnyqae n106oll, 06ycnollJle1111oll coxpaHIIIOil!HMll 'l8THOCTI> 

B3AllMOll8llcTBH!IMH, peaxnnn Bll.t:ta 0+ 1/2 ... 0 + 1/2 (0 ll 1/2 - C~JIHbI qacTiln) HM88T M8CTO 

COOTHOil!8HH8 

.... 
< = IP • 11 Po (2) 

r.t:te f -SCBMM8TpHll B peaxnnn C nonSipll30B811HbIMll .Ha-i:anl>HbIMH q,epMHOIISMH (nonsxpB38IlH.!I 

; ), a Po-nonHp1!138IlBSI XOHeqllbIX qacTHn B Toll lK8 p_eaKD:HB C HenonnpH30!18llllbIMH Ila-

qanhllbIMB qaCTHilSMl!l, 

/19/ , 
BnocnencTBl!IH O,Eop B paooTe yxa3an 118 T8CHYIO CB!I3b COOTHomelll!llI (2) C nony-

qeHHbIM HM B STOii lK8 p800T8 H3lIIl!llbIM npaBl!lnOM. ::JTO iipSBBnO BbIT8K88T H3 TpeoOBAHHB ,. 
HIIBapnallTIIOCTl!l OTHOCHTenbllO OTp8lK8Hl!lll B nnocxoCTB p881!:IUIH B YTB8p}K.t:la8T, qTQ aneMeH

Tbl MATPHilbl peaxnBB B cny-i:ae, Kor11a 38 OCl>·KB8BTOB8HBSI BbioHpaeTCn 11opMan1o It. nnocxoc• 

Tl!l peaxnuH, OTnH'lHbl oT 11ynn numi. npl!l ycnoBKH 

• M 
I I (-1) I Ir (-l)Mt (3) 

rne I I (If ) - npOH3B8.t:l8HB8 BllyTp8HHl!IX 'l8THOCT8ll aa-i:anl>HblX (KOll8'1HbIX) 'lSCTHil, 8 MI 

JI M., -CyMM8pHbI8 npoexnlll!l Clll!IHOB aa-i:anbHbIX l!l KOH8'1HbIX 'lSCTl!IIl 'Ha aopMam,. 

3aT8M COOTIIOW8HHSI, aHan~Ml'lllbl8 ( 2), Obtnl!l nonyqeHbl, B ofimeM cnyq~e np0113BOnl>HbIX 

, j~ , 
peaxnKll BHAa a + b .. c + d B paooTe (rnaBa II), 

11epell.t:teM Tenepl, K xpanoMy 1!13nOJK8Hl!IIO co11eplK8HHSI lll!ICC8pT8Illll!l, 
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nl!lccepTanKn cocTOBT 1!13 BOCLMH rnaB, KaJK11aB rnaBa (3a ncxn10-i:eHneM nepooll) conpo- v 

B0l!C.t:l88TCH Kp8TKBMl!l BbIB0/18MH, 

11epBASI rnaaa HOCl!IT BBO.t:!Hblll xapaxTep. B Hell H3naraeTCSI annapaT MSTPBilbl nnoTHOCTH 

ll M8Tpmtbl peaxnnn H q,opMynupyIOTCSI B YAOOHOM 11nsx 11an&11ellmero Bllll8 TpeooBaHHSI HHBa-

pl!IAHTIIOCTl!l OTHOCllTenbHO npocTp8HCTB8HHbIX BpameHl!ll\. l!IHBBPCHH H o6pameHHSI Bp8M8HH, 

Bo BTOpoll rnaBe nonyqeHbl B OOil!8M Bl!l/18 nBH8llHble COOTH9m8Hl!l!I M8lK/1Y Ha6n10.t:ta8MbI-

/~ . 

~I![ B8/Dl'IHH8MB (cp8/1Hl!IMH 3H8'18111!1SIMl!l cq,epl!l'l8CXHX Clll!IH-T8H30POB) B npOH3BOnbaoll 01!1-

aapaoll peaxnxl!l,· 3Tl!l COOTHOil!8111!1H HBnHIOTCSI npBMbIM cne.t:tcTBl!l8M TpeoOBSHl!llI l!IHB8p1!18IITHOC-, 

Tl!l OTHOCl!ITenbllO OTpAlK8~1!1SI D MOCKOCTl!l peaKill!ll!l I![ cnpaB&/1nl!IBbl 11838Bl!ICIIMO OT 

xo111tpeT11oll npllpO.t:lbI y-i:acTBylOilll!IX B p88Kill!ll!l qaCTl!IIl JI'. XOIIKp8THOll npup0/1bl B381!1'."' 

