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fOBOPKOB A.5. P2-BO-6 
UBeTH~e KBapK~ ~ rn~OH~ 

,[\aHO 3neMeHTapHOe BBeAeH~e B np06n eMY I-1C nOllb30 BaHIllfi 
4BeTOBOR CTeneH~ CBo6oA~ KBapKOB All~ 06b~CHeHI-1 ~ Ha6n~Aae
MblX CBoRcTB 06bl4HbiX aAPOKOB. neK4'~1-1 MOrYT 6blTb nOne3H blMI-1 
A11~ cTYAeHTOB 1-1 acnl-1paHTOB-YeOpeTI-1 KOB , a TaKlKe An~ 3Kcne
pI-1MeHTaTopOB. 

Pa60Ta B~nonHeHa B na6opaTop l-11-1 TeOpeTI-1 4eCKOR 
$1-131-1KI-1 OMRM. 

Coo6~eHHe 06beAHHeHHoro HHcTHTYTa RAepH~X HccneAoBaHHH. Ay6Ha 1980 

Govorkov A.B. P2-BO 6 

Coloured Quarks and Gluons 

The lectures contain an e lementary introduction 
into the problem of the explanation of the observable 
properties of the "usual" hadrons on the basis of the 
existence of the colour degree of freedom of quarks. These 
lectures may be of help for students and post-graduate 
students studying in the theory and for the exp e rimenta
lis ts. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 

" 

ITpe8k1CJIOB lle 

Co.n:epJK8JH18 OpOllnOpl:l OCHOB8.HO Ha JIeKD.IillX, npO'lIlTamfrJX aBTopOM 

B Hapo,nI!01l YHlIB ep ClITere OlmU n Jly ClHO 31UIOM 197') ro,n:a, 11 IlBJI ll eTCIl 

npo,l\OJlll:eH>l eM M 3,1\aHHO~ paHe e 6pomDpbI " Bne,neHJ.1 e B TeOpJ.1ll KnapXOB ", 

OlUlli , P2-128 0,.lly 6Ha, ln9 ,HO Ra C8l{O!l .Il.8J1e [I0'lT>I He 3aBlICI1T OT Hee. 

3Ia 'laCT}' nO CBl!lIleHa 3J1eMeHTapHOl.!Y BBe)(el!l-lD B TeOpIH) I..\BeTHbiX KBap

KOB >I f JU10liOB - KB8.HTO BYD X PO)'{O)(l1HaMl1KY • OCHOBHbI1! 06'beKTOM pac

ClAOrpeHHIl HBll IlKlTCfl,XaK II B npe)(bIAYJ!Ieil Clpoumpe ,oClbl'lHble a..nPOHbI, 

nOCT po eHHble 113 KBapKOB Tpex 06U~HbIX(~ , d, j )COpTOB, HO oClJla~a~~HX 
~OnOJIH}!TeJlbHillIl KBaHTOBIiN ~M CJI OM - "I..\BeT01l". 

I. UBETHIJE KBAPKI~ 

1.1. ijneTOBaff creneHh CBOOO~ RBapROB 

YcneWHaJI KllacclicpHKaUIill Oapl!OHIDlX OOCTOHH II~ B KBapKoBo~ 1.10

neJHI ~Wla OCHOB8Ha Ha rliI10Te3e 0 TOM, 'no CIIImOBaff, npOCTpaHCT

BeHHaR II BtlYTpemilUI ( " apOMllT WleCKaJI " ) 'la CT Ii BOJlHOBO~ \flymuHIIi 

Gonvnunication of the Joint Institute for Nuclear Research. Dubna 1980 
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Tpex KBapKOB B ~BpHOHe l(OJIlKHhI BMeCTe COC'faBJUITb CHMMeTp H'lHYIO c{lYHK

UHIO. C nOMOmbro 9TOA rHnOTe3~, HJIH, KaE ee Ha3HBaIDT, "c mw~eTpH~- ' 

ROa MOgeJIl'!", Y.l(aJIOCb 06'h.flCHHTb He TOJIbKO CBOttCTBB. OCHOBHHX COC

TOR~ 6apifoHoB (HanpKMep, ax MarHHT~e MOMeHTH) , HO TBKKe If 60

ra.TI'tt cneKTp 6apHoHHlix pe30HaHCoB. 

Ho B TaRoA MOl(enH TpH KBapKa O.l(HOro copTa MorYT OKa3aThC~ 

B Oll,HOM H TOM llte OCHOBHOM H cmrnOBOM COCTORHHfl . TaR II! npO HCXO.I4I1!T, 

Hanpl1Mep, B cJIY'me .0.- - pe30Ha.Hca, COCTOJrmero 83 Tpex d -KBBPKOB, 

Haxo~KXcH B OCHOBHOM COCTO~HKH If CKJIanN~HX CBOH O.l(HH~OBO 
opHeHTHpOBaH~e cnHHH B nOJI~tt cmm J =3/2: 

L).~
$ 

=3/... ( ~ d cl ) = I~t Jt d't' > 

3,1tecb M l - npoeruu m nOJIllOro c n IDla J H8 BH.ll.eJl e HHOe HanpaBJIe HBe 

~ , a. CTpeJIKB t YK8.SHBEWT Ha TO , 'ITO npoeKUI'LfI c nlma Kallt.I40rO 

H3 KBapKoB HB 9'1'0 HanpaBJIeHHe COCTB.BJlRe~' +I/2. M wrOl'H'lHO rrOJIY

'laeTCR H ,l(.!l5i 6.-++ -pe30HaHCa , cocT OffiIlero 1'13 Tpex t.I -RBapKOB, Ii 

~--r~epOHa, COCTOJImero H3 Tpex ~ -KBapKOB. 

T BRHM 06pasOM, KBa pKH , Kas aJlOC b 6~, He nO ll,'iRHJrnTCJi llpKH

ll;lfny IIaYJIIf. 3'1'0 npe.l(CTaBJlIDlOCb Bec}'MS. CTpB.HHH M, nocKollbKy KBa}r

K H- 'laCT iil\!l CO cn llliOM I /2 II no BceM COBpeMemwM lTpen;CTaBJleHMM 

.I40JIlltHH OO JlI'l 6H nOn;~~umTbCJl CTaTHC T wce ~PMII-.nKPBRa If OTIHCI:lBa Tb CH 

aH'I' HCHMMeTpK'l~MB BOJIHOBHMH <l!YHKUIDIMH. 

C03.l(aBWYIOCJl TpYl(HOCTb MOlltHO 6HJIO npeO.l(OJleTb O.I4HKM H3 

l(ByX cnoc060B: 

I ) IIpe.l(IloJlolltHTl> Y KBapKoB HaJIH'l3e eme o)JJIOA Ba'lTpeHHeA c're

neHI'! CB0 60!p1 I'l aHT HCIIMMeTpl'l30BaTb BOJIHOBYIU tPY HRI.u m Tpex KB8pROB I 

COCTaB~KX 6apwoH p no 9TOft HOBOn nepeMeHHo~. Tor.l(a nOJIHaH Bon

HOBall tPYHKUM, BKJII)Qannrur o mmOBlie, npocTpaHoTBeHHHe II !!ill!. BHY'r

peHHI'I8 nepeMeH~e, TaU e 6Y.l(8T B.HTHCHMMeTpl'!'!/o~. TaRoe npel(IIOJIO

~eHlle 6uJIO C.I46JlaHO R. I{. Bor o.llXl6oBi>lM H llP.l I , .8 T aKllte MIUIMQ

To/2/ 1'1 XaHOM 1'1 HaM6y/3/. 

2) C.l(eJIQTb 60JIee panHKBJIbHOe npe~OJIOXeHHe 0 H8nOn;'!HH8HHH 

RBaPKOB 06U'!HOA <f!epMH-cTaTAcTBKe, HO n0.I4'l BH8HHR HX H8KOTOpoA npo
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Me~TO'lROA CTaTHCT KKe, l(OrrycKannen HaJIH'lHe Tpex "IaCT~ co cn HHOM 

1/2 B O.l(HOM H TOM xe KBB.HTOBOM COCTORHHI'!, AllK T~t Ha3UBaeMoA 

n apa.cpepMH - CTa TI'lCT;Ve Tp eT'b8rO n OPfl.l(Ka. T aRoe rrpe,ll,nOllOXeHl'le 1U'JIO 

Cl(8JIaHO rp~1epro~4 • 

BCKope I On;HaKO, 6h1 JIa. n ORa3B.Ha n OJlH8H 8KBHB8JlellTHOCTll BTa

poro npellnOJlO~eRHJl rl'lTIo 're3 e 0 HaJIH'lI'lH Y KBapKOB HOBan BHYTpeHHe~ 
CTen eHH cBo101lH IIp,IfHHMaKllleA Tp H 3Ha'leHHH, HO c RpI:l T oA B OIlHOM 

KBapK oBoM nOJl 8/~,67. ilOSTOMy He OCTBnaJlOO'b HR"IerO HHor o, K aR rrpH

WIT}, I~Boe 1'13 BblUleYK8.3aHHHX npell,n OJIOJKeHHti. BrrOCJIe.l(CTBIHI f eJIJI-MaJlH 

H lIP. npel(JlOXI'IJlH ,nM HOB o A CTeneHH CBodo~ KBapKOB HH3BaHHe 

"UBeT" (colour ) C T eM, 1:jT0 6H OTJl I'I'laTb ee aT paRee H3BeC'rHHX BHY'l'

peHHHX CTenel1eR CB060ll.H (u I a , ~, C I'l T . n. ). KOTO~ e T enepll np lf

HJlTO HQ3HBaTl> "apOMllTBMH" (flavour ) . B HaJIle M JlHTepaType dOJIe e 

'laC TO ynoTpe1JtH8TCJl T epMlffi "COPT KBapKa ". 

I1TaK, rrpel(n OJlaraeTCH , 'ITO KBaPK q, MOllteT HaxO,nHTbCff He 

TOJlbKO B pa3JlH'l~X BHYTpeHHID{ lA, d • ~ , C H T .,n., HO T aMe If 

B p a3Jl.1'! 4HJ.lX "gBeTOBblX" COCT ORHIlJiX, KOTop~e MtJ 6Y.lleM HIDile 0 603Ha

1:jaTb npOCTO 1!lIl(eKCOM, np HHHManuHM Tpll 3Ha'le HHJl: q, ~. l. =1,2,3. MI:l 
HMeeM Ha10pl:l ll;BeTOBI:lX Tp HIlJIe 'l' OB 

l.(, • Ll2. ' lA,3 

<i1 , d~ , ~~ 
~1 > ~ 2.. ...,~ 

c. , e z. • <:3 

C'll'!TaeTCfl, 'I TO 38pll.nH H lIPyr Ke KB~!'rOBble 'lHC Jla KBapKOB OnHoro 

ll;Be 'rOBoro T pHTIJI 8Ta Olll'lHaROBhI (CM., O~HaKO , n aJIe8 pa 3.l(eJI 5). Ha

n p HMep , 

Q Q ;: Q.. =' 2/3,uu • Ii. > 

QJ = QaI =: Q, =- - i/3 > Q~ = Q~ = Q~ =- i /3 H T.n . 
q, 2. "' 3 ~1 2. > 

T enep b MOlltHO n OMeCTl'lTb Tp ll "pa 3HOUBeTHl:l x" KBapK a Ol(HOrO copTa B 

OnHO II TO ~e ClllIHOBoe COCTOJlHHe , He BXO~ B npOT~Ope'll!e C npllH

UwnOM llaYJIH. ,ILnJl l::J.- - pe30HaHca COCT OJlHlle Tp8 X Q -KBBpKOB 3annJlIeTCJl 

B Bane 
3 

E- • ' I J .t ~,t JI<'t)~~ = 3 /'). ( dol o!) = , ~ • I ''II< 
:s . " l' I<. =i 
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r .ne L :jK - ~SBeOTHbln BHTI1C llll.l'AeTpll'llIblit T eHSOp r; R0Ml10HeHTaMU £ '''3 =I, AHa.lrOI'll'IJIYIO rronparnq CJIe,nyeT DBO,nllT:b TaJo,[e ,TT.,JISl .Ilpynuc npOll,ec
~n2. =-1 II 'r • .n . flCHO T enep:b , RaK n OOTp OI1T.h COCrOHH l1e UM mo"oro 

con , lIaJIPWlJeP , ,II.JIS! pc'1Crra,noB n eK TopHblX MeSOHOB Ha JIen :roHIIYJO n a p y. 
ClapMOHa, o:lpasonaHHor o ~lS q.-: ~'- II q./~ RBapROB: 

"3 
I / / 	 AHHI-l I'~JI.fIUM. 3JIeRTpOH-nOS r1TpOHlillX BCT peqHIol X KOJI8g B a.gpOlill .B (~ q, /q, I' ) = Z 

:, i) K =1 
L.. ' i K I ~ ; q,j q.. j.;: >Cll MM . ' , B O ~Jlae TJ.I :mepr l1M ,no 3 r oB 3Kc I1ep lmeHTaJlh HOC SHa 4 eW1e OTHOWeHl1.fI 

rIl e OOCT O.fIH He lq,. ct.- j q, K) CilMM . n OJIAtRO CihlTb c t-Ul.MerpIJaOBa}IO n o 

c m lHOBliM, npOOTpaHC TBeHHblM 11 BHyrpP.llJ-mM COCTO.fIHIUlM. 'TaRoe COOTOR

H l1e Doerua BJJTI'ICfnl!MeTpll'lHO OTHOOIlTeJIbHO nepeCTaHOBOK .1IBYX 1UO:lb!X 

, 1~ BeT OBl' X I1HneRC OB 	 1'1 CIlMMeTpl1IJHO OTHOCIlTeJIh HO nepeCTa HOBOIC BC8X 

OCTaJIhRHX RBapKOIllX (cnIiHoBbIX, n poCT paHCT seHilbIX 11 sHyr peuul1x ) COC

TOl!H I1~ . 

rAe30HhI CTPOJI'fCl! I1 S 	 UBeTHblX KBap:Ka iJ BHT luwapRa. Ho B OTJlI1

Yl1e 01' 6apJ.lOHoB. B 	 KOTOpblX UReTa Tpex KBapRoB pasJHlqHJ,l, B Meaer

He !( Ba p I< 11 clHTI1KB9.pK HaxO,WlTCfl. Bceru a B O UIlHalWBOl.~ UBeTonOfI OOC

TORHMI1 . Co o'r05I Hlle MeSOHa B O::ltlleM Bllue sanllCI I:&aeTCR TBK: 
3 __ / 

M( cy cV ) = ,L ~; <1;. > 
,, :::. ... 

Pile 'lepTa 118J:{ ~ / 03} Ia'laeT allT I1KBapK. 

CJle,Qy8T n Ort q epRHyn, 'lTO UBe'l'"0133;'1 CTen~ CBO~O.ItU np~CYllffi 
\ I<BapI<8M Bo e r ga, HO 13 MeSOHax 1'1 ~apl1c" ax 011<1 CKpUTa. Il ee npv.CYT

CTBl1e 13 HllX f!.OlKeT n pOJtBJUlT bCH ROC13eHffiH,1 o-~pa 30M. OC Tf.lHOlHfr.7Cfi Hn 
/(ByX T.aRliX KOCBe HRHX ;:IlWnep"MeHTa Jlhffil X yRf.laf.lHI1.fIX 0 HaJIM'! Mil y 
JqlapKOB UBeToBoft C'f eneHI1 CBOjO.nu . 

Pac nag if 0_ 2 r . E OCHOBY BH ql1CJleHI1H BepO.fI"HOCT ~l :noro 


pacnana nOJlOlKeHa nl1arpaJvlMD 0 Tpey rOJlbHo!1 ~BapKonoti neTJle tf : 


11° 

- - - -- Il 9- r~
~ 

PaCYeT n o O:lH 'l IlOM KBaPKOBolt MOrt eJHI l(aeT 3HB4eHI1e llMl lUllpIDl.Ll ::lTO-" 


1'0 pacnan!:! 0, 87 sE, 'ITO SHa'!I1TeJIhHO MCUbliJe 8Ke nep~MeH1'aJJ b][o lt 13e

JII1'HHill 

~KC" . 

[" 0 .... = 7,92 + 0,42 :lB. 
li-.~. 	 

Y'~eT UBeTOB~JX OTeneHelt CBo jO,lU/ll-IO/ yBeJll1qlo\BaCT TeOpe'l' r1QeC lWe 

31!11'leHl1e B 9 p a 3 ( BMecT O OI(HOt\ KBaplwBolt neTlI l1 T eneph ~IMeeTC fi 

Tpl1 KBapl(QB~x rrCTJlJ.l 113 KDapKOB RBJil;UOro UBeT S ; aMllJIlITy !{a n p ouec ca 

VIlC)J l'['IJ.lBae'l'C Fl B 3 pa.sa ) , :no 3H8 qeH I1e l'eneph CTa llOBwrCR p aBl-lhIr.l 

" ,1l11 aU I-l Il peK}1flcHo c o rJlacyeT c iI C 3Kcnepl-lMellTUJlblll.lY. 
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J 

ce'l eHr1M aHH Mr HJIHll,1l1l 

R = () (e+ e --a,llPOHl1 ) / E)(eTe- ~+ p- ). 

IISMepeHHoe B CT ellcpoPT{e , eOCTaBJIReT 2 , 5:t0 , 4. T1pe)lJI0JIa r ae TCR , .4 T O 

onl npo ue cchl lI1<y T 'lep e s O ~HOfpoToHHo e npo Mel!l:YT0411oe COC TOHH ~l e 

M HM coo TBeTcTBYlOT !{l-lar p 8M!I'J.-.! 

e+ ~ ~ J q, e+ ~ ~J p 
T 


e - / ~~ ~ "'i e- / -~ - '\~ -
C1.H!TaeTCfI,4"TO Oil p a30.B aB umeciI KBBpK I1 I lliITiII' lffiiUJT " 11 3 BaKYYtl'8 l\Py r l~e 

I{BapK-aHT ilRBSpKOBbJe n ap!> 11 p elwMjllRI1PYIOT 0 UJU{H B OdWlIill e anp OHIoi. 

T1PH aT OM n p e l1nOJIaraeTOfl. , ttT O BRJl8.lJ,hI a T pa3JIHYllliX nepBOH8 'laJlhHO 

BOSHI-lKlllIIX KBapR-aHT t1KBapROBH X nap HeKorepeHTH/ol . 'Torna IlM YK8S8 H

Ho ro OTHOlll9HI{H n OJly 'la 9 ToR OPOCTO 

~ :l. ~ 41 ~ ~ 
R = Q ,~ T Q ci + 	Q~ ="9"1- 3" T "3 = :3 

(D YR8 S8 HHOt! OOJI8.cTH 8Hep r l1i1 KBBPROB HOBiJ X COpTOB eme He o Clp8sy eT

en). rIOJIY 4 eHHoe SHa qeHJ.le o y meoT n eHHO Me Hhille 3I<CnepJ.lMeHTaJlbHoro. 

