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A H H O T a U M fl 

PaccMaTpMBaeTCH pacmMpeHHaa rpynna ]opeHua, BKJiroqammaH 

nmrnyro rpyrmy JiopeHua M onepau11ro aap!i;n;oBoro corrpmKeHM.ff. TioKa­

saHo, qTo wcrroJI:oaoBamrn Henprrno;n;mimc npoeKTMBHbDC npe;n;cTaBJiem1ti 

. STOM paClllMpeHHO11 rpynnhl · TpeoyeT CY!.l\0CTBOBaHJiIH sapffl-(OBHX MyJI:&TM­

IlJIBTOB ~ ma MHBapvraHTHOCTM OTHOCMTeJI:&HO OTpmiteHI1M, sapfll-(OBOro 

conpff~eHMH M saKoHon coxpaHeHMR aJieKTpMqecKoro M 6apMoHHoro sa­

pH;n;OB cJie;n;yeT sapH;n;onaR CMMMeTpMH M napHoe pmit;n;eHvie cTpamrnx 

t1acT11u. ,1lJIH cno6o;n;Hh!X HYKJIOHOB cymecTnyeT npeo6pasonam1e nay­

JI11-rropc11, Tpe6onamrn I1HBapnaHTHOCTM OTHOCl'ITOJII>HO KOToporo M BO 

B38MMO;zJ;0HCTBMv'I IlpMBO;zJ;MT k vrao6apMtieCKOM MHBapMaHTHOCTM 1-(Jlff 

ncex tiaCTHU B CMJI:&HHX B3aMMOl-(eMCTBMHX. 



I.BB e ;zi;- e H 11 e 

MsBeCTHO, ~~o CMJII,HO B38MMO~eicT~yrom~e qacTWUhl o6~e;n;HHH-
. ' . ' . . . •: : . . "': ::- . •·i ~.- ~ . . J ~· .• 

IOTCSI B sapH;l(0B~Ie MYJil>Tl'lIIJieThl ( P , . n , 1[f , 1[0 
, /l , 

i ; Kt ' f(' 11 T ;i ~). qaCTl'lD;bI,' np11Ha~:rreJKa'm1,rn ;zi;afo10M;/:;MYJil>TMilJieTy' 

nMeroT rrotrT11 conrra)'(aroniJtie Mac cu, ~;n;li!H n · TOT ,:-ce crum·,, · Ho· 6TJili!traroT­

CH no BeJI1rcn1ue :.=men:Tpiir-crecI{OI'O 38.PH~a, B COOTBBTCTB1'rn C, ·a1wrrep11-

MeHT0M rrpmn1M8.IOTCfl r:m10Teaa aapH.IJ;OBOM CHMMeTpw:11· H 6oJiee '. CiiIJIJ:>Hafl 

.· r11n0Teaa aapH;zwnoiti 1rnsaBHCHMOCT11. B o6wrHoi1. Teop:vrn aTo nh1pa:·1meTcfi 

B I1HEa})MaHTH0CTM 0TH0Cl'ITeJII>H0· npameHHM R.. HBR0T0P0M @opM8.Jil>H0M 
•" , ,, ,• --' ~ . '.-~.J 

:wso6apl'ItIBCROM rrpocTpaHCT:Be. T.IctCTMUbI_;n;aHHOrb MYJII>TMITJieTa pac-
·: • '. ' • • • '•w • •: •.;; l ,: ( >,. ~: • • • ' ~·_; ~ 

.. CMaTpl!IBaIOTCH J\aK. C0CT0flH1'Ifl C pa3JH'I~qJm~_I~ rr??~~:~_I1ffMI1 ~?9:6a~1rqec-

ROro CilHHa O;zJ;HOM M TOH Jlie traCTli!D;hl COOTBBTCTByromero 1'1306aPm~ec-
.. _ .. !·. • :·· 

Koro CilHHa. ITpOTOH M HefITpOH, ~anpHMep, oopasyroT HYRJI80Ho 
.. · .. 

~ ....... ~-· .,~, .... ,.,., .. , .. ·.• . ........ . - . . ~ . -. . . . ...... 

)l.nff omrnamrn HYRJIGOH!;l 11CTTOJIJ,_3yeTCH npllIB0;zJ;l!IM0e 8-KOMTIOiieHT-
., ~ •s • • • " :, • 0 a - •~• •• ••~_,,, __ ,, .. ::~~~.'.~ .. ~~ ... ~ .. :_ ... ,, 'O :.,~~.::..t..:~ :--::, ~..:.\~,:.;t:_;.• __ _, }.,.:: ... ::•: • • •• '0 "I('•' , .. ~~- - .tJJj :ii_:....·>,; :: ./M 

Hoe· npe~qTaB}le.I,rU,~ ,IT0.1IH~J~. rpynnu. Jlopem~ao. A~~{IOritltIHaH -~~.??:;y:~q1rn 
- · ___ ..:.;'··----·-~·_,.: .. :· .... :::.:,: .. < .... .-:·~~ .:>.~·,. · ~:: . .-.;J. .... ~.-::~- .... - ,. > ... _.. . . : ... __ .,_ .. -_.::~ .. :~ .. ~-1:, ........ L.~ . ..:.:i~ ... 2 .·. 

(npMrio;zi;mMocTL npe;zi;cTaBJI8HHH ITOJIHOU rpynrru ]opeHua) MMeeT MeCTO 

BosHMKaeT Bonpoc: 
; • .:..i._,. 

•·•~•-A ... 

EcJ.rn rroTpe6oBaT:n, "CIT061I SJieMeHTapHbie u.:acTJiIUH OIU'ICbIBam10:o 

~QJIJ,KO HerrpMBO~HMhlMfi TTP8AG~~BJieHHHMM, TO·HeJIJ,3ff JIM TaK pacwMpMTL 
·. ~, .l~.i•.1:.,_, ••~, :.• !'.;:. . , .•,;} ·: \_: I 

rpyrmy · ]opem.:i;a 11 1~aijTI1 ·raKi'fe' Henpirnol-(1ir:Mbre rrpe;zi;cTaBJI8HMH a Toti 
,•.. . ... ,_,\ t .. : . . \. J.\\ . . ·. . ·.. . .· ... \ .> ·-.,': \. . . . . ' . ~) 

p~cnmpeHH0~ r2y11nu, Ji13. K0T0PLIX aBT0MaT1rcrncm1 BbITeRaJIO 6b! cymecT:.. 
fh .. ··/ -~ .. :,:··i.>\.:·.'._li_,~--~:.· · ... ::-.~·-v'_.:i. ~::: .. _;_c:~-- ·:~;·:.::j\:: : .... 'i --:~:._::. · _ _:' . '. 

