Omnmmcanme TomoJiorun cjioeHus JINMyBUIIST TpeXMEepPHBIX

6UIIMADPIOB, OrPAHTYEHHBIX cO(OKYCHBIME Mapabojongamin|
Beaosepos I. BP

Aunnoramuga. PaccMatrpuBaioTest TpexMmepHble OMJIHAp/IbI, orpaHudeHHble codo-
KyCcHbIMHU miapabosionyiamu. Takue cucrembl siBJISIOTCS MHTErpupyeMbimu 1o JInysui-
JII0 B KyCOUHO-TJIajIkoM cmbiciie. Ha MuOXecTBe Guimmapubix crosioB (Kongurypa-
IMOHHBIX MPOCTPAHCTBAX PACCMATPUBAEMBIX CHCTEM) BBEJIEHO OTHOIIEHHE KOMOWHA-
TOPHOIT 9KBUBAJIEHTHOCTH, COXPAHAIONIEe JINYBUIJIEBY IKBUBAJCHTHOCTL COOTBETCTBY-
IOUX OMJITHap/oB, JoKa3aHa TeopeMa Kiaaccupukanun. Kak okasasoch, cymecTByer
B TOYHOCTU 14 HEIKBUBAJCHTHBIX TPEXMEPHBIX OuIMAP/IHBIX CTOJIOB, OrPAHUYEHHBIX
copokycubiMu napabosioniamu. st Kaxk10ro Kiacca 3KBUBAJCHTHOCTH CTOJIOB OIH-
caHo TIOJTYJIOKAJTBLHOE YCTPOicTBO cioenust JINyBUIIsI, COOTBETCTBYIONEro OMIITHAD/IA.
Bujimapibl Ha KOMOMHATOPHO HEIKBUBAJIEHTHBIX CTOJIAX OKA3aJIMCh JINY BUJIJIEBO HEIK-
BUBAJICHTHBIMH.

KaroueBsie cjioBa: Oujiinap)i, MHTerpupyemblit oustnapi, copokycubie KBaJipu-
Ku, caoenne JInyBsujuisi, TONOJOrHUeCKe HHBAPUAHTDI, ATOMBDI.

§1 Codokycubie nnapabosion/ibl 1 ux cBoiicTsa

Bacdukcupyem a > 0.

Omnpenenienne 1. Cemeticmeom coforycnva napaboroudos B R? nazosem MuoxKecrso
KBaJIPUK, 3a/JaHHBIX YpaBHEHHEM
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I A BENECTBEHHbIH mapamerp.

Ormerum, 4To napamerp A cemeiicrsa copoKycHbIX 1apaboJIOn/I0B MOXKET ITPUHU-
MaTh BCE BEIECTBEHHbIE 3HaUeHUsI KpoMe a, —a. J1st Toro 4To0bl JI0ONpeJIeTuTh ceMeii-
CTBO B 9TMX TOUKAX, JIOCTATOMHO yMHOKUTD 110C/1€111010 (hopmyay na (a— A)(—a—N).
B rakom cayuae 3nadenuio A = a Oyjer orsevars miockocth £ = 0, a A = —a — 1mjoc-
Koctb Yy = 0.

Ha pucynke [I] npusesennst 1pu codokycubix napabosionia: jBa 3/JIMITHUECKUX, OT-
BEYAIONINX 3HAYEHUAM A < —a, A\ > a, ¥ runepdboandeckuii, o orgevaer A € (—a,a).

IIpuBejieM HECKOJIBKO NMPOCTEMIINX CBOMCTB ceMeiicTBa co(hOKYCHBIX MapaboJIon I0B.

IIpepnoxenne 1. Kacameavnvie naockocmu 6 moukar nepecevenui 0eyr coporyc-
HOLT Napaboroudos opmozoHaNbHDL.
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Puc. 1: Tpu codokycusix napabosonaa B R?. Yepubim Bbiesenbl (hOKAJIbHbIC KPHBBIE

,HOKELB‘&TBIILCTBO. [Iyctb Touka P jiexXur Ha nepecedeHuu JIBYX CO(OKYCHBIX
KBaJIPUK MApaMeTpoB Aj M Ay, B TAKOM CJIydae KOOPJHHATHI (', Yy, 2) 9TOi TOUKH YJI0-
BJICTBOPAIOT CJICJIYIONIEH cucreme ypaBHEHHUIA.
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BoiureM U3 11epBoro ypaBHeHus BTOpoe U pasjieJinM Moy YeHHOE BbIpaXKeHue Ha A — \g:

:L.2 y2

+
4(a—A)(a—X2)  4(a+ A)(a+ A2)
[Tocaienee ypasnenue paBHOCHILHO TOMY, YTO HOPMAJIM K KAaCATEJbHBIM [JIOCKOCTSIM
napaboJonIoB B Touke P OpTOroHabHbL. 3HAUUT, U CAMH KaCaTeJbHbIE MIOCKOCTH

= —1.

opTorotnaJibHbl. ]

Ipepuiokenne 2. Yepes waocdyro mouxy R npoxodum 6 movwnocmu mpu codoryc-
nolr napabosouda ¢ yuemom xpammocmu. Iapamempo Ay < Ao < A3 amux xeadpux
YAdo6ACTBOPAIOM HEPAGEHCTEAM A} < —A < Ao < a < A3.