MO.t:tellCTBHII, OTB8TCTB81111bIX 38 YK438HHbl8 nponeccbl, 110Ml!IMO HenocpeJlCTB811HO 11a6-

nJOJl88MblX B8nJl'll!lll B aTl!l COOTHOW8111!1H BX0/1SIT nl!lillh OTHOCl!IT8nbll8SI BHyTpeHHHSI 

'l8TIIOCT1t J BC8X qacTHn, yqaCTBy10mJ1X .B pea,mHK, l!l 3ll8'18111!1H IIX CllBIIOB, AKa

norK'lHbI8 COOTllomeHl!IH l!IM8lOT MGCTO H B'cny-i:ae peaKnl!lll C 118CKOnbKl!IMl!l (6onee JlByx) 'lac

TllilSMJI ~ XOll8'1HOM COCTOSIHl!ll!l, ecnu HMnyn&CbI BC8X 'lSCTl!IIl neJKaT B 0/1HOll nnocKOCTl!l, l10-

nyqe1111bI8 COOTHOIIIGHl!ISI llpHMO yK83bIB810To XaltYIO l!IM8HHO l!lll4'0pMl1Ill!lio ·o llpOU8CC8 K, B 'l8CT.:. 

IIOCTl!l, 0 COCTOSllll!ll!l nonHp1!138D:l!ll!l yqacTByIOil!l!IX B H8M 'lSCTl!IIl cne.t:tyeT npKBneqb 11nn 011110-

311aq11oro onpeJlene11nn II ll03BOnBJOT T8M C8MbIM cq,opMynl!lpoBaTb 118 38Bl!ICSII1!1!18 OT lll!IHa-

Ml!IKJI M8TO)lbl onpe)lenellH!I BllyTpe1111ell 'l8THOCTH ti n10ob1X peaKUl!IBX, 06ycnoBne11HblX coxpaliB

IOil!l!IMJI qeTHOCTb B38BM0/18IICTBl!IHMl!l, 

EcnK ae 1!13B8CTllbl l!l 'l8THOCTb JI cnl!IH 0/1HOll 1!13 KOH8'lllbIX qaCTKil, yxa3811HbI8 COOTHO

me11ns MoryT cnyJKKTb 11nn Tec'ra Kx _npe11nonaraeMbIX 3Ha-i:eHKll, 

KpoMe Toro, 3TH coOTHome11Kn none3Hbl .t:tnH xnaccn<pKxanKl!l Kll'POPMSilKK, nony-i:aeMoll 

npl!l K3Y'l8HKl!l npoueccoB yKa3aHHoro Tnna, 0HK no3BOnHIOT cpa3y JKe cxa3aTb, pe3yn&T8Tbl 

KaKl!IX JIM811ll0 axcnepl!IM0HTOB H838Bl!ICl!IMbI B TOM CMbICne cnona, 'ITO _0111!1 ae MoryT OblTL no-

. . . . . ' 

ny'l0Hbl nKHellaoll KOMOl!IH8Ul!l8ll pe3ynbT8TOB Jlpyrl!IX_ axcnepl!IM0HTOB, 

Yxa3bIB88TCSI qKcno xax ,nonHOCTblO H838Bl!ICl!IMbIX, TaK l!l nKH8llllo. H838BBCl!IMblX COOT

aomeBHll, 

/5 7 8/ . 
'8 Tp8Tb8ll r.rtaBe ' ' 'nonyqeabl Bee co11eplK8Il!H8 BHyTpea111010 qeTHOCTb COOTIIOWGlll!IH 

' M8}K.t:ly nonnp1!138Ill!IOHHbIMl!l xapaKT8pl!ICTl!IK8Ml!l I![ paCCMOTpellbl B03MOJKHbI8,M8TO)lbI onpe)lene-

lll!IH 'l8THOCTl!l B npocTellmKX peaKill!IHX C yqaCTl!l8M 'l8CTHil co Clll!IH8MH, paBllbIMl!l 11yn10 l!l 

nononKae (0 + 1/2 • 0 + 112
1

0 + 0 ,. 1/2 + 1/2 + nrr , 1/2 +, 1/2 • 1/2 + 1/2). 

Tax, Hanp11Mep, M8lK/1Y BOC8Mbl0 oTnK'lHbIMH OT KynB 11a6n1011aeMbIMH BenK-i:KHSMK B 

peaxnl!ll!l O + 1/2 .. 0 + 1/2 (c~'l8HH8i nonSip1!138D:l!IH, 8Cl!IMM8Tpl!IH ,I![ IlSITb XOMll011811T T0H30pa 

)l8llOnBp1!138IIl!ll!l D1k cymeCTBy8T qeTbipe COOTHOill8HlllI 
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... ➔-' 
, • IP• n P0 

A'= IR 

D .i I , 

A a c-.IR' 

IloMKMO ncno/lb30BSIIKSI STRX COOTllomeBKII Ami onpene11e1111a 

(4) 

B03MOJ!Cllbl K Apyrne IIX npn-

M8118IIILI!, 3TO OTHOCHTCSI npeJKAe Bcero K COOTIIOW811HIO MeJKAy ' H Po , KOTOpoe SIB/ll!8T

Cl! oooom:eBK8M ·11a cny'!aft l!eynpyrn'x peaunll .. H3B8CTIIOro COOTIIOIDOIIKSI 'nom1pH381lKSI-SCHM

M8Tp11H' II 'Taiiice MOJK8T OhITb ncno~h~OBallO. A/ISi onpeAeneBKl! po • 3TOT M8TOA OYA8T ocooen

