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1. BBegenue

[lousiTne aroma, mosiBUBINEECs B 33/la9aX KaUeCTBEHHOI'O aHAJIN3a U Kjaccuduxanuu
JMHAMHYECKUX CHCTEM, HAXOAUT IPUMEHEHNe B CAMBIX PA3HBIX pa3jenax COBPEMEHHOil
KOMOMHATOPHKHA M MaJIOMepHOi Tomojoruu, Teopun y37i0s |1, 3|. Tlonstue atoma st
neJieil TaMHJIbTOHOBOM M CHUMILIEKTHYECKON IeOMEeTPUH U TOIOJOTHH OBLIO BBejeHO Po-
MeHKO [7| u OBLIO TPUMEHEHO Jisl JTUYBULIEBON KJIACCHMDUKAINE UHTETPUPYEMBIX Ta-
MHJIBTOHOBBIX cucTeM |8].

CumMeTpun aTOMOB OTPAYKAKT JIUCKPETHBIE CUMMETPHH COOTBETCTBYIOIMINX THHAMU-
YECKWX CHUCTEM, TaK 9TO JIJTs TleJieil aHaIn3a BaXKHON JBJISIETCS 3a,/1a9a OMHUCAHUS KJIACCOB
ATOMOB, 00JIAIAIONINX 33 IaHHOM Tpyoii cumMerpun. Tak, B pabote 2| npuBeena mos-
Has KJIaccuUKAINA BEICOTHBIX aTOMOB € TPAH3UTUBHON Ha BEPIIMHAX T'PYIIION CUMMET-
puii. B pa6orax [5] u [4] moayden psi kiaaccubuKAIMOHHBIX PE3YIBTATOB MAKCAMAIBHO
CUMMETPUIHBIX ATOMOB, HMEIONNX MAKCUMAJILHO BO3MOXKHBIN HAOOp cummerpwuii. 3a-
Jada KJIacCu(pUKAINN MAKCUMAJIHHO CHMMETPUYHBIX aTOMOB SIBJISIETCS JIOBOJIBHO CJIOK-
HOW W MOXKeT OBITh PEIeHa TOJBKO Jisl OTJAETbHBIX CeMEeHCTB aTOMOB (ATOMBI MaJIOil
CJIOZKHOCTH, ATOMBI MAJIOTO POJA), OO ATOMOB, O0JIAIAIONIIX HEKOTOPBIM CIEHATbHBIM
cBoiicrBoM. Tak, B pabore [2] GbLIN HOJHOCTHIO OMUCAHBI MAKCUMAJBHO CHMMETPUYHBIE
BBICOTHBIE ATOMBI.

B nannoit pabore paccMarpuBaeTcsl BayKHBIN YACTHBIT Caydail BBICOTHBIX aTOMOB
BBICOTHBIE ATOMBI C TPYIIION CUMMETPHUil, TPAH3UTUBHON HA KOJIbIAaX OJHOro 1Beta. s
TaKUX aTOMOB VIAJIOCh CIEJIaTh YaCTUIHOE OIMMCAHUE: MPEIbIBIeHO 9 GECKOHEUHBIX Ce-
puii u 21 ocobbrit caywaii. OcnoBuble onpemesenus B3aTol u3 [1], [3], [4].

Aprop Osaromapur akagemuka A. T. PoMeHKO 3a MOCTAHOBKY WHTEPECHON 3a/1a4H U
o0relt cxembl, 9YTO W Kak JiearTh, a Tak:ke 1. M. HukonoBa 3a 1eHHbIE 3aMedaHust u
YKa3aHUSI.

2. HeobxoamMble MIOHATHA 1 ONpeaeJIeHIs.

[Iycte M? - raagxoe KoMOaKTHOe AByMepHoe MHOroobpasue, f : M? — R -bynknus
Mopca na M? u {x € M?: f = k,k € R} - eé ocobmlit yposenn. Torja cymecrsyer € > 0
takoe, aro [ H([k — &,k + €]) He comepKUT 0cOOBIX TOYEK, KPOME JIEIKAIIUX Ha 0CO60M
yposue ({f = k}).

Omnpenenenne 1. Amomom naszvisaercs napa (f~1([k — e,k + €]), f~1(k)) ¢ ykazamnu-
em Bioxenust rpada f1(k) B nosepxuocrs fT([k — €,k + ¢]). Arom naszbiBaeTcsa opu-
ENTNUPYEMBLM, €CITH 3TA TTOBEPXHOCTEL opuenTupyema. ['pad f~! (k) nazsiBaercst ocToBOM
aToMa. /IBa aToMa Ha3BIBAIOTCH U3OMOPPHLLMU, €CIIH CYIIECTBYET IOMEOMOPMU3M Hap,
KOTODPBI TIePEBOJIUT MOBEPXHOCTh B MOBEPXHOCTH (COXPaHsis OPUEHTAIUIO, €CJIH MOBEPX-
HOCTb OPUEHTHPOBAHA), OCTOB B OCTOB, & (DYHKIHMIO HEPEBOIUT B QYyHKIIUIO.

Byzem ropoputs, uto atom (f~1([k — &,k +¢]), f 1 (k)) nopoxnen dbyukmueit f. Ciox-
HOCTBIO aTOMa HA3bIBAETCS KOJHIECTBO OCOOBIX TOYeK (DYHKIHH [ Ha 0CODOM CJIoe.

Oupenenenne 2. Hazosem atom, nopox ennbiii bynximueii { 6uicommuwim, eciu cyiie-
crByeT Takoe Bioxkenue g : M? — R3 uro f(p) = 2(g(p)) ans kaxkmoit Toukn p € M2,



rie z — CTaHAapTHAs KOOPAMHATA B mpocTpaHcTse R3, T. e. 2 — QyHKIHA BLICOTHI HA

g(M?).

Bee BbIcOTHBIE ATOMBI SABISIIOTCsT opuenTHpyeMbiMu (eM. [3]). Tak kax B maiabHedinem
MBI OyJeM pacCMaTPUBATDh TOJHKO BBICOTHBIE aTOMBI, TO BCIOJIY HUXKE BCE aTOMBI MPE/I-
[OJTATAIOTCS OPUEHTHPYEMBIM.

[ycts nan atom X = (f~Y([k — e,k +¢]), f1(k)) . dcuo, uro f~H([k — e,k +¢€]) 8-
JdeTcd HeKOTOPBIM MHOoToo6pasueM P? ¢ KpaeM, IprdeM ero Kpail ~ 3To HAGOp OKpYyZK-
Hocreit. Podom aroma X HasblBaeTcd pojl MHOrooOpasus 6e3 Kpad, HoJ1ydeHHoro u3 P2
C TIOMOIIBIO 3aK/JI€HBAHUSI BCEX CBSI3HBIX KOMIIOHEHT TPAHUILI JucKamMu. ATomer poma 0
HA30BEM NAOCKUMU AMOMaMU. Takzke CTOUT JaTh BTOPOE SKBUBAJIEHTHOE ONPEeICHIe
aToMa.