Y'l e T UBeTOB~X CTe n eHef/ 
7/ CBO~O IU:J Kna pI<OB YBeJIr1411BaeT 'TeopeTI1

4eCKoe SHEl 4eH He ' n Tpll p a 3a ( Ra.lIt,lJ;all Im spR-aHTI1KBapI<OB8.fI napa l(8H

Ho ro c opT a Teneph MOlKeT o dpa SOBhlBaThCH B I<8.lK;:r;OM 1Il3 Tpex CBO~ 

u neTOBH X COCTOHHI1~) 11 n pllB OUI1T K TeOpeTl1yeCKOMY 3Ha'l.eHlm R.. =2, 
'IT O OIDlTh-TaKIl npeKpaCHO oorJIac y eTcrr C 3I<Cnepl1"MeHTaJlhHNMH nBH

HblMIl. E OOJIaCTIl dOJIhillVlX 3HeprVl~ yyeT pOlttneHI1H I<BBpI<-aHT lIKnapKO- ~ 

BHX nap HOBliX COpT OE (C. g ) T8KlKe IlaeT n p a.BI1JlbHOe nOBe.neHMe OTHer- ~ 
WeHM. R. 0 POCTOM 3Hep r~HI. 

c 
1.2. 	UBeTOn~l.fI SU(3)-C J.lMMeTpM. 

Jeu d'eaprlt - r1I'pa YMa ( ¢ P8HU.) 

rIoC JIe Toro, RaJ( :lHJI8 BBe.neHa HOBal! CTeIT eHh CBOjO,lJ,h! KBapK OB 

- "UBeT" ·RBapROB, e CTeCTBeHHO jH)JO 3a.naTh Bonp o c : n Oll'H!!lfIe TC.fI JlJ.I 

OHa lSaKo A"':'Jl I100 0 VlMMeTpl1ll? 

7 

http:nOll'H!!lfIeTC.fI
http:UBeTOn~l.fI
http:spR-aHTI1KBapI<OB8.fI
http:3Kcnepl-lMellTUJlblll.lY
http:lUllpIDl.Ll
http:CBOjO.nu
http:clHTI1KB9.pK
http:OTHOWeHl1.fI


f1 

OT 06!1 4HOil 6y .neM CTaBMTh cBepxy I1Hi4eKC "C " ( = colour 


3y OTMeT I1Th, 4TO TaRo e npelIn OJlOlKeHl1e Hl10TKyn a He CJl eny eT 
 npe/lC-

TaBAReT co60~ J1~h .noraIIKY. 


KaRI1MI1 cBolacTBa!vm o6JIa.na~T Torna BOJIHODtle ~YRKUPl I1 6aQl10HOB 

11 Me30HOB OTHOCI1TeJIhHO aToil UBeToBotl C~eTp l1 l1 ? TIp eM.lle qeM OTBe-

T 11Th Ha 8TOT Borrpoc, QnpeneJIlJM 60JIee rrOJrP06Ho npeo6pa30BaHM YHII

T8PHOit UBeToBoit C HMMeTp~lH. TIyCTh llMeeT CR Tp lmJI eT KBapKoBbl X llBeTOBblX 

COCTOHHIIM ( q,., CV ';t , q, 3 ). COCTaBlfM HOBbi e llB8TOBHe COCT ORHI!1fl B 

BillIe JII'lHe lffiux KOM6 I1Halli1l1 CTaphl X: 
3 


q,~ = ~ U'l' Clr ' > l= ..j> ~,3 " 

1'-1 1 

Ha KOMnJleKCHhie KO~HUlleHTH HaJJaraeTCR YCJIOBl1e 
~ 

'M .)f- (l 
L..,. U. n U, =00 
. 't "rn (.m J 
l = 1 

r./le U;*...... - Ko sq¢IDllleHT, KOMT1.IleKCHo- COnp.RJi{eHHhlI1 K U,.,., • KpoMe 

Toro, Ha III1X HaJIarae1'CR eme YCJIOBl1e ymlMogyJll:IpHOCl' lI : COCTaBJJeH

Hhl il 113 HI1X onpe.n8Jl I1TeJIh .nOJIliteH 61> T:b paBeH I. 

L1.2.U H U i 3 
De-l:U 1.U~1 \,( 2.4 U1. '3 

\,(3~ L\ 3 2. U33 

TIoKalKeM Teneph, 41'0 BOllHOBH'e rjiYHKllll 11 KaJ( 6api10HOB, Ta K 11 

MeSCHOB He 113MeHlllOTCR npl!J TaJ( 11X n~06pa90Bammx, I'IJII'I, I1HalJ e , RB

ARIOTCJ! gBeTOBhlMI1 CI1HrlleTaMll. . , 

COBepWI!M Hall; BOJlHOBOla ~YHKI,u'leil Me30Ha npOa3BOJlbHOe ymlTap-

Hoe npe06paaOB8H1fe . M1l nOJIy q m" 3; 
3 3 5 '<- _ 

1'1 = .~ q, ~ ~.:' 1; ( L.. U'i ~ l )( ~ lAile qlK ) = 
< - 1 , - 1 \ ~ 1 K.1 

;3 :3 3 . __ 

L (L U , ' U ,If- ) Q ' ~ l~ q, i C)). ' , 'l' K V1 VK
',j = 1 ,=1 j = 1 

TaKMM 06pa30M, Me30H nefiCTBI1TellhHO nepemeJI CaM B ce 6fl (no YCJIo

BIflO YHI'lTapHOCTI'I npe06pa30BaHM). 

COBepw~ TaRoe lKe npe06pa30BaRile Ha~ 6apI10HOM: 
• 

8 

3 / / / 

B 2:',. f..' ·K q,;~ · ~ K 
, • I'- '" 1 ~ j 
' ,j . '3 ~ 3r 3 
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TaRIIM 0 6p aaOM. dapHOH TaRllte rrepeweJI c aM B ce dR BCJIe~CTB~e YCllo-

BWl. YHHKl.n:yJIRPHOCTI! (De -\: V =I). 
I.t; npIDCOlllIM K 3aKJIlO'leHIOO, 4T O I'ISBeC Tllli e ./lqJ CI'IX nap 8./lPOHbl 

HBJl.fIlOTCfl UBeTOBHMI1 CI'IH1'JleTaMI'I . OHl'! KaK Cli>I n He :HUleqaDT" n p eo Clpa 30Ba

HKR UBeToBo~ C~eTpHI!J. MOXHO nO~TH lla~Lme !! rrpe./lnO~O~I!JTL CloJlh

wee: llBeTOBaR C BMMeTpKR 

CTB!!eM He Ha a eMa a B n OM 

COCTOJIHI'II'I JlI'IIII}' UBeTOBble Clllir lIeTbI • EcJJ.l1J ITpIffiFCTh STOT " ../lOI'M8.T" , 

TO UBeTOBaR c~eTpIDl 6Y)teT HaBCer/la CKpbl Ta aT BHeWHero MHpa, a 
BMeC Te C HeFJ 6y.nyor CKpHTH BHYTP il aIWOHOB H llBeTHhie KBB.pKiI, flB.ll.J'Dr 

mHeCH UBeT OBHMI'I Tp KnneTaMH, a He CHHrJIeTaMH. n aze eC Jl l'I ' MOrYT cy 

meCTBOBaTb 3K30 'l' II'!eCKHe COCTOJUlIDl T iIDa '1- q. ~ ~ ,q,q, q, q, a; 
~q,~ l}~ q, ,1iX ~ llBeTOBai! .J;!QJIHOBaJ! i{JYHKQH.FI, c O/leplKBll1aR 

4,5 II 6 llBeTOBl>X KH~eKcoB, llO}JXHa ClHT h UBeTOBUM CKHrJleTOM. ITPH 

STOM OT~eJU,HUe na p H q, ~ IMiI TpoRKH 'tr ~ ~ KBapKOB, BXO.wrml!X B 

COCTaB 3T KX 3K90TiI'leCKIDC OOCTOflHiII, MorYT . KOHeqHO, HaxO./laTLCR He 

B CPlHr JIeTHOM llBe TOBOM COCTOflHHH. Taxo e flBJIeHlle rro.ny'l1l1l0 Hal'l~ieHo
BaRBe "0ItpHTOro" UBeT,a, nOOKOJlhRY IIBeTOBble HeC!!Hr.lleTHhie COCTOfl

, I,. 

HM MorYT BHcTyrraT}' JImJI}' KaR COCTaBHlie qacT!! 'C~OllHOro aK90T RQe

CKoro OOCTORHlill , ~erOCH UBeTOBl>M CKH r lleTOM. 

C.Ile.ny eT BOe Me 06paTHT~ BHRMaHl!e Ha TO, QTO llaIe eCll!! llBeTO

BaR Cl!MMeTp~ CKpHTa BHYTPH ~HOB, TaM OHa ¥oxeT u apCTBOBaT}, B 

DOnHO~ Mepe II uenKKOM Onp elleJIRTh llHHaMHKY ./lBKEeHKR KBapKOB BHYT

pH IUIpOHOB. Eo BHeWHeM UBeTOBOM CIIHr JIeTHOM Ml!p e aTO 6y.neT IlpOHB

JIRTl>CH HeHllIiliM 06pa30M, KaK MH Yllte B l'UteJl I1. HanpllMep, B CllyqaIU 

paCl1lU1a 1T o-? 2 a- II aHlHlr l{J]JlIUH!, e+ e-:"8,llpOHN. 

OaMHM cymecTBeHHHM BonpocoM Tenepb HBllReTCH 060CHOBaHHe c~p

r~J]HpoB8HHoro BHme ~OrMaTa: noqe~ B J]pwpo~e He MoryT nOHB4ffTbCH 

B CBo6o.1[HOIII COCTORHI1I1 lUleTOBble Hec~~eTHille OO'beKTIl, HBIIpHMep 
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KBaPKR? OTBeT Ha lIero noxa lj T ~ Hil HiJl!z\eH, T!O OO.llbfill'lf' Ha.ne~ 130 3· 

JlaramCfl Ha 1'0 , IJTO OR ~V1teT HaaneH B Teop,m, l\OTOpan B HaCTORlllf:e 

Bp eMil rrpe.n;C TaBJlfleTCf[ Ha~OOJlee rrepcneKTKBI-!l-JM n peTeno;eHTOM Ha Mec- '

TO Teop lUI CKJJh1lliX B3BKMonettcTBd - 13 "KBaHTOBO~ XPOMOlJ;HHaMHKe". 

2 . REAHI'ORAff XPOMOJU1HA/;lliKA 

2 .1. r JOOO1lli 

KaK~ 06pa30M RBapK~ "BS8 lru0!4ettc TBym ltPyr C upyrOll? KaRHC 

CHJllI CM311Bam ~x B a.zu>OHLI ? 
B TeoplUI n OAA 'lacT~ Bsatwon:enCTBY ICTl' .npy r C ~PY I'OM , oOll.e

Htmaf!Cb KBaRTaMl1 KaKOI'o-Jll1:J0 0030HHOI'0 (lmeaxnero ueJlI:d! cmm ) no

M . 3 splI!teHHlle 'l aCTKUhI BsaHMOn;eRcTBym tIy TeM oOMeRa ¢QTOHaMH 

- KBaHT aMH 3JleKTpOMarHIITHOI'0 nOM co CTHlHOM I. IlepeHOC'lHKaMH C118

OIlX B3aIm0.1le ficT13RH C'l RTaJOTCIl TfUKe.lllle BeKTOpHl-1tl ·W- Ii ~ 0_ 0030 

Ec TeCTBeHHO Ollt\Uta Tb, lITO Ii C I!Jl:hHOe B3aIlMOne~CTBl!e Me!Ut.Y KBapRaMH 

OOYCJlOBJleHO oOMeHOM HeKOTopllMH B eRT opHUMH 'laC T KUaM~ - " I'.1lJOOHa

MH"/II ,?J ( Ha3BIlH~ e npOI!CXO,lUIT 0 '1' a RI'JlI1HCKOr o cnOBa glue~ ). 

IIOlJ eMY HaM XOlJ e'l'cn ct{RTa'l'b nepeHOCI!HKBMK BCex BaaKMOne~cT

BHJ.! BeKTopHHe 'l !}CT~ (qacTf!lU:l c o CITHHOM I ) , M!1 , ·KaK BHpaSKJJCSI 

aJ<a n . 1,1. A.MapKolf'12 , rrOq eMY npOHc X01(H'l' " BeIt1'OpliSBIH"'Jt i(JH3 HKH 'ana
MeHTapflli x 'ja CTM/t " ? IIp HtJ ilHa (lTOr O Ha 'lKH3.e T B HiiCToffiltee Bp ewr ope

flC WITbCH If 3ax moqa e TCfl B Oll eRl> OC\meM TpeOOBaJHIH HHBapilaHTHOCT l! Teo

p Hi! OTHOCHTeJlbHO JlO~bHllX RaJlH6pOBOQHGX rrpeodp aS OBaHd ~aHHOH 

rpYl1llli CHMMeTpi! li . COOTIleTC'l'B.Y Ialllle liM KBJHI ::lpoBO'l Hlol e n OM .l!OJUi(Hl:I 

ilMeTb Te lKe npOCTpaHC TBelUill e c Bol c 'fBa , "ITO I! npOl!!SBOUHaf! 

d l' := 'J/'d cc t' , TO eCT.b ~I:l T b 3 eRTopHHMIl clOMMl'I V ii . PaCC~:OTpe
HVl e TeopHH RaJIl'I0POB04111iX flOJle~ BllXO.l!HT !laJIeKO aa paMK !il K3Jla raeMG

ro 3n eCb Kpyra BOnpOCOB , \iI I,U,1 He 6y n:eM DliHKaTb U e e lJ,eTaJIli, HO 

JlHlllb BocrroJlb3yeMcfI BllB01\aMH ,)TOn 3aMe'lB,T eJ4bHoti TeopHH. fIpeBOCXo.l!

Ho e 1!3JIOlKeHlie ee ~aHO B KHHre!I 3!. 

YlTaJ<, KBa pK fI n o n;'lI1Wl1OTCH ItBeToBO~ CHMMeTpKIl' SV( 3 ) c , a 

c OOTBeTCTBYJ(lUl'le JlOKaJlhHl-1e K3Jl111poBOlIm :e npe0 6pa30B81Hlff 370it r pyo

llbl rrp l!BOltflT R B031Hfl<HOBeHm ~ (BOC:£,;tepKH ) UBeTfillx BeRTOPHllX 

nOJl eU - r mooHOB . 

B TOM, 'lTO r .rooORO'3 nO.ll.lH.O O"' T~ Boce~lh, NIl ~,'Ol!leM y1e.1l.l'ITbCR I 

paccuaTp HBaSI r.u B9allM0n;eRcTBile C l'..BapKal,lIl. MilleeTCJ1 BOceMJ, He3:lB~ 

c~rux UBeTfillX RBapKOBllX TOKoa (BHYTpeHHRSI ~TeDeHb CBo::lO~J KBaI~ 

iO 

KOB Hac ce~lJac He HHTepecyeT, H Mbl ee y npFIqe~l B 011l1RIt CHI.lEOJl ~ ) : 

IX. 3 _ ~ Q, 

r .. = E.,. a. ¥... -;; ). ;.. '\.1· a. = -I , ... • 8 ,, ;, i '" 1 ·V ,. ... • 
Q. 

r )te ~ - MaTplmbI r eM -MaHlIa (t'I - Jl Ope.~-HHneKC ) . C 8T lfMI1 TOKa-

Mill iI no J\J!tHh/ B3 8 HMOneltcTBoBaTh BOCeMI> I'JIXlOHRblX nOJle~ T8R, 4 TO r\bl 

raM~Jl hTOHlfaH B3 aHMOne£tC'l'BHSI OhlJl UBeToBHM HHBapHaRT OM 
8 a. Q..

1-t g == ClL ·J ( ':><. ) Jl t' (~).
J. d Q : 1 ,. 

C'IHTaeTcSI , 'lTO rJIlOOfill He 06.1la~aIOT HHKaR HMW 1mB/I.!-!, Kp OMe 

UBeTOBllX, BHYTpeHHI!MK COCT OHHWIMH, HllH , i!Ha lJ e , il.BJUilOTCH C HHI'Jle

~'aMH ( HHBaplfaHTaMl!) OTHOCliT e JJbllO OO"' '1fillX (1f30Cn~HoBoia > SU( 3 ), 
S\T(4 ) H T. n . ) CIDI.MeTplflt. B 3T OM CMllCJle cop Ta ( l apoMaTu" ) ~ 

UBeTa l(BapKOB paSne JIeHll. l1epBH e pa SJlH'l aJDTCSI B 8JIeKTp OMa rH lfTfillX 

If cJla 6h1 x B3aI!MO ne~CTB~ . BTopu e - JI KWh B CH.Il hHhlX B3a I~OneficTBHRX . 

KaK YKa3h1 BaJIOCb Bl:lme, UBeTOBaR Cl'lMMeTpWl npen;n OJlaraeTCn a 6

ComoTHO TO'lHOIt, H 8T HM OHa c ymec TBeHHO OTJlI! 'laeTCH 01' 0 6bJ 'lHott ( " apo

Ma T III'leCl colt" ) BHYTp eHHeJ;! CHMMeTpI!H, KOTOPBSI, KBK Mbl SlIaeM , 3aMeT

HO Hap YlUaeTCSI . 3'1'0 n p ennOJlOlKeHHe n pKB01\HT R O'l eH1> BaRHOMy CJle nC T

BIlJO : r mooHIl He Mo r YT IIMeTb Mac c y nOROO . B 8TOM OTHOllleHl'l1f OHH n o

XOX H Ha ~TOH . Ho B OTJl~ l'le 0 '1' i(JoToHa , He l!MeIOmer o 3.1leKTplf'leCKO

1'0 3apJ'l.Ua, rJOOOHll OO.ll§l.UWOT UBeTOBl:1M 9 apRgoM. YiMeHHo 6 J1aron;B.pJ'I 

eMY ( iIH.l!eRc y ex. =1, • •• , 8 ) Olll! BSB.HMOneltcT Bym C RBapKoBhlMH TOKa

MH, HO He MorYT B3a HMO.1leJ;!CTBOBaTh C 06l:J qflliMH a,nPOHaMK RaJ{ ueJlblM, 

nOCRoJlbKY n OC.IleUHHe He HMem UBeToBoro 3apfl1ta (OHIf - UBeTOBhle 

Clm r )JeTl:l rwl'! "HettTp a.Jlhl "). OTMeTHM, 'lTO 1\Ba M il (lOJlee r JllOOHa Ma

rYT COCTaBHTb UBeToBoJ1 C i!HI'.IleT If B3 a iIMOneltcTBoBaTb C auPOHOM KBK 

ueJllm . Soro ,nO.llJllHO OIlJlO 61:1 n p KBeCTH K nOHBJleH~!lO e Wl. TImB. B8.H-.nerr

BaaJlbca MelltnY a,nPOHaMB . Ho ,nBa M il oOJlee I'JOOOHa Bsal1MoneltcTBym 

C anpOHaMlf , CRopee, RaJ{ en; IfHo e 6eCUBeTHoe COC 1'OSIHHe - " pmo 6 OJI II , 

l!MeXXl\ee 3aJJ/eTHYIO, IIOP.qn:xa I f :JB, Mac c y • 

HanH'Il!e Y r~OHOB UBeToBoro 3ap.~a ITpHBO!(IfT K TOMY, 4'1'0 

OHIf BsaI!MO.ne!CTBym He TOJl1>KO C KBaPKaMH , HO K CaMH C c 0(01). B 
aTOM OOCTO!!T CYllIeCTBe!fHOe OTJl KQ Ke r JI!lOlm oro nOM OT 3JIeKTp OMaI'

HilTHOro : I'JI!lOHHI:I e n OM no cBOelt Cy\lUIOCTII He.'ll'lNeIDw. 

