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AHHOTAIIUA

B Ly(R%CM)  paccMarpuBaercs — CAMOCONDHYKEHHBIl  OHEpaTop
B:, 0<e<1, uopoxuennsii guddepeHnnagbHbIM — BbIPAKEHUEM
b(D)*g(x/e)b(D) + X5_,(aj(x/e)D; + Djaj(x/e)*) + Q(x/e), rae
b(D) = Zle byD; — muddepeHnnaabHbIi  OTepaTop TEPBOTO  MOPSI-
Ka, a g,a;,Q — marpunbl-byrkmun B RY, mepmomraeckne oTHOCHTETHHO
HekoTopoit perterku I'. TIpu 9TOM ¢ OrpaHnyeHa U MOJOKUTEILHO OIpee-
JIeHa, a KoadduueHTs! aj, (), BooOIe ToBops, HeorpaHuieHbl. M3ydaerca
obobimennas pesoabsenta (B — (Qo(x/e))™1, rae Qo — I'-nepmomnyeckas,
OTPAHWICHHAA ¥ TIOJIOKUTEJIHHO OIIPEIeCHHAT MATPUIIA-PYHKIHA, & ( —
KOMILTEKCHBIN napamerp. [osydennbr annpokcumaliun 0000IIEHHON PE30.ib-
sentol 10 (Lo — Lo)- u (Ly — HY)-nHopmam ¢ JByXIapamMerpuuecKkumMu
OI[EHKAMH TIOTPEITHOCTH (OTHOCUTEIBHO TApaMeTpos € u ().

Kirouesbie cJjioBa: nepuogundeckue JuddepeHiinaibible OMepaTophl, -
JUNTHYECKUEe CUCTEMBI, YCpeJHEHUE, KOPPEKTOP, OllepaTOpPHble OllEHKHU II0-
PEIIHOCTH.

Uccnenosanune Boimosreno npu noggep:kke PODOU (mpoekr 14-01-00760)
n CII6I'Y (mpoexr 11.38.263.2014). Tleprwiii asTop nogmep:kan JlaGopa-
ropueit um. II. JI. Yebwrmesa CII6LY, rpanmt Ilpasurenscrsa P®, mor.
11.G34.31.0026, u OAO ,,I'azmpom-medTh".
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BBEJIEHUE

CraThst OTHOCUTCSH K TEOPUU yCpeJHEHUs nepuonndeckux nuddepeniu-
aspHbIx ormeparopos ([1O). Teopun ycpentenus mocssiieHa OOMMpHAS JIU-
teparypa. B mepsyro ouepenp ykaxkem kauru [BeLPap, BaPan, ZhKO|.

0.1. Ilocranoska 3amauu. B pa6ore nzydaoTcs MaTpUIHbIE SJIUITHAYE-
ckue 10 Be, 0 < e < 1, geiicryiomue B mpoctpancrse Lo(R?; C"). Ilycrs T
— pemerka B R?, 0 — saueiika permerku I'. s D-meprogmaecknx ¢yHKIHit
d — -1 oy e— -1
B R? ncnosssyem obosmadenus 1°(x) := (e 'x), v := |Q| 7! [, (x) dx.
Crapmrast gacth A, omeparopa B 3a1aeTcst B (paKTOPU30BAHHOM dopMe

A: = b(D)"g"(x)b(D), (0.1)

rae b(D) — marpuunsiit ogaoponnbiit 10O mepsoro mopsiaka u g(x) — I'-
neproamdeckas MaTprna-dyskmas B RY, orpaHmdenHas n MOTOKHTETHHO
onpenenentast. (Touanrste yemosus va b(D) u g(x) npusenens! HizKe B 11. 1.3.)
IIpocreitmuit mpumep omeparopa A, — oneparop akycruku —div g% (x)V;
OIIEPATOP TEOPUH YIPYTOCTH TaKKe JIOMYCKAeT 3allMCh B TpeOyeMoM BHJIE.
Bazaua ycpeanenusa Jjs oneparopa A. M0ApoOHO HCCIeI0BAIACh B CEPUU
pabor [BSul, BSu2, BSu3|, a takxe B [Sub, Su7|. Ceitqac Mbl paccMaTpuBaeM
bostee obmuii camoconpszkeHuniii J1O B, BKIIOYAIOMNHA MJIAIIIAE YIEHbL:

d
B = b(D)*g*(x)b(D) + > _ (a5(x)D; + Dja5(x)*) + Q°(x). (0.2)
j=1
3necy aj(x) — I'-nepuommdeckne Marpunbl-(DyHKINH, BOOOIIE TOBODS,

HeorpaHudeHuble. B obmem ciaydae koaddumment @Q(x) — o6obuieHHAs
DYHKITHS, TTOPOKICHHAA HEKOTOPO MEPHOINIECKON Mepoil co 3HATEHHIMUI
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B Kjacce 3pmuToBbix Marpuil. (Todnbie ycaoBus Ha KO3(MDMUIMEHTH 1aHbI
nuke B 1. 1.4, 1.5.) Tounoe onpegenenne oneparopa Be naercs yepes coor-
BETCTBYIOIIYIO KBAJAPATAIHYIO (HOpMY.

Kosadbdurmentsr omeparopa (0.2) 6bicrpo octmmmupytor pu € — 0. Tu-
NUYHAA 360440 MEOPUYL YCPeOHEHUA NPUMERUMELbHO K onepamopy Be co-
cmoum 6 annpokcumavuu npu € — 0 pezoavsenmor (B: — (1)~ aubo
obobwennoti pesoaveenmu (B — (Q5) L. Braecs Qo(x) — I-mepuoandeckast
MaTpuiia-OYHKINS, TOJ0KUTEIBHO OIpeJieeHHast U OTPAHUIEHHAS.

0.2. O630p pe3yJabTaTOB IO OMEPATOPHBIM OI€HKAM MOTPEITHOCTH.
Basaua ycpegnenus s oneparopa A. nsydanachk B nukie pabor [BSul,
BSu2, BSu3| M. III. Bupmana u T. A. Cycaunoit. B [BSul| 6b11a nosyuena
OIIEHKA,
_ 0 _
[(Ac + D)7 = (A° + D)7y me) 1o (re) < Ce. (0.3)

3aecs AY = b(D)*g°b(D) — sppexmusnviti onepamop ¢ TOCTOSHHOM s¢fgier-
muenoti mampuueti ¢°. Onpeenenne 3bdEKTUBHON MATPHITHI (cm. m. 1.8
HIZKE) XOPOIIO U3BECTHO B Teopun ycpeanenus. lasnee, B [BSu3| 6bura naii-
fera ammporcrMarms pesosbsenTrl (A: + 1) ™! mo Hopme omepaTopos, jeii-
creytonmx u3 Lo(R% C") B kinacc Cobonesa H'(R?; C"):

[+ D7 = (A0 4+ 1) = k() | pamayomieny < Ceo (04)

Baecy K(e) — xoppexmop. KoppekTop mpejcrasiser coboii omeparop Hy-
JIEBOTO TI0 € TIOPSIJIKA, HO COJEPKHUT ObICTPO OCIMIIUPYIOIINE MHOXKUTEH,
nosromy ||K(e)|| - = O(e™h). Onenxu puma (0.3), (0.4), nosyuusmme Ha-
3BAHUE ONEPAMOPHHLL OUEHOK NO2ZPEUHOCTU, TMEIOT TOUHBIH mopsiaok O(e);
[OCTOSIHHBIE B OIIEHKAaX KOHTPOJIMPYIOTCS SIBHO Yepe3 JTaHHble 3a1aqn. MeTo/y
pabor [BSul, BSu2, BSu3| ocrHoBan Ha nmpuMeHeHHH MacCIITaOHOrO mpeobpa-
soBanust, Teopur Pyioke—BJioXa U aHAJIUTHIECKOH TeOPUH BO3MYIIEHUIL.

Broocencrsun meron [BSul, BSu2, BSu3| 6s11 0606men T. A. Cycaunoit
[Sul, Su2, Su6| ma cayqait omeparopa (0.2). B pabore [Su2| ycranossenbr
anasorn orernok (0.3), (0.4):

1(Be +2Q5) ™" = (B? + 2Q0) ™ | Lo(ret) s Lo rey < O, (0.5)
(B +2Q5) ™" — (B + AQo) ™' — eK (&)l Ly(me)— i (re) < Ce. (0.6)

37eck BelecTBeHHas MOCTOAHHAA A BBIOpaHa Tak, 9To0k! oneparop B + QG
6B HOI0KUTELHO onpegesen; BY — coorsercrsyiomuit 3¢ beKTHBHbII orle-
parop ¢ nocrosaabiMu kKodbduimentamu. Ouenku (0.5), (0.6) umeror Tou-
a1l 1opsaoK O(€), MOCTOSHABIE JIOIYCKAIT KOHTPOJIb Y€Pe3 JAHHbIE 3313491
u |A| (HO 3ama9a O MOTYYEHNH OIEHOK C ONTHMAJbHOH 3aBUCHMOCTBHIO KOH-
CTAHT OT CHEKTPAJIBHOIO MapaMeTpa A He CTABUJIACH).

Jpyroii ToaX01 K MOJYyIeHIIO ONEPATOPHBIX OIEHOK ITOTPENTHOCTH B TEO-
pun ycpennenus 6wL1 npeioxker B. B. ZKukopsim. B paborax [Zhl, Zh2| u
|ZhPas| 61 mostyaensr orenkn suga (0.3), (0.4) 11s1 omepaTopoB aKyCTHKH
U TEOPUU YIPYrocTH. MeTos 0CHOBaH Ha aHAJIW3e IIEPBOro MPUOJINKEHUs K
PEIIEHIIO M BBEIEHUH JIOTOMHATEIBHOrO mapamMerpa. 1lomumo 3a1ad B R? B
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[Zh1, Zh2, ZhPas| uzyuammcs 3aja4u B orpanuyentoi obnacru O C R? upu
yeaoun dupuxie aubo Heitmana na rpanuie.

Takke omepaTopHbIe OIEHKN TOTpernTHocTn A 3ama4d lwupuxie m Heii-
MaHa, JIJisl JUTHITHIECKOTO YPABHEHHsT BTOPOTO TOpsiiKa (6e3 MIAJIIIIX ie-
HOB) B OTPAHUYEHHOI 00/IACTH N3Y9IAIUCh PA3INIHBIMEI METOIAMU B paboTax
[Grl, Gr2|, [KeLiS|, [PSu], [Su3, Su4, Sub, Su7|; cm. moapobubIii 0630p BO
BBesleHNN K paboram [Sud, Su7|.

B mpucyTcTBHT WI€HOB TEPBOTO W HYJEBOTO TIOPSIKOB 33,1498, YCPETHEHST
ns oneparopa Bua (0.2) B R? usyuanacs B crarse [Bo| . 1. Bopucosa.
B [Bo] 65110 Haiigeno Bepakenne s sdgdekTrBHOTO onepatopa BY m mo-
aydensl orenkn norperrHoctr Buga (0.5), (0.6). Ilpu srom mpeamomaramocs,
9T0 KOO DUIMEHTH OIIepaTopa 3aBUCAT HE TOJLKO OT OBICTPOM, HO M OT
MeTeHHoi mepemennoit. Orako B [Bo| koaddunuentsr oneparopa mpemio-
JTATAJIACEH JOCTATOTHO TJIATKIMHE.

Ho cux mop peds I 06 anmpoKCUMAIAH PE30IbBEHT B (PUKCHPOBAHHOMN
perysngpHoii Touke. AmmpoxcuManus oneparopa (A: — (I)~! B zaBucuvmocTn
or e u ( = |(|e’® € C\ Ry momydena B HegaBHuX paboTax [Sub, SuT|:

I(Ae = <D™ = (A = D)y gty arey < C(O)ICTH %, (0.7)
(A = ¢ 71 = (A = (D)7 = eK(E5 |y rety ey < CO)(L+[¢]72)e
(0.8)

Brura npociexena 3apucumocts koHCTAHT B onerkax (0.7), (0.8) or yrua ¢.
Ouenxu (0.7), (0.8) aBagroTcs AByXnapaMerpudecKkuMu (OTHOCUTENBHO € U
|C|); oHu paBHOMEDHSBI 110 ¢ B CEKTOPE ¢ € [Pp, 27 — ho| IPH CKOJIb YIOHO Ma-
aom ¢o > 0. B paborax [Sub, Su7| rakxke mosiydeHs! jByXIiapaMeTpUIecKue
OLICHKH HOIPELIHOCTH [IPU YCPEAHEHHH PE30JIBBEHT onepaTopoB Ap ., AN
suga (0.1), geiicrBytomux B orpanuueHHoil obsactu npu yciaosum lupux,ie
aubo Hefimana wa rpanwurie.

Crumysiom K no/ydenuto apyxnapamerpuueckux onenok suja (0.7),; (0.8)
HOCJIYyZKMJIO M3YUEHHE yCPEIHEeHMsl napaboMuecKuX 3a/1a4, OCHOBAHHOE Ha
OPEJICTABICHUH OMEPATOPHO SKCIIOHEHTHI B BH/IE

e~ Atet = _ (i)~ / e~ (As. — CI)7VdC, =D, N,

o

rae v C C — goutyp, o6xozsmuil CriekTp omepaTopa At . B HOJ0KHTEILHOM
manpasiternu. (Ilogpobuee cm. [MSul, MSu2|.)

0.3. OcHoBHbIe pe3yabTaThbl. lIpexe dem GOpMyIUPOBATH PE3YIHTATHI,
yZA00OHO mepeiiT K HeoTpUIATeIbHOMY onepaTopy B. = B, + cQf, Beibupas
nojgxonantyio nocrosuuyio c. Torma BY = BY + c¢Qo — coorBercTByIommit
sadpdberTuBHBIL otepaTop. [eas pabome: — ToJyUeHUE anpoKcuManuiit 0606-
IIEHHON pe30JbBeHTh (B, — CQ%)_I B 3aBUCHMOCTH OT € W CIEKTPAJTBLHOTO
napamerpa .



OcHOBHBIE Pe3YJIbTATH PADOTHI — ONEHKH

(B = ¢Q5) ™" — (B® = ¢Q0) Ml 1oty s 1omay < C()el¢| 712, (0.9)
1(B: —¢Q5) ™" — (B = ¢Qo) " — eK(&; Q)| ny(ret) s 11 (re) < C(0)e, (0.10)

cupasemueeie pu ( € C\ Ry, [¢| > 1, w 0 < ¢ < 1. TIpocnexena
3aBUCHMOCTH KOHCTAHT B OIEHKax orT yria ¢ = arg(. JIByxmapamerpu-
geckue onenku (0.9) u (0.10) paBHOMEpHBI 1O ¢ B Jr000I ObmacTH BUIA
{¢=|Cle"? € C:[¢| > 1,00 < ¢ < 2T — ¢} NUPH CKOJIb YrOJHO MAIOM
¢o > 0.

Koppekrop B (0.10) B 06111eM C1ydae COAEPKUT CrIAKUBAIOIIMI OTIEPATOD.
Mb1 BbLEIsIEM CTydau, KOr/Ia MOKHO MCIIOJIb30BATH 60J1e€ IPOCTO KOPPEK-
TOP.

Tlomumo oteHOK 1151 0OO0DINEHHON PE30IBBEHTHI MBI HAXOIUM AIPOKCH-
marmio 1o (Lg — Lo)-Hopme omepatopos Buta ¢=b(D)(B: — (Q5) ™!, oTse-
YAIOIINAX TOTOKAM.

Ouenku (0.9), (0.10) obobmaror pesyaprars! (0.7), (0.8) m3 [Sub, Su7|
Ha omeparop B., BKovYaomuil Mraime aierbl. OJHaKo eCTh U OTINYHE :
orerkn (0.7), (0.8) cupasemaues Bo Beeit obmactu ¢ € C\R, B TO Bpems Kax
B (0.9), (0.10) monosHuUTEBHO TpegIOIAraeTcs, 9ro [(| > 1. D10 cBa3anHO C
OPHUCYTCTBUEM WIEHOB TIEPBOIO ¥ HYJIEBOTO MOPSIKOB.

st TIOJTHOTBI U3JIOKEHHs Mbl HAXOJIMM AIIPOKCHMAIUIO OllepaTopa
(B: — €Q35)~!, cipaBeymByto B 60s1ee MMPOKOI 061ACTH U3MEHEHUS Napa-
MeTpa ¢ ¢ OIeHKAMY [TOTPEITHOCTH, UMEIOIIUME JIPYToe MOBEJeHNe OTHOCH-
resibHO (. (Ilogpobuee cm. §8 Huxe.)

0.4. MeTon ucciaenoBanus. MeTom OCHOBAH HA TPUMEHEHUN PE3YIHTATOB
(0.5), (0.6) B dukcuposanHoii Touke A K oneparopHoMy cemeiicTBy Be (1),
3aBucsIeMy or gonoaHnTeasHoro mapamerpa 0 < ¢ < 1. Oneparop B (1))

nojtydaercst u3 oneparopa B jomuokernuem kosdduuuentos as (x) ma 0,

a xoacbmmentos QF(x) u Q§(x) ma ¥2. Onenxu (0.5), (0.6) cripaseHBLI
s (Bz(9) + A\Q5) ™! ¢ obmumu mocrosmubivu ipu Beex 0 < 9 < 1.

O6cynnm nokazaresnscrso otenkn (0.9). [lpumenss (0.5) k B: () n nenas
MacmTabHoe rpeobpazoBaHue, TOJIYyUaeM ONEHKY

1(B(e; 9) + AeQo) ™" — (B%(&;9) + AEQ@)AHLQ(W)HLQ(W)

. L (0.11)
<Ce™, 0<¥9<l, O<egy .

