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neJWHH no BOnpoCaM TOOpHH CHMMOTJJH aneM9HTapHhDC 'laCTHa npe,aH83Ha'I9HI>I, B OCHOB
HOM, .ans CTy,aeHTOa, 3HaKOMblX C lt)'pCO~ XBaHTOBOft MexaHHKK.3TH JtOJWHH n09BiiiWOHbl CH
CT9MaTI.f'I9C!t~M)' Hano>K9HHJO rnaaneAwa:k .a·ocTinKenua r}:lynnoaoro no.axo.aa 1t TeopuH ane
MeHTapHhlX '18CTua, nocTpoennoro na npu~enenuH rpynn S ~, S'll, u Mo.aenu Jt&apxoa. 
Oco6oe BHHM8HHO t5~~~no y.aeneno B03Mo>Kl:IO t5onbW. eA npoCTOTe paCCMOTp8HHB. noSII'OMy Mbl 

I . 
CTp8MHnHCb nOnb30BaTbCA nnWb HaHC50JJe~ ·,SJI8MEIHTapHblMH M8TOM8TH'I9CJtHMH np,R9MaMH1 

lle nput5era.SI K annapaTy TeopHH rpyun,1 TOHaopuoA anret5pe H T.n. · 
Bbl.aenenue l-oA 'laCTH o6ycnoaneno H~IUIJO'IHTEmbHO OKOH,'IaHueM ceMecTpa H >KenaaueM 

onyt5nRKOBaTb npO'IHTaHHble neJWHH .ao B030t5HOMeHHSI ltyPCS B cne.ayJOW9M C9MOCTpe. 
B STy nepRyJO 'laCTb BOWnH ·MaTepHMbi,, qTHOCBWREICB It rpyrine s~ ' MO.aenu CZ,OpMn-SlH
ra_ R ee paCWHp9HHSJM1 rpynnaM 5 ~ , S tJ, H M6,aenH KB8p!tOB. Ha STOlt OCHOBO paCCMOTpe
H8 CHCT9MaTR!ta ncea.aOC!t8nstpHhDC H B9!t1jOpHblX M930HOB1 a T8!t>K8 O~)'Jt,flOT8 H .aexynne~a 
6apnonoa. H.ano>Kenue .aoae.aeno .ao non;Y11miua itaccoab1X·¢opMyn. · . 

Bo BTopoA 'laCTH npe.anonarae·T.cst npo.z;ton>l<HTb ,BblBO.a o6menaaecTHblx y>Ko Tenepb pe-
3ynbT8TOB H, B 3aKnJO'IOHHe, H3nO>KHTb '18CTb HOBWX ,aOCTK>K9HHft, nony'IOHHblX B llyt5He B 
oT.aene A.H. .Taaxenu.aae. 1 · . 

llonbayJOCb cnriaeM Bbrpaau1'b caoJO rny6oxyJO C5narol:(apnocTb H.A.KaacnHioay, ·s • .LI. Kr
KRHy·H M.K.nonnnano~y 3a HX 60nbiuOA 'IJPY.a no pe,ll8JWKK R H3.a8HHJO neJWHA, a T8K>K~ 
n.H. S()rOnJOC5oay H A.K. MaTaeeay, Mnot o JtOMOrWHM 3TOMy .af!my CBOKMH aanHCSIMH. 
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8 1. 

Ba>KtHHl:u.r~M ¢axTopoM, oxaar:.IBBJ<)WffM ace 6onBe CH:JJhHOe BJIHSIHae Ha. Hdrrpaaneat-~e Te

opeTHqecxnx pa60T 0 f.£EJTHf'T{;5J OTKpblTKE f.iUJthlliOrO U trpV.TO!YI BCE' B03p8.C''ff.'.IO!.ll81"0 'i11Gn8 

8JIE'MeHTapHblX qaCTHU c aeChMa pa3H0"6pa3HhlMH cno:ll:\"lsttMif. K 21ll:eM€'HTBPHhlM 'laCTH

UB:\1 celi;<.IaC OTHOC5IT HEo' TOJihKO cpaBHHT~JlbHO CT86HJJbHhi8 'J8CTHUhl C ap8M8H8M )f{H3HK 5o
nee fl.'lH IIOpSii1K8 1Q-j6 

C8I{, KOTO!J08.H8 .1:HOf'0 ITOP>IU:K?B Bb!lil8 xapaK"'8pHOf'0 "gaepHO:r'O 

Dp8M8HH"' A ..., .. 

t ~ ... fl. -23 -24 
A = c Mc2 ,.....10 • 10 ceiL 

K I! X C8M8ifC'rBy OTHOC>ITCP. H Till{ Hf.l3bU 88Mbl8 p830HaHCbl, T. e. qac-nrUhl, Bp8Mii }Kf1:3Hif K:::O

T:lpb!X rrpMM8pHO n!HUI~ Ha IIOP5IllOK 60Jiblll8 .COOTB8TCTByi01118I"'O R08pHOI"O Bp8ME'H:IJ. nepBbiM 

H3 T8I(IfX p83"lt"E.iiC{)B f.ih!JI H306ap HyKJJ,-,.Ha, UT.i<.pbl':':'hlJ.i ¢8pMH npf.l RCCJI€.UCB8HH!f paccesnmg 

JT - M930H0B Hcl H;yKJIOHax, 

B aacTos:~mee ep9MH H3aecrao aocra'I OY:HO Maoro pe3oHrlHCOB. BMecTe c ynenU"'i9H!1eM 

I:IX "'il1CJI8 C8MO IIOHHTH& 8.'IE>M<"oHTdpl-luJi: "<i'-'Hillh! yTep>::JHl CBOfi nepB':lH8'181IhHbltl: CMblCJl M 

CT8JIO B 3H8'lliTEJthHOil: Mepe 'HfCTO yCJJOl.HbiM. TaK, E'CJHI' ITblT31"hC.II BQCIIOJib3':'B&TI·:~H CT~Hg

TifllMK KB8l!TOBOi'1 TeoplHf IIO.IH1 0 TO Cfla3y )1(9 B03HHK88'I' c::mepiileHHO HESICJiblif BOIIpOc; Ka

Kif0 IIQ.'J>I K8KIIX 'lli!CTKU Mbl ,ilOJJ)KHbl BBO,lli!Th B p8C'CMOTpEHM€ 1 'lT06hl IIOCTpOUTb lf3 HllX Bhl""' 

palK·'?HU51 .QJIH J18J'paH)l{II8H8 0 TOKOB, M8Tjl11Uhl paCCE>IliHSI 1:1 '{.!1. E. ~"'-"-38HHJ, >;:TO 8 TeVpP.W 

C0.'3ii8J10Cb O'IEHb Tpy,ilHOe K 38IIyTI'lHHOE' IICJ.'I'' }i{Rf!HC·, 

flpo6JJeMa UOCTpOeHifSI JJ,HHBMHKH ~11€M9HT8pHbiX '£BCTHUt KB3BBUIBS!CII HE,ll8BHO BIICJTHe 

pea.noaoll:, npe.acTan.rrHETCR renepo 3H8<£JrTellbHO 6'onee cnc)KHfli'i, H aa nepahJll: rmaH Bbi.<:tBH

raiOTCSI 6onee npeJJ.sapfi-Tenh.lible 3ana'IH Cur:1-7·MeTHKK, . .sa.ua'lrr cocras.'H~HRSI caoero pona 

"T86JIKU:bl fv\E'H,ll8JI88B&'-' .OJ1SI 8Jl8M8HT8pllb!X '-!BC'TJ!:U. 

Ha.no CKEt38Th, <J:TO B STOM H&IIpdBi!EH H! YR{e ,llOCTHrHyT 3H8'1li!T9llhH:hlil: JCII8X 6118\0.l!B

pSI CEpiiH pa6oT,, ft0f'BSilU8HHblX !iCCJIE'.ll"D·lHlUIM c.a.:.il:'-"!8 ~'l1MM'."crplf.-I C:,;JJb!l:' B310UIM~-'.:Ieil:CT

BY!Ollli:IX 'l8GT~ll H8 OCHOBe TeopeTIIK'.)-rpyrrnOBOf'O II'J}.lX0.~-'18" 0cv5o B8.$HdSI pOJih IIpHHBJJ,Jle

)KifT 3.llECh rpyiiDaM 5 ~ I{ S V6 II CB-H38HfWit ~ HHMH M~'JJ.81Jlf KB!?pK~'B. H-e HX OCW 82 y,a&

JI0Ch KlldCCHcf>l1D PipOBaTh CTa6HJihHhl8 MP.,:· OHbl. 6 ::>.pK:·H bl !'; H\1''-0.K • . "I"' R<El.lliifE pe30HaHChl" '-1 T8 K

)1(8 yCT8HOB!1Tb Me)Kny Hli!Ml{ pS!JJ. BEChM·i Bd)i{HblX If ITH'T'epP~Hh!X .00TH0UI8Hlfti. 

YKB38HH08 CeMeii:CTBO 9JieMeHT8pHblX '{8CTHU COCToa~- W3 .IJ:'?-l:HJTrl rc ~eB,aOCK8.'1HpHbiX Me-

3Cl.HOB1 Jlf>BS!Tii BeKTDpHbiX M8:30HOB, BC'CE Ml! !5ap!-!:OHDB CO llJI:!H'JM ~ -'2 !:1 ll"''SI~;;: 6".pw:•H :-3 

CO CITKHOM 3/2. 4T06hl IIDD.'I!?pKHyTh CTe:£eHh- B8$HOCT<I lrJJIY'i2HHb!X pe3ylih'l'ClTOB. yKCDKeM. 

qTO r-pe.lll:! M930iiOB JJ.8HH01"0 CeMeil:CTB8 iaxOD,S!'l'CSI 1'8.KP:E',. K<'~·3.<l.J10Cb 6bl .~:'S<Oplllf'HHC: p.s3-

ll!l'lllh!E0 '18CTHUblo KBKJf± M930Hbl CO BJ:eMeHeM )iOI31H' JT0piJJ.KB 1Q-~r <;Jt 0 f M"''.2~·Hbl 
CO Bp8MG3€M R~I:!3Hl-I ITOpSIIJ.Kd 1Q-i2(._.l{, f~p8.Uii 6-eo!fC'H('B- llM'?ICTC£ a6COllJOTHO C-T8.5H:J!hH:hlH 

ITpOTOH 0 H8J:lTpOH CO BpF•'\ieY.SM N';_li:31IH ,,K'.Ji0 J7 MliH. H hyJ{n·-:.HHbl'-' V3::6Bpbi fl/0 ( 1-VIIf~o) 
CD speMeHEM )KJi!3HH IIOIJS!llK3. l(J i 3 cea, 

floUb!TKM K!18CCHcfJHK8Uli!li! 60nee BhlCOKC ,rre.lli€1ll!EX pe-:o,.- ,·U~HC~·B JH'·K.-'1 E'll\8 H'? ~.pHBI?JI}l K 'L-~

KOMy :»:>? ycnexy, Mo:ti<E''f 6biTl::., D'I'l8'-~TP.: -::p11'lHHOil: BToro ?BJHMT '..1 HE:z:tO(:TaT:-,T~H:JC''rb "o>KC.
nepnMeHrairhHbiX .IJ"-HHhlX. CnenyeT n:o,r:pr ~PK-'iYI'h• 'I: TO 60JihWB£ BHeprETf!'iECKeSI umpnaa Ta

KllX p8,3CJHaxcon L:P'"JI<tE,'Y sec.·,;Ms. TPYLJ:H'Jtt OJaJJ.B<ty C.T.n;e.rrea;.rH C>JlH'Jf'G f'""30aaw~a· cT .u.py.;.-o-

ro I! Onpe,neJii'!l-IH51 IQ(:T:SE>-:·C";:syiOlil.MX !CBBHTOBblX 'fliC'E'JI { '<JGTHOCTbt CrH\'H, H3UT:·ll-CUfHi If 

T.JJ,.). 

3B.M9TlfM ewe, '<ITO >fC:CJI8.llOB8lllfS: pace M8TpHB6.E'M:::·f''l H'~llpaB;IE'H<!:>J: OTHOCS!TCSl .BV06ille 

<1Hillh K '{8CTHU<tM, y'>aCTDylOll\ifM B CHJihH~lX B3Bl1MO,ae.iiCTB!HlX, If' 'IC.-pb18 ':'E:."l!i:.pb :Ha.:;u,IB·S

JOT a,ap0li8MI1', H, BO BCHKOM r::nyqae' Ha H8 ;TOSilU9M 9T8IJE CBO!?!T'O p83BlfTHSI, H9 npllMEH:i!lor

C£ K T8KHM '!:8CTHU8M KaK 8,18K'l'p(;'H e , jL .-M83VH, 8J19KTpOHH0>0-' "e If MIO"HH0~ "jl 
Heii:Tp!-!HO ( JI8IITOHht). 

Ht~.ao CKa3aro, 'ITO B opirruuanhHLrx pa1ic.Tax reope'f~tK·-;-'pynnosoro IICJDx·:;n;~:~, ·::-.s.x M 5 

C0'JTI!eTCT.'3y'IO!lJ.li!X 0630pax, K8K npaBKJlO, HCITOJih3y8TC 21 60J1l--ll1 D>i: T!?XH!1"1i=', Jp,fi anrrapaT 

Tee>pHH I'pynu 1 TEH3CpH--,ft oiJlP\0'6pbl ;.( T,II., i:,.d('T';J 3Hf.i'l.l£TEJTbHO 3aTf'YJJH.SllOlUifJ:l D~l-hfMF.HW~ 

aanO.ii<8HHbiX-.a 9THX pS.6oTax npocT.brx i:j)H;e H'lecxHX lf.uei!:. HaM Kaxc"'"; >r, '<'T ,: 8TO::-'O MOR{H,-, 

U36E'.iK8Tb, 11 Mhl liOIIL.IT8.9MC!ol li!31l'_:_)KHJ'h 3CI8Cb ('.,-HcJ8Hh.H pe3y;IbTaTbl 8THX p860T 6~ ,o:::.

rrpOCTblM rryTeM. 
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npu B.3JIS){{eiHfli MaT8pKBJI8 8 H8CT011 :.IUfX ;r€>KU1HIX Mbl BOOQ!lle 6;yJJ:~·M npe,aiiOJ18T'8Tb 3Hl'l

Hli9 .IIHlllb o6bJqHoro Kypca K.68HT.OBOJI M8XBHI:!Klf. 

I 2. 

BaaHMo.;:teil:8TEHHI MSM.Uy .aneMeH1 apH:WMII qacTHUBMH n Hf.•C-'Tosrmee apeMg npumrTo 
pB3ll9./HJTb H8 TpK Tfi:.'IB, pe3KO p83JIIi UH0ll.IIf8C$! Mt.1K.ll)' C06Vfi I1:J fiX <I:HT8HCiiBHOC'ni; 

saaHMO!leil:cTBint CB:J'IhHbJe, 8;rexTpc•Ms.rHaT1IhiE' H cnal5wfe. Yh-neacHBHf,c'Io ailertpoMar·
HzTHoro B38lfM0)l8il:CTBMH xapaztteplf~ yeTCB M8llb!M IIOp8Me'Tp0M - IIOC''"i'OSlHHOil TC·Hit:>.ll: 

CTpyKTypbi ·o(: _j__ ;; M:BTBHCiHVI:>CTb c,rr86blX B38iiM::gcJkT:E.nrfi 81U8 li.'i' HE'CKC!!bKO 

13il 
IIOpH,O:KOB M8Hbf.Ue. ..f-

Pa.:.CMOTpKM, aanpuMep, ptlcna.a ;r - ME'30HOD. OcHoaaoil: crroco5 pacna.aa JT- -MP-

30HOB ecn, + "±-.r- + v . .,.+ -8 
BpeMH )Klr3HH .JI- - Meaoaon Ollono ~:,5.10 ceK. 3-ro apeMst .a~H3Hl1 o5ycnoaneHo UUL-

. 0 
6hiM B3BHM·),."J;8fi:CTB!18M. na.nee~ :S 9~ .. 8 CJly<J:BHX !!3 J 00 pacrra,a ]f' - MeBr..HB IIpow:;-

XO,UWr uo cxeMe 

K Bbl3hiB88TCSI 8HB"'IfT'8JibHO 6o,TJee CK.!hHi.IMH 8i18KTpOM8.t'Hlf';H.hlMM b3EH:!M·:>,aeliGTBHstMH. -,. 
CooTBeTc·raymmeG :speMl'l )l<K31IIf ec-r_, }.,8.10 CeK. C .o;pyroil: CTopOHbl, pacnan f -MG-

30HC'B 

f --2Jr 
' f 4Jr. 

conepuvoeTcl'l IJO.z:r: .uei!cnmeM Ci-IJibHh.x B3anM:onet1cTBH~. BpeMn <'K!f3Hll TBKIIX "'dCTKU -zz 
IIOpSI.UK8 10 C8K. 3TH UKQ-1pbl IIOMCPBIOT 1CQCTBBK7h H8KOT'Opoe npe,aCTBB!l8HHe 0 pllii~-

Jil!"'HK B HHT€HCHBHOCTii yiiOMS.IHy'I'hlX 'Ipex TlfliOB B3a!IMO)J;8~CT'a•dl:. 

EcTec::-neHHO, rro8TOMy, H.3y'laTh ITf'u5.rnrx<em-ra, ocHoBaHHUe Ha npeHe6pe)l<eHnl1 cJJa6w

'vlU K 3JJ8KTp0M8t'Hf.ITlibeA!l B3all'MO.U<3J1CTBHSlMII a,apOHOB 1 8 T8K:tK8 K 5onee TO'-Hlhl€' npK61lK

<'K8HK91 B tWTOphlX He y"'KTI;>lB8JOTCsr T lnhKO IIIIUlb c:.1a6ble B3Bl-IMO.ueJ:ir:T:slHr~ B neps,,M cnr·· 
'188 llpKHSITO rOBOpl!Th 0 C!iCTSMe a.opOHOB C BhiK1liQ't8HHhlMH 91le&'Tp0MBrHI:ti!IhiMII"d· c:n,a
fihiMK ~3AUUOJJ:8i1CTBl-HtMH 1 BO BTOpOM Ciryqae - C BhlKJTIO'lE'HHhlMH C.Jlflr5WMH B3811MO,IJ;E'iif;T-

BlUlM!f. 

CKa)KeM ce'fiqac HeCJCOJlhKO enos tro noeony saKonon coxpaaes~<~:n a.a.uMTKBHhlX aenwmH, 
npe.aCTABJHi!OlllllX pa3Jlll'1Horo pona ";lap~.nbr". An.onTHBHDl1 eenKIJ.IHtofi MbiHB3Ll:saeM Ta

Kyro B81l!f'IIIHy 0 KOTOplLH .tlilSI JII050i1 CH ::T8Mbl '18CTHU npenCT8Bn5I8'l' SSI CyMMOi! COOTB8TCT

BylOLUHX B81lK'IHH .[!Jist 0T,U8JibHhlX qaC:"KU. 

npe:»t_ue BCero, npnMeM 8() lHIHMBH -re TBK H83hlB8€'Mble a5COJIIOT'B:hl8 39.K0Hbl COXpBHe

HHst, CIIpaBe.U-11-!BbJC ITpH H81llf'I!Hf BC8X Tpex THIIOB B38ITMO,aeii:CTBI-fii:.TfliUIMII 38KOH8MH 

5lB1l5HOTC9 3AK0Hbl COXpaHeHHl'l 9J18K'l'Pll'i8CKOf'0 381JSI,ll8 Q. H 6apll:OHHOI'0 3aps,:,aa 8 
6o.pHOHHhla 38pszn ,UJISI "Me30HOB H .net '1'0HOB pa~eH HyJIIO.,llJISI ~cex 9J18M8HTE!pHhlX q8CTHU 1 

HBJJHJOWB'XCH 6apwmBMK 0 KOTOpLI8 OT:rtphlThl ,UO liBCTOSill.lero :Bp8M8HK 1 BTOT 38pHL[ pSB8H 

J ( +1 nng 'IBCTlfll H -1 ,llJ:SI AliTK'I8C1'](U).TaKHM o6pa."30M, nmr O'I,aeJlbHOit 9Ji8M8H'f8pfJOi!: 

'IBCTH!J.bl 8 =Q t :: 1, K IIOTOMy 5apH)HHh:fi 38pSill CKC"T(?Mbl '18Cl'KI{ Bhlp8)f(e8l'CSI I{8J1h!M 

qncnoM.3aMeTHM ewe, 'ITO coxpaHeHHo 6aprrOHHoro sap£.aa o6ecneqHBaeT. cr a6nnMJ:Oc·rt:> 

o5m:ero qucna 5apnouoa a mo6oit cucT'O!Me, aanpemasr par:-ra.a: Hx aa cnHa .tFDTC\Hhl K anea

TpOMBI"'I!lfTHbe 1-13./1yqeHH8.ECnK 9JI81{'r_(: K'-!f:'Cl'I:Hft 38pSill, CIJCT8Mbl Q Bb!pU3UTh B 8.JJ.:HHH

U8X 3apnna rrp0'1'0H8 e . TO B8JII-I'IHHU Q '1'0)1{8 DyneT JJF' . ./1D'IIIC:JI8Hlo'Oit .U:.IHI Cl-\'CT9Mbl 

113 mo6hJx qaCTHu. 

PBCCMDTpHM Teuepb ,Uf.IIUIMI-f'I"!CKyio C!ICT8My B.t!pOHOD npl-l Bh1KJ1l0'18HHOM cna6::M B3B-

11M'.JneficTBUII.B aroM cnyqae OKB3hlBB·~TCH, 'iTO cnpasennnBhi ewe nsa 3BKOHa coxpane

HIHI. Yh .. teuno, 6yneT coxpaus:tTLC.H sne·cTpuqeCKHi:l sapsz.a a..w:poaoa (oT,o:enbHO cox;paH.He-r

CSI 9JI8KTpll'leCKHfi 38pSJ,a 6apHOHOB H JI8IITOiiOB) H ewe O,llHO KB8fiTOBOe '-!HCJIO CHCTeMhl

Tt\K i!83biB88M{J$ CTp!lHHOCTb a.upouOB s , SIBJHJIOW89'C'i! 8UJ:l:l1:TRSH(.li B8.1Ill:'itlliOA C ueno-
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<£Hf:.18HJiblMH 3H8'f8Hr!.>IMI'", 

Mhll!: nmepaapo:t,a 
0t5bl'Hi0 npHJ!Sl:TO BMeCTO Cl'p8HHOCTK 

TaKHM o5pa3,JM 1 a po':CMarpHeaeMOM t'JIY'IBe KPOMe 6apKoHHOro aaps.aa 8 H nonHero 
8JI8KTPH'h:CKi.rO 38pH,t<8 CHCT8Mbl COXj:8H2IQTCSI T8K>K8 3JIE'KTpH<£8CKKA 38pHA a.apOHOB H 

Rx nnrep3apH,n,. 
flrJ 110BO,O:y BCC!X 3'!":1:X 38K:'-H0l3 ~.:'Xp1.H8HIH:I 38M8THM, 'iTO B KB8HTOB0ti: M8X8HllK8 KB>Kllhl.ft 

31±K ))f (''_';{p&B:;<HJ;;.i( Bb!;.<:){(,9tT ~rrpE-ll8:I€ HHbi8 CB~ti::::::TB8 CHMM8TpHH CHCT8Mbl, ITpOHBJI>IlOUlHe

CR B Hi'l:~H'Id>i: f'pyTIITbl npe~6p830B8HH.il, KOTOphlM MO)l(8'l' 6brrb ITO;:::tBeprHyT8 BCJIJioaaM t:f:>yHK

UlHJ p8CCM81'pVI:B6.E--M0iJ: CHCT9M:bl. 

Harrpa:Mep~ aaKoH coxpaHeH;;:SJ: 21H'?p:'~o!lf 1 Cripaae)lnHBwt!: .anH mo6cA 38MXHfT01l Ct:r:CTeMbl, 
Bfolpa>K8i-'T CllMM8Tpr<I6 ITO OTH0U1@-HlHO .[ Bp9M8HHhlM Tp8HCn51'Uli9M t ~ t .f. t 0 , T.e. ec

Jl!! t/1-1; eCTh 'a-::J!HCB8>I cpyHKliiHI ,'l8lll-O::I: 3aM.lrHyT·;)ii:,CUCT9:~hl, TO "'t•to 6yueT 'r-81PK8 

B03M"J:.-I{l:J"';)ll: BJilH::B' .Jl cPyr-m.uHei.f 9T':.·l\ C'.:ICT8Mhl, H Mbl HMee'M cneayl6Wyl0 rpynny npeo6pa-

301HUHIJ.t -Ho TBK KBK 

e> - ...L "- a"-tt +i, at 'f. ...... = L n.! t. i'P- 'H. 
-1: n. :0 t 

,1, -it.(Lri--),1 -Lt.H 
,.t ~t. = e 1't = e <~'r. , 

TO 

nJ:<? H - onepaTop 9HeprMJf• am1 Hawet:l: H3onepce.e.HHC'J:i CH~':''?Mhi rrpE>JlGT8Bl1SilOlUilll: co-

xpaHSJ:IOI.llyrocll aenu•wHy E (Mhi no:ral'8.8M llJISI ylJ060Taa '/i. ""1). 
AH8.'1CI'H'IW>, ecmr Mbl HM88M KBKDti-; f!60 38KOH C::'Xp8H8HHSI Jln>I ,'lHiiBMH'i8CKOJl B8JIH'iH-

Hhi ~ , TC eMy CQOTD€'TC''!"BJ€'T rpy·rna IIpe05paa:JB8IIHJ:l 

- Lo. ~ ,, 
e ~'t 

rnr-.· Q. - Jrro6-"e newecTaeHHoe qacno. B ~ToM He'l'py,o,Ho y6enuTbC9' 1 
CT8BJI9'8T 0110p8T?p C·JxpaHSIIOIIJEitcg eemPIIIHhi, TO 

Hi!. -~H =o. 
f1 ~--·My, ec,,v, .'A hi yMu-~MM:M ypaaHeHae Wpen;HHrepa 

La.~ 
CJI8Bil H& :''19p6 f·lfl e , T'.:! IIDJIY'!:H'vl 

i o"t (eio.~'ft) = ei.a:UH'/'t = H(ei.a.W.. ~), 
i.ti.-9L 

T.g. ;:pynKll,l-!:il e +'. SBJISIE'TCSJ' Hapsrny C '11-t_ non:yCTMMClt BDJTHOBOJl cPyHKll,H<?.jj:, 'i'f? I{ 

t ' 
Jl0K83bl688T ('Ylll€'C':'BOBHHI-l8 IIpe.c6pa3QI.~H.iHI yn·::XMSl'HyTO:rO 6hi11JS TI•HIB• .3TH O,QHOnapaMeT

pl:l 'I€'C'KH8 opeo6pa3DB8HH9' o6pa3yiOT rpy1ny, coOTeeTcTayiOWYJO rpynne cno>KeHI'!.>l eemec·r·
B&HHbiX 'l:P. -?JI, '1 :O:.K K.;.K .Ull.>l np;:;l-J:3B8,'lf'-Hl'Sl' flp"'o5paGOl381Hii! MOl ... MeeM 

•o.~ .e-a~.- - i.(D.+I><QL.1, e e tt = e - rt. 
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B C00TB8TC:TBllll C paccr.WTpE!HHhiMH Bbl:ne 3aK6Ifar.fli Coxpa,HPHIHI Mbl IlpHX8!1HM K Hiimf

'11110 GJlA.Qy!OillllX rpyrm n,onyCTI!MblX npeo{ p830B8HHft: 'I'_. e c.& If t/1 
- CJI8,IJ;C'TBU8 38KOH8. , i Q'f' . 

coxpauen:-r>I 6-'lpuoxmoro aap:<~Jla, f ~e · tp~ - cnellCTBHe 3BKC•Ha roxpaHeaus BJI<"~<'"pn·-

qer.Koro aap>Iua. T. K.•mc:.'la 

paTOpoB) flllJUIIOTC>I U-2JlbiM11, 

8 H Gl 
lBif Ti,e He 

lllGC:TB<~aHnl1: nepeME>HHOJi 1 C' rtepHOAOM 2,](' , Il08T8MY M'))KH~: -rpaKTCB&I'h <JW-JJ'J 1 
KBK y<Dll HB H8I(OTOpol1; 0Kpy.>KHOCH!. Tar{l'8 npe:>6pa.30Bam·hi Ji83L!B8IOT:-:g rpa.oR~HTHblMH 

rrpeo5p830B8HIHIMH ., 

PaCCMOTpHM '18CTHhlJ.l: C:ny'laii, KOf'lJJ;i B)J1HOB85l cf;yHKUIHI V' OIIllCb!B88T DllHY 'i8''1'1!Uy 

c 6ap:IOHHbiM 3-'liJ>'~JlOM B""l. Tor,aa cooTBETCTayrowee rrpeo6paaoaaHne 6yne-r 

'/1 -e"'.p 
EcnH npe,oTIOJlO)KllTb, <JTO Cna6oe B3811ld0JJ:Elti:CTB!f8 BblKJIIO'IE!HO, TO y Haf' IIOSIB5tfr'_::5I >"l..UE' 

JlBB r'pEI.JtH8HTHbiX npeo5pa30B8Hll:$1 0 COOTDO!TCTByiOl.Li:HX 3~K0Ht\M C0Xp8HCHV.SI ::meKTplfqpr;K,,·~ 

ro 38pHJta a.uponoa QH H rHnepoapB.oa Y· , 
L ~Q• "' -e -r 

' - ,,.Q. 
ra.e "i} 

i3Y 
aeweCTB8HHoe '!.IIC.;;o. TaK IWK y }IBJI5IIOTC51 QE!JiblMH 'IH -~JHH.tn, TO e 

He 6yay1' nepHOJlH"IE!CIUIMH (c IIE!p[.!0.[10M 21f) ,, Mbl BH.UH:M, 'ifO 

.08Hlih.I'O! .''fLl,!J;(-IE!HTHbl8 rrpeo6pa3:::JB[;!.HI{fl TdK>Ke COOTBE!TCTDyiOT rpyrrne Bpa,wemlJ!: OKpy>KHO

CT!-I. 

nepeii.aeM TE!IIE!pb K paCCMDTpE!HUIO CHC T8Mb! 8.Up0rl0B B IIpH6niOKE!HllH 0 COOTBE!TC'fByiO

Il.lE!M y'I8Ty ."HIWh cu.rhHbiX n3aaMone.iiCTBH:~. B aToi1. Cl1Tyar.unr B03HHKBE!T ewe 38KOH cox

paHeHIHI l{30'.rOlHf'~'?.CKOI'O CIT!Uitl.. 

Y}KE! B H8'-V:l.!18 30-biX l'O.[lOB 6h!JIO 38ME!'Iel!C 0 'ITO npOTOH H HeihpOH B 5IJtE!pHblX (CHllhHblX) 

B3fiTIMOllE!i1CTBHfiX 06il8Ll8IOT 0DHH8K0Bhl!. H CBOJ1CTBEIMH H IIOTOMy refi3eH68j:f'IlpE!.UJ10.X<HJI 

paCC.vl·':lT;JIIEIB';_., [IX KBK )J;Ba KB8HTOBbiX C08TOHHHH O;J;HOA H TOt!: ~e 'JBCTHUbl- HyKJc:ma. 

)lJHI 0603iJ8'{9HIHl 8TIIX n.ayx COC1'05IHHJ.1' BBE!A9M HHlJ,E!KC A = 1,2 H yc,,OBHMCH IIp!-ITIHC hl-

681'0 3f:IB'{enHe A=l rtpOTOHIIOMy cocTOHIIH o, a A=2-- aeihpoHHOMy. Tor;J;a sonHoBaH ciJyHK"" 

uwrr npoToaa fA noJnKHa 6b!Th nponbpnf!OHaJlbHB 0 (A•1), a s:mHoaafl ciJyHKIU!fl aei1-

TpOHa fl A 'nporropuuoaar.:oaa 0 ( A-2) , r ne · 

1_0, Sex.)= 1 npu .:J: '7.., 0 

CqHTa>I BO.'THOBbie c!Jynxuf!u f.A , ~A. HO JMHposaHHhiMil na e.aHHHUy, BH,o;nM, 'iTO aopMa 

cyrrepii03HUHOHHOr'O COCTORi-Iii5l 

'iA = c1 P.~~ .. c2 n..~~ ' 
- r.rte KOMU!!9K•.:Hbl8 'I!ICJlf.l. - L 88TCR cyMMOJ1 

2 2 
I c, I + I C2/ 

38M9'TliM 1 '{TO p83i-IOCTb M8CC IIp0TOH8. I HeihpoHa M8.Jl81 COCTBBJUIH OKOJTO 0,1%. 
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Ec-TeCT3f'HU') IT08TOMy C.,..H<9LTH eE' K ane!!:TpDMI:lf'HHTHOMy B3B!fMO,OelkTBHlO H C'IHT8Tb1 'ITO 

nprr yqeTe JIIHUh CJIJibHMX Bo>.;,·{M'C,OeJlcTB!iil 9TH MBCCM TO<UfO paBHbl. Ho TOr,oa B03H!iKBeT 

XBp6KT9pH08 KBt\HTJB0M8X8Hif'-18CK.:Je Bbl JO>KU8Hl19 If -BDJIH"ltlhl8 ¢yHKUI1H '{lA MOryT 

6biTb w.:>,::J;B<~pl~HyTror JII05o:v~y .'HIHeilHOMy npe::>6pa3osa.aouo • .aei!:c'I'syiOI.l.l;8My' aa ll.H.aeKC A. 
H8 M8HHI01U8My llOpMy, T.e.npOU3BOJibHOMy yau·i'llpHOMy"rrpeo6p8303S.HHIO: 

tp' 
Jl 

a z_ Vfie +a 
B ~1 

1-f.'l:t, ~CKpd.i.U,eUHO ~ ~ ~J I =::; v ~ 
r;:J,eVV ~r.. 

1 
• ll" 

3.tl\"2b Kp~C'fl1It~:M ,--nepxy o6~-,3aaqaeTc.s~ 8pMHTOBO Ci.:,ITp>DI<eHue; V.Jie :z= 8A ' 
H /J.-'IS'I y.::I.:•6~~Tb.:l. 3~;P."1{:.1 CUMBO.'IO'Vl 1 Mbl 0603HB'-I.aeM 'fBK>K8 8.QH:HH'IHbJft: onepaTOp. Cynep
n(::~l-lL.H·J:I'!bircO' C:)':Tos:I<:K-SI P'==Up In./ :Vn.. B HB.W€M n;:nr6mnK8H!HI CHJihHOrO B38HM0.aeH

CTBHfl CODepwe"HHO 8KBF£D8[!8H'.'Hbl npo f"OHy H H8ATp0HY• 

C::-B'2KynaoCTb paccMaTpHaaeMhrx _tHHTnpHhiX npeo6pa30B8HHd, x·~-'l'Jp8H JIBJIHeTcH c-:.nor{y!l
aoc·tblO .aByMe;tHhlX. KCMn.rreK~HbiX Me."'PH'l, o6pnayeT rpynrry- 'IaK H83biDaeMyiO yHttTapHyro 

rpy:~my Va . neil.CTBraenbHO, n:p~H3B"'.l:(£'Hife 7J = l{ tl2 .aayx npe;:>6pa3·~s8:HI-dl: u1 
1-r l/

2 
T~llt)K'2 yHP.:TdpR·} 

~ ' + ~ + vu = (V,·l.,{) (l.J, l.{) ~ ~ v. L; (}2 -
rr 8;JeMe!Ir, o6pbi'abrl1: r.J , 6ya<fT l v- =U" v; H ll2 

1 

OllHOrO pe.Hf'a 1 TO 

- ?Jet u . 7:Jei. u~ 
n08T-:>My,, .ami H-9'..:.11{;( JIU-1'\'9.pHSL'\: npe:.'5p l30B8l1Hil 

+ 2 
7:JetU ·7:Jet lJ "1. ·'·" /7Jet V/ .= 1 

OT·:'iOL:':l :;JJe.ay.;!T, 'iLl 7Jeil}: l.{1 'l'! -~2 u2.1 = e t. {} -{7 - .aetl:CTBffT8JibH:-e ql{CJJO. 

Ecna -renepb n 'JI:::>.lior'Th ll=u'e L ~/& , 'I·a HMe:~M 

= (?Je.iV')e"~ 
TalCifM o0pL.J0\II~ Op806paa:maHMe u' Ot)naubeT cnofrCT8GM 1Jt?i1l'=t. P.: Mbl I!I~AHM. '11'~ 
K8A(_a.;o~ .QC>UJCTIJMC8 11pB00pa..;~:_.:}aH!I8 BOUlOBOJl c!JyHKUifH ~ MOMHO npe.aCT8BHTb B BH

A? r.;J•.)!!3D"'AE-li:J Z yHW-' ?.pH':'r0 IT;Je:-?p:\-3098Hlis:I 1/ !a.. C ,[o.f:'T9pMtl:-i8HT<>M, p8Bll:b1M 9LJ;Hll:Hl{8•-

Hrp8.,1J.W~H'!'H-_-._ J TTiJ(•·">6j:>:2:•B"lHl-!:5I e t.'f' r.u~ UJ:;::~ H<.:> 8TO rpaLJ;zeHTHVe upe05pa.::r::a.o~-
. 7 2 

J-111..-, re"': yMe CTM2"-l9.nOC'b, ('QOT.B8TC"'YByET 38KOHy COXp8HeHIHI 5apHOHB0rO 3apsr_aa.no8T(''MY:~ 

KH'I·epe~yH~b 38K0H8MH C ::>Xp8H8HIHI, H8 C ~O,llliMbiMH K 88KOH8M C'C'Xpanemtsr 38pSI.nOS orpa-

HJ:qliM'.S'I HCC\'1S>noeaHH8M r'IIJ'-la5I, Korna . , 

+ 
llll = i H 

T8KH8 rrpe06pa.:o.0B&.H>f;:! T8K)K8 ~-6p8(3ylOT rpyrrlly ( TBK H8-3hlB8PMyiO CU8UHBJlhHylO yHHT:tpllyiO 

rpyLif'ySV2. ), -r .. w, e':nHV =t{7./2 , T.) 

