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IIpeoGpasoBanne ofBrekra B cefd NoApasyMeBaeT, UTO ero 9acTH, HAXOJAMIIE-
CA B OJHOM MeCTe, COBMECTATCA Nocjae mpeoOpasoBaHHA ¢ 9YacTAMH, HaXOJi-
LAMHCA B IPYroM Mecre. A 3T0 03HagaeT, 4T0 B 00BeKTe ecTh (ero Mo:KHO pas-
e nTh Ha) paBuble gactu. OTCIONA OPOMCXOIHUT CaMO CI0BO CUMMETPHSA, 03HAYAI0-
oiee MO-TPeYecKH COpasMepHoCTD.

Takum HGPHEGM, KpPAaTKO MOMKHO CKa3aTh, 970 CHMMETPHH — OTO HHBApPpHAHT-
HOCTH O0BOKTOB IpHE HEKOTOPHIX MX NIpeolpasoBaHHAX B HPOCTPAHCTBE ONHCHI-
BAIOMAX MX IePeMeHHBIX.

MePEMEHHLIX 72, TO MOKHO pacCMATpUBATL 00JACTh MX M3MEHEHUS KAaK HpocTpai-
CTBO /M M3MEPeHUH ¢ KOOPIMHATAMMI TOUKU B HEM Xy, o« oy Ly oo uy Ty

CoBokynnocrs kKoopaunat obozgaunm yepead X, OOH MOTYT HMETL KaK OJ(UIIA-
KOBBEII CMBICH (HAIpumep, TPH JeKapTOBLe KOOD/MHATH), TAK M PasHblid (Hanpi-
Mep, OJHM — PACCTOAHHA, Jpyrue — YIJIbl, TPeTbH — Te WJIH HHbLe Quanie-
CKHe IapaMerphl).

llycrs onepamus g ocymecTBiser HEKOTOpoe Lpeolpa3oBanue KOOpAMHAT X
NpoCTpancTea

3 P -’ /
g [‘Ill Laye o oy Iml = 'Ilfs '1'.211* « oy ‘Tmr; g I\L} — X . {1)

Hasosem F cmmmerpuunsint obsextosm (hyuxnmeii, gurypoir), a g — onepanuen
wim npeodpasoBaHUeM CHAMMETDHH, eciu [ He MEHAETCA LpB JIeUCTBHH g HA



HUAUAHBE HEDEMEHHBIE,

¥

F(a:li JEib Im) e F(H [Ih e Im]) i F(I;r Ty Im)!
F (x)=F[g(x)] = F (x). (@)

B sammch (1) mogpasymesaercs, uTo 3afaH KOHKpETHEIl cmocod, Kak moxy-
THTH RAKIYIO MEPEMEHHYI0 Z; M3 COBOKYIHOCTH epeMerHHX Z;. Ilpm atom mpeob-
pas0BaHme g MOJKeT IEHCTBOBATE HA BCE NEpPEMEHHEIe Z;, 0T KOTOPHIX 3aBHCHT JIAH-
Had (OVHKINA, WIH TOIBKO HA HEKOTOpHE H3 HHUX.

OTMETM qT0 JIA KQKI0ro IpeolpasoBanms cm«me*rpun g (1), TIepeBOAAMmero
TOUKH X B X', mieercst ofparHoe npeofipagopanme g, mepeBojiAmee TOTIKE X'B X:

gt ¥l =x, (3)

KOT0p0e COTIAcHo (2) Takike ecrhb IpeolpasoBamue CHMMETpHH,
Tompecrsennoe (eguumynoe) mpeofpasoBamme g = e, oCTaBIAlOmee BCe Ie-
peMermne (e3 MBMEHEHHA: &; = Z;', COIIACHO (2) ecTh Omepamus CHMMeTpHH.



T o o . Herpynno mousars, uTo onmepanus mpeofpasoBaHEA KOOp-
jaunarnoit cueremst ecre g-' [X] = X', 1. e. oma ofparna omepaium npeoG-
pasosapnsa Touer oOmerra g [x] = x’ (1). (Pasymeercs, MoHO cuuTaTh MCXO]I-
HOIl onepanmeit mpeoGpasosanue oceit, Torga obpaTHoit onepanmeir 6Gymer mpeob-
pasoBaHue KOOPAMHAT TOYEK.)