(TIpu 1 < & < Y1 ucnonbsyrores rpybuie onenxu.) 37ech

d
B(:9) = b(D)*g(x)b(D) + V= 3 (a;(x)D; + Dya;(x)")
j=1

+ 0%2Q(x) + 0%£%eQo(x),



oneparop BY(e;19) nonyuaerca u3 sdpdexrusroro oneparopa BY anasormu-
HbIM 00pazoM. C 1OMOIIBIO HOAXOAMIIEr0 TOXKAECTBA it ODODIIEHHBIX Pe-
30/IbBEHT MBI nepenocnM ornerky (0.11) B Touxy ¢ = €', ¢ € (0, 27):

I(B(e;9) — C£2Qo) ™! — (B (;9) — 652@)71”L2(Rd)—>L2(Rd) < C(p)e .

B momyuennom mepasenctBe momaraem ¢ = 2|C|Y2 9 = |¢|7Y2, tme
0 <& < 1. Orpanmuenne [(| > 1 obecrednBaeT BBIMTOJHEHHE YCIOBHS
0 <9 < 1. Henas obparHoe macirrabuoe npeobpazoBanue u repeobo3Havdast
€ =: ¢, mpuxoauM K (0.9). Onenka (0.10) mpoBepsieTcst Ha TOM Ke IIyTH.

ITpuem, OCHOBAHHBINH Ha MacIITAGHOM TPeOoOPa30BAHUN ¥ HUCIIOJIb30BAHUK
PE30JBBEHTHBIX TOXKIECTB, paHee HCIOJIb30Bascsad B [Sub, Su7|. Heobxomu-
MOCTb BBEJIEHUS JOMOJTHUTEILHOIO TapaMeTpa B HacTosIIell pabore 06yC10B-
JIeHa [IPUCYTCTBUEM YJIEHOB IIEPBOIO ¥ HYJIEBOTO HOPSIKOB.

HpI/IMeHeHI/HO TOJIYYEHHBIX PE3YJIHhTATOB K YCPEAHEHUIO IJIJINTITUYECKUX
cucreM B orpaxmuennoi obmactn O C R? aBTOpHI MIAHUPYIOT TOCBSTHTE
oresbHyo crarbio [MSu3].

0.5. CrpykTtypa paborsi. Padora cocrour uz geparu maparpacdos. B §1
BBOJIUTCSI KJIACC OTIEPATOPOB, ommnchbiBaeTcst 3dpdekTnBHBIN omepaTop u (op-
Mysupytorcst pesyiabrarsl 13 [Su2|. B §2 cojeprkurcs BcroMoraresbHbIN Ma-
repuan. B §3 u3 (0.6) BeIBOAMTCA aHAIOIMYHAS OIEHKA, HO C APYTUM CIJIa-
JKUBAOIIMM ONEPATOPOM B KOPPEKTOPE (MBI EPEXOUM K CIUIA2KUBAHUIO 110
CrekJioBy, boJiee yA0DHOMY JI/IS TTOCIEAYIOIMIEr0 MPUMEHEHUsI K 33/a4aM B
orpannvennoii obiaacru). OCHOBHBIE pe3y/ibTaThl PAOOTHI CHOPMYIMPOBAHBI
B §4. Jokazarenscro onenkn (0.9) mpuseseno B §5; B §6 ycranaBinBaeTcs
orenka (0.10), a Takwe anmpoxcumanms jnotoka” ¢*b(D)(B: — (Q5) L. B
§7 BBIAEJSAIOTCS CJIyUuan, KOr/ia ChVIaKUBATEb B KOPPEKTOPE YIAeTCs yCTPa-
HUTH, W 0DCYKIAIOTCS CHENUaIbHbIE CayYan. ATIpoKCuMaIi 0006IeHHOM
PE30JILBEHTHI, CIpaBeIuBbie B OoJiee THUPOKOM 00JACTH W3MEHEHUS apa-
Merpa (, ycraHoBjeHb! B §8. B §9 npuBoisaTcs: npuMeps! npuMeHeHnsT OOIIHX
pe3yabraToB. PaccMoTpeH CKaJIsipHBIN 3JUTUITUYECKUI ONIEpaTop Buia

B. = (D — A%(x))"¢°(x)(D — A®(x)) + £~ v*(x) + V*(x),

KOTOPBIT MOXKHO TPAKTOBATh Kak mnepuoandeckuit omeparop IIpénunarepa
¢ OBICTPO OCIMJLIUPYIONIUMEI METPUKON ¢°, MArHUTHBIM TOTeHImaaoM A u
9/IEKTPUUIECKUM TIOTEHIHAIOM £ 10 + V. COmep KAINIM CHHTYISPHOE TIep-
Boe cyaraemoe. Takke paccmorpen mepuomudeckuii oneparop Ipénunrepa,
CoZepzKalluil CUIbHO CUHIY/IAPHBIN IIOTCHIINAJL 205,

0.6. Obozuavenus. [lycte §, H, — KOMIJIEKCHBIE ceapadebHbIE THTh-
6eproBel mpocTpancTBa. CUMBOIHL (-, +)¢ 1 | - |5 O3HATAIOT CKATIPHOE TTPOM3-

BEJIeHNE U HOPMY B §); CUMBOI || - || g6, O3HAMAET HOPMY JIMHEHHOTO HEpe-
PBIBHOTO oTepaTopa u3 5) B §),.
CumMBOJIBL (-,+) W | - | O3HAYAIOT COOTBETCTBEHHO CKAJISIPHOE IIPOM3BEjIe-

aue u Hopmy B C"; 1,, — eaunmunas (n x n)-marpuna. Uas z € C gepes
z* 0603HATAETCST KOMILIEKCHO COTpsizKeHHOe drcao. (Mbl ucmoib3yem takoe



HeCTaHaPTHOE 0DO3HAYCHNE, TAK KAK BEPXHsis YepTa O3HAYAET CPE/HEee 3Ha-
YeHKe 11epuouydeckoil dyHkuu 1o sveiike nepuoios.) Eciu a — (m X n)-
MaTpHIA, TO CUMBOJI |a| 0O3HAYAET HOPMY MATDPHUIIbI a Kak omeparopa u3 C"
B C™. Ucnoapsyem oboznauenns X = (r1,...,74) € RY, iD; = 0; = 9/0x;,
j=1,...,d, D = —iV = (Dq,...,Dgq). Kiaccot L, Bexrop-byukiuii s
O C R? co snauenusmu B8 C" ofosnauaem uepes L,(O;C"), 1 < p < oo.
Knaccer Cobosera C"-3uauneix dyuKiuit B obsactu O 0603HATAOTCS depes
H*(0;C"). Ilpu n = 1 nmumiem npocto L,(O), H*(O), Ho, eciu 910 HE BegeT
K HEJIOPa3yMeHUsIM, Mbl IPUMEHsIEM TaKWe yYIPOINEeHHbIE 0003HAUECHUST U JIJIsT
[OPOCTPAHCTB BEKTOP-DYHKIUIT MM MATPUYIHOZHAYHBIX (DYHKIIHIA.

Ucnonssyem obosnatenne Ry = [0, 00). Pazmuanbie oneHOUHBIE TOCTOSH-
Hble 0603HAUAIOTCA cUMBOJIAMH ¢, ¢, C', € (BO3MOXKHO, ¢ HHJEKCAMHU U 3HAU-
KaMH).

§ 1. KJIACC OMEPATOPOB. ATNMPOKCUMAIINST OBOBIIEHHO
PE3OJILBEHTHI (B: + AoQ5) *

B sTom maparpade BBOIUTCST pACCMATPUBAEMBIN KJTACC OTIEPATOPOB, OTIH-
cpiBaeTcst 3 GEKTUBHBIN omeparop 1 (bOPMYIUPYIOTCS PE3YIbTATH n3 [Su2).

1.1. Pemrerku B R% IIycrs I' € RY — pemerka, mopokaennas 6a3mcom
al,...,aq.

d
r=<{aecR?: a:ZVjaj, v; € L
j=1

Ilycts Q) — snemenTaprast siueiika perrerku 1

d

4 1 1
Q=¢(xeR”: x= Tia, —— <7 < =
19 2 J 2

Jj=1

O6o3znaqanm Q] = mes(Q, 2r; = diam Q.
Basuc by, ..., by € R%, npoifcTBennEbIil K Ay, .. ., a4, OLPEIEITETCS U3 CO-
oruorenuit (b;,a;) = 2mdj;, rae dj; — cumsos Kpouekepa. JIpoiicTBennoit x

pemterke [ HasbIBAETCs peleTKa, MOPOXKIeHHAs JBORCTBEHHBIM 6a3UCOM:

d
T=SbeR?:b=> ubj, pc
j=1

B xauectBe dymmamentanbuoit obsactu aBoiicTBennHoi permetku [T ymobHO
B34Th MEPBYIO 30HY bpuroeHa:

ﬁ:{keRd:\k|<|k—b|,07éb€f}.

Tlycts 79 — paguyc mapa, BnucanHoro B clos {2, T. e. 2rg = mino;ﬁbef |bl.
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st T-neprogmaeckux m3MEpuUMbIX MATPUN-DYHKIME CHCTEMATHIECKU
HCIIOJIB3YIOTCS CJIEAYIOITIE 0003HAMEHMS:

fr(x) = f(x/e), e > 0;

Te=l0r 1/f ix, f:= <|Q\_1/Qf(x)_1dx>_

31eck mpu omnpesenenun f Tpeanonaraetcs, 9T0 f € Lijjoc(R%), a mpm
onpeneneHuy f cuMTaercd, 9To MaTpuna [ KpalpaTHad M Heocobasd, MpHU-
qem [l € Lijoc(R?). Yepes [f°] oboszmadaercss omepaTop yMHOXKEHWS Ha
marpuiy-gyHKuo f©(x).

Yepez H'(Q) obosnagaerca mommpocrpancTso tex dgynkmuit nz H (),

d 1 (pd

I'-mepuogmraeckoe mpogokenne Koropeix Ha R npunagrexur H (R?).
1.2. Craaxkuatoruii onteparop II.. Yepes Hgk), € > 0, obozuauum 1110
C CUMBOJIOM Xﬁ/e(é), neiicteytomuii B Ly (R%; CF) (tme k € N):

P = (2m) " [ Oug)dg, we LESC). (1)
Q/e

3necs U — Pypbe-06pas byuknun u. Ormernm, uro npu u € H3(R?Y; CF) Brr-
[IOJTHEHO Hék)Dau = Do‘Hgk)u 17151 JIFOOOTO MYJIBTHHHJIEKCA (v JUIHHBL || < S
B nanpmeiiitem Mb1 6yzmem onyckaTh B 0003HAYEHUIX 3aBUCUMOCTD OTIEPATO-
pa Hé’“) ot k un mucats mpocto Il..

Huxe mam norpebytorcs cieayiomume cBoiicrsa omeparopa Il., ycranos-

aennble B [PSu, upennoxenue 1.4] u [BSu3, u. 10.2].

IMpeanosxenne 1.1. Jaa ao6ot dynxuuu u € HY (R CF) npu e > 0 u-
NOAHEHA OUEHKA

ITu — ul|, gay < ergIDull L, ga)-

IMpennoxkenne 1.2. ITycmo f — I-nepuoduneckan dynxyus 6 RY maxasn,
wmo f € La(Q). Tozda onepamop [f¢]1l. nenpepmeen 6 Lo(R% CF) u npu
e > 0 ewnoanena ouenka

NI Ly ety Loty < Q1721 (0

1.3. Oneparop A. Paccmorpum oneparop A B Ly(R%; C"), dbopmanbo 3a-
JMaHHBIH I depeHITna bHbIM BhIDAXKEHHEM

A=bD)*g(x)b(D), xcR%L

Bnece g — D-mepuojmueckast MaTpuria~-pyHKIUS pa3mMepa m X m, BOODIIe
TOBOP4Ad, C KOMIIJICKCHBIMHA 3JIEMCHTAMM. CqI/ITaeM, qTo

g(x) >0, g, € Loo(RY). (1.2)
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Haunee, b(D) — nuddepennuanbublii onepaTop nepBoro nopsijika ¢ moCTOsTH-
HbIMEU KO3 dunmentamu:

d
b(D) =Y bDy. (1.3)
=1

Baecw by, | = 1,...,d, — mocroguHble (M X N)-MATPHUIILI, BOOOIIE TOBOPS, C

KOMILIEKCHBIMU 3jieMeHTamu. Cumraem, 910 m > n, u 910 cuMBoga b(§) =
d "

> 1—1 & oneparopa b(D) mMmeer MaKCHMAJIBHBIN PAHT:

rankb(§) =n, 0# €& eRY

DT0 yCJIOBUE PABHOCUJIBHO CYIIECTBOBAHWIO TAKWX TOJTOKUTENHLHBIX TTOCTO-
AHHBIX (g U (], YTO

aol, < b)) < l,, 0cS¥™ 0<ay<a <o (1.4)
OTmeTnM HepaBeHCTBO, BEITeKatommee u3 (1.4):
b <oy 1=1,....d (1.5)

Tounoe ompeenenne: A ecTb caMOCONpsKeHHbIi onepaTop B Lo (R C™),
MOPOXKAEHHBLIN KBaIpaTHIHON (POPMOi

afu.u] = [ (96D, HDIuGx) dx. w e HI(EGCY).
R4
SaMKHYTOCTb U HEOTPUIATEIBHOCTE (DOPMBI O MOATBEPK AT OTEHKH
olls™ 7% [ IDuGodx < afuu] < sl | [DuG)f ix,

u e H'(R% CM),

(1.6)

seiTekarone u3 (1.2) u (1.4).

1.4. Oneparopsr )V u Yo. PaccmoTpum 3aMKHYTHII ommepaTop ), OeficTBY-
rormmit 13 Lo(R% C™) B La(R?; C9) no npasmry

Yu =Du=col{Dju,...,Dgu}, uce Hl(]Rd;(C”).
Coruacto Huzkueit ouenke (1.6) BbILIOJIHEHO

IVul?, e < aluul, o =a, Plg7M 2 we B'®RECY. (A7)

Mycrs B R? zamans [-mepromaeckne (n x n)-marpuip-byHKmmm a;(X),
7 =1,...,d, BoOOIIIEe TOBOPS, C KOMILIEKCHBIMU DJIEMEHTAMU, TTPUIEM

a;j € Ly()), p=2mpud=1, p>dupud=>2; j=1,...,d. (1.8)
Paccmorpum omepazop Yo : Lo(R%:C") —  Lo(RY;C™), neitcrsyrommmit

Kak ymHOXKeHue Ha (dn X n)-marpury-hyHKIHIO, COCTABJIEHHYI0 W3 MATDUII
aj(x)*,j=1,...,d:

WYou(x) = col {a1(x)*u(x),...,aq(x)*u(x)}, ue HY(RYC").
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ITpumensis mepasencreo l'enibiepa u Teopemy Bioxkenust CobojieBa, MOXKHO
nokasarb (cm. [Su2, (5.11)—(5.14)]), uro just aroboro v > 0 Haiijgyrcs Takue
nocrogunsie Cj(v) > 0, ¥T0

lajullZ, gay < VIDUllL, ey + G007, ga)
ue H'R4CY), j=1,....d.

CyMMupyst 10 j u yuurbiBas HUKHIOIO oneHky (1.6), 3akarouaem, 9To s
aroboro v > 0 naitjercst takast nocrosinaast C(v) > 0, 4ro

1V2ul2, < valu,u] + CO)ul2, gy, we B ®ECY.  (19)

IMpu ¢duxcuposanrom v nocrosiaaas C(v) 3aBucur jgumb ot d, p, «Qp,
lg~ L., or HOpM lajllz, ), J=1,...,d, n or mapamerpos pemerxn I'.

1.5. ®opma q. Ilycts B R? samana I-mepuoguueckas o-KoHedHas GOpe-
nesckag Mepa du(x) = {du;;(x)}, j,l = 1,...,n, co 3HaUeHnAMEI B Kiac-
ce 3pMuTOBHIX (N X n)-marpun. Wrade rosops, duyj(x) — xommuekcras I'-
neprogmdeckas Mepa B RY, mpirdem dpj; = d,u;kj. [IpeamonoxkuM, 9TO Mepa
dp Taxosa, uro npu mobom u € H'(RY) dbymrxnus |u(x)[> cymmupyema 1o
KazK /10l U3 Mep djij.

B Ly(R%;C") paccMorpum KBagpaTuanyio hopmy

q[u,u] = /Rd<d,u(x)u, u) = Z /]Rd w(x)uj(x)* dpji(x), ue HY(RYC™).

=1
(1.10)
Ha mepy dp vamoxum ciemytoriee ycaoBue.

Ycaosue 1.3. Hatidymces maxue nocmosaruve c¢g = 0, ¢a > 0, cg3 =2 0 u
0<c< ang*IHZL, YO BHINOAHEHE OUEHKG

D2, 0 — collull?, @ < /Q (dp(x)u, u)

< &|Dul, g +collulf, @), weH(®C.

(1.11)

Bamucas HepasencTsa Bua (1.11) o ¢IBUHYTHIM sTUeHKAM U TIPOCY MMUPO-
BaB, [IOJIyYaeM MOXOxHe HepapeHcrsa s byuxmuit u3 H1 (R CM). B cury
(1.6) orcroJa BBITEKAIOT OIEHKN

—(1 - k)afu,u] — co||u||%2(Rd) 112)
< q[u,u] < c2afu,u] + 03Hu||%2(Rd), uc H'(RYC"),

e
co =20y lg e, K=1-Cog'lg e, 0<w<L (1.13)

[Tpumepsr dbopm Buma (1.10) opusegens! B [Su2, m. 5.5|. 31ech MbI orpa-
HUYUMCS TOJTBKO OCHOBHBIM TIpuMepoM (cM. [Su2, mpumep 5.3]).
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IIpumep 1.4. Ipeanonoxum, aro Mepa dy abCOJOTHO HENPEPbIBHA OT-

nocuresnbuo meper Jlebera: du(x) = Q(x)dx, x € RY e Q(x) — I-

EePUOANIECcKast SPMUTOBA (N X N)-MATPHUIA-DYHKIINS TAKAsI, ITO
QeLyN), s=1lmpud=1, s>d/2upud>2. (1.14)

Torya gu,u] = (Qu,u)p, ey 1pu u € HY(R% C"), u gz moboro v > 0
naitnercs nocrosunas Cg(v) > 0 Taxasi, 410

/[ x)u,u)| dx < /\Du\zdx—i—CQ /]qux uc H(Q;C").