Omnpeaenenne 3. Amomom nazosem “ocnamennyio” napy (P?, K), rae P? - KomnaxT-
Hasl OPUEHTUPOBAHHAS IOBEPXHOCTH ¢ KpaeM, K - HeIycTo# KOHEYHBINH CBA3HBIH Ipad,
BJIOYKeHHBIH B P2, BepHIMHB KOTOPOrO MMeEIOT cTemeHb 0 miam 4, IpudeM MHOXKECTBO
P2\ K sasasiercs necstzubim oobesunenneM kojer ST x (0,1], tue (S*,1) € 9P?. Muo-
JKECTBO KOJIEI[ W UX IPAHHYHBIX OKPY’KHOCTEH pa3ObUTO Ha JBa IOIMHOMKecTBa (Gesbie
W YepHbIe) TaKuM 00pa3oM, 4To K KaxkaoMy peOpy rpada K NpHMBIKAIOT POBHO OJHO
6eJioe KOJIbIIO U POBHO OJIHO YepHOE KOJIBIO. YKa3aHHoe pa3OueHHue KoJiell U COOTBET-
CTBYIOIMIAX OKPY:KHOCTEHl Ha Gesible W YepHble HasblBaeTcs ochaujenuem maphl (P2 K).
JIBa aroma cauTaroTCd M30MOP(MHBIMU, €CJAU CYIIECTBYET TOMEeOMOP(MU3M OCHAIIEHHBIX
nap, COXPaHSIONUI OPUEHTAIINIO TOBEPXHOCTEl U PACKPACKY KOJIeIl.

AToM, KOTOPBIH TTOTyIaeTCst 3aMeHOM 1iBeTa Oe/IbIX KOJIEI, Ha YePHBIN, & 9ePHBIX KOJIell
— Ha OeJIbI# BT, HA3BIBACTCS J60UCMEEHHbIM GIMOMOM K UCXOJTHOMY aTOMY.

Arom Mozker GBITH OlpesieieH Takke Kak f-rpad, cM. [1], 4To, B ¢BOIO OUepeib, 1aeT
HAM BO3MOKHOCTH PabOTaTh ¢ aTOMaMHU KaK ¢ KOMOMHATOPHBIMHA OOBLEKTAMIU.

Onpenenenne 4. Koneunniit cBa3ubiii rpad G, HEKOTOpbIe pedbpa KOTOPOro OpHEH-
THPOBAHBI, HA3BIBACTCI OPUEHMUPOSAHHUIM [-2padom, ecii Bce €ero BEPIIMHBI HMEIOT
CTeIleHb 3, IpUUYeM K KazKJI0# ero BepIlHHe IMPUMBIKAIOT POBHO JBa OPHEHTHPOBAHHBIX
noJiypedbpa, U3 KOTOPBIX O/IHO BXOJIHUT B BEPIIUHY, & JPYroe BHIXOAUT u3 Hee. Ormernm,
9TO BepIInHa MOZKET 6bITb HavaJIOM U KOHIIOM OJHOI'O M TOI'O 2K€ OPpHEeHTHPOBAHHOI'O
pebpa-—TeTin.

Coorsercraytomuit f-rpad crpourca 1o aromy (P? K) ciepyiomum o6pa3oMm: B Ka-
JecTBe HEOPHEHTHPYEMOro pebpa 6epeTcss OTPe30K, COeANHAIONINA IPAHUIBI TPOTHBOIIO-
JIOZKHBIX Gestbix KoJter(cM. puc. 1), a B KadecTBe BEPIIMH — COOTBETCTBYIOIIHE KOHI[HI
orpe3ka. B KadecTBe opueHTHPOBAHHBIX pebep OGepyTcs NPUMBIKAIONIAE K BEPIIHHAM JIy-
ru GeJIbIX KOJIell, ¢ COOTBETCTBYIONIEH OpUeHTAIHEH.

Onpegenenune 5. Hazsosem f-rpad opuenmuposario 8400cumvim B IIIOCKOCTD, €CJIH
€r0 MOYKHO BJIOXKHTDH B IIOCKOCTH TaK, UYTO OKPYKHOCTHU, COeIMHEHHBIE OIHUM PebpoM,
JIEYKAT OJIHA B JAPYTOi, €CJTM U TOJHKO €CJIM OHH UMEIOT MPOTHRBOTIOJOKHYIO OPUEHTAITUIO.



YepHoe Konkuo Benoe Konbuo

Benoe KonbUo “epHoe KonbUo

Puc. 1. TToctpoenne f-rpada
CooTBeTcTBYyIOIIEe BIOXKEHNE TaKyKe OyIeM Ha3BIBATH 0PUEHTNUPOSAHHHLM.

Onpenenenne 6. Cummempueti amoma X = (P? K) Ha3bBaeTCa COXpaHAIOIIH
OPHEHTAINIO U OCHAleHne roMeoMopdusM ocHatennoit mapwl (P2, K) na cebsi, pacemar-
pI/IBaeMbeI C TOYHOCTBIO A0 M30TOIHNH, T.€. KJIACC IKBUBAJCHTHOCTHU M3O0TOIIHBIX I'OMEO-
Mopdu3MoB ocHamenHoi napsl (P?, K) na cebg. OTMeTHM, 9T0 IPH TaKOM OIIpe e/ IeHII
rpynma Sym(X) cummerpuit aroma X = (P? K) nuckperna, M. [1].

Onpeaenenune 7. HazoBem cummempuet f-epaga G uzomopdusm rpada G Ha cebs,
HePEeBOISIINI OpHEHTHPOBAHHBIE peOpa B OPHEHTHPOBAHHBIE C COXPAHEHHEM UX OpPHEH-
raruu. OG03HAYMM IPylILy Beex Takux cummerpuii f-rpada G uepes Sym/(G).

Omnpenenenne 8. Arom X = (P? K) ¢ 3aJaHHbIM OCHAIIECHUEM SBJISIETCH ATMOMOM
¢ epynnot cumMMempul mpan3umueHoll na Koavyax beaozo(4épnozo) yeema, ecau s
M0OBIX JIBYX KOJIEI 6e10r0(4€PHOro) IBeTA U, U YKA3aHHOTO OCHAIIECHHS HANIETCS CHM-
meTpus aroMa ¢ € Sym(X), takas, 410 ¢(u) = v.

Omnpegenenne 9. Bynem rosoputh, uro arom X = (P? K) gpiagerca amomom c
MPAH3UMUBHOT MG BEPUWUHGT 2PYNNOT CUMMEMPUL, €CJN JJIsd JTIOOBIX JIBYX BEPIIUH U,
v rpada K naitjercs cummerpusi aroma ¢ € Sym(X), rakas, 4ro ¢(u) = v.

Omnpenenenne 10. Atom X = (P? K) aBagerca MakcumMasvHo CUMMEMPULHBLM TO-
rJa U TOJABKO TOIJA, KOria rpymnma ero cumMerpuii Sym(X) rpaH3uTusHO jefcTByer Ha
MHOXKecTBe pebep aroma X.

Hawm nonagoburest cienyrormuii pesyabrar u3 kaurn boacuuosa A.B.; ®omenko A.T.[1].

Teopema 1. Iycrs X = (P? K) - uHexoropblii aroM, paccMaTpHBaeMblil Kak OCHa-
meHHag napa, a G - coorsercrytonuii emy f-rpad. Torga rpynma Sym(G) uzomopdua
rpymme Sym(X).



Orciofa ciepyer, uro arom X = (P? K) gapjisercs MakCUMa/JbHO CUMMETDHYHBIM
TOTJIA M TOJBKO TOTJA, KOrja rpymna cummerpuit ero f-rpada Sym(G) TpaH3uTHBHO
neiicTByer Ha BepminHax f-rpada.