Bd:ifa1fi1e sapR;tt9Btr.l· 11Iy'JI:OT}ItrJH:PJ1b'.B,-·ryp CBOti~TBa \3apa;n;0B1IX CHMM8Tp11Ji. 
···;JJML: .<_:'._ :;;·?:~\,,_- ';)J{:::.~·-;:s·,~\~</

1
;)'.;},/~ //'.:}: ; ·:., ·· . , i:':•-:: 

· (!;MI:. . Il;aapei~~1H-'IIO,,iB1J?-Ol:Q_, .BOtj_Q,PC;a: if~Ifoq:nhmefiq. ·.1iaCTOH~aH pao,qta • . . :. . ~ - . 
••;· .. ;.•·. ,'"l,"\1" 

•.·: 

: ',J_;,., . 
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·- . .· ,, ' ' . 

MbI pacmlilpfle!,1 rpynny ]openua · cJie,11;y10mmJ· o6paaoM: · 

... B KBaHTOBO.ti · Te'opli!M Bc;>JIHOBb!e . WYHKUWJJ: HBJIHIOTCfl 1tpMnJierc9HbIMH. 
• ;• .• • ·•. ·••: .• • ' . • ... '. I 

OrrepaUHH sapH,11;0Boro. corrpsrnte_:r,u1H .· C , nepe:.\30,Zl;Hll{afl :qacTHUY B 

aHTHl:laCTlilUY, Bcer,ZJ;q. npe,11;cTaBJIHeT,CH npoMaBe,11;emrnM JIMHeiiHoro. one-
•• ' • • ·• •. ·•• • l 

paTopa (MaTpMUbI) Ha aHTMJI:t-methmU orrepaTop KOMilJI0ICCHOro COI!pfl-.. :.. . . . . . . . :• : "' ;\, . 
mem-rn: 

.. C : . . 1 ,, = C t.!./ -x-
i c o T > (I) 

r.zte · Co onpe:zteJIHeTCfl ·'.Tak,· tITo t/Jc. , · npe·o.6paayeTcf.(;rro·'ToMy 

jKe ·caMoMy 'nenp1u10,11;11ildOMY' ripe';dcT~BJieHMIO:··codcTBeHHOM . rpym111·· ]opeH-
·ua, 1tait If · ·,3/1'- · ~" '· '-r :·· · 

-. :~ . ·- ; :: ·' 

B pacnmpeHHYIO rpynny MhI BitJ:notiaeM KpOMe C06CTB8HHOM' r12;y:q,rr11 

]opeHga . Lt , npocTpaHdTBeHHbIX oTpiurteHMti I ~ :H BpeMeHHbIX OT-

. paiKeHHW I . :; Tamrte H onepagv110 sapH;goBoro COITPfilltelIHH C . ' . 
· .... ~ li , 

Mbl aaTeM, pacc1mTp:vrnaeM HapH;gy c. 001Il!HbIM11 HerrputBO;Z{MMhIM,H 
·,·-·-· . . :"- .. "' .. . .. . 

. npe,AcTaBJieHlilHMM pacnmpeHHoii rpx;nrrh! Tam:te v1 . ee rr:eoertTI1BH11e nenpM-

B0.2JMMhle npe·,AcTaEJI0HHHXi ~'-' ~- . 

x) EcJIH K8.Jle.z{OMY aJieMeIITY ··. y··:; rpyirrihl (j COilOCTa:a'neH brre'paTop 
_ R (j) .: , npliitieM' .rrpoH.~l36,2{e_muq 3JI0M0H}l)O,I,? rpyi:rnu ;j,J:i ; .. 
corrocTaBJieH onepaTop. f?(lf1._(.f, -~CJ,{J,./ J?.(Jt)~(J:J/.n, . . 

· .• ·,. • . . . . . "\., . · .. · • .. -c-· ·· .. ,, ... ' ... ,.: .... 

.. To ronopHT, 'CITO aa,11;aHo rrpoeRTHBHoe npe.zi;cTaBJieHne rp;v,nrru. 
E:c?,rn ~(j,/1.z} -;:::f. . ,. To.,_rrpoeRTMBl.fO~·. npe;z(c,_Tal3Jiemrn oy;rr.eT 
o6hltJHHM o . 4B o6meM cJiytiae oL ( S1 , ~.i) MOJKeT paBHflTJ:,CH 

· H · :- Io Tam-IM o6paaoM,. B npoeitTHBHOM npe,11;cTaBJieHI1li'I ICOMMYTMP 
PYIOII{li}.i '8JI0M0HT8.M . rpyrrnbl MOPyT·•'6bITI> corr9cTaBJiemf ·aHTlUCOMM)YTMPY 
IOII{He onepaTOPhI npe,2{CT8J3JI0Hlilfl. B traCTHOCTM, 0611tIHOe cmmopHoe 
npe,11;cTaBJI6HMe flBJIH0TCfl npoeitTHBHbIM ( onepan;IHI ¥4- . ¥1 

¼Yr . aHTMitOMMYTlilpyro:r, Tor,11;a ItaK npocTpaHCTB0HHhie H I 
:speMeHHbie OTpaJKeIH1fI · ICOMMy~1.111py10T) • 



-----~-~--------------------------

Ha J3aY.tHOCTI> MCIIOJI:&30BamuI npoeKTHBHblX npe;n;cTaBJreHMi1 _IIOJIHOti 

rpynrr11 Jiopem1;a yRaaa1u1 · I'eJI:r:,cJ)aH;n; M UeTJIMH lI~ :a · cBH3M c -Teop11et1 

"CI0THOCTH1ix ;n;y6JieTOB Jht 1'1 H~ra-.- B08MOli\HOCTI> n"pvIMeHeHirn: npoeKTMB­

HbIX npe;n;cTaBJieHI1M CBfl3aHa C IIeonpe;n;eJteHHOCTI,IO ·wasoB·oro: MHOJ,K11Te­

Jlf! np:ra BOJIHOBOH c»YHKI.J;,LU1 B ItBaHTOBOM , Teopww • JI03JK~ .TeJr:&qiaH;n;a J1 
' ,., 

UeTJilrIHa ·npoeRTMBHhle rrpe;n;cTaBJreHMf! IIOJIHOti, ppym;n,r Jlopem1;a. tpaccMaT­

- ' p1rnaJI11c:r:, TetiJIOpOM :t,I rnaK JiemiaHOM 12l B pa6oTe ·TeiiJiopa, 121 HaMetraeT-. - . . : ,' ... . 