Ilpu dukcuposannom v nocrosunass Cg(v) KoHTposmpyercst depes d, s,
QI 1, () m mapamerpsr pemerkn I'. Bribpas v = 2_1a0||g_1\|2010, HAXOIWM,
410 ycrosue 1.3 BrinosHeno mpu ¢ = v, ¢g = Cg(v), ca =1u cg = Cg(1). B
(1.13) ceitaac c2 = ay*||g7 | L, £ = 1/2.

1.6. Oneparop B(g). B Ly(R% C") paccMoTpuM onepaTopHOe ceMeifcTBo
B(e), 0 < e < 1, dopmasbro 3amanH0e MM dOEPEHITHATBHBIM BIPAYKEHIEM

Ble) = A+c(VsY + Vo) +2Q
— H(D)*g +5Z a;(x)D; + Dja;(x)") + £*Q(x),

riae Q(X) ciefyer HHTEPIPETHPOBATh KaK 0OOOIIEHHBIN MaTPUIHBIH TOTEH-
uaJi, TOpOXKIeHHBI Mepoit du(x). Tounoe ompesenenue omeparopa B(e)
JlaeTcs 9epes KBAJIPATuIHYo (GopMy

b(e)[u, u] = a[u,u] + 2eRe (Yu, Jou) 1, gy + e2qlu,u], ue HY(RELC).
(1.15)

ITpoBepuM 3aMKHYTOCTE U TIOJYOrPAHUYIEHHOCTH cHI3Y hopmbl (1.15). B cu-
y (1.7) u (1.9) BBIDONTHEHO

2¢|Re (Vu, You) 1, | < g

uc Hl(Rd; C"), = 4/(10%0(1/0) upu vy = /12(16c%)71.

afu,u + cse®|[ull7, ga, (1.16)

Teneps u3 nuxkHeit ouenku (1.12) u (1.16) ¢ yuerom 0 < & < 1 nosyuaem
oreHKy cHu3y jisi popmbl (1.15):

K
b)) > Safuu] — (o + )l ey, w e HURECT),
C yuerom HukHel onenkn (1.6) 910 Bieuer

b(e)[u,u] > .|| Dulf], gy — (co + ca)e®|[ull7, gay;
(1.17)

uc Hl(Rd;Cn)v 0<e<l; co:= g%Hg*lHZ;‘

O6beunss (1.7), (1.9) upu v = 1 u Bepxuiowo ouenky (1.12), upuxonum K
HEPABEHCTBY

b(e)[u,u] < (24 4 ¢c2)afu,u] + (C(1) +03)52||u|]%2(Rd), u e H'(R%CM).
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Bumecre ¢ Bepxueit onenkoii (1.6) 910 gaer
b(e), ] < CalDull2, oy + (C(1) + ) [l g,

vl < C. 2 (1.18)
ue H(RGC"), 0<e<l; Co:=Q2+c+c)ulglr..

1.7. Onepatrop B.. Hycrs T., ¢ > 0, — yuurapnsii B Ly(R?; C") oneparop
maciTabuoro npeobpazopanus, AEHCTBYIONIUN 10 TPABUILY

(Tou)(x) = e¥?u(ex), ue Ly(R%:CY), e>0. (1.19)

Iycts A. — camocompsikenHbli omeparop B Lo(R% C"), orseuarommuit
KBaIpaTu4IHOi dopme

a:[u,u] := e 2a[Tu, Tou] = (¢°b(D)u, b(D)u)r,re), UE HY(RY; C™).
®opmansno, A. = b(D)*¢°(x)b(D).
ITycts Vo . — omepatop, AeiCTBYIOMN MO TTPaBWILY
(V2,.u)(x) = col{a](x)"u(x),...,az(x)*u(x)}, ue HY(RY; CM).

IIycts dpp — mepa w3 . 1.5. Onpenesnum Mepy du® ciaegayromuM 06pa3oM.
Hns mo6oro Gopesesckoro muoxkectBa A C R? paccMoTpnM MHOKECTBO
e!A == {x € R?: ex € A} u nonosxum pf(A) = eu(e71A). Gopma g.
OTIPEJIENAETCA PABEHCTBOM

ge[u,u] = /Rd<du€(x)u, u), uc Hl(Rd;(C”).

Homowmm Be := e 2TrB(e)T., 0 < ¢ < 1. Unbvm ciosamu, Be — camo-
conpszkeHHbi omeparop B La(R%; C™), orseuarommuit kBagparudsoii dhopme
be[u,u] := e 2b(e)[T.u, Teu]
= a:[u,u] + 2Re (Vu, Yo c) 1, (re) + ¢c[u,u], ue€ HY(RY CM).
(1.20)
C yuerom (1.20) u3 (1.17), (1.18) BBITEKAIOT OIlEHKN

d

bo[u,u] > c*||Du||%2(Rd) — (o + C4)||u||2L2(R,1), ue HY(R%LCM), (1.21)
d

befu,u] < LDl gy + (C(1) + es)llul2, oy u e H'(REC),

mpu 0 < € < 1. Takum obpazom, ¢dopma b, 3aMKHYTa W TOJIYOTPAHUIEHA

CHU3Y. cDOpMaJ[bHO MOZKHO HaIIUCATh

d
B. = b(D)*g"(x)b(D) + Y _ (a5(x)D; + Dja5(x)") + Q°(x).  (1.22)
j=1
3nechk J° caenyeT MHTEPHPETUPOBATHL KakK 0DODIIEHHBI MATPUYIHBIH TOTEH-

[MaJI, TOPOXKJIEHHBIH Mepoit du®. Mbl BuguMm, aTo K03hDUIUEHTH! OITepaTopa
B: 6BICTPO OCHUIIIUPYIOT [IPU MAJIOM €.
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1.8. DddexkTuBHas wmarpura. IddexrupHnii omeparop ana A, =
b(D)*g%(x)b(D) sajaercs udbdepenupnanbubiv  soipaxkenuem AY =
b(D)*¢°b(D). 3mecy ¢° — mocrosmHas 3¢deKTHBHAS MaTpHIA pa3Mepa
m x m. Onpenenenne ¢g° naeTcs B TepMUHAX PEITEHHsT BCIOMOTATEILHON 3a-
naun Ha staeiike. [lycrs T-nepuogmaeckas (n x m)-marpuna-dyskimsa A(x)
SBJIAETCS PEIICHUEM 3a,1a91

b(DY* g(x) (l(D)AX) + 1) = 0, /Q A dx=0.  (1.23)

(Ypasrenue monnmaercs B ciabom cmbiciie.) Torma sddexkTnsras MaTpuia
oTipeJieieHa PaBeHCTBOM

Q=0 /Q 5(x) dx, (1.24)

rie
9(x) = g(x)(b(D)A(x) + 1p,). (1.25)

MozKHO moKa3aTh, uTo ¢ I0J0KATENBHO OIPE/Ie/ICHA.
Husxe maMm moTpebyioTes CIeAyIoNie OMeHKN A A, yCTaHOBJEHHDIE B

[BSu2, (6.28) u . 7.3]:

_ —1/2 1/2 _ 1/2

Al Ly < 12120y, My = m'?(2r0) " ag Plgl 2 g7 12, (1.26)
—1/2 1/2 _ 1/2

DALy < 1Q1YV2Ma, My := m"2aq gl 197112 (1.27)

Ormerum oneHku it 3O@PEKTUBHON MaTpPUIlbl, U3BECTHHIE B TEOPUU
ycpennenust kak suska Poiirra—Peiicca (cm. [BSul, 1. 3, Teopema 1.5]).

Ipeagnoxenne 1.5. [Iycmv ¢° — asfexmuenan mampuuya (1.24). Tozda
g<q’<3g (1.28)
B cayuae m = n eceada evnoaneno g° = g
U3 (1.28) BBHITEKAIOT HEPABEHCTBA

19°1 < llgllze, 1) < Nlg™ 2w

Onunmiem cyuan, korma B (1.28) peamusyercs BEpXHsIg UM HUKHSS TPAHB
(cm. [BSul, 1. 3, upepioxkennst 1.6 u 1.7]).

Ipengoxxenne 1.6. Pasencmeo ¢° = G pasnocusvHo coommoweHusm
b(D)'gr(x) =0, k=1,...,m, (1.29)

ede gr(x), k=1,...,m, — cmoabuyv mampuuv, g(x).

Ipennoxenne 1.7. Pasencmeo ¢° = g PAGHOCUALHO NPEICMACACHUAM

1.(x) =19+ b(D)wy, 19eC™ wpe H(QCY), k=1,...,m, (1.30)

2de Iy(x), k=1,...,m, — cmoabuv. mampuuyb g(x)~ L.
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1.9. Dddexrupnpiii oneparop B°. DdbdexruBHbiii oneparop s Be
BBOJWIICH B [Su2).

Ilycte D-nepronmaeckas (n x n)-marpuua-pysxus A(x) asisercs (cra-
ObIM) pEIIeHTeM 3a,/IaTH

d
b(D)*g(x)b(D)A(x) + Z Dja;(x)* =0, / A(x) dx = 0. (1.31)
=1 @
Omnpenenum nocrosgauble MaTputisl V u W pasencrsamu
=197 [ (HD)IAGO) g (BDIR ) . (1.32)
Q
— 0! /Q (b(D)A (%)) 9(x)(B(D)A (x)) dx. (1.33)

Torma sddexkTuBHbI onepaTop mas onepatopa (1.22) 3amaH BeIpaXKeHHEM

d
B% = b(D)*¢’b(D) — b(D)*V = V*b(D) + Y (aj + a})D; — W + Q. (1.34)
j=1

Omneparop B — sanmunriaeckuii onepaTop BTOPOTO MOPSAKA C TIOCTOSHHBIMI
KO3 DUIImeHTaAMM.

Coraacuo [Su6, (5.7)] npu ycaosun A > ¢ + ¢4 cumson Ly (&) oneparopa
B° + M ynosnersopsier onenke Ly (&) = ca(|€]?> + 1)1, & € R, e ¢y =
min{c; A — ¢g — cg}. Honaras A\, := ¢o + ¢4 + ¢4, TONydaEM OLEHKY IS
cumbona L, (€) oneparopa B® + A\, I:

L&) > c(|€ + 1)1, € €R™

Cuenosaresbro, juig kBaaparuanoii ¢popmel b? omeparopa B Beimosmeno
HEPABEHCTBO

0 2 2 2 1/mpd
600, u] + A2,y > o (D)2, gy + 0l ) . wE RS CY),
C yueroM BBIpAXKEHUS I Ay OTCHOMA MOy IaeM

0T, u] > e [Dul?, o) — (co+ co)[ul2, gy, wE H'(RECT).  (135)

Huzxe nam noTpebyrores caeayonme HepaBeHeTBa, At A, yCranoB/IeHHbIe

B [Su2, (7.52) u (7.51)]:

1A, < (2r0) " Can'?ag g™ |11 (1.36)
IDA ) < Can' g g™ | (1.37)

vie CF = 351 Jo laj (%) dx.
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1.10. OGob6mieHnas pesosbBeHTa. [lycte Qo(x) — I-nepuommueckas
Marpua-QyHKIMs pasMepa n X n Takas, 4To

Qo(x) >0, Qo, Q" € Leo(RY).

Mpsb1 usyuaem 0600IIEHHYIO PE30IBBEHTY omnieparopa B, T. e. onepaTop BUIa
(B. — 2Q5) !, ormpasich Ha pesynbTaThl cTaThu [SU2|, TE TOTyTeHb ar-
OPOKCUMAINY ITON PE30JbBEHTHI B (DUKCUPOBAHHON BEIECTBEHHON TOUYKE 2.
TIpex e vem dpopMyaupoBaTL 3TH PE3YIbTATH, HAM YA00HO TEPEHTH OT OTIe-
paTtopa B. K HEOTPHUIATETEHOMY OTEPATOPY

B, .= B. + CSQS; (138)

noiarast ¢s = (cp + C4)HQ61HLOO~ B cuny (1.21) Bomosmeno B. > 0.
OrMmernm, 4TO omepaTop Be MOXKHO paccMaTpuBaTh KaK ONEpPaTOp BHUJIA
(1.22) ¢ npexunmu kodbdurpenTaMu g°, a5 U ,HOBBIM’ MATPUYHBIM IIO-
rermmanom QF = QF + c5Q5. Coorsercraytomas dbopma Joldp(x)u, u) +
¢s o (Qo(x)u, u) dx ymosnersopsier yenosmo 1.3 ¢ ¢ = 0 B posnt co, HocTo-
AHHOM ¢3 = 3 + ¢5|Qol|L.. B posm ¢3 m mpexAWME € U Ca.

Durcupyem qucsio Ao caepyrommm obpasom (cp. [Su2, (5.27)])

Ao = 2(1Q5 Lo ca. (1.39)
Omneparop B; + A\oQf HOJI0KUTEIBHO OIPEe/IeH, a IIOTOMY 0000IIeHHas pe-

sombBenta (B + \oQ§) ™! — orpanmennbiit onepatop B Lo(R%; C™).

Sameuanue 1.8. B pabome [Su2| usywaaacv obobwennan pezosveenma
(Be + AQ5) ™! npu A = o, 6 [Sub] — npu 6oace ce060dmom ycaosuu A > 0.
s nowus yeaett docmamoyHo npusecmu peyabmamot 6 HuKEcuposanrot
moure \; daa ydobemsa cevaor na [Su2] ucnoavsyem yeaosue (1.39).

st ymobeTBa 1agbHERIITINX CCBIJIOK HA30BEM ,UCXOIHBIMU JIAHHBIMHU CJle-
JIYIOIIIUE BEJTUYMHBI

d, m, n, p; o, a1, ||g||Loo7 ||g_1HLoo7 HajHLp(Q)7 j=1....d,

¢, co, Ca, c3 w3 yerosua 1.3; [|Qollro., |Qg  lre; mapamerpsr pemerku I.
(1.40)

Ormernm, uro mocrosiaabie ¢1, C(1), K, C2, ¢4 TOJHOCTBIO OMPEIEJISTIOTCS
HCXOJHBIMA JTaHHBIMHA.
st omeparopa (1.38) sdbdeKkTrBHBI onepaTop UMeeT BUJT

B® = B° + ¢5Qo. (1.41)

Ormerum, uaro u3 (1.35) BeITEKAET OLEHKA CHU3Y 151 KBAAPATUIHOH (HOPMBI
b0 oneparopa BY:

0 2 d
b’lu,u] > c*||Du||L2(Rd), uc H'(R%C™). (1.42)
DT0 paBHOCHUIILHO Cieiylomeil onenke g cumsosa Lo(€) oneparopa BP:

Lo(€) > c.€l1,, €€R? (1.43)
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Oueparop BY + \gQo npencrasiser co6oii IO Broporo Hopsiika ¢ LOCTOSH-
HbIMEU KO3PDUreHTaMu ¢ CUMBOJIOM

L(&) = Lo(&) + XoQo

= BE)'9'H(E) ~ BE)'V — VHE) +

J

d
(aj +a})&+Q — W + (¢5 + o) Qo-
=1

N3 (1.43) ¢ yaerom (1.39) BEITEKAET OTEHKA
L&) > e (€ + 11, €eRY & =min{c,; 2} (1.44)

1.11. Annpokcumanusi onieparopa (B. + \oQ5)~!. Tlpumenenue teope-
mbl 9.2 u3 [Su2| k oneparopy (1.38) jaer cieayromuil pesyibrar.

Teopema 1.9 (|Su2|). [lycmo swnoanerno, yeaosusa n. 1.3-1.10. ycmo wuc-
40 Ao onpedeaeno 6 (1.39). Tozda npu 0 < € < 1 cnpasedausa ouenxa

1(Be +20Q5) ™" = (B + 20Q0) "l Ly(t) 1oy < Cie.
Hocmoannaa Cy xKonwmpoaupyemcsa wepes uczoonme dannoie (1.40).

Yrobbl amnpokcumuposarh oneparop (B: + X\oQ§) ! nmo (Le — HY)-
OIepaTOPHOII HOPME, BBEJEM KOPPEKTOD

K (e) = ([A%J6(D) + [A) L (B” + AoQo) ™" (1.45)

Baecy II. — omeparop (1.1). Koppekrop (1.45) orpanumdeHn Kak ormepa-
Top, meficrytomuii u3 Ly(R% C") B H'Y(R? C"). Dro HeTpymHO yCTaHO-
BUTb C MOMOIIBIO TIpejiozkenns 1.2 u BriaoueHnit A, Ae H L(Q). ITpu sTom
HEK(?S)HLQ(WHHI(RFI) =O(1).

B reopeme 9.7 u3 [Su2| ycraHoBieH ciepytommii pe3yabrar.

Teopema 1.10 ([Su2]). Hycmv svnoanenv, ycaosua meopemor 1.9. Iyemo
K (e) — onepamop (1.45). Toeda npu 0 < € < 1 cnpasedausa ouenka

(B + )\OQE)_l - (BO + )\0@)_1 - 5K(£)‘|L2(Rd)—>H1(Rd) < Cae.
Hocmoannaa Co Konwmpoaupyemcsa wepesd ucroonve dannve (1.40).