3. BpicoTHBIE aTOMBI C I'PYNNOI CUMMETPUIA,
TPAH3UTUBHON HA KOJIbIIAX OJIHOT'O I[BETA

[IepedopmyupyeM Temepb B TepMHHAX f-rpada ycaoBue, 4TO I'PYIIIa CUMMETPHi
aToMa JeicTBYeT TPAH3UTUBHO Ha KOJIbIaxX Oesoro isera. HamoMHHM, 9TO B MOCTPOEH-
HOM f-rpade MCXOMHOr0 aTOMa OPUEHTHPOBAHHBIE IIUK/IBI COOTBETCTBYIOT OEJIBIM KOJIb-
[aM, TOTa OPUEHTHPOBAHHBIE MUKJIBI f-rpada JIBONCTBEHHOTO K MCXOIHOMY aToMma Oy-
JIyT COOTBETCTBOBATH Y€PHBIM KOJIBI[AM HCXOJHOTO aTOMAa. 3aMEeTUM, 9TO €CJAU HAM JAHO
IJIOCKOE BJIoKeHue f-rpada mcxo HOro aromMa, TO OPUEHTUPOBAHHBIE MUKJIBI OYIYT CO-
OTBETCTBOBATDH OEJIBIM KOJIbIIAM, a TPAHU - IEPHBIM.

Vreepxkaenune 1. [Iycts X = (P? K)- atom ¢ rpymnnoit cummerpuii Sym(X), a
G- coorercrByromuit emy f-rpad. Torga Sym(X) TpaH3uTuBHO JefCTBYeT HA KOJIb-
max 6esoro mpeTa TOrJA W TOJBKO Torma, korga Sym(G) TpaH3UTHBHO AeficTByeT Ha
OPUEHTUPDOBAHHBIX IMUKJIAX.

JokazarespcTBO. YTBepKIeHHE BBITEKAeT W3 KOHCTPYKIHK HOCTpoeHus f-rpada mo
aTOMY : OPHEHTHPOBAHHBIE IHMKJIBI CTABATCSI B COOTBETCTBHE KazKIOMY OEJIOMY KOJIbILY
aToMa. 3aMeTHM, ecjid, Kpome 31oro, G- f-rpad ABOWCTBEHHOIO K MCXOAHOMY aTOMa U
Sym(G1) TpaH3UTHBHO JEHCTBYET HA OPUEHTHPOBAHHBIX ITUKIaX (71, TO TPYIIIA CHMMET-
puil KakK MCXOJHOTO aTOMa, TaK M JBOWCTBEHHOI'O, TPAH3UTUBHO JIEWCTBYT HA KOJIbIIAX
obonx 1mBeToB.[]

B pasbueiinieit pabore HaMm 1monajgo0aTcs yrepzkienns, B3garoie n3 crarbu .M. Huko-
1oBa|6].

Vreepxkaenne 2. [Iycts X = (P?, K) — artom ¢ rpynnoii cummerpuii Sym(X), a G
— cootBercrByiomuit emy f-rpad. Torma Sym(X ) TpaH3uTUBHO AEHCTBYET HA BEPITUHAX
aTOMa B TOM ¥ TOJIBKO B TOM CJaydae, Korja rpynma Sym(G) TpaH3uTHBHO AeflcTByer
HA HEOPUEHTHPOBAHHBLIX pébpax f-rpada.

YrBepxkaenune 3. AToM gBJgeTCS BBICOTHBIM TOLJA W TOJIBKO TOIA, Korma f-rpad
OPUEHTUPOBAHHO BJOXKUM B ILJIOCKOCTb.

Omnpenenenne 11. Bynem Ha3niBaTh HEOPUEHTHPOBAHHOE PEOPO MPOU3BOJIBHOTO f-
rpada eHympeHHuM, ecan 00a KOHIIA 3TOr0 pedpa JieKaT B OHOM OPUEHTHPOBAHHOM
MUKJIe, U 6HEWHUM, €CTH €r0 KOHIIH JIe2KAT B PA3HBIX OPUEHTHPOBAHHBIX ITUKJIAX.

Vreepxkaenne 4. Eciu rpynna cumverpuit Sym(X) aroma X = (P? K) rpansu-
TUBHO JEHCTBYET Ha KOJIbIAX 0eJIoro IBera, TO y cooTBeTcTByIOMero f-rpada G Bce
OPUEHTUPOBAHHBIE MUKJIBI COAEPXKAT OJUHAKOBOE KOJIUIECTBO BEPIIUH.



Jlokaszarenbcrio. Tlo yreepxkaenuto 1 rpynmna cummerpuit Sym(G) f-rpada G rpanszu-
TUBHO JefCTBYeT Ha OPUEHTUPOBAHHBIX IUK/IAX. SHAYNUT, BCE OPUEHTHPOBAHHDBIE TTHKJIBI
COJIeP2KaT OJMHAKOBOE KOJIMYECTBO BEPIIUH BHYTPEHHUX PEOEp W BepPIIUH BHENTHUX Pé-
bep, TakKUM 0OpPa30M BCE OPHEHTHUPOBAHHBIE MUKJIIBI COAEPIKAT OTMHAKOBOE KOJIHIECTBO
BepiuH.[]

YTBepxkaeHue 5. ['pynna cuMMmeTpruii MAKCUMaJILHO CUMMETPUYHBIX aTOMOB TPAH-
SUTHBHO JIefiCTBYET Ha KOJIbIIaX OOOUX I[BETOB.

Jlokazarenbcrpo. Ilyers atrom X = (P? K) (¢ rpynmoit cummverpuit Sym (X)) sapaser-
Csl MAKCHMAJIBHO CUMMeTPUIHBbIM. Tak Kak K KaxKJ0My peOpy rpacda mpuMbiKaeT POBHO
oHO Gestoe M OJTHO Y€pHOe KOJbIo, U rpynna cummverpuil Sym(X) TpaH3uTusHO neii-
crByeT Ha pébpax rpada , noaromy Sym(X) TpaH3UTUBHO JEHiCTBYET HA KOJIbIIAX 0OOMX
nBeTos. [

B uacruocru, eciiu arom X = (P? K) (c rpyunoit cummerpuit Sym(X)) ssiserca
MaKCHMAJIbHO CHMMETPHYHBIM M BBICOTHBIM, TO Sym(X) TpaH3uTHBHO meficTByeT Ha
KOJIbIIax 0boux 1BeToB. Kiraccudukaims MaKCIMAJIBHO CHMMETPAIHBIX BHICOTHBIX aTO-
MOB Oblia noJsiydena B pabore Bomuanernkoro H.B. u Hukonosa .M. [2]. Ona BKIIOTaeT
B cebs atom Ap(cMm. puc. 2), aBe GeckoHeunbie cepun atomos D, (n > 1),C,, (n > 1),
(puc. 3) u uarb aromoB Py, Py, P3, Py, P5 COOTBETCTBYIONUX IPABUIBHBIM MHOI'OTDAHHU-
kaMm (Puc. 4). Bamernm, aro Cy = Dy. [