IIpeoOpasoBanns mpocTpascTBa

IIpocrpancrBo, o0bexT B Hem, Toukm mpocrpancrsa. Omepammum cuMMeTpHH

IOHCTBYIOT HA BCe KOOPTHHATHL &; NPOCTDAHCTBA, YACTh ATOTO IPOCTPAHCTBA
MOKET ORITh KOHEUHBIM 00BEKTOM, 00BEKT MOKeT OHTH I 06CKONIEYHBIM, 3aHUMA-
ommy Bee mpoctparcrBo, Torja yno6mo ToBopETH 0 CHMMeTpEIECKOM mpeod-
PA30BAHUM BCEro OPOCTPAHCTBA B Ce0d, IPH 9T0M KOHCYHE MIm GeCKoRewmKi
00BEKT B 9T0M IPOCTPAHCTBE, ONMCHBACMBI (GyEKImed F, peodpazyercs cam
B ce0d,

Toukn x m X', mepexonampue 1pyr B Apyra mpn cmnteTpmTeCKOM mpeolpa-
soBarmn ¢ [x] (1), Gynem mastBats cmnerpmamo panmavm rovkaym. Hazosen
Qurypas miofbie MEOKeCTBA TOeK: JUCKDETHYIO KOHETHYI0 I 0eCKOHETHYI HX
COBOKYIHOCTD, HENDEPHBHLE MEOT000PA3HA — HpAMbe WM KpUBEE JWHIN,



OTPE3KH, Pa3Hble 3aMKHYTHIC UM HE3AMKHYTHE INIOCKOCTH, TOBEDXHOCTH, 00 HEMEL.
Qurypsr Oyiem HasbHBATH CHMMCTPHYHO PABHBIME, €CIA BCE COOTBETCTBYIOIAO
TOUKU OTUX MHOr000pasmil IepeBOJATCA APYT B APYra IO eIMHOMY IpaBHIAY
g [x] = x (a smagur, u g~ [x'] = x).

CmvmeTpuueckue 1peoOpazoBaHUA, COXPAHAIOMNC HEAZMEHHHIM MeTpuye-
CKHE CBOMCTBA IPOCTPAHCTBA, HA3KIBAlOTCA u3oMeTpmuecKuMu. Ilpu sTux mpeod-
pa30BaHMAX HOPOCTPAHCTBO HE PACTATMBAETCH, HE CKDYYUBALTCH, T. €. SBJIACTCA
HeZe()OPMHUPYEMEIM TIeTBIM, TAK UTO PACCTOSHUSA MeKAY 1060l mapoii ToucKk moc-

Jie mpeodpa3oBaHUA COXPAHIIOTCA.

Puc. 23

AcCHMMeTPHYHEI TeTpasAp KAk

MeTKA TOUYKRHM 4 H KoOopAHHAT-

HBIII penep Mo060ii Toukn E i ———l




TTTTT TUTT g Y weawa ey .ul..ruPﬂ,l].nﬂ.l-

Onma Touka, mpamas mim mIocKoCTH (1 060e KoxmgecTBO TOWER, MekAmMUX
HA MHX) He MOTYT CJY/KUTh METKAMH, TaK KAk OHH MOT'YT OCTaThCH HaA MeCTe IpH
HeKOTOPHIX HpeobpasoBanmsax cummerpun. fRecTko cBasanmolf TPeXMepHBIM IIp0-
CTPAHCTBOM METKO MOTYT CIYKHTH UeThpe HeKoMmIanapusie Toukn A, B, C, D
(pme. 23), paccrosmms MCKAY KOTODHIMH DA3IuYHH, wim obpasyemas coe-
AMHEHHEM BTHX TOYeK (urypa acmMmerpmyHOro (1. e, He HMCIOMEro HEKAKOMH
CuMmerpin) terpasgpa. Tpm (110Gsie) peGpa ororo Terpasmpa, mexogAmme mua
obmeii BepirmILL, MoryT PACCMATPHBATLCA KAK KOODAHHATHE® OCH (C COOTBETCT-
BYIOIEME  OCeBHIMH OMHMIAMHE), Caenosatensro, mwo6as Touka IPOCTPAHCTBA