3ameuanme 1.11. Huowce 6 §5 u §6 nam npedcmoum ¢ nomouyvpro meo-
pem 1.9 m 1.10 (mounee, smecmo meopemovr 1.10 mam Gydem npumerer
ee aHaa0z — meopema 3.3) annpoKcuMUPOSaM® 06OOWEHHYIO PE3OALEEHMY
(B=(9) + MQ5) ! cemeticmea onepamopos B (1), sasucauux om napamem-
pa 9 € (0,1], ¢ macwmabuposarnvmu KoshHuyUEHTIAMU vas, 92Q° (cm. n.
5.2). Bamemum, wmo dopma 92 ( [o{dp(x)u,u) + 5 [(Qo(x)u,u) dx) npu
scex ¥ € (0,1] ydosaemsopaem ycaosuro 1.3 ¢ odnumu u memu sice nocmo-
anmnvmu ¢o = 0 6 poau cg, ¢z = c3 + ¢5]|Qollr., 6 poau c3 u npescrnumu
¢ u cy. Jlasee, nocmoannan vy = /<;2(160%)_1 om V¥ we sasucum. Lomno-
orcan (1.9) ¢ v = vy na 92, ybesicdaemes 6 cnpacedausocmu nepaceHcmea
suda (1.9) (6 cayuae Kospduyuenmos Va;) ¢ 00not U Mot dHce NOCMOAHHOT
C(v) npu scex ¥ € (0,1]. Caedosamenrvro, nocmoannyto ca (em. (1.16)),
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a mozda u wucao Ng (em. (1.39)) moorcno cuumamsv ne 3asucawumy om .
Yumem makorce, wmo nopmuve Koappuyuenmos Va; 6 L,(Q) mascopupyromea
nopmamu [|la;l|, ) npu ecex ¥ € (0,1]. B [Su2| npocaesicena sasucumocmn
nocmoannuix C1 u Cy om dannwx 3adauu (6 wacmmocmu, smu nocmosat-
noie pacmym ¢ pocmom nopm ||ajl 1, )). Bmecme co ckasanmvim eviwe smo
nossoasem evbpamov nocmoannvie C1 u Cy npu annpokcumayuy onepamopa
(B=(9) + MQ5) ! ne sasucawumu om napamempa 9.

§ 2. BCIIOMOT'ATEJ/IbHBIE YTBEPHIEHU S

2.1. CnoiicrBa wmarpurnpi-gpyakimun A. Ham mnorpebyerca pesysbrar
[PSu, nemma 2.3]:

JIemma 2.1. IIyemo A — I'-nepuoduneckoe pewenue sadawu (1.23). Tozda
ona moboti pynkyuu u € Cgo(Rd) npu € > 0 snnoarera ouerxa

DA PGP < alul ey + o [ |A° (o)D)
Rd Rd

Hocmoannvie 31 u By sasucam om m, d, ag, a1, ||gllz. v |g7 Lo -

Uz mevmer 2.1 B ety mwaotaoctn muokectsa C°(RY) B H(RY) BriTexaer
CJIEJTYIOIIEe YTBEPIK ICHNE.

Caencreue 2.2. [Tycmo A — T-nepuoduueckoe pewenue sadauu (1.23).
Hycmov donoanumenvho ussecmno, 4mo A € Lo,. Toeda drs a0bot pynrkyuu
u € HY(RY) npu e > 0 emnoanena ouenka

[ DA GRG0 dx < el oy + oA | Dol dx
2.2. CaoiictrBa maTpuilbl-(pyHKIINA A. JlokazaTeabCTBO  CAETYIOIETO
YTBEPIKJICHUS TTOX0Ke Ha JIOKA3ATEIbCTBO JeMMbl 2.1 u3 [PSul.

Jlemma 2.3. Iycmo A — T-nepuoduueckoe pewenue sadauu (1.31). Tozda
daa moboti dynwyuu u € C§°(RY) ewmoareno nepasencmeo

/]Rd IDA(x)[?|u(x)|? dx < §1HUH§{1(RCI) + 6o /Rd IAX)|?Du(x)]?dx. (2.1)

Hocmoannvie 51 U EQ onpedeaenv. nuoce 6 (2.12) u 3asucam moavko om n,
d; o, 1, P, ||g||Looz Hg_lHLooz om HOopm ||a’j||Lp(Q)z J=1... 7dz a mawaice
om napamempos peuwtemru L.

Aokazameavcmeo. llycts wi(x), k = 1,...,n, — cTOJOIIBI MATPHIIBI /NX(X)
B cuy (1.31) mns smo6oit bysknuu n € H'(RY; C") taxoii, 4To npu KakoM-
au60 R > 0 semmosaeno 1(x) = 0 opu [x| > R, cupaBeinBo TOXKIECTBO

d
/ (<g<x>b<D>wk<x>,b<D>n<x>>+Z<aj<x>*ek,Dm<x>>) dx=0. (2.2)
Rd =

3neck e, k=1,...,n, — crangaprasie optel B C”.
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Hycrs u € CO(RY). Tomoxum n(x) := wi(x)|u(x)|?. Torga ¢ yuaerom
(1.3) umeem

b(D)n(x) = (b(D)wy \2+Zblwk D, (23)
Dina) = (D) [P + WD (24
Ioncrasmas (2.3) u (2.4) B (2.2), Haxomum
7= [ {a0MD)we (), H(D ) () () dx
Rd
d
= — ai(x)*e wi (%)) u(x)]? dx
- ;/}Rduu o Dywa () () d

d (2.5)
+ Z /Rd (9(x)b(D)wg(x), bywi(x)) (u* Dyu + uDju™) dx
=1

d
+ Z / (a;(x)*er, wi(x))(u" Dju + uDju") dx.
j=17R
Ob6o3ragnM cjaaraemble B paBoit yactu (2.5) gepes Ji, Jo u J3. Vimeem

d
3] <0 g o Y- [ loy)"enPluo dx
j=1

(400 197 ) /Rd IDw,(x)]?|u(x)|? dx.

.,Mr—*

C yuerom yciosus (1.8) na k03b@UIMEHTE! ¢ BBIIOJHEHO HEPABEHCTBO

(x)*ep|?u(x)]? dx a;(x)?|u(x)|? dx
[ JasrePucaPax < [ o 6oPlueoa

< ng,pHajH%p(Q)HUH%]l(Rd)v

(2.6)

rae Co,, — xoncranta Broxenus H'(Q) C Ly, (,—2)(€). Cnenosarensro,

d

1] < 4ag g e Cap D llaslz, o llull i gray
j=1 (2.7)

(409~ 12)” / Dwi () ()2 dx.

As\»—‘
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Hanee, ¢ yaerom (1.5) u (2.5) BbilOIHEHO

|J2<2/ |9(x)"/2b(D)wy, ()] [u(x (Z\g )2 brwi( )IDzU(X)I> dx

<57+ 2danlgli. | IwG0PDutof dx.
R
(2.8)

Onenum, HakoHell, J3:
d
74 <23 [ oy ol wiGol )12y dx
7=1

d
‘X2UX2X WX2UX2X.
<J§_;/W|a]<>r|<>rd+/w\ (P Dux)d

C yuerom (2.6) nomygaem

< oy S s, ol + [ moPDuiPax. (29)

7j=1

O6bemunss (2.5), (2.7)-(2.9), naxoanm

d
7 <2 (dag g N +1) €3, S Nlaglls 1l e
j=1

(400 197 w) / IDwy (%) |2 u(x)|? dx (2.10)

l\.’J\»—l

2 (2dan gl +1) [ | 1w PIDu) dx
R

ITokaxkem Tenepb, kak u3 (2.10) BeIBogUTCH Tpebyemast oneHKa. B cuty
(1.4) BBITTOTHEHO

/|D wiu)(x)]? dx < /|b (wru)(x)|? dx.

Coranacno (1.3), b(D) = Zle by Dy, mosromy

d
=1
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C yuerom (1.5) u Beipaxkenust st J (cum. (2.5)), umeem
[ D)o ax < 205" [ D)wi ) Pu i
+ 205 and /R ()P Du(x) P dx (2.11)
<205 g T + 2ao_1a1d/Rd |w (x)]?|Du(x)|? dx.
OueBuHo,
[ Dwi )P dx <2 [ D) ) dx
2 [ w0 Dutof dx
Otcroma n n3 (2.10), (2.11) BBITEKAET OIEHKA
[ pwiGoPu dx
g

d

< 160 19 2o (g tlg ™ lzw +1) G, D llall?, o) lull 7 e,
j=1

+ (16a61||g‘1HLm (2das|g|r.. + 1) + 8ay tand + 4)
X / |wi (%)% Du(x)|? dx.
Rd

CymMupyst 1o k, IpuxoAuM K HepaBeHCTBY (2.1) npu

d
Br=16nay" 119 e (40 g™ Nz +1) C3 > sl ),
j=1

By = 1605 (19" || (2denlgll . + 1) + 8ag and + 4.

(2.12)

O

[Ipumenss maciTabHoe npeodpa3oBanye, Ha OCHOBAHUY JIEMMBI 2.3 TIOJTY-
JaeM CIAeTYIONNN Pe3yIbTaT.

Jlemma 2.4. B ycarosuax aemmot 2.3 npu 0 < € < 1 cnpasedausa ouenxa
[ DR (P < Bl oy + Foe® [ RGO Du(x)? x.
R R
Hwuxe B §7 HAM TOHAIOOUTCS CACIYIOMIEE TTPOCTOE YTBEPXK ICHNUE.

Jlemma 2.5. ITycmo f(x) — T-nepuoduneckan dymryua 6 R, npuvem

fely(), p=2npud=1, p>2npud=2, p=dmnpud>=3.
(2.13)
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Tozda npu 0 < ¢ < 1 onepamop [f°] nenpepvieno nepesodum H'(RY) 6
Lay(RY), npuvem

1L i () o () < 1F 1Ly () O,

2de Cg(lp) — mnopma onepamopa eaovcernua H () — Lo,y (). 3decw
(p/2) =00 npud =1, (p/2)) = p(p—2)~" npud>2.

Joxasamenvcmeo. Iycrs d > 2 u u € HY(R?). Hcnonssys 3aMens: X = €y,
u(x) = v(y), mepaerncrso [enbaepa u Teopemy Bioxkenusi CobosieBa, mpu
0 < e < 1 nonyuaem

/ GG dx == [ 17 Pol) dy
Rd
—st/ ¥)Plo(y) P dy

acl Q+a

. o\ M@
< o) ( R ay)

ael
< U F112, ) (COV 0l oy < IFIZ, () (CP) Il -

3rech (p/2)~t + ((p/2)")~! = 1. llpn d = 1 10KA3ATETLCTBO AHATOTHYHO
(Hy’KHBIE U3MEHEHUS B BBIKJIQIKE OYEBHIHBI). O

N3 jemm 2.4 u 2.5 BeITEKAET CAEAYIOIIEE CJIEICTBUE.

Caencrsue 2.6. [lycmo A — I'-nepuoduueckoe pewenue 3adauu (1.31).

Iycmw donoanumenvro uzsecmmo, wmo N ydosaemeopaem ycaosuro euda
(2.13). Tozda npu aobom u € H*(R?) u 0 < £ < 1 cnpasedauso nepasencmeso

/R DR (0P lu() [ dx < Bl gy + oI Al ) (O IDul3s gy
2.3. Jlemma 0 Q§—Qo. B 3ToM ImyHKTe MbI JI0KazKeM JIeMMYy, HeOOXO0UMYI0

[pU IIPOBEPKE OCHOBHBIX PE3YJIBTATOB PabOTHI.

Jlemma 2.7. [Tyemnv Qo(x) — I'-nepuoduneckan (n x n)-mampuya-pynxyus
makas, 4mo Qo € Loo. Tozda npu € > 0 onepamop [Qf — Qo] ymnoocenus
na Q5 — Qo nenpepvisto nepesodum H'(RYC™) ¢ H™1 (R C"), npuem

Q6 — @]HHl(Rd)eH*(Rd) < Cue, €>0. (2.14)

Hocmoannasn Cg, konmpoaupyemes wepes d, ||Qol| L., v napamempo, pewem-
xu I

Joxaszameavemso. Tockosky Qo — Qo € Lo 1

/Q(Qo(X) — Qo) dx =0, (2.15)
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CIIPABE/JINBO MIPEJCTABICHUE
o d
Q5(x) = Qy = —e Y D;jh5(x), (2.16)
j=1

rae h; — D-nepuonudeckue (n X n)-MaTpunb-GyHKINH Takne, 910 hj € Lo.
Iosicaum BBI6OD hj. Ilycrs ®(x) — I'-nepuonndeckoe pemrenne 3a1a4u

A®(x) = Qo(x) — Qo, /Qq)(x) dx = 0.

B cuny (2.15) ycioBue paspenmMOoCTH BBITOTHEHO. Tak Kak mpasasi 4acThb

Qo — Qo € Lo, pemenne ¢ € WPQ(Q) opu Jobom 1 < p < oo. Ilpu sTom

12llwz2(0) < c1(P)1Qo — Qollz, (@) < 1(P)1QollL.c()- (2.17)
TocrosanbIe ¢1(p), ¢1(p) 3aBUCAT JMIE OT p M MapameTpos pemerkn . 1o
BbITEKAET U3 TeopemMbl MaplmHKeBrYa 0 MyJIbTHILIMKATOPaX st PsijioB Dy-

pobe [Ma).
[Monoxum hj(x) = D;j®(x). Torma BeimoseHo

d
Qo(x) = Qo = — Y _ Djh;(x),
j=1
uhj € WI}(Q) npu Beex 1 < p < 0o. Bosbmem p = d + 1. Torpa 1o reopeme
BIOXKeHUA Nj € Loo, 1 B cuity (2.17) cpaBeinBa oljeHKa

175l e < e2llPjllwi o) < c2ll@llwz(o) < e2e1(d +1)[|Qol| Loe

(31ech ¢ — HOpMa COOTBETCTBYIOIIETO OMEPATOPA BJIOKEHMSI. )
IIycrts F € HY (R4 C"). C ygerom (2.16) BBIMOTHEHO

’ ((QS - @)F7 V) LQ(]Rd)

1(Q5 — Qo)F |l g-1(ray = sup
0£veH (REC) VI 1 (may
d (2.18)
D;he)F
= (( i) ’V)LQ(Rd)
<e sup
0£veH1 (RACH) V]l 1 (e

Ucnonbsys pasencrso (D;h5)F = D;(hSF) — hiD;F u unrerpupys 1o va-
CTAM, HAXOUM

((D;R5)F, V) | gay = (W5 D3v) | gy = (BSDF,V) ey G=1,....d.
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Orcroma u u3 (2.18) caegyer, uro

d
heF, Dzv)
e A ];l ( J / La(R4)
[(Q6 — Qo)F|l-1(ray < € sup
0£veH (RECH) V1l 1 (et
; (2.19)
ha-D-F,v>
j=1 ( 7 La(R%)
+e€ sup
0£veH! (R4;Cn) VIl 1 (et
CupaBe JiMBbl OLIEHKHU
d
> | (5%, D3v) | < OBl IDV ey, (220)
=1
d
Z ’ (hiD]F7 V)LQ(Rd) < ChHDFHLz(]Rd) HVHLQ(Rd)7 (221)

<.
Il
-

d
rie CF :=esssup Y. |hj(x)]|?. Ormerum, uro Cj, < ¢3]|Qol| L., r1e nocrosin-
xcRd  j=1
Hasi €3 3aBHCHUT TOJBKO OT d M OT mapamerpos pemterkn I
Tenepr u3 (2.19)—(2.21) BeTekaer orenka (2.14) ¢ nocrosunoit Cg, =

2Ch,.

§ 3. CrJIAYKUBAHUE 110 CTEKJIOBY. JIPYIAA ATIIIPOKCUMAILIMA A
OBOBIIEHHOI PE3OJILBEHTHI (B: + AoQ5)

3.1. Onmepatop craaxkuBaHusa no CrekjgoBy. Paccmorpum omeparop

5

crnaskupanns mo CrexnoBy St ', € > 0, geiictsytommii B Lo(R%: CF) (rme

k € N) o npasury

£

(%) (x) = |0~ /Q u(x —ez)dz, ue Ly(R%CF). (3.1)

(k)

BaBucumoctb Sg ' 0T k MbI Oy/eM OnycKaTh B 0003HAYEHUAX, U MTUCATH TIPO-
cro Se. Quesuano, S:D% = D®S.u npu u € H*(R?; CF) s mro6oro myiin-
TUMHJIEKCA ( TAKOro, 410 || < 8.

Hawm monamobsres ciaemyromue cBoficta omeparopa Se (cM. |[ZhPas, nem-
Mol 1.1 n 1.2] nwm [PSu, npeanoxenns 3.1 u 3.2|).

IMpenmnoxenne 3.1. Jaa amoboti dynryuu u € H' (R CF) npu e > 0 -
NOAHEHA OUEHKA

| Seu — UHLQ(Rd) < €T1||DUHL2(R4)7

2de 2r1 = diam ).
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IMpennoxkenne 3.2. ITycmo f — I-nepuoduneckasn dynruyus 6 R maxas,
wmo f € Lo(Q). Tozda onepamop [f¢]S. nenpepusen 6 Ly(R?) u npu e > 0
CNPasedAUBH OUEHKA

1S1SE N o) Loty < 1A 21 N 2a0)-

3.2. dpyras annpokcuMmarus oneparopa (B: + )\OQS)*l. [Tomoxmm
K(e) = ([A76(D) + (A7) S(B” + Qo) ™. (3.2)

Omneparop IN((E) menpepsisao nepesoqur Lo(R% C?) 8 HY (R C"). Dro
HETPYJIHO TPOBEPUTH C MOMOIIBIO TTPEIOKEHNS 3.2 W BKJIIOUEHUH A,/NX €
HY(Q).

Hapsany ¢ teopemoii 1.10 cupaBeqius cienyomuii pe3yabTar.

Teopema 3.3. Ilycmv evinoanens ycaosus meopemovr 1.9. Iyecmo I?(e) —
onepamop (3.2). Toeda npu 0 < e < 1 cnpasedausa oyenxa

1(Be +20@5) ™" = (B? +20Q0) " — EI?(E)HLQ(RGZ)—)Hl(Rd) < Cse.
Hocmoannaa Cs 3asucum avwo om uczodnox dannviz (1.40).

3ameuanne 3.4. Teopemwn 1.10 u 3.3 demoncmpupyrom, wmo dasa 3adax
yepednenus 6 R MOOKCHO UCNOAD3064MD PASAUNHBIE C2AGHCUSAIOULUE OTe-
pamopw, 6 xoppexmope (xax I, max u Se). Odnaro das 3aday ycpednerus
6 ozpanusennol obaacmu (cm., nanpumep, |ZhPas|, [PSul, [Su3, Sud, SuT|)
ydobnee ucnoavdosams ceaasicusanue no Cmexaoey. Ilockosvky mu, naye-
AEHDL T NPUMEHEHUE DESYADMATNOE HACTNOAWET PabombL % UCCACOOBAHUIO
3aday ycpednenus 6 oepanuyvennol obaacmu [MSu3|, mu nepewau % cesa-
sicusanuto no Cmexaosy.