HO lI0/1838H A/ISi onpeneneHKSI lIOIISlp11381lHK 'l:- -rnnepo11a, KOTopa.11 He MOJK8T Ob!Tb onpeAe-· 

nena no yr110B0My pacnpeneneHaro nponyKTOB ero pacnana, Tax xruc cooTBeTCTByrom:nll napa

MOTp acKMMOTpHII MS/I, 

flpoK3B8A8118 K11accnq,111tan11.11 n11¢opMallKK H paCCMOTp811bl MeTOAbl onpene11eHKl! I B 

p881tllHl!X 0 + 0 - 1/2 + 1/2 + n,r H 1/2 + 1/2 .. 1/2 +' 1/2, Yxa3aHo, '!TO. K3Y'!811K8 xop-

penHlIHH nonapH381lHII KOIIO'!llhIX '!SCTB!l B nponecce 38XBaTa OCTSHOBHBWIIXCSI K - -M830IIOB 
- , He3 A · · ' · · 

B rennn K .. + He .. { Ha I+ ll:l+nirnaOT Ko11n'!ecTBe11Hyro n11q,opM8llHIO o cTenean 38XB8Ta na, 

cBH38HllbIX cocT01111ull c f,';! 1. IlonY'!eno npaBKIIO 0T6op8, no11e311oe npn 8H811Kae no11apK381lK

oa11htX HB/leHKII, 

B rn8Be IV · paccM8TpHB8IOTCl! oom:ne cBollCTB8 _pe81tllHi! BHA8 0 + 0 .. 0 + S n, B 

'!8CTIIOCTK, oocyJKA8IOTCl! B03MOJ!Cllbl8 MOTOAbl onpene11enn.11 BllyTpe1111ell '!eTKOCTK H cn:a118 

. /8,9, 18/ 
pOJKA8IOlll:HXC!I '18CTKll , 

CH8'!8118 p8CCM8TpHB88TCS1 npocTellmnl! npencT8BKTO/lb nponeccoB yK838Hlloro Tnna, 8 

HMellllO peaKllKSI '-, 

0 + 0 -o + 1 (5) 

II PH I - 1 • Peaxnnu aroro TKll8 oon8A81DT YAHBHTe/lbllO llpOCTbIMK, 8AKKCTB8llilb!MH B C::BO-

eM pone CBOACTB81i!K, IloK838KO, 'ITO 3TH peaK!lHH MOryT Ob!Tb HCllO/lb30B811bl Kalt 80ConIOT

Hhlll neTeKTOP BhICTpoeaao'cTK unep (neTOB:Top,. 8118/IK3Kpyrom:8l! cnoco611ocTi:. KOTOporo H3-

B8CTH8 a priori ) , K8K KCTO'IHKK BblCTpOOIIHbIX '18CTHit' C H3BeCTIIOi! CT8ll8Hbl0 BblCTpoe11-

HOCTH, 8 T8K)K8 KSK HCTO'!IIHK llO/IHOCTblO /IKHei!IIO noll.l!pH30B8HHblX y -KBSIITOB, Bee Bao-

IIIOA88Mble B STOii p88KllHK BO/IH'!Hllhl, 38 HCKIIJO'!OIIHOM · 38BHCHMOCTH C8'!811Hl! OT yr11a H 

• 3Heprun, HMOIOT '!KCTO reoMeTpH'!8CKyIO rrpupony H llO/IBOCTbJO·orrpenenaIOTCH npll nroooi! AH-

H8MHK8 nponecc8 38KOll8.MII .coxpaHO.IIKH MOMeBTa H 'IOTHOCTH, B K8'18CTB8 A8T8KTOP8 Bb!CT-
28 ··28* 

poOHIIOCTK nel!TpOIIOB MOJKIIO HCllO/lb30B8Th, H8IlpKM8p, p88KllHIO Si (d, a) Af . , npn-
u• 

BOA!llll:YIO K oop830BSIIHIO Af B nepBOM B030YJKA8HIIOM COCTO!IHHH ( 3118Pf.K!1 , B030YJKA811KH 

0,23 MaB),.BepO!ITIIOCTb STOii p88KIIKH npH anepr~K nellTpOHOB, p8BHOII 8 MaB, COCTSB/l!IOT 

- 10% OT Bepoi;HOCTH peaK11Hl!, npHBOA!lm:ei! K oop830BSIIHJO. Af 
2 8 

• B OCHOBHOM. COCTO!IHHH, 
' ', -. 

CnenyeT 38M8THTh, '!TO lipH Bbloope peaKI1nil, IIOAXOA!llll:KX A/1!1 HCnO/lb30B8HHH HX B onHC8H-

8 

i 

q_t 
l l!l 
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I ,, 
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,1· r 
i': 
'\ l I r 
l I 
f. 

I 

BhIX Bblme nemix B oonacTK Manb!X a11epr:all, npKXOAKTCSI Ob!TL BS CTpaJKe npoTHB B83A8CY"'." 

m:ero npaBH/18 OTOopa no K30TOnH'!8CKOMY CnllllY•. 