» HMeer onpeneieHuLIe KOODAMHATEL OTHOCHTEJBHO THX OCelt U IpoCcTpaucTBoO
2 LUETOM OJIHOBHAYHO CBABAHO C TAKEM TeTpasInoM.
(3] Fat

&z Ochoubie m3oMeTPHYECK e npeuﬁpa;nna;ua npocrpauncrsa. [loxasenm,
170 11060e mpeobpasosanue HIPOCTPAHCTBA, COXDAHAIOWEe €10 METPHKY, MOKET
OMTH cBemeHO K NApaJyeIbHOMY mepeHocy, mHage HA3hIBAEMOMY TpaHCJAALHeI,
ToBopory, orpamennio ! wim K HEROTOPEIM KOMOHHATMAM 9THX IPe0Gpa30Ba HHil,

il I0Ka3aTeALCTBA BTONO JOCTATOYHO COBMECTHTD ¢ COGoi ACHMMETPUYHYIO
MEeTKy mpocrpaHcTBa — rerpagfp. Ilyers ecrs na Takmx TeTpasipa: ABCD
1 A'B'C'D', pasumie gpyr Apyry, a0 03HATAET COOTBETCTBEHHOE PABEHCTBO IHH
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Pue, 24

Pasunie Terpasups (a) W cos-
MEIIEHHE WX OYTeM NoCael0Ba -
TEABHWX nepeHoca (6), noso-
pora (8) W oTpaxkenns (z)



Beex ux mectn peGep AB = A'B" u T. 1., 1 OyCTh 3TH TETPasAphl PacHoOJOKEHLl
rjge H Kak yrogmo (pme. 24, a). Hamayio T04Ky npocTpaHcTBa MOMKHO COBMECTHUTH
¢ mo6oit apyroi meperocom. Ilonesysacs aTum, coBmectum Toukun A’ u A, n rerpasup
A'B'C'D' nepemectntca mapaanexnsno ceGe (pme. 24, 6). Temeps, moBopaumBas
toury B’ Borpyr A, coBmectum ee ¢ B (pue. 24, ¢), n, nosopaunBas satem C’
Bokpyr A B, coBmectum ee ¢ C (puc. 24, 2). Cosmemenne B’ ¢ B u C' ¢ C M0KHO
Opto OB MOJNYYHTH W ONHOBpEMEHHO, IIOBOpaYMBAA TeTpPasip BOKDYT pAMOH,
ABAAIMECA NepecedeHmeM IJocKocreit TpeyroanaukoB A'B'C' m ABC

e o e e e " " nas roukn D' BOBMOMKHEL JHIND JBY
NOJOMREHHAA: cunnaneﬂne c TD‘IRDﬁ D nim sepraapHO paBHOE e OTHOCHTEJIBLHO
niaockoctn ABC monosmenme (puc. 24, 2). B nepBom cayuae peayabrar yiKe no-
JYYeH, U, OYEBHJIHO, YTO npeoﬁpaaunaﬁne TeTPasipa M KeCTKO CBASAHHOIO C HAM
OpoCTpaHCTBA CBEJOCH K JBMiKenmio. Bo BropoMm caygae pesyantar, T. €. COBMe-
MeHHA TeTpasgpoB (M NpOCTpPaAHCTBA), JOCTHrAETCA IYTEM JOHOJHHTEJILHOM oIe-
panuu orpaskenusa toukm D' B maockocrn ABC.