Puc. 2. f-rpad aroma A,

D’n,

Puc. 3. f-rpadsr aromos C,,, D,



Py P, Py

Py
Puc. 4. f-rpadbl aToMOB, COOTBETCTBYIOIINUX MPABUILHBIM MHOTOIDAHHUKAM

Teneps paccMOTpUM apPUXMEIOBBI T€j1a, OECKOHEYHYIO CEPUIO HPU3M U AHTUIIPU3M, H
HOCTPOUM TI0 HUM COOTBETCTBYIOIIHE ATOMBI TaK:

f-rpad KaxK 1010 n3 KOHCTPYUPYEMBIX ATOMOB MOJIYYIAETC B PE3Y/IbTATE 3aMEHBI Ka K-
JI0f1 BEPIIWHBI OJTHOMEPHOT'O OCTOBA COOTBETCTBYIOIIETO MHOTOTDAHHUKA HA OPHEHTHPO-
Banublii muk1 (cM. Puc. 5) (31ech MBI HOJIB3yeMCst TEM, UTO CKeJIET KazKJIOrO M3 Pac-
CMATPUBAEMBIX MHOTOTPAHHUKOB BJIOXKHUM B ILIOCKOCTD). [IpH 9TOM IUKTHYECKUI TODS-
JIOK MPUMBIKAONINX K UKy pedep M0JIZKEeH MOBTOPSTH MOPSI0K pedep, TPUMBIKAIONNX
K BEepIIIHE.

YrBepxkaenne 6. ATOMbI, COOTBETCTBYOIIHE apXuMeTI0BbIM TenaM Ry, Ry, R3, Ry, Rs,
Rg, Ry, Rs, Ry, R10, R11, R12, Ri3(cm. Puc. 9, 10, 11), a Tak:ke GeCKOHETHOH CePUE TPU3M
Rl (n > 1) mw anrunpusm R2, (n > 1) (cM. Puc. 12), aBIsi0TCS BBICOTHBIMHA, I WX TPYTITIA
CUMMETPHUI TPAH3UTUBHO JIEHCTBYET Ha KOJIbIAX 0eJI0ro 1mBeTa.

JokazareapcTBo. I'pynibl cuMMeTprii y TIOCTPOEHHOTO f-rpada u ucxomHoro MHOTO-
I'DAHHUKA COBHAIAIOT. TaK KaK CHMMETPHUH IIOTYyIPABIUILHOTO MHOTOTDAHHUKA TPAH3M-
THBHO JefICTBYIOT HA €ro BepIInHaX, TO rpynna cumMeTpuii f-rpada Oymer TpaH3UTHB-
HOIl HA OPUEHTHPOBAHHBIX IMUKJIaX f-rpada, a 3HAYUT rpynna CAMMETPUNR COOTBETCTBY-
IOIero aroMa Oy/eT TPaH3UTHBHONW Ha KOJbHax Oejgoro mpera. CTOUT OTMETHUTH, 9TO
I'PYIIa CAMMETPHIT aTOMOB, OTBEYAIONHX apPXUMEIOBBIM TeIaM, He Oy1eT TpaH3UTHBHA
HA KOJIbIIaX 00OWX IBETOB, TIOTOMY YTO Y COOTBYIOIIErO MJIOCKOTO BJOYXKeHWs f-rpada
He BCe IPaHH UMEIOT OJIMHAKOBOE YUCJI0 CTOPOH, TIO9TOMY Ha T'PAHAX TPYIIA CHMMETPHIA
ILJTIOCKOT'O BJIOXKeHHUs f-Tpaca He MOXKeT 00pa30BbIBATDH OJHY OPOHUTY.



AnajlorugHbl paccykaeHus ¢ OeCKOHeIHOM cepueil npu3m n anTunpusM. Vckaouenune
cocTap/asgeT atoM (CooTBeTCTBYIONMI 4-yroabHol npusme) R, miockoe BiaoxKeHue f-
rpacda Koroporo coBmagaer ¢ P, u aToM (COOTBETCTBYIOIIUI AHTUIIPU3ME C 3-YTOJbHBIM
ocHOoBanWeM) R3Z, miockoe Biaoxkenme f-rpacda koroporo cosmagaer ¢ Ps. To ectb 31n
JIBA aTOMa, SIBJSIOTCSI BBICOTHBIMU MAKCHMAJBHO CHMMETPUUHBIME, IPYIIA CUMMETPUM
KOTOPBIX TPAH3UTUBHO JIEHiCTBYeT Ha KOJIbIIAX 0OOMX IBETOB.

Puc. 5. Iloctpoenue f-rpada mo ocToBY MHOTOIpAHHUKA

Ha puc. 9,10,11 npexncrapaenst f-rpadnr aromos Ry, Ry, R3, Ry, Rs, Rg, R7, Rs, Ry, Rio, R11,
R15, R13, KOTOpbIE OTBEYAIOT YCEUEHHOMY TeTPadApy, KyDOOKTa3/Ipy, ycedéHHOMY KyOy,
YCEIEHHOMY OKTad/Ipy, pOMOOKYOOOKTAdIPY, YCEIEHHOMY KYOOOKTAIPY, MIOCKOHOCOMY
KyOy, HKOCOJIO/IEKAIPY, YCEUEHHOMY [I0JIEKA/IPY, YCEIEHHOMY UKOCAIPY, POMOOUKOCO-
JTOJIEKAIPY, POMOOYCEUEHHOMY TKOCOIOIEKAIPY U TLIOCKOHOCOMY JIOJIEKAIPY COOTBET-
creenno. Ha Puc. 12 upejcrasienst f-rpader aromos R (n > 1) (coorBercrByomumx
npusmam) u R, (n > 1) (coorBercTByiomux anTunpusmam).[]

Bamedanme. BepuéMces K MCXOIHOMY MHOTOIPpaHHUKY. V3 Toro 4TO JI00ast cuMMeTpus
MHOI'OI'DAHHUKA €CTh [IEPEUMEHOBAHUE €I'0 BEPUIUH ¢ COXPAHEHUEM CBOHCTBA CMEXKHOCTH
BEPIIUH W COXPAHEHHEM IUKJIUIECKOTO MOPsAIKa pEdep, MPUMBIKAIONIUX K OIHOI Bep-
TITAHE, BBITEKAET, YTO HUKaKas CHMMeTPHUS MHOTOTDAHHNKA He MTePeBOIUT T'PAHb C OJTHUM
YUCJIOM CTOPOH B I'PaHb C JIPYTHEM YUCJIOM CTOPOH. MHade moyduan Obl MpOTUBOpEYne
C COXPAHHOCTDBIO MHUKJIUYIECKOrO MOPsiIKa pébep 1mof jeiicTBrueM cuMmmeTpuu. OaHaKo B
o0IIeM cJIydae HeBEpPHO, UTO ¥ KayKJIOT0 U3 PACCMATPUBAEMBIX 37€Ch MHOTOIDAHHUKOB
CYTIECTBYET CUMMETDHS, MePEBOJIANIasd I'PaHb C OJHUM YHUCJIOM CTOPOH B TDaHb C TeM
e qucjiom cropod. Hanpumep y kKypHocoro Kyba TpeyroJibHble TPAHU JeIITCd Ha JBe
IPYIIBE: 8§ U3 HAX OKPYZKEHBI TOJBKO JIPDYTUMHU TPEYTOJbHBIMH, OCTaJabHBIEe 24 — KBaJl-
paTHOH W JABYMS TpeyroJbHBIMH. IV ecnm mpeamnosaraTh, 9TO CYNIECTBYeT CHMMeETPHS,
HePEeBOISINAsg TPEYTOJbHYIO TPaHb U3 OJHOI IPYIIBI B APYTYIO, U 3adUKCHPYEM JTI00YIO
BEPIIUHY [IEPEBOJUMOI I'PAHM U JIBA CMEXKHBIX C Hell pedpa, TO MOJLYy4YHM, YTO KaKasi-TO
I'paHb OJHOTO THUIIA, CMEKHas C BEPIIMHON U OJHUM peOpOM, nepeiiiéT B rpaHb Jpyroro
THUIIA, ITO HEBO3MOZKHO.

