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CneuuamicraM no MOJ1euym1puol1 6uoJionm ll3Becrua runoTe3a, CBH3anuan c pn.n;oM 

3MIIIIPH'IeCl{IIX 3aROIIOMepHOCTetl:, cornacuo J{OTOpol1 npnpo,n;1me aMIIHO!HiCJIOThl, CIIH

Te3HpOBaHIIhle C IIOMOIUb!O Ilj)OTHBOIIOJIOHH!hIX "CJIOB" reHeTII'IeCJ{OfO IW,ZJ;a, ,ZJ;OJllRHhl 

npnrnnrnar1cn ,n;pyr H ,n;pyry. II poruBonoJioJKHhIM R Ro,n;y XY Z, nm1 aHrmw.n;oM, 

Mhl na3bIBaeM CJIOBO Bn,n;a Z}'.X', r,n;e X, Y, Z npnHHMaior 3ua,remrn A, C, G II U ( co

upameuuhle namuenoBamrn a.n;emmoBoro, unro3nnoBoro, ryamrnoBoro II ypauuJioBoro 

IIYRJieOTH,Zl;OB, HBJIHIOIUllXCH MarepuaJibHhIMII HOCIITemum "6yHB" reneTII'IeCROro Ro,n;a). 

-Y:epra na,n; CIIMBOJIOM 03Ha'Iaer, '!TO ero CJIC,ZJ;yeT 3aMeUIITb npoTUBO!IOJIO}l{IU,IM TIO IIpa

BIIJIY 

A= U,U = A, 

C= G,G=C. 

Ecmi BOCnOJih30BaTbCH ra6mmetl: reHCTll'ICCI{OfO Ho.n;a, paccuarp1rnaeMbJe B3aIIMO

,n;el1cTBIIH MOH(I!O npe.n;craBHTh B CJie,n;ymmeM uarnH,ZJ;~IOM Bl!,Zl;C (pile. 1 - 3). 

11et 

Cys· 

Gin His 

Thr Ala 

Leu Val 

Ser Gly 

Glu Lys Asn Asp,Tyr 

Pro 

Phe Ile Arg Trp 

pnc. 1 pnc. 2 pnc. 3 

Ha pucymrnx 1 - 3 ro,ma1m o603Ha'ICHhl npIIpo.n;HhIC aMHHORIICJIOThl, a coe,ZJ;IIHH

IOIUUe lIX JIIHIIIU CIU!BOJIII3IIpy10T CI!Jlbl IIj)IITHJKemrn. TairnM o6pa30M, cornacuo 06-

cyJK,n;ae1mil: rIUIOTC3e, MOJieRyJILI ,n;Ba.n;uarn BCTpeqaJOJUlIXCH B JKHBOH IIpnpo.n;e aMIIHO

HIICJIOT paCIIOJiaraIOTCH B Tpex OTHOCIITeJibHO CaMOCTOHTeJibHhIX MJJihTI!IIJieTaX. Ocra

BJIHH B cropoue Borrpoc O TOM, HaCROJlhRO xoporno ccpopMyJinpoBaHHOC IIpaBUJIO onIIChl

BaeT II3BeCTHhle 3RcnepuMeHTaJihHhle <paRThl, npoauaJill3HpyeM !IeROTOphle oco6eHHOCTJI 

3TIIX B3a!IMO,ZJ;etl:cTBlltl:. 

C cpopMaJibHotl: roqRu 3pemrn npurnJKeuue MOJICRYJI Bnyrpu 5-miera (pnc.l) MOlliHo 

o6'bHCHIITb no aHaJIOfHII C o6hlq}ll,ll\{ 3JieHTJ)OCTaTnqecmIM IIJ)IITH}l{e!UICM pa3HOIIMCHHO 

O\\ci.::1r:t;, Q 1;,,:.n.Tjt I 
U-:J;!ii~ll JICC.Jel:i~ililllQ 

6MSJlJiOTEKA --·~ ~-



3apmKeHHh!X qacnn:i;. ,[{JIJI :noro, O'IeBH,i;no, neo6xommo npnnncan, 1110ne1;yJiaM Gin, 
Glu II Lys HeRoToph!e IIOJIOJKIITeJibHhle, a 1110JieHyJiaM Leu u Phe - orpnuaTem,111,1e "3a
pn,i;hl". ;:ha npocTefinran 1110,i;eJib, omraKo, npencHa3IdBaeT cyutecTBonanne e1uc onnoro 
B3aII111oneficTBIIJI, He npenyc1110Tpemroro nuarpa11mofi, - 111emny 1110JieHyJiamr Gin n 
Phe. .[{JI.H cornacoBamrn Monemi c 06cyJKnae11u11 rrpaBIIJIOM neo6xommo rrpenrroJio
lKIITh, 'ITO 3TO "JIUIIIUee" B3ainrnneitCTBUe 3Ha'IHTeJihHO CJia6ee OCTaJibHbIX II II03TOMY 
no~a He 06Hapymeno ( <paKTII'Iecrm', 3TO 03na,raer, 'ITO a6comonme BemPmnu 3apn
noB MoJieKyJI Leu, Glu II Lys, pacrroJioJKeIIHh!X BHYTPII ueno1rnn, 3IIa'IIITeJILIIo 6oJILIIIe 
3apnn~~ Gin II Phe, cTOnntux no RpanM nuarpa11nm). 

IlpIITmKemrn 1110JieHyJI, yRa3amme Ha puc.2, B rrpnnunrre, MOHmo 061,JICIHITh TO'IIIO 
TaRIIM lKe o6pa30M, ecmr norrycTIITh cymecTnonanue eme o.n:ttoro 3ap11na. Jlcnm, 
onnaRo, BII,ZJ;eTb, 'ITO B03IIIIIiaIOIIIIIe rrpn 3TOM "Jil!IIIHHe" B3aJHIOL{eHCTBIHI JIIOJieI{JJI ]\,Jet 
n Ile Terreph yJKe noJimHh! 6h!Th ua6monaeuh! name B cJiyqae, i;orna coorneTcTnyrontne 
IIM 3apnnu 11rnirn (pa3yueeTcn, ecmr pacc11rnTpnBae111a11 11mneJib Bcpua ). O61,11cmITh 
lKe !13amrnneficTBIIJI 111emny MOJieRyJia11rn 8-rrJieTa (pnc.3) rryTe111 BRcne111111 cine onnoro 
3apnna noo6me neB03MOHmo. 