Cfi CBf!3:& MeJK;n;y 3TMMI1 npe;n;~Tal3JI0Hl1f!ML1 M 11so.6apMtrecR9ti MHBapMaT-_ 

HOCTI>IO, rrp:wtreM, TaK ItaK paccMaTp:t-rnaeTCf! TOJII>KO IIOJIHaf! rpynna 
. : :r·::-1 ~ . 

Jiope;~u;a, npOTOHbI M irni1TpOH1I,- ir± 11 1r0 Me30Hhl OTJIMtia~TCH no 
·... . . 

npocTpaHCTBeHHOti treTHOCTM. M.n;eH Heo6xo.n;viMocmi,i HOBhlX onpe;n;e'neHMti 

onepa1411H rrpocTpaHCTBeHHO-BpeMeHHhIX OTpa:nceHHM, M3 ItoTOPhlX CJie-
- - ,-

·)tOBaJrn 611 sapH.n;OBhie CLiMMeTp:t-rn, 06cy:nc.n;am1c1> TamKe CaJiaMOM M ITa:U.;_. 

COM. Ha 7-ti Po-qecTepc1toi1 ROHcfJepeHI.l;MM ~ 

:· ... _:,.. - ... _S . . ·-· - ,. · .. ··- .- ._ •. - .. - . 

B -sTott cTaT:r,e i.m He oy;n;eM :raaytraTI> Bcex Henpvrno.n;ur~niIX npoeK-

TMBHhIX npe.n;cTaBJieHMfii . :paCIIIHpeHHOPi rpynm,I,, a -=c,rpartrif~:vn.w·it' JIIIfiii/'. ~e- -
. . f. 

MM, ~OTOP~Ie He06XO;z{l1Mbl ,'ZlJiff Oilt1CaHI1Iff mm:&HO 'B3a~~W;zi;E1J.lC~!3YIOII{~X 

-qacT1114., :::Sy;n;eT no1maaHo, "<ITO ecJIM mrncaT:o H;'{RJI9H,~Ii ,-~:·_:;t:; :·. :.-.-,~ac-. '· 

' 
pacnmp_eHHOM. rpyIIJ;Ihl, a OCTaJII>Hbie traCT:£11-\bI OTil1ChlBaT:& OQbl'CIHJ,IM o6pa-

30M, TO MYJI:&Tl1IIJI0THOC_Tl>, CB011CTBO 3apff.l(O:BOi1 C11MMGTPIIUI I1 napaoe 

poJK;n;e1rne cTpaHHbIX -qacT:t1I.1; BbITeKa_eT. ~a - cTaH;n;apTHhIX _ aaiH)HOE_ coxpa~_ 
. - . . "· ·-.. } .. . . 

HeHvifl tII1CJia 6ap110Hont sJieRTp1111e6Roro sapH.zi;a 11 m-1ns3,pvranTHOCTIII 
.. , _;, ,· . 

OTHOCl'ITeJIBHO · TIOJIHOi-1 rpy!!TihI • JiopeHu;a_. H '3apH,Z(OBQPO -cphpriiieiitrn: o 
.. , '· < ~.. : , ' • • ' ': • • : 
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L'' '. 

. -~ :r~~\_~1)·"·;-- :: ,:.~: . 

,,; .. 
:i3 H3Jiarae1,iOif TeOptirt. -c,y:meCTBJBT rrpeo6pa30BaHI1e .fiayJIM"'.'.'r~pCI1 

,ZPI.ff cno60,Zl;HbO(,HyB'.JIOHOB·,·;'."KOTOpoe ecTeCTBeHHbIM •o6pa30M-.,CBH3bll3a:­

•eTcrt' ;c 'M
0

80;6ap11ireciow HHBapvraHTBOCTI>IO. Ha· Tp~6oBaH11fI-.:J-1HB&PI-!aHT­

·.,,HOCTM :.if· JiaTpaHit-iaifa.' B3a11M0,7.{0MCTJ3Hff',OTHOCwlT-EJJihHO :-a.Toro ~rrpeoopa­

;'·30:aa:mi~J,7.{J!'fF HJKillOHOB; ~'.n1iTe1taeT 1-rnooap1,rqecKaH !1HBap:v.taHTH0CTI>. B 
,.. ., . . : . ~ o,-~ . . • . <. • • • 

·cllJII>HbIX B8ailfM0,7.{e11cTBHHX ,7.{Jlfl BCeX tI&CTLU~. 1 .· 

.. ' ~ ... 

B 8TOM ~eopHH He~TPY.7.{HO »arr11caT:o JiarpaHmHaH B3aHM0,7.{8MCTBHfl 
' ' ' 

C 8JI8KTPOMar1rnTHLIMI1 ITOJIHMH C Il0M0IIJ;I>IO orrepaTopa 
• . • . ... " .. i • ···•. • ... ,:_ • .• ·· ~-: .·-

BaeTCH, l!TO lliBMHrepOBCKOe \~6paru;emrn npeMeHM He 
': ,. ',! . ,· 'i .... ·· - ·.··1 . 

sapR;n;a. 0Ka3hI-
- . ~ . .. ,. 

i., •• 

coxpa1rneTCfI ,7.{JHI 

3JI~.=rnt.P01,IaI'H:VITHbIX B3am,m;zi;etiC~BMM, a coxpamrnTCH TOJI:OitO · BHrHepoB-
• • . • 1 • . • " • -· • - ~ : . • 

• ·.,. - • .. ~· '• . ' ! 

CKOe o6pameHHe BpeMBHH. 
·i-·, 

·. ,.· ...... 

Cnaq11e. Baa:vn.~o.z(e¥cT.BHfl, B Ko~opmc HapyruaeTcfl H npocTpancT­

. B0HHafl ., l!BT~OCTh, 6oJiee CJIOEHbI, H B 3TOi-i CTaTI>e He· 6y;zi;yT pac-
. _.··\~·'~ -~·~•·: ; ·:-·· ·_-. - .. 

QMq~J)HB9-TI>CH. . .. 
............ :-~ . ,•\.'·.1.:.• ... \... :~":·.(_;:~~~: .·,,: ::_,! 