' . 0 . /20/ 
Peaum1 Tana (5), a 11Me11110, y +He .. He+ir 61,1na npeAnoJKeBa noaJKe Kaoaooo 

B K8'!8CTB8 aocomoT11oro A8T8KTOpa /IH!i8ll11ol! nom1pH381lHK· · Y -KBSIITOB. 

3aTOM o6CyJKAS8TCH M8TOA OnpeneneHK!I BllyTpe1111ei!_ '!OTHOCTK H CnHHS '!8CTHll B 06-

m:eu ClIY'!SO perucnnll O + ·o - 0 + s , KOrAa 'ISCTllltbl co CllHIIOM s pacnaAaIOTC.11 no 

cxeue s ... 0 + 0 (c COXp8.1!8HlleM HIIH 083 coxpaHeHHH '!eTIIO~TH) KIIH s .. y +o. 3T6T Me
/21/ 

TOA B CO'!eTa.BHH C M8TOAOM IlemKHIIS MOJK8T cnyJKKTh All.I! OAH03H8'!110ro onpeAeneBHH 

JI 5 B yK838HlibIX llOC/18AOBST8/lbllOCT.l!X p88KllHi!, 

B nocneABeM naparpacj,e 3TOI! rll8Bbl paccuaTpHB88TCH M8TOA onp8A8118IIILI! cnu11a .118 .

CTSOH/lbllb!X '!SCTlllt, poJKAaJOm:HXCl! B peSltllHH O + 0 - 0 + s II pacnSAaIOm:BXCSl 38T8M na 

Tpn 08CCDll.l!OBb18 '!SCT~bl 38 C'!8T coxp8Hl!IOm:IIX '18T.l!OCTh B38HMOA8i!CTBlli!; .llnH onpeA0/18-

1111.1! 5 npennarae-rc.11 113Y'!8Th yrnoByIO . xoppei:t.11n1110 MOJKAy IIOpMS/IHMII K nJIOCKOCTHM poJK-

A8HHH II pacnana, IT01ta3aao, '!TO Koa¢q,Hllll8!l'l' np11 c-rapmeu no1111110Me neJKaliAP8 B yrnoaoi! 

Koppem!llKII HO MOJKOT oop8m:STbCH B 11ynh V orpallH'!8H CHll3Y no aoCOllIOTHOi! B8/IH'!HH8, 

Hnl!CllHH l;'p811Hll8 118 38BHCHT OT yr11a pOJKAOHll:11 II 80CO/IJOTIIOi!'"opueHT81lHH n110CKOCTII peaK

llllH .. IloSTOMy AIIH a.1!8/IK38 yrnoBOI! Kopp81l.l!llHII MOJKIIO KCilO/lb30B8Tb Bee H80nIOA88Mbl8 cny

'18K P8CCM8TpKB88MOro K8CK8Aa, B PHAO np8KTK'!eCKII B8JKllbIX cny'!SOB yr110B8H xoppenl!IlKSl 
. . . . · . . /21/ 
npeACK83blB88TCH OAH03HS'!HO, -3TOT MeTOA HB/ll!OTCH oooom:euneM M8TOA8 IlemKHHa K B 

/22/ 
oTnK'!K8' OT MeTOAOB, p8CCM8TpllBSBIDBXCl!1 11anpnuep, B p800T8 cym:ec::TBellllO ncnollh-

3yeT cnennq,BKY nponecc8 poJKAenn.11, 

/10 11 17/' 
B IlHToi! r11aae B3118r8IOTCl! pe3y/lbT8Tbl p800T ' 

1 
, IlOCBl!lll:8HHblX ll3Y'!8HBIO 

MeTOAOB onpOA8118HBH BHyTpOHHeil '!8THOCTB '!SC'l'Hll (B BX cnBHOB) B pe8KllKHX 0+ 112 .. o+s 

B .o + 1/2 - I +. s 

B. nepBOM __ n8parpacj,e K3/laraIOTCH M8TOAbl .Ollp8A8118,IU!l! '!8THOCT.H n -rnnepoua. 

fIOCKOllbKY p8Cn8Abl · 0 -'!SCTBil 06yc110B/leHbl CllSOblMK B38HMOA8ilCTBHHMK, '!8THOCTb O -

MOJKOT ob!Th onpene11ena nnm& npx BccnenoB8.l!KH.cB/lbllblX n a11eKTpouar11KTHblX nponeccoa 

BX poJKAOIIHH, Coxpaueane CTp8HHOCTB B 3TBX liponeccax B 6on&maH BellK'!KHS CTpaHHOCTH 

n- .npKBOAl!T K TO_MY, '!TO liponeccbl poJKAOIIHSI oynyT, Kalt npaBnno, npo~eccaMK C Tp8Ml! 