3ameuanue 3.5. B ycaosuazr sameuwanus 1.11 nocmoannyro C's MorcHo 6bi-
6pams ne sasucawet om napamempa ¥ € (0,1].

3.3. JokazaTesbcTBO Teopembl 3.3. Mol BoiBOMM Teopemy 3.3 u3 Teo-
pemsbr 1.10.

Jlemma 3.6. Ilpu aobom u € Hl(Rd) u 0 < e <1 enpasedausa oyerra

lI(D/N\)E(X)FI(Ha — Seyul® dx < B[ (T — S2)u 31 gy
Re (3.3)

+ fBoc? /Rd |A®(x)[?| (I — S.)Dul? dx.

Hoxazameavcmeo. B cuny npemioxkennit 1.2, 3.2 u BRAIOUEHA Ae H! (]Rd)
BCe WIEHBl HePaBeHCTBA (3.3) — HempepbiBHBIE (DYHKITMOHATIBI OTHOCHTETBHO
u B H'(R%)-nopwme. ITosTomy omenky (3.3) J0CTaTOYHO I0Ka3aTh Ha MIOTHOM
mHOKecTse — mipr u € CF°(RY).

Oukcupyem dyukmuo F € C®(Ry) rmakyio, ato 0 < F(t) < 1,
Fit) =1mpu 0 <t < 1wu F(t) = 0 ompu ¢t > 2. Onpenenum GbyHKITHIO
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Fr(x) := F(]x|/R) 8 R%. Baec R > 0 — napamerp. Ecim u € C3°(RY), o

Fr(Il. — S.)u € C°(RY) u B cumy memubr 2.4 BEITOTHEHA OTEHKA

/}m&#wmm—&mmk<&wmm—&wﬁm@
R

d
+5Y /d (0;FR)(T. — So)u + Fr(Il. — S.)0;ul? dx
j=1"k

d
ey /Rd A%21(8,FR) (I, — S.)u+ Fr(IL. — S.)d;ul? dx.
=1

C yuerom onenku max |0; Fr| < ¢/R nepasencrso (3.3) nojydaeTcs 0Tciona
IpeIeSbHBIM [epexo oM Tpu R — 0o Ha ocHOBaHME TeopeMmbl Jlebera.  [J

Teneps MbI MOXKeM J10Ka3aTh TeopeMy 3.3. OdeBuIHO,
el K (e) = K()ll,m < ell[AT)(Ie — S2)bD)(B® + XoQ0) "l 1, mn

+e[[A%](Te = S2)(B® + 20Q0) Lyt
(3.4)

Hausewm ¢ oneHKn mepBoro ciaaraeMoro B npapoii vactu (3.4):
ell[A")(ITe = S2)b(D)(B + AoQ0) |y rt
< e[l[AT) (I = S)b(D) | 2 1 [1(B° + A0Q0) ™l s 122
B cumy (1.44)

1(B° +20Q0) ™l Ly (re) 2wty = ;uﬂg(lﬁﬁ +DILE) T <Et (3.6)
S

(3.5)

Bamucas pesyabrar [PSu, semma 3.5| B omepaTopHBIX TePMUHAX, MOy IaeM
el[[A°](Te — S2)b(D) | g2 (ra)— 1 (Re) < Caé, (3.7)

e nocrosmuas Cp 3asucur toabko ot m, d, ||gllr.., |67 1o, a0, a1 1 or
napamerpos pemterku ['. O6beaunss (3.5)—(3.7), IpuxoauM K OlEHKe

el AT — S2)B(D)(B® + 20@0)  agratysrriceey < & Cac. (38)

Ouenum Teneps Bropoe caaraemoe B npasoii gactu (3.4). C yuerom (3.6)
BBIIIOJIHEHO

el|[A%)(TL. = S)(B® + 20Q0) Moo < e AT = S2) |2y (3.9)
Mycrs ® € H?(RY; C"). Mmeem
(A% (L = S2)® |l 71 ey < e[A](ILe = S) @,z

_ _ (3.10)
+ [[(DA)TJ(Ie = S)®| 1, (ray + €l|[A](Le — Se)D®@|| 1, (Ra)-
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IMpumensis npegyoxenns 1.2, 3.2 u yunreiBas onenky (1.36), mHaxomum
VAL 0o < [907Y/2(2r0) " Can/ 205 g™ 1 =2 My, &> 0, (3.11)
I[A%]Sell sy < My, €3> 0. (3.12)

B cuy (3.11) u (3.12) BbinosiHeHo

|[AT) (I = So)® |y ey < 2M1 | B 20, (3
I[A)(TL. — So)D® || 1, (ray < 2M1 | D[ 1, 0)- (3.

1

1
s onenku Broporo ciaaraemoro B mnpasoil wacru (3.10) mpu 0 < & < 1
HACHIOJIb3yeM JIeMMy 3.6:

(DAY (TL — S)@|2 ) < Bil (e — So) B[

- - (3.15)
+5252/ |A|2|(IT, — S.)D®|? dx.
R4

IIpumensas npennoxkenus 1.1 u 3.1, momygaem
1L = S0) @ g1 ey < e(rg '+ 71) |2 2 Ry
Orcroma u u3 (3.14), (3.15) BRITEKAET OlIEHKA
~ ~ ~ —\1/2
I(DR) (e = $)@ ]|y mey <2 (Bi(rg " +71)2 + 4B M2) 1] 2.

(3.16)
O6bemunas (3.10), (3.13), (3.14) u (3.16), 3akmo9aem, 9T0

e[A%) (T — So)| rrays i1 mety < Ces (3.17)

—~ ~ ~ ~\1/2
rae Cx = 4M; + (ﬁl(ral +71)? +4,82M12> . Komburmpys (3.9) u (3.17),

MIPUXOIUM K OIleHKe

EH[KS](HE - Ss)(BO + )\OQO) ||L2(R‘i)—>H1(]Rd) C CKE (318)
Teneps u3 Teopemsr 1.10 u onenok (3.4), (3.8), (3.18) BEITEKaeT HCKOMOE.
O

§ 4. OCHOBHBIE PE3VJIBTATHl PABOTHI

4.1. ®opMyaIupoBKa pPe3yJabTaToB. B macrodmem myHKTe QOPMYyInpy-
FOTCA OCHOBHBIE PE3Y/IbTATHI PAOOTHI.

Teopema 4.1. ITycmo swnoanenv ycaosus n. 1.3-1.10. ITyemo ¢ € C\ Ry,
¢ =|Cle*?, ¢ € (0,2), npunem |C| = 1. Horoxncum

_ [Isingl "t o€ (0,7/2)U (3n/2,2m),
l?)= {1, ¢ € [1/2,37/2). (4-1)

Tozda npu 0 < € < 1 cnpasedausa oyenka
(B = ¢Q5)™" = (B” = €Q0) M|yt La(ey < Cacc(9)*ICI7V2 (42)

Hocmoannaa Cy 3a6ucum moavko om ucxodnux dannuz (1.40).
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Yro6er chopMyIHpoBaTh pe3y/bTaThi 06 ammpoxcumanun 1o (Lo — H1)-
OnepaTopHOil HOpME, BBEJIEM KOPPEKTOP

K(e:6) = ([A71b(D) + [A%]) S:(B® ~ (Qo) . (43)
Baecy S. — oneparop craaxkusanus 110 CreksoBy (3.1). Oneparop (4.3)
nenpepbisHo nepesoanT Lo(RY; C") B HY(RY; C™). D10 HECI05KHO TTPOBEPUTH
Ha OCHOBaHUM TIpejyioxkenud 3.2, Tak kak A, A € H ().

Teopema 4.2. ITycmov svnoanenv, ycaosus meopemv, 4.1. ITyemo K(e;()
— onepamop (4.3). Tozda npu 0 <e <1 u ¢ € C\ Ry, [¢| =1, swnoanenv
oUueHKU

I(B: —¢Q5) " — (B —¢Qo) " —eK (e Ol L (RE) > Ly (R
< Csel(9)?el¢| 712,
ID ((B: —¢Q5) " — (B = (Qu) ™" —eK(&;()) | Lo(RE)— Lo (RY)
< Coc(o)’e.

Hocmoannwme Cs u Cg xonwmpoaupytomea uepes ucxoduse dannve (1.40).

(4.4)

(4.5)

13 Teopembr 4.2 HEMOCPEACTBEHHO BLITEKAET CJACIVIOMIWI PE3YIbTAT.

Caencreue 4.3. B ycaosuaxr meopemvs 4.2 cnpasedaiuea ouenxa
1(B: —¢Q5) " — (B —¢Qo) " —eK (e Ol Lo (RY)— 11 (R
< (C5 4+ Co)e(p)?e, 0<e<.

Ha ocroBanuu Teopembl 4.2 MOKHO TOJIYUYUTh PE3yJbTAT 00 AITPOKCHMA-
nuu onepatopos ¢b(D)(B: — (QF) ™!, orseuatomux oTokam”.

Teopema 4.4. [Tycmv evnoanenv, ycaosus meopemvs 4.1. Iyems g(x) —
mampuya-Pynryus (1.25). Ioaoorcum

G(g;¢) 1= §7S:b(D)(B® — (Qo) ™" + ¢° (b(D)A)"S-(B” — Qo). (4.6)
Toz0a npu 0 <e <1 u e C\Ry, [(] > 1, swnoaneno
lg7b(D) (B = ¢Q5) ™" = G(&; Ol py(mty s 1o(re) < Cre(9)’e. (4.7)

IHocmoannaa Cy 3a6ucum moavko om ucxodnux dannuz (1.40).

4.2. O6cyxaeumne pesynabraTtoB. /g oneparopa A, ycpeanenne pesoss-
BEHTHI B 3aBUCUMOCTH OT CIIEKTPAJIbHOIO napamerpa usydasuocs B [Su7|. ITo-
aydennbie B Teopemax 4.1, 4.2 u 4.4 apyxnapaMeTpudecKue OIMeHKH TOTPEri-
HOCTH MMEIOT TO K€ [I0BEeJIeHNe, YTO U OLEHKM u3 [Su7, reopemsl 2.2, 2.4 u
2.6).

OJHAKO €CTh W OTJWYMe OT YIOMSIHYTHIX pe3yabraros [Su7|. s orme-
paTopa A. yIamoch HOIy9nTs anmmpokenmarun pesoabsents (A, — 1)~ ! e
orenkamu Buga (4.2), (4.4), (4.5), (4.7) Bo Beeit obmactn ¢ € C\ Ry. A ma
onepaTtopa B B Teopemax 4.1, 4.2, 4.4 10TIOJTHUTENTBHO TTPETOTATACTCS, ITO
IC| = 1. D10 cBst3aHO ¢ TPHUCYTCTBHEM UIEHOB MEPBOTO U HYJIEBOTO TIOPSIII-
koB. Huxe B §8 MBI pacmupum obsiacTb n3MeHeHUs mapaMerpa (, OJHAKO
XapakTep OIEHOK OyJeT MeHee TOUYHBIM (OTHOCHTEIBHO ().
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§ 5. JIOKABATE/IbCTBO TEOPEMBI 4.1

5.1. Oneparop B(e; ). Hoxkasareascrso Teopem 4.1 u 4.2 ocHOBaHO Ha pe-
gyabTaTax TeopeMm 1.9 n 3.3 ¥ paccMOTPEHUN BCIIOMOTATEIBLHOTO OTIEPATOP-
HOTO CEMENCTBA, 3aBUCAINET0 OT AOMOJTHUTEIbHOTO TTapamerpa 0 < 9 < 1. B
9TOM U TPeX CJEAYIONNX MYHKTaX BBOMSATCS HEOOXOAMMbIE OIPEIe/EHNUS.

Yeqoust n. 1.3-1.5 cumraem BbinojHeHHbIMU. [lycts Qg — maTpuia-
byrxmua w3 1. 1.10,  myers ¢5 = (co + ¢4)]|Qp i - B L2(R% C) pac-
CMOTPUM KBaJpaTHYHYIO HhopMy

b(e; ¥)[u, u] = a[u, u] + 29eRe (Yu, You) 1, (ra)
+ 9%2g[u, u] + 9%%c5(Qou, u)LZ(Rd), uec Hl(Rd; c™).
Bnec € >0u 0 < ¥ < 1. Cuumaem, ymo 0 < e < 1.

Bamerim, uro coracro (1.15) u (5.1) npu seex u € H'(R?;C") Bbimos-
meno b(e;9)[u,u] = b(ed)[u,u] + c5e29?(Qou, u)r,. C yuerom BBIGOpPA C5
orcioga u n3 (1.17), (1.18) Berrekaer, uro dhopma b(e; 1)) 3amMkHyTa U HEOT-
pHULATEIBHA, TIPUIEM

eDul, o) < ble:0)[u, u] < C.|Dulf? o

+(C(1)+ 3+ C5”Q0HLOO)€2Hu”ZLZ(Rd), uc Hl(Rd;Cn), 0<e<g<o L.
(5.2)

(5.1)

OrBevaromyit eif camoconpsikennbiii oneparop B Lo (R% C") o6osmaumnm we-
pe3 B(g; ). ®opmasbHo,
d
B(e; 9) = b(D)"g(x)b(D) + V= > (a;(x)D; + Dya;(x)")
j=1
+ 9%2Q(x) + ¥?e%c5Qo(x).

(5.3)

5.2. Oneparop B.(¥). B Ly(R? C") paccmorpuM KBaapaTuanyio dbopmy
be(9)[u, u] = a:[u, u] + 20Re (Yu, V2 cu) 1, (re) + ¥92q.[u, u]
§Pes(Qfu W)y, w e HI(RYCT), o4

rme 0 <9 <1u0<e<y¥ ! CnpaBeanuBo ToxKIECTBO
be(9)[u,u] = e 2b(e; 0)[Tou, Tou], ue HY(RECM), (5.5)

rae T, — oneparop macmrabroro npeotpazosanus (1.19). C yuerom (5.2) u3
(5.5) BeITeKaer, uro dopma (5.4) 3aMKHYTa U HEOTPUIATE/IBLHA, TPUUEM
2 2
C*||Du||L2(Rd) < be (V) [u,u] < CGHuqu(Rd)a (5.6)
ue H'(R%:CH, 0<e<9, '
rae ¢ = max{Cy; C(1) + c3 + ¢5]|Qol| .. }. OTBeqatonmmit dopme (5.5) camo-
conpszKeHHEI omepatop B Lo (R C™) o6ozmaumym uepes B.(19).
Mgt pacemoTpuM o6o6mennyto pesonbsenty (B (9) + XoQ§) L, rae uncio
Ao ompenerneno B (1.39), u mpumennm Teopemy 1.9 (eMm. 3ameqanue 1.11).
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5.3. Omeparopbr B°(¥) m B%(e;¥). Jlerko suuers (cm. (1.23)-(1.25),
(1.31)-(1.34)), (1.41), aro sdbdexrupnbiii oneparop g B (1) upuanmaer
BU

d
BO(W) = A° + ﬁ(—b(D)*V ~ V(D) + > (a5 + a;)Dj>
j=1

+9%(Q + ¢5Qo — W).

B coorsercrsun ¢ (1.42) aus kajparuanoit opmbl bY(19) oneparopa BY(9)
BEepHA OTleHKa

b2 (9)[u, u] > c*HDuH%Q(Rd), uc H'(R%C™). (5.7)

D10 paBHOCHILHO ciejaytomeil onenke s cumbosia Lo(€;19) oneparopa
BY(9):

Lo(€:0) > c.|€)*1,, €eR? 0<¥ <1 (5.8)

Torga ¢ yaerom (1.39) mis cumbosa

L(&:9) = b(€)"g°b(€) — 9b(€)"V — IV *b(§)

d
+ 0 (a5 + ab)é; +0*(Q + sQo) — V*W + AoQo
7j=1

omepaTopa B%(1) + \oQo crpaBemHBa OIeHKa
L(&D) > (€ + D1, €eRY 0<9<1, & =min{c;2e}. (5.9)
OTMeTnM TOXKAECTBO
BY(9) = e 2T BY(e; )T

rme B%(e;19) — camoconpsukennsrii onepatop B Lo(R?% C™), onpenenenusbrit
PABEHCTBOM

d
BY(g;9) = A° ﬂ(—b V —V*b(D >
(e:9) +e (D)* +; a; + al) 5.10)
—1—52192(@— W + c5Qo).

5.4. Oneparopst B:(9) u B(¥). ®axrtopusyem

Qo(x) = (f(x)") 7 f(x)7, (5.11)
@ = f(;Q. 3aMeTuM, 9TO

ol < UFlee = 1RG22 157 < I e = QoI (5.12)

Tycrs Eg(ﬂ) — camoconpsixkennbiii B Lo(R?; C") onepartop, MOpOK IeHHbIIT
KBaapaTudHoit popmoit

be(9) [, u] == b (0)[f5u, foul, (5.13)
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3a/laHHOI Ha 00J1aCTU OlIpe/le/IeHus]
Dom b.(¥) = {u € Ly(R%: C") : ffu € H' (R CM)}.
Baeck 0 < ¥ < 1w 0 < e <9 L Tak xax oneparop B. () meorpumarenesn,

oneparop B. (1) Takxke HEOTpUIIATEIEH.
Mycrs BY(Y) = foB°(Y) fo. Ormerum pasencrsa

(B=(0) — €Q5) ™ = f(B=(0) — <)~ (f)*, ¢ E€C\Ry, (5.14)
(B°(9) — Qo) = fo(B° (W) — ¢I) M fo, ¢ €C\Ry. (5.15)

5.5. JokazaTenbcTBO TeopeMbl 4.1. [lpnmenas teopemy 1.9 k omeparo-
py B:(¥) u yunreiBas 3amedanune 1.11, Haxoamm

1(B=(9) +20@Q5) ™" = (B%(0) + 20Q0) ™l Ly (k) s Lo me) < Cle,

(5.16)
0<¥<1, 0<e<l.