ﬂOKaBaTeHbCTBO. PaCCMOTpHM B R3 TOYKY Pc KOOp/IHHATaMHU (x,y, z) U COIIO-
CTaBUM €1 MHOTI'OYJICH

fpr(A) =4A—2)(A+a)(A—a) — (A + a)a:2 —(A— a)y2.

BameruM, urto fp(Ag) = 0 B ToM U TOJIBKO B TOM cliydae, Korja depe3 Touky P mpo-
XOAMT 11apaboJIon ], napamMerpa Ag.



[Mycrs cnavana z,y # 0, torma fp(a) = —2ax® < 0, fp(—a) = 2ay® > 0. Tlo-
CKOJIbKY CTelleHb fp paBHA TpeM, /\l_i}ljlzlx fr(A\) = zxoo. CuenoBatenbho, O Teopeme
BeitepmTpacca 0 TpoMeKyTOYHOM 3HAYEHHH HENPEPBLIBHON (DYHKIHH Ha HHTEpBaJaX
(—o0,—a), (—a,a), (a,+o0) muorowren fp(A) gomken uMerh XoTst GBI IO OJJHOMY
KOpHIO. BoJibiiero uncia kopueii ObITh HEe MOXKeT, 10CKOJILKY deg fp = 3.

Ocraetcst 3ametnTn, uto npu =z = 0 wm y = 0 muorowren fp(\) MOXHO paBHO-
MEpHO TPUOIN3UTL MHOTOWIeHaMH BUJIa fpr(\) Takux, 9TO mepBble JIBé KOOPIMHATHI
P’ ornnunbl o1 Hysns. A 3Ha4MT, KOau4ecTBO KOpHeil fp(\) M HepaBeHCTBa HA HHX

coxpanusaTcsa. Takum obpasoM, mpeJutoXkKeHne JJoKa3aHo. O
Onpeagenenne 2. Koopgunarsl Aj, Ag, A3 HA3BIBAIOTCSA NapabosueckumiL.

IIpennoxenne 3. Caedyrouias cucmema ycmanasaueaem c6a3b mecdy napaboni-
YeCKUMU U JEKAPMOGHMIU KOOPIUHAMAMIL.
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r = ~2a=M)a-)a =)
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v = E(—G—/\l)(—a—)\z)(—a—)\.ﬂ) (1)
(2 = AL+ A2+ A3

JokazaTebCTBO. [Iposepsiercs NpsaMbIM BLIMHCICHHEM. O
BameTuM, 4o napaboauyeckoe ceMeiicTBo obaaiaeT TpeMs HeTPUBHATIBHBIME CHM-
METPUAMU: OTPAYKEeHUs OT KOOPAMHATHBIX 1y10ckocTeit = 0, y = 0, a rakke juneiinoe
01 0
npeobpasoBanue, 3ajapaemoe marpurneir | 1 0 0
00 —1
[IepBbie JIBe CUMMETPHUN COXPAHSIOT TapaboInIecKie KOOPJAMHAT TOUKH, B TO BPEMs
Kak 110CJIe/[HAS MEHSET 3HAKN BCeX napaboimyeckux KOOPJAMHAT, T.€. TOYKA ¢ KOOP/IH-
HataMu (A1, Ao, A3) mepexogut B ToUKy (—A3, —A2, —A1). OBo3HAUUM BTy CHUMMETPHIO
uepes o.
Kaxk 1npasuiio, napabosnieckue KoOpJAMHATBI TOUKH II0IAPHO PA3JIMYHbl, BbISICHUM,

KaK YCTPOEHBI MHOXKECTBA A\| = Ao = —a U Ay = A3 = a. [lojicraBum 311 ypaBHenusi B
cucremy [I]
)
72
e\ = )\ = —a. Brakomciyqaey =0wu 2z = 3a a. [Tonyuaem nmapabosty B 110c-
a

koctu Oxz. Obo3nauum ee vepes §.
2

e \y = \3 =a. B rakom ciiyuaex =0n z = —g— + a. Ilosyuaem napabosty B 1Jioc-
a
koctu Oyz. ObozHauuM ee qepes §o.
Onpeaenenne 3. [Tapadosnn §; u §» OyjieM Ha3LIBATH POKAALHOIMIU.

DQokasbubie napaboJibl n300pakenbl Ha pucyHke |1} jist Tpex cooKycHbix napado-
JIOUJIOB.
Ormernm 6e3 jokasareabeTBa Caeayionme cBoiicTea (hoKaIbLHBIX napadoll.



1. IMapabousa §; npoxoaur uepes dokyc §,. a napabosa §, — uepes dokyc §;-
2. QokasibHbIe TapabOJIbI COCTOAT W3 OMOMIMIECKHX TOYeK cO(POKYCHOrO ceMeiicTBa.

Mexty cemeiicTBoM COOKYCHBIX KBAJAPUK (3JTMICOUIbI, OJIHONOJOCTHBIE U JIBY-
MOJIOCTHBIE TUNEPOOION/IBI), a TaKxKe ceMeiicTBoM cohOKYCHBIX MapabosIonJIoB CyIie-
CTBYET TECHAsl CBA3b.