JT;ia KOHKpeTHo'CTM :.t5y.;zi;eM ·c.tiiiTaTB', l!TO ''OTIIO-qHTeJI~Han npocT­

pa'ircTl3BHRchl ireTHocT·B· · Bc·ex oapnonon ··1o;zi;Hrta1{0Ba -1:I: 0TpaJKeHwe< 06bltr­

Hh1x · ·cnnfropo:s rr-potrnBo;n;:vrTc:n ·c noMO!L\Iiro onepaTopa ·'- Y4 ..... Bee 69-

aoHH CtIHTaroTcB rrcen';~otmaJinpHupI-Imvm. Ham-rm.L·c ':pacc·M9Tpemrn. HYK-

JIOHOB. 

§ 3~- ·C:SOO:OJ!I~o_e H:[KJIOHHOB ITOJie 

.I{Jih !J- ·-ICOMTIOII8HTrTHe cmrnopon, eCJIH IlOTpe6oBaT:&, l!TOObI 



I2. = 'T2 - C 2 = i J <2) 

.. TO,•. 1caK Jier1w TIOKaaaT:o, ~ orrepaTophI I , T, M C Bb1paJ11aIOTCH 

TaK 

(3a) 

(36) 

(3c) 

..:.mBHHrepoBcKoe \cn11HopHoe 06pameH11e BpeMeH11Y/, a MaT-, 

BbipaJKaIOTCH B IIP0'ACTaBJieHL'IM ITayJili • 

MeJK'AY orrepaTopaMvr 1 , T 11 C 11 'Ae:liiCTBYIOT CJIO'AYIO~Me 

KOMMyTaUMOHHhie COOTHOllieHMH: 

·:. JT = -'TI·· . . ... • . ··1 (4a) .. 

,,IC =-CI) 

TC -C'T. (4c) 



IO -

B OTJIHqHe OT 06hlqHoti TBOPTIIII, coxpaHHH COOTHOillBHMH (2), 

MbI noTpeoyeM, 'tlTOOhl C00THpmemrn. -( 4a) nepeMeHIUf0 3Ha:It ;LJ;JIH HYI 

HOB, T.e. "<!TOO!Jl BbIIlOJIHHJlOCI>·: -. 

IT=TI (Q) J I C ::d:: ..:... C I cbJJ 
(4) 

TC= -CT cc.J 
Ko1myTanIJIOHHbIM rrpaBMJiaM (2) 11 ( 4) y;n;o:BJIBTBOpmoT TOJI:OitO 

8 x 8 uaTpMnhI: 

. ,..'·-;..·:. 

r;n;e 

I . 

T f' 

• t' .-

C •·- . -,, ~· •• • '• .• > '', I 

I - . . 

lf = T3 1' /4 4' 
. . 1 

. ~-4'
, 

• 0 S~- fx/4f.\ 

Y'c. 

·• ii __ i.Li:?'·"~J}.: ('•. 

=- -Al )( V Li1-X­
. J lh.. 1 . 

.) 

r -i.mTpMUb! IIayJI1i • 

- ; ~!~ :-: x-::. r~. 

·, :)· \f 

(5) 

._. --· ... 

3TH onepaTOpbI, C0BMBCTH0 c onepaToparvr:H co6CTEBHH011 rp 

nu Jiope11ua; B ICOTOPhIX CJie;n;yeT BCIO;n;'y saMeH~IT:O. ~- Ha I X 1-
" .- . : 

o6pasyroT npoeKTvIBHOe HBITPHBO;D;JiIMOe npe;LJ;CTaBJieHJiie rpyITITbI pacm 

peHHOM rpyrrrrbl JiopeHua, rrp1,rqfaJ£ CIIMH~pii t /; _- ~:ao6:&MMitOMilOHeH 
41 · T 

tjJ ===-(t'). - . . ', 
1 ·-

_:f' ~Toi.1 rrpe;n;cTaBJieHM!tI . cBo6o;n;noe -rro;rre 4' I1M00T O;D;H03HS . 

. -

" 
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HO orrpe.zteJreHHhIM Jiarpam1rnaH x) 

(6) 

(7) 

·JiaHrpamirv~an -f~D,, ·. Tf!R_JKe. ·· KaK rr YPS:BH_~~i,+e_ (7} ,Uff~ap_Lia:HT.HbI OT-: 

HOCMT0JibHO .ztByx o;n;HonapaMeTpM~eCKMX rpynrr rrpeoopasoBaHMM 

(8) 

(9) 

(IO) 

r.zte 

if,".,.-
~\, >' 

I1peo6pasoBaHMH (9} M (IO) a11ano~titittu rrpeoopasonanHrrM 

. IIay1rn t4J ;n;JIH Het1Tp~1ro ·i-I -OTJivrcdroTca. ~•'.r ·tlijt· ~rnm:&' a~MeHoti dj- Ha 
\ 1 

. . . . T 
x) IIpw o6pa~eHMvI BpeMeHM~,<corJiacito :·IIIBMHrepy _.,,,1'i~••;i:- .-t.L , 

r'Ae sua:Y.;qIC :,rpaHC~£H~IpO~t;UUIH OTHOQLI~Cff K onepa~opmr rMJf&6epo-
:sa npoo.TpaHCT:BB.· ... [fl]~ C • • r. ), '. 1'\ . ·--



'~---~ 

I 

- - I2 -

· T1 x '/!i :0: . _, t., •. x·:~ J . COOTBeTC.TBeHHO. 
:, ,1.,. ... ~· ; •• 

E9JIH Ml:l B_Be;zteM HOBb!e 4-KOMITOHe·HTHb!e CITHHOPbl · 

LJ1r . ·. J c if1+Ys-'hJ / trp;=JCtPc; 4-Ys~zJ/ 

lf1nc = J ( ~ Ys· t/f · + t/l) , ·• tf n. · -===-vi; C Ys- 'fc 1 - W: 2) ) 
' (II) 

. ... . ·TO_ 3TH ctnhio'p~ Y'AOB3IeTBOJ;)moT· ·06bi1rnb1Ay ypaBHeHiiIIO Jri,Ipaita· 
.. ,; · ..... ,;,,,-., .,; .. ..r: 

-~ ~ t/1 . - - Jn 'f 1 (I2) 
. . ' 

a npv1 ~peoopaaoBaHHH (9) 

· l/lp' = exi(iAJ-</Jp -~- W,' ~ e,xr~i;u % . 
Lf',: = ~ p (-,i ;\) tftc. l w,: = eA<f c_-;,;i)</{,<:. (I3) 

Mmrmo, TaKHM o6paaoM, ,CtIHTaT:& (9} gauge· npeo6paaoBaHJ1IeM,. 

