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OElllAH XAPAKTEPHCTHKA PAEOT~ 
Uenh ps6oTu. Uenh AHCCepTSUW4 - nocTpoeaae reoMeTpaqecKott Teo

PHH N = 1 cyneprpsBHTSUHH, ocaoBSHH011 HS npocTux H qeTKHX reoMeT
paqecKHX npHHUHnsx. HccneAyeTc11 TSKJte reoMeTpHll N= 2 cyneprpsBH
TSUHH. 

AKTYBnbHOCTh npo6neuu. CyneprpBBHTBUHll llBnHSTCH HOBHM pSSAenoM 
T60PHH nonH. Oas IlOHBHnsc~ BCero C8Mh neT TOMY HSSSA (psOOTH, BOW6A
mHe B rnsBy Il HBCTOH~ett AHCC6pT8UHH, Ouna OAHHMH HS nepBHX, nonouB
WHX Haqano STOMY H8IlPSBJI6HHD). GyneprpSBHTSUHH BOSHHKnS B pesynhTSTe 
cnHHHHH IlPHHUHilB cynepCHMJ&STPHH, KSqeCTBSHHO HOBOtt CHMMSTPHH MS:EAY 
6030HSMH H WBPMHOHSMH, C npHHUHilSMH TBOPHH 8ttHWT811HS - HSH6onee WYH
ABMBHTSnhHOtt H, no:w;snytt, OAH011 HS KpSCHBettmHX wasaqeCKHX TSOpHtt: Cy
nepCHMMSTPHH CTHpSeT pasnaqHe MSEAY ABYMH OCHOBHHMH KOMilOHBHTSMH MS

TSPHH, OOSOHHHMH.nonllMH ~ nepeHocqHKSMH WYHASMSHTSnbHHX BSSHMOABttCT
BHtt, H WBPMHOHSMH·- qSCTHUSMH B6~6CTBS. TeopHll THrOTSHHll xe YCTSHSB
nHB88T TSCHYD CBllSb MBEAY MSTepaett H CBOttCTBSMH ~HSHqecKoro npocTpSH
CTBS-BPBM8HH. CoqeTSHHB BTHX npHHUHilOB B.cyneprpSBHTSUHH npHBSABT, 
BOSMOJtHO, K CBBPX~SAHHOR HK TOMY 36 CB060AHOtt OT pSCXOAHMOCTett TSO
pHH BCBX qscTHU H BSSHMOABttCTBHtt. OCHOBSHHH AnH TSKHX HSABEA ASDT 
ABS asz6onee cno:w;Hue H HHTepecaue cynepCHllMeTp~qHue TeopaH - N= 8 
cyneprpaBHTSUHll H W= If- Teopa11 HHrs-MHnnca. IlepBSH, c ee 6om,mHM 
qHcnoM qsCTHU (rpSBHTOH, 8 rpSBHTHHH, 28 BSKTOPOB, 56 CilHHOPOB H 
70 CKSnHPOB) B COCTSBS 8AHHOro'cynepuynhTHnneTs, c ee CKpliTliMH CHM
M8TpHHMH (rnoosnbHSH £,,. ' nOKSnhHSll _5 u ti) ), IlOACKSSHBSST ny
TH 11CBepXBenHKoro" o0~8AHH8HHll. BTOpSll yxe OKSSSnSCh nepBliM CSHCSUH
OHHHM npaMepoM KOHBtlHOA KBSHTOBOtt TeopHH non11. 

B CB8T8•8HBqHT8nbHHX AOCTHJtSHHtt cyneprpBBHT8UHH H cynepcHMMST
pHH H HX SSMaHqHBHX nepcneKTHB cne,1tyeT ocooo DO,JtqepKHYTh, qTo HX 
ASnhHettmee pS8BHTH6 SSBHCHT pemSD~HM o6pS30M OT COSASHHll IlOAXOAHlllBro, 
KOMDBK'fHOro H YAOOHoro, HBHO cynepcaueTpaqaoro HSHK8. EonbWHHCTBO 
asqsnhHliX peaynbT8TOB B TSOPHH 6uno nonyqeao TPBAHUHOHHliMH cnoco6aMH, 
B TepMHHSX oOuqHliX noneR. IlpH BTOM, OAHSKO, cynepCHMMeTpHll OCTSSTCll 
HBHBHOA, T8K KBK narpSH:&HBHli COASPEBT HHOr,Jta COTHH none11 C oqeHb 
cnoxHliMH SSKOHBMH cynepnpeoOpasoBBHHR. C ,1tpyroR CTOPOHli, T8K08 SBM8-
qaTenhH08 CBOMCTBO,KSK, HBilpHMep, COKPB~8HH8 pBCXOAHMOCT811,ecTh 
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cneACTBHe HMeHHO fiBHOti cynepcxueTpHH. OTCYTCTBHe euoa, HBHO cynep
CHMMeTpHllllOtt WOPUYnHpOBKH HBnHeTCH He TOnbKO TeXHHqeCKHM, HO npHHIUJ~ 
nuanbHHH 38TPYAHeHHeu. Oco6eHHO HPKO 3TO npoHBnHeTCH B cyneprp8BHT8-
ItHHo 0H8 eCTb 0606I!16HHe TeOpHH THrOT6HHH 1 llOCTpOeHHOa H8 MOI!IHOI H 
Kp8CHBOI reoueTpHqecKoa OCHOBe, H caua npoCTO 00H38H8 BHTeK8Tb H3 
HeTpHBH8llbHWC reoMeT pHqeCKHX npHHIUJllOB.· 

0C03H8HHe 8TOI npoOneMH 38CT8BHno HCK8Tb reoueTpHqecxy11 qx>puynH
pOBKY cyneprpaBHTSIUJH yxe c cauoro ee noaBneHHH. 0AH8KO 6onbmHHCTBO 
nonHTOK 6uno CnHmKOM TeCHO CBH88HO C npoo6pasoM - Teopuea 8tiHWTeiH8 
H reo1i1eTpHeff PHM8H8. Tax, HCnOnb30B8nHCb Belll8CTB8HH08 cynepnpocrpaH
CTBO H 00~8KTH THna ueTpHKH HnH T9TP8AH AnH 38A8HHH ero noxanbHHX 
CBOICTB. Bee 8TO npHBOAHno K KP81He H811.HHHM8nbHOMY OllHC8HHll, K ueoo
XOAHMOCTH H8nOE9HHH PHA8 cnOEH.!,IX CBHSea H8 AHH814HqecKH8 nepeueHHHe. 
KaK oxaaanocb, AnH C03A8HHH 8AeKB8THOrO Olll!C8HHH npHHUHilH8llbHO HOBO! 
reOMCTPHH cyneprp8BHT8UHH npHmnocb OTOtiTH OT PHA8 npHBliqH.!,IX IlOHHTHI 
H oOpaaoB. Haqano aTouy HOBOMY HanpaBneua11 B cyneprpaBHT8UIUI nonoxe
HO B uacTOHI!lel AHCcepTSUHH, rAe paapaOoTaH nonaocn11 cnyqal N = 1. 
cyneprp8BHT8UHH. 

• CneAjeT OTUCTHTD, qTo B HSCTOHlllHtt uoueHT neaao N = 1 cynep
rpaBHTSUHH H8XOAHTCH B lt8HTP8 BHHM8HHH MHOrHX HCCneAOB8Tenea. IIOHCKH 
uanpaBneHH H8 H3BneqeHHe ,BOSMOEHHX W9HOM8HOnorxqeCKHX Cll8ACTBH! H3 
ee BSSHMOAeticTBHH c N.: 1 cynepcHueTpHIIHo! uaTepHe!. · 

Hayqaaa HOBH3H8. B AHCC9PT8UHH C03A8HO HOBoe·aanp8Bn9HHe B T80-'' 
pHH cynepcH»KeTpHH :.. 8AeKBa.iraaa reoueTpaqecxaa TeopaH Iv= 1 cynep
rpaBR'?SUHH. Cyneprp8BHT8ltHH 0006I!l89T reoueTpaqeCKYIJ T90PHll 81HH8l!H8. 
B 99 OCHOBY 38llOX9HH H8TpHBH8llbHH8 HOBH8 reoM8TpHqeCKH8 npHHIUJllH, BJ-

. ·' . ( . 

ABHHYTH8 B AHCC8pT8IUJH: . · ' \ ·. . . 
I. ~YHA8M9HT8nbHYll ponb B /II= 1 cyneprp8BHT8ItHH xrpaeT KOMn-

neKCHOe cynepnpocTpaucTBO (CII) c cyneprpynnoa aaanaTaqecxHX npeo6pa-
aoBaHHI KOOPAHH,8T. . 

II. reoueTpHH fv~1 cyneprp8BHT8IUJH 8CTb reouerpHH B81l18CTB8H
HOI! rHnepno:ilepXHOCTH {R If/If npOH3BOnbHOil qx>pKH, BllOll:8HHOil B nnoc
KOe KOKlllI6KCH09 Cll. 

m. qaCTb KOOPAHH8T KOunneKCHOro CII OTOEAeCTBnHeTcH· C )!JIH8UUqe-

HM - 'VIII /4 c.!.OP nepe11eaaoa - rpaBHTBUHOHHHu cynepnoneu { x 1 e, 8) ( H 1 H 1 
H~ B aewiaHManbaou cnyqae). HueHHO oao oKaauBaeTca npocTettuu 

cynepnone1i1, coAePESI!IH» rpaBHTBUHOHHHtt cynepuynbTHnneT nonea •. 
Ha OCHOB8 npeAnOEeHHHX npHHUHllOB B AHCC8pT8UHH paapa6oT8H nocne

AOB8TenbHH.A cpopuamsa11 N=1 cyneprpeBHTSIUJH, a Taae C,llenaao npo
ABHzeHHe B noHHMBHHH N=Z cyneprpaBHT8UHH. Hue nepeimcneHH HaH
Oonee B8EHH8 HOBHe peaynbT8TH. 
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0CHOBHH8 pesynbT8TH. Bli.lU!Hraeuue 8nH samHTH: 

I. KOHCTpyKTHBHO p83BIIT8 HA6ft O cynepTOKe K8K HCTOqHHKe 8KCHani
HOro rp8BHT8IUJOHHOro cynepnona. Paapa60T8H aqqieKTHBHHn MeTOA 8H8llll38 
TeopHH B nHHe8pll30B8HHOM npn6nHE8HIIH. 