PaccmoTpum cemeitcTBo cohOKYCHBIX KBaJIPHK

2,'2 1.2 ,y2

= 1
A—;LJra,—qu—a—,u ’

rje A > a. ObozHauuM uepes 1 < fo < f3  SJJIUNTHYECKHE KOOPJIUHATBI, OTBeYa-
I01I[1e ITOMY CEeMECTRY.

Badukcupyem b € (a, A). [lyers A, obnacts B R?, onpejiensiemast nepasencrsom
A3 < b, a Ay MuokectBo B R3, 3a1aBaemast nepaBencreamu g < b, 2 < 0.

Teopema 1. Cywecmeyem dudpeomopdusm ¢ @ Aoy — Apar. nepesodsuwguii sanun-
muveckue Koopdunamol 6 napaboaureckue.

HokazaTesbeTBO. Pacemorpum touky P = (z,y,2) € Aq € 3uMnTuieckumMu
KoopauHaTaMu (fy, fio, f13) ¥ conocrasum eii Touky o(P) = (2',y/, 2') ¢ napabomuye-
CcKuMK KoopjmHaramn A; = fi;. Jduist Toro arobur orobpaxenune OblIo 0jlHO3HAMHBIM,
norpebyem, urobel sgnx = sgn ', sgny = sgny'. Haitylem asubie popmyiist jyist ¢.

HanoMuuM, 4To /UM THYECKHE W JIEKAPTOBBI KOOPIMHATBI TOYKH CBSI3AHbI CJIGJLY-
IOUMMH COOTHOIIECHUSAMM.

( i (A = p1)(A = p2)(A — p3)
- (A—a)(A+a)
g g (a—p)(a— p2)(a — p3)
) 2a(a — A)
o _ (ma—pm)(—a—p)(-a— pus)
e 2a(a + A)

CpaBHuBast X ¢ CHCTEMO _, zaKmmouaeM, uto ¥’ = 2v/A — az, y' = 2V A + ay. Jdanee,
PP+l =A—m - —ps=A- M- —A3=A-7.
Orkyna 2 = A — 22 — y? — 2%, Urtak, orobpakenue ¢ 3ajaeTcsi caeyionieil cucteMoi.
' =2/A—azx
Yy =2VA+ay

d= A g2 2

OcTaeTcst 3aMeTHTb, UTO 5TO 0TOOpaKeHue siBJIsieTcs IIagkuM u OuekTuBHbIM. OOpar-
HOE K (0 TOXKE TIJIaJIKOe, 1OCKOJIbKY KoopauHata z B objacru A.; ve obpamaercs B
HoJIb. TeopeMa JloKasaHa. O



§2 Tpexmepnsnie napabommyeckue onnnumapasl. arTerpupyemocTs

Hacrosimuii naparpad mocBsineH onmucanuio TpeXMepHbIX MapaboJuuecKux OUJIIN-
apJI0B U JIOKa3aTeJIbCTBY UX UHTEIPUPYEMOCTH.

1.1 ITocranoska 3asaun. Onucanune cucremst. Pacemorpum B R? komnakriyio
obsracts D, orpannyennyio KOHEYHbIM YUCJI0M CO(DOKYCHBIX 11apadoIon/10B ¢ JIBy rpaH-
HBIMHU yTJIAMHU U3JI0Ma I'paHuilpl, paBabiMu /2. Takyio obnactb OyjeM Ha3bIBATDL Na-
PabosUNECCKUM OUNNUAPIHBIM CTNOAOM.

[Tycrs D — napabosmueckuit Ousmapansiii cros. Mbr Oyjaem paccmarpuBarh ciie-
JIYIONIYIO JIMHAMUYECKYIo cuctemy. MarepuasibHast TOUKa eJMHHYHON MACChl JIBU2KETCsI
cBobojiHO BHYTpH D), orpakasich oT rpanuiibl [ abcomorno ynpyro. Takyio jiunamu-
HYECKYIO CHCTEMY Mbl OyjileM Ha3bIBaATH MPETMEPHHIM NAPaOOAUNECKUM OUAAUAPIOM.

3ameuanue 1. [Ipusejiennoe Boiiie onucanue CUCTEMbI HE OIIPEIseT JIMHAMUKY Ha-
CTHIIBI B TOUKAX M3JI0Ma I'paHuilbl Onsinapaioro croia. OHako BBHJIY TOTO, HTO BCE
JByIpaHHbie yriibl u3joma pasubl 7/2 (a ne 37/2), aBuXKeHue HacTUIbI, 110NABIIEH
Ha CTBIK HECKOJILKHX I“])ﬂ.IIOﬁ MOZKHO IPOJIOJIZKUTDL 110 HeIIpepPbIBHOCTH. Ecin "HaCTHIa
[Ipuliia B TOYKY P I'PaHHIIBI GHHJTHH.[')ILH()F() CTOJIa ¢ BEKTOPOM CKOPOCTH U H B 9TOM
TOUKE CMbIKAIOTCH I'PAHU Y1, ..., Tk, TO OHA BbIJIeT U3 TOYKM Pc BEKTOPOM CKOPOCTH
'U;, KO'I‘O])I:Iﬁ [MOJIyHaeTCA U3 U IOCJIe1I0BATC/IbHBIM OTpazKCeHHeM OT 71, ..., Vk.

