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”pEDﬂp&E{JHﬂHHE obreKTa B cebs nn:_;paayumnﬂﬂ':, w10 ery 4acrTM, HaxoJAumpe-
CA B OJHOM MECT2, COBMCCTATCA MocIc NpcoOpa3oBaHMA ¢ GacTAMH, HaXOs-
WAMACA B IPYToM MecTd. A 5T0 03HAYaAeT, UTD B OOBEKTe 0CThL (€r0 MOMKAO paa-
IeJHTH Ha) paByee gacT. O1ciona nponcxoaT CaMmo caoRo CHMMETPHUS, 03HAYAID-
e Mo-FPeYecKd CUpasMepHOCTh,

Taxum ofpasom, KpaTko MOKHO CKA3aTh, Y10 CUMMETPHA — 9TO WHBAPAI1-
HOCTL ODBLOKTOB HPH HEKOTOPEIX HX NpeobpazopaHuAX B OPOCTPAHCTBE ONUCH-
BAIEX WX IePEeMEeHHBIX.

NepeMeHibx m, T0 MO¥XHO pactMaTpuBaTh 00J1aCTh HX N3MEeHeHUA KaK HpocTpan-
CTBO /1 HIMEPEHHIf C KOOPJAHHATAME TOUKM B HOM Iy, ..oy Ty ooy Ty

CoBokynmocts Koopaunat ofosHatmy qepes X. Onm MOTYyT HMOTL KAK OJEIIA-
KOBBIE CMBICH (HaOpuMep, TPH JeKapTOBRIE KOODAHHATHL), TAK M pasHbll (Haupu-
Mep, OTHM — PACCTOAHHA, APYrue — YIibl, TPeTbH — Te WA HHLE (H3u1de-
CKIle napamMerph).

Ilyers omepanusm g ccymecTBisier HEKOTOpoE UpeofpadoBanne KOOpHUUAT X
NpoCTPancTBa

f
£ I.l‘l, Thir v o :rm] = Il', .:r.'n’,. .l ;.{:mf; g [x] — x'. (1)

Hasorem F cmmmerpuunsiy obsexrom (pyurimei, gurypoi), 8 £ — ouepaiei
Wiy lpeodpa3oBaHueM CHEMMeTPHN, €0/ 1 F e MeHfeTCA Opy JAEHCTBUHN g HA



RUAUJIHKE [TEPEMEHHKIE,

F(Ils " rmy Im) e F(E’ [ I]) = F(Il't B2 Iln
Fx)="Flg(x)] = £ x) 2)

B samucn (1) mogpasymesaercn, 10 34aH KOHKpeTHHIl CUOC00, Kak momy-
AT KAAIYI0 IOPEMERHYI0 2, H3 COBOKYIHOCTH nepemerrEX 7,. Ilpm atom npeod-
PAZOBAHNE g MUKET JCHCTROBATH Ha RCE UBPAMERNER Z;, 0T KOTOPHIX BABHCHT JIaK-
naf (PYRKIWA, WIN ToNbKO HA HEKOTOpHE H3 HHX,

Umemn, qT0 A RAKIOT0 Tpeobpasonanms GIIMMGT]JHE g (1), EPEROIAMET0
TOTKI X B X', MMeeTCs o0paTHOe mpeolipasoBanme g-t, nepeBojamee TOTKH X B X:

Xl =x, (9)

KOTOPOE COTIAcHO (2) TaKKE eCT NpeoGpA3OBAHHe CHMMETPHA,
Lompecrrenmoe (exmmirmoe) npeﬂﬁpaa{manne g = €, OCTABJAIOME: BCe Ie-
PEMEHITHE (63 WAMBHEHWA: z; = 1;', coraacHo (2) ecth ONEpAIEA CHMMETPHI.



= =« . Herpynno mousts, uTo onepanus upeobpasoBaHus Koop-
panaraoit cucrems ecre g°' [X] = X', 1. e. ona ofparna omepaumu npeoi-
pasosanun Tovek obomexta g [x] = x’ (1). (Paaymeercs, mosuo cumrars HCXOf-
HOHM omepanueit npeoGpasonanue oceit, Torga obpartuoit onepanmeii 6yaer npeod-
pasoBanue KOOPAHHAT TOYEK,)

IIpeoGpaszosanna nmpocTpancTsa

IIpocrpancTeo, odBekT B HeM, Toukm mpoctpaunctsa. Onepamun CHMMEeT) HU

IEHCTBYIOT KA BCE KOOMIATH 2; NDOCTPAHCTRA, ¥ACTH DTOT0 LpOCTPAHCTRA
MOKET OBTh KOHCHHEDY 00beK10N, 0FBERT MOKOT OHIE i Geckomewnsn, summ-
omny Bee mpoctparcrso, Torma yaofmo romopmts o cmMMerpmeckon mpeof-
PA3OBAHUN BCEI0 NPOCTPAHCTBA B Ce0A, IPH ATOM KONCHNG MW GRCKONOUR K
00BERT B BTOM DpOCTPAHCTHE, ONACHBAeMHH (ymkmmei F, peodpasyeTea can
B ceb,

Towkn x 1 x', nepexosmme gpyr & xpyra mpn CHMMETPITECKOM Hpeofpa-
soBammm ¢ [x] (1), Oymesr magmeats cmvmerpuuno pasmnm towram. Hasoney
gmrypanst mofbie MEO/RECTBA TOEK; IHCKPETEYIO KOREUHYL) 11T (ECROBCTHYIO NX
COBOKYUHOUTh, TCMPCPWRILE MEOIOOOPA3NA — MPAMEE IIH KPUHGE JICHAN,
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OTpE3KH, padiLe 3AMKHYTHE HIH HC3aMKHYTHC IVIOCKOCTH, TIOBEDXTOCTH, O0TLEMEL.
Qurypn GyjieM HasbBATE CHMMCTPHIHO DABHRME, €Ciu Bee COOTBETCTRY IOLIHO
TOYKU 3THX MHOrooOpasuil mEPeBONATCA MAPYT B Ipyra [0 eJUHOMY HpPABHIY
g Ix] = x' (a smauur, n g~ [x'] = x),

Ciyverpmueckue 1peolpasoBavud, COXPAISTIONMEC HEWAMCHHEM MeTpHTe-
CKHE CBOMCTBA HPOCTPAHCTBA, HA3KBAIOTCH H3OMETPHYCCKIMM. ITpm 21X npeot-
pPasoBAHMAX OPOCTPAHCTBO HE PACTATMBAETCH, HE CKpVYMBACTCH, T. ¢. ARIAETCA
HEIeQOPMAN YAMRIM IMETRIM, TAK 9T0 PACCTOSHUS MEXTY J1000ii napoii ToUeK moc-
Je npeobpazoBaHmA COXPAaHHIOTES.
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Onma Touxa, ]]j.ll;lulﬂ HIA IAOCKOLTS (K aoloe Konmgecrso TOYER, Jemamux
HA JLUX) HO MOTYT G YJKUTH METRAMM, TAK KK ORI MOI'YL OCTATLCA HA MBCTE TP
HEKOTOPBIX Hpeofpasonanmsx cummerpun. Hectro cagaanmoi o TPeXMEPHEIM 1po-
CTPAHCTBOM MOTKOM MOI'YT CIVIKHTE MoTh pe nexoMnuanapuue rouskn 4, A, C, D
(pwe. 23), paccrosmmma memny KOTOPEME DagImYRE, wam obpasyemad coe-
ARECHEEM OTHX TOUeK (urypa acuMmerpmanoro (. e. He HMERMEero HuKakoif
cinvmerpun) Terpasipa. Tpm (moBme) pefpa groro TETPADIpPA, HCXOIAIME WA
obmeir BepurAnm, Moryt PAaCCMATPHBATECH KAK KOOPAWHATHEE OCH (C COOTBETCT-
JYWIDAME  OCEBRIMH CIMHELAME), UaenoBareasro, aobas rouxa HPOCTPAHCTBA

£ nmeer onpeeennme ROOPAUNATH OTHOCHTEIBHO STHX OCCH X UPOCTPANCTRO
2.5“““ OLHOGHAMHO CBABAHO ¢ TAKHM TETDARIDOM.

o T T M WAk
&2, Ochosune wzoMeTpHIECKNe npeodpasosanms  mpoetpamersa.  IToxasen,
110 amboe npeoGpasoranme mpoc

TPAHCTBA, COXDAHAIOME® Cr0 METPHRY, MOKOT
OnTH cBeneHO K [MAPAITIEARHOMY LCPENOCY, HNATC HOSHBACMOMY TpABCAAINE,
IOBOpoTy, otpamenmio ! win g HEROTOPRIM kRoMOEHATIAM 311X HPeOOpazosa i,

1 I0RAAATCNLCTBA BTOTO I0CTATOYI0 COBMBCTHTS ¢ coboft ACHMMETPHYHYID

METI:;_‘," MPOCTpancTaa — rorpavap. Ilyers eers gsa rakmx rerpasapa: ABCD
r

HA'B'C'D', parnne APYT IPYIY, ITO 03NAYHET COOTBOTCTBUIHOR PABEHCTBO JAHH
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Beex ux mecta peGep AB = A'B’ n 1. 1.,  OyCTh 9TH TETPAAPLl PACHOJOREHLT
rje m kak yrogso (pue. 24, a). Ramayo Toury npocTpaneTsa MOMHO COBMECTHTH
¢ moboit xpyroit mepenocon. lloavayscn orum, copmecrnm roaxn A’ m 4, m rerpasap
A'B’'C'D’ nepemecturcAa napaiieasHo cefe (pme. 24, 6). Teneps, noBopaunBag
Touky B' Borpyr 4, coBmectnm ee ¢ B (pue. 24, ¢), n, nosopaunBas satem C'
BoKpyr A B, coBmeernm ee ¢ C (pume. 24, 2). Conmemenne B’ ¢ B u €' ¢ C momxuo
Obrro GBI MOJXYINTH WM ONHOBPEMEHHO, IIOBOpadINBadz TeTpasip BOKpYT IpAMOY,
ABIAIOMEIICA IepeceveHnMeM INIOCKOCTeH Tpeyronbaukop A'B'C' m ABC

Qe = e e © 7 pam toaxm D' BOSMOMKHE IHINE [BE
NOTOMEHEA: COBIATEHTE C 10uxoik D wim 3ePKAILHO pPaBHOe eif OTHOCHTENLHO
maoerocTs ABC monomenne (pne. 24, 2). B neprom caywae pesyasrTar yike mo-
AY9eH, W, OYeBHJIHO, 4TO npeoﬁpaaunaune TeTpasipa | HEeCTKOo CBA3AHHOIO ¢ HHM
npocrpancrsa ceeaoch K asuamenuio. Bo Bropom caywae pesyasrar, 1. £. COBME-
mMEeHAa TeTpangpos (u NPOCTPANCTBA), JOCTHIAOTCA HYTEM KOUOIRNTENLHOM Ome-
pammn orpaxkenmst rouku [)° B nnockocr ABC.

JTH J1Be BOAMOMKHOCTH COOTBETCTBYIOT IBYM CIy4YaaM pPABEHCTEA HCXOMHBIX
ACHMMETPHYHKX TETPAsAPOB MeKLY CO0OH — COBMECTHMOMY, MJIM, KaK IOBOpPAT,
KonepyoumoMy, PaBeHCTBY M 2epxaavtiomy papencrey. IlpeoGpasopanme e

__ . Tagum o6pasom, noEATHE CHMMETPHYECKOro paBeHcTBa (rryp
BKIII09A€T IOHATHE COBMECTHMOIrO WIM (M) sepkajbHoro ux pasemcrsa. Ilpeod-
pasoBaHuA NEepeHoca U NOBOPOTA W WX KoMOMEHATIMM HASHBAKTCA COBCTBEHHO
danrcenusmi, unu npeobpasoBanuAMRH nepeoczo pona; npeobpazopanmus, copep-
MAUHe OTPAKeHAA,— NpeolpasoBaHAAME 6Mopo20 Poga, MHOLJAA (EUNCEHUAMU
6mopo2o poua.



TOYMKA MOMKET CHYHHTL
METEOH HPOCTPAHCTREA, YVKASWBADIER ero OpUeHTANEd, ECIH OHA paccMaTpua-
BAETCA BMECTO €O CBOMM OKpPY/ROHMEM, & MEHAMAJBLHON METKOH T4KOr0 ORpyMe-
HEA ABJAAIOTCA TPH Ccocejume Toukm, ofpasyniine BMecre ¢ Heil acHMMeTpHHbIl
rerpasfip. Takyw ToYRy HaswBaloT ¢kpHeTannorpaguueckoi. B oranume or aro-
ro MareMATHIECHAA TOUKA 2, ¥, 5 He HMeeT HPHIHAKOB OPHEHTAIME, OHA CaMa
HMEeT MAKCHMAIbHYI0 CHMMETDHIO — €6 MO/KHO HOBOpAuMBaTh BOKpYr aio0om
OCH WK OTPAKATE B J1000#d MIOCKOCTH, TPOXONAMAX WeDE3 PACCMATPHEAEMYID
TOURYy, M OHA OCTAHETCA TOM Re TOUKOM. Kpmcrannorpaduueckue ke TOURH MO-
ryr OHTH — # M OyjemM #HOTJA WX TaK HA3WBATH — NADAJJISIBHEIME, I0BEPHY-
TEIMH, OTDAKEHHEIMH.

11000€ TpROHpAZORANEE NEPBOro pojla sBAsCTCS AnGO TEPEHOCOM, THOO ui:u--
CIBIM HJIH BHHTOBEIM TOROPOTOM IPOCTPAHCTBA BOKPYT HCKOTOPOI OCH.

- - a & i
BCAKOE [BHAEHNE TIOCKOCTH, COBMEIIAMMEe 66 ¢ ¢o-

Ooit, aBiAeTCH AMGO MOROPOTOM BOKDYr KaKOH-THOO 0B TOMKH. QGO MenemaroAs
(reopeva Hlans).

BROTOBOIF MOBOPOT (COMpPANBLHOB BHIROHNE) AB-
1aeres ganboaee obmum npeolpasoBanues TepPROTO poja, Oepenocsl Ke o I10-
SOPOTEL MOKHO PACCMATPUBATH KAK €0 UaCTHEO cAyTan. C Apyroit ¢ropomsl, BHH-
FOBOE [BUKEHTE MOMKHO DASJOMKATE HA MOBOPOT M HEDeNoc. |

a06asn onepanusa Broporo poga Momer GhTH NPEACTAD-
JIeHA KAK OHepalMA SepKaIBHOTO HOBOPOTA, =
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| , COBOKYIHOCTH omepaltuii moiker GhITh 3aMOHOHA NOBOPOTOM BOKDYT He-
f0TOPOIL orpenexennoi ocu * N, w oTpazmentem B miockocTn m, MEPIEHUKYIAD-
10it aroit ocn (puc. 27). Ara onepauus u eCTH SOPKAILELIE HOBODOT. '

- _;_-_._————.- ——

. Crenuansniye 9acTHHME  CUy9anMH  8BDKAIKEOTO IOBOPOTA
“AIOTCA TTPOCTO OTp d7kenne B mnockactu m (o = 0) (pue. 28, a) u croxsagmes

OTpaxkenne a, korma N, maxogurca B GECKOHEYHOCTH w OOBOPOT HA ot HpeBpa-

IMAeTCH b Hﬂpﬂﬂﬂﬂﬂhﬂhﬁrﬂﬂpﬁhﬂﬂ BITOJIL, HEKOTOpON LpAMOi, mapansjennuoi m,
HA Tpancusanmio £ (puc. 28, 6).

L wir -

llpn o = 7 BoaEmKaer APYroil CHCNAATBHHE CTYYail 30PKAIBHOr0 MOBOPO-
Ta — wieepcus (oGosmagaemas 1), mam mpeclpasosamme OTHOCHTENEHO HEHTpA
emorerpin (puc. 28, 8). 310 npeobpasoBanme XapakTepH3YeTCA TCM, Y10 BCE OpA-
MEie, TOX 07 AIHe Yepea TeaTp cmverpuu O, upeodpasywTca B cels, HO ¢MeHANT
CcRO KORT(H (REKTOPH T mpeofpasylTcs B —I), & Bee IPYIAe NPAMHE HIH II0-
croCTH IpeolpasyioTes B MAPANTeN ke cefe i HAXOIAIEECA Ha TOM 7Ke paceTod-
pin 07 (), HO OPHEHTHPOBAHHEE (BCIW HA WWX IOCTABHIL ACHMMETDPHTHAIO MET-
Kil) IPOTHBOMOIOKHO, T, €, CTAHOBATCA AHTHTIADATJOILHEIMH,
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YaeTune ecaysam onepanmm
ETOPOro poja

@ — OTpamenne, § — CHOIb-
afAllee oTpameHdMe: & — HMH-
BEPCHA

Hrax, naufoseo obman OMEpAIH NEPIOro POFA —
BUUTOBOH TIOBOPOT, €6 YACIHKE eTyIaN — NOEOPOT W
iepesoe, HamGoaee ofmax omepanma sropora pogn —
SEPRANBHL (WM WHBEPCHONHEI) HOBOPOT, 00 YUCTHE
CIVIZN — OTDAFRERHE, HHBCDCHA W CKOTLIAMEE 01pa-
HEHHe,



Unepanmi npocTbiX HOBOPOTOB M 3€PKAJALELX IOBOPOTOB (M YACTHHE CJIy4an
HOCACMHHX — OTPA/KCHNE M HHBEPCUH) OCTARIAIT TIPN NpeodpasoBanum 1o Kpaii-
HEH MEpe OiHY TOUKY MPOCTPAHCTBA HA MECTe — Wepe3 Hee W NPOXOIMT och JV

wim N. Dra TOUKa nasnpaeTcs ocobol, a OTH OUepAHH — ONEPAL|AME FRLOYEY-
HOlk CHMMEeTpHH,

Ecan gepes ocobyo TOUKY HpoXOAAT HECKOABKO PARAWYHO OPHEHTHPOBAMN-
HEIX HOBOPUTHRIX Oceif, T0 COBOKYIHOCTE NOBOPOTOR NPOCTPAHCTBA BOKPYI HUX,
COXPAHAIOMEAX 5TY TOYKY, Dy/ieM HAZMBATL BPAUICHHMAMH, A COBOKYIHOCTH OTe-
PALME  TOUETHOH CHMMCOTPHH BTOPOrO POAR — HecoOCTBEHHEIME EBpAIIeHH MM,

Onepaumu nepenocos, BARTOBKIX DOBOPOTOB, CKOIBANIINY OTpRIReHRAI cojep-
marT TPAHCIHIIMOHHY IO KOMIIOHEHTY, OHH CMeOAKT BCE TOYRH HFEJETPHHETBH H
0CODBIX TOWEK B 3TOM Clyude HeT,

AupsmTideckan  sammcn npeobpadosaumn  cavverpun. Bulepem B mpo-
CTpancrse mexapropy cucremy xoopamnar X,, X, X, — mpasymw, T, e, Taxyio,
i KOTOPOH, el CMOTpeTh ¢ Korna ocu Xy, moropor or X, & X, Gyzner nosoporom
TpOTHE wacosul c1penkd (puc. 30). llpeoGpasoanns cummerpun g [x] tpexmep-
HOr0 mpOCTPAHCTBA ONMCHIBAKTCA JNHEHHHMH Y[ABHEHHHAMH;

X' = g [x],

I = Qydy T el T+ Q24 1 ay,

Ty = Qg T el + Aogly T @y, (4}
Iy = gl + A 3alq -+ (lgqly + g, .