. C:B~88.HHb!M C aaKOHOM 9oxpaHemur t:IvIC3Ia c5apitI~HOB' a ' ' 'l/j, . ~ . 'fn.. ·.· ' 
tfre. , / ''fnc CBS3aTLI c. npoTOHHb!M, H~ilT.,POHHbIM aHTIIIIIPOTOHHbIM . 

H aHTl'IHefilTpoHHbIM noJiHMM, cooT:seTcTBeHHO .,·\ . '· 

C aaROHOM coxpaHeHl'Ifl 33IeKTPMtI0CROro:aapH.zta . .ztOJiil\HO 6bITI:, 
.. ' 

· ... CBH3<?-HO,. npeo6pa30BaHMe: 

. E. r '=-e,;(r l 1 c ixl-+"Li x J'f-1!} If . cr4) 

l{efiicTBMJ,TeJil>HO, npl'I. npeo6paao:s.amrn £ , 
i f;,, Mf UAJ ~ I ftc1 

= 0i<f b"<i)/ij/'; ; 

'k'= Lfn n. 
·E: 

J Vft:,.= v:i~ (IS) 

• 2., 
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TpexrrapaMe~pntiecn:oe npeo6pa3oBaHHe (IO) w·aoMopqmo Bpam;e..:.. 

. · .· · HI1IO B 11so6apurqec1tOM npocTpaHCTBe. 1{ei1c_TBHTeJitH0, . eCJIH Mhl . o6pa­

ayeM o6hl'IJIO l!crroJH,~bleMOe 8-KOMIIOHeHTH_Oe HYKJ!oH;;e IIOJ!~ 1//; = (l) 
To np0: npeoopaaoBamni: {IO) ., · . . 

-BeKTOP C BemecTBeHHbIMH KOMIIOH0liTaMM , 

' 
-C . - 06hitIH1i1e ;n;ByMepmie MaTp:trn;u Tiayirn:, npvitieM 

Ha_ aHaJIO~JII"CIHblil '·waOMOPWH3M npH. tIMCTO . wopMaJI:O_HOM. y;n;B·oem,rn: 'C!L'ICJia 

. I{OMilO~~HT -~aaaJI r~pdw r5J • 

. . 

§4:;'·BsaMM6p;ePicTBJ/Ie HYKJI0H0B C 06bltIHh!MH 6030HaMI1 . 
.... ·. 

·.rur,·-: 
. PaccMOTPHM CHatiaJia· :aaaiiiiv1o;n;eticTB:t1e HYitJI0H0B. C -HewTpaJI:&HbIM . 

nceB;ZJ;OCitaJiff PHi:ilM IIOJieM % C IlOJIOJKMTeJIJ>HOM :apeMeHHOM· l!~THOCT:&10: 

I. '(o I='~ ro ) 

. ,ii - 'to . i "' ) 
' 

.. 

C= 
(IS) 

'/o c.. - Jo 
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Tpe6mmmrn HHBapHaHTHOCTM OTHoc11TeJr:&Ho I , T M C 
· lit npeoopaa0Ba.m1.ti' {9)"~ffi_;(E): c;tiifb:gHatr:Ho:.:np11no,2t11T:: K .. JiarpamirnaHy 

· · ·Baa:t1MoJ1:eticTBMH (pa:ccAmTpHBnIDTCH B )(aJI:bH8MllleM- TOJ:rr,ko Jiarpamirna-

.. HbF 1J33aMMO,ZJ;ei1cTm1~ 6e3 · rttpbt18Bb;i.{HI:i!X.) . ' _,,. ' 

1 - ·; :Jo r r; x tr ro = ~ 7" (f fs-f :. ~}i'ifll)··t '·.::_'. 

-
- ~ 3° t rs [J <hrr0 ,, 

T;e. 3H8K KOHCTaHThl naamuo,1.1;eMCTBHH M830HOB 

(I9) 

,~ C rrpOTOHaMH 11 

Hei1~poHaMM MMeeT paBHbI:W 3HaK :w fa MOY.WT 6bIT:b OTO:Iqi;ecTBJieH c 
k·-.: - .·._ ,~~;_ .•. -< . -· 

Hei1TpaJI:OHbIM /lq -MEfaOHOM~ 
., 
., .. l, 

"•• 1---,.' 

,·. ;_.1, t,.r! - .... · -~ .. . ~ : 

ECJIM 61! ,~etiTpaJI:OHhlM Me30H 7:/. 6HJI rrpocTpaHCTB6HHbI~i rrceB-

' J 
¾ 

l 
I 

f 

'! 

I 

I 

J 
\ . 

> ~ \ -~-~.. . . . . , . . . . • • 
.ztOCK83IHPP:M, H0-:1'1M6JI- OTp11u;aTeJii):>~Y.I{L_BpeMeHHYIO 1!8THOQTI>,. T.O e,ZJ;MHCT- I 1 

\ . -..~ ·._ " \ ~ .. \, \ ... 

.. . BeHHhlM o6pa30M BHTeKaeT Jiarpam:rnaH. B38MMO;zte.tiCTBI1fl 

L· =·'J/ r T2x 1. f %/ 

ro' 
i.. j.' ( f Y, f -t ll"Jj n)Jo i , <»T '"' 

-~.9:Jit!i,9. ·:,9:BH3aT:& C: ~~e2.JieM_~T~J1.~~!~{ .. . -.fl -M03;0HOM .• , 

(20) 

:UJiff_ JiarpamR:HaHa D38vI]4O)(0WCTBMff HyitJIOHOB C aapmK~,HHbIM 
• • 

1 
·•• , • ·; :_ ·, : . . : -l ·-~-:· i_ :1 :: •. ; .: : ~~: ·r .. :··; ~:: . :.-... ~ ·. ;- ·· ··l C 'L. -:..i ... :·... .. 1:-!, i! 

nceB-· 

~ocKaJIHPH.hnJ 60:::i"oH~hlM noJI~~, ;·, Cf! : :c , .. , . '.'. : · .. ,,.,., 
I : Tf , =- .:.:. ·r .. . > .. f 7, ~ CJ / _:_:__. ·r / ..... . 

C: (f) . . ~ ;e - ,9?✓'. 