DaszoBoe 1mpocTpaHcTBO MapabosMuecKoro duiMapja SABIAETCH TOHOJOIHYeCKHM
muorooGpasuem M = {(z,v)|z € D,v € T,R3}/ ~, tie ~  caesyioniee orHolenue
9KBUBAJICHTHOCTH Ha rpanuie dmmapuoro croua. [apor (z1,v1) u (22, v9) S9KBUBA-
JIGHTHBI B TOM M TOJIBKO TOM cJiydae, Korja r; = To € 0D, a vy nojaydaercsi U3 v
yTEM HECKOJLKUX OTParkenuii OT rjaJlkux rpaseil rpanuipbl CToJla, CMbIKAIOUMXCs B
TOUKE .

Bameuanue 2. Tor dakt, uro M® sapiasercs TonomornueckuM MHOroobGpasneM, pa-
Hee ObLI MOKazaH aBTopoM B paborax |2, 3|. [us Guimmapjneix kumxkek (obodienue
copokycubix Omsmapos, seejgennoe B. B. Bejpomkunnoit) anagoruunniii (akr Obir
nokazan U, C. Xapuesoii B pabore [4].

1
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Bameuanue 3. [Tosmas mexannueckas sueprus H = — (@2 + 2 + 22) sapasercs nep-
I 5 I

BbIM MHTETPAJIOM TPEXMEPHOTO Hap&60ﬂH‘{BCKO[‘O 6HJU]Hap,TIa.

1.2 Narerpupyemocts. PazoBoe Muoroobpasmne MY, kak NPABUJIO, SIBJISIETCS JIUIIH
KYCOMHBIM-TUIaIKiM. Pazobnem ero B obbemnenne riaaknx “kyckos” MY Ha M kop-
PEKTHO OIpe/Jie/ieHa CTaHapTHas CUMILIEKTHIecKast (popMa w, KOTOpasi HMeeT Helpe-
PBIBHBIE Mpejienbl “cripaBa” i “ciieBa” B Toukax uanoMa MO (3/1€CH TIOJT U3JTOMOM TIOJI-
pa3yMeBaeTCsl HErJIaKOCTh). 3aMeTHM, YTO Ha M® JIMHAMHUKA MATEpPHAJILHON TOYKH
onpejiensaTess BeKTOpHbIM mojieM v = sgrad H. Takoro Bujia JuHaMHYECKHE CHCTEMBbI



HA3bIBAIOTCS KYCOUHO-2AA0KUMU 2AMUADMOHOEVMU cucmemami. Creayioniee onpe;ie-
nenne OwLm0 BBesieHo A. T. @omenko.

Onpeaenenne 4. ['oBopsiT, 4TO KyCOUHO-TVIa IKasl raMUJILTOHOBA cucTeMa v = sgrad A
ABJISIETCST unmezpupyemots no JIuy6uanio 6 Kycowno-2aadkom cmouicae, €CIH CyIECTBY-
0T HenpepbiBable na MY u rnagxune na MO nepsbie unrerpanw Fy = H, Fy, F», Takue,
qaTo

1) Fy = H, Fy, F, yukiuonanbio HesasucuMel Ha MO,

2) Fy = H, Fy, F, nonapio KOMMyTHPYIOT OTHOCUTEJILHO CTaHapTHOI ckoOkn [Tyac-
cona na M.

3ameuanne 4. Coracio reopeme HAxodu-Ilass 06 unrerpupyemMocru reojie3m4ecko-
ro moToKa Ha Kpajpukax (cm., nanpumep,|[l]), a raxxke nabmiogenuio B. B. Kossosa
u 1. B. Tpemesa (cm. [5]) npousBosbubiii cookycubiii 6Guimapy (r.e., orpannyeH-
HbIH CO(POKYCHBIMU JLIMIICOMAAMM M rHIepOOJIOn1aMi) B OTCYTCTBUM BHEIIHUX CHJI
SIBJISETCS MHTErpUpyeMbiM 110 JIMyBHILIIO B KyCOUHO-IIIaJ KoM cMmbicie. Hawa yeav —
doxazamv aHaN02UNHYI0 Meopemy dai napaboroudos.

Teopema 2. Tpexmeprvie napaboruveckue burruapdvr AGAAOMCA UHINEZPUPYEMOLMU
no Jluyeuarnto 6 xycouno-zaadkom cmuicae. Boaee mozo, sce ompesku npouseosvnot
MPaeKmoPuU-A0Manoti (Uit ux npodoadicenus) Kacarmes 6 mowHocmu d6Yr 0ouuxT
napabosoudos, coPoryYCHbLr ¢ K6AIPUKAMU 2PAHUYDBL CTNOAA.