JTH JIBe BO3MOMKHOCTH COOTBETCTBYIOT JBYM CJIYy4YafM paBeHCTBA MCXOMHBIX
ACMMMETPHYIHEIX TETPasgpoB MesKAYy coboil — COBMECTHMOMY, MIIH, KaK I'OBOPAT,
KOMHZpYsHmHoMY, PaBEHCTBY M aepkaaviomy pasencrey. llpeofpasosanme ke

e . Takum ofpasom, HmOHATHE CHMMETPHYECKOr0 paBeHcTBa ¢Guryp
BKJII09aeT MOHATHe COBMECTHMOrO miam (u) 3epKaabHOro mx papencrsa. llpeoG-
pPA30BAHMA IEPEHOCA W IOBOPOTA W MX KoMOMHANMHM HA3KBaW0TCA COGCTBEHHO
deudcenuanu, nam npeobpasoBaHuAMH nepsoeo popna; npeobpaszoBanms, cojep-
amme oTpaykeHns,— npeolpasoBaHNAME 6mopozo Pofa, MHOIJA JEUINCEHUAMU
émopoeo popa.

— aa =



TOYKA MOKET CAYKHTL
METKOif NpOCTPAHCTBA, YKASHIBAIOMEH €ro OpHEHTAIMIO, €CJH OHA paccMaTpu-
BAETCS BMECTE CO CBOMM OKpY/KOHHMEM, & MUHHMAJbHOH METKOH TaKoro oKpyse-
HEA ABJIAIOTCA TPH COCEJHME TOYKH, oDpasyiolmue BMECTe ¢ Hell acHMMeTpHYHBI
Terpasp. Takyw TOYKY HABKBAIOT ¢KpucTaMIorpaduueckoiy. B oramuue or aro-
ro MareMaTHYeCKas TOUKA Z, Y, z He MMeeT IPH3HAKOB OPHEHTAI[MH, OHA CaMa
MMEeT MAKCHMAJBHYI0 CHMMETDPHIO — € MOMKHO IOBOpavymBarh BOKpYr aio0oi
OCH WM OTPaRATH B JIOO0H IUIOCKOCTH, NMPOXOAAMMAX 9epe3 paccMaTpHBaeMywo
TOYKY, M OHA OCTAHEeTCHA TOM ;e Toukoi. Kpucrammorpaduueckne ke TOUKH MO-
ryr 6T — u ME GyJieM HHOIJ[a MX TaK HAaSHBATh — HAPAJJIEJLHEIME, IOBEPHY-
THIMH, OTPasKeHHEIMA.

=k e =

711000¢ TpeobpasoBanue IepBOro pofa ABALETCA JuGO TePeHOCOM, JaHO0 nbn—-
CTHIM HJH BHHTOBBIM IIOBOPOTOM HPOCTpPAHCTBA BOKPYT HEKOTOPON OCH.

b it S

— o e

BCAKOe NBHMeHHE IJIOCKOCTH, COBMeIawiee ee ¢ co-

Oolf, ABAAETCA ANGO MOBOPOTOM BOKDYI KAKOH-THOO €€ TOUKH. juBo menemocoss
(reopema Illans).

BHHTOBO MmOBOPOT (cumpananioe nnnmemfe} 8-
iaeres Hauboxee obmum npeoGpasoBanueMm mepBoro pojia, HepeHoChl Ke W 10~
BOPOTEI MOYKHO pacCMaATPABATE KAK €0 9aCTHHIE cayuau. C apyroit cropons, BHB-]
FOBOE IBHKeHIEe MOKHO PAasNoMUTL HA IOBOPOT M IEPEHOC. 1

aoban omepanus BTOPOro poga Mo;ker GHITH IPEACTAB-
JICHA  KAK onepanus 3epKaJbHOrO HOBOPOTA. ;

L LT T A ——



- Fg g T TR T mmeeema sy -

) , VOBOKYIIHOCTL omepalwmit Moiker GuiTh saMeHeHa IOBOPOTOM BOKPYT He-
f0TOpOM ompenenennoi ocu * N, m orpamenuem B mrockocts m, IIleIEHJmH}’JIHp-I
[ﬂ L

i bT0i ocu (pue. 27). dTa onepanus u ecTh 3ePKAIBHEI IOBODOT. ;

T e e EE T L

CrenmanbubeIMI  9acTHRIMI ClIy4afiMH 3€pKaJLHOI0 HOBOPOTA
ABJIAIOTCA MPOCTO OTP aienne B mIockocTu m (o = () (pme. 28, a) u cronnsamee

OTpamenue a, xkorga N, HaxomuTca B GECKOHETHOCTH W IOBOPOT HA o UpeBpa-

MAeTCA B IApaJebHbll IIepeHoc BIoAL HEKOTOPOI HpAMOii, napajjieabHoi m,
Ha Tpancuanmio ¢ (pme. 28, 6).

