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OIeHHAsi CYMMa KBaJlPaToB JJIMH BEKTODPOB CMEIEHUA BCEX
aTOMOB H, CJeJOBATEJNBHO, He H3MEHAETCHA IIPH AeHCTBHHU OIe-
panuii cummerpud. Taxkmm obpasom, (q', q')=(q, q), Tak w0
npeoGpasosanme T(G,) ABIsAeTCA YHHTAPDHEM ¥ JeHCTBH-
TeJBHLIM, & IOTOMY OHO oproroHaNbBHO. llocKoNBRY jme mo-
TeHOUaJbHAsA JHOePTrusA Npu jAeficTBuMm onepamui#l CUMMeETpPHE
He U3MeHAeTcs, ouepaTop D mHBapmaHTeH OTHOCHTEJNBHO Ipe-
oGpasosanmit T(G,), 1. e. D=TDT~.

Temepn MEr MOjeM TOTHO CIEMOBATE PEKOMEHAANMAM, IPHA-
Be€HHHIM B I'l1. 9, § 3, B CBABU ¢ BHIPOJKACHHEM B KBAHTOBO-
MEXaHMIECKOM CJIydYae, ONMPAasch HA AaHAJOTHI0 MEXKIY DPa-
BercrBaMu (5.12) m (6.22). Kparko sto cBogmTcA K caeqylo-
MEeMy.

1. Ecam u, — mopManbHoe CMeI[eHUe ¢ FACTOTOH ®p, TO

u;,='ul' (Gy) uy TOMKE ecTH HOPMANBHOE CMEIeHHe ¢ dac-
TOTOH ®p, TAK Kak

Du; =DT(G,)u,=T(G,) Du,= 02T (G,) u, = 0lu).

2. GruegoBaresapbHo, HAGODP HOPMAJBHBIX CMEmEHUHA ¢ OfH-
HakoBOI wacToTO# o0Opasyer 6asmc mnpejcTaBIeHUSA
TPYLOH cEMMerpmm .

3. TarkuM o6pasoM, B OTCYTCTBHME CIYyYAHHOTO BHIPOIK[IE-
HEA KOKIOE dacToTe MOKHO HPHIACATL WHIEKC HEKO-
TOPOTO HENPHBOAMMOTO NpencTaBaeHEsa T rpynns
%, m oHa OyAeT COCTOATPH U3 S, JMHEHHO-HE3ABACEMEIX
HOPMAJBHEIX MO

Mesgny paccMoTpeHHOX B3ajadedl KiaaccmEKALEE HOP-

MaJBHHX KoxebaHuil u 3ajaveil kiaccupuranun cOGCTBEHREIX
(YHKIEE KBaHTOBOMEXAHETECKOIO FaMHUJIBTOHUAHA WMEeTcs
OJ{HO OYeHb cymecTseHHOe pasimume. Obmiee IMCI0 HOPMATh-
HEIX MOJi KOHEYHO W paBHO IV, Torga Kak 4ucjio coOCTBEHHEIX
¢yuxouii B ofmem caydae GeckoHeuHo. Brramcasas xapaxrep
3N-MepHOTO LPEJCTABIEHNA BCEX CMOMIEHHH C HCIOJH30BA-
HEeM a06oro moxxojsAmero Gasmca, MBI MOJKEM L0JB30BATHCH
merofiamu Ti. 4, § 11 jua ero mpnBemenus u, CJeOBaTEIBHO,
RiaccuPummpoBaTh BCE HOPMAJIBHHE MOJH MOJEKYJIHI.