ﬂomaa*re.ubcwo. PaccmorpuM JIBHIKeHHe MaTepuajibHOM TOUYKYM eJIMHUYHOMN 10
unepuun 38 R, [Iyerh B HEKOTOPDBIHE MOMEHT BpEMEHM HaCTHIA HAXOMJIACH B TOUKE C
KoOpHaToil (z,y, 2) 1 BeKTOpoM ckopocti (&, 9, 2). Onpejenum napamerpbl codo-
KYCHBIX TTapabosionjioB, KOTOPBIX KACAETCS TPSMAas-TPACKTOPHs MAaTePUaJIbHO TOUKH,
st 31010, Napamerpuyeckoe ypasuenne tpaekropun (z + 7,y + 7Y, 2 + TZ) 10/-
CTaBUM B ypaBHeHHe cemeiicTsa [I] u npupaBHsieM JUCKPUMHHAHT 110 TIEPEMEHHON T K
HYJIIO:

i Yy o . @2 7? x? y> A7)
— -2z) = — - — —-2z) .
a—\A a+ A a—A a+ A a—\ a-+ A\

Homuoxkus 1o ypasuenue na (a — A)(a+ A) u pa3jenus na —8, MpUBEJEM €ro K BHJLY

FA2— FA+ F, =0, (2)

rjie
1
Fy= 5(:&2 + 92 + 2%),

1|
F = S(ai® — ag® + §(2y — 29) — i(dz — 22)),
1 1

Fy = 5(a*8® + J(dy — 29)° + ai(iz — 22) + ay(dy — 21)).



[TpaByio wacrsh ypasnenus [2 Oyzaem HazniBaTh MHO204AECHOM Kacanud. Kopuu MHOrO-
YyjeHa KacaHdusl — rmapaMeTpbl cO(DOKYCHBIX MapabOIon/10B, KOTOPBIX KacaeTcsl Tpaek-
TOpUS MaTepHaJbHOil Touku. OTMernm, uro F;  He 4TO WHOE, KaK MOJIHAsl MeXaHu-
Yeckasl SHeprust MaTepHaIbHOM TOUKH.

OxkasbiBaercst, pyuxunu Fy, Fi, F> dynkimonanbo nesapucumbl Ha T*R3 u nonap-
HO KOMMYTHUPYIOT OTHOCHUTE/JLHO crangapraoit ckoOku Ilyaccona. Ijisi Toro 4robwr,
OoJiee oy ipoOHO U3YUUTH JIpyrHe CBOiicTBA 3TUX (DYHKIMI, nepenuiieM ux B mapabo-
JINUECKUX KOOpP/IMHATAX:

1 A=) (A1 —=A3) i A2a=A)(A2—=A3) i (A3 — A1)(A3 — Ag) 2
ik 2 ((a —A)(—a—\) Al (a—A2)(—a— ’\2)/\2 " (@ —A3)(—a — )\3)/\3)}
RS S A

(A3 = A1) (A3 = A2) 45
Hie ) (@ —A3)(—a—A) /\3)’
_ 1 (A= A) (A1 = A3) 0 (2= M) (Aa = M) o
= 2 (/\2/\3 (a—A1)(—a— )\1))\1 " AlA&(a — A2)(—a — )\2))\?L

(A3 = A1)(A3 —

A2) i o
+ A1 Aal.
%6 — ds)(—a — D) J)

B napabosnueckux KOOpjiMHATAX Y2Ke JIEIKO IPOBEPUTD, 4TO (DYHKIUK F; KOMMYTH-
PYIOT OTHOCHTEJILHO cTaHapTHON ckoOKM Ilyaccona u pyHKIMOHAIBHO HE3aBHCUMBI.
Bouiee Toro, nockosbky F; 3aBucsit TOJILKO OT KBaJIpaToB cKopocreil, a napaboJjinte-
CKHE KOOPJIMHATLI OPTONOHAJBLHDBI, 9TH 2Ke (DYHKIMH ABJISIOTCS IEPBLIMH HHTEIPaJIAMU
IPOU3BOJILHOTO TpEeXMepHOro napabojmdeckoro dujumap/ia. Takum obpaszom, neppas
qacTh TeopeMbl Jiokasana. JokaxkeMm BTOPYIO 4acThb.

Jlemma 1. Ha cosmecmuom yposne nepevix unmezpanros Fy = fo, Fy = fi, Fo = fo
YPasHeHUA JBUINCEHUA NPOU3BOALHOZ0 MPETMEPHO20 NAPAOOAULECKO20 OUAIUGPIQ UME-
1om caedyrowuts 6ud.

- y:
PR V(N), i=1,2,3
ES RS WAAA )

3decv V(2) = (a — 2)(—a — 2)(fo2? — fiz + fo).
JTokazaTesbCeTBO JieMMbI 1. JlocTaTouno ynpocTuTh Bhipaxenus Bujga Fo\? —

Fi\; + F5 ¢ nomomipio popmysini Buera. ]
Ocraercst 3ameTuTh, 94T0 V' (2) €cTh nponsBejieHie MHOTOYJIEHA KaCaHUsT U KBaJipa-

TIHOrO nosmuuoma (a — z)(—a — z). Ecin npeanonoxunrs, 4ro MHOrOMWIEH KacaHus HE
MMEET BEIEeCTBeHHbIX KOpHeit, To V(z) < 0 Ha npomexytke (—a,a). Opuako napabo-
JIUYecKas KoOOpJuHATa Ao U3MEHSIETCsl Ha 3aMbIKAHUH 3TOI0 MHOXKECTBA, CJIEJJOBATE b
HO, JIBMXKEHUE BJOJIb A9 ObLIO Obl HEBO3MOXKHBIM. 3HAYUT, MHOTMOUJICH KACAHUS MUMEET

b |



XOTsi ObI OJIMH BEIIECTBEHHBI KOPEHb. A MOCKOJILKY €ro CTeleHb PaBHa JBYM, JiloDast
npsiMasi Kacaercss B R? B Tounoctu JByX cooKyCHBIX TapabOIOHIOB.