A s S L -

[Ipm o = n Bo3HHKAeT APyroif CHENHATBHLI CTYyIall 36PKANBHOrO MOBOPO-
1a — ungepcus (obosmauaemas 1), mmm mpeofpazoBamme OTHOCHTENBHO HEHTPA
cmvverpun (pac. 28, 6), ITo mpeobpasoBanme xapakTepu3yerca TeM, YT0 BCE pA-
Mbie, TPOXOJIAMe Yepea TeaTp cuvmerpun O, npeoGpasyloTcs B ce0A, HO (MEHAIT)
CBOM KOHIE (BeKTOpH I mpeofpasyiorcA B —r), & BCe APYIHe MPAMBE HIH ILI0-
croCTH TpeolpaayioTca B MapajIebube cebe i HaXOJAMEeCA Ha TOM iKe paccToA-
jim 0T (), HO OPHEHTHPOBAHHKE (€CHHW HA HAX IOCTABATH ACHMMETPHIHAI® MET-
KH) TIPOTHBOMONOKHO, T, €, CTAHOBATCA AHTHIADAJISTbHBIMM.



Till

B [11]

Z|
o]

AII

"

—— = —

5

P o 2T

OO il caydani onepannmm BTo-
poro poa — SepEAIbLHBII no-
BOPOT BOKpPYT ocH N, (oTa me
ouepanMa — HHBEPCHOHBELIN

UOBOPOT BOEPYD OCH Eﬂl






Yaerunie caywyam onepanun
BETOPOro poja

@ — OoTpamenne, § — CHOAh-
JAlllee OTpa*seHUC: & — HH-
BEPCHA

Wrak, naumbonee ofmas OTIepAIHsA NepBOro poja —
BUHTOBOM 1IOBOPOT, € YACTHHE CIYYAH — HOBOPOT N
mepenoc. HamGonee ofmas omepamus BTOPOro poja —
3EPKATBHBIL (1M HHBEDCHOHHEL) IOBOPOT, 6@ YaCTHEe
CIYHaH — OTpAKeHue, HHBECHA M CKONB3AMEe 0Tpa-
AeHIe,



Onepanuu HpocTHIX MOBOPOTOB M B€PKAJBHKIX II0BOPOTOB (M YACTHHI® CJyqAN
MOCAGAHHX — OTPAIKCHHE M MHBEPCHS) OCTABAAIOT NPH npeolpasoBanny 10 Kpaii-
el Mepe OJIHY TOUKY NPOCTPAHCTBA HA MECTe — 4epes Hee W NPOXOJUT och N
unm N. Ir1a Touka nasmpaerca ocobGoif, a »Tn onepanuu — ONnepamuaAMH Mmoyey-
MOl CHMMETpPHH,

Ecan wepes ocofyio ToUKy HpOXOAMT HECKONBKO Pas3imyno OpMEHTHPOBAH-
IIBIX TOBOPOTHBIX OCEH, TO COBOKYIHOCTH IIOBOPOTOB LPOCTPAHCTBA BOKPYT HMX,
COXpaHAIMHUX Ty TOYKY, Oynem HA3LBATH BpPAlleHMAMH, & COBOKYINHOCTH Ole-
PALME TOYEYHOH CHMMETPHUH BTOPOTO POAA — HeCOOCTBEHHHIME BPANeHHAMHU.

Onepanuu nepeHocoB, BUHTOBEIX NOBOPOTOB, CKOJb3AMIAX OTpaKeHuu cojep-
AT TPAHCAANMOHHYIO KOMIIOHEHTY, OHH CMeNal0T BCe TOYKH NPOCTPAHCTBA M
0COOLIX TOYEK B 9TOM CJyuae Her.