§ 5. RIACCHONRANN A HOPMAJBHBIX MO/]

Cornacuo dgopmyme (6.23), IN-MepHOE HPOCTPAHCTBO BCOX
BOBMOKHBIX CMemeHU# o06pasyer LpejcTaBieHEUe IpPYIIH
cuvverpue . OGosmadmm 5To npejcTaBienme uepes TN,
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Mul yixe nOKa3aJl, 9T0 HOPMAaJIbHbIe CMEMEeHNA ¢ O UHAKOBOMI
HOPMAaJbHOH JacTOTOR 0Opasyior 6aslc HenPUBOAIMOTO MPeji-
crapxrenuss T'® rpynost . o rtaw wak JN-mepHOe mpocrT-
PaHCTBO BCeX CMENIEHII pacnajgaercd Ha CyMMY IOJAIpPOCT-
PAHCTB, COOTBETCTBYIOMUX Pa3JHYHBIM HOPMAJABHAEIM TacTO-
TaM, KJIaccUPURANEIo HOPMAIBULIX 4acTOT MOYKHO HAUTH, MC-
clelys PpaziosKeHue

TENV = “‘;maT(a) (6.24)

npejcraieras TN pma ero HempMBOAMMEIC KOMIOHEHTH
T@ (ta. 4, § 11). Ecan opm HexoTOpOM 3HaYeHHH MHAEKCA O
Kos(dmmumenr m,>1, To Gyger HaGMOXATBCH My PABIATHBIX
TaCTOT ¢ OJ[AHAKOBLIM WHJIEKCOM G, KAJKaA B3 KOTOPHX MPe-
craBisier HaGOp S, JIMHEHHO-HEe3aBACHMBIX HODMAaJBHHIX KO-
OpJ(MHAT.

[Ipusenenue mo gopmyie (6.24) nerxo 0CYDIECTBIMO, eCIIN
MBI CMOKeM HailTm xapaxTep %@V mpepcranienHmsa M) s
ROUKAOTO H3 KiuaccoB %, rpymnne . CKOIBKO pa3s Kasmoe
HeNpHUBOAUMOE NpecTaBlieHne Gyger MOABIATHCA NPH npu-
BEJEHNU, MOKHO OLpefenTb 1o gopmysre (4.28):

Zcpxwx;,w*. (6.25)

(3N)
1

Yroln mafiTm Xxapakrep ¥, HanmmeM paseHcTBO (6.23)
B HeMHOTO Gouee paaBepHyToﬁ dopme, o6osHaunB OasmcHEE
BEKTODH €; CAMBOJIAMH €;;, YTOOH MOMKHO GHUIO pasjwyath
OT/leJIbHBIEe aTOMH t=1, 2, ... , N ¥ X JIeKapTOBH KOOpPIEHA-
TH i=Z, Yy U z

T(G ett Z Tt' 14 tL(G )et' (626)

B arom cayuae nns mioGoro snementa G, B Kiacce €, xapak-
Tep paBeH et

15" =1V (Gy) = 2T (Cy). (6.27)

OpHako BRIAMH B x}f” ) [afoT AEIIb T€ ATOMH f, KOTOPHIE 0C-
TAIOTCA HENOJBWKHBIMA MPH neﬁcmnn omepamuu G,, Tax
Kak ecau G, mepeBojuT aTOM £ B £, TO JIMATOHAJ bHELH 9IEMEHT
T¢N) B pasemcrse (6.26) pasen uymo. Bxaax B xapartep
YSN) oTHeNsHOro atoMa f, KOTOPHIA OCTAETCHA HEMONBHKHBIM
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ar 2
ups peiicrsnn G, pasen >T¢Y)(G,), mo 210 ects upocto
1

xapakrep BpameHusi G, NPOH3BOJHLHOTO TPEXMEPHOTO BEK-
TOpa OTHOCHTENLHO QEKCHPOBAHHON TOYKA (0 €TO0 BeKTOPHOM
UpejiCTABACHUM CM. TI. 3, § 4). Ecam G, ecrs cobGersermoe
spamenne R (0) ma yrom 0, 1o ero xapaxrep pasem mpocro
2cos 0+ 1 (ra. 9, §4), a ecna Np, €CTh 9ACTO ATOMOB, 0C~
TAOMAXCSl HENOJABMKHMIME Hpm Jeicreuu R(6), to obmee
BLIPRKEHMmE JJIsi Xapakrepa upnoGperaeT Bmpg

