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CO3JJAHUE CUCTEMBI COIMOHUYECKHUX OBO3HAUYEHUM

B aT0li cTaThe MpoIoKEeH AUANIor aBTOPOB O MAaTEMaTHYECKOM ammapare COLUOHUKU.
ITokazaHo, kakue uaeu, u3noxkeHHble B kHure I'.P. PeliHuHa, mpuBenu K CO3JaHMIO HOBOH
CHCTEMBI COIIMOHMYECKMX OOO3HauYeHWH B pe3yJbTaTe CBOETo pa3BUTHS B cTaThix HO.IL
MunaeBa. OTa cHCTEMa COCTOHUT M3 JBYX COIIACOBAHHBIX moacucteM. OnHa moacucTeMa
COZIEP’KUT OOO3HAYCHHUS] OINEpaToOpoB HHTEPTUIHBIX OTHOIICHHH, a BTOPYIO COCTABIISIOT
00o3HaueHHs1 23-X IEHTPAIBHBIX IUXOTOMHH COLMOHA M TaK Ha3bIBAEMOTO TOXJECTBEHHOTO
ceueHns. Co3maHHas CHUCTEMa COLMOHMYECKHX OOO3HAUCHMI IMO3BOJIET JIETKO BBIMOJIHSITH
OWHapHBIE OIEepallid B COOTBETCTBYIOIIMX TpyIIiaX, He mpuderas K HUCIOIb30BAHHIO
rpoMo3JIKuX Tabauil. Takoe yCOBEpLIEHCTBOBAHHME MaTEeMaTHYECKOTO armnapara COLUOHHKH
JIaJi0  BO3MOXKHOCTh ()OPMaIM30BaTh TMOJYYEHHUE JIOTHYECKUX BBIBOJIOB B OOJACTH OSTOrO
HAy4YHOT'O HAINlpaBIICHMUSL.

Knrouegvie cnosa: couuoHUKa, TpyNNbl LEHTPaJIbHBIX AMXOTOMHUH COIMOHA,
OUTOJISIpHBIE MPHU3HAKH, AyrycTuHaBH4loTe—PelinnHa npusHaku, FOHra—MuHaeBa mpu3HaKH,
KJIACCHYECKHE MHTEPTHITHBIE OTHOIICHHUS, IPYIa OIEepaTOpPOB KIACCHYECKUX HHTEPTHITHBIX
OTHOIIEHUH ¥ €€ MOATPYIIIIHL.

BBepeHue

B mocneqaem quanore, KOTOPBIM MBI Belld B cTathe [13], OBUIH TOBOJIBHO MTOAPOOHO pa3odpa-
HBl MaTeMaTHYECKHE TOHSITHS, UCTIONIB3YEMbIE IIPU PACCMOTPEHHH MHTEPTUIHBIX oTHowmeHu# (MO) B
courone. OHUM M3 BaXHEHIIMX IPECTaBIAETCS MOHATHE Onepamopd WHTEPTUIHBIX OTHOIIECHUH,
kotopoe B kuure I'.P. Peiinnna [21] 65110 BBeieHO B 8- siekituu. THIIBI HHPOPMAITMOHHOTO METabo-
mu3ma (THMBI) MoryT OBITH TPEACTAaBIEHBI B COIMOHMYECKOW TEOPHH Pa3IMYHBIMUA CHOCOOaMHU.
IlpeacraBnennio TMIMoOB COOTBETCTBYIOT NPEACTABICHUSI ONEPATOPOB, KOTOPBIE O0ECIIEUMBAIOT Iie-
PExoJ] OT OTHOTO THIIA K JPYTOMY.

B ynomsinyToi#i KHUre ecTh ppasza: «/Jon Kuxom — 3axka3uuk s [ amnema» [21, c. 133]. 3nech
nBa THMa npencTaBieHsl CBOUMH YCIOBHBIMH «MMEHAMI», a CJIOBO «3aKa3uMK» U CaMO MOCTPOEHHE
(pa3bl TOBOPSIT HaMm 00 omeparope, oOecreynBaroeM mepexo oT Thna [ amzem K tany Jon Kuxom.
Taxoif oneparop MO>KHO Ha3BaTh ONEPATOPOM Mepexoaa K saxazuuxy. OOpaTHBIN omepaTop, KOTOPHIA
oOecnieunBaeT nepexox ot tuna Jon Kuxom x tuny I amaem, MOXHO Ha3BaTh ONIEPaTOPOM Iepexoia K
noosaxasnomy (WIH K NPUEMHUKY).

JIns IByX THIIOB X MY MOXHO 3aIliCaTh JBa CXOAHBIX paBeHcTBa: A(X) =y u AY(y) = X, rie A
— omepaTop mepexoja OT THMa X K Tumy Y, a A — omepartop mepexoia oT Tuma y K THITY X. Bepxuuii
MHIEKC «-1» CIyXHT yKa3aTeaeM TOro, 4To onepaTopbl A u A 06paTHBI ApyT ApyTy. DTH ONEepaTOph!
MOTYT HE COBMAAaTh APYT C APYTOM, Kak 3TO OBIJIO B KOHKPETHOM pa3oOpaHHOM Hamu mpumepe. B
TaKUX CJIy4yasiX B COLMOHHMKE FOBOPST 00 acummempuyHuix OTHOIIEHUAX B ape Tunos. Ho omepaTtopst
MOTYT " coBnanath. Hampumep, Jon Kuxom — poocmeennux ans [excau, u ['exciu — poocmeeHHUK
s [on Kuxoma. 1o IpuMep cummempuiHblx OTHOIIEHUH.

IIpu ucnons3oBanuu 111 TUMOB X «MMEH» MPUILIOCH COCTaBJISITh JOBOJBHO FPOMO3AKYIO
Tabnuily pazmepoM 16x16, B koTopoil Ans Kaxkaoi ynopsaodenHor napsl TMUMoB 3amucaHo ycioB-
HOe oOo3HadeHHe oreparTopa. B cimydae xrnaccuueckou momenn MO (mpemnoxenHo Aymipoir Ayry-
ctuHaBuuioTe [1]) pedp uAET 0 3HAMEHHTOW Tabnuile AyTyCTHHaBUYIOTe-JISIIKIBUYIOCA, KOTOPYIO
ceifyac MOKHO HAMTH MPAKTHUYECKH B JIIOOOIH KHHUIE IO COLMOHHMKE U B Ka)KIOM HOMEpE *KYyPHAJIOB,
u3aaBaeMblX MeKAyHapOJHBIM WHCTUTYTOM COLMOHHMKH. BMmecTo TaOnMIBI MOXHO HCHOJNB30BATh
Pa3IMYHOTO POja MPOCTPAHCTBEHHBIE MOJIEIH COI[MOHA, KOTOPHIE 0 MHEHHUIO X aBTOPOB 3aIIOMHUTh
Jierye, 9YeM TaluIry.

beimn ipenoxxeHus npenactaBiaaTs THMBI He «MMEeHaMI», 2 HA00POM ITOJIFOCOB OUTIOJIIPHBIX
npu3HakoB. [Ipu 3ToM omepaTopbl NpeACTaBIUIMCE MaTPULIAaMH, KOTOpBIE MPeoOpa3oBBIBAIN HAOOD
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JUISL TIEPBOTO THIIA B HA0OpP ISl BTOPOTO THIIA U3 YIOPSAOYSHHONW Mapkl (CM., Hamp., [3, 5]). MaTpwuis
MOJKHO UCTIOJIB30BaTh M IS MpeoOpa3oBaHusi OyKkBeHHBIX K0g0B TMMoB mim nx o003HaueHUil ¢ 1mo-
MOUIBbI0 COLIMOHUYECKUX CUMBOJIOB HH(OpMAIMOHHBIX acniekToB [4]. [IpaBaa, mpu 3TOM NpUXOAUIOCH
BBOJIMTH CICIHATbHbBIC MIPABUIA YMHOKCHUS YHCET Ha OYKBBI MJIM CHMBOJIBI.

Pa3paboTka pazauyHBIX BApHAHTOB MAaTPUYHOTO (pOopMali3Ma HHTEPTUITHBIX OTHOIICHUHN OBI-
Jla 3aMETHBIM IIaroM B Pa3BUTHH MaTeMAaTHYECKHX METOJIOB COIIMOHHKH MO CPABHEHHIO C TAOIUIIAMH
U MPOCTPAHCTBEHHBIMU MOJEISIMU COLMOHA, HO YMHOKaTh MATPULbI B YME TOXKE HE OYEHb IPOCTO.
[Tepexon xe k opMann3oBaHHEIM 0003HaueHUsM omnepaTopoB MO, OCHOBaHHBIM Ha HX KAHOHUYe-
CKOM npedcmasienuu, 1ajl BO3MOKHOCTh OBICTPO Y3HABaTh pe3yJbTaT JEHCTBUS OMEPaTOPOB Ha CO-
KpaléHHbIe CUMBOJIbHBIE 0003HaYeHUsT TVIMOB M YCTHO BBINOJIHATH OMHAPHYIO ONEPAIUIO B TPYIIIE
oneparopos UO [7].

Tak HazbIBaeMoe cumsoauueckoe ucuucienue kiaccuueckux MO [9] mamo monackasky ais
YIOPOLIECHUS! MPOLEAYypPbl YMHOXKEHUS B JABYX Ipylnax LEHTPaIbHBIX CEYEHUH COLIMOHA, MMEIOLIUX
o0myro 8-3neMeHTHyI0 noarpymnmny. Jns snemenrtos rpynn APIloB (AyryctunaBuutore-Pelinuna npu-
3nakoB) 1 FOMIloB (FOnra-MunaeBa mpu3HaKkoB) ObLIM BBEAEHBI (popMann3oBaHHBIE 0003HAYCHUS,
H03BOJISIFOLIME JIETKO BBIIOJNHATH OMHAPHYIO OIEpalnIo B KaXI0i n3 3Tux aByx rpymm [10].

Hcropudeckn myTh OT MaTeMAaTHYECKHMX METOJOB COIIMOHUKH, HW3JIOKEHHBIX B KHHUTE
I'.P. Peitauna [21], ¥ popmanm3oBaHHEIM METOIaM, MpeACTaBIeHHBIM B craThsax lO.I1. MunaeBa c
COaBTOpaMH, He ObLT OYEHb NMPOCTHIM U KOPOTKUM. OTJISABIBAsCH HA3aJ], MOKHO yBHAETH Ooliee mpsi-
MYIO JIOPOTY K HOBBIM pe3yJibTaraM. JTOT 0oJiee KOPOTKHI BO3MOXKHBIN BapUaHT MBI U PEIIWIHA 00CY-
JUTH B HACTOSIICH CTaThe.

Ownanor o chpopmanusaLmm COLMOHNYECKNX 0O03Ha4YeHNN

I'. P.: YBuzers Goniee KOPOTKHUH MyTh OT MEPBBIX MOIMBITOK MPUMEHEHHSI MAaTEMATHKH B COLIU-
OHHMKE K COBPEMEHHBIM METOJIaM, KOHEYHO, XO0TeJI0Ch Obl. Ecin ecTh BO3MOKHOCTH OOOUTHCH O€3 TO-
ro, 9TOOBI pa30MpaThCs C JOBOIBHO CIOKHBIM MaTepUaIOM, W Cpa3y BBINTH Ha NMPUHIMIIHAIBHO HO-
BBIIl ypOBEHB, TO 3TUM HAJJ0 BOCIONB30BATECA. C 4ero HauHEM?

FO. M.: MHue xoTenock Obl HauaTh C cOyUOHUUECKO20 KYOUKa, KOTOpPBIA B Bameil kuure mo-
ABUIICA B camoil mepBoit nekiuu. O HEM Bl ckazanu: «...nmoxanyi, 3T0 €AMHCTBEHHOE, YTO UMEJIO Obl
CMBICJT BBIYYHTH JUISl MpaKkTHYecKoi padoted» [21, c. 30]. JlaBaiiTe mMOCMOTpHUM, K YeMy OH MOT Obl
MOJITOJIKHYTH B TUTaHE Pa3BUTHS TEOPHH W BBEACHHS (HOPMaTM30BAaHHBIX 0003HAYCHH IJIS OTeparTo-
poB knaccrueckux MO.

I'. P.: B mponunerii pa3 [13] Mbl 0 HEM BCIIOMHHAJIH, HO PEIIMIIH OTIIOXKHUTH OoJiee JeTambHOe
00CyXIeHHE 0 HaIIEero 0YePEeTHOTO IUaJora.

FO. M.: Bor naBaiite u obcynum. Ha puc. 1 npencrasnena pa3Béprka OOKOBOH MOBEPXHOCTH
COI[MOHMYECKOr0 KyOuKa B TOM BUJIe, KOTOpPbIit Obl1 y Bac B kuure [21, c. 31].
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Puc. 1. Pa3BépTka 00K0BOIi NOBEPXHOCTH COLUOHMYECKOT0 KyOMKA (MCXOAHBIH BAPUAHT).

I'. P.: Ha onHoli rpann KyOuka 0003Ha4eHBI epBbIe (QYHKLIUH BCEX YETBIPEX TUIOB KEAOPbI
(xaxmas rpaHb — 3TO OJHA M3 YeTHIpEX keadp). Ha BTOphie GYHKUMM yKa3bIBalOT CTPENKU. THUIBI, y
KOTOPBIX MH()OPMAIIMOHHBIE ACTIEKThI MIEPBOM U BTOPOH (PYHKIIUH MEHSIOTCS MECTaMH, HAaXOIATCS B
3epKanbHbIX OTHOWEHUAX. CUMBOJIBI IEPBBIX (PYHKIMN 00noHAIOWUX TUIIOB HAXOIATCA Ha pa3BEPTKE
COLIMOHMYECKOr0 KyOuKa Ha OZHOM BEPTUKAIH.
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1O. M.: S 651 em€ OTMETHII, 9YTO Ha CMEKHBIX TPaHAX HanOoJjiee OJIM3KO OpyT K APYTY pacio-
JIOKEHBI OIMHAKOBBIE CHMBOJIBI HH()OPMAIIMOHHBIX ACTIEKTOB MEPBhIX (PYHKIUH podcmEeHHbIX TUIIOB.
[ockonbky npH 3aJaHHOM WHPOPMALTMOHHOM acIieKTe MepBOi (PyHKIMU ATl BTOPOH 0CTagTcsi TOJIBKO
JIBa BapHaHTa, B Ka4eCTBE COKpamEéHHoro ooo3naueHus: TUMoB MOKHO ObLIO ObI HCTIOTB30BATH CHM-
BOJI HH(OPMAIIMOHHOTO acleKTa MepBor (QYHKINH, a IS pa3iIndeHus] pOOCMEeHHUKO8 BBECTH BEPX-
HUI WHEKC, MPUHUMAIOIUI TOJIBKO ABa 3HaueHus1. Hanpumep, poocmeenHvle TUTIBL BCET/Ia OTHOCST-
CsI K pa3HBIM MOJTF0CaM OUTIONISIPHOTO TPHU3HAKa demokpamul | apucmoxpamul.