(q,0) 

(q,0) (q,0) 
' 

(q,0) I (-q,0) 

(-q,0) (-q,p) (-q,p) l (q.-p) 

( q,-p) (0,-p) ( q,-p) (0,p) 

(0,p) (0,p) (0,p) l ( 0,-p) 

pnc. 4 pnc. 5 pnc. 6 pnc. 7 

B ca1110M neJie, rrorrpo6yeM, narrp1n1ep, ormcaTb rrpIITJimenne Mone1{y11, pacrronome11-
HLIX Ha puc.3 B,J;OJib OBaJia, IIOCJienoBaTCJib!IO rrpIIITJICh!Bal! l!M aapnnr,I npoTIIBOIIOJIO)K
Hh!X 3HaKOB. O6oit.lLJ{ BCIO uerro'IKY no Rpyry, y6emnaell!CII, '!TO Jl!OJieHyJihl, orne1raiomne 
naqaJiy Il Rorruy 11.ClIO'IKll, 06113aTeJiblIO ,ZJ;OJIH{!Jhl OTTaJIKirnaTbCJI. En1-1HCT!lCI11IaH OCTa
IOlllMCJI B031\IO}I{IlOCTb - rrpe.n:rroJIOH(IlTb, 'ITO Hamnan II3 JIIOJICl{YJI xapainepII3JeTCJI 
cpa3y IICCROJibRIIMI! J'IaCTBY!Ollll!IIHI BO B3aIIJIIO,llCitCTBIIIIX 3<1J)Jl,llaJIIH, HJIH, 'ITO TO me 
ca111oe, C'IIITaTb HOBb!C 3apnnu BelffOpa11rn. 9Toii TO'IRU 3pcmrn 1111,1 II 6y;i.eM B naJih
HeiinreM npn,llepmnBaTbCJI. Ha 3TOJII llJTII JIIOHUJO ne TOJII,HO 061,ncHHTb Il))JITR}J{eIU!e 
IIIOJieKyJI, rrpe,llcTaBJiemtux Ha pnc. 3, no u 1rn6aBIIThCJI OT "mnmmx" B3ain10;1.eiicTBHi1 
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BIIYTPII IIJITII- II CCMIIIIJICTOB, ITOJIY,ICil!ll,IX BUJIJe C TIOMO!l(b!O npoCTCHlllCH 11!0,ZJ;eJIII co 

CltaJIJl))IIIILDIII 3apnnaw1. 
I-la pnc. 4 - 6 ym13a11L1 TpH BO:H!Ollil!OCTJI npnnucaTb ll.llYXH011I!OTIC!!Tlll,1C 3apHLlhl 

,menau 5-mreTa, a na pnc. 7 - en1mcTnemmi1 norrycT1111111i1 BapnanT, cooTneTCTBy
IOlllHi1 7-rrJieTy. Ilpn 3TOM, BCRTOpI!ble 3ap1I,llbl, OT!JOCJllllHec11 H pa3Hb!M ll!JJibTIIIIJie
Talll, C'II!TaIOTCH pa3JII!'II!b!Mll 11, CJIC,llOBaTCJibIIO, HCB3aIU.IOL{CHCTB)'IOil(IIMII. O61>JICHUTb 
npllTJliI(CIJirn IIJOJICJ{)'JI, BX0MlllllX B COCTaB 8-mieTa, JIIOlRHO TOJibHO n TOM CJiy,rae, ecJIH 
rrpnrrucaTh !{a)J(,llOMY 113 ero 'IJIC!IOB cpa3y Tpll KOJIIIIOIICI!Tbl 3ap11,lla. Bo3MOll(Ilb!e na

pnanTbI paccTanomrn an1x 3apJIAOB noRa3aHLI_ na p11c. 8 - 10. 

(-q,p,0) 

(0,p,0) 

(-q,-p,0) 

( q,0,0) 

(-q,0,-r) 

(q,0,0) 
(0,0,r) 

pnc. S 

(-q,0,0) 

(0,p,0) 

(q,-p,0) 

( q,p,r) 

puc.10 

(0,p,0) 

(-q,-p,0) 

(-q,p,0) 

(q,0,r) 

p11c. 9 

( q,p,r) 

(0,0,-r) 

(0,0,r) 

(q,0,r) 

(0,0,-r) 

(0,0,r) 

,[{aJiee, IIeTp)',llIIO llOHJITh, 'ITO 'IaCTIIUhl 6ynyT II])IITJirI!BaTbCJI TOJII,KO B TOM CJIJ'Jae, 
Rorna OTBe'IaIOllllIC JIM BeKTOpIIh!e 3apH;J.hl o6pa3)'IOT npyr OTIIOCIITCJibHO .llpyra Tyrroil 
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yroJT 

<Jlt < o, 
n OTTaJTRHBaThCJI - B npoTHBOllOJ!OlKllOI\I cJJyqae. lb :noro, B CBOIO 0'Iepe.111,, BbJTenaeT, 

qTo ,mm RalKJJ:Otl: H3 cxeM 3aµoJTrrerrnH 8-rrJTeTa (pnc. 8 - 10) .nom1mo m160 n111eT1, MeCT0 

HepaBeHCTBO 

p < q, 

Jin6o ue .llOJilKHa peamI30BaThCH 0.l{Ha ll3 CBH3efi, yna3aJIIILIX Ha pnc. 3 (Ta, .Z{JIH IWT0-

poli Q;Q; = q2 
- p

2
). TamIM o6pa3oM, caMa Torro11ornn .nnarpa11JMJ.J Ha pnc. 3 naM 

IlO.l{CKa3bIBaeT, 'ITO OT.n;em,Hhle KOMllOHeHThl BeKTOJ)HhlX 3apn.n;oB I\IOryT 611Tb 3aBHCH

MhlMH .n;pyr OT .npyra. B CJie.n;ymrn;eM pa3,neJie Mhl l!Cll0Jib3JeM HeJWTOpJ.Je Te0peT!IH0 -

rpyIIIIOBhle coo6palKemrn, BhlTeKa10rn;ne ll3 ClII\UteTpllll 06cylK.nae11111x B3alll\lOJtei1cTBHii, 

.l{JIH yCTaHOBJieHlIJi ::not!: npe.n;noJTarae:i,rott 3aBHCIIMOCUI. 