OilflTI>-TaKR O;zIH03HR9:I{O IIOJiytiaeTCff 

::- ~-

,.,,_\ 

~.}/ 

:-:·,r.,ti· 

1·:, .. i 
; 

. i 
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L ___ !r13 er%. 7:-r -::· tc fr 2 L ··· · 
• .. - .. 7,iJ.. ([~n. 'f 1' 1 fils-f (f} • :: (2I) 

' YI, TaltllM. oopa30M, M0EH0 Cl!IITaT:&, l!T0 . f (. f-K";: . 0ilHCHBaeT 7f{7r'l 
M630HbI,. 

3apH.z{OBaH Cl1MMeTpMH ( T .. e 6 l303M0~H0CTJJ 0~H0Bpmiemrnii sauemi 

p~ n.J ·.,jr+:;.=!·7T .. , 7T0~/~---7f) B3am,,O;z{0MCT:B11U '(I9) H (2f) ~otie'.Blf].r,Ha .. 9\6-
. ' 

IItlilM Jiarpamrman J33,aI11iO'Ael1CTBlrn C 7( -:M830H8.MU '~h~heT:;·BL:{;?'.\ ::,:-;·_ 

,l-rr == i_J(J ( p/s-f -JL/rh} 70 
' • :-:;"',t"• 

... • . ~ .... ,. ,' ... 

+ ti J c (Is n 1rf + » t, f r/ · 
.. .-

{22) 

ECJilil Mhl TenepE Il0Tpe6yeM, 4T06hl He TOJIEKO CB060~B:mi ~ar­

pamKM~H. HYJC.JIOHOB, · i-Io vi: narpaHi'nmftC-133amAb.rtei1cTB1<m 6:wi. 1m:nap13aK­

TeH · OTHOClilTeJI:&HO' npeo6paaoBaHnii · Tpexrtapa-MeTpHtI6CRO!i rpynmi; TO · 
...... 

J ~ Jo/r/2 = lr:/41£ j 

·(23) 

o6paaoM 

(24) 
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npH'tl0M :Mac cu M039H,OB' :1r + ' ~-. i• i7( 0 
'.ztOJIJK.HbI. COBIIa.zi;aTI>. 

. . ' ~ '· , . . 
{\ 

TaitMM 09p~30M,, -Mbl nplUI!JIH ,K ... 06b!'l!H0k1 1rno6apv1qec1rn 11HBapl·IaHT-
\ i.' • . _\ ·,, '., ,, . : ',.'i._ . I•·: .. ~ :.\ t ~•. ·, \:_·· 

HOH Teopllll B8clllMO.ztetiCTBllfl ',[ ..:.Me30Holf C HYKJIOHaMM • 

§ 5. CBo6oAHhle R-MeaoHhl 

06ornHoe npe.zi;c_TanJiemrn. pacuiHpeHHotL.rpynnhl Jiopem~a ,n;Jiff 6oso-
. '. : .. ) 

HOB uIC'tlepnaHO. 7[ "'.'Meao~aMM. R-M030Hbl Mbl 6y.zteM O!IllCbIBaTL rrpoeit-

TllBHhIM npe.zi;cTaBJieHMeM, B KOTOPOM 

rz. = ' J 

. ":t ' . : ... ' ' c2
· 1 T;:=.-1 

/ 
-
' ' 

IT=TI ~ IC= c.·1 ···<.. TC'-C T (25) 
/ -

IlpocTeUnree HerrpMBO.ztMMOe rrpe.zi;cTaBJieHMe ,~ 'B ROTOPOM I!hlTTOJI-
.. .; . . 1·,. . 

H0Hhl 3TH rrpaBUJia KOMMyTan;m•I .ij;BJifl0TCfl ,zJ;ByMepIIbIM,. 
,. -· . "'\ '" .. "~ "'·' . . 

a 

orrepaTop11 J , T H C. llM0IOT BH.zt: 

I~ r' === -:- , ,· 

T. Tl··•·' •+·r··. . ,.,,-, 
' -:--- ~. '-.·• . ;' : ' ' \_· ~ J ., 

(26) 
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l 
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t, 
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'j 
l 
\ 

I 

C= ' .. * 
.? C ·•···~ + '.'f .,··· K0 

'-MeaoH c % .. - 1 
;·· K -Me { 

. 3OH C 

OTmit.zi;ecTB~M K .:..MeaoH c f, 
'-t- 0. . .f ff, . t _ /(, -M03OH C ~ • 

t 

. ·•i'· \ 
.~ ... -· 



- .I7·-

,.·' •• __ >,.-.. :,c_:·:~• .. -; .'_ ·;,:•:·;i- ~ ,:· . --~- ~i,; ~ ;· •,;_ .. '·. -~·-·.···:r ... ,, .. --=~n-f __ •. 

Tor~a o saROHOM coxpaHeH:viff. aJie1~TpI1I11ecioro · Bapn;n;a r1lo"5rm6' ·cBHsa·1't· ·· 

npeo6pc3. 80Bam-Ie 
, •.•• -:-"."· ;-·-. ··.:·· .! '! 

' . . 
.-r:,., ..• 

! \.1 "" 

• .... .. . ~·;·;· •· 1 · . . :~~-;' ',' .. 

E ;;r." cpl ===== ;V/<p 1-i {ft-7:.JJ-1] 't , ' ' : ;c , , (27 t 

·ne~CTBHTenhHO, npH 8TOM npeo6pasonaHllJ/l 
.. ut' , 1v-r /- 1 · · 
·11., = J,;;< f' (A A} '-- · j ,. I\.,':·,~~ JJ4tl~/4?,) /{ ~ 

fl O I= J<-° I x,ol, J{" ,, ; • si~t 
. :.,·· . '.'. . .:•!"-~\.) ·.: . _:_~~;: ~.--::· ... ·}\/~:;:":·,1 

8mrnHy coxpaneH11B rimepsapH;n;a OTBe't!aeT npeo6pasonaH11ef =JJ4f{ir;,vy 
IIpM I-tOT_OpOM •· .. '. 

K-t-f == J,;,xr (i;\11<-+· I . ·KO'= &,;}(.t c,·tf1 /(0 

} 

: ..... -. ~:~, ~- r.~~~l{-~·~·~ ,:! 

. § -~-·- .:60qj4J)lfp;n;e}TC'JJpitI8 K:-14ep_QHOJ3 _c 11;z_1tJIO!fal1rn . 
~ ' .. . .. ,: ... ·.:. A' .. 11•zi~8.CT.Hgbl : ... _;, .. ·.:r_r ; ·~-~L'i :~:,:iT 

. ' ~ ,"\ '·. 
. . ' . - ~ .... 