[Tockonbky, Fy, Fi, Fy nepBble MHTEerpaJjibl MPOU3BOJILHOTO TPEXMEpPHOTO Tapa-
Oosinueckoro Ousinapia, KOpHH MHOTOYJIEHA KaCaHusl — TOXKE IEepPBLIe MHTEI'PaJib.
TeopeMa MOJIHOCTHIO JIOKa3aHa. O

§3 Tomosiornueckas kiaccudukanus napabonudecknx 6uamapios B R

Hacrosimuit naparpad mMbl pazobbem Ha 2 nynkTa. B nepBoM HarmoMHuM HeoOXo/ -
Myio nHgopmanmio o 2-atomax (mojgpodbHast unopmalms o 2-aToMax U UX CBOHCTBAX
uzsiokena B pabore [6]) n ux cummerpusix, a BO BTOPOM TpeJCTaBUM Kiaccuuka-
IO TPEXMEPHBIX MapadonIecKnX OWITHAP/IOB ¢ TOTHOCTBIO JI0 rpy0oil JTHyBUILIEBOI
sKBUBaJienTHOCTH. HamoMmuum, aro

Onpegenenune 5. [Ise Biosine nnrerpupyeMbie raMujibTOHOBbI CUCTEMbI U] M Uy HA

CHMILIEKTHYECKUX MHOrooOpaszusx M u M2", obnanaione nabopaMu MepBbIX HH-
TerpasioB (fi,..., fu) u (g1, .., gn) B cMbicsie onpejenenus [ naspiBatorcst 2py6o au-

YOUANEGO IKGUCAACHMHBIMU, €CJN cylecTByeT romeoMopdusm Mex, 1y baszamu cioe-
nuit JInyBusist 9TUX CHCTEM, KOTOPDI JIOKAJLHO (T.€. B OKPECTHOCTH KaXKJI0if TOUKHU
Ga3bl) MOJIHIMAETCS JI0 MOCTOHOT0 roMeoMophbr3Ma caMuX CJIOCHHI.

SamMeuaHue 5. AHAJOTHUHBIC ONMPEJICTCHIST SKBUBAJICHTHOCTEH MOXKHO c¢hOpMYIIHpO-
Barp Jis orpanudenuii II'C na nosepxuocru yposust ¢hyuknun Namuibrona (T.e. na
H:i():‘)ll(!pl'(‘."[‘]"l'l(‘,(ZKH(‘. II()B(‘.I)}{I[()(:'I'H).

[TockoJIbKY TpH M3MEHEeHHH JIJIMHBI BEKTOPa CKOPOCTH YCTPOHCTBO TPACKTOPHil CH-
crembl He Mensiercst. Mbr Oyjiem uzyuars cioenne JInysuiist nammx Oujiiimap)ios Ha
IIOBEPXHOCTSIX MOCTOSHHOM SHEPrUu.

3.1 /IBa-aTOMBI M1 UX CUMMETPHUU. PaccMOTpHM Ha KOMITAKTHOM OPHEHTHPYEMOM
muoroobpazun M? ¢pynkiuio Mopca f. Hanomnuwm, uro

Onpenenenne 6. I'najikas dyukius f na muoroobpasun N nazpiBaercs dymnruyuet
Mopca, eciin Bce ee KpUTHYECKHE TOUKH SIBJISIIOTCSE HEBBIPOXK JIEHHBIMH, T.e. ecu df |, =
0, To d?f|, umeer nosuniit panr (pasen n).

DOynkims Mopca Ha KOMIAKTHOM MHOrO0Opasuu 06J1agaeT JIniih KOHeUHBIM KOJIM-
4eCcTBOM KPUTHUYECKUX Touek. [Ipu sToM, cornmacno semme Mopca B OKPeCTHOCTH KpH-
THYeCKOH TouKM Ha M? HOJAXOISNMM BLIGOPOM KPHBOJIMHEHHBIX KOOPHHAT (DYHKITHST
H npusopurcs K suny H = Hy+ 2 & y? (em., nanpumep, [7]). Omnaxo semma Mop-
ca JlaeT JIMIIbL JIOKAJIbHOe npejicraBienne (PYHKIMU B OKPECTHOCTH HEBBLIPOXKJIEHHO
Toukn. [nobansnoe yerpoiictBo dpyukimn Mopca B OKpPeCTHOCTH KPUTHUYECKOTO CJIOS
OJIHO3HAYHO OIMHCBIBAeTCs 2-aToMOM. HanoMHHUM ero ompejiesieHue.



Omnpenenenune 7. [lycrn f — dyukuus Mopca na jaymMepHoM KOMHAKTHOM MHOTO-
obpasun M? n ¢ ee kpuTnueckoe snadenne. [IpemonoKuM Takxke, 4TO ¢ €JIHH-
CTBEHHOe KpUTHUYECKoe 3HadeHne Gpynkinnu f Ha orpeske [c — &, ¢+ ¢]. Torga casnyio
kommnonenty P? muoxectsa f1([c — €, ¢ + £]), paccaoennyio na aunun yposHs (GyHk-
muu f, 6ysieM nazweamy 2-amomom (dsymepuvim amomom) (P2 f).