2. Ha aroii ocHoBe :enepBue nonyqeHa <J10puynapoaxa IJ = 1 cynep
rp8BHT8IUJH H H8.AA8H H86op BcnouoraT~nbHl,IX nonea (B p8MK8X nHHeapH30-
B8HHOro np110nHaeHHH). 

3. BlmCR8RO reOM8Tl)K':180R08 pas.,,m,me MOllf,Izy ROHq)OpMl!ott H ai!HmTWO
BCKOA cyneprp8BIIT8UHHMH. B nepBOM cnyqae cneAyeT p8CCK8TPHB8Tb cynep
rpynny 06I!IHX 8H8nHTHqecKHX'llPe06paao:eaHH.A KOOPAHH8T B KOMnneKCHOM CII, 
a BO BTOpou - ee noArpynny, coxpaHHll~YE cynepoo~eu xounnexcaoro CII 
(8T8 Tp8KTOBK8 o6o6~6H8 H AnH HeMHHIDl8nbHOtt cyneprpaBHT8UHH). 

4. P83BIIT cpop11anHSU AH<p<pepeHUH8llbHOtt reoueTpHH {R 't /If B TepuH
H8X eAHHCTBeaaoro reo11erpHqecxoro oo~eKTa - npenoTeHuaana H"" (HnH 
H"", Hr, Hr B HeMHHHManbHOU cnyqaa). BBeAeHo noHHTlle noxanbHO.A 
K8C8T8llbHOil cyneprpynnu, HHAYUHPOB8HH00 MHPOBO.A. 

5. BBeAeHO llOHHTHe HOPMBnbHO.A K8nH6pOBKH B cyneprpaBHT8UHH,H H8 
ero OCHOB8 paapa60T8H8 aqqieKTHBH8H TeXH~K8 AnH BHqHcneHHH TeHaopHHX 
BenxqHH (OHS npHK8HIIU8 II B APYrHx Kan110pOBOqftHX TeOpHHX). 

6. B1i1q11cneH1i1 HHBap11aHTHHe Teaaop1i1 B en /V= 1 cyneprpaBHTBUHH. 
IIOK838HO, qTo Hanaraeuua B APYrHX llOAXOA8X orp8HHqeHHH 3A6Cb YAOBne
TBOPHllTCft 8BTOU8THqecKH. 

-~ 7. Ilonyqeau ypaBHeHHH ABHEeHHH AnH N = 1 cyneprpaBHTBUHH nyTeu 
B8PbllPOB8HHft AelCTBHft no CB060AHOUY OT orpaa11qeH11a rp8BIIT8UHOHHOMY 
cynepnon11. 8TH ypaBH8HHH HBJIHETCH norHqeCKHU 88BepmeHll8M nporpauuu, 
HaqaToA HAeeA O cynepTOKe-HCTOqHHKe. 

8. IlOK838HO, llTO Kocuonor11qecKHI! qneH B 14HHHM8llbHO.A "'= 1 cy
neprpaBHT8IUJI MOll:eT B03HHK8Tb K8K Tononoruqecxua IIHB8pH8HT. 

9. HccneAOBSHlil peanHqHue B8PHBHTH N= 1 cyneprpaBHTBUIIH. Bon
peKH onpeAeneHHOMY UH8HHll OOnbWHHCTBO 118 HHX np111i1epHO paBHOCHnbHO B 
nnaae B38HMOA8ACTBHft C M8TepHeA. 

IO. OHpHT HOBlilt BapH8HT (\I:. 1 cyneprpaBHTBUHH - "r116xua11 • Xa
poxTepaoe. AJIB aero orpaH2qeH11e Ha npanoTeHu11anu ycnewao BKnvqeHo B 
A8ACTBHe nocp8ACTBOl! nerp8HEeBa IIHOEHT8nH. BBeAeHo HOBOe llOHHTHe 
"cneAHI!lero orpaaHqeHHft11 • 

II. IIOK838HO, qTo KOMnneKCH8ft CTpyKTypa en /J =-.Z cyneprp8BHT8-
~HH llOK8T oO~HCHHTb OonbmHHCTBO ocoOeHHOCTeA COOTB6TCTBYEI!leA reoueT
pHH (aa HCKnEqeaHeu AByx orpaHHqeHIIA H8 npenoTeHUH8llH). 

12. BnepB1i1e HanucaHo AeAcTBHe AnH N=-2 cyneprpaBHTBUHH B cy
nepnpocrpaHCTBe. BCKPHTO ero CyI!leCTB8HHO KOMnneKCHOe npoHCXOXA6HHe. 
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13. BnepBlie 06HapyxeH ~8KT paBeHCTB8 HynD HHB8PH8HTHOro cynep-
06'.beMa Bell!eCTBeHHOro err /V = 2 cyneprp8BHT8UHH. ,!· 

14. rrpoBeJteH acqepnliB8Dll!HI 8Hanea HenplrUIOAHMliX npeACT8BneHHR 
pacmepeHHofi cynepcwrneTpHH B cynepnoru1x. B ocHoBy nonoaeHa u;tell OCi'.b

eAHHeHHll O,llHH8KOBliX cynepanre6p reHepaTopOB cynepCHWl6TpHH H KOB8pH-
8HTHliX cmmopHux npoeaBOAHHX. llonyqeH cneKT p onepaTopo:a Kaamrnpa, 
YK888H cnocoei CHHTHH BlipOmJteHHH. 

IS. Ilpe,11nomeH npOCTOR MeTO,ll BliB0,118 AH<.1¢epeHUH8llLHmc ycnoBHR He
npHBO,llHMOCTH ,llHll cynepnonea. 

Ilp8KTHqeCK8ll ueHHOCTL. B ,llHCC8pT8UHH pemeHa npooneua npHHUHne
anLHOro xapaKTepa -.coa,11aHa reoueTpuqecKaH Teopua /V= 1 cyneprpa
BHTBUHH. HOBlie HA8H, aanomeHHlie Bee OCHOBY, OK8llYT BllHllHHe HS 0YAY
ll!ee P88BHTHe TeopHH, Hanp8BllT A8llLHelmHe nOHCKH 8ll!e Oonee HeTpHBHSnL
HOil reo11eT p.lUI pacmepeHHOil cyneprp8BHT8UHH. 

Il0.14HMO 8TOro, paapa60T8HHliil IlO,llXO,ll HweeT npawoe npeweHeHee B 
Jtpyrex oonaCTHX cynepCHl&MeTpHH. Ha noBeCTKe JtHll CTOHT HayqeHHe ~eHo
MeHonoruqecKHX cneJtCTBHI MO,llenen C yqaCTHeM Iv= 1 cyneprp8BHT8UHH, 
8 T8Klle pacxO,llHMOCTeil B N= 1 cyneprp8BHT8UHH. H B Tou, H B JtpyroM 
cnyqae yxe KOHCTPYJtTllBRO HCITOJILSY8TCH C08,ll8HHlil'B padoTe annapaT. Me
TOA 8H8llH88 nHHe8pH80B8HHliX Teopea, BnepBlie npaMeHeHHliij B JtHCCepTa
UHH, yse CTan TP8AHUHOHHliM B cynepCHMM8TpHH. 

C0.1lEP!AHHE PAEOT~ 

~HccepT8UHH COCTOHT H8 HB8JteHHll, IlepBoil q&CTH {COJtepESllleR 
6 rnaB), BTopon qacTH (3 rnaBH) H 3aKnDqeHHH. H Hett 259 cTpaHen uame
HonHCHoro TeKCT8 H 6e6neorpa~HH HS 132 H8HMeHOB8HHR. 

B rnaBe l {BBeJteHee) A8H8 Kp8TK8H xapSKTepHCTHK8 COBpeMeHHOro 
COCTOHHHH cynepCHMMeTPHH H cyneprp8BHT8UHH {Cr) C llOJtqepKHB8HHeK TeX 
npo6neu, KOTOplie oOycnoBnHB8KIT SKTyanLHOCTL JtHCCepTSUHH. Kpowe Toro, 
BBeJteHHe npH8B8H~ cny~HTL nyTeBOJtHTeneM no AHCCepT8UHH. 0611tHe HanpaB~ 
neHH~ cq:opuynepoBBHH B BHAe nporpaww nocTpoeHHH reoueTpeqecKoro an- · 
napaTa H AHH8MHqeCKOR.TeOpHH, COCTOHll!el ea IlllTH nyHKTo:a. Ona npoenn»
CTpHpOBSH8 H8 npHMepe T80PHH 3RHmTelH8. 3aTeM npoBeJteH 8Hanea anLTep
H8THBHOfi nonliTKH Becca H 3yMIDIO H Jtpyrex peanH80B8TL BTy nporpauuy 
JtnH fJ = 1 er. rroK888HO, qTo B08HHK8Kll11He npH 8TOJ.1 TPY~HOCTH CBH88Hli 
C H68JteKB8THliU BH6opou B811leCTBeHHOro err B KaqeCTBe reo~eTpaqecKoil oc
HOBli TeopHH. ilocne T8Koro BCTynneHHH CJtenaH oOaop COJtepsaHHH JtHCCep
T8UHH - nonaon H SJteKBSTHOil peanaaauua Haueqenaoa nporpauuu ;tnH cny
qaa /\/= 1 er e HeKOTOPliX pe aynLTBTOB no W =--<- er. 
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IlepB8H qaCTL JtHCCepTSUHH nOCBH!lleH8 /,/ = 1 er. 

rnaB8 Il HOCHT 8BpHCTHqecKHI X8p8KT8p. H Hett nOK888HO,K8K npoc
Tlie, qecTo JtHHaweqecKae cooOpaseHHH OTKpuna ellle B 1976 ro,11y nyn K 
HJtee O KOMnneKCHOR reoMeTpHH. TorJt8 xe OunH HatmeHU BnepBlie BCnouo
raTenLHlie nonH JtnH MHHHManLHott N= 1 er B naHeapeaoBaHHOM npaOna
xeHHH. 