PacemorpuM ciydait, Korja y aroMa ecThb pOBHO OJIHO 6eji0e KOJIbIO, TO €CTh y COOT-
BeTCTBYIONIEro f-rpada mmeeTcs poBHO OJWH OPUEHTUPOBAHHBIN UK.



Ounpenenenne 12. Atomavu F'L,, (n > 1) Hazosém arombl, b f-rpadbl mpecTas-
JISIOT COOOM OJIMH TUKJI C V1, . . . , Uspto BEPIIMHAME, 3aHYMEPOBAHHBIMHE B ITOPsIIKe 00X01a
OPHEHTUPOBAHHOTO IUKJIA, U ¢ XOpAAMH (Vg_3,V4i), 1 < i < n, (vg5-1, Vair2), 1 < i < n,
n (U4n_17 Ug).

Onpegenenune 13. BuyTpennee pedpo mpoun3BoibHOTO f-rpada O6yaeM Ha3bIBaTh 3a-
UENAEHHBIM C IPYTAM BHYTPEeHHUM pedbpom 31oro f-rpada, eciin Bepuimubl pedep Jiezkar
HA OJTHOM OPUEHTHPOBAHHOM IHKJIE U YePeYIOTCs B MOPSIKe 00X0Aa 9TOTO IHKJIA.

Onpenenenune 14. I'pagom cuensenuti OyaeMm Has3bBaTh rpad, MOCTPOEHHBIH IO
BHYTPEHHUM PEOpaM ¢ KOHIAMH M3 OJIHOI'O OPUEHTHUPOBAHHOI'O IUKJIA ITPOU3BOJIHLHOTO
f-rpacda aToma Tak: 3aMeHsieM KaxKJ10e BHYTpeHHee peOPo BEPIIMHON, U KaxKIble 2 Bep-
IIUHbI COE/IMHSIEM PeOpOM, eCjii BHyTPEeHHUE PEOpa, COOTBETCTBYIOIIME ITUM BEPIIUHAM
OBLJIN 3alleJICHHDI.

YrBepxkaeHue 7. JI10060ii aTom, nMeOInii 0IHO OeJI0e KOJIBI0, ABIIETCS BHICOTHBIM
TOTJIA ¥ TOJBKO TOr/a, Korja ero f-rpad He cogepxut B cebe f-rpada aroma FL,, (n >
1).

JokazarenpcTBo. JlokaxkeM B oaHy cTopony. /lam f-rpad BBICOTHOTO aToMa, HMeEIO-
IEeT0 O7HO OeJi0e KOJIBI0. 3adhuKCupyeM OpHeHTHPOBAHHOE BjoKeHue f-rpada B mwioc-
KOCTh.

ByneM ropoputh, 9T0 BHYTpPEHHEEe HEOPHUEHTHPOBAHHOE peOpo dBjseTcs peOpoM TH-
na A, ecu B OpHEHTHPOBAHHOM BJIOXKeHHH f-rpacda pebpo OyaeT HaXOIUTCs BHYTPH
OPUEHTUPOBAHHOTO THKAa, U TuNa B, ecan BHe. [Ipumep cm. na Puc. 6.

Pebpo TMna B

Pebpo tuna A

Puc. 6. Harnsamoe pacmosoxkenne pébep tuma A n tuna B B opueHTHPOBAHHO BIOXKEH-
Hom f-rpacde aroma As

OTtmeTnM, 9TO B JJAHHOM OPHEHTHUPOBAHHOM BJIOZKEHUU KazKjioe pedpo, 3allellIeHHOe ¢
pebpom Tumna A, Oyaer pedbpom tuna B. A kaxkmoe pebpo, 3amneriennoe ¢ pebpom tumna B,
oyner peopom tuma A. VI pébpa omHOro THIIA HE 3alellIeHHBl MexKay coboii. Temepnb mo



COBOKYITHOCTH BHYTPEHHUX PEOep nCcXomaHoro f-rpada BICOTHOTO aTOMa MIOCTPOUM Tpad
ciieniennii T'. Torma Beprunbl mojyuuBiierocs rpada 7', coorBercTByIoiue pédopam
tuna A OyjeM Ha3bIBATH BEpPIIMHAMH KJacca A, a BEPIIUHbI, COOTBETCTBYIONIIE PEOPaM
turra B Oynem Ha3bIBATH BepIuHAMU KJacca B. 3aMeTnm, 9T0 10 MOCTPOEHUIO KazKI0€e
pebpo rpada T’ coeuusieT KaKyio-TO BEPIITUHY U3 OJHOTO KJIACCa ¢ KaKO#-TO BEPITHHOI
Jgpyroro kjaacca. Toraa rpad T' ABYJ0JIbHbBINA 110 ONPEJEJIEHUIO, a8 3HAYUT HE COAEPIKUT
[UKJIOB HEYETHON JITHHBI.

Ho rpad crieriennii, noctpoenusrii 1o BHyTpeHHnM pédopam f-rpada aroma F L, (n >
1), He GymeT ABYIOJBHBIM TaK Kak OY/IET sIBISTHCsI OTHUM MUKJIOM HEUETHON JIJTUHBIL, [O-
9TOMY €CJIH aTOM, UMEIOIIH 0HO Oes10e KOJIbIO, SIBASeTCS BBICOTHBIM, TO ero f-rpad
He cojepxkut B cebe f-rpada aroma FL,, (n > 1).

Teneps J0KazkKeM yTBEpZKIeHHE B IPYIyIo cTopoHy. Pacecmorpum f-rpad aroma, nme-
IOEro oHo Gesioe KOJIbIo, He cogaepzkamiero f-rpada aroma FL,, (n > 1). llposepuwm,
4TO JIJIsT 3TOTO f-rpada ecTh OPHEHTHPOBAHHOE BJIOXKEHHE B ILIOCKOCTD.