%PV (R(0)) = Nge) (2cos0+1),

B caryuae mecoGersenroro spamenus S (0), xoropoe MoxHO
npefcTaBuTs Kak coOcrBeHnoe Bpamernme R (6) ¢ mocaenyto-
(UM OTpaskeHWeM Op B ILTOCKOCTH, LePHEeHJARYJIAPHONR OCH
R (6), xapawTep ompeneasercs Kak

X(3N) (S (G)) = Ns(e) (2 c0s9 — 1),

e Ngeg, — UUCAO0 ATOMOB, OCTAIOMAXCA HEIONBIKHEMA
opw geficTBum omeparopa S(0). B camom pene, paccmorpmm
HecOOCTBEHHBIe BpAmeHWA BOKPYr ocH z. Jlerko moxasats,
910 B 0a3mCe IEKAPTOBHIX KOOPAMHAT MATPHUNA HECOGCTBCHHO-
IO BPAIEHWS WMEeT BUL

cos@ —sin8 0

sin® cos0 0 ,

0 0o —

rie —1 HOABIAETCSA BCIGCTBHE OTPAKEHHS 0. Xapaxrep
3TOM omepamuu paBeH cieny 2 cos 0-—1 [JaHHOA MATPHIHL.

Haita ¢V, Mp MosReM Teneps mo gopmye (6.25) Brraumc-
AUTE Koo(puIEeHTH My, B opmyae (6.24). Ho cmagana mas
ymoGersa Berarem m3 x*N) Briaaj mecTH HOPMAaJBHHX MOJ
¢ HYJEeBOH dacTOTOM, KOTOPHE HE HBIATCH KoaebaHUAME
¥ COOTBETCTBYIOT TPAHCIANWA W ILOBOPOTY MOJEKYJH B Le-
aoM, 0e3 oTHOCHMTOABbHOro [Apmkenmsa artoMoB. I[lpm rTakmx
«Koue0aHMAXY MOJIEKYJa NepeMemaeTcA KaK >KecTKoe Telo
M B KavecTBe TPAHCIANUOHHHIX COCTABJAIIMIEX MOKHO BH-
OpaTh CMEIeHWs Z, § H Z BEOJD Oceli IeKapTOBHX KOOPAHHAT.
Ilpu BpameHnm OHH, 09eBHLHO, IPe0OPa3yIOTCA B COOTBETCT-
BAE ¢ BEKTODHBIM IPEACTABJIGHHEM H NMEIOT XapaKTepH

Yrpanca (R (8)) = (2 cos 04 1),
Kzpanca (S (0)) = (2cos 0 —1).
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Tpur BpamaTextERe MOTH TakMke MpeobpasyioTcs UpH Ho-
BOPOTAaxX IOJ0GHO BEKTOPY, HO OHH ABIAIOTCA YeTHHEIMH OTHO-
CUTeIbHO MHBEDCHH, T. €. OPEACTaBAA0T co00H KOMIOBEHTH
mcesgoBexrTopa (ra. 5, § 4). B nonasareancTBO 3TOTO YTBEp:K-
meHus oxMermM (ri. 7, § 4, n. A), 9t0 cmemenne d (r) npoms-
BOJBHON TOUKH r, 06YCJIOBIEHHOE TOBOPOTOM HA MAJIKIA yToOM,
3aj/[aBaeMEIM BEKTOPOM a, papHo a Xr. Ecaum d’ ecrs cmemenne
B peayibTare moBopora R pexropa d ma KoHEUHHIHd yroJ, TO
U3 reoMeTpHYeCKHX coobpasxenmit scmo, uro d’(r)=R(a X
XR-r)=Ra Xr m, caefomaTensHO, cMemerwe upeobpazyer-
ca mofo0HO BeRTOPY a. AmajormuusiM ofpasoM, ecam d ecThb
cMelllenne, noaydenHoe m3 d wmuBepcmein |, To d=l(a X
Xlry=a Xr, 1. e. d — geitctsuTeasHO IceBfOBeRTODP. TanmM
ofpasoM, s cOGCTBEHEHX BpameHnii XxapaKkTep Tpex Bpama-
TeJBHBIX MOJ| TOJKE SBASETCH XapaKTepoM BEKTOPHOTo IIPeji-
CTaBJEHAA, TOTHA RaK B cjydae HecoGCTBEHHOIO HIIEMEHTA
\IEHACTCH BHAK:

X Bpany (R (6)) = (2 cos 6+ 1)7 Xepam (S (O)) = (2 cos B — 1)

Brrauras atm Benmumen n3 4N nosyuaeMm xapakrep aua oc-
TaBIMINXCA MOJ ¢ HEHYIEBOH TaCTOTOM o =% )__X'rp:m(‘]l——

_Xspam:
Yo (R (0)) = (N (o) —2)(2cosB 1), (6.28)
Ao (S (6)) = Ns(e) (2 cosf— 1)

DTOT pPesyJNbTAT MH HCHONb3YeM ANA RiIacCUPHKAmm|m HOP-
TaJbHEIX KoJefaHWil MOJEeRyX BOZH I aMMHUAKA.

A. Moaeryra Bogbt

Mouneryna sogrt H,0 mmeer reomerpuio, nokaszaunyio Ha
puc. 6.1, m rpymny cummerpum C,, (nogpoGuee cm. rx. 9).
Benmumna «BanentHOro yraa» 2¢ HeCYMECTBEHHA B BOIPOCE
CUMMETDHH, HO H3BECTHO, 9TO OH cocraBiasier oxomo 105°.
Fpymna C,, nMeer getspe saeMeHTa CAMMETPHH: eIUHMIHBIA
E, fBoiiHyl0 och Bpamenma C,. JeKANIyi0 B ILIOCKOCTH MO-
JNeKRYIE B HPOXOJAINYI0 Yepe3 aToM KHCJIOPORA, OTPajKeHMe
B™ IJIOCKOCTH MOJIEKYAb" 0, W OTPaXKeHHmE 0, B ILIOCKOCTH,
NePueRIMKYAAPHOR IIOCKOCTH MOJIEKYIH o npoxoAsamei g
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Omecexrpuce BasenTHoro yria. Hakmerii siaement caM mo cebe

ofpasyer xiaacc. llo dopmyre (6.28) Moo BHUmCIOTL Xa-
paxTeps Koyebammii:

E (cobern., 0=0, N,=3) Yon (E) = 3,
C, (codern., 0=180°, Np =1) fron (C))=1,
0, (mecoicrs, 0=0, Ng,=23)  %xon(0,)=3,
o, (mecobers,, 0=0, N o= 1) %woa (0))=1.

Tabauya 6.1
Czw E C, o, le
A 1 1 i 1
4, 1 1 —1 —1
B, 1 —1 1 —1
B, [ —1 —1 i
Akoa 3 1 3 1==24,¢p B,

Jrm xapaKkTepsl coGpansl B Tabx. 6.1; pasiosenne B 5TOM Cay-
gae ouesmpHOe (0603HAYEHYIe HENPHUBOIUMBIX IPEACTABIEHMIE
oOrranoe; oM. npuiaomenue 1). Mul 3axiaiodaeM, 4T0 MMeI0TCA
7iBe TIeBBIPOKJEHHEe HOPMAJbHEIE MOIEI, HpeoGpasyiomuecst
10 HOUPUBOANMOMY LpeAcTaBIeHuio A,, @ 0j{Ha HeBH POKIEH-
HasA, mpeolpasyommasaca N0 IpeacTaBieHuno B.