X
X
X
—s
Mpanan oneremn JAPKAPTORLIX
N HNTAH R Eeeicms ROO IR T
'tl
ROTOPKE B KpaTkolf Marpmemoll opme aanuenBalores i
xy = (ay) z; + a, (¢ J =1, 2, 3), (0

rme
Ty Mg My

{HLJ — ti a0 ilay — ﬂ' [{"5‘.
l'la-l EI,E Hay
an B oneparopuoit fopme
x' = Dx <4 t, fF



Marpuna D ommewnaet npeclpasoBana To9eYHOI CHMMETPHH, T. B. mpoc-
ThI® MM 3eDKaJIbHLE MOBOPOTH, a { — TPAHC/IINA, KoTopan sajaercad KOMIO-
HenTaMu a;,

Mu suaem, w10 IpeobpaRORAENe CHMMETPHE MOMHO PacCMaTpuBaTh M KAK
npeobpasoBanme CHETEME koopaunar X; B X, npuvem npeofpazonanme KOOpm-
HAT ToYeK B mpeolpazoBaume ocei B3anMno-ofparen. IToaromy matpuua npeod-
PA3OBaHMA 0cel (ai;) Gyner TpaHCIOHUPOBAHHON OTHOCHTENLNA (6), 1. e. Gymer
MaTpuuen (a;), a BeIHIuan ij ABJAIOTCA KOCHHYCAME YIJIOB MeHjly npeoipa-
oBaHmMMu X 1 mavaasmbiva X; ocaMu, U3 neBatn orux BEJIMUNE HEZABHCH-
Mbl IIECTD, I OHE YIOBNETROPAIOT COOTHOMMEHHAN OpPTOTOHANbHOCTH:

[1, i=k,
e S | () N 05

Yeiaosme msomerpmumocty, T, e, HEMSMUHHOCTH PACCTOAHNA MEKIY TOYKAME
upn npeoGpa3oBARMAX CHMMETDHE, HMeeT Vi

|t —y| = V"{I: — )+ (29 — ys)* + (Tg —yg)* = " — ¥ |, (9)

0n0 obecnevmpBaer M COXPAHEHHE VIJIOB MEHTY npeolpazoBamHEMN TP AMBIMH
HiH nrockoeramn. KEeau usomerpmueckoe npeobpasoBanne HBAACTCA TOYETHEN.
T. €. € CONCPAAT [EPeHOCUB, TO OHO HABHIBAETCH oproromarsamn. Ma (9)
CAe1yeT, uto nerepmmnant matpumu D (6) ncerna pasen -1 yum o i

LD|=IEH|=.‘L—1- MM

(8)




Hapaanensunii nepemoc osmawaer cwmememms Boex TOWEK X TpoCTpaECcTBa
B OJLHOM HAUPABICHHHE Ha OANHAKOBHIl Bexrop f:

X'=x+4+4t au=1,8;=0 npn i <= f, xota Owr ofmo m3 a; %= 0. (11)

IloBopor mpocrpancTBa eeTs onmmEaxoBoe yrJioBoe nepeMemieHNe ero TOYeR
OTHOCHTENLHO 0cH NoRopoTa. Keam B kawecTse TakoBOil Bulipath ocs X, o, ras-
AA C € KOHTIA Ha Ha%an0 KOOPAMHAT, OTCYUTHBATR YIIH NPOTHB TaCOBO cTpea-

ku (puc. 30), To mpum mosopote Ha yron o B NETHHADHYECKAX KOOpAMHATAX
ri @, I

r

r=r, wo=nn ¢=g94+a (12)
N D ACKaPTOBLIX KOOPAHHATAX
Ty = rcosa, 23=rsing, ¢ = P + @, (13)

TaK 4To marpuma (6) mmeer Bag:

cosa —sinag 0
gina cose O |, {14]
0 0 1

JepKadbHoe OTPAIKENHe B IAOCKOCTH M HEPEBOTTHT Ka/KAyI0 TOYKY X B TOYIRY,
JORAILYI0 00 IPpYIryio CTOPOHY OT aToi NTOCKOCTH, pABHOOTCTOAMIYIO OT Hee o

JCIRAIYIO Ha elmHOM K Helt nepmenmurynsape. Eeam miockocrsio m ARIACTCH
niockoers X, X,, 1o

ay =1, @ag=1, Ggq = 1. ay; = 0 npm i == j, (15)



Hax moboro sepransnoro noBopora BOKpyr X, matpuuna Gyner raxoi we, KaK

(14), o @44 = —1, [Ipn munepcun see a;; = —1, a;; = U mpm i 5= j.
Onepaunu mepnoro porna — MBMKeHAs Oynem oGosmawath ecmmmonom gl, Bro-

poro ponga — enmBoaom gl

2.4. Cunasu n pas;mawe onepa i nepsoro u Broporo poma. Marpwmat onepauuii

nepRoro pofa g! UMEOT OmpeneIMTENE (10), papmuit - 1:

|61 = + 1. (16)

Iocnenorarensnoe upoeeienne (npomssefenne) jwboro gmena g TAKHX onepa-
I it gfgI . l'illin g: = &r MMEeT OUpeARTHTAIE

|@ijlg, = (+1)" = 1. (17)

CaefoBaTensio, mponasenenme moGoro wema oneparmil WepBoro poja BCerka
®C1b OLEDALHA NEPBOr0 pONa: g, = gr, T. ©. NPOM3BOACHHE [(BUeHME Beerja
#CTh JBHMKEeHHe,

Hua onmepaumit g’ Broporo poxa oupegenuTens (10) Bcerma pasenm —1:

|8 | = —1. (18)

Cpasemmas (17) u (18), Bumy, uro HuKaxas onepauus BTOporo pona gt me
MOMReT HHTH moayueHa KaKoii-amoo Rombumanwmein Jemwxennit gl, Heiicrentensno,
HEpeMeIas acHMMeTPHIYEYID furypy — TETPAdNP, MOMHO COBMECTHTE Or0 JNMb
C HOHTPYSHTHO paBHEIM TeTpasiponM, HO He € 3PPKAJBHO PaBHEM — [OJas 3TOrO
HyAtHa omepamun BTOPOro poja.
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HocaenonaveivuoeTe ¥3 g omepalgmii mroporo poma gt @11 | | | gL = gs
HMERT OIPedeInTenhb
| ay; {—3 " { b i By =g, (1%)
i | = —1)" = 1
g T opn ¢ = 2n | | : greer — gT1_ (20)

Caeponarensao, IPOHIBOOEHWe MRTHOMD THCIA OO0 panni Rioporo poga oI {(10)

ecTh OIepamdA mepBoro pojga g'. Hewertmoe sme wueao Tarumx onpe o oglIl (2
ABAHEATCH ONPGATIEAR RTonnTA nnmo ol]l o AGiiesersnerssives sem mem e -FE-IIHH g {HUJ



Taxuw ofipasow, kax wer sanenn. omenam
TetHONy e unﬁeﬁ s ‘13 IlHJT:IE.TIH. OmEpamue NepBOro pola MOMHO CRECTH K
YT BBOTETED fai B10poro pozia. Ho, pasymeercs, onn cymectsyior i mo-
Al HESUBMCANO OT omepamuii B10poro pofa. B 10 ske Bpewss us mano-

;HOHHOTO CIEIYET, UTO MODYI0 DUEPALNI0 CUMMOTPHE MOMKEO MPENCTABATS KAk pe- -
3yIBTAT OIHOTO WAH HECKONBKNX S€PHATbHEIX OTPameHNIL
CymecTRoBANNE JBYX THIOB CHMMETPHUECKOTO PABRHCTBA — COBMECTHMOIO
I BePRANLHOTO — ABMARICA (QYHIAMPHTAILELIM CBOHCTBOM HAmEI0 HPOCTpAHCT-
kA u Beex (mamuecknx 00BEKTOB U MrPaeT BaKHYIO POAb B KPHCTAMIOTPadmH.
Ilepeiifiem Temeps K BONPOCY O BOBMOMHMX COMOTARMAX OMEpANmit cmymer-
pUN, WX B3AMMOREHCTBEAX, 7. €. K BONPOCY OTIpymmaX OMepamuil CHMMCTpHH.



(}enoBpr Teopmm TpyIN

Baanvopefictsne onepanmi. PaceMorpuM TOICIAVI0O CAMMETPHIO KPHETALIa
Kpapia, HAcaapaan popua KoToporo maeopaena ma puc. 10, Qmrypa conuenta-
ercd ¢ CON0I DPU CACAYIOMAX OUEDHLIAY CHMMET PN

Fo — €, g1 = 3 Ey — 3%, By = 2aa I Euv By = Em {-'[:l

rae g, — MOBOPOT Ha yroa 27/3 HPOTUB HACUBOR CTPRIKY BOKpPYI OCH, OD0AHA=
wennoit wa puc. 10 enmnozom 3; gy — 00BopoT Ha yroa 2-Za/5 NPOTHE YACOBOR
cYpeaKn BOKPYT 0CH O (MM, 970 TO Ke camoe, Id 21/4 N0 1aCOHOH CTPEIRE); [y,
gy, g5 — MOBOPOTLI T [ BOKPYC oceil, 06oanauennyx cmBogdama 2e, 2. 2, 1ta
puc. 10, TOPUAHAMKYAAPAKX OcH 5 1 PACTIOIGKeHIX 1o yraom 2n/d apye
K JIpYyTLy.

[TocapyioRaTed blioe BHOOJHEHAC JBYX (MK HeCKOIBRHN) Onepaii cuMMer
pun TaKide ABIACTCH ONCPAIHeil CHMMOTPHE, HOCKOALKY 10 yetouus (1), (2)
Moeae MePBoi (M Kaslol Caplyioneit) onepaigtn purypa e HamenseTes. Tak,
B HameM IpRMepe  JABRAGKIB IIPOBCACTIHAN OUEDATLAH gy AKBHBAIRITHA OLe L
£y, ITO 3ANUCHIBAIOT Kk g8y = g7 — gy AHAXOIWURO FZg, — g5 n 1L (Hogpa-
3YMOBAGTCA, UTO NPH NOCIEAOBATEILUOM OPOBLACHNN OHEPARUR gy e Ho i

=1

IPOH3BOIMTCA omepauns g ) Unepamus g M g, BIaIMHO-00PaTHRL g, — &,
OOEePUIIIN gy, £y, 5 OOPATHEL CavD cehe: gy = g5
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Cpenn omepanmii CHMMETPHH ecTh M HEUT0 He LPeobPa3oBHBAIONAS Omepa-’
s (OTOATeCTBICHAM, i edunuunas onepamua g, = e = 1. eomerpuuecku
ORA COOTBRTCTBYT HRMOMBIZKHOCTH WM TOBOPOTY HA Zit BOKpYr JI0DOH OCH
it TpHECYH A1060My, B TOM WHeAe acHMyerprunony, odnekry. Heeworps ma -
JYMYIOCA HA DepBH B3l (iecnoaeanocts oNepalui e, OHa HIPaeT BaiRHYI0
ponb B (hopmaimame Te0PHR CHMMETpHH, Herpynno monate, uT0 IpoBejenHe Jio-
f0ii oneparA, a DOTOM elf ODPATHOI SKBHBATENTHO CIMHUTHOL OnepaIN: gt =
— ¢, H eyuumunoli onepamum MOKeT CBECTHCH H Pe3yJbTaT HeCKOILKHX OMCpd-

nmit, B mames npuvepe g,g, = ¢, gy = e, g = ¢ ¥ 1. L. Jror 1 10oi Apyroi
IpUMEp, TAK e KaK W PACCMaTpUBaBmImecs BLIIC ohmme CBOHCTBA CHMMATpHI,
MOKASKBAIOT, KA ML COITAC YBAIAN, UTO ¢ MATeMATHYECKOIE TOYKH 3]IPHAR COBO-
KYNHOCTH ONPPANMIl cuvMMeTpuu yTOBIRTRODAET NOHATAIO I'PYIIIEL



I“p;ﬂnmnﬂ:e AKCHOMBI. B  MATEMATHYECKOH TCOPHE MHOMKOCTE  COBOKYN-
HOCTA IIHR.'IH‘E[I:IUI’U poia INEeMedTOoB pﬂEEMﬂTI}]’IBﬂIﬂTﬂH HCKRAIOTHTENRHO € TOUYKH
JpeHnA HX OTHOMEHWH Apyr K APYTy. Llciam B MHO0#eCTEE DIEMENTOB {g1s g2y - -}
BLIMOIASIOTCA UeTH[E ONPeIedePHHEX Lpabana (CPYLIIOBHEe AKCHOMBI), TO DHO

yagupaeres rpynnoit . T'DYHIOBEE AKCHOMBL (JOpMYJIHPYIOTCA Tak:
1) B rpymue G ompefieneno (TPYNIOBOe NEHCTBHEY — «yMHOKEHHE), TaAK 910

npouaBefiennc A10060i TapL 2TeMeHTOR g; =G W g;j— (1 ecTh 3JIEMEHT g}, TAKKe
comepmamuiica b G -

gy = 6 =G (22)
2) Aas J00HX HIEMENTOB TPYINH YMHOMKEHWR ACCOTHATHRHO:
2i(g;80) = (8:8))8:; (23)
d) CYMECTBYeT CMHHUNELT anevent e = G, Taxoii, uto Aus 106010 g; = G
eg: — £ (24)
4 : 4 - - -
4) mas awero g; & G cymectByeT OOpaTHEI adeMeHT g, TaK WTO

1
i, = e (29)

13 COBOKYIHOCTH AKCWOM CTIEJyeT, WTO eAMHNTHEG DJICMEHT — eHHCTBEH-

H BT Hulfg.; = gi€, A TAKWKEEe UTO0 M oOpaTHHIl 5J6MeNT CMHHCTHEHHBIT M gilg: =

= g



Ha pacemorpeHnux BHIme CBOMCTE npenlpasoBanuir cmmmerpma (1), (2) u mpm-
MEpOB CAe1YeT, UTO WX MHOJKeCTBO YADBJACTDOPHAET IPYHIOBLIM AKCUOMAM, T, €.
COBOKYILIOCTL Onepanmii cummerpun ofpasyer rpynny !, Ilpousseiense oneyen-
TOB TPynuhsl g gy BCOIIa HBIATCH HJI0CMENTOM FPYIOUR, OIHAKO PESY.LTAT, BOOO-
me ropopsa, JabHCHT OT HNOpAAKA YMHOMEHNS 3/16MOHTOR “CIIpABar WIH «CJeBay

£i8) + Eigr- (26)

Ipamenuresnno x onepanuam COMMETPHH DTO 03HAYMAET, YTO €CAM N@PEMPHHTH
HOPALOR HX BHIOIUENHS, TO Pe3YALTHPYIONWE ONePATIHN MOFYT 0KAgaThes pas-
ananpIMiA. B tak nagnmaemu KOMMYTATHBHEIX (Ban nGeaeBrx) rpynmax PERY I b
TaT HE 3ABHCHT OT HOPH /KA OUpOBeleHnyd ouepanuii

Bifj = Bjfis (27)

Taxum afipasom, reopus CHNMETPHI ABJACTCA 10 CYmECTBY Teopueii rpynn
CUMMETDHIN, OHa IMAPOKO HCIOJB3YET MaTeMATHYOCKNH anapar ADCTPAKTHONM Teo-
P TPYON, HO OpWiiaer MM KOHKPETHOe TeOMETPHYCCKOe MM GUauiecKoe cofep-
IKanue,

Rpnctaanorpaguueckue rpymmn myeior onpeenenime ofl03tavenns, ¢ KOTo-
DHMI MBI TI0ZpO0Hee osmakovmves fanee. Tak, rpynma CUMMETPHY  BHeII Heif
bopmur kBapua (puc. 10) nﬁu:numaexc:ﬂ 32 (maTaerca «Tpm — nBan) mau D,

2.3 Nounowria anaflamen  ceoe-.



! e n—“'!; - a ads u:.r.

Ocnosawe csolficrea rpymm.  Kpowme IpyOIl  CAMMETDHM CYNIECTBYIOT X
PASIUYMHES ADYTHO TPYMOB ¢ MHHIM KOHKPETHHM CMEICAOM DIOMCHTOB T onepa-
it (HANPHMED, COBOKYNHOCTL [CHCTBATENBHEX umcR ¢ I'PYNIOBLIM JIefCTBHEM
CIOIREHMEM, COBOKYNHOCTA MepecTanoBOK u Ap.). Ecam we ykasam xonkpermuit
FeoMeTpuiIcCKui, apumernueckuii, Jusuveckuii W T. 0. CMLCH DAEMEHTOR rpyI-
UL, 70 rpynna G HagnBaercsa afieTpakTHOL.

I'pynma moiser cofepxats 0uE, HOCKOALKO WM HECKONETHOP WHEND OTIHT-
HLIX ApYyT OT Apyra aaementos. [Topanox IPVHIIEL B — 3T0 YHCJI0 TAKAX aNeMeH-
108, I'pynna wasuBaeren komewnoif, ecam n KomeuHo. Tak, rpyona D, = {g, —
= ¢ &1, £ 3 E1v K3}, UOPAJNOK ee n —=

Utedn pamnoe moHaTne R TEOPHR TPYNN — usomopgusy. Ecnm memnpy ame-
MEHTAME JIBYX TPYNI MOMKHO VCTAHOBHTE BRANMHO-OUHOZHAYHO® COOTBLICTBHE,
UpiaYem TaKoe, 4To TPOASBENERUI0 JI00LX OBYX DAEMEHTOB OXHOMN ua PDYII OTHe-
14ET NpON3Be/IEHNE COOTBETCTRYIOIMX WM HIeMPHTOB APYrof IpyNnel, To atm

IpYUIBL HARMBAOTCS H30MOpPubivMu. 3uauur, rpynnu G {&5i Boi vy Bap H
H = {hy, hy, ..., h,} usosmophou:

(1 > Hr BCIH g Hhu Eg"—"hja E:H_f . "hih'j' {28}

Hopanox maomopdumx rpyun oxmnakos. Haumpnmep, rpyniaM I0BOPOTOR
HpocrpaueTsa Ha yras 2n/N uzomopdHa rpynnma us 7 KOMOJeKCHEX SHCES
exp (Zain/N) (0 << n << N), B RoTopoit rpynmoBoii onepaumeil HEJIASTCH YMHO-
FAREITHE 9THX ROMINIeKCHHIX wmces. Haomopfmse npyr npyry wkoukpernape rpyn-
bl HEJAHWTCH € TOYKA 3POHUSA TEOPHU TPYUIl DPCAJH3ALMAMH OOHOW W TOil ke
abeTpakTHOR rpynnnt. lloaToMy saKOHOMEPHOCTH. VOTAHAB. HBAEMbIE B ahrTPAKT-
HEIX TpyNHax, cOpaBelJuBhl [ BCeX WROMODHHLIX MM KOHKPETHHX IpyI,
H UMBHHO B ATOM 3aKA09aeTCA 0600iai0niee 3HaeHNe TCOPHE TPYIIIL,



P — e —— -r-l-l-\-ra-l-l-l- ird*llll

focKoabKy Bee aaKOHOMPHOCTH CBOAATCA K BAKOHY (YMUOMCIEAd dievel-
TOR, CRONCTBA aOCTPAKTHOR Tpymnu (; moAmoCTIo ompeNieamioTea ee Talamiei

YMHOFRCHHA, MA3HBaCMON Takke Kbaipatom Redn. [lam xowewnoif rpymmn ara
1alanna mveer B

gl Hﬁ P gﬂ

roe _
BB Kifa .. 68,
B (ghy 63 o0 0of, (20)
LGk LR B

[ockonpky gigy = g1, 10 Tabmmga (29) Oyjer saxama, ecam Gyzer yraaano,
KAKOMY 13 A€MCHTOB ) pasen Karinii 13 n* oneventon g,g;. Hanpmeep, 11s

lllll



TPYIIE 32 rafanna VMHOMEHAA TaKOBA (EHH‘IHJIB HHHQ]‘HEHETEF: ﬂ[[Ei]E-Il.l,HH, |
yEasagHad B NEPBOM 6TOJAOME):
e J &2 2 2

& I W

2, - (30)
3

| =
T

MI:'-:

2
A Ry
2,

3
2 3 3 e

il 1

B rpynnax cHMMeTPHE HX JJeMEHTH — OICPALMH MMEIT KOHKpeTHH reo-
meTpuueckuii essica. Kak v yBRANM HIKe, HOKOTOPEe DA3AHUHLE TPYINE CHM-
MET[UY, T. €. OTI9aI0UMECH TeOMETPHYeCKH (HapuNep, v OfHol g, — oTpaske-
HEe, & y APYroil — HOBOPOT HA 71}, MOTYT HMETh OJHHAKOBYI0 TalJHIY YMHOME-
HEA, T. 8. GRITH A30MOPGHBIMH,