[TocTpoum mo BHyTpeHHUM pébpam 3Toro f-rpada rpad cuemaennii. Tak Kak MCXOm-
HBI{l aTOM , HMEIOIIero OjHO OesIoe KOoJIbllo, He cofepxkut f-rpada aroma FL,, (n > 1).
To moyuuBIImiicss rpad CIEILUIEHH He COMEpPKUT MUKJIOB HEYETHON AIUHBI. A 3HAYUT
SIBJIETCS JIBYIAOJBbHBIM U MBI MOYKEM Pa3IeIUTh BCe BEPIIMHBI I'pada CIeIIeHni Ha 1Ba
ki1acca C u D Tak, 4ToOBI KaxKaoe peOdpo rpada CHelIeHu# COeINHSI0 KaKyIio-TO Bep-
IIUHY U3 OJIHOIO KJIACCA ¢ KaKOI-TO BEpIINHON JApyro KJjacca. Tenepb jesiaeM obpaTHbIii
nepexo/1 oT rpada crerieHniit K BHyTpeHHuM pébpam ucxoanoro f-rpada. Torma mobbre
2 BHyTpeHHHX pebpa, COOTBETCTBYIONINE BEPIINHAM U3 OIHOTO KJiacca rpada CrellIeHni,
He OyAyT 3alelieHHbl. [ MBI MOKeM OpPHeHTHPOBAHHO BJIOXKHUTH TOT f-Tpad B ILIOC-
KOCTh Tak, 4TO pebpa Kiaacca C momaayT BHYTPb OPHEHTHPOBAHHOIO IUKJ/IA, a pEdbpa
kjacca D okaxyrcd Bue. [

Onpenenenne 15. Cepus atomos A} (k > 1) Ha3biBaeTcs cepus BBICOTHBIX aTOMOB,
UMEIOTUM OJTHO Oestoe KOJIbIo. [ie k cOOTBeTCTBYET YHC/Iy HEOPHUEHTHPOBAHHBIX PEGEp
f-rpada sroro aroma. Torpa f-rpad aromos 31oit cepun He comepxkur f-rpada aroma
FL, (n>1).

[To yrBepkmennto 7 f-rpad aToMoB 3T0i cepun He conepkuT f-rpada aroma F' L, (n >
1). Koau4yecTBO 9THX aTOMOB CYETHOE UHCIO, HO I KazKJI0ro (pUKCHPOBAHHOTO k ux
qucsio orpanudeno. [Ipuuém, ecin 3acdukcupoBaTh Kakoe-1ub60 OPpHEHTHPOBAHHOE BJIO-
xerne f-rpacda atoma A}, MBI TOIY9nM €IIé OHY XapAKTEPUCTHKY 3TOTO ATOMA: TACIA
n1 ¥ my. 371ech Ny O3HAYAET YUCI0 pédep Tuma A, my - unciao pédbep tuna B orHOCH-
TeJIbHO (PUKCUPOBAHHOTO BJIOXKeHU:A f-rpada B MI0CKOCTh.

[Ipumepst cepun A}, (k > 1) npusenenst na Puc. 7. Tak, HAIpUMED, pACCMOTPHM ATOM
E,. Torpa E, = Al uucio ny =n, my = 0.
Temeps paccmoTpum cay4ail, Korjaa y aroMa ecTh POBHO JIBa O€JIbIX KOJIbIA, TO €CTh Y

COOTBETCTBYIOIIETO f-rpaca nMeeTcss pOBHO JBa OPUEHTUPOBAHHBIX MuK/a. Oupegennm
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En

Puc. 7. Tlpumepsr f-rpacgoB aTOMOB C OJTHUM OPHEHTHPOBAHHBIM ITUKJIOM

pacipejegeHne BHYTPEHHUX HEOPUEHTUPOBAHHBIX pédep f-Tpacda 1mo Kiaaccam: BHYTPEH-
Hee pebpo Oymer BXOAWTH B KaacCe Aj, €cju ero BepIIuHBI YepeayloTcsd ¢ BePITHHAMU
BHeNHUX pEbep 1mo 06xoy mukJia. Buyrpernue pédbpa, Kayk/0e U3 KOTOPBIX 3allelleH-
HO ¢ pebpoM Kiacca Ajp, ompeaenuM B Kjacc By. Bayrpennme pébpa, He MOIaBIINE HU
B OJIMH KJIACC, M KaXKJ0€ U3 KOTOPBLIX 3allellJIeHHO ¢ peOpoM Kiacca By, olpejejnM B
knace A;. IlpomomKkaem Takoe pacipenesieHHe IO KJaccaM, IOKa elré OCTAJHUCH BHYT-
perHue pébpa, He MOMABIINE HU B OJWH KJIACC, W KaXKJ0€ U3 KOTOPBIX 3aIEILIEHHO C
pebpom kiacca A, man Bi. Pacupenenenne BayTpenHunx pébep mo kaaccam A; m B 3a-
KOHYHTCSI, TaK Kak pédep Koneunoe uncio. OcraabHbie BHYTPEeHHHE PEOpPa, HE MONABINe
B Kytacc Ay mwmm By, 6yayT pébpavu Kiaacca C. Tenmepb paccMOTpUM BHEIITHEE, COIUHSI-
forue 2 muKJaa péopa. PukcupyeM OIUH OPUEHTUPOBAHHBIN UK ¥ HEKOTOPOE BHEIIHEe
pebpo. /lajsee nymepyem BHernrHue pebpa ducjaMu OoT 1 JI0 n B TOM HOPSIIKE, B KAKOM
KOHIIbI 3TUX pedep BCTPeUYaloTcs IpH 00X0JIe 10 3aJaHHOMY OPUEHTHPOBAHHOMY ITHKJIY,
HaYMHAs C 33JaHHOTO BHerrHero pebpa. Torma npu 00Xoje APyroro OpueHTHPOBAHHOTO
IUKJIa KOHIBI YK€ 3aHYMEPOBAHHBIX BHEIMHHX pebep OYIyT BCTpedaThcd B HEKOTOPOM
MUKTHIECKOM TOpsike (i1, . .., 4,). Torma cupaBeiuBo cieayioliee yTBEPKICHHeE.

VrBepxkaenue 8.(kpurepuii BHICOTHOCTH ATOMA, UMEIOIIETO POBHO J1Ba GEJIBIX KOJIb-
a) Atom, uMeroInuii 1Ba GeJbIX KOJbIA, SBISETCS BBICOTHBIM TOLJA U TOJBKO TOLJIA,
Korjaa MUK (i, .. .,4,) coBmagaer ¢ mukaom (n,n —1,...,1), pé6pa knacca A;( coorser-
CTBEHHO Bi) MOMApHO He 3aIeIIEHHBI U JIJI KAXKI0T0 OPUEHTUPOBAHHOTO KA f-Tpada
aToMa BEPHO, YTO COBOKYIHOCTH pébep Kiacca C] ¢ KOHIAMU HA OJHOM OPHEHTUPOBAH-
HOM IIHKJIE BMECTe C 3THM IUKJIOM He conepkuT f-rpada aroma FL,, (n > 1).

Bameuanne. B. O. Mantypos [3] gokasan ciegyomuii Kputepuii BHICOTHOCTH.
Teopema. ATOM SIBJISIETCS BBICOTHBIM TOIJA W TOJBKO TOIJA, KOIJA €ro OCTOB MO-

2KeT OBbITh BJIOYKEH B ILIOCKOCTH TaK, 9TO B KayKJ/IOW BepIIMUHE UCXOIHBIA NMUKIATIECKUN
MOPSIOK OCTOBA U NUKJINIECKUH IMOPSII0K, TOPOXKICHHBIN BIOXKEHIEM B ILIOCKOCTD, COB-
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a,/1af0T.

Ha mpakTrke mpoBepKa BBICOTHOCTH aTOMa SIBJSETCS TOBOJIBHO CJIOYKHOM, IMOITOMY
BBINIEN3/IOKEHHBIH KPUTEPHUH YTBEPKIeHUSA 8§ YIIPOIIAET 3a1a9y MPOBEPKH BBICOTHOCTH
aromMa, uMermero 2 6ejbIX KoJibla.