:, ITepeJA,z(eM: '.TenepB K H3y't!eIUHO B'sanMO;ZJ;eticTBitlfl,J{-MeaoHOB. C 

HyibroHat:11{~' Ta1r:-1ta:R Ill lt1""'1v1e'30HLT H· :IfyT{-JlOHbI npeo,6paay10TC.H;·no,,JlP.OeR­

T1'll3HO).iY: rtpe,11;cTaBJieHllIO. pacm11peHHOLi'.r:rpynrrbI · JiopeHu;a,:1r·,:t,rn1e.eT M0CTO, 

am-con coxpaneH:vrfi 6apnomrnro aaprr,11;a, To BO nsan1v10,zi;ei1CTB1rn o6n- ·,· • 

.- . ·---·-----

. "· -'· ~1rne11111,111 m1n"-:-,·- ! 
J1A1::1-m.uc HecJ1e.no1rn, 

liHGJlHOTEKA l 
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aaTeJI:&Ho 'AOJimeH .YtJ:aCT~oBaT:& eme O'AHH oapMoH, . orr:t-1c"hinaeMh!t1 o6vrcr­

Hw npe'AcTaBJieHvie1;~ :3To Tpe60Ba1rne rrp~BO'A~T··:·~ H~o6xO'Ail!MO.cT:&ro · K 
. . . . 

napHOMY POlK'A8Hil!IO CTpaHHbIX tiaCTl1~. 0cTaHOBI1MCfl CHatian:a Ha CJiy-

qae HellTpaJI:&Horo 6ap11o~a •. MhI yjKe ro~opHJIH.Bh!me, tITO 'AJIH .orrpe­

'AeJieHHOCTH OT.HOCHTeJI:&Hafl npoc,TpaHCTBeHHaH_· 'tl0THOCTI, Bcex ·oapHO-
. • r 

HOB noJiaraeTCH O'AHHaKOBOM 

'- ,:, 

l~ I 

.. •. ·.Yo··.·====- )/4 '/o _., (30). 

·np11: npeo6paa6Ba~H11 T'AJiff HYKJIOHOB, 'AJIH 0:ccJie,2\yeMoro 6ap110Ha 

HMeIOTCH 'AB6 B08MOmHOCTH: 
·., 

··:· ( 

T. 
X' = -¥1+-Ys-Yo< '; (3I) 

·.t' -~• :!~r.-rs.-Yac (32_) _ 

B ypaBHeHH~ (3!) H (32) Ha)\O.,BBOfHT:& aH~H6apnoH_ ;'o, , 
-Ta~ 1taK npeo6paaoBaHMe T'"~---·--'A~H:, H~oHon·-aiITHK.bMMYTHpyeT c 

npeo6paaoBaHHeM coxpaHeHHH 6api1:6irnoro sapn'Aa: (9). ' 

EcJIH MbI BhI6epeM .,aaKOH -(31) 'AJIH T -, TO e,2\MHCTBeHHhiiii BIII;zt 

· JiarpamKHaHa, C0BMeCTHMhii1 · C HHBapHaHTJIO.CT.I,IQ 0T"H0CHTeJI:OH0 f!l)006pa.,;,. 

a·oBaH11:i,(-pacmHpeHHOi1•rpynnbI)lopem1;a I1 rrpeo6pasoBamtif (9) 11. (E) 

TaKOB: 1 
~ < ': ,-•'. .. ·,,._. 
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L . i 3 [ q; ( 1 X ¥ s - 7: 1 X 1) ( 1 X 1 + Z:3 X 1) lp X ½ 
cpc (1 x y5 + [,x 1)(1 X 1':. ~ Xi). Y1*xX,]+ 

. ,; .. . . ·, ... ·. 

(33) 

ECJI11 rrepeJiTH OT lf.J _ 1I 4' R orrepaTopaM HYRJIOHHOro ITOJifl 

1I l{..:.?J0301-IHOro "rronH' TO i;lb! IIOJIYtIHM 061Il!HLiii BH,Zt" Jiarp~lit.nianii"--- :' 
E3aI-JI.W.Z(8ZiCTBlIH HYICJIOHOB C 

r<·i 
·, '\ (34) 

··;\··sakon - (32): j.{JIH · T rtpwrfo;zi;HT · K · JiarpamrrnaHy, OTJnrqaromeMycn: 

OT nupaJreHHH; (~.l) JIM;llI~---·:3HaJtoM ··•f-: ·r.irelrt;zi;~ --.{l;By1~m ~Jie.11]:aM\L'I B nupar.-ce-
1nrn (33) vr c;·o-TB-~~c;~y-eT ~ 

0 
-~q~c;~-~!·:· ~\. }, ,?

1 

- ... _, - , _ - · -

i == cj:io(f''tsLoK+-no,LOK~-r 3-f"'· con). 
· --. . - · · '", :' -- (35) 

'"i\~•;_··.: . ::~Y1N:~.' !... ••• ·': •• 

.. . Tc?-~1n1. o,opa:sop, Mhi ripMXOJJ;IIM K;. ~hrno;zi;y, 11To np~I rrpeo6p~sona-. 
t. ;r• ·•'· :l\i. ·'-~{: ... ,;.->·r--·','· '.' ;· -~:.n'.·· J! •• -_ .. y· ·;· _ .. ~·:•"Y· ·.·• .. ·

1 
, , 

mm _··.r ~JIH HJKJIOHOB . . .. sa~~o'~-1! I1°P;~o6p~
1

~ona{im1 ~Jifl ',AO' 7 ltI £ 
0•11.?ILl 1ra10Tdrr anmwM. Ecm .. r Tenep1, paccMoTpeTI> Baav111o;zi;e:iicTBHe HYK- · 

JIOHOJ.3 C 3apmKe:HHL!LIV1 6apMOHam,1, TO y,11;aeTCH HatiTI:I 1rnnap1mHTHbIH · 

, I 
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0'l'H0CHTeJI:OH0 33Pfl.z(0B0ro oonpm:rnmrn 0Tpaj.:tem1ti npocTpaIICTBa II 
.\ i· . ' -

npeMeHH u amconon coxpaIIe1um aJie'ftTpnirnciwro H 6ap1101rnoro sapn-

11:on Jiarpam;matt TOJfbIW np11 ycJroBm1, 't!TO npn T 

T: 
~+~-:r:.r. 2.-
.,:C_ v~ c.,) 

x--~ - ~ Ys-L°c: (36) 

. -,. 
'C!TO npe,71;yoMaTpVIBaeT paBeHCTBO Macc .. y 2- 11 

' .· /, .. , 

L :t!aCTHU. 