Memny neyma rpynnavm (¢ 1 /] momer ObTH OJHOCTOPOHEEE COOIBETCTBUE,
HAZLIBAGMOE 20MOMODHiuaMoM, HE CTOIE TOJHOR, KaK n3aomopduam (28):

gi, gix
™ Ny
= Hr, Hiy —* hi, En—* h;, gigg“ — ﬁihj (15‘1 2 A ff]. (31}
ol 7
iy, iy

I;ESTEE[ fﬂ é: ) OPARRY Goneme, wem H. Onnony n TOMY e DIEMeRTY b, COMOCTAR-
: OALKO JNEMEHTOB g;, 7, . . ., £y OTHAKO TPYNIOBAA ONepaimd
coxpanserca, Hampmuep, romomopdunm srrseres Taroe 0TODpAIRENNE IpYHOH

32 (21) ma rpymuy wmeen {1, —1): Y ,
OUBPAIRH YMHOKeHE S D{THx wi:e, ﬁ:m By 82> Ly £y, &4 g5 = —1 ¢ rpymnosoi



o 'F'l-"l-l'rl.l..l-l. L [_I'J ALLLE

lnemgeckne rpyms, rereparopel. Ecau B rpymme G uwmeercs taxof
NIEMEHT g, UTO €ro CTENeHN g} HCYePUHBAT BCe HleMeHTH IPYIIEL, T, ¢

C={8 8o n=¢) (32)

T0 TARAH TPYIIA HASHIBAGTCS IHKAMYECKOH B MOPSOK ce paBen n, Takosn Bee
PPy CHMNOTDEN TI0BOpoToB Ha 2n1/n, o6oaHawacmue €, Takoi aaewent g
CICLIEHAMA KOTOPOTO SBIAIOTCA ADYTHC BJEMEHTH IpyLIM, Ha5MBaeTC T0POsK-
JAIOMHM 9JeMeHTOM, 1A reHepatopom. Fean FPYNOA He ABNACTCH MHKINYBCKO,
T0 B Hel MOHKHO BhCJUTE HeCKOILKQ J/IEMCHTOD, CTENEHH I UPOUIBENCHHA K0To-
PHX JLAI0T BCe N DNEMEHTOB rpymum G,

Jajamne rpymou rabannei YMHODIROHMA  HarIsAo, Ho maburouno, o
AYACH TOPOMIHIOIAMI HIIeMCHTAMI H 3a/laB ONpele.sinme COOTHOMCHUA Merk-
Y TNHMH, MBI TORIKC IIOJY9HM [OJHOP OTHCARME rpyuns. las rpynos 32

CHCPATOPAMI MOIYT CAYIKUTS ) W 110G0ii U gy, gy, g, on PERIAIONTHE COOTHO-
weHus TakoB (cp. ¢ (30)):

8= g = (g18s) = e. (33)



ro-

Hogrpynna, Ecan CPeAm diaewentor g (i =1, .. ., n) rpymns G omoskHo
BLOPATL HEKOTOPOE MOAMHOKECTRO BleMeNTOR g lb=1,...,m, N n), KOTOpoe
camo o6paayer rpymmy G, 1. e, JAOBIGTBOPACT Boem rpymmoBhiv aKcHoMay (22)—
(2], 10 Takoe nojMmORECTRO HAILBAIOT MOArpYNNOR rpyunm G, wro sammenpa-
0T Kak (' .

[lanpuvep, 3 rpymme 32 = Dy (21), (30) mommo nupmenumy nogrpyumy J,

COCTOAMYIO H3 TpeX daeMmenton; g,, g, g,, ARISIOMYIOCA Tpynnoi nosoporos
HORDYT BepTHKANLROI ocr wa 2/3. B rpymme ecry H Ipyras moArpynna—nosopo-
TOB 2 BOKPYT TOPMIONTANBHON OCH A 7 §or By (1 gy, mam gy),

Hexkoropwe rpynmw we mmerr HOATPYNE, KpoMe TPHBHAILHWX: Tpynnm
¢ C G (mopazka 1) u camoit cefy: C G,

lopaoK moprpymu Ry ABIACTCA [IeamTENeM LHOPANKA KOHOHO]] CPYLIBE 7

nny = p, (34)

P HAZLBAIOT MHIEKCOM HOIPY I,
O rpynne G = G’ oo CKa3aTh, 410

G sBnseTcs pacimmpenyey rpynnu ('
28 1

Oha ABiAeTcA Harpynnoi G wam wro



Iacent, paznomenme e it

", "

Bee mponasenenms dmrconponum s e [IVeTs 6 — nogrpymna G, 6' — .

'DYINY, Ba Sxeuame, HpﬂHﬂI-IIthI B.‘j.ﬂMHHT:DB TPYNOLI g;, He BXOQAMUX B moj-

cutensmo G': aBLIie FFMFP}“I{M £ &= G obpasyioT cmemHtbie KIACCH 0THO-
+ IpaBul Gg; nwim eRuii g, Hanpumep, rpymme 32 (21) mom-

HO Basatn (' = {g r s
0+ €1, £2}, W TOTN18 NEBELT CMeMmALT K 3
Lt L Rlace : .
HO Tabumie yMHOMKeHns (30) sxementir {£3, &, gs) s
E, L] :

I'pynuy G mom
HO pasicocums no nodzpynne G
NEECHNA (SHAK | |) CMeHEX KIBCCOS Py » IPENICTARAE ¢¢ B Bune ofpe-

GC=8G UnGJ...|J g0, s

9ty dopmyay MORHO DACCMATPHBATE M KAK BANMCh PACWUPEHUA TDYUIL G' mo
(. 3amernM, YTO TIPW RANAHHWX G W (' CHCTEMBI OpeCTaBhTe/ el CMe/KHEIX KiIac-

COB {2y, &1+ +-+» Zp)} MOTYT OBITH BHOPaHE, Booluie 10BOPH, PasHBEM cmocobom,
JIeMeHT TPYNObl £; HA3LIBAGTCA COMPS/RCIIEM DJICMCHTY g, 8¢JH B (& ecTh

TAKOH 2/J€MEHT g;, 1TO
& = 2 gi&j. (56)

Tak, B rpynne 32 SJIeMEHTH gg U g4 ABIAKTCA CONPAKEHHBMIU: Or Bals = L.
Bce aneMeHTH JaHHO0M rpynosl MOUyT ObITh pacupejeiedsl 10 K/AacCaM COLpPHHEH-

HeX anemenros. B rpymme 32 mmeercs tpm wmacca: {g), (g1, &), (23 & 25)-



Mogrpymia H vpyunst (F Haabisaeted HOPMATBHO (HOPMATbHBIN LeNuTeNEM),

ECIH AJeMEHT hh' == g_,;lhjg[ = H 1A (I BIX 4= (r u hi{" hlf = H1 7. 0. H of-
Pasyer KIace COMpARERHLIX daeMenton b (.

I = ¢'llg,. (37)

B rpymme 32 noarpynma {e, g, g} HopManbian, a {e, gy} ner,
( momompio nopyabaoro feaureas H rpynnu G BBOLHTCA HOHATHE HaKTOp-
rpymis, Ofpasyem ewessiinie knacest gyl (= Hg;) 3 oy (37). Qaxrop-rpymma

0003HAAETCA
GIH (38)

I ABIAGTCA TPYHIOLH, HICMEHTAME KOTODOH CHYKAT CAMM CMAKHEE KAACCH BMRC-
1o ¢ i = gyHl. Tabnuna ymuoKerua A GaxTop-Ipyuns ¢ YIET0M NPABIAA He-
DOMHOREHNA RIICCOB



(@) (gHl) = gugsHt (39)
BHIIATET T4K!
4l W

R B A
* (40)

. . )
gPH gﬁgyf - gFH

Ilopsnox gaxrop-rpynum pasen unnexcy H » G, Honarne garop-rpynns
HCITO.IhAYVETCH III]H dHa. TH3E CHHAN I]]]DETIIEHETHEHHHIHTU‘!E‘IHI}IE LpyLu CHMMET-
PHE 1 B PARe JAPYTHX CIyvaes.



[Iponasegenua rpymn. Hs geyx rpynn [l mw K, BCe aeMeHTHN KOTOpHIX,
KPOME eIHHITHOTO by = & = k,, pA3HEe, MOXHO 00pa3oBEBATH HOBLE IPpyIILl G.
['pymna G = I 0 K nasusaerca enewnum npaxvii npoussedenuen H u K,
QCHH RUKJIBE BeMenT ¢ & G Moer GHTH 3AIMCAH B BEJP NPOH3BEJGHHA § =
= hk. dakor ymmomenus

hig; & hig) = hilugig). (41)

Obe mexoquue rpynnL ABIAKNTICA HHBAPHAHTHEME O VIIAMHE, T, €, HOPMATb
HBIMH NeJMATeNAME BO3HUKMER rpynmH (.
[pymma G = Hs K naswBaerca noaynpamuiy npomasefiemmem rpyon H

u K, ecan rce g MoryT Outh Bupamenn Kak g = hk, kH = HE,
Jaxol yMIOjReHTA

hig; 0 g, = hi (g bV g (42)

R arom c1yuae HHRApHANTHON LOArpYLUOd — HOPMATBHLIM JlennTeseM G sSBIA-

OTCA TOABKO mOJrpyona M (ee mAITYT B MONYMPAMOM NpOU3BELEHUI HePBOii).
HoBLC IPYNIEI CHMMOTDHE MOMKEO LOIYYATh, HCOONEAYA OPAMES WM NO]Y-

MpsAMbE TPO3BCACHAA I PACCMATPHBAA TAK/Ke NOATPYNIE STHX I)OUIBCHICHUIL,



Pasbepem caeryrommit mpumep. BoasmeM Ha ITocKOCTH TPYNNY oHOMEPHRIX
TpaucaaiEd 1. Jdra rpyoma — OeCKomeuHAA, HO MOMKET DHThH 3ajaHa CBOMM Oa-
gucox {0, t}, rme ¢ — TpaHCAAINHUA, DOBTOPEHNE KOTOPOH BajjaeT 0CTATLHEE 2Je-
MeHTHI rpynnee: 2¢, 3¢, . . . (pme. 33, a). Ofpasyeu ee monxynpsamoe nporaBeenme
¢ TouedHoi rpymmoit orpamenna M = {e, m}, Tax wrofn amEEA oTpamenna Hua
NapajaeJibia OCH TPAHCAADAN (pUc, 43, §). JT0 IpORIBEdCHHE TAKOBO:

G=T1M={0,1"2, ...} & {e,m} = {0e, te, 2te, . . .,0m, tm, 2tm, . . .},
(43)

Hamaywo n3 ucxogunx rpyuu Tl u M mumHU Ha3BaTh TPHBHATBHRIME HOJ-
rpyOmaMu (AeauTeasayu) Hopoi rpyund. B mosoir rpymme T,@M (pume. 33, 5)
ecTh HOBBI /eMeHT ¢m = @ — oNepalus CHOMbBAMEro orparkennsa. Oka3hi-
BAETCH, 4T0 B JTU IPylne MOAKHO Teleph BRIEANTh HOACPYIIY, KOTOpas He COB-
IajiaeT ¢ ee TpUBMAIBHLIMI mofirpynmami Ty u M. Ira nogrpynna rakopa: 4 =
= {Ue, 2te, . . ., Ua, 2ta,. . .} (puc. 33, ¢). Taxusm olpasom, noBbIe onepaiu cAN-
MUTPHIL BIJQ ¢ = im, HOJY4eHHbIe KOMOMIEDOBAIIMEM PASJMYHEIX TeOMeTpue-
CKUX Omepanui — saementop rpymn comuoskureneir I'm M,— moryr cymeer
BODATDL CAOMOCTOATENBIO B paMKax HOBOM I'pYIUIbi, HETPHBAAABHON IOJAIDYIIIb
A C Ty, M npousseniennst usyx rpynm. B kpucramnorpaduu rpynns s
I\®M, nonywaemue kak NPOHBBOICNHSA TPYIN, HABLIBAIOT CUMMOP(UBIMK, &
HX HeTpUBHAJIbHBIE HOAUpyuUnsl BHaa A — necuMMOpOUBIMU TpyInaMi.



(fipaosanue TpoWSBEEHNA TPV W BERCACHIIE W3 HETO HETPHBHATLEOH DOIT pYRMN

¢ — rpymma tpamcnsmyd nponaenabRof qeryobl) 6 — rpyuna oTpANEAR, € — IR MpOHaREIRHHE {CHMMOD-
RaA 'pynaa); ¢ — WeTPUBRANRHAR OAFNYANA NDOHIREIEANT — IMYINA CROTBRALETD (1PEHEHAA (BECAMMODG-
naA)

Rt
S







Upeacrasaenwn rpymn. Hancian rpynna 6 xapakrepusyeres  radanieii
YUMIOEKEHS CRBONX DIeMPHTOB g, e DJeMCHTL NPeIeTaniedh KAKUME-TO 11C-
JAMIL CHMBOMEMM, PYHEIMAMU H T. I, UMCIOUMMI TAKYIO WKe Talauiy yMmIioe-
IHH#, TO OTO eCTh TouHoe (HzoMoppuoe) npegcranaense rpyunn &, Hpn rosomop-
oy orobpasennu G — M HODAIOK TPy npejaerapsenus 1 ven nme HOPAJIKA
(r n smnserca ero jeanreaem. B reopun rpvun soofime u IPpYOI CAMMCTPHE
HHCTIOCTIE DCLOBNYIC podanb urpainT apejacrasienna I rpyon G ksagparouyu mat-
punasu M((:):

II'ill.l_ “I-_'\- [T IJ,”.
tfy ifaa H r!_.“

M(G)= | " = e, 44)
|. Tt The i

Cile @;; — HeACTBUTENbHNE IWTH KOMIVICKCHLIE YWCOa. ¥ MHOKeHAID J0eMeHTOR (;
COOTBETCTBYRT VMHOMKCHHE MATPUIL, BLUIOIHACMOC [0 TPABHIAM YMHOMEHUNA
MATPRIL:

2161 = €y (47)

YMHORCHHe MATPHL, TOXTHHACTCH IPYTIOBBM AKCHOMaM. B eusuy ot MATPHTIE
;= 1), a;; = 1. TpusnaipHeM DpeJcT2BIeHHeM TW0O0H TPYODOL MOiKeT cay- |
'RUTE DPCACTABIEHAE BCEX €€ DJASMEHTOB ENMHUIEH, T. €. Marpuiedl meproro



nopagka M = a;; — 1. Doamosusr romomopdunie otobpamerns & — I, koriaa
nopAiok rpynnsl H, upexacrapaesnon I', Mensime mopsajka rpynukl G, HagoHel,
BOSMOMKHO TOYHOE upejgcrasienne, gorjpa G« f.

Tax, rovednyo rpynny MosKHO HPeICTABATH COBOKYIHOCTBHIO TPEXMEpHEX
marpur, Iy = (a;y); (6) mpeoGpasoBannit xoopaunar ma Oasmce (X, X, Xj)
Kaniad us marpuil £ cooTReTeTRYeT OMpeJeieHHol ONepAIlMN g; ATOR Py NG
(TéK Ha3blBAEMOE BEKTOpHOE MOpeIcTaBeHne, Pa3MepHOCTA TpH)] R

gr—(aijly G ={gy &1 .. } =Dy Dy, ..} = D (16)

TaGanna yMuoiRenHA aTHX MaTpPHI[ 10 IPABHIAM MATPHIHOO YMHOMEHHA COOT-
BETCTEYET Talinme YMHOMEHHSA 2JIeMOHTOB g, MoHO nmoayvaTh pasHme npej-
CTaBJeHUA TOM e rpynns (7, BbGpas Aexaropyio marpany S n ofipaayd ¢ ncxom-
HEIM npegctabiaennem nponasegenua SUS™L Tlpu orom ecoan J0 AByx npejerab-

nenuit Iy (D4, Dy, . ..) B T, {D;, D,, . ..) oxaswBaeTed, UTO
SD.S' — Dy, (47)

TO JIBH ATHUX DPEOCTABIEHHA HABERIBAIOTCHA SKBHBAJIEHTHLIMU, a S B atom cayiae

onpefenser Junelinoe npeobpasopanne Gasmca.
JII06Y 10 KBAJIPATHY 10 MATPHOY MOMHO IpeJCTaBHTL B Buje

Ayl By |
-IJ.'"] E 1'11



rme A, uw Ay — wBaapaTHie martpmiin. B peayanrate npeofpasopanma 8§ moryr
NONYINTHCA TAKHE MATPHIM, B Kotopux [, O, = (), 4 Hror-qJuaromaILHsEe MAT-
pansl A, m A, uMeloT MeHLIIYID pasMepHocTs, Takoe npeacTapienne HAZLBAGTCA
TP ROITHMEIM.

Eean amxakum npeobpazoBammem S atoro jobRTbCA neakas, T. e, & = 0
win it; = 0, TO npeacTaABIeHNe HASEIBACTCH HEIPHBOIHMEIM.,

Eeam MOVKHO CEECTH TAHHM IyVTeM TpexMepHEIe MHTFI-'HIIH K MATPHIIAM,
COCTABNEHHMM M3 ABY- HAH OJHOMEPHBEIX HeopnBoguMmeix Gaoxos A, To rpynna
Gyner npeacrasiaena Goaee axomomuo, Tak, sanpumep, naa rpyomns 32 (21), (30)
HmeeTCHd CeVEIee TOYHOE I[B}'ME[.IHGE HE‘I.].].IHEE'.‘J,HMUH' YHHTA PHO® DE}EHETHB—]EHHE’.‘

o £ By
: 0 “ 0 1 N “ 1 0 h
‘ ( 11 —1 — 1 —1 — ]
Ha Hy
‘ H 0 1, (49)
1 0

" OJHOMEepHOe, HO YiKe HeTOIHoe (FoOMOMOp¢dHLIE 00pas rpynisH)
ga =41 Ea £q £ £s

2
—1 —1
1 )

— 1 —1 |
0 1|

1 1 1 —1 —1 —1 (50)
CyMMa IHAFOHOJABLHWX DJCMCITOR (IMOYD, Mal Clgl) MaTpriE IpefcTaBjleHas
Tay — % (R) (21)

HaskiBALTCH XapaKileposm UpedcTieJeHmA snemenTa rpynne. Herpyauo Bmpers,
g10 ¥ (2,) onpezexseT pasMepHOCTh OpeNcTaBlIeHHA. XapakTephl BCEX 3KBHBA-
JeHTHHX TpelcTaBiIcHml onmBakoBel. OnEA B Ta Ke rpynua  MOMET HMETh



HECKONLKO HOOpPHBONAMWX OpPENCTABIOHEWH, 07 HUOHETHRY IPYMT HX TBCI0
PaBEO WRCTY RIACCOR CONPAEHKEX BIEGMEHTOR R rpyIme,

AHANES MpeICTABTEREA TpyAI CAMMATPHE TOIBOINET NOIATE [AN 3ALIDYe-
HAH 00 BX CBASH MeMAY COMNi. ONHOBPEMEHHO OF 720T BOSMOMKHOETH BCKPHTh
A Owice 1ay60KAH CMECT W 3aK0HOMODHOCTH CAMOTO TOHATHA cammerpup. Tax,
rpynna apeobpazoBanmd (1), nommEanmancs FPYROOEBM dECHOMAM (22) —
(23], BETA BBONOHA TAME TPHMENHTRASKO K YCLOBRI0 cHmmeTpAn (2} cobmazeung
Gyurnuy ¢ cobokt mocas npeolpazosanus. OIHAKN MOEHO HONECPIEYTE [PYIL0-
Bl IpecOpasobanmaM awlue, B ofmen cryzae RCHMMETPRTILIE O0BERTH I
GYHENER B LpUHHAAAAAPOBATL, KaKe CUMMETPHICCHEE CBORCTBA B HEX Cojep-
AATCH (MH RepHOMCA K a1omMy B § 1),

llockonsry npencranaenwa rpyon CONEPAAl B KOMOARTROM BHfle BCID MHGop-
MAIEK 00 AX CBOHCIBAX, OHE CoyAaT BANCHEM UHCTP YMEHTOM BCCAET0RAIRS
CEOHCTB CHMMETPHYHHY OHANTECKUX CHOTOM: 4TOMOR, MOMEKYN, KPRCTALIOB,
I DPOCTPAHCIE (UANIGCREY BeXHUMN RAK OPE KIACCHRECKOM, T2K I IpH KBAH1 (-
BOMEXANUYLCKOM DACCMOTPONHAR, |pm 5TomM 0KAZNBACTCA BOIMOR HAIA aHAMRAAPA-
RATh He TOIRKC (CTATHTEORYIN CHMMETDEI) 31MX CHCTEM WIN NPOCTPAHCIE, OO W
HCCACAODATL BOIMOKIME HX HIMGHEARA R IEHAMUKE MM NP HAACHKOHRM BLCLI-

HAX Bospencrsud. B § i Mur coenmazeno pacemorpEM DpeICTORNENEA TOuewHb:
TPYLL CAMMATPHEE.