I'. P.: lefictBuTensHO, demokpamuueckumy Ha3piBaloT THMBI, KOTOpBIE BXOIAT B KBAJAPHI O
u y. Ha connonndyeckom KyOuKe 3THM KBaJpaM COOTBETCTBYIOT IPOTHBOIIOJIOXKHBIE IpaHU. AHANO-
THYHOE YTBEP)KACHUE CIPABEIINBO U ISl apucmoxpamuyeckux kBaap (B u 8). Poocmeenuvie xe TH-
Bl HAXOATCS. HA CMEXKHBIX TPaHIX COIMOHWYECKOro Kyouka. [ToaToMy MX, KOHEYHO, MOXKHO pa3iiu-
YUTH 10 STOMY OUIOJIIPHOMY MIPH3HAKY.

FO. M.: CooTBEeTCTBEHHO, B Ka4eCTBE BEPXHHX WHAEKCOB MOXHO OBIIO OBl MCIIOJIH30BATH
OykBbI «/I» 1 «A». Ho ucTOpruecKn CIIOKUIOCH TaK, YTO B KA4eCTBE BEPXHUX WHACKCOB CTalld UC-
MOJB30BaTh 3HAKH «+» U «—», KOTOPBIE OTPa)KatoT MOJIOCHI IPYroro OUIONISIPHOTO MPHU3HAKA, 2 HMEH-
HO npasvie | nesvie. Takum obpasoM, unmyumusno-iocuveckui sxcmpasepm (NI, [Jon Kuxom), xo-
TOPBIA MO TPAIUIMK TPHUHUMACTCSI 32 CBOCOOPA3HYIO0 «TOYKY OTCUETa» TPHU ONpPENeNICHHH MOPSIKa
TIOJTFOCOB ISl BceX OMMOMNSApHBIX npu3HakoB THIMoB, noiydaer Takoe KpaTKoe CHMBOJIBEHOE 0003Ha-
yenue: A, K npasviv OTHOCATCS BCE Uppayuonabhvle 0eMoKpamol N PayuoHaLbHble aPUCIOKDAMbL.
C y4éroMm ckazaHHOTO pa3BEPTKY OOKOBOW MOBEPXHOCTH COIMOHUYECKOTO KyOHKa MOXHO OBbLIO OBI
NpPEACTaBUTh TaK, Kak 3TO CICJaHO Ha puUC. 2.

—‘:

|
|

:I}l

+

IE:

F
>
ih
-
u
O

+
— I

Puc. 2. Moaepuuzanus pa3BépTki 00KOBOH MOBEPXHOCTH COIUOHMYECKOT0 KyOUKa.

I'. P.: Uro e HaM AacT Takas MOJIEpHUA3ANNS B OPOPMIIEHUHU Pa3BEPTKH OOKOBOW MOBEPXHO-
CTH colMOHHMYecKoro Kyouka? Tak Mbl morepsieM CBsizb co [lImypsanom Kamumayckaca, xotopas B
MPEIBIYIEM BapUaHTE MPOCIEKNBAIACHE OUEHD XOPOIIO. YTO e MbI TOJIy4UM B3aMeH?

FO. M.: A B3aMeH MBI MOJIyYHM HATJIsIIHOC OTOOPAXKEHUE BAXKHOW MH(POPMAIIMU, KACArOIIeHCs
16-311eMEeHTHON HEKOMMYTATHBHOI TPYNIIBI onepaTtopoB kiaccuyeckux MO. Ha puc. 2 xopomio Buj-
HBI 3 pa3HOBUIHOCTH CBSI3EH (POOCMBEHHbIX, 3ePKANbHBIX U OVAIbHLIX) MEXKITy COKPAMIEHHBIMA CUM-
BOJIbHBIMH 0003HaueHusIMH TMIMoB. O HUX MBI yKe TOBOPWIIH, HO TeTleph OHU B SIBHOM BHUE OTOO-
pakeHbl Ha pUCyHKe. BCIOMHMM, 4TO pedb UAET O pa3BEPTKE OOKOBON MOBEPXHOCTH COLMOHMYECKOTO
KyOuka. ['panu, OTBEeAEHHBIEC TIOJT KBAAPHI O, U O, TOYHO TaK K€ SIBJISTIOTCS CMEKHBIMU, KaK M TPaHU B
Takux mapax: o u 3, B u y, v u 8. Takum obpazom, ot cumBona ogHoro THIMa g0 cumBosnia m060ro
npyroro TMIMa MoxHO «100paTbes», MONB3YSACH TOIBKO TPeMs Pa3HOBUIAHOCTSIMH COeTMHEHHH.

C TOuKHM 3peHHsS MAaTeMaTH4YEeCKOH TEOpHUH TPYIII 3TO O3HAYAET, UYTO CHUCTEMY 00pA3yIOUUX
16-3meMeHTHO HEKOMMYTATHBHOM TPYIIBI OmepatopoB kidaccuyeckux VO MOXKHO CBECTH BCEro K
TpéMm omeparopam, MpUUEM TaKHM, KOTOpBIE camu cebe oOpaTHbI. JpyruMu cioBamu, Jt000ii omnepa-
TOp 3TOW TPYMIBI MOXET OBITh BBIPRXKEH UYepe3 3TH TPU OIEpaTopa, €CIU BOCIOIb30BaThCs €cTe-
CTBEHHOU JUIsI MHOKECTBA OIEpaTOPOB OMHAPHOM omeparmeil. Sl oOpamaro Ha 3TO BHUMAHUE, TaK Kak
HEKOTOPBIE COIMOHUKH HACTAWBAIOT HA M30MOpdu3Me 16-371eMEHTHOU TPYIIIBI OTIEPATOPOB KAdCCUYe-
ckux 1O u 16-smementroit rpynmsl APIIoB. Ho cuctema obpasyiowux 3TOW TPyHIBl OUIOISPHBIX
npu3HakoB (Kak, BrmpoueMm, u IOMIIoB) He MoxkeT OBITH CBeleHa K TpéM anmemeHTaM. HeoOxomumo
HUMETh MUHUMYM YeThIpe He3aBUCHUMBIX MPU3HAKA.
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I'. P.: Tak MBI 3TOT BOTIPOC YK€ 00CYXTaJTd B HAIIIEM JUAIOTe O MaTEMaTHIECKOM MOJIEITHUPO-
BaHWUW MHTEPTHUIHBIX OTHOIIeHu# [12]. U s cormamaics ¢ TeMm, 9T0 00 U30MOp(HU3ME MOKHO T'OBO-
PHUTH B cllyyae «IpU3HAKOBBIX» Mojeneit MO, Ho rpynna oneparopoB xraccuueckux O He sBngercs
n3zomop¢Hoii rpynmne APIIoB, HecMOTpst Ha TO, YTO OHU 00€ 16-37IeMEeHTHEIE.

1O. M.: Jla, Ha MOl TIpsIMOH BOTIpOC, 0 Kakoit moaenu MO unér peus, Bol moarBepawim, 9To
pasroBop 00 uzomopdusme rpymsl APIToB u rpymnmsr onepatopoB O MOXET UATH TOJBKO B CIydae
«TIPHU3HAKOBBIX» Moaeneii. Ho Torma Bamr oTtBer Ob1T OyKBaJIbHO OJHOCIIOXHBIM, a BOT ()pa3a 00 H30-
Mop(hu3mMe ObliIa BBIAENICHA B CTAThE )KUPHBIM MIPUGPTOM U HAXOAMUIACh B TEKCTE HA JAPYTOM CTPAHUIIE.
Jymato, XOpoI111o, YTO MbI TETEPh 3TO MPOTOBOPUIIU B pa3BEPHYTOM BUJIE.

A ceifuac 1 Xody NIpe/UIOKUTh Barnemy BHUMaHMIO pa3BEPTKY OOKOBOM MOBEPXHOCTH IS
JIpyroil pasHOBHUIHOCTH COLIMOHWYECKOTO KyOWKa, y KOTOpPOrO OOKOBBIE TPaHH COOTBETCTBYIOT HE
keéaopam, a kiyoam (puc. 3). B otnmune ot xyOuka u3 Barmiei KHUTH, HIDKHSS CTPOKA, COCTOSIIAs U3
CUMBOJIOB Ounamuueckux TYIMoB, ObUTa TOBEPHYTA Ha MOJI-000pOTa BOKPYT OCH, IPOXOIAIIEH uepe3
IEHTPBI OCHOBaHUH. B 3TOM cilydae Ha pUCYHKE CTAHOBUTCS XOPOIIIO 3aMETHOM JIpyras 3-3JieMeHTHAS
cucreMa oopasyrouux 16-3meMeHTHON Tpynnbl onepatopoB xraccuveckux MO. Bmecto omeparopa
O0yaibHOCMU OHA COACPIKHUT B CBOEM COCTABE OIEPATOp nozauteHus (Heumpanuzayuu, noJIHOU NPoOmu-
BONONLONCHOCINL).
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Puc. 3. Cucrema n3 3-x o0pa3ylommx HeKOMMYTATHBHOI 16-3J1eMeHTHOIl rpynnbl onepaTopos
KJIACCUYECKMX MHTEPTUITHBIX OTHOLIEHWH Ha pa3BépTke 00OKOBOH MOBEPXHOCTH APYroro
BAPHAHTA COLMOHMYECKOro KyOuka. Oopazyouwjumu SIBJIAIOTCS ONEPATOPbI 3€PKAlbHO-
cmu, POOCHEEHHOCIU N NOZAUIEHU.

I'. P.: A 9TO MPUHIMTIHAIEHO HOBOTO HaM Ja&T 3TOT BTOPOU BapUaHT COIMOHUYECKOTO KyOu-
ka? Kiyowr nerko oOHapYKMBAIOTCSI M Ha MCXOIHOM BapuaHTe KyOWKa, €CITM MPEACTaBISTh €ro Kak
NPOCTPAHCTBEHHBIH O0BEKT, & HE TIPOCTO CMOTPETh Ha pa3BEPTKY OOKOBOI MOBEPXHOCTU. Tak MOXKHO
NpUAYMaTh MHOTO «HOBBIX» BapHAHTOB, YTOOBI HA OOKOBBIX TPaHAX pPa3MElIaINCh CUMBOJbHbBIE 000-
3HaueHus 9eTBEPOK THIMOB ¢ onnHaKOBOU «(POpMyIToity, COCTOSIICH U3 TPEX ONMEpaTOPOB Kidccuie-
ckux NO. Takue 4eTBEPKU S HA3BAT 0OHOPOOHBIMU, W 3TO MBI TOATBEPAMIIN B Halmlell COBMECTHOM
CTaThe C AMAJIOTOM O MAaTEMaTHYECKOM MOCIUPOBAHMHM MHTEPTHUITHBIX oTHOWeHHH [12]. B xsadpax
KPOME 3€pPKAIbHbIX U 0YAIbHbLIX OTHOIIEHUH €CTh eI OTHOIICHUS aKmugayuu, a B K1ybax Kpome 3ep-
KaIbHbIX U nO2auieHus eCTh ell€ OTHOIIECHUS K8A3UMmMoicoecmaa.

FO. M.: K Bonpocy 0 TOM, CKOJBKO MOJOOHBIX BapHAHTOB KyOWKa MOKHO MPHIyMaTh, MBI
emé BepHéMcs. X He Tak yx MHOTO. Beap 1Ba pacCMOTpEHHBIX MpUMepa 00bEANHSAET HE TOJIBKO TO,
YTO Ha OOKOBBIX TpaHAX KyOWKa TpeACTaBIeHBl 00HOpoOHble 4eTBEpKkH THMoOB ¢ onuHaKoBOI
3-a1eMeHTHON «(pOopMyIIoi» BO BeeX UeThIpEX yeTBEépKkax. Ha pa3BépTkax OOKOBOW MOBEPXHOCTH ITUX
KyOUKOB TOKa3aHbl 3-3JIeMEHTHBIE CHCTEMBI 00pa3yiowux Bcei 16-31eMeHTHON TPYIIBI ONepaTopoB
knaccuveckux V1O. Tlpudaém Bce 3TH obpasyiowue SIBISIIOTCS UHBOIOYUAMU, T.€. caMU cebe 0OpaTHBI
(sBnsitoTess  omeparopamu  cummempuunvix V10O). Kpome Toro, naBe m3 TpEX obpazyrowux Beei
16-371eMeHTHOW TPYIITBI AOHKHBI COCTABIIATh CHCTEMY 00pa3yioujux TOW 4-3JIEMEHTHON TOITPYIIIIHI,
U3 KOTOPOH OTOpachIBAHUEM eduUHUUHO20 DIIEMEHTa (oTepaTopa modcoecmed) TONyIaeTcsl Ta camas
3-ameMeHTHast «hopMyiay.

I'. P.: [da, orpanuyeHuit, AelcTBUTENbHO, HEMaO0. OHU MOTYT 3aMETHO YMEHBIIUTH YHCIIO
BO3MOJKHBIX BapuaHTOB. Hamo mogymats.
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FO. M.: A noka s IOoKaxy ABE KapTUHKHU, KOTOPBIE B CBOE BpeMsl ObIIIM HAa3BaHbI MHOIO ABYMSI
BapHaHTaMU CMpYKmMypHou ghopmyasl coyuorna (puc. 4) [6]. Haxoaure cXoACcTBO ¢ IPEIbIIYITIMH PH-
CyHKamu?

Il+

Puc. 4. /IBa BapuaHTa CTPYKTYPHO# OpMYJIbI COLLUOHA.

I'. P.: Bepxusis cmpykmypHas ¢popmyaa coyuona HalOMUHAET O PUC. 2, a HUXKHSAA — O pHC. 3.
Ho na puc. 4 cranu mydine BUIHBI €€ ABa BUIA 00HOpooHbix ueTBEpok THIMog. Ha Bepxuei kap-
TUHKE KPOME K6a0p SBHO BBIJIEJIEHBI YETBEPKH, B KOTOPHIX «paboTaeT» TpoiKa ONepaTopoB OVaibHbIX,
nONYO0YaNbHbIX U POOCHEEHHbIX OTHOIIEHUH. A Ha HI)KHEH KapTHHKE KpOME K1y006 CTall 3aMETHbI
yeTBEpku TVIMOB ¢ TakuM HAOOPOM OTHOIICHHH: POOCHBEHHbLE, MUPANCHBIE T NO2AULCHUS.

FO. M.: PaznenviB Ha 4eThIpe YacTH CONMOHMYECKUH KyOMK u3 Bamieil kHUTH IByMS IepIrieH-
JUKYJSIPHBIMH IIOCKOCTSIMH TaK, KaK 3TO CIEJIaHO Ha pHUC. 5, TOKEe MOXKHO OBbIJIO OBl 3aMETUTH TETpa-
XOTOMHMIO COLIMOHA Ha Takue 4eTBEPKH TMIMOB, B KOTOPBIX PeaTU3yIOTCs OyaibHble, NOAYO0yalbHble U
poocmeenHvle oTHOIICHUS. COOTBETCTBYIOT JIM 3TUM IJIOCKOCTAM Kakue-HuOy b APITb1?