HenMSe ABocTb I'JIDOHHOro noJlSI CBHSaRa C TeM, 'ITO Kan~OpOBOq

HaS! UB8TOBaJI S U ( 3)C_ CIDIIMCTPRfl Hea6eJlena: He Bee ltOMMYTaT Opbl 

ee reHepaTopoB 0 6pamaDTCSI B Hy Jlb . Ec~R CmMMeTpKH ~6en?Ba, TO Bce 

ttOMMY TaTOp!:l ee r enepa'l'opoB p aBl-!l-J ~JlJl. HMe.HHO rBKo:lt HBJlil.8TCH KaJlIi

6POBO'IHaR CKMMeTp M aJJeRTpoMal'HETHOro n OM V (1) (JHillIl1> C O.JnlKM 

II 
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reHepaTopOM) . Joo~oe HeadeneBO Kan H6pOB04Hoe no~e Hen KReaHo . Bnep

B~e 3TOT (fru<r ~n 06HapYlKeH flHrOM II MHJlCOM Ha n pHMepe KaJlHdpOBO'l

HOR HsocnHHOBO~ CKMMeTpKI!. 

2.2. KBflHTOBaJI XPOMO,llKRaMl1Ka \ 

YlTaK, MIl HMeeM ,llBa Ha60pa U:BeT~X Od'heKTOB: l\BeTOBoil Tplm

neT RBapKOB (H U:BeTOBoM TpHnneT aHTl1KBapROB) H U:BeTOBOa ORTeT 

rmooHOB. KBaHToBa.f! TeOpH.f! nOM, OnI'!CI:lBaIal\a.f! '3TH 0 6'heRTLI H IU BS8

PIMO,neaCTBrle, HaSI:lBaeTCR "KB8J:ITOBOH xpoMOnKRaMHKOa" (OT rpe'leCKOrO 

CJlOBa % f Wt< <i. - UBeT). 

l1cxo~ e noneBl:le ypanHellH.f! aWUlOr\{'l~ ypaBHeH WlM MaxcBe.lUla 
II nHpaKa: . 

'dt'Ft':-SfQgCJ1Ct'~~ v =~~ ~ ~"--~vq, > 

( -', '6 t< d I' + I'll'\. ) q., T ~ 1. A<k. .A ~ ¥ t' <v = 0 , 
-Q 

r)le rJOOOHHoe no.1e l-t'v (Q=I • •••• 8) Bl:lp~aeTCR 'l epes CBoA 1l0TeH

Ul!aJl .A;- cneJtYD!lHM odpa30M : 

Q. Q 11 Q Q. gc n ~ n C 
F!"v =d~-Av -~v J1t' +~ i J1t' J1 v 

B 3TilX tlJoJlMynax f Qf,c - CTPYKTyp~e nOCTORHHli e anre6p1:l MaTPIm 
re.lUl-Mrurn:a, a no IIOBTOpRIlUll!MCR RHneRCar~ n OnpaSYMeB8.eTCR CYMMKpD

B8.HKe no BceM 3Ha'leHWiM . RaKKe OHI! Moryr np KRI'lMaTI,; UBeTOBl:le HH

)leKCI:l y KBapROBoro nOM OnYlIleHH, HaIIPHMep: 
3 

).Qq, -= l:... >.«:. q,. 
~= 1 "l l 

BeJHf'lKRa <J- xapaxTepH3y eT CMY RBapK-rJOOOHHoro 1'1 rJOOOH-rJID

OHHoro BSaHMO~eaCTBKA. KaK MW Bl'lnHM, nepBoe y p anHeHHe OTn~aeTCR 

OT ypaBHeHRR MaKcBenna HaJlK'IlIeM HenHHe~x 'lneHOB. (aTo COa,lla eT 

CYlIIeCTBeHHHe TpY,llHOCT H IIPH pemeHKH naxe KJlacc~ecRoR sana'!H ,llM 

rJOOOHHoro nOM. no CI!X nop HeT 0 6lQero pem6111UI 3TOR Sana'lH; HO 

HfUtneHH HeRoTop~e 'laCTH!.Ie p elll6HH.f! - " HHCTaHTOHN"). t4.i T aKlle Bil.nHM, 

'ITO pOJII, UBeTOBI:lX 3ap!U1.0B RBapKOB Hrp8DT MaTpl1Ul:l >. a:. • HYllHO. 

KOHe'lHO, nOWlHTI" 'lTO OHK npKRHM8DT onpe)leJIeHHOe GHCJIOBOe 3HaGel! I!e 

~HIIlI, npH .neRCTBI'!H Ha onpel\e~ eHH!.le U:BeTOBl:le C'OCTORHPIIl. KBBPROB 

'it ~ ).~~ CV) • 
TenepI, eCTh Bee OCHOB8J:IH.f! CTPOPITI, RBaHTOBYIO XPOMO)llffiaMl1KY 
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no aHaAOrHH C KBaHTOBOa aneKTpOUHHaMmKoR, Y'l~T~B8E , OnHaKO. OCO

6eHHOOTH, BOSHiIl<ruanae I'!s-sa caMo~eRcTBPIIl. r JIJOOHOB. Hl'JlIte ,llaeTCR 

'1I1CTO OIJIICaTeJll>HOe HSnOllteHHe 3TH){ oco6eHHOCTeA, HI'! B RoeM c JlY'lae 

He npereunyDme e Ha cTporo cTI, . 
/ 14 15/

ACKMllTOTH'l eCKB.f! c Bo60Aa ' • KBapKH B3aMMoueAcTBY~ MeM-

UY CO~0I0 nocpe)lCTBOM 06MeHB. I'JIJOOHaMH. B HepeJl.f!T lillaC TCRoM npH6J1H

llteH!!:1! TaROe B3aHMOneAc TBHe npHHHMaeT RYJlOHOBcK!!:-no,ll06~a BHU C 

6e3pa3MepHo« nocTORHHo it BSaKMOneaCTBPIIl. 

ci.., = <;!2. /4 lTt-C 
aHanoI'f\'lHoA nocTORIlHOa TOHKOA CTPyKTYPLJ d... "" e ~!'t ii 1;c. 11R.n;eKc ~ 
yxaSI:lBaeT HB. TO, 'ITO MIi HMeeM neJlo C CKJlI,Hl:lMK ( st ron g ) BSaH-

Mo neAcTB H.f!Ma. B 3JIeRTpoUPIHaMHKe 3apRJl. KaK HSBeCTHO, nepeHOpMKpy

e TCR, nOCJle 'lerO nOCTORHHa.f! r::I... C'IIl:TaeTCR HMelWlea u eACTBHTeJlI,HO 

nOCTORHHOe SHa'leH i'le. panHoe nplf6JlH3HT eJlI,HO 1/ 137. Ho I'!SBeCTHa TaR

lite npoGnet/a " HYJ!!r3 apRna", CTO.f!U1a.f! nepe,ll TeOpeTi'l'! ecRolt $K3 HKOa 

6 0)le e 20 Jle T /l GI H SaKnIO'laDl\a.f!CR B TOM , 'lTO KaRHM Ol:l HI'! 6~Jl 
nepBOHaQ8)lI,Hl:lJt ,MK " SaTpa.BO'IHHlfl 3apHn, 3a C'leT ero 3KpaHYlpOBKi1 

Bv.pTy anhHl:lMH napaM!!: 3~eKTpOHOB I! II03PITPOHOB OH o~paJUaeTCR B HyJlh . 

B KBflHTOBOj:\ XPOMo,nIfHaMl1K e CI'lTYauW!" ORasanacI, IIpHMO npOTIillO

nOJlollHo i1. B 3TOM cnY'lae SaTpanO'lH!.llt uneTOBOa aapS!,n; RBapKa TaDe 

nOJlJlpHs yeT BaRyyM 3a CGeT pOl!lneHH.f! BHpTyaJlhllliX KBapK-aHTmtIlapROBhlX 

nap 1'1 HBeTOBl:le 3apHUI:l aT I!){ n ap aKpflHKpYKlT IfCXOI(~l! U:BeTOBoil 3a

pHn. Ha H.SI:lKe ~ltHMa.'iOBCRIU nHarpaMM npou:ecc TaKoit 3KpaRHpOBKIl B 

HIl3meM n OpRUKe no c£~ 1'1306paxaeTCR ill'larpat.1Mol1 ( Go 03Ha QaeT rmooH) 

q, <V / <v
\~O~~ 

q, / 1- ~ ~ 
Om laKO, nOMl'lMO rrpou:ecca n03HImHOBeHH.f! BKpTyanI,~x KBapK-aliTl1KBa"(}

ROBUX nap. 1'l3- Sa C8MO)leMCTBPIIl. rJlIDOHHOrO nOM 6y ,neT npOI'lCXOn KT I, 

ero yCMeHl!e lo! 3<fxlJeKT KBHoe yBeJlHG eHl1e u:neTOBoro 3a.pRIla KBapxa. 


B Hil311leM rropHm<e 3TOT npou:ecc K306paJRaeTCR Ul1arpaMMoR 


T 

q, )rG ,"-G \ G ~ q, 

~ - V, _/Ji - '! 


~ G q,
c 
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Ha CaMOM~ene UBeTOBOfi 3apR~ yc HnHBaeTCH JlflInh 3a C\jeT TaKOrO lIpo
l~eCCa, ROr~a O~ 1lli 113 rJlIOOHOB B !IeTne rrOnepeqHblif ( G-r ), a .lUlyrofi_ 
- "RYJIOHOBCKllfi~' rrpO~Onl>ili/H { C; c ); ecnfl oda OHR rronepeqili/, TO 
UBeTOBOfi 3apR~ YMeHhWaeTCH. 

KaRoH fl3 (fJaRTOPOB, :lRpaHl1pOBRa KBapK-aHTI1RBapKOBblMfI rrapaMiI 

I!!JlI1 YCl1neHl1e 380 C4eT CaMO~et!CTBWl rJltlOHHOrO rrOM,B030dna.n;aeT _ 

3aBHCHT OT 'l RCna UBeTOBblX CTerreHefi CBodo~ 11 4HCna pa3nl14ili/X COp
TOB (ap0MaTOB) KBapKOB. 

EcJlH npOCYMMI1pOBaTh nOCne,nOBaTeJJhHOCTh BC eX YRa3aHili/X I{l1ar-
PRMM , TO n:m! aCI1MlITOTH'leCROrO 3Ha'leHWl r::/...~ rrpH 

_<Y~=Q:G= p~W;<>O ( T.e. rrpl1 04eHh dOnhWOM 3Ha4eHHH PlMllynhCa 

p+ f rrepe~aBaeMOrO OT KBapKa KBapKY nOCpeI{CTBOM I'JIlOOHa) nony'laeT
CHh4 ,I5/ 

o(~ (A~)
ci.";, ( Q 2.) 

~ >
-\ + -1-1 -.> - ~ ~ c:{ (A~ ) ~h (Q )

i 2. 11 ~ A2. 
r~e d..", (A'G)_ 3Ha4eHHe 3TOt! lite BenK'l Hllil rrpl1 HeKOTopOM cPI1RC flPOBElH

HOM 3Ha'l~HHfI Q" -= A ~, ~ - 411CJlO UBeTOBblX C1' erreHefi CBodo~ (y =3), 
F - 411CJlO pa3J1I1'lili/X COPTOR (apOMa'l'OB) RBapKOB. IiJJII1 

11 y - 2 F >0 11JI11!=" < 16 (rrpl1 ~ =3), 
TO B 3Ha.MeH8Tene MOlltHO npeHe6peqh e,1{HHllUefi I{M ac lfMrI'rOTI14eCRI1 

donl>InI1X Q ~ , fI TOI'.na 


()(~(Q~)= -I2r. 

(~1y - 2- F) ~ (Q'l../ 1\.2..) 


OTclO~a cnemreT, 'lTO RaROBO dbI Hfi dblJlo 3Ha'leHHe d..A;, Cr..') npH KOHe4

HOM cPl1RC flPOBaHHOM 3Ha'leHflH Q2.=:;.I\..2., aCIDvIDTOTI14eCRoe 3Ha4eHHe 8TOlt 


BeJll1'lHlliJ PaBHO HYJliJ! KBapKR rrepeCTaJOT B3aHMOI{efiCTBOBaTh npyr C 


I{PyroM 11 Be~YT cedf! RaK CBodo.n;Hl:le. B 3TOM cJlY'lae rOBOpRT od 


"aCHMI1T9_TH'leCKH CB060MOM" nOBe,1{eHI1R RBapKOB. 


HMrrYJlbC 11 KOOpn;I1HaTa HBJI.F[IOTCHnOIlOJIHflTeJIbImMH BeJII1'l llliaMl! , 

H cornacHo COOTHOilleHHV Tat!3eH6epra 60nbillfIM nepe~M HMnYJIh

CaM P 2. OTBe'lam MaJIble pacCTORHWI MeJ!~ RBapRaMfi. I103TOMy MOJrnO 

OE~aTb, 'lTO RBapKH, C6J1H3HBmHeCH Ha MaJ/oe paccToHHHe. nepeCTa

lOT BSaHMo.neltcTBoBaTb .npyr C .1tPyrOM. 

BecbMa 3aMaH'lKBO npKBne'lb aTH paCCYE~eHWl ~ OdhRCHeHWl 

napToHHolt KapTKHbI rJly6oRoHeynpyrIiX npoueCCOB: Ha nOCTaTO'lHO 60JIh

illliX pacCTOHHIDlX MeJ!~ KBapKaMK - napTOHaMfi (rroPH~a I ~.Il=IO-IJCM) 
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B3aill.lOn eRCTBHe MelimY HHMII CiUIbHoe, To r.n:a KaK Ha MaJlblX paccTORHIffiX , 

xapaK Tep HUX nJlfl I'JIY dOKoHeynpy r lllx npoueccoB, OHO cYlUecTBeHHo ocna 

~eBaeT III RBapK~ - uapTO~ Ha'lIl!H~~T BeCT I/! ce6ff Kalt KBa3I1!CB0 6o~H~e. 

TeM He MeHee H Ha Ma}lJ:JX paCC TOlIHll!HX Bc e xe Heo~xo.nI!MO y 'll-lTblBaTh 

nonpaBR~ , B03HlltKaJClljl1e H3-3a rJOOOH-KBap KOBblX B3aHMonellcTBflfi, 1-1 Ta

ROH y qeT ycneUlHo Od'hflCHHeT OTKJIOHeHl'le nOBe~emlll: CTPYK'l'ypHHX cPYHK

~j.\ 11 0'1' c aMon o,n o dROI'O ~'Jl I'I, Kalt rOBOpRT, "CRe~.1lIlliI'OBOro") nOBene

HHH ( CM., Hanp~~ep, II ) . WMeHHO Ha OC HOBe TaKOrO Od'hflCHeHHH du

JIa rrOJlY4eHa OueHl\a Ha BeJI I1 'l KHY A ~ 0 , 5 r3B. 

Cne.n:ye 'f' Bce lite 06 p a TlolTl> BHlWalHle Ha o co6eHHOCTl1 , KOTop~ e 

B03HI1RaJOT np~\ BblnOmmHHI'l rrp ouenypl< nepeHOpMltpOBKI'l B KBaHTOBOll 

xpoMOJIlfliaMlffie. B RB8RTOBOif 3neRTpO~'lHaMlltKe n epeHopMHp oBRa BhlITOn

HRJlac I> .n:M 3apR~a, npof!B.Ili!lC1J.lero ce6R Ha aO i!MJITOTl'l 'l eCKIt 60JIblII l1X 

paCC TORHl1f!X MeJfJJ.Y 3aplllll:eHHhlMH Ten aMif fI !tJH3I\:'leCKOe 3Ha'leHl1e KOTo

por e orrperr,eMJIOCb Herrocpe.n:cTBeHHo B OTI!1Te MKJIJIHKeHa. B RBaHTOBO~ 
xpOMO~lffiaMl1Re CBO~O,ll;rll1X KBapROB He CYlUecTByeT. TaR lle ItaK He cy
lUecTByeT aCmMTITOTH'leCROrO UBeTOBoro saPHna KBapKOB ( OH CTp eMHTCH 

K 600ROHe'lHOCT R). I10STOMy n p!! ll.I,\rrOJIHeHKiI nepeHopMHPOBKIl TIOCTYJIH

pyeTcH He o rrpe,neJIermoe SHa'leHRe UBeTOBoro sapH.1{a JEapRa Ha e.c~ 

nTOTRq eCRII! 60JII>InOM pacCTOlIHHII! . a UeJJHKOM nOBeneHlte ~YHRUII!II! OT~~ 
rrpw:J eM TaROe . 4'1'0 npl! Q.2__ = ci..A;,~o. rro~o ClHoro p o.na npoue,nypa 

MOlleT npKBeCI I'I R HeO){B0 3Ha'lHOCTSllI IlP II! Bbl'HiCJIeHl!1I! no TeOpW1il B03

f.lYDlemtlt nOnpaBOR, y 'lHTlfBall!lItX dOJIee CJIOllOill e Hel1pllBO~HM!:J e ,nlfar-

paMMl:l. 
HHWpaRpscHoe saTo'leHlI!eiI8 •I9/. Olll:~aeTcH. 'lTO nOTeHUIII~HaR 

9HeprWI B9aHMO,neaCTBIIIR MeJfJJ.Y IlBeTOBUMR s apH.1{aMH rrplof YBeJ1W'Iea WH 

pacCTOffHHH Me~y HKMH HapSCTaeT .no 6eCROHe~OCT H ( Tax ze KaK 

3HeprHH 6eCROHeQHOrO nnOCKoro Ko~eHcaTopa npR pa3Be~eHI!I! era 8a

plISeHHHX ~aoTRH).~HaM'leCKH sro 03HaQaeT,'lTO cana,.I4eBCteYDma R Kez

AY UBeTOB~ aapR~aKM,Haxo~HmHKHCR Ha .I40CTaTO~HO dOJl bmOM pa CCTOR

HHH ~pyr aT ~pyra,He SaBHCHT OT 3Toro paCCTORHHH.fl0 3tOWY ,QrodH pas

BeCTH 3TH ~eTOBHe sapH.I4U Ha aCRUilTOTH~eCKH donbmoe paCCTOR 

HHe,HYXHO COB epWHTb 6eCKOHeQByn pad oty npOtKB .I4eRCTBHR atOa CHnH. 

TaKoe BSaHMO~eaOTBHe npHBO~KT K T OMy. qTO OBeTo~e 9a~H 

He MorYT O'l'OPBa.ThOR .ltpyr OT .n:pyra - B OTJl.R'l ll:e 0 '1' CKCTeM c BYJIe~M 

OBeTOEHM 9a~OM - MeSOHOB Il: oapROHOB. YKaSaHHOe ox~aeMoe nOBe~e

Hlle IUleTOBUX aaplI.lJ;OB npl! OOJIhlDBX ('" 2 q,ePMI!!) paoCTORHrurx M8Jtn;y 

HilMI! IlOJJYqKJIO KasBaHllle "lmlfJpaRpacHora SaTOQeHIIIR". EcnH r~oe rrpeA

nOJlO.SHRe 6y.ne-r ~OKa38.RO, TO 3TO OO'bJlCHHT oTCytCTBHe J~BeTHID( 
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od~eRTOB B CBodo~OM COCTOflHHH H BCfl CXeMa RB8HTOBO~ xpOMOnKHa


Mlfim CTaReT JlOrll'JeCKH 3aMKHYTO~ . B rrpOTlffiHOM CJlYlJae , HaodopOT, 


BCfl 3Ta c x ewa pyXHeT , rrOCRORnRY TOrna de3MaCCOBHe rRDO~ CMorYT 


BHJleTaTI, H3 a~pOHOB Ha 3HaIJHTeJlI,Hhle paCCTOflHIUI Ii CIUlI,Hl:l e BSaHMO


ne~CTBHH OR~YTCfl nanI,Ho~e~cTByromHMH, 'ITO He HadnDnaeTCfl B ne~CT


BHTeJJI,HOCTH. 