Tuner rpyna cammerprs M mexoropsie ux cpolicrna

OnnopoganeTh. HENAROPOIHOCTH W RHCKPETHUCTL NnpocTpancTen. I'pymnm
CHMMETDHH IIDOCTPAIICTE] MOKITO pASCHTE Ha THOL, KOTOpLe UUPCARIAIOTCA oo
OpMIHAKY OIHODOMHOCTH HIH {ICOIOOROAHGCTH HPOCTPAHCTER ¥ erQ LUAupPOoCT-
PAHCTE MEEEIISR [ asMEPHOCTR, T. ¢, IIOCROCTEH BIH MpAMEX B TReXMepHON ILpU-
CTPAHCTES,

[lonnarre aMAOPOIROCTE NPOCTPAHECTEA MUMOT GBITE CQOpMYAAPOBAHG IR
OEYX CAFTaeB - - GCCRODCEIONO HRTPEDHRHOLO OPOCTPAHCTEA O OOCKORCTHOG
AVCHDETHOrQ OPOCTRAHCTBE, LIpmmeparn wepRoro MOryYT COV/HETE UyCIUe VEKITH-
AGHD OPOCTDAHCTEO, AHHMIOTPUUHUY EPHCTAIIWIECKOS BellecTRO, PACCMATDHEIO-
MOEB C MARPOCROONYECKOH TOMKH IPeHUS HAK OTHODOLITIA CONOIMEASR cpena. [lpu-
MEDOM BTOPATO ARNAGTCA KPECTAINATSCKOE BEIIECTED, PACUMATDBEIAEMOE HA WWK-
POCKONATECHOM YPODIIE, — EM0 ATOMWULTEHYHOCTE: H BRI DAMKAETCH I¢UMETPHTECHHM
YCIOBHEM IMCKpPETHUUTH,

B ofonx caygasx B DpucrpuapuTEe BMOCTCS GCCKONETHOR MU0 CHAMMETPUIN O
PABHWYX APYT Opyry rowek. llo Benpephisiice IPOCTPALCTDO €CTH RORTHHYYM TOG -
KO TRERX TOUCK! BCE X0 TOYKW COMMETPWYHO paBnbl. B AUCKPOTHOM e NpOCTpa-
CIB H¢ B8 TOURM CHMMCTPHEYED DPABARI,

FeomeTpuyeckuil UOCTYIUT MEKPOOTIHOPOIN GETH {«[[WCKDATHOR OTHOPOTHOCTHY)
MOAeT DEITS CHOPMYTAPOBAM i1V IOOIAM OGPADDM:

a} CYMECTRYET MAD TAKOro IOCTOANEOIC paydyca B, 9Tg, I'me 61 ero HA Bhi-
DpaTk, BUYTPA Derc HEHIETER TouKa X', CHMMETPHEHO pasuax Ao, Haoepen
FANAHACH TWIKC ODGCTPACTDA X (DHOPAIHOCTE)

0] B HpoclpamcIBe ©CTh TAKHEE TOUKH (OO0 Kpamined MEPE OIHA TOYKA x), ITC
DOKDYI HEX B IDape pagEyca ;7 HeT HE OOBOH CHMMCTPRIHO DPABANE MM TOUKY

(nEcupeTROCTR).
TpeGobamee «ay 0BHAYALT, 970 £CTh OMepanea g [x] = x°, ¥IUHJeTEDDADIAH

YCH0oBMl CHMMUTDER & (N} —= & (x') (1), (2), mpuiem
|T — (' — x| << R, (52



Hlap oguopomuoeTy (a)
# mAp ZuCHpLTHOGTR (6)

6

Toe T — HPOMBBOIBERE ReRTOD (pHC. | @) OH MOMET ORTH PABERIM HYJIK HAH
GeCKOHETHO MAJNM, WIH CKOJAb Yromav OoabHM H KaK YIOZHO HAROpaBICHHEHM.
JTocKONLEY CHMMOTPHTHO PAaREHX ToUeK GeCROHEUHOE MAOMECTRO, TO M ONEDALM
g GECKOHETROA MHOMOCTEC, H H09TOMY G ¢ eCTh IpyNIa GecKOHRYHOr0 MOpAN-
ku. Ilpu T0M cornacao ofmenmy ounpegeneunsn caxmerpar (1), (2) rampgan onepa-
LU g, TOPOBOAAMAA EORKDOTHYI0 TOURY X B X, NEDeBONAT M 106YH APYTYH
TOUKY OPOCTPAHCTBA B €fl CHMMETPUIEYI0, T. ¢. UPEUlDASYET HCE NPUCTZHCIRO
B cebd,



TpeboBanre ¢6» 3aUNCHBASTCH KAK
|x — x"| =T r, (0d)

rne X — HEKOTOPAs ToIKa, & X He RERONATCA H4 X HHKAKOM omepalnen
g &= (7 {pmc. 34, 6).

(J0a TpefoBaBEA AMecT? MOIYT (WThH nepeilopMyupOBAHE B JO-RHOMY — KaK
TpeOoBAEAe KOHETIOCTH DYIIaMCcuTanEHOE (HesammemmoRr) obxactn, Tawas 00-
J4CTh OOpPRTONARTER KiK COUTUHLIAY W3 CHMMETPUYRO He DABHAIX APYT AP¥TY TO-
qer (ear, § &), Torga ¢6 xomeTHOCTE — oA HE GeCROHOTHO Mana — cfecmeunza-
eT BHINOIHEHAE yeuapBua «w. () gpyroi cropoEs, oHa Be OecKOHEIHO BEINKA, H,
aDadNT, DU ¢¢ ¢CTH TOTKH, CHMMOTDHIHO PABHES TOYKAM, HAXOJAIMMCH BHYTpU
ONTACTH [YUIOBUE €ad).

[Tocroarry BHYTPH 1Iapa I C IEHTPOM B TOYKD X HET CHMMETDAMHD DABHREY
el TUMEH, 10 BCerIa

R > ri2. | (04)

Ecan paare 00y TouKy, 10 B mape M, KACAOIUIEMCA TOU TOUKE, eCTh PABHAA
£l TOIKA, B OO3TOMY PACCTOAHHE ¢ MEANY OEMAAMAME PABHHME TOYIHAMA

4 2R, (03)

CiegoRarenpie, Jwlne paBAEMe TOYKH MOAHAO COCHEHHTD JNoMaHOB JHBEREH ¢
BeDINAHAME T PARERX TOUKAX, 3BeHbH KDTOPOHX MeHEIle 2H.



Tamnt rpymr VAMMETDHE H WCPHOTHYHOCTH B Myy, Ongaopognue THCUKDaT-
HO& CHMMBTDHYK 08 NPOCTpARCTHD UOHCLIBABTCA (r, B)-yeannmay (92), (53) 3 rpy-
00K v, OnHako mMm oEA He BREUICIHIE, KaKue AMeHNo OICpanum g; = G 17ecs.
BOBMOMHN ¥ KIKHO W3 mmy 00a3aTRIRHE,

- Hcmo, 110 HagmpIe 'PAHCIATEE COBMECTHMO ¢ (r, R)-yezongey. Hocraroano,
TT00K Banfonnmag TpAnCaATEA u; HHna Mearme 24 (29). Onmaxo, xar YBH-
AIM HBKC, o0a3atexsko H oBparnoe: 1 I'pymme G 1pa (r, R)-yeropng BCerjla Co-
ACDHETCH NOArpYyOma meperocos T

Gy DT (36)

™ 9T0 TAK WA3hBaeMad Teopema Wendmuca,
B nenpeprnenon ORROPOATIOM TpoCTPaHCTBe YexopE) (92), (23) nepexogar B

R0, re ) (57)

~ QyanamMeRTansnan ofzacrs CPHINBAETCH B touky. Ilojrpyums IHCRPETHEX
UADLIICNBENX Heper0coB (36) IDEBpamaercs B HempepupaEy rpyony fecxo-
HOTRG MANNY HEpeRccos Ty (1 - (). 1. e. Bee 109y HEL)ePHBHOTO OIHOBOIG-
IO OpOCTDRECTBA TpuMCIANAORHG PABEM Ipyr ipyTy. Kak u B cnygae JIACE POT-
HOTO IpucTpancTea, rpyoma & = 7, womer COREPIKATD B MHK® 0D ANEH cH MMpT-

PAR, B TOM WmCne B mpocTpamerme M > 2 WavepeREi — Seexonewmo MdTEe
LOBODOTH,



Ounoponsce npocrpamerne mmeer AHCKDETHEI® BIH GRECKOMOIHO MOTLie nene-
HOCH BO BC6X CBUMX M HEMEpEHHAX. Boamouwawr erywan, Horgda UpoCTpaHCTRO Ire-
ONHEOPOSTHO, Ho B DOANPOCTPARCTERE £ (< m) ern MSMEDSHRE YEnOBIe 0IHOpOgHOC-
TH BRUOTHACTCH {upn i = 2 aap 1 [MAPH, YOOMUHAGMEIC I DOCTYmaTe MEEDOO-
HOpUOHGCTH {02), (53), aaMeraloTes COUTRETCTBOHHO I KpYru 1 vipeaku}, Eenn
UPOCTPANCTRO He AMeer OXHOp GAHFX HUANROCTPAReTs (= 0), To olio moaHOrILIo
HCODHOPONHEG.

CNoTReTCTBYIDOIRS 9THM CAYMUHEM TAOM I'PymT cuMMeTpHi Oyney obozpaqary |
Gay it 3> 0, QOREMAOTE OO 3TRM, BCIH DT0 CHENATLHO Ho GroBopeHn, qMCKpeT- |

SRIE TPYLIEL, T. C. NOPHONWIALIE B 7 HOMepermax. Ty o0pazom, B TpexmepHOy )
TPOCTRAKCTEE &7 — DIO HPOCTPAHCTRENTEL TPYNOK CAMMETPUE, (73 — rak ma- |

*LDAGMEI® IpYIMG CXOCD, &Y — rpyum CTCDiEeR w G — Tomevupre rpynum. |
{oHe9uKEe (B0 BrEY BIMEPRHEAX) PETYPLI B TPEXMEPHUM ODOCTHAHCTRe, T, o, gu- |
¥PH, SdHEMANMAR TOTBKO TACTD IPOCTPALCTBA, TeM CAMKIY HeCUBMECTHAMLL

' YOAOBACM OINODOIMOCTH M, CremonaTenbHo, CUHUBIBAKOTCH TIpymoamy b 7

—_—

AHATOTRYHO rpynny G UPRETOANM f1A onmeanms Guryp, Geckoneung npoT-

HOHNNX B OTUOM B Komeumsx 2 auyy HAOPABASHIAY, 8 (3 — ;14 daryp, Geo-
ROBETIO Opornmenmyy 3 ABYX M KOHEYHEIX B omon Hannakierny, Kog wn gy

. J
AHM HHRe, B rpyNOax G2 oeraercs WHBADMAHTHOR, HepexomnT B cofy IPW Heoy
Opeotpasoramnuy CHMMOTPHY, o seRLag MODC OmHa ocafiag OITOCKOCTR: &

.rl ]

MEDHOM npocTpancrpe

2

POMOKEN TpyiIN Gy, ¢ (2 OIHOMEDHOM - - G iy 6L
I[IHI AAIBHEEIHOTO hacemarmamme was- ..



Lenw rpyuna qroaenmnd UANATAST OmepaATIEIIAmE BTODUTC D, 7o oury HAJLI-
DOETTR FRYNMUOE Broporo Poda G eeorn FPYULE COLEDMBAT YuThEA Ol AT
TMRPFAOI0 NOAA, TO OHD HRIEIRACTCR TR ¥Turol mapaoro poxs 1,

Copasemonnog CIHEMN Y OIES . WA I T rpyana & afimsarentro CONEPHAT ooT-
IPY¥OOY uoeX Coouy RAREAeHUN, o ToM Tucge oI0 IOOTpyOOy (1

ol — 7L I — L A ) (3)

AdafcTerTeanme, &1 COCTOAT TIWILX (G Ira ~HBAMeHNR, Boanan rpymng GIL COlfe DR RT
H CIPPAOuY OeBBOTO proga &' (ro MeRnmed MOpo £ = gl 1o MoryT GrTh 7 AP ¥THE®

£'). Torpaa, cocyamnmn TECTATLY YMROGOERA ny 01 — foomy .. o csro BN N |
¢ yuetom (17), (190, (209, LIO0 yaa esp
e} P g
& S L (50
e e Bkl o EET TR DESMAIR P — L,
Lo b gl

My pugme, 1o Bro & GOpaa vy rpyony <. B qonoum ROPXAEM KRALp4TE

ICTEMTEN  ToXTko FEIVABTATH uX RBAMMOeHIC N T MERITY coibolf: {...g}...}.
IT IT

FXeMBRTE gy e OOpH g VT CPYW, Tar cox oy UPONRBRLAEEHA g5 gir ==
T
e {l - -gﬂ & .} e SI. a

Gl — ponrpyoma 61 MERCHCA 2, TaK kam mamnod amepauEn g == (G orBe-

HHET ouepanuy gl = glgll

lawam ofipuzom, wz (38) ensiyer, TR, TUH TOTO 2robLr OMPETENHTE, OOTA -
OT AW 19 Brw nmas rpyoga MOATOYNHOE Wepenocor, Rocraroaug BHACHHETE, ITO

B HOATpVIIna ARMEeNHE concpnT HOLITD¥AUY Mepeuocon:

s 0 Y,



BaHEM DagHeAeHUeN KpPHCTALIOTPAQHILCKHX TPyuL K apameics paafie-
Teve T4 coMb curofuii. D ocHoBe ATOTO PABNCAEHIA JeHHT IpHIHAK TOTET-
o CHVMTPIN UPOCTPAHCTRHHON PEMETRE KPHCTA.LIL, KOTOPAA mpoRRTAGTCA
b CHMMETpHN 9JeMEHTADHOTO MAPALICNCHNIEAd I BEPAKACTCA B onpeaeaen-
HHX COUTHOWEHHAX M&KAY ero mepmojayi m yraam. Paspenerme rpyon K
[0 3T0MY 1 pU3EAKY YAPAKTEHAYETCA TEM, Y10 PaccMaTpuBaeMAd CHAMMETPHA =
KpHCTA/IOr pAIecKas, OUPEACIAGMAN HALNTHEN ¥ KPHETALIOB MPOCTPEHCT-
pounoit pemerkn. Hmwe, n § 8, Mbr Gysen DonpoGHO paccMATPHEATH CHANETPUE
PEMETKH H PASJEnemne HA CHHIUHIM, & cefrgac WX TOJALKO OXapaKTepuiyeM.

XapakrepHcTHRE CHOTOHRE W pacmpejleenue 10 HHM TPyLl K nansl B
yabx. 3n 5. B caydae TpHEANKEO CHRTOHI BCe MEPHOME Ne paBlbl APYT APYTY:
a == B = ¢, i YOIH MeKAY ocadn o 7= B 7= ¥ TAKIKE OTAHTATCR APYT OT Apyra:
B pucmedi, xybmvcckoil cuEronnn a =b=¢, 4= f =y = 90°, Ocraxnmne
CNYYAR — TERCATOHAIBHOR, TPETONATRHON (00 HAghiBa H M 10MG0PHIECRO),
TeTPATOHaTLEOH, pomOHIecKON o NOROKIHNHON CHErOHRE — TPOMERYTOTHEE
§ YaPARTEpHAYWICH 3HATCHHAMN BCEX NI BEROTUPWY YTIO0B 90° (naw 60°) m
PABGHCTHOM BCEX N HEKOTODHIX HEPHONOB MEKAY cohoH.

wr B cen dasmekiars R e T
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[pyuns K — 2710 TPYTIE CHMMETPIE pHemEeit Gopysl (Orpailk) KpHCTHL-
205, Oy, & 35a%0T B CHATORNE KPUCTAIIVE, MOTYT OWTE HAIIEHL HT HEMEPEHT
premmell Gopub; KOFEUNO, OT0 MOKHU C1e1aTh 1 pen-rreuﬂrpmhmecm!. Bce
rpynns K, npurajiesane g guHOH CHETOHI, FRIMIOTEA MOATPYULK BhIC-
meil TPYINH, XAPAKTEPHIYOMENl CHErOHI0. Taras rpynma HABbIBAEICH TOID-
aAPIIECKOT — B0 MA3DAKIE LIPUHCXOAT H3 PACCMOTPENHA U1 PaHKH KpHCTAl-
aon (e va. I11, § 1) & osmadaer «nonmOTDAHIUASAD.

Trupusile [PYIUb CAMMETPHD ONNCHBAKT HE TOJBKO BHEUTHIVD Bopuy
KPHCTALI0D, N0 W HX CBOficrea, [1A TAHHOTD RPHCTAIAA TOUCARNE TPy
OPDATIKE i PAGANLUIX CBOMCTE MOTYT (HTL PAGHEIM, HO OHIN CRASAHH MEIRTY
cololt Taxp 00pasow, wro BeR ABARITCA MOACPYULOH TpeIETRAON I‘]E}"D'H_[ﬂ
IAUHOTU vemelicTBa M caMa 57A MPEIEIBHAA IPYHIA MOAET OMACHBATE LHIHHE:
mmbyse ceofictsa, a rpynma K prcmaed (ops ABIS€TCH HA NI AIe B 410l
cosokynEocTn. Takoe MPOARICHNC PAsHoll, HO EﬂHﬂII'IHI'tHHHHﬁ TD‘]E‘llI-lUﬂ CHM=
MeTpEE KpHCTALIA B DAATHTHHX ery (usiteckHX CROHCTDAX HASHESIT npi-
RIEON MAKCHMATRAOH 1 MITHHMATBHOE CHMMETpHI (B T, 1)

Tr it e mersa = aEAmWATEITIATE TonnEE  THUTI



6.6. IMpegcrasieuus TOUCHHBIN TPy K. B § 3 wu BRACHIIH, 9T0 [PyNMAa
( yomer GHTH IPEICTARIEHA U30MOPPHOI CH (28) mam romomopdmoi eir (31)
rpynmod H, a1eMenTH RoTopoil MOTYT GHTL THCTAMH, MATpENAuMH H T. I

Toumoe (waovoproe) IpeaCTaRIeHEC IPYIN K nawor sarpms D(g) (6)
ppeo0pasnRARNE KOOPAHHAT, cOOTBETCTEVOIUE JTaWH0l oNepalul g & K.
COROKYIHOCTD TAKHX MaTpHIL ofpasyer TOWHOE RRKTOPHOE IpENCTasdeHue (pas-
MepHOCTH ) [‘lJDTBﬁIETEFIﬂ[H.ﬂf[ rpyome, tahanna VMHOKEHHA STHX MaTpHL
{0 OpaBw/iaM MaTPAYHOrD YMHOHEHMS (45) cooTsercTByeT TA0ANNE YMHOREIES
aieverToB gi. (Marpmme mOPOAIAIONHY omepanuii fasm B 1aba. 93.)

anpasep, Axa rpymst K = 2/m BEKTUPHOE OPEACTABICHIO D upu cne-
maapoN Bubope oced Xy, Xo, X, (raGa. O) mueer BAf:

2im ={ 1 2 [, m L, (76)
| { 0Qpg—1t OO0 -1{ ¢ O0f 1t 0 O

D (2/m) = .D 1 O} 0o —1 0f,§ 0 —1 0 'ID 1 oy, (77
00 1 o 01 0 0 —1§ {00 —1



Herpypuo yOepurses, wto, manpmuep, ymmomenmio 21 = m orsevaer ywwo-
/EeHITe COOTBeTCTBVIOMMX Marpum ma (77).
Ha taxoro poma mextopmsix mpencrariemwii rpymm K, eemn uepeiitn &

Apyran oprorouaasumy oesy X, Xz, X3 ¢ momomsn meocoBewmoro npe-
00pasopanus S, MOKHO TOXYYNTh APYIHe AIKBNBAIEHTHHE TpelCT4BIeHI Toil
we rpynmu D*(g) = SD(g)S-'. Ho pan srex sKBHBATEHTHHX DpelcTapaenmi
COXPAHRLTCS CTef MATpUUW — XapakTep npeferasienna y(g) (51).

