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PA3JIO2KEHUE ATOMUYECKOT'O OITEPATOPA
C. H. Tabyes

Joka3aHa TeopeMa O PA3JIOKEHUH ATOMUYECKOTO OIIEPATOPA MO CIENUATBHOMY 6A3UCy U3 PEIIeTOYHBIX

romomopdusmoB. ITokazaHo, 4TO TaKOE PA3JIOKEHHUE B OMPEJIEJIEHHOM CMBICJIE €UHCTBEHHO.

1. IlpeaBapuTenbHbIE CBEAEHUA

B srom maparpade npuBemenns 0003HAUEHNS U CBEIEHNST W3 TEOPUN BEKTOPHBIX peIlie-
TOK, HEOOXOIMMBIE JJT JAJLHEHIIEro n3I0XKeHMsI.

1.1. Bcroony Huxke FF — BekTOpHas pemnieTrka, F' — MOPSJIKOBO TOSTHAS BEKTOPHAs pe-
meTka. [losiocy BCcex mopsaIKOBO OrPAHUIEHHBIX JUHEHHBIX oriepaTopos u3 F B F' obo3naunm
yepe3 L~(E, F). Ilycrs LY (E, F) nosnoca 8 L~ (E, F), 10poXieHHAs MHOXKECTBOM Dellie-
TouHBIX ToMOMOpdu3Mos Hom(E, F'). Hanomuum, aro oneparop T € L™ (E, F') na3piBator
amomuseckum, eciiv oH nonanaer B nosocy LY (E, F).

Jluneitubrit onepaTop ¢ u3 uneasa G BeKTOpHOH pemerku F B F HA30BEM 0pmomop-
puamom, ecau OH TIOPAJKOBO OrpaHMYEH W coxpaHser noyiocel, T. €. o(K NG) C K aasa
moboit mosocer K u3 F. Yepes Orth(G, F)) 0603HaYMM MHOXKECTBO BCEX OPTOMOPGhU3MOB
3 G B F.

Ecmu Orth(T, F) := Orth(G, F), tne G — nopsakoBslii uiean B F', mOpoXIeHHBII
T(E), To s mpousBosbHOTO pererodnoro romomopgusma T umeer mecro {T}+
Orth(T,F)oT.

< D10 yTBEpKJEHWE sBIsSeTcsd cjeincrsueM Teopembl Kyrarenagze (cm. [2; 3.3.4,

3.3.5(4))). >

1.2. MuoxectBo PB(F) Bcex NOPSKOBBIX MPOEKTOPOB, YIIOPSJIOUEHHOE TPABUIOM T <
p <= mop=m, aengercd Oysesoit aarebpoit (cm. [3; 1.3.5]).

Ilycte B — 6ynesa anrebpa. IlommuoxkectBo FF C B MuHOpPHUPYET MOIAMHOXKECTBO
By C B, eciim gig kaxgoro 0 < b € By cymectyer x € F Ttakoii, aro 0 < z < b. Bymem
Ha3bIBaTh F) MUHOpDAHTHBRIM IJis1 By.

Ecmun E munOopaHTHO B B, TO BCSIKHiT HEHYJIEBOI JeMEHT B ABId€TCS CynpeMyMOM
HEKOTOPOTO JAW3hIOHKTHOTO MOAMHOXKecTBa .

< [oka3aTesbCTBO JAHHOTO yTBEPIKIEHHs, M3BECTHOIO KAK <IPUHIIUI HCIEPIBIBA-
HUsT», MOXKHO Haifitu B [4]. >

1.3. MHOXKeCTBO TONAPHO JU3BIOHKTHBIX PEIIeTOYHBIX romomMopduamos H u3 E B F
Ha30BeM cmpo2o noposcdarouwum, eciu H+ = L>(E, F) n im(S)*+ = F npu scex S € H.