JlokazaTebCTBO.

Hoxkazkem B ommy cropony. Ecan mukn (iq,1s...7,) He COBIAagaeT ¢ MUKJIOM (n,n —
1,...,1), TO MBI IMeeM TepeceveHus] BHEITHUX HEOPUEeHTHPOBAHHBIX PEGED, U B ITOM CIY-
Jae aroM He Oyzer BBICOTHBIM. Kcim ke f-rpad aroma J0IMycKaeT OPHeHTHPOBAHHOE
BJIOZKEHUE S B ILIOCKOCTb, TO, B 3TOM BJIOZKEHUH, UCXO/Is U3 TIPOIECca 0003HATEHUST BCEX
BHYTpeHHUX pébep f-rpada, pébpa kiaaccaA; Oyayr jexarh BHYTpu(ecau B S OpHEHTH-
POBaHHBIE IUKJIbI HE JIEYKAT OJIMH B JPYTOM, W BHE, eCJIU [UKJIbI JIEKAT OJIUH B JPYTOM )
COOTBETCTBYIONIEr0 OPHEHTUPOBAHHOIO THUKJIA, a Pébpa Kiaacca Bi-pHe(ecan pébpa A;
BHYTDH, M BHYTDH, ecJi DEOpa Aj-BHe) COOTBETCTBYIOIIErO0 OPHEHTHPOBAHHOIO MUKJIA.
OueBnano, pébpa KiaccoB Aj( coorBercTBeHHO Bj) momapHo He 3aneneHHbl. [Ipuaém
pébpa kmaccoB A; w By He 3allemyieHHBl HE ¢ KakuMmu pédopamu Kjaacca C), mHade 3TO
POTUBOPEYMIO Obl onpejieerHnto pédep knacca Cp (ecnn Kakoe-1o pebpo ¢; kiaacca Cy
3allelIeHHo ¢ pebpoM Kiaacca Ap, To pedpo c¢;, HCX0asd U3 MpoIecca 0O03HAYEHNST BHYT-
peHHux pédep, ectb pebpo Kjacca By, IpOTUBOpeUNe, AaHAJIOTHYHO OObACHAETCH, TOYEeMY
pebpo kiacca C He MOZKeT OBITD 3alelJIeHHO ¢ pebpoM Kiaacca Bi). U, o yTBepK 1eHno
7 3aKJIIOYaeM, 9TO KayKJblil OPUEHTHPOBAHHBIN MUK f-Tpada ¢ COBOKYITHOCTHIO pEdep
kiaacca | ¢ KOHIIAMH Ha 9TOM OPHUEHTHPOBAHHOM IUKJIE He COMEPKUT f-rpada aroma

FL,,(n>1).
Jlokaxkem B Apyryio cropony. Pacemorpum f-rpad G aroma, nmerornero 2 6e/ibix KOJib-
1a, ¢ YCJIOBHEM, 9TO UK (i1, . .., 1,) cOBHagaeT ¢ mukaoMm (n,n—1,...,1), pébpa kaacca

A;( coorBeTcTBeHHO Bj) MOMAPHO He 3alleTUIeHHBl W sl KayKJI0r0 OPHEHTHPOBAHHOIO
nukJa f-rpada G BepHO, YTO COBOKYITHOCTD pébep Kiaacca C'; ¢ KOHIIAMHU Ha OJIHOM OPH-
EHTHPOBAHHOM ITHKJIE BMECTE C 9TUM IUKJIOM He coiep:KutT f-rpada atoma F'L,, (n > 1).
[IpoBepum, uto f-rpacd G AomyckaeT OPpHEHTHPOBAHHOE BJIOXKEHHE B ILIOCKOCTH. Jleii-
CTBUTEJIbHO, TAK KaK UK (i1, .. ., %,) cOBOaAaeT ¢ mukaoMm (n,n—1,...;1), T0 Mbl MOKeM
3a(PUKCUPOBATH BJIOXKEHNE JIBYX OPUEHTUPOBAHHBIX IIUKJIOB 1 BHEITHUX Pedep f-rpacda G
TaK, 9T0 00a IMUKJa He JeXKaT OJWH B APYTOM U OPHEHTHPOBAHbI OJUHAKOBO. PUKCHpyeM
3TO BJIOXKeHWe. [lajee, BIOXKHM COBOKYIMHOCTh péGep kiaacca Ch(Tak Kak Mo yTBEpK/Ie-
HUIO 7 KaKJIblil OpPHEHTHPOBAHHBIN MUK f-Tpada ¢ COBOKYIHOCThIO pédep Kacca C ¢
KOHIIAMH Ha 9TOM OPHEHTHDOBAHHOM IIUKJIE JOMYCKAET BJIOKEHHE B ILIOCKOCTD). YCIOBHE
Toro, 4to pébpa Kiacca Aj( coorBeTcTBeHHO Bj) MOMAPHO HE 3allEIIEHHBI, O3BOJISET
HaM HOrpy3uTh péopa A;( coorBercrBeHHO Bj) BHYTH (COOTBETCTBEHHO BHE) OPHEHTH-
POBAHHOTO IUKJIA Tak, 4T0Ob HHKakue 2 pebpa u3 Kiaacca Aj( coorBercrBeHHO Bi) He
IepeceKalnch, U HUKaKoe pebpo kiacca Aj( cOOTBETCTBEHHO Bj) HE TEPECEeKATOCH ¢
pebpom kiacca C) (nnade pebpo kiaacca Aj( coorBercTBenHO Bi) 66110 ObI 3alEIIEHHO
¢ pebpoM Kjacca 1, 9TO MPOTHBOPEYHT YCIOBUSIM O0O3HAYEHUs] BHYTPEHHUX pédep f-
rpaca). Caeaem BoiTeonucanHoe morpyskenne pébep knacca Aj(coorpercrBento By) ¢
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JIONOJTHUTEILHBIMY YCJIOBUSAME: O€3 caMoliepecedenunii, 0e3 nepecedennit BHEITHUX PEdep.
[Moyunim opueHTHPOBAHHOE BJIOXKeHUE f-Tpada B MIOCKOCTD.[]

PaceMoTpum opuenTuposannoe Baoxkenune G f-rpada aroma X = (P?, K), uMeroniero
JiBa OeJIbIX KOJIbI@A, B IJI0CKOCTh. Korjga rpyuna cumMerpuii Sym(X) aroma rTpan3u-
TUBHO JIEHCTBYeT Ha OPHEHTHPOBAHHBIX IMuK/AaX (7 OKa3bIBAETCs, KO PACIOIOKEHWS
BHYTPEHHUX PEOEp Ha OJHOM OPHEHTHPOBAHHOM IUKJIE OJHO3HAYHO OIPEJIeSTIOT Pac-
MOJIOZKEHUS] BHYTPEHHUX pPEOep Ha JIpYyrOM OPHEeHTHPOBAHHOM IukJje. Il oTHOCHTenhHO
TOTO, KaK Ipynna cUMMeTpuii BioxKeHus: G IeficTByeT Ha BepIIHHAX BHENTHUX PEOep Ha
OJIHOM OPUEHTHPOBAHHOM IUKJIE, ONPEIE/ISIOTCS PACIIOJIOKEHNST BHY TPEHHUX PEOEp 910-
ro MUKJIa. 10 eCTh OPUEeHTUPOBAHHBIN UK/ TOJIZKEH TePEeXOIuTh B ce0s IPH MTOBOPOTAX,
onpenensiembix Sym(G). Tlpumep nokaszan Ha Puc. 8.