0Tnp8BHliM nyHKTOM B rnaBe Il cnyllHT 8Hanorllil C Teopeea SRHmTeilHa. 
rrocneAHHfl MOlleT p8CCU8TpeB8TLCH K8K Teopea·ce»ueTpaqaoro TeHaOpHoro 
nonH hw.'11 {x) , reHepepyeuoro coxpaHHDlllHMCH TeHaopoM aHeprea
eunynLca e1't'11 (X) • B cynepCHMMeTpHH T8H80p 8Hepree-eunynLC8 BMec
~e C TOKOM cynepCHMMeTpee 00'.beAHHHKITCH B OJteH cynepuynLTHnneT, KOTO
pllR OnHCUB8eTCH 8KCH8llLHliM cynepnon8M { cynepTOKOM) V'r'l4 [X1 0J 0) . 
ECT8CTB8HHO npeJtnonosHTL, qTo rpaBeT8UHOHH08 none h""'"" (x) BKnxiqa
eTCH B cynepnone Toro xe TRna, B aKcHanLaoe cynepnone h""' {:X1 01 .'fi) 

h'M -{K Touy xe {X1 0 1 9) ecTL npocTeffmee cynepnone, co,11ep:11ta11lee uaK-
cHuanLaua cnaa 2). TorJta ypaBHeHee ABHllteHHH AnH h\<\,i B HHameu {na~ 
HeapH80B8HHOM) npH6nHllteHHH no rpaBHT8UeOHHOil KOHCT8HT8 ;Je MOllHO 88-
necaTL B BHJte 

JZ.'Vllt ~ h 'h = ae Vwi . (I) 

3JtecL VYvt - cynepTOK uaTepeanLHHX cynepnonel\ {ecTOqHHKOB er). One
paTop CB060AHOro YP8BH8HeH Ti H8XO,llHTCH C yqeTOM COCT8B8 HenpHBOAH-

• MllX npeJtCT8BneHHl\ cynepCHMMeTpHH B HCTOqHeKe V1'11 .; 8anecL ypaBHeHeH 
{I) B T8PMHH8X KOKilOHeHTHliX nonea noaBonena BnepBue H8l\TH H800p BCno
MOr8TenLHliX nonea B N= 1 er. 

,llanee, no BeJty CB060,llHOro ypaBHeHeH MOiKHO BOCCT8HOBeTL K8ne6po
BOqHH8 npeoOpaaoBaHea· hWl B Heamew npH611ei1teHea. Mccne,11yH Baaewo,11ea
CTBee · ~-m C ll8T8pHBnLHliMH cynepnonaue qepea HX cynepTOK, YA8eTCH 
BliHBHTL cneAYDlllee B8lltH8l\mee CBOfiCTBO KaneCipOBoqaux npeoCip880B8HHl\ 
hm. Anll KHpanLH!lX waTepaanLHux cynepnone~, onpe,11e11Heublx KaK aHanH

TeqeCKHe qiyHKuee H8 KOMnneKCHOM en (L 'fll , 8TH npeoOp880B8HHH eMeDT 
cu~cn OO~HX 8H8llHTHqecKHX npeo0p880B8Hett KOOp,llHH8T. STO H86nD,lleHee 
OTKpuno npawon nyTL K nocTpoeHHKI TpeCiyeuoa Teepee. 

rnaBa ID COJtep~HT OCHOBHlie reoMeTpeqecKee nonolleHHH Teopee. 
A) B KaqecTBB 8JteKB8THOro en AllH /v = 1 {MHHHM8nLHOI) er cneJty-

BT Bb1Cip8TL KOllnneKCHOe cu <[,HZ {a He Bell!eCTBeHHOe [R.'1l'f- , ecnonL-
aye»oe B PHAe ,11pyrex no~xo~oB). 

E) Cyneprpynnol\ CHl&MeTpHH Teopeu HBnHeTCH cyneprpynna OOlllHX {B 
cnyqae KOH~OpMHOl\ er) 8H8nHTHqecKHX npeoOp880B8HHl\ KOOp~eHST ([.~12 

J't=}J:rt:) j a::~/l~{~=(X;',0!)1\1(\VI-\~~: (x";,ef)\ (2) 
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{ aHanHTl'l11Hocu oaHa11aeT, IITO npeoopaaoBaHHH ;J.t.. aaBHCHT Tonr,Ko OT 
Jt.. t HO He OT 31 = }R ) . ,llnfl qJH3HlleCKOit { aiiHmTeiiHOBCKOit) er llOA

XOAHT llOArpynna, BhlAenaeuaa reoueTpi1116CKHM ycnoBH6M coxpaH6HHH cynep-

00'.o6)48 C '"2 

Bm (~j~) = 1. 
'oJt. 

(3) 

B) 0CHOBH.b1U K81IH0pOBOIIHhlM 00'.oeKTOM B TeOpHH HB1IHeTCH BelllCTB6H-
'W\ -

Hoe 8KCH81II>HOe rpaBHT8UHOHHOe cynepnone H . (x, e, 0) {oOo0111eHH6 
hwt Ha ·rnaBhl IT), BBOAHMOe cneAYIOIIIHM oopaaou. ~HaH11ecKoe {Be111ecTBeH

Hoe) en fR'tl't cneAyeT B1IOlltHTo B {nnocKoe) en <C '-t 12 KBK r11nepno
BepxHocTr,, onpeAenaeuyro npOH8B01IbHOM cynep\IJyHKUHett 

(R'tl 4= .\'iM:= (Xwt=Rex?: 
1 

f3r=0i, "/}r:'§f)1) 
T ..... H""< -..L'M X I- = {X, 0 I 0) • {4) 

ltl't 
IlO'AllepKHeM, IITO en /R t 88'A8HHOe T8KHM cnocooou, 001IBA8eT onpe-
'Ae1IeHHOii cneuu(ll.l{tI6CI<Oi1 BHyTpeHReii r60M6Tpnen. Ero JIOR8Jll,HH6 CBOHCTB8 

, 'M 
Olll'IChlBBIOTCH 6'AHHCTB6HHhll4 H 'AOCT8TOIIHO npoCT.blU 00'.beKTOM H (X 1 9

1 
e). 

6Ty CHTY8UHJO·cne'AY6T conoCT8BHTT, C H8H0onee o0111en, rAe CBOilCTB8 
npOH3B01Ib.HOro en {R 414 onHChlBBJOTCH MHorotmcneHHhlMH H C1IOJl!WMH OO'.o-
8KT8MH - cynepT8TP8'A8MH 

EA M r:x, e, e'> ( M =-..,..,.,, r ,f- ; Ir::: cc"",,;;, J 
l:l J!Op6~8Bm.m CBH8HOCTHMH Wp,. Be {z,, 8 1 (}) • 'iTOOhl npHB8CTH T8-
KH8 WHPOKHe p8MKH B COOTB8TCTBHe C B6CT,M8 KOHKpeTHOit reoueTpaen en. 

/v =- 1 . er t B Apyrax nOAXOA8X npHXO'AHTCfi Hanarau Pli'A H81IHH8itH.bJX! 
'AH\lJ\llepeHuHanr,HhlX orpaHHll:8HHit { CBaaett) Ha £ AM H WA l,c • B Ha
meu llt8 cny11ae Bhl00p reoMeTpHH (4) OK88.b1B88TCH ll01IHOCTT,JO 8A6KB8THhll4 
IV= 1 er. Bee cynepTeTpB'Ahl H CBHaHocTa · MOHO Bhlpaaau 11epea H'l'\,I, 

npa 8TOl4 orpaHHll:6Hl'IH Ha HHX OK88hlB8IOTCH 8BT01l8TRll6CKH paapemeHH.blMH 
(CM. HHllt6 llYHKT r)~ 

'WI . 
rpaBHTBUHOHHoe cynepnone H , KOTopoe onpeAeneHo KBK KOOPAH-

HaTa CII ([. 4 1 2. t H6 T01IbKO 38A86T reOM6TPHll CIT fl/ =-1 Cr • Ilocne 
llOCTYnHPOBBHHfl npHHUHll8 'A8iiCTBHH {cu. nyHKT n) OHO npeBpa111aeTCH B 
'AHH8MHll8CKHit 00'.o6KT 1 KOTOphlit llOAIIHHH6TCH yp8BH8HHll 'ABHllt8HHH H OIIHC.bl
B86T nona er. TaKHM oOpaaou, npoHCXOAHT nroOonhlTH08 HB1I8HHe - C1IHHHH8 
llOHHTHtt KOOPAHH8Thl H nona. 