7.lei U = "]J~t 1.1, · 'Jlet v; ~ i . 
PaC"CM:)TptlM rr:.,:rpof5H:?? :pynny SU2 • 3To nor.Jly>KHT HaM sou.uealfEM K Hayt£9HHIO Wlipo

x::-.·f-I3Be<· r:-IJI1: :-pymtbl S tJ! , np<'l.an·~ >K"=' -IH'.:A re.rm·-M aa:a;:;.M a .HeeMaHOM. 
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Boo6we rosops, 38,ll8HK9 MB.TpHI{bi BTOporo paara C KOMIUIS.RCHbiMH 8Jl€!MQHT8MK 

u- . .,., 
(

ll 

tla·• 
OSH6'J89T l"!:m:n:CauHJO BOChMH .a.eJtCTBUTI'JlhHblX napaMeTpOB. 0..o;H8KO B H8U!9M C.lly'lae 9'l'l! 

rrapaMeTpbi He aeaa:sMCif¥bi! ycno:aHe ymHapHocnr Uu =.t H ycnoane "/lftV ~1 npe..o;cTea
mnoT imTb COOTHOW8HHJI 

+ u;,u;, 
+ 
u,,~2 

+ 
+ v " •1 12 v2:f 

+ •v:"-0 12v22 

+ •uv: -o 
22 l1 

+ 
+tf.lJ.•l 

21 zz 

• 

noaTOMy p8CCM8Tp0:888M09 npeo6paaOll8HH9 U' GBBliCHT !IHJilb OT 'rpex ,aetl:cTBHT8JlhHbl}( 

napaMeTpoa. B Ha!16onee oOiueM BH,ae raKoe rrpeo6paaoeaHJie, y.noaneTaop1UoLUee seeM 
. neo6xo..o;HMhiM TPetSoaaHHHM, MOiKHo oa lKC8Tb Ka:n: , )' 

<:~.."' "Petti 

PaCCMOTpHM upeo6paaoaaaKe V , •ieCKOHB'IHO 6nHaKoe K e.nuHH'IHoMy 

1 ~~ ~) , 

'l'.e. cny'laii, KOr.aa J,.- I. ;-o; nyc1 b} = L Gy; + b'!a (anecc s "~ . sc.r2 - aewecT-

B8HHbi). EcnH npencTS.BHTh r;l, = _1+ Sci. 1 TO MHHM82 'l:aCTb cooTaoUieHHn o<ot'*'t}j --=1 

aupaalfTCSI KaK Oot. + 8d. *• 0 , T.;.Boe. - quCTo MHHMOe, trosToMy o( = 1. + LS'cp~ 
( SCf3 - aen:teCTBeHao). TaKHM o6pa3)M, nonyqaeM 

u i + sv, 
1 .. 

3,aeCb 7:1 , 7:2 t t"3 - uaeeC:1Hhi8 MBf-pHUbi naynH, C IIOMOUlbiO KOTOpbiX B Hepent!THBHCT-
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I . 
C K'::l!: K38HTCBri M8X81fHK8 HCCJie..QyGTCH Ll,lnl8.MlfK8 lJ.:!.C'TFU CO C''ilfH~:.f 1/2. n€'r'tl:8 

npoaepnTh, 'ITO Me:rpR.Qbl naynli SIB.lli!OT :H SpM!H\'BhlMH, "~+ = T-. . I{ yn.::·.S.'IE>T&Opg-

KlT COOTHOUI8HKHM 

Il<,;.pBhl8 TpH GOOTHC>U18HHH M0)f{H0 3aUH('dTh C IlOMC:lUhlO E','::[lU-IHG:HOt'O a6COJIIOTHO aa

nr·- dMM.aTpi.P{HOI"'O T8H3Dpa ~f'O ~aara ~d.}T 1 B K~TOp?M 

H ace iipOY:\18 SIJIGMGHTbl p8BHbl Hyllro, E1 C '18..0:YIOll18M BMA8 

.3 

r.,. Tp = i. 'F:l '\Po r r ' ot # J , 
Vl3 BC8X STI'IX CODTHOWeai-!tl: BbiT€8:8.81' T8Jt>i(e 1 <{TO BGJJif'llUibl ( t"ot , J) o6pa3yiDT 

Tax H8-3blB8E'MYIO 8llf'86py, T.e. npOK3B8))8HH8 .r.tio6~ .9]!9MGHTOB STOr:J Ha6:Jp8 Bb~[\e.·· 

}KB:aTcsr Hx JIKHe~aoi xoM5aHaD;uell:, r8a: '<TO mo6oa nonHHOM oTHocHTenhHO (Lot , l) 
ecTb JIHHBi!:Haa -KOM5HHatnui STKX .>Ke 3Jie~teHTDB. B 'IEICTHOCTH 

3 

r ... r:,p -r:P rot = zL 'f./d..sr r~; 
Vf3 rrepeor,J cooT:aOtueHJHI cpa3y cneayeo, 'ITO 

[ Toe , ~] = 
z. 2 -

r: ... Ie.. 
2 2 

T . ..,. 

2 
1 

1' .. '2. Oi!E'p8T..--Qpbr lot. =a ro( y.n;oBJI9TBOpS'lOT T8KHM )1{9 II:OMMYTaU:HO!l:HhiM COSI':"H.:>Ul~
H<•.iiM, 'IT,) K onepaTOpbl KOMUOH9HT MOM€\~Ta HMllYl'IbC8 B Iill8HTOBStl: ME'J("J.H!!!K'ii 

3 

[I .. , r_.aJ_ = i. r;/"'J~ 1 r , rrpuqeM I"' =I: , 
HanOMHHM OCHOBIJbl9 Heo5to.n;t>Mbi9 H8M CBOli:CTJ3,1l onepS'l'Op'JB yrncaoro MC'M9f.ITB: 

1) Ec.rxa: onepaTOpbl I~ SlpivlHTOBbi H yaosneTaop~T 7K838HlibiM_ KOMMyr~'BQH{;HHbiM 
cooTHOW9HHRM 0 TO orrepaTOp-rtsa.apaTB M0:-.1e:aTa I Z =f. I 2 KMeE'T c:::6c~BE·H-

. - d.=1- ot 

B.bre a:aaqr~nl':a Bl-I.L1B~ I (I'+-1) , r.ae I - uenoe J.UIM: nonyue.rroe seoTpt!USTSJJbHDe 

<JHCJIO I = o. I /2, J' 3/2, -. 2) Tax KSK onepaTOp 1 IWMMyTHpye1 c nHDoH K3 RDMflOHSifT I CIC. 

TO VLII-:18 H8 KCMITOHSHT ( D6bi'IHO Bh!6Kp8KIT onepST.Jp 
-a 

K 1 HMelDT o6u.mA Ha-

60p cn5GT39HHbiX ¢lyHKL!lH':i:, llpH'-19M, 9\'.JIH < o6CTBE!HH08 3H8<J9HM€ 

TepnsyeTCH 'IKCJIOM I , TO co6CTaeHHbiE 3Hll'{eHnH onepaTopa 

I I ;.1 -I (Dcero 2 I + 1 ~~HaqeHHf.l:). 
) .) ... ) 

3) Ec.rm npoaaee.n;eM CIOX<eHtl'e onepa'l'opr,e .anyx - - - M0M9HTOB 

-~ crrepaTopa I 
1

3 
pBBHLI 

I=I'•I" 
' TO KBBHTDBoe 'IHCJIO I , onpe,aQJI>iKIWee 

-z 
:)o6cTaenaoe 3HB'i9HHe onepaTopa I ,--

xapaK-



I = I'_+ r'' 
1 

. 8-

' • ~ > 1 I'- r''l -
.llOXB38TeJibCTBO $THX COOTHOUJ8Hll:it r!O)KHO HB.HTH, HB.ITplfM8p, B KHH£'8 8. naymf "'0e5w:He 

llpHHUlWbi EIOJIHOBO:lt M8XBHHKH ". 

J.1cnOllh3ySJ .o6meirplnHn·yro TepMHH(·norino, 6yllSM H83hiBiiTb OnepaTDpbl r. onepaTo
pa• ... ni: K30TOITK'!8CKOrO CITt.:Ha CMCT8Mhj. 

B paccMoTpeHHOM .BhiWe cny>.J.ae o.tr aoti 'lBCTJ.:IUhi 

~ 1 2 2 2 3 
I "il(r1 +t"z +r3) =4 =I (I+i), 

T.P. H30TOni-PleCKidl: crnm ayKJioHa 1 == 1/2 ,a !3 npHHHMaeT ,at3a saaqeHlH1 + 1/2. 
npe,n;C1'8BHM ce5e CH'l''J8UHI0 1 !Wr-ll:!. Mbl KM98M H9CKOJibKO, H8llpl1Mep, S HyMOHOB, 

COCT<JHHHH KOI'OpblX Oripe.aenniOTCSI 'I:HCmiMH ./11, .At)JIJI-"" .Jis > ITplf'l8M Ka:lK,ll09 

Ai. "' lt2. TaK KBK aonaoayio q,ymaano Taxofi CKCT8Mbl ·'/!,A · .., MO>KHO 
fl nA2 1" • .1'1'$ 

CKOHCTpJIHPOBll'rh B BV.ll8 IIpDif3B8,Q8HHi BOJlHOahiX !:lJyHKUKii OT.ll8.'IbHblX. HyKUOHC•B, 'J,

npeo6p830B8Hl18 Tarcojt QJyHKIJ;t:IH 6y.ae·~ HMBTh cneayrow1dt BH.a 

t ~ f 1 

; ( lJ )1M2' .. (lf)s rA, ,.A
21 

.. ·As 
3.U€'Cb (V)l •t6<;:8H8'l8e'l' npeo6paSOS8Hil8 v , ,ae:ltCTByiOW88 TOJibii:O Ha HHllBKC .AJ 
floGKOJILKy p1 :Vp )'.fl.

1;!Tlf'L C TOIJJ.H ;:!p'<IHIHI C:HJibHbiX B38HMOll8li:CTBll.J:l 9I~Bl1BaJI8HTHbi 
npOTOHy H HSii:TpoHy, TO H81J.!8 npeo6p l30B8HHe B01IHOBOft ciJyHKUHK CHCT8Mbl HyKJIOHOB 

a OJVKHO 6biTb coeMeCTHbiM c ypaBH8lliHlMH .ti.BIOKBIIHSI J{ 'nora My llOJUKHO n0MMy-rrtpc·sa-:- c 
C r8Mili1hTOHI18HOM r-J.fCT9Mbl ( y'-IMTblB iiOll~MM 1 pasyMeeTC£1, illllllh CHJibHbi8 B38kMO,.o;ejiC1.-

Bll£1). -

Ecmr patcMorpe<b 6ecKoJI8'-IHO Manoe rrpeo6pasoeaHHe, r.e. C'lHTBTb, 'lTO'K8)K)J,OB 

U "'1 + su 1 TO, O'lBBH,UH00 C T::ltiHOCTbiO l!O 11BpBOI'O HOpSAlt8 MIUIOCTH BKJIIO'-IIiT8Jib-

HO s 
2: ctv). 'I' , 
J=t . J 

HO 'l'<iK KBK " (SU)j =~ 2; (r"')J El'f" 
3 "'· 1 s 

E'f = i 'J;/'fr~. (ft/T.._)J) 'f 
8Ih\[(BM OTI8p8TGp CyMM8pHor·> H30TO.II.P3:8CKOI'O Clll1:H8 CHCT8Mhl $ IIYKIIOHGB 

Tor,o:a 

t s . 
I" = 7 ~ ( r,)J· 

J=i 
3 

=2i,'[_8'f"I"''f. ;3.L 
ol= 1 

3aM8TKM, "'TO TBK KBK Kl;l:>K.D;blti: K3 011'~paTopoB('tot)j,.,A8il:CTDyeT TOJibKO H8 nepeMPH

Hbi8 C HH.Il8KCOM j , TO .~TA9J"IbHbie ::narll8Mhl8 B ·1cJ. KOMMyTKpylOT .apyr C .apyf'OM. 

flo8TO!I(Iy H3 npaBJ.fJI KCiMMyTBUkUf AJHI rei. cpa3l3 CJI8.UY8T 0 'ITO 

· [I", r_,.L =I" IJ' - IF:o( = t 'f./"'.P t I ( 
K Orrepa'IOp M30TOIIll'l8CKOf'O CTIHH8 CII•:TBMhl HyXmOHOB 06Jili.!J.86T T8MH }{(8 CBOi!:CTB8Mfi, 

'ITO K onepa.Tvp Ie~. B c.'Jyqae o.nnoil: •;:acTHUl>I. TaK xax paccMaTpHBa8Mbi8 npeo0paso
na11KSI KOMMyTKflYkOT C I'<'IMHJlhTOHHBH6Vf 0 TO C >IHM ll_OoDKhbl KOMMyT!Ip0B8Th H 6f:i::KOH8"1.
HO M6..1Uolfl np8o6pa30B8HHSJ: 0 K Ml:>I 11pHX:J.t:UfM K 38K9Hj (-oxpal:I8HH51 H30TOI1J.f'I8CK0f'O 

cmmar. ' ' 
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PaccMoTp!n1 6'>r.e8 n~·apo6H··· ')JJyqaiJ CHC'TeMbl 113 JJ.Byx HyKJlOH·:::~ 

I -~ r..>1 + cr .. )"t. r = t., .A a , o( - 2 2 
TaK K-'lK ~i30Ton-crnrH l)!l.i!Ol'O ay.lowaa pasea 1/2, TO KBBIIT:>B-~"'- 'tMCn:o I DpiiHHMae·r ;:wa 
3HB<teHIHI- I =0 II I ~, I. 

BbtHClmM. :r-3.XHM cooronHIHlM cnc·re!\1 bl AByx .HyKnouos coo-raeTCTB~T 3HB'ieHHE.' I ~o H 

KaKifM- 3HB'lEUtHe I "'1. DpcHasonhH)to· .aayxHyKJJoHHyro ¢yHKilHJO 'fA- )At aoerAB M,om-

HO npellCT85HTh B 8R.ae CyMMbi CHMMe'I piP£HO.ft H BflTHCI-UiMeTpH'iH01i: <tLcTtfft 

n OKBm:eM Ten£> ph. <£TO H30TQn!!',l€CKHA =mrH COCTOstHHS + (Q.) pasea I """0 ' a CDCTOSIHHS 

ljl <51 paaeH I "1. (G.) 
Pacc;MoTpHM r.Ha<rana aHTHCIIMMeTpH• H~ twM6KH8:UHJO ~ .If . Oaa s:tunoi:l&eT TOllbKO 

,t:J;.:ae HeHyJI8BbiX KOMUOH9.kThl, 'f_(O..) H '/J.C ) , H (?CJlli BB8•-~T~ 18J'HHH'llU>dl: BHTH·<:KMMeTpMq-

Hb>fi '""3op 2-ro paHc;A,,Az T~ ;•) 

.fl,=.fl2=1.; .A =J ./1 =2, 
1 ' 2 

Mbl rpa3y ncmy"·U:!M 

~~ l'z2 - V,a v21 

"l'z 1 u;i -~2 u;, =-1>etu =-1=€ 21 

=0 



- I ?,,-(d) 
npH mo6biX &'/Q/. , a 9TO 3HAttHT, '-ITO 1':/1. T = 0 ansr KB>K.uoro d. , T,e. -.,;:To Co6cT

aeHHbJe ~qeHIHI BCeX Io( paBHbl HYliOo 0TC!O,U8 M C06CTDeH!JOe 3H8'18HH8 On€1p8TOp8 

f 2 = :;.1 r: PABHO Hymo. 't .. e. I =cO. (S) (S) ($) 

Pacc~oTpHM Tenepb CHMM9TpH'IHYIO wM6H"HaUHlO y;/1 A T13K KP.K ~ 2. ::: ~ 1 (S) 1,'1 ) I 

TO 06ll\yl0 c!JyHKUHIO ~ .,A MO>KH6 rpellCT8DHTb B BH.[!.9 pll3llO}K8HHSI 

1 > ~ 

'l,t•BJ = ~ 
1 

S(.A-i)8(8-1) •'t [o(.A-1)S(8-2)+o(.A-2)0(B-ii}" 
.A, -,J J 

+ +z z S(.A-2) 8(8 -2.). 
' 

TaK KBK 

"S= H 

13 =tc•~>1 +f(•J>2, 

(T) (T) '/''51 ' 1·f(S) 
' 2 • 

PaCCMClTpHM Tenepb C'!lCTE'My 113 TJ= ex HYIWOHOB 

Jl (S) 

1· 1,, 
> 

B 2TOM CJJy'lae no TE>OpeMe o cno)!c8Hr~H MOMeHTOB aoaMO)!<Hbl cny'!"aH I _,. 3/2 H I 1 ;2. 
HeTpyaHo n:Jxa38Th, 'iTO cuMMeTp~rqHa51 clJyHKUHs:J ,J, (S) Jl Jl A 

To tJ A HH.uexcoe 1 • 3 J"'1J"1!' l ) ,, 

6y.uHT COQTBGTCreonaTr. cny'laJo I ' 3/2 . .O:eitCTB!tTenhrw, rroa.eJ:!:cTayt>M Ha ~:aKyJO ¢yttK-
JHIJO onepa1 opoM .-

I~= t {cf),•ifJ2 •ci"Jl=: {3 •3•3•zcf;,cf;2 +2li>zcf;1 •z(fMr;,} · 
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CHMM8'I'plP-IH8 I 0 BC.:eM 
H 

;ti:(exCaM,. TO OHCl CHMM€TpH'IH8 H IIC: 

(r)z (f)/fen= l·'f's); (f la(rJ, f CSl = 1· 'f<Sl; 

-~ 

- - ,uCS) ,J,(Sl 
cn,(r).l r =l·r ; 

OTKypa cne-nyeT, IITO co6CTB€HH':le 3HaqeHHE orrepaTopa I 6y.n.eT pasHa 

](I+i.) =if= f(f •1.) 
Bbr5LH11M 'I"E'::':!?ph, xaxCJro Bl!na eonncahie .:f:JyHxuun cooTeeTCTnytoT cny'iaio I 1,"2 .. 
3aM'2'!"frM,. l.J.'! :1 8C'i1H r:-yMM-3. ,anyx C JIB''" 'Oo'CMIIX B BblptDK8HlH:! 

neih-Teysr Ha e·::nH'myro (j:JyHKUHlO Tpex qac-rtu, .aaeT Hy.rrh, TO Onaronapg Tp6Th8My cna
rE•':'MGMy e Jot H30TDITH'Iectodt CIIHH cooTeE T<'TByiOUlero cocTO.stHH.H 6y.neT paaeH! ""1/2. 
KaK Mhi y)l<e m(nenn 

{(r .. J, +(r:"'>z] €.A .II = 0 
,, 2 

}l: IIOTCMy llJUI c}JyHKUHH 

e,.""' f,.J 
lfM68M I "'" 1/2 .. nepeCTBB!lSISI 11HLI8KCbl A, 1 .Ji 2' ..A 3 ITO Kpyroe·,,i!: nepeC'ranoe-

1{8 H 38Mf'1Hi!SI fA HB .upyrae \flyHKJ.l;lfK 3A ' h ft IIOJTY'IHM eme ,0:86 BOJlHOBbiX ¢yHK

LtHH t' TJOilClBHHHi:.IM !f30TOIIH'I:8CKMM CTJHHOM 

h..A • . 
TaKaM o6paaoM .. o6mee ewpa:m&Htie ,unst s:;1w.::eor'1 Lj:lyHKUUH Tpex HyK!lOHOB c I =1 /2 

= E f -~-E c -~-E h. 
.A,,.Aa /13 .Az,I13~.A, .A3,.A, "• • 

.J, CI=Yl) 
CrwnsKo He3aBHCliMbiX xoMrroHeHT .uon)l{Ht P.IM8Tf:o Q:lyHIU(H2 T./1. 11 A ? SicHo, 'IT:< npo-

''' "" ll"Z.l 1 H3B':-Jr~-BB>I c}:J~!-nml:n TJt,)/42-J .11
3 

HMeeT e:er~ 2~ .- 8 KCMTJOH8HT. ¢yHKUHSI co.cnw-

HC>M I -~- 3;2 n~'llliOGTb!O r·-nM!v!E'TpH4Ha u H'1T"MY .uon)KHB 38BHCeTb or 4 xo,r)JoHeHT~-
,OeJ:!:cTBIIT8J1bHo, 'r8.KifMll KOMII~-H€:HT8MH M::;.tyT 6blrb Bbi6'paHhl,. H8.IlpUM€p 0 'II( 2.) ~ 

(3/aJ ,1,c3/il ,1, <l/2) · . . ~ '• 1 

1.}11
1

1J 2 , T1~ 2.~ 2. ' T2.1 2.J t , a oc 1 ailbHhle R~~ithl O.UHOti ua ~TliX qeTh!pex B 
ca.r;y IICJiliQJ:!: CHMM8TpH11. Cne.UOB8'rel'IbHO HB .[l'OniO~ (Vii)., OCT8.8TCH 4 H838BHCHMp!X 

:.AIJAa'"3 · 
I'iOMil0H9HTbl,. a Bhip8}1{'?-H-HS /3,2/ !j:l~pManbHC -:-'O.U8P>KHT 6 KOMIIOH8HT, IIO ,use KOMUOH8H-

Tbl Ha K8.)l{.UYK> H3 ¢yHKnl-ftl f.A, ~ F , _ Ja..tt • _ _ . 
O.uHaRC>, nerrw rroKa3,qTJ,,, 'ITO .nmi npoaaa:•nbH?il !j)yHKIIZH :f 1-l:MeeT ME!CTo cne.nyJO-

+ E ,. o.11 :lll + E., " j.A = o . 
a 3 1 ".3' 1 2 

/3.3/ 

.0 et'IC tBH'!.'enhHO, paa .fl1 , A2,.fl3 "" 1 ~. 70 u IH BGe HH.neKChl paBHbl! 

panHI>I .usa 1-13 HHx. B rrepD?M c-.ny'!e.e Ham-!c lHRC"2 'J'O)!-<;LJ:8C''1'BO 'l'pHBHBnhHO, '!'all: KaK 'l'Or-

.ua IL:_ __ £ pasHbl _Rymo. PaccMa'l'pHB8SI B'r'O J~il cny-qa.A, B03bMeM1 He.npuMep, JJ
1 
= j/2 ::f; ~ 

W IIC·Jiy'lHM: '· 



flonaraH $/It= J..A 
l/'(I = 1/z) 

,AI J,.Ai_ ~ Jf3 

- f -h. - A .A 

- 12- • 

' 

' =~.A- j,_.A . 
T aKHM o6paaoM; paccMaTpHBI:leMaH nomwnasr tPyHKUHH lUHI I ""·1 /2 .aei1CTBI:!TenMIO I!Me-
81' "18Tblp8 H838BliCIIMh1X KOMD:OH8HThl /JlO .UB8 ,QJHI Kl:l)K.QOii: tf3 ~ 0 (jo}l f. 

np!IB8.U8M '1'81J8ph H8K0T0pbi8 OIIpe.QEJI8H>:iH H3 TE'OpHH rpyrrn. KC'TOpbi8 B LI.BJihH8t!:U1eM 

MOT'yT f.5hiTh ffCIIOJih30B8Hbl. 

PaccMoTpliM rpynny (; ~neMeHTbi KOTopoi1 

~ : ~ ( Q.1 >' ''I ll.m.) 
XBpBKT8pli3YIOTC5lf)'t. B8W8C·tBE'HHhJ!\.ilf IIBpaMeTpBMH a.1 , • •• ) Q..nt. 
poe mmeii:Hoe npocTpaHCTBO E""aeKTOpOE 

:X = (.x.1l'''> .x,...)' 
no.r:nepKHeM, 'ITO n. (pa3M8pllOCTb JHfH·lli:HOI"'O IIpOCTpaHCTBa E) He o6SI38H'1 6hJ'!'b p8BlH.IM 

f(L ( pa3MepHOCTH caMo:lt rpynnw G ) . 
nycTh BE )l8il:CTByeT COBOKYIIHOCTh IHH8J.l:HhlX rrpeo6p830B8HI-rli, TBKB51, "'TO KB)K.dOMy 

@JI8M8HTy ~ rpyrrrrw G COOTB8TCTD reT O.UHO onpe.a;eneHHOe npeo5pa30D8HI18 res>: 
.x: - :x.' = r(8) x . 

rTpu'leM 

TC8,) rca!>= 'r(8'•~a> 
T(e) = t 

P.Qe e - e,o:MIHI'IHbllt <meMeH'i Ppyrmhl jT 
B aTOM cny<t:ae ro:eop.KT, 'ITO rrpeo6pa:1onams:r T rrpocrpaucr:ea E o6paaytoT mmeilnoe 

npencTaBneut-re rpyrrnbl G • 
TI yCTb .Om'I 8JI9M9HT8 rpymThi,6ec KOll ::l'IHO 6JIH3KO:fO K e".nMHiflUIOMy 

9 = e +G ~ 
COOTB8TCTBylOUIU1l Oneparop HM88T Blf.O. 

m. 
= 1 + L. so.?.x ... 

?.:f 

Torna x'l. H83h!B810TCH nuct:m~nneaHMa. lbHhlMH onepaTOpaMH, H./111 reueparopaMH. 
KaK eanHo H3 npuneneHabrx onpe.o:em·HH.ll:, Mhl y)Ke HMemf .aeno c naHet!:HbiMH npe.a

c-ranneHI15tMH rpynnhl SUz.. flHne.ll:Hoe rr.JocrpaHCTno E 6blllo y uac o6j:Hl30BBHO eon-
HOBbi~m tj:JyHKUH$IMI1! . , . 

- {~\- }' - · .X - .RpA2, .. ').As ' 
f'flCT9Mhl $ HyKJIOHOB, 

I 
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H3 SUz corrocTaamtnl:g ymrrapHwlt onepaTop 

npe :.6pa30D6H1Hf 

X.....,. x' 'T(tJ).x 
}l,:fn. "'TJ e,u,ifHif<~:HJMY <}J18M'~H'''Y rpynthl SV2 

.rranee, 
6y.o;eT 

U·l·(~ ~) 
x' ~x. 

T(U)T(V) 

T ( ll)T(V) =(1J)
1 

... cUVIJ, .. · (V), = (1JV)1 ... (UV)
5 

== T(llV), 

T.'1K ll.Blt M.>.iTpHLlbi(V)J If (V)/{, r..;:~!l:C''BjiOUI!o!8 HB QB.fP!bt8 UH,UeKCbl, Me.>l<.ay C06oft IWM

MyTiiPYJOT. HlliWHeu, 11a /3.1 I Mbl m1;::1~ M, 'fTO UHciHtHST1'13HMaJlhHl>IMH onepa-:oopaMH .LlJlB aa
LUHX JllfH8i!HblX rrpeJJC:T8BJ18Hidl: J.IBJHUOT< a: KOMTI0Hetr.:-·bl !f30TOITK48CKOI"'0 Cntfl.Ia. 

OcTaHOBHMCH T~'>neph aa IIr>HgT1m fiPU o->nu:vJoc rn rrpe.ac. ranneHHlh naae:l!:i!Oe rrpeacTBBHe
nua "Cpymthl lc!9.~ibll.la2''"'''-·:rt lipHBOJ:J:->iMbiM, ·!CJIV! B llfiHlfOM :IltHeitHCll\<I npoCTpaHCTB8 MO>tcHO ·.Hali
Tif mmei!Hoe MHoroot5paaMe MeHJ::.mero 'KCna H.3Mepeeuli, xoTopoe rrpeo6pa3yeTca caM~) a 

ce6a. B IIJ?OTUaHOM cny•wa IIpe,~:J;CTaane me H83b11;188'I'C>I HanpuBDD,HMblM. 

PaCCMOTpU A sonpoc 0 rrpaaor~lfMOCTt JHJHe~HhlX npBD,CT'tUIJ18HliR rpy:ulbl sul.. 
nyc·rb 8 6yJleT COOTn€T~TBJIOUl08 lii!H8i{H08 npocTpai!CTBO B8l'I:TQpos1 B KOTOpoM aeHc-r

ByiOT upeo6pa.::-.~ona!H!.fl T(tJ). 
EGr!l! n~KTOphi i.f3 E il~ a6n"l.IJ;lUOT acf onnuM onpeneneaitbiM 3HaqenneM uaoTompwctwro 

Cfl!IH8 1 TO 11CIHU00 npe.c:ICT8BJI8H!f8 Gy.ae·· UpUBD.ll;lfMb!M. 

B caM-J:-.t J.leae, Bhx..:..tenHM a E muxeQH)e uo.nnpo,:Tp3HCTBO £
1 

acex DBK'i'opoa c xaxHM-

TD o.nnu:M 3HI't'ilernre!\.f I HGDT::.>mi'ie<'K' )ro emma. - 2. 
T.o:-;K KaK n:r<- unc~lHHITB3HM,<I.JlhHbie ~·rwpaTcpM j.ot KDMMY'rHPYIOT c I , To KOHG'IHCI!=! 

npwJ6pa:Jsr>aJHHl T(U) Ti".JOKe IWMMyTH]'yiOT ~ i u TeM caMblM ue t:I3MelU'i!OT .:ma'l:GHHH 

II00TOITH'i8CKOT'O CilliH8. CrteaClD8TGJibllC, £I 6y.;J:E>T npeo6pB30Bbi68TbCSI CBMO B CE>6g H 

nawe JniHE>ifH')"' ::Ipeac-""'aB,18H!!e a E OK<'3blB<i8'!<::sr npriBO.QUMbiM. 

nycTb Tenepb ace BEtKTOpa E o6naa.< lOT O.QlitfM onpeaeneHHbtM 3H8'18HI19M 1 tl30Torm

'i18CKC.rC: C:OTifiS.Tor,na M'J)KHO IT01{"'13a-.-b, '11'8 COO'T'Bt>Tt'·:o:ayiOUl:8E! JllfHE'fiHOe Upe,OCT8B.'l8Hlf8 

6yaeT He:<-rpu.a0D.If'.!b!M, ecnu pa.:P-1epHocrr.. E paaHa !2 I + 1. llnH 2>Toro 3aMiiHHM, rrpe.rK.ue 
ucero, qTQ paG T(V) rrepea0.teHT E ca~ o o ce6SJ, To TBK«M :tl<e cno'l:<:.''IB0M 6y.DfT o6na.rHnh 
u HHcj"JIIH!lTB3HMB!lbHbTEt orrepaTopbl- I{O}!fiOHE'HThl lf3ClTOurnrecxoro cnaHa JO( . -

Bo:3b:vteM BE H!?WH·:>phla: HE>Hyne.a?ii 38KTOP '/'J· c onpeaen""HHhlM 3HB'IGHJ.I8M [ 3 r!+J =j',"J • . 
Slcno npH 2>TOM, qr•J 

l!:j!·•I 
Ho, act-my K:)!'>1:MyTauucHnhrx (:JoTHV;,uHHI n: . 

C:J12 Jl C>BQTE>.'lbHO_ 

( I3 -1)(11 •L12 )~ "jC "dz)'/IJ 
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I3 ~+I = (j+t) ~+1 , 

~+1 =(I,+il2)'i'J. 
Coaeplueaao aH8.10I'J1'UI~< aattaeM; 

Il fj-1 = ( J -1} ~-1 

C apyroA CTOpOHhi 

'~'J-1 = (II - i.lz)r; 

= (11
2 •r: "W112 -I2 I,))~ =(f 2

- r:- I 3 ) '/JJ = 

no~TOMy 

"'(1(1"'1) -,jLj)'fj 

ecmr 
fJ•• IO , 

j £I . 
Ta1mM ;..Ke o6pa.::~oM y6GJJliMCs, '-I:TQ \'; J -1 

#0, 

d >-I . 
00CJI8AOB8T€l1bHhit.l IIO<::TpOeHMf>M "m:epK"' OT } 

'i'i•••• •(I,"li2 )~J•• 
H "'BHH3"' O'l' d 

~-•-• =(I,- LI2 ) ~-• 
IIOl!y'l<fM CCJBOXyiiHDCfb OJ'JI!iY:HhlX OT HyllH BGJITOpOB: 

'1'-r, tr•t ' .. ·• f; 

/( ~0 

coOTI:IeTCTOOHHO 2.1 + l B03MOaLHbJM cc6CTB8HHhiM 3H8'f8HlHJM !3 . 
Ho p83 E COAep»UiT 9TH OpTOrO!WihH ,Je B8KTOpa

1 
TO OHO COJl8p)l{t1T t1 ( 2I +1) -Mepuoe 

JmueJhroe MHorooOpaaee E.' Hx cyne-pn l3l1rilffi: 

L. (. J <fl; 
(-Hj~I) 

T<':l.KHM o6p830M p8.3M8pH0CTb E He MOffl:8T 50ITb M8HbW8 2I +·l, H IIOSTOMy 
0 

8CJIH 

OHB p8BH8 2 r + l , TO .'HJHei!HO& rrpe, lCT8BJI8HHe HeiipH80.UHMO. 

B 06Ul<:<M cnytJae 'ReM -;;.-ce cnoco5oM M ))RHO rroKa38Tb, 'ITo p83M8pHOC'Fh E_p8.BH8 

(2! +1)1< . r.ue K - UAJ'IOE\ 'HICJ'IO H l!OS~OMY JIHHeJ:iHoe npe.o;C1188.1eHi!.8 sul a E 
paCII8llll8'FC5l: H8 I( aenpKBO.UifMb!X npeJ.: .CT6BneHKfio 

flpOlWJilOCTp!!pyeM 'V¢lrrepb l:YYI-> BhlBO_aJ,f H6 rrpnMep('! BOJIHOBbtx ¢;yHKL{Hi!: CUC'JieMbl HyiUJO-

HOB. 

1/111 A -o6merd BH,ua. Coo-rae11cv:ayiOruee na
" 2 
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{'/!.A, ,AJ ,1, 
D <{f' tl f' /J, J·W, 4->v:to'))H J. f f '~ ,_ i'. · •• 'l"- l'.y t!.p: H~fl. J< <<H6.}1 q:,.}' lliUiEB: f,A

1
) .f1 

2 
HE' C6JJfi,aae'll Dllpe,oeJieH

HbiM HJ<.J'fo:tliH'-IS<;K!fM ':::11HH·:JM 1 )J,I'IHH'JI' Jli1Heit:H'::,t- Dp4L[!"''l'f!B,i"I':Hll8 Hpi!B0JJ.HM0. 

l-J-::t,. 1'\.?.K Mbl y>K8 B~!..aern-1, P.p·''l-k<B T!..>HyKl ¢yHKL\!HO'I'_A .ft ecer,aa MO>KHO Dp€.(J.CT8BI-!Tb . ,, 2 
B snne- cyM.\·J O>I (I= i) 

'fl. =fE .. IJI Jlp.Aa .A,J.Az li1,..A2 ) 

:'! lll'"'H')tl: ciJl'HKlltf<J ·;: HjiJ~"'~hL;:v: !13~ L m·tec;U!M CillfHC>M H ¢JHKUHH '/J.
11
(I;

1 

" 2 
HOtl IIO OTHOWf'lH!Kl K nepeCTBJ/0BlH:tM 11:A'2K<'>JB .A 1 1 JI 2. 

1 Cl!MMeTplPI-

n 02lTS'MY paCCM~Tpl:I$8:'£!M~~'O< :;V.Hrd HVe- npe.UCT&HJ!€Hl1E' pa86HB6E'TCS HB .llB8 HeDpKBOllK-' 

MbiX rrpe)J,CT8BJIP!!1Hl""'B OflHDM€'pHOM 1p'.)CTp8HCTJ3e tiJyHKU11J.f 

{f€A,.Al, 
V, B Tp<O'XM,•_;::r_•M npo..:Tp.4~!~:'l.B"; cf:JJHK,I'fi 

{ t/J (I =i)J 
fl,, .Al 

~ rJMM"''"PH'lHwx rrc: HH;::t~rc .'i:v! A0 _..q
1 

CvM.<>~JIH"'~'"CKH 8'¥0 pa35;~2H!Ie sarrw .l!'2M a tn~.n.E; 

(2x2) (l) -1 '3). V 
Po,r.· t;L·Ip:LV! B"ll: .!l""='U 1 .r;·;ra<:-f:t~J·.,o r.pe.Qc-raaneHHe 1-py.a:Ihl S 2. a 8-MepHOM nHHeR-

Hc:-M npC.<'lpf)Hf"Tee llpG-U:33')J/bHhiX B~)j W.·BhlX tiJyHKUIIft ~~~~~ .,. }I Ct!CTE'Mbl Tpex HyK--
.nt·Jfl2} 3 

.IOH0B, ncc-Kr·l1loKy .3Tli 1r;n-rKUI1'-': P-'? ~,t.r;,fi,[[>;:IQ'l" O:tpeaeneHIWif BE'JIII'iHHO.I\ II30TVITH'19CKOrO 

G1~l:,.~. UBHR:Je npe.acT~8JJ""HV.~ npliB01:11M""J, 

Pr,:3(>6.~:>eM '{I Ha cpyHim.::a c -~ - l '2 n ·I """3/2; 

.p = "' ( J/2) • "' ( 1/l) 

r"Jp-. T,:,.S'.H "~'B:' £312 
11 liOTOMy lfM<28T pa3Mepfi"C.(".Tb 4, rJ-:_,r. KOJlbKy 4 ·- 2 (3/2) + t ~· 2! + 1, EIH.DHM, ':ITO H8 

£¥_2 peanK3yeTUf m:·rrp!f:c_.'){~v.~t. ··8 nps- n:•.:·•aa.nE>B.tJ<::. 
JI -9."'ee 1 I\8K Mbl B:II.!JJ'•.; !{, 

'/! ( V•J 
AJJIIa,.A l =€.A,.Aa F~l ... ef',,A3 GA, 

11 cu\.lT.Berc. ·ByJowe-·e np0r:.rpaH:cTeo f Y2. '-te1lPifJ"'XMepHo. 

Cnea·.JsaT"eJJbHO, MfHefiHbl'? rrpt::ellCTa:a;·eHJHl SUa ea £ V2. pt:1.361-1BdiOTC>J Ha .a.all HenpM
Br'.QVM::.,Ix D.peaC'rB.SJ;:.,..H¥1'1 BT0p'.JT'"':' ITOpJ.QK6. 

KaK B.J:,,::u-c:, "?TH H::<ripH:w";)J.Y.Mbl'.c> rrp~ .QCTbM~lHHr Mr,:·yT 6wn:. peanaaos8Hhl Ha np6cTpaH
CT 88.X K3 8JH:-Mt>H'!'()B B_,..l8; 

(2x2x2)- (4)' (2) +(2). 