KalJeCTBeHHl:le paCCYJP:,neHWl, ROTOpHe JlelKaT B OC HOBe Hanellt~ Ha 

HHclJpaxpaCHoe aaTOlJeHHe, CB01!,f!TCR R CJlenyDlUeM:y. KnapR, odJlananuIDi 

UBeTOBYM 3ap!l,1{OM , H3JlYQ aeT rJllOOH. Ho CaM r Jl IlOU TaKlte Od Jla.n;aeT IlBeTD

BHM 3apRn;OM H TaRXe MoxeT H3JlYIJaTI, r JllOOHhl. ITOCROJlbRY rJllOOH - Oe 3

I>1aCCOBaR lJaCTHUa, BepOflTHOCTI, H3 J1,VIJeHRR: HM ,npyrKX rJllOOHOB B HanpaB

JleHlm Brrepen CTpeMilTCR K deCKOHeqHOCT H ( aHanOrH"IHO TOI-W, KaR CTpe

MHTCR K 6 eCROHeIJHOCT H BepORTHOC TI, iI~1YqeHHH Brrepen ~TOHOB 3apR

lKeHHOa qaCTHUeR. tllac c a KO 'l'OpO~ CTpeM\ilTCfl R HYJIIl. TIo 3'1' 0« I1p Htl HHe 

He MOliteT CYlUeC TBOBaTI, sapsui:eHHO~ Oe3MaCCOBO~ qaCT iIIJ,I; B CBO dO)J;HOM 

coc 'rORHHH). TIoCJIe.nyIOll\ ile f JllOOHhl Taue dY~T H3.nylJaTI, Hooo e rJllOOHH 

Bnepe,n C de CKOHelJHO p aC1'Ylue!\ Bep ORT'HOCTI,Rl il l' . n;. 3To Oy,neT rrpo

n;OJll!aTI,Cfl no Tex nop , !lORa r:llJOOHI~, HeCYll\ile uneTOBoil sapRLI;, " He 

YTKUYT CR" B ,l\pyroll KBa pK '1 He npOl!SOR.lIeT KOllITeaCaJ.UlJl HX UB eTOBor o 

3aplUa C aaplI.lIOM 3Toro KBapRa. TaRoR n OTOK UBeTOBI:JX rJDOOHOB B 

O~HOM HanpaBJleHRH BelleT c e Off no.n:0 6Ho "C TPYHe" C l.lBe TOBHMI1 aapR.na-

Mfl Ha ROHI-lax. YBeJIW'leHHe paCCTORHWI MeJt.UY KBapKaMl1, 3aRp enJI8HHhlMH 

Ha KOHUax CTPYHhI, rrpilBOnHT K yBeJlKIJeH~ iIX rrOT eHUHanI,HO~ 3Heprilil. 

YiMelOTCJI , OLI;HaRO. 60JlbllJH8 cor,1HeHiIR B cnpane.nJlilBOCTH nO;no OHO}! 

KapT iIHbI. B npHdJl l1XeHJlliX p ac "! eTax y .n;aJlOCI, nOKa3aTI" 'ITO ~H(flp,~ac

H,YXl UBeT OBYIO pacxOn~OCTb IWJIO{O YCTpaRHTI, 06bl'lHl:lMI'l cnOCO~aMl'I 0/. 
1103TOMY OKoH"!aTeJl I,HO Bonpoc 0 6 HH@aRpacHOM 3aTOlJeH~1I KBaPKOB H 

r JOOOHOB He pelleH. 

Mu XOT HM SaROHqlilTI, 3TOT pa3;neJl 0 ItBeTHhii KBapKax 1'1 rJDOOHax 

CCLlJlROH Ha He,llaBHO npo\ilSBeAeHHHe 3KCnep~eHTI:J 21/ n o nOilCKY fJlD

OBHbIX cTPyR n p tf aHHl!rI'lJllUtlU! :lJleltrpoH-rJ0311TPOHHLlX BCrpetlHbIX 

Konen OOJlbmO~ :l Hepr~ ( 25-30 r:lD ) B BAPOHN. Kax yxa3HBaJlOCI, 

p aHhWe, B n o.n:06RHx 3KCrrepHMeHTax dHJlI'l o6H8py%eml ~Be rrpoT HBononoM

HO Hanp aBJIeHHl:le c Tpyn al4PoHOB, 06pa3Yl<XIl~eCR. 1'13 nepBOHa'18.J1.bHO Bj.J

neTeBruKX KBapKa H 8.HTHKBap Ka. TenepI, o6HapyxeH8 TpeTbflCTpYR, 06

p aaYJOlQWlCR irS fJllOOHa, HcnymeHHoro O.lUlI'lM 113 KBapKOB rryTeM llteCT}WfO 

BHYTp eHiler o T OpMOSHoro RSJijllJeHlUl, ltaR aTO H306p8.ll!:eHO Ha n;~aI'

p aMMe 
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q,e+ 

e- 'q 
OKa3a.J10 CI, TaRlK/ 22/, IJTO TRlKeJlHH BeKTopHHll MeSOH T (9,5 raB) pacna.

naeTCR Ha 06LlqHl~e a,nPOHLl noCpe.ltCTBOIA CBoero npe.ltBapllTeJII,HOrO pac 

nana H8 Tpl1 fJllOOHa, H y1!..e He O,ItHa. • a Tpl'l rJllOOHHH8 CTpYH Bbln;eM

"'Off B npo::,,~ // ~ 
a' "( ~~ __ c. 

e- " c. 

3. MO.llEJII, HEPEJIHTI1BI1CTCIruX UBEI'lillX KBAPKOB 

M~ TenepI, 06paTHMCR K 60Aee !lp03al'llJeCKHM BelUaM 1'1 nOCMOTpHM, 

K8R MOlKHO npIDleHRTh BblB O.lt1l RB8HTOBOH XPOMO,ll IilHaMHKH B IJ,ICTO 

npaRTW'l 8CRI'lX ueJlRX ,llJlR pac lJ eTa , HarrpHMep, crreRTpa a.n:pOHOB. ITPH ~ 3TOM MhI BHOBI, 6y;neM HCnOJlI,30BaTI, HepeMTHBI1CTCKYRl MOn;eJlI, .TtBfIlKe\,<, 
HHH KBapKOB BHYTPI'l aanaHHOfO nOTeHUl'laJla. Ho TenepI, H8llJH HepeMTIl

li. BI'lCTCKHe COCTaBJI.fDO\Uile KBapKiI K TOMY JIte UBeTH1Ie, Ii y Hac 1l000BilJlilCb 

HeKOTopble OCHOBaHIUl BI:J6paTI, nOTeHUHan BSaiIMO;nellCTBiIR MellUl:Y HHMIl 

" 
~ 

60Jlee orrpeneneHHHM oOpaSOM. 

~ 
3.1. MeJKKBaPKOBblit nOTeHYHaJl . IIp HM ruKellHe O~OrJllOOHHOrO 

~ 

BS 8 i1Mo.n:eltcTBlle MeMnY ItBapKBMIi 0 6H IJHO annpoltClIlDIpyeTcll no

TeHUl'laJlOM 

V ( 't ) = V ("t ) +Y ("L)
aCHMIlT . s aTo"! . ? 

rTte t - pac CTO HIDIe NeI,llY KB a PKBllH, V aCtfUllT . -"acIDUlTOTI'l 

qeCKH CBo6o.lllll:l tl " nOT eHUl!aJl Mel11KBapKOBOro Bsam.~One~c TBHH Ha Ma.JlJ:l X 

paccToflHWlX ( 1: ~ 0 ), -V;aTO'!. - "noTelm~aJl S8TOQeHHff" KBapRoB Ha 

60Jlblll HX p acCTORHiUlX. 

TIoTeHBl'laJl S8TOQeHWl OOOIJHO npe.ltnOJlara llT JlIDle~O pac TymMM 

C YBeJlHqe HileM MemrnapROBOI'O pacCTORHM 

¥SaTO'!. ("'( ) = Qt . 

\o:,~:o':.' > 17;" 

! ., f)\1bm1'1TFI"A 



KpOI~e Toro, ero C'l11TaIOT YHIIBepCaJlI,HWll II He 3 8.B UCHUII1M OT Cn l1HOB 11 

COPTOB KB apKOB. 1'lHo rJ(a paCCMa TpI1BaRlTC.f1 II 'lPyrl1e B arUel nOT eHl\ lIaJla 

saT0'leHHH: rap MOHH'leCKII- OClWJlJlHTOPIillM nJIn JIorapnqr,m:'leCKI1.1! (STOT 

nOTeHUW3JI IIHor.ua C'l 11TaIOT npoMe~yTo'l lillM f! n eHCTBYKll1 I1M MeMUV aC l1rm

TOTII<feCKn CBo6o,nHhlM nOTeHUllaJIOM Ha MaJlbIX paCCT05IHlffiX II nOTeHl~ lIa

JlOM saTO'leHHH (JlIIHeMmlM) Ha 60JII,llIIUC paCCrOillil1ilX). 

ACIIMnTOTl1'leCKl1 CBo 60,WIbltl nOTeHl\lIaJI .l{etlcTByeT Ha MaJIH X rl:ex

KBap KOBHX paCCTO.f1HIUlJC , r,ne nOCTO.f1HHaJ-l rJ..~ CT EU IOBl1TCJ-l UOCTa TO'lHO 

MaJIOM: oL~« 1. • B sToll 06JIaCTl1 MOJKHO BOCnOJlI,SOBa TbC!1 Teop n e ll 

BOSMYlUeHllfi no c{~ II orpaHII'l11TbCH JllIWb ee HIISllIlIMII nOpJULKaMII: npI16J1iJ

JKeHlleM OI(HOrJIRlOHl!OrO 06MeHa, Il;s06 pa.ntaeMoro UllarpaMMo ti 

q, .~ ~ 

~, <t-
Ic. r{"" "" 32, / (,. li 1:; C . 
I 

;0. ;0.q.. I <t~ 
CaMo,l\el1cTBller,\ rJIRlOHHOrO nOM, BOSHlIKaKll1I1M B CJIe.u.YKll1eM nOpH.!(Ke 

no ci...", ' npeHe6peraeTCH. HocJIe SToro TeopM CIIJII,Iill X BSaI1MO.l{e.l!cT

Brut Ha MaJlblX paCCTOHHIDIX CTallOBIITCiI COBepllIeHHO noxollteti Ha 3JIeKTpo

UlIHaMlIKy. IIOTeHIH!aJI B3aHMOn;eHOTBHH npllHl1r~eT KYjlOHOBCKII-nO.l106H1lii 

:all,lt V (t) =- ri';,/'c.
aCHMIIT. 

Bee lte HMeRlTC.f1 llBa OTJlI1<fM OT 06H'lHOH SJIeRTpO.UIIHaMI1RI1. IIep

Boe CBH3aHO C TeM, "lTO BMeCTO QUHoro tPoTOHa, YHlrnepCaJIbHO BSallMO

,ueaCTBYKll1erO co BceMH 3JleKTpl1'leCRHMK sapR.l{aMl1, KMeeTCfl BoceMI, 

llBeTHIlx I'JlRlOHOB, rro-pasHoMy Bsam.10.I(eifcTBYKll1HX C llBeTOBHMK sapR

.l{aMK RBapKOB. 3'1'0 rrpllBo.nKT I< pasmI'lmo M~ Bs aHMOJ(eitcTBKeM JIRl6HX 

~yx KBapKOB, BXOnHmHX B COCTaE 6apKOHa, II BsaKMOJ(eftcTBKeM ~BapKa 

II aHTI1RBapRa, BXO.Il;IIUIiOC B COCTaE MeSOHa. BTOPaiI oco6eHHOCTh RBaH

TOBOA XPOMO,Z(IDfaMHKK CBHSaHa C TeM, 'lTO COrJlaCRO ap r YMeHTaM ac mJI

llTOTI'l'leCKOH CB060J(N CaMa ROHCTaHTa o(.~ SaBKCKT OT MelkREapKOBOro 

paCCTO.lIH·M, npl1'leM TaR, 'lTO d....""~O IIpll 'r~ 0 . 
OCTaHOBI1MCH Ha 3 T HX oco6eHHOCT.IlX KBaHTOBof{ XPOMOJ(lIHaMHKH 

rrOllPo6Hee. 

nKarpaMMB. O'!u{or.1lllOHHOr O 0 6MeHa OSHaqaeT, 'ITO :t -MaTpl11la pac

CeRHIiR RBapKa Ha RBapKe orrp e u eJIReTCH n p 0 l13BelleRHeM ~YX KB apKoBHx 

TOKOB, BS.f1THX B T O'lltax IlX Bsal!MoJ(e AcTBM/ C rJlRlOHHblMK IIOJIlIMU, Ha 

~YHKUmo B3aKMO.l{e.l!c TBHH .1lBYX sa~OB (eM. 
23/ , CTp. 447): 
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[7 (~) J, ~ i " ('., J t' F 
iJ = -- - L leA xd~'JC2.. Q\')C2,)D c.'Xa..-'X'.)1rQ.(~').

2. a =1 , 

F B HepeJIHTIIBI'!CTCKOM rrpw:lJI lDKeHI'!I'! tPYHKlIM BSal1MOueticTBHH 

D (x~')C.) naeT Bblpa.xeJrne nJIfl 3Heprl'!11 BSa l'!MOuettcTBHH T\BYX sapil

UOB, B LJaCTHOCTI1, OHa COuepEI'!T 3aJ<OH KYJIOHa. MbI paCCMOTpMM 3TO 

rrp l'!6JIIDKeHI'!e HeCROJIbKO nOSlKe, a cetl<J a c rrOCMOTpW.Vl , KaXOBa KO,,-

CTaHTa B3al1M0.neiicTBM nBYX KBapKoB B 6apl'!OHe I'! KBapKa I'! aHTI1l<Bap

Ka B lIesoHe. 

Mbl BI'!UI1M, 'ITO B3 a llMOu eiicTBl1e UBYX KBapKOB (IWI'! KBapKa II 

aHTI1l<BapKa) rrponOPlll'!OHaJIbHO BeJII'!'l1'!He 
8i... z:::.. ). (') '\ (2.) 

t, <\,=1 IX. Q , 

(0 '\ (?.) 
r .ue)..o.. I'! .A Q - MaTpl11lH feJlJI-MaHHa , .nettcTBYKll1 l'!e Ha UBeTOBbl e 

COCTOHHI1.f1 I-ro H 2-ro KBapKOB (HJII'! I-ro KBapKa I'! 2-ro aHTIlKB8.pKa). 

OCTaeTCH rrOn;C LJI1Ta TI, STY BeJll'!'lilHY .UJIR 6apl'!OHHOrO 11 MeS0 HHoro coc

TO.f1H I'!H. 3TO JlerKO ClleJIa Tb CJle,nylOlUI'!M onoco60M. MeSOHH 1·1 6apl10HH 

HBJIflRlTCH F,(B eTOBHMI'! CI'!HrJIeTaMn. II03TOMY CY1IMapHI:J i1 IUleToBok! 3apiIU 

BXO~~I'!X B HI1X KBapKOB uo~eH 6blTI, paBeH HY~: 

( '\ (1) '\ (~) ) 1M) = 0 
... ..Aa. +.Ac>.. ' 

Q.==-l • •. .•( ),~o + ').:2.) + ).~3) ) \ B >= 00 8. 

B03Be~ 3Tl1 CYMMbl B KBaupa T 11 BOCrrOJlhSOBaBllInCb YCJlOBl'!e,lI HOPMH

POBKI'! 

Z 
8 

>'0..2-
= -I b /3 , 

C\. =0 1 

rrOJIY'l11M 8 >. (0'). (2.) In)= - if 1M>L. c>.. ~ 3 > 

c>..= 1 
88 8 

L ).~1».~2.)[B> ==L. ~~')'),~3) \ B)=L ).~2.»),2)\ ~)= 
C\. = 10.. = 1 GI.=~ 

=- g 113>. 
IIpel!\ue Bcero Mil OTMe'laeM, 'lTO [(Ba KBapKa. B 6apHoHe rrpI'IT.f1rI'IBaIOTC.f1 

upyr K I(pyry, RaR II KBapK. II aHTI1RBapK B MeSOlle. B OTJ111'l11e OT 

3Toro, RaR MbI sRaeM, B 3J18KTpoJ(I1HaMlIKe UBa 3JIeKTpOHa OTTaJlKI'I

Ba.lOTC.f1, Torua KaR SJ1eKTpOH I'! rrOSl1TpOH rrpI1T.f1rHBaRJTC.f1. O.llHaRo 

rrpHTJIXeHlle .1l;BYX RBapKoB B 6apl'!OHe B.UBoe cJIa6ee, 'leM rrpl'ITIDKeHl'Ie 
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KB8pK8 11 aJI TflKBapK8 B Me 3o.He. TIo.3TOMy UN! Ko.HCT 8 H'I' /;1 B38 l1Mo.neilc T 

BHH no.JlYY8JOTCH 3H8lJeH,IH 

- Kr:l-- .., , d.~ = ~ 2. /t, lI tC., 

K=4/ 3 llM KBapKa fl aHTI1KBapKa B t."e 3o.He , K=2/ 3 llM UByX KB8PKo.B 

B japflo.He. 

BTo.paH BLlllleyno.MHHYTan o.CojeHHOCT:b, 3 aKJlfJlJaJOiUaRCH B 3 a B flC 11

Iv'o.CTM nOCTo.HHHo.n rl-~ o.T MeJlGWaplWBo.ro. paCCTo.HH v]H , UOJllKHa j bl Jla j bl 

rrpl'IBeCTM K Ko.peHHOMj' M3l'.~ eHeI! MIO no.BeneHflH no.TeHllflaJla (KYJlo.Ha ) Ha 

lv18JillX paCCTo.HHflHX. O:5b1YHo., o. IV!8Ko., np I1H l1M8JOT flHylO To.YKY 3peHMR , 

CYflTaR , YTo. ci.~ He 3aBI1C flT o. T MelKKBapKo.Bo.ro. paCCTo.HHWl. Ho. q TO 

CaM8 BeJlfl'lflHa 3To.l1 nOCTo.HHHo.M 3a.BI1C fIT o.T rr,a CC bl B38flMOuev.CTBYKlU I1 X 

KB8pIWB. T1F, "JL'I Me30Ho.B - CBH3 a HHHX Co.CTOHI1I'ItI q., q; - rrpMH t1Ma e TCH 

~ -i 
Q",(Mf1,2.)= d....,CM})[1- 33~Fd.. ,> (M ..2. )en M'2 "1 

~ ~ JI M 2. j , 

rue Mr i1 M2 - Ma,CCH KBapKOB , BXo.URWflX B n epB!1il 11 BTOPo.ti Me30H 

(t12,> M~ ) I 8 F - lJ flCJlO COPTo.B KBapKOB C MaCCOH , lV'eH:bllleti M8 CCEI 

KB8PKo.B , BXollRlUvlX B Co.CT8B Me3 0Ha 2. 113 3To./1 3aBflCt1Mo.CTI1 B t1UHo. , 

'lTo. ITOCTo.HHHaR Ci~ MeH:bWe nJlR jo.JIee THlKeJlHX KB8PKo.B. nJL'I 3T Oti 

nOCTOHHHOM 6b1 JlI1 nOJlY'leHbl o.UeHK fl/24 ,25/ 

ci.',:, (m", = 1, !) f3B ') ~ 0, ;<''';'-0,3 

ri..-':, (hi,\, -= 0, 5" f3B )~ O,!" --;-O,S

cL;, \. t"T'Bv == 0, 3 r 3B ) ~ 0 , b 70,8 

B HeKo.To.p1:lX pajo.TaX, o.J(HaKo., Y'lt1TI: BaJlOC:b OTKJlOHeHl1e 3 a,01!, B3 8I1MO

uetlcTBflR KBapKoB Ha M8JIblX paCCTo.HHflRX ClT KYJIo.HOBCKo.ro. 26 • 

3.2 . ClIflH-CITI1Ho.Bo. e B3 a flMogev,cT B l1 e ,i oKT eT- g eKa n Jlel'HOe 

pacIIlenneHJI6 Mac c dapfloHoB . Pa3Ho.CTb Macc 1;0 fl A 

P a CCMOTpIDA jOJI,e ioupOdHO <PYHKUI1lO B3 a flMOn ei1:cTBflR . KaK 

XOpOlllO 113BeC THO (C M. 2 3 CTp. 453) , B HepeMT I1B I1 CTCKDM npl1jJlfllKeHlHI. 