Tax, xapaxrepm snementos 7 (¢) rpyumnu 2/m Bo Beex REKTOPHNX OpTOTO-
HAILHO-OKBHDAJICATHHX npelcTanaeHnax /) (fr) pasaw

HE’]“—'{XUJ=3+ 1{2)=_Ii I{I}Zhgr K(m)zi}' [78)

Ha sexropamx npencrasaenmi rpynn K no onpegenennny NPABHIAM MOFEHO
OOMYINTh TEHSOPHHE UPEACTABACHNA cTeneAn 37, . . ., 3°, 910 paskno mte ana-
An3a (E3KMECKHX CBOLCTE KPHCTAN/I0B, ONHCHBACMHX TEH30DAMH PAATHIHEIX
pautoe. Ilpn arom coorsereroynmue wartpmum DF, . . ., D HEPEMHOHATTCHA
00 TPABIIEM TEHAOPHOTO YMAOHEHRHA.



* Henpueodumbie npedcmassieHUsl.

C .ﬂp}’[ﬂﬁ CTOPOER, BEKTOPHLE NPEACTADICENH MOI'YT (BITE PATOHLCLLLE
i HEUPHBOTHMER COCTARTAWOIEG — ARATOHITLHLIC KEAIpATHHR MIORE Buga A
(48). Tak, gamaan ua VATpRTl RERTOPHOTO mpelctasaesns 0 (2/m) womer G
UPENCTEBIEER B BNJE WpAMOH CYNMM TPEX MATPHI, HampEMep,

]—I 0 0] |—10 1‘+| I 0ol 0D 0
ﬂ(ﬂlzl 0 —1 0]- 0 0 'IJ-;;"U — | n||;;_-,!r| T {79}
| [ i ||| ! b 0 0| ( () -ril 00 9 |

ﬂlnuuu:,mu TN BWpo#slenaRe & % 3 MaTPHIIH € OJHEM SHAYy MaTpid-
AEy demenrom [y 30 ofmosepanii KBaapatmwit 6ok, MOCTPOUM B4 OIHG-
MEPHHX (ARTHCIMMET]IHEY) upepcrusnenns Dy; () rpymoa 20m:

dm ={1, 2 L m},

DuCmy=(1, —1, —1, 1} = Du(2/m). (80

Dy (2im)=11, 1, =1, —{) (1)



b AR

(mEReKCH ii oTMewAKT NOSMIHIO MATpEIHOTO dxevenTa 1), (2) B packiemyeHmsx
o X 5 murpurax). Comocrasaga anewenram g = K wmeaa + 1, Kpome a7y
ABYX MOHTO MOCTPONTH eME MBA OJHOMEPHRIX NpPeACTABIEHUN: TPHRRATRAOE
EIIHITHOS (TOTHOCHMMETPHTHOE) DpefcTyBIcHTe

{l, 1, 1, 1) (82)
H 3HAKODEDeMeHHOE (INTHCHMMETPHYHOR)
{1, =1, 1, -1}, (83)

[ocaemmee ofpaayer npeserasmemme rpymust 2/m, Tar Kar 21 o (—1) (1) =
= (1)< m u 1. 1. Hrak, rpymm 2/m mieer Beero wermpe ogEoMepmX
UPE/ICTABICHNA, JAMOTHB, WTO 7R ONHOMEPHHX MaTPHI Cawma Marpuus U (g)
COBOAZAET C XapaKTepoM ¥ (Z) mpencTaBIemmA, 3auiieM pesyanTar B dopue



ta0rm AUPERTCPOD

L 2 1 m
nhitr 1+ 1 1
Bl =1 = (84)
|l =1 | =l
|l =1t =1 1

A71eCh B TIBPROE CTPORE RAMHCARK 37FMEATH TPYTOK; B DEPBOM CTolONe —
OTHOMEPHHE TPENCTARIRHHA, olo3navennte cHMBodaMi [;; B Kam1oll crpoke
['; — semmwnnn o (g) = D (g), cootrercrevmmue saexentay ¢ = K,



HeaskeuasneHmMHbIe
Hernpugoodumbie npedcmaeneHun

l'y — BeJIHUEHL Y |g) = L) (g), COOTBeTCTBYOIHEE adeMeHTaM § &= K

Ypceno HesKBHBAIGHTHRIX HEINPHBOIHMEX NPEACTABICHIH PABHO MHCIY Kaac-
¢0B compAmennnx saementon (36). Ilostomy B Tabammax xapakTepoB Henpu-
BOAHMBX mpeicraBilenuil rpyon A B mepBoil CTpoke NepedHCIANTCHA 00nYHO
JIEMEHTHE, CIPVULMPUBaHHBE B KJIACCH COOPHEKEHHHY 3IeMeEToB {zgal}.
Hzovopmnie rpymmat Ay «» Ay <> & pacmenisiorcd Ha oIHEAKOROR UHCTO

=

KIacCoB {7gz7'} B MOOTOMY HMEIT OJHHAKOBLIE HENPHEOIHMLIE IpeicTaBIeHHs
', 1 obmylo Talammy xapakrepok. Tax, B cHay mzoMopdmama rpynno 2/m <
«» 222 «» mm?2 (7aba. 6 u 7) pee oum MMCIOT CANY I TY ;e TaBDANIY XapakTepos
(84), Jlpyrue Basnme cBolicTBa HENPHBOIHMEX npeacTab enmii rpynn K TakopH:

1) pasmepsoctd n; Marpui 1—'Eﬂpmsu4mu.n upeacrasiesnid ' sapaAwTes

AeANTEeNAMH TopAdka rpynn G; ) cyMMa KDaJPATOB pPasMePHOCTEIl F N, paEHa

mopaky (3; 3) cpeym npencTaeaenmii I'; Boeraa aMeeTcs eTHAAYHOR I*,.
XapaxkTeps eIMHHYHOTO (TOMXIECTBEHHOTD) mpeodpaloBaHuf ; B JIWDOM

['; papHE pasMepHOCTH 1y HpefiCTaBIeHIA [';. Boamoskueie 3HaveHnA Xapakre-

pOD % OHOMCPHLIX P, nerasacnmir 1 rpyIm K cacayor B3 oopeesomEx

cootHomennil Taba, 7 suga A™ = e, n =1, 2, 3, 4, 6, 1ua mukanveckux rpynn
(nourpyun) opm yeaosmu € — 1. Jro gaer y" = 1, orkyaa ¥ = exp (— 2ni/n),



Tawms ofpaaoM, DOIMOIKIOL  cXenyiomme  Xapaktepw: 1, i, & =
= exp (— 2ai/3), o = exp (—2ni#/6). [leiicTsuTeapuue 3 — --1 onncupsanT onepa-
gen m, 2, |, KOMIDIEKCHBE — HOBUPOTH: E COUTEETCTHVET HOBOPOTHOE ocu 3,
i— 4 @ — 6. I raba. 8 xapaxTepn j (g) HenpHBOAMMLIX NPeACTaBICHIT [aHb
nag 11 rpymm KT (uepporo pona). ITHME He XADAKTEPAME 00JATA0T W H30-
Mopduse myM rpynou A1 (eroporo poxa) (em. taGa, 7), xoropux cme 14, 7. e.
peero 25, Talanust XdpaKIepoB OCTABIIMXCH CEMH I'p VIl OUPEABARIOTCH TeM,
UTO 9T TPYIIE — IPAMBIE npunase:enuﬂ rpynn K wrpymmu { (em. radn. 5):
mmm = 222 @ 1, 4m = 4@ bm=6x1, m3=23@1, 4/mmm =
=422 ® 1, 6/mmm = 622 @ 1, mim — 432 -::51 1. Ecan rpynma C= Gy @ Gy,

T0, KaK MOEHO DOKasulb, €@ Taﬁmmu NHPAKTEPUE BHYHCARIOTCA 10 QopMy.ie

IS = i, (85)

r1e p, py M P, — KIACCL Comp/ikeHHEX saementos B G — Gy ® Gy, G, m G

ﬂi — Xxapakrep saementa g&pp B [ ;-M mpencrarmenwn rpyomw G (B =1, 2).
J‘-

Tafauma e XapakTepoR Tpymme 1 Takas ke, kak rpymmu 2 (em. Tada. 8).
Takum obpasgoM, URCT0 HEOPHBOAEMEYX TIPEICTARIEHNT BeeX OCTABHIAXCA TPynm
ara K1 @ 1 Basoe Goabme umcaa rpynn A (mam By #aoMopdHEX), HpEBELCH-
mix 3 rafmd. 8.

B Goames moammx Tabammax OpeacTaBIeHEE YRaIHBAKWT TaKMKE, OO0 KakmM
OPEICTABTEHNAM TOM MJIN HHOE rpynns mpeolipasynorcs KoopaumaTsl hYHKIHHE
COOTRETCTRYIOME CHMMETH.



34 AL REELI VT R bl L e S .

6.7. Mpegerantemma Tpyun it eobersenuie pynkpm, PaceMorpiy B e
T60TB0 NpEMepA OMACAEEE COCTOAHEH (QuanyeCckOl CHCTEMH D KBAHTOBUM M-
capmie, Onm XapaxrepEsyores Co0CTBEHHEMM DymxmuAMH, ABAAIQMEMICH
PemeRIAME VPOBHEHiA [[Ipequurepa. Eern QUINTECKAR CHUTEMA 001a7aT CBOI-
CrBAMI CAMMTDH, TO COOTBETCTBYmmEe YDaBaelno [pemmurepa Oyner HE-
BapHasTHO K TPe0GDASODANIAM CHMMETDHH £ = (; TPYONE ATOH CHCTENH.
3mamgr, mpu ATAX g; BOTHODAA (YHKLEA, OTBETANMAI OUPCICTEREOMY 3Ha-
qe[{HI0 JNCPIHH, Depeiiier B HeROTOPYI0 APYIYH U1 TOTO e YPOBAA DEGPIEL
Henonrayd B A7eMEHTS TPYIMH, FAWICM HEROTOPOC qHe0 JTHEEHTHG-T03-
BHCHMBY OYRRIEE Wy, .« Yy, KOTOpHE TPI mpeofpasoBARMAX CHMMATDAH
TimelEo ceasaNm APy ¢ APYTOM, Ramibi dmeMeRT g G MOKHO LOITONY
PACCMATPHBATL KK OTEPATOP g, HEpEBﬂﬂﬂmnﬁ L]Jj’ﬂﬁmm e B THNGHAYI KOM-
Gomemmn GyEKmEE W, .. - Py

H
g = N ke (36)
(=1

——————————



1
; o B
= 2'1, 1Y e (86)
=
g0 CTATATE EOPMHDOBAHHFNA H OpTOFGs

Bomosne HVEKIMH BCErda MO
. opmaTaeT C KBAHTOBOMeXaHITECKMM WOA-

MAABHAMI, 1 TOIAA MATpLd (i) ©
THEM MATPHIH (MEpatopa:

B = g frghdy.

JerK0 BIE1PTH, TO TPOUBBEIRHED JIBYY AICMEHIOB rpynm) gheoorner-
CTRYRT MATpUIG, TOTYIEHNAA WA MATPHL (g1), (hyy) m0 0'HAA PABAIN Y-
OEeHpA MeTpmm. LoEmM ofipasoM, 9TH MATPALK 00pasywT MpeneTasieiie
rpymna, QyUKEER Py, . - - Ppy © HOMOMBR KOTOPHT MOCTPORHH MATPHIE 1T

(81

Temeps



efHoTD NpeJCTARICHAS, HAIRBAKT [!l}’HHlLIrLHMH (a3nca HPeICTARTEHHA, 4 WX
qea0 COBMANART ¢ pasMepuueThi) upejctanienmd. [lam opromnpuMmpoBaEHEHX
gyExmuil Gasmea 7THReiiHoe mpefcTaBaenAe OyIeT YEETAPHHM.

Fenw mopBeprayTh 0pTOROPMEpOBARENE DYNKIEN (aJuca YUETAPHOMY mpe-
g6pasopammI0 S, T0 MOTYIEM HOBYIO emereMy dymkimil, Kotopme Tome GyayT
OPTONOPMEDOBANTLME 1 ONPONeIAT HOBoe HpejlcTaBleHie TOf iKe IPYOING.
MarpEns oneparopoB TPYOOH CHMMETpHI OYAYT LDH JT0M AKBHBATCHTHE § =
= 387,

[Ipepctanienme TPYNUH CHMMETPHIL, KOTOPOE OCYMCCTBAAIOT dymiamm 0i-
3H0A, ABNACTCH HEMPHBOTHMAM (BCTH TOJALKO ITOMY HE MPMAWT CHENEANLHDIE
IDEYANH), ITEM TPCACTABICHEEN 23/1a107CS BC@ CBOMCTBA CHMMETPUN COCTOARMA
00 OTEOWRHN0 K DasANuHLM NpeolpasoBaHHAM CHMMETHN. Teopma Tpymm
I0ATOMY NO3FOANET LOAYSNIE BAAKHHE PeayAsTaTh IA (UANIECKON CHCTEMM
6es nommoro pemerns yparrenna [lpermmrepa. Hampmmep, ana emcreMs!, no-
WRMPRHOI B0 BHEIIHE® 11016 0NPEIeIeHH0N CHMMETPHH, 114 0CHOBe PACCMOTPEHA
OPEICTABIEHAN MO/KEO TANTH PACHPOIEHAE XapakTeDHIVIOMHEX ee ypoBHei
YHEpIIH,



Ou4eHb YacTo CBOWCTBA KpucTarnna 3aBUCAT OT KpucTannorpaduyeckmnx
HanpaBneHumn

0T, i TAKQA JARMCHMOCTh HOGHBICTCA RHUOMPOnues, Bee RPHCTATIH B OTHOME-
HEN X074 OH HeKOTODHX CBOHX CBOHCIB O0HBATSNEID AHHAUTPULHE,

AHEZOTPOMER NPOABIABTCA Yike BO BHEEMEEH QopMe MEOTHX KPHCTAINI0B,
HENJEMEp B HX YMIHHERHOCTH HIH uxacthnsatord, OHA BATJARJHO WhBIRETCH
B MEXAHHYECKHX CBONCTBAX, HATPHMED B CHAMEOCTH — ¢LOCOOROCTH HEKOTOPHX
KPACTAINOD ACTRO PACKAILBATLCA BJOJL ONpeneTeREX maockocred. ledopua-
NEA KPECTAINOE Takke CYMPCTBERRO daBucHt 0T mampasacums (pwe. 7, 0).

B cooTBETCTBEN ¢ DDHENNNON MAKDOCKONYECKOI 0mHOPoTROCTH (1) Mbl Moe
OTHECTH CBOHCTBO F K TPOM3BOILEOH TOYKE. BHﬁpaH TeIeNh BexoTOpoe (Mmofioe)
Ha9al0 KOOPIMHAT, dHH30TPONHK B ﬂ[}uﬂ'l{-luﬂlﬁm Gayuie MOMHO OLMCHTb KiK
OPHEHTAIMOREYY) SABECHMOCTD CBoficrBa F, 1. €, 3aBECHMOCTH €ro 0T HANDARIe-
dnt 1, 801k KOTOPOI0 OUPEReancTeA enofieTno:

Fm)# F () 2)



OfEvHLM DpEEMOM DPE H3YYEHNH aHH30TPOLEN CBOHCTR KPHCTANI0B ABIAET-
0f BHpeJAHHE H3 HHX PA3IHTHO OPHERTAPODAHERX 00pasmop, ckameM Gpycros,
TAPAINeNEAEX H3VIAMOMY HATIPABACHEIO 1, HNH NIACTHHOK, DePOEH MKy AAPHEY
EMY, B HBMEDEHHE ﬂEﬂﬁE-TEI BIOJE 3700 HAODABNCHHEA.

Harmgnoo onmcamse aum20TDONEE HEKOTOPHX CBONCTE JIR€T NOCTDOCHES
YERIHTRILIX MoRepxuocteii (pue. 8, Y), PEINUHEA DATHYC-BEKTOPA KOTODHX
COUTHETCTRYET BHAYMEIHID HaMepAeMoro crojfierna £, HaMenenne /' B 3aBECEMOCTH 0T
CKAMAPHRLX, HANPUME]D TEPMOJIFRIMAURLEAX, TADAMCTPOR TIPH OTOM MOGRET OLITR
OPENCTABNEHO CEMEHCTBOM TAKHX LOBEPXLOCTCH JLIH PHITbEX AUBYEURE OTHY
napaMeTpoB. MomHO HeedegoBarh aHMAUTPOIMN CHORCTE T[N Pasiiasaro [
BHEMHNX BOAONCTENAN, HADDAMEP UPH PACTATHBANIICM HilDIKCHIH, M0N0
HIN 3MEKTPHYECKOrO IOJIA, BHACHATD 3ABHCAMOCTE 0T BO3JEHCTERE TAKNX CBOUCTE,
KaK HeGOpMAINA, NOTAPH3AIEA | T. I.

Oruermy, 470 AEH30TPONNA CBOMCTREERHA HE ToabKo KpmCTazxaM, Oma coxpa-
FAAETCA B KDHCTA/MNMYECKEX TERCTYPAX, MPUCYMA RWJKNM KPHCTATNEM, DpHpOj-
HHM 0 CHETETHYUECKHM NOTEMEDHLM BEMECTBAM, AHN30TPONHA STHX BemECTH,



'pynnbl cMnMMeTpUM.

7. Tpymmr cnverpmn G5, Gi, G, G

Crpoesze KpHCTA/JNURCKOTD REMECTBA ONHCHDACTCA (CIOPOBCKIMI TPYIIAMI
@ =G, Paccuotpmpaesme cefimac rpymmw G, G, Gi, Gi, copepiampue
TDAHCASINMN, TaK:Ke LPEJCTABAAIT MHTEPEC [UIA KPHCTAIAOTDAQWA, TAR RAK
cpef BHMX ecTh Mojrpynma dexopopckax rpyom @ = Gy, 31 TpYIIN muewT
B (0608 CAMOCTOATEABHOE SHaueHHe, BUBOJAMeE HX 3a [paMKH CODCTBEHHO
KpUcTa1a0rpadum.

7. Tpymose cnvverpin Gopmopop &1 9ru meysepuse rpynne 6, 5 T, S ¢
CONEpRAT TPANCAANMO [ B 0HOM, 0coDEHHOM HAUPABICHHH JBYMEPHOro mpo-
crpancTBa. (G BeKTEL, QLICHBACMbIe HMH,— 3TO TH0HE O HOMEPHO-IEPHO ITTRCKE
dyEKI N HB00pazKeRNA Fa NI0CKOCTH THmA GopampoR (pHC. T5; oM. TAKwe
DRC. 33, €, 2, 36). B MY ROAMOKEH TI0CKOCTH (IHNEE CHMMETDHH) 7, Napad-
JBTEHNE TIH TEPUeHmKYJIAPHEe TPAHCAAIMAM, DI0CKOCTh CKOAB3AIETD 0T-
DOMCHES @, OCH (HOBOPOTHLE TOTKH) 2. JTH [PyNIH Bee KPHCTATIOTPAQHIECKHe,
EX cexs (pme. 74).