H~K oonee .'!aCTHll8MB B KOH8'!HOM COCTOl!IIHK, Onpene11eHB8 )1{8 '!eTIIOCTK B TSKKX peaxnnnx 

HO 38BKCl!m:HMK_OT AKIISMBKK M8'rOA8MB MOJK8T Ob!Tb llPoB8A8HO /IKIDb HS OCHOB8HKK 8118llH38 

Tex C/ly'!SOB, xorna, IIMny/lbCbl '!S~THll neJKaT B OA11oll·n11ocxocTK. BoaMOJKIIOil peaKnBei! 

pOJKA811KH O - -rnnepoH8 C oopa30~IIB8M ABYX. '!SCTB!l HB/ll!OTCH p88KllBH 

K + p .. 0- + ,M 1 (8) 

rne 
- /~/ 

Mt -HellBBHO OTKPhlT8l! '!SCTKna co CTpaHHOCTbIO S = 2 a uaccoA 1280 Man H 

cnKHOM paBHhIM, no-BKAKMOMY, uyn10. EcllK cnKH MI p8B8H ay1110,. TO : npocTei!mue onb!Tbl 
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COCTOSIT mr6o B cpSBIIBIIRR 8ClU(M8TpllR C8'18IIRSI peaxiiD 118 nonapR30Ba!IIIOA BOAOpoAIIOA 

Mnme11n' c 11e1toTOpoA xoM!>llll8IXBeA nom1pJ13an:Boll.Bl,IX xapaxT&pRCTBJt O - , poJKA810mncsi: 11a 

11enorurpH30BaBIIOA 'MRmen, nH6o B Oilp8A8lI811BH nonapB3aD:BOll11LlX xap8XT8plICTrut :· 0 - B 

OilLlT8X C nonspR30Bal[IIOA no 110pM8lIH K ,nnoaOCTB P98KD:Rll MRmein.10. B o6oRX ClI1"18RX 

Tpe6yeTCH ]!3M8p8llll8 <, T JM> C 118'18TllLlMR J B JIHm:r. C M • o. STll pe3ym.T8TLl npHMO 

nep~11oc11TCn 11a cny,mA peaxnux IC-+ p .. o- + IC+ +i::
0 

, xorA8 li:Mnym.cLl Bcex 11acnn ne
l!C8T B OAIIOA nnocKOCTB II nerno o6o6maIOTCSl'lla cny11aA OTlIH'llloro OT 11yna CIIR!la M1 

Bo BTOpOM naparpa¢e B3Y'ISIOTCH B03MOl!CllOCTB O)lll0Bp8M8lll!Oro onpe/l&lIBIIRH 'IBTIIOC

TBA II cn11110B B peaxn:1111x YKS3allllb1X TllnoB npB 8118~38 yrnoBoro pacnpeAene1111a npOAYK

TOB p8cna)la '18CTBD:, pol!CABIOmllXCH 118 nonspB:30B8IIIIOA MUmen. MeTO/lbl, H3nar88Mb18 B 060-

BX D8parp8¢8X, /lOilOlIIIHIOT Apyr Apyra II MOrYT 6b1Tb 11cno1Ib30Bllllhl 0/lllOBpeM&IIIIO. 

B ll8CTOHmE!e, Bp8MSI B pacnop11l!Cellllll axcnepllMBIITaTOpOB IIMBIOTCII ny'IKB 11en,om1pl130-

BSllllblX II nu11eA110 DOIIHpB30B8llllblX y -XB8llTOB, 6om.moll: a11epr1111. B CBSl3R C 8TRM npeA-

CTBBlIHBT Rl!Tepec' R3Y'IRTb B03MOlKIIOCTR onpenene!IRH '18TIIOCT8A 'IBCTllll (11 RX CilRIIOB) B 

peaxn:n11x, Bbl3bIB88MblX, y -KBSIIT8MJI. P8CCMOTP8IIRIO 8TRX BOnpocoB ll DOCBHme11a mecTSH 
/12 17/ 

rnaBa, ' • Baaqene H3Y'l8IOTCH BC& B03MOlKllbl8 OD:b!Tbl no Ollp8A8lI8llllIO '18TIIOCTR B peax-

D:RHX x/ ¢oropol!CABHRH '6eccnRIIOBblX 'ISCTRD: 118 ¢epMROHBX co CIIRIIOM, t/2. A11anR3BpyeTCH 

BODpOC O TOM, K8KYIO RMBIIIIO 1111¢opMaIIBIO cne.ttyBT npRBlI8'1b, nna onpe)l&il&IIJIH B 8TllX 

peaxD:HHX. IloK838llo, 'ITO B ODblTBX C 11enonHpR30B8llllb1MR y -KBBIIT8MR 'IBTIIOCTb onpe-

ABlIRTb ll8B03MOlKIIO, .ttal!Ce ecnn MRmBllb non11pl130B8118,, R 113M8pH8TCH nonapll38IlHH KOIIB'I-

HbIX ¢epM110uoB. HeBo3MOl!Cllo onpe.ttenRTb np11 CODOCTBBlIBIIBB pe3YlibTBTOB n106b1X OD:bl-

TOB (BKlIIO'IBH Ollb!Tbl C nonap1130B811110A MHmellblO R ODb!Tbl no R3Mepe111110 nonHpR38Ullll 'IBC-
. ' ' I 