TO eCT:b npl1 p a 3JIOlKeHl111 ::nOll <PYHKl\ 1I1Il B pHIl no. u-/c C TO'lHOC T blO 
2.1 2no. 'U" C • DHa nepeXOUI1T B n o.T eHlUI 8JI Epe~T a-4lepMI1 B3 allll~ouel!cTBI1H 

.UBy X 3apHJlOB, cD.uepJKalU~ KY JlOHOBCKYIO , Cn I1H- opjllTaJJ :bHYIO , T eH3op

HyP) 11 Cll I1H-cn Ill'HDBYJO 'l aCT I1 . MEl paCCMOTpl1M JlHlllb DCHOBHH e COCTOlUll1R 

j apl!oHoB 11 Me3 o.HDB. OTHo.C t1TeJlbJill e Dp~ llT a)JbHhl e MOMeHTlJ B HIO: 
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p aJlHhl HyJIlO, rrD3TDMY Cn l1l1-Dp ~I1TaJlbHaH 11 TeH3Dpllli e yaCTI1 BblnanalOT. 


OCT aJIlUeecH cnIlH-Cnt1HDBOe B3 a Ill'MD.uei1cTBlle dYlleM 1Il'3YY8.Tb , CDCT8B


N Ul p a 3HoCT II Mac c japHoHDB, COneplK8lQHX OUHHalWBEl e KBapKI1. 


CmfH-CmlHo.BDe B3a , MD,netlCTBI1e, BXOUHwee B ljJepMI1- 6peMTDBCKI1H 
25

nOT eHll fl aJl , 11MeeT B110:/

3 tr,2. -. -. ( 'S 01... )C L - "- ( -!;,.' ~i) ~ - z ;;: Q, Q3 ' 
''> ' -, I"rl . hl' ~ 
Lrl-1 , l 

r,n:e ~ ,h)~ ,Q .. - cnl1H , Macca fl 3apHU t, - ro KBapKa , BXo.

L\Hluer O B CDCT8B uaHHor o j8.Pl1o.H3 . TIDcTDHHHaR C Dn pelleMeTcH nOBe

u eHl1el.l BOJl IIOBOfi <PYHKUI1 I1 "B HYJle" ( npl1 pac cTDHH IHI MelKny i. - I,' 11 

S- M KBapKDM, paBHlI M HY JlIO): 

~C = 1611 cJ..." \ r\¥(o) I 

9 'm.} 


Mbi ~Y,ller,( paCC MaTpl1BaTb 3 TY nOCTDHIIHYlO KaJ{ He l13BecTllhl tI napaMeTp. OT

HOUJ elll1e r::l. / cJ..~ (rX = e 2./ It n t e ~ -/ / n "1 ) X8paKTepfl3yeT 3JleKTpo

/,1arHIlTHYIO nonpaBKY . TIPI1 Hall1eM OueHDYIIDM paCC MDTpeH lI1il ~r.b! elO n pelleCi

peJKel1 . 

Tenepb ll'ilI MOJKeM paCC YIIl'TaTb p a 3HOCTb Macc japl!OHDB , DTHOCH

lUIIXCH K n eKaJ1JleTY co cn ll!'!OM J =3/2 11 K OKTeTY C nOJllillM cn HHOM 

:r =1/2 . 
OuelHIM BeJl IIYIIHY napaMe Tpa C, I1CXD,lI,H H3 p a 31!OCT I'I Ma cc n po

TOHa 11 6'" - 11 3Djapbl , CDC TO.HlllI1X 1"3 u,U,d KBapKDB .(l1Ib/ nDJlara eM 

I'rl" ~ ho ol ). 
B 6,+ -113 o. ::iape Bce TPfl KBapKa l1MelOT D,UfIHaJ<OBO oplleHTflPo.B8.H

--:+--. - R,
HI>e CIHlHbl, COCT a.B],lfIlOl!\ l1 e n o.]J Hhli;! cn llH 3/2 . l1o.3TOMY ("" , 't ~ 2.T ~ .!.) = 

i s- -- -#>-+ _ --110 3
=J(1'Tn= ~ ''!>,''2.+~<~",+~;t''>'S '" ~ • BKJla.u ClIVlH-cn flHDBOro. B88.IIMD-

aei1:cTBflR KBa pKOB B Maccy D..+ -1'I30 j apll jYlleT COCT8BJlHTb 

(l r:> ..... - ..... ~ - .... '3 e rn ( C;.+ ) = \..,. ( -1. . ~z. + ~'~ '3 -t" ~2.~ ) = T C , 

B n pOTOHe UBa KBapK8.,q~ co U 1'1 '\, 2,= ~ , l1MelOT ojUll1li ClIVm 0 , 
a K HflM n o.ja.BMeT'CIl CDflH TpeTbe r o. KBapKa ,q. '3 = U , TaK YTD nDJIHbl~ 

Cn l1H no.JlyyaeTCfI p813HlIM 1/2. Cnll HbI ,llByx nepEID:: KBapKoE npo:nmo 

nO JI Ox tru, 11 MhI lllle e Jl 
-..:;:- - _ .,....~ 2. 

~ 

~~ ~z.. = - '3 14 ,·'> 1 + ~ 2--0. ( ~ ,+ ~ 2..) O. DTKYlla 

() ~ --+ ...... ~ --.... -.. (7:> ---- ...... "3 
<!. m (p) = C ( ~ ' ~2. + ~, .... 3. " ~\L ~ :s ) = l.. ~,~ = -~ C . 

T axI1M o ::ipa3 0M. p a 3Hoc Tb Ma CC npOTOHa >I tJ.-+ 
113Djapbl COCTaBNIe T 
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--

m (./l+)-m (P)= ~ C 

o.TKY)'la 

c = ~ [h-. (./l+ ) - rn (P)1~ 195,8 MaB. 

Tellepb, HCXO!\.iI H3 pa3HoCTlif Macc z:.0* IIf GO , Co.CTOJIlU1ifX 

Vl3 u,ol.., ~ - KBapKoB, OuemlM o.THOlUeHHe Macc HecTpaHlilix H CTpaHHb'X
()-If

KBapKo.B. B L;. -rllfnepo.He Bce TpH KBa.pKa ,IIAelOT O.IJ:HHa.Ko.BYJO o.PHeHTa-

UHIO . ITo3TO:vlY, K a.K II B 6.+ -'f30~ape, _ ~ 
~; ~ 1 = ~ l'-f > l *- d' • 

H BKJI8.n CIlHH-CIlffHo.Bo.rO B3aIDAOne~cTBp/fi KBapKo.B B ' ''8.ccy Z,OIll- Co.C

TaBHT 

--...-... t"r-i ~---=.- mol -.. ...
~rn(2:.°"') = C C~w~oI + _w_ ~u~~ + 1"rI.." ~al~~ )rn..... 

~ e (-i + ~ lYI .. ).
4 m ... 

B L.
0 

-rlifTIepOHe IA - U 01- KBapKIIf o.6pa3ylOT IlO.1J;cllfcTeMy C Ilo.JIHHM 

CIHlHo.M 1. I1o.3Tm/lY 

~ - . 2- 4~ (-':."+~d)=2. 11 ~w~oI 4

K HlifiVlno.1aBJlJIeTCR CIlfIH ~ -KBapKa TaK ID~ CIlo.CO~OM, lITo1H Ilo.JlHhI ti 
CIlHH CTa.Jl paBllliM 1/2. MbI frMeeM 

-+ -. -+ z. ~ ---=. 2, -..~ (-':;;:-t-~~ ')
[(~w+~..1)+-";).., 1 = (-~ .. +~~) +~ .... + 2. ""'w 01 ~ -!. = 

'3 -)0- ......... -..--..) "5 
 =r,,~ +::.:--o\;;~ = - i= ~ + ~ + :<. ( ~ .. ~ 01 + ~ ~ ~.., = T ) 

o.TKyna 
->- -+ 1.~01 ~-!. z~., 

l. 

BRJIan CIlIlfH-CmIHOBo.ro. B3aIiflVloneJ1cTBf\fi B Maccy Z. 0 -rIiflISPo.H8. Co.C

Ta,BJIfieT, TaKfrM o6pa30M, 

~ m (Z.0 ) = ~ ({ - ~ m .. ) >

\'0"" 
H pa3HOCTb MaCC L.O-lf-H L ° 

rr-. (z:.olt) - tn (E... 0 
) 

2. C ...., .. 
R. h-l"" 
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OTCIOlla H fl3 naJlyq eHl iOr a BL'IUe BbJ paJKeHl1JI "JlJI C IIfMeer,: 

m( :E,.°)(- ) - 1'n (L:. 0 
)tv. .. 

0, b {r . 
h-1~ rn lLi+ ) - tn (P) 

Orr.:eT 1TI.1, 'l Ta 3TO 3Ha4 el-me Xopowo corlJacyeTcH co 3Ha48HH eM 

rn .. /h16 =O,66±O,05 , nO.ijJ4aJOOl~CF! (13 ,1laHHI:IX nml ;'.:a rHHTHl-JX l'/.OMeHTaB 

n nnTOHB , HetirpoHa II A -rI1TI epOi-!3 (C M. JIeKIHI:1 "BBe,nemle B TeopHlO 

ICBapKoB", Jly6Hll, 1979 , ollJm P2-1280, CTp. Jl)). 
Tenep1 y Hac Bc e napaMeTpH CnI-lH-CTIVIHOBora B3aI-lMOn;ei1cTBI1JI 

KB8pKOB (flIlfKC HpOBallli \1 ~, lO;KHO nOllli T8T1CH Ha ero aCHOBe a1'bJICH11Tb 

pa 3HOCT1 Macc LO-!I A- r l-ln epOHOB, I1MeIOUH1X OmlHa.KOBfiH Cnl-lH 1/2 1-1 

KBapKoBHM COC TaB LI. 01, ~ • OT JIfl t ! VI e 3THX r Hn epoHaB 3aK1JlO'1aeTC5I B 

'I'm,i , 'ITO B A -rl-lTIepOHe ll- v. cl-KBapKH 01pa3ylOT IlO[(C.1CTeMY co cnVl 

HaM 0 (.1 U30CITHHaM 0), 8 B L.
0 

-r,mepOHe - nonc f\CTeMY CO C!1HHOM 

I (11 1130Cn l-lHOM I) ( CM. BblweYKa3aHlllie JIeKl\I1t1, cTp.28). K8K t1 MfI 

npoToHa , [(JIfi 11.. -rl-lTIepOHa t1MeeM __ -+ 

~u -':,~ = - 3/4 > 

,I BKJIa[( Cmm-CTIIlfHOBOro B38.I-IMOn;ei1:cTBI1JI KB8PKOB B Maccy A - rl-lTIe

pOHa COCTaBJIfieT (~... +:&01 = 0, m" = I» al ) : 

/J .+ -;. ..... -. mol -+- - C...... - - '3 CtTl 0- 

~h--.U\.)= I~ (~w.~04 +m .. -':>,:~-,> + ~ ~ol~~)= ~ .. ~ol- 7; . 
~ .., 

KOM11iHI1pYfi 3TOT pe3YJIbTaT C npenbl)'ly[QfrM BHpaJKeHHeM nJIJI ~I'h ( z:: "), 
nJlJI pa3HOCTlif Macc L..0 

VI A TIOJIY41-1M 

h--. (Eo) - Yn (A ) = C (-i - ~ ) 
rr. ..... 

IIfJII-I, 3aMeHfifi nOCTOfiHHYKl C paRee n01~'1eHllliM UJIfi Hee BHpaJKeHl-leM , 

IlPIifXOL(frM K CJIeJ'lYJO[QelllY npaBI-IJIY cyWNf 5/: 

h-I(L.,0)- m CA)= £(~- \'VI .. )[tn([;+)-rn(P)j, 
~ \'VI"" 

11)11-1, IlOIlCTaBIIB TIOJIY4eHHoe BWlle Bb!paJKeHllfe llJIfi tn... /'rn~ , 

I'n ( t:...0 ) - rn (1\. ) = 1:.. [t-n ( L. (») + h1 ( ll. ) - m tL,OK) - h1 ( P) '1 .
3 ' 

:flo npaBHJlO )'laCTaTo.'lHO XopOWO BHITOJIHHeTCfi, ero Jl8B8fi 4aCTb paBHa 

76,9 MaB, a IlpaBaJI 4a CT1 COC'l'aBJlF!eT 67,5 Ll3B . Pa3JIIIf'1l-1e, CRopee 

Beero , B03Hlif.Ka eT 1-13-3a HeT04HOCTI-I .lcnOJIb3yeMoro HepeJIfiTlifBllfCTCKoro 

npVl1JIIDlteH'lJI. 

K o(\C YlI.llaeMOMY 3)'leCb Kpyry BOTIpOCaB OTHOCHTCH TaKlKe ImTe
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" " ,( /27/
peClliH1 P83YJlbTaT, rro.ny<t8HHhiM B paCJoTe t~ 3aXJIIO'laIaU~MCH B TOM, 

'ITO Y'le1' CrrI1H-CmIHOBOrO B3mIMOneMCTBl1H RBapROB MOJK8T Od'UlCHHTb 

OTpffi~aT8JlbHOe 3Ha'l8HH8 SJleKTp~,!8CROrO pa,n:~yca HeMTpOHa <. 't; (N» . 
TIp~'l~Ha COCTO~T B CJl8nYIOU\8M. EcJI~ Ool BC8 Tpl1 RBapRa B HeiiTpOH8 : 

,n:Ba J n O.ll~H 1..1, 6h1Jl~ pa.crrOJlOlK8Hhi C~MM8TP"'lHO n;pyr OTHOC Il:T 8JlbHO 

npyra, TO B8Jln'l~Ha <'" ~ eN) > 61lJla Ool rrporropu"0Ha.llbHa rrpOCTO 

Cy l<lM8 l1X 38pH.n;OB !~ paBHRJIaCb dbl HYJUO. Crrl1H-Cl1ImOB08 B3al1MOn8tiCTBtie 

HapywaeT Cl1MM8Tpl11O paCrrOJIOlKeHl1H RBapKOB. B H8MTpOHe nBa d -RBap

Ra l1M8nT CY MNi8pHble crr~H 11 H30CrrH'H, pa.BHhi8 1. OTTaJIRl1BalO1I188 B3a

~on8t1CTBI18 rrapaJIJl8JlbHHX Crrl1HOB rrplfBOn;HT I{ dOJlbW8MY YJl8..lleHl1IO d 
RBapROBn;py r OT n;pyra, geM RaJKn;OrO 113 Hl1X OT LI -RBapI{a. TaRoe 

paCrrOJlOl;teHl1e 01 -RBa plwB"rro KpaFlM" IT rrpl1BOUl1T I{ OTpl1l.\aTeJlbHoMY 

3Ha'l8H1llO <"t <- CN.» . 
E. 

3.3. OCHOBH1:1e COCTOiUI I1fl Me30HOB 

PaCCMOTpl1M T8rr8pb OCHOBHlJ8 COCTOHHIlJI Me30HoB, Y'lI1Thl BaR 

Crr l1H-Crr liHOBoe B3almo n;ei1cTBl1e. OHO ~8eT TOT lite B I1D" 'lT O a 1!M 

llByX RBapIWB B dapl10H8, 3a HCRJllO'l8H l1eM ",'oro, 'lTO nOCTOP.:HHaH llM 

C I1JlbHOrO B3aI1MOn; 8 MC TBl1H RBapKa II aHTHRBapKa , o6pa.sylUl\H'X Il.eSOH , 

Bn;B08 60JlbWe: 
;(. 

~C/~(~·..s... ) . 
m.m2,. 

TIocTOp.HHaR C / orrpe,n8JlH8TCH SHalJellVl8M BOJlHOBO~ <PYHRUIiHI RBapRa VI 

aHTI1KBapRa "B HYJl8". 

,lLnH B8KTOPHhlX Me30HOB V 11M88M 
--+- -.,.. 2... .-,.. -. 

(""',+-S~ ') = R. 11 ~'~2. = -i/" 

llM rrceBllocKaMpHhlX Me30HOB n m,:eeM 

-+- -- ;l,. - . --;. - 1/,
(~, + ""'2. ') = 0 II ...",.-',:,~ = - 5 ..,. 

Pa3HOCTb Macc BeRT opHhi X 11 rrceBn OCKaJUIpHIlX M83 0HOB 3a C'I 8T c nH'H

Cnl1HOBOrO B3aH'MOllej~cTBl1H COC TaEl1T 2
0/ t"l ..

h'l ( V) - \Yo ( rI ) = 2 ~~ - 
\')0) 0,. rn '\

HarrpID~8p.n;M p a 3HOCT l1 Macc (" ~ 11 n ° - M8 30HOB 6Y.lleM liMen 

h-.(f O)- m ( no) = ?. C 

I1s SToro COOTHOmeHl1H MbI nOJlY4 aeM o~eHRY llM napar~eTpa C,/ 

C ,/ = 1: [m (\ 0 ) - rn ( 11 U ) 1 ~ '3 2. 0 /A3Il • 
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ROTOpa.f1 rro rropH,IlKY BeJlll'l l1Hhi COOTB8TcTByeT 3HalJeHl1lO rrapaM8Tpa 

C~ 196 M3Il, nOJlYlJ8HHOMy paHe e ~3 paSHOCT I1 6-t--l1s06aPH 11 rrpoTolla. 

CJle.n;y 8T OTMeT I1Tb, 'lTO Cll I1H-C lJlfHOBOe B3a~01l8tic TB118 " Cb8na

8T" llO'lT H BC IO Maccy rrC8B,n;OCKaJUIpllliX 11 - M83 0HOB 11 rrp "MeH8H118 R 

Hl1M Hep8JlHT IIBVlCTcKoro npl1dJ1lU':eHl1H HaBepHHRa HeTOYHO . T8t/. dOJlee 

y,ll IffiI1TeJ1hHblM npen;CTaEJlHeTCR Bb!l10JlH8H~e cJle,n:JlOmero npa.BI1JIa CYMM, 

ROTOP08 rrOJlY 'la8TC~ 11'3 aHaJJorl1'lHOrO paC yeTa. UJm p a 3HOCTI1 MaCC 

K*-Il: R- Me30Ho/2 5/ : 

I'Yl ( K~) - t-o( k) tn ... tn( L.° ~ )-. I'n C2:° ) 
" 

~ (f' ) - tn ( IT ) m? \'Yl ( A + ) - I"l"\ ( P ) 

JIeBaJ'I 4aCTb paEHa 0,62 , rrpaEaJ'I - 0, 64. 