7.2. Mpoexme jpakgm mepnommveckne rpynnat G, 910 TPYOOE  BIPLIOT
B RPRCTAAIOPADIE OOALIIYI POIb, TAK KAK ABTIKTCA IBVMEPHEEM AHAIONUM

mpocTpaHCTEERAEY pyun (3. OHN ONECHBANT J100HE N)OSKIHH KPHCTANITH-
YeCKEX CTPYRTYp ¥ Jw0be HX O70CKEEE TRYMEDHKE CAYPANA, B TACTHOCTH IDY
MEPHbE CEUCHNA DaCTIPERTENTA ATERTPORHOH TINTHOCTH, H HEROTOpLIC 1DYIHe
(yERIEY, TPAMERAMMNECH B KPHCTATIONPA(HE. JTH rpymmu umewt Ouibiioe
BUANCING B DPBKIAIHOM HCKYCCTBE, TOCKOALKY DTPHHKANT CHMMET PHID PHCYHKOB
ma TRanAx, ofosx m T. m. (em. pue, 19).

M 3maem, 9to monas Takas rpymma Gz O Ta= f,fs CONCPIRET DOATPYIITY
JRYVMEPRHY TIRPEROCOR, KOHEYHEX NPH BEUOTTIENHE YCA0BMA THCKPeTHOCTH (J3).

PaccMOTPEM TIDOHIBOALIYK IA0CKYW cerky (pue. 72). llapamxmerorpamy,
NOCTPOEHHE Ha ABYX HEKOJJUHEAPHMX BEKTUpaX, HCXOIANINX N3 OHOLO Y3714,
ABlHeTcH aneMenTapHol Aveikom. Ha pme, 75,0 mcEo, ®To TaKOH mapaiieno-
TPEMM MOKHO BHOpATh OPCKONESHEM YHCAOM €MiCONOR, MPH KOTOPHX INYTPH
Eero He HYIET WW OTHOH TOWKN, TPAECJARIHOHHO DPABHOH BCDIHENOM, T. €. HHE
AMOTO flomoAnuTeIRIOT0 Yana, [l1omanm Beex TAREX DapasaviolpaMMuB PABHLL

CaenpBatensro, rpynma T, Mosker xapakrepusosarses Ga3ncon — moGoil napoit



BERTOPOB, 00pasymmux eTAPOEH 3AEMEHTAPHOIO HAPALTETOTPAMMA. ['pymny
Ty cocrapnger feckomeynag COROKYIHOCTE TPRHCAHIMI

t=P1H‘1+F'.'H"." P P;[:'I]u iii _|_""-1 -|T"'l' [BE‘I}

Iae a;, 4, — OepHoIH, a rpynnoBol ONepaLNEN ABIRETCA DUEPALIA RRKTOPEOM
CIOMEHNA, (omocTabaawman amoi mape b,l; = T, rperui sextop

b+ ti=tiET, (59)

BROTA OHBPATOD TPAHCAAmm f, RAieM, 4To 100aA TOYRA X II0OCKOCTE DepeRo-
qarcs Mo0oH TPAHCAANEEE | B TPARCIANNOHEO PARAVED TOURY X'
tx] =x+1=x, (80)

4 CUBUKYIHOSTH BCEX TuWeK, BHBOTHMHX N3 awbofl scemm onepammsvm ¢ (30),
H E0TH OBCKOHEYHUH CETHA.



7.3. Iummapuseckne (coupa.ibubie) rpymnst G 3 rpymu 6] 5 T, = 4,
HeshHAEMBIE TAKHE [PYNIAME CTeDHASH, ONHCKBAIT TpexMe PHO® UPUCTPATCTBO
7 o0TeKTH B HEM, NEPHOJMYECKHE B OJHOM HANDABIeHEH. D10 MATpABIcHme
Ay Ha3uBalT OCODEHHEM, B ABYX ApYTEX mimepenunax X, X, mpoerpancrso,
OUHCHIHIEMO® JTHMH I'PYIIaMH, NEOZHOPOTHOE W, CIETORATENLHO, auepHEOTHHC-
CRoe. JTH TPYNON TPHTOJHE 18 ONHCAHEA TakKHX 0DBEKTOB, KOK CTEDIREN,
Oycw, JeHTH, BHHTH, JeCTHENH; 0C000€ HX 2Ha4eHHE COCTONT R BO3MOKHOCTH
OMHCAHHA CHHTETHUECKHX M LUPUPOAHHX HEMINY MOXEKYI — HOTHMEpPOE.
OnepanmaMe mepsoro poja, NMeDeMemMARIIEME NPOCTPAHCTEO Biuab orofoit
0CH, ARIARTCR, KPOME THCTHX TPAHCAAIMIE, eMe BHATOBKE UOBOPOTH, & BTODOrD
poja — ckoab3Amue orpazedad ¢. OUck ocoforo manpapienms SMTHHCTBEHHAH,

i M005e OLEPALIMN CHMMETPHN, HPHCYNIAC TPYINAM G}, ROMKHE COXpPAHATE
€2 TaROnON. JIeTRo TOHATH HOATOMY, 9TO B HEX eme BO3MO/EHH CODIATAIOMES
¢ ocoGoll ockR ocm N mam N mo0MX MOPANKOB, IAGCKOCTH M, TPOXOIAMEe
Heped 3TY OCh HAI NePHeHAHKYIAPHBE eil, # ocH 2, eff MepneEmKyaspHbe.
Bee upyrme m nmo gpyromy pacnoXoCTINWE GJEMEHTH CHMMeTPHE LOpOTAITA
(xf HORYW 0coOVE) OCh, UTO HEBO3MOMKHO,

Haapegpugeckne IPpyOOS MOKHO BWBECTH HECKOJLEEME TTYTAMI, Tax,
noa00HO TOMY K&K Mbl 3T0 Jedd/l 148 Ipynm G3. MOKED ofipasdoBath Doayupg-
MOE HNPOHIBEMENHD OATOMepHol TPAHCAAHOEHOM TPVIOH B TOYPYHEYX rpynm
(c oymnit raanwoil ockio awGoro mopanka) 7,s,G;. d1m (cmnmopdrrc) rpymom
BMECTE CO BCEMH CHOHMH HETPHBHATBHLIME (HeCHMMOP(HLMH) TOATPYIDAME —

AeNATEIAME COCTABJARIOT BCe Tpymme Gi. Herpusuaabsne ToATpYOOE MojHo
BOAYUHTE, YBedwuwsan Tpapcanuun ¢ = Ty n M pas w or0pan wacts onepi it



AapakTepHORE onepanmeil Jad aTHX Tpyvan ABIHCTCH CORPATBHOE .:M.IMEEEE
(BunTos0l moBopoT) Sy, UEO COCTOMT M3 3JeMeHTAPHOTO ODOBOPOTA U4 VEON & —
= 2n/M BoRpYr raapEel OCW ¢ ONHOBPEMEHHEM ¢aBHroM f, BIOTR ook, Beim-
upEa 1 Momer OuTh AOEM meanM wmcaom W = N, 9o COOTBETCTBYET WTcio-
HMCACHLOEY DRUTOBOE ocH V,, anGo apobEmy wacaom M — ply (pw g — menme),
Torga o = 2ag/p — amgma p-A wacth or ¢ uosvporos (pme. 80, a). [lepaoq
{ papen Ni, mwim pt,. 9T0 O3HaUAET, TTO NPR PANHONANLEOM BHHTOBOM CcMe-
Leuny  BOeran  CYMeCTBYET nepeHoc f. MucanMm Tawkike caywai, worga M
HPPaNHOHATLEC, I TOI[la He CYIMECTRYET HOTHIIOT0 uepenoca ¢ I COOTEeTeTs Yig-
Wero eMy unepuoga, HE EAyd9ail, Korga oo — 0, 4To oTeeYaeT ofm oo,

Cemeiierss rpyno G npencrasneEst B taba. Y. B Bepxmei CTPOKE CTOHT
MOPGEAAINES COMARCTRD TOMEYHMX TPYun, B Jesos cToalle — mopoikiwoman
OOEpANEA ¢ TPAHCAAOHOHHEOH KOMDOHeHTOIl.
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¢1yda6 Ha mopepimoctd imAwEnpa ¢ ockl N. Taxmw oGpasom, ori TpymTE
m3oMopbun pynuay Ipeoipaannania p cedA Kpyrobol HUIHEAPETECKON f0-
BEPXHOCTH (mogoluy TOMY E4E FPYRIN (z, RaoMODEHHEL mpeobpuasobaunin & el
cdiennt).

[ICT rpyuu ¢ N » 2, KoTopue conepHar &y, €, M, AeKaT 143 ORPYIKEOCTAL,
H TAKHE TPYIIH MOMKI0 FAARATh CONCTROHA) MILTHHAPHTECKUMY, WIH KPYTORKMN.
Nag rpyuu, cogepsamux s, M = plg, HCT aewar uu cunpaasx — 370 o~
CTEPHUD CHMPAJLITIE [PYIIAL,

Tpyuust, oGpegemirae & Tafia. J nyHRTHPEON Anuici, D8PBOTO Poia; 0feeKTH,
PERINVIOWKCCA B HIY, OHARTHOMODQHE. R Tamuy rpyimaM OTROCATCA MOZe-
Kyrs Ouonoaumepon — Oeakos, JHH. Bee octaxpmse rpymmu — BTOporo

pogs. Rpucranzorpadmmecrmx rpymn Gi 75. Gaeruwar caywaes rpymm s
ABIAIOTCH FPYILL OMETPHN TBYCTOPOREER IMOCKOLTH O 0ILNT (CGM HATIAB-
JEHNEM, ToK TaJupacyue rpymos caMserpun acur, Tagmx rpymm 3.

7.4. Tpymmnt eroes (3. Dro — TPy CHMMETPHE ITPEXMEDHUX IBAHTN
gepuojugeekuy odnerton. (RN ONECHBANT, HANDHMEp, LTPOCUHG CTENOR, Cé-
TOR, LIHH'E'.IE;I. ¢oT, a4 1A ATOMHO-MOIERYAEPHOM fPUHHE OT/eIBEHEE GO0, K-
TOPHLE MOZENO RUCTATS B CTPYRETYPE PAla EPHCTA/LA0B: CIONCTHY CHANKATAX
(pic. 84), rtpadurre (es. 7. 2, pre, 89, 6), u tuwwe B feferkax (e . 2,
puc. 101), paswEry MOROMONRRYISDHEX CIOAX M LICHKAY, (AOIOTHIRCKHY Med-
pauday, B CAOAY CMPRTHUECKAX JRMJIKMX KDHCTHIIOB i T. 1.



Cpyumu G = Ts cogepssat aee Tpancaamun. B gmorpernoi rpynne =
—t,, 4, TPOLUCIANNE ¢ OSPHOZAMEN &, s IEaT B ocobol maockoern X, ™
DOOAL HaopabieEEA X, nepnesasyiapmore Xy, X, ueproyFTHoSTE HET.

Heme, w10 noArPYLLaME TpyOD (33 akaawrca TRPYOOE G, 0 KOTOPLE n8p-
BHe ODPOCKTEPYIOTCA B1oab ocH X, lloaroMy Bce rpymou i EpHcTanToTpadm-
WECHIE, WX MOMHO DOJpASIeNETE Ha To A0 CMHrOHHN, KA B rpymmm Ga

BHEECTH Doe TPYIIL (53 MOMHO 00 HIRECTHOMY HaM MeTOmY. olpmsys noiy-
npaMiac TponsEefeERA Ty K u opHenTy pyH ST6MOTTH CEMMeTPER A Taw, uroln
LODOPOTI 4, 4 1 6 GLIH TOOREO ROKpY ! Ocel, UEPIENIREY/NpHES eCoGoi mroc-
HOCTH (IMIA9e ONH UMBEan (6 B3 Hee eUe TAKAO e MI0CKOCTH, 970 HeBoIMOoMTo].
Jrn (cmuMopfifnie) DPORIBETEANHE EMEOTE CO0 DCEMH X HeTPHBHAJRHLMA (HE-

l.'-mnhlt}niilHHHH:l MIFPVOANAMA B COCTABRJIMIOT BCE T'PYIOITKH 'I‘-‘HIIFJ &?. B amx pos-
HEKAWT opepanmnn, npeodpasyioline TOTRHE, JeEAilies no ony cTopory acoboR
pigeRocTH XNy X., T CAMMOTPDIUNO0 PABRHEER TOYKH, JE4IIHe OO0 ZPpYNTVE es
CTOPOHY # HH TOM ¢ DACCTOANEN OT Hee; B oToM caygae nlia NolyOpocTPausTes
(XN, > 08 X;= () cnMMeTpHETHO PAEER Apyr apyTy. CoorheTerd YIIINIMR 308-
MEHTHMH CHMMETPHH, JIC:HAIINMH BCErIa B o0000R TAGCKOCTHE, MOTYT GuTe OCH
2w 2, NAOCROCTE CKOALMEHAA a, b u n. Jlpyrue ouepaman Te e, 970 B MpyOHax
G2, OHN TE MEHHIT HOOPUMHATH 2y

Bee 50 rpyom caoer Hsobpamsessl Ha pac. 80 ¢ DOMOIEW acHMMET PHYHOH
duryprEn — TPEYTOARENRA, TAM #F TPHESIEHE X MEHIIYHA PO bIe ofnamatean,
[Ian sEAeIeEEA BepxHeil H HMHeTl eTopon TPEVTOILEHEA O/HA M3 Hux (IYCeTh
aTo GYIET HHMHAH) oxXpAamens B 4epHed] nper, apyram (BepxHsas) — B Denwd.
Opu Taxus OGUEPSETIAY, MERSOMNX TPETER ROOPOIHEATY, TPEeYTOTLENE®, Ro-
FHAMAE HA KAKOH YIOJHCG BRCOTE I, OCPCBOPATHBANTCA, YBpHEE CTOPOHE IE-
pexonAaT E GemRe W HaohopoT, I, OEpEXOINT B —Ty Eeam mioeraetek X, X,
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O VIO CIEOCTH SSpHamLENGIG FTPEESETsE .. T TREN IO LIART pac e (iREE Rl 4B ¥
o CPTOOM I eEna AT B e TR TorTa Gt oboams esel Kol TReNTOMEL--
EREEA ¢ ToupoR. Cpeim g9vE s VOO o6Ts I TARETD, O X0 Toperx TR EY e w2 B BET o Lty
(ARFIIEIEX Dop xned 0 TEarnel OoIVOpooTPailcTEs JpF’T ' Tpyira. AET. H TICOa
Enont o X . ORpnnsTTARYAHMIOE K, X, OpucrpaEcT RO ACEEMWMMOT TG, BES
TREYrOARTIART flecrun: Jaan SEpomme). Aresmemoropnoll AIe@i Kol CI0BE SHAHETCA
fecHOESSNTH 401ToI6e, mppmoeniEHFIApaGEE X, X,. € COREIEM O be)s Dap&as
QAN PLRMMA CO CEODOTERMIT oy H Og



| TPeXMePHbIe peLUeTKM.

8.1, Tpexmepnas pemerka. Hagaio pasedTHid COBPCMEHHAX [pecTanTeHi
0 CHMMOTPWN NPOCTPAHCTIENEOR CTPYETYPH gpueT 08 G0 HOLOIKEHO palio-
TaME (pARIy3cKOLD gpuetaanorpaga A. bpase, paropult B 1848 1, yerano
g naigupe 14 THTOR TpEXMEpEO-NEPHOANYCOKEX PEMETON, HAZBAHERX LT0
usoress. JL Bomse n 1879 1., ommpascs Ha padoTH K, hoprana (1869), onncan
YOO AHEEHENT, T. e POCTPARCTEGIIING TPYONE UCPROLO POAH. Momrsi
REIBO]| NPOCTPARCTBERIAX TPYN Ora cedad E. C. DepopoBuiM 1 susepIeH 1
5 1800 1., 7 HE3ABHCAMO OT HETO, AWNTH HEMHOTO HUBIE, HOMEIIRHM MATEMATHROM
A. Mendauncox. B xofe HEPeLUCEH Megopos u MMeadanc oxoUTATAIBH0 YTUT
g onpcamue Beex 230 mpoeTpaHCTBERHLX TPYIM.

(MenoposcKie TPYIIM P = Gy — BTO pyMIE mpecpasopanus B cebn rpex-
MEPHOTC OJHOPOTHOI0 AUCKPETHOIO npOCTPAHCTEA, WM OMHCKRAINT ATOMHYIO
CTPYKIYPY KPHCTAILLOB. Venomme OALOPONHOCTE 1 JHCEPETHOCTE M ONPEISTACT
ror (daxT, TTO BCe ONE TPEXMEPLO-IEPHONITECKEE ¢ Ty 8 3HATAT, W BCC
RpHCTOANOrpaguUcCKER — € OCHMN NI {, 2, 3 4, G-ro nopaggon (panee
Gypew myecro Ty mmcath DPoCTo T).

TpamcanuuoERas NOLFpPyIna T dbegoposcxail rpymunt @ oOpEleIReIC THEAA

HEROMILTUHAPHEME (M HOHAPHO ResOTTHReAPHEMY) Oa3NCHEIMM REKTOPANMH
El‘ HE, aa:

{ = pidy + Pda + Pide. Po Po Ps = 0 £l He (91)

T'pynr0REM jgicTEReM B T ppsercs BERTOPIOR CAOAERRE WoOHX 111 T L
. e W Deiman  sanTROTCTRVIONTTR EI[H-HEEHGH UEHPRT[“H I‘I]E]:IILM, nhosHA-




[pynnozuu JAedcTEHEM B 7 sEAdeICH DORTOPHOC CAOMREHEEe TORX [: 1y - 1; =
—ty t= T. Benzop, cooTDeTCTRY L eMHuIEG OTPAIUY TP YTk, ofioama-
waerck Teped (), onepamus, ofipaTEan KoMy |,— 9epes —t. [pynua Tpasc-
ammit — QGecroHedrad, aBenesa, MOTPMUECKE OHa XapRKTepayelcd rpoitnol
frapentx keiropos. Tpoiika BEKTOPOB 4, .. g ABIRSICH scpopAnil (DazucRoi],
eca SKDAN TPAHCANIOER PEmCTRE | MOKCT fnTh OPEICTABI¢HE YPABHEHHEM (£1)
¢ MOMOIILID 3THX BEKTOPON, B wicTHocTs, 84 OCHOBHY K MOHIHO NpUAATD TRoRRY
KpaTIainKE NEROMUIATAPEMS APYT apyry pemropoe. Becronednasn mHeKpeT
mAA CODOKYIHOCTL BCBX TOUCK (yanop) X', BuMOTEMEX W3 pATTOH TOMKN X 0Te-
pamue x + 1 = x’, ofipasyer roOMETPUIECKNE HHEBOPHANT IpyIib T — npo-
¢TpAHCTAEHEYID PeileTRy. Iapanierennnes, DOCTPUBHILE B3 dy, 81, day HAO-
paered HABMBHTAPIEIM L PAITEseUIneI0M {pm:.rgﬁ'_l.

PesenTapuLil DAPALIeICTHNET, HOCTPORWALIL HA OCHOZHOH TpoOiiKe BERTO-
poD, Beerda ABAAeTeH HYCTHA HAM, KAK [OBOPAT, UIHMATHRNAM — BEYTPH TETO
g1 ONOTHHTEILITHY y3Io0B petleTim (cp. pue. 7). AHATODIIHO JBYME[HOMY
cnyuni (prc. 75) TPOlKY OCHOBHAIX DeETOpU, B JHEATHT H I PEMWTHRALLE TApaL-
Jomenmiel, MOWHO DMOPATs GECTHCACHHLIM MEMMCCTHON cuocobos (puc. 86)
(5 BeMH BCEX OCHOBHMX MAPAAIEIeNNTER0R OMHILLROBEL Hecmorps ma T0 410 1
qanHoll PRINETRC MB MOHCM T0-paJmioMy REOpPATEL OCHOBELE TPOAKH DEETOPOS
poe OHil OOECHRAKT METPHMECKH OfiRy H Ty &b TPANCAATROHEYID TPyuly.