l1T8K, reOM6TPH.fl fRLtll..f ' 8A8KB8TH8.fl N=-1 er, 88A86TC.fl 8KTOU 
B1IOllt8HUH [R 414 B (L'f/2. (4). Ilocne 8TOro npeo0p880B8Hil.fl (2), 
(3) cyneprpynnhl CHMM6TpHH, AeitCTBYIOlll8it nepBOH81181IbHO B q:;YI~ npoe-
UHPYIOTC.fl HB [R.~ 1~ • B 118CTHOCTH, OHH HM6JOT BHA K81IH0pOBOIIHhlX npe-

. )I,! -

oopaaoBBHHi:i 'All.fl H (x, 0; 0) • Hcnonr,aya 11acTH11Ho aTy 1tanHOpoB011-

6 

r: 

HyJO CBOOOAYt MOlltHO 00p8THTT, B H01IT, HeKOTOp.ble KOMllOHeHThl B p881IOllt6HHH 
H W\ llO e I 8 • 0CT8BWHeCH ll01IH-KOMllOH6HThl · COBll8A8IOT C rpaBHTOH
HNU, rpaBHTHHHhlM H BcnouoraTe noHNMH nonaMH N = 1 MHHHManr,Hoii CI'. 
HeHCll01IT,80B8HH.ble npH 88KpenneHHH K81IH0pOBKH napaMeTphl cyneprpynnhl 
(2), (3) HMeJOT CM.b1C1I nap8M6TPOB OOIIIHX npeoOp880B8HHii KOOpAHHBT Bx
npOCTpaIICTB8, 1IOK81II,HhlX npeoOp880B8HHii RopeHua H 1IOK81II,HhlX npeoOpa-
80B8HHii cynepCHMM6TPHH. 88MhlK8HH6 anre6pu 8THX npeoOp880B8HHi:i· OlleBHA-
HO. 

Wl · m4flt r)· Cynep(llyHKUHH H {4) aaAaeT cBoilcTBa HCKPHBneHHoro Jt< l>I 

8H81IOrHIIHO ~OMY' K8K M6TpHK8 1J-MVI (:x:) 88A86T CBOliCTBB IR\ a H 
H j'WL '\'\ - 8TO B61IHIIHHhl, 88BHCHIIIH6 OT B.b100p8 CHCT6Mhl KOOPAHHBT 
( T • 6. K81IROpOBKH). .Un.fl onHC8HHH HHB8pH8HTHhlX CBOilCTB JR 't /1.f Heooxo
AHUhl TeHaopHhle BenHtmHhl, B1,1pallteHHhle 11epea H """- KanHOpoB011HO:-HHBa
PHBHTHhlM oopaaou (llOA00HO T6H80PY PHMBHB, KOTOputt Bhlp8llt86TC.fl qepea 
~~'\'\ ) • PaamtTHKl nOAXOAH1118rO T6H80pHoro annapaTa llOCB.fliJl6H8 rnaBa IY 

AHCC6pTBUHH. 
CIT [R41 ~ OilHCUB8IOT \IJOPM81IH8MOM AHW\IJ6p6HUH81II>HOi:i reOM8TPHH, H 

H611 ·p8CCM8TpHB81lT ABB cyneprpynnu: 11 MHPOBYI011 {npeo6p880B8HHH KOOPAH
HBT Cli) H 11 K8C8T61II>HYJ011 (1IOK81I:&Hhl6 npe60p880B8HH.fl JlopeHua). CB.FIBI, 
MelltAY 061,eKTBMH, npeoopaaylllllHMHC.fl no nepBoit H no BTOpon cyneprpynna1.1, 
ocy111ecTBnaeTCH c no1.10111r,ro cynepTeTpaA EAM (~) (HHA6KC M=("M1 fJ-1)-
r.mpoBoil, A= {a. 1 r:1.,~) - Jiope~eB). ,llanee, All.fl onpeAeneHHH (Jio-
peHU)-KoBapHBHTHhlX npOH3BOAHhlX HYlltHO 61116 BB8CTH,cynepCB.fl8HOCTH 

uJA(r:) : 
M 'c) tc.L (5) 

DA:::- fA 'oi"' +uJA lie,. 
rAe L i,c, - reHepaTophl rpynnhl RopeHua. BenH'lHHU EA"" fr) H WA Ir:-) 
onHChlB81lT .1IOK81II,HU6 CBOilCTB8 JR'tl'f K81IH6pOBOIIHO 88BHCHl.lhlM oOpa80M. 
l1HBBPH8HTHoe onHCBHHe AOCTHraeTca B TepMHHBX TeHaopoB Kpy11eHH.fl T H 
KP~BH3Hhl R : C . cd, 

· [Dh, De,]± ~ - TAB De - RAB Lc,l (6) 

IlpH TBKOM 00111eu llO'AXOAe "noTeHUHB1Ihl 11 E1 uJ HnH cocTaBneHH!i6 HS 
HHX II HBnpiu:eHHOCTH11 T, R, OK88UB8IOTC.fl 11p68Bhlll:8ilHO C1IOlltHUMH 00'.b6K
T8MH, Hx npHXOAHTCH CH1II,HO orpaHHIIHBBTI,· (nonara.fl MHOllt6CTBO K01lnOH6HT 
T H R paBHhlMH Hynro), IITOOhl nony11HTb reoweTpRro, BAeKB8THy11 /v=-1 

er. 
B Hameu nOAXOA6 nepeqHC1I6HHhl6 BUWe 00'.o6KT.bl .FIB1IHIOTC.fl He OCHOBHhl

MR, a BTOPHIIHhlMH. Bea reoweTpHH fV=-1 er no cy111ecTBY aaKnro11:eHa B 
HCXOAHDil KOHCTPYKUHH {4). IlOAXOAHIIIHM oopaaou onpeA61I6HHhl8 nOH.flTH.fl an
napaTa AH\lJ\ll6p6HUHBnbHOil reoueTpHH T01IbKO llOMOrBJOT HBM H8B1I611T, HHB8pH-
8HTHYJO HH(llopM8UHJO O [R'-tll.f I COA8PJK8111YJOCH B (4). 
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Y H8C 88A8H8 TOBbKO IIHPOB8fl cyneprpynna (2), (3), OTA8BbHOll (He-
88BHClUIOll) K8C8T8BbHOtt cyneprpynm. HeT. B11eCTO 8Toro llhl onpeAenaeu. 
cyneprpynny JlopeHua, HHAYUHPOBBHHYll MHPOBott. KnKl'leBhlM aAeco oiaaNBa
eTca cneAYll~ee Ha6nDA8HHe. Cyneprpynna (2) ycTpoeHa T8K, 'QT06hl H B 
HCKPHBneHHOM err OCT8B8BOCb OCMhlCneHHhlll DOHHTH8 KHpanbHOro (aHanHTHl!e
CKoro) cynepnona cp(z~, 0.L) • Ha rHnepnOB8pXHOCTH [Rlfl't {4) ycno
BH8 KHpanoHOCTH HM88T BHA 

'o - 0 ?J'IJI' c,p (X1.. 1 01 0) == ,, • (7) 

rAe X: :: X-,,,,. + t. H 'V4 (X,[}1 &) , er H 0 /1 paCCll8TpHB8DTCH K8K 
HeaaBHCHMhle nepeu.eHHhle ("neBN'111 6aaHC B /R 'tllf ). CneAOB8T8JibHO, 
npOH8BOAH8H ?J/~9 B Il8BOII 688HC8 HBJIHeTCH KOB8pH8HTHLIII 06~8KTOM 1 

T.e. npeo6paayeTCH 08HOPOAHO no cyneprpynne (2), (3). STOT OAHOPOAHflll 
aaKOH IIOlltHO npeACT8BHTb B BHAe noK8JlbHOro ~opemi;-npeo6paaoBaHruI, r'Ae, 
OAH8Ko,napa11eTphl cyn He H888BHCHIILl8 cynepcpyHKUHH, a Bhlp8llt8DTCH qepea 
napa11eTphl npeo6p880B8HHll et;_ B (2). T8KHII 06paao11 onpeAenaeTCH 
K8C8TenbH8H cyneprpynna Jlopeaua, HHAYUHPOB8HH8H MHPOBOtt. 