3. 4. ilp06JIelV'.a 1)-!):\1 W - 1£ - CMem l1B8.J{l1H . AHH lfI'WlRUI10HH08 

13sal1Mo geMcTBl1e 

PaC CMOTp ll:M Me s oH, COCTOfIlIl~ 0:3 RBapRa II 8.J{Tl1KBapRa o,n:Horo 

11 Toro lKe copTa. Tor,n:a MellmY HImI1, nOMl1MO Bs a WMO!le~CTBl1H, ocy

meCTBMeMor o o dMeHoM r JllOOHB1I1I1, B03HlfRaeT CIIeItR~eoHoe n;o n o Jl 

lliITeJl:bHoe B3 a\fMO,llettcTBlfe : 8..Hl:l11l' If.1l.fIl.(WI 3T IlX RBapRB. '1 aHT !1KBapRa 

13 r JIl()OHbl c nOCJIe llJlO\lj~ p OlKn;8HI18M 3Tl1M rJllOOHHhiM rrOJl8M HOBO~ R13apK

aH'l'l1KBapKOBoA rra.Pbl Toro lite HJIH .Ilp y roro copTa. TaRo e B3al1M0,lle AcT 

Bl1e no.ny<t~.7Io H8.IDileHOBaHI18 8.HHlIr ll.1UI!.(1l0HHoro. TIOCROJlhRY rJllOOHHOe 

n OJIe He Hec eT Ha c8 6e RaKl1X-J11110 Odbl 'lHOlX BHYTpeHHI1X 'l I1CeJl-- OHo 

YlllllTap Htdl C I1HrJleT, rrepeXOn;I1Th 13 lIero MorYT K13apR 11 8.HTl1KBapR 

TOllliIW 113 YHI1TapHo-CIDil'Jl8THOro COC TOFllIl1H. TI03TOMy aHHHI'H.1UI!.(110H

HOMy B3afIMOlleAcTBl1IO nO,llBepJllellhi JIlWlb 1Il30cnIDlO BNe H YHI1Ta.Pllli8 

C~Hr.7leT bI , a CJle,nOBaTeJlbHO , TOJlhKO Te MeaO l~. KOTopble BKJlIO'lalOT 

I1X B cedR R81\ COCTa.BHYlO qaCTh. TaROBblMI! HBJlFllOTC.f1 ~ ;-~.! II W; ~_ 
Mea OBI<. 

AHHlIlrl1J1./1UIlOHHoe BSal1MOllef;!cTBlIle MOJ![eT !laTb oTBeT Ha c l'apylO 

Dp01JJeMY 'l-I'j ~ III w - If' -CMeIJHUlaRl1H: rro'leMy 13 BeKTopHhlX Mea ollax 

cr,"eWI1BaH~8 CTparIIUlX !I H8CTPllllHhiX KBap KOB n O'lTIl He npOI1CX01!IIlT, a 

B nC e131J;OCKaJIHpllliX Me30Hax OHO 13eJIfnCO 11 npl1BO~IfT K TOMY. 'lTO t'j _ 
II ~ '- MeaOHbl CTaHOBHTCfI rr04TIf TO 'lHhlMIIl YHHTapH.b/M OK T8TOM 11 CIDl

rJleTOM COOTBeTCTBeHHO ? KBaHTOBaR xgOMOJI1HaMlma naeT 13rrOJlH e 

paaYMHoe 06'UlCHeH~e STOM:y HBJl8H~2 ,28 • (Bn epBhle Ha B~lleJleH
HOCTb Me3 0Ha - YHlfrapHoro C lIHrJleTa RaK KOM6\ffiaUI'lIll KBapRoB. KOTO

paR npl1 aHHl'lr l1.1UI!.(IIlOHHOM BaaI'.!MOn;e~C TB lIl1 rr epeXOlll'lT CillAa B ce6R, 
o6panlJU! BIOOd6H1l8 H.V.){odaapeB Jl JI. E. OKYJih/?9/ .) 
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.lleJlo B TOM, '-IT O llC 8BUOCK3Jt'lp Jilie t.' 8 30 I-lH , ·n r YT a HHl1 r l1JHlpO

BaT b Ha ABa rJl[)OHa , a BeKTOpHJ:l e Me 30Rl' - Jl!:~ ~ lJa r pM ,KaK 3T O no

lC8.3aHO H3 pilC. 1. OlJeBI1!UlO, B 0 1l; Lru r JllOOH He ,, 01 'YT aHHl1r~JJilllOBaT b 

~ ~- -~. --~ q; ~3 G E!i
JP= O- ~ 3 jP O- J P r"=-iJ" r P= 1 = = 1

q G~ ~ a.'Jq" .>1.____ ~ Q __ _ _ <y 
( 9) 	 y '.! ( :5 1~ 

P MC. 1. 	B I1PTY8.llbHaJi aHHLlI' fi.llffl\ ttfI HetiTpaJl.bHHX nC eBl(OCKaMpHo r o 

r'f.e30Ha Ha Ana rJlDOHa ( a) 11 BeKTopHoro Me 30Ha Ha TPJ;1, 

rJllOOHa (~ ) . 

HI1 Te, Hli lpyrlie, nocKoJlbKy OHI1 UBeToBu e CIIHrJJ e ThI, a r JllOOIi 

lJJJeH llBer OBoro OKTeTa ("l~B eT" coxpaHfl eTcfl BCe r I(a) . JlaJlee , r Jl100

Hbi - BeKTopHH e 'laC'l' HlUJ M Beny T ce1R: n Ol\O ~HO q,oT OHaM . Ho XOPOlliO 

il3BeCTHO ( T eOpey8. iIaH1~ay), 'lTO I(Ba. ~TOHa He MorYT HaxOnilTb Cfl 

B COC TOflH ilM C llOJJHhlM CllMHOM I (CM.! 3/ . CTp . 56) . AliaJlOl' l'I tJHO , He 

MorYT Ha XOIU<lT bCfl B 3TOM COCTOflHI111 11 nBa rJlJOOHa . IT0 3TOMY B eKTOp

HJ:jJ\ Me30H- 'la.CTl1Ua co OIHmOM I He MOJKeT aHIH1r L1JlWpOBa.Tb I-la ,lJ,Ba 

rJllOOHa, HO \10lileT aHHlH'llJllipOBaTb JJt1llIb aa 'r p u r JllOOlJEl. C .n;pyro il CTO

P OHhl, UBa rJlIOOHa, KaK ,\ UBa IPOTOlIa, MorYT Ha..XOnI1TbCfl B COCT OR:HlH! 

:r p =0-, Ii rr03T OMY nc eBI( OCKaJIRPHhltt Me3 0H MOlKe T a.HHilT IIJlHpOBaTI, 

lIa .n;Ea l'JllOOHa. 

llOHBJIelllie B CJIy1IDe BeKTopHhl X Me30HOB J1t1ll1HerO Bl1pTy aJlbHOrO 

rJllOOHa rrpMBOI(I1T K YMeHbllleHm<J 8JlIlJlilTY.lU>I nora lIJlOileC c a B d$ «1)pa3. 

ITOS TOMY MOlllliO OllmnaTb , '-I TO aHHHr il~I'IOHHOe B3aI1MOlleJ.!CTBl1e I(M 

BeKT opHHX Me30HOB ~y~eT HrpaTb MeHbilly~ p onb, '-IeM nJlR: nc eB~OCKaJIRp

HhlX. Ho aHHl'I r L1.il.fll\ 1l0HHOe B3aHMOneficTBI1e i1MeeT MeCTO Jlt1lllb ~M YHI1

'rapHO-c .mrJleTHHI x COCT OffHlfi!, n o STOMY OHO CT p elOlT oS! OT neJlI1TJ, YHI'I

Tap Hhl n Clffir JleT OT YHI1Tap HOro OKT eTa, CMelll l1BM CTpaHlill e Ii I-leC TpaH

Hbl e KBa pKl'I. :fto 11 npOi1CXO.UilT UM nc eBI(OCKaJIRPHhlX Me3 0HOB, Torna 

KaK UJlR: B eKTopilllX Me30HOB 3a C'l eT Tp eXI'JIJOOHHolt aHHI'!ril~"'11 npo

l'ICXOI(t1T Jli!!Ilb He3Ha'I l'IT eJIJ,Hoe CMem l1BaHl'le CTpaHHHX Il HeCTpaHHhlX 

KBapKOB. 

G.n:e.Il.Y eT OTMeT Wl' b , '-IT O KOJliltteCTBeHHM T eOpl1R: ~ - ~ ~- 1'.1 

W-If -C MelD lma.liM Ha OCHOBe r JJl)()HHOrO aHHllr l'l.JI.JmlmHHOr O MeXaH1'I3

Ma CTaJIKI1BaeTCff CO 3Hatt ilTeJlbHblM>i TpYUHOCTffMIiI: UM O~'hIICReHIDI 

HYJiUlOrO CMelIl l1BaHI1R: D:M '1 - 11 '1' -Me30HOB Tpe 6yeMaH BeJH1ttID!a o( -t. 
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.nO.1JJKHa ~hl Tb 3Ha 41lTeJlbHO OOJlbllle TOn BeJlll 'l ilHJ:j, KOTOPaf! CJJe.nyeT U3 

OO'hf!CHeH fU! aUpOHl-lOrO e:rreKTpa . TIPI1 STOM ,l~JlR: TaK l1X 60Jlbllll1X 3Ha'-leHI1t'\ 

r:L", Ca1\18 T eOpl1f! B03MYlIleHl1!f CTaHOB!lTCR Henp llro nHoJ;i. 

3.5. Pa 3Mepu KBapM B 1'1 aHOMaJIJ,HblH lI.arm!THhI i1 MOMeHT 

B KBaHToBoi1 XPOMOI( I1HaMl1Ke KllapK, B3al1MOneticTBYfl C rJlJO OHaM 11 , 

O,neBaeTCR "rJl~OHHOj:\ llIY~Ot! " 11 rro sTOMY npIl06peTaeT CBOI1 cOOcTBeH

Hhle pa3MepbJ. BoJle e T04HO MOJKHO c Ka3aTb, 'lTO B3aIlMOI(ei1cTBl1e KBap

Ka C BHelllHI'..M 1I0J1eM (sJIeR'rpoMarHI1THbl M !11l11 rJllOOH1lliM noneN! !ipyrHX 

KBapKoB) xap8JnepI13yeTCR: il,Jop M¢aRTopOM, B03HI1KaKUH1M 1l3-3a B3affMO

net!cTBUR: KBapKa C l'JlIOOHHhlM rr oJJern, a CooTReTcTBYK:U1 uti Ko3<fxfIl1I.ll1eHT 


pa3J10JKeHI1f! 3Toro ifopM'pa.RTOpa no It-MWlYJJbOY r/JOTolla ~ ~ OII

p eneMeT CpenHeKBa.npaT !14Hhiti p 8Jl: llyc RBapKa 


< "'cl1.) = b [:/Cc). 

BUlJHClleHl1e B HI13WeM rro c{-!> nop~Ke TaRoro q,opMf8.RTOpa CBOU~lTCfl 

K Bh1 tJl'ICJJeHI1ID BepWI1Hb1 


~"v. 'I ~ >:f l 
3T0 Bll'-l,!ClleHl1e rt.OlKHO rrp0l13BeCTI1 B rrOJlHOn aHCl.nOrl11l C l{BaHTOBOti 

3J1eKTpOI(I1HaMI1K0t!. HYlKHO 'rOJlbKO ytJecTb, 4TO B rrpoMelKYTo'-lHOM ooc

TOflH l111 MOJKeT 0~pa30BllBaTbcR JlJO~On 113 BOCbMI1 UBeTHBX rJIlQOHOB. 

D03TOMY R03qxpl1UI1eHTOM rrporrOpUI10H8.lIbHOCTI1 ~y~e'r 

-1 8 ~ _ It 
~ Co..~ Aa. ) 01....., - "3 D(~ 

ITP 0 I13BO.n;f! CTaHuapTl~Htt p aC'-IeT, nOJlYtJl1M 

< "t 2. > = ~- (to X ) F ( w..,; .... I rn Q, ) >

" :» c.. y 

rile to 11 Xc - KJl8CC I1tJeCRl1n panl1Yc RBapKa 11 ero KOMrrTOHOBCKafl 
I(Jl I'IHa BOJlHhl (1; '" c '" i. ) : 

"(.. = 0(..., ~Xc 
rn~ t'ro'\t 
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W m: ... - BeJl WHlHa MMH>lMBJlbHO B03MOJKH0i1 :meprMH M3Jlytfa eMIlX 

KBapK OM rJ1lO0HOB; F ( 'X ) - m.VRKllllfi OT OTHOllleHW! x: ~ u.J ,.., : " 1m" 
Ee nOBe nel!Me nOK83aHO HB p HCyJ-1l<e. ECJIH cv ....... ; n-~ 0 , TO lil.1eeT 1.,eCTO 

o:5b1lJ Haf! MHcppaKpaCHan PBCXOUI1MOCTb : 

F (. L0 .... : y> / rn '\t ) -----'> ~ .Q,y, ~ 
:3 Z <-0 ", ; ", 

Ho Mlo] 3HaeM, 'lTO r JlKlOHbI He t.10rYT M3JlYQaTbCfI Ha pyxy lI3 a,np0HOB . 

OHM .nOJ1lKflli Ha.xOlH1TbCR BHYTP '" aupOHOB , MMelOOlM X pa.Imyc Rh ~ ~ !pep

MM. 'uM oueHKM MH npellnO)]OlK l'lM , 'lTO n)] MHa BO)]Jl!:l r mooHa He I'WJKeT 

npeBbi waTb IlMaMeTp anpOHa: 

*):ITw ~:i\ 
rn ~ ...... - J."" ax=2.RI, 

). ma.x R h 

,UaJlee . U.1JR Ma.CC hi HepeMTMBMCTCK~ HeCTpaJiHl:l X KBapKOB n p lfMeM 

Be)]M4l{HY M,\-=O,33 r;)B. Tor ,lla !t)]R pa3MepoB KBapKoB n OJlY 'la eM oueHKY 

('(2.> =.&. cI.", 	 f='( ~,8 B)=O~S-lci. 9?lq,. 'JT rn o¢ 	 ,.~ . . 
ITOJlOlltl1M c(~ =0, 5 (CM. n.3.I) • .IlM c o :5cTB eHHoro pa.nl1yca KBapKa Tor 

lla Dony'laeTCR BeJlWHlHa 

~/~ 

<"!:~>'\- = 0 ,28 PM, 
'lTO corJlacyeTcR C Tel'.m 3Ha'l eHI\fUI:M, KOTop ble KOCBeHflliM 0 6p830M M3

BJleK8JOTCR M3 3Kcnep WleHTB)]bHl-JX u aHHbl X ( CM. " BBelIe lH1 e B Teo plOO 

KB8PKOB", CTp. 46 ). 
Tenepb ojpaTMMcR K oueHKe BeJl M'l,lHbI aHOMa)]bHOrO l\iilrHMTHo r o 

MOMeHT8 KBBpK8 , B03HMK8.JOli1ero M3-38 ero B38.mf.O llei1cTBMR C r mooHHbl M 

nOJleM. 3 8 MMCTByfl cOO/~iTC TByrauee BHpBlKeHI1e npiIMO 113 K BaH'rOBoi! 

3JleKTpOlIMH8N1MKM (CM. , CTp. SID) ( c .nonOJlH I1Te)]b HblM MHOJKMTe)]ek 

4/3 n epen oL{, ) , !1M MaJ'HIITHOro MOlieHTa KBa p KB 11Mee!i 

f = f4 0 ( " + ; ~-';,	 ) , 
r ue J-4o - nv.paKOBCKV.i1 MarHMTHfll~ rl.OMeHT KBapKB . 113 :31'01'0 BblpaJ;:e1H1R 

BM.UHO. 'ITO 8HOMaJlbHl:l11 MBrHlfTHHA MOMeHT KBapKa He3 Ha'll1TeJleli 11 

COCTaBMeT OT HOpMa)]bHOrO ,llMpaKOBCKoro Ma1'HI1Tl-ro r o I:Or,1eHT3 BeJll1'lM

*) 
3T a oueHKa COOTBeTcTBy eT MMHMMBJlbHbW cojcTBeHflliM/359TO

TaM TM M TE MOn 1'mooHHo1'o nOM B c i(lep M'leCl{oj.j n OJlOC T v. ( CM . ) . 

.llJJR 3TI1X I.IOU 'lPlCJlO 11 HYJI(HO 3aMeHI1Tb lIa co:5cTBeHl-rue 4 I<lC)]8 4, 49 
11 2 , 74 COOTBeTCTBeHHO . 

2. 

F (x) == <'t,:t\ lIm~ 1';..rJ..~ 

~ . O 

1.0 

RI,=1 '/>M, w ",; .. = M 1 M- i (w .... ., = II/R\, ) ,I i"n.." = 0, 33 n~ 
~------

o I I, 

o 	 i . O ~ . o 3 . 0 +. 0 5:0 (;. 0 7.0 8.0 9. 0 


:>c. = tV rn t " / ""' av 

3 aBMCliMOCTh p BUl1yc a KBapKG OT MlflH1Ma)]bHO !1 'la CHlThi 1'mooHa. 

HY He :5o .~ ee 10%. 3lU1eTID« , 'ITO Y'I6T CJl 6JlYIlll{l'l X '1JleHOB p a 3JIOJi[eU}1R no 

d.. 5 BIlOCI1T OlleH}' M8Jl.YJO norrp aBKY Il 8J10;"ruIhHHli Ma1'HI1Tl wil. MOMeHT 

KBapKa . n OCKOJlbKY P83 )]OnleH,e j P0 I1 3BO.n11TCfl He npOC TO flO CTen eHffM 

ci~, a no CTeneH.flM 0("" / JT 23. T8XI1M OjP83 0M, npe.un O)]OlKeHHe 0 

1,~aJlOCTI1 aHOMaJlbH01'O M81'lll""Ho r o MOMeHTa KBapKa H8.x OUI1T on p aJ3UaH l1e 

B KBB HT OBo l1 XPOMOuHH8MW{e , H8C MOT]1H H8 H8,n H411 e Y KB apKOB 3Hil'l MT eJIh

HlH cojc TBeHHhlx pa3 MepoB. 

Heo:5 xO.lHIMO OTMeT I1T h . 'lTO Bbiwenp ~lBeueHlwe OueHR I1 I1MelOT CMHC)] 

1lIR1lb HaBO/lRU\ I1X co o :5pa)f(em dl. OH,' nOKB.,3HBalOT JlID!f1, HenpO TI1BOpe'l I1BOCTb 

RBaJ-iTOBOii XpO~OUHH8MIIKI1 TeM"HBI1Blill M" npe)l.CTaBJleH1UUl Hepe.lLf!T I1B I1CT

CK01! KBapKOBol1 MOn e)]I1 , )WTOpue paC CMaTpHBaJllfC b Hru.111 paHee . Ha 

CaMOM u e)]e CJlenOBBJlO 6 b1 pemaTh 3a,na'lY 0 BeJl M'lPlHe p a3MepoB 11 MaI'

HI1THOrO MOMeHTa KBapJW lie B np l1 :5Jl \llKeH~M c Bo:5o,mlOro (BHYTPI1 !l.L(pOHa ) 

KBBPIW. a CBF!3aHHo r o KBapKa B HeK oTopoM nOTeflU lfaJle 3aT o r;eHW! . 

n p 06,neM9 MHejipaKpaCHOU paCXOlll1MOCTI1 TOI'ua OTnaJl8 :5b1 CaMa c06011 . 