IIo.nBe.neM npe.nBapnTeJibHhle IIT0fll. Bee o6cym.naeMble oco6eHHOCTlf B3aIIMOJJ:Cfi

CTBHtl: npnpo.nHJJX aMJIHORlICJI0T MOlKHO 061,HCHHTh, ecmr npmmcaTb IHI ueJ{OTOpble 

3<pq>eRTIIBHhle "3apJI.n;hl". Ilpn 3TOM, ITHTII- If cel\llIITJleTaM 0TBC'JaeT no lJeTb!pe, a 

B0ChMHnJTeTy - mecTh 3apJI.1I0B. I-horo, nMeeM 4+4+6=14 II0BhIX 3ap11,n0B. O.nna_no

JTOBHHa II3 IIIIX II0J!OlKIITeJThIJa, .n;pyran - 0TJ)IIUaTe,'lbHa. B3cll!I\IO)lt'llCTBOBclTh MoryT 

mr6o .l{Ba o.nnrraR0Bb!X 3apJI.na ( 0TTamnrnarrne ), m160 napa 3apn.n0B nponrnononoHrnoro 

311aRa ( TIJ)IITJilKCHIIe). 

2 TeopeTMRo-rpyrrrroBoii aHaJIM3 

EcTeCTBeHllO rrpe.nnoJT0)l(IITb, qTo aMIITI0JmeJI0TbI ( 3JICMeIITapHb!e RUJ)TIIPIHRH, 113 R0T0-

phlX CT])0JITeJI M0JTeRyJibl, BX0.llJIID;IIC B eoeTaB }RUBb!X opramI3MOB) no.uo6uo IIJ)0T0HY II 

nefiTpony (n3 K0T0J)b!X rroeTpOCHbl aT0MilhlC nnpa), a Ta!OI{C IIO}lo6no 1rnapRal\I (cTpyR

TYJ)llblM eoeTaBJTHJOID;IIM 3JlCMeHTapllb1X 'Jaenn1) II0}l'HIHCHbI IJCHOTOJ)Ofi BHyTpeHHeH 

CHMMeTpHH. HnLIMH CJI0Bairn, npe.nnoJT0)l{IITh, 'ITO 0T}ICJibHJ,~e ammo1meJT0Tbl ue 

HBJIHIOTeJI eoBeprnenno HC3aBnenMb!MH, a nepeX0.llJIT .npyr B .npyra no.n .neiicTBHCl\l Jie

R0T0poil rpynnbl rrpeo6pa3oBarmfi. 

Cpenn Beex KorreqrroMepnhlx rrpe.n;eTaBJTennfi 1rnaec1p1ee1mx rpyrrrr Jln 1110>Rno yRa-

3aTh Bcero JIIIIIIh o.n;rry, ROTopaJI yqJITb!BaeT epa3y Bee eqiopMymrpoBamme B npe.n;hl.n;y

rn;eM pa3,neJTe oeo6enrrocTn B3am.10.nefieTBnfi aMIIH0RHCJT0T. 8To - S' p( 14). B nomwfi 

anaJTornn e TeM, KaK RBapm1 peaJJn3y10T qiyn.naMe1ITaJT1noe npeneTaBJiemie SU(3) 
n xapaRTepII3YIOTCJI 2-MepHb!:l,III BCRT0J)llbll\rn 3apJI.naMn (HoMIIOIICHTairn R0T0J)bIX /1B

JIHIOTeJI 3JleRTpnqeem1fi 3apJI.n; H nrnep3apH.n), rroeTaBHM B C00TBCTCTBHe Kam.noMy II3 

06cylK,naB1IIUXCJI 3apn.n0B aMUll0RJieJI0T o.nnn 1-13 3JICMCHT0B Beeoaofi .nnarpaMMJ,I (l>YIJ.lla

MCHTaJlbH0ro npe.ncTaBJTCHII/1 Sp(l4). 8JJeMCHTapnue 3apn.nu /IBJJIII0TCJI B 3T0M CJJy<rne 

7-MepIIhll\III BCRTopaMn Bil.Ila 

(±1, 0, 0, ... , 0), (0, ±1, 0, ... , 0), ... , (0, 0, ... , 0, ±1 ). 

fio,no6Hhlfi Bbl6op 0TBeqaeT MaKeIIMaJibH0 B03MOlKIIOll eHMMeTplm o6eyffi,naeMb!X B3aH

M0.llefieTBHll - B 3T0M eJTy,rae Bee HmrnorrenTLI 3apJIJt0B o.nnnaH0BJ,J. 
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I3 CBH3II C JI0CJICJlllll1I j'TBcp;i,,1c1111cM, lll!Tcpccno 0HICTl!Th. 1 1T0 rpy1ma Sp(2n) JIB

JIJJCTC/1 H 11:rnccrnmr n1ucne 060611v·1111e~1 rpyn111,1 y1111rnp111,1x npeo6pi1:JOBa1111ii SU(n ). 
TaH ec;m S'U(n) IBl<'C'T n1uo1 rpyn111,1 spa1ue1111ii H 11 -~1ep11m1 11poopa11crne BCI,T0-

poB C Hml!IJICl,CIILT1111 i;m111011e11T,n111, TO Sp("211) 0lll!ChJHaC'T HJlillllCIIIIII 8 n -11epnm1 

nmcp1wl\lIIIICHCH0M npoeTpancTBC, 1,0~IJI0il('HTal\111 H('liT0J)0B h0T0JJ0ro IIBJIIII0Ten IiBa

TC!)IIII0IIW [1]. 1Inc,'IO JIC3ilBIICl!l\l1,IX rc11C'paT0J)0B (nopllJlOI{ rpy11111,1) }\JIii Sp(l4) paBJJ0 