0AHOBP8118HHO onepaTop B (7) 11.0lltHO paCCM8TpHB8Tb K8K npooopaa 
cnHHOpHoli1 KOB8pH8HTH0'1 npoHaBOAHOll cxaJinpHoro, cynepnonn D"' cp • 
AHanorH'lHO onpeAenaeTCH H npOH8BOAH8H j)~ cp • BeKTOPH8fl KOB8PH8HT
H8fl npOH8BOAH8H Bhlp8llt88TCH qepea cnHHOPHhl8 

Dot = f a;_ °'·ex· i Dot, Di 1 ' (8) 

ItaK 11 B CJiy'Iae wrocxoro err. B npoi::tecce onpe'AWI8HIDI xooopmumwx 
npOH8BOAHhlX B COOTB8TCTBHH C (5) HSXOAHII H cynepTeTp8Ahl EAM H 
CBH8HOCTH WA B T8pMHH8X H '1\1 • 

,llanee t pacnonaraa KOB8pH8lITHhlllH npOH8BOAHhlMH, 11.0lltHO Bhl'QliCJlliTb 
HHB8pH8HTHhl8 xapSKTepHCTHKH fR'tll.f - KPY'l8HH8 H KPHBH8HY (6) • STO 
CAenaHO B rnaBe Y. Ana ynpo~eHHli p8C'l8TOB BB8A8H8 HOpll8JlbH8H K8JIHOpOB
K8. OHa HBJIHeTCH o6o6~8HHeu HOpu.anbHOll CHCT8Mhl KOOPAHH8T B rp8BHT8UHH. 

j 

B nocneAH8ll IIOlltHO paanOlltHTb KeTpHKY B 0Kp8CTHOCTH npOH8BOBbHOll 88A8H-
HOit TOqKH X 0 B BHAe , • 

k e 
~"M'¾{x)= '>c_..,.,.'>t+(X-Xo) (X-::Co) Rn1c .. .(,fXo)-r ___ • (9) 

MH8'le rOBOPH, {J'Wl'Vt.{:X~)='>/Wt,'tt} <;)k'J .... "'{Xo)-==O, 8 BCe OCT8BbHfl8 
npOH8BOAHfle Bflp8llt8KlTCH qepea TeHaop PH118H8. AHanoruqao, HCnonbayn K8-
nH6pOBOqHyD CB060AY, 88KB~'leHHYD B (2), (3), WlltHO BWP8TI, K8JIH6poBKY 
B cyneprpaBHTSUHH TSK, 'lT06hl MHOrHe npouaBOAHhle H wt 06pa~amrn1, B 
HOHb B 88A8HHOli1 TO'lK8 to • Bee OCTaBmH8CH npOH8BOAHL18 Bhlp8ll81lTCfl 
qepea 8H8'l8HHH HeHyneBhlX KOMnOH8HT KpyqeHHH B TOqKe ~o • 9T8 T8X-

8 

l 
~1 
\/ 

i 

.~~( 
·' 
i 

\ 

l 
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HHK8 noaBonHeT peaKo ynpoCTHTD cnoJKHLl8, HenHHellHue no H l'< Bhlpallte
HHH AJIH T H R H o6nerqaeT BhlKnBAKH. IlonyqeHHfle peaynbT8Thl aa
TeM o6o6~81lTCfl Ha npOH8BOBI,HYll CHCT8MY OTC'l8T8 B CHny T8H80pHoro xa

paKTepa T H R . 
IloAqepKHeu., qTo BhlqHc neHHLl8 T8KHM cnocooo1.1 aHa'leHHH T H R 

YAOBH8TBOpflllT 8BTOM8TH'l8CKH BC811 CBfl8flM, KOTOPLl8 npHXOAHTCfl nocTynH
pOB8Tb B nOAXOASX, OCHOB8HHhlX H8 o6~en reo11eTpHH /R~l't • T8M 8TH 
orpaHH'l8HHfl HYlltHhl AJifl ycTp8H8HHfl 6onomoro 'lHCna nHWHHX CTeneHeit CB0-
60Ahl, COA8Pllt8~HXCH B noTeHUHanax EA M H WA • Y Hae :ate £ H w 
BflpaJteHLI qepea 11 npenoTeHuHan11 H-... , B KOTopo11 nHmHHX cTeneHelil HeT. 

A) .I:! nyHKT8X A)-r) 6hln8 A8H8 cpopu.ynHpOBK8 reo11eTpHqecKoll OCHOBfl 
f'J= 1 Cr. 1!T06hl 8'1'8 T80pHH CT8B8 qJH8H'l8CKOil 1 H806XOAHM0 1 K8,K H B 

T80pHH SAHmTetttta, BB8CTH AHH8MHqecKHll nocTynaT, onp8A8Hflll~Hll A8itCT
l!H8. 9To coo T8BnHeT npeAMeT rnaBhl YI. 

UpHHUHll A8itCTBHfl ABH /\/=- 1 er (npeAJIOllt8HHhlli1 paHee .l:!8CCOM H 3y
MHHO) B8CbM8 H806blqeH. B K8'l8CTBe cpyHKUHOHana A8itCTBHfl HCnonoayeTCfl 
HHB8PH8HTHhlli cynepo6M11 fR 'tl'r : 

$' = -f;; S d"xt;fed2.0 &R. (E,./). (IO) 

3Aeco B e;z ( E1,,/) urpaeT pono nnoTHOCTH, .ooecne'lHBBD~ea HHBapaaHT-
HOCTI, HHT8rpana. B OTHH'lH8 OT 8H8HOrHqHoro HHTerpana B T80PHH rpaBH-

T8UHH f J '1x Af { e,,.. q_) 

A8llCTBH8 (IO) npHBOAHT K H6TPHllH8JlbHhlM ypaBH8HHflll ABHX8HHfl. IlpH'lHH8 
B TOM, qTo nepe11eHHhle EM A B (IO) orpaHH'l8Hhl AH~epeHuHan1,HhlMH 
Cl!fl8HMH. B TO Jt8 Bp8Kfl 8TH orpaHHqeHHH A8ll81lT B8pI,HpOll8HHe H Tell 60-
nee Kll8HTOB8HH6 HenpHMhlY H HenerKHM. 

B Haman cpop11ynHpOBK8 cynepT8TP8Ahl BLlpallteHhl qepea H888BHCHYyn ne
p8M8HHYll H"""' , He orpamNeHBYJ) CBH8HMH, no KOTopoit uo:zHo Bapupo~ 
B8To H8nocpeACTB8HHO H nonytmTb ypal!H8HH8 ABHE8HHH (cynepo6oo~eHH8 
yp8l!H8HHH SttHmTettHa) 

G~ -:: ~ 2 Va.. • (II) 

3A8CI, Get, - onpeAeneHH8H KOllllOH8HT8 TeHaopa KpyqeHHH, 8 v'l, 
cynepTOK 118TepH8nbHhlX cynepnonen. IloAqepKHeM, 'QTO (II) 8CTb nOnH8fl 
H8JIHH8aH8fl @OpMa nHHeapH80B8HHOrO yp8BH8HHfl (I), H8liA8HHOro 88AOMO 
AO aToro H8 HHhlX coo6p8Jt8HHll. 

BHBOA yp8BH8HHH (II), npHB8A8HHlitt B rnaBe YI, HCnon1,ayeT peayn1,
T8Thl rnaBhl Y no T8H80pHOYY annapaTy H T8XHHKY HOpM8JII,HOit K8JIH6pOBKH. 
rnaBa YI COA6P:ZHT T8Kllte KOUMeHTSpHtt no noBOAY cynepKOCMOnoraqecKoro 
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'IJISHa, ROTO~H!i ORa3HBa8TCR TOilOJIOr.i;rqecRm.l HHBapnaHTOM B paccMaTpHB88- · 
MOM no.nxo.ne. 

Ha 3TOM 38RaH'IHBa8TCR peanz3amm nporpaMMH no IlOCTp08HHD a,neRB8T-· 
aoro {1:0pM8M3M8 N = 1. er. 06 ero 3ROHOMHOCTH MOlltHO cy,ll;llTI> XOTR 6H no 

TOMY, '!TD e,ll;llHCTBeHHHii B Teopru1 reoMeTpITTeCRHll o6'beRT H - {-:x, 0, e) 
00,ll;SPMT Boero 64 IlOnB-ROMilOH8HTH BM8CTO 1792 B 1=: {r;) J WA 1,, {r:). 
il3 Hill 40 RBMJOTCR R8JIH6pOBO'IHHMH CT8ll8H8MH CB060,ll;H (cyneprpynna (2) 
C ycJIDBHSM SllHJDT8HH8 (3)), a OCT8Blllll6CR 24 B TO'IHOCTH COOTB8TCTBYJOT 
IlOMM TBK H83HB88MO:l\ MHHHMBJII,HOH /1/ = 1 er. 

Ha C8MOM ,ll;8Jl8, MHHHM8Jll>H8R /,J:::. 1 er 8CTI> TOJII,RO O,nHO H3 B03MOJK

HHX N = 1 cynepcHMMeTpHtJHHX o6o6meHHti TeopnH rpaBHTarnm. eymecTByeT 
eme nenun pn,n ;IIJ)yrruc, ROTOPH8 OTM'IBJOTCR COCT8BOM BCilOMOr8T6JlI,HHX no
JI8}i. rrepe'IHCJI8HH8 BC8X B8PH8HTOB H HCCJI8,UOB8HH8 IlX ,nonycTHMHX BS8HMO
,nellcTBH:!1 C M8T8pHett 8KTY8JII,HO B H8CT0RlJl68 BPSMR B CMSH C 8KTUBHllMH 
IlOilJ1TR8MH HSBJI6'1I, (feHOM8HOJIOrH'l6CRH8 CJI8,ncTBHR HS /If:: 1 er, 
rnaBa YII nocBRmeHa reoMeTpH'leCROMY ocMHCJIHBBHHIO pasaux Bepcnn N= 1 
er. rrpn 3TOM RpOM8 yJKe ll3B8CTHHX H8MHHHM8Jll>HOll H HOBOll MHHHM8Jll>HO:l\ 
BSpcHll Halil.neHa HOB8R ( "rv.6Ran") B6pcHR, ilsy'leHH T8RJK6 B03MOJKHOCTH 

CTPOHTI, CBRSH C M8T6pHett E paSHWC E8pH8HT8X T60pHH. 
,lJ,ruJ 0IlHC8HHR Boero RJiacca N = 1 . er H806XO;rr.HMO H8CROJII>I<O paclllll

PHTI, reoMeTpH'ISCKHS paMKn, c(fopMyJIHPOEaHHHe B rnaEax. Ill-YI, YESM'IHTI> 
'IHCJIO CilHHOPHHX ROOp,nHHaT. PacCMOTPHM err 

If'. i,14 t t-1 VI'! r - f) l 
lL- ~ i. lL = {x L } el.} 'f L ] • (12) 