OTO OoAMH W3 TeX NPHUMEPOB, KOIZAa TETPAXOTOMHUIO COLIMOHA HA OOHOPOOHble YETBEPKU
THUMoB ¢ 01MHAKOBBIMHU «(opMyIamMm» MOKHO OCYILECTBUTH C IIOMOIIBIO 4-371eMEHTHON MOATPYIIIBI
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rpynnsl onepaTopoB kraccuieckux MO, a ¢ momomsio mapsl APIloB Henb3s. Tem He meHee, B Barmeit
KHUTE €CTb OmMcaHue epynnvl «Keadpamy, unu epynnel penaxcayuu. Ilpn 3TOM NpUBEIEHBI CIIUCKU
THMoB, BXoAsIINX B YETBEPKHU, U «(HopMyliay, pealn3yromasics B 9TUX 4eTBEpkax Tumnos [21, c. 181].
Bcé coBnazmaer ¢ TeM, 4TO MBI BUAUM Ha pHC. 5 (¢ yU€TOM 3amoqHeHNs] HeBUIUMBIX TpaHeil B COOTBET-
CTBUY C IPUBEAEHHOHN paHee pa3BEPTKON OOKOBO MTOBEPXHOCTH KyOHKa).

Puc. 5. Terpaxoromusi conMoHNYecKkoro kKyonka n3 kHuru I'.P. Peiinuna aByms mjiockoctsamu,
KOTOpbIe COOTBETCTBYIOT OUNOJIAPHBLIM Npu3Hakam o/y-1 u o6/p-1.

Bo BTOpoOit yacTu cBoelt kuurH BBl paccMarpuBaete 32768-37eMEHTHYO TPYIITY BCEBO3MOXK-
HBIX ce4eHUH connoHa. IIoHATHO, YTO yKa3aHHBIC Ba LEHTPAJIbHBIX CEUCHMS IMONMAAAIOT B ATy IPoO-
MaJIHyIO IpyMIly, HO UM HET COOTBETCTBUA B 16-anemeHTHON rpynne APIIoB. MoHO M KakKMM-TO
OCMBICJIEHHBIM 00pa30M «03BYUHTBY 3TH CEUEHHUs?

Ecnu BHUMaTenbHO MOCMOTPETh HA COLMOHWYECKWMH KyOMK W3 Bamieil KHUTH, TO MOXHO
IIPEUIOKUTh BapUAHT, CBSI3aHHBIM C TaK Ha3bIBAEMBIMH YeHHOCMAMU Keadp. Benp Kak pa3 Ha rpaHsx
couronnyeckoro kyouka ouu u npencrasiensl: {A, O, L], ha}—o; {{], I, ® A} -p; {@®, A, [,
W} v, {5 W A O} - 5. Kak BUIuM, OJIOBUHA yerHOCHel KOHKPETHOU KBAIPhl BXOIUT BO MHOKE-
CTBO LIEHHOCTEH OJHOH CMEXHOW KBaJpbl, a JIpyras MOJIOBUHA — BO MHOXKECTBO BTOPOH CMEKHOH
kBaZpbl. CUMBOJIBI HH)OPMAIIMOHHBIX ACIIEKTOB OKa3aJUCh PACIIONOKEHHBIMH Ha TpaHsAX KyOuka Ta-
KAM 00pa3oM, YTO YKa3aHHbBIC Ha PHC. 5 TUIOCKOCTH, MPOXOJISAIINE Yepe3 HEeHTp KyOuKa, IeNsIT UX TaK:
{AO LR}/ {®ALRE -oyu{s, B A OC}H{ kL ® A}-5.

CumBoi xaxxnoro A Bcrpedaercst Ha COLLMOHUYECKOM KyOUKe JBa)KAbl, HO YKa3aHHbIE IIJIOC-
KOCTH TaK PaccekaroT KyOWK, 4TO OJMHAKOBBIE CHMBOJIBI BCET/la OKa3bIBAIOTCS MPHHAAJIECKAIUMH K
OJTHOMY MOJIIOCY ITUXOTOMHHU. [pyrumu cioBamu, podcmeennvie TVIMBI OKa3bIBalOTCS 1O OJHY CTO-
poHy 3Tux cedenuil. Tor Qakrt, yTO y poocmeennuxos copnaaaT A UMEHHO mepBBIX (QYHKIHH,
Hammén cBo€ oTpakeHHE NPU BepOaIM3alluy STHX JIBYX IEHTPAIBHBIX CEYEHHH COIUOHA:

(A" A0 0,00 ', b}/ {®, @ A AT I, [0, I, W} — a1
{5 05,0, W, A", A, O, O}/ {F, T ", ', @, @, A*, A} 9/p-1.

HecnoxHo yBHIETH, UTO NMPOU3BEAECHUE 3TUX TUXOTOMHUM COLMOHA PAaBHO ITUXOTOMHUH, KOTO-
POl COOTBETCTBYET OMMONSAPHBIN TpHU3HAK uppayuonanst | payuonaner. Tlomuepkuém emé pas, uTo
MOPSIIOK MOJTFOCOB OUMOJISPHBIX MPU3HAKOB BEIOMpaeTcs Tak, 4ToObl oauH BeiAenenHbid TUM Beerna
MIpUHAJIeKAT K TIEpBOMY TOJIOCY. B KauecTBe TakoW «TOYKH OTCUETa» JOTOBOPUIINCH BHIOpaTh /[oH
Kuxoma (UJ1D, AL, A").

I'. P.: [Ta, 3T0 oueHb Ba)KHOE 3aMEYaHME, KOTOPOE HY)KHO YUUTHIBATh U NPU NEPEMHOKECHUU
BCCBO3MOJKHBIX CeUeHHMH connoHa. VX ynoOHO 3amaBaTh yHOPSOOYCHHBIMH HAO0OpaMH «ILUIFOCOB» H
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«MUHYCOBY», ITOKa3bIBAIOIINX, K IEPBOMY WM BTOPOMY IONIOCY ITUXOTOMUHU NPHHAIICKUT KOHKPET-
uerii TUM. Ilpu TakoMm 3aaHuu ceueHHid OMHApHAS OTepalys Ha UX MHOXKECTBE CBEIETCS K BBITION-
HEHHIO TPOCTOTO apU(PMETHUECKOTO MPaBUia YMHOKEHHSI COOTBETCTBYIOIIMX 3JIEMEHTOB TaKUX YIO-
psnodeHHbIX HabopoB [21, c. 149]. KoneuHo, «+» 1 «—» Hamgo OyAeT BOCIPHUHUMATh Kak uucia «1» u
«1».

Ho namaiite Bc€-Taku BepHEMCS K MOEMY BOTIPOCY O TOM, 3a4eM IOHAI0OMIICS BTOPOH BapH-
aHT COIIMOHMYECKOTO KyOmKka, OOKOBBIE TPaHHU KOTOPOTO OTBEACHHI HE Keadpam, a kiyoam. Benp Ber
YK€ Ha UCXOJHOM BapHaHTE MOKa3alH, YTO UMEET CMbICT OOpaTUTh BHUMaHHUE Ha LICHTPaJIbHbIE ceue-
HUS COLIMOHA, KOTOPHIM HET cooTBeTcTBUA B rpymnme APIIoB, HO ¢ MOMOIIBIO Map KOTOPBIX MOXHO
MOJTy4aTh BECbMa UHTEPECHBIE JIEJICHUS €r0 Ha YeThIPEe YacTH.

FO. M.: Ilocie pacceueHust BTOPOro BapuaHTa COLMOHMUYECKOro KyOuKa Tak, Kak [IOKa3aHo Ha
puc. 6, KpoMe Ki1y008 CTAaHOBATCS 3aMeTHBIMU 4eTBEPKH TMIMOB ¢ TakuM HaOOpPOM OTHOIICHHU: pOO-
cmeenHbvle, Mupadxcuvie U nocauenus. B Bameit kaure Ha c. 183 roBopurcs o I pynne 300pogbs. XoTs
TaM U He MpuBeAeHa «(hopMyay, uMeromuecs B Tekcte cnucku TYIMOB COOTBETCTBYIOT TOJIBKO YTO
HA3BaHHOMY Ha0Opy OTHOIICHHMI. W 3Ty TETpaXOTOMUIO COLIMOHA Ha 00HOpoOHbie ueTBEPpKU THMoB ¢
OJIMHAKOBBIMHU «(opMynamMm» TOXe HeNb3sl ONydnuTh ¢ momoubio APIToB. Eciu BcmoMHUTS 0 Ouno-
JSIPHBIX MPU3HAKAX MAKPOACHEKMOo8, TO Ul yKa3aHHBIX CEUCHUH COLMOHA MOXKHO IPEIIOXKUTh Ta-
KYI0 BepOasn3auo:

{A" A AN RO}/ {00,000, ', W, 5, [5} - omen | 6061-1;
{A" A AN R {0,0,00,0, 0 L 010} - enymp | 6new-1.

Puc. 6. TerpaxoroMusi BTOPOro BAPMAHTA COUMOHUYECKOI0 KyOMKa ABYMSl IJIOCKOCTSIMH, KOTO-
pble COOTBETCTBYIOT OMIOJSIPHBIM NMPHU3HAKAM omeéneuénnvle | 6oeneuénnvie-1 m enym-
pennue | énewnue-1.

3amMedy, 4TO Uil 00OMX BapHaHTOB COLIMOHMUYECKOTO KyOHMKa TOpHU3OHTaNbHAs IJIOCKOCTH,
MPOXOSAIIAs Yepe3 IEHTP, COOTBETCTBYET OWUMOJISPHOMY MpU3HAKY cmamuku | Ounamuxu. A eciu
BCIIOMHHUTH, YTO Ha TIOMYYUBIINXCS KyOWKax 00O3HAYEHHS pOOCHIBEHHbIX THIIOB OTIMYAIOTCS 3HAKA-
MH, OTBCUYAIOLIMMH 32 MPUHAJICKHOCTD K TIOJIFOCaM TPU3HAKa npasvie | 1esvle, TO CTAHOBHUTCS TOHST-
HO, YTO 4eTBEPKU OWMOISIPHBIX TPU3HAKOB {npaevie | nesvie, cmam | ounam, o/y-1, 6/f-1} u {npa-
svie | nesvre, cmam | ounam, omen | 6oen-1, enymp | énew-1} MOTYT BBICTYNaTh B Ka4eCTBE 0A3UCO8
munoao2uu, IpUHATON B connonuke. OKa3bpIBACTCs, YTO 3TH YeTBEPKH OUITOJISIPHBIX MPU3HAKOB SIBJISI-
FOTCS CHCTeMaMH O0pa3yromuX Il OJHOW M TOW ke 16-3JeMEeHTHOW TpyHIbl OWITONISAPHBIX TTPU3HA-
KOB, a uMeHHO rpymmnsl IOMIIos.

I'. P.: 3adeMm jxe BCE-Taku MOHAMOOMIICS BTOPOI BapHaHT KyOWKa, ecily OH He JaéT HOBYIO
TpyNIy OUITOISIPHBIX MPU3HAKOB MO0 CPABHCHHIO C TOHM, yTO BBl momyuywiv, mpoaHaaIu3upoBaB Mpe/l-
CTaBJICHHYIO Ha PUC. 5 TETPaxXOTOMHIO TOTO BapHaHTa KyOWKa, KOTOPBI ObUT y MEHS B KHUTE?
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0. M.: Bo-niepBbix, yetBépku THIMOB, KOTOpHIE CTald XOPOIIO BHIHBI Ha PHUC. 6, MOXKHO
OBLTO OBI Ha3BaTh TaK: UHMYUMbBL HO NEPEOL (PYHKYUU, CEHCOPUKU NO NePEOU (DYHKYUU, I02UKU NO nep-
60U hyHKyuu U d3muxu no nepeou Gyukyuu. KOHTY He MPUILIOCH OBl BCSIKUI pa3 A00ABIIATH «IIO Mep-
BOW (DYHKLHHU», TaK KaK B €ro 8-3JEMEHTHOHW THUIOJIIOTHH HE MPUAAaBaJIOCh 0COOOT0 3HAUECHUS pasiiu-
4uI0 podcmeennvlx TUNOB. Tpoiika {cmam | ounam, omenl eoen-1, emymp [ enew-1} wmorma OB
BITOJTHE CITY’KUTH O0a3ucoM Turonoruu Oura. B cioydae ske 16-371eMeHTHONW COMMOHUYECKON THITOJIO-
TUH, TIE pOOCMBeHHUKY PA3THIAIOTCSI, B Ka4eCTBE YETBEPTOTO NMpH3HAKa B 0a3MC MOKHO OBLTIO OBI
J00aBUTH HE TOJBKO npagvie | negvie i demoxpamsl | apucmokpamei. [logomén Obl, HanpuMep, Ou-
HOJISIPHBIN TIpU3HaK omen | 606n-2 wnu enew | enymp-2. Y1 oOpa3zoBaBiinecss 4eTBEPKU CTaNU Obl CH-
cTeMaMu oopaszyrouux Bc€ Toil xxe rpynnsl KOMIIos. Uto e kacaetcs rpymnmnsl APIIoB, koTopyto Bel
MOJTYYMJIA M3 TakK Ha3plBaeMoro «0Oasuca FOHray», To B Hell HENMb3d HAWTH TaKylO TPOHKY IJIEMEHTOB,
KOoTOpas Moria Obl MOCTYKUTh 0a3ucoM tumonoruu FKOHra. Mel 3TOT Bompoc oOCyXnaiu B Hallem
caMOM TIEPBOM JHAJIOTe, IMMOCBSIIIEHHOM B OCHOBHOM CEUEHHSIM COIIMOHA M OWITOIISIPHBIM IpPHU3HAKAM
[11]. Ho 006 3TOM, Kak MHE IIPEACTABISAETCS, UMEIIO CMBICI HATIOMHUTD.

Bropas npuuunHa, Mo KOTOPOH MHE XOTeloch 00paTUTh BHUMaHKUE Ha BTOPOM BapHaHT COLHO-
HUYECKOTO KyOHKa, CBsi3aHa C BBHIOOPOM CHCTEMBI 00pa3yloujux TPYMIIBI ONEPATOPOB KIACCUYECKUX
WHTEPTUIHBIX OTHOIIEeHUi. OOpaTUTe BHMMaHHE Ha COKpallEHHBIE CHMBOJbHBIE 0O003HadeHus TU-
Mog, koTOpBI€ Ha PUC. 6 CTOSAT Ha OJHOM BepTUKanu. OHU OTIWYAIOTCS TOJBKO I[BETOM cuMBoja MA.
Jpyrumu criioBamu, JefiCTBHE OTIepaTopa no2auierus Ha UCIIOIb3yeMble 0003HAUYEHUS THIIOB CBOIUTCS
K M3MEHEHUIO [[BETa IPU COXPaHEHUH (OpPMbI U 3HaKa. [IpaBuUiIo neiicTBUS omepaTopa dyaibHocmuy Ha
o6o3navyenus TUMoB Ob110 OBI citoskHEE CHOPMYITUPOBATS.

I'. P.: C oneparopom podcmeennvix 1O TOXE 0COOBIX mpobieM HET. DTO ObUIO BUIHO U Ha
MIEPBOM BapHaHTE COLMOHUYECKOTO KyOmKa. LlBeT u popma coxpansarorcs, a MeHseTcsa TOIbKO 3HaK. C
sepkanvubimu 1O, KoHEeUHO, 4yTh cliokHee. Hamo kakaelil pa3 BCmOMHHATh, Kak 1o 3Haky WA nep-
BOi1 pyHkmu onpenenats A BTopo#t pyHKIHM.