105, 'ITO He Il03B0,'l/lCT Hall 3JtCCh IIX Hl,ITIIICaTb B IIBllmI B11,1e. Hah 'HO 061,J'IIIO llCJlaCTCJI 

.n:rn (l>yn,uaMe1na;11,111,1x npe.ncrnB:1c111111 SU('2) n SU(:3) (r.ue •mc:io renepaTopoB paBIJO 

3 II s COOTBCTCTJlC'JJIIO). 3a;,(,l'li\ 06:1cf'li\CTCII, o.n11ai;o. TCll, 'IT0 .11;111 TI0CTJ)0C'IIIIJJ Be

C0BLIX }lllarpa~DJ, }l0CTaT0'III0 3a;ian, TOJ!hli() lJaT])IIIH,1 llj 83illl~III0 liO)l~Iyn1pyw11u1x 

renepaTopoB rpyunu (110;\11mc6py I,aprnna). 1;ornpux nnn 5'p( H) IDIC'PTC'/1 T0JILIW 

ceMb1. EcJJJJ l!j 3ai1a111,1 B ,111aro11aJ11>I10)1 BIIJ\C, TO 

(i) (JI ) . l < - . 1 -<Jj = iij,l= , ... ,11_1,J= , ... ,1. 

Paayw~eTcn, Sp(1'1)-cmn1eTp1111 06cy;r.;\ac)1r.1x B:1;111)1o;wlicrn11ii )10;1wT 6un, ne co

BCC'M TO'IIIOIJ. B lJaCTTI0CTH. 80:J;'IIO)HJI0 ]lilClll('IIJl('llfl(' IICX0J\1101'0 1-1-n;wra :1ap11.n0B ua 

.nsa HBilJJTC'Ta 110 O)l!IOfi 11:1 CJl('JlYIOlllltX CXC'~I 

Sp( 1-1) --------
S'p(cl)@Sp(JO) --

S'p(8) 0 Sp(6) ------

Sp( I) 0 :,·,,( l) 0 Sp(6) 

Il 3Tml CJTY,lclC 3apJJJtl,J C0IJ0eTaB;IfJI0TCH ')Jlt'~ICIITil~I BCC0BhIX ,111arp,Dnl J\R}"X (l>y.n,a

MC!I1aJII,llUX npe,ncTaBJ1l'I!llli rpynnu Sp(-1) II 0WIO~IY <Jl_\"Il)lcl)f('IIH\;11,110~,y II]lCJlCTaB,1e

IJIII0 S'p(6) n HBJJIII0TCJI C00TBCTCTBCIIII0 2 -~1cp111,1~111 11 ;3 -W'J>lll,DIII H<'liT0pa1111. Tipn 

TaJ{OfI 'lcleTJJlIII0 napymennnoii cmnl<'T]>IIII B:lalDI0J(('iiCTRllH HIIYTJ>II p,nllhlX llYJTI,TJI

IIJICT0B ocy1neeTBJJIII0TCH C pa31IOTT IIJITCIIC"IUlll0("Thl0. a BIIYT]lll 0}lll0ro - 0J\lllJaH0!!J,l. 

lJ eJIY'IaC l!0JJJIOl'0 pa3p}"I11PllllJI e1n111Jl('J;T11 '1eC1,oli nnnwrp11 II 

Sp(6) -+ Sl '('.2) Q9 Sp(I). 

Sp(•I) -+ SU(2) Q9 SU('2) 

BCC 3J!ChlCJJTapm,1e 3apHJ(J.I pa:1;111•1111,1. '.·}ror CJl}"lili\ JJ01rn:rn11 Iii\ p11c. -I --- 10 (ua 

K0T0JHIX 3apJJ,nhI p ll q eJJCJl,YCT, CT]loro rottopn, cna6mnh llll)l<'hTiDIII. yt.a:ll,lllillOll\ll~lll. 

!{ KaJ{OMY H3 MyJJJ,TIIIIJICT0H ilWIII0Hl!CJIOT 01111 OTIIOCJITCH). 

Cyn\eCTByeT o.nno, xoTH II uc 6ccc11op11oe, coo6paa;e1111e, 110:rno;1mo11l('<' on\ar1, 11peJI

no,ne1mc noeJic.nncii CXCMC 11:J T]ll'X, 11pe,1CTaBJICIIIII.IX Jlil ]lite. 8 - 10. JJeiicrn11TCJJl,IIO, 

1 Hp11 paC1leTe BCCOBl:JX ,nnarpaMM (a 1Wl\1H GJJJH1 paccMOT}H'JIIJ nre J,;()ll(''IIIO~H'')llIIJP 11pe11rTan;IeInut 

nccx HJlil.CCJPICCl{UX rpynn JI11) a1nop1.r l1CllOJih:lOB[1lill Mf"TO/llJ, 01111ca11111JC• B lillllrax [2.:~]- JlJ1R JJylJ

mero IIOIIIU.lalJI.UI nJHIBencnnott TeopCTUI\O-rpyn11011,1ti ('U(''If'Ma'Jl1:mnn11 11.HIH.H,IIIHM, 'l'f() hOJIU11CCJDO 

3JieMC'JIT0B ncconoti nnarpal\tl\lhl ncer;w pamto pa:n1ep1wrn1 11 111w11c-r:ui.:w1111H rpyn1n.1, a 11ucno ne-

3aTil1Cl1l\lhlX l\OMIIOJICIIT y 3TUX 3Rel\H~IlTOB ("OBIJa)\(H~T C plllll'O~I rpynnIJ (pa;n.1rpt10C'TJ.IO 1101rn;1re{ipL1 

Haprnna). 
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ccpopMyJiupoBaunoe B na•rnJie pa6orhl npamrno, cc,111 ero nomnrnrh cj>opwrnr,110, npe.n.

cKa3hJBaer ra1rn,e npnr11memrn M0JieRYJI Ser II Leu, npnna,nnemamnx 8-n,ieTy n 5-nnery 

C00TBeTCTBermo, KO BCeM OKOil'Iall!lliM 6e,11WRLIX uenefi, IIRJI/II0IIUIXCJI ,, ITJ)0JIYl(T31111 