- lE -

,Qo CI-TX JJOp Mhl p!'l.C'CM6TpU:B8JTR TOllhKO llpOTOH H He'!hpOH. BKmO'illM Tenepb B p8CCMOTpe

HH9 l"8IOK€ H 8HTIPI8C'JHLU>I, ci'lYHKUMM COCTt .HHH.Q" KOTOphiX 6y.o;eM o6oana"J8Tb 3HBKOM KOMlllleK-

CHON coupmKeHHfl lp (.A) = ~.A* ; ..A ,; I ,O}IH aaTnnpoTOHa,-

A "" 2 .ann aHTHHefhpoHa, 
T.e. l'IH.Q8KCOM CH!I3)" M<.! OTM8'!8!0'M COCTC 51HHH HjKJIOH61 8 liHll8KCOM CBepxy COCT051HHK B.H

TUHyK1IOH8, Ha upeo5paaoealnut cflymn:J:atl: 'IBCTHU: 

•/'_;,' = ~ 'U.AH <jiB 
8=1 ) 

!UHf COKpante!IHO '/J'=vd' 
l!OllJ"'BE'M, BbJUOJ1H29 I~0MIIJ18:ttCHOe conp:DKeHue, npeo6pa30B81U:I€ c}:lyiJKUVdl: flHH:I'i8CTHU 

'P' (A; 

~l'nH C0Kpd.Ui€Hll0 

"' ± v ... "' ( 8) 
B =1 AJS 

;;i' - - + 'fV 
PaccMOTfJHM Tenepb C!ICT8My nyMOH~t HTMnyimtm. Bonaoey10 ~ynKU:HJO TBKOil: ClfCTeMni 

0603H8'1HM ~ ~ t T )le HlDKHHfi tl:H,U81{C ,PHKCHpyeT COC1'CMHH€ U)"lt.'lOI-B 1 8 B8pXHHfl- CO-

Cl'JI'IJUfe BHTUHYKliOHdo NuiJ. BBO,.'J;l{M HH,UeK< CBepxy i_n'.il 'l'OrO, 'IT06hl H8 nyTBTh l]JyHKUJ.!H 

~B cucTeMbi nsyx HyiUIOHjB c cjJymn uRMH PA · cn:cT~Mhl HyiUioH+ aH'I'HHyi{JlOH. 

npeo(Jlo.sonaHHe Q:lyHKU:Hl{ PA UM88'1' BH.J; 

PB - P'B " 1) • Jl A = L- v, c P, u,s ) 
-1- (C)'b) 

'l'.e. P' := U PV . 4To6bJ BbHICHUTb npamma cnoMeHU5r onepa1·opoB H30T(ln-cmma B cu

cTeMe HyK!lOH+aHTUliYKJIOH, paCCMOTpHM ( 8CIWH8'IHO MBJIOE' rrpeo6pfl30D8H!te l} = 1-r su 
V[~eeM 

+ 
8P ~SU·P•P·SU, 

HO ,0 

SV ~L 'J;
1 
S f,.<t"" 

\o': BCJI8D;CTl:lHE' 3IJMHTOD·."lCTH M.ClTpRU r 0( : 

• 3 sv = -i 2:. s <p, r 
oi. =I 0\ ol 

=- su 

sr" cr"P-Pr"', = 2 i. f:. sro.1~ )fP· pf~J) -o£.:111 ll 
J 

no3..-oMy 

=' i. ,t;, S'f"' (rctP} 
TaK!fM ')6pd3c"lM, C•llPpr~·;·op V.30TODB'l2Cic orO CITIIHB UfCTeM\l HyKJIOU-+aHTHHyiUIO}J npe;r-

Lo( ' C'I 8BH51E'T pa8HC><~-1 b ·)ii~p1J1 opDB '/ 2. C!.Jl>l HyKnOHa H 61-ITH:HyKJIOl-18, LlBilC'I'ByiOLUI-fX aa 

ciJyHKUl-110 P COOTBf>'IT'IB,-.HHO '-nPDa HmrpaBo H cnpana Hanei>O. HeTpy.D.HO rrposepMTh, 9Tc~ 
Ol!E'pa'l·ophr lot , spMMT''Eibl H y_aos;reTao J>I!OT TeM :m:e ItOMMyTBUHOHUhiM c·JOTHOllHi~HH5!M, 
qTO lf OITI?p.'lTUphl IfS:->Tc.>n--c·:J~:-ti! J.lJUf CI!CT~'Mbl O_:(HHX HyKllOHOD.0'!eB!f,UHO 'FBK)f{€J '-JT\) C'yM-



,, 

-17-

I --112-112 -o 
fJ0.9TOMy .rr>meftHOf? npellCT&BJl8HK8 rp:•nrtbl sv~ H.'!l 1H:.TblpeXKOMIIOH91iTJl&lX 

.rJ8,>:HUoll!HX OUpe.ueJl8HHhiM 3H6.'18Hl1.8M r , riplfl30.0.HMO. 

3aM8THM, 7eiT8pb1 'ITO ee;IH'If!H8. 
2 

Spp = r e 
A<l n 

5IBJHieTCl'l HHBapV.aHT BOil: IIO OTHOlU8HHI< It paCCM8TpHB88Mhl'M npeo6paa<>BBIH!!SJM:' 

, He a6-

fl C 8'f('."vl)' fC JC>l:)!fF' Hf·H!p;rrnllilMOCTK He 'plfBii8JihHOI'O 111'1:H8J!:HOT'0 np8J:1CT8.ll.'J8Hlt:S:I HM88T BHll;: 

-SpP=O 
PtE~Cl\U1Tp!H38>1 J6LL1'1fi C.'Iy•H:ttl:, H8lllfW&J.!;; 

B B r;, = P, 8" = 

nor.O:>IU18 3;:1,'-'Ch 

P, =fSpP '-f(P/ .. P/) 
Sp Q • 0 

cOOTB<~TVTIJY.tOT 8!Ht'l:elit1IO I ""' 0. 
llE·;f.--:TBj•,7'8!lhiHl, K8K Mhl !jf~lJ.8.fH! 

0 )B 
i A 

H TO.K IHll>: !' 0( KOMMYTK",)yiOT C 8lliiHll"IH•Ifl MBTpH[[8J'1 1 TO 

' 
/5.1/ 

(I,..fo) =0 > 
8 

al. ,1,2,3, 

Tp•~XKOJ..tnorwP.THbie cj:lyHKilHA Q.A npe,,cTiaB;uuar,coc·rosrHKH c I = 1. fJocKOlrhKy cyMMa 

.0:115 r·~·Hd.C[l. HhlX 3JIE'ME'HTOt> ,.( paBHB H; ·JHO, Mh: l\10)KeM H8DI'[C'8Th 

o 1 ,. ( 1 o 1 (o t ) 
)

1
+6 )+C 0 0 -{ 0 0 

11 ·~;.-

Q,8 :ao(;H)SiB -f.) •t{ s (!l-1)Sr 3-t) -8(A-2)S(a -2)} •.c Sc ll-2) 8( a -1). 
~ 

Tcm Kb.K MaTpMUa (.. 3 ;:::Hr'3::ccJHa,>bHa, TO 

8 1 ' } 8 (I. Q)A "'2tc•,JA,Il -cc,la,e Q.R 



B 
H Mhi aHamA, 'iT~-· cnaraPMhiP! npBB{ A •uteTH pa3nom&tHHI cPyiiKUM>:i Q.}l Oy.O:yT cc;6c·-ra8H-

HhlMH <iJyHI<UlHIMH onepaTOpa 1 3 111 5I C06CTBeHHhiX -3H8'l€>HIIii J, 0, -] ('JOT!3€'1-C'I·BRHHO. 

B 3dl{l1JO'I9HH<? C'LJ.8JI8:"'M OhHI.., 3FIME"'E!HH8 OTHOCHT8JlbHO yr:JlOBHft•npBB').QHMO(:I'j.;:. Mbi paC

r.Ma·rprmaJIH 31il?(;b rpyrnry 5 V, H l?e mmeil:ahre npellcTaBJieHI!.S. Ec-m1 pac-<:MOTpeih rpy~L
rry yHHT9.pHblX Up<>')~paGC'BI"lH;;fil: B fl. - M€prl:oM ltOMIIn€ItCHOM IlpOCTp8HCTBe, 'HUtylO, 'I'r0 

tiff ""' 1 H 1)8t V .- 1 ( "l dK H8.3bll aeMyiO rpynny S lJ ft,. ) , yC:JIOB!H> H~Ilp!IUO,ll,HM':Y 'HI UP

TpKBHaJTbHOT'O JJ!fH81fHCJf'O IlJ!E'llCT8BJIE'[{J.:If[ 81'0:it rpyllilbi 6y.n;e1· li:MI?1b TG1 M€ ( 8MbJ1t BI1A 

/5.2/ 
&p p =I.: p-" = 0. 

(.A) .fj 

llpu 9TC':vl yriiOEHE' HEnpHBO):lHMOCTH .CB..'KE' 1-:e 38BH:CH'f CJT TOi·o, SIBJHI€TCH m;: rpynna yHHMO

nym!pHoit, T.e. BhlHOo"IHSier-c51 nu yrn'JJIHe 'De.t lJ = 1, 
nepefi.at=JM 0,-·Rli~"'pb J{ par~cMC>TpeHHK BOI1pOCOB CJICTI?M8THKll IJC8S.lJ,OC KB11SlpHblX M83::moe H 

Bhl;IIflll8M TB6JllHIYt COD:Pp)KA.lli)'!O Il8jj0TOPbie 8KC:I18pHM8HTBllbHhi8 llBHlibi\'-; 

2 
m. (MeV) m!(BeV) 

1---t---'------'-t---'-
139,6 

135 

139 

494 

4~8 

549 

0,019 

0,018 

0.019 

0,244 

0,248 

' I 

0 

- I 

+ 1 

0 

- I 

0 

0 

Y =S(B =0) 

} 0 

} + 1 

} - I 

0 

0 

I 

} I 

} 1 /2 

} I /2 

0 

0 

I, 
+ I 

0 

- 1 

1 .:2 

-I /2 

-'1/2 

I .:2 

0 

0 X OSll 0,920 0 
"--"''---'-- .. -----.l-~. ---'-- -~-------.1....-----'---~ 

T. t6m1ua L. 

C!O,CV'L Ml>l Hi, l:\l(flJ04''fiT::i '.I:\&,ll8HF.H 0 1pe.r.re:IBX 31KruepUME'HTBJ1bHOfi 0Wlf6KH B 011pE'Ll,GJIE"

IH1li MBr"~, 0 Bp""M<i'·};~ .>KH:o<HJt H T ·.ll• f O.Qp06HyiO IIHtPOpMaUlUO 06 9JI8ME'HTBpHblX qaCTilQ8X 

H pe30HBW''3.X M'>)KHO H8t:I:TH B 'f 861lHUii;, ny6JIRKYE'Mh1X Poaeaq:.e.nb..O,OM II ,n.p, 

H a>):;. PM ' pA.-.' .M->Tp€-Hli>f Tpunr:eTa if -MffiOHoe. KaK BliAHO, paaHD< Tb MBl. ~ M'-->K.r.ry 

11' + 11'' . . - H MB.JJB, 'f~K 'ITO ee M•.):>KH0 ;TH8C'TH 38 C:'{eT 8HE'KTpOM8f'H11JH·:,ll: U0IIp8BI$:ff, 

f1 O<lTOMy B UpiiHi'I'I ~·-M ITpH6Jil'!)I;:Pl-i'Hrf 'i:!JlbHCd' '-, B38.11MO.Ql?iif TBlili M8( ( bl JT" - MB30HOB 

~~'IWlaiO'"·CB pliBEhiMH ·" Mb! ~-ME>FM RBf.l.'n·ono-M<?xaHu'lec:xoe BbipO)KllE-HifE>. Ewes K,Hu-?· 

ropOKOBblX rDLIDb 1 KOl-lll'l li,py-r·.-i"! M<"3C HLI 0 yqaf TByiOlliKe B C:liJ1bHhlX B3811M':'l.LJ:E'ikTBii'ii'X 1 

BlUe Be 6bi.<H! OTI\phl'fblo ¢8pMH t1 }'fnr· l>hlLIBH:llyJIU npe.a.Jio'>KE'HH8 p1KC.MetTpi1B8Tb 1f' -MP30-

Hhl K8K CBR38HHL!f! r :JC T05JHTHI HylOI~Ha If flHTHHyKJ10H8. 

TaKa>I MO.Qe.trb Ilp8.Ut 'T8BJL'rW<ll"'~ 88~-1 .MB He06bl'-IHOii.-· Irei.iCTB!lTBJibHO, c YMMttplla>f MBC"<'a 

HyKJIOHa 11 BHTIHiyKJJOIHl pbBHtl rip l-IMP-pH) 1880 Mev . Ha6JUO.Ll,f\PM8ll )Kf> MtlC'a Jf -Me-

30H8 - 140 Me¥ , cne.uosaT8ilbH') .ae¢eKT ~acCbi 6y,11eT o'l:eHb 6v,-J._,W>IM,, rrops.n.Ka 

1740 MeV. fl•:)BTOMy B Moaen11 ¢<"'-pM I-5inra rrpaxo.craTC>~ C'lHTaTb, '!TO c:Bnh1 1-nnt".iil->+::e

HIH£ Me)I(.Qy~JIOHOM H I'JHl HHYKJlOHPM l TClJib BeJlHK11, qTQ ClHH "'che,n.a!OT" Op8K1li'IE>C JOI BC!O 

H:X M8(~,;:-:y. 

KaK H .n.o cax nop, 1rfl. 6yaeM >mao Y' 1-iThiBaTr:. 38BKCITMOCTb BOJJHDObiX cpymcuali oT rrpo

_ _cTpaHcTseuHhiX 11 cmfHOBhiX rrepeMeHHt, x rr aan11WeM: 

pfl =8C9-II; n.ll :o(fi-2). 



•. 

1. 

1 

- IS -
~ -.- (Jr± Tur .UJI a M>:uenH <l><->;JMH·-51Hra Jl -ME 30Hbl !((;HEX cyuepn03UUIIH) .O,OJUKHhl Upea-

C T8.BJI5IT.::>CSI BOriH·JBbiM!i Q:lyHKQ:HlMii B~:IB Q8 
Jl 

r ,cte 3Haq·-.x: A <·'JOTBE'.!. 

I ""l, KMPeM; 

-·r.Byer .tiYKJIOHJ, auaqox B - annmyKlJOHy. TaK KaK .anH 1T -Meaoaoa: 

' ~ Q +Q ~o. 
1 ~ 

3eJVIFT1IM '-!:"' .: B pa':'CM2"'."pl'I:BfJ~M ~ fi -Xf M2 Jr.,. ·:- 1U!T8EOTC>I ':'B5138HHblM COCTOii!HleM p 
Jr-- '-BSI3t!.HHblM C't)CTOiiHiieM fl., H p nosTOMy, MO/I(HO H80KC8Th 

= S(A-1) C(t -z) , 

,. o(.A-2) S(H-1) 
TpeT=:.>I BOJIHOB8Sl cj:lyHKUIU1 1 COOTBeTC'l BYIOlliBSI 

L{E'T, K3H: y>K<c> :)TME''f8JI0Ch. 

~r3 "- 1 

I 3 ,_ 0, OpTOI'OH8JibHf.SI K S'l'l'lM JlByM, 6y-

S(A-1)8JB-1,- S(.A-2)o(B-z). 
Ee H-'l.O:CJ YM1-JO}JO:!Tb Ha 

(;r·~8 =#{scll-t)S:a-1) -8(.11-2)o(a-2)}· 
TsKa~.1 ::J6pd..;;:JM, C8KfJ'll.Ito'HHo: 

.,.+ ,. = pn. 
;r' =~f'(ff -n.ii.) 

JT- = il.f 

npocklf3~·:IbHyJO 3<)JlHOOYIO cpyHKUIUO ~~118 • YAOBJI€TB0p>IIOlilyro y,.JI0Bl1IO !5.11, M0lKH::; 

IIp!?.r::J;;:' -~lBWO'b )3 BH,l<2 j)'l.d_'f_·)J{eHr-trt 'fe' HI 'TF'8.HHb1M OpTOH0pM!ipOB8tiHhiM 6B3n<--:Hh!M t1Jyt-lK
UH51M: 

3nt"':o C X+, C ITo· C 1f-- npen:L- 1 88JHllOT K08cf:ltj:lrruueHThi, c K(>'I'OphiMH peanuayeTcs cynep-

D~)a;~tl:{;J JT +, }f 0 
, JT'- coc_-1")5JHHi, 06o3H8'f8H ro~~TBE''!'f~TnyK>lilH€ C1/' IIpOC'l'O KBK 

Jr 

0cT8h'J:3•'\1'-SI THI~·pb Ha B03M0)l{HO!v p83Bif'"THi HL1E'ft ¢epM11-5JH:-'8, .QJIH 3T0I'O B88,!1&M 

B pa.rcMOT~emfe T8.K)K',- If 06hi'-fHhiil: CITlll! HyKJIOHB, paBHh!tl. J ,'2. B 01\1Hfli:H8 UT K30'f01Il!'f€'"

KJr:~) c ::IJtia 6yJJ,BM C>6X->fi,l'-Il!Tb CIIJ.IH C'}fi•lBO.r-cJM J . lill'iiC:W-'TE'!Mbl HyKJIOH-+ aHTUHyKJIOH 

( yMMapHhlil: CIIHfl M'-.}KeT IIpHHl1M8_Tb 3Hi:'i8HlHI UJIH j .=- 0,'-I'.''O (:ooTB8TC'l'ByeT '>'OJibKO 

"''L> p8C'CM0Tp8HH:Cv.:·y r:ny'E!lO IIC'E'B,UOC CBJHipHhlX ]f" - M('S'.JH':'B, H~lH r ""1 1 'iTO t--:;QQT

BE-'J.-·C'TBYE''f C'E'MeJ:i:cn~y Bf<KTl~f>Hb!X M''-3::> ICB,, T I'!.KW;> Ml:':.,j .. •fib! .QHfi:2T:E>!ITBJll:.H 0 cyi.U:8CTBYJOT, 

9/",;p±, f 0 
Ma30Hbl c I "'I, J'"'" 1 r •:": MBCC0fi7-65MeV (BcneJicTtHte 6onbwoft LUKpH

Hhl pe3•:::JH8HCD. pa,.HU'-'TI{ MdC'~ J' ± H f I M("'$0H08 HQ H3ME'pBHbi) • 8 T810!C8 CJ - MQ30H C' 



I ,..o, j"" 1, K c Mac:.;o~ 782 MeV 
3aMeniM Cpll3Y >KI? 1 q'-G Ml'll'-Cbl ~ - Me30HOB MHOro 60JT~ll!e M8Cr' JT - !\1e30HOE.l, T.?, 

JJe:j:leK'!" vtaCCbl np!I 06pa3("S8.H!Hf t'BH3Bfl:1 biX C:OC'!'JSU!Hfi CHCTeMbl HyKJIOH+aHTHHJKJlOH B CJiy

'IB9 rrap:-tnJieilbHDll Op118IrT8IHHf o6bP.IHblX ·~IHIHOB ( J' =-l AJTil .P - Me30HOB) 0KH3hlB8eTC£1 

.::iH:aT-{ffTE!JlbHO M8HbilJ8 1 'i~·M B •:cJ.y<me 8H'l'' tnapMJT8JlbHOJ!: 0pH8HT8Uiflf CIII{HC'B ( :r '"' Q ,lJJISI 

JT - MP30HOB). 

H8ClTc)1lli'!eCKKil: TpHnneT .fJ - M<"30H:'B MO>KHO pacc:MurpeTh c:osepwemw tma.'10r"l1':lB·.l 

TpUUJIWI'y Jr - ME!-30HOB 0 11 Mhi MOJ:KeM C ·IMBOllU'l'eCztH 38fll{G8Tb BC·JIHCByiO ,_pyHKUHKl C'HCT8-

Mhl HYIUIOI-J+atJT!IHyR:J10H B COCTO:iUHla C l ""1, J r.-1 B :zm.ae M8TpHUbl 

SpP=O. 

6Jrli:::-<'JCTh Mctr.<..: U) - MF-30H8 11 f .1€-30HOB H8BO.Qli'l' Ha MbiCJlb paCC'MJTpFlb 11p1J6.1l1-

)I~8J;Il{e1 B KUTop0\1 •,w .. -cu G) u f M!--:::~o f',JB cqrnaiOTC-H patlrl:hiMH. Tor.D.r.l f II W Me-

30H!>r e-::recTBeJ>:i·, o6:t.<';l'AKf!Kn::>i B OLIHJI 'H'Taepxy, TaK Kl:l.K GiJ- ME30H c~J()'Jr.erc-J"By!o'T 
(-'JC'T');umro c I 0, 'I'-~ 6>J.'J'J''Ji~UI lpylJn; \fH W - co<TOSIHlifl, oproronanhH&51 K TpeM BB'C-'

.aeHnorM paH<--<e cj:JyHK.U.il'l'M ~ - COCTOHHI ti. A0JD:ICJ-f8, l{BK 5<,1.10 Bhl51CH8HO pm!ee, 1fM<'oTr~ Bff.Q 

(w ): = ~ ( 8(JH) G(s-1) + S( fl-2) S(B-2)) =~ (81l
8 

) • 

TnKHM o6pe.:>~l.-!• (.) - cocr.)HHHe- sro H30TOITIP-180tMi1 lilli'li--T -- I 0 .. ~~m:~ttplWH'.'Hhlil 
OTHOCi-iT(-'J!J-.}L'· rpyll:.rn: yHinapHhiX npeo6pt 3.JB8ll:rA H liME<!Ol:.Hlit umyp_, Ho;.- p6bl'lbl~ By:llu. 

CoKp':tmemn, M:-,)1-:IiT• 3-:trnr:arh 

,, 1 - -) 
""' =~ ( PP + n.r1. • 

Toi'.Q3 npDH8BOJih\IIJ'il. "Yil'-"l_W,J<:J!l.'.J:I'·A 'J~·:bJJ€-X COCTCi!HUJl: C'Bi13BHIICJH I!Llflbl liYK.'JCl-J~· f~HT;'!HyK
ii OH C :f' '''} 8BIIHUJf.'·r,·<;r b Bn,_::;:F: Mc3.rpalth; 

+ v:r· ' f 
.P" VJ -+-
1/Z Y2' 

) 
n 0."Jy'l:HHf-T'.l'2 npe.a~TBB.'I'211!18 HcO' y.cr::HlJiG l'.Bop,H?T y<:JIOB!-!'I{) HEfi1p11:9<)LlHM"-C"·'~H 1 ': 8IC !L'lK "•'·-

nepb Sp Q f 0 · 
Mu.l-KED O.UHBKO 06bf'-L1,HHM'Tb '-\·O'TJ3l'-pKy f , (A) Me30HC'B BMe 1_'l'8 C T.fJl-!TLTlEoL;\{ Ji ·- Mf:··-

30HC•B B ''_llil;f "-:-y-;repMyHbll-rnJ.reT", t:C•·YfD• T~ TB)"IOll!>~:iJ: H"-rrpHB·'_>lJ;HMG.'v!y HpE'_CJ,c;-,'-,f\,12!-;H.fO 

rpyiTnbi 6t• :!e8 Bb!C ·~>K-~J'() Ih' f-'SilK-'l. 

JlJlS 81'Gf"0 6y_ueM y'-lHTbfBBTI· 38!:HI''HMO 'Tb BOJIBC'bbiX ~JrH!UHU'i: }!<? TC:,'IL•KC• OT liH.llc"K(;B A,. 
HO TdK}KP H ~"/[' HIJ,Q8KCd f) xapHK'I<?fJt1 -'JlOlli!C'I'\J Hp•.JE'KUHi'C\:._ohl'JliOrO CITliF2 !V-'!. ~'Cb,;l 

~.~ !:2 

llJlSI 1% ~ - 1/2. 

npor:1paHC'fBC { ~ ~] , 



v 

YC<h~B•;,~ ':!~l.V.vi.I.}I:YB~:.U BD.:H·l-1-c:'.t b ¢opM ?! 

" (E) '/J/1,6' t}l,d = J. 
/5.8/ 

P8cc MOTpMM mmeil:Hhl\-' np8::l6pa3naa. nHI 3 HaLUeM qel·hlpPxMepHC•M I!pocTpaHCTbe 

"I:V. 'f. cs.Jl :R,&';e,;~ e,1 
' 

(5.41 

' 
V xapflXl'·?p!13Y""-"'1hP. ·A::~'l·puuaM!i 4-ro nopi!.uKa: 

u ( VREr;B,$) 
5fcH0 1 "'TO ::JT:1 fi[0•?06pa;30BI1HMII 

BH8 yHHTapw:;:r: nt: 
5yJJ.y1' <:oxprum·:h HOpMnpo:e.Ky /5.3/, ecnR Bbo:onaeao ycno-

lJtJ •I. 
I1CKJ1!0"139 0 K9.K l! p8EfbWe, rp.a.llP.~H'l'·H{ e rrpe,J()pa.::.flB8HHEl 1 MOX<eM :.iX'p8HI1"1HTbCR rrpto6paao

B8HHRMH1 y)lOBJie'raOp5IIOlUHMif ycnOBii!) yHHMO.UY1IHpHOCTH! 

1let v ' !. 
V1TaK, Mhinprrxo.anM K paccM-:>Tpemno rpyiinhl SV4 acex yHHTapHhiX npeo6pa30BaHuit qe

ThlpE>xMepaoro KOMllJ1€KCHOrO npOCTp8 iCTB8, 06Jf6,[1.6IOlltifX CBOi1CTBOM yHHMO.aynHpHOCTH, 

3aMeTHM, 'ITO rpynna S V4 ~na arwp'Bhie aBe.aeaa BHraepOM .ami c.HCTeMaTnKH R.aepHI>IX 

ypOBHef:i, . . . 

llns aHTUHyMOHOB npeo6paao8aHHR /5,4/ Mbl .aoil:n<Hhl aaMeHKTb H8 COI1pS!:lKeHHhl8; 

,T,'UI IS) " :r;'(B S) _. _...T. > =~'f' • {1 
(8, S) B,S; .J\<1' • 

x.e. 

N\e30Hhl, SIBJI:illOUlli8C9 CBH38HHhlMH 

BOJIHOBhlMH 

~OCT0RHH9MI1 HylUIOH8 H 8HTHHyKJIOH8, npe.ac-raBfJTCSI 

:PyHKUJ·l:S"M_H BH.aa: a a,s 
.II, IS 

/5 .. 5/ 

r.ae, K8K H p8HbW8, Hli>KHHB HH.QeJ(Cbi COOTBe'rCTBylOT IiyMOHy, .8 aep:X.HHe - 8:llTHHyKJIOHY• 

3aKOH IIpP06p830B8HH.'i:l BOJIHOBhiX ci>yH 'UHi1 /5.5/ B rpyrrne S u'+ 6y.aeT;: 

+ 
Q - Q' =VQV. 

np11 ::JTOM y('.JJOBHe HenpHB:.J)lHMOCTit, t'OrJ"l8CHO 

E 
(./1,5) 

Q 
11, I{ 
Jl<f~o. 
' 

/5.2/, M<J.X{eT 6hlTb npe.acTaBJieHo e cpopMe: 

15.61 

3aMeTI{M Tenepb 1 "'T'.:'- liOCKOJlbKy Tp.'IHCQ:JopM8U.H03Hhl8 CBOit(:TB8 06h!l!HOrO H H30T0TIH'!eC

K0r'O CllHH8 COaepWeHHO 8HilJIOrH"lfibi, •]IJHHOB08 COCT09HHe IT8pbl HyKliOH-8HTHHyKIIOH IlpH 

j '=' 0 6y.ueT 0TIHChi:S8TbC.H ciJYHKUHeii s; I a IlpH j "-1 - ¢yHKUifEdl: J; . y.aoBJ1eTao-

pH10WeA • ycnomno: L j6 

. QB,s .15") 6 
PaCCMOTpU:M K'JMl!OHeHThl .14 d • CooTB€TCTByJOU{Ke j =0 I{ r ""- l. Ha OCHOB8HHH TQnh-

KO 'ITO CK838HHOrO MO:n<eM H8IIJ.?caTh; 

=0. /5.7/ 

(O) s s (O)s s 

Qil,~ = ~ 0tS 
<1)a,.J C1)g !I 

QP,O' = Q.A 'f. 
' 

r =O /5.8/ 

J = 1 ;5.9/ 
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8,,,. .. Q";.'" Y'~J·~•BMJO /5:.7/ yc-.rLil:ll-IP. H""'''!:JHBO.UiiMOCTH /5 .. 6/ TpHBHB.J'IhHO BbliiOJ1H5I&TC5I 

JlJf51 K'.·Ml1vRISHT /5,.9,; 

L Q\ A,C =' :L. it; l.: j( = 0 . 
(II,~) A,< !!>a< A) _q (fS' ~ 

I-fl;jKaJtHX Or'p8.HlliJ:8Hll"ti: P.9. {Jl_A HB B03<J:11K€8T- 3Ta 'l:eTwpeXIWMIIOHeHTHB.S cflyHKUIHi X8p8K-

TepuayeT q~TBep~ty B'?K!OpHb!X Jl1 (.I.) M<?3CHOB •. 

Hao6opocr, IIO.llC:'r!:I.BiHif£ /5~B/ a· /5"6/ H.sH.ueM~ -

'\' <•J II 5' '\' ('Ill "' ·~ 
L Q' =L,Q L..8~ 

(A,fS)~~ ~,& (fl) A (IS) 

K IIOTOMy aft DOIOKHbi Y.ll"::,_'e,W·~:B·~pHTb ~CJtOBHIO 
L: Q.'~ =0 

(O)B (AJ II 
TaKHM o6pa32M, ~ coorne-"'cTBywr I "" 1 11 OIIHChiBB.eT TprmneT Jr - M8GOHOB. 

no IlOBOJl)' rpyniTbl su,. Ify)!{HG c.aeJJB''b OLIHO 88CbM8 C:Jlil&C-TBI?HH08 38M8<!8HH8. 

Ecmr 5br .oeticTeineJ£bHo acE- p.;ic·::M-aTpHsa_eMble npeo6pa3os8HJHI HaSVit- KOMMyTHpoaa-
JHI C raMUJ1h'l-f)}trfBHOM OfGT8Mhl• TO ace M/.CC.bf Jf 1 W , . .P Me30HOD 0K838JHWb 6hl 

paBHhiMI!: • 
.Sro yr:eep}l{_ueane SI;snge-rcn 'l:.<::CTHbiM c 1yqaeM cne.ayiDme-ro o6~ro rroJIO}!{eHI-!:>1: · 
"nyCTb Mbl MMe'?M .il€K0Tc>pbil1 f'BM!1JlbTI•HU8.H H H yHifT8pHh.le rrpeo6pa30B8liHST(VJ aon

H0:BhlX cj:JyHKliY.tl:, li."JMMJ'I (\PYJOUil-!:>? ' H. 
fly· 'rb .uanee- Ba -HBR'O'!cpc-M··.rmH':dhi0M '1. - MepaoM no.anpocTpaacTae L :SOllH:OBhlx 

cj:Jyaxu:;r>'l: npf'o6p.s-..3 :·aa.m-rs T ( l1) o6paayK•T aenpnao.alfMoe rrpe.acTaBJJ~HPe rpymihl 6 . 
'P-:r,na oce aeK't'...,phr rron:rip-A ·rpaHvcea L 6y.ayr co6cTB8liHbiMH cj:JyaKUHHMH onepaTopa H 
,_ O.a:HHM H '""M )!{<';> c.o6r·:ne-HHb.!M 3Hb.'i8<!HfM E"' • 

.llnSI nC•It831;J>·-~n_o..- ro~ p.ar_:r.M'/C_plf!V! mme,iaoe rronripocrpaHCT-BO A E ncex co.6CTBeHHblX 

cpymm:<i:It H:· 
=Ef, 

COOTB€TC7':QyiDUlHX H8F.t TlrY>My 1303MC:(I<;H0Hy 3HaqeHI1IO E. 
Herpy.llHO euneTh, "'TO~ 

HT(U)'/' = T(ll)H'~ =£T(ll)'f'. 
TaKKM o6pa3DM, AE 5l:Briae·!<:.9. V.:Hna.puan-·HbiM, T.e, npeo6paayeTC.Il caMo a ce6H no.a 

neJ1:cT.eHeM npeo6paao.eaHHfi T. nos'l C>My, f cn11 6hl a npOCTpBHCTae L... orrepa.Top H He 
IIM8Jl O,llHOf'O OUpene.rreHHtlrO C06C1'BeHHOJ'C 3HaqPHIHI, TQ J)aCCM8TpHB89MO€ Itp9II.CT8B.II8HI1:9 

O:lt838JlDCb 61>1 IIpHBO,llHMhlM, T8K KBK TOf'.!l l. L, M-;):(J{HO 0bL>O 6hi pa3611Th H8 i1HB8pH8HTHI>IA 

no.b.npocr-paHCTBI:l 0 coo'!".eeTcTaeHHO pa3.n:lf<~ 'fbiM 3H8'19HHHM E. ' 
Boaaparn:a.11ch K IUI.ll,leMy cny"'BIC uenprwo,o:IfMoro npeacTarmeaus rpyrmnr SV. , Mol .ea

.anM, 'ITO BhlBOJ:I 0 p<1.B9HCT.B9 M8CC Ji H ,-,) , p M930HOB B8CbM8 llfi:1I9K OT .ne0CT.BU'IE?nb

HO¢T"R. Mbl .llO./J>!<Hbl UO<i>TOMy upe.auOJJ(l}l{I--!'Ib, 'ITO CHMM9Tp11SI f'PYilllhl SV.t, HapymaeTCS! 

113-38 3MHCIIMOCTI1: CKil IIpH1'5l)I(I':!UIHI, CBs::!3 >IBBIDlUHX: HyrrnOH C 8.HTI-rllyiUIOHOM 0 OT IIOJlHOf'O 

CIIHHB J , J\o'\a.CC.'i fn.j-6Y,n;eT TOCp:B Ilp~H!IMBTb_.llBB 3Ha'ieHH51: f'1lo- ,!ln5l JT'- Meao-

HOB » "17'tt- .D.n51. p >-! Gr) MG'-3NWB. ' 

CB> .. 
PaCCM8.Tp1188.BUlaSICSI Bhi!.lle MCI.QE'Ilh r:flepMa-R'ara, O'le.s:H:,b.Ho, ae..a:ocTBTO'lH<l .llJl9" CHC

TeMBTHKH M-e30l!OB. Jleif(""-TBI1TI;<llhHO, K CTBilfl"llhl:lbiM 'l8CTHU8M H HBI160nee HH3K0 Jl8)J{lllll.HM 

peaCHBHCaM OTHOCstTC9" .U~es.tTh ncesnOca:an rrpHI>IX Meaoaoa ( j ""0) H 9 a'eKropHhlX Mean

HOB ( J" ·"·1 [,. q'I"Oeibi rrpe,QCTaaH"ih HX ace J{aK CBH0BHJI:bie -COCTOHHHSl 'i8CT!-lUbl H 8HTI!'l8CTH

Ubi, HB.U_D !-lMeTb IJ:) Kpaanell Mepe TpH OCHO,HihiX <rBCTtfUhi~ 3 X 3"" 9~ 
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8 !956 r. CaKi:lT8 OpeaJIO.iKfr."I MO.QE-nb, B KOTOpCJ1: 38. OCHOBHbl€ 'I8CTifUhi IIpHIHfMBiQ'Ic li 

p t 1'\. M ) - f'11"tro?p•:,;, . 

r--r- -;-n--
m(MeV) S 

·t. -·~·- ·-- ,_ -- f"'-. -~ ""t-- ··- ---: 

'f=B•S I I 3 
--=---j 

p 938,2 0 I J 1/2 
I /2 

n. 939)) 0 ,_ -1 !2 

>- u. J -5 -J 0 0 0 ,____ __ -
T A5n!!u:"' 2" Tt: t~.n.nPT CaKf.I.Ta. 

B 8TOil: MOll8Jlli M930Hhl CqHT3101'~£J CB5!3&fiHhJMH ('0CTCJSl:H!UIMIJ 6ap!IOH8 H aHTB6apr.:VHA 

!13 TparrneTon ( p , n.. , '}.. ) , ( p , it ·, ~ ) . TEI.xuM o6pa3'1M, rrony<In:M 9 Me30HOB 

C ]' =Q (rrpH 8HTIHIBptlJIJIE-,Jbll0J1 JpH9JiT8D:HH 06bi'U:lbiX CnifHOB) !1 9 Me30HOB C :r "'1 
( IIpH rrapanneJJhUOJt OpM€HT8UHH). 

3altMeMcn. npe.II{lle ncerr_-, ~-H<::-TE-tvBTIHmtt rr8eenocKami:pHbiX Me3oHoa H He 6yneM no
Ka SIBHO y'H!'rb!B8Tb 06bl'Ufbltf CllllH B C00T8€TCTByiOUIHX F.10llH'lJ3hlX tj'.lyHIWIHIX. 

BaeaeM lnr.aeKc A ~ 1,2,3, xapBKTe pH::.yiOutHii rrpoToaHoe, Helhpoaaoe H A - rHnepoH

aoe COCTOstHire NCattaTOHB." .. 

>-A= 8(A-3). 
Ne-30Hbi upe.o,CTBBHM B')Jllf,'JBbiMJJ cjJyHKll~>JMl{ 

a! , (A,B ~ 1,2,3) /6.1 I 

c IlH,.QeK:-GM 6apnoHa A H hHTU6apHOHII s·. 
38M8Tl1M .Q,B.Jli2~, 'iTO B ,[l€BHTKY fH.IH, KBK Teneph roa•>pstT, B H:lfH<T) Me30HOB fi.B.)IC!J,blll: 

Me30H BXOllUT c-::. CB -·':-Jl SH'0!<(-9CTHUeJ. Tax, aneKTpll'ieCI(H Hei!:Tp8.rihHbl9 Jl' 0 
0 'z. XO 

'stBllHlOTCSI 1\B.XtAbli!: CBoeQ C06CTB9HHO:i c\HTK'IEICTJ.fUel-), BHTI:f118CTHU8Mk 6y!lyT B38l!MUO 

(.JT~ Jr-), (K\ K-), (K'~i<"). 
HOBbie tiJyHKUHH /6.1 I ycnoa\H:> caMocr•npg'KeH~OCTa; 

nocTpV>~M T·e:>epb, no 

Ta CaKaTa · 

Q+ = Q. 
*s • Q = Q n 

Jl .l 
aaanormr c r JyunoA 5 Ua , rpyrrny S U 3 

/6.2/ 

Haao opa3y *e rio.a·.:repFO:HYlb, IIT0 ecmr a npn6n>DKemm CHlihHoro eaanMo.aeil:CTBl-iSI 

coaeprireaa6 ecrecTaeuao upMD'HCB.Tb ;) H n. OilHY Macey, TO a 'rpunne-re Cau:aTa no
JI:..)IcE'HHe ru.r-:'P. M&·-.. -JJ .).. 6-:lJJhure M8~\:hl HYIUioHa Ha 176 MeV , II Mhr ae MO)I{f!M c•n!

TBTh .. 'ITO 3TOT TpHllJl9T K88HTOBO-Me} 8HK'i8CKH BbipO.>K,rteH. noaTDMY, H CHMMeTpHH rpyn

llhl sv3. IC'!.:>pyiO Mbl rf',">I·Tp~;r'-'1, 6yneT co6TneTCT88HHO Hapyureaa. Kax. Tenepb roao

pHT , OHB. 6yn:eT HBfJ:yUleHa "'yMep8HHO CY../lhHblMff.,_ :e3£urM:Ol[eli:CTBH:HMH 1 T0r',.Q8 KBX. CkM

MeTp!tSl' rpymrhl S tl2 H8pyruaatcg lfll!'lh 8JI9KTPOM81"iiHTHbtMH J.f Cl!B6b!Mif 838HMOil8li:CT

Bi-IHMH. He 6y.ueM noKa aaaHMaThCs:r 3"HM eJnpocoM H nonoA,aeM K noCTpoeHI-HO Slf3, 
'IHCTO cj:)OpMMbHO. 

PaccM-oTpHM npoH.'3B-·o1bHhl8 cynepiiC.'3HUI-IH Tpex cOCTORHH:R .. CartaToHa•. BOJIHOBJ.Ie tjJyHK-

UHH 
IJIJI = C, Pil + Ca "-.11 _,_C3 >-JI 

o!5pa3yiOT TpexMepHOe K0Mllli8KCHOe llf OCTpBHCTSO. 
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Ycnoaae HOpMI!po:axH 6y.ueT: 
3 ' r: I~ 12 

= /C 12 
... IC21~ •IC31 2 

=:i. 
14"1 II 1 

Pac.CMDTpHM B SITO~ TpexMepHOM npDC'Ip8HCTB9 rpynny ~ BC9X yHUT8pHblX npeo6pa3c.·

B8HK11:! 

+ 
?:let \1 · /)et V 

HnH 
1>et U = 

' 
T'Lt9 'f - H9KOTOpoe B9LIJ:9CTBeHH09 'lKCJillo v 

Ecmt Tenepb nepeATH K npeo6paaoaaHaJ:. 