B HSM onpe,neJIHM "TpeyrOJII>HYIO" cyneprpynny, ROTOpan OCT8EM6T HHB8PH-

8HTHHM RHpanI>Hoe err l-"'"/ ~ciz. ,,._, <[ '01. = { 3: = ( :x;, 0~ H : '. 

l 
,,.. 11-i ( 

JL = J J.- ]t.) ' 
• - • I - • / (13) 

If~ = lf 1: ( zL) 
~HSH'18?ROe-err JR~ 1~ sa,na;rr,HM, RaR H paHI>we, E BH,ne rnnepnoBepxHocTH 
B , ([ 't l'1 • HO Ha 3TOT pas. OHa 0l]HCHBa8TCR 66JII,lllllM 'IHCJIOM cyneJXIyttK

mtli: 

1Jf11
~ = { "lt-t:: (x""= Rex:\ 0r= 0r, er= 0{ f~ , 

'T "" . '\'11 -) 
J.'M XL::::. H (::t,IJ, fJ J 

t~ - {)t;_ = Hr {.t:1 0, 'ii), 

if~ - 0~ =- iif l:>yf}, e J. (14) 

TenepI, BOSHHR8JOT 6DJI68 WHpORH8 BOSMOJKHOCTH ,nJIR Ell,ll;6JJ6HHR sllHlllTSiulOB
CROll llO.JU'PYilllll cyneprpynnH (13). BMSCTO (3) MOJKHO HaJIOJKHTI, 6DJI66 06-
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lll88 ycJIOEHe 

. [_ ]3'h+1 ri (<i) I ]2-vi [Bvr (;::) . = L Bell ~::) . cr5> 
B S8BHCHMOCTH OT 3H8'16HHR 'IHCJIOBOrO nap8M6Tpa l'I. B (15) EOSMOJKHH 
TPH CJIY'IBR: 

a) n = -I/3. reoMSTPH'ISCKH BTO OSH8'186T, '!TO coxpaH86TCR cy

nep06'b8M <C lf 12 • eornacHo (15) npn n = -I/3 napaMeTpH lf f (ZL) 

H8 orpaHH'ISHH, TOr,na H3 (14) CJI6.JJY6T, '!TO MOJ!tHO EH6paTI> K8JIH6poERY, 

B ROTOpon H r "" Fir:: 0 . TaRHM o6pasoM, MH BOSEpamaeMCR K MHHH
M8Jll,HOll cyneprpaBHT8UHH, OilHC8HHOll E npem,!.JJYlllHX rnaEax. 

6) 'Yl = o. eMHCJI .3TOro YCJIOBHR B coxpaReHHH cynep06'b6M8 <["Y/lt • 
STOT CJIY'18ll IlpHBO;IJ;ll'.T M60 K HOEOll MHHHM8JII,HOH (24 Il0Jl6BH6 KOMilOH8HTH), 
JIH6o R "rn61<ott" (56 nonelt) cyneprpaEnTarnrn (cM. HHJKe). 

ll) 11.. /. -I/3, o. STD uenlllil RJiacc T8K H83HB86MHX H6MHHHM8JII,HHX 
cyneprpaBHTBUHH c 40 noneEHMH ROMilOH8HTBMU. · 

RaR H npext,ne, (fHSH'l6CKHll CMHCJI npenOT6HUH8JIOE (14) H rue npeo6pa
SOE8HHll (13), (15) EHRCHR6TCR IlpH S8Kp0IlJI8RHH K8JIH6pOEKH. 3,ll;SCb l!t8 

npO.f!En86TCR nepEaR OC068HROCTb CJIY'IBR n = 0 : napaMSTP JIOK8JII,RHX 
U(1 )-npeo6pasoBa~ lle 38RpennneTcn KaJIH6poEKDll H B TeopHH ocTaeT

cn U( i) -Cl00.!6TPWJ. STO npH:BO.nHT R TPY.nRDCTRM npH llOilliTK6 S8IlHC8TI, 
HHE8PH8HTH06 ,netiCTBH6, 0,nnH HS BHXO,UOE COCTOHT E H8JIOJK8HHH orpaHHtJe
HHR Ha npenOT6HUH8JIH. OHO HM68T BH,ll; 

U = 1, (16) 

r.ne u - .HHE8PH8HT, CYIJlSCTEYJOlJIHii TOJII,RO E CJIY'l88 VI. = 0 . OH 
onpe,nenneTCR R8R 6epeSHHH8H S8M6Hll nep6M6HHHX HS Jl8EOH E npaEyIO napa-
M8Tp11sannro /R. If 111 : 

u ::: am ( '<JzL )· 
<i} i! /l ) 

"' - · -f - ') t (I?) ZL::. (x? =x..,,.,.+t'H-...i) er:::. er, 'f'f ==0 +H" 1 i'11=iL. 

YcJIOEH6 (16) llOSEOJIRST S8llHC8TI, lIHll8pH8HTH06 ,nefiCTEH8. TaR nonytJaeT
CR HOB8R MHHHM8JII,R8R cyneprpallHT8nruJ. 

npyrott BHXOi HS Tpy,nHOCTH C U(f }-HHll8pHaHTHOCTl>D S8RJl]Oq86TCR 

B 68 YCTP8R6RHH nyTeM BB8,ll;8HHR ROMOElHCHP31!llj6rO cynepllOnB lf' (X1 (}1 f}) • 
B R8llHC8HHOM C ero llOMOlJII,IO ,neilcTB.H.ll lf HrpaeT H .nonOJIHHT8JlI,Hy:ro 

pom, - ORO RBMSTCR narpaHl!t6BllM MHOMT8JI6M ,nJIR Orp8HH'l6HHR (16). STY 

HOBYIO cfop.iynzpO:BRY Mli H8SliB86M "rn6Rofi" er, T8K R8R B OTM'IH8 OT HO
BOR MHll!M8JlI,HOH OHa ,nonyCR88T 6onee ll!HpOKHH KJI8CC llS8HMO,ll;6HCT:BH:!1 6 
M8T6pn:eit. 
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Bonpocy o MaTepHam,Rwc CBR3SJX B pa3awc BepcMx N = 1 er no
cBRmeRa BTOpaSl qacTb rnaBll YII. Ilo 8'1.'0My IlOBO.Izy B nHT6paType cymecT
BY!OT p83Rll8 MH6R.llSl. llcxo.wi H3 e.iumon CX6Mll ,Jl)I.Sl Oil.llC8R.llSl BC8X B8PH8R
TOB T80pHH, pa3pa60T8RHOtt BHID6, RSM y,zr,anOCb BHSlCHHTb CR8.IJ;YJOIIt88. Bo 
BC8X /v = 1 er, RpOM8 HOBOil Ml!RHM8Jll,ROtt, MOlllliO R8IlHC8Tb Il0,IOCO,nfliq;I8 
RHpam,aue IlROTROCTH ,Jl)I.Sl ROB8pHaRTH38IUm o6mero Il0T8HIUl8na RHpanbRHX 
cynepnone:lt. elO,zr,a BRR~86TCSl R cynepROCMOnOrHqecRra:tt qneH. TaR R83llB8-
6Mllil qneR ~a:lte-ttMono.nyca, aeo6xo,nHMll:lt ,Jl)I.Sl cnoaTaRRoro HapymeRM cy
nepcHMMSTPHH, MOlKRO Ranacau Bcer;n.a, TOJll,RO ,Jl)I.Sl ero VI 1) -HRBap11-
aHTHOCTH R806XO,nl!M8 MO)W~HR8IU!Sl cyneprpynnu (15) BO BC8X B8pcMX, 
RpoMe ra6Rott. STo npHBO,nRT R Tpe6oBaHHJO R -HHBapHaHTROCTH MaTepH
anbRoro narpaauaaa. B rH6Rott er cymecTBY6T npHRUlinaam,Rasi B03MOllt
HOCTb BRJll(Jq6R.llSl qneRa ~ll 6e3 Tpe6oBaHIDJ R. -HHBapHaRTHOCTH. 

llTaR, B Il8PBO:lt qacTH ,n:RCC8PT8IUIH pa3pa60T8H8 8)J.8RB8TR8R reOM8T
pHqecRaSl TeopruJ N =-1 _er. CTom, JKe ROHCTpyRTHBHHM MeTo;n. cynepnonet.t 
OR83llB88TCR H BO BC6X ;n.pyrRX /v = 1 cynepcRMMeTpHqHb!X TeOpruJx. 1ITO 
JKe MOlltRO CR838Tb o ema 6onee HHTapecaoM cnyqae pacmHpeRRo:lt cynepcmt
MeTpHH, npH06peT810lJt6M oco6yJO 8RTY8Jll,ROCTb cero)J.HSl? 