Bee 2-aTombl paccCMaTpuBalOTCA € TOTHOCTBHIO JIO CJI€ZIVIOIETO OTHOIMIEHU A SKBUBa-
JICHTHOCTH.

Omnpenenenne 8. Bynem nasvisarn 2-atomnl (P2, f1) u (P3, fo) sxeusarenmmoimu,
ecqu cymecTByeT romeoMopdusM Mexry P2 u P2, nepesonsamuiit bynxmmo fi B Gynk-
1o fo.

[Ipusejiem HeckoJbKO npumepos 2-aromos. Ecan touka € M? asjisiercst moukoii
MUHUMYyMa WK TO4KOit Makcumyma (pyukiuun H, To corsiacuo semme Mopca, 2-atoM,
oTBeYaloNMit 3Toi ocobeHHOCTH, TpeJicTaBisieT coboil JBYMEpHbIH JIMCK, PAacC/IOeH-
Hbiil Ha Konnenrpuueckne okpyxknocru (em. puc. [21). Takoit arom naswisaercs 2-
amomom A.

Puc. 2: JIpymepuste atomer A, B, Cy, D u ux paccioenns quausaMu yposaga ¢yukun Mopca f. Ha pucynkax
2—4 uepHoil JKUPHOIT JIMHMET! BbIJIEJICH KPUTUYECKHil YPOBREHb f = ¢, CBETJI0-CEPhIM U TEMHO-CEPBIM I[BETaMM1 —
obmactn c < f<e+enmc—ce< f<e.

JIBymepHbIit aToM, cojeprKanmii Ha KPUTHIECKOM CJIOE POBHO OJIHY 0COOYIO TOUKY U
OTBeYalONIUil ITepecTpoiiKe U3 OJJHOIl OKPYKHOCTH B JIBE Yepe3 KPUTUYECKUH YPOBEHD,



romeoMopdubIit “Bochmepke’, HasbiBaercsi 2-amomom B. On muzobpaken Ha PUCYHKE
2.2. Ha pucynkax 213 u 2.4 nponwnmocrpuposanst 2-arombl Co u D COOTBETCTBEHHO.

Hedopmanbio nanomuum onpegienenust cepuit B u C' nBa-atomoB. Atomnsr B, u C),
cojiepzKaT N TOYeK Ha KPUTHUYECKOM cJjioe, OjiHako B, orBeuaer nepecTpoiike 0JiHOi
oKpykHoCTH B 1+ 1 (3Ta nepecrpoiika jisi n = 1 nokasana na pucynke 22, a ais
n=2— HA .4), a C, — budypkannu jByx OKpyxkHOCTEH B N (312 1I€pecTpoiika Jiyist
n = 2 yKazaHa Ha PHCYHKe 3). [Tosromy arom Dy B HEKOTOPBLIX paboTax 0003HATAIOT
yepes Bs.

3ameTum, 4T0 aroM B SIBJISIeTCs HEHTPAJbHO CUMMETPUYHBIM. DTa MHBOJIIOIUS aTO-
Ma B ejuncreennasi nerpusnasabias. Arom Co, nzobparkenublii Ha pucynke [21.3, ro-
)Ke obsiajiaeT neHTpasibHoi cuMMerpueit. OJIHAKO CMCOK HEeTPUBHAJIBHBIX CUMMETPHil
91oro aroma mmpe. st Toro 4robnl yBuaeTH Jpyrue MHBOJIONWH, PACCMOTPUM pea-
mazanmnio Co Ha aBymepHoii cdepe (em. puc. B). B takoii peannsaiun nenrpaibHast
cuMMeTpust ¢ pucynka [213 nepeiiier B nmoBopor « ma yros w. Bujum, uro atom na
pucynke 32 nnpapuanTen OTHOCHTEILHO AHAJOIMYHOTO OBOPOTA 3 HA T BOKPYT JIpY-
roit Boijiesiennoi ocu. MuBomonun a u 3 jjasee Mbl 6yJ1eM HAa3bIBATH 6PAULAIMEAbHBLMU
cummempusmu. Ha camom Jienie, oy, 3, a rakake avo3 — 110J1HbIil CHIUCOK HETPUBUAJIBHBIX
cummerpuit aroma Cs.

Puc. 3: Cepuueckasn peannszauusa aroma Co u BpamareasHsie cummerpun «, 3.

3.2 Tonmosornveckas kKJjaccumuKaIusa TpeXMepHBIX mapaboJimyuecknx OmJI-
smapaoB. Cueys B. B. Begomkunoii (em., nanpumep, [8]) na muoxkecrse mapa6osiu-
YeCKUX OMJIJIMAP/IHBIX CTOJIOB MBI BBEJIEM OTHOIIEHHe KOMOMHATOPHONH SKBUBAJIEHTHO-
CTH, COXpaHsionee rpyoyio JIMyBH/IEBY SKBUBAJEHTHOCTL COOTBETCTBYIONMX OMIIIIH-

ap/loB.