CUIITe3a" repiumnpyIO!l(ero H0Jl0ila Term. vb rpex B03MOl!ill0CTell, npeJICTc\RJICllllldX 

na puc. 4 - 10, ron1,1m rrocne,n;irn11 no3B.on11er onncan, 3TH npnrnmemrn, ne npcJlcHa-

3hlBM rrpH 3T0M mmaKIIX Jl0il0JIHIITeJib!IbIX B3amIO,ZI;ellcTBUti MClli.llY M0JICHyJiaMII 5-TII 

If 8-Mll IIJieTOB. IlpH ra1tolt UIITeprrpera1um 0K0il'IaIIHIIM 6CJIIWBhIX uenell cneeyer 

npnm1carL JlBYXI{OAlll0UeHTHLie "3ap11.nu" ( q5, qs). 
TaKJIM o6pa30M, cxeMa C tJeThlpllaJluaTbIO 3ap1IJlclMH 

Q; = (±qs, *Ps, ±q1, ±p1, ±qs, ±ps, ±rs) 

ll03BOJIIIer onncarL Bee o6cy}K,ZI;aeime oco6euI1ocr11 B3aIIMoJlellcrBnll npup0JIIILIX aim

H0KUCJI0T. Ilpu 3T0M, l{aK Mid BH,ZI;eJIJI, 0TII0CHTeJibIIIJe 3ap1IJlhl IT0'ITII Bcex aMuuo

KllCJI0T orrpenenmorcJI rrpaKTJPiecKu OJlJI03Ha•nio. Mm,nm cn0Bam1. rrpencraBnemrn11 

KJiaccucp1rnau1rn H03B0J11Ier c,ZI;eJiaTL Bnonne on1103a•m1,1c rrpeJICHaJamrn, 1mca1ouuiec11 

IlHTeHCIIBH0CTelt o6cym.naeMldX B3aUM0,Zleticrnnfi, H0TOpLie 11ponopuno11aJib!Ihl npO!I3-

Be,ZI;eJIHIO C0OTBeTCTByIOmux 3apJIJl0B. 

OrrucaHJia/l M0,!l;eJib co.n;epmnr MIIHIIMaJiblI0 B03M0)1{110C 1IIICJI0 33J)llJl0B II /IBJI/lerc11 B 

aroM CMldCJie uan6onee npocrolt. O6nacn, .n;onycnnr1Jx ce Monmjnmaunti 110mno oqep-· 

THTL, YKa3aB npyrolt npe.n;eJILJILifi CJiytiall - 11an60,1ee CJI0il{JIYIO H3 Bcex B03M0ll(lllJX 

cxeM. B 3T0M cnyqae neo6xo.n;mw npe.n;rrononmr,,, •no 1mmn0My rcner1F1cc1mMy R0.llY 

C00TBeTCTByer CB0fi 3ap1IJl (raI{ 'ITO 0,!l;Ila II ra ll,C ainmmmcnora Mamer HaX0,llHTbCJI B 

uecKoJILRHX cocro11mrnx, o6na,ZI;ammnx pa3HhlMII 3ap11.Zlar.m) c reM JIIIlllb orpa11w1em1eM, 

'ITO !{0.Zl)' Il aHTIIK0,!J;Y 0TBeqaIOT 0JlII0TilllllLIC 3apJIJlhl np0TIIB0II0JI0lKllhlX 3!Icll(OB. 

He npencraaJ11Ier rpy.Zla, no upafinefi Mepe B npn1uvme, ornwrnrh nan6onee rrpocry10 

Mo.n;eJIL or uau60:1ee cnoHmoil: c H0M0IUhlO coornercrymmux Il3Mepennil:. Hanp1uiep, 

cymecTB0BaHire y M0JieHyJI IIeH0T0pofi aMIIII0HHCJI0Tid pa3JIJillllbIX 3apJIJl0BhlX C0CT0-

JIHHIIfi, HaK 6bl MaJild 3TH 3ap1I,llhl IIH 6hJJIH, uen:36ellHIO c1mmerc11 lie\ CIU!MerpntiHIJX 

CB0ficraax MIIoroqacTIPIHbIX B0JIH0BLIX qiymm:uti 3TIIX M0JieHyJI. 06 3T0M me 6y,ZleT CBil

nereJihCTB0BaTb II orcyrcrane B3aIIM0Jleficrnult M0JieHJJlhl HeHOT0poll aMJUIOl{IICJI0TLI C 

.n;pyrnMII M0JienyJia1rn, eCJIH 01111 ne 6um1 CllllTe3HpoBalll,I C Il0M0I!IhlO ro•mo np0THB0-

II0JI0.ll{H0fO efi l{0,lla. 

3 9cpcpeRThl I10JI11pl1:3aL(HH BaRyyMa 

BJaIIMO,lleficrBJrn, 06cyiR.n;aBlllnec.ii: Bhillle, ne npCBbilllaIOr 0.1 38 11 cornacuo cyme

crBymmett 1maccmp1mau1m MemMone1tyJIJipnux c1rn o6ycnoanem,r cp1rnw1ecmnrn, a ne 

XIIMII'leCKHllll, CB/13/IMII [4]. Iloarm1y M0ll{HQ npeJIII0JI0}l{l!Tb, 'ITO npnTJill(Clllle M0JieHyJI 

B .n;am1ciM cny,rae 06ycn0Bne110 cuna1m Bau-,Zlep-BaanLca, CB/l3amihIMH c yMeHbIIIemrnM 

n1,1~ruocn1 3Ueprnn ane,npoManmrnoro BauyyMa B 3a3ope Mem.Zly 11oneRynaun 

(3cpcpcKr KaJHMIIpa[5])2. 
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PactJerhl ram1x BJan110,ZleltcrBnfi no reopm1 B0JMymeIInf1 B nepBoM neuctJeJaIOIUeM 

rrpn6m1memrn rrpnB0Jl/IT 1, cneeymmeMy BhlpalKemno JlJIII 3<pclienruauoro rroreuun:ana 