TRIX OT/lS'IR) nllmb C n:BpKYlISlpllo nonHpll30BS!lllblMR R 11enon11pl130B8llllb1Mll ¢QTOllSMB. Ilpoc-

TeAmaSI B03MOl!CIIOCTb cocTOBT, no-BR/lRMOMY, B CODOCT8BlI811Hll pe3ylibT8TOB AByx cne)ly10m11x 

axcnepBMBIITOB. B nepBOM /lOlil!CllS 6h1Tb 113M8p811S 8CHMM8TpllS1 C8'1811ll~ peaxn1111 C 11enonS1-

p1130Ba11110A Mume!lhIO R lIRll8Allo nonapR30BBIIHblMB (AOCTSTO'IIIO '18CTR'lllOA nonS1p113an:u11) 

¢oTOIISMH R ll8DOlIS1pll30B8llHOA MHmellbIO. Bo BTOPOM - IlOlISIPll38D:HH 'ISCTRil OTAS'IR B cnyqee 

aenomlpll30BSllllblX, 'y -KBallTOB R nomtpR30_"1lllllOA MHmellll (1,1apsMeTp nenon11pR3AD:RH). 06-

CYl!C.ttSIOTCH TSKl!C8 npyrne Ollb!Tbl C lIHIIBAHo llOlISlpll30BSllHblMB,¢oTOHSMR. 

3sTeM 06cyJ1C.ttsIOTcS1 npocTeAmne cnoco6hl onpenene111111 'IBTHOCTR B peB1tIIRHX 

y + 0 -• 0 -+ s R y + 1/2 - 0 +' s • Tax, ll0K83SIIO, IISDPRMep; 'ITO' B nepBoA 113 8TRX 

pe_axn11A npocTeAm11A B03MOl!CllblA cnoco6 COCTORT B CpSBHBIIBH acHMM8Tpllll C8'181IBH pesK

n:1111 C n1111eA110 nonHpll30B8Hllb1Mll y -KBallTBMB C , ll8KOTOpoA KOM61111sn:11eA cpeAllllX 3llS'18-

llllA <T.ro>o ( J -'IBTIIOB), B03llBK8IOMBX B peaxn1111·c ll8DOlIS1p1130Ballllb1Mll ¢QTOHSMB. Kax 

II B npe)lbl.ttymeM cnyqse 118llb3SI onpenenRTb , '18TIIOCTb B Ollb1T8X ,numb C n11pKym1pl10 llOlISl-

x/ 
,HeKOTOpble BODpOCbl Oilp8/l8JI8llllH '18THOCTB B TBKBX peaxn:BHX o6cyJKAalIRCb Bps-

,fioTax/24,25/. . 
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PR30Ballllb1MH II nen:onHpll30B8llllblMR y -XBSllTSMH (xsKB8 6bl nonS1pll3aD:ROIIHb18 xapsKTe-

pBCTllKll 'ISCTBD: co CllllllOM S ae R3M8pmmcb) • STO YTB8Pl!C.tt8HR8 S!Bllll'.8TCH 06m11M . Ami 

n106hlx peaxn:11A BR.tta y +, a .. b + C • 

B 3AXlIIO'l8llR8 o5cyl!C.ttalOTCH B03MOlKIIOCTH O.ttllOBpeMellHOro onpenene111111 '18THOCTH H 

ClIIlla ,B p88XIIKHX .y + 0 .. 0 + S 

B cen.uoA rnaBe npoBoABTcn 9eBoueBonorH'l&eKRA aBanR3 H 06cyJ1C.tts10TCH o6mae Bonpo

c~ ooecTBBOBliBlll!X no 3KCll8PBM8IIT8lll,llLlM ASIIHblM MaTpHJlbl p8SXIIHR imna a + b .. c + d • 

BBS'ISlI8 Ba OCBOB8Bl!H Tpe6oBaBHA BBBapllaBTBOCTll OTBOCHTelibllO Bpsmenft,u OTpal!Ce

Rllil CTPOHTCH o6mee Bblp8l!C8llll8 /llIH uaTpl!Ilbl peaxIIllll B nonc'IBTb!Ba8TC.II 'IBClIO KOMlllI8KCBblX 

cxannpllb!X ¢yRKD:11A, BXOAHmHX B BblpSl!CBRHe nng MBTpRilbl peaxnm1. MeTOA nocTpOBIIRR MBT

PHilbl pe8XIIRR 3aKn)l)qaeTCH B COCTSBne.111111 BCBX B03MOl!CllblX CKSlill'.pOB (ecn11 BllyTp8HIIRll 

'IBTHOCTb Be M8l!H8TCH B nponecce CTOlIKHOBBIIBH) Rnll nceBnocxan11pOB (ecn11 'IBTHOCTb B3-

)48lll!8TCH) 113 onepsTOpOB CIIJflla BC8X 'IBCTllII H. BMllll'lllblX BBKTOPOB B asnpsBne111111x HS'IBlib

l!oro l[ XOH8'1BOro HUnylibCOB. 3Ta nponenyps HBlIHBTCSI, o6o6menueM MBTons nocTpo8IIHR MaT

pnn: ynpyroro pacceHBBSI HyKlIOHOB llyKlIOBBUB ~ ABilTpOHOB 6ecclll!IIOBblMH 11npaM11, npennol!Cell-
/2 2a 26/ · 