4. 3It30TI1t[OC]{ME COCTOHHYIH 

KBaHT OBaf! XpO~IOllMH8MMKa He 3 81JpeU\aeT, Bo0 6me r OBOpR, c yme

CTBOB9HIle 1l.lLf! MeSOHOB M 6apliOHOB nOMI1MO O(\hI'HlhlX RBapKOBhlX CTp,YK
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31 3 4 
TYP ~~ 11 t:t. q, q,. TaKlKe MHOI'OKBap KOBHX CTPYKTYP TIffi/ 

( q.,~~)3n.( q,~)~ 

I'.lle n. 11 m - ueJli:H~ 411CJla (0. 1 ,2 •••• ) . He06xo.lll1Mo TonbKO, 

l.jTOjH rrOJ1HM UBeTOBM <PYHKUM TaKotl CI1CTeMbl :5h1na UBeTOBhlM CI1HI'Jle

TOM. 

KaKI1M 0 6pa,30M MOI'YT 06pa,30Ba,TbCR nou06Hh1e COCTORHI1fl 113 

06l:l 4Hh1 X a,!ij)OHOB? 

llYCTb . Harrp l1Mep , CTaJIKl1BalOTCR .nBa l1pOTOHa. 06a OHII RBJlRlOT

CR UBeTOBblMI1 CItIHI'JleTaMI1 . EcJlI1 I1JC CTOJlKHOBell l1e l1epl1lPepl1'leCKoe . 

TO OHI1 1104T I1 1130n l1pOBa.HhI UPYI' aT .nPYI'a 11 He MorYT 06MeHRTb CR 

o.umlM I'JI!OOHOM, 110CKonbKY I1X UBeTOBl:l e 3apHUbi p a BHhI Hyn lO. OH I1 

B3aItlM0.ue'AcTBYIOT rcpY I' C UPY I'O~ , 0 6MeHI1BaRC b uneTOBhlWI CI1HI'JleTHhlM11 

coo TORH \1R.MI1 : 06h1 4Hh1MI1 anpOHaMI1 MI1 pe.ItJKe-TpaeKTOp I1RMI1. O.D;HaKO 

eCJH1 l1POTOHhl C6JH13RTCIl HaCTOn:blW . llTO I1X 06'beMhi HallHYT nepeKphl

BaTbCR . TO BXOURtUl1e B I1X COCTaB KBapK I1 00,10I'YT 06MeHflTbCR rJlJOOHOM. 

IIOCKonbRY I'JIJOOH- HBeTOBOH ORTeT , Ka~nh!a 113 np OTOHOB l1epe~ll eT B 

UBeTOBoe OKTeTHoe COCTORHl1e , XOTR BCIl CI1C TeMa B u eJlOM, COCTORtUM 

113 llJeC TI'I I<BapKOB , OCTaHeTcrr B UBeTOBOM CI1HI'JJeTHOM COCTOJlH IH'J . 

TaKofi BHYTpeIDH1~ nepe xo u npOTOHa np l1 CJlWlHI1 I1 C ,npyniM 11 POTOHOM B 

u ueTOBoe COCTOHHl1e 11 n OJlyQl1n Hal1MeHoBa,H l1e "BHyTp eHHeI'O UBeTa ". 

MHTepec K I1ccneUOBaH111O aKSOT l1llecKax COCTORHHM 110BHCI1nCR 

rrOCJle TOI'O, KaK 6h1J1I1 rrpOBe.lleHhl paClleTl> .UM peMTI1B I1CTC KI1X MHOI'D

KBapKOBbl X C I1CTeM B ~!elllKax C _YQeTOM B3a.fnw.ne~CTBI1fl MelK.UY KBapKaMl1 
, /32- 3 4/

l1YTerIL OUHOI'JIJOOHIlOrO ojMeHa • HeOllmuaRHl:IM OKa.3 8.JlCR pe3YJlb

TaT, OTHOCRU111~CR K llJeCT I1KBaPROBO ~ CI1C Ter·r.e C RIJaHTOBhl MI1 II I1CJlaMI1 

32
A A B YHI1TapHO ( Sl1 (3))-{!~rJle THOM COCTORH l1w / . OKa.saJlOCb, 

lJ TO TaKM CI1CTeMa , Ha 3BaRHM H, .llO.illitHa ilMeTb MaCC Y OKOJlO 2150 M:3B 
11 TeM CaM!.JM 6h1T b cTa6MbHoH rro OTHOllJemOO K pacrr8.l{Y Ha UBa A -1'11

rrepoHa (cYMMa Macc-2231 M:3B)! QHa .llOllJi(Ha dhl Tb Y3RHN. pe30HaRCoM . 

paCnaUaIOO\HMCR CJla1b1 M 06pa3011. , B OCHOBHOM Ha UBa 6ap110Ha, B OTHD

llJemmx: 

L.0

( H ~ L.... - P ) : ( H - N ) : ( H - A N ) =:; b : 3 : ~ . 

llo.ll06HOrO cop Ta CI1CTell'.a MOrJla 6bl 06pa30BaTbcR npl1 CTOJIKHOBeHl11l 

~BYX npoToHoB B conpoBo~ueH~~ .UBYX K+-Me 3 0HoB : 

p ... P __ H+ k++ k+. 

B aTOM pea.Kl.\l1~ ee 11 rrhl TaJl~C b 06HapYlK~Tb C rrOMoulblO MeToUmm rrpo

nYtUeHHOM MaCCl> rrpl1 peI'I~cTIlaul1l1 UBYX K+- MeSOHOB . IIo llcKI1 rrOKa llT O 
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OKa33JJMCb :5e3YCnellllUJMf/
3 5

/: ec.1tl H IlMeST r,:acr.y B I1HTep D8.Jle 

2-2 , 5 f:J BIC? , TO cell eHfle 06pa30 BaHnt! TaKoH CI1CT ei·.J:l 6' < 3G-130 Hj 

(rpamlUlJ Ce'leHllH 3amlCiI'!' OT npeunoJla r astloO!i Ma CChi H) . 

5. !.:O.ltEml C UEJIbl/l1l1 3APfl.llAI.!}J !G3APKOB 

Jlo Cltx tlOP ~~ j e 30roEop 0 41!0 ! lpIoIHIlMa JJH UJIR aJl8KTpl1lJeCRI1X 

3api1 UOB UDeTHUX KBapKoB llp06Hhl C 3Ha4eH UR - TnR Vte lite. KaK 11 B 

IlC XO UHot! KBapKoBoti MOnenll r eJlJl- r,laRHa-UBeftra . O.llHaK O 'I'10ueJlb I.(B eT

H~ KBapKOB llorrYCKa eT 3HalJ I1TeJlhHO 60Jlbwy~ CB0:50.uy B Bhl 60pe 3a

piUlOB KBapKOB. eCAI1 OTKaaaTbCR OT Tp e60Bamm Toro, lJT Ojl> UBeTOB8n 

CI1l::r,leTpl1l1 6b1J1a n jcoJllOTHO T04HO!! . Ha OTOM lIPOf!3BOJle OCHOBanu 1,1D

ueJlI-I C ueJlLlrMl 38pnuaMI1 itllapKOB , 11 Ml.1 ce t:i4a c Kpa TKO pac c rWTpm.\ 

STI1 hlOneJlVl XOTfi dtl p a.I{tol Toro. 4T06Ll rrpOB8CTI1 C WlMVl cpa BHeHlle 

"OPTO ~OI<CaJlbHolltt MOJ{em! C UPOdH.blMH 3apH~aJ.\t1. 

EcJlI1 Y'leCTb UBeTOBbl8 CTerreHI1 CB060.L\hl, TO il;JlH l(eBRT fl 3apRUOB 

UBeTHhiX RBapKOB Q~. (,. ~ 0; LI, 01 > -',) ; .. =1,2, 3 ) .rr.OJllitH1l BblnOJlHflTbCP. 

C8N'h ycnoBHtI (C M •• Halip tolMep /35/ ): 

Q di.. = Q~i = QUi -i i. = ~,2, 3, 

Q Lli ... Q U 2. + QU'3 = 2
:noR YCJlOBWl 1I0JlY'laDTCH R3 rrpallRJlb HhlX 3Ha 'leHHl! 3J!.eKTp RQeCKI1)( 3apRUOB 

UJlH ueKarrJleTa 11 OKTeTa 6ap ilOHOB. TaKKM 0 6pa3 0M, .lI.Ba KBapKOBhlX 3a

pR.Jla, HarrpHMep Q4 1 11 Q .. 2.. ' OCTallTCR rrpOK3BOJIl>HHMH. 

Odl-l'IHhl ft BH 60p 3apR.llOB KBapKOB OCHOBaH H8 .ItOrrOJIHI1TeJlbHOM rrpe.n:

[JOllozeHIU! 0 paBeHCTBe aTIiX 3 apHnOB .lI.M BCex KBap KOB oItHoro II Toro 

lite c opTa: 

QI\-1 = Q~2. = Q,\- '3 > q, = lA, 01, ~ • 

O~aRO MOXHO paClIopaIt iITbCR ~llJeYKa3aHRHM rrYOKSBOJlOM rrD-KHOMY. 

TaR. '1T061:1 3apR.lU>l KBapKOB OKa3aJJ I!Cb u eJlHMI1 1-3/: 

Q "1= O, Q 142.. = Q", '!,= i> 

Qol1=-1 , Q~ 2. Qd~ = 0 > 

Q~1 =-1 > Q~" -= Q.-!. '3 = 0. 
IIpi'l TaKOM Bhl 6 0pe UBeTOBaR OiIMMeTpM HapYlIIa eTCR XO'I'H 6h1 3J1eRTp<r 

mJrHIITHhiM 06pa 30M. Eollee Toro, KBapRoBhle 'I'OKB He CoxpaHRDT Teoeph 

IJlOKTpH''lecKK~ 3aPRl{. HarrpHMep, TOK U", '(I" Ua. 
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1'!3MeM eT Sap,lU{ Ha -1. .Il.M COxpaReHM. s apRua Heo6x o,nIlMO, '1TOjbl B3a

rn.lo,nellc TBYKlU lI[e C 3T liM~ TOKaMR I'JIl)QHHlie n OAA TaKIle HeCJlI! Ha e eOe 

9JleRTpl!'l eCR~ sapH.n ( B ,naHHOM BHwe npllMepe +1 ) . OKTeT I'moOHlillX no

JleA p a 3 6 HBae'l'CR Ha HeAr paJIbHhle II[ 3apRXeHHHe . r JllOOllli B TaKol MOlle

JlI'! y~e He MOrYT 6HTb 6eSMaCCOBYMH. 

OTMeTHM, 'lTO cpe.IlHl!e SapRUH KBapKOB ,naHHOrO copTa OKa3HBaJOT

CR PaBHhlMII[ 3a,pR.uaM r eJlJI-Mrurna-UBeRI'a: 
3 

~<Q", ) = 1. Z, Q~. 3 )
3 .= ~ 

~<Q ~ ) = J.. ~ Q.Jl = - i ,
3 ;= 1 "3 

_ ~ ,; 1<Q .... ) - - ~ Q-!, i -=- 
3 :=. .3 

1l0 3TOMY B 3ReKTpOJ.lar lIl1 TITIlX n pone c cax, n poIICx OARIf{HX C o6u'lllhlJ.U\ a .ll 

POHru.D1 n pll ytIaCH U! Jl II Wh o,nlloro <po ToHa , lle,llh3 11 f63J1 l1'111Tb J.\ o,lleRI! 

C u eJ1lD.rn I'l APOOHHMII 3~Pll )(aLl}! KB a pIWB
/ J'/ t 

3a.ua 'la Hen ocpenCTB8HHOI'O !!3Mep eHIIR 3a p.ll..D.oB RBap KoB , HaxOll,f!

UlIUCCR BHYTpl![ anpOHOB, HenpocTa• .Il.Jlfl ee peWeHIIR He01x o,nldMo n pl!:BJle

KaTb npoueccl:l C y qaCTlI[eM XOTH 61:1 ,nBYX (flO'rOHoB , KW\, Ha np ldMep , 

nOJlllp11 3y eu ocTb HYKJl OHOB t pacn 8)~ 11 - 11 ~'-Me 3 0HoB ua .IlBa 

~ -KBruITa II[Jl!! npou ecc I'Jly OoRoHeynpYI'oro TOPM0 3HOI'O 1'!3JlY 'l e HIIR np\/[ 

paCCeHHHH 3HepI'II['lHliX SJleKTpOHOB, /03~pOHOB aAlI[ MOOOHOB Ha HYKRo

Hax ( 0630p TaKlI[X llpouec coB CM. B 35?: 

~ :! T .rf ~ e:! + )( + a.npOJl.H • 


~3Y'leIHle n OAApII[3y eMOCTI-I HYlUIOHOi
38/ I![ pac n a uoJ 39 ,40/ 


~ . ~/ _ ~"lr 


CBlU{eTeR:bC TBy eT , Ra3aJ10Ch dB, B nORhsy .npOjJ-ll~X 3apH.uoB J<BapKoB . 


O,nH8KO Mo~eT CRY'l KTbCR TaR , gTO B 3T IUC np oueccax B~a.n UBeTHO~ 


( OKTeTHO~ ) 'laCT Il 3ReKTpOMannITHOI'O TORa KBapKOB CIIJIbHO 1l0.naBJIBH 

nilHaMiI'l eCKIl 113-3a Toro, 'lTO MaC CI:l KB apKOB B UB8TOBI:lX Hec m,I'R8THHX 

B HPTY aJrbHliX npOMCXYTO'lHliX COCT ORHIUlX O'leHb BeRII[R Il . B TaKOrA CJIy'Jae 

MO~eRI-I C np o j HHMI<l 1-1 u eJ11:lMiI 3apRUaMI1 Kn apKO!! Bo06\ue CTa HOBRTCR He

pa3Jl il'li!.Ml:lMIl Hu e " UBe THoro nopora " - nOIlor i o j p aaOBaHWl. UBeTOIillX 

HeCilHI'JIe1'HI:IX COC T OJlH~ n cBo!50J.{HOM BI1Ul
41 

• 
HecMoTpFI fla nOTeplO B MO,ueRIl C u eJlli W-I 3apRnaMiI KBapRoB npilB

JIeKaTeJlbIill X 'l epT K Bru!TOBOio! xpoMo,nlllialf.l-IKiI ( 6 e3MaccoBocTII[ I'moOHOB , 

HanpiIMep ) , OHa np ll0 1peRa tl'JlOI'IIX CTop OHHmW B BBIUI,Y OTCYTCTBaR B 
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He~1 np 0 6HJ.lx 3apRnOB RD8pKOB. Oc 0 6eHHo III1TeHC!!BHO 3TIl t.;0I(8RL pa3BI1

BaJIaCb B pajoTax CaJlaJl,m 11 ITaT!!/ 42/. llcxo.ll.H o~ I-Ine eti 3TIIX padoT CRY

lKllT o j 'h enl1HeHl1 e I(BeTIJlJX RBaplw B lA • .,j, ~. C 11 JleITT OIIOB B eU II[ffi,JH 

MYRhT llnJIeT QJYHTlaMeHTaJlhltblX QJePMJ'!OHOB C ueJ11:l MiI 3apFI UaM!1 . ITPII STOM 

"'leTBepTHM" l\Be TOM C'l PlTaeTCfI JIenTOHllUiI 38.pFIIl . TajRflIla WHnaMeH-

1'8 J1hHhlX ,!lepMIIO HOB rnfteeT Blfn 

+ +'1.1 
1 
0 'U ~ 1..(3 U.,O= j}e 

d-
1 01° d O d - =e.

l 3 ~ 

-<;'1- ~ o ~o 
2- 3 

-<;,; = p-
C 0 e -t- c + C; = Y1 L 3 r 

OHa Mo~eT OH Tb npo.uomr;eH8 " BHI![3 " , eCRI![ BBeCT H HOBbIe c opTa KBap KOB , 

g, t ,II HOBl:l e Jlen TOHH;C II V'j; • B TaKOa MOneR\! BC e B3alil'~Ou ettcTB ilR 
(C I1Rhllo e, 8ReKTpOMaI'HI'!THOe II[ CRa 60e) CIJ II[TruoTCR lI i'1.eKlUHMI1 O,nHO II 

TO lr.e rrpOIICXOlK1I,eHile - l(aJI Iol 6p OBO'lHl:l e 6030HIrn e nOM. fu p a 3RW1He 

CBHSI:lBae7'CR C paSR ll'l~l eM l'IlaCC COOTBeTCTBYiIUlI[X 3T ilM B3 a IDt.O.ne~C TBIUlM 

603 0HOB , llp l1'leM 3TI'! MaCCH C'l IlTaJOTCR B03 1111[KaJOOlIIMI'! 113-38 c nOHTa HHOI'O 

Hapy weHII[R RaJIH j POBO'lHOH UBeTOBoil C!!MMeTp Hi!. . B TaKoil TeoplIH KBapKiI 

If RenTOlill MOryT nep eXOUlITh .upYI' B UPYI'a. I1POTOH MOlKeT p ac n a uaTLClI 

Ha JlenTOlU:l , HO nOCKORbKY npil STOM Ha JlerTTOHhl nOJllKlili OIlHOBpeMeHHO 

pacna,llaThClI Tpll KBapKa, TaKot! nepex on 6y,neT CIIJIbHO n o,naBJIeH H 

p eMlI lKl'!SHIf npOTOHa 0I(a31:1BaeTCR O'leH!> !50J1bWHM - UaJIeKO 3a n peueJla

"i ii YC T8HOBReHHoil UM Hero BepXHe}! rpa.H IU~. 

r JlaBHOe OTJlII'l l'!e MOlleJlH C U P.JlHMH 3a pRllaMH KBapKOB COCTO HT B 

OTCYTCTBI!.I1 B HeH 3anper 8 Ha cymec TBoBaHlle KBapKOB II I'moOHOB B 

CBO jO.uHOM COCTOHHI-I H, HO Teneph OHH I{OJIJItIlli I-fMeT b ueJlbl e 38PR.nH. 

OTMeTIfM , OnHaKO , BOSMO~YIl MO~ ltPlI[Kau ll[lO 3TOt\ MOueJlH, oCHoBrumYIl He 

lIa Henpeplm Hott S V (3 ) UlleToBo H I'py nne, a Ha Il ilCKPe TIlO' UBeToBotl 

rpynne n epeCTaHOBOK UBeTOlillX HHlleKCOB KBapKoB S 3 /43 • B TeKOa 

MOnHC\ll'lKauI'!H KBapKH He MorYT rTORBMTbCR B CB060,nHOM COCTOHHilH, HO 

B03MOlKllli Me30HHhl e II dapl![OHHhl e BII CWil.e ( HeCilHI'ReTJill e ) UBe TOBl:le COC 

TOHHWl. • 

CTOPOHH\llKI1 U8JIO'lilCReHH0 3ap.iUtemrnx KBapKOB y TBepxuruoT, 'lTO 

1I1l6Jl1l11a.BW l1eCIl TaK Ha3l:lBaeM!JI e rc -JlenrOHhl II eCTh TBK lol e RBapRIl/ 44/ . 
KpOMe TOI'O, OHiI C'lllTaJOT, 'ITO UBeTOBY e CTeJl eHI1 CB060.Ilbl rrpOlIBJIHJOT 

e9R iBJ-ll~M 0 6p a 3 0M B I'JIyjQlwHeyrrpYI'I-IX npoueccax pacceRHWl HelTpl'I 

110 45 !! MKlOHOJl'46/ HB HYKJlOHax B 06Jl8CT II MaJJH X :e ,a Taxxe 

II Clm"-A8.Mn-:lKCn e pl1lo1eHIe/47/ • 
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6 . OCHoBHHe rrp06~e~ KBapKoBOR Mo.ne~H 

nO.IU3e ~el,! Kpa TKKA kITor Bc eR KCTOPIIII p a 3BKTWl Teopln'! RB8pKOB . 