[ i

AnasmTiyeckas samuch npeodpasosanna cuvmerpun. Bufepem B mpo-
CTpancTBe nekaproBy cucremy koopamnar X,, X, X, — mpasyw, T. e. Takymwo,
B KOTOpOM, eciu cMOTpeTh ¢ Konna ocn Xy, mosopor or X, k X, Gyaer nosoporom
porus vacosoit crpesnku (puc. 30). llpeoGpasoBanus cummerpun g [x] Tpexmep-
LIOro mpocTpaHCTBA ONUCHLIBAIOTCA JHHEHHKIMH ypaBHeHHAMH:
f
X' = glxl,
Ty = ayud T 3Ty T G525 + ay,
A51T) + GggaTy + AggZq + s, (4)

Ag1Zy + UgeTy + gyTy + a,

L
o



IMpasan encrema ACKAPTOBLIX
H UNIHHAPDHYECKNX KOOpAHHAT

f

KROTOpLIE B KpaTKoOW MaTpu4HOIl dopmMe zanmcwBaOTCH Tak:
x, = (a;y) z; + a (i, | =1, 2, 3), (5
rjue
Ty g
(@) = an ay| = D, (6,
gy fga gy
WM B onepatopHoit gopme
X' = Dx + t. (7



Marpuna D ommenpaer npeobpasoBanna Togeqnol CHMMETpHM, T. e, Hmpoc-
ThI® INJIH 3€PKAJIBHLIE IOBOPOTEHL, a t — TPAHCIALAA, KOTOPAS 3aJAeTCA KOMIIO-
HEHTAMMU a;,

Mu sumaem, wro npeoGpasoBanue CHMMETPHE MOKHO PacCMATPUBATE M KaK
npeobpasoBanme cucTeMul Koopaunar X; B Xj, npuuem npeoGpasosanue Koopu-
HAT TOYeK m npeobpasoBanme oceit BaaumMuo-o6parun. IToaromy MaTpuila npeod-
pasoBanuia ocelt (ai;) Oyner TpancmoHHpPOBAHHO OTHOCHTEABHO (6), T. e. Gymer
MaTpunes (a;), a BeAHIHHE @ij ABIAIOTCA KOCHHYCAMH YIVIOB MEIy npeobpa-
S0BaHHEIME X m mauaxbubim X; ocamu. U3 nessimu 9THX BeJMYNH HE3aBUCH-
MBI IIECTh, M OHH YJOBJETBOPAIOT COOTHOMEHNAM OpPTOrOHAJIBHOCTH:

S ayay=|, 1Th ®)
j=1 2.3 W U! i:f:}l

Ycaosne maomerpmunocr, 1. e, HEUSMCHHOCTH PACCTOAHNA MEKAY TOTKAMH

Ipu npeo0pasoBaHHAX CHMMETDHH, WMeer BH]

| z — y| = V{‘Il__ 1)+ (z — ¥Y3)* + (x4 —Ys) =]z’ —y , . (9

OHO obecneYmBaer M COXpaHEHHE VIJOB Me]y IpeodpasoBaHHLIMI TP AMEIMHE
B nnockoctamm. Ecau uzomerpmueckoe npeoGpasosanme ABIACTCA TOYCUHKIM,
T. €. HE CONCPHUT [EPEHOCOB, TO OHO HABHLIBAETCA OPTOTOHATBELIM. Nz (9)
ClAenyer, uro perepmuuant matpums D (6) Bcerna pasen -1 wam —1, 1.0,

LD|=|:::”|:i1. 4N\




Hapanneasumii mepemoc osmawaer cmemenme Beex Todek X @pocTpaHCTBa
B OHOM HaNpaBJIeHUM Ha OJWMHAKOBEIR BeKTOp f:

X'=x4+t a;=1, a;; =0 npm i~ j, xora Gu oxgmo U3 a; = 0. (11)