B pa'c111.0:peRHOM cnyqae cynepnonsi nepeCT8IOT 6HTb CTOJll, y;n.o6HllM 
cpe;n,CTBOM. nano E TOM, qTo C pOCTOM A/ qacno RX ROMilOH8HT pacTeT 
8RCllOR8Riij!8Jll,RO, pacTeT H 3Haqem1e M8RC.llM8JU,ROro CilRR8 B cynepnonsix. 
naJKe B npOCT8i1m.8M cnyqae /If= 2 6Dnbme He llOBTOpSJ8TCR T8 6naronpH
RTR8Sl CHTY8IUIR cnyq8Jl µ = 1 • Ror;n.a Mll RM8RH cynepnonsi, co;n.epJKa~a. 
HanpRMep, BC6 nonsi cyneprpaBHT8IUIH nnm RSCROnbRO R8nH6poBoqgwc CT8-
neHatt CB060)J.l:l C HR3lllliMH CilHH8MH. 06Sl38T6nbHO npHCYTCTBYIOT BllCIDR8 cim
Rll H orpoMHOS MHOlltSCTBO ;n.pyrHX noneit. 0,n:RR H3 cnoco6oB 6opb6H c HHMH 
- HaROJlt8HH8 orpaH~8HHtt Ha cynepnonsi. STD ocymeCTBHMO ,Jl)I.Sl BC8X TeopH:lt 
N == 2 cyn13pcHMMeTpHH, HO Bp.ll;n. na y;n.oBn6TBOPHT8Jll,HO, oco6eHHO B 

cBaTe aRTyanbRWC cafiqac TeopeM o aenepeaop1vrupomce, Tpe6Yl(IllllX cBo6o'AHWC 
OT orpa!llf<leHHit cynepnone~. nM /1/ > 2 )J.8llt8 H 8TOT npll8M IlOR8 He pa-

' 60T88T. npyroi\ BllXO)J. 38R~anCR 6u B yCTpaHeHHH BC8X RHIDHHX CT6ll8H8it 
CB060)J.l:l, BRnl[JIJ8Sl H BllCIDH8 CIIBRll, nyTeM R8nH6pOBQqgwc npeo6pa30BaHH:lt •. 
STD B03MOJ!Ul0 B RHHeapll30BaHHWC T60PIDJX, HO o6o6meHRe T8RHX npeo6pa~o
BaHHtt Ra cnyqail: B38HMO;n.ettCTBIUl H8B03MOlltRO 683 llCliHMarura HX reOM8Tp~e
c.Roro CMllCna. TpeTHil: BllXO)J. COCTO.llR 6H B pa;n,HRaJll,HOM nepecMOTpe llOHR
TIDJ cynepnonsi H BB6)J.8HHH R8RIDC-TO HOBWC, 6onee 8)J.8RB8THWC o6~8RTOB. B 
CBSl3H C 8TRM c;n.enaeM cne.IzyJOIIt88 38MeqaHl!e. 06uqa8Jl rpaBnTaIUISl ( 'fv=- 0 
cyneprpaBnTaIU1Sl) OilHCllB88TCR B p8MRax BemecTB8HHOro npocTp8HCTBa·. B 
f,J= 1 er llOTp660B8nOCb llO)J.H.llTbCSl Ra O;n.Hy CTYll6Hb BHID6 H HCllOnb30BaTb 

ROMnneRcHoe en. He norH"!Ho na B cnyqae W= 2. c;n.enaTb eme o,n:RR mar H · 
o6paTHTbCSl R RB8T8PHl!OH8M? B Raqane rnaBH Y1J BHCR838Hll R6ROTOpH8 qnc
TO 8BPHCTHqecRH8 coo6p8Jlt8HIDJ no 8TOMY llOBO.Izy. 
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BTopasi qacTb ,nRCcepT8IUIH He co;n.epMT OTB8TOB Ha BC8 38)J.8RRll8 
BOnpocu. Sa;n.aqa, Il0CT8Bn6RH8R TaM - llOilHT8TbCR IlOHRTb XOTR 6H qacT~
HO reOM6TPHIO N= 2 er. ll;n.esi B TOM, qTO ROMnneRCR8R CTPYRTypa en, 
ROTopasi noMOCTbJO onpe;n.eriReT reoMeTpHJO N= 1 cyneprpaBHTBIUIH, M.OJK8T 
6HTb OTBeTCTB8RHO:i! 3a qacu cBoiicTB N = 2 cynepreoMeTpuu. B .rlll!
B8 YID o6o6maaTCR no,mco;n., pa3BHTll:lt ~ Il8PBO:i! qacTH. 0R83HBa6TCR, ~TO 
MHHHM8Jll,R8Sl ROHCTPYRIUIR H3 rnaBll ID He rO,JWTCR ,Jl)I.Sl 8'1.'0ii nenH (npnqHH&
B H6COBil8)J.6HHH·rpynnu ]opeHna H rpynnu nHH6:ltHHX npeo6pa30B8HH:i! B, 
0 B cnyqae N = 2 ) • Eonee np11cnoco6neRRo:lt OR83llB86TCR R6MIDIHMam,

H8Sl cxeMa H3 rnaBH YTI. Ilocne BuOopa cyneprpynnu cHMMeTPHH c no,mco,!Ul~
MH orpa!llf<leR.llSlMH Ra napaM8Tpli H BnOJKSHHR BemeCTB6RROro en B ROMllR6RC
H06 B03HHRaJOT npenoTeHuaanu ft\ J-(r,· ,Hf.;. ( i = 1,2 - 5 iJ/iJ
HR;n,eRc). RaR ll cne;n.oBano OJKll)J.8Tb, OHH R6.RBMIOTCR MRRRM8RbRllMH o6~eR
TaMH H co;n.eplrST RHIDRH6 c·T6Il6HH CB060,ll;l:l. nnsi HaXOlit)J.6HIUl HYlltHHX .orpaHH
qeHH:lt p83BHT T8H30pHll:lt .annapar. BuqncJI6HRll6 ROMilOR6RTll T6R30pa Rpy1Ie
HIDJ cpaBHHB8IOTCSl C Ha6opoM CBR36:lt, Ha:i!~6RHHM ;n.pyrHMH 8BT0p8Mn. 0Ra3H
Ba6TCR, qTo 6onbIDHHCTBO TBRIDC orpaRHqeHHii pemaeTCR 8BTOM8THqecRH B 
n3naraeMoM no,mco;n.e, 38 ncRnBJIJeHHeM TOJU,RO nyx. 

Hatt;n.eRHBR B rnaBe YID (JopMynapoBRa N=.l. er no3BORR6T B rJia-
Be IX Bil6PBll6 pemHTb npo6neMy, xapaRT6pHyJO ,Jl)I.Sl pacmnpeHHllX er. nano 
B TOM, 'ITO ~op,1yna ;n.e:i!CTBIDJ (IO) He npHrO;n.Ha ,Jl)I.Sl /J = 2 cnyqaR (co
OTB6TCTBYJOIItHil narpaRl!tH8H m.166'1' H6Ilp8BHJll,HYIO pa3M6PHOCTb) • Eonee ro'ro, 
B rnaBe IX llOR838RO, qTo HHB8PH8HTHW o6~eM BemeCTB6HHOro /1/=- 2 en 
paB6R RynJO. B38M6H 6MY B RaqecTB8 ;n.efiCTBM npe;n.naraeTCR HHB8p1!8HTHll:lt 
cynepo6~eM RHpanbROro (ROMilR6RCHOro) en. eooTB6TCTBYJOIIt8R nnOTROCTb 
nocrpoaHa H3 neBllX H npaBHX cynePTeTpa;n.. IlOR838RO, qTO ea RHpanbHOCTb 
60Tb cne;n,cTBH6 Il6PBOro H3 orpa!ilf<leRHtt Ha npenOT6RUl{anu. AH8nH3 nony
qeHROro ;n.ettCTBHSl IlOR83HB88T, qTO BTOpoe ycnOBH6 o6ecneql!B86T OTCYTC'l'
BH6 IlC6B)J.OCR8Mpaoro HHB8p1!8HT8 (MHHMOtt qacTH ;n.efiCTBiiR) • 

liT8R, ycTaHOBR6HO, qTo ROMiln6RCH8.ll CTPYRTypa en M0~6'l' o6~CRH'l'b 
3H8qliT6Jll,HY JO ;n.oruo CBOMCTB N = 2 er. 

3aRRBJIJHT6Jll,RSR rJiaBa X npHM!IB86T,CROpee,R aaqanbROtt rnaBe TI, r;n.e 
6una npo~eMORCTPHPOB8R8 llOR63HOCTb H ROHCTPYRTHBROCTb n3yqeHIDJ nHH68-
PH30BaRRoro IlpH6nHllt6HHR B T8RHX CnOlltHWC T60pruJX,RaR er. STOT aHaJil!3 
OCHOB8H Ra 3H8HHH co;n.eplit8HIDJ R6IlPHEO,nl!MllX npe;n.cTaBnemitt cynepcHMMeT
pHH B cynepnonsix. B rnaBe X nccne,eyeTca sra npo6neMa B cnyqae pacmn
peHHwc cynepnonett. 0CHOBH8R H)J.0R, IlPHM6H6HH8R 8BTOpOM C ycnexoM eme 
B 19?5 ro,ey ,Jl)I.Sl c.nyqSR /v = 1 • 38RJllO'J86TCR B cne.Izylrol6M. IlOMHMO re
H8p8TOPOB cynepcHMM6TPHH Qd.i ri. • { £,. J; = 1 . ') }J) ,u-oeJ / ,- ) 

~ l - l .L· l11 
·1Q.,_, G~jJ=-2bj {a-..,.J"" p, (IS) 
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aa cynapnoJIRx MDlK.HO onpanemi:Th H mrne ,n1iq:~epeHiijia11hHHe onepaTopu -
CMHOPRH8 ROB8pR8HTHH8 llpOH3BO'AEill8 0 j , J5 ~ j . • 0HH 8HTHROI.IMYTH-
py!OT C raaepaTOpaMH Q 

I 
Q (DOTOMY "ROB8pH8HTiill8"), a Mellt.n,y co6oli 

o6paayJOT cynepa11re6py, TOl!t'ASCTBeHHyD c (18): 

r i - i -
1. Dot 1 D~j 1 = 2~ i ft;'h'l)a,:t. P • (I9) 

na11ea, R8R H3B8CTHO, npe,ncT~B118HIDJ cynapa11re6pu (18) CTPDRTC.8 H3 T8R 
H83HB88MOrO"Rnn~~OP'AOB8 B8RyyMa" C 88,I(8HHHMH RB8HTOBl:lMH ~HC118MH 
(cnHR n LI f fv) ) np.a noMOIJIH o·napaTopoB "pOllt'A8RHR" Q ( Q npn 
3TOM arpaIOT p01lh onapaTOPOB "yH~TOllt8HHR"). Ilo11yqeaam1 MY1lbTHll118T xa
p8RT8PH3Y8TC.8 006cTB8HallMH saaqeHHRMH onepaTOPOB Kaam.inpa oynepa11re6-
PH, ROTOpHe OOBna,nalOT C RB8HTOBllMH qHC118MH B8RyyMa. 