Horo B pa60T8X ' 
1 

• nna nocTpoeHBH C~BlIHpOB (nceB)lOCK8lIRpOB) ncnon&3yIOTCH aenpu-
,\ .. .. 

l30/ll1Mb18 CIIRH-Tel!30pHb18 onepsTOpbl T JM(j b, j a ) II ¢yHKilHB ··t/,JM (n b , n a ) , npeo6ps3yro-• 

llll!BCSI IlpH llOBopoTSX no HenpHBOllllMOMY npe)lCTSBlIBHUIO Baca (2 J + 1) rpynnhl Bpsmel!HA. 

STU ¢yl1Kllllll SIBlIHIOTCSl,06o6meHH8M c¢epH'l8CXHX rapMOHBK HS cny'laA, Korns IIM88TCH ABB 

H83SBHCIIMbIX BBKTOpS. 

nanee Ha OCHOBSllllll T -RIIBBPHSIITHOCTll nony'IBHbl cooTaomeHHSI M8l!C.tty HS6nronaeMb1Mll, 

xspaxTepB3yIOmBMB COCTOHHIIB non11pH38IlRB 'IS,CTl!Il B npHMOil II o6paTHOA peaxn1111x. 3TH C:0-
0THomeBRH HBlISIIOTCSI 06061D:eRB8M Ha cny'laA npoH3BOlll,llblX pes1tnuA BRAS a + a, .. b +. b, 

H3B8CTHOrO COOTHOmBHl!H 'nonSipH3SD:RH - 8CHMM8TpHst'• 

B 3SKlIIO'l8HB8 o6CYJ!CASIOTCH Bonpocbl BOCCTSHOBlIBHHSI MSTpHilbl peaXIIHH yxa3SIIHoro 

BBns. YKB3b1BS8TCH M?HHM8liblr08 'IRClIO axcnepBMBHTOB, He06xon11MblX AnH npHMoro BOCCTS

lr0BlI8HHSI MBTpBD:bl peaxnBR (BoCCTa!IOBlI8HR8 npll ASHHOM 31r8'18Hllll yrns ll 8Hepru11). TsKSR 

nponenyps BOCCT8110BlI8HBH He Tpe6yeT HBKSKBX npennonol!CBIIHA O '!Rene op6BTBlibHblX coc-
~ . . . 

TOSIHBil,·Y'ISCTBYJOID:HX B perurn1111, II 6y)l8T oco6eHHO llOlI83HS B T~x·cny'laSIX, KOrAa poJKAa-

10m11ecH 'ISCTIIIlbl H8CTS6Blibllbl ll l!X pacna)l MOl!CBT BCll0lib30BSTbCH B K8'18CTB8 SIISlIB38TOpa 

COCTORHBH norurpR38IlllR, 'ITO ll03B0lIH8T B368l!C8Tb KPSTHblX CTOlIKBOBBllllA. ,3aTeM 06cyJ1C.ttSIOT

CSI BOllpOCbl BOCCTSHOBlIBHHH B cnyqse, xorns BCTb lrBCKOlibKO nspannenhHblX KSH8JIOB peaK

n1111. 06cyl!CllS8TCH npon:eAypa BOCCT8HOM8HHSI C Y'IBTOM COOTHomen11il yHRTSpllOCTB. YXS3b1BS

OTCSI 'IRClIO Heo6xonBMblX ODb!TOB np11 8TOM MBTOne BOCCTSIIOBlIBHHSI. 

. · , · 111 1a1• 
B BOCbMOA rnsBe llOKS3blBSIOTCSI H8KOTOpble npenelibHb18 T80p&Mbl ' • B nepBOM 

naparpacpe aToil rnsBbl paccMaTp11aaeTC11 Bonpoc o po.JKAe111111 ueAneHHblX ( B npenene K .. o 