FO. M.: MHe KkaxeTcs, 4YTO BTOPOH BapuaHT KyOMKa MOKa3bIBAET MPOCTOE MPaBHIIO BOCCTa-
HOBJICHHUS 3HAKOB, CBsi3aHHOE ¢ x1ybamu. Ecnu Bel moMHKTE, HaIpUMep, YTO Y CAHCHTUCTOB UHINYU-
yus ¢ IUTIOCOM», a 3HAKH TMEPBO M BTOPOH (PYHKIMU pasHbIE, TO 3TOTO BIIOJHE JOCTATOYHO, YTOOBI
BOCCTAHOBHTH BCE OCTAIbHBIE 3HAKH.

I'. P.: JleficTBUTENBHO, TOTAA 102UKA Y CalleHmucmog 0yneT ¢ «MUHYCOMY, a Y YIpaeieHyes —
¢ «mrocom». COOTBETCTBEHHO, CEHCOPUKA Y YNpagieHyed OYAET C «ILTIOCOM», a Y COYUAn08 — C «MU-
Hycom». U Tak, nepexons ot xnyba K xiyby, modyduM Bce 3Haku. Ho Kak ke Bcé-Taku OBITH C Oyanb-
HbIMU U BCEMH OCTABHBIMHU OTHOLICHUSIMH, 0COOEHHO ¢ acummempuunvimu? Kak Bol 00bsicHuTE TIO-
asnenne acummempuynvix 10, ecmn y Bac B nopoowcdaiowyio cucteMy BXOAST TOJBKO ONEPaTOpPbI
cummempuuroix 1O?

FO. M.: Bc€ neno B TOM, YTO pOOCMEEHHUK 3epPKANbUUKd — ITO HE TO K€ CaMoe, 4TO 3ep-
Kanbuk poocmeenHuxal

I'. P.: A BOT podcmeennux nonydyara — 3T0 TO K€ caMmoe, YTo noaydyan poocmeennuxa. U
K8A3UMONCOUK 3ePKANbUuKd — 3TO TO K€ CaMoe, UTO 3epKanbujuk keazumoxcouxa. Kak Brl y3naére,
KOT'JIa OJIHO M TO K€, a KOrja HeT?

FO. M.: /laBaiiTe Hag9HEM C 3THUM pazOUpaTHCS, pacCMaTpPUBas TOJBKO IOJIOBHHY COIIMOHA,
YTOOBl HAM I CUCTEMBI 00pa3yiowjux XBaTHUJIO TOIBKO JABYX OINEparopoB cummerpuuHbix O, a
UMEHHO ONEPaTOPOB podcmeenHbix N 3epkanvubix O. Y Hac BcE st aToro rotoBo. OcTaoch A0ro-
BOPUTHCS 00 yIOOHBIX 0003HAUEHHSX YKa3aHHBIX ONEpaTopoB. Eciu edunuunbiil 37€MEHT BCeU IpyIi-
bl (T.€. omepaTop modxcoecmea) 0003HAUUTH «eAuHMULEH» (1), To A oneparopa, KOTOPBIH MEHseT
TOJIBKO BEPXHHUM MHACKC COKPAIIEHHOTO CUMBOJIBHOTO 00o3HaueHuss THMa (T.e. i onepaTopa poo-
cmeennvix O) Brionae ObI mogonuio obo3HaueHue «1*», rme «3BEé3m0uka» OymeT HallOMUHATh, YTO
HAJI0 CMEHHTh BEPXHHUH MHIIEKC, a «SIMHHIA» OyaeT MOJCKa3bIBaTh, YTO OOJIbIE HUYETO JeNaTh He
HAJIO.

s oneparopa 3epranbHocmy s IPEIJIOKUI UCIIONB30BaTh OYKBY «My», YTOOBI OHA HATIOMH-
Haja O CIIOBE «3epKajio» (OT aHTi. MIrror), ¥ MpH MepeBojie COMOHNYECKHX TEKCTOB Ha IPYTHE s3bI-
KM HE HaJo ObUIO Obl MEHATH 0003HAUCHHS, T.K. HCIIOJIb30BaHHUE JIATHHUIBI B (popMynax mpu3HaETCs
MHUPOBBIM HAyYHBIM COOOIIIECTBOM.
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B mammx mpempiaynmx Auanorax MpakTHYeCKHd OTCYTCTBOBAJ WILTIOCTPATHBHBEIA MaTepHall
[ToaTomy B 3TOT pa3, BO3BpamIasich K TEM TeMaM, KOTOPBIX MBI YK€ KacaluCh, MHE XO0UEeTCs K CIIOBaM
no06aBuTh 00pasbl. [TocMoTpuM Ha puc. 7, KOTOPEIH B3sT U3 cTaThi [16]. [IOHATHO 1, KaK OH CBSI3aH C
puc. 4, Ha KOTOPOM OBLIH TPECTABIICHBI JIBA BAPUAHTA CHPYKIMYPHOU (POpMYJibl COITUOHA?

pmF=1%m

i
—I1*=m- 1% m

I1*m-1*=—m

(m-1*¥=m-1*m -I*=I =1*%m-1% m= (1% m)*

Puc. 7. Ucnoan3oBanne rpaga Kirnu npu BBegennu ¢GpopmMajin3oBaHHbIX 0003HAYEHUT AJI1 Ole-
paTOpoOB TOi §8-3JIeMeHTHOM MOArpynnsl 16-3jieMeHTHOM IPyNIbI ONIEPATOPOB Kaaccuue-
cxux U0, koTopas peanusyercsi B KaKI0i M3 MOJOBHH COLMOHA, Pa3AeJ1éHHOTO MO NpPH-
3HAKy cmamuku | ounamuku.

I'. P.: B 06oux BapmaHTax CTpyKTYpHOH (hOPMYJIIBI COIIMOHA MPUCYTCTBYIOT JIBa §-YTOJHHUKA,
BEPIIMHBI KOTOPBIX COCMHEHBI OTPE3KAMH JIBYX YEPEIYIONINXCS BUJIOB (BBIMOJHEHHBIX OJHMHAPHBIMU
W JABOWHBIMU JHHHAMHK). Ha puc. 7 BUAUM OnWH 8-yTOJNBHUK, Y KOTOPOTO IJIsl H300paKeHHsI CTOPOH
TOE IM00YEPETHO UCTIONB3YIOTCS OAMHAPHBIE U IBOMHBIE TMHUU. KpoMe Toro, 3TOT 8-yroJbHUK UMe-
€T HECKOJIbKO MHYIO OPHUEHTALHMIO (OH HEMHOI'O MOBEPHYT MO CPABHEHHIO C 8-yroJbHUKAMH, KOTOPBIE
Ha puc. 4).

FO. M..: Ecnin He oOpariate BHUMaHHUS Ha MOATMCH BEPIIUH 3TOTO 8-yroJbHUKA, TO €T0 MOX-
HO Ha3BaTh rpadom Kamm mms 8-31eMeHTHOU OusdpanbHol TPYIIIBI, KOTOPYIO WHOTIA 0003HAYAIOT
kak D8 (mo umciy sieMeHTOB), 2 MHOTAA — Kak Ds. Bropoe 0003HaueHNE CBsI3aHO C YHUCIIOM CTOPOH y
KBazpaTa. JusopanvHvle TPYIIBI — 3TO TPYIIBI CHMMETPUI (CaMOCOBMENLICHUI) MPaBUIILHBIX MHOTO-
YTOJIBHUKOB, BKJIIOYAIOIIME KaK BPALICHUS, TaK U OCeBble cuMMeTpud. B Bukunenuu moka uro mu-
UIyT, YTO AMBJAPaIbHBIC TPYIIBI SBISIOTCS MPOCTEHIIMMH MPUMEpPaMH KOHEYHBIX TPYII U HUIPAIOT
BRXHYIO POJIb B TCOPUU TPYIII, TEOMETPUU U XUMHUHU. TO, UTO TU TPYIIbI TPUMEHSIOTCS U B IPYTUX
€CTeCTBEHHBIX HayKax (Kpucrawtorpadun, KBAaHTOBOW MEXaHWKe, W T.J.), MBI ceiidac 00CyXIaTh He
Oynem. OOGCYIUM TOJNBKO MPHUMEHUTENFHO K Teopuu kraccuieckux VMO ¢ mpuBIeYeHHEM MPOCTHIX
reOMETPUYECKHX aHAJIOTOB.

I'. P.: la, moxxanyii, CHAMMETpHs KBaJpaTta — 3TO HE JOJKHO ObITH OYEHb CIIOKHBIM!

0. M.: Cpa3y 3ameuy, 4TO JJIsi OHON U TOH K€ TPYIIIBI CYyIIEeCTBYET HE OJIHA CHUCTEMa 0Opa-
syrouyux. COOTBETCTBEHHO, M Tpadsl Kamw 17151 0qHOW 1 TOM e TPYMITEI MOTYT OBITh pa3HbIMH. B cTa-
Thbe [6] MBI C MITAIIAMH TOBAPHIIAMH CIICITHATHFHO PACCMOTPENIH HECKOIBKO BapuaHTOB Tpada Ko
Jutst Tpymel Buna D8 MMEHHO Ha mpuMepe Tpymsl onepaTopoB kiaccuueckux O, koTopas peanusy-
eTCsl B KaXK/IOW M3 TOJIOBUH COLIMOHA, Pa3leiéHHOro Mo npu3Haky cmamuxu | ounamuxu. Ceiidac Mbl
OyzeM paccMaTpHBaTh TOT BapUAHT, KOTOPBIl COOTBETCTBYET cUCTeMe oopaszyiowux {1*, m}.

Pébpa rpada Kamm, koropbie M300pakeHbl OTPE3KaMU OJMHAPHBIX JUHHUH, COOTBETCTBYIOT
oneparopy poocmeennvix 1O (1%), a pé€Opa, mpeacTaBIeHHBIE OTPE3KaMH TBOWHBIX JIMHHUMA, COOTBET-
CTBYIOT Oomeparopy zepkaivhoix 1O (M). DTUM ABYM omeparopaM, BOIICIIIAM B CUCTEMY 00pa3)io-
wux, COOTBETCTBYIOT elIE U JIBE BEPIIUHBI Tpada, COSAMHEHHBIE COOTBETCTBYIOIUMHU PEOPAMH C TOM
BEPLIMHOM, KOTOpasl MOANMCAHA CUMBOJIOM eOUHUYHO20 OTIepaTopa IPYIIIbL.
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OcraBmuecs: BepmMHbI rpada, COOTBETCTBYIOIIME OCTAJIBHBIM 3J€MEHTaM TIPYIIbI, MOTYT
OBITH MMOJNNKMCAaHBl BHIPAXKEHUSAMH, COCTABICHHBIMH H3 00pda3)iowjux C WCIIOJIB30BaHHEM BBEAEHHOM
OuHapHOl omepauuu. B panpHeiimem ajsi Bcex 3JI€MEHTOB MOKHO BBECTH CIIEIMajbHBIE 0003Haue-
HUst. O4eHb yIoOHO, eciy 1Mo 3TUM 0003HAYCHUSM JIETKO BOCCTaHABJIMBAETCS 3alIUCh BBIPAKCHUS Ue-
pe3 obpazyiowue. JlaBaiiTe BHUMaTEIbHEE IMIOCMOTPUM Ha TOMNUCH BepriwH rpada Ha puc. 7. s
oleparopa mepexoaa K poocmeennuky sepkanviyuxa (1* - m), T.e. X nodpesusnomy, ObLIO TIPeIIOKE-
HO 0003HaueHne M*, KOTOPOE HAIIOMHHAET O CBOEM BBIPAKEHUH 4epe3 0Opasyroujue. ITOT ONepaTop
yKe He sBiseTcs ungomoyueti (T.e. He oOpareH cam cebe). Ero moBropHoe nprMeHeHre HE BEPHET K
ucxogHomy TUMy. Unu, npyruMu cioBamu, ero KBaapar He PaBeH eOuHuyHOM)y OIepaTopy TPYIIIbI
(omeparopy mooicoecmesa, 1). U 3to xopomo BuaHo mo rpady Kanm. BepmmHa, cooTBeTCTBYIOIIAS
omeparopy (M*)?, sBisieTcs caMoil yaanéHHol Ha puc. 7 or Bepmmabl «1». s (M*)? GbUI0 BBEICHO
o0o3HadyeHue «-1».

I'. P.: lla, s mpunioMuHaro Barmre oObsICHEHHE IS TAKOTO 0003HAYEHUS OIEpaTopa CynepaIzo.
B nponwielii pa3 Bel roBopuiu 06 nzomopdusme rpynmnsl gucen {1, i, -1, -i}, rae | — MHMMas eauHHLA,
JUIS KOTOPO#i CTIpaBe/IMBO PaBEHCTBO i° = -1, ¥ rpymmsl omepatopos {1, m*, -1, -m*}.

FO. M.: CoBepuieHHO BepHO. IS TeX, KTO 3HAKOM C KOMHIIEKCHbIMY YUCIaMu, U30MOpdu3M
3THX TPYMI COBEpIIEHHO oueBHIeH. [locme Takoro BBeaeHNs 0003HAYEHHA I OTIepaTopa CynepIzo
0003Ha4YeHUs U1 OCTABLIMXCSI OINEPAaTOPOB U3 IPYIIbI, NPEACTABICHHOM Ha puc. 7 CBOMM Ipadom
Konu, HanpammBarotes camu coboil. @opmann30BaHHbIE OANUCH Haubosee yaaaéHHbIX BEpLIMH Oy-
OyT ommdathes 3HakoM! Cynepaeo podcmeeHHuKa HaXOAUTCA ¢ UCXOAHBIM THIIOM B 0€l08bIX OTHO-
mrenusx (-1 - 1* = -1%). Cynepseo zepranvuyuxa — B kongauxkmuwvix (-1 -m =-m). A cynepseo noope-
8U3H020 — 310 pesuszop (-1 - m* = -m*).

OOpatuM BHHMaHHE Ha TO, YTO K BEPIIMHE «-M*» MBI B HAIIUX PACCYXICHUSAX MPHUILTH OT
BEPIIMHBI «M*» ¢ MOMOIIBIO omeparopa «-1». B cBoio odepens, B BepmuHy «M*» 13 «1» MBI momaiu
3a n1Ba miara (cHavyana M, a morom 1*). Ho Ha puc. 7 xopoio BujeH 0oiiee KOPOTKHi My Th U3 «1» B «-
M*y»: cHayana 1*, a motom m (M - 1* = -m*). Bot Bam u HarmsaHOe OKAa3aTENbCTBO OCHOBHO20 KOM-
MYMayuoHHo2o coomuowtenus. M+ 1* = -1* - m. Oka3pIBaeTCs, 4TO AJS ABYX JIIOOBIX HE KOMMYTHPY-
IOLIUX MEXKAy c0o00ii oreparopoB kraccuueckux O aeicTByeT MpocToe MPaBUiio: MPHU MEPEeCTaHOBKE
COMHOJKHTEJICH MOCTaBbTEe «KMHHYCY» (YMHOXKBTE HA CYNepI2o).

I'. P.: Ho kxak xe Mbl y3HaeM, KOMMYTUPYIOT OHU WJIHA HET?