''I' e' 

. . . :t_ 

U =Ve' 3 , 
!- ) 

, TO . 
= 'l)et ll =net (V e' 

H llOTOMy 

'ZletV. I. 

~ . 

V\1 =1. 

TaKHM o!5pa3oM, mo6oe KG paccMaTpHaHeMblX npeo6paaoaatmit MO»<:HO npeACTBBHTh a 
BII,ll9 npOH3B9Ll9HHH yHHTBpHOT'O )'HHMD.Ily. HlpHOT'O npeof5p830Bf.l.HHSI v H rp8AK9HTHOT'O 

npeo6pa30BBHHSI: .. . j' 

'I'- .Ye' ~-
Hc:runo<IaB STO rpa)::lH9HTHoe npeo6paaoaa me, cooTaeTCTBYlOUl99 coxpaHelmro 6apHOHHOro 

38pH,na, UOJlyqHM CD9UHB.IlhHylO YHifTBpHyK rpynny s V3 aceX_ yHHT8pHb1X yHHMO.UyJ1HpHblX 

npeo6paaoaasuA a TpexME!pHOM ltOMnn9xcuoM npocTpaucTae: · ... 
VV =:1, 'l>et1T = :t 

BbiHCHHM ceA>~ac, OT CKOJihKKX napaMeTJ•OB saeHCSIT sneMeHTbl U rpynn~o1 SlJ~. 3aMe

THM1 'ITO T8K K8JC v~ H U' KOMMyTUpyror 
+ ' ... 
VU =VV =i 

' 
TO, 06p8WiiSICb C HlfMH KfiK C C - 'UICJl81v'H, HfiiHftueM: 

en.v .. ( tn.v)~ =O 

en.v =i.H, 
BH.UilM, 'ITO M8TpKL18 ·H 6y.UeT 9pMHTOBOP. 

H ~H. 
TaKHM o6pa30M, par:cMaTpHBI:t'O!Mbi~'< M8.1'plcUbl V MO>KHO npe.acTBJ3.lfTb e aH.ue 

'{} •H =e • 
/6.3/ 

r ne H - 9pMMToaa MaTpKua 

-roeoa H 6ya.yr yHHTapHbi, 

rioK.:i.JKF>M Ten'epb, q•rr, 

3-ro paHra. !fcHO T8KN{8 0 'ITO BCe MBTpH:Ubl BHJJ,.8 /6.3/ C 9pMH-

"J)etu 
'SpH 

= e' 
' 
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~'TKJl!A 6:V,'1PT f":Jip_nrH>ATf", lfT" .j 

SpH 0, e•rr• ·l)ec\J•i, 
1Jm1 aroro npe.acraB!'lM 3K~~n:::.·H~ HI!Y.BJihHblil: c-n·c;eper::.'!=· s :e;.;-.ae 

e"H = ,J~.J<1 .. LS )"'}. 
TaK KBK .aeTepMnHaHT npmtaae.o;er.Ka MarpiiU pa:sea rrp0113Be.oeH!'IIO .ue-repMturaar~a srM.x 
MBTplfU, TO 

'H tJ 'H il 
'Det{(1 + v) j = ~et (f + ~>} 

0 pot13B€LJ;8M p83JlO.iKefUI€ 'Z)e.t{1..... ~) B p51'Jl no 1; ft/ C TO'iHOCTbiO )l0 'I.'l9HJB 

nop£.aKa 
1/tJ BIW:IO'iHT81lhHO 

net(1->~)=J+~L_H"' +0'(~) "'1->~SpH+<J(.ft) 
II ' ,.. 

nepexo.aB K npe,ueny N~ 00 . nmyqeeM OTCIO.!.IS 

1'.e, neticTowrenhHO 

SpH - o, e< "" -:netll -1. 

3aMeTHM 0 'ITO 'IBK Kf.l.K npH .ll0Kl:l3nenhCTB€ Ml:>l Hllr.Qe H!! !flHKCupOBMH p9:3Mt:lpHOCTb 

npocrpaucraa 1 :e KoropoM .neil:crayj:)l' onepaTopbi lJ H H , ro 9TH C'JOTHOllleHIHI 6yllyT 
CIIpBB€)lJIHBbl He TOJihKO J:IoiSI Hawe;t rpyiiiibl SU~ ~}}0. HllJIS CU8UHBJibH01tyl:ll'f'::"'lipH:':l!: f'pyn

rib! Stln. mo60 ro nOpSlllKB n. . T :l.K KBK l} = e· .. lf ' TO '-llfCna HE'38.BI1CIIMb!X rrapaMeTpos. 

orrpea:ensiOU.U'i.x ooepaTDPhl 
W8CTB8Hftb[X mpaMeTp08 B 

JIOBHs:!M 

I} H J-1 
MBTpHW! . . 

H ""H 

, COBIIBllBIOT. noa:c:<IJ{TaeM <flfCJIO 883~ia11<'!1:vlblX se
HJV!I ( A~B "' 1.~, ... , n. ) • ynosJteTBOpHJOW:etl: yc-

" SpH,o .. 
3Ta MaTpHua coaep:mMT 
38BHC>IT OT 2rz. (fl. -1) 

fl, ( f\. -·1) Hen,HBJ'OHlinbl-lbiX KOMnJI?.KCHblX 3JIE!M9HTCJB, K:. T<Jpioid 

BelliE!CTB( ·HHblX nar:aME'TpOB H .a6J-J.IKHbl yaoBJI8TBOpSlTh n..(n. ... i) 

* H A,B = Ha, A ' II # B 
T.e. H8.0l:l8:r'OH81ibHbf8 8JI8MeHThl CO,l8p){C8.T fL( n.- i) H838mlCHMblX B8Lti9CTB8HHbiX na

paMeTpOB. ll,uar-OHl:l.IJbHhle aneMeHT >l B CIIJiy yCJIOBKII 

u;A = HA,A 
npe.QCTBBJISl!OT fL BE!ll.l8CTB9!fHblX uapaMeTpOB, ltOTOpbl8 non:>r<Hbl yzl0B1!8TBOpSITh yC1TOBHJO 

SpH =r: HAll= o, 
(,/1 ) ' 
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T.e. rrpPLt' 1-'iBJHIJOT (fL -1) HB38Df1Cl MbiX B81U8CTB8HHhlX IIBp8M8TpDa. 

Mbl nony'-LBPM, 'ITO rrp<"q6p.<i.3 ··aHHJ.l",.. rpyHITbl S lin. onpe.aenSieTOl •mcnoM 

TaKHM o6pao(.•M, 

n.( n. -1.) + ( n -1) = n!-i 
H838BifCMMbiX serueCTB8HHblX II8.pBM8TpC•B. nn.st p8CCMaTp1IB88MOil: ifaMfl rpyiiiibl 

"'UCJIO H838BIJ'-11MLEX BRW8t 'fB~HHbiX nap.lMB"r-p<-•B pa&HC. e- I "'8 . .t(JISI rpynnbl 

16- I'"' 15'H ·r.n. 
Par:CMOTpH:M 6E>CK0He<mo-Manoe npec-6p830B8}1H8 rpyrrllbl su3 
· 'oH ll==e' =1+~St1=1 .. tlf 

StJI "(Su)'/' == i.SH'/'. 

S{} . • su~ 

TaK KHK SH aaaw·.,.-;:· 

paMerp~s So...,. , '' ·· 
0T B''r-.&MH H83BC!:I•. I:!MbJX ,aeiic::TBRT8llbHblX 6ecitoH8'lHO-M81IbiX na-

B 
1. L. s,Lh x. t 

"tS1 ~ "' I 

IIpHqf'M J"8HE>p1lTOpbi xt. r·pytnlhl SU3 
SpX --·O nnH acex 't. ."'" 1 ,2, ... 8. 

UOJI)!{Hbl Yll08JI9T-BOpSITb yCJIOBHSIM 

H 

Mhl paccMaTpuD-a.nu C!;'t1<£ac rrpeo5paacaamur BOJIHOBblX ¢yHKUKA nmt '18CTHU H3 TpHTIJl8T8 

CaKaTa 

6y.ayT 

n OSTOMy, 38!Cllt npeco6pa30B8.HIHI M830H lb!X BOJIHOBblX clJyHKUHtl: 6y.ae-T: 

,a 'Z) + 
- Q A = L ~C Q. tJ!>B ' 

(C,'D) • > 
T.e. 

a' 
+ 

= t'QU 

cva.iW = uoiJ, 
TO HeTpy.QHO y6e.QWJ'bf:H, qT~ apMHTOBOCrb /6o2/ MaTpHUb! Q 
p8CCM8TpHB8'?MhiX npP06pa3";B8HIHIX, 

( c,n ~ 1,2,3), 

coxpaHseTcR npH acex 

H·anHrneM Tatepb yc:ne>a\fe HenpHBOA~niOCTH. HeTpunuanbHoro nHHeti:HOro 

VIMeeM cooTHOill.eHME' 

6narO)l8pSI l\0"1 OpOMy MRTpHUB Q. KOMnOH8HT H COOTB8TC"TByeT OX:-

T8Ty M830HOB. 

J.1M€8TC51 8lll.e TpHBH8JibHOe Tip81lCT8BJ'8HUe, p9aJIH3yeMOe M8T-pHU8tl:r Tiponopu;HOHBJihHO!i 

ei:I.UHH'i.H'-'li; a: = P. SA
8 =P.{8CII-1)8(B-1~<-S(,l-2)8(e-2)"' 8(11-3) 8(8-3) 1 . 

TaK KBK npOM3BClJibH99 M8TpHU8 ~ Ml M8T 6b!Th IIp8llCT8BJI8H8 B BHae CfMMhl 

nB a a . 
.rA = P., SA ;. Qil . r)fe SpQ =0, 

3x {', (!) + '8). 
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3H8l.JOK * 3AC-!Cb YKH3hiB8eT, 'iTO tlMeeTC'.H B BHLIY npe06pE.t30Dft!IMe aHTll'IBf'THU. 

fJOCTpOHM Tenepb BO!IHOBble QJyHKUfH L!;JISI B0C'bMif Me30li'JD 113 Ha!JJ;,.r',) OKTE'T'B TBK, iJTc-

6bi KBBHTOBble 'IH:CJIB ..!:(ll£1 3TH X M€'3u_ 108 I!MeJI\1 6bl 3Hf.i Y:P l!IHJ, C lJ')Tl3'o'':':'t T ayroUlMf'> T a6JJHUP J . 
Uen<"'C'006pn:=>H') ·"111.MP'J'!IT!, 3DE'CL, 'f'-~) IU'lBBT'IHH"" 'fU:CJI'< Q. '{ I 3 JlJJH -m·~-'"''"' r!1Uhl 

11Me.FOT Ty .X{e a6COJJIOTHYIO BF'JIIP.t!lHy, '-ITO H DJHI. qa,·"iHU.hl, llU l1M~o>KJT ilp0TUb0fiC!.'JOAO-fbi{l 

3HBK. 

B § 5 Mbl y}!;:e CKOHCTpyHp0l3aJII1 Tf IUIJieT 1f' - Me30W'B M3 Hyi\JIDHOD ll 8!1THHyKll8H'JB; 

y- = n.p. 
ne.rxo npoaepHTb 0 'iTO nee K88HTOBbiP 'i!It'.JJ8 HM9!0T np8BlflihHhle 

.Umi onHcBHIHI K - Me3oHoa a em. nhayeM ). H }: • V\.l:eeM: 

{
K+=p"f. 
K"=n.>. 

' 

(! ~ 1, B·o.Y ~ 1 
- -

Q " 0, B ~ 0, y ~ 1. 

TaK K8K a o6E!l1X KOM6nHBUHSix yqaCTI yeT o.n.Ha H Ta »::e A - aH'!'H'iacTuua, TO epa3y BH.

.o;HM, 'iTO I!OJiy'iE>HH~E' C\?Mii'!i:i:Cl'BO .QO,ll«H:J 6bl'llb ny6neTOM nO H:30Il8p8M8HHbiM HyKIIOH8 0T.~. 
KM88M r3 "'! 1/2, I "' 112. AHa! OI'!t:'iHO rrony'iaE>TC5I 'ccmpSl:>I{8HHbli!: .o.y6neT K - Me::J("I-

HOB: - -

{ 
K-= 'A p , G ~ - 1, B ~ o, Y , - 1, 

K ' = ). ii. , Q. ~ o, B ~ o, Y , - 1, 
1 /2 

M bl y}Ke KJiaccKcpaaapoaanH 7 Meac HOB. CocToSIJJHH Hawero ronuoro MynhTHnneTa Mh! 

.O:OJl>KHbl OIIHCbiB8Th MaTpHueit QAB KOTOp85r B CHJiy yCJIOBHK L. Q; ='Q .DOJI)KH8 

HM8Th TOJibK'.J 8 H838BHC!IMbiX IWMIIOH ~liT, (A) · 
Bb!IIHL!J€M B Sl'BH~·M BH:Ll€ 6a~KCI1bl8 ~0JIHOBbl8 <jlyHKI{Klf, IIO K:JT0pb!M Mb!OydeT IIp0!13BS·-

LlH:Th {:83JIO>t{8iUl8 c})yBKUHH' QA , C'OO.l.'B€TC'TByiOW8i-J: IIpOI!3B01IbH0My COCTOSl'HlUO OineTB 
M$30HQB, VfM88M LlJISl' JT - M830HOB . 

(;r•): =S(II-1)8(B-2) 

=-It { 8(/l-1, 8 (B-1) - o(A-2) 8(B -2) 

= 8(.A-2) ,:(B-1), 
K - M830HOB 

fcK+>! "'Sc.11-1)o(a-3) 

l(K'); = 8(Jl-2)8(B-f!) {
(K-),

8 
= S(.fl-3)0(8-1) 

(X'); =8(!1-3) S(B-2). 

nerKO IIpOB8pl!Tb 1 liTO BCe 9TH CeMb !jl,fHlUU!A 0pTOI'OH8libHhl llpyf' lPYI'Y A H0pMrtpOB8Hhl 1 
T.e. 

'""' 8 8 8 . 
£.... (:r.)p, (~)/1 = (X-U), 

(.R, 8) q 
rae 

K~ 

' 
i(•, 
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f1:,~;j;;;-;,_o-J.<;JS:, :a:::·<..C.Mc:..:.l 0--:9:CO::.:;, cPjHti.JJ.!<H• .Cl,GJ!}l(H8 6bi1'b 0pTO.;-Qfft1nbHB ii.O bC"-8M HallfiCi:!H 

HhiM. KaK Mhl y:x<f! &biSJCHHJIH paaee, cjJyHJ:IUHI 

S(JH}fj(B-1) + o(Jl··2)·8(B-2) 

opTofoHanbHa K Jf - ciJyHKUHRM. KpoMe 1 Dro , OHa opToroHaJ!bHii0 KDHf><r!f:>, H K K - ¢yHK

rntllM, Tax KB:K He co.nep)KHT 'l1lE.>HOB c A "3 HlHI B = 3 . K aeit MO:>KHO .ac·6BBHTb c HE!KOTO

pbiM It>:a¢¢Hnr-~eHTOM KOM6f.fHB!lV.O:fO i(.A-3) 5 ( B-3) · , il:oTopaH TaKxCe opToroHBJJbHB ro

se eM S'l'HM tlJyHKii.HHM. n 0.9'l:'(>My H:CKOMyic BOCbMyJO q,yH-tUUfl{l MO)KHQ :.:19:UlfC8Tb B BRAE.> 

(B): = c{ S(J1-1)o(B-1) +S(JH)o(B-2) + ~S(A-3)o(a -3)} -
qT,--,6w y.a.osneT:eopHTb ycnOBHJO Sp ( 8; = E (8): =0 1 Hano rronGJKKTbaf = '"" 2" 

(.II) 
8 ycnOE>Ke HOpM11 pOBKH onpe,lle.riHE.>'T' KOHC1 BHTy C • t--_. 

/"(~ 

Yi_att, BOCI:>M6fl 68.3HCH8'0J ¢iyiUWKR HME.>E.>T l HLl , 

HJ!H, CHMBOJlHl.JeCI(M 

(g) = e'P ~~~ 2~J\ __ • 
'. 

He:;rC'HO TOJihK0 0 l\·3-KO~ M""80H CUllOCT8BHT ::o 8TO£!' KOM6HHB.U:KH? Bellh y HBC }{8 OCTBBllleeUI 

BOCh!lifOe ME!CTO >fM<"IOTr~g ,UB8 K8.HAHllli'I'8: \ Hx G. 

l<l3aH'l":,Bbl'?.'iHCJI8 <'ITHX M830HC.'B 0,UHH8K0lobl a: y H8C H9'f HlfK8KHX JlOf'li'IE'~EYX c•- .!I':B8Hlfi-J: 

Dpl1Ill.JC&-rb Q. pozlrn.i , ::>Ty KoM6HiB.UHIO ?z. H1HI X 0 
Me3oHy. 

3a6el'8~ Brr&pio>,n, YI{aX{E'M, 'iT-:1 0 KOri;J;a 3 ):l8JibHei-J:weM Mbi H8lll-HU9M M8CCOByKlQ:lOpMyJ1Yo 

C rroJviOtUbiO KOTopoi-J: MQ)KHO Qy,neT ')~9HI-:I' '1:> Macey 'I8C'Ii'-!Ubl• C ?OTBeT:-·TByiOlll8J1: 8TOA }{'.- M-

6l'.iHB:IIHH0 Mbi yBM.OHM.,'fT0 CJJ!O>uyeT sbr6p1,Th "l, - ME!GCiH. Y'-I:KT~IBASil aTo, GamnueM o6lllyiD 

lPYHRUiiiO fi.'W18f'Q My;trbTMlTJIE'TH B bM.U8 

Q_A = C;r• o(ll-1)o(8 -2)+C". ~(Si,H) 8(8-1)- S(.A-2)0(8 -2~ •C,-~(Il-2)S(s+ 

+ CK ~ S(fl-1) S( B -3) +C ~·a(fl-2)8( B -.3) + 

+ Cr o(fl-3)S(B-1)+ ':i(• o(fl-3)$(8-2)+ 

i6.41 

+ c"'l;.. (li(JH)Fi( 8 -1.> ~S(.Il-2) S (B-2)- 28(A-3)S(a -3). 

3Ty ciJyHKUHIO MQ)KHO CHMBO.'I\1'-IE'CKH aBI HCB'I'h B BH.09 (3 X 3) MBTp!iUbi~ 38lll-f<bLB8.SI 1 -

1{8.K!: p;:Hee, 8MeCTO COCTBBTCT!JyiOlll;!U Kt·a¢<fmUH8HTOB C ](+ 1 S,-- H T.,a;. npOCTO Jr ... , 
Jr - H T.,a;. TaKHM ':'·6paG!:lM, Mhi rrony• aeM q_~onH"ecKoe npe.nCTasneHHe OK'T'eTa Me-
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(K•J'=K 
' 

Q'~-KpoMe To:·o, HDpMa cflyHKUKM .. npHHflMaaT ana 

L' Q8 Q
8 =/Jd2•/Jr'/2•/rla•'W/'+IJ<"/ 2•11C/ 2•/K'i 4 •111' 

(1\8) Jl .. 
EcllH 6bl COOTEIBTCTBytoll.tHB HHcfJHHHT9SHM8.ilbHI>l& ORBp8TOpbl rpynUbl s lJ! KOMMy'l'HjJO

EiaJllf C rBMIJnbTOHH8HOM CHCTBMbi 1 TO C HHM &0MMyTHj.IOB8J!H {SbJ ll. &OHB'IHWB Upeo6p830B8-

KHH H3 HBWBrO Ope,a;CT8BJ1BHHil. TaK Jt8K 91"0 Ope..a;CTBBnBHHB HBUpH80.QHMD1 TO BCB MBCCbi 

Me30H0B !{3 OKTBTB 6bi11H 6bl pBBHbl. 

0..a;H8li:D HH'IBf'O UOX0){{9ro H8 pBBBHCTl.O MBCC '111BHOB 0KTBT8 HB OfiHSp)"ROIB89TCfl. 

B paccMe.TpnaaeMOM npH6nH>KBHHH CHl'bHoro B3BIIMOLiet1CTBiiH, ~~:or,aa Mbl .aoJUKHbi upe

ne6peraTh pB.:IHOCTbto MBCC BHyTpR O,a;HO.~O H TOro )K9 H30TOlllt'IBCK0f'O MYJibTHUnBTB H 

pa60T8Th U09TOMy (' COOTBIE'TCTBBHHO-OPpy6JieHHbiMH 3H8'19HIH!'MH 1 Mbl HMBBM 3 pB.3HblX MaC
''bl! 

- -
ffl!(seVJ' rti.(Me"f) 

JT 138 o,oa 
K 496 0,24 

- - - --
~ 549 0,30 

'r atSnaua s. 
3aMBTHM 1 'ITO KBB..a;paT MBCCbl "i M930H8 8 J 5 pes 60.IIblUB JCBa..a;paTB MB.CCbl 1f' MB-

30H8, T.e. pB3.1IH'ilrf8 0'19Hb BBJIKII:O. 

BoabMeM cpe..a;aee ana'ieHH~ KBB.a.paTa MSCCLI B OKT9Te 

m.2" {/JT~/2+/Jr•/2•/r/2] + 
/6.6/ 

~ ~ {JK~/ 2 •/K'I'•IK-/4 •/K"/ 2}• 
• m.•l I ''If . 

flo.o.'lepJCHeM ew:e paa, 'ITO a.n.ecb CHMBOl.lbi Jf ... , 7T 0
, , • , 'l o6oaHaqatoT Koa¢Q:nmeeHTbi 

c""' C]fo' .. ·. c, ,_'I'.e.-np09KUHH HB!Uero CI;TeTa Q sa 1f+ ,· JT 0 
I.· •• "t M930H-

HbJB COCTOHHKH ( CM. /6o4/), . 
Kaa..a;paTK'iHEU1 tj)opMa f!\:6/ 6bUJ8 ISbl Kl(bapuaHTHOJ!: no OTHOWBHHIO K rpynne sv!TOJih

IW a· cny11ae: ... 

-~2 -rn.• - "~K - 'L "m.2 • • 
T 8K X81t TOl.lbKO B 8TOM CJly'lae OH8 61>1 pa )H$Ul8Ch HHB8p!-18HTy 

m.~ l: I a: I 2 
. 

(A, B) 
Y'ITBM Teneph HapyW9HH8 CHMMBTpHH rpyllnbl H no,n6epeM H81HIB8pUBHTHYI0 "Maccoeyro 

<jPpMy" 

/6.7 I 
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TBKHM 00pa30M, "lT06hl OH8 paBIHl18 b ¢'"'pMe- :'6.8/ • 
n.--'11.'-Jlti<,y B'?f:ytuE:'lO!B '~~M.\i~'lj 11'11 rpyrrrrhl su3 o6ycnoBJie:HD B cxeMe CaKBT8 '!'8M, 

'ITO MIJ.CCa }1. 6unhUie MBCChl H:;.turoaa: t_O e~TE"CT~eHHO npe,o;n6nomaTh, "'TO MJ\,8 
OT1111'£8'2TC51 ·aT H8KOTOpaJ:i II OCTO>! ~HOi;! flt.,t/' liKUih B TOM CJiy"'B.8 1 KOI".ll8 O,QHI:f H3 HH.Il8K-

COB paB8H 3, T.e. Jl!HI COCTQmfaJ!: ~ H ') C'8K.8TDBCKOI'O 'lplHIJT8T8. 

C'illTB£: ,0,068BKH ~·T ). M ~ 8):.L{H'IHBHhiMH, 110JIO:>KJ:!:M ITOSITOMy 

no,o.:c T8Bl1B "'M8CC'0Bhlit OII8p8TOp /6.8/ B Mtl CCOByKl 4JopMy /6.7/, H8t;i.£J;E!M 

Oycroaa, aocrrc'i1baosaBwHcb I h5!, y6e.z:nrMr·g, tf1 0 a·;d ¢opMa 6y.aeT pasHa 

m.~ {/71' •!' •/Jr·/ '•I ;r-J a. I K•/ 2
• I K'l a.f K~J' • I K "/a • f"Z I~ J + 

+ t:. {IK'/ 2 +/K"/ 2•/K-r•JK'/ 2
• j l'?fJ = 

= m:{Jrr•J'-~-Ir' 2•lri 2 J -r 

+ (m!•ll.){fK•f'•IK'F•JK-1 2 •IR•J} • 

+ ( m.! + ill)l"tl'. 

2 =m . 
0 ' 

m.Z = m.' .~ • 
"l • 3 "' 

/6.8/ 

2 z 
3aMeasm !'fL 0 Ha rTL71' H IKlUl!Oqa~ A aa neyx nocne.aaax cooTanweaHA, nony'iaeM na-
aecTHyro Mac:coayro cpopMyJiy Oxy,)o It· I"'ena-·MaHaa 

~ 2 4 .2 ~ 

m.."l -rn" =3(rnK -rn") 
rln,llCTilBIJ5UJ ( IOn a 'Hi(.J'JOBI>Hi' 3H8' fo'H~H rn..2 

B ( B eV) tlf3 -ra5mfDh.t 3! n~~yqaeM 
2 t 

rn"' - m, = 0,28 ~ 

T.<?, HMee:v~ ,tJ,OB'1JlbH~ xo-p·:..·wee ccr."lanre cpopMyJJbl Oxy5o nrenn-Maaaa c axcnepHMeH

TOM. TfC.r!E'pl:. Mhl B'ii'LOo!M~ "'IT.:> Mbl ,lflti:CT.BV.:TE'JJCHO DOBBIWbHO Bhlfipe;.'R• "Z - Me30H B xa

qe '180?· ".!JE'H"l HB.UH?C'O OKTBTB, 'I,.K B cnyqae xo- MP>3ciHa 'Mbl HMl"'ElM fn~e~-m};"' 0,9, 
qTQ He CCI'."lB.CyeTC.H C MaC·80BOii: cj )(lpMyJI':·A. 
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TaK:.rM o6pa.3f-'Mt X 0-Me.aQH ocTa•~TCH aae Cl!!.TeTa ( Jf, K) 'i) H ac.'DKSH 6hlTh 

CHHr .'f81'0M. n 02'T :·My HOpMHpOB8HH8i1 BOJIHOBBSI c:PYHKUlHi X (I -M8;30.!H\ HM"'eT BHA: 

nOLl<iiO'pKHB88M, 'ITO Mbl IIVK8 OTJ{,[8.[1blB88M QJopM8JlbH08 :eae..o;eHl{e OII8pCH0p"B 

qeTHOCTH, aaps.uoscro corrpsuKeHH.>I 1 apyrHx o~p.a.Topoa, cagaaHHb!X c .uw-;Kpi?-.\'
HhiM\1 rpyrrnaMH, x::.·TK H r'OB_QpHM, HCIIpHMep, 0 II<~tlBD,OCKBllHpHOCTH M830H08t T.e. 

06 11X O'lpHU8T8JibHC.R BHyTp8HH8i\ 'IE? rHOCTH, 

nepell:.neM Terrepb'K paCCMOTpeHI!:Q B8KTOpHhlX M83GHC'iB (j .,..,1) . HMO:RM 

OIUlT:b Ll8BSITH-KOMIIOH8HTH.bl8 BO.IIHOl>bie QJyHri:IUIH: 

• 
) 

CO CBOikTBOM SpMHTOBOCTK: 

m..(Me. V) 

QB ~ Qll 
II 8 

m}(BeV/ y =S(B=q 

r } } 
-

J f'" 765 0,585 0 
- -r 

.. + 
K 
"• 

+I 

K 891 0,7 ~4 
... _ 

} K ~I .. -· K - - - - -

w 782 a.ata 0 
-

rp 1019- 1).031: 
0 

· T.:6mma 4 

I I3 

1 
+i 

0 
- -

-1 

} 1/2 
1 
2 -1/2 

} 
-112 

1 
2 

112 

0 0 

0 0 
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( ~<'""'-'li<B.-JH rmBBT'"JBhre •nicna Q . Y , I , I a .anSI 9THX Meaaaaa c ~~:aaHTOBhiMH 
•nF ItBMH ut:~a.uocKanspHhrx Meaoaoa, Abi aaMeqaeM nonayto aeanorHto~ VIM:eeM co

oTaercTaae 

f.. 
K 

·- ;r 
~K 

L!syM OCTBBUllfMC.R M830HB:M (()}
1 

~)) Mo:mao 6bUio 6bl conocTaB,KTb(-'2 >X) 
,fja(":C'MDTpHM, IIp8}!(ll8 BC8I'0 1 KJl8CCiiQnrKBUKJ6 BSKTOpHbDI: M830HOB C TO'IKH apeHHS 

rpynnhl St{. YlMeeM Tor.ua cKarneT, t KOTopoMy cne.lloaano Ohl OTHSCTH nu6o c.J , 
mt6o ¢ '0 H OKTST, COOTBSTCTByK llUfi!: OCT8JihHhlM BOChMH 

)lOCJJOBHO ace np8JlblLiylllH8 

renn-Maaaa H Ol{y6o: 
pacCy}!(.U'lHIHI1 Mhl OITf!Th ttony'IHM 

Me30HBM. noBTOpSHI 

MBCCOByJO cjlOpMyny 

r,ae lfH.U8KCOM 8 Mbl 0603H8•nmH BOCb AOA: 'Ul8H OKT8TB- ¢ HJIH (J.) .,HO H3 T86-

:'ll'fUbl 4 aaxoarrM, '!To a ( BeV) 2. 

m! 
8 

C ApyrOt:i: CTOpOHbl 

l 2 m..01 - m. f ··o,oa 

~m.2f :=-3
4 

0,21 = 0 28 ' . 

if Mbi BI{.QHM1 'iTO HH' (i}, HH ~ HE>Jib3il 01'H9CTH K OKTBTy. 

TBK>IM c.6p830M 1 p8CCy}l(.U8HH51' 1 OCH)B8HHhl9 Ha npHM9H9HHH HeiipHBOLlMMhlX npe.u-

GT813JIE'HHl1 rpyrmhl S V!J 1 KOTOphl8 lljlHB8JIH K Yll0BJI9TB.OpHT9JibHhlM peaynbTBT8M 

,UJI.II IICE>B,UOC'KBJTHpHhlX M930HOB1 B ,UB:IHOM cny'l89 HB rpOXO.AHT. 

fT ~pe:H,.a;eM m8TOMy K a:mpocy KJI8CC H¢IfK8UHH B9KT0pHbiX M930HOB H8 OCHOBB Ca

MbiX rrpOC'IbiX coo6pam:emrl1, He cnHaBHHblx c rpynnoit Stl.3. 
Mbi 6y):(eM HCXO):(I!Tb H3 npH6JIH)I{9H~HI 0 B KOTOpOM rrpeae6peraeTC51 pli3HOCTbiO 

M8C< Co) H .P . 0HO IWY'i8J10Cb y)l< ~ H8MH B paMK8X 0606WBHHO:l1 MO.O,BJIK <l>epMH-

5JHra. 8 T8K0l1 CX9M9 1 K8K Mhl BHA8JIH 1 .P H c..) M930Hhl MO)KHQ p8CCM8TpHB8Tb KB.K 

(CBH38HHbiE' COCT0HHH51 H.YKJI0H8 H 8HTHllyKJlOH8: 

• I :::j 

pp 
I =0 ' 

8n! llp9D.CT8BJIE'HH'il C,V H f COCTO>JHHil HBXO,U'ilTCSI B C'OOTBBTCTBtiH T8K)K9 C H8WHMH 

npe,anOJIO)KE>HMSIMll 0 IIpl1'1HH8X paCll.(BI J19HH51 MBCC B MyJibTHITll8T9 • .Oe:l1CTBHT9JlbHO 1 

Mbl npe,anona!'BeM 1 "'TO paCW9I!JI9Hl19 >!18CC o6yCJJOB.'I9H0 npHCyTCTBHBM B M930HHbiX 



I 
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' 
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COCTOSIHIHiX Oanes T5DKenh!x A) i\ •.acTuu. HapytuaJOWKx Maccoayro CHMMeTpH10 

BHyTpll C8K8'l:C.BCK::rO TpW:IlJl9TB. (aHTKrpHilJI9T8). noaTOMy, IlOCKOJlhKy Mbl p8CCMaT

pHB8.eM IlpK6JIH>K9Hif9, B KOTOpOM C'IH'169TCQ n"Lcu·~)Mbi .0:01I)I{Hbi C'IKT8Th; 'iTO B 

E'.)'';"! ., l(·\1-T\lH (jJ- L'0c•-•.·-·~tHV a ,'18 y'!'3i"::-, Dyl0'<' ), '<'! ~' ;-HI) W:~ rfY1':.'1f\'I6 H f:'?TfUJYK-

1I0HB. MUN\.H0 HI.,IL;'l-'(;.l'lL. '•;;::.H ., ( ,-.,~>, f.I ;· ... <:; 

HHSI- O.UIHI H30TOIHI'19f"-KR!:il: f"lUU'JleT H ')):tHH 030TOIIK'J9CKH8 T~I1UJI9T. * : . 
nepe8.aeM Teneph K M930H8M THI18 1< • 4T06bl IlOJIY'lKTh .z:tJHI HKX npaBHJlbHbiQ 3Ha-

qeHKR Q , Y , I , I 3 . . 

Mq1 .a.on)f{Hbl nono>KHTh •rax >Ke, KB.K H .LUISI K -MeSOHOB: 

* K.~ =p).; .... -
K=n..)..; 

( p• ): = S(.A-t)&(B-;!) 

( p• ): =-Jr. (S(A-1)~ (B -1)- 8(A-2)8(B- 2)) 

<r): = sc11-2) &(a-1> 

c w)A
8 =?tc O(R-1)8(8-1) ·S(II-2)S( B-2) 

E.nKHCTBeHW,ft: Q-('Jft ¢l'HKl.(l!!:eQ1 0,P'r'(-rOE8.JlbHDft K::J SCAM SITKM B0ChMH 4lYRJWifJIMt61"Jl8'I' 

Bbipall<IHIR91 nP.onnpnHDHanhHc'e b(.A-3)&'(8""3). SITa QJyHKUHSl o,o:Jia H PCTafiTCH Ha 

. .[{C'lllO ; -Me3·.)!fli!., J\lhlnOJ:tJ+CHhl 1 C'JJ6.1l JBAT9JJhHO, DOJJQ)!OI'Tb; 

8 
(¢)

11 
=8(A-3) 8( B-3) 

¢ =).).. 
. 8 

KaK sHaao-, rrpoH3BOJJhHhle !j:lyHKUHH ~~A (AJ 8 "'1~,3) M:'.l:>KH;:} rrpe.LI.cTa-

BH'Ib c IlOMOlllbiO cynepno311:Ul-IH llli!BSTH opTOl!,OPMiiPDB'8.Hli~ _Bblpa:M<SHKft; 

I 
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HJlH 8 MBTp\ol'iHOti clJopMe: 

0 

.f + GU 
.P * w 'ff) 

' 
K-

(Q:)= 
y• w ... 

p-f- -o --+ 
ff' K J '{2 

\ 
..... *• p K K ) ' 

r.ae •. K8K H p8HhWet: Mbi J.lJlSI COKp,IJH.~8HKil 0603H8'1KJIH !(OMI11J8KCHbi8 "'HCna c:, +~ ~,,. 
CHMB0Jl8MH COOTB8TCTBJIOUHIX M83CIIOB., 5lCHO T8.10K8, 'iTO lllHI apMHTOBOft 'U4Tplilnbi 

Q_. tt~na C D.jpt HeJi:r·panhHhlX v!e30aoa semecTBeHHhl, a ami nap (p: f-) 
( K +) I<-) . -( K: K- 0

) B38HMHO C0llp5DK9H.Hbl. 

nepeAa:eM Tenepr:. K rronyqeHiifJO ( OOTHOW()!HHJ:i Me)lt.Uy MBCC8MH B8KT0pHbiX M830 -

HOB, ll,l'!SI ~ro ITOCTpOHM q:J8,0,H88 3.1- 8'18HH9 KB8Apa:ra M8CCbl ( tn,.f )g .lll'ISI p8CCMBT-

Q"
8 . . 

paaaeMoro aoaeTa 

( m2 )9 ,. L MAB /QIIa /z 
(~B) ' 

Ling MII-~BMhl socnonh3yeMcH TOH :an cpopMoA:, 'ITO Hans OKTeTa nces.nocKaJUlpHbix 
M830HOB: -' 

M.ll,e "'m.; ,. llb(A-.3) + l!S (B -3). 
2 il 

3ll,EoCh (Tlf. t: /?1.0 BBHAy npeanc JI8f'88MOA 3BBHCHMOCTJ.l: CH1l IpiiTSimemHJ Me.m,o:y 

qacnlUefi H 8.HTlll'i8CTHueA o'"f aemtq Hlbl c ITHHa J =q 1. . YlMeeM: 

(in! )9 =d. :E /Q/Ie/2,. t..{/ ~:t•/Q:t+(Q;/2+/Q,z/~'" 2{ Q; /2} = 
<I\ B) 

=m: [/p"/2. •tp•J 2 •lr/ 2 
+ /c.J/

2
} + 

2 {/ * /2 '/z I "-lz , .. .,2.}' + (m1 +/J.) K' ~11:' + K ,+ K1 '+ 
' 

... cm.;' .. ~A) I 4>1 2 

' 



Oil Ky,aa H rronyqaeM M<!('COBhiB COOTHO .llemrg: 

2. 2 
rn.P = m., , 

J,,, ,,_,,_,,, 

2 
=m· 1· 

2 =m +A· 1 u, 

• • 
A ""'0,22(BeVJ H abi6epeM m.; "").59(8e-V)~ Mbl HaH;:~:eM cnt>AyK!ih•·"' 

able 3Ha'leHM9 an.~~ Ksa:;.parva Mace a ~Be V)~ 
2 , 

~ =m. =059' , '-p w , > 
2 

m'/> ~1,03 
CpaBHHBf:I.SI HX c SKC'IIepHMBWUWbHhiMH aHa':leHK:iiMH H3 Ta6n:.:uhl 4, nony~~eM y.uoa

nera·.)pHTeJibHOe C~l"'JI8 . .CH8, HaH5:lJiblli?B paCXO>KJ.J;BHMe (0,59 BMEICTO 0,613) J!Me-

E>TCQ IJ.!t.ll U) -M€>3'-'Ha l C'OBBpWeHl-:. E>CT8C'TBBHHO B rrpHHQTOM IIpH5,;JiOl<BiiMH: 

rn.~ --m'P • Ho M s ,aaH<lOM cny• ae • OUIH6l!:B: B 1n.WCOCT6BJI5IBT 4%, T,P. ~:::;~ 

CBMOi!: frL~. S.UIKeiKf.l. CDCTBBM1' BC8J'·.J 2' f,., 
3aMBTHM 0 Kp0M8 TOro, "'TO H0 H8UJHI( M8CCOBbiX COOTJIQU18Htftl: nonyqaf'T~'if; 

/J.= m! :r 
Ha C8MOM J1.8JI8 nepeag p83H0CTb ~ 0 .2J 0 B. BT0p8S:1 ~ 0,22 0 H Mhl HMSBM B:IO.'IH9 

y,a;oaneTBOpHTBJihHoe coanaaeane, Odcl5eHHO ecnH yqeCTb aaJIH'nte axcnepKMBH'taJib-
1-tOA oum6KM a bnpea.e.neHI:IH 3THX aeri» Hm. Ha:i:):t:eHaoe "npaa>TJI0 HHTepeanoa-"' 6btl1o 

BIIepBble SMr:t-rplPH?CKH 38Me4BH-;. ln8ll 6y. '3TO IIp88H1IO yCT81i8.BJJMBBElT CB5l;;>h MeX<.UY 

p8CIW2IIlJ8HHBM MBCC B 0KT8TE? P.CPBLlf' 'KBJ<gpHh!X MB30HOB H B HOROT9 BBKTOpHhlX MB-

30f!OB. 