Onpenenenue 9. ByjieM ropoputh, 4To napabojuieckue Oujmapibie ¢Tojbl D u
Dy kombUuHaMOPHO IK6UBANEHMHDL, €CJIH OJINH U3 HUX MOXKET ObITh MOJIyHYeH U3 JIPyroro
MOCJIEJOBATEBHOCTBIO CJIEJIYIONMX MTpeodpa3oBaHuil:
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® UBMCHEHUEM CErMEHTa TPAHWIIBI MyTEeM HEmpPepbiBHOM jgedopmaiun B KJaacce Co-
(hoKycHBIX TTapaboJIOHJIOB, TIPU STOM, 3HAUYEHHE MU3MEHSIEMOTO MapaMeTpa A MpH
KaXK 1ol JlepopMalii MOYXKeT PaBHATLCS —a WM @ TOJBHKO JIMOO B Havaje, ecjin
o0beM CTOJIa YMEHbIIAeTCst, JIM00 B KOHIE, €CJIH — YBEeJH1HBACTCs;

® CHMMeTpHeil OTHOCHTEILHO KOOpPAMHATHBIX miockocTeit Oxz, Oyz:;

01 0
® JIMHEHHBIM NpeodpasoBaHueM o, 3ajlaHHbIM Matpuieir | 1 0 0
00 —1

Teopema 3. 1. Cywecmeyem 6 mounocmu 14 KoMOUHAMOPHO HEIKEUBCAACHIIHDLT
napaboauneckur buaruapdnur cmoaos. Bee onu npedemaeaenve 6 mabauue 1
(em. cmp. 14).

2. Tpexmepnovie napaboruveckue buaruapdol 2pybo AUYEUINEEO IKEUBAAECHTNHDL 6
MOM U MOABKO MOM cayyae, K02da ux busruapinvie cmoavl KOMOUHAMOPHO K-
6UGAACHITIHOL,

JlokazaTeabeTBO. Mbr Bocnosms3yemes Teopemoii [I. B cury kommnaxrocTu Gui-
JIMAP/IHOTO CTOJIA U HAJMYHUS TTePBOr0 KOMOMHATOPHOTO TPeodpasoBaHust, MOXKEM CHH-
TATh, YTO MPOU3BOJILHLIA napabojnueckuit GuMap bl CTOJ JIEKUT B HEKOTOPO
obnactu Ap,,. Cornacno Teopeme [l napabonuueckne Ousmmap/abe cTosbl Ipu 0To0-
paXkKeHnu ¢~ mepexofsaT B 06bIMHBIE TpexMepHble cohoKycHbie cToibl. [Ipu aTom nep-
BBIC JIBA MYyHKTA ONPEJesienns KOMUOHATOPHOI 3KBUBAJICHTHOCTH NPEOOPa3yIOTCs B
olpejiesienne KOMOUHATOPHON SKBUBAJICHTHOCTH OOBIMHBIX TPEXMEPHBIX OHJIJIHAP/IHBIX
cTogioB. OCTaeTest BOCTIONBH30BATHLCS COOTBETCTBYIONIEH TeopeMoil Kiacendukaimn (eM,
|2]) u orbickaTh cpej HUX SKBUBAJIEHTHDLIE OTHOCHTEJIBLHO TPETHLErO NPeobpa3oBaHust
u3 onpegenenns 9. onyuanres B Tounoctu 14 crosnos.

OxkasbiBaercsi, Takyke 4ro 1npu npeobpazosannu @ Ousimapibl BHyTpH crosios D
u (D) ABASAIOTCS JIMYBUILJIEBO SKBUBAJCHTHBIMU. B 31OM HeTpyano yoeaurnes. o-
CTATOYHO TOCMOTPETD Ha COOTBETCTBYIONINE YPABHEHUS JIBUKEHUS Ha COBMECTHBIX T10-
BEPXHOCTSX yPOBHsI MHTEIPAJOB. DTU ypasHeHUst OyjlyT OTJMYATHCS HA HEHYJIEBbIE
muoxkurean. Takum oOpasoM, Mbl MOXKEM BOCHOJIL30BATLCSA PE3YJILTATOM KJACCH(DU-
KalluU OOBLIYHBIX TPeXMEPHBIX CO(DOKYCHBIX OHJIJIMAD/IOB, IPEJCTABJICHHBIM B JIUCCED-
TN aBTOPA. ]

[Tepeitnem ot unrerpanos Fy = H, Fy, F5 x Fy = H, A, Ay, tne Ay > Ay napa-
MeTPBI COPOKYCHBIX MapaboIONJI0B, KOTOPBIX KACAIOTCS BCe OTPE3KH (MM UX TTPOJIOJ-
XKEHMs1) PON3BOJILHONH TPACKTOPHUU-JIOMAHOIA.

Huke (nauunasi co crpanuist 14) Mbl 1puBojiuM Tabiuily, B KOTOPOIl JIUTsl KaxKJi0ro
KJlacca KOMOMHATOPHO SKBUBAJIEHTHBIX CTOJIOB BLIUYUCJIEHA KPYToBasl MOJIEKYJIa TOUKU
Ay = a, Ay = —a, a Takke onucannl TPOOOPA3LI MAJIBIX OKPECTHOCTEH 0COOLIX YpOBHEH
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