IO. M.: B ciyuyae paccMarpuBaeMoil 8-3J1eMEHTHOM Ipynmbl coBceM Bc€ mpocto. OmnepaTtop
«1» KOMMYTHpYET CO BCEMHU OCTAIbHBIMU IO ONPEAETICHUIO eQuHuyHo20 onepaTtopa. Beap oH HUUYero
He MeHseT. Kakas pasHuia: cHayana HH4ero He MeHITh wiu nmotoM? Co BceMH onepaTopaMu KOMMY-
THPYET U omneparop cynepaeo (-1). OcranpHble OnepaTopbl KOMMYTHPYIOT C STUMH IBYMS Ha3BaHHbI-
MH U C OIIEpaToOpOM, KOTOPBIH OTIIMYAETCsl OT HUX TOJBKO 3HAKOM. B 3THX MPOCTHIX MpaBHiIax JETKO
yOeautscst, Bocnob3oBaBmMch rpadom Kanum, npencraBneHHsM Ha puc. 7.

I'. P.: He mopa nu Ham BepHYThCS K OOEIIAaHHOMY KBaipaTy, IpyIla CUMMETPHUH KOTOPOTrO
n30Mop(pHa paccMaTpUBAEMOH 8§-3JIEMEHTHOH MOArpYIIIEe TPYMIBl ONepaTopoB kiaaccuueckux NO?
Kak ycTaHOBUTH B3aMMHO OJJHO3HAYHOE COOTBETCTBUE MEXKY DJIEMEHTAMH 3TUX TPYII?

FO. M.: [laBaiitTe Bo3pMEM Tpad Koim, mpepcraBieHHBIH Ha pUC. 7, ¥ clenaeM i ero Bep-
IIMH HECKOJILKO M3MEHEHHBIC IMOJIICH, 2 MMEHHO TakKHe, Kak Ha puc. 8. OOparuTe BHUMaHHE Ha
KBaJ[paThl, KOTOPBIC CTAIM COCTAaBHOHM 4acThi0 moxamuceld BepmnH rpaga. OgHa U3 CTOPOH KaxIOro
KBajlpaTa IIOMEUYCHA CTPEJIKOW, KOTopask OyIeT HaM IOMOIaTh ONPEAENATh, O KAKOM IpeoOpa3oBaHUH
CUMMETPUH HIET pedb B KaKAOM OTAEIbHOM ciydae. Kakum npeoOpazoBaHHEM CHMMETPHH (Camo-
COBMEIIICHHS) CBSI3aHbI MEXy COOOM KBaJIpaThl, COOTBETCTBYIOMIHE «1» U «M»?

I'. P.: Eciiu oiMH U3 3TUX KBaJAPAaTOB OTPA3UTh OTHOCUTEIBHO BEPTUKAIBHON MPSMOM, IIPOXO-
JSIIel yepes3 ero ILEeHTpP, TO KBaApaT CaMOCOBMECTHTICS, a CTpenka OyIeT pacHoloKeHa Tak, KakK y
BTOPOTO KBajpaTa U3 3TOW mapbl. TOYHO TaKUM K€ CBOWCTBOM 00JIaAalOT BCE Maphl KBaIpaToB, KOTO-
PBIMH [TONHMCAHBI Tapbl BepluuH rpada Kamu, coennHEHHbIe ABONHBIMY JTHHUSMH.

Ecnu sxe 00paTuTh BHUMaHHE Ha Mapbl BEPILUH, KOTOPbIE COCAMHEHB! OJMHAPHBIMHU JIMHUSMU,
TO MOKHO 3aMETHTh CBSI3b MEX/Y COOTBETCTBYIOIIMMH KBaJIpaTaMu. DTOH CBS3H COOTBETCTBYET CHM-
METpHsI OTHOCUTEIBLHO MPSIMOH, MPOXOISINEi Yepe3 JICBYI0 BEPXHIOI U MPaBYI0 HIDKHIOK BEPIIUHEBI
KBajpara.
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Puc. 8. Mzomopdu3m rpynnsl cuMMeTpUid KBaJApaTa v Toil 8-3j1eMeHTHOH MOArpynnbl rpynmnbl
onepatopoB Knaccuyeckux MO, koTopasi peajiusyercsi B KasKA0il U3 MOJIOBHH COLMOHA,
Pa31eIEHHOTO MO MPU3HAKY cramuku | Ounamuxu.

FO. M.: BOT MBI B ONpEAETHINCE C CHCTEMON 06paszyowux TPYNIbl CAMMETPUH KBajpaTa.
[IpeobOpazoBaHHss CHMMETPHUN OTHOCUTEIBHO MPSIMBIX C OUEBHIHOCTBIO SBISTIOTCS ungomoyusamu. [pn
MIOBTOPHOM BBITIOJIHEHHH KaXKJJOTO M3 TaKUX MpeoOpa3oBaHUil «cTpenka» OyIeT BO3BpalIaThCs B MC-
XOJTHOE TIOJIOKEHHE. A 4TO MBI TIOJyYUM, €CJIM CHavyalla OTpa3uM KBaJpaT OTHOCHUTEIFHO BEPTHKAIb-
HOW OCH, TIPOXOJSIICH Yepe3 ero LEeHTp, T.C. BHIMOIHUM Mpeodpa3oBaHHe «My», a MOTOM — OTHOCHU-
TEJILHO yKa3aHHOW Bamu auaronanu (mpeo6pazoBanue «1*»)?

I'. P.: Ms1 nonyyum npeoOpa3oBanue, Jiisi KOTOporo Bei BBenu o6o3naueHue M*. ['eomerpu-
YecKH 3T0 OyAeT o3HauaTh MOBOPOT HA 90° mpoTuB gacoBoii cTpenku. [lorsaTHO, UTO Takoe mpeodpa-
30BaHME He ABIsieTcsl unsoaoyuetl. Ecin Mbl emé pa3 noeepHéM Ha 90° MPOTHB YacOBOW CTPEIKH, TO
nmoJryduM MoBopoT yxxke Ha 180°. [Ipuuém Ham He Hajo OyneT JO0aBIATH CIOBOCOYETAHHUE IPOTHB
4acOBOH CTpEJKU», T.K. Ipu noBopote Ha 180° o 4acoBoil cTpesKe MBI IMOyYHIIU ObI TOT e pe3yJiib-
taT. Ero MOXHO Take Ha3BaTh cumMmempueli OmHOCUMenbHO YyeHmpa KBaapaTta. ITo Ipeodpa3oBaHue
COOTBETCTBYET oreparopy cynepseo (-1).

Ha reomerpudeckoM mpuMepe XOpOIIO CTalI0 BHJHO, KaK U3 JBYX UHEOIIOYUL MOXKET TIOITY-
YUTHCSI ONEPATOp, KOTOPBIN uHGOIIOYUell He SIBJASETC. DTH JIB¢ MHBOJIONUK HE JIOIDKHBI KOMMYTH-
poBath Mex1y coOoi. Ecimu Obl MBI CHaualla OTpa3wiii OTHOCHTENFHO BEIOpAaHHON HaMH HaKIIOHHOMN
JIMHUY, A TIOTOM OTHOCHUTENIFHO BEPTHKAIBHOM, TO OIXYy4riIn Obl ToBOpoT Ha 90° 1o 4acoBoii cTpenke.

FO. M.: BoT MBI 1 pa3o0panuchk ¢ KOHKPETHOH 8-371eMEHTHON NOATrpYNIOi IPyIIBI OepaTo-
poB xnaccuuecxux MO. 3amedy TOIbKO, 9YTO HaM OyeT yI00OHEH paclIupUTh CUCTEMY 00pasylouux 3a
cuéT BKJIIOYCHHUS B He€ omepaTtopa cynepseo (-1), HECMOTpPsI Ha TO, YTO ATOT ONEPATOP MOKET OBbITh
BbIpakeH depe3 1* m m. Takoe pacmmpeHwne MO3BOJIUT HaM JIIOOOW OIEpaTop PacCMOTPEHHOM
8-31eMeHTHO} moArpynisl BeIpakaTh B Buae (-1)€ - (1%)P - mY, rue nmokasarenu crenenu K, p u  MoryT
NpUHUMATh 3Ha4eHUs Toabko 0 mm 1.

I'. P.: [loxanyii, 3T0 MOKET OKa3aTbcs yIOOHBIM, T.K. OyIeT yKa3blBaTh HA TO, y4acCTBYET MU
HET B «Pa3JIOKCHUW» KOHKPETHOTO OIeparopa Mo TaKoMy PacHIHPEHHOMY «0a3ucy» TOT WM HHOW
3JIEMEHT M3 3TOTO «0a3mca». JleficTBre omepaTopa cyneps2o Ha COKpalléHHbIE CHMBOJIBHBIE 0003Ha-
genuss TMIMoB Toke BIOJHE HATJIIHO: IIBET W 3HAK HE MEHSIOTCS, a ¢opma cuMmBoiia MA mepBoit
(YHKIIUU MEHSCTCS B paMKaX OJHOW HanbHocmu (cynepico uppayuonania — BCETIa uppayuona, a cy-
nepseo payuoHaia — BCETa PAYUOHATL).
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FO. M.: CoBepIlleHHO BEpPHO. A €CIlH Teleph BBECTH 0003HaueHne «C» (0T aHri. color) mis
orepaTopa nozauieHusi, N3MEHSIOLIETO «IBET» COKPAIEHHBIX CUMBOJIBHBIX 0003HaueHuii TUMoB, To
MBI IOJIYYHM KAHOHUUECKOe npedcmasiienie dIEMEHTOB BCel TPy onepaTopoB kiaccuueckux NO:
(-1)%-c'- (1%)P - mY, rae | Toske MOKET MPUHUMATH 3HaUYeHUs Tojibko O wiu 1. Onepartop nozauenus
(C) KOMMyTHpYET CO BCEMH OTIEPATOPAMH.

To, 4T0 OH KOMMYTHPYET CO BCEMHU OCTaJbHBIMH OIlepaTopaMu 04eBUAHO U3 rpada Kamu mis
Bcel 16-ameMeHTHON Tpynmel omeparopoB MO. Hamomuto, 4To aBa BapmaHTa 3TOro rpada MOKHO
YBUIETh Ha puc. 4, Tae U300paxkeHsl cmpykmyphvle hopmynst coyuorna. B ogHom Bapuanrte rpaga
UCIIOJIb30BaHa cucteMa oopasyowux {1*, m, ¢}, a B apyrom — {1*, m, -c}. B oboux ciyuasx asa
8-3/IeMEHTHBIX KOJIbI]a COOTBETCTBYIOT HMOATPYNINAaM C 2-3JEMEHTHOW cHUCTeMOW oOpasyrommx {1*,
m}. Ho B ogHOM ciiydae CBS3b MEXIY KOJBIIAMH OCYIIECTBISIETCS uepe3 pedpa rpada, COOTBETCTBY-
IOIIHe orepaTopy noeauterus (C), a BO BTOpoM — oyaisrocmu (-C). [I03TOMy MOXHO c/ienath BBIBOJ,
4To omeparop dyanvHocmu (-C) TOxe OyaeT KOMMYTHPOBAaTh CO BCEMH OCTaJIbHBIMH OIEPATOPAMH.
[IpaBaa, cBou CTpYKTypHBIE (POPMYJIBI 51 TOCTPOMI HECKOJIBKO panblie [14, 15], uem oco3Han ux CBsI3b
¢ cooTBeTcTBYIOIMMYU Tpadamu Kamu [6]. A cefiuac MHe X0ueTcs T0OABUTSH €IIE OJIHY HIUTFOCTPALIHIO,
KacCarolyrocs pacIInpeHHON CUCTEMBI 06paszyouux (cM. puc. 9).

+ -<AS
. 70 8

Puc. 9. Ces13bp (popMaIH30BAHHBIX 0003HAYEHU ONEPATOPOB ¢ MCXOAHOI HMaeell KJIaccH4ecKOn
MO/ieJI HHTEePTHITHBIX OTHOIIeHMIi (10 Aymipe AyrycTHHABHYIOTe).

Mpsl 0o0CyquH, Kak OIepaTropbl, BOLIEANIME B PACHIMPEHHYIO CHUCTEMY OOpa3yIoUIMX, Jei-
CTBYIOT Ha COKpam&¢HHbIe CUMBOJIEHBIE 0003Hadenus: THMoB (cM. neByto cxemy). Ho MokeT BO3HHK-
HYTb BOIIPOC: KAaKOE€ 3TO HMMEET OTHOLIeHUE K xuaccuyeckou mopenn MO, KOTOpyro Hpeanoxuia
Aympa AyryctuHaBuutore? I'me cnpsitanack ucxomHas uaes e€ MOAENH, colepxaiiascs Bo (pase:
«MHdopmanuro apyr Apyry nepenaroT TOJIBKO TOXASCTBEHHBIC dlieMeHTh» [1, ¢. 128]?

Oxazasioch, 4To Tpymnmna oneparopos xraccuveckux O u3omopdHa rpyIine cCHMMETpUR TeT-
paroHaJIbHOM MPU3MbI (IPSIMOM TPU3MBI C KBaJpaTHBIM OCHOBaHHEM) [2]. DTOT (aKT MOATOJIKHYII Me-
HS K MBICIH, 9TO U1 MoAenupoBanus THIMoB Hago pacemotpets 3D BapuanT Mogenu «Ay», npudém
He B BHJE KyOuKa, a IMEHHO B BHJAE IPU3MBI C KBaIpaTOM B OCHOBaHMH, HO BBICOTOM, KOTOpas He
paBHa IO JUIMHE CTOpOHE OcHOBaHUs [8]. B mpaBoli yactu puc. 9 xak pa3 mokasaHo, Kakue reoMeTpu-
YecKue MpeoOpa3oBaHUsl CaMOCOBMEIEHHH TETParoHalbHOW NMPH3MBI COOTBETCTBYIOT OIEpaTropam,
BOILIEIINM B PacIIMPEHHYIO CUCTeMY 00pa3yIoIuX IpyIisl onepatopos kiraccuueckux V0. [lomyya-
ercs, uro 3D monens «A» ogaHoro TMIMa npeBparaercs B Mmojaens «A» npyroro THMa non neiicTBu-
em omneparopa MO. CumBoibl HHGOPMALMOHHBIX aCIIEKTOB IIPH 3TOM COIVIACOBAHHO IEPEXOISIT Ha
HOBBIE MECTa, KOTOPBIE COOTBETCTBYIOT MOZIENH «A» pe3ynbrupyromero THMa.
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I'. P.: Eciu s mipaBWJIBHO MMOHUMAIO, 3TO Pa3BUTHE HIEH W30MOP(HU3MA TPYIITEI CHMMETPHIt
KBaJpaTa U PACCMOTPEHHOW HAMU 8-3JIEMEHTHOH MOATPYNIbl BCeil 16-371€MEHTHON TpynHnbl OnepaTo-
poB kraccuueckux NO.