B. Mouery:1a ammmaga

Monexyna amvmaka NH; Hemmockas: Tpm aroMa BOjO-
poga o0pasyT pPaBHOCTOPOHHEE OCHOBAUHE TETPasApa
(puc. 6.2). CoGerpenmas TPyHOa CHMMETPHUN MOJNEKYIEL —
rpyna Cy, (ta. 9, § 3, n. B). Hak u B npegnaymem coiydae,
BeJMYHIA BaJenTHOro yraa 2¢, pasHasa npubansureabso 108°,
B BOLIpocax ciniMerpnu He saskHa. llxockocrs Tpex aromos H
yno6Ho cuurarp «ropumsouranbHoiy. Illecrs snemenToB rpyI-
OB pacHajatoTesi wa TpH Kjacca: efupm4ubil E, gsa mosopo-
Ta BOKDYI TPOHHO# «BepTHKAJABHONY ocd, HpoXoasamleld yepes
aroM N, H orpaykenmsa B TpPeX BEPTUKAJIBHEIX IJIOCKOCTHX,
conepxamux arom N u onus u3 atomoB H. Corzracro goprmyne
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(6.28), xapakrepu Koje0anwmii TAKOBEHL:
E(cober., =0, N.=4) Yioa(E) =0,
Cs(cobern., 0=21/3, No =1) 710:(C,)=0,
0, (mecobers., 0=0, N ;,=2) yy0.(0,)=2.

TaGauya 6.2

C3v £ 2C, 300

Al 1 1 1

A‘.‘ 1 1 —1

£ 2 -1 0

Jxoa U 0 2..24,(D2E

Taaee 13 tasanme xaparrepos (rabx. 6.2) unnm no $op-

myvae (0.25) Mommo Haiith, UTo BMEITCA JiBE MOAM A, H fise
ABYKDATHO BRIpOEIeAHbIe 2615 £ — BCETO Jersipe pasHbie
gacTOTH A5l UICCTH HOPMAThiiiX Koaebanuil. (Ofoszmauenue
2C, HORa3pIBAGT, YTO B KJacce, cofiepsraineM Cjz, HMEIOTCS
nBa paevenrta. O6osHauvenue & GOWENPHBITO LA RYMEpPITbIX
npepcranrennii; eM. mpuioskeine 1. Kypcosnoe F wve caegyer
ry1athk ¢ OpAMBIM E, C1tMu0iod e uaudIioro siaeMeira.)

§ 6. ROJAEBATEABHBIL 9 EP LT HECRUTY YPOBIIH]
11 BOTHOBLIE OVHARIIIT

Kaaccuduuanns nopManbaLix KoOge(anint mieeT mpAaMOe
oTHODIEHHe K KiacCmuecKoH sajlaye 0 Koaedaimiax, Tak Kak
oA JAcT 1AM BOZMOWKIIOCTH afTa Bu woaebawnii, PyKOBOI~
CTBYACH TU.iPRO ¢OOBPAKOHAAME CHMMETPII I He 31 TOUIO0-
ro pExa notedirada. IlogpoGuwo Aer PaccroT P 9T0T BOIPOC
v § 8. Bmecs e o 8 § 7 Mbr OCTAanOBMMCH HA PONH, KOTOPYIO
FIACCTHDUKALIA HOPMAIHTLIX M0 KoAe0aHHH MOJCKYIH II0
COMMETDUH HIPReT NP KBAITOBOMOXAHHISCKOM IIOJXOJE.

QOcronaoe woxebarennHoe cocrogume 06o3Hadaercs Habo-
poM KBAUTOBBIX MIlCEN Ry, COOTBETCTBYIOIIHX UHCIAM KBAH-
ToB BO3OY:KIeHms Aua kaxgoil moppl. Kax mokasaso B § 3,