CHa4ana KBapKR rrOffBR~RCb RaK HeKoTo pH e MR TeMaTKqeCRlle odh

eRT~ (II MHOrlie ~KSIIKK ~o CMX nop CqIlT~T ax TaKOBUMII) - qn eHH ~YH

~aMeHTanbHOrO TplffiJleTa S U(3) I'I paOCMaTpIffiBJI i!Cb JlHlUI> RaK Bcrro

MOraTeJlbHOe cpe~cTBO !{M y rrpollleHWl BHBO,nOB TeOp l'll'I. OCHOBaHHolt Ha 

YHKTapHHx SU (3). - SU ( 6 )-1f T. n . cliMMeTpIDIx. O,l(HaKO Y7.e I:IOCJle 
'fit 

rrepB~X y c nexoB annlfTIffiHOR KBapKoBoA MOneJlH CTOJIKHOBeHIiR a~pOHOB 

KBapKH - STII p a6ltKe ,neT K YHI1TapHOa CHMMeTp I4K- C~ CTaJlltI npH06p e

TaTb CaMOCTaaTe~bHoe 3Haqe HRe . f~6oKoHeynpyrHe rrpo~ec c~ B004mo 

yxasanH Ha rrpaoYTcTB Ke BHyTp li auPOHoB xeCTKKX KOMITOHeHT , ROTo~ e 

eOTeCTBeHHO OTOll.Il:eC TBMJIKC}' C KBapKaMK. C STo ro MOMeHT8. rrpaB.na. 

RBapKOBaH MOne~h CaMa. p a3,ltBOlUlaCb It npeBpaTIf~aOb B nBe MOlI;eJll!: Mo

ueJlb HepeM T ltBlfC TCRIIX COCT~lllRX KBapRoB, liS KOTO~X cTpaaTcH 

HerroUB~e auPOHH, Ii Moue~ p eJ1HTHBRO TCKHX YOKOBHX RBapRoB , rrp H

BneKa eMan Tor~a. xar.na 3TK S8 caMbIe aup OHl>l Y4aoTBym B r.ll.Y 60Ko

Heynpyr KX CTOJIKHOBeHRHX rrpH BHCOKKX 3Hepr RHX. KORCTPYRTRBHOA 

CBff3H Mexny 3T I!MII ,nByMII MO~eJUiMlf MI:l nORa 'lTO He HMeeM. B0 3MOS

HO, qTO HepeMTIIBKCTCRafi Mo~e~ Boo6me no~a 6HTb oT6pomeHa H 

3aMeHeHa peJ1HT~B~CTCRO~ Mone~b~ TORO~X RBapROB B Memxax. Ho maJI
KO ~6paCHBaTb IIHCTpYMeHT. ROTOpbl~ TaR xop omo ,neAcTByeTI 

OTltPHTlIe HOBOro CeMeiiCTBa 1ffiCTlU\ : J/i' - MeSOROB - nOnTBep!{M O 

CY1lleCTBOBaH~e TffileJillX qapMlilpOBaHHHX RB8PROB. 0 He06xo,~IoIMOCT H Ro

TOpHX He y CTaBa~H rOBop~Tb TeOpeTKltR. He,naBHee OTRpHTHe HOBoro 

c eMel!:cTBa "f -MeS OHOB 03HaqaeT. CRopee BC ero . cymecTBoBaHlie eille 

60~ee TRXeJillX ~ -RBapKOB. ITo-BKQmMOMY , npouecc OTRpHTRR HOBHX 

Y3KKX BeRTopHHX pe30HaHCOB He 3TOM He OCTaHOBHTCR. 

Bee 3TH 3KCnepIIMeHTBJlbHHe nOnTBeplltIleHWI KBapKOBO~ MO,~eJlil 

nOCTaBlUl1l B TO 7.e BpeMiI cepbe3HYJO sana,qy cos,naHl!H Ha OCHOBe sTol 

MOneJlR Y1l.e "HacTOmne~ Teop R"" anpOHOB II \IX B3aID<lOIle~cTBH~. 

C CaMoro MOMeHTa B03HKltROBeHRH RBapRoB B Teopllif i'lX ~p06HHe 

3apiI~ YK83HBaJlH Ha TO. 'lTO aTO He061:14Rh1e 'laCTHUI:I. ITo-BiUl;HMOMY , 

H3-3a 3Toro CBoero "He.nOCT8TKa" OHIl: HHKor,~a He IlaaBJUmTCR B o.~I'IH04

RY. HO Bcer,na ~Hmb rpynnaMR rro Tpll WAil B nape C aHTIIRBapKOM. 

.lIJH'lTe~bHoe BpeMH reOpeTli'llU1MiI He IiICnOJib30BaJIaCb UBeTOBaH cre

neHb CB060~ KBapROB. EypHoe pa3BIITile TeopHB RanifOpOBOqHHX no~e tt 

npHBe~o R TOMY. 'lTO B HaCTOmnee BpeMff Ha OCHOBe UBeToBol!: ClfMMe Tp liR 

cos,naeTCR "H8CTOHlllaH TeOplUt" CI'lnbHHX BSaiIMOnettcTBlllt - KBaHTOBaff 
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XPOMOUHllaMKlta . KBaPKIl rrplio dpeJlII n epeHOC 'lI1ROB CBOero Bs a iIMolleHc TBi1H 

- Llae l'HH e de3MaCC OBN e r mooHH. Haj.lllO l(eH~e f'JIJOOHHI:IX CT py f,t l1p lI aHHII

rl'I~LHI BCTp e'l l.f..HX 3J1eRTpOl I-n0 3Wr p0HHl:l X ROJleu B JleR1lHOM BIIJ(e jlKa

3NBael' Ha c y mec TBOBaH lie B anpOHax nlRiIX 06'heR'f OB . 

KaKo~ OCHOBHhle np06J1e l'l.hl . OC1' aJOll1lieCH HepeweHHHMK B TeOp t1 t1 

KBapKOB II r JIJOOHOB? 


OC HOBHo l1 Ilpoj~eMO~ IIBJlReTC.fI SaT O'lellllle KEaDKOB II rlllOOHOB _ 

LlBeTI Il:/X O:J 'beRTOB BHYTPH aupoHoB. Rea ee perneHWl RBapKoBYlO MOA eJlb C 

jeSMaCCOBbiMII rJIJOOHaMH He)lb3H ClJ IITaTJ, BHYTpeliHe corJlaC OBaHHoi1 . B 

CBfl 311 C aT o l!: Ilpo::lJ1eMoit , lIO TaR.lIi:e H He38 BI1C HMO OT He e . BeJJHR HH

Tep ec K 9RC lJepIINeHTaJIbHott npOBeplte pfln a npenCRa3 aHH~ ltBaIITOD OH 

XPOMO IHIH8M 11K II : CYllle C'J'Bona Hl1e ltBaprcoBblX n ocojeHHo l'JIKlOHHI:IX CTpyli. 

CYUleC TBOBaHl1e 3K3 0T H"!eCR H.X 'l'2.~ il 11 CV ' CBff 3a W!hIX COCTO,q H H~ 
(npanna . c aM fl!,jBOI( 0 6 I1X CYll1eC TBOBaIHH1 3aBHC~T OT M01:(en l1 "MelliRon " ) . 

c y mec TBOBaHl1e CBff3aHHHX COC'['OHH ltil' I'JIlOOHHo r o nOM j e3 KBa pl tOB _ 

"rJIJ010JIOB". Cytl1eCTBOBaJ-lHe KBapKOBNX II I'JUOOHl-Il:/X CTpyU 1,;0)1[1/0 C4H

TaTb YCTQHOBJIeHIU-1M . XOTfl O'leH b B8JKHOe 3H8'l eHHe l1MeCT TJ;aJIblle iilJJee 

~13y LIeHll e I'JOO OHllbl X CTpyit C f( eJl11O jOJlee CTpo roro YCT8HOBJleH I1Jl CBOltCTB 

f10pOJi(~illOmI1X 3TH CTpyl1 rJIJOOIIOB. B 'laCTHoC TH KX y r JlOBOl'O MOMeHT8 . 

BaiKHoe aHaqeHl1e KMe eT TaKl!(e 10Jlee 'i'U4aTeJJbHall npOBeplW OTKJlOHeH I1~ 
OT CaJvlOIlou;o 6Horo ("cKeilJl l1HroBoro " ) nOBe,neHWl rJly CloKoHeynpyrllx 

neIlTOH-anpOIltIl:/X n poueC COB. npe.v;CKa3b1BaeMlllC KBaHT::moH xpO~;OnI1Ha "j\mo!1:. 

BTOpO~ Ba~OM npojJleMOH HBJIReTCH Bonpo c 0 KOJl H'leCTDe pas


.1lif'lIlliX COpTOB KBapltOB. !10- B I1':( lfMOMY. 8TO ROJlI:I 'l eCTBO nOJlJKHO 1b1 Tb 


He CJJ i1IlJ.R OM BeJlI1KO. IIHalJ'e jy.neT YTpa'l8HEl aCIifMn TOT l'IqeCKaF! cBodo.na . 


COI'Jl8CHO np l1Be neHlIblM Bhlme apryMeHTaN. OHO lie UO.ll.1KHO n peBbIllla'l' b 411C 


)10 16 . 0 lJOBjAY ClJeKTpa Mace KBap KOB IlMem CJl pa3Jll1'lH1le n penno
9
JlO~eH~ 48-52 • OllllaRO HH O.I:(HO 113 HIIX cep be3HO He OdOCHOB8HO. 

JJio~orill THO , 'lTO llJ1.il C TDqHHor o . 'lapMilpOB8RHoro II g -KBapKOB BhI 1101J

Hl1 e'J'Cfl n pOCToe IlP8BIIJla148 , 491 


me ( ~ ~ :r / 'l/J ) ~ 1"rI! (~ ~ ) ~ 3 , 
M ~ l'Y'I'f "'e F"nr/ i' 

He OCHOBe noro npaBI1Jla ilJlfl ~RCCl~ CJJenylOmero . t -KBapKa npen;CKa

JU Ba e TCH Macca OKOJlO 15 f 3l:l H CYll1eCTBOBalHl e BeRTopHo r o Mea OHa c 

"'AceoM OKOJlO 30 r:J B. flORa 'lTO B 8 TOM p attoHe 3Hepr l1~ HOB~X Y3RHX 

1.lC'30HaHCOB B e +e--aHHl1 rl1,Ilm.\ ~i1 Ha YCTa HOBRe PETRA (faM6ypr) He 

Hu ll1t eHO. l'bJI i1 Dce 1I.e BOCllOJl b3 0BB ThCH 3T ifM npOCTtlM rrpaBI!JlOM, TO 

IVUl MaCCN " IlOCJIellHer o". 16- ro KBapKa IlO.llY'l HTCH OL\eliKa 

t3 
ml(;~3 rn~ ~ID6 j'311. 
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TaRO~ KBapK 6yneT B M~nn~OH paa TflXenee npOTOHa, HO 'laCT~, 

BKJIJO'laJClll ~le B ce6R 3TOT KBapK , noJlJ!Ulhl 6HTh, TeM He MeHee. OtleH1> 

Y3KHMH peaOHaHCaMHI 

HaKOHeu , TpeThe~ ~YHnaMeHTaJlhHOn npo6neMOn flBnReTCH BOnpoc : 

nO'leMY IJ:BeTOBJ:l X CTeneHen CB060,Illl !p,!!? RCHO , 'l TO TPllJ - 3'1'0 MI1lU1

M3JJbHOe 'Ulono, HYlIUIoe IVUI lIeTp~B~aJJhHO~ Hea6eneBot! UBeTOllo t! OllJM

MeTp~H c o CBoHCTBaMlIJ , nOllXOll.f!U!HMH rVUI onHCaHmI Cl'lnhHJ:l X Ba aRMOlleJ!

CTB~tI. MOllUlO, KOHe'lHO, nocTynzpOBaTb 3'1'0'1' ~T ~ c oan3BaTb Ha ero 

OCHOBe llllJlla.M~ecKyIO TeOpl'lIO - KBaHTOBYIO XPOMOllllJllaMlIJKY. Ho OJle.nyeT 

06paTHTh BHI'lM8HHe Ha a6CO~THoe COBepweHCTBO UBeTOBOn O~eTpHI'l, 

He 	 HapywaeMoD HL1KruU~M BaaHMOllelicTBHeM fl , 60Jlee '1'01'0 , He HapymaeMo:lt 

llaMe cnOHTaHHHM 06pa30M. 3T1'lM-OHa ITpllJllUHUlIJaJJhHO OTnl'lqaeTCfl OT 00-

T8JJbHJ:lX BHYTpeHHI'lX ( " apOMaT iJ'IeCKIDC" ) CIIlMMeTplUt. I1penCTaBJUIl9TCfl 

He 	6eC CMHCneHHJ:lMIIl paaMWlI)leHmI 0 npzpon;e TaKOrO "60lleCTBeHHoro" 

c onepweHCTB8 l.\BeTOBo ll C}1M11er plUl. (Bee 3'1'0 CITpaBe D;niffiO, ROHe 'lHO, 

eCJl IIl CTORTb Ha "OPTOD;OKCaJlhHOl!" TO'lKe speRM, C'IH'I'8R aapil IU>l RBap

ROB D;p06HJ:l MH, r~0HJ:l 6eaMaCCOB~MH , III BeplllTh B cnpaBeUJlIIlBOCTh " n or

MaTa" 0 aBTO'IeHHK UBeTHJ:lX 06'heKTOB BHYTPH 6eCUBe'l'HhlX azrpoHoB . 'uPY

r aR.. " epeTH'leCKaR. ·~ TO'lKa speRM , OOrJlaOHO KOTOPO:\t aapRn~ RBapKOB 

ue~e. rJIJOOHJ:l MaCC IIlBHJ:l, lIJ Te, III D;pyrllle Mory'!'_ CYlI\eCTBOBBTh B CBO

60~OM COC TORHHM, - npl'lpaBHlIlBaeT llBeTOBYIO CKMMeTpHD K 06~'lHHM BHYT

peHHIlM ClolMMeTpmIM II BJ:lrnRlll'lT "10JIee aeMHoi\"). 

I10Mmro q,YHUBMeHT8)lJ,HJ:lX np06neM B TeopHH KBapKOB OCTaeTCH 

HepeWeHHJ:lM ell\e 60JIhillOe MHOllteCTBO "npOaalll'IeCRIIlX" BonpOCOB: 

TIO'leMY TaR y cnewHo pa60Ta eT HepeJ1.iIT IIlBIICTCKaR. MOlleJlb COCTaB

MIOII\IU KBB.PKOB? 

KaK YCTaHOBl'lTb CERah Meany COCTaBJIffhlll\KMB III TOKOBHMII KBap-

RaMK? 

KaKOBH c01CTBeHHHe pa3MepH KBapROB? 

!{aROB IIlCT KJlHl,I~ MeXllllK3M CMeWKBaHWi CTPaHHhlX H HecTpamrux 

RBBpKOB? KaK pemaeTCH npoOJIeMa '1- ~ ~ II W - 'f - CMeJ.IJKBaHM? 

KaK onDcaTh cneKTpu 6apBOH~X K Me30HHJ:lX p eaOHaHCOB? B 
'laCTHOCTK, noqeM,Y B 6apHOHHOM cneKTpe nepBoe PlUllanhHoe Bo s6YlI,D;e

Hile (I470) JIeKH'I' ~ opOilTanb~X, a TaKJIte nO'leMY B aTOM cneKTpe 

OTCYTCTByeT L - S -CERab? 

M T • .I\. 

HeT rapaHT DH. 'lTO RaKO~-JIK60 illS aTIU BorrpoCOB He BJ:lpaCTeT 

B "aaCTORJIIYlO rrp06JIeMY", II noaTOMY YCI'UUlIl, HaITpaBJIeHH.bl e Ha pewemle 

aT IU BorrpOCOB, BfiOJlHe onpa.:!UJ;amm. 
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B S~'leHl'le HeCKOJIbKO CJIOB 00 SKOnepBMeHTaJlhllHX nOMCKax 

KBaPKOB II CBo60l\HOM COCTOHHKH. HeOMOTpH Ha TO, qTO CB060nHl:l e np06HO

sapRJIeHlill e KBQPXI'l ceiNao TeopeT lIJKaM "He HYJmI,j", 3KCn ep PlMeHTaTopN 

ex HaCTOAqBBO I'llIlYT . B SKCnep BMeHTax HIl YCKopIllTeJl.flX nOJIYtleHJ:l OTPII

uaTenhHJ:l e p eSYJlI>TaTbl 0 YKIlS8HHeM BeIlXHeA rpaHKUIJ nJIH Macc KBapKOB 

H Ce'IeHWt I'lX 0 6p aSOBaH M (CM. 0630J'53/) : 

6.,. < 10-34 
cJ!. .IlJI,fl m, "" 20 f aB, 

38< nr cr?-.IlJI,fl I"rl\o"'" 10 faB ,. 

OllHaKO B HeRoTop~X onuT~54/ Tl'lna MRnJIHKaHOBCKoro 3KC nep HMeH


Ta 6b1JUl o6HB.pyJte~ OCTaTOIJ1lIie .npo6HJ:l e saplllUl +e/3 II cBepxrrpoBO

.ltIlUl1llX /lH06B8BIiX wapllK8.X MaC coA '" 1(J4 1' , n~,nBeme~x B rr
llHTHOM nOlle, XOTH B ru>yrBX 3KOnepBMeHTax TaKOrO pona 5 5 , 56 no


,lloGHJ,/X OCTaTO'IHliX sapR,UOB He Ha6.IIBJllaJIOCb. fuml aKCrrep~eHTaTOpbl 

OHKMyT "SlUUlfI'l'He" C KBapKOB III OCB060MT BX IfS "a.npOHHOtt TIOPLMI:I " , 


TO TeOp eTHKaM Maoroe rrpHneTCR rrepeOMOTpeTb B CBOHX IIICXonHHX n o

JIOaeHMX. 

C .lij)yro! CTOPOHJ:l, IJ:eJlOaapaxeHHJ:lM KBapRBM. ltaaaJlOC b 6~ , H~
TO He SaITpemaeT rrORBJlRT~CR B CB060nHOM COCTORHHH. KaK y rroMHHaJlOC h 

B~me, HeKOTopue BS TeopeTKKOB YTBepananwi44l, 'ITO TaRZe KBapKR 

YJle HIl6.1l1lnaJIHCh "no,n: BI!:lJ;OM'i:" -JlenTOHOB". Ho 'l'or.lla nOCJl81lHHe nOJlIHhl 

CltIlhHO BsaBMO.lleitC'l.'BOBaTF> C JI,Iteplio J! MBTepHe~. 

Eo BCRKOM CJlyqae, BOnpoc 0 sapanax KBapROB H6A1>SR CQHTaTh 

B HacTOflmee BpeMH OKOHqaTBJlI>HO p emeHllblM. II ero perueHlIJe TaRlKe 

npelJ;CTaBJlReT co60n WH1laMeHTaJlbHYIl npo6JIeMY. 
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