JlemMma. Ilyctb E w F — BekTOpHBIE pelnieTKH, npudeM F — pacmmperHoe
K-npocrpancreo u F = (U{T(E) : T € Hom(E, F)})*+. Jlns mo6oro menynesoro npoex-
topa ™ B F' cymecrByer noanpoekrop 0 # p < m rakoii, yro B L) (E, nF') umeercst ctporo
TI0POXK/IAI0IIEE MHOXKECTBO PEMIETOYHBIX TOMOMOP(U3MOB.
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< Myers T € Hom(E, 7F) n nyers T(E)*+ = F; C nF. O6ozmaunm uepes T Max-
CAMAJIbHOE MHOXKECTBO IMOIAPHO AU3BHIOHKTHBIX PEIMeTOYHBIX ToMOMOpdu3mosB u3 F B F)
takux, aro T(E)tt = F; # {0}. Paccvorpum muoxkectso £ := T+ N LY (E, F;). Ecmm
L = {0}, ro T ynorserBopsier yciopuio jemmbl. [lycrs £ # {0}, 1. e. cymecrByor pere-
Tounsie romomopduamer S € Hom(E, Fy) takme, uto S € T 1, nmpmueM u3 MaKCHMATBHOCTH
T caenyer, uro S(E)*+ # F;. O603na4MM MHOXECTBO BCEX MOZOGHBLIX TOMOMOP(MU3MOB
gepe3 Ly := LN Hom(E, Fy).

N3 makcumanbaoctu T cieayer, uro cymecrByer Fy, C  Fy Takoir, uro Lo N
Hom(E, Fy) = {0}. O6osmaumm wepes Fy := F; N F3-. Scmo, uro Fy # {0}. Torma cy-
mecTByer pasbuenue {pg} equnnipt IF, Takoe, 9T0 115t JI060TO § CYIIECTBYET PENIeTOTHbIN
romomopduam Sg € Lo u S¢(E)1L = pg(Fy). Ho Torma cymectsyer omepaTtop S Takoii,
uro Se = Y peSee (nis e € E), npuuem S € Lo u S(E)*t = F,, wro nporusopeunt
MakcumaabaocTH T . >

HemocpeacTBento n3 mpruBeIeHHOTO TOKA3ATETHCTBA, CJIEIYET YTBEPIKICHHUE.

Crporo mopox naromee muoxecrso B Ly (E, F) cymecrByer torga u TOJIBKO TOL/JA,
KOIjIa B HEM CyIIECTBYeT X0Td 6bI oquH omepaTop S Takoii, uro im(S)++ = F.

2. PaszyoxkeHUE aTOMUYECKOTO OMEPATOpPa

2.1. IIpoekrop m € P(F') nazosem (v, E)-00nopoonvim, ecim 8 L) (E, nF') cymecrsyer
CTPOTO MOPOXKIAIONIEe MHOXKECTBO H, Takoe, uro card(H,) = 7y U, KpOMe TOTO, JIJIs KazKJI0-
T0 HEHYJIEBOTO TPOEKTOPA p < T W JJI JIIOOOTO CTPOTO TIOPOXKTAIONIETO MHOXKECTBA, H TIO-
HapHO JU3BIOHKTHBIX PEIeTOYHBIX ToMOMOpdu3MoB u3 E B pF Bomonugercs card(H) > 7.

Crporo mopox1aoiiee MHOXKECTBO H, yAOBIETBOpsOIiee C(hOpMyJIMPOBAHHBIM BHITITE
YCJIOBHSIM HA30BeM amomuueckum basucom 8 LY (E, nF).

Ecin m — HEHyJI€BOH MPOEKTOD CO CTPOrO MOPOXKAAIOIAM MHOXKECTBOM, TO CYIIECT-
Byer (v, E)-onaopoanbtii npoektop p takoii, uro 0 # p < .