8ToT Jiarpam:maH UM~eT n11.21; .. -

L =-lj[«i5(1xf-"~xts-)(txt- 'l:3xf} V'¾xL+ + 

· + ~ (1xt+·0'XYs)(rxt+Gx 1) <f xL-J 
+ J/~- co11f .-

,, 
(37) 

B :061,rnHhIX 06oaHaire1rn:.n:x 'ero Mbt.tHO' rrpe,71;cTannTI> Bh1paJKeH11eu 

'L =\jzt (frft:rr~h¥f{~K+j+ 
, .. ,. . . ~- ... . . 

+ 3-Jv-1. con}. (38) 
~ ,, 

<J. (~- -~ .. , 
__ ..... >.=, 

8a1m.zt0Bafl CliMMeTpllff O't!eJrn,:a;Ha. 

EoJrn: Tenep:o rroTpeoonaTI>, trTOoH rrpeo6paa0Bam1e TI-Ina IIayJu1-

-rr,pcH (IO) ocTa:sJin;Io HHB~p:vmIITHhir,I H Jiarpa;~tviau :aaaMMo,:a;ewcTBiu:r, 
' . . :·; •?~; ·. .. ~.)..:. .. 

':-'{ 
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1 
I 
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I 
. J 
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TO 

(39) 

+ - ,• 
, MaccoI -~ . ., 2 li1 Lo ;n;oJDKHLI c5bITI> paBHhl, l'I nOJryqaeTCfl ooLI'C!Hblti 

, .. ;. '~ . .'· ~ t. • • ..... ; 

. , -·~ 

... ,l'l306ap11qec1rn: 1-m:sapMaHTHbiti JiarpamrmaH 
., t • "\ • 

l. =-L°}I (ft,Lol<~ - Fi r,LoK
0

+ Yi' p¾X/#- 0

+ 

, . . + (.i' ji i;'J:· -cl/ +} + J f ~: C oh f,. ·. . 
l\'):i, (40) ., 

. '::'!.. " .. 
· .§ 7 • 4-,,,1,· ·; -'tlaCTl'IUbI , 

• ' ··. 'i .• •·. ' ' . ' 0 

B pa:MKax paccMaTpvrnaeMhIX rrpe;n;cTanJiemu1 ocTaeTcfi, eme o;n;Ha 

JI11I!I:E, B03MOJKHOCTI>. MMeHHO, B npoeKTl'IBHOM . npe;n;cTaBJI6HliIM ( 5) MOJ!t­

uo, ocTan11:s ;n;Jiff sa1tona 9oxpaHem,rn 6ap110Ho:s TO JICe npeo6pasonaHMe 
. . 

( 9), aaM(:!HMTI> · B npeo6paaonam111 (I4), CBH3~Hnoiv1 c 3a1tOHOM coxpa-

HeHMH 8JieKTP!~'t!0CKOro sapa;n;a, 3Hait Me)~;n;y . 1 X 1 · .· .. Ill·' ~c-, X -~.f" 
• ,.:1 

(4I) 
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Tor.zca rrpocTo cJie,zi;yeT BO BCe~wopuyJiax aaMeHMTJ:, f 
~- . K+ uo . uo u-· 

""70 
Ha ,;::,,,. ,. , 

n Ha ~ . , Ha n , I\ Ha rt • Mb! CHOBa 

ItOJiyqaeM CBOVfCTBa aapH,2(0BOJ1-CHMUeTpI1vI M IIpl1 . mrnapFiaHTHOCTill OT­

HOCMTeJII>HO npeo6paaciBa~I1fI IJayJIFI M BO B3aMM0,2(etiCTBLUlf OObil!HbIS 

nao6ap11-qecmJ MHBapHaHTHLte JiarpamrmaHH •. 

§ 8. 3aitJIIOtie:E-rne 

Mhl nbin6JIHHJIM rrporpaMMY, HaMetieHHYIO ·· B HatiaJie cTaT:&n •. Bne,zi;H 
·• 

• I • 

HOBOa HeIIpOBOl];HMOeilpOeKTHBHO~Itpe~cTaBJieHHe pacmmpeHHoi·rpynrrhl 

JiopeHu;a ;zprn: HYRJIOHOB 11 OTnpaBJiflflCI> OT H~r,o, ,zi;e.ticT~I1TSJtbHO no-, ,-. . - . . . ·.(' . 

itasaHo ~ tITO c:aoHcTBa aapH,n;oB&IX cHMMeTpv11ti, napHoe pmrr,zi;e1rne cTpaH-

HbIX qacT11u;, vr MYJII>TI1nJieTHocTL -BhITeKaeT Ma ·-cT~~,zi;~pTH1rx _aaiiOHOB 

coxpaHeHHfl, a H306apntiecKaH HHBapmaHTHOCTI, Ill3 npeo6pa30B8Hllfl 

THitB ITayJI11.:.rropClll ,zJ;JIH CBOOO.I(HbIX HYKJIOHOB, npu'tl'.eM .I(JIH Hee 8CTI> 

MeCTO, TaK· Raii C HeOOX0,2(11MOCTLIO yBeJIMtUIJIOC:& l!ll!CJIO IiOMTIOHBHT y 

BOJIHOBLIX, g)yHmJ,HJA, rrpeo6paayronrvIXCfl no HenpMBO;D;L1Mh!M npe.I(CTaBJieH.H-
-. .. . - L ::_: .. :>~, ~, ~:' 

flM. 
. · .. ,.~ .. ;!3(1 

:.·:,'.· 

PaCCMOTpe1rne CJiaObIX nsaMMO.I(8HCTBMfr,. C 3TOI1 TOtI~I1 _ speHvlfl 

- : s;4ec:& He rrpoBo,21;Hiioc:& .. 3Ta sa,zi;atra 0Raa11:aaeTcH _ :s~a~uTeJILHO 6oJiee 

TPY.ZCHOti- ·M Mettee o,zi;nosHa-crHoti rrn-aa 1mpymen11,1<::3a}!;QHa. coxpaHeHMH _ 

npocTpaHCTBe~nqM 'tl'.eTH?CTH. 

ABTOpbI 1'ICRpeHII8 6Jiaro;n;apim rrpocp. ¥1.M ~ reJII,QJaH,zi;y 38 u;eHHOe 

oocyr.e.zteHvi:e~ 
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