B33IIMO,lleficrBIIR 

U(r) = 
2

i1i, j ~: w4
0(

1>(w)o<21 (w)D13.y(w, r)D13..,(w, r), 

r,ZI;e D13-Y(w,r) - cporonHaJI cpynRUHJI fpnIIa, a,(Pl(w) - aneRrpntJecKan rroJ11Ipn3ye

M0CTL B3aUM0,lleficrByIOmero armrn copra p = 1, 2 B 0CH0BH0M C0CT0IIHHII. l1cnoJIL3YJI 

CK0p0CTL CBera c, <racrory rrepexo.n;oB Wo arm1a II3 OCII0BH0f0 C0CT0IIHHII B B036ym.neH

Hlde II paccroJIHIIe r tiell(JlY umm, MmRHo rrocrp-◊IIrL 6eapaaMepHufi rrapaMerp fl 

!l= war_ 
C 

Bupamenue .ZlJIII rroreuuuana B3a1IMO.lleficrB1rn U(r) upnHIIMaer oco6euuo npocrofi BUA 

B .llBYX rrpe.n;eJibllldX CJiytJanx, 0TBetJalOIUHX 60JibllIIIM II MaJibIM pacCT0RHIIIIM. TaR, rrpn 

n << 1 (1rnJiue paccroRHHR) nueeM cpopMyJiy Jion.n;oHa [6] 

U(r) =_A 
r6' 

3"1i 00 

A=~ j o(l>(w)a(2l(w)dw > 0, 
2ir 

-oo 

a rrpn n >> 1 (6oJILIIIIIe paccroJimrn) - cpopMyny KaJmrnpa II Ilon,Zlepa [7] 3 

?3 ' . 
U(r) = _.::_1iccPl(o)a(2l(O)/r7• 

4ir 

(1) 

(2) 

J13 II0CJie.n;ero C00TII0IIIeHIIJI BII,!l;HO, 'ITO p0Jih 3apR.ll0B B 3T0M cny•rne Hrpa!OT 3JieH

rpuqecm1e II0JIIIpH3yeM0CTil aT0M0B. IlpHTIIrnaaIOIUIIMCII 3ap11,ZlaM, BBe.n;eHbIM panee, 

Moryr C0OTBeTCTB0BaTL cornacy1omnecJI .n;pyr C .n;pyroM ytJaCTHII pa3HbIX M0JieKyJI, crro

co6I1ble o6pa30BbIBaTL rrpocrpaucTBeHH0-IIJI0THble YllaIWBHII. IIoreminaJI u Il CHJIY 

B3al!1IO.Zl;eficrBHR F = -'-OU I aa .n;Byx coce,ZlHHX ytJaCTK0B M0JieKyJI B rrepB0M rrpn6JIII

}l{eHim M0lRH0 HafiTII• HenocpencTBeHH0 cy1nmpy11 II0TeHUIIaJihl OT,ZleJibllhlX nap aro

M0B. BoJiee T0'lHldH pacqer )l0JI)l(eH rrpIIHIIMaTb BO BHHMauue l{QJIJieKTHBHble 3cpcpeKTbI 

2B3aln10)leitCTBIUI MOJieKyJI, o6yCJIOBJieIIHble acpeKTOM Ra31!Ml!pa, )lOJIJKHbl 6b1Th ropa3,ll0 CJia6ee 

CBJI3eit aTOMOB B KOBaJieHTHblX II llOHHblX KpllCTaJIJiax. CBJI3ll paccMaTpllBaeAIOro Bll)la nrn11qHl,I )lJIJI 

opraH11qecx11x TBep,llbIX TeJI, 06paayrom11x TaK H33blBaeMble MOJieKyJIJipHble, KpHCTaJIJibl, B KOTOpbIX 

60JI1,Wlle MOJieKyJibl B3allMO)leitCTBYIOT ,llpyr C ,llpyrm1, He H3MeHJIJI CBOeit npocrpaHCTBeHHOit cpopMbl. 
3 Bupame1111e (1) MOJKeT 6b1Th TaKJKe noJiyqeuo no BTopoM nopa,nxe reopnn B03Mymem!ll 11a HepeJIJI

TllBUCTCKOit cpopMyJibl )lJIJI 3Heprnn B3al!MO)leitcTBIIJI .llBYX lllIIlOJleit V ~ jj(l) jj(2) /1·3 , eCJIII npllHJITh 

BO BHHMa1111e B3KY,YMI!ble qJJiyKTyaum, )lHilOJieit < jj >= 0, D2 'f' 0. Ilp11cyTCTBHe CKOpOCTH CBeTa 

C B COOTIIOWeHHll (2) CBH)leTeJILCTByeT O JIBl!OM yqere B 3TOit cpopMyJie ~cpcpeKTOB aanaa)lb1B3HHJI 

B3allMO,llellcTBHJI. 
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- B3aHMOJJ.e:lkTBHR c nyneBhIUH 1mne6annmm CJJ1e1.rpo~rarin11oro 110;111 cpa3y nem,1x 

rpyrrrr aTOMOB (nx BKJia]]. 6yJJ.eT TeM 6om,me, lJe~I 60JihIJie IIOJIITplrnye~ronh OTJ\CJ!bllb!X 

aTOMOB). 

B 3a1m10'lem1e o6cyJJ.mt OJJ.IIY mnepccnyw r11n0Te3y o Tmr. ~mryT JIii o6cymJJ.ac

Mbie B3aHMOJJ.eiicTBl!R COJJ.ep1KaTb rrpnMeCb IIOBOii, rroHa ue OT!ipbITOii "'nnToli" Cl!JIU4
• 

Jib1e10TCR Jill KaKne - nn6y,n1 OCHOBamrn ]].JIii IIOIIC](OB "rr11Toil" Cll:lbl HO B3aJDIOJJ.eii

CTBHHX MoJieKyn rrpupOJJ.HbIX ammomtcJioT? llo - llHJ.lJmo11y, .na. Tai;, e1ue B 1967 
ro.ny A.,U. CaxapoB npe,nno;1urn HHTepecnyw 1rnaHTono-rro:1cByJO Mo,1em,, 1mTopyw ec