B aaa11oraqaon ponn onepaTopoB pOllt'A8HHR ( D) :a Y~TOl!t8RHR (5) 
MOryT BHCTynaTh H 1{0B8pli8HTHH8 npoH3BO,IUiH8. Ecnn B RaqecTB8 B8RYYM8 
BSJJU npe,ncTaB11eHHe cynapcHMMeTpnn (T.e'. cynepa11re6pu Q

I 
Q ), TO 

c noM01q1,n D
I 

D _MOlltHo _2100Tp0Hu npencTaB11eane Been cynepa11re6pu c 
reaepaTopaMH Q Q D, D • 0R83HB88TCJJ, qTo HMeaao 3TH aenpHBOJUI-, ) 

MH8 npe,ncT8B118HHJJ peannayDTCR H8 cynepnOJIJJX C aapylltHHMH ~Op8Hll;8BHMH 
H U(N) -naneRcaMH. 0Tcrona 011e.n,yeT, qTo cocTaB cynep,1y11hTHn11eTOB 
(npencTaMeHHli cynepa11r~6pu Q, Q · ) B cynepno11e (npe:ncTaMeHHH 
cynepa11re6pH Q, Q 1 D ' f) . ) B 'l'OqaocTH nOBTOpJJ8T ycTpDf!CTBO cynep
MY1lbTlill118T8 ns npe:ncTaB11eaHtt rpynn IlyaaRape a U{r,I) {TaR R8R 
po1lb IY, {) B nepBOM cnyqaa aaa11orH-iiaa po11H Q I Q BO BTopoM). 

. B rnaBe X cneRTP onapaTopoB Kasm.1apa cynepcHMMeTpaa aa cynepno
JIRX DPHB8'A8R B ROMil8RTHOil q:op,ie O HCil01lh80B8HH8M ,nliarp8MM ICHra. 06-
cyllt,1(88TCR B08HHR8lll!l88 BHP0llt'A8HH8, ROTOpoa MOlltHO CHRTh B R8ROTOPHX 
cnyqaJJX C nOMOIIU,ID 'AOll011HHT61lbHOro .IIHB8pH8HT8, CBR88HHOro C rpynnon 
Sp(2N) • _ 

Bo BTOpott qacTH r11aBH X R8il'A6HH8R a6cTp8RTH8R CX6M8 pe811H30B8H8 
qepes CTIHHOPRH6 npOH3BO,IUiH6 cynepno11en. llneR B 011e.n,ylll!l8M. Ecnn B xa
qecTB6 "saxyyMa" acno1lbSOBan R.1Ipa1lbHHe cynepnoJIR 

D ~ i: 'f' -= 0,-
TO aa6op Be~HR ( ['Yl J oaaaqaaT npo.11aBe,neRHe 'Yl onepaTopoB 
C Ollpe'A8118HHOil ROM6HR8Iij18i! HH'ASRCOB) 

(20)' 

r--C~J 
1.,1 \f, 1-1.= 0,1, ... )2/,J (21) 

COOTB8TCTBY8T R8R paa O,ll,llOMY HenpHBO.ll,HMOMy npe]J.CT8BJI8RliD cynepcm.lMST
Pll.lI. nanee, .II8 sanaHHoro cynepnOM C{) MOJtRO no11y~RTh PR'A "BBRYYMOB" 
(20) 

4'rl'4J = r52w r:FM.Jcp, 11,t~o, l,-··J2A1. (22) · 
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IIo.ncTaBM.8 .HX B (21), MH nonyqaaM n011H08 P88110llt8HH8 cynepnoJIR 
r')\J -2}1 C',.,_J cp - ,. '/ I> () D _ , m I n= D, 1, -- ., 2 tv, (23) 

rne o6o6meaaue cTeneHH ['M J sa,nam pasJIDllteHHe cynapnoJIR no oynep
MY1lb'l'HDJieTaM, a ['\I\ J - pa3JIO!t6HR8 MY1lbTHW18T8 no ROMDOHSHTBM. llc
no1lb3Y.8 aarJIJJ,Jl,llYD RapTHHY (23), 11er1<0 HanaraTh pasaue ,]lRq:q:epearni:a1lb
HHe ycnOBHR aenpHBO,JJ;HMOCTH aa cynepnoM. Ilocne,wme .8B11RIOTC.8 liCXO,ll,lll:lM 

✓ nyHRTOM B nOHCR6 mmeapR80B8HHHX YP8BR6HRil nBRllt8HHJJ. 

B 88R11!0'!8RliH IlpaBO)mTCR OCROBRH8 nOJIOllt6HHR ROBOR raoMeTpnqacROtt 
T80PH.II er H napeqacMIDTCJJ TJI8BHH8 pasy1lbT8TH ,nliCC8pT81UlR. 

Anpo6aUWJ ;zm:ccepT8UIIH. 0CHOBHH8 M8T8PR8JIH ,llRCC8pT8IijIH 'AOR118ngB8-
1lHCD aa MROroqacJ18RHHX M8llt.n,yHBPO.IUiHX ROR~8p8RIU1RX H CHMD08HYM8X, B 
TOM qHcna: ROHq:epeHIUlH no T80PHH noJIJJ B AnymTe B 1976 r. H 1979 r., 
ceMHHBPH no q:HSHRe BHCORIDC aaeprHtt B IlpOTBHRO B 1978 r • .a 1982 r., 
RO~epeHiijIH no l{B8RTOBOtt rpaBHT8IijIH B MOCRB8 B 1978 H 1981 r., ROHq:e
paRiijIH no T80p8THRO-rpynnoBllM M8TO'A8M B q:H8HR8 B 3BeRHropone B 1979 r. 

.R 1982 r., C8MHR8p no q:H8HR8 a.n;pOROB B Ep8THOJI8B8 B 1977 r., ROHq:e
peHIUlJJ no M8T8M8THll:8CRHM M8TO'A8M B '1'80PHH noJIJJ B JIH6mma (tJCCP) B 

I978 r., IDROJIH no TeopeTaqacRoi q:naaRe B Kapnaqe (IIHP) B 1980 r. n 
1983 r., pa6oqa·e 0011amaHHe no oyneprpaBHT8IijIH B TpaecTe CMTa11HR) B 
1981 r .• ROHq:apeRIUlR no M8T8M8T~8CROtt q:R3HR8 B Sana'AflOM EepJIHHe B 
1981 r., IDROJ.18 no I<BJIH6pOBO~HHM T60PHRM B AK8CJIOMnOJIO(~HH11JJH,llRJJ) B 
1982 r., IDROJIH no T80peTHll:6CROil q:H8HR8 B IlpHMOpcRO (HPE) B 1977 r. R 
Bapaa (HPE) B 1982 r. KpoMe Toro, pa6oTH o6cyllt,nanncD Ha ceccaJJx AH 
CCCP, aa ceMnaapax Jia6opaTopna TeopeT~acRoll qnsnRn owrn, B ~llAH 
CCCP, B MllAH CCCP, B UEPHe(Ieae:ea), llacTnTyTe HM. M.Il11aa1<a B MJORXeae, 
EORHCROM YRHB8p0llT8T8. 

Ily611HR8Ill![H. 0CR0Bfill8 pesy1lbT8TH, BOID8JJJIIH8 B ,nliOC8PT8IijID, ony611H
ROB8HH B pa60Tax: 
I. B.li.0rH8B8D;Rd, 3.CoRaqeB. YpaBR8RHR nBHllt8HHR 'AJIR cynapno11ett.-

B c6opRHR8 "H8110R8JIDHH8, H8JIHR8llHH8 R aepeaop.cnpyaMH8 T80PllR no
JIJJ".- ll',y6aa, 1976.- c. 183-200. (Ily611HR8IU1JJ Ollifli ll2-9788). 

2. B.ll.OrnaBaD;Ratt, 3.CoRaqaB. CTpyRTypa rpynnu cyneprpaBHTamm. -
Tpy,D;H MeE,JJ;. ceM. no npo6neMSM q:as. BHC. aa. H RB. T80PRH IlOJIR, 
IlpOTBHRO. - CepnyXOB, 1978, T. l, c. 93-99. 

3. B.ll.OrneBaD;Ratt, 3.CoRaqeB~ Axcna1lbaoe oynapnona R rpynna cynap
rpaBnTamm. - fl~, I978, T. 28, c. 1631-1639. 

4. B.ll.OrneB8D;RHtt, 3.CoRaqeB. IlpocTeilma.a rpynna cynaprpaBHTamm 
3i1RmTettaa. - fl~, 1980, T. 31, c. 264-279. 

15 



5. B.H.OrH6B6IUmil; 8.C0.!<8'l6B. I'paBHT8UllOHH06 8RCH8JII,H06 cynepnone H 
~OJN8JIH3M ,nH@epeami:aJII>HOil reoMeTpHH. - H~. 1980, T, 31, c. 821-
-840. 

6. B.H.OrH6B6URHil, 8.COI<8'l6B, HOPM8JII,H8R R8J1H6poB.1<8 B cyneprpaBHT8-
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