Eciti ecTh CHMMETPHsI OPHEHTUPOBAHHO BJIOXKEHHOTO f-Tpada BEICOTHOTO aTOMAa( IMEIOIIEro
2 BeJIbIX KOJIbIIA), IePeBOJIsIIIAs BBIIEJEHHYIO KPACHBIM BepiuHy 1(Ha pucyske 8) B Bep-
IMUHY 2, TO BHyTpeHHee pedpo, MexK/Iy KOHIIAMU KOTOPOTO €CTh TOJbLKO BepIiuHa 1, 3Toii
JKe cuMMeTpueit rmepeBeiéTcss B pebpo, MexKIAy KOHIAMHW KOTOPOTO €CTh TOJBKO BEPIIH-
Ha 2. DTOT OIpUMEpP UIIIOCTPUPYET, YTO OPUEHTHPOBAHHBIN UK JOJZKEH IEPEXOIUTh B
cebst TIpU TOBOPOTAX, onpeeaseMbix Sym(G).

Omnpenenenne 16. Cepust aroMoB B,;l, (k,0 > 1) Ha3bIBaeTCst cepusi BHICOTHBIX aTo-
MOB, UMEIOIIIX JIBa OeJIbIX KOJIbIA, U CHMMETPHUSA KOTOPHIX TPAH3UTHUBHO JeHCTBYeT Ha
9TUX KOJIbIAX. 3JeCh YUCI0 k COOTBETCTBYET KOJUYIECTBY BHYTPEHHUX pEOEp Ha KarxKIOM
OPHEHTHPOBAHHOM IHKJe f-rpada 3Toro aroma, [ - IUCI0 BHEITHUX PEOEp, COeTUHSIIO-
X JABa OpPUEHTHPOBAHHBIX ITUKJIA.

Kaxapiit atoMm u3 3TOfl cepum JOIKEH YAOBICTBOPSATH KPHTEPUIO BBHICOTHOCTU U3
yTBep:KIeHus 8 U BHYTpeHHHe péopa f-rpada 3TOro aroma Ompeessercda B COOTBET-
CTBHMHM C paccyzKaeHnsaMu Boimie. [Ipumep nmokaszan na Puc.8.

(8]

Puc. 8. f-rpad aToma By,
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4. OcHOBHag TeopeMa.

Caenyrotee npejioxkenune B3garo u3 crarbu .M. Hukonosa [6].

IIpenjoxkerne 1. AToMbl, TOTy9aeMble 13 MAKCUMAJIBHO CHMMETPHYHBIX BHICOTHBIX
aTOMOB IIyT€M Y/JBOEHUs pedep SABJILAIOTCH BBICOTHBIMHU, I'PYIIIa CUMMETPUH KOTOPBIX
TpaH3UTHBHA HA BepmmHAaX. Kean P — MakcuMaabHO cuMMeTpudHbiil atom u G — ero
f-tpad, TO TOCTE YyABOEHUST HEOPUEHTUPOBAHHBIX pEéOep aroMa P MBI TOJyYUM HOBBIi
aroMm P’ ¢ coorsercTBytomuM f-rpadom G .

Bameqanne. Ilockonbky B f-rpade MaKCHMAJIBHO CUMMETPHYHOIO aTOMA CHMMETPUH
JIERCTBYIOT TPAH3UTUBHO Ha BepmmHax rpada G, TO OHU 33JaI0T TPAH3UTUBHOE JIEii-
CTBUE Ha OPHEHTHPOBAHHBIX MUKIax rpada G .

Teopema 2. JI1060#f BBICOTHBIN/ aTOM € IPYIIONR CUMMETpPHil, TPAaH3UTUBHON Ha Bep-
IIMHAX ATOMa U TPAH3UTHUBHOI Ha KOJIbIAX 0EJIOr0 IBeTa, N30MOPMEH OIHOMY U3 aTOMOB
caemyiomero cuucka: D, (n > 3),Cy,, (n > 1), P, Py, Py, Py, Ps, D, (n>2), P, P, , P,
P/, P/, E, (n>1),F, (n>1),Q,Qs. Konkpernoe onucanue Bcex aToMOB 3TOI0 CIHC-
Ka jgano B crarbe V.M. Hukomnosa [6].

Jlokaszarenperso. [lyets X = (P?) K) - BBICOTHBIN aTOM ¢ IPYIIIO CHMMETpPHil, TpaH-
3UTHBHON Ha KOJbIAX OeJIoro IBeTa W BepimmHax aromMa, u G — ero f-rpad. Torma
10 yTBEP:KJAEHUIO 4 BCE OPUEHTHPOBAHHbBIE IMKJAb (G COJEPZKAT OJMHAKOBOE KOJIHYE-
crBo BepiuH. ONuUpasch Ha pe3ysbTaThl CTaThl 6] BBHIIHITEM CIHHCOK BBICOTHBIX ATO-
MOB, uMmermux f-rpad, BCe OPUEHTHPOBAHHBIE IUKJIBI KOTOPOTO COAECPZKAT OJMHAKO-
BOE KOJMYECTBO BEPINHH, a TPYIIa CHUMMETPHH KaykKIOro aTroMa M3 CIHCKA TPaH3HU-
TUBHO JeHcTByeT Ha Beprmuuax aroma: D,, (n > 3), C,, (n > 1), P, P, P3, Py, P,
Dy, (n>2), P, P, P, P, P, B, (n>1),F, (n>1),Q1,Qs. Hanommum, uro Cy =
= D, By = Dy, I} = As.

[To yTBepKaenuio 5 rpynna CuMMeTPprii MAaKCUMAJIBHO CHMMETPHYHBIX BBICOTHBIX aTO-
MOB TPAH3UTHBHO JIEiCTBYET Ha KOJbIAX 0OOUX 1BETOB, a B cTaThe [6] J0Ka3aHO TpaH-
S3UTUBHOE JIefiCTBUE TPYIIILI CAMMETPHUI Ha BEpIIMHAX aToMa. HallOMHMM CIIMCOK MaKCH-
MAJBHO CUMMETPUIHBIX BBICOTHBIX aToMoB: Ay, D, (n > 1), C,, (n > 1), P, P, P3, Py,
P5.

[To npeanoxkennio 1 n 3aMevannio K HEMY, ATOMBI, TOJIyIaeMble 13 MAKCUMAJIBLHO CHM-
METPUYHBIX BBICOTHBIX ATOMOB IIyT€M YIBOEHHUs pebep SBJISAITCA BBICOTHBIMH, IDYIIIa
CHEMMeTPHI KOTOPHIX TPAaH3UTHUBHA Ha BEPINMHAX UM Ha KoOJbIaX 6esioro nsera. CHUCOK
sTux atomos: Ay, D, (n > 1),C., (n>1), P, , Py, Py, P,, P;. Hanomnnwm, uto A, = F,
O = Cy,, (n>1), D] = B,

f-rpad aromos cepun E,,(n > 1), F,,(n > 1) uMeer ouH OpHEHTHPOBAHHBIH UK,
SHAYMT, KaXK/JIbIil U3 aTOMOB 3TOH CepUU UMEET OJHO 0eJsioe KOJbIIO.
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