TeCTBenno Ha3BaTb MOJJ.eJibJO un.nyunpoBaJIJIOfO 3ap11.na IIJll! B3aJDIOJ~eliCTBIII! [10,11]. 
CyTh MexaIII13Ma 1rn.nynupoBaIInH uomno no11cmnh, 11cnom,:1y11 CJ1c;1yro11lyJO ananormo. 

llpe,ncTaBHM ce6e nrnoTeTH'IecRyJO MCTaCTa6nm,ny10 cpe.ny, cnoco611y10 cnn1,110 no

JIHpI130BaThCII rro.n B03,nel1:cTBlleM O'!eHb MaJioro 3JlCRTJ)lltJeCimro :Ja])JJJ.la, H ~11,JC,1CIJIIO 

rroMeCTl!M B nee, B TO'IKY P, TaKoit 3ap11,n. Ha6moJ_\aTemo, naxo11nrnc~1}TH na 11e1mTo

poM y,nanemm oT P, MOHteT rrorrn:JaThcR, 6naro,nap11 11a0c,neu11oii no;rnp1t:iau1111, 'ITO TaM 

pacrrOJIOJKeH 3JieRTJ)ll'IeCJ{Illl 3ap11,n OlJCIIb 6om,moii BeJJJPIHIILI. Pa3_YMCCTCIJ, npn 6onee 

BIIIIMaTeJihHOM ll3Y'Ielllrn 3Jie!npw1ecnoro IIOJIH, OIi ycTaIIOllllT, 'ITO lli\IIJ)fl,JWH!IOCTb 

TIOJIII B6Jll!3ll p Mana u, B03MQ)l{IIO, .nora.naeTCH, lJTQ pcrHCTj)llpycrn,1/l. ')J]('J{TJ)Il'ICCHllfi 

3apn.n He 11B JIIIeTCH "uacTOIIIUIIM". 

He'JTO IIOXO)l{ee IHieeT MeCTO II B HBaHTOBOH TCOJ)IIII IIOJlH, r;w J)OJlh MCTclCTa611Jih

HOH cpe.nu urpaeT cjHI3lI'JCCIU!ll Baityyu, Moryu,ntl JTOJI11p1130llc1ThCJI ITO/( Bo:JJJ.eIICTBHeM 

O'Iel!b MaJlbIX (B npe,nene - HYJICBUX!) 3aTpaBO'IIll,IX 3apl!J.\OB [10,11]. fio;r,a:1yil, e.nun

CTBCHHall, 110 cyn,eCTllCUHall, pa3I!III{a COCTOJIT ll TOM, '!TO C03Jta11m,1ti TaHn~, o6pa3mt 

3apn.n CJie,nyeT C'IIITaTb III!'IYTb ne Mence cj1y11J_\aMeI1TaJJJ,IJJ,nl, 'IC~I }I J110601i /(pyroi\, 

IIOCKOJihKY cpll3ll'leCIU!H BaHyyM, B OTJIJl'IllC OT ll!aTcpnaJll,IJOl! CJ)C}_\T,I ll II))CJ.\IJJJ.YIIIeM 

rrpm,1epe, nenocpe,ncTBenno He 1rn6moJ.1ae~1. 

Co3J_\anue HOBb!X 3ap11,noB 3a C'ICT .:)(jJCjlC]lTOB rrcpecTpoH,m Bill,yyw1 OTilpbIBaCT 

YJ.\IIBI!TeJihHYJO B03MOJRl!OCTh - "CHJJTe:mponanue" COCTalllll,D111 Cl!CTe~rairn rrpHIIIUf

IIl!aJibl!O HOBblX B3ainIO,neitCTBHii, He npoJIBJlJIIOllllIXCII llIIYT])II CHCTf.'~11,J, IIO 3aMeT!IbIX 

Bne ee. IlfaBecTHI,Iii npm1ep TaKoro po.na - 11c11ycJ.,ume 11e:101111oro 110:111 ny1rn0Ha~m, 

BIIJT])II l{QTOpbIX ,nei1CTBYIOT UBeTOBLJe CHJil,15
• 

llo - BHJl.IIMOMY, HeT HHKaKHX npHHQHTIHaJihHbIX orpaHH'leHHH, :ianpcru:a

IOIUHX cyrueCTBOBanne no.no6Hh!X MexamI3M0B ll ua :ma•rnTCJlhllO 6om,11mx lllilCIIITa6ax, 

Ha!Ip1u1ep, Ha MelKMOJieKynnpnoM ypoBIIC. Hpmte Toro, IIJ)CJ\l,IJlYlllHli OTll,IT pa:rnnnrn 

cjJII3lIKII CBHJl.eTeJibCTBYeT O TOU,- '!TO C J{a)l{Jl.J,IM OTIIOCl!TeJII,110 ycT01i•mBMM ypoBIICM 

4B 3TOll CBJI311, CJie.nyeT CKa3aTJ,, 'ITO B IlOJICl,11 OTKJIOIICllllfI OT na11,11apT11or1 1eop1rn 3JleKTJl0CJia-
6ux B3aJIM0,11ellcTBllll BO B3aJ!1IO.[leftcTBIUIX opranwieCKIIX M0,1CKYJI B pa311oe npeMJl fihlJIII BOBJ1e•1enu 
Kalt 0T,[leJihHUe Teopenmn, TaK II uem,1e JICCJJe,[IOBaTeJibCKlle rpy1mhl. n 'laCTII0CTII, 06pa111aJOT na 
ce6JI BIIIIManne pa60T11, nunoJinemme n O1,ccpop.ne (n1., Hanpmrep [8]). I-lcri;om,Ho 1111repecnux co-
06mem1ii no 611ocp11311Ke opran11qecK11x MOJJeKyn ony6mrnonaJI A. CaJJaM [!J]. 11crne1101rn1111nM11 TaKoro 
po.na 3a1111MaeTcJI MC>K.nynapo.nnaJI Ii0JIJJa6opau1rn n I.\1op11xe. 