FO. M.: Jla, xoneuHno. Bexp Ha KBagpatThl, KOTOphIE (UTYPHUPOBAIH Ha pHC. 8, MOXHO TO-
CMOTpPETh KaKk Ha OCHOBAaHHSI TeTParoHaJbHBIX Mpu3M. B mcnonb3oBanHoM Hamu 3D BapuanTe Mone-
U «A» paCIOIOKEHUS] MEHMANbHO20 U UMANILHO20 KOJIEL COTJIACOBAHBI TAaK, YTO OTJIMYAIOUIUECS
TOJIBKO IIBETOM CUMBOJIBI A HaxomsTcs Ha OHOW BepTUKaiH. [IoaToOMy CHMMETpHUH KBajpaTa OTHO-
CUTENBHO OCEH MEPEXOASIT B CUMMETPHUH MPU3MbI OTHOCUTEIBHO COOTBETCTBYIOIIMX BEPTUKAIbHBIX
TUIOCKOCTEMN, a IOBOPOTHI BOKPYT IIEHTpa KBaJpaTa — B TIOBOPOTHI MPU3MbI BOKPYT OCH, IPOXOASIIEH
yepe3 IeHTPhl OCHOBaHMWM. 3/1eCh Ba)KHO, YTO MbI pacCCMAaTPHBANIU Ty 8-3JIEMEHTHYIO HMOATPYIITY, KO-
TOpasi ICIUT COIMOH TaK jKe, KaKk OWMONApHBIN mpusHak cmamuku | ounamuku. Onepatopbl U3 STOi
MOATPYIIIBI OCTABIAIOT CUMBOJIBI A B paMKax T€X OCHOBAaHUM MPU3MBI, K KOTOPBIM OHU U3HAYAJIBHO
OBLTH «IIPUTTUCAHBD.

I'. P.: A oneparop nocauienus COOTBETCTBYET OTPAXKEHUIO OTHOCUTENBHO IIOCKOCTH, IPOXO0-
JSLIER Yepe3 LHEHTP TeTparoHaJlbHON IIPU3MBI [1APAJUIEIbHO OCHOBAHUSIM.

FO. M.: CosepiieHHO BepHO. M ¢ 3TOI TOYKH 3p€HHs XOPOILIO BHIHO, YTO OMEepaTop C KOMMY-
THUPYET CO BCEMH APYTUMH OIEPaTOPaMHU.

I'. P.: To e MOXHO CKa3aTh M 00 omepaTope oyaibHocmu. ITOT ONEPaTOpP COOTBETCTBYET OT-
PaXXEHUIO0 OTHOCHUTEJILHO IUIOCKOCTH, IPOXOAALIEH Yepe3 UEHTP TEeTPAaroHaJbHON MPU3Mbl NapaJlieib-
HO OCHOBAHMSIM, C IOCJIEIYIOIIUM ITOBOPOTOM BOKPYI OCH, NMPOXOJAIIEH uepe3 LEHTPhl OCHOBaHMH
(umn B oOpaTHOM mopsiake). MOXKHO TakXKe 3aMETHTh, YTO, TaKOEe IOCIEeNI0BATENbHOE BBIIOJHEHHUE
JBYX T€OMETPUYECKUX MPeoOpa3oBaHUil — 3TO TO ke CaMmoe, YTO U OTPaKEHHE OTHOCHTENILHO LEHTpa
MIPU3MBIL.

1O. M.: [la, Takas 3aMeHa ABYX IOCIEAOBATEILHBIX MPEOOPa30OBaHUN OJHHUM M COCTABIISET
CMBIC OMHAPHOW Omeparuy, Koraa Mbl TOBOPUM 00 YMHOKEHHH OIEPaTOPOB. YMHOXas OMEepaTophI
u3 pa3oOpaHHOM Hamu 8-3nmeMeHTHOH moarpymmsl {1, -1, 1*, -1* m, -m, m*, -m*} na C, noxyunm
ocraneHBIe 8 omeparopos {C, -C, C*, -C*, cm, -cm, cm*, -cm*}.

I'. P.: Tlo TakuM 0003HAYCHHSIM HECJIOKHO BOCCTAHOBHTH NpEUIOKEeHHOe Bamu xanonuue-
cKoe npedcmasieHue KaXIoro U3 3TUX oreparopoB. Ho kak MOXHO y3HaTh KOMMYTHPYIOT J1Ba 3aJIaH-
HBIX ONEPaTOpa WM HET [0 UX «BHEIIHEMY BUIY»?

FO.M.: J[lna ysACHEHUS COOTBETCTBYIOUIETO IMPOCTOrO IpaBuia pPa3jiokKuM  BCHO
16-3meMeHTHY10 HEKOMMYTATUBHYIO TPYIITY Ha CMEJICHbIE KAACChl TIO YeHmpy TPYIIbL:

{1, -1, c, -c}, {m, -m, cm, -cm}, {1*, -1*, c*, -c*}, {m*, -m*, cm*, -cm*}.

[epBas ueTBEpPKa U ABNSETCS YeHMpom TPYIIIBL, T.K. B HEH cOOpaHBl BCE ONEPaTopbl, KOTOPBIE
KOMMYTHPYIOT CO BCEMH DJIEMEHTAMH TPYIIbL. A BOT OCTAIBHBIC ONEPATOPHI KOMMYTHPYIOT TOJBKO C
OIIEpaTOpaMu U3 Yeumpa U U3 CMeHCHO20 Kidccd, K KOTOpoMy npuHamiexart camu. Kak Bsl moxere
3aMETHUTh, CMEXHBIC KJIACChI JIETKO OTIIMYMThH MO «BHELUIHEMY BHIY». 3aMETHM, YTO TOJIBKO IEPBBII
CMEKHBIH Kilacc (yenmp) sBISIETCS MOArPYNIION. BHemHe onepaTtopsl, BXOAAIINE B HETO, OTIMYAIOTCS
OTCYTCTBHEM OYKBBI «M» U «3BE3TOUKM» B UX (HOPMaATN30BaHHBIX 0003HAYCHUSX.

I'. P.: [IpucytcTBrEeM ke 000X 3TUX ANEMEHTOB (JOPMaTM30BaHHBIX 0003HAYCHUH OTIUYACT-
s TIOCIICTHUH CMEXKHBIH Kitacc. B HEM cobpanmck oniepaTopsl acummempuynvix NO.

FO. M.: J[Ba ocTaBIIMXCSl CMEXHBIX KJlacca TOXE paHblue ce0si «nposassuiny. IlomHuTe, Ka-
kue u3 cummempuunvix 1O «pacmenunuce», korga Bel pemmnu nocMotpets Ha knaccuyeckue O ¢
nosunmu rpynnsl APTIos [21, c. 167]?

I'. P.: Koneuno. Poocmeennvle, denosvle, Mupasxchuvie U HenoiHo2o oonoanenus (noayoyans-
Huvle). S ceiiuac WX Ha3BaJ B TOM HOpPSIKE, B KOTOpoM BbI ux 3anucany B GopMaln3oBaHHBIX 0003Ha-
gerusax ({1*, -1*, ¢*, -c*}). TUMps1, 00bemMHEHHBIC B TTAphI OTHOIICHUSIMH M3 dTOW YeTBEPKH, BCETIA
HPUHALISKAT K OTHOMY HOJIOCY OMIIONSAPHOTO INMpu3HaKa uppayuonansl | payuonansi. CyTh «pac-
IICTUICHHUS» COCTOUT B TOM, 4TO crieKTpbl APIIoB, mOMIOCH KOTOPBIX y THIIOB M3 OXHOMW Mapbl COBIIA-
JAIOT, ISl UPPAYUOHATLHBIX U PAYUOHATbHBIX TIAP OKA3bIBAIOTCS PAa3HBIMU.
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10. M.: f momydnsn aHAJIOTHYHBIA pe3yiabTaT IS TakuX cUMMeTpudHBIX MO: 3epranbhbix,
KOHpIUKmHubIX, Keazumoosicoecmea, akmusayuu ({m, -m, cm, -cm}). Ho cpaBHHBalIKCh CIIEKTPhI COB-
nageHuit momocoB He APIlos, a KOMIIoB. Ilepeuncnennsie oneparopsl HE IPUBOJIAT K MEPECECUCHUIO
TpaHUIIbl, 3a1aBaeMOIl OMIIOJISIPHBIM MPU3HAKOM Oemokpamul | apucmoxpamut. I1ony4dunock, 4to ajs
OJTHOTO M TOTO )K€ OIlepaTopa CIEKTPHl He COBMAMANHU JUIA 0eMOKPAMUYECKUX U apUCOKPAMUYEeCKUX
nap.

I'. P.: [la, s mpUITIOMIHAIO, YTO MBI YK€ IBITATUCH TOBOPUTH HA 3Ty TEMY, HO S TOT/1a HE ObLT
TOTOB MPHUHATH Bamm ¢opmannzoBanHbie 0003HaYeHHs. Terneph MOCTENEHHO sI K HUM HAYWHAIO TIPH-
BBIKaTh. [lyMaro, 4TO MpHBJIeUYCHHE TE€OMETPUIECKUX 00Pa30B 3TOMY CHOCOOCTBOBAJIO.

FO. M.: Hazeroch, 9TO OTpaskeHHE CBOWCTB ONEpaTOpoB (MX KAaHOHMYECKOE MpECTAaBICHNE) B
(hopMaM30BaHHBIX O0003HAYCHHUSAX TOXKE UMEET 3HaueHHE. BOT BOMPOC: CKOJIBKO CYIIECTBYET yYeH-
MpanbHbIX TAXOTOMUN COIMOHA HAa «OIHOPOIHBIC» C TOYKH 3peHus kiaccuueckux VIO BochrMEpKH
THMoB, u Bce T1 OHH BepOaTM3UPOBAHBI OUITOISPHBIMHI TTPH3HAKAMH?

I'. P.: [IpaBuibHO 1M S MOHUMAIO, YTO PEUb UJET O BOCBMEPKAX, B KOTOPBHIX BCE THUIIBI HaXo-
JIATCS B paBHBIX ¢ TOUKHU 3peHUs kraccuieckux O nonoxeHusx?

FO. M.: Ta. Ho ckaxkem 370 ke no-apyromy. Ot mo6oro T Ma MOXHO mepeiTu K ApyrumM
THMam u3 ero BOCBMEPKH C TIOMOIIBIO OJHOTO U TOTO K€ Habopa omeparopoB kiaccuueckux NO.
JIOIDKHO OBITH MOHATHO, YTO, MO0OABMB K 3TOMY HaOopy omeparop moowcoecmea (1), MBI HOXy4IAM
8-aneMeHTHYI0 OATPYIITy BCeil 16-3meMeHTHO# Tpynmbl onepaTtopoB kraccuyeckux NO. Takum 00-
pa3oM, HaJO BBIICHUTh, KAKUE €CTh §-3JIEMEHTHBIE MOArPYIIbl, KOTOPHIE MO3BOJISIT OCYIIECTBUTH Tpe-
OyeMble TUXOTOMHUHU COLIMOHA. A MOTOM MOXHO OYyJEeT MOCMOTPETh, «O3BYUYEHBI» JIU OHU YK€ COOT-
BETCTBYIOIIUMH OUIMONSIPHBIMU Npu3HaKamu. [lonb3ysck (hopMann30BaHHBIMH O0O3HAYCHUSIMH OIle-
paToOpOB U 3HAsI UX CBOMCTBA, O KOTOPBIX MBI YK€ TOBOPWJIH, HAWNTH BCe 7 MOATPYMII, KOTOpbIe obec-
MIEYNBAIOT TpeOyeMble TUXOTOMUH COIMOHA, HE TaK YK CIOKHO:

{1,-1, ¢, -c, 1*, -1*, c*, -c*} — {-1, ¢, 1*} — C2xC2xC2 — uppayuonanet | payuonanei, l1;
{1,-1,c,-c,m,-m, cm, -cm} — {-1, ¢, m} — C2xC2xC2 — demoxpamsi | apucmoxpamut, 12;
{1, -1, ¢, -c, m*, -m*, cm*, -cm*} — {c, m*} — C2xC4 — npasvie | nesvie, |3,

{1, -1, m,-m, 1*, -1* m*, -m*} — {1*, m} — D8 — cmamuxu | ounamuxu, Ao,

{1, -1, cm, -cm, 1*, -1*, cm*, -cm*} — {1*, cm} — D8 — sxcmpasepmot | unmposepmot, A,
{1, -1, m, -m, c*, -c*, cm*, -cm*} — {c*, m} — D8 — keecmumvi | oexnamumot, Az;

{1, -1, cm, -cm, c*, -c*, m*, -m*} — {c*, cm} — D8 — nosumusucmot | necamusucmor, As.

Bes oneparopoB moacoecmsa (1) u cynepaco (-1) B 8-37eMeHTHOM OATPYyIIIEe HE 0OOUTHUCH.
[ToaToMy 3TH MOATPYIIBI COCTOAT U3 Map, B KOTOPBIE BCErJa OJHOBPEMEHHO BXOAST OINEPaTOPBbI, OT-
JUYaroecs ApyT OT Apyra TOJIBKO 3HAKOM. Psijom ¢ kaxmoi §-3nmeMeHTHOM moJArpynmoi 3anucaHa
OJlHA U3 BO3MOXKHBIX MUHUMAJIBHBIX IO YUCITy 3JIEMEHTOB CUCTEMa oOpasyrowux. B aToMm Hamem nua-
Jlore Mbl MHOTO BHUMaHHMS YAEIWIM IOATPYIIIE, COOTBETCTBYIOLIEH OUIIONAPHOMY IIPU3HAKY CAmMu-
ku | Ounamuxu. B 4acTHOCTH, MBI BBISICHHIM, YTO 9Ta IHOArpYyNNa H30MOpdHA TpyIe CUMMETPUN
kBazgpata (D8). Kak BuanM, uMeroTcs emeé Tpu NOArPyIIbl TAKOTO K€ BUJA, U UX CUCTEMBI 06pasyio-
Wux MOXXKHO CBECTH K JIByM He KOMMYTHPYIOIIMM JpyT C IPYroM oreparopam cummempuunsix NO.

I'. P.: U rpadsr Konu anst 3TUX mOATpYII MOKHO cIenaTh MOJOOHBIMH TOMY, KOTOPBIH HC-
MOJTE30BANICSA HA pUCYHKaX 7 M 8. MOXHO Tak)Ke 3aMETHTh, YTO B 3TH MOATPYIIITHI HE BXOJAT OMEpaTo-
pbl nocauienus u dyanvrocmu. COOTBETCTBEHHO, AJIS1 BCEH IPYIIIBI MOXKHO IIOCTPOUTH €II€ HECKOIBKO
rpadoB Kanu, moxoxux Ha Te, 4TO UCIOJB30BalNCh Bamu B cmpykmypusix ¢hopmynax coupoHa (cM.
puc. 4).

1O. M.: CoBeprierHo BepHO. [IpuMepHO TO &Ke caMmoe MOYKHO CKa3aTh O BapUaHTaX COIIMOHU-
yeckux KyOukoB. IloaToMy cTpykTypa Bceil 16-31eMeHTHON Tpymnmsl onepaTopoB xiaccuueckux MO
MOJKET OBITh 3allcaHa B BUJE npsamozo npouszgedenus D8XC2. 3aech B kauecTse moATrpyminsl Buga D8
MOYET BBICTYIUTD JIF00asi U3 YeTHIPEX MOCICAHNX B MPUBEAEHHOM CIIUCKE, @ B KAYECTBE LIUKINIECKOH
noarpynmel C2 Hano B3ath {1, ¢} wm {1, -C}.