Pacmpoctpanmym 3Ty omenky Ha 0 < € < 971, C yuerom (5.14) mveem

1(B=(9) + 20@Q5) "Iz, (RY) = Lo(RY) S HfHLoo”( (U) + AOI)il“LQ(Rd)HLQ(Rd)

< Ao I
(5.17)

Ananormuno n3 (5.15) u (5.12) BBITEKAeT, 9TO
I(B°(9) + 20Q0) " | Lo @) Loy < A9 I fIL.e- (5.18)

N3 (5.17), (5.18) cmemyer, uro jneag wuacth (5.16) He mpeBoCXOMT
2)\51||f||%006 npu 1 < e <Y1, Orcrona n uz (5.16) BeITEKaeT oneHKa

1(B=(9) + A0Q5) ™" — (B(9) + 20Q0) "l 1, () 1o (1) < Cie, (5.19)
0<9<1,0<e<d), '

¢ mocrosmHol C) = max{C1; 2)\71||f||%00}

Teneps nomyany anasor onenkn (5.19) nus (Be(9) — CQ5) ™Y, rae ¢ = ei?
npu ¢ € (0,27). Bocnosbzyenmcst Tox1€CTBOM

(B-(9) = ¢Q5) ™" — (B"(®) — Qo) ™"
= (B:(9) = CQ5) ™ (B:(9) + X0Q5)
X ((B:(9) 4+ 20Q5) " = (B(9) + 2Q0) ") (5.20)
X (B(9) + A0Qu) (B°(9) — (Qo) "
+ (o + O (B=(9) — €Q5) (@5 — Qo)(B°(9) — ¢Qo) ™"
C yuerom (5.14) umeem
1(B=(9) — ¢Q5) ™ (B=(v )+)\0Q0)”L2(Rd — Ly (R%)
= |£5(Be(@) — <)M (Be(®) + MoD)(£%) "Ml 1y ) 10 () (5.21)
<N zo 1M 2o 1(B(®) = SN T (B(9) + Aol 1y ) £a()-



32

Ilockombky Be(9) = 0,

V‘i‘)\()

I(B=(9) = CI) " (Be(¥) + MoD)|l 1 mety—s L (rety < SUD
0 =] (5.22)
V‘f—/\() v+1 ’

<su su 14+ A
Sup -7 Sup PR < 2(1+ Ao)e().

3aeck c(¢p) — Bemuuauna (4.1). Teneps u3 (5.21) u (5.22) BBITEKAET, UTO

[(B=(9) — CQO) Y(B:(9) + AoQ5) | Lo (RE)— Lo (%)

5.23
21+ 2l 1 (@), (5:23)

Amnayornvmo,
1(B°(9) + MoQ0) (B°(9) — CQ0) ™ Il Ly () s L ()
201+ M) Fll oo 1Ml L c(0)

OmnennM HOpMY BTOPOTO cjaraeMoro B mpasoii gactu (5.20):
1(C + A0) (B=(¥) — €Q5) (@5 — Qo) (B°(9) — CQ0) Ml 1y ) 1 ()
< (1 + 20)(B(¥) = CQ5) Ml gy L(Rd)— Lo (RY)

x 111Q5 — Qolll 1 (may s 111 ey (B (9) — CQ0) ™ |l 1y ety 111 (et -
(5.25)

(5.24)

ITo mBoticTBEHHOCTH MOJSTyYaEM

1(B(9) — CQ5) !l -1 LR Ly (RY) = |[(Be (¥ )_E*Qg)iluLg(Rd)—)Hl(Rd)'
(5.26)

C yuerom (5.14) BRIIOTHEHO

[(Be(9) — E*QS)AHLQ(RGIHLQ R)

< IF1311(B(9) — E*I)AHLQ(Rd)—wQ(Rd)
< |

|f1I7..c(0)-
(5.27)

Ounennm ||D(B:(9) — Z*Qg)_1||L2(Rd)ﬁ\L2(Rd). IlpumeHsist HUZKHIOIO OIEHKY
(5.6), (5.13) u (5.14), Haxoaum

[D(B:(d )*Z*Q(E))_IHLQ(Rd)aLQ(Rd)
< e PIBe(9) 2 (Bo(9) — CQ5) Ml () La(it)
e 2| Bo(9)2(B.(9) — E*Irl(ff)*HMWHLQ(W) (5.28)

1/2
e Pl cl(e).

71
<) fll b sup

v20 |V — |

Orciona n u3 (5.26), (5.27) Bugno, 9TO
1(B(9) = CQ5) "l i1 (o) = Loty < €r1(9), (5.29)
oie € = [Ifl7, + el
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Omnennm Tereps (Ly — H')-wopmy oneparopa (B%(1) —@)’1, JeACTBY S
no axasorun ¢ (5.27), (5.28) u yanrsiBas (5.7), (5.12) u (5.15):

1(B°(9) — @)AHLQ(WHHI(M) < Cie(9). (5.30)
O6bequnas (2.14), (5.25), (5.29), (5.30), naxoaum

1(CH+20) (B (9)—€Q5) ™ (Q5=Q0)(B°(9)~(Q0) ™ | Laret) > La(rer) < Caze(0)?,
rie € = (1 + A\g)Co, €. Orciona n w3 (5.19), Toxaecrea (5.20), (5.23) n
(5.24) BBITEKaeT HEPABEHCTBO

1(B=(9) = CQ5) ™" = (B°(9) = (Q0) "l Lart)s oy < Cace(9)?,

L (5.31)
0<9<1, 0<e<d?l (=€ ¢el(0,2n),

¢ nocrosmmoit Cy = 4(1+ )| fI2_[If 112 C1 + €.
MacrrabaeiM ipeobpazoBanueM u3 (5.31) momydaem

I(B(e;9) — (e2Qo) ™! — (B%(;9) — Ce%Q0) | 1y () L) < Cac()%e .
(5.32)

3neck B KadectBe £ BosbMeM Beymummy £](|Y/2, cumras, uto 0 < & < 1,
¢ =[Cle" € C\ Ry, ¢ € (0,27), |¢| > 1. B xagecrne ¥ Bosbmenm |¢|71/2.
Torma asromarudecku 0 < ¥ < 1u 0 < e < 1. Umeem (cm. (5.3), (5.10))

B(EC[V%[¢17?) = B(E D),
BYEC[V[¢17Y?) = BY(E: ).
Iosromy mu3 (5.32) coemyer oreHKa
I(B(&;1) = ¢2°Qo) ™" — (BY(&: 1) — ¢2°Q0) | 1y () = Lo (RY)
<Cac(@)’2¢T2 0<ELT, (=’ [(I=1, 0<g¢<2m

Orcroa mepeobo3HATEHHEM € = £ W 0DpaTHBIM MaCIITabHBIM TTPeoOpPa3oBa-
areM moaydaeM (4.2). D10 3aBepIraeT 10Ka3aTeIbCTBO TeopeMsbl 4.1.

O

§ 6. JIOKABATEJILCTBO TEOPEM 4.2 11 4.4

6.1. Oneparop K(e;9). Ilycrs mo-mpexmemy 0 < 9 < 1m0 < e < 971,
Pacemorpum obobmiennyto pezombsenty (B (9) + AQ§5)~t. C yuerom Buma
sagad o A m A (ea. (1.23) m (1.31)) amanor xoppexTopa (3.2) ms 0606-
nerHoit pesombeenTs (B (9) + \oQ5) ™! mveer Bux

K(es ) = (IATb(D) + 9[A]) S.(B°(9) + 2o@o) ™" (6.1)

Oneparop K(g;9) menpepsisno nepesomut Lo(RYC") B H'(RY C™). Do
BHJIHO U3 CJIEYIOIeil JTeMMBI.
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JIemma 6.1. ITyemov K(g;9) — onepamop (6.1). Toeda npu 0 < ¥ < 1 u
e > 0 onepamop K(g;9) nenpepmeen us La(R% C") ¢ H'(RY;C") u svinoa-
HEMHDL OUEHKU

(&3 D Ly(retyos Lorety < Cls (6.2)
JeDK (3 9)| 1y ety Larety < CRee + CR- (6.3)

Hocmosannvie C’é(l), C}?), CS) sasucam auuwb om ucxodnur dannbix (1.40).

Jlokasameavcmeo. Ouenum (Lo — Lo)-HOPMY KOPPEKTOpA:
HK(‘??ﬁ)HLg(Rd)aLg(Rd)
< NATTSC 1 Rty s Lo ) [1D(D) (B (9) + X0Q0) ™l Rty Lo(re)  (6.4)
+ H[KE]SEHLQ(RdHLQ(Rd)”(30(79) + AO@)AHLQ(RCIHLQ(R%
IMpumensa npegyoxenne 3.2 u yunrsiBas (1.26), mHaxomaum
IA®]Sell £y Rty Lo (re) < M- (6.5)
Cornacuo (1.4)
16(D)(B° () + AoQo) | Lo (RE)— Lo (RY)
< ) ID(BY(0) + 20Q0) M1 Ly () L (R9)-

Tax xax cumBsos omiepatopa BY(19) + A\oQo mogummen orenxke (5.9), mveem

(6.6)

ID(B°(9) 4+ 20Q0) ™ || o () Lo (rey < &' sup Lﬁ%l < (26071 (6.7)
gerd |€17 + 1

Ncnonpays (3.12), (5.18) u (6.4)— (6.7), nosyuaem onerky (6.2) ¢ mocTosTHHOM

1 1/2 /60 \— 177
O’ = ay*(2e) My + A ML
IIposepum Temeps HepasercTBo (6.3). OdeBnIHO,

eD;K(e;9) = [(D;A))Sb(D)(B%(9) 4+ AoQo) ™
+ ¢[A%)S.6(D)D;(BY(9) + MQo) "
+9[(D;A)]S:(B(9) + AoQo)
+ e0[A%]S.D;(B°(9) + AoQo) L.
CemoBaTe/bHO,
[eDK(e; 19)||%2(Rd)_>L2(Rd)

< 4[[(DA)]Sb(D)(B°(9) + X0Q0) ™ 17, gy L, (e

+ 4{|e[A%]S-b(D)D(B°(9) + A0Q0) 117, ) Lo (k1) (6.8)

+4[[[DA)T]S(BY(9) + 20Q0) 17, 2ty Ly (r)

+ 4[|=[A]S.D(B(9) + 20Q0) 17 ) 1 (R
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ITpumensist upepnoxenne 3.2 n (1.27), (1.37), naxogum
IIDA)]Se| Ly (re)— Lo () S M2, (6.9)
IDA)IS: N Lty 1oy < 1272 Can'Pag g™ I = Mz (6.10)

B cuny (1.4) u (5.8) BBIIOMIHEHO

16(DYD(B(9) + A0Qo) |l Lywetys Loty < @y 2ct (6.11)

O6bemunas (3.12), (5.18), (6.5)-(6.11), npuxonum k onenke (6.3) ¢ mocro-
STHHBIMH

0(2) = (41 Mic? + Mfé;2)1/2,
) e T
O = (an M2 + 472 fII1. M3) V2.
O

6.2. JokazaresnbcTBo Teopembl 4.2. C yuerom 3ameuanus 3.5 misa B (1))
CIIPABE/JIUB PE3YJIbTAT TEOPEMbI 3.3:

[(B=(9) + 20Q5) ™" — (BY(9) + 20Q0) " — eK(&;9) | 1, (metys 112 (mety < Ce,
0<¥<1, O0<egl.
(6.12)

Pacnpoctpanuym sty onenky Ha 0 < ¢ < 971 Ilpu 1 < € < 9~! Bocnosszy-
eMcst TpyObIME omeHKamu. JleiicTByst o anamoruu ¢ (5.27), (5.28), Haxoamm

[(Be(9) + MoQ5) HLQ(Rd)HHl(Rd) s, (6.13)

vie € = X113, + 52 e 2l f
Amnamoruuno ¢ yquOM (5 7) u (5.12) mveem

1(B°(9) + 20Q0) ™ Il o Rty 111 (Re) < €. (6.14)

Ipu 1 < ¢ < 9! Bocnonbsyemca nemmoii 6.1 u mepasencrsamu (6.13),
(6.14), mpu 0 < ¢ < 1 — onenkoii (6.12). B urore nonyuaem

1(B=(0) + 20Q5) ™" — (B°(9) + AoQo) ™" — eK(e; NN Lo (ret)— 1 (R < Cse,
0<¥9<1, 0<e<d !

(

(@)

15)

rae O3 = max{Cs; 2€3 + C) + CF + €2}

TTomoxnMm

K (e;0;¢) = ([A6(D) + 9[A%]) S(B°(W) — Qo) ™", ¢ € C\Rs. (6.16)
OrmernM, uto K (g;9; —Ao) = K(e;9).
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~

R Yeranosum amanor onenkn (6.15) mms omeparopa (Be(9) — (Q5)~Y, Tae
¢ =€ upu ¢ € (0,27), ¢ HOMOIILIO TOXK/IECTBA
(B-(9) = CQ5) ™" — (B(9) — Qo) ™" — eK(e:0:0)

= (B:(9) — (Q5) ™ (B=(9) + 20Q5)

x ((B:(9) + MQ5) ™! — (BY(W) + XoQo) ! — eK(g;; —Xo))

x (BY(9) + 20Q0) (B"(9) — (Qo) ™"

+ (Ao + )(B:(0) — CQ5) ' Q5K (395 ()

+ (o + O (Be(9) — €Q5) (@5 — Qo)(B°(9) — Qo)™

O6o3HaunM moc/Ie[0BaTe/IbHbBIE CaraeMble B IpaBoit vactu uepes J;(&; ¥; Z ),
[ =1,2,3. Cuavana ounernm (Ly — Lo)-HOpMY KazK10ro ciaraemoro. B cuiry
(5.11), (6.1) u (6.16) mmeem

(6.17)

IQSK (£39; Ol Ly rety—s Laqrey < I1F 170 1C(E D)y ()
% [[(B°(9) + 20Qo)(B°(¥) — {Qo)~ Y1 Lo R4y Lo (RY)-
Orcroma ¢ yuerom (5.24) u (6.2)
1QK (25 9: Ol Ly @ty La(rey < 201+ 20) RNl |7 c(0).  (6.18)
3 (5.27) u (6.18) cnemyer onenka oneparopa ,,72(5;19;6):
1722395 )l ama)  Laguay < 2600 + DAL IO el0).

Jlnst onerku (Lo — Lo)-Hopmbl onepatopa Ji(e;9; ) ucronsayem (5.23),
(5.24) m (6.15), aa onenxu J3(g;9;¢) — (2.14), (5.25), (5.29) u (5.30). B

PE3YJIBTATE MOJYyIacM
1(B=(9) — CQ5) ™" — (B(9) — (Q0) ™" — €K (&59; C)|| Ly (8) s Lo (8
< Csec(d)?, 0<9<1, 0<e<?¥ !, (=¢€% 0<¢<2m
3aech
Cs = 41+ X)L FI3 I F 3 Cs + 201+ M) 2 FIIE L IF A O
+ (1 4+ \o)Co, 3.

[Ipumenum Tereps K JieBoit u mpapoii gactsm (6.17) omeparop Be (1)

B.(9)"/? ((B.(9) = $Q5) ™" = (B°(9) = {Qo) ™! — e (=:9:0))

CJIe/IyeT, uTo

(6.19)

1/2.

~ N _ (6.20)
B-(9)"271(&59;Q) + B:(9)/2 7 (&5 93 0) + B-(9)'/2 T3 (5 9;.0).
Ouennm (Lo — Lo)-HOpMY KayKJI0I0 CJIAraeMoro B Mpapoii 4acTi.
C yuerom (5.13) mpu Becex w € HY(R?; C") rmonmeno
1B=(9)*WlI3, (gay = be () [w, W]
La(R) (6.21)

= b-()[(f%) " w, (f9) 7 W] = [ B-(0)(£°) "' W13, e
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Haunee, uz (5.14) caenyer, uro

(f*)"(B=(9) + 20Q5) = (B:(9) + Ao D) () (6.22)
Ncnonsaysa (5.14), (5.22), (6.21) u (6.22), nonyuaem

1B=(9)"/2(B=(9) — CQ5) ™ (B=(9) + M@Q5) |l 1 () - ()
< [(B=(9) — CI)"Y(B-(9) + A0 1y ()= Loy (R
X B 2(£5) ™ 1 (et £ ()
< 2(Ao + 1)C(¢)||B8(19)1/2||H1(Rd)aL2(Rd)'

Teneps u3 Bepxueit onenxn (5.6), (5.24), (6.15) u (6.23) BbITEKaeT OIEHKA
[EePBOTO caaraeMoro B npasoit gacru (6.20):

“Bs(ﬁ)l/gjl(ff;ﬁ'Z)HL2(Rd)—>L2(Rd) < ¢45C(¢)27

(6.23)

S (6.24)
0<9<1, 0<e<Vl, (=¢% 0<¢<2m,
rae €4 = 4(1+ Xo)?cg *Col fll |17 e
Hasee,
1B (9)"/2 o395 Ol oy 20) s L) 6.25)
e(Ao + DIIB=(9)*(B-(9) = CQ5) | o L QK (8393 O) | Lo 1o
Yanresas (5.14) u (6.21), naxoaum
| B=(0)2(B.(9) — EQS)_IHLQ(Rd)—wQ(Rd) (6.26)
= 1B(0)2(Bo(9) — CD) () art s ace-
OuesnHo,
~ 1/2 /2
|| B=(9) / ( s( ) — U)_ L, (RY)— Ly (RD) S Sli% v — a < (o). (6.27)

B cuy (6.26) u (6.27)

1B=(0)"?(B=(9) = CQ5) | Lot Lare) < If]|2oc(®). (6.28)

3 (6.18), (6.25) m (6.28) BEITEKAET OIEHKA BTOPOIO CIATAEMOrO B IIPABOIf
qactu (6.20):

|B(9)'/2 Fa(e; 9; E)HL2(Rd)—>L2(Rd) < Cgec(9)?,

P (6.29)
0<9<1, 0<e<dl, (=¢€% 0<o¢<2m,

rae € = 2(1+ Ao)2C 12 A1



38

[Mepefimem K PacCMOTPEHHIO TPETHLErO CJIATAEMOT0 B IpaBoii wactu (6.20).
OueBusHo,

| Be(9)2 73395 Q)| . ) s 1 et
< o+ DI Be(9)'2(Be(0) — CQ5) -1ty La(ra) (6.30)
< |I[Q5 — Qolll 1 (rety—s ;-1 (rey | (B (1) — (Qo)~ Y|y () 1 (R9)-
Ucnonwsys (5.14), (6.21) u coobpazkenus: 1BOHCTBEHHOCTH, UMEEM
1B=(9)"2(B=(9) = CQ5) ™l pr-1 (et 15 ()
= [|Bo(0)/*(B(®) = CI) ™ () 111 ety Lo )
= Hfﬁ(ég(ﬁ) - E*I)_l ( )1/2HL2 (R4)— H1(R)
= [|f*Bo(0) "2 (B(9) = ¢ D)7 | gy retys 111 )
B cuy mmkneit onenkn (5.6) n Toxrectsa (5.13)
ID[f€]B-(9)"/*(B.(9) — Z*I)_1||L2(Rd)—>L2(Rd)
<& B(0) 2 £ B2 (Be(9) = O D)7 gty s rpmey (6:32)
e PIB(O)(Be(0) = D7 ey 1.