KaK Mbl y)Ke 0TM8qaJtP., HCIHB'!' BeKT ·p'fhiX M8~~'JH0B COOTBeTCTBy&T rrpHUD~MMOMy· 

npenCT83JIElHKIO rpyiliihl${}3 , '3"BK KSX l__;_jilyp ;'0:TBS"I:"TByiOIUeii M8.Tplo!:tl.hl Q,A l-l"" 

F"flBElH Hy;ao. HeTpyAH0 0 OAHBKO, ,- ~.!,e :lf1HHTf-· ?T~:'!' HOHeT .8ME'C:T8 C OKTeTOM II- !__,·e.-
1J0(;K8.JISlpHbiX M830HOB B OL\HO H'E'ITpHBr Jli!:VI:O'i'! npr.,.:r 7i3·_,.TJ€'BH8 6::>.r,;ae iUHpOK )iJ: ~-py:,l!bl 
M IIpaTOM TeM X<B CIIOC060M, l(f.IK P.' B - 'lY"~"·"'· - ~ 5LUeHHOJ:i M(JL18fJH ¢etJ\1":-5JHl ;-. ll"'Jt-~ 

c:::·eixT,e>,;-xhH:>, y'ITeM su~Ho B &OJIHC:J;K.>J:i 4~<;e:·":tt'i! ···,;armte-ra CaKaTa KpOMe ""yHuT~pHur--"' 

l-Hi,ll8J<.Ce. A,_ 1 ,2,3 eme o6hi'IHhiti: C!IIJI{')Bbl~ HH.o;eKC 6 =1.2 . npHXOAHM Torua K B~·-1-
HOBblM q:,yHKU.l!S!.M 'I'A ~ • 05pa:!yl0Wl M lli8CT'IiM9pHOe KOMDJ18KCI-l0e DpOCTpRHCTB -, <:: 
H0pM~fi ) 

(II;) /'fft,C t • 
PeX-CM0TpHM cneuwanbHyiO yHHTapHyiO rpynny SU, acex yimTapHhlX npeo6pa3·'::.~a--

HKft u S'J'Or~ WBC'HrMepHoro ::rpOCTfaHCTB81 y.o;OBJ18T80p5UOI1.U{X ycrrOBiUO yHV.M~;::;.yn;;;:-;:·-
HOCTH 

1Jetl) = 1 

K01'0pOe Mhl,. KfiK BCBrJ1.8, IIOJly'H!Mt lfCKJII0"18.11 rpa.n:HBHTHbl€! npe06p~30B8HWi!., rpyn_;-;y 

sv, IIP8.UlJ.0}KlfJ!'l: ri0pceA,. PaiiHKB:)( ;na~c B 1964 r~ 
Tl=<nep~ Me~OHHble BO!IHhle ¢yRKUHH 

QB,S 
ft,lf 



CO,O,€p»::61' ,QBB HH)KHHX HH,O,€KC6, C( OTeeTCTBJ'IOU.rR:e 'l!l.CTH~, H ,QE\8 B9pXHil.X lUill9Kt-t:, 

COOTB9TCTByl01UK9 8HTH'I8CT>:IU9, 

3aii:(Hl rpeo6paaJB8.HHH MB"'fl'lD 

Q ....... Q' 

(I ny,,~: 

• 
= UQU 

I{ DOTOMy yC1lOBH8 H€1IpHBO.aJ.fMOCTH HMeGT BIJ,ll! 

QJI,'! 
11,~ "o. ( 6,9) 

TaltHM o6pa.aoM11 Mbi nonyliaeM M&Tf RUb! c 35 HeaaeKcHMhiMH ::meMeHT8MR, Kp M"' ~ :::;-~ 
ro, HM89TOH 9Il(9 TpHBI-!8JihUO€ Ip9ll ~1'8l!.JI9HH9: 

36 IWMnoneH'I'HOe npe.acTaenenae rt: ynnbl SU( pacna,llaeTcs, crre,noeaTeni:>uo, Ha 
O,O:HO TpKBHB.libHoe npe.aCTBB.R:E!Hlf9 io! OtJ;HH· H9DpKBO,O:HMblft 35-nmn: 

6 •.€"' = ( 1) <-(35). 

'.Mo>KHO <pa3y 38.M9THT·h, 'JTO TpaJik'nbH09 Dp9,0CT8BJ19HH9 COOTB9TCTBy9T x·-
M930Hy, TBK. K8.K BOJ1HOB8H ¢yHKitKSJ •-

x:apBKT9pH3yeT s u 3 CHJI:I'li9T B COCTOSIHHU CO CIIHHOM J '-"=Q. 

3aAM9MCH T9nepb 35-nneTOM. 8:&1 ::t9JIHM B Q OiaraeMbl9 lO CDKHOM J =Q H 

1 ""1. KaK H e paHee paccMaTr.; flB8BWeMcs cny'iaa .r-pyllllbl S U• , HaltueM: 

(0)8 $ (0)8 s 
Q/l,; = Q[l gil J =o 
(t)B S <')a s Q; !I = Q~ i.: ) 

) 

CAO 

~ s 
j =0 

(S) s 
BnarOJJapg 3TOMy WOTHOW6HHJO Mbl Sf.UI!l:Mlj ':1'1"0 C.18f'89Mbl9 

( t) 8 s 
QJ!~ 

' 
TpHBK8JlloiiO)yllOBJI9TBOp.SlOT yCJIOBllln (6_,9) t H H/3 Hero He Bbl'I'6K86T liHK8KHX yCJIC>f:IV.:Ii ,, a 
Ha aoae-:~' Q A ,;. c:ooTeerc-rayrowKA wnyp He ol5gaaa paBHf!TbCSI Hymc. 

Hao6opoT0 ,a,ISI cnaraeMhtx. 
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(o) B S 

Q A-,~ 

I: 
(II) 

H T8KifM 05pa30M H3 ( 6,9) BblTexaeT 06b 1tHOe yCJ:IOBHe .ll11SI OKT8Ta; 

'"" co> A ·4..-Q =0. 
fA) A 

VI TBK, a 35-mreTe co.aep)KIITCSI OltT8T c f ""0 H HOHeT c 

KOTOpOrO MOX<eT Hax.O,llRTbCSI B Tpex CUH fOBbiX OOCTO.IlHHSIX. C 

""1, K8)K.lJ.bl'i H.3 

J' ~1. o, "1' 

( 3 5') = ( 8) ... ( 9 • 3). 

Q 
B nPe.nhi.UyiUeM naparpar_i)e Mbl CHC'rel\ 8TU30p0B8JIH M830Hbl1 UCXOLI,R H3 MOU8JIJ{ 

CaK8T!3., OCHOBAHHOJ:l Ha paCCMOTpeHHII Tp ~nneTa ( p 1 0. 1 ~ } • 

npGLICTBBHM Ce6e 1 <ITO BM8CTO TpH11;18l'd CaK8T8 Mbl paCCMOTpHM TprrnneT !'HIIOTe

TI.PI8C!UfX "!BGTHU, KOTOpbie OIISlTb 6y,ll8M :l603H8<t8Th 6yKB8Mkl p 0 n, 1 ;A . l.J:TO -

6bl He cnyTBTb I-IX C c}:m.:C'Ht'iOCKHMK UpOTOH::>M, HeJtTp':lHOM H 115lM6,o.a-nmepOH0:'\10 ycno-

BH"'-'fCSI oOo.-~ua"!aTb 9;11 ciJH:31fliecKHe •utcTr Uhl 6J."IhJ1.I!IM11 5:tJ•<~'lMH P , /J , .A 
npeaw>_,ro-,:-liVI 1 '-!Tu runoTeTtl'lec:xw:~ J> , n. , ).. TaK me, xax P , tJ, A 

06Jl8J.lB.KlT CIHUWM _:r =} /2 H <J:TO HX ltl B.HTOBbie ttHCJl8 6y.UyT: 

~ 

Q y - - -
I I1 

'to -p V· 
J 

1/2. 
1/2 

~.-f ~· 
- - -112-rt 

-
~.-:1 

- ~ . ·-
). 9-· -1 0 0 

B "Bo 

Ta 5nHua 5 

3B.M9THM 1 'ITO B HB.WeM paCCMO Tpemm ).1930HOB cj:IOpMBJlbHO HH"'TO He 
0
H3MeHHTCA, 

ecnH MM 3aMeHHM TpHllneT (J=! ~ A) TpunneroM ( P.1 n, ) ) . flpH aTOM 

'IUC.n:a ~0 • ~0 , Bo (ansr Tpnn.neTa C aKa'l·a nee OHH paBHbl e.aHHaue) MoryT 6b1Tb 

COBepweHJlO r:p011!3BOJlbHhiMH~- Jlei:!:CTBR'te1 bHO, .UliJl B.HTHTpHUJleTB. ( f> It,) l') 
aMeeM: 



' 

' - 38-

Q .y I IJ 

p -~. -~. -I /2 

] 1/2 

- - - - -
+l/2 n. -'}. ~ i - ~· - B=-B • - . 

0 - 0 ;A -~··1 
_,,, +i. 

( 

no9TOMJ', E>CjJH Mbl 6j.D;E!M pac:cMaTpiiB8.Th ME!30libl K8K CBii38H:Itble COCTOBHRB <ra-

CTUtlbl ( PJ n..) A ) ;.r aoT P"B.CTHUbl ( j5; n, :X) • TO '!Hen a <i-4) ' y. 
& Bbl'ITJ'TOB tl-He BOit,ayT l ~ OKOH'IBTE!JJhHhdi pE!3yJihT8.T LJ;JlSI 3H8'iE!HHtl BE!JIKI£KH 

Q. • y t B -="0 I CO_DTEE!TCTJ •YIOI.l.IKX M830li8M. 

3aMenrM erue, 'iTO a OT':rPnre OT I 3 , Ran:stromerocs HHciJHHHTE!3KlvHJ.JlbHblM onepa

TopoM .i."TJiil SUI., Mbl HE! OUj:leaenum 30p51J.l H I'Hllep3apH.a: KBK RH¢HHHTE!3HM8.JJhHbl8 

OnE<p8TOpbl I"pynnbl SU3 H 1 T8K CK838Th; BHOCKJJK HX B HBlliY CxeMy H3BH8. 

noTpe6yeM TE!ITE!ph, 'iT06bl Q H y SlB./ISinHCh KHcl;lHHHT83HM8JihHblMil onepaTOpBMJ.f 

.t;:nstSU3, Ho, KBK Mbl <:ITO, Bb!SlCfJHJHI paHee, :ecs.unr.a reaepaTOp X rpynnb! sv3 
LlOJl>K!fH yllOBllE!TBOpS!.Th }'CJJOBIHl 

VfHaqe ro:eop>~, cyMMa co6craeHHhlX 3HaqenKH oneparopa X .uon>Kua paBHflThCSl 

Hynro. CIU-r8.Ub!D8>I co6cTB€Hiibl8 HiaqeHl:lfl Q H y .UJifl f , fL • ) COCTOfi

Hidt HBWerO rHITOT8THqeCKOr'O TpKnneT8 0 iipHAeM K CO'JTHOWeHHfl!vl: 

OTKY.IJ:B 

Q 
2 =-

p 3 

3~.-' 
3 ~· -i 

= 01 ' 
=0 

' (/ =-!__ n. 3 

Y, - I p-3, y f =3 11-

, Q~ =- ~ 

' ~=-i· 
Tatn:!e <J:aCTHUbi anepablo 6biJIH BfB.oeHbl a TeopHro renn-MaHHOM H UaeJ:1roM H aa3-

B6Hbl KB8pKBMH. 

HeK()TOphl€ BBTOpbi H Teneph II m:nep.HO:!BalOTCSI rHOOT83bl 0 TOM 1 'ITO ace 6.Up0Hbl 1 

M8'=:10Hb! H 6aptrOHbl S!BJHIIQ'rCSI CBfi38HHbiMH COCI'Ofii:IIHIMH CHCT8Mbl K3~-.pK0B H 8HTI:I -

KBapKOB. 

Tart KBK :cmeKTPlf"if>CKHt:l: .al;ipfl.ll l rHI18p38pSill KBllPKOB HM8JOT npHB€.1l,eHHbl8 BhlW8 



Lipo6able 3HB'I9HHB ( xpaTable 1/3) 1 npocreftwag KB8pli:OB8.51 JI:OMIIO.::JKUIUI t'SapHOHOB 

P 1 tJ , ·A Tpe5yeT Tpex K~BPK' IB· Mbi MOrnH 6bl, Hanpi!Mep, paccMo TpeTI:. !!:OM

rro.:;~HuKH BH.lla: 

p = ppn, 
/II ,. pn.n., 

A=pn.."A, 

Y=t 
y =1. 

Y=O. 

Ho OapHOHHcdi 38PBLI pI N . A paseH ELIHHf.IUE. noaTOMy, ecnH Mhl rrpeLIJ-::OJI8.

raeM, 'ITO 8TH 1::£8CTHl{:bx RBJii:IIOTCH K~>MIT0.:3HU.Ho;rMii H:3 -rpex KB8PK08, MlJ: LIOJIJ«Hbl C'-tK

T8Th ,-'ITO OapHOHHblft 3apa:LI xeapxa pasea · 8 0:: Y3·. 
Ta,xHM o6paaoM1 6yLieM KMETb Cn ~LiylOI.UyiO Ta6JH!U.Y KB8HT08blX 'IKC8f.l LIJ'UI nmo -

T8TH'19CKOI"O TpHITJ19T8 KBapKO:a: 

Q y S=Y-B I rJ 
p 2/3 113 0· 112 .,. 
n.. -1/3 1/3 0 

h;2 
-1/2 

.A -113 
. 

-2/3 
. -1 . . 

0 0 B=t 
Ta6n. 6 

Aaanorn<J:HO LiltS 8HTHKBitPKOB rr:::my<J:HM: 

. 
"Q 

. 

s·Y-s 
. . . 

y I 13 

- -2/3 -1/3 0 -112 p 
- ' 

112 
n. 1/3 -1/3 0 1/2 . 
'5\ 1/3 

. . . 
213 1 0 0 

Ta6'l. 7 

K~K st:LifiO, :a TprmneTe eCTb aaoTQ li.Ptecxldt ~y6neT tt:aapxo:a c ay.Tiesofi CTpaa
H'JC'TDIO H CTp8HHbli!: KB8plt, HBJ1-Sl:l0ll.U:I~ CSI H30TOITR'I8CKKM CHHI"JI8TOM. 

nerKO jCMOTp8Tb 0 'ITO i{ ,14J19 xaapllOB H J.lliSI 8H1'HKB9.pKOB KMSETCH CJJC.tiylOlJ..l.a<! 

CB1'!3b M9)f{Jly Q 0 -y 

( 7 ,I) 
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TaK :K:BJt; AC:.e 3TH BOJIIPU!flbl B.llLll-'1'-fBHbl, '!:0 'l'R.ItOEi JK€ COOTHOUHH:!He ,U0ll2KHO BbrllOJI

HSITbCSI ,t:tn5l BC9X 8.,llpOHPBJ IIOCKOJlbf y Mhl C'!MT88M 1 'iTO 8Ap0Hhl COCTO>IT 1{3 pa3Jll.P-I -

HCIX lOM6KH8UHlt: K.StlpKOB H lHTllKB8p KOB, COOTHOlll8f.Ute- ( 7 11) -6bL'I0 B08pBh!e np8JJ.ll0 -

:a;:eHo H}(W~,U>KMM8. 1-I rer.[JJ-N\alliio'M Ha QCHOBe aa~Jmaa p88IUIUit co C'TpaUUblMJ.l: '{8C 

THUBMK. 

fJOJl'!Gpii.H8M, '!TO aecbMa He06bFHhlM. C:aotJ:cTSOM Ka8.piWB iitm!1eTCSI HX ,a:p06Hbdl 

:<!Jl€KTpf1'!8CKMit J.f 6apHOHHhlfi 38pSI.llo BBHJ:J:Y 9'1'01"0 KBB.pKR He MOI"yT p8Cil8..!l.8ThC.SI HB. 

06bl'!Hbi9 '18CTHUblr I! IIO Kp8"ftHr,.>lt: M8J,6 0 Q,t(HH COpT KB8pK:JB >IBJlSH"'l'Cg a6COJliOTHO CTa-

6'RilbHbl~. fJo:;noMy, ec.rm B npoueCC iJl CT0JIKHOB€Hl'lt\: 06biqHbiX 'l8CTHU, H:aiipHMep, B 

KOCMJ.l:'Je,~KHX Jly'lax:- XOTSI 6bl Ji C M8.10ti: aepOSITHOCTbJ0 0 06pa3y!OTCII K.63.pKH 0 TO OHH 

.Q()[I)ICHbl 6bl!hl H8K8liJ'IMB81'bCH H HB :;:H~MJ!e • .llo CHX 110p O,Ll,H6KO, KBBpKM He 6bUH{o6-

Hapy}i(8Hbl• B CBH3H t.; _8KCli8pHMeHT8MH H8 yCKOpHT8Jl51A CD3!IIMOCt. MHE'HH9, 'iTO, 8CJ1K 

KB8pKH_C_yWeCTByJOT B CB060LIHOM CD.:TO~HHH, TO H:X M8CC8 )l0JDKH8 6hiTb He M€'Hee 

- Bllev. 
BBH,Ilj' TClKOit CHTyaUHH 'l'em"'lph il:M4 !IOTC>! aBe OCHOBHble TO'i!<:"K 3p8Hl1H iS IH~>lpOCe 0 

KBEipKEtX. 

CorJTaCHO O,lJ;HOti lf3 Hl1X C'{ll1'8eTCS;, 'fTO XOTH KDBpKP. IIOK8 U He 0TKpb!Tbi0 OHH T8M 

He MeH88 pe8JJbHO CyWeCTByiOT 1 H 'ITO see 8,Up0flbl HBJTHIOTCH ~B9:38HHh!MH C0C:TOHHHH

MK C:HCTeMhl KBBpKOB H BHTHimajJI{OB, p 8CCM8TpKB88Mbie rpyllllhi npeo6p830B8HHJ::i o6yc

JJHBliHB8IOTC:H CHMM87pUeJ::t TBKKX CBSI 38HHhiX COCT05iiHHi1 1_ 11 BTH rpyiillbl "Hapylll8IQTC5il" 

H3-38 TOJ'O, qTo CHMM8TpHSI M8)K.0y mapKI:lMH p , (l 0 ~ He -HBJ1-H8TCSI TO>,!HOi!: -

npe.aflonaraercg, 'IT~ Macca ~ -nu: pKa 6on:Lwe Macrbl KBapKa(p; rt.) . KpoMe 

Taro, rpynna StT6 napywaeTCSI e1~e sCJteacTaHe aaaHCIIMOCTH sHepnnrcan3if oT 

CUHHB. 

8 no.axo.a&x .a,pyroro TlfflB C'fHTHIC r, .. 'fTO }niKBKt1X KBBpKOB HeT, K '!1'0 OCHOBHbiM 

.H8JT5l8TCSI llOHSITKe rpynnbl J.tJlH ee JilH eitHorO l:p8.tl_CT8BJI8HHSI, OTo6p8Th.BIOI.UHX K8KK8-TO 

BHyTpeHHI£8 CHMM9Tp!Hl a.llpOHOBo Sl"i! CHMM8TpHK HBJIH!O'l'CSJ: npll61'UDK8HHhlMH K tjJBK

TH'I8CKH HBpyi.UBIO'l'CSI "'yMepeHHO-CHl bHhJMI'l"" B38liMO.ae.ll:C'!.'BlH!Mfr. 3.a,eCb npe).lii':mard
eTCR, ~ITO l'8MHJlhTOHH8H CHCT8Mbl K8J: 5.bl pa36HB88TCH Hii ,llB8 q.neHa; 

H =H.+ H1 . 

B H 0 BKniO'-Iaro'J·~H "csepxcKnhHbie,.. B3BHMo.aeilcTBKSI, o5ycnarunfBarowHe 'u•.w l' 
paJibHyiO MBCCy,.. MYJih1'Hlllie'I8o 3TH C BGpXCKJlbHhi8 B38lfM0L(8.ll:CTBHSl CqHTBIOTC5il 

TOqao ImaaprraHTHbiMH no OTHOIUemuc K aaeaeHHOA rpynrre. B H1 BKJrroqaJOTCSl 

yMepeHHO CHJihHbie B38HM0.U8.ll:CTBHS., Hapywa·IOlllH8 TaKyiO KHB8pHBHTHOCTb K 01'Ba'r

CTBeRHbll' .3f.l p8CW8llJ18Hff8 MBCC BHyT )lJ MYJibTI1IIJ1E'T8. 

J..iHTepeCHO OTMeTffTb 0 "!TO liB p8.6(T8X, 8T0f'0 ITOJlXOll8 (ero M0)KH0 H83BB'J·b 

rpym10BbiM), 6Teeprarowero peanhHO e 'cywecTeoearme KBapK'~·e, II::>HHTHC KBBpKB., 

TeM H8 MeHee, LlOBO.llbHO qaCTO llCII0.'1!>3ye'rC5i. 

Bo3bMeM, B 'ECTHOCTl-1,- rpyrmySU
3

. Ee llHHeiiHbi8 npencTBBJI8HH5il p£>8i1W3yrorrg 

H8 T81130pax C pH.QOM B8~XH11X H HH:>KHI [X HH.O,eKCOB: 

) 

Ka}f>.ablri R.:J H9.uerwoe If, B, C 
na.a.eKCLJ .a.eite'TeyroT rrp€'o6pa3oeaHIHI 

of .11, 8, c 
npo6eraeT 3:~,er:b 8HaqeHlHI 1 ~2,3 . Ha HIOKHHe 

V H3 rpyrrHhi S 113 , a Ha aepxa11e - cooT-
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seTcrsyrowKe ccnpn>g81Hil>Ie rrpe06pfi;;OBaHM.fl U . B Talmx cny•wSix Hli<J:lo He npemn-
cTsyer HBM rosQpll:Tb, <J:TO qaCTHU<l (( HynBBb!M OapE:OHHbiM 3B.pa.o.oM) c BOJ1H013ol'!: 

c}JyHKUH8H QB "c:oCTOH'I_,. H3 KBfiJ.KB.I<I B.HTHKBBpKB.. B <J:'3Cl'HU8 (.; E>.QHHli'-IHbJM 

6ap11VHHbiM 381·5Ul,OM) C BOm-lOBOJ.i Q'JyHKUJ.i8~ TlUlB. tfl
1
B, C "COCTOh'I" M3 'I'pf'X 

ltBA!JKOBo flpK 9T0llf "lU:IB.pK., I{Jltf "aliT !KB8pK" pB.CCM8.TpMB-'i8TC5i ripOCT'J K8f{ yH<~:

TBpHbiJ:I: lfH.Uf'KC 1 COSI38l-lgblit C 0Hp8.Q8! 8HfihlM 38pH.QOM, f'Kll8p3t:.p~.Q0"1 H T.n. 

B c.-tyrfae PpynnbiS~ BMecro yaHTl pHoro lln.uf'KCa A CTBBHTCSI napa nH.aeKcos 

(A 1 t ), r.ue 6 - o6bi'IHh!i1 curmoshlt om.aeKC, T~·r.ua Hu1mo r~:BopHTh, Hanp11Mep, 
qTO 48CTIIUB <:: HyJH!BblM 6apumnu~I•.t 3<~pSI,a0M, X8PBKT8plf3y8M8H BCJJlHOBOti Q:ly:rr..u11-

eti THna: 
B, S 

Q fl, .-
"C')C'l'O!iT" 113 KB8pKa C H€KO'I'()pJ,)M CUl-HOM :1 8HT!fKB8pK8 C COOTBOTCTByiO;J--\r0:'-1. '--.:HE

HOM. 

TaKB:i! HHTeprrpeTBUlHl "Ha .H3hll{8 K13l.p!WB': II03BOJUHYI' C'pBBHI1T8.1bHQ HpOC'J'C) H Hb.

rJHI.[!H·) ronyqaTE. pe3ynhTaTbl, ltoTophH a cmcTo rpynnoaolt cxeMe HOTpe6oeH..'HI 6u 

JJ:JHi CBOE'f'O yCT'l.HOB.iJ8HIHI nOBCiJTbHO r >OM03nlWI'O M8T8M8Tifli8Cl{Of'0 8Dll8p8'1'8.. 

Kon:e9:JD 1 cJ:>opMy,--mpoBKa- "'COCT:Jif~ ~!3 KBBpKOB"- 3necb He lfMeeT O!Ipf•il"','t{--~H

HOI"O peaJJbHOrO 3H8'18HHP., KpOMe yKB3o;J:lHhl H8 38BHCI:IMO':"~Tb BOiiHOBblX rPyHKUYfft 

3l18M8HT8pHhlX 'illCT!itl OT TBKHX-TO HH,l8KCOB 0 HO H 3TO CyiUeCTB8HIW nJUI II'JC'Tp08-

HH>I IIpBB!f.'Ibll:Oil CHCT9M8THZUI. 

C ll.pyrotl: CTOpOH~?! H B peBJIHCTW-'!8( Itt)M ll0LIXOA8 0 llOCIWJThKY Mhl ae K8C88!'v1CH 

)lHH9.MHKH KBBpKCB 1 yTBBp)K.U•"!HfHI 0 '1'-~M, 'li'O H9KOTOphi9 M830lihl S!BJTKlO'I'C.H CB.>I3aa

HblMIT COCTOS!HH-HMII KtllipK!:l H liH111KB8pKa, HJIH 'iTO HBr;:OTOpbiA 6apHOHbl 5ll:HU1IOTCH 

Cm138HHhiMH t'OCTC.2"H3-HMH Tpex KB.E!pKCB, 8 C:SLUHOCTU, H8 ffllYT naJILlU9 OIMBOIIH-

qeCJ{OJ! 3BTil-fCH :SOJIHOBhlX tiJyHKUHJI B Bli ne Q .A HJIH t,J8I C • 

Boo6rue Ea.ao CKB3B'Ib, <JTO a o6onx nmax ID)lXC'.na K Haiqemuo cnMM(o•Tputt 8iJE-'

M6HTapHhiX 'UtCT!IU HMeercg :.mora rpyaHoCTel1:. HanprrMep,HeKO'IOpbie mntei1:HhH~ 
npe.nc'I BB.'Jemm p8BJI!I3YIOTCSI B npnpcin ~ ( T.e HM nefkTB!iTeJihHO COOTUeTCTflyiOT 

H86lllonBeMhie cfJH3H'18CKH8 '£CTHUhi)", l ,apyr11e H8T. 

Bee 3TU rpynHocra, no.aH,aliMOMy, .. f>Jue HPJIL3fl: ya•.mne-raopnTenLHO paapeWHTh 

H9. )lOCTI-lf"HyTOM lt HaCTOSIJUeMy :SpeME"i111 ypf~BHe Hb.•-U8i"S \l·)HMo.!BHl-ISI CBG~C'rB ::me-· 
Mei-JrapHI>IX "t.TBCTHU, H Mhl HX G,llE'Cl'- JJ:>f<:Kyn~pOBB.Tb 60Jiblli8 He 6yl18M, 

M<or BC8 )l(l'> C'iiTTa.eM, 'ITO mH}lTHe IH8pK8 AO CHX ll0p ewe HE' HC'Y:9piiP.i;(:, C3')PiJ. 

8BpUCTH'-l:8CKOfl CHJThl, H W)TOMy B HBl.U>!){ JI8KIHHIX Mbi 6yAE!:vlHCX\)J.lHTb 11:3 MO.Q8.:"I!I 

U:BBpJ>OB, }''-1HTblB8Sl, pa.3yMeeTC5I, B03M l}-JCHUCTb 060HX yiiCiMSiliyTbi.X ·roqeK 3pE'HHSI, 

CKa).{8M r:eJl<JiiC H8Gi{1)JTbKO CJIOB riO I onony CHCT8MBTlKH nCeB,ll0CK8:J'IltpHblX 

H Bf!KTOpHhL--;: M<='30HOB El MO.)l8,'ll4 KBBpK{ B. CoBepW8HHO HCHO~ '-{"!"0 BCE' CK838!Htci"e B 

npenhi.a,ymeM naparp&.¢e o M830Hax a Mo.uenrr CaKa'!a 6ea acmm:x naMeuernri!.,:w
TOMaTnqeclm, nep8H.JCI1TCH H H8 MOnen=. KBBpKOB, rlp11 9TOM H9 IIpli)lET~H )lll)i(8 

Me!U!Tb 0603H8'18Hl-HI, T.'lK KBK Teuepb y HaC 6yKI:fbl p, fl.J ). 0603HB'-l:A.IOT K88~Klf. 

fio3E.M9M MBCCDByJO KB8..'J:p8Til'-1HYIO Q:loj: My, upe_aCT88JISilOWyiO Cp8.QH8e 3H8,q8HH8 

KBanp« ra Maccht E OKTeTo (I-= 0) v. H )Here ( J :: i) Me3oaoa: 

:::1 • " "s a ( m:) = ffL;r '- QJI Q~ + 
(A-,8) "' 

~ .L {t.8(JI-.3) •ASCB-l)}{(~ a; ( 7 ,2) 

(A, B) 
E• J1If 6bi rpyniTB s u, 6hiJI8 TO'iJIOtJ:, Y"0 1llOCK:),'IhKy DKT8T II HOHeT BX'J.USIT Bon
HO HenpnaonaMOI~ np..::acTaaneHne $TOi! rpynnhl, see MacChi 6biJIH 6bi paBHbi. B 9TOM 

CJryqae 1. m. : m. 2. 
1 ' 

/::. = 0. 
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B .aeil:C'l'BIIT8.'lbHOCTH1 0)lHBK0 1 HI:.! HM88M paCI.U8H1l8HH8 M8CC 0 H B HBlU€11: !j)l.)p-
MyJle llJUI ( fYl.. £) np)fCyTCTByl< T ,!lBEl. f0ll8 H81IHD8pH8HTHhiX "!.118HOB. nepBb!J:t 

rn.~ L 
:r (.A, B) 

HBJ1fi8TC51 HHDapnBHTHbiM OTHOCHT8 lhHO s~ I HO 38BHCin OT T . Bb!p8)1<::8HIIt• )1(8 

A L {S(.II-3) + g(B-3)] Q: Q; 
(1\,B) ... 

He aaaucnT aT cnHHa, Ho HetmeapiHmTHbl no DTHoweumo x S U,a . 
B M€\CCDBYIO Lj'lQpMyJiy Td.Kii€ nliOITpB.SKH HB H81fl!B8p118HTHOCTh

6 
BXO,ll5IT 8..'l,lli1THBHO. 

AI.l.UI!TITDHOC1'b STHX llOITj)BBO"'Hb X ':IJ18JiOB MD>KHO 6blJ!'..l 6b! IIOH51Th K8K CJ18LICTBH8 

M8l10CTH yMepeHE:O CHllhHhiX B38i!MJAeitCTUHJ:t flO Cp8BH8HHKI C:O CB8pXCHJihHb!MV. H3B

HMO,D;f~11<'TOIHIMI11 6JJ8r'0.[(8pR <JeMy H ,QOnyCTHMO. IIpKM8H8UH8 Bll.UHTHBHOT'O D8pBOt'O 

npH5.1IHX<8HIHTo 

B p08/lHCTrl'i8CKOl1 M0.[(8JIH Keap::OB T8K08 IID.110).i<0HH8 MO)l{HQ H8!'JU!,llHO HHTepnpe

Tlf1'0B8Th cneayKHll.HM o0paaoM. 1 aK KaK Mace a KBapr{a fwf'{ otreHo nemm:a l;5BeV, 
TO npa 06p830BEIHW:H Me30Ha C M8C( :oti {Tt. B03HHK8eT O'-ieHh 50JihW Oil M8.CC-)l9[}:leKT 

= 2 M'tt ·· m. 

noaToMy yMepeHHO CIInbHhie B3ttln. oaetlcTaHs, o·:.-seTC'l'BeHHCit aa pacmerwe:nur Milcc 

trl.. , .QeftC'l'D!IT8J1hHQ M811hl 110 ( paBH8HfliO CO C'BepxCHJihHhiM B38f!MO,!l8aCTDA:eM, 

05yCJI8DjjHC3810W:HM TBKyiO ffiJI!f<lJIHY M8CC-)lecj:leKT8o 

3aMGT!iM T0!18ph, "'TO MftCC0BbJ8 ::O"JTH0ill8HHU 5biJIH: flOJJy'I8Hhl HBMH (: IIOMO U(biO 

pB.CCMOTp8HHfl Cp0.QH8l'O 3H8tt8HlH:! :ma.upllTa MaCChi B OKT8Te H HOHeTe, Ha 0CHOB8 

npe,a:uono;.:wHHSI o ~oM, •rTO aem1 •m -I a( rrt 2.) rrpe.ucTanmreTCSi Q::>opMon Bli.o;a ( 6,2). 

Bo3a:uKaeT ,O.QHf\I{O,'-iOnpoc ,noqeMy i811h3Si paccKdt~TplleaTh rpe.anee aHa'leHae ( i7i) 
C£lMOii: MaCCbJ H I1pHpBBIHITh E!T'O tPo )M€ TUl18 ( 6,2). 

Ha sTOT norrpoc .aononhHCJ TpynHo OTBE!THTh,.Hcxong a.::J o6ru11x nono>KE'HHil~ Mo*

HO, KO!i8'Ili0 1 CK838ih, ttTO M830Hhl B peJII171IB!ICTCKOii TeOpHa OIIHCbi:a8!QTCH BC\?I".tl!3. 

ypetnH8Hil>t:v:IH BTOpOT'O IIOPSi.tlK8 1 B RJTOpbi€ M8CC8 &OAHT KB8.,ttp8Tli'iH0 1 D OTJIH'-I<I8 Q'T' 

6apiiOH0;3_. LVHJ KO'I'OpbiX llMBOM ypa.meHHH rrepsorO IIOpH,tli{8 0 CO,aep>KdlUH9 Macey , 

JIIIH8fl:HO. 

3TO 1-t.'Ill IIO,QQ()HDJ:e p8CCy4C.Q8IUISI l-I8Jih3SI,O'i8BHLIH0 1 rrpH3fU1Tb JJ.OCT870'ilf0 y6eJJ.i-J:

T€11hHhiMH. 05paTfi:MCSJ IlOSTOMy K ql8DH61HHO 'IKCJI8HliLlX .tl8HHbiX C: 8KCII9pKM8IlT8Jib

Hbll4ii peaynhT8T8MK. 

rJyCTb MDI DMCCTO ( fn.2. ) pacCiv BTpHBaAM (hi) li npapaBHHB88M ee ¢-opMe THII8 

(6,2). Tor,aa Mhi IIOJiyttl1M COOTHOI.L8HHH 1 01'1llfl18IOW118CSI OT IIpHB2.Q8HHhl.ll. paHee B 

npe,UbillyWeM !18pllrpatPe TOJ!bKO TEM 1 'ITO BM8CTD KB8,UpaTOB t,UlCC B HRX 5ynyT 

DXO,lllf'T'h Cal4lf M8CCbi. HarrpMM8p 0 EMBCTO ctJOpMyJIDI remr-MaHaa-0Ky6o H8fi)leM: 

rn."l - m. ]T' = t ( m.l< - m. Jl') . 
CorJtaCH8 C SKCII8}JlfM8f!T0M CT8H8T M8H88 Y.ll0B,'J:8TBOp11T811hHhiM: 

tn.~ - m. _,. = 41.0 /'leV. 



' " 

-43-

llJHI 0KT8T8 tJ. = rn.. - trc = 358 MeV K Jr 
n:mr IiDHe1·a t:. = mK .. -,n r ~ i:.> t; /'leV. 
noaTOMy, ecmr Mbl XOTHM IH~HOJib.30g8Tb MBCCOByKl c}:IOpMy C O£lHIIM H :reM }!(f' 31Ul'IP·

HH8M .a llJISl 0KT8Td f1 HO:i8T8 0 ll,<:!m•C006pa3HO KM8Tb n;e 110 C' lillB;::J;p3.T'BM.!1 NlaCC. 

ni060llblTJIO OT:..r,;,TJJ'I'ho ttTO ;:J.n'il CI.MOI"O HOHSTB JIKH9ihibi8 MBCCOBbl€' (:0::01:H'::•ille}JVISI 

m..K.,. - mf = rn. {' ·· m.l< ... 
0lW3WBBIOTCH n;a)K~ 8unee TO'iHblMH 'ISM KB8.tLpBTIPiHhl8; 

z ' - m., .. = 0,24(BeV). 

TeopeTH'ISCKoro o6'bs:~caemnr sroro :)MnHpH'ISCIWl'O c}:lattTa mKa He HMeeTG>L 

3ati:MeM.::.H Tenepo HeCKo.JbKO cj.;opn'lnbHOA: aan;aqeJ:i o npe.o;cra;me:Hnl ·Ha~eTa neK

Topm.Ix. M930H0B B BML1.H <::ynepii03t1Ud"K COOTBSTCTByJOll.l;lfX 0KT9T8 H CIU>I"JleTa, T:pa 
9TOM Jl0CT8TO'JH0 0 0'1€lBUllllO, pacCM:>Tp8Tb HBHO TOJihltO .Uif8:t'OHBJihHbl8 31l8M9ltT.bi 

M8Tpi"Ubi Q/ uugera, T-& H9.QJl:arOIIEI.JlbHbJO 3JIQMeHTht He BJIH~HOT HB 3H8Y9Hife.spQ. 

N"f:l I'pHUy Q: H0HBT8 MLI upe.nCTCl.BHl f B BI1Lt9 cyMMhl OKTQTHOiJ. ~MBTJ§.KUhl C HyneB!.lM 

wnypoM H CHHrneTHOA MBTpHUhi, npcnopu~waa.nbaol!:, O'lenu.a.Ho, ST : 
" 

y• (,) 

\ -+ 
ff ' ... 

V2' 
.P" w 

~) --+-· , -... , V2'Vz -
. . . . . 

.r• .. ..b.. , . . . .. f. 0 0 ff « ?!' J' 0 f f. ... - -+ ...!.l.' .. . + 0, 0 ' VZVG' - ' ItS a ~-·ffft 0, 0, ... I • • ' 
Cpa&HIIBB.fl COOT&eTCT&yJOLUHe 3.1leMe -!TbJ M8TpHU a npa&Ofi H JlQBOil '18CT.f!X 1 Mi>l .EH,Cl.HM, 

"tJTO c.J H tp M930Hbl f5y.z:tyT IUHieli:IlhiMH KOM6HH8IIIHJMH f
8 

(BOChMOrO 'fJlQH8 OKTe-

Ta) K caa:r·neTa f. 
w ..i.!.._ f. - "' --v-'3 'ff vr; 

</>= 
2 f, HnH 

--f -v:r V6t 
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w = ff f.+ If f8 = 1.c.»e <-f ~n.e] 

¢ = Vf fo - ff f8 = f, s<.n.e - f: cos e 

Ch:1 !_popMyJihi tuuor opTo~~oHB.lbHCe apeo6pa30BBHI·Hc:! Jiecytu:t-C'J·Byroruux rHnoTe'Iv.