IC -'18Tblp8XMepBblA RMnylibC ,r -M830IIS) ',r -M830BOB B llHOH-ayxnoBHblX II HyKnon-
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I1yxno.1UlhlX CTOUI!OB8W{l'IX. IIo,n:aaallo, 'ITO B OTM8'1811.1!blX ycnOBl!l'IX Tpeo0Ba1111e llllBBpllaaTI!OCTII OTHOCIIT8lll>ll0 oopamellH.11 BpeM8Illl IIPIIBO.tlllT 1!: pl'IJ:J;y .11e 38BIICSllllHX OT AJIJlaM!lXJI cne.ttCTBlll!: ',11n51 I1a6mo,11aeMblX B8nll'lllll. Tu, I1anp11Mep, IIOnHPll3BIUUt Il:,lrnO.l!OB OTl!a'lll: B np01tacce pol!C.ll:8IIHSI 'M8l!/18llllhlX' 17 O -M830IIOB B 17 N -CT0llll!OB8.l!Hl'IX l!On)K.lla o!ipamaTloCl'I B nym., ec1111 ll8'18/lbllbl8 Il)'ltnOI!bl .11eno11~p1130Ballbl. 06pamaeTCSI B Bynh ll norui:p1raa1uar Bel!:TPOIIOB IIpH olipa30B4Illlll 'Me.tt118I1IlhlX' 17- -Me30IIOB B npollecce 17- + P ➔ 17- + 17'+ + D 
O.ira3hlB4lOTCl'I paBllblMII .ttllcpcj,epelllllfanhllhl8 C8'!81111l'I POlKJ:181lHl'I ... M8ll/18IlllblX' ME130IIOB B peair-Itlll'IX p + p ➔ D + p + 17 + H D + p ➔ p + p +17 ll_ T.n, Tan: n:ax peam.a1,1e 17 -Meaoahl 0611at1.aIOT 1!:0il8'1HOff Maccoll:, 8TII COOTIIOW811Ill'I H8 MoryT, CTporo roBOpl'I, BhllIOnlll'IThCl'I B Jl8l!:CTBIIT8/lbl!OCTlle TeM Ile M8Il88, C/18!1)'8T OlKll.tlBTh, 'ITO 01111 6yityT 1Ipllli1IlllK8I!IIO BhllIOIIHl'ITb-Cl'I np11 aocTaTO'IIIO B1,1cox11x aI1epr11S1x, xort1.a, s.11epr11el! aonona11Tem.11oro 17 -Meaoaa MoJK-.110 1Ipe.11e6pe'lb no cpaBH81111!0 C aaeprl!HMII OCTBllhHhlX 'IBCTllll. 

3aTeM paccMaTpxaaeTCSI nponecc.uany'!e1111S1 MS1rx11x y -KBallTOB np11 pacceHIIIIII S/18KTpOHOB npoTOHBMII. ITp11 ll0n)''l8HIIII BMIInHTYl!hl nponecca 11Cll011h3Y8TCSI oomlll! M8TOit . 
/27/ 

paccMOTpeHIISI ll3/1)''18llllSI MS!rEIIX y .-KBSIITOB, npel{/!OlK81111hll!: B pa6oTe • Baa'!ane pac-MaTpHBaeTCSI Ta 'ISCTb BMIInHTyJlhl nponecca, KOTOpaS! HM88T nomoc np11 K paBI!OM 11)'/l!O ( K -HMII)'llbC cj,0To11a) • .ltanee IIOK83b!B88TCSI, 'ITO np0113Be11e1111e TO'II!Oro nepe11opM11po-• aa1111oro Bepm11I111oro onepaTopa, cooTBeTCTByIOmero H311Y'l811ll!O peam.aoro y -KBaHTa, HB TO'lll)'!O nepeaopMHpOBBIIIIY!O cj,yHKllll!O pacnpocTp81181111SI HyK/10118 BblpaJKBeTCSI, 611aroJ1apS1 . TO)l(Jl8CTBY YopJla, C TO'IIIOCTb!O JIO 'lnel!OB nopSIJIKB !._ H KOIICTBHThl '18p83 38pSIJI, Macey . K . ll BHOMB/lhllblll MarHHTI!hlff MOM811T cj,11311'!8CKOro Ilyxnoaa. IIony'!el!I!oe Bhlp8JK8lill8 JI/ISi STO-ro npoll3B8/18HIISI coBnaJ188T no BIIJIY C COOTB8TCTBY!OiltllM Bblp8lK8HlleM, Iiony'IB8Mb!M B Il113-meM np1161111JKe.11u11 Teop11H BoaMyme.1111l! JlnSI To'le'!Boro npoTol!a c nayneBcKIIM _alloManhHhl,M 'MoMel!TOM. 3aTeM HB OCIIOB8 rpaJIH8IITHOff III!Bap11a11TI!OCTII IIBXOJIHTCSI Ile co11epJKamaS1 IIOll!Oca 'laCTb aMnn11TyJ1hl. Hal!ael!Hall TBKIIM o6pa30M nonl!all aMII/IIITYJIB Bil8Wil8 COBnaaaeT C aMll/lHTY/10l! s'roro nponecca, IIOIIY'l811I!Ol!: JIIICII8PCHOIII!b!M M8T0/10M B OJIIIOIIYKIIOIIIIOM npn6-nHJK811HH. IIoKB38IIO, 'ITO nepBb!8 JIBS 'l/18H8 p83/!0lK8HHSI 1111,W,epeanna/lblloro C8'18HIISI nponecca Bb!palKB!OTCH '18p83 snexTpoMarHHTHbl8 cj,opMcj,aKTOpbl 1Ip0TO.lla .H IIX npOH3BOJIIlbl8 no nepe11a'!e IIMnyn&ca. 

/6-18/ OcnoBHOe coaepJKBIIH8 a11ccepTan1111 ony611HKOBallo B pa6oTax II JIOK/IBJlb!BB/IOCb Ha MelKJlyllapOJIHblX xoacj,epeHnHHX II BC8C0!03llb!X COB8Ilt8HHSIX, 
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