OueBuHo,

(6.31)

1%

1B=(9) (B=(9) = ¢ 1) ™| gy L) < sup = <c(g).  (6.33)

Teneps u3 (6.27) B Touke C*, (6.31)-(6.33) ciexyer, uro

I1B=(9)/2(B-(9) — CQ5) 111 (k) 1oty < (If 1o + & /%)e(@). (6.34)
Hepagencrsa (2.14), (5.30), (6.30) u (6.34) Baexyr
1B (9)" 2 F5(0; € )| L (1) s Lo(met) < Coec(9)?,

SRS (6.35)
0<9<1, 0<e<¥™, (=€% 0<¢<2m,

re € = (1+ Ao) (Il 1, + & /*)Cq, €1
B wnrore n3 (6.20), (6.24), (6.29) u (6.35) BBITEKAET OIEHKA
IB-@)"* ((B=(9) = CQ5) ™" = (B°(W) = (Qo) ™" = eK(£:9; O)) [l 12>L2
< Ceec(d)?, 0<9<], 0<e<v9l, (=¢€% 0<¢<2m,
(6.36)

¢ IIOCTOSIHHOM 66 = €4+ €5 + €. C yuerom mumxueit onenku (5.6) u3 (6.36)
CTIeIyeT, 9TO

ID((B-(9) — {Q5) ™" — (B° (W) — CQo) ™" — eK (305 O)) | ety L ()
< Cgec(d)?, 0<9<1, 0<e<d', (=¢€% 0<¢<2m,
(6.37)
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“12A4
riae CG = Cx Cﬁ.
Macmrababiv peobpazosarnem u3 (6.19) u (6.37) momyaaem

1(B(e;9) — C2Qo) ™! — (B%(;9) — (e2Qo) ™! — K (&:9;0) || pasra
g C5gilc(¢)27

ID((B(g;9) — C£2Q0) ™ — (B%(;9) — C£%Q0) ™ — K (&:9;0)) | 1asLs
< CGC(¢)27

(6.38)

(6.39)
rie

R (e30;0) = ([AJb(D) + e9[A)) $1(B"(e:9) — C*Qa) .

Kak n mpu gokaszarensctse Teopemel 4.1, Bosbmem B (6.38) u (6.39) B Ka-
gectse € semunny &]¢|Y/?, camras, uto 0 < & < 1, ¢ = |¢[e” u |¢| > 1.
B kagecrse 9 BozpMeM |¢|7V/2. dasee, mepeoGosHadnM & =: € U BLITOIHEM
obparHoe MacmTabHOE Ipeobpa30oBaHUe, YINTLIBAS, UTO

eK(e:Q) = T K ([¢)% |73 T, ¢ = ¢l

Baecy T, — oneparop (1.19), K(e;¢) — oneparop (4.3). 9T0 mMpUBOIUT K
HCKOMBIM orfeHKaM (4.4), (4.5) u 3aBepuIaer 10Ka3aTeJbCTBO TEOPEMBI 4.2.

O

6.3. JokazaTesbcTBO TeopeMbl 4.4. Temepnh MBI BbIBE/IEM YTBEPXKICHUE
teopembl 4.4 u3 teopemsl 4.2. C yuerom (1.4) uz (4.5) caenyer, uro

lg*b(D)(B. — ¢Q5)~*
— g°b(D) (1 +& ([A6(D) + [A) 5.) (B° = CQ0) Mlpamrre  (6.40)

< N9l 1 Coc(g)e.

B cuy (1.3) cpaBeyinBo TOXKIECTBO

eg°b(D) ([A°J(D) + [A]) S.(B° — (Qo) "

= ¢°(b(D)A)*S:b(D)(B® — ¢Qo) " + ¢° (b(D)A)*S-(B® — ¢Qo) ™" (6.41)

d
230 0% ([A7)Sb(D) Dy + [A7]S. D) (B° = ¢Qo) "
=1
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N3 (1.4), (1.5), (3.12) u (6.5) BbITEKAET OLEHKA JJisi TPETHEIO CJIAIAEMOIO
B 1pasoii yacru (6.41):

b ([A%)5:6(D) Dy + [A7]S. D1 ) (B — Qo)

L2—>L2

d
< ellgllz. o> M1 Y 16(D) DB ~ Qo) rasia

= (6.42)

d
1/235 —_— _
+ellgllraer* MY | Di(B® — ¢Qo) YLy
=1

<ellgllro. ard*M||D*(B° - (Qo) 1oL
+ellgllpo o ?dY2 M D (B° — ¢Qo) | Lo L.
Bocnospayemces onenkoit (1.43):

ID*(B° — ¢Q0) 2,1, < & HIBY(B® — ¢Qo) I Loms Lo (6.43)

YuureiBas mepasenctsa (5.12) u csass omeparopos B® = BO(1) u B® =
B°(1) (cm. m. 5.4), naxomum

IBY(B° — ¢Q0) 1oty = Hf&léo(éo — D) foll ez

< fllzaollf™ 1||Loo Sup‘ as <Ifloallf~ 1||Loo (). (6.44)

Otcroma n n3 (6.43) momygaem

ID*(B° = (Q0) oL < & If Il Lae I fHlLoe(6)- (6.45)

Ananornuno, ncnosnssys (1.42), naxogum, 410

ID(B® = ¢Q0) lrasrs < & I(BYYYA(B® = ¢Qo) Mo

= C;l/QH(EO)l/Q(EO - CI)_lfOHL2—>L2 (6.46)
1/2

— v — _
<Ml sip gy < P el

Teneps u3 (6.42), (6.45) u (6.46) cnenyer, uro upu |¢| > 1 BBITONHEHO

< Q:7EC(¢)7
(6.47)

“b ([A:b(D) Dy + [A7]S-D1) (B” — ¢Qu)

Lo— Lo

rie

€7 = llgll oI ee (M1 T e+ 00 D0 2.
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Bamerum, 4ro B cuiy upemioxkenus 3.1, (1.4) u (6.45) BbiosHeHo
lg°b(D)(I — Se)(B® = Qo) | £y () 1o (m)
<9l Loert[DED)(B® = CQo0) ™l Loty La(re) (6.48)

1/2 — _
< er1ay? gl ID*(B® — ¢Q0) M|y (k) Lo(rety < Csee(9),

1/2 _ _
e € := 100 gl e £l el
Teneps u3 (1.25), (6.40), (6.41), (6.47) u (6.48) caenyer ouenka (4.7) ¢
nocrostauoit Cy = HgHLoo@i/QCGi + €7 + €. DTO 3aBepIIaeT JOKA3ATEILCTBO

Teopembr 4.4,
O

§ 7. YCTPAHEHUE CIJIAYKHUBAIOIIETO OIEPATOPA.
CHELUAJBLHBIE CAYYAU

7.1. Ycrpanenue S: B koppekTope. OKa3bIBaeTCsi, CIUIAXKUBAIONINN Olle-
paTop S B KOPPEKTOPE MOKET OBITh YCTPAHEH, €C/IN HANOKATD HA MATPHIIbI-
dyuripu A(x) 1 A(X) J0nOJHUTEIBHBIE YCIOBUSL.

Yceaosue 7.1. ITycmo T-nepuoduveckan mampuya-pynruus A(X), asinro-
wanca pewenuem sadavy (1.23), ozpanunena: A € Lo (RY).

Ciyuan, korga ycjaoeue 7.1 BBITTOJTHEHO aBTOMATHYECKH, BBIJIEJIEHBI B

[BSu3, semma 8.7].

Ilpengoxxenne 7.2 (|BSu3|). Veaosue 7.1 sasedomo evinosneno, ecau cnpa-
8€0AUBO TOMA Obl 00RO U3 CAEIYOWUL NPEINOAONHCEHUT:

1°) pasmeprocmv e npesocxodum deyx, m. e. d < 2;

2°) onepamop A umeem sud A. = D*¢°(x)D npu sewecmsennot mampuuye
9(x), d > 1;

3°) pasmeprocms d npouseosvha, u Oan PPermuenots mampuybe cnpased-
au6o pasencmeo ¢° = g, m. e. evnoaneno (1.30).

Jns yerpanennst S B dIeHe KOPPEKTOPa, COAEpIKaIeM A€, mocTaTouno
HAJIOKUTH Ha Marpully-byHkmo A(X) caepyormee ycaoBue.

Ycaosue 7.3. Ilycmov -nepuoduueckan mampuya-@yrruus K(x), ABAAIO-
wasca pewenuem sadauu (1.31), ydosaemeopsem ycaouro

KELP(Q), p=2npud=1, p>2npud=2, p=dnpud=>3.
B [Su2, npegoxkenne 8.11] mosyden caepyommii pesysbTar.

Ilpengioxxenmne 7.4 ([Su2|). Yeaosue 7.3 sasedomo swvinoanero, ecau cnpa-
68e0AUG0 ToMA 6ot 00HO U3 CcACYUUT NPeINnosodcenUl:

1°) d < 4

2°) pasmeprocms d npoussoavra, a onepamop A, umeem eud D* g% (x)D npu
sewecmeenoti mampuuye g(x).
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Sameyanue 7.5. B cayuae, xozda A. = D*¢°(x)D ¢ sewecmsennoi
mampuyet-pynryuetd g(x), us meopemovr 13.1 2a. I xnueu [Lal] caedy-
em, wmo nopma |A||L.. ouenusaemea seaununot, sasucawet om d, || gL,

g™ | rw © 2, a nopma ||Al|L.. ouenusaemea seaununoti, sasucawei om d,
P gl 9™ e lajllz, @), 7 =1.-..,d, u Q. Ipu smom odnospemento
s8unoarens yeaosua 7.1 u 7.3.

Hama 1me1s B 9T0M DYHKTE — J0Ka3aTh CJIELYIOIIYI0 TEODeMY.

Teopema 7.6. IIycmo vinoarers, ycaosua meopemot 4.1.
1°. IIycmo ewinoaneno yeaosue 7.1. Tozda npu 0 < e < 1 u ¢ € C\ Ry,
IC| = 1, cnpasedausor oyenku

1(B= = ¢Q5) ™! — (I + e[A%]o(D) + e[A%]5:) (B® — ¢Q0) ™|y ety Lo ()
< Cgel@)’el¢[ 772,
ID((Be = ¢Q3) ™" — (I +[ATJo(D) + e[A)S:) (B — ¢Q0) ™) | oy ety Lo )
< Che(o)e.
Hocmoannwve C§ u C§ sasucam auwv om uczoowux dannmx (1.40) u om
nopmos ||l -

2°. ITycmo cnpasedauso ycaosue 7.3. Toeda npu 0 < e < 1 u ¢ € C\ Ry,
IC| = 1, swnoaneno

(B — ¢Q5) ™ — (I + e[AT]B(D)S: + e[AT)(B® — CQ0) | Ly (met) s Lo (2
< Cie(9)’lc7,

ID((B: = ¢Q5) ™" — (I + £[ATb(D)S: + e[AT)(B® — ¢Q0) ™)l 1y ety Lo ()
< Cye(9)’e.

Hocmoannwve Cf u Cf xonmpoaupyromes wepes ucxoonve dannve (1.40), p

U HOpMY ||AHL,,(Q)-
3°. ITyemo svnoanenv, ycaosua 7.1 u 7.3. Toeda npu 0 < e < 1 u € C\Ry,
IC| = 1, cnpasedauso oyerku

1(B: — ¢Q5) ™" — (I + e[A°]b(D) + e[A])(B® — CQo0) ™ Il Ly (met) s Lo ()
< Cae(o)el¢| 712,
ID((B: — ¢Q5) ™" — (I +[A°]b(D) + e[A%])(B° — (Qo) ) | Lo (Re)— Lo (RY)

< Cyc(o)’e.
(7.1)

Hocmoannwe Cs u Cy sasucam om uczodnwr dannoir (1.40), om p u om
ropm [ Al u (AL, 0)-

OrpaHn9YeHHOCTD OMEPATOPOB TI0]] 3HAKOM HOPMBI B OIEHKAX TeOpeMbl 7.6
(IIpH COOTBETCTBYIOININX YCJIOBUSX ) BBITEKACT U3 CJACICTBH 2.2, IeMMBbI 2.5 U
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caescreust 2.6. YrBepxkenus reopembl 7.6 soirekaror uz (4.4), (4.5) u sevmm
7.7, 7.8, yCTAHOBJIEHHBIX HUXKE.

Jlemma 7.7. Ilycmos svnoanernv ycaosua meopemot 4.1 u yeaosue 7.1. Tozda
npu (€ C\ R4, |¢] > 1, u0<e <1 cnpasedauso oyenku

([ [AZB(D)(S- = 1)(B° = ¢Q0) | ety Larey < € 2c(@)|C| 72, (7:2)
£ [DIATJB(D)(S: = 1)(B° = ¢Q0) | Lagrty La(rey < € ec(6), (7.3)
Hocmoannuvie CS\I) ] 65\2) 3a6uUCAM MoAvKo om ucrodnmx dannuir (1.40) u

om [|Al L.

Aokazameavcmeo. g nposepku (7.2) BOCIOJMB3yeMCsl HEPABEHCTBAMHU

(1.4) u (6.46):
IIA]6(D) (S — I)(B® = ¢Q0) |l 1y (r)— 12 (RY)
<200 Al ID(B — ¢Q0) |l Loty Loty < €L e(d)]CI7V2,

1 1/2 —1/2
ve € = 2002 g A
Teneps nposepum (7.3). Mmeem

ed[A°b(D)(S: — I)(B° — ¢Qo) ™" = [(9;A)°)(S: = Nb(D)(B® ~ ¢Qo) ™"

+ e[A%)(Se = 1)b(D)3;(B” — (Qo) "
(7.4)

CirenoBaTesibHO,
£?||D[A%]b(D)(S. — I)(B° — C@)AH%Q(Rd)ﬁLQ(Rd)
< 2[|[DA))(S: = DHD)(B® — (Q0) 17, sty 1o ()

d
+22%([AF D I(Se = DB(D)A;(B® = (Q0) 17, () Loty
j=1

C yuerom ciencreus 2.2 3T0 BJedeT
e?|DA]B(D)(S: — I)(B® = ¢Q0) 17, () 1 ra)
< 261](S= = DBD)(B® = Qo) 17, ety 1y ()

d
+2e% A7 (B2 + 1) D II(Se = DBD)I; (B — ¢Q0) ™ 17, gty o et
j=1

IIpumenss npegnoxenne 3.1 1jist ONEHKY TEPBOrO CJAAraeMOro CIpPaBa U y4au-
rhiBast (1.4), Haxoum

e?|D[A]B(D)(S: — I)(B® = ¢Q0) 17ty Lo (me)
< % (2181 +8(B2 + DIIAIILL) ID*(B® = Qo)™ 17, ety 1y (me)-
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C yuerom (6.45) orctosa BbITeKaeT HCKOMOE HepaBeHCTBO (7.3) ¢ 1OCTOSHHOM

[V el P

e = all% 1 (2028, + 8(8 + 1)A2) 2

O

Jlemma 7.8. ITycmov svnoarerv yeaosua meopemovr 4.1 u ycaosue 7.3. Tozda
npu (€ C\R4, |¢] > 1, u0<e <1 cnpasedauso. ouenku

El[ATN(S: = D)(B® = Qo) Mty Larey < € ec(@)lCI V2 (T5)
e[ DIA)(Se — D)(B° = (Q0) ™ Lyra) s o) < €5 ec(6). (7.6)
Hocmosannuvie C%l) u 6%2) sasucam om ucxodnur dannwz (1.40), om p u om
AL, ()
Hoxazameavcmeo. M3 nemmbr 2.5 u ycioBus 7.3 BBITEKAET OIEHKA
I[A®](S- — I)(B° — €Q0) Ml Ly Ry Lo (R4
D18 2,0 1B = €Q0) ™y ety 1t s

Yuaureisas cease omeparopos B = BY(1) u BY = BY(1) (cm. m. 5.4), a
rakzke (5.12), nosyuaem

(7.7)