IloBopor mpocrpancTBa ecTh ogmEaKOBOE YrioBoe nepeMemieHHEe ero TOYeK
OTHOCHTeJABLHO OCH noBopora. Ecam B KauecTBe TaKoBOIf BrOpate ocb X4 m, ras-
A C €€ KOHITA Ha HavaJo KOOPAMHAT, OTCYHTHBATH YIVIK MPOTHB YacOBOIL cTpe-
ku (puc. 30), To mpu moBopoTre Ha yrom @ B HUIHHADHYECKAX KOOpAMHATAX
s ©, IE

!

r=r, =2, @¢=¢p+a (12)

H B JIeKapTOBBIX KOOpPAMHATAX

xy = rcosa, I3=rsing, ¢ = P + a, (13)
TaK 4T0 marpuna (6) umeer Bmm:
cosa —sina 0
sina  cosa O |, (14)
0 0 1

JepKaabnoe OTpaskeHme B II0CKOCTH m HEPeBOJMT KaK/IYI0 TOUKY X B TOURY,
JERAMYIO 10 IPYTYI0 CTOPOHY OT 9TOM II0CKOCTH, PABHOOTCTOMIIYIO OT Hee |

JCARANILYIo Ha e{mHOM K Welt mepmemmmkyiape. Eeam maockocTsio m sBasercs
miockoets X, X,, 1o

Hll — 11. Ei! . i,. aas e _"'1.| Ei‘j _— D l'IpH i?‘: }.- (15)



Jlas mo6oro sepkanbEOro Iosopora BOKpyr X, matpuna Gyjer Taxoit e, Kak

(14), 1o agq = —1, Ilpn MHBEPCHM BC ay; = —1, a;; = 0 npu i 5= j.
Onepanun mepsoro poma — aBmKeHUs Oynem oGosHavaTh CHMBOJIOM gl, Bro-

poro poma — cumBoxom glI,

2.4. Cpasu n pasmmuwe onepaumii mepsoro m BTOporo popxa. Marpumsr onepanmii

nepBoro popa gl mmeior onpefexmTens (10), paBumit +1:

|yl = +1. (16)

ITocaenoBarensnoe mposenenme (mpomaBenenne) moGoro umena g TaKHX omnepa-
LA gfg% . o e g{. = gy HMEeT OoupejeIATe b

|@ijle, = (+ 1) = 1. (17)

CaepoBartessno, mpomaseenme a1060ro wmesa onepanmii nepBoro poja Beermga

€CTh ONepanus nepBOro pofa: g, = gy, T. 6. NPOH3BEJCHHE ABI/KeHMIT Beerja
€CTh JIBHKCHHE,
Han onepammit g™ Broporo poja ounpefeaureas (10) Bcerma pasen —1:

[ﬂij igII i e 1' (18}

CpaBumBan (17) n (18), Bummm, gro EuKakas onepanusa BTOporo poma gl me
MOKeT ORITH IOJIyYeHA KaKoi-Imto KomOuHaumel ABMRenmit gl, HeiictBrTensno,
liepememas acHMMeTpHYHYI0 Purypy — TeTpasap, MO}KHO COBMECTUTEL €ro JIHIIh
C KOHIDYOHTHO DaBHLIM TETPasfApoOM, HO He ¢ 3ePKAaJbHO PaBHEIM — IJIA 9TOrO
Hy/KHa omepanmsa BTOPOro poja.



Ouepauna gpwienna  kax pe-
ayamTar HOCAeOBATEALHILIX
OTpazkeHmil B ABYX mIOCKOCTAX
mu m'

a4 — novopoT (NJOCKOCTH m
B m’ nepeceKaoreH, npa
Mana [epeceYeHunT — ochb
nosopota);

6 — TPAHCHALMA (MAOCKOCTH
m o H om’ napanienbun)

[
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IlocaenoBarenbHOCT, W3 g omepanmii BTOporo poma gl gll B
AMeeT OonpeaenTelb P g 1 &2 --- 8o = &r
fagl, seifftas] TY WE e=2m =gl (19)
il —1  npm g =2n- 1:gueter — gIT, (20)