BupeTe € TEM B pemCTEE CYIMECTBYET fECKOmETHIE MIICIRECTHO HOTPHMUTID
HAIX HOPALUEIONNIeI0N, COEPRAMEY Ha peGpex, maw (u) HA TPAHAX, BIH (n
1 obmeMe YIAH, HPHHANIEHANHNS §IPEMHTHBEO pemerke (puc. 76, jAnyMepHH|
ppuvep). Hx pefpasm ARIAKICH 'I'B'f’ T0fL0 HeKOMILIOEAPHLE TRHARCIHIN
1y, ly ty M8 BCCTO MHOIKCCTBA (91). Ofnessl TAREX Hapaizesenuie1on Kpab
obseny ocEopnoro. ficHn, ITO BCe TPYIIH T — {t,, by, g} ABINKTCH TOArPYN
gave T= {ay, @4, 03}, w60 pomeTEA, HHBETOWFEAH rpymmoi I, He DOKpLBAC
RCEX Valok TAEOBOR JLus T. Aberpakmno see T naosopdis wesny coboi,
7. 1, e rpymme I'D aficTpAKTHOM CMEICTE, BjIMHCTDCITHAN,



8.4. Fomomopduas UPDCTPAHCTREUHAIX H TOMCHHEIN PPYIIl. LOIDUER B FEU-
CTPAHCTR JIO6YI0 NCMMMETPRIEYI TOTRY A BMCCTE ¢ £ ACHMMETPUIHON METROI —
16TPA2APOM, TPONANE/EM Haj Heil BCe OUBpAIME CHMMETPHR JaHHO# BPOOT-
paHCTREHHON TPy 1 GYAOM HHTEPECOBATLEA TOALKD KOMITOHEIITAMA BPamEe AN
{cODCTREHERY W nocofCTEEHHEEX) STHX OTEpauiil, 4 TPARCAATHE B TPAECIATIOR-
W6 KOMIOHEHTH 1/00HY ONepalil, 6N OHN eeth, 0CTABHM (e3 BHUMAHIA. Hoe
ppAlEEEA TOTYHOHULX TOUEK A, A, A",... coxpansics, ecal MH HEpeRecen
o7 TOUKM MAPAJAEIRHO cefe B opmy ofuym Tauky O, a Bee NEPEROCH, ['ETE’:L'-T—
pelrHo, GYAYT 0Tey1eTBOBATE. HampEwep, ecan y Hac GBista ONEPANNA BEETOROLD
10B0poTa ¢ 0chiv Ng, MA0MAA CMENEHAKE W HOBEPHYTHS TOYRH, 10 TBIIE]]'IJ: u';gu
yi1yT TONBRO MOBEPHYTHIME BOKPYT OCH N, cooTrercTBYONEd 06 UOPAIKY Ve
Onepanuast (W pieMeHTaM) CHMMETPINT @, i, ¢, n, d Gyner COOTBETCTROBAT: /i B
napanne;mmm OpPHEHETAEH; Onepaliun N, N nm rpyun @ ocrawToR u!.rll DTOM
TAKOBEIME 3¢, WIOMEHTH CHMMETDHEM r[yuil @ wmOryr Beé HepeceraThCi B 07
nofi Touke (DeopoB HMEHHO TARYI TOUKY HABHEBAL (MEHTPOM nnﬂgarpm.
IpUJaBag ITOMY TepMEHY HEOE, HeM TCUCPD, FHATOHEE), HO MOTYT H He uepace-
gathed. PacomarTpuBaeMag HPONEAYPa Upempamaer BCe HPOCTPAHCTBOHED-PAC~
mpelelichimie 3AeMEHTR CHMMETPRY @ B DepeceRaKUmuecs B ONUONA TUIRS BI2-
MPHTH CHMMETPHE, KOTODHE XAPARTEPHHL Y€ A TOYEHHON TpyUIULL

Bee npauesns (ofoero pona) rpynust @ caym ¢OCTABIANT IPyLLLY, nﬁcrr;xnnh-
Ky Tpi LPON3BEJIEHAAX ONEpAIHi @ oTH KOMIOHEETH unupmmﬁ ae cmﬂgmr
T0TLRO JIPYT HA APYTA, @ TPAHCIANAORHAA KOMIOHEHTA HETYNOGIBEHHA. 10
sKE B[MIL 9TH BPamEHUA B rpynoe @ ToaBKO TAKHE, KOTODHE CORMEINANT C CO-

el W — THa mmama  nwomn s orin FTIYVTITTH



0 BPOMA STH BPAIEHEA H IpyIme M TONRKO TAKWE, KOTOPLIe COBMEIIAT € Co-
foil pemersy, BHBOTHMYIO rpyanoit 7' @. Ma aroro ciepyer, YTO pyLia
oY BPANEHME ecTh OAHA M3 32 KPHCTAAIOTPAQUUECKEX TOEWIX Iyl K,
wotopan Tomomopdua rpynne .

[lockonsxy Eassaan pemerka Dpase fannoil cHHTORME ONACHBAETCH To.l0-
pppuYecRoit ToueuHod rpymmoil A (manboses CHMMETPHTHON N3 Brex TOTEHHbX
PRy 3708 CHETOHEE), AEHD, TT0 OPHEHTAUEA DIEMEATOR CHMMETPIE TpocTpan-
CTREHHOIM TPyNA MAMHOH CHETOHAH MOYKeT GHTH TOALKO TOI ke, KAROBA 0pHEH-
TAIHS COOTBOTCTREHHEX OJEMEHTOB TOUCTHOM CHMMETPHH DXEMEHTApHOTO Lapan-
Aeaenuuca.

Des COBORVIIHOCTH H3paXIeIBHEX JBH/RENHS TPYLuL @ cocTORT TONLRO HE
ee TPYIOE TpPHUCHANHE T & m TpapgcanlBOHERX KOMIOHEHT o onepamnis
ppamensil oGuero pofa, ecam OuM ecTh. [loaroMy MB MOMEM HAUHCATE CHE-
AVIOIEe CHMBOJMUECKOR COOTHOMEHNE: |

@ (T + a) « K, (94)

joTopoe osEAYAeT! HCRAMNMenme U3 P BCeX NAPAITANLIEX nemkenmit gaer
rpyony K, mpEeeM Takyw, 9T0 pPeImeTra, nunonuman T, onmempaerter aubo
camoft K, ecad OHA TOXCIAPHYECKAS, ARG TOI0INPHICCKOH N0 OTHOMELND) K K
e¢ HaArpyumo.

D1OMY FeOMETPHYLCKOMY PACCYRACHIO0, RAK Mbl yRUMIM HILKE, CONTRETCTH YT
CTPOTHE TEOpPeTHEO-TPyNHOBHE COOTHOIEHNS (98) = (101).

'omomopduoe otodpaskenne conoKyIHOCTEH rpymn @ a oupefeneHERe TPy
ust K Be ecth TOABKO aGcrpakrHoe NOHATHE — OHO OTPARALT fnamgecknil ParT
CBASH MUKPOCKOUMYECKOTO B MAKDOCKONIMECKOTO CTPOSHNA KPHCTAILICD 1, cof-

CTREUHO [OBOpPH, W3 HETO H ROANMHELD,
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Tpascamuren fa, EpALTELLIIR Cernn rpancammwia ity mE-
aeE CHMETAAEL, W e s AL RLEL L IACHpE TRl CHRE

Wy A iy mrrEa TRRNin- ST . W1 T e B ¥ A MR
il Bk i FpancanmguE s

[pocTpagcTneAnae TRV OMACHBSIOT MEXPOCTPYRTYPY EpRUTAIAD, #
TOMEHHER — @0 BHENNN0Ww OTPAHKY. Boanruesm EagoE-mmOyae BWpmotToal, ob-
DugaTnITEE, CRAEM, pRHTONOE OOROPOTHGH OChHIO. [lycre HaRIOMIHO K aToil ocw
FPOXOANT CeTRA PemeTiH. Magpo-sonmiBcHEE DTA CETR ARPAMECHR KOK TPAHD
wpacTAnud. MBEpotROmMiecROS aefioToMe BEMTOROH OCH S8RTOTAEICH D IRORUC
pure 2TOR CETIRE W CUCIeNT Ce HA ATOMHNC PAcCTORINE. () MAKPOCK OIETE KO
TOSKE. SPOHTS OHO ONTYTUMG M H3MEPHMC TOALKO HaK NoBopor, B B (HPATRe Kp-
CTAIA Mel VBEAM TOILKO HPOCTYH MUBOPOTHYID OCL. T e OTHOCHTICA U R
IFHHPEIEHHMM.HI]HF OpoAsTCHEWK ApyYTHX SACMEHATOE CHMMe TP © TPAACILATTNOH-
WMol HOMODIEHTDI — OHP TCPHKT 02 B MA L PO DA HWH. MpyruMe caossMm,
rpyous @ B BX IeMesTh CUMMETRHI MAKPOCKOTIIESCHH CRETHLY HAK COOTEOT
CTRYIONHEC TPyIlb K n ¥Mx saeMenTid TOTGTHEON CAMMBTPWN.

- n mmonnns  ADONIREICTHR  onepoueii # pzammoll opmeH-




CTRYIOIIR TPYLIN A 3 ma cwswseces -~ )
45, leomerpateckue DPARILIA npOmRNEIERUS ouepammil | B3O OpHEH-
TAHL DTEMBATOR CHMMETPIE T rpymnax @. Hoxrme QEEpATEl TPAnCIANROL-
i emmerpmt = TC @ OpelOMpEACTALT TEOMETPHTECKEC ocobesaocTH
{pORaREEHI (B0CIEA0BATEALIONO RuONERIH) X © IPYIEMI ouepaIiMe
g O, CpOmH ROTOPIIX MOTYT 5575 T LUEPATINL TOFCTROH CHMMETPIH §; & K@,

TpaueTAmun TOPOAT I3 ot opavail K TACCKOCTH fecRONETADE MII0-
IR0 TAPAATICABTHX HCXOELD TPAMME BN paocgoereit, [To ompegedcius)
oeyenTa cmoretpit (cv. § 5) T0TKH €O MM 9701 ATAMERT I TEA0M Lipeodbpasy-
w7ed B Co0R Beesnr CTELEMMIL 8ro uoposRamel OREpITEE, 4 OF HEIHEOM — B
AHETOTITAE CAY AAEMENTH ApYIRNT OLEPNEANE. (reona CAeqyer, YT b pé-
g7 BCETTA ECTh TpABCTALHE (PALN yal08), HUPATAGIBHKE DGAM HMMETPHIE
(pue. 0), m ceTxu TPARCAIE, MAPAILICTRALE [10CKOCTAM CHMMETPUE (PAC. 97,
MOCKOALIY TAKUE TPANCRIIHN CRBUTADT VKABQIITHE 1 €MCHTH NRPAIETRHO cede.
3 pracyREOY BRARG, 410 HED MemTURYAAPEO 06AM (A100T0 THNA) BETSA BLTH COTRE
rouox (puc. 96), a epnamuKyLIPHO Lio6oft TA0CKOCTH CHYDICTPII BCOTAA BCTL
QTAOMEPIES DAL TOURK, 1. . BUT TpamEAATIE (PHC. 0.

Tla00k0cTH M, MEPLCUTIRYASPHAR TPAKCIAIIEN {, PABMHOKAEION Bl B TAKAE
0 TI0CKOCTE, TCTOAI(Ne MR [ APYT OT APYTH, HO mo teopesie 11 m. 247, KaK



Bmiuo ¥3 pEe. 31, 0, opm atom Beerna BOSEMKAeT BIC O)1d, TApANAeILHAR M
II0CKOCT M, overonutan Ha #2, To e enpaseramso ¥ 1ug CROMBAAIIY LLT0-
CROCTEN, NePUCETUKYAADENYX f. ITo anazormm HETPYMHO TOMATL, 4T0 BCAH ecTh
'DUNCIRUHORHO PABHEE OCH CHMMETDHH YETHOTO HODHLKN, TO TAPALIEABHO MM
W Had CEPEMIE PACCTORRIA MEATY HIMI €CTH 0CH BTOPOTO HODALKA, Take NIy
TPARCANINONIO PABHEMI IEHTPAMM MHBEDCHN HOCEPENENE CCTh U LPUHIBONHbE
NelTpR miusepeun, Tawww ofpasoy, v rpymmax @ CYMEETBYIOT GECKOHETHEE
CHCTEMB 1APANTOILALY HIeMenToR CHMMETDHN, BBBOINMLEG W3 HEROTOPHX We-
ROJHLIY, TPRYCM KaK TPAECHTMONNO PABHME, TAK W NPOUSBOJHME, JejRaLHE
H& TOIOBHE PACCTORANA MESKILY HUMI,

8.6, Mpmn it wsisoga  npoerpanernemmsiy rpymn, Coonopdusie  rpynnb,
Tl susoa rpymm @ wenoswayimres TeOMeTpRYBCKIC, apEGMeTIICCRUE, KoMOn-

HATOPHKIE, TOOPETHRO-TPYNNORKE W HEHe MoToms. My Oy7eM ONMPATECA A Teo-
METPHYECKHe TPECTARTERHA W Jia TEODHIO TPy,

(s paccyorpemun rpynma mepemocos T rpyun Bpase, @ TaRme yCTAHOB-
ACHUA ToMowapduocTs (DPH  cooveerersymmux opmesramugx) Tpymn &
i K (94) eacayer npocroit cnocof musoga CHMMOPIHEY TPOCTPANCTHEITEY TPYIIT,
U coctom s Tox, 1o woskio kowimmposar mewny eoboi onepamun ¢; rpyms
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Tafamin 11, Papnpetcienwe 75 cummopdmmx rpymt § 0 CunreHuIm
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Cmmrommt iwean TpyRn Lyt et Tuoae vpynn
Kylimeesnn 5.3=13 Powiumserxall doi=1- 13
Terparonaannai 7.2 2=1% W s AT 3-2=R
TpuroaaTREAR fel=3 T pHEANARRA 3-4=2
Texcaronaibnas 2-1 | 4=16

Myskno oTMeTETh, TT0 DBNTAA cAMa uo Celie OEa POMETH Bpane ma edepi-
HECKE-CIMMETPUTTHX TOUPK  DINCHEBAETCH canoil  CMETpuYRod Ma CHMBUPY-
Fux (OROPOBCKIT TPy COOTROTCTBVIOMER MeETpRPORKI ROl CuironT.
o rpymud gans g Taba 0.

8.7. Hecnmmopune tpymmst Py, Jlas 1010 yrofild OAYSHTE APNTHE, BeCi-
sopGELE GETOPOBCKIS IPYIITI, BCIOMIIHM, HI0 npi ofpasoRATIE 1 ORaneLes
HER Tpyml B PEAVILTHP Y WIES TPYINe BOAMOLHO HRAEHMR HETPHERA LI
NoArpyIm. D10 WAAWETIPYETCA PHe. 33, ua KoTOpOM PACCMATPUEARTER LPOTE-
geome Queparmm Toteswoll Tpyuus m ¢ oEoMepROfl TRARCAATRE £l m. Ha
ROAMHKILEH TV G'f MOMEIND BHieTRTL DUarpynoy ¢ Gagmen {d n}. comepia-

WYX CHOGBAATIRE OTPAIKEHTE a(pne. 33, 2).
- Ciriiile  seee e desd oTTASVEToE IOWGHEHARE R Hﬁlﬂi I'D"l.'ll.l'l'ﬂ! tl —_— 2#. T. ':,.



My CROMLINIMEE OTPAHREHHET @ | iU oy ).

Baskpo OrMOeTHTh, 9TO XOTH NepHOT Uepedoca b rosoli rpyme ' = 2, 7. e
YIABOEH 0 CPABEEIAI0 ¢ HCXOQHLM, HO TRneph aT0 T HWMeeT BHAVERHA, B (TO
MUGI{10 RAATH KAK 0ACMeRTapHEN, & T aHCTAHORNON KOMIOHEHT0H CROTBIFILETD
prpasermnr @ Gyner, KoK BCeraa, $'/2. TloayaeEHAA FpyTNA SEIACTCH TOATPYI-
mrait coymopdEoil Tpynus Gi, W0 OHA HE TOAECTREHNL uuKasol gpyroii omM-
mopdEoil 1'pynme aTord THIH.

Toune TAKOR e TORX0 COPABERFIRG 0 LA TPy G (Hommm i, 1966). ipat-
HO YBCAWMTEHHEE B OAHOM, JIRYX HIH BO RCEX TpeX HBOPARTEHHAN SJeMeHTap-
upie guelirw rpynn @, cogepikar & cebe ue TOTRKO HCXOLUNE AAEMEHTLL CHMMET-
PEE I cOOTBETCTRYIONEE ONEPATAH, HO THIOKC W OHepaLE © TPARCAEINOWAON
KOMIOHeToi, CCTH KPATHLE DepRof NPHHAATL 34 ocHoBHoi. Hoasves, wanmpH-
Mep, MEETh ggn:um:mnummx APYT HAT APYrom pueek TPYLIN @,. comepiraiei
oew 6 (pue. 100). B mux ects onepaiy 6"{n = 0,...,5}, a TAKKE it TR
6".5¢. Orfiepem u3 pux vorsEo 6%-nl’. Omm cocTasIaior ANETOBOH NOBOPOT, U
BOSEMKUET MeTpuEMaibman Hoarpyuua @y C @y ¢ NEPROZOM t = 6t', conep-
amiad sEnToRodE moBupoT 6,.

Tagusm o6PaaOM NOAYHRIOTCH wecusnopgise Tpymns Py, KOTOPHE ABIAWTCL
AGTPUREANBELMA NOATPYLAaMT TpyOll ., Oy O Dy [h‘ﬂlmpgﬂﬂa 0 HEeCHM-
sopdie TPYHUL BMecTe COCTABAMIOT RCE enopoBcKHe TPy, LOOTBRTCTERIND
BoE OTEPAINNH — 3TEMCTITH £; € @y NBAANTEA TACTLIO (mofrpyuuoeH) cOBORYL:
Hoers anesmentoB {...g...} = @, BXOAAMWX B enymopdayie Tpyuny (¢ Kpar
prmn rpaneaamuasm). Cpynow @ C @, romomopdunt e we, 9t0 B Dy, TO-
yeuHKEM TpynmaM A.

F. C. Pejqupos Moapasgennid MecHMMOppuEe TPYTIIE 14 nd R — ToMI-
crmMopdIEE B acHMMOpPDHEE. BospaeM Eakylo-nnGyih CHMMOpHHYD TPYINY
proporo pofa @.'. TIpu yRoeHmM ee HOPROJA MOANO OTHPOCHTS T¢ (TRPALKN
ETOPOrO POjIA, AEMEHTI KOTODHEYX TEPeCoRaiorti B Toll e TOWMHe, rue W OCH.

Fro B gaeT reMuEcEMMOPQHLEE IPYITH @ wee onm nvoporo popa, WRCIO MX M.



He convmopdunx rpynn £, MOKHO ODPpH KPATHOM VBETHYEHHH HX IIepHOIan
JIGEFE.‘IB TaE¥e Noarpyonkl i, Y ROTOPEIX HET TOYUER, B KOTOPLIX LBECEKAHTEA
OCH BCEX HAUPABJIEHHH,— OHH H ABjIHOTCH acEmyMopdERMu D, Xapartep-
HEIM TIpmMepom aanHupi:IE]iJ rpyiumn siRaHTCH UPYVUHIOE C REANTORAMH OGCAMHA
(ep. pme. 100). Tarmm obpasom, B ecusmmopdmoi rpyune @, no onpegesTesmno
(95) ecTs mOAONCHHA TOYCH, CHMMETJIHA KOTODHX M POTh CUMMETPHA CXOJCTBEH-
HOR Todesuol rpynuw K. B oresmemnopdBaoii rpynme I:I:'lI HAHBRICHIAA CRAMMET-
PHH HOJAOFREHERH TOYER OINCHBAEETCA OIHCH WS DOATPYNO mepsoro poma KT nH-

newea gea rpynme K'Y, romomopdmodt @', T. e. moaoykenme touek B K" pac-
MENTAETCE Ha ABa snantRomopdanx noaoswenms 8 KI. Haopawmep, rpynna
Pmmm — camyopduan, numeeT Nojdc:keAme ¢ cummerpuedt mmm (pme. 101, «),
rpynna Prnn — rempucummopdEan, HaNBMCIIAA CEMMETPHS Domomenna 222
(puc. 104, 6). Ananormuno rpymma Pmim — camaopfiias ¢ HaWBHCIERN CHM-
METpHEH NofMomenns mdm, rpynoa Padm — resmenvmopduan ¢ manpmcmedn
cHMMeTpHeR nodoxenns 432, rpymia ke Pm3n — acummopppan, o ned #5eT oo
AOHEHNE ¢ cuMMeTpRen mam n 432,

Yucao rpynn @; — 103, cpeom mmax O — A1, D5 G2,

PerecwoTpyy sanncs onepanmil neemsopdumax rpyon @y

&y, = gt x' =Dx | =& 2 -+ 4 {1m}

rae Dx oo (4), (5) onpepenser Bee ToYednble NPeolpa3oBainA CHMMETPHA AaHoH
TPyUIE (€cAH OHE ecTh), & () — KOMNOHEHTH BHHTOBOTO NEPEHOCA HIH CHOIB-
HMEHHA, CRABAHHLE ¢ CODCTBEHHBIM WAM HecobGCTBeHHHIM BpameHmem, | — one-
patma Tpanchanmii rpynma Gpase (92).