[epBbie e qBE MOATPYIIIBEI B YIIOMSIHYTOM CITUCKE, COOTBETCTBYIOIINE OUNIOISIPHBIM MPH3HA-
KaM uppayuonanvl | payuonansl u demokpamoi | apucmokpamoi, He COuEpKaT B CBOEM COCTaBE OIe-
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patopoB acummempuynoix 1O m MOTYT OBITH TIPEICTABICHBI B BUAE MPSIMOTO TPOHU3BEACHUS TPEX
MUKIMYECKUX TIOATPYIIT BTOPOTO Mopsiaka. OcoObIi BHII UMEET MOATPYIINa, COOTBETCTBYIOIIAs OHITO-
JSIPHOMY TIpH3HAKY npasvie | 1esvie. OHA TpEICTaBIMa B BUJE MPSMOTO MPOU3BEICHUS LIMKIMYESCKUX
HOATPYII YeTBEPTOTO U BTOPOTO MOPSIAKOB. B KauecTBe 0bpasyowezo snementa noarpynnsl Buga C4
MOJKET BBICTYNHTbH 000 omepartop acummempuunvix V1O, a B KauecTBe 0bOpasyouje2o dIeMeHTa
noarpymsl Buga C2 — mo6oii u3 maps {C, -C}.

Kax BumuM, ¢ Touku 3peHus xiraccuueckux O cemb OMMONApHBIX Npu3HakoB THIMoB sABIIs-
IOTCS BBIJICJICHHBIMH, HO JIa)K€ OHU HE SIBIIIIOTCS PaBHOIIPABHBIMH. Ecim k 3TUM mpu3HaKaMm 100aBUThH
TaK Ha3bIBAEMBIH NPUSHAK CYWEeCMBO8aHUsl, TO TONYYHM OOLIYI0 8-3JEMEHTHYIO MOATPYHILY
16-anementHbIX Tpynn APITos u FOMIIos.

I'. P.: A xak BsI, ncnions3ys cBou (popMaTu30BaHHBIE 0003HAUEHUS, PEIIaeTe BOIPOC C 0OHO-
pooubimu ¢ Touku 3perns xraccuyeckux MO gerBépkamu THIMoB?

F1O. M.: 3nechk Hamo cpa3y ke oOpaTUThL BHUMaHHE Ha CYIMIECTBEHHOE pa3IMdve B 3amadax O
JENICHUN COLIMOHA Ha 0OHOPOOHbIE BOCBMEPKH U 00HOpoOoHbie ueTBEpk TYMos. Ecnu onHo# moso-
BHHE COLIMOHA COOTBETCTBYET 8-3JIEMEHTHas MOArpPYIIa IPYIIsl onepatopoB kiaccuyeckux MO, To
BTOPOH MOJOBUHE OYJET COOTBETCTBOBATH TOYHO TaKasl e MOArpymia. MOXHO cKa3aTh, 4TO B 00enx
MOJIOBIHAX COIMOHA B TAKHWX CIIydasx «paboraer» ofHa W Ta ke «popmynay. Ha derbipe ke gactu
COITMOH MOYXHO TIOJETUTh TaK, 9To Kaxkmas deTBépka THIMoB Oymetr 00nopodnoii, HO B KaXKION deT-
BEépKe Oynet cBos «hopmymay [19].

I'. P.: [JaBaiiTe moka OCTaHOBMMCS Ha BapHaHTe, KOrJa B KaXJOW 4eTBEPKE OJHA U Ta XKe
«popmynay. Kakue OunossipHsie MpU3HAKA TOTPEOYIOTCA?

1O. M.: BaxHO TOHUMATh, YTO ACTUTH COIIMOH Ha 00HOpoOHble yeTBEPKU THMOB MOXXHO BO-
obme He mpuberas K OUIOISIPHBIM MpHU3HaKaM. TOYHO Tak ke, KaK MOKHO OBUIO JEITUTH COIMOH II0-
roJjiaM ¢ MOMOIIBIO 8-3JIEMEHTHBIX MOATPYII BCEW TpyImIibl onepatopoB xiaccuueckux MO, a motom
yK€ CMOTpPETh, CYIIECTBYIOT JIN M3BECTHBIE OHUITOISIPHBIC MPU3HAKH, KOTOPHIE COOTBETCTBYIOT 3THUM
CEUCHMSM COLIMOHA, WJIM HAaJ0 BBOJUTH HOBBIE.

Ecmu peus uaér o Tak Ha3bIBaeMbIX «OAHOPOPMYIBHBIX» TETPAXOTOMHSAX COIMOHA, TO HX
CTOJIBKO, CKOJIBKO 4-3JIEMEHTHBIX MOATPYIIN y TPYHIbl onepatopoB xiuaccuueckux NO. Bee atu noj-
TPYNIBI HECIOXKHO BBINIICATh, BCIIOMHUB O TOM, KaK BCSA TPYIINA JEIUTCS HA CMeXCHble KAACcyl TI0
yenmpy tpynmsl. Cam yenmp ({1, -1, C, -C}), KaKk Mbl y)Ke TOBOPHJIH, MPEACTABISIET COO0H 0COOYIO
MOJITPYTIITY, B KOTOPYIO BXOJAT BCE OMEPATOPhl, KOMMYTHPYIOIINE C OCTaJbHBIMU JIEMEHTAMH TPyT-
nbl. B ocranbHble 4-37€MEHTHBIE TOATPYIIBI, KAaK MOKHO COOOPa3HTh, KPOME eOUHUUHO20 DIIEMEHTa
rpymisl (oneparopa moocoecmaa, 1) Oyaer 00s3aTenbHO BXOJUTh €HIE OJWH DJIEMEHT U3 yeHmpad, HO
tonbko oguH! EcTh 6 moarpymm, Kyaa KpoMe onepaTopa modxcoecmea U3 yeumpa BXOJUT TOJIBKO OTle-
parop cynepseo (-1). JlelicTBUTEIBHO, B KA4eCTBE BTOPOTO 00pazyioujeco IEMEHTa B 3TOM Cilydae
MOJKHO B3SITh JIF000M M3 Takoi mectépku: {1*, ¢*, m, cm, m*, cm*}. Ecinu kpome oneparopa modwcoe-
cmea u3 yeHmpa BXOIUT TOJBKO oreparop nozawenus (C), WK TOIBKO OmepaTop AyaabHOCTH (-C), TO
BTOPOH oOpazyrowuti 31eMeHT 0epéM m3 4eTBEpku: {1*, -1*, m, -m}. Takum oOpa3om, Bcero cylie-
ctByeT 15 moarpymnn nopsinka 4. CienoBartensHo, U 15 «01HODOPMYIIBHBIX» TETPaXOTOMHUH COLOHA
Ha 00HopoOHnble ueTBEPKU THMoB.

I'. P.: A eciit menuth conroH ¢ momortnsio mapsl APITos mnn maper KOMIIoB, MoxHO 11 3apa-
HEe Y3HATh, IIOJIYIHUTCS JI TETPAXOTOMUS COITMOHA MMEHHO Ha 0OHOPOOHble YETBEPKH TUTIOB WM HET?
A ecii IOTy4YHUTCS, TO OKQKETCS JTU OJMHAKOBOH TSl BCEX YETHIPEX 4eTBEPOK «popmymay?

FO. M.: S npennarato mocMoTpeTs Ha puc. 10, KOTOPBIH ObLT OMyOJIMKOBAaH B OTHOCUTEIHHO
HenaBHel ctathe [20].

I'. P.: DTOT pUCYHOK HYy)XJaeTcd B aBTOPCKMX KOMMeHTapusix. KoHeuHo, MOXHO Jorajarbes,
91O OeNBIM Ha 4épHOM (OHE HANMCAHBI YCIOBHBIE 0003HAYCHHUS TeX OMMOJAPHBIX MPHU3HAKOB, KOTO-
poie sBisitoTcest obuumu it rpynn APIToB m FOMIlos. [lo HagnucsiM Ha caMoOM pPUCYHKE MOKHO
MIPEINOI0KUTh, UYTO Y TIPU3HAKOB, OTHOCSIUXCS TOoIbKO K rpymnmne APIloB, OykBeHHOI 9acThio 000-
3HaueHus sBisercs «C» mm «AC», a y Tex, 4To OTHOCATCS ToJbKO K rpynmne KOMIlos, — «B» umu
«AB».

B noanucu nmox pucyHKOM TOBOPHUTCSA O TPOHKaxX B3aWMO3aBUCHUMBIX OMITOJIIPHBIX MPU3HAKOB
U O TETPAXOTOMUSIX COITMOHA Ha 00HOpooHbvle deTBEpKH THIMos. S mormMaro, uto irobas mapa w3
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TpEX B3aMMO3aBUCHUMBIX PU3HAKOB AT OHY M Ty K€ TeTPaxoTOMHIO connoHa. O6 3TOM ecTh B MO-
el kaure. § Takke MOHMMArO, YTO B TPOWKE B3aMMO3aBUCUMBIX MPHU3HAKOB MPOU3BEIECHUE THOOBIX
JIBYX PaBHO TPETHEMY.

Emé MoXHO MpennosiokKuTh, 9TO 0003HAUCHUS OUITOJISIPHBIX MPHU3HAKOB, BXOMSAIIUX B OJHY
TPONKY B3aMMO3aBHCHUMBIX, PACIIONIOKEHBI HA OJHOM OTpe3Ke. ITO MPEIOI0KEHHE TTOATBEPKIAETCS
U1 caydast oomux npu3HakoB w3 APII-rpymmer m FOMII-rpynmel. O6o3HadeHus st HUX BeI yke
npuBenan. Hampumep, mnpusHaku uppayuonanst | payuonanst, oemoxpamol | apucmoxkpamol M npa-
svie | 1esvle 00PA3yIOT TPOHKY B3aUMO3aBUCHMBIX. Ha pHCYHKE COOTBETCTBYIOIAS TpOiika 0003Have-
uuii {l, Iz, I3} — Ha ogHOM OTpe3ke. A uro manbiie?

23 rerpaxoroMuu conuoHa Ha ""ogHopoaHabie" YerBépkun THUMos

Puc. 10. Tpoiiku B3anMo03aBHCHMBIX OMNIOIAPHBIX Npu3HakoB u3 rpynn APIlos u FOMIlos, co-
OTBETCTBYIOIIME TeTPAXOTOMHSAM COLMOHA HA «OJHOPOAHBIE» C TOYKH 3PEHMA KJACCH-
yeckux MO vyerBépkn TUMos.

FO. M.: Bbl yxe IOBOJbHO MHOTO WH()OpPMAIMK HM3BICKIH W3 JTOr0 PUCYHKA M HAIIETO
npensiayIero oocyxaeHus. Ha pucyHke ecthb enié u OKpy>KHOCTh, KOTOpas SBJISETCS 00beANHSIONICH
TSt TpEX B3aMO3aBHCHMBIX HPU3HAKOB: Ai (sxcmpasepmul | unmposepmot),
Az (keecmumvr | dexnamumor) u 13 (npaswvie | nesvie). «PacumdpoBka» 11 BceX OMMOISPHBIX MPH3HA-
KOB, Bxoasmux B rpynmbsl APITos u FOMIIoB, nana B Tadm. 1.

Tabauua 1. @opmanuszanust o6o3Hayennii 111 APIlos u FOMIlIoB.

[ A B C AB AC
0 S/g cmamlounam | omenléoen-1 | paccyolpew aly-1 unmlcenc
1| wplpay | skemplunmp | enymplenew-1 | 6ecninpeoyem | olf-1 | maxmlcmpam
2| oemlap keecmloexn | omenlsosen-2 | secénlcepvés aly-2 noelom
3| npaslnes | nosumlnezam | snewlsnymp-2 | yemynlynpsm | plo-2 | konemplomom
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I'. P.: B 1abn. 1 s Ky 23 OUMONSIpHBIX Mpr3HaKa (0e3 yuéTra mpu3Haka cyujecmeosanus). A
OTKYyJa B3sUIOCh YUCIO 23 I KOJIUYECTBA TeTpaxoToMuil? Mel ke ToBopuin o 15-Tu moarpymmax
nopsaka 4 u, COOTBETCTBEHHO, 15-TH TETPaxOTOMHUSIX.

FO. M.: Mb1 roBopwin 0 15-TH «0OHOGOPMYNIBHBIX» TETPaXOTOMHAX coruoHa. OOpaTure
BHUMaHHe, 4T0 Ha puc. 10 ecTh CIUIONIHBIE JIMHUU U MyHKTHpPHBIE. «OXHOGOPMYIBEHBIM» COOTBET-
CTBYIOT TPOHKHM B3aMMO3aBHCUMBIX IPHU3HAKOB, OOO3HAYEHHUS! KOTOPBIX COEAMHEHBI OTPE3KaMH
CIUIOLIHBIX JINHUH, a MyHKTUPHBIE JIMHUU HCIIOJIBb3YIOTCS U1 COEAMHEHUS B TPOHKHU TEX MPHU3HAKOB,
napbl KOTOPBIX MPUBOJAT K «ABYX()OPMYIBHBIMY» TETPAXOTOMHSM COLIOHA.

I'. P.: [la, Ha mpuMepe opraHu3aliuy TETPaxoTOMUN corroHa ¢ momorisio map APIIoB s y3Han
Y O CYILIECTBOBaHUM «ABYX(opMyIbHBIX». U3 35 BO3MOXKHBIX TETPaXOTOMHI TOJBKO B 15-TH ciaydasx
MOJYYMIIACh 0OHOPOOHble ¢ TOUKH 3peHus kiaccudeckux O uerBépku TMMoB. U 1 naxe HE cpa3y
3aMETHII, 9TO U3 15-TH neneHuit Ha 00HopooHble B 11-TH cydasx TETPaXOTOMHH OKa3aduCh «OITHO-
(OpMyIBHBIMUY, @ B 4-X CIIydasiX U UPPAYUOHATbHBIX U PAYUOHANbHBIX YETBEPOK «(HopMyisD» HE
COBITAJIH.

FO. M.: CoBeplieHHO aHaJIOTUYHAs CUTYyalUs MOJyYaeTcs U MPU OpraHu3aliy TeTPaxoTOMUM
couuoHa ¢ nomotpto nap FOMIIoB. Paznuune ToabKo B TOM, YTO B 4-X CIydasx «IBYX(POPMYIbHBIX»
TETPAaXOTOMHU JIBE€ YETBEPKH COCTOSIT U3 0eMOKpamos, a ABe ApyTue — u3 apucmoxpamos. Illpu atom
«popMymb», peanusyromuecs B deMokpamuieckux 4eTBEPKax, He COBHALAIOT ¢ «(popMyIamMmu», KOTO-
pBie «paboTaroT» B apucmokpamuyeckux deTBépkax TMoB.

Ha puc. 10 3t0 BBIpaxkaeTcst B TOM, YTO 0003HaueHHs ¢ OyKBeHHOH dacTbio «B» nmn «AB»
(uncto FOMIIbI) CIUTONTHBIMY JTHHUAMHU coenuHeHbl ¢ |1 (uppayuonane: | payuonanet), a Te, y KOTO-
peix OykBenHass 4acth «C» umn «AC» (uncto APIIbI), CIUIOIIHBIMM JIMHUSAMH COCOMHEHBI C
I2 (0emokpamul | apucmoxpamer).

I'. P.: Bel roBopmin, 4TO BBeIeHUE (OPMATU30BAHHBIX 0003HAYECHUH I OMIOSAPHBIX IPH-
3HAKOB YIPOCTHUT NPOLEAYPY UX YMHOXKEHHUS.