CnenoBarensHO, uUpoH3BeJeHHEe YETHOIO YHCIA O pamnnit Broporo poua gIt (19)

ecTb ounepanus mepsoro poja g'. Hegernoe e umcno Takmx omepammip gil (20)
ABIAAETCH OHEDANTHEIT BRTONOTN NNTa ol 2 mowmasassrssscs semme e 8=



TH‘.H & ST ———— AL, . BETARL )
R ;’:ﬂ ‘;?IPaaaM, KaK MEI BHJle/d, onepamuu MepBOro pofia MOKHO CBECTH K
YT DR y omepammii BToporo pona. Ho, pasymeercs, onn CYIECTBYIOT I Mo-

bCSL HE3aBHCHMO 0T omepaIuii BToporo poga. B 1o ke BpeMA U3 U310~

JREHHOTO CJIejlyeT, 9T0 JW00YI0 onepanuio CHMMETPHE MOJKHO IPeJCTaBHTh Kak pe- -
3yabTaT OIHONO0 WIH HECKONBKEX 3ePKaTbHEIX OTPa‘KeHHIL.
CymecTBoBaHue JIBYX THIOB CHMMETPHYECKOrO pPaBeHCTBA — COBMECTHMOTO
I 3epKajibHOr0 — ABIACTCA (yHJaMeHTATBHEIM CBOMCTBOM HAmero IPOCTpaHCT-
Ba 1 Beex Quamueckux 00BEKTOB H MrpaeT BAKHYIO POJIb B KpHCTa€Iorpadmm.
[Tepeiiiem Temepsb K BONPOCY O BO3MOKHBIX COYCTAHMAX OMEPAIHil CHMMET-
pHH, HX B3AMMOJCHCTBHAX, T. €. K BOIPOCY OTPyNIAX ONePAImii CHMMETPHIL.



OcroBBl Teopmi TPy

Baanvogeiicteae onepaumii. PaccMOTpHM TOYEUHYIO CAMMETPHIO KpHCTALIA
KBapia, naeaabnas Gopma Kotoporo maodipamena Ha puc. 10. Durypa cosmena-
eTcda ¢ co0of NpH CAeAYIONMX OHepanuAx CHMMEeTDHH!

fo = €, gi=3 £=3 g=2u &=y &= 2us (21)

e g, — TOBOPOT Ha yrod 27/3 MPOTHB 4acoBOMl CTPeNKH BOKPYT OCH, 0003Ha-
wennoit na puc. 10 cmmBonom 3; gy, — noBopot na yroa 2-2n/3 upoTuB 4acoBoii
CYPEIKH BOKPYr ocu 3 (MM, 9TO TO jKe camoe, la 271/3 M0 4aCOBOI CTPeIKe); gy,
g4, €5 — TOBOPOTHLL Ha 7 BOKPYL oceii, 06o3nauennbx cumBodayu 2, 2,. 2, 1a
puc. 10, NepHENMKYAAPHLX OCH 3 M PACHOTOKEHILIX MO yraom 2m/3 apyr
K JApyry.

[locaenoBaTebHOe BRITOJAHENNE JIBYX (HAH HeCKOJLKMX) ofepaliui clmver-
puR TAK:KRe ABIAETCs ONEPAIMeil CHMMOTPHI, HOCKOALKY 1o yeuaosusy (1), (2)
nocae mepBoit (M Kamtoii caejyiomeit) onepannu gurypa ne uamensercs. Tak,
B HAIICM IpPAMEPe ABAMILI TPOBeCIAA OmepalMa g oKBHBAJICHTI OTe It
gy, UTO BANUCLIBAIOT KaK g,¢, = gf go. Ananoruuno g,g, — gq n 1. L. (llogpa-
dyMeBaeTcd, 4To IIpH HOCJAELOBATEJILHOM IHpoBeienun onepainun  gg; HepBOH
nmponmaBojiures omepauusn g;.) Onepauun g, ¥ g, Baaumiuo-oOparHe: g, — &ai
OUEPAIINH gq, 4y L5 OOpATHH CaMi cebe: g5 = g5 .
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