< PaccMoTpuM MHOXKECTBO HEHYJEBBIX MOJNPOEKTOPOB mpoekTopa w. IloctaBum B
COOTBETCTBUE KazKJIOMY U3 TAKUX MTPOEKTOPOB 0 KapJAWUHAJL 7Y — HAUMEHBIITANA 13 KapanHaJiOB
cTporo mopoxganomux MHOXKecTB B L) (E, pF). IlpoobGpa3 OTHOCHTENHHO OTOOparXKeHMs
7+ () HAMMEHBIIIETO U3 ITUX KAPJMHAJIOB U Oyj1eT TPeOyeMbIM IPOEKTOPOM. [>

2.2. Teopema. Ilycrty E u F — BekTOpHbBIE pemieTku, npudeM F' — mopsiakoBo 1moiHa
u pacmuperna. ‘Torma cymecTByeT MHOXKECTBO KapAHHAJOB | W Jjis KaXKJ0ro KapIuHAJIa
v € T’ cymecrByior npoekrop n, € B(F) n cemeiicTBo momapHo 4u3bIOHK THBIX PEIIETOTHBIX
romomopusmoB (9o o )agy #3 E B F Takme, 9T0 CIIPaBEIHBBI CIELYIONINE Y TBEPXK TCHHSL:

(1) (7y)yer mpeacrasasier coboii pasbnenne egmanubl B Oysesoii aarebpe P(F),
npudeM 7., # 0 npu Bcex v € I';

(2) m, sBasercs (7y, E)-0aHOpOSHBIM IPOEKTOPOM;
(3) (im®y0)t =my(F) (YET,a<y);

(4) raxuprii oneparop T € L~ (E, F) gonyckaer eMHCTBEHHOE 1IPEJCTABIEHHE B
BHJIE:

T="1Ty+ o- g o- E Ovy,a © Py a;
vell  a<y

rne Ty € L7 (E,F) n 0,4 € Orth(®, 4,7, (F)).
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< Jns 10Ka3aTesNbCTBA CYIIECTBOBAHHUA DPA30MEHUs €JUHUIBI 7, BOCIOIL3YEMCH
«npuHIUIOM ucyepnbiBanusy. Cornacuo 1.3 B 1060M IPOEKTOPE T COAEPKUATCS TIOATPOEK-
TOp p Tako#, aTo p < mu B L)' (E, pF') ecTh CTPOro mOpozK paioniee MHOKecTBO. Beuay 2.1 B
POEKTOPE P C YKA3AHHBIM BBIIIE CBOHCTBOM COAEPKUTC X0Tst Ob1 omun (7, F)-omHOpOAHbIIH
IpoeKTop p. CremoBaresnsHo, MHOKECTBO (7Y, F)-0MHOPOIHBIX IPOeKTOpPOB B P(F') Mmumo-
PaHTHO.

Omnpenenum byukumio ¢ : P(F) — I cnenyrommum obpazom. Ecmm p € P(F) — (v, E)-
OTHOPOHBIN TPOEKTOP, TO P(p) = 7.

Ecim ke mpoektop p me (7, F)-0qHOPOJEH, TO BBUJY MHHOPAHTHOCTH MHOMKECT-
Ba (7, E)-OMHOPOIHBIX MPOEKTOPOB €r0 MOXKHO IPEJCTABUTH B BHJE cymnpemyMma (7, E)-
OTHOPOJHBIX TPOEKTOPOB. U B 3TOM Ciiyuae ¢(7y) paBHO CynmpeMyMy KapJMHAJIOB OJIHO-
POITHBIX KOMIIOHEHT.

Jlis 1oKa3aTenbCTBa KOPPEKTHOCTU TOTO ONPEJEJEHsT HEOOXOIMMO JI0KA3aTh, UTO
cynpemyM 7., (7, £)-0ZHOPOJHBIX IPOEKTOPOB (pg)geg takxke (7, F)-ogaopozen. st Toro
JIOCTATOYHO JJOKA3ATh, ITO B T, CYIECTBYET CTPOTO MOPOZK JAIOIIEe MHOKECTBO MOIHOCTH 7.