FO. M.: Hano nmonumars, uro B Tabn. | gana «pacmmdpoBka» s 0003HaAYEHUH 3JIEMEHTOB
JIBYX TPYII, Y KOTOPbIX uMeeTcs oOmrast noarpynmna. Bee 24 nprsnaka (Bximrouas lo — mpusHaK cyuwye-
cmeoganust) TPy He 00pa3yroT. JIpyrumu cioBamu, B Tabs. 1 MPOCTO COBMEIIEHBI TaOIHUIIBI JBYX
rpymi, 9ToO0Bl HEe IOBTOPATH 00mIre snemMenThl. Utak, ctonbusr {I, A, B, AB} coorBercTByIOT rpyrme
IOMlIlIog, a cronbust {l, A, C, AC} — rpynmne APIlos. Jlanrast Tabmumia mo3BoJISIET YMHOXKATh TIPH-
3HAKM BHYTPHU Kax10# U3 rpynn ycTHo. [IpoieMOHCTpHpyeM 3TO Ha ABYX KOHKPETHBIX IPHUMeEpax:

O0eMoKpamet enympennue — 1 gHeutHue — 2
apucmoxpamet erewHue — 1 gHympennue — 2
cmamuku _ J102UKU gecénvie

OUHAMUKL IMUKU Cepbé&‘ﬂble

3TH e COOTHONICHUSI MOKHO 3ammcaTh Tak: lo @ B = Bz, Ao ® AC; = Cy. Ob6patim BHHMA-
HHE Ha TO, YTO 3/I€Ch JCHCTBUS ¢ OyKBaMU M IUPpaMH MPOU3BOISTCS HE3aBUCUMO JIPYT OT Jpyra. JTo
ouyeHb yao0Ho. MMeroTcs Tpu anreObpandecku OAWHAKOBbIE (U30MopghHbie) rpymniisl 4-ro nopsaka: {l,
A, B, AB}, {I, A, C, AC}, {0, 1, 2, 3}. B iepBbIX ABYX pPOJIb eOuHuuH020 (HeumpaibHo2o) 31eMEHTa
BeimonHseT |, a B mocnenued — 0. [IponsBeneHue OOBIX ABYX APYTUX 3JIEMEHTOB M3 OJHOW TPYIIIEI
PaBHO TPETbEMY 3JIEMEHTY TOMH K€ TPYIIIbl, HE COBNAAIOIIEMY C HelimpaabHbim. KBagpaTbl Bcex 3ie-
MEHTOB PaBHbI HEUMPAIbHOMY HIEMEHTY COOTBETCTBYIOIIEH IPYIIIIbI.

I'. P.: IlpaBmiia yMHOKECHHS U1 YKa3aHHBIX 4-3JIEMEHTHBIX TPYHIT MHE MTOHATHBL. DTO JK€ TI0-
nyuunack rpynna KieliHa, 0 KOTOpoil U y MEHsI B KHUTE€ HamHuCcaHo. Takylo e CTPYKTypy UMeroT 13
u3 15-Tu 4-371€eMEHTHBIX TOATPYII IPYMNIBI onepatopoB kraccuyeckux NO. VCkmoueHusIMU SBISIOT-
sl TOJIBKO JIBE TPYMIIBI, B COCTaB KOTOPBIX BXOJAT Onepatopsl acummempuynvix NO. MoxHo emgé 3a-
METUTh, YTO MOATPYyNna OHWMOJSIPHBIX OPU3HAKOB  {uppayuonanvt | payuonanei, Oemokpa-
mut | apucmoxpamul, npasvie | 1esvie} COOTBETCTBYET yenmpy rpynmsl oneparopos MO. Jlrobas napa
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U3 3TOM TPOMKH IIPU3HAKOB JIEJIUT COLIMOH TaK, YTO B KAKAOH U3 MOJYUYHBIIUXCS Y€TBEPOK TUIIOB pea-
JH3yeTCs TPOWKa OTHOLICHUH {cynepaeo, nocawenus, OyanbHocmu}.

FO. M.: CogepiieHHO BepHO. IMEHHO Takoro copra cooOpakeHHsI MOATOIKHYIH MEHsI pa3ze-
auth APIT-rpynmy u FOMII-rpynny Ha cmexHbie kinacesl o noarpynme {lo, 11, Iz, 1s}. Y aTo mpuseno
K PacCMOTPEHHBIM HaMHU MPOCTHIM MpPaBHJIAM IS MPOIENypbl BHIIOJTHEHUS OWHAPHON omepaniu B
atuX rpynmnax. Ho s xody emé pa3 moa4epkHyTh, UYTO yKa3aHHOE COOTBETCTBHE Mexay {lo, l1, Iz, I3} u
{1, -1, ¢, -C} He IOKHO HAC MOATAIKUBATH K IIOUCKY COOTBETCTBHUS MEXKIY DIIEMEHTAMM TPYIIIIbI OH-
HOJISIPHBIX MPU3HAKOB U IPYMITEI HHTEPTUIIHBIX OTHOIIEHUH. BCIIOMHUM, YTO YyTh paHbIlIe MbI OAHO-
MY MPHU3HAKY CTAaBUJIM B COOTBETCTBHE 8-31eMEHTHYI0 IOATPYIIITY ONEepaTopOB.

I'. P.: Tem He MeHee, HEKOTOPBIM 4-3JIEMEHTHBIM TpYyIIaM OWUMOIAPHBIX NPU3HAKOB MBI BCE
K€ MOKEM ITOCTaBHTh BO B3aWMHO OJHO3HAYHOE COOTBETCTBHE 4-3JI€MEHTHBIE TPYIIIHI OMEPATOPOB
knaccuueckux V0.

1O. M.: HekotopsIM — 11a. A BOT B 00paTHYIO CTOPOHY — BceM. C OJHOM TOJIBKO OTOBOPKOM,
YTO NpHU3HAKH MOXHO Opath u3 nByx rpynn (APIIo u KOMIloB). Buumarensno usyuus puc. 10,
MOXHO Jake C(OpPMYJIHUPOBaTh HEKOTOPHIE MPOCTHIE MpPaBUiIa, KOTOPhIE TIOMOTYT HalTH yKa3aHHOE
COOTBETCTBHE B OcTaBUIMXCA 14-TH citydasx (Ha oJuH ciay4ail Bel Tonbko 4TO yKa3ann):

1) B Tex 6-Tu ciiy4asix, KOTJa B MOATPYIITy Mopsiaka 4 BXOAUT ornepatop cynepseo (-1), Ho He
BXOJAT OIEPaTophl nozawenus (C) u oyarvrocmu (-C), OYKBEHHOU YacThIO (JOPMATU30BAHHOTO 0060-
3HA4YEHUS] OJHOTO IPU3HAKa U3 TPOHKU B3aMMO3aBHCHUMBIX 00s3aTenbHO Oyner «I», a AByX Apyrux —
«A» (1.€. Bca Tpoiika Oyzaet oomeit anst FOMII-rpynmst u APII-rpynmesn);

2) eciu omneparop cynepaeo (-1) He BXOAUT, HO BXOJMT omepaTop poocmeentuvix (1) umm de-
n106wix (-1*) OTHOIICHHH, TO B COOTBETCTBYIOIIME TPOWKU B3aMMO3aBUCUMBIX OUTIONSPHBIX MIPU3HAKOB
Oyzmer 00s3aTeNbHO BXOMUTH TpHU3HAK uppayuonanst | payuonanst (1), a GYKBEHHON YacTBIO IBYX
npyrux Oynet nubo «By», miubo «AB» (T.e. aT0 OyayT FOMIIEI, HO HE APIIEI);

3) ecnu onepatop cynepseo (-1) He BXOAUT, HO BXOJHT ONEPaTop 3epkaibhuix (M) WM KOH-
@auxkmueix (-M) OTHOLICHHH, TO B COOTBETCTBYIOIIME TPOHKH B3aUMO3aBHCHUMBIX OMITOJSIPHBIX TPH-
3HAKOB Oy/IeT 0053aTeNBHO BXOANUTE NpU3HaK demokpamul | apucmoxpamst (12), a OYKBEHHON 4aCThIO
IBYX npyrux oyuaet mibo «C», mubo «AC» (t.e. 3to 6yayt APIIel, Ho He FOMITEI).

I'. P.: A ecim 3aganst 1Ba APIla, MOXHO JTH cpa3y CKasarh, pa3IeysaT I OHH COIMOH Ha «OJI-
HOPOAHBIE» C TOUKU 3peHus kraccuueckux O yetBépku THIMoB?

FO. M.: OtBeT Ha 3TOT BONPOC MOJOKUTEIbHBIA. EcTeCcTBEHHBIH BONPOC: KaK y3HaTh? 31eCh
OIISITH TIOMOKET CXEMa, KOoTopas IpejcTaBieHa Ha puc. 10. Bynem roBoputs He 0 mape NpU3HAKOB U3
rpynmsl APIIoB, a o Tpoiike B3aUMO3aBUCHMBIX, T.K. OBICTPO YMHOXaTh MPH3HAKUA W3 3TOH TPYIIIBI
MBI yXKe Haydmwinch. «OMHOGOPMYIIBHBIC» TETPAXOTOMHUU TMOJy4arcsi B IBYX clydasx: 1) ecinu B ToO-
JyYMBIIEHCS Tpoiike ecTh mpusHak |2 (demoxpamut | apucmoxpamet) — 7 BapuaHTOB; 2) €CITU B TOITY-
YUBILENCS TPOiKe ecTh npusHak i (uppayuonanvt | payuonanvt) vnn ls (npasvie | nesvie), a nea apy-
rux npu3Haka u3 «A» — 4 Bapuanta. Bot u Bce 11 ciyuaeB. «/IByx(popMyIbHBIX» TETPaxOTOMUI C
noMo1nbio nmap APIToB MOXHO OIy4YuTh TONIBKO 4. 11 BO BCex 3TUX ciyyasx B TPOHKY B3aWMO3aBUCH-
MBIX MPU3HAKOB OYIET BXOAUTh OUMOJSIpHBIA npusHak |1 (uppayuonansl | payuonansr), a na apyrux
OymyT miu u3 «Cy», unmu u3 «AC».

3amedy MOITyTHO, YTO aHAJIOTUYHBIM OBUT ObI OTBET HAa TAaKOH YK€ BOIPOC, HO KACAIOMINNCS HE
rpynnsl APIIoB, a rpymmer FOMIloB. Tombko Hamo ObUTO OB TIOMEHSTH MECTAaMH TPHU3HAKH
l1 (uppayuonanet | payuonanet) n o (demoxpamot | apucmoxpamet), a B mocienneii ppase 3aMEHHTh
OykBeHHbIE YacTH 0003HaueHUH Npu3HaKkoB («C» u «AC» Ha «B» u «AB»).

I'. P.: CymectByroT i emié «aAByX(QOpMYIIbHBIE» TETPAXOTOMHH COIOHA Ha «OJHOPOIHBICY
¢ ToukH 3peHus kinaccuyeckux MO uerBépku TMIMoB, kpome Tex 8 ciryuaeB, KOTOPBIE MOXHO OpPTaHuU-
30Bath ¢ momombko map APITos nim map FOMIIos?

FO. M.: Bcero cymectByer 114 «aByxdpopMyIbHBIX» TeTpaxoToMuii conmona [18]. Ha
puc. 11 s cpaBHeHHs pUBEAEHBI ABa ciydas. B mepBoM «aByx(opMyIbHYI0» TETPaxOTOMHUIO CO-
IIMOHA MO’KHO OpraHM30BaTh ¢ nmomoluisio nmapsl APIIoB, a BO BTOpOM OAHO M3 MCTOJIb30BAHHBIX LIEH-
TpaJbHBIX ceUeHUI He mMeeT BepOanu3anuu Hu B Tpymnne APIlos, au B rpynme FOMIIos.

I'. P.: Bol 3T0 poBepsuTH, WK U3 KAKUX-TO COOOpaKEHHI MOKHO OBICTPO CAEaTh TAKOW BbI-
BOx?
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10. M.: B manHOM cily4ae K TaKOMY BBIBOJY MOKHO IpwiiTH ObIcTpo. OOpaTHUTe BHUMAaHUE,
YTO Ha TIPABOM PUCYHKE BEpTHKAIbHAS PA3NEIUTeIbHAS JIUHUS JEITUT 9KCMPAgepnos He ToToiam, a B
OTHOIIIEHUU 6:2. DTO O3HAYACT, YTO JIAHHOE LICHTPAJIbHOE CCUYCHUE COLMOHA HE SIBJISIETCH OpmO2o-
HATLHBIM TOMY CEUYCHHUIO, KOTOpOe BepOanu3upyeTcs OUITOJISIPHBIM MPU3HAKOM
A1 (9xempasepmor | unmposepmut). 3HAUUT, 3TOMY CEUCHHIO HE MOXET COOTBETCTBOBATH HH OJHH
NPU3HAK U3 YKA3aHHBIX JBYX TPYII, T.K. MPU3HAK A1 BXOJUT B 00€ 3TH TPYIIIbI, a TaM BCE MPU3HAKU
MOMapHO OPTOTOHAJIHHEI.

Hppayuonanw Hppayuonanet
+ + + + + —~ - +
A—c—N | @0 A-r—& | 010
I I I I
I* 1* ll'* i!* _1* _1* _I* _I*
s | | | | _ 8 | | |+ A_
g A—c—AN | @O 0— @ | ~—I*—
= o 2 2
s S :
+ + + T = + + - -
ol et i L s
I I
SET L I E - -c - | -c -c
| | | | | + | 4 | I
H—c—[] | la—c—[h [—c—M | l—c—[5
Payuornans Payuonanst

Puc. 11. CpaBHeHue ABYX BAPHMAHTOB «IBYX()OPMYJbHbIX» TETPAXOTOMHUII COIIMOHA HA MPeAMET
Bep0aIn3aluM ero HeHTPAJbHbIX CeYeHHil.

I'. P.: A ckonbko cymecTByeT «3-hopMyIbHBIX» U «4-hopMyIbHBIX» TeTpaxoroMuii? [IpuBe-
JIUTE TIPUMEPHI.

0. M.: CymiectByeT TObKO 32 «3-QOpMYIJIBHBIEY» TETPAXOTOMUH, TPUIEM YSTBEPKH THIIOB B
3TOM Clly4dae COCTOAT JMO0 TOJIBKO U3 OYAIbHbIX TIAap, TU00 TOJIBKO U3 map nocawienus [17]. Bot npu-
Mmep, korna yetBépkr THIMOB cocTosT U3 map noeaweHus.

{A", AH{d, 4@ @ @} —{c, 1*, ¢}, {c, 1%, ¢}, {c, m, emH{c, -m, -cm}.

I'. P.: JleficTBUTEIbHO, B IEPBBIX JBYX Y€TBEPKAX KPOME OTHOIIEHUN no2autenus (¢) eCcTh emé
poocmeennvie (1*) u mupasicuvie (¢*), B TpeTheil ueTBEPKE — 3epranvhble (M) U K8AZUMONCOECMEA
(em), a B ueTBEPTOI — KOHDAUKMa (-M) U akmusayuu (-cM).

FO. M.: A BOT oaMH U3 56-TH ciy4aeB, KOTZIa y KKIOU 00HOPOOHOU YETBEPKH OyIET CBOA
«hopmynay. B Takux ciydasx B He€ 00s13aTeNbHO OyIeT BXOJUTH OTIepaTop cynepao (-1):

{A" @ A"OYW{O L, U LHL{A O RY}L{A O R Lk}
I'. P.: la, moxxanyii, MHe B cBOE Bpemst Oe3 Bammx o603HaueHuid paboTath ObLIO ClloKHEE!
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