'-leCKHx '18CTHI1 fo 11 fs fl H8iilH W H tP 0 1' 08. aeiiCTllllT8JibHO G4) H '/> 
Me00}!bJ MO)!CHO rtp8LlCT8BI1Tb B BH,[,e CMBCK CliHJ'JI8THblX H 0KT<2THblX COCTOs:!Htdl: B 

HeKoropott nponapuruL 
f]orrpa6yeM, H:CHOUio3y'il f!OlHJTUS CMCCU COCTOSilHiti 0 ylly'IlliHTb H8W8 npe,acTaa

JI8HH8 ll;;'UI HOHHTa 68KTOpHblX M83 >HOB. Kor.o;i:t Mbl 38fHl:CblBaJIH M8TpUUy Q a 
.L\llK noHeTa neKTDpHwx M830HD.B, Hbl c•mranu, 'ITO A 

-m.' - J' 
H rcaK CJJ•~acrsae aToro, Dbl6npanll cne,a;yrowee rrpencTa.B.rlEIHue ;:um 
HB H J 

p= 
pp - ,_,_ 

f2' ' 

2 
= o_,613(8eV.', 

c.J= 

m2 ~o S8S(BeV) 2 

f ' ' 

W -Meao·--· 

T.e. 
JIHTb" 

xoT\l H HeMI-wro, HO Tl'.>Ke.rree .f -Me3oHa. Dna Toro, 'IT06bl "yTH}I<e

-Me3'11r, HCl.UO It KOM6 HIB.UHI-f j_ (pfi <1-'n./i.) ..ao6BB!l'l'b HeKO'l'Opyro opH-

1'2 -
, T.e. 6o11·"'e T>lA<E'.'lhlX A -KBapxoa H :A - aH'l'HKBBpKOB. 

B M11C::COBylO cjmpMy:q n.rm HOH8 r-a B8KTOpHbiX M830H0B H8.ll0 l'sBE'CTK llOI1p8DO'IHb18 

<IJI8Hhl 1 KOTOpbiE' If ,[l')Jl:fKHbl 6yJiyT upnBeCTH K HCKOMOMy paCLU8I1J18HHlO MBCC c.iJ 
H ,f Me3'.)HC:::B. 06p8THMC}J I> H8L'I8fr ctapoli: M8CCOBOfi cj:lDpMyne ,tVI51 H0H8T8 DHR-

TOpHbiX M830HOB (J "'1) 

m' L 1 
0\8) 

" .,_ 11 L [S(A-3) •S(s-3)j QA
8 Q! . 

(A, 8) 
Ka1~ Mhl y.tKe YK'13b!Bil.TIH paHP-2., IH ;?Bhifr 'l.l8H !1HB8p118HTHH OTHOCHT8.iJbHO npeo6p83W

L18Hllil rpy•HJLISUJ, DTOpOt:i- HeT. 11ME>IO"''CS! .TIH I-'Ll(€! KD•u.paTioJ'IHbie t:iJopMbl 113 Lj:lyl:lK

uufi Q: , J(0TJphl0 ae caon;-ww:--b • ibi I\ HatueMy uep.BoMy qneHy, HO TBKJoKe 6blJit1 HE! -

naplH1HTfihJ .l,J ·.:>THO'neJH!Io K rpynn3 SlJll H KOTOpbie MO:»mo .uot5aeaTb K Haweil: Mac

cosol1 ciJopMyne ? Bc:nOMHlrM, 'ITQ Sp Q HHBBpli8HT8H OTHOC!ITeJibl:lO yHH'r8pHbiX npe-

06pa30B8HMJ1 rpyrrnbi St's , II rro81 oMy K Mflccoeol1 ¢opMy.-re MO)I<HO .ao6aeHTb 'UIE'H 

BV::tal(L s.: )(I: Q:4 ). Tor,:(a MfiCC0089: cj)opMyna np.HHHMaeT BH.ll (.nnst HOHeTa) 
!A) (A) '"'>'\ 

m! L Q "Q~ <-1!"2: {~(fi-e) •S(B-3)}Q:Q: ·I?_ I: a: L Q: . 
1 (f\B) ~ (fl. B) Cf!) (It) 
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3UM8T!!M 1 "'TO ,!lJIH 0Jc;T8T8. IIC8Bll0Cl{aJ SpH!:>lX M930H08 ( r =Q) Sp Q S 0 
't/l8H 3bll1a.Q88T H3 MEICCO:SO:It Lj:IOpMyJih, HOB CJJy'IB8 HOH8T8 B8Jc;TDpHblX M8-ZIOH0B(j=f) 

y;W2 Sp Q :/:. 0 R 3T~)T 'L!8H l!El8T 8li:Jl8..:J: 1 IIpH"'~M DlHIHeT TOJlbKO HB qaCTHUhl1 C'TOH

H!l18 Hfl. r.HlBH'Jti lll1Hroua.rm, PaccMOTJ•8Hl18M STHX 'IBCT!iU Mbi H aali:MeMCst. Tenepb 
M.::,I LJ;';JJ){(Hhl r:-'l:P.'':!:tLS, 'iT~ KOM6HH8UIH 

pp + nJi. _ 
ff -W, 

He COBITft.UB!OT T:::q.H:; C HBUTHMH GJ ll 9 
T811b!1:bl1t HH)::,eKC HOJH:.. CMBW>IB85JGJ

0
a 

8J<':;JIS·p;:r-.,:eHT11!lbHO HB6JIIO,!l8E'Mhl8 (A) >I 

M<;>3:JH8Mif, liOSITOMy Mbl II EIOD.llHM .UOflOJIHK

J. fl ti8tWTOpoH: nponopUHH 1 Mhl liOCTpO!iM ro > 
rp M830Hbl H IIOIIY"'KM Bblpa>KeHIHl Jl115l f1Lc.) 

8 < . 
I{ fTl~ . Hac lfHTepecyJOT TOilbKO tll!ftT OHBilhHbiB \.{ll8Hhl MBTpHUbl Q A 

p• ,. 
-+- > • • • > • • • 
V2 'f2 

p• "'· ... • , --··-) 
fif2 

• • • , ¢ • 

I 7,3) 

T.e. Mhl 

:SHlly! 

flDnyttaeM He.nnaroaaJ:thHyiO KBt r..tpaTH'fRyiO cf:JopMy, n HaM HB.llO npnoecnf ee K 

KaK 1!3BeCTHO, c rroMD!l_(bJO OpTOroHa. rhHOI~o npeo6pa3oDBHIUl: KBBllp8TH<J:HyJO ¢opMy 

(7.3) MOA<HO npimecTH K H<CKCJMOMy ;J:J.ol>t1'0Ha:rnaoMy BJ.:!llY· CeKymxpHoe ypaaHeHHe JJ,JHJ. 

' 2 2 1 
1manpaTa Macchi 1TL =m"',f71..,l.BbmHwr M ~paay (xopoi.Uo wmecTHo, KBlt oao nony..-a-
ATCSI) 'f" 

... 2./.. a 
m, 

' 
2. z 

K~K S6bJ"'HO;· Mhl nono.m:HM . mt ~ m J I 
mHiyttaelyl KAaaparaoe ypaaaet-me ,tJ}HI X 

( 
'1. z 

Yno5Ho .saecTH X =rn. -rn1 .Tor.aa 
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~ 

KOpeHb ~ y.ueT: x2 ::Z. ff'L; -m' 1' H M8HbllH£il K0p8Hb; 

• no TeOpeMe BK8"8 lf3 UIKOJlbHOI'O Kypca a.nre6phi HM88M: 

, HilXO,UHM 

TBKlfM o6pa30M Mbi rrony<raeM -c}JopM;·ny illBJ-rHrepa .[{JlSI HOHG'l'8 B8KT0pHhlX M830HOB. 

flo.a_CT8HOBKy <n-!Ci18HHblX 3118<r8HHI1 tl rrponep'Ky 9TOit c}JopMyJihl Mbl rrpe,qOCT8Bll.H8M 

ql{T8T8J1IO- Cl)J'llBCHe .QOll)KHO 6bJTh f,[IOBJI8TBOpHT8llhliOe.'Ecmr q:m peri.J:8HHH CE!Ky-· 

JI5IpHOrO yp8BH8H!Hl IT0Jl0)10-!Th . fL "'), TO Mbl, HDH8'-IHO, a'epH8MC51 K HBUIHM crapbiM 

MBCCOBbiM c}JOpMyJ18M !J.J!SI HOH8Ta B€KTOpHhlx. M830HDB. npM 9TOM HBLID 38M8Tif'fl,, 

'{TO 9CnH: orp8HH'-IHB8ThCSJ paCCMOTp( Hlf8M TOJtbKO HOH€'T8 B8KT0pHbiX M830iWB, TO' 

neT oco6oA Heb6Xo.UKMOCTi-f a c}JopMyrte lllsrmrepa, 'r.K. craphre -c}JopMyJthi 6blnH anon

He y.aosnersOplnenhHhi, O.nHaKo Ml r tip!-IBeJur 3.neC& ~e ·BbiBD.Q, T.K. c}JopMyna Wslf~
repa 6y.neT Hy}Kna anocnencrmm rrpri paccMoTpemm BhiCUilfX Me~OliHh.IX pe3oHaH~"B. 

Oepe~.QeM B .3BKJI)O'fEHrJJe K mcrpcenrrro HHc}:lluiH'IeaRManbHbD; 0rreparopoa anSJ rpyn

IIbl su3 '.t:(.TUl 'Iero BB8):18M H8X:OTOpbie Marp-lfUbl A~ ( o( = ~ 21 ~~' ".l8)~ ..HBJTSJJOWH8-

C51 ec-rec-rael;!HhiM o6o6Ul~Hii8M M8TP~ll 'Lo(. ( IX='t2J 3) , paccMa'IpHBalUlll-lXC.:.l' B 

CB513H (' rpyrrn:;.A SU2 . 
By .a. eM 1icxo.nliiTb Ii3.H3B8CTHoro t. 8TPI-I'l:Horo rrpe.ttcraaneHH.H arm OKT8T'>. 

a n ycTb Mbl HM88M HBKOTOpyiO M8TJ HUy Q A c HyneBbiM urrrypoM. TCJ.r- D.-9., BbliiHCb!BB.H 

.HBHO 'iUC,'lOBblP KOtilciJc}JrruneHTbl npoeJ UHf! HB "'M830lfHbl8 COCTOfiHI-I.H 11 

0 HBfi.QeM: 

cJT• c.., 
'{f + V6 ' ClT- > ciC 

c,r• 
c, ... ~ 

' 
¥2:+'16, C;<o 

• 

'~+ 
2 

_CK• --c 
' ' 1'6 ~ 

" CJr+ =C Jr-; " c1 =c"l. 

BM8CTO KOMflll8KCHbiX 'ilfC8Jl C Mhl \110)1{8M BB8CTH .t:(JISJ rrp8DCT8BJI8HK.H M8TpKU pac

' M.YTpl-!BaeMOiO Trrrra B8W8CTB8HHbi!2 '-IHCJ18. flonOlliHM~ 

' 
rae g - aewecraeHHble qucna. Tor; La 
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3aM9'1851 aanee 1 'ITO ~' C'>l SlBnlilJTCB seurec-reeHHblMI! 'HfCJIBM!f, TIOJIO~KKM: 

TBKIIM o6paGOM, y6e)I{Jl89MCSi 0 'ITO ECHKB>I 3pMHTOBCK8.SI M8Tp11U8 Tpe'rbero nopSHJ;K8 <' 

Hyl!9Bb!M WU")qJOM MO>K€T 5biTb llp6/J.':T8BJl€H8 B BJ.f)l9: 

i & + .is_ 
31'3 g, - ig2 ' C.- its 

\. 

e \ 17.41 

t, ~ i&a -c +..::t 3 V3) e.- i8, 

C~·i$s, .t. • i.£1 ,. -~C8 
C B9l.U6CTB9HHb!MH tti, ( o( ;: ~ 2 J 4 , ;_, 8) , 

no.o:<:~epKH9M, 'ITO Mbl pacCMBTpfiBC eM cejiqac npoli3B0llhHhle SlpMMTODCKH8 M8TpHUbl 

TpeThero ll0pSILIK8 C HyJ19Bb!M llinypOI~ C0B8pUJ9HHO H938BI1CUMO 01' HX lUITep1IpeTaUIH1 KBK 

b0JIH0BhiX cilyHKUHlt Me30HHOI'O 0KT9Tli. f1o::lTOMY COOTlleTCTByiOlUHe M8TpJ.PIHhie 3JI6M8HThl· 

6yn:eM o6oGHaqaTh H Q: , QA,B- K.SK HAM \'5y.oeT yi'OllHO. PacKphiBBS! /7.4/, HaJ!,QeM: 

8 

Q ..,..... ' ... 17.51 = ~ o,, "<>( > 
ol. = 1 

rne MaTp11Ithi /1. o( HMetar cnellyiOLUliil: Blfll; 

(0 1 0) 
)., = 1 0 0 ; 

0 0 0 
(

? - i. 0) 
" 0 0 . 

' 0 0 0 
(100) 1(100) 

}.3 = o ·1 o ; t- 8 =v:r o 1 o ; 
0 0 0 0 0-2 

(
0 01) 

A~= o o o · 
-1 0 0 ) (

0 0 -~\ 
"• = 0 0 ; ) ' 

i o o/, (

0 0 0) >-.= OOi; 
0 t 0 

3aMeTHM, 'ITO :;ITH M8.TPHOhl Aot eeCb!'v a npocTO Bbrpalic3.ro: _ 5I <rE'p'-"3 8 MBTp1w: 

(7, 6) 

KOT0pLF~ Mhl BB8J1H B npeawnyweM riB parpa<j:Je )l!JSl llp8AC'f'OBJI8Hlf5I BOJHIOBblX l}JyHKUHfi 

JT, K , ~ M830HOB. YIMeeM, .aeH:::TBHTenbHO; 

?>1 = JfT +]T"-' ~~. = L(Jr .. -Jr-), ;., =Iff' ;r•, 
"" =K'"+ K-, /15 =i(/1•-K-), 
');6=K'+K.•, /11= i.(K•-i<•), 

/7.7 I 
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flO!l'IE'pKHEM, 'iTO T8nepb, B OTJIK'IK9 OT paaee npH!UITblX 0003H6'18Htdi, CHMBO.'I M830HB. 

r-,pe.acTBBJUIST H8 <JHCJIOBOJl K09¢cjJKUii9H1 ITp08B:UHK Ha COOTB8TCTByJOLU88 M830HH08 COC TC"· 

SiiiH€, a M8TpHUy, IIp9.0:CT8BJHUOlUyJO C8M'I STO COCTOSlHI{E, HaiipHM8p, 3.[18Cb: 

T 8K K6K M8TpHUbl /7.6/ Dllp9LJ;81JfJIOT CHC reMy HO BOCbMft OpTOHOpMlipOBBHHhiX ¢yHKI.IV.:J1 

,aayx KH.tt9KCOB A,B 0 TO '!3 /7.7/ H8Tp:•.aHO llOJly'IHTbt 'ITO TBK .>1(8 1 KBK H .UMI t' MB.'r-

pHU 1 

5p Ao( ,.) = 2 s ... ) . 
Bee.aeM eme MB.Tpi{Uy j1 11 , nporropurwH.tJihB.y!O eaHHHqHDft MB.Tpuue: 

C K08c!Jc1mU119HTOM, llO.U06paHHbiM tl.JISl HO JMHpOBKH: 

Sp >.! " 2. 
Torn a uCHO, 'ITO COOTHOUJGHHil /7.8/ Bep ib!-D.JISI BC9X d..)J = 0,1,2, ••• 8. 
QqeaH,tlHO T8K)IC8 0 'iTO ace ~o( apMHTOiibl: 

rt .. B! 

:x:.. = /. .... 
3aMeTI1M, )l8JIG8 0 'ITO 'faK KBK BC.slKB.H lftlTplHlB p C H8HyJ18BhiM WOypoM npe.QCT8B

Jl518TCSJ cyMMOti M81'pUUhl 0 nponOpUHOHW1UiDJi 8.[(1-fHH'lHDR M8Tpll:U8 0 H MBTpHUbl C HyJI8BbiM 

woypOMr TO BC~IKyK'I apMUTOBCKYIO M8'JPIH.y 3-ro OOpSliJ.K8 MO}!{HO 38Ul{C8Th B BM/.!E'; 

e 
p = 2: K ... ;,'" 

ot•O 

/7.9/ 

c aew:ecTaeHHbJMU 'IHCii8MH gd . Ttuwe >Ke QbipaJKeuMe /7.9/ MOJKHO HanucaTb n .o;JI>I 

rip0l13BOJ!hHOJ.:i M8TpUUbl 3-J'O OOpSJ.UK8 1 TC JlhKO y)f{e C KOMiiJi8KCHbiMl1 1HICJI8Mif got 
B caoe npeM£ Mbi yxa3anlf, 'ITO MaTplu hi 't'o~, (at. "" 1.2,3) coaMeCTHO c e.aiUilf'IHDil 

MaTprrueJ:!: 

( 
f 0 \ r, = o1) 

o6paGyJOT anre5py. 00K8)!CHM, "tfTO T8K08 yTB8p)K.[(8fJH8 cnpBBGL(!IHBO !i A.IHI MBTpHU 

>..., ( o\ < 0,1,2, ... 8). 
PacCMDTpHM rrpe>K,ae BCGT'O KOMMyTBT!tp LlByX T810!X M8TplfU 

)I"' ".!' - ). p /1 <>: 
u 3aMeTlfM, 'iTO ero wnyp paaeH Hynro, fl('CKDJJI:oKy acer.aa 

Sp(003) = Sp(ifO<). 

KpoMe Toro, BTOT KOMMyTaTop paaeH np{ nGae.aeHMIO MHH:MDfi e.aMHHUbl L 11 spMI:IToa

rxoJ.:i M8TPRUbl 1 TBK KBK CaM DH 0611a.aaeT C.BOtiCTBOM 8HTH9pMHTOBCICTI-I: 

=-



' I 

-49-

flo&TOMy, H8. OCHOBa.HKK /1,5/, p$CCM8T:J'IHB88M:Wit xeMMyTBTOp 

Cy-MMbl JIKH9ltHbiX KOM6HH8U.KH M8TpKU :• r,' 
""' "l< fl - ). .Jl "A" = i. tJ ",.fo, ll' 1. r 

C B8W9CTB8HHbiMI'l KOSt}:xfrHQJ.f8HT8MH foJ..Jl)t · 
PaccMOTpHM Tenepb 8.HTHKOMMyTaTo~ Aot)..).., )!) ). 0( 

Wnyp STolt MBTPHUhl y}l{e He paneH Hyn:.o. Ho Mbi eocnonh3yeMCSI cj:lopMynoi\ 17.9/. TaKMM 

o6p830M H 8HTHiOMMyTaT0p Mhl acer,na MO)I<8.M npe).JCTI:l.BKTb B BfL{e cynepna3HU.li;i{ MlilTPKU 

Ao( ( d.· o,1.,2, ... s>, 
8 

"" ).oft "~ \, -~'fa d.,,J, r At' 
npH'I8M BCJI8.QCTB!fe TOT'O, 'ITO 8HTKKOMMyT8TOp 9pMHTOBblX M8TpUU S6JUi9TCst T8K.llie .9pMH-

TOBOl! M8TpHuell:, RO&!.jl¢HUK8HTbl cL.d._,.fJ, ¥ 6ypyT S81U8CTB8HHhiM!f •ntCJIBMH.T8KHM oi)pa30M, 

ni06oA nonHHOM, cocTasnenHhlll: H3 MaTp<ru Aot , MO.>KHO npHBeCTH K mmei!:Hol! KOM611:Ha

UHM M8TpHn ').0 , ).t• )t2. ... ,, ,) ). ) H T~M CaMbiM MBTPHUhl (Ao. ). 11 ._,,) A8 ) 
o!5pa3ytoT anre6py. .1 

8biSICHifM Tenepb xapaKTep Clo:IMM8T:lKH KOSiqxfmUH&HTOB fot,)i,1!'Hd.ol.,~tno OTHOW9HHIO K 

nepecTBHOBK8M HHL19KCOB H llOKB>KeM, "lTO tflYHKllH51SoJ.,.~~t- 8HT!fCiiMM8TpH"1Ha, a r;pyHKU\o\B 

cl.o{,.fo_(- CHMM9TpH'lJi8• .D.ng :;nora Ml:l BOCU0Jlb3y8MC51 cneD.y!OWQJ:I: B8CbM8 DpOCTOll 

Jl9MMOil:, 

DeMMa. 

"nycTh P[;,a)c !"" <f:JyHKUHSI Tpex HHD;eKcoa A, B, C, rae Ka:m.z:u:.Ill: HHD;9KC MO)KeT npH

HHMaTh 3H8'19HKSI 1,2, •.. f'L, OIMM9Tf•U'lHB.SI (H:HI 0 C00TB9TCTB8HH0 0 FfAJS}C - 8:HTHCHM

l\.,19TpH>:{HBH) no nepBhlM .UBYM HHL18KC8M. 

Toraa yTsep)K.aaeTcR, 'ITO ¢yi;i:.KUHH 

F: +F: F. {.11,8}C [B,C}A +_ {C,Aj8 

~JI,B]C + 'fs,cJA + F~c,AJB 
.U0.'DKH8 t5htTb 8HTHCHMM9TpH'lHOft) no Br:eM Tp9M HHLJ:9KC8M". 

Mhi .UOK8}1{9M 9Ty neMMy am1 cny•utSJ, CMMMeTpHLIH~Ix cf:iyHKUHit, .a.oKa3aT9!IhCTBO nm< 
8HTf!CHMM9TpH'IHOro cny'l851 COB9pWeHH': 8H8.JTOrHLIHO H rrpe)lOCT8BJlH9TCfl qf1T8T91UO. ,0 0IO:,J··· 

38T9JlbCTBO AOBO!lhHO TpHBHBJlhllO- npOil3B9,ll9M, H8.Tip11Mep, 38.M9Hy 8 ....... C , 
Tor.ua 

G JI,C,B =- [tA,C}B 

- ~C,JijB 

+ rc,BIA + {ta,Jl]C 

+ Ffs,c}Jl + F[JI,B}c 

" 

=G.IIBC · 
' ' 

A H8J10f'I.P:IHO 

YMHQ)I(KM 

paccMaTpKBaroTcll nepecTaHOBKH A~c 
' 
B-A . /IeMMif .aoKa3aHa. 

8 

= L L f >( • v' ). ~~ 
~I =J. J,rJ Q 
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cnpaea Ha A( a eo3bMeM umyp. TaK xaJc Sp(At At)=2S'~X' . TO 

tSp('Ao1:AJl'Ar -).)).o1J.t)•~f",J.6 = ~fco1,JJ~ 
ecTh <}JyHKUHH BHTHCHMMeTpiPJHB>I no rrepBblM .ueyx HH.aeKCBM. Ho no,o; 3H8KOM Sp a ne
eui-i 'IBGTII Mbl M0){(8M nepeCTBBJIRTh MB"pHUhl llO Kpyf'OSO>'I: !l0LtCT8HOBK8 1 He H3M8HSHI npH 

3TOM 3tiA'I8HH~l rnnypa. floBTOMy, O'iEBifllHO: 

H, CJI8.QOB8T0JihHO, B r HJ!y JIPMMbl, <}JyHKJHH 

8HTHCUMM8TpH'fH8. ll0 BC8M TpeM HH.U8KC8M, T.e. I1pH ll8p8CT8HOBK8 JII06blX JlByx HH,Il,E'KO::OB 

oHa MeHSH'T GHaK. AHB.'lOI'H"fHO paCCMOTJ: HM tj:lyHKilHlO cJ.. :1 • YMHO.N<HM . . . ~.r 
8 

Ao(/IJ'-1-).A).o( = L. "'-~,••' At 
J t=o :..r•o 

cnpaaa Ha A r H B03bM€M umyp. Tax KlK Sp(AK "X~.t) = 2 s K~i . TO 

eCTh cflyHKUiHJ C!iMMGTfJWJ:HB!Tl IIO U8pBbl!V ,aByM J.fH,UeKCAM. f"lepeCTADJUHI UHKJIU'ieCKH .MBT

pHUbl 11:)£l 3H8KOM Sp , Mbl IIOJlyt.J:aeM, <iTO 

8CTh ciJyHKUHSI, CHMM8TpH'lH851 IJO BCPM TpPM HH,lJ;8KC8M, 

TaKnM o6pa30M, Mhl HMe~M nonuocThiO ltHTHCHMMeTpH'iHhlii: TeHG~'P fc<~p. (! 

CHMM8TpH'lHblJl: T8H38p cl....l , Vfx HBHblil: 811):1 MO)I:CHO. HaJl:Tif B JII1T8p8Type H 
-.,fo, t 

H IIOJIHOCTb:FO 

H8TpyJlH0 m-

~Y'llHI;> caMoMy, HanpMMep, c ITOMOLUbiO npeacTasneHif51 /7.7 I. 
PaccMOTplfM Tenepb npeo6pa30B8HIHI ~pynnbi 5 V 3 

.p =( .Y!l) • 
KaK ]l,~bl y.l'!ce orMe<J:aJn.-, o6mA.>I cpopMa T >Kifx 1} 6yaeT: 

.II 
u - e' 

' rne H -· nporr3BOJibHml 8pMl!TOBCKa.H M8TpHua 3-ro nop.H.ttKa c HyneBhlM wnypoM. noaToMy 
6eCKOH8'lHO MHJibl€ npeo6pa3ClB81H!'.H !fM8DT BH.a: 

8 r -L o; H > "' , 

=SH 
' Sp SH =0 
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H Mhl Mo.meM aocnonr.aonaTh1r>i am1 SH cj;JOpMy,J:..n'l: /1.5!, u nony<rHM 

So/ = i. L. S C.,?." o/ 
c<=1 

C B8W8CTB8HHhiMH scot . -
TaKHM o6paaoM, 'Aot, ( ol. "'- 1,2,. . 8) u Oy.ayT Im1J!fH8TH3HMB•7hJihiMJJ onepaT0paMn 

anSI pacr.::>~~aTpnaaeMoro "'Keapxoaor:J"' rr:>e:rcTaB!IeiH!Sl' rpynnhl SlJ3 ; 
$1ca0, <i:TO BM€·C'T0 BOCb MM · D.;lpAM8Tp( B 5 &e( Mbl M:O.~KeM BB8CTlf Jlpyrne 8 H838Bl1CHMblX 

rrapaMeTpoa: 8 . 

=2: V, Sc 
.ftd <·,} ',} 

II -1 

= E ( v ) ... A s c. 
J1:1. ,.,. .r 

8 t1 

- L .s~/'.ft. ( f/·,y, Yct,.J!) 
no9TOMy 8 JlHH8JI:HO-H838:BHCHMhlX 

I II 

11. = 2:: ""' v" . .r d.=i '.P • 

KOM6tH£al(frll 113 ).o( 

1 · 1,2, .. :B . 

T8KRC8 MO)KHO C'i!!'I8T!;. HHtlJIIHllT83HM8Jibl·:bJMH onepB.TOpaMI): ..lJ)Hl pBCCM8TpHB88MOJ'O rrpe.z:r

f'Tf!B.Il8HIHl rpynnhl S V3 . 
BoahMeM M.'-.::rprH.(hi ~, A 2 • 

T01IbKJ Hanlf<:l!feM Tp8Tb8ll CTpOKH 

).3 n aaMenrM, <JTo omr OT,IH'iBIOTCH oT'l!r1 T2 , 't.J 
H Tp9T! eli: lWliO{JKH, COCTOHWMX H3 HyneahlX 81IeMeHTOB. 

n·~8TOMy O'i8BUlJ.HO! 

3 

Ao(!.Jl-f..JI>-ct = 2 i. '[;/"',}·~ ) 0 
H Mbl MO)K€lM p8CCM8TpHB8Th 

I - .L" c( - 2. Ao( 

" 1,2,3) 

' 

d. , 1,2,3 

B Kaqer-TnE' KOMUOH9HTOB 1130TOU!:I'leCKOrO CIHl:Ha LIJHI H8liJ9I'O TpHrrl!eTa twapK:JB. 

PaccMoTpHM eme .llHBrOHBJibHbie MEiTp~> u:hl ). 3 } A 8 . C H!-IMH CBSI38Hhl rMuep3aps:rn: H 
81I8KTPIPieCKHli 38pst.n KBapKa. VIMeeM, ne~kTBH'tenhuO: 

Hlitf, B M8TpH'iHOl!: ciJopMe: 

Y =~;..a' 
3necb y H Q H306p8)K810TCSl 

TaMuYJl , QA 
3aJtM9MCH ewe Bb!paM9HlleM; 

IJ. I: { s (Jj-3) 
(A, B) 
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HBpyutaiOll.UIM HHB8pK8HTHOC'fh 

Te. VIMeeM: 
MBCCCBOQ QlopMbl UO OTHOW9HKEO 1[ Sll3 B OKT9T8 J.f HOH$-

K TIOTOMy: 

K t...lbl 38M8'l88M, "'TO STO Bblp8)i{8HHe onpe.ueJtsieTCSJ M8Tp11IJ;9:1i 

.UHM, 'ITO 

I1pOI10pU110H8JbH8fl BOJlHOBDfi t"}:lyHKII;!11J 8 
('lz)A 

. Ho lf3 /7.7/ Mbl BH-

- M830H8. nosTOMy H f'ODOpSIT ifHOf'.UB, 'ITO paCIIJ;8TII19HHe MaCC H3-38 H9ifHnBp1I8HTHO-

CTf:l 110 arHOU18HIHO K su?. ocyCJI813llrB89TCSI Or19p8TOpOM, Upeo6pa3yiOWHMCSI KBK BOCbMOil: 

"Ul9H OKT9T8 l!Jlli KBK '1Z, - M930H. 

CK8.R<9M 1 H8KOHSU 1 HSCKO!IhK-) CJI(B IIO IIOBOJly renepBTOpOB rpyiiribl stJ, 
PaccMOTpHM rrpeo6pa30BBHHe H3 r JyTinhi S lJ6 : 

1/J - 'fl' = 11 'f; . 'f =(flit) 
I] 

l 
C yHHTBpHofi, YHriMO.UyllS!pHOit MBTpHJ;eH II!SCTOf'O IIOPSIAKB. 

KaK y)!<S OTMe'!anocb, nnSI Tmmx U 

V e"H, 
r.ue H- spMHTOBCKBSI MaTpuua 6-ro rop'.TllKB c nyneabiM UJnypoM. CosoKynaocTh sneMen

TOB STOfi MllTpHUbl 

C c}JHKCllpOBI:lHHblMH 

pSI /7.9/: 

H =(h'A " . A' ~· ) 
' ' ' 

HHll9KC/lMI{ b 0 1 

' 
8 

o6paayeT MaTpHuy 3-ro nopstnKa H noTOMy, Gnarona-

H !t,tf; .A:.~· = ];~ Oo()II,A' ( g<X )If, t!' 
Ho MaT{:lHUbi 2-ro nop>tnK:i. loJ. net CTByiOT TOJlhKO H8 CllHHOBblfi HH,lJ;eKC, H Mbl M0}1(9M Ha-

3 

,p"f.o ( ~a)6, o' coi.,J 

8 3 

H = E L c.._Jl"~"· 
o(=o J3:o ' "' ...-
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3.08Cb "o( llBilCTByiOT TOJibKO H8. yHIH8pH.biA li~.08KC 1 l:JS - TOJlbKO H8. CIIHHOBhl:A:. 

HMeeM: 

0 = SpH = Co,o • Sp A0 • sp;;. ::6 V%' C0, 0 

H IIOTOMy, OKOH'lBTOJibHO: 

H "'L: col. :>.0( rA 
(. 

oi.,~ ) v· .r 
o<ttJa• 0 

Beu.ay spMHTOBOCTH H ace 35 tc:oscpcf:u UH8HTOB cti.,JJ aeweCTB8HHbl. BoabM8M 6ecxoHt''J

HO-M8JI08 npeo6p830BBHH8: 

S~ ::(&U)f =t(SH)o/' 

'bH = ""~ ( ScolJJ) >.<>4 r., 
(o~•~f<Fo) 

Tatc:lfM o6paaoM, HHc}lHHHTe31iMan&Hhle ouepaTOphl .am1 paccMaTpHB88Moro npe.acTaB;leHIHl _su, MO)KHQ ·B.:;lSITh B BH.ae: 

d.. ""0,1,2 • .. 8. 

.fo "0,1,2,3 
oi.+J .j. 0 . 

4To6w npaMo OTpaaaTb a .::~anacH TO; 'ITO A H 7: .aellcTayroT aa nea pa31IH'IHbiX HH.QeKca, 

HHOJ llB II(.{WyT 9TH Bbip8.)K8HIUl B rJ>opt.-18 "'npHMOI'O rrpDH3B8ll8HHH• ~ 

nepeitneM T8II8pb K (.{3y'I8HHIO MOll€JlH 6apHOHOB, B m:JTDpOi:t OHH npe.aCTBBJlHJOTCSJ KOMIT~·--· 

:n!UH8ft Tpex KB8pKDB 0 If B CDOT88TCTBIHI C STHM 6y.aeM paCCM8TpKB8Th BOJlH0Dbl8 ::}:lyHKUHfl 

c TpSMB ymnapHbiMI1 Ha.aexcaMH. KaK ncer.aa, 3HA'18HHR 1 ,2,3 yai!TapHo:ro HH,aexu1 ys.rw-

BHMCSI C0IIOCT8BJI9Tb PJ n,..) }.. COCTOSJHHSIM ltB8pK8. 

B "27-MepHOM nHHSi:tHOM KoMnneKCHOJ.f npocTpaacTae c}lyHKIUIA 

{'I'll, ,112 , AJ 
paCCMOTpHM IUIHSi!:HOe npe.aCT8BJl8HH8 rpyiiiibi s u 3 , OIIpe.aensreMOS 38KOHOM npeo6p8.:m-· 

BBHIUI: 

, 
/8.1 I 



-54-

!'.!l9 v -yH!fT8pHbi8, yHrtMO.!lyl!51pHb!8 M8Tp11U.bi 3-rO i:wpHJJ;K8 • .QJHICOrql8W8HHA 6yaeM 

(ICII0llh3088Tb T8K:>K8 38UUCb 9TJ.l:X npe:~t5p630B8Htdl B BH,c;e: 

tf --</!' = (V), (U)
2
(U)3 ljl, 

DO.IJ;p83yMeBaS:I, 'iTO (CJ)J A€f.i:CTByeT ron:bKO HB j -G: yHRTapa~ft HH.!l8KC' ¢yHKUHH t 
Bo3hMeM Tenepb 6ecxoaeqao MMhi,~ npeo6paaoaaaHs 

8 

11 = i +blJ --1. .. L L S&.,)·o( 
o(•1 

xapaKTept~ayeMwe aoc:eMhlO aewecTBf·HHblMii 6ec.a-oae•mo MBJib!MH napaMeTpaMH Sc9c( 
ViM8eM: ! 

S<P ={(W),-~-csu)~ +(SU)3}'/' =i ~s& .. L."'-/1. 
rae 

L "- = p, .. )1.,. (:X.,)z.,. ( :X.t)3 • 
Tax KBK onepaTop(Aot)d aell:cTeyeT 'JOllbKO HB 1-!:H.UBKC .A j , TO OT.!l8l!hHbl8 CfiBraeMbl8 B 

npaeoJ:!: qacTH Bhlpa.tKBHIHI .anSI La{. J:OMMYTHJil)'lOT npyr c .apyroM. noaToMy H3 npaann 

KOMMyT.BUHH AJI5I )td._ 
8 

: L ;;;_ f ol,J I ~ ). ~ 
cpa3y cnen:yer, <JTO 
UJ8IUHIM 

onepaTOpbi L c( )tJJ.OBJieTaopSIIOT TBKHM )Ke fWMMyTaUKOHHbiM <:OOTHo-· 

8 

=i.L f L 
t=! o(•J·I!' t 

J'v'bi nony<llfJIII 'i8CTHhlfl cnyqaJ:t o5wea: T80p8Mbl T80pUK rpynn: KOMMyTBUHOHHbl8 COOTlJOllJe

HHSI HHcj:JKHHT83HM8JlbHbiX Oll8p8TDpOB rpyniThl 0Up8.U8JlSIIOT6SI CBMOi% rpymroft, B H8 T8M M1IK 

HHhiM ee Up8LICT8BJI8HK8M. BHLIHO, T8K)K8 0 ttTO onep8TOlJ SII8KTpH\I8CKOf'O 38p51.U8 Q . 
If oneptn·op r~nepaapH.ua -Y , KOTOpwe, Kill! Mbl BhiHCliKJTK B § 7, SIBJHUOTCH JIHH8J:iHOti KOM-

5HH8UH8J.i onepaTOpOB ). 3 H )\ 8 , 61AyT .llliSI p8CCM8TpHB8t=!MOfi refi':':BC. LHCT8Mbl Tpex 

KBBpKOB Blllll!THBHbl 

Y = )xO..g)1 + J-(:x8h + J- (/Ia)~= ~ l..a 

Q=f-Y -~-+(>-3)1 +-t-Ct.3)z +-f-C>-~)~= +Y ++L3. 
3aM8THM Tenepb, 'ITO H3 H8W8f'O Or;HOBHOI'O 38KOH8 npeo6p830D8HHR /8.1/ BbiT8K88T 1 

'ITO eC.riH Y'.Jl fl ,A CITMM8Tp!PtH8 Hi!H 8HTHCKMM8Tpii'IH8 ITO OTHOUI8HH!O K rrep8CT8HOBK8 
1> Ll 3 . . 

K8KOfi-rO ll8pbl HHLI8KC·on, TO STD )1{8 CBDii:CTBO COXpBHWrcg I{ y npeo6pa30B8HHOil: t,pyHK-

UI:IH '#A' !I .A • Oo8TOMy JTUHe.iiHC'/3 npenr;:Ta:eneHHe /8.1/ rpy~Ubl su3 B paCGMa~pH._ 
1J 2· 3 

:eaE>MoM 27-MepnoM npo<-TpaHr T:ee np,mo;jHMO • B _qacTaocT»:, npocTpaHCTBO tPyHKIIHA 

f .R1~.Rz,1ll 
8HTll'-HMMe:rplfqHbiX IIO OTHOUI8Hlfl0 It aepeCTEIHOBKBM mo6wx: .z:tDYX IIHD8KC"OB, H UpOCTpaH-
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J..A,,A,_,A2 
llOJIHOCTb!O C!iMME'TpH'IHhlX, 6y.ayT Tif.•8o6pa30Bb!B8TbC.II CEIMH B Ce6a, 

MMe.11 B Blt.z:ty o6o6ruemui l!.JHI rpyn,!bl SV6 , no.nc'llfTa9M ceAqac qncno Heaa:sHCHMbiX 
KOMllOHSHT fiHT!iC'f1MM9TpH':IHOit J H ::uMME'TpH•mol!: cf:JyHiU .. UlH cl.. B D6I..I:(SM CJiY'l89 1 XO!"-

,ll8 Kf.l.)KLl,bll1 H3 lHI,!JSKCOBJlJ IIpo6eraeT n,. 3HB'I9HHfi! 1,2, •• I\., 
HaqHSM c aurucaMMerpti'IHotl: ciJyHBUI·Hr f.llo.At,.AJ . 3aMeTliM, npe>K.oe :ecero, 'ITO 

QTnll'IHhlMif OT HYlH:I MOf'yT 6b!Th JlHLUL T9 ee KDMnOHSHThl, .Oli!d KDTOpblX 3H8'19HHSI 

fitJllz.,/13 nee paaJHi'IEhi. KpoMe roro nepecraH?BKH HH.ll9KCOB BHyTpR .aaasoro Ha-
6opa ae .ao.roKHbi y'iKThlBaTbC.II. 