< |fol?I(B° - ¢ Ly Re) = Lo (R
< I Ne(@)le ™
O6bemunss (6.46), (7.7) u (7.8), mpuxoaum x (7.5) mpu
eV =201 M@ (11 + e 21l
Teneps mokaxem (7.6). Ananornano (7.4)
e0;[A°)(S: — 1)(B” ~ (Qo) ™" = [(9;1)°](S: = D)(B° — Qo)
+ e[A%)(S — D)9; (B~ (Qo) ™!
Orcrona ¢ yaerom caefctBus 2.6 u jeMMbl 2.5 BBITEKAET OITEHKA
e?|DA)(S. — I)(B° - C@)_IHiQ(Rd)_)LQ(Rd)
< 2B[|(Se - I)(BO - C@)_l”i(md)_,]{l(]gd)
+2(Bs + VXA, (o) (CI2N(S: = DB = ¢Q0) 12, 2ty 11 29y
IIpumenss npennoxkenne 3.1 s OTIEHKN TEPBOTO WIEHA CIPaBa, MOJIyYIaeM

e| DIA®](S: — I)(B° - €Q0) Ml Lo Rty Lo(r)

- - ON\2~ 1/2 _
: (wf +8(3:+1) (¢f)) rrA||%p(m) ID(B® = (Q0) ™y ety 11t

1(B° = €Q0) ™| Loty Lo () (7.8)
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C yuerom (6.45), (6.46) sro npusogur x (7.6) ¢ nocTrosaHHOM
1/2
5 ~ - 2
Q%) = <251T% +8(B2+1) (Cs(zp)) HAH%p(Q))

3 Gl PR Ve PR TP R

7.2. YcrpaHeHue S. B aIlllIpOKCUMAIINHN IIOTOKOB.

Teopema 7.9. Ilycmo svnoanenv, ycaosus meopemos 4.1. Hycmv g(x) —
mampuya-Pynryus (1.25).
1°. Hycmo svinoaneno yeaosue 7.1, Toaoorcum

G1(e5¢) = gb(D)(B” — (Qo) ™" +¢° (b(D)A)"S:(B° ~ ¢Qo) ™" (7.9)
Toeda npu 0 < e <1 u (e C\Ry, [(| > 1, cnpasedausa ouenka
|g°6(D)(Be — CQg)fl - Gi(e C)||L2(Rd)—>L2(Rd) < C100(¢5)25‘

Hocmoannas Cfy wowmpoaupyemcs uepes uczoonwme dannve (1.40) u

1Al Lo
2°. Ilycmwb cnpasedauso ycaosue 7.3. Tonooicum

Ga(e;¢) = FFSb(D)(B® — (Qo) ™" + g7 (l(D)A)*(B" — ¢Qo) ™", (7.10)
Tozda npu 0 <e <1 u e C\Ry, [(] =1, sunoaneno
lg°b(D)(B: — CQS)_l — Ga(g; C)||L2(Rd)—>L2(Rd) < Ci’oc(@zg-
Hocmoannaa CYy sasucum auws om ucrodnwz dannor (1.40), om p u om

1Al L, (0)-

3°. Ilycms cnpasedausn, yeaosus 7.1 u 7.3. Obosnavum
G3(e5¢) == g°b(D)(B® = (Qo) " + ¢°(M(D)A) (B = (Qo) . (7.11)
Toeda npu 0 < e <1 u(eC\Ry, [(| > 1, cnpasedausa ouenka
l9°b(D)(B: — ¢Q5) ™" — G3(; Oll Ly (ray— o we) < Croc(@)’e.  (7.12)

3decv nocmoannaa Cio sasucum om uczodnvr dannux (1.40), om p u om
nopa ||AllL., u [[Allz, -

oxazameavcmeo. Pesyibrar Teopemsbl 7.9 BeiBOguTCs u3 Teopembr 7.6. Ho-
Ka3aTeJIbCTBO BO MHOIOM TIOXOXKe Ha JIOKA3aTeJbCTBO TeopeMmbl 4.4 (cMm.
n. 6.3). s mpumepa gokazkem yrBepxkjenue 3°. Anamormuno (6.40) wu3
(7.1) BHITEKAET OIEHKA

lg*b(D)(B: — ¢Q5) ™"
— (D) (1 += ([A%(D) + (A7) ) (B” = Qo) Mramsza  (7.13)

< lgllp i’ Coc(e)?e.
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Hanee, ananorngno (6.41),
cg°b(D) ([A%]b(D) + [A7) (B — ¢Qo) ™"

= ¢°(l(D)A)*B(D)(B° = Qo) ™" + ¢° (b(D)A)*(B” — (Qo) " (7.14)
d
> g%t (IAp(D) Dy + [AF]Dy) (B — Qo) ™"
=1
Or/mmyme oT 0Ka3aTenbeTBa TeopeMbl 4.4 BO3HUKAET NPH OINEHKE TPEThEro
caraeMoro B mpaBoit wactu (7.14). Ucnonb3ys yenosne 7.1, a takxke (1.4) n
(1.5), mpuxoanM K OIEHKe

U

e ) [lg"bi[A°Ib(D) Dy(B° = (Q0) ™l 1y (ma)— 1o (r9)
=1 (7.15)

ea1d"(|gl| oo Al [ID*(B” = (Q0) [l Loty La(r)-

Ucnonesys yemosue 7.3, (1.5) u gemmy 2.5, mosrydaem

N T

d
€ Z 1970 [A°] Dy (B — ¢Q0) | 1y () s Ly (R
= (7.16)

< eay?d2CE gl Lo A 1, () ID(BY — €Q0) ™l 1y ety s 111 (et

U3 (7.15), (7.16) u (6.45), (6.46) BeiTekaer onenka (Lo — Lo)-HOPMBI Tpe-
TBErO ¢j1araeMoro B mpasoit dactn (7.14) gepe3 Choc(p)e, Tae

Cro = a1d"?|lgll oo M o I a1 F M e
1/2 e — — —1/2
+ a2 a2 g Il o) (1l e + 212 )

Bumecre ¢ (7.13) u (7.14) sro Brewer (7.12) c¢ wnocrosmuoii Cip =
1/2 A
I9llz.cn/*Ca + Cig.
YrBepxkaeuus 1° u 2° no/rydarTcsd aHAJOTUYHO; IIPU MIPOBEPKe 2° HYKHO
JIOTIOJIHATENILHO yaecTh (6.48). O

7.3. Caydaii, Korga KOppeKTop obpamiaercd B HYJIb. [Ipeamnoaoxmm,
aro ¢° = g, 1. e. cupaseusel coornomenns (1.29). Torna I-nepuoamaeckoe
pemenue 3agaun (1.23) obpamaerca B8 Hynb: A(x) = 0. [lycTs BBIIONTHEHO
PaBEHCTBO

d
> Dja;(x)* = 0. (7.17)
j=1

Torxa [-nepuonudeckoe pemenne 3anaqu (1.31) pasro mymo: A(x) = 0. B
9TOM cirydae omepatop (4.3) obparaercs B HyJ b, hbopMmya (4.5) ympotaercs
u TeopeMa 4.2 BieveT CIeIyomuil pe3yabTarT.
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Ilpenmoxxenme 7.10. ITycmwv cnpasedausvr coomuowenus (1.29) u (7.17).
Tozda 6 ycaosusx meopemv, 4.1 npu 0 <e <1 u € C\Ry, |C| =1, sepna
ouenKa

ID ((B: —¢Q5) ™" — (B = ¢Q0) ") Il Ly () 1o (re) < Coc(e)’e.

7.4. CnenmanbHblii ciay4dait. [Ipeamonoxum, uro ¢° = g, T. e. cipaBe/Im-
o1 npegcrasienus (1.30). Torma B cuty npeioxenns 7.2(3°) BBIIOJIHEHO
ycaiosue 7.1. Ilpu s1om corutacuo [BSu2, sameuanue 3.5| marpuna-gyHkius
(1.25) nocrosuna u cosmagaer ¢ ¢°, . e. g(x) = ¢° = g. Taxum obpazowm,
FFHD)(B — (o)~ = *H(D)(B® — Qo)

ITpe ook TOTIOTHUTETBHO, 9TO uMeeT MecTo paBercTso (7.17). Toraa
A(x) = 0 u u3 Teopembr 7.9(3°) BEITEKAET CIIAYIOMMI PE3YIBTAT.

Ilpengioxxenme 7.11. Ilycms cnpasedausor coomnowernua (1.30) u (7.17).
Tozda 6 ycaosusx meopemor 4.1 npu 0 < e < 1 u ¢ € C\ Ry, [(] > 1,
BUINOAHENE OUEHKA

lg°b(D) (B — ¢Q5) ™" — g°b(D)(B° ~ CQ0) ™ |l Ly(mt) > Lo(rt) < Cr0¢(9)%e.

§ 8. JIPYTAS ATIIIPOKCUMAILIU ST
OBOBIIEHHON PE30JTBBEHTH (B. — (Q5)~*

8.1. Pesysbrar B 0b01uem ciy4dae. B reopemax u3 §4 u §7 npejmnosara-
aock, uto ¢ € C\Ry, mpugem || > 1. B macrostimiem maparpade Mbl yeTaHaB-
JIMBaeM Pe3yJbTaThl, CIPaBEIUBLIE B HOJee MUPOKOH 00IaCTH W3MEHEHMsT
napamerpa .

Teopewma 8.1. ITycmo gvinoanenvt ycaosus meopemuv, 4.2. ITycmov mampuua-
Pynryus f(X) u mampuya fo onpedeaens 6 n. 5.4. Hyemv ¢ € C\ [¢,,0),
2de ¢, =2 0 — 0bwas HUNCHAA 2DAHD ONEPAMOPOs B, = (fE)*Bef® u BY =
foB fo. Horoorcum ¢ — ¢, = |C — ¢, |e™¥, 1 € (0,27), u ssedem obosnauerue

c(¥)?IC—6|% (-0l <1,
= 8.1
= {cw, C-al>1 &
Tozda npu 0 < € < 1 sepHbvl ouenku
1(Be = ¢Q5) ™" = (B® = (Q0) | 1y (r)— La(ray < Crre(C)e, (82)
1(Be = ¢Q5) " = (B” = (Qo) " = eK (&5 Ol 1y (Rt)— Lo(re) < Cr20()e,
(8.3)

ID((B: = ¢Q5) " — (B” = ¢Q0) ™" — €K (5)) |y ety 1 (m)
< (Cis +[¢+1[Y2Cu)0(0)e.
ITyemov G(e;¢) — onepamop (4.6). IIpu 0 < & < 1 cnpasedauso nepasercmso

19°b(D)(B: — ¢Q5) ™" — G(&; Ol 1y Rty Lo(ra) < (C15 + ¢ + 1]2C1g)0(C)e.
(8.5)

(8.4)
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Hocmoannwe Cr1, Cia, Ci3, Cra, Ci15 u Clg KOHMPOAUPYIOMCA HEPES UCTOO-
note dannvie (1.40) u c,.

CaencrBue 8.2. B ycaosuaxr meopemst 8.1 gvinoanena ouenxa

I(B: —¢Q5) ™" — (B = ¢Qo) ™" — eK (&5 Q)| 1y ety 111 ()

8.6
< (C12+C13+‘C+1‘1/2014)Q(C)€, 0<e<l (8.6)

Sameuanue 8.3. 1) Muvi ne Konmpoaupyem A6H0 Kpas CNEKmMpos onepamo-

pos B > 0 u BY > 0, u wmoorcem oxazamovces, wmo ¢, = 0. Toeda ¥ = ¢
u npu |C| = | — ¢| = 1 ouenxu meopemwr 8.1 — npocmo 3aepybaenue pe-
syavmamos meopem 4.1, 4.2 u 4.4. 2) Ilpu 6oavwom |C| ydobuee npumenamo
meopemo, 4.1, 4.2 u 4.4, a npu oepanuvennur snavenuar |¢| meopema 8.1
MOHCEM, 0KA3ATNDCA NPEINOYINUMEADHEE.

Aokazameavcmeo. g nposepku (8.2) Bocmosbdyemcst Teopemoii 4.1 mpu
¢ = —1. Cornacuo (4.2)

I(Be +Q5) " = (B + Qo) Ml 1ymt)—1amay < Cag, 0<e <1,

Omnmupasics Ha anasor Toxaectsa (5.20) mpu ¥ = 1 (¢ 3ameHoif (niomaln
1 coOTBETCTBEHHO), U AeficTByst 10 anasornu ¢ (5.21)—-(5.24), maxonnm

B. — 051 — (B — cO)-1 <C 2 152 . (v+1)?
[(Be — ¢Q5) ( CQo)™ lro—r, < Cacl LN 7o SUP
vze,

HL+ B = €0 ™ 11, 1[QF — Qolll i 1 1(B° — C%)_1||L2?Hlj
8.7

Bruraucnenue IIOKa3bIBa€T, 9TO

(v+1)?
sup —m=
V?E ‘V - CP

< (6 +2)%0(¢), ¢€C\[o,00). (8.8)

Hamee, TI0 TBOUCTBEHHOCTH,

I(B = €Q0) -1, = 1(Be = " Q0) I zoms- (8.9)
B cuny (5.14) mveem

(B = ¢*Q8)Hlzo—z. < IfIL.. sup = | lZ.c)l¢ ="

vzc, v — ¥

(8.10)

SamMerum, 9TO
C+1Y? <24 6)mpr|¢ g <1, (8.11)
CHIM2C— o <24 ¢) P mpu ¢ — 6| > 1. (8.12)

TTosromy

¢+ 1M2I(B: = ¢ Q5) Mlzamre < IFIFL 2+ 6)20(O)M? (8.13)
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Heiicrysi no ananoruu ¢ (5.28), nosydaem

B 1/2
ID(B: — ¢*Q5) Mlzamrs < & Pl F L sUP — . (8.14)
v=ep 1% 7( |
CrpaBepiBa OIEHKA
1 21— )72 - 1
sup < (e + )C(¢)2|C Cb|_1, IC— o] <1, (8.15)
vze, [V — C*| (6 +De(@)*IC—ol™! [C—6l>1.

C yuerom (8.11) u onenkw |¢ + 1]|¢ —¢,| 7! < 2+¢, mpu [ — ¢,| > 1 oTciona
CJIEJTyeT HEPaBEHCTBO
v
[+ 1fsup ——5 < (¢, +2)(c, + 1)0((). (8.16)
vze, [V — C*]

B cuny (8.14) u (8.16)
¢+ 12ID(B: = ¢ Q5) a1

_ (8.17)
<&l (e +2) (e + 1) 20(0) 2
Teneps u3 (8.9), (8.13), (8.17) BeITEKAET, UTO
€+ A2 (B: = CQR) -1, < Co0(O)'?, (8.18)
e
@ = [1£17.. 2+ )2+ e flln e + 220, + 1)1
Ananornuno (8.10) n (8.14) ¢ yuerom (1.42), (5.12) moxyvaem
I(B® = ¢Q0) ™ llzaro < IfIZc@)IC =7, (8.19)
e —-1/2 v/
ID(B” = (Q0) ™ llLy—rs < 7| fll Lo SUD (8.20)

vz [V = |
Bumecre ¢ (8.11), (8.12) u (8.16) 910 BIever

¢+ 1721(B° = ¢Q0) Mz rt < €op(¢)M2. (8.21)

O6bequnsas (2.14), (8.7), (8.8), (8.18) u (8.21), npuxoum K orenke (8.2)
¢ nocrommmoit Cyy = Ci(e, + 22 f13_ £~ 1. + Cou €.

YcranoBuM Tenepb HEPaBeHCTBO (8.3), MCHOIB3ys yiKe JOKA3AHHY IO OIeH-
Ky (8.2):

1(B: — ¢Q5) ™ — (B — Qo) ™ — eK(&;O) | 1oL

(8.22)
< Cno(Q)e + el K(& Q) [ La—rs-
B cuny (1.4), (3.12) u (6.5) oneparop (4.3) noj4unHeH HEpaBEHCTBY
1K lamste < 2109 *IDE = Qo) Mmoo

+ M| (B° = Qo) Mzt
Yaunrwisas (8.15) u (8.20), nmeem

ID(B® = Qo) Mlramsza < & (e + DY) fll Lo p(O)2 (8.24)
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B cuy (8.19), (8.23) u (8.24)

1K (&5 )l 2oz < €100(0)" 2, (8.25)

roe €9 = M1a1/2c*_1/2(cb + 1)1/2HfHLOO + MleH%OO O6bemuuss (8.22) u

(8.25), u yanrsBas, uro o(¢)Y? < o(¢), mpuxommmM K omenke (8.3) ¢ mocTo-
aguaoit Co = C11 + €.

Yr06B! yeTaHOBUTH HepaBeHCTBO (8.4), 3anumreM aHagor ToxecTsa (6.17)

npu ¥ = 1 (B Toukax ¢ um 1) u mozeficTByeM Ha JIEBYIO W IIPABYIO GaCTH

TOXKJIECTBA, OIEPATOPOM le /2,

BY2((B: = ¢Q5) ™" = (B° = ¢Qo) ™" — ek(£:0))
= B?(B. = ¢Q3) 7 (B- + Q5) (B + Q5) ' = (B" + Qo) ! — K (s5-1))
X (B® +Qo)(B” = (Qo) ™" + (1 + ¢)BY*(B: = ¢Q5) ' Q5K (55 ¢)

+ (14 Q)BY*(B. — ¢Q5) Q5 — Qo) (B — (Qo) .
(8.26)

O6o3naunm craraemble B mpasoil dactu depes Z;(e;(), j = 1,2, 3.
Ionb3ysice anamoramu coornomrernunii (5.14), (6.21) u (6.22) mpu ¥ = 1,
HAXOMM, uTO TIpH Beex w € H'1(RY; C™) BeimosHeno

HB;/Q(BE - CQ%)_l(Ba + Qg)WHLQ(Rd)
= | BY*(B. - ¢I)"(B- + D) 'wll 1, e (8.27)
<|1(B: = ¢I) N (B + I>||L2(Rd)—>L2(IR{d)HBEI/QWHLQ(REI)'

Ileproe craraemoe B paBoit wacTu (8.26) onernm ¢ nomormbio (8.27) n Bepx-
Heit onenkn (5.6) mpn ¥ = 1:

1Z1(6: Olliasza < g N(Be = CI) ™Y (Be + Dllnyosia
X ||(Be + Q)™ — (B + Qo)™ — eK(e; —1)|| pymm (8.28)
(B + Q0)(B® — ¢