Ilyctn (I)i<v — arommyecknii 6asuc B LY (E, peF'), Torna ®o¢y = Z&eE <I>§<7 Oyner
arommudaecknM basucom B L) (E, 7, F). B mporusnom ciayuae, 8 L) (E,m,F') cymecrsyer
onepaTop ¥ JU3BLIOHKTHBINA KO BCeM 0a3uCHBIM BeKTopaM. OHAKO M3 ONpPeJIeeHUs STOTO
orepaTopa Ciefyer, 9To ero mpoekmmsi p¢W Ha m06yo u3 (7, F)-0qHOPOAHBIX KOMIOHEHT
JIOJIZKHA OBITH JIM3BIOHKTHA K COOTBETCTBYIOMIEMY ATOMHYECKOMY 0a3ucy. DTO BO3MOKHO
TOJBKO ToTAa, Korja pe ¥=0. B cumy npomssorpaocT] € Momydaem, 9To ¥ = 0. Tem cambiM
7y — (7, E)-0mHOPOIHBIN TPOEKTOP.

Cormacuo 1.2 8 P(F) cymecTByer pasioxenue eauHUIbl Ha (v, F)-0qHOPOIHBIE KOM-
HOHEHTHI (7. ) er. Oneparopsi, TpeGyemble B myakTax (3) u (4), 6yLyT B TOYHOCTH ATOMU-
YeCKUMHU 6a3uCaMU COOTBETCTBYIONIAX TOJIOC.

He orpanmuamBast 0OIMIHOCTH, [JIsI TTPOCTOTHI 0003HAYEHWH, JTOKAYKEM €IUHCTBEHHOCTH
pasJioxenus orneparopa T' B 01HOI U3 KOMIOHEHT ¢ (7, E)-0aH0poaabiM poekTopom. Ilyctsh
ol®, u 02®, — npa pasnowxenus omeparopa T. IlycTh 9TM pasjioxkenus He COBIAJA-
10T B mepBoM anemente. Torma S; = oi®; — 07®; # 0. B To e Bpems U3 TOTO, UTO
im(®,)+t = (7, F) cienyer, uro S AMZHIOHKTEH K OCTAILHBIM 6A3UCHBIM 3JIEMEHTAM. JTO
MPOTUBOPEYUT TOMY, UTO PA3HOCTH JBYX PA3JIOXKEHUH JOJIXKHA OBITH paBHA HYJ0. Takum
00pa3oM Hallle Pa3JIOKeHue eJUHCTBEHHO. [>

Onna atomMudecknii 6a3uC MOXKHO TOJIY9ATH U3 JPYTOTrO MTyTeM MEPECTAHOBKH H <«ITE-
pememnmBanus». Unade, ecin mbr umeem JiBa 6azuca (Po)agy # (Va)agy, TO A KaXKIOTO
a < 7y cymecTByer pasbnenne equHALBI (To,3)3<y TAKOE, ITO

Vo = Z Ua,ﬁ'fr(aaﬁ)(baa
agy
rie 04,3 € Orth(n, g ®a, 70 5(F)).

< Paccmorpum pasnoxenne oneparopa W, 1o 6azucy (Pa)agy. 13 npeapimymeit Te-
OpeMbl UMeeM, 9TO

U, = O—Z 0o 0D,

agy

B kauectBe (74,3)3<y Oy/ieM paccMaTpHBaTh HPOEKTOPBI HA IOJIOCHI, MOPOXKJIAEMBIE
obpazavu 0,0®P,. VX AM3HIOHKTHOCTH HETIOCPEICTBEHHO BHITEKAET U3 CJIEACTBASA K TEOpEME
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Kyrarenamze o ToMm, 94TO JBa PEMIETOUYHBIX TOMOMOP(MU3IMA, MAKOPUPYEMbIE PEIIETOTHBIM
I‘OMOMOp(i)I/IBMOM, JAU3BIOHKTHBI B TOM M TOJIBKO B TOM CJIy4ae, KOrJa AN3BbIOHKTHBI WX
obpassl. To, 4T0 7, — pazbmeHHe eUHUIEI CIEyeT U3 TOTO, ITO im(¥,)*t = F. Teneps
gia o g, m o gV, cymecTByeT OpTOMOPdU3M O, g TAKON, ITO

Ta,fVa = 00,67a,5Pa- >
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