TaKHM o6pa3oM, <rucno No. aeaaunctfMhiX 

T8HHfi 1{3 ll,. no 3, T.e. 

KOMl\ilHeHT fR 1/ A pa:euo 'llrcJJy coqe-
11 2.J 3 

tl.= a. 
n..<rt.-1) (tL-2) 

3! 

18.2! 

IlepeJ.iL:<eM K eLi! .11 A . l.!:Hcno ee H·~aam1cHMblX IWMIIOHeHT c paaHbiMH auaqeHHSIMH ,, 2, 3 
HHAexcoa omiTh paaHo, pa3yMeeTC.II, ~uG.r::y /8.2/. KpoMe TOro, MblllOII>KHW yqecTh c.rry
qaa, KOI"'llB L1BB HHL(eKCB pBBHhi, 8 Tp€THI1: HM99T OTJIH'!HOe OT HlfX 3H8'1:9Hil9. VfX 'I:HCJIO 

DyaeT;f'l,(n.-1). HaxoHeu Han;o yqecTb quc·no cny"'aea, xoraa ace TpH HHaeKCa 
paBHbi. Sho qncno, oqea:-rnHo, paaHo n. ·. CyMMapysr ace STK aenK"'Iflihr, nony'!HM nonuoe 
'if!CJIO BC8X H838BHCHMblX KOMITOH8HT CHMM8TpHt{HDJ1: ¢YHKUHH J._ : 

li= 5 

n.(n.-t)(fl-2) 

~~ 
+ n.(n-:) +"-= 

n.(n. +1)(1l +2.) 

3! 

B paccMaTpHaaeMOM ceil:t.:ac cnyqae, KJr.na fl"" 3, HMeeM: 

/8.3/ 

. 1'15 • to, Na. • t. 
Ta!WM o6p830M 0 p83M8¢HOCTb, COOTB8'~"CTDyKJW8B Henpi!BD.O:HMOM:f np8.llCT8BJI9HHl0 0 pea

JlH3Y8MOMy HB JIKHGAHOM II}50CTp8HCTD8 ClfMM8Tp1l'IHblX ¢yHKUlfi1: cJ...JI ,A ft Tp8X yHH-
IJ 1.) ) 

TapHb!X IHJ.Q.8KCOB, paDHB 10. -
Pa3M8pHOCTb, COOTB8TCTByKJWBSI H8!pllBO£(llMOMy rrpe.o,cTaBJI88HJO HB npOCTp8HCTBe 

6HTJ.:ICHMM8TpH"'Hh1X (f:JYHKQHJl f.}, .A j pElBH8 1. noaToMy Mbl M0){{8M IIOJlO)l{HTb: 
,) 2.) 3 

fJI,B,C = fof: A,I<,C > 

rae fo - HeKOTDpoe l.J:IIC.riO, B E.A,SI C - en;lfiHI'iHbitl: a6COIIIOTHO 8HTf.iCJ.:IMM9Tpli'!Hbd1 

T8H30p 3-ro pBHT'B /HBUOMHRM, 'ITO Mbl y»<:e BBO,llHJ1K era B § 3/, SIII8M8HTbl KOTDp0£'0 

paBHbi HyJllo, KpOMe 

€ _,.. -€ = 1 
123 --"'"<31 - 312 > 

noK8)1{8M, 'ITO €.R ~C ~BngeTCB HHBepll8HTOM OTHOCHT8JlbHO npeo5p830D8f!idl: rpyUllhl 

SU3 . llefiCTSHTe>i'hHO, <j>yHKnHH {(fJ)1(V),(rJ)
3 

e} 
. . • J!.,.Ao, A, 

Tl\101(8 SIBJUI8TCSI 8HTRCHMMeTpH'iHOti L:PyHKliK8:1l CBOHX HH.z:t8KCOB, HliOTOMy LJ;OIIX{HB COB

!"llllB'rb C TOl.J:!fOCThKJ LID MHO.>lOfTGJI>I C C. IM::Itl: € 

l..J:T05b1 Onpe.aemHb <JUCJIO a. , nonoxmlf, K npriMepy, A"'l, 8"'2, C"'3, Toraa, DOCCTBHaB

J'IHBBSI .Bee MBTpll'l8hl8 UH,Q8KCbl B BBHOM BMne, HM88M 
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L. (U),JI' (V)2 a' (U), c' E•'s'c' =a.. (.ii'B'C 1) ) I -J .11) ) 

1--Io cyr.lM,;, CT051lU8Sl CJI8ll8, eCTb H8 qTC HHOe, KHK pa3B8pHyTaa 38ITIICb BCJIH'iliHbi"Z)et v , 
B TBK K8K Z>ettl= J, TO Q_ = 1. TaKlrM 06p830M, ¢yHKUll.Rf

0
€. HHBBp!HlHTHa OTHOC!I-

T8JibHO npeo6pa3oEI8aHi1 ( U)
1 
(U) 2 (ll )3 . A,B,c 

Mbl HM88M B llTOre JJBB aenpliBO,D;IfMLolX Op8JJCTEIBJI8!BHI, p88JIH3y8MbiX C00TB8TCTB8Hll0 

Ha rrpoCTpEIHCTBBX (j:lyHKIUiil:! 

I) ITOJIHOCTblO BHTHCiiMMeTpH'IHBSl L-j)y!lltU:!H foE ,A 8 G - TplHHUIJibHOe npe.o;CTBBJI8HH8 

' ' 
/CHHf'JI8T/; 

2) CliMMeTp!P-IHhi8 ITO BC8M HH,D;8KCllM cPrHKUHH d,J\,8,C 10 KOMITOH8HT /.aeKyiTJI8T/; 

Cy_t.1Mapaag pa3MepaocTb 8THX npencTa.>JieHiiit panHa 1 I. 

TaK KBK p83M8pHOCTb npOCTpEIHCTBa a:::cx L'pyHKUU.tt.'f..JI B C pBDHB .27, HAM OCT88TC5I 8Ul.8 

' ' 
RaihH H8ITp!IBOIJHMbl8 npe.uCT8BJI8H!H1 C '::yMMBpHOH pa3M8pHOCTblO, paBHOH 16. Lln5I 8TO-

ro paCCMOTpHM CH8'18JI8 BOJIH0Dhl8 cf:JyHKJ{Hll, 8HTHCHMM8TpH'IHbl8 ITO 0TH0lll8Hlll0 K nepeOJi 

nape UHIJ8KC'OB, IWTOpyro Mbl B!IIJ8JIHM, ~ lliTHCBB ee B lCB8L{p8THhlX CK06Kax; 

t Jt,B, C 
Ha ocnoaaHHH ycTaJ-IoBJienuoilpauee nel-'Mbi Mbi 3HBeM, qTo ae.'It~qana 

p[A,B]C + p[B,C]A + p[c,AJB 

1J0,'I}!{H8 6b!Tb tj:lyHKUfl8fi, 8HTHCIIMM8Tp11 UiOl\: ITO BC8M lfHIJ8KC8M. L£T06hl 058CIT8'Il1Tb ue

ll[JifdOLIHMOCTb L{BBHOJ:'O npenCTBBJI8HIHI, Mbl IJOJI)ICHbl IT0Tpe60n8Tb BhiiTOJIH8HHSl yCJIOB;{Sl 

p +P, +D =0· 
[A,B]C [B,C].II "[I;A}B 

1--Io KB}!{IJOMy ua6opy p88.'HI'IHhlX HIIJJ8!(C·JB A,B, B \j'lyHKUHH~,AJS)C (p.[A .. BJC,QQ B cny-

qae A"'B) M0}1{H0 COITOCTBDlfTb TOJibKO O,lHO 'IIICIIO ':D , H8 COBIIfiJJft!Ol.i{88 HH C A, Hll C 

B (r.e. nononHSIIOUJee qncna A H B no nocJie.uonaTenbHOCTH 1~,3). YqMTbiBBH 9TO, 3anH-

UEM .EfA, B]C qepe3 rrocpencTno } BKOTOpoH MBTpliUhl })C B BI1.08 

P. _1 'Zl 
[JI,B)c -v=r Ef\B,'l> b, -.i"'€ 1'l> -'fi:£- AB'llDC 

~ ("D) J ";J 

TBK KBK CyMM8 ITO 'tJ COCTOHT cf:JaKTII'I8 ~KH • TOJlbKO K'l OL[HOJ:'O 'IJI8H8. 

nnenea onecb llJill" coxpaHeHHs HOpM!IpOloKH! 

PaccMoTpHM Teuepo uame ycnonue uenp IBO.UKMOCTn. HMeeM: 
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PaCCMOTPifM caaqana cnyqaft, xor.aa m.nexc C ae coana.aaeT HR c A, HH c B. B cyMMe 

nepBhiX CJl8f'88MhlX OCTBH8TC9 O.aHH 'HI8H C 1J = C 1 B cyMM8 BTOpblX CJl8r'88MbiX -

<~nea c 2>= .R , .. B CyMMe Tp8TbHX - <~nea c ~ =B . BeH.ay TOre, 'ITO 

€ =€ -Jt B,C B, C,.JI €(: .il 8 • 
' ' 

Mhl nonyqaeM 

l>c +1/ +1>" ~o 
C II 1!1 

HnH 

B cny'lae, KDT'll8 C COBD8LI88T C OLIHI!M R3 RHLI8KCOB A,B, p8CCM8TpHB88M08 ycnoene 

H8llpHBOllRMOCT8 Dp8.UCT8B11518T DpOC'!:) TO)K.0:8CTB0, !reftCTBHT8JlbHO, B03bM8M 1 K rrpHM8-

py, c~yqait C=B~ Tor.aa npH mo6oM 1: na'nyqHM 

. ., " 
tJ1,8,%lbS + f.8,Jl,%l]>S =0, 

TaKHM o6paaoM, MBTpeua 1> non>~ci£ y.c:oaneTaopSTb TDnhxo o.uaoMy ycnoeHto: 

Sp.b =0, 8 STO 03H8.'18.8T, 'ITO H3 3 t 3=9 88 &n8M8HTOB H838.BHCHMbiMH 9BJI9lOTC>J TOnb-

KO BOC8Mb. . · 'J) 

YfT.8K 1 Mbl nOny'IIWR 0KT8T 1 KOTOpbl~ OhHChiB8.8TC9 M8.TpHU8ft bC C Hyn8BhiM WnypoM, 

BhlliiCHHM Tenepb, KBK 6y:aeT npeoQpa 30BblB8TbC9 STOT OKTBT no .a Jl8ftCTBH8M npeof)pa3o-

B8.H'HA V ·. MMeeM: . 

lh,aJc -~~,BJC =~ k; {(ll~(U)z €]11,8,, (llh); 
3.aecb B Bhlp8.)1{8HHH lfb D0.llpB3yME B8.8TCg 1 'lTD Upeol)pa3DB8.Hif8 U aei{CTeyeT H8. 

HH>ICHHll: HHaexc·MaTpHUhl b . Ho ecJ:reacTelfe ycTauoeneaaoa: paaee 1mnaplHlHTHOC'TH 

€. 8 nep8CT8.HOBO'lHOCTH OD8p8.TOpOB, .aeitCTBylOliiHX H8. p8.3JlH'IHbi8 HH,I:l8KCbl 1 HM88M! 

+ + + 
(V)1(V)2 E =(V),(U~(U)ill)3 to =(U)3 (U)f(t!~(V~€ = (U~E, 

OTKy,lla : 

H UOTOMy! 

P.' 
[JI,B)C 

=~ ~ €:/l s 1>1 ( TJ'b rn:' =-vf:.. ')' 
C'Z>') ' , 1. c"iJ 

TaKHM o6pa30M, HS.WH npeo6pa30BBHHSI 

IIpHBO.llSITCS K npeo6p830B6HHJO OtcreTa: 

~ ' + .o -1> = VbV 

( 
+, 

€ Jl,e, 11 U b U), ( 8,4) 

/8.5; 
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TOf'O )1{8 nma, KBK H .UJIS M830HOB. t..IT06bl UO,O.qepKHyTb STy, Pa3;[M88TCSI, 'IHCTO cl;lopMBJib-

HyiO BHBJIOf'HIO C 0KT8TOM M830HOB : Mbi !i ITOCI'BBKJIH y M8TpRUbl ]) BTOpO.I!: HHll8KC 

CM~ · B 
rloaqepKHeM on.naKo, 'ITO Mhi y}l<e ue MOMeM IIHTepnpeTHponaTb P.n KBK aomroay10 

t}lyHKUIUO 'l8CTl!Ub1, COCTO.IH.U8J1: H3 KB8pK8 H 8liTHKBBpKa, TB~ KB.K 6apHOHHhlA 3apSI,a pac

e_ M8TpHBW2MbiX. 'l:BCTHU p8B8H 1. 
nepefi.ueM Tenepb B /8.4/ K Oec~ OH8'1HO MBJibiM npeo6pa30B8HIHIM. Y6eaHMC£ Tor.ua, 

'ITO: 

/8.6/ 

TaKOe >Ke COOTHOW8HII8, O'l8Bl{l!HO 

KHciJRHHTeaHM8nhHblX onepaTopoe. E 
H nurepaaps.ua r , TaK KBK ).3 H 

HM88T M8CTO H .n,m£ mo60Ji JIHHeJ.iH0\1 KOM6HH8IUUI 

qacTliOCTH, OHO 6yaeT cnpaaeannao nmz aapSI,oa G 
). 8 nuaroHaJJhHbl, TO tn /8,6/ Hat!:.ueM: 

( \ _...i_ 1l 
Q p j[Jl,B]C - '(2 t,;; £11,8, 'b ( Q C - Q,. ) 1c 

(Y p )[ii,B]c = ~ ~ t: Jl,8,1l ( ~ - 't;,) 1~ , 

r.ne, KaK acer,na Q1' Q,, Q3 - 38.P5IAhi XB8pKOB ~ n.,.~ A 
rooTaeTCTaytoruHe nmepoapstahl. n )&ToMy, ecn-a ans xaxotl:-nn6o 

11 nmepaapsta KMetoT onpellenaHHbH oHa<JeHiut: 

,aY,,Ya,Y,-
t:j:lyHKUHH :h~ OEtpSILI 

/8.7 I 

Ta K cooTneTCTOylOn.w:e LPYHKUHaEf.~t~BJC 6y.ayT co6cT:seHHhiMK cj:lyHKUHi!MK onepaTopoa 

38p51ll8 ll n·HI8p38p5IA8 C T8MK :»Ce c o6CTB8HHhiMH 3H8'i8HJHIMIL 

3aMenlM,eme, 'iTO nocxonhxy !..1 , L 2 > L'l rrpe,ncTaBJHIIOT KOMnoHeHThi HOOTo-

IHI'-18CJWI'O emma, TO H3 /8.6/ BhlTBI 88T TaJOKe, 'ITO H H30TOIT!f'{8CK85l CTpyKTypa BOJTHO

BOii: LfJyHitulflf p Onpe.aemi8TC'5I lldOTOIT!i'I8CKOtl: CTpyKTypoJ::!: COOTB8TCTByiOW8li cj:lyHK

QHH )J 
VfTaK Mhi H8ll1nH y)Ke TpH HE>IIplli OlJ;fiMh!X rrp8D,CT8BJI8HIHI C cyMM8pHOfi p83MepHOCTh10 

1 + 10 + 8 ~ 19. 

60JI88 TOT'O, HAM CT8HOBUTC.S HC'HhiiV, K8K CKOHCTpyHpOB8T:b H8DOCT8!0l.UH:ll: 0KT9T; Mbl 

pacr'Ma TpKeanH BbiWe c}:lynKUK!O f}_A B)C , aHTKCHMMeTpH<UtyiO no nepBblM n:a:yM HH-

neK~ -'l.M 'T"'rTE'pb ){{9 pacCMOTpliM cj:l;HKUH!O Q{J1
1
B}C 0 CHMM8TpH'IHyiO 00 ::lTHM HHL19K-

C8M, C"JMG<J:hH BTO c:ao:ll:cTn:J Q:m:rypHJ,IMif cxo6xaMH, CornacHo .aononHHTe!lbHoA neMMe, 

K0M6HHaurr~ Q{.lijB}C + Q (B ... C }A -+ Q [CJ.A] B npellCT8B!ISI8T lj:JyHKUH!Or CHMM9TpU'IHylO 

ITO IWI?M Tp9M llHLJ;8K' ElM. ,ll.1m rOr-0, 'ITOebl UCtmiO'lHTh K3 paCCMOTp8H:tHI noJIHOC:Tb!O 

C;!IMM<='l'pHqaUt-" Up8llC'f11.Bli8HHe 1 p83\,6paHHOe H8MH paHee• /.aeKynneT d.. _A 6 C /, Mbl 

.[(QJI)KHbl llpHpEI.BlHITL 3Ty KOM6HH8UHiO Hy!IID J ~ 

/8,8/ 
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¢yHKUHIO Q H8Tpy,nHO Bhlp831fTh 'lepe3 f. - ci:>y<-HUUUO H BseneHl!btA H8M:.! 0JtT€T 

llmt aroro .uonommTElJihHOe ycnomrf ';8.8/ nepettHuJeM e BH,o.e 

Ll01IyCK8IOI..U8M p83A8JI€HK€ tj:JyHKllHH Q HB ,aBe qac TH 

'/ BCl 2-oM CJiaraeM::>M 1-cJl: <JaCTH Ml-1 0 l:ICIIOJih6Y9 CBOiiCTBO CHMMGTpitlf Q 1 JOM€H5!JHI 

na.n:eKr-bi B CKo5Kax MeCTAMH C"-' 8 , a 1:< 1-oM cnaraeMOM 2-oil:: 'IBCTH- noMeH.smH 
A.,_ C I, nepBtUl uo KDTbPhlx aHTH 'liMME>Tpti'iHa DTHOCHTenbnO 3(1M8Hhl .A.._ C 

a BT0p8>! - 8HTIICHMM€TpH-iH8 ITO OTJ Olll8HIHO K 38M€H8 a..- C . YfHhiMH CJIOB8MH 0 

lv'bl M0)K8M H8IIIIC8Th, "'TO 

Q{fi,B}C ~ p[Jl,C]B + p[B,C]R 

H 0 8HTHCilMM8Tp1I'iHble IIO l.TGp8hlM JJ, OyM HH,ll8KC8M KOM6HH8Ui1H Mbl y>Ke yMeeM rrpe,a

CTtiBIH!Th C fiOMOIUhlO cj:)yBKUHJ.i € H }I 0 IT08TOMy 

/8.9/ 

rne -J - 'llfCJI8HHbl:i KOacfJcfJKUHeHT, K JTOphitl: Mbl ITO.t:(6epeM T8K, 'IT06hl He H3MetniTh 

HOpMI!pOBKy: 

/8.10/ 

3aME!TllM,npe<K.ue acero, 'ITO ec.rill MI;: noncTa:anM a 

J,, =IS, . 
' c ' 

/8.9/: 

TO UOJIY'IllM TQ)l{,G8CTDGBHbitl: Hynr:., T8K KBK 

flOZITOMy B /8.9/ MO.>KHO OrpamPIH'I'h(" l paCCMOTpeHHE'M M8TpHU b C HyJleBb!M UillypoM 

Spb = 1, 
V. Mbl UpHXO.LJ;llM OllSTh K OKTe'l'y. 

He-rpy/.lHO GaMerwrJ:.., 'fl'O paccMaTpaBaeMbre rrpoo6pa::.:~oeaHHS /8.1/ LVHl cjyHKUlfH /8.8/ 
T8I{)i{8 npKBOLUiTCSI K Upeo6pa3DB8HUK OKT'2'!'8° 

:b- 1' =VJ:iU, 
OTKyn,a 6yayT BbiTer~aTb nee Te CBOifC fBB, 0 K0TC1pbiX Mhl f'080pll:JIK Bblll.Ie B CBSIGH C 

lfCCl!O:z:tOB8liK8M ~YHKUlli1 p[Jf,SJC , 8HTCF":If1v~M8Tpl!'IHhlX IIQ IIE'pBbiM .UByM lfH.[[8K'._8Mo 
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HTaK, uawe JtHHeft:soe npe.o;cTaanesu~ !B. I I rpyunbl S IJ3 nonHOC'l'bJO paano>KHnocc Ha 

H9DpHBOUHMhl8 npe.aCT8BJI9HH51 - OLJ;HH C KHrJteT, O.tlRH .U9KyDII8T K ll88 OKT&Ta: 

3x 3x a, (I) t (10: + (8) + (8). 

no_aC'-HfT88M T8U8pb 8Jll:8 <I:RCJtO v , 11M;eeM H3 /8,1;)/: 

KOTOpblX 

1>='/)' 
) 

Cne.aosaTencHo 

L. I Q I~ = t .,~ .L: I 1/' !z 
(!I,B,C) [A,B}C (C,ll) C 

ll38HMH0 OpTOro-

* L.: P a =o. 
(J!,B.C) [II,B)C {.il,E}C 

TaK KBK P 8HTHCHMM8Tp11'-IH8 no A1B, a Q - CHMM9Tp1PiHH, BMSCTO p 
)J""M .83STh .,CM9W8HHbl8., cjlyHKI.UHI: 

K Q Mbl MO-
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J t.lf,B,C u.Pcii,BJC .,.. ?J Q{.!l,B} C ' 

l pJI,B,C = -1[* PcJI,B)C.,. ·;_*Q.[A,8]C 
uu"' •1111"' •L. 

OE'e 8TH c}:lyHKUIHI H0pMt!pOB8!:lhl H S::81:1MHO opTOI'OH8JibHbl. no.n J.I~ii:CTiiH{8M npeo5-

paac;.aaHKl!: (Sol) ot5a npoCTpaHCTBa 

{ rflA,B,C} 
rrp..-.)6p83y10TSSJ, O<iBBHJ.IH:::··, CBMK B ;e6g. no8T•}My C T8M }Ke np8.20M 0 li:<B.K H ¢ytUI:

liHH- p H Q. , Mbl MO}KeM Bbi6j:i8T!: 1( H 4? .B KA'ieCTBe BO.nHl))BblX QJyHKUHJ!:_ 1COO'I'

B8TCTBYIOlll.lfX J.IBYM OK'r8T8M. 

f"JE:.pefineM 7'er.ep:& K .sonpocy o co.r:.·cTaaneHI-!k rro;Iy'ieHHbiX HenpHao.auMblX rrpe.a-

craanemdi I'pyr:IIbl SU3 peanhlibiM l:nt3H'i8Cl'i:KM '-:IBCT_HUB.M. . 

.NioJ l-lM88M 3l.l8Cb B B~.ay 8 '"t:TBf5l-lin BhlX"' 6apHOHO.B 

P, ~A; 
V. 10 "Hif3Ko-ne>K8LUHX pe30H8HCOB" 

, Q-. 
CoaepiUeHa:o ec-recTaea:J.c ~~aecTH ST~ 10 peac-Haa:coaK .!Jl!Ql'InE!'ty, a 8 CT86HnhHblX 

6apRC.H7'B R OJJ;HOMy OKTeTy. 

PaccM::.rpHM CHB'i8JIB 8TH BOC8Mh 'i8CTI1U M nprme_aeM T86J1HUY1 COJJ;epX'-l'l.LUyiO He

rc:,TOpbl8 8KCIIepHM8HT8Jib-Hhle· A8HHbl8: 

m(MevJ rn'(aevl y s I 13 

p 938 0;880 1 0 ] 1/2 

,.; 940 0,882 . I 0 
1/2 

-1/2 

A 1115 1.;242 0 -! 0 0 

z;+ 1!89 !Al5 0 -1 l I j 
~0 ' L, 1192 !_,422 0 - . 

J 
1 0 . 

-

E- 1197 I ,433. 0 -l -I 

~· 1.727 -2 ' 112 .:. 1314 -1 

If ·S - 1/2 
1321 I ,74<; -1. -·2 -1/2 

T 3.6JTRUB 8 

' . 
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licHo, rrpe)l<.ne acero, 'iTO npu: B >IKJliO'l'8lHlH cna6blx naaHM'J.UE'tl:cTIH:ri% I/ , A 
"+ .,.- ~· ,.....- p £_ 0 t- 1 U r,:.. 6y.nyT CTit'5J.mbHbiMH "BCTHUBMK ( - a6COlflOTHO CTil-

6f!JIGH) • lleii:CTB!fT8Jihfl01 TOr'.IJ.8 r.:bl HM88M 38K0Hbl C0Xp11H8HIHI CTpllHHOCTH 11 

BneKTplPieCKOro aaps:r.aa anponoa, Ho nro6off ua paccMaTp!IBilE'Mhix "cTpannhrx" 
6apHDHOB He MOJ«:8T H3M8HHTb CBo 0 CTp8HFIOCTb 0 , TllK KBK a.o;pOHf.lUH C HlllfM8Hh - v 
meti. Maccoa, necymnMH c'ri-!~HHOC"b 1 •. ~mmnOTCSJ K - M830Hbl c MaccoJ.i.N494Me 
a .o,JISi l{CIIyCK8HH5J O.QHOr'O K. -Me ~ORB C C00TB8-TCTl:'l;flOl.UHM yae;m qenueM C1'p8H

HOCTH 6A.pHOH8 Ha 1 H8XB8T88T aHEP':'HH, UOCKO!IbKY p83llOCTb MllCC M8}!{lly COOT

BeTCTByiOWHM~ 6apHonaMB ( 255/feV. Pacna.ahl :>Ke 6Ba HaMencmHSI cTpannocTH, 

nanpJ.:IMep, I:,- Hf\ A aanpewenJ>I cOxpaaemteM ::mexTplPI€'CKOr-o 3apfl,o.a. a,apo -

HOB. neJ1:CTBMT91IbH01 a.apoHOM- C I- 8HM8Hblll6ti MaCCOi!: 1 H8C:yl.1J;HM 91I6KTpH'-18CKt-ri1 

3apB,n;, 6y.ae-r 1($ c Maccoa ""' taeMeV, a j:la3HOCTb Mace 't :t u A ME'HLwe 

s2 t1eV. 
EauHcraeHno B03MO»OihiMR pacHanaMH npu BbiKJU0'-18HH biX cnH6biX B3B!1Mo,aeii -

C:TBHBX 6yJJ.yT p8CIJ8.,Ubl !: ICI IJB J\ II 'f -KBaHTbl1 06yC.'18B.'1!IBaeMhle 3J18K'lp0 -

Mai'HKTH biMK B3BllMOLieticrDHBMH. Ha caMOM.nene, o6hl'-IHOJ.i cpopMoJ:I: pacna.aa liD-

1ISI8TCB: 

f3:r.JI6UCTDH6 8J16KTpOM8.r'HHTHOi!: IlpHpO,ahl TBKHX B38HMOUefiCl'Biiii COBf'.j:>WI='H'-!:0 8C

T6CTD€F!Ho, tiTO Bp8M51 >10!3HK I:~ OK8.3b!B86TCg ropa3,o.(', ME!fr.lUV:M ( HB 4 IlGfi!ri..QK8) 

BpeMeJr :>Kl-f3Bl OCTa.JibHblX CTpaHHI:!X 6apl-IOHOB H3y"'86MO!'O C9M<'(JC'TB8. 

Bo BCSIKOM CTiy"'8.6 1 UpU BhiKJilO'IEHlnl: H C1IB6biX, H 8Jl811.TpOMarffii'THbtx B38i!MiiDE'fl

CTBHit ( IlpH6mOK6HH6 CH1IbHOr'O B3<tHMO,aeilCTBIHI) ace 8 5apl10ll~B C Jtl:l.;'_~bl.B·SKI'T': 'i! ( • '0-

6MnhHbiMH. 

Mbi 6y.ueM B .Q811hHeAweM y<>:H'J'J,JB6Tb ·'rOJihKO ( MJibHbie B38H!YI'l JJ.<2il:C'T'BHSI n IIOTOOvty 

LIOJILKHbit B "18CTHOC'I'Mt C<iK'r8Tb pEBHbiMH M8CCbl y '-IJlEo_flC8 O.UHC·ro ll' TC:rO me H81'

TOIIH"'GCKOrO M;)IJlhTHII1IeTa. noSITO .Jiy Mhl B03hM8M orpy6neHHhlE' "cpE',UHlfe" 3H8'-le

KISI M8€C BfYTpH K8)K.U0r'O H<:IOTOIIH'I€CKOr'O My1IbTHIIJ1EYl'8 II rr::my'IUM cne.uyJOWyKl 

Ta6nuny: 

m. (f'1eV) rn.2 (BeVJZ 

PN 93! 0,881 

'A 1115 111242 

z 1193 1,423 
~ I 0118 1.736 --

Ta6nMna 9 

18 
nepei!:.o;eM renepb K uaxo>K,n;BlrnlO ¢yHtuu-dl: '.fl llJISI paCCM8TpHD88MblX 8 6a -

PHOHOB. 

M bi y>Ke OTM8"1811H, 'ITO BOJiiiOBLSI ¢yHKUIHI 0K'r8'r8 cotl,ep>KHT HGKOTopyro HE'CHipe

.[(8JIGHHOC-rh. li.ei1:C,'l'Bl-fT6JibHO, ee M HKHO B351Th B Bl1.U8: 

'frc8J ~ R Q 
.ll,s,c l.L CR,a}c "' 11 ge}c = 

u. "' t.:l' 11" • 1. ~ 1. ~} 
=oy L.f.!iB't>JJC +,,.,-z: _f.JlC'l>JJB+£8C1>JJ• ' '8J) 

('Z)) I ' V 6 (t:J) ! I ~ J J'l t , l 
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rAe U , 'lf - npOH3B01IhHbie KOMJ:.'teKCH .re quCJl8 { BITpo':le.\1, .,-,.QHW:I }I Te )!{€? ,.'::;.TISI BG"-"T'O 

~' ':eTS.) :·. ·;; .)B7.E'M H·:lpMHpOBKH 

tv./ +fv!' = i. 
O.'J;HEJ.KJ 8':'8 -He0nps-aenetrH:·~>CTh, <'-ags;tHHasr C' npOJ.<:350JIOM a Bhl60p€ napaMeTpOB 

U. V' , HC P.\)M8L..;..<;\,o,r HB~ HBil:'rH Coo·raerCTByiOlUpci OK'T8TIIylO MctTJ)HUy. Jle;10-B TOM 1 
cr;·.-.J, K&K YJl<€< 0TM8"l8JJ.OC:b p.!UII?e\ H30T-:r;;;.p,;eCK8.Sl CTpyKTypa 1JyHKU:Hft p .){ Q. t 

~ -u . . 
& ':E'i!Ca~,blM ){ 'f'YHKU"lfl': I, _., c<r::p1,.Q9l':Sie'I-~51 H~O'!Olll{t:{€>CKC<!l CTpyK1'ypo;l: JJ:8HHOi!: 

:bll ' Kpc>Me _TOT".), HaM M3:08CTHC cT:.· p:·.-r.a :h.A 6y.ueT C05CTBeHH011: ¢iymaure1!: 
C•llE'pli1 •pOB 3ElfJ'ii.O.I3. 11 l"'Ior!;:€'p38j)5ILia 

( QA - Qs)1; = c{hiiB 

CY!l- Y8 )1: = ~1; 
(i) TOp, Q 0 a CJie,llOB8T8ilbHO H 1.J.I' 6yD.yT C05C'l'8>o"'HRblM>i rPYHKUHSIMH 

rrsp saps;:xa c 7eM:>r )Ke co6cr:seHHbiMH 3HB'O<O!HHSJMH: 

n '-51TC.-My1 K.S.K 11 B CJiyqae Me 30Hlf0f'O OR rera, Mbl ,UOJDf{Hbl IIOCTpOliTb OpTOHOpMK p()

BaHHhlJ!: 6a.SJ.t:C H3 BC'CbMli C06CTB€'lfHbiX Q;yHKUV(j:i •)II€'paTOpOB Q. , y C H8,UJl€'){{8lllH

Ml< T13<normqeCK>!:U7. ce:-il:CTB2.:vr~. Hanc-:A:HP.:M 'GHa'-JelflUi Q, Y AJHI KeapKOB~ 

Q1 
2. Q =-~- Q3 

{ 
=3 ' ' =---

2 ' 3 

~ = ~ ' Y; =.i. ~ 
2 

3 ' =-3 

(lv)fl
8 

=6(J/-2)S(B-3); !3 =>-f>'f =-:f-(-{)=0; y=-1-(- :)=1. 
M30Tcr-ztteCKY.J:i 'rpnr.r.~T L r«r..epoHOa ~ cpopMEI.'l'::.•Hhl.i'i aaa,;-r(-·f' JT -Me 3·~H:HC·l·c· 
,. ___ . :-:-rw~s,:::w .-~-::;, -rpnr.:neTa) :. 

(L.+)A
8 

=8(!1-I)S(B-2) 

( "')~ 1( < ) L.. A =iii o(JH)S(B-1) -S(!l-2)o(B-z) 

( r:-); = sc R-2) sea-::) 



~ 

K30TOIII.f'18CKHJ1: .ayf5JI9T ~ 

-84-

u=n: .. scJI-3)Scs-o; cs·); = sc.ll-3) oca-zJ 
Jr, H8KOHSQ 0 0pTCr-OH8JihHylO KO BCSH ~9Jl!.lllyllUIM ciJyHKUH51M 0 BOnHOBylO QlyHK.UlOO 

.ana A - ran:e·poaa: · 

r:pe,aCT88JIS!l01UYJO Oi30TOilH'f9CKHJ.i CiU:IT'.IIST ( ciJopranhHbllt aHanor 1z. -MP'"'~ He.). 

npc.'l!:3BOJI'hHII:UI BOnHOBB.JI Q:I;YHKUH~ 0KT8'I'8. b,A SIBJI.I'JSTCSI Cyrrepi.~03MUH€'11: Ha:A.n;etJ-

HhrX 8 68.3HCHhlX Q:zyHKUHil:: 

+ C
3

_ (z-): + C3 , ( E'); + CA CA):. 
KaK H p8HbW9'0 H8UIHU9M STO npe.o< T8BJI9H<£8 B MH 'IpV.'lHOH ljlopMe_, 3EM€> HP:6 Lll'IB 

Kp8TKOCTH Cp)·· .. CA GHMBC".1 8MR COC·T·BGTC'JBY!Oll.U•X '~8':1HI:. noJly'iWM: 

1 ' 1 1:-, ~-VZ"L ... VTA 
' 

~ 

2: ... 1 0 ~ ~· ( R.l2.! 

b= -- L. • A '/! s ) ~ 
' 

p 
' 

N -~A 

3aM9 T l'!M, 'ITO B OT1TH'UI9 OT Me 30H tQrO CIUeTa, 3,t:l;9Ch Mb! }f"' V.MG <'- M H.-- II~.~ .i!. ( /M -

~TplHf M9)Klly BSpXHMMH H HH>KH'KM>l >HI.[(eKCBMK ]:,8
8 ){ HPT HlfK6KOrO CMhlCJJB pt.< ·-

CMBTp!iB8Th r.aMOCOilpR;>K8Hflble MaT JHUbl }; 

Pa3ME"r.THM TE'II8pb pe30H8HCbl As) L.o 1 ....._, fl ~ n n:o COCTOSIIWi>M 

,neKyiDieTa. VJpnse.nE'M C'H8<ii3.J18. COO"B8TCTByiDillyiO Ta6mmy: 

rn (MeV) rn.2 (BeY). y I 13 - ---
IJ. ++ s ' - 3i2 

Li~ 1236 1,53 1 3/2 1/2 

IJ." 5 -1/2 

Li~ 3/2 -... z::. I , .. 
1382 -

~· 
1,91 0 1 0 

z-~ -I 
~0 1/2 .=., 

1530 2,34 -I 112 ss -h --n- 1675 2,81 -2 0 0 

• Ta6nKl8 lOo 
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3aen, He yK838Hbi p83HOCTK M 8CC )HyTpH H30TOIIH'IE!CKHX My..-JthTHITnE!TOBo 3TH paa
HOCTH - •sneKTpOM<l. r'HHTHble IIOIIpBBK~ K OCHOBHO.ft M8 CCE!"' eme He H3M8peHblo 

Ha paccMaTpHaaeMblX peaoaaacoe • HWh ..51--: - nr:riepoH oK83blBBE!TCSI ~Ta6H.nbHOA 
1{8CTHU81f IlpH BbiKJ:IIO'IElmfH CII8.6blX 831': Hl>GO;BtiCi'BKJ:i. Lreno B TOM, 'ITO BbiHI"pbll.U B 

sneprHa npu yeenH'IeHHH CTpaHHOCTH 1-a 1 6yaeT ""145 MeV, T.e." 6yaeT Me :ewe 
494 Me.V- MaCChi K -Me3oHa ( "CTp HrHOro.: a.upoHB. c· H8HM8IiblliE!II: Maccott). 

no1Ih3y5Jtb CnyqaeM, IIO.ll'£8pKHE!M 0 'TO ~ nmepoH eihJJ! OTKpbiT H8 OCHOBB.HHH 

TeopeTtPiE!CKOro npeacKaaaHHH HMe mo KBK aecsiT&dl: 'IJJE!H .aeKynneTa rpyrmbl Stfa. 
B npn::ee,o;eaaoA TaOmrue cpaay me 6pocaeTCH e rnaaa aKBV..UHC:TaHTHOCTb Mace 

paccMaTpHeaeMbiX pe3oaaaco:e - paaac CTb Mace npon.DpuH:oaanbHB paaHOCTH r~omep3a
pana. MMeeM ·neAcTai!TenhHo: 

m..._
8
-m.AG ~1382-123&-146; 

noSTOMy, 3KCTp8ll0ni{pyH STOT 38KOH 

=-2, Mhl nony'IBeM: 

"'n ~1975, 

(8.13) 

t(TO ¢aKTIH:ecKH cosnanaeT C' axcnepnueHTanbHhiM 3HB'IeHHeM. VlMeHHO ST!i coo6pa)Ke

HH51 If ll03B01IH1lH npe.a;CK838Tb C T8KOA HCKnlO'IHT9.1IhHOJI: TO'IHOCTblO MBCCy .Q- '18CTHllhlo 

0TKphiTH8 n,- H 6JieCT5IIU88 aKCnepHMU..-'HTBJihi!Oe llO,O:TBep)i<:ll8HH8 npBBHJihHOCTH T80-

p8TH'19CK0!'0 IIJ:~8JlCK838HH.si Be M8CChl o6p8TH1lH BHHMBHH9 rjlH3HKQB H8.~8}KH09 3H8'19-

HH9 rpyllllhl s Ul )1119 !UI8C6H<j:lHK8liiH aneMeHTBpHhiX '18CTHU. 

nepeft;.a;eM T9ll9pb K ri0CTp09lrHlQ 6a;olfCHh!X QlyHKUH.It .lliiSI .a;eKyiT.II9T8o 

HanOMHHM, 'ITO CBMMeTpH'IHBSI cjJy'HKlBSI Tp8X ll30TOmllfeCKHX HH.ll9KCOB 
,,, cs> 
rfl•Jl f't (fl,JJ2,.1\:.t,tjcooTB8TC:TByeT H.20TOllH'19CKOMy C'llHHY I =3/2; ll1ls:l CHMMenpH'IHOft 

,, ••• ,,,,5) ,/, 
<PYHKUHH T Jt.,,At AByx TaKHx KHJJ:9KC.OB I "'1; ¢YHKUH.Q 'YA c O.llHKM HH.lleKcOM Jl 
cooTaeTCTByeT I =1/2. C llPYI'Olt cTOpOHh!, fAJ fl..A OTJtH'IHbl OT nym1, nMWb ecnK 

II! C S) 
~ =} ,2. noaToMy 9C.IIH B CHMM9TpH'lHOM COCTOSIHKH 'f y'IBCTByJOT 

ii1l Aa.J.A3 
TpH xsapxa H3 H30TOllH'lecxoro Liy6neT.1, TO I =3/2, ecnH nsa TBKHX KBBpKa, TO 

I ""-1, H ecmr T01lhKO o.anH Ksapx H3 tty6ne'!'e., 'K> I ~112. KpoMe TOro, npHMf>M so 

BHHMamre BtlJlHTHBHOCTh aapsu:~;a H rHnEp38pSI.aa._ Tor.lla, BaSIB ll:aK ecerlla: 

P;_ =o(.IH); ''( n./1 =(I /1-2); 
• 

BhliiHWeM 0pTOHOpMHp0B8HHbi9 CHMMeTJIIl'Uih!e KOM6J1H8UHK Tp09K 3THX ¢yHKUHA: H COUO-

CT8.BHM HX C t{8CTKU8MH .neKyiineTa: 

( Ll;•)n,a,e 

( t:.; ) .A,B,C 

( t.;) /!
1

6,C 

( Ll~)JI,B,C 

"' fA Pa Fe 
~ ~ Cp/1 Fen.,"' Fa Pc n.A + Pc ?11 n.s) 

1 
= V3 (n./1 n.-J, Fe +-fl. a n.c PA +- n.c n. .A Pa) 
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8 cocTaB naH60nee nerKHX AS -rf:lnepoaoa )\ -KeapK ae axo.aKT aoo6me. l:&
rJmepoaw nocTpOHM, HCrtOJlh3YSI n,nHH A - Keapx 

(L:;)A,B,c =f:J(?Afel.c +fsPei.A +pcfA ).e) 

( 2:; ) Jl,ll,C : k (fA "-a 1., + Ps "-c ).II+ fc fL.Il )a+ Ps rl.ll "A, + f; "-cAa_. 