Hyz\o orveTHTs, 9T0 aBATRTHYECKAH 3d0HECH OHEPAIIAR OPOCTDRAHCTHOHHLIX
TPYIOI 3asicuT o BEHOOpa nadaia xkoopauuar. [Tosromy, B wacTHocty, ouepaimn
civMopduUEX rpyon uumenT nEa (99) roanko B Tosm cayune, oGO LAYHA0 HLOPRITO
I ToMIRe HL'![]EC["-II.HI.HH BUCX HA RIEMCITTIONM CHMMUTPEHHE. HpPH II-HEHII[] fri L 5 B Ay
ot TodKe H BX onepanss sapacHBawTed B panbonee ofmes sage (100),

e S e e e e S e el e e e o T e ke L L e e e s il i ——
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OfpaTaves enie pns K l‘rﬂﬂﬁp&}hi‘ﬂﬁﬂﬂ 0 cBAAN N0bHHY @efopoRcKRY Tpynn ¢
rouedHEMH. (DaxTop-rpynna mecmymopdEoll TpyImE @, N0 DOATpyYNNE Tpamc-
JAANME BERAY HaawIHa wieHa o« (D) B supasenum (100) me cosmapaer ¢ Toved-
ol rpymmoit K, Kax 310 mMelo MecTo Xiaa cummopduux rpynn mo (U8). Ognaxo
B 9TOM CAVUAE MOJAYTAeTCA Herag rpyioma K', Kotopasm BRIWYAET M ouepanuy
¢ TPARCAATMONAEIMI KovmorenTtaym. llpw arom yernasaumamTeA, 9TO CTRMNeHB

onepaiuii, AaomEx Tpamcasumio (manpuvep, ) = { — pme. 102), srumpa-
JENTHA eunuInoft Onepamun e, ¥ NASHDAIT TAKYIO IPYONY TPYHNOHE 00 MOIVIIO,
B III0M CAyYae 1o MOAyal Jy. [lpm taxom yemopmm rpymna K’ oxadupacrtes
n3omopHol cooTeeTcTEyIOmMER ob0nvHol Towednol rpynme K, a ma mepaymo
B3 HEX ovofpazkaerca ParTop-rpynma

D,/T « K" + K. (101)

HIpyravu cxonamu, dakrtop-rpynna n0boil epoporckoi TPynme mo NOITpyI-
ne rpaucianimi I peerja waomopdra xpuctasiaorpafguueckoit rpynne A.

8.8, Yncao degoponesnx rpynn. Homeunocrs wmean  (PeAopoBCKEX TPyl
crefyer m3 cnocoba X BuBONA. JleificTeHTensno, wncao cumyopgrux rpynn @,
ROHETHO, TAK KaK OHH ABIAITCA HPON3BEIEHNeNM KOHETHOrO uHcaa rpyon bpase
U KOHETHOTO 9HCIA TPy A PR KORETHOM SHOIE BOAMOH B X KoMDAHAHIT TPy
K ¢ rpynnayn Bpase. Yueao ke rpynn @, xoseuno, T4k KaK OHl HBAHIOICH
HOATPYNTIAMA NEePBHX NPH KoneumoMm (EpatHom) YEIHUYeHHH TNepHonon o 2, 3,
4, b (me Goaee) pas. Lemm e Opars Odablume kparHsie OepHOE, TO HOBMWX
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Symmetry of special projections
(01 pgm; o' =a/2, b= i (100)zmam; & =h, ¢ =¢ (M0)pge: & =0, a =2

Pnec 103

Hanbpamenie rpynns Frme — D}i B BT pE i o TR HELY Tuiangax

HepXONA UTPOKa — HTACE, noaaaid cuMecT, AOMET B coMpanian cuNBoN, TePTe CAEER —TOTHN olimeras
QoAUHeA A, CIPABA — GOBORVIHUCTH ANEMEHTOD CHMMETRIN loeh X = X, gampasiesa Fama, ¥ =Xq¢— BA-
npasa, 4 = Xa— ¥ umrameao). Hone yppremedl  cnesa — TR0 mosmnwll, CHMMETDMA N ECOPLMHATH
rotet W OGN W SACTHLEYX DONOIKEHANY, CupaRa — yeaomRN LOTECANN T OpE THAPIKIMR, Hmsana cTposa —

CAMMOT A TROCHIMA TpyIns (International tables, 1952)



CEEE A TR R R S RO EOHTETANN 15 DTV TETEE — ROe (E BEmyT
CORTOAAATE $0 CTEO#HRAMI F98 WMeEnTIxer, o D@y, (o o T s 5 -
Whis 0§ VI,

Coppuspmeisann,  camsopbene oF.  resmcmssoplianse O 0 acuasaopilioncde
M, COCTHRANEIT bié PPV @, wecon wx paems, vosns obpeaows, 791 - 54 4
— {05 -« 230, Ha wax GO rpyom @8 g 4050 @' '

Cpemm rpvin B aoTh TARHE, o rapiae o 0amn e CEURTRETFTRRW ST RTT I P elf AP R A AR LT
perTiis W CoaTHRETCTRYRHLE N s Sy, e, S, G By G, Gg 6 pesmedl smpaon-
wporTin, Foan Taksas Cpyimn BTARESTG [IOma. T BT 000 Ao emn e PRsares Tiap
s, ST DOEartd — oo anlo i prec, Jnhe TEWHD off RiROCC-T0 OTHOTO TIIA
foce e pon gede gopae). Teses (nocaeprnx| cpymm U mape Wauogner wa was
KMOEET AWTE MOIVISRS WPPELTLIES  GUESENEns CRErn S arnosenpfime e
aras o, Aboctpanrag ore 11 map rpynoo 92 posas.

Liep goniappis B opoackRs TRV b PR vis L uadiiee, &, 0. e assiopde
re Fean commaTh ¥RARTIYI0 Tapy TRYOO fa 0ROy, 10 MICTo. rpynn 9 Grmer
H, g oblsre wacao dezopomEcEmD TRyTm 210k
B4, Hosmeaeaarypn (peaopeaenis rpymm,. B orafs. (2 mepeopegema pee de
JOMIDEERS TRYNTE & pasiacmeesy WA CrauopdinEs 1 0 [DoOrpyirme ;. TRAT- 5
DR TR Pt TR

Offoanmsennd upocTpenrTnetmeas rpyor oo Ulemdomoy ARlsescs  OpocTo
UDoinia el WO TR TEEmEAGT Tomeriadt rpynma @ [ e s e nid g mernpisaes e
NOPAOKGERM HOMOPOM 40 OIYTREN  wanees.

Ha poe. 105 qoio crapospraee BRHFRACTTS GRG0 17 OpocTRaACTEHIELT
TPYIN, A WKEmg L% carancns Tlrmmpnanmomrnmise Tabamgnes | Fnlecnabismal
Lobias, THG21 maofipiecenny sieMesToRr o3, pue. 449, |11 coEansunes, BREIY Ho-
EOPT I & 'r1:|:l,r:|,H-|l-.'.'l"H"i1': B MibEasl Hields JiosienTan HsansTian . n |:_-|-'I'5||'||-|:|:|.-I.'|
TPy EANE COCTANNIEAN WTHA  TODUE OTKEUARZREL 0T aofipoaioiand 5 v0user s
rpyvon, OrFEOHAEYESEINECE THME COUAE TR 0 RS e syl M Tnuer,
Cxoand ImX TPYOL sMaskss maiam o pane. munr (liomomee, B9 Do, 159713,
B reroff cxeate Masrds BaohPREEEERE RS TN TACTH cTaERear padi Ter s oml T Rpoes-
VM CRUDEAEITT0E CHMST RN, WCPofoipEuEsn 0 XIpanTiepired s vrerin s BT TS
cuial rpymom | pEe. 105),

Missitvie postiey ofcRESTRITRG fisniinmy Boerjiiiti. vpyiny @ H s nea
IOT COMDOX pemarsi Bpane, yHasdpaiiToRE (SRCTE Mo TOA e ) TIOpass Lo Wi a
TOAEAMTH JHMMETPNN  [OHE 158 oBORFNTILEYT T GJ0MBATH], KEoTOPMEE FALTeH X
SRR L HREGA TP SR L AaE e FITEIIEee 1 SO Tme BeTEEF @ 5 R G ST v
R U0 DrEERaen Cpviis o Eefiopos KpEeTaaorprifpmecens ocelt XN o N, X

Jan MOIOHAMEERT CEVO0 YR aeTre e CLTNREITT 0 B RS T e
LA Gl DOsiseTh CoMMOTERED (Bl ol ecik), Bampasep M2, MO, C20m. Jan
TOMAATACEI Y Py il S8 TEPRON Moot 0o e W ODaaur e i e a0 i, T e T A wiadd rom
X, man naocsecTi, of 0o pOoeainEyaapusi, mogaaee vo e gan oceii X on X,
Eanpliisa o Fromar, Pl CoEE

H TOTHHEUGHMIRARE B Ve me orma 1 B Fa i TPYTNRE CHASEL T i i
TOIREITOE CE {ama e T BREoanh X b, momaim nere LE R IR IR VAP EA B TSGR OO T,
TR ERTEE S OO0 Y0 9SUpTy AR e, Jlmdren [ U PET k) VIESSRIERFTTN LT

FERETIE, MR IFASELTIAL § J000 a1 T POIILAL G GhRATLRE TOfHE, & COITW FX TRT, Th 00,
IO P A G0 WY VTIEM CTOFACRER 5L, II.':I Cool B HFELLC A s 0TI TOMEY  FEPE TIPEITRGENLY
JEEE O LTl -Iﬂa]'h:'t.'l.'li'.n.rn.l-l WA RN TR ACHORANTIE] UM, Bl srog

Palm, P4 e, . B2, PhEZ

B syOMIecknX TRyImes CHAALE AAILNCAANTCN KOOQLIEATIND  Bosei T,
Juaes anMbooa e A [npoc tpancresangdl poororacn, SETEM  DE0MOINI IPLTo
BAdA OUHGsELUEN, BROpEsMe Prd, 78 A2 fedel, B posiisy enMRamyT oarTaesED



VUDELE o) ek &y enees

$.41. Tlpasitibibie cncreMs  TOYEE (IpoeTpauCTROHUSLY Py, (POPAY/IH
pta (99), (10U) pawor so3MoROCTS, BHAA BCE oueparpi TPYIIIL ¢, TOTYYHTh
i3 mofoil TOYKR X Bee oCTATRAHE, CHMMEIPITHO efl panime, T. €. [ICT panod
rpymue, OfHaKO IpaRTHYRCKH 7 9T0L0 TPOME [OTLI0BATECH TOTOBHMIE KOOP-
(MAATAMI TPGBATRHHY CHCTEN TUueR 00mero i DCCX ngeHEX TOT0KE, 13-
BAEMEIX 114 Kai 10 IPOCTPANCTBEHHOM TP YITIAL B |{i7e pATHOATHLLS. TAGHLLA
(cn. pe. 103). Hamomus, 4ro TOUES oRIIET0 TIONUERRA — ACHMMCTPHAHLA,

apero touek 8 JICT ofmero momoweis, NPUsOAAIENCA HA ORAY 3I1eMeH-

mAPAYI0 MefIKy, UPHAATO HAIHRATH HOPALRON ( (xo1a @ — TPYIIA feCKOHRT-
4y — Ha TOTCTITHX 31eMERTAY (-

noro mopaaka), Touku B 9aCTAHX MON0/KEHN
METPIN — CaMIl NIDT ATY CHMMOTPID, & YHCIO BX (KpaTmoeTs) COOTBETCTREXID
venswe, Ecrm @ conepie1 Rakyio-uubyms ToseTnyi0 TPYLLY K » ®agectoc
poprpyvans: @ O K (. ¢ eci B 0 ecth dA€MPHT [yeunol  CHAMETPHE), 10



[ICT mpocrpareTBemioit rpyutsl, ofsepumAesan atoit A, ofuataer TaKGHL T0-
geup0ll CHMMETpHeN,

Tovkn mpABRILOGH enctoust Tpyimel B, skBmReaunie 00 K, ABIARNCE
BEDITRAME MEOTOFMLILIK, He3HBAENOTO HBOTOHON. AT UAOTOHH DPABIABHO
PACHOO7HERI B WOCT|i4HETES COTTACKD TPYTING Q.

Lo M K0 (e, 3 CHMMOPGEBIX PpYIIAX O a0rOiil 37AKRL IPOCTO [CT
yoenyoit Tpyrmy K, sxomsmes: 8 (99), & X pwtpi pacHoI0eHH 0O PEMETHE,
WO coummereTy gl 1 ymnolt mepemocon (puc. 38, 92, {01, ). Hanpmvep,
ag ey Pmma | pic. {01, o) rasat ofipuion D0XyIaeTCA CHCTENA TAPATIEL-
1O PACTOAURCHIEE TPAMOYIO LIRX NAPALAGLNIENTOB, :

[yw nepexope & Recmsopdumns rpyuuin Py C (b, voif e rpymmi A TICT
et puioil TPYTIEL PACHATACTCA HR JA0TH, KATAA 13 KOTOPHX ABARUTCA HET
coorsererny omeit onrpynma Ky C K, K, Ejﬁm {l R30FOH CHMMOPIOi 1]yniH
IpeBpANIIETCA B NPYTOM, MERee CHMMCTIWHER H3OTOK (pac. 101, 6).

Riw ME YA€ VIOMIHAH, €CTh 13 rpymm @, ne CONEPRAMIY TOYRTHLK HOT-
/Dy, Kpoe TpiBHaxbaoi 1. EcTeeTenno, 970 B KIX HeT HaOVOIOL.

ieemis | Tk v EEAFTIA TITICY  (aiRTTR O ATV



[Tpm ouucanmm KPHCTALTHYECKIX CTPYKTYP, NPUEAICAAIML Kamiian wiipr
yenenriofi pynne @, yKAsHBAIOT 1A K&KI0T0 COPTA ATOMOR CTPYKTYPH, KaxYi0
0] — 6Hmero i TACTEORO TONOAKERHA — OHI 3ARKMAIOT, 1 RI0T KOOPAMHATH
£, 1, 4 TOTEKO 070 63HCHOTO ATUMA Kaik710T0 COPTA, OCTATBIHIC e ROODHHATH
IOVIGI0TCA 10 hopMyav DABMHOKEIA [ICT, copepxamymyea B HaTepuaiuo-
pann Tabmmnax. Pasemle Gosucmeie atows 4, B, C... ¢TRYKTYPH MOTYT 8-
AMATH PASTHIIAC W1 OTHAAKOBHE 0 CHMNET]HH [ICT, pasymeerca, B nociexk
oM ¢7VI9€ ACXOTHHE ROOPMHATA X OYAYT OTIHIATECA,

HyiKHO OTVETHTb, 410 9ACTO B JNTEPATYPE BCTPCTAITCA ca0BoyToTpeb LA
TAROT) POlA: (CTPYKTYPA COCTORT 3 BCTADAEAILX IPYT B APYLd PEIETOR ATOMOB
A w D, Do 03HAYAST, 9T0 VEABAMEEE ATOME 32HHMANT Da3HBIE 00 OaBHCHLM
goopmearay TICT pammofi rpynust . To ke WMeeTCA B BIY, KOTAQ B NEKOTOpOH
{DRIETKE (1. €, KPUCTALIMeCKOl CTPYRTYPE) BUACTADT WOTPRIIETRYY TEX MR
NHKX HTUMOHR,

A —



Ecam pssntn omny MCT ¢ smemedi cnyvvarpreid K 8 paunoi rpyune @, 7o ee TOURT
obpasywr peuerky Bpase. Tak yMm moaxoAus K CHERLHALBHOMY H BaikHOMY CIY-
YAk MHOCUIPAHHUKOS, BAOOHANMONX OpOcTPancTEe [e3 OpoMesyTHOD, TAKWX,
KOTOPHE BRBOTATCA APYT M3 APYTa OUePAINAMA TPAHCARONOHEOM rpymmu 7.
S0 — AHATAT BYMEPHOI 331890 0 napraaeioropax (oM. pue. 31). Ha ramusm ns
MIOTOTPARERENS MPRXOANTCA OAHH y3ea pemersy Bpase.

Taxue MEOTOTPAEHNKH, MPAMHEARIME APYT K APFTY PUBiEMi 1 08 Paiie.ls-
HEME (B OTIeALHOM MEOTOTPATITNKE W Boall IX COBORYIHEOCTH) Ipaiamm, Denopos
HA3BAI Dapaaienoeipamy, YacTusv ¢TyIaEM Tapamenosjipus JUIA OpEMHETHE-
HHEX PEIETOR HBJIHIDTCH CAMU 3/1eMEHTaPHEe DAPAnICTAIRoeIk, XapanTepuays-
mpEe CHATORH (M. pue. B5).

IHa pue. 108 waofpamens: DATh HARGONEE CHMMOTPUTHEIX TAapaareliznpos
Degoposa — Kyo, pombogoerasnp, KYBOOKTABAP, BRTHHYTHE pomboolexasip,
ISRCAIOHAIbHAN NPHSMA, COOTBETCTBYONNE KyOUTeckEM pemerxan P, [ m I,
TETPATOHATEHOH pemeTke F H rexcaronsapioil pemerke. Ha pre, 109 ponasane,
KAK HEROTODHE H3 HAX BHOOIHAKT OpPoCTpaucrso, JTH MATE OCHOBHLIX Oapad-
J61037p0R MOTYT (RTE NOTBEPTHYTH afununy fedopspimaay, A0 TPH 2TOM OHE
OCTAOTCA HAPATIET03fpasn — GYAYT REOOIHATH DpocTpauciso 0ea OpOIYCKUB
H NCPeEpPLITHIL

COBUKYIHOCTL BEeX STHX DapaiaercsgpoB WRTepecosauta (Depopona moToMY,
YT0 OH CBA3HBAJ € HEMH BHBUL UpOCTPRHCTBCONHY TPYOIL  KRpacrasauieckos
NPOCTHARCTRO, OOUCHIRASMOe CHMMODGHHME rpyuiayd @, MoxeT OnTb BHOOT-
HEHO TakWME nmapaTiencaapasm. Eean e rpyuua resucasvopgpras @p, To 010
fvmer yase wewmil covrasuoil Dapaineacafp, & B acuumopdemx rpymmax @, —
cTepecaip oupeledeHsEoR  opMiL

Tpyroro THOE Uapalielcslpsl MOGKHO ONPEJBIHTh IocTpoeHAmem Jlupnxie,
coemHEEAA yzel pemeten Bpase co pcemu (IREalmmMy VANAME MRHMbLIMIT TARHA-
ME B OpOBONE HA CEPEINHE TOIYIeHHEX OTPESHOE B DePUCOfAKyNRPED BM LILOC
KOCTH, KOTOpHE, MepecoRaach, B 3aMRAYT HCROMY®o ¢urypy (pue. 110 — opusep
noyMepEoro mocrpoesnd). Tawnyno obmacTh B PeadBHOM DPOCTPRUCTDE HAIKBAIT
obauctsic Boporore — Jupnxae, o 3 ofpaTHoM npocTpaHcTEE — Ryeiioit Bar-
sepd — Jeiitoa. Taxkme MHOTOrpaEHRKS B ODPATIOM TPOCTRAHCTES HCDOULS YETEA
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