5 B 11acToJimee npeMJI ycTaHonJieno, •no nepcCTpon1rn nai,yyMa n no~1 rny•rne o6yrnonJieHa npo
uecco:r..1 CIIOHTannoro napyrne1nu1 KHpaJJbIIOfl Cl1l\lMeTpHH - l\ff>XRJilf3l\lOM., O'fjUfllllJ,l?i,J OT Toro, J\OTOpJ.Jfi 

6uJI npe,llJIOJKeu A.)],. Caxapom,1M. Cy1uecrnyJOT 11 .llPYr11e c11oro6u 11c1wnpoiis11 """YY~rn, Tarrn<c 
np1rno,11JI11111e K noJinJienmo 11onux 3apJI,llOB (c~1.. 11anp1rncp, (12]). 
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opram13aUIIII MaTepnn (1.ocMil'Iecmie TCJia, aTOMI,I, aTOMll!Je 11.npa, 1rnapu11) CBJI3aHO 

HelmTopoe, xapa!(Tepnoe m1enuo Jl.Jlll 3T0f0 ypOBllfl, Baamw,1eflCT!llle ( COTBeTCTBCHHO 

- rpallI1Ta1urn, 3JieHTJ)OMarHeTll3M, MC30JIIJJJlt ofo1e11, UBeTOBOC !IOJie ). I3o3MOllnIO, 

'ITO MOJieKyJibl ainmomrcJIOT - 3,1CMCIITapm,re 1mpI111'Jlllill, ]13 !WTOJ)MX IIOCTpoeno Bee 

HUIBoe, B 3TOI\I CMbICJie He l!CKJllO'IellJie. Ham1•rne BHYTPCH!Iefi cmmeTplm y 3Jlel\IeII

Tapnb!X COCTaBJIRIOIUIIX 6nononl'IeCl(IIX Cl!CTeM, uanmrnnaw1ueii TY, HOTOpan BCTpe•ia

eTCR B Teopm1 3JieMCIITapIIbIX 'JaCTIIU, TaJOI(e CJICJJ.YCT ClJJITaTb Jl.OIIOJl!Il!TeJihllbl!\I ap

ryMeHTOM B IIOJih3Y BbICKa3allllOfO npe,ZlIIOJIO)l(eJIIIJI. Ecnu B3aIIMOJJ.CHCTBIIII, OTJlll'IHble 

OT 3JleRTJ)OManmTHLIX, .neli:CTBIITeJihIIO HpOHBJIIIIOTCII Ha MeJKMOJICKYJlllJ)llblX paCCTOH

IIIIRX, mm, CKOpee Bcero, ,nomKHbl 6b!JIH 6b!Tb 3a,nel1:CTBOBallbl B Tamrx conepIIIelIHhIX 

cjJll3lI'leCKIIX Cl!CTeMax, Kammu JIBJIJIIOTCJI HIHBLle opraIIU3MLI B ripouecce ecTeCTBeH

HOro OT6opa. Cna60CTb 3TIIX B3almo,ncl1:cTBnit HO cpaBIIC!IJIIO C 9JICRTpouarHIIT!IbIMH, 

IIO-Bl!Jl.In!OMY 1 neJib311 C'IJITaTb !IC!IpCOJJ.OJIHMbIM apr_pteIITOM nponrn B03M0)1{!10CTH HX 

BOBJIC'Iemrn B 6uononr•rec1rne nponeccu.' Tau, A. CanaM, naHpI!Mep, C'IIITaJI, 'ITO 3a 

OTCYTCTBIIC 3ep1rnJ1hIIOI! cmmeTpllll rrpnpo.nnux ainmoKIICJIOT OTBCTCTBeHUbl cna6LJe 

B3aUMOJ.lCiiCTBilll, uapyrnaJOIUIIX _rrpoCTpancrncmiyw 'IeTJJOCTh [9]. Ho1rnpeTIJaH. npn

po,na 3TIIX rurroTeTII'Jecunx B3aIIMOJ_\ei\cTllllii noi;a. ne ncna, Hpm1e ne,mTOI,IX.· caMblX 

o6mux orpaHlI'ICIIIIfi. Hanp1rnep, !IOllflTIIO, 'ITO Jl.JIII Toro, 'IT06hr ·HCHJllO'HITh np!ITII

ll(eHI!e Bcex MOJieHyJI MyJll,TIIIIJICTa J.lpyr H.,npyry, cne.nyeT rrpe,n!IOJIOIIIJITh, '!TO nepe

HOC'Illl{OM B3aIUIOJJ.eil.CTBIIJ1: HBJIHIOTCR tJaCTHU:hl C IIC'IeTIIJ,JM CIIIIJIOM [1:3] (11anp1rnep, 

nann6poBO'Illble 6o30III,I co CIII!IIOM 1), n T .,n. 

TioIIHTIIO, '11'0 OCIIOBUall TPYJl.IIOCTb Iii\ nyn1 o6napymemrn IIOHh!X lll!J.\OB B3amw.ne:lt

CTBII:lt B MOJlCK)'JiaX opramp1ecm1x Hern:ecTB COCTOIIT B OTJ_\CJie!lllll 3<jHjlCliTOB, CBH3aHHh!X 

C OTIIOC!ITeJibIIO Tpl!BllaJibl!Oti nepeCTpo:li1;olt 3Jie1npmiar11nTHOro BaHyyirn ( 3<pcjJeHT 

I{a3l!MHpa) OT .npyrnx, 6onee llHTcpecJILJX, MexaIIU3llOB. Onpo'!eM, MO,HCT OHa3aTbCJI, 

'ITO Bbl]].emlTh !IOBOe B3aIUIOJl.CltCTBI!e ne Tai{ )"}!{ II Tpy,nno, ecm1 0110 OJrnmeTCII 6onee 

,naJibllOJJ.eficTBYJOIU:llM, 'IeM CHJ!bl Oau-.nep-l3aam,ca. 

AnrnpIJ 6naro.nap11T B.C. BapaIIIcmwBa n A.B. llccrnna 3a unrcpecnue ,nnCl{yccnn 

no ,nammMy Bonpocy. Mu TaKme np!13IIaTCJILilbI A. Barrncony, npe.nocTaBnBmeMy naM 

ua pn.n IIOJie3HbIX JIIITepaTypuux CCI,JJIOH. 
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