+p, n..B 1..11) 

( E;)J\,B,c =~(n.flnat., +n.8 "-c"A11 +n.c 1tA).
8
). 

B cocTaa S BDil.r:tYT y:me ,o;aa A. -rcaapta 

( 2")/!B C 
' ' 

( =-:.\,s,c: =/-s(rt.ll/..8 I.e+ 11-s\>...ll + n., )..ll ).B)· 

nocne.o.HHlt, ,o;eCSITblil: 'UIGH .ueKynneTa
BH.UH0 1 KBK CBSl38HH09 COCTOfiHK9 1 pex ). 

rl- -nmepOH npGJJ:CT8BJlSl9TCH,O'le-

-KBBpKOB! 

(.Q.-)A,B,C =)..AI.a)c. 
8CUOMHH8Sl HHT9pDOltHJlH0HHylO cpop,iyJly (8.13) llJlSl MBCC .aeKyiTnoTa1 Mbl BI{.QHM 1 

tJTO ee HGTpynHO IIOJlY'IHTb B MO,ZJ;GJ!H KB8pKOB 1 9CJII:I IIPG!liiOllO»l:HTh, 'iTO MBCCB 6a
pkOHa GCTh CyMM8 UOCTOSIHHOft MB CCbl K norJpaBKH 1 UpOITOpiUIOHBJlhfWI!: 'tJ:HCJly BXO,USI

ll!HX e aero 6onee T~DI<:enbiX A -imapKOB! 

Tax K8K 

rn = rn' _,_ /._ 
' 

OTKy.n.a H cne,0,yeT L'jJopMyna (8.13) 

tY, 
• 

m. = m 'E - A. Y. 
r 

(8.14) 

B OTJIH'IIfe OT CJiyqag Me30HOB Mb Tenepb flOJib3yeMCH JIHHeftiiOf!: M8CC0BOft 4JopMyJIOJi. 
nocMOTpHM, 'ITO nony1.JHJI0Ch 6'bi, 8(Jllf Obi Mhlpl\CCM8TpHB8JIH rn.l BMeCTO rn. J..1MeeM~ 

00 '- • m.,. rn-6 =0,38(BeV) 
'-5 li 



2. 
rn. "'s 
rrtz rn. z = 

o,43 ( aevl 
~47 (BeV/. 

.sl. S G 
Kone6aHHfl p83HOCTeJ:i KBB.z:tpBTOB MllCC Olta-3biB8lOTCSI 3H8<iHT81IbHb1MH 1. TBK <:iTO SKCTie

pHM8HT8JibH8SI CHTyBUHSI 6onee 6nart•TipiUITH8 .Q1ISI JIHHfdi:HOI'O 3BKOHB. 

nepeJ:i,o:8M TEmepb K yCT8HOD.fr8HHD COOTHOUlHUIJ:i,'r M8.JJ{,z::r;y 'M8.CC8MH 0KT8T8 6apHOHOB. 

PaccMoTp!iM cpeaaee aaaqeaae M lCCbl <..ffi>
8 

a OKTeTe 6apHOHOB H npHPBB~I2M 
ee q:iopMe: 

(8 .• 15) 

fl0.0:06paB COOTB8TCTByiOWHM 06-KB8.Qp8Tiol'IHOJ:t ITO OTHOW8mUO K c}JyHBUH:{ 

paaoM Bblpa.m:eHHe M_c 'l'l . 
Ecn:H !5bl rpynna sv~ ObUIB TO'HJOJ.t, ace qaCTHUbi OKTeTa - H9llpHB0JlHMOf'0 npe.a-

CT8BJl9HHH 5 u.3 -HM8nlf 6bl paBHYl<• M80Cy, B 9TOM cnyqae M,J 2) pBBHSl1IBCb t5bl no -

CTO.IJHHOJ:i: M~ 1:J = ,_ 0 

Y'IT8M HapyweHH9 CHMM9TpHH 5 V3 , npH':I~M, 11:8.K BC8f'Jl8.1 6y.rreM C'IHT8Tb, ':ITQ 3TO 

H8pylli8HH9 ITpHBOAIIT K 8LIJlHTHBHbiM ll0Up8BK8.M K rn 1 Dp0HCX0Jl9LUHM H~-38. H8. -

m-:PUUl A -xaap'KDB a cocTa:ee paccMlTpa:eaeMblX 6apa:oHo:e. 

C .o;pyroa CTopOHbi, O'leBH.aHo, 'ITO O.UHH HllH .aea A -xaapxa 6y.o;yT npHcyTcTeoeaTh 

'lr (i) 
B COCTOSIHHH r.R,BJC TOlihKO B T{>M CJ1y'l88 1 KO!'.ll8. llllH 3HB'I9HHSI O.UHOI'O H.11H .llBYX 

yHHTapHblX HH.ll91i:COB H3 A,B,C, paBH)J'O 3~· COOTB8TCTBylOLUH9 KOMUOHeHTbl ¢yHKUHH 

Hr t a> 
"rJi~BJC He, 06paLU8.10TCSJ .TO>K.UBCTBe 'tHO B HYJJb, TpH KB8.pK8. He MOryT npHcyTCTBOB8.Tb 

B paCCM8.TpHB8.8MOM COCT09HHH 1 T8.K {BK H3 "cOOTHOtlEW<iH H8DpH80,QHMOCTH" 

Cne.ayeT TO>K.U8CTBO 

0TC10A8. a i.e; flO, 'ITO 3H8.'18HH8 3 Ml>Ke~· rrOHBKThCR cpen;K A,·,B,C cneayrolll.HMH AByMH cno

cofiaMli: 

HliH 1 ) 
HnH 2) 

HH>KHHi1 HH):(BKC 1> 
Bepxmd!: HHaea:c ]:, 

.fl eJ:iCTBHTEilihHO 1 Bblp8.>1e HH9 

P·IB8H 3 ; 
p9.B8H 1 HJIH 2 • 

}/' 
113 

Mome-r 6hlTb OTJIH'IHO oT Hyns, ;nrwh ecmr ace .R1 :> Az , "lJ 



- 68 -

7J =1,2, TO D.UIIH aa au.ae~~:coa A 1~.Az. .aon:m:eu paBHHTbC51 3. 
TaK K8K B paCCM8TpR838MOM 0KTe'r3 6apHOHOB -HaT HHX8KOA CHMMeTpH·H MS>KJlY 

HH>KHHMH u aepxHHMII HH.aexcaMH ]:, , BJUIB.O.bl a M~t> OT o6on •cnocotSoa 

axo>Kaeuag• )\ -K58pKa .aon>KHbi 6bli h, eoo6we roaopa, pa3JTR'IHbi. nono>KHM nos
ToMy: 

Bo BCSIKOM Clly'l88 CllS,a:yeT 0)KH,ll8Tb: 'ITO 

o(. >0, ctt >0 

MO>K8M H8UHC8Tb T8K>K8! 

rue 

rn. = m.-+o<" 0 , j3 = - o(1 <. 0 . 

no,aCT8BHB H8i!:.tt8HH08 Bblp8>K8HH8 B ~ 8.15), H8i!:.08M! 

< m. >a s ~ .h-; .h; { m.. + o( S(c -3) +j S('ll-3)}" 
(C,'I>) 

* fl ~ *'Jl, !> ~ H-.) 3 =m..L. :b"'h, +o(c.....h3b, +}£...b,b,. 
(C,'I>) C (%>) • (C) B 

C lDMOWblO SIBHOI"O Bblp8>K8HIUI D.H J M8TpHUbi b}J 1H8URC8HHOI"0 B BH,ll8 (8.)2) 1 

Mbl U0lly'I88M ,ZJ;H8I"OH8JibHyiO KB8,ttp8T f'IHyJO ciJOpMy! 

... o( 
.. 

t
~-~-
- - + ~ ~ 

*'o o 2 * } 2 2 _..3.AA + 

0TCIQJl8 H8ll0Cpe.UCTB9HHO BblT8K810T C:JI8.UYIOWH8 C00THOW8HHH ,llHS M8CC '18CTHU OK

T8T8 

rn.z = fYlo 

m.P = m"' = m. • ... J3 
= m, +o( 

~ m. ·~ (oi.+,P) 

( 8.16) 



> 

~ 

L .-
• 

~: 

- 69-

Mhl MOJ1<9M HCIUIIO'IHTb KOHCTBHTbl 0{ H J3 H H8lliiC8Tb COOTHOW9HHSJ lffUIGCp9.0CTB$K

HO M8)K.lly CBMHMH MSC'CBMH <e.CTHUo 11M88M! 

+fTL =2rn s ~ 

OTKy.llB c.ne.nyeT COOTHOUJ8HK8 renn-.'•'\BHHB H 0Ky6o 

fTL'£ +3m.A 

2 = mN+m:!: 1 

K'.)T0p08 .UOCTBTO'IHO XDpOWO OrJpaB,al;[B88TCSI Ha SIKCD8pHM8HTe! 

2269(MeV) -2257(MeV). 

BMeCTO SITOI'O COOTHO!.U8HKS Mbl MO>K{ M Bb16paTc B c}lopMy.nax ( 8.16) TpH paaeHCTBB HS 

'18TblpeX H OIIpeaenHTb HS HHX B8nk:I'Ul-Ibl rrt. 0 1 o( 1 fl 0 HCXO.ll9 H3 M8CC TpeX 68pH
OHOB1 sanBHHhlX B · Ta6mru:e 8. Tor..c;a c cTaeweecSJ a { 8.16) 'leTaepToe paBeHCT80 onpe
.uenHT Macey 4-ro 6apHOHa. 

Pas6epeM .:s..o:ec& ,o;ea eapHaHTa. 
BaprraHT f_" 3"aLia.O.HMC.Si 3H8'18HHRM1i/To!J,rttl'.' m.SH onpe.aenHM HSWH n8p8M9Tpbl H3 
p8B8HCTB, nXOLlBllUl:X B {8~16): ' ' 

mo = m~ .> 

Hall.ueM (a MeV): 

mo= m:E""ll93 ' o( = 125' .fo =-254. 

Tor.aa .o.rrs:J. OCTaewerocR f)apif.OHaA ~ s (8.16) Hatt.o.eM 

rnA ; m.'i: ... tco(~j) = 1101 MeV 

:SMeCTo aKcnepHMeHTanonoro sHa'leHHSi rr,- /, ""1115 MeV. 

(8.17) 

BapKBHT 2a. 3a.O.B.O.HMCSI SH8'19Hi'ISIMH ('(j It/• rnj._, f(L l:_ H BOGitOJ11:>3yeMCSI COOTHOll!SHH

gMH! 

m,=rn.r,, 
Tor .a a ( B MeV): 

m, = rTL1: = 119", 

Jl =-254 

c1. =fern A- m.'E > -} 
11 .O..IISI MBCCbl ~ IIOJiy'IUM: 

m, + c1- = 1337 MeV 

BMeCTO "TB6nJ.fliHOro"' 3H8'18HHSI 13t8M ?.V. 

1 
= 131 J 

B ~·fJOHX napHaHT8X 0 XOTSI If HMSIQT(;SI pBC'XO>KL!E!HifH B BeJ1H'IHHe 

(8.18) 

cl- ~t25,137MeV 
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W p.HJlKB lQ%, 'f'O<IHOC'J"b OITpE!,ll9Jl9HHJt MBCC&I-4-ro 6apHOH8 ITO Tp9M .U8.HHbiM M8CCB¥ 

ll-·JUKH~ C<UfT8'rbC'ii B8ChM8 Yll0BJ18Tii0pHTer:Ihlf0A - COOTB9TCTBY10Ull:l..si OWK6K8. He npe
Bb!W8e'r I,:-. H ee a6comoTaoe 3Ha'!e:ure 8-12 MeV a MeeT rre>pii.u~~K eem-r<H:!Hbi aneK'I'
P"MarmrTliOro pac'lU8IIi18HIUI M~Cc lff;'Tim O.UHOI"'O H3STOIIII'i8CKOT'O MyJ1h'IHIIn8'T8. 

313.ME-'-'THM ewe, 'ITO COO'THOLU8.!iH€ (8.16) MO)JCHO IIp8.llC'T8Bi1Tb B "8Jlre6p8H'i8CKO:If" 

¢c··pM"': 

f'(L = M. o-J..,Y .. "-,I( I'·i) + ~, Y 2
• 

Bh16op lfM9HHO TaKoA tj::lopMbi MC·)KHO MO'IIfBHpo:eaT& cnenyKllllltM o6paac,M. BemPn!Hbl 

y i{ r2. = I (I +i) . H8pyll1B>I CJ.iMM9TplUO s u ~ 'f:OXpBH>UOT CHMM8Tprno 

v,:~vrclllf'iE'CKOfi rpyrrnbl Stf2. LJ:eTOI;le rrapaMeTpa Mo , k1, ~2. ,·1,.3 B.:=JSlTbl nns 
-::: c.:;·•), <n·o6bl .U06KTbCSI TOIIHOI"'O C:OBIT·lllE'HHil p8C:CM8TpKB88MOI"'O 8JIJ'e6pali"'leCKOI"O Bhl-

p,S.)KeHJ.HI C iteTbipbM>I B€'JHl'lli"!I8MH! 

rn. rLf'tk y =0 
' 

I~ i · 
' 

m.+j "f1l- y =i. I =Ya 
mo ~ o(. n..pu. Y=-i I=% ' ' 

m. + ~ (ot.+.J) n.pu. y =0 I = 0 
' ' 

C-1: 'I8M ffiMbiM L·6eCII8ttHTh IIOnHylO 9KB1EI8JI('.H'!'HOCTh C MBCCOBblMH COOTHOllleHHS!Mli" (8.16). 

J.1Mf"<=>M .z:Vr>I c·npenenemui Mo, ! 1 • .ft2. ~ -h.3; 

rn. =M. •2.P..2 
m.+j = M, + t._, + ~ 1..2 +1..3 

rn••" = M. - A.1 + "
3 A, + l 3 

m.+~(o<'fl) = M0 

CTKJ'Jl8 IIOJiylJ:HM 

B p<>:~ynroraTe nony'l:aeM cpopMyny 0K)6o: 

2 

m.. = M. + h1Y ._;,_ 2 [I(I+i)- y }· 



' 

• 

i 

- 71 -

Haxo.oHM .aanee: 

11, "' ~ +- f ( .. + p> 
h2 =- J (ri.+ }') 

( 8.20) 

-At = J3 - f (o(,.. f.>) 
flpH 3H8'{8HIUlX ( 8.20) cfx>pMyJI8 0 cy6o (8.19) TO<U-J:O coana,o;aeT c ( 8.16). IloB-r-•:oMy, 

8C,P:H ITO.llC~8BMTh 1;1 {8.20) 3H8'{8IDH frL
0

, rJ.. , .fo H3 {S.ii) 0 TO lj:lc•pMJliB (8.19) 

6y.neT B'J:-rip"H:3BCLillTh T86JHI'iHbi8 3H8'18HJ.UI m , mo::- , tn,., If ABB.'l.'l'L npHf,JHDKE>H
N 4 ..:, 

HOe 3HBttE>Jru~ ~ (1107 BM8CTO 1 15). Ec'1K *e aoc-no.r.:~;.:::~,-,saTbCH B'l0tJhJM BllpMaH

TOM 3H8'i8IDiij (8.18}. TO lj:lDpMy~a (8.19) 6y):(e'J BOCllpOH3BO.llHTh Ta6JHt:'IHble 3H8'18-

HHSI fltN 0 ~ t mi H ABB8Th npH6..._.n!UK8HH08 3H8'i8HH8 m2{J330 BMel'TO 1318). 

n O,!l;C'Il1T88M C2l!:"'8C K08cj:l()lHUK8liT >l 1'10 , h
1 

, ~ )J;.'>:H 9THX .aayx BBpM8HT(·Ro 

VfMeeM B nepacM OJyqae { e 1'-feV): 

~ =- (.195· ' ' , 
a eo aTopc·M cny'v:J.e (a HeY): 

!!:, ~- 185,5 ,{. ~38 
' 

( 8.21) 

M.~ll!5. ( 8.22) 

flo'Tp• ·6yeM TE>nepb pa"IUKpliTb q OpMyJly 0Kyf50 ( 8.19) 0 li8lli:IC8HHylO 3Ll~Cb LlJi'il: 0Kyn
JI8'1'8 T8KI:IM o6p88'2M, 'i!TC'6bl OHa OR888Jl8Cb I!p1-rM9HHMOJ:i If .O:JUI JJ8KYillHO!T8. 

3aME"TITM, irro 6ap1:10f!bl H3 .aeKyUJ :eTa o6na.QaiOT CmlHOM J:. %_, a y 6api:IOHOB H3 OKTe

'!-a J= ~ , H 6y.aeM parosyx<.aa Tb raK }Ke, xaK Mbl SITO .ae.'Iann rrpK o6oe,nliHE'Hl11f Mat::r.o-

BblX 4JopMyJI Me80HHOro 0KT8T8 H M830HH0f'O HOHeTa, npe.anonOMHM, 'iTO .ao6aBKH K 

M8CC8 rpe,nCT8BJHUOT.::H B BHL(e .ao68BOK1 HapyWBlOW:HX HHB8p1:18HTilOCTb 5~ 0 HO He 

88BHCSIW:!l:X 0':' J , H ,ll068BOK, MIB8plf8HTHbiX ITO OTHOUJBHHIO K su. 0 HO 38B>I'CH 

llUIX CT J , noCKO!IbKy <vi8Hbl 3 

~Y· t , !_z ~1(!+1)-fJ 
H8pyW8lOT CHMM8Tplil0 s~ 6y,nEM C'iHT8Tb 1 'ITO A'!' '""-2. JJ:e 38Dl!CHT OT J H 

SIBJJSilOTCSl O.QIUtaKOBbiMH .O:JlSl OKTeT,l H .Q8Kyii.118T8, T8K.}lM o6pa3CM rrpHLJ:E'M K paCWHpe};-

HC fi cf:lopMyne 0Ky0_::·: y 2 

m.=m +-'t.Y+t. (l(l+t)--r) :r -~ 2 ¥ . 

3.uecb .nns OJG'e-Ta: 

nz% = M •. 

HarrnweM Tenepb r:PopMyny (8.23} HJlH .ueKynJ:O:e~ a: 

m = m_% +- ~ Y +-1f
2 

(ICI+ i)- f'J, 
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If np11M8M BO BHHMBHK8 3H8'18HHH .r U y ..llllSl COOTB8TCTByf01.1JlX "'BCTHU: 

A I=3L ·y"'i,· ..,&'; '2, 

I= 1. 

I=~. Y=-1; 

rr ' I=-0 
' 

Y=-2.. 

HeTpy.aHO 3flM8TlfTb OTClOLlBo 'ITO llllH '18CTHU .Il,8KYllJI8T8. HM88TCA cne.ayJOLU98 CD

"THOlll8Hlf8 M8H<AY H30TOnli'I8CKHI~ CllHHOM H I"'Hll8p3BpH.OOM 

I(I+ f)·- Ja 2 + i y {B.24l 

K nOTOMy cjJe>p:>.Jyny 0Ky6o ~)KHO r pe.aCTBBHTb B Blf.Q8: 

17/. = m.* - lz.o Y, 
rue 

m * m.v .. + 2 h2 , 

~ =- (h.t + 1 h.) =d.. 

TaKHM o6pa.aoM, Mhl onHTb q:IHWli! K cJnpMyne (8.14) c nHH8i'!:HoJ:t aatmcnMOCTblO 

Mace oT nmepaapsu::.;a .OliSI qacTHIJ aeKynneTa. 
nocMOTpHM, KBK 6y,a;eT Oi5CTOflrb ,ll81l0 C 1HICliOBhlMH 3H8'18H!HIM:H. Ec:;m BCWI10IH-, -

.::!'."188',-b\ 1'1 nepBh!M BBpH8HTOM ( 8.1 T) 0 TO 

~ =•l. = f2'5' MeV. no. 
BTOfJOi1 eapHafiT (8,18) .o.aeT: 

h =J ~v • "' ~ 37r/e . 

3w'l'£eww aeJH!'HIHhi .£
0

=146/1e1i, B3HTOe HaMK paHee a (8.13) .nml.aeKynnOTa, 

0TJ!H1-!8eTC>I OT 3TOf'0 npH6JlK}KeH~51 BCero HB 6%. BKLIKM OTCJOLia, 'ITO npe,UIIOqTK

Te!!bHec B3HTb sTopon BapKaliT ( 3.18)., Tor.ua pacwennetrne Mace B .ueKyrrneTe 

BO' >nHE! y.aon.ncTse>p«TenoHo npe.a(:TaBHTCSI cpopMynoA (a HeV): 

m.=m. .. -137-Y 

fl-it· I.IV1" '"9JlLl!O, illJl0)!{}(<>.~ 

m* -· !385 Mev, T.e. 

nFtiJ.u\?M r Fl Mev}: 

ffL ,.,1248, BM8CT0 1236 

"'• 
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fTLl; '"'1385 t BM€CT0 1382 
8 

m
30 

""1522 BM8CTO 1530 

f'YL.g, ""1659 EM8C r·; 1675 

Ow:<-5Ka no acex cnyqagx He npeaJmraeT 1%. 

YI1:6K, "Il!CJ18HHble pe3.yJ1bT8Tbl TI0ATB8p}f<ABIOT crrpaaenm-moCTh ,fJOpMyn:cr 0Ky6o 
(8.23) H D.liSJ. 0KTeT8 0 H LU!£1 D.,9KylJ!eTa. 3~'J M"J}!(Ff Ciy)lC:{Tf-_:- H'?KT!'OphlM yKb8.'-:.-

HI-HO·M Ha cnpaBetvnmocTh CJJ;e.--alHH)f'O rrpellrrs..-r~){<EHI'H ~- ''~-·M, q;·r; Mfl(.--·a. <J.';J. ~ ~~ 

CKT8T8 H ll€KYITJ18T8 COCTOHT H3 ITdC1'0£1HHOil: M9:C'C'bl M A.OllV.TV.:BHhlX LJ.'J68.B0K ;:(!'j.J.X 

TV.:TICB- O,O:Hlr HapyWBKY! Cl!M¥8Tp.I10 5U3 , H:; Ho2 3BBJ.' 'ilT r,y J 
OT j , HO i1:HB8plf8HTHbl ITO OTHOU.8HIHO K SU) • 

TBKO€ rronomeHH€ T8K :me, K8K ll B Oiy"!88 M830HC'B, npHBO~ K Mb!C,1H 06b!?.LCX -

HKTb OKTeT K .aeKyrrneT a onHo Herp.HBOLIHMoe npencTa:BJJEm;.e rpyimhl SUIS . 
.llllH IlOCTp08HHQ J1HH8i1:Hb1X llp8.0('TBB1lE.-HKJ.i 8TOl!: rpyiT,-rbi Mhl 6y,oeM paCCMC'!Tp:'"''~

BOJIHOBbl8 ¢yHKUHH CHCT8Mbl Tpex iW8pKOB 

~a..1 ,a..,, 0 -3 ) 

:'18BIJCS!l.Ulf8 OT Tp8X "'KOM6ilHJ.fpOD8f!HblXu llHL[8KCC·B. 3t..J.E'Cb KOM6MHllpU88HHbiJ1: <t'~I,i._F~JC 

IIpe,aC'r'BBJIR8T C0 60ft CCl,BOKyiiliO(''" ~ ymtT8p1IOf'O H CIIMHOBOf'Q I!H,UE'KC3: 

a. _=(.A, 5) ( Jl ; 1, 2; 3; 
If rrpMHilMaeT acero 3HB'I8HHJ:l:: 3 x 2"' 6. KaK He cnyqae rpynnbi SVJ, , mm'2!l:W·E' 

rrpencTae.rreHIJ:e rpynnhl S tT6 

I)! a a a - tf ~ a = ~: Ua a.' U ll ' 1/1_ ' ' ' 1; 2, a 1, 21 113 (a' ~~ a..') 1) 1 a.2 Ja.'., a. 21}1·3 a..1)a..2., a.:, 
1• 2J 3 -

B mmefl:HOM1 KCMTIJI8KCHOM, 6x6x~ ~2 1 6 -·Mo?pHOM I:pOCTp8HCTB8 

{ '/' o., a.~ ,a, } 
>tBnste-::-cR npuao.o;ITMbiM. Herrprrao.nHMblMIT 6yuyT JIIJHellubie npe,ocTan,.eHHSJ: Ha cJ::.yHK-· 

U):{SJ:X VJ , C!IMM8TpH'-1HhiX nO OTHOIU8HHIO K.:l zr:eM TpE'M V.H,U8KCaM, HB rPyHKUX'ilX 'f , 
IT:::JIHOCTblO BHT<f-ilMME"':':pM'l'HblX, U -Ia [j)yHKUH>IX t CV "CM8WBHHL~"OfMMe-pw::.J.t. 

38.M8THM, 'ITO CmrH KB>K.ll':'f'O H3 6apHOH\A:~ ~[j' z:
0

, 3 S paB8H J" '---'3/2 

He..ao, KOHe'IHO, fiO.tl:"18pKHYTb, 'ITO .llO CffX rrop CITUH Q- He ll'3M8pC!H, HC' n:-:;Ka HMe-

eTCR non BaR y:sepeHHOCTb, 'ITO OH TBK)Ke paaeu 3/2. Ec.-111 6hi crnm SG- OK.'l3&nc ..J 

He T8KHM 1 IeK y l3C8X OCT8JibHblX 6::tp!F-HOB .aexynneT&, -::'0 21TO 6blH0 6bi CIIJlbHblM y;::J.e'J ·,;; 

ITO BC8My H81Ip8BJ18HI-!IO pa00T no IT )liM8HE"IIHIO -:: pyiiiihl s U3 
1 

a oco6eHII0 rpynn O>l s~, 
..llJIR c:a~-reMaT:1KTf :eneMeHTapnMX.' acTHu, SyneM noBcr-·My Ha,aeHTbC~, 'IT: G'- ..-,·""··--<- .( 

~~ llHJe ll3MepeHI-r>l II0,UTB8p.D,HT 0 'JTO r .D,JHJ .{t_ CITHH J -'·3/2 H rlpHlL~ • .lleM c;-~~!i 3/2 
BC8M 6apHOH8M H3 paCCM8TpHD88ltl?rO ll8KYITJ!81'8. 

KaK M:&l BH.ll9JIM" cj:lyHKUHR T-pex <ITllHOl3blX 11Hll8KC·:JB f ~ .,.. fl 6yzt""T C')J:--
. Q_h Q2• 3 

BETCJ'B0B8Tb .J =3/2, ecnH OHa IIO,JHOCTblO CHMM~-p>P-!Hf.l.. Ta~t Rl:iK "yHI!Tap;--lc..-; 4k.C" · 

cJ.Jl A .., ecnHcB·--·ll: Q:lyT'KDI'm neJ{ynJJe'Ta "'':'tK~ IDJIHOCTb!O CHMMeTpW'!Ha,rv 
h 2J~"3 

BC::JIHC>BB.Ii: cfiyHKUH>I .QeKynneTa C y'-191"..:M CTiaB ·a.·· 

'f' '") = c1 X 
a.1> a.2.,a...!. A, .R21 Jl3. 0.,) 6"

2
} 6"'21 
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6y,aeT CHMM8Tpii'-IH8 TIO OTHOU18Hlf 0 K0 BC.eM DepeCT8H0BKf"M 11H,UE'K.C :08 a.f 0 ~ •ll.a.· 
n~.sn~•My, pa3 Mhl npe,anonaraeM., 'IT~l Ham ,ueKynner axo.awr B HenpHat·.aMM,-·e rrp.e.a-

C-T~BJI6H'fe rpyTITibl sq, 1 C> ·-r·eM ( <' Mb!M Mbi lf:lHKCHpyE'M npe,aCT8BJielflfE',, peaJIM.3y8MtJP 

• Pa3M&pHoc-rb ~Toro npocTpaHCTBB, paamtH 

tj:lyHKUidl:, 6y,aeT, IWK CJie,o;yeT H~~ (8."3) 

N - 6(6+1)(6+21_ ""6 - 3' _ _,, s . 
Mbi ;JpHx8.o;l1M K H3B6CTHOMy npe,tcraenemuo (58) rpynnhi Sf.t. .. 

Br:-:nc:oM.fl>:IM Terreph, qTCJ MMeeTC.'> 10 C'p1:CHC.:pMi!pOB8HHbLX tj:lyHKUHil: J.l<c"Kynnera ,Kc-

1 r·pbl._, Mhl 0603H8'-HIM d (II) (" = :~ 2., ... ,10), H qT(') !1MP.6'f.( H 4 C•p1 \·HC·pMHpCBe HHbiX 

(D>lH:;BbiX ¢yHKIU-lM X ~)(f= f,l~,~'t)' C801B8TCTByiOll111X J.a ""3/2:1 /2~·-1 '2 .. -·3·2. 
TaKKM o6pa3oM, pa3MepROCTb np( C'TpaHcraa BonHOBhix. Cf!YHKUI-:d\ neKynnE-1 a- BC'f>x 

lll--!Ht?fiHhlX cynopiJ03llUI-ffi 40 6a3W -lblX. rbyHIUiJH1. BHL!B: 

d NJ J( (."l :J- [ 8.25) 

A,,A.ziA3 ~' fi2,fSa 
p8"Sif8 40 1-1 Ha LJ:O.'llO KOMIJOliE'H'Tbl %1.al,,a

3 
~ J ~ J .- 2 ,'·C"IBP'TCSl. I p'i·cr:•HB.1JbH0f-' 

npO Tp8.HC'TB0 p83M6pHC:(-'f II 16. n 'X K -_-,fJl:-R y .o.nE-~ b f1ME'IOT0>I LIB8 CUI-IH~•BhlX CDC'TOB -

HH51 .:[.'""'~ 1/2 0 H8 .QCJIIO "yHifiF.lplr··fi '->1:1071-'l'" B~.'fut·a·~·ti ci:JyliKlll-lH (•(T8E'TC'H llpC>C'!'[I8.H

CTB0 tlrr3ME'p8HHti, T,e, Mhl r-IJ:SI'Ib o:JJiyq<H'?M 0KTe'r. 

nocTp~HM CE'fl<taC BOJIHCBbl8 ciJ}HKUHH 8'I'.)r'O OK:!PT';o, 3!JM8Ti-l!\f, •nO cJ:_lyHKU:K>I; 

0H8 fiyueT U)9TOMy CI-IMMeTpl-l'-1H8 U~) C·THOli.!-'HlliO K .rJE-pe T8H(,B}I8 lll:!JX nepBblX K<' M-

fi'IHllpC·BaHHblX WJ:,UeKC'':B a lilfo'otll 5f< HCJ, Kpf:.Me 'TC1-)"-'l.1'J ,l:W'il 'T8K~"~"- cf:JyHKUlfH 
. • 2. J "'l/2. He• B CHJIY J18MMbl H3 §7,. K01q:.> ii Mbl qa•: tO 11Ciib30B'llll-!\'b,, Bblpamem-Ie 

~ a a_ -tJ!. +!£. 
/1 2, -_, a21a3Jat a~,af1a2 

fiy.UE'T T:Jr,aa (J1M~e'Tpl1'-1Wi1: ci:JyHtUHf-J1 BC8X 'lpi?X IIHLI8KC B Q-1, a.,!,_ Q.j, J1n-H 
B:ee 'IBK:>Ke J '"112. TaKI"M o6pll.jCM, ifCKr·Mhle nr•.nHOBblt- c}JyHKIJI'l!f HMeiOT ana: 

(81 { 1> 
~ = I EA ,A ]) .b E J( r 
at,O...a, (D) ' a• A.. 6,,6z GS 

I) c 

-t t .b E · )( 1 
A3,At,D ~, ~.61 ~ 

¢opMf'.'JbHO noaa M,)I<HC nonc'r'l.BWib JlJo6yro .ue.B51'H-!:KC Mnone,nnyro MBTpvuy .lJ 
He, npOH3BOllbH851 M8TpHU8 b M( )1<8T t)bi'I'L, llp8J.1CT8B.11eH8. B DlfJ.lE' CyMMbl MaTpllllbl 



) 
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Hyn:PShlM LU:>y00M H M6.TpRUhi1 Dp( nopuHOHI:iJihHOA e.aiHlM'IHOA: 

8. s: ( 8,27) 

fJCHO, 'lTG 9".'111 Mbl Il0,1J;CT8.:SHM (8.:;7) B (8.26), TO I!O.Ty'IHM K8K CJl9.Q("IBHe 'I0):[(.Q€CT&a. 

( 3, 3) 'l'{)}!(.QeCTB8Hiiblit Hy;rb; 

go Ell,A,_,Il, {E<!j, ""':/ 6'3 + €6',,.-, :X~i "'Et,,6, :t~,,}: o. 
Do3TDMy Mbl MOX<eM C'IHT8Tb, 'ITO 3 :Sbip8)IC0HHH (8.26) MaTpHU8]:, 

HSMy yCJIOBIHO OitTera 

Spb = ~ 1: = '). 
•' <~- !_8 

"i-1·~ K0.J1bKY Mbl HM88M 8 6a3HC1-lhlX ~JpTOPOHEI.IlbllbiX tj:JyHiiliHA.iJ,R H .UB8 6a3HCHblX 

cpynKUHH i.r: ~ S(o'-1)~- S (6 -2.) - :scero H3 (8.28) Mbl nMeeM 16opToroaanbHblX 

6a3HCHhlX tj:JyHKuJr:tt. Jil' Hx n:l!Heil:able ::yrrepuo3H.UHI1 HC'IeprrwsaiOT see 16-Mepaoe rrpo

CTp8HCTBr.. ~>·:''!'BJQLIJ;88C.H H8 JlOJllO 0 {T8T8, 

ViTaK, Mbl HCitepiiam-r see npeacT H3JT8HH8 (56). KaK 6bll!O IlOKB3flli0 1 OHO BKJil0'188T 

KOMTIOH8HTbl C :r '""3/2.- COOTB9TCTJ>Y!OLUH8 BOJlHOBbiM tj:JyHKUI-UIM ,ll8KyrrneTa H: KUMI'lO

He!IThl C j '"'-1/2, C'JOTB8'JC"l'Byl0ll\Hf BOJIHOBbiM tj:JyHKUI1.HM OJl.HOrO OKTeT8. 

8bip8.1K8HH8 ( 8 .26) Mhl Mt)KeM pa CCM8TpMB8Tb KAK BOJTHOByiO cj:lyHKU1110 0KT9T8 1 H8 -

XOAflLI.IerOC.H B CTIUHOBClM COCTO.HHHH :t ( HMeeTC.H B BifAy W:.'Jl!IbJJ1' ITlHH). 

H~l!')N(HM aa :/. ycnomre aopMH~JBKH 

t.xf ... , xJ' = 1 
H TIOTpe6yE>M, 'I'C.-·6hl 1-r:::pMHpOBKb B0'IHOB8~ cj:lyHKUYH 

}I _pM.:1pCBlF . .l% ~KTeTJJ•_-ii cj:lyHKIUC1 b : 
mana.aruia c 

( 8.27) 

H0pMHp0B04HblG: MHO:lKllT9Jih V 11 H8TIUC8Th; 

( 8.28) 

+ € ],7> E X } . 
/13, A 1, ~ 11, .. ) , !S', 6'2 

n . .:JlCT8BHB 9TO Bblp8)1(6Jf!le Jl/HI t./J B yCJJ'JBHE- (8 27), Hail.aeM: 

v2 (4•4•'1•2•2+2)=1, rn.e. -.i=Y,vz 



- 76-

PaCCM8TpllB8E'MBSI ID1IHOB8..1I c}:lyHKlHHI OKTe.Jll ( 8,!28) B .O:BHiiOM COliHOBQM COCTOH!UIH 

X aceueno onpe.nenSieTC$1 MarpH lE>lt .bA H He coaepnnfT roro <>neMeHra Heonpe!.le
nE>HHUC'JM, fl'B KOTOpblil: Mbl o6pBll.l81lll BIH!M8Hll9 paHee, OpH paCCMOTpeHlfH OKT9THblX 

npe,U,CT8l3118HHil: rpyllObl s~. 3TO, 0'18BI1LIH0, 06yCJT0BJI9HO TeM, 'iTO B npe,llCTDBllelmF. 

(56) rpyrmw sv;;. cn.oep)KHTC!i! 1IH lib oarm OtneT. 

0T08'1Cl'J'iJ.IIO B n!llOn cPK311<JE'CKOr0 Lj;8KyJibT8T8 M rY 4/1-66 r. 3/3K. 650 T11p. 600 3ff."'l. 

11·45047 

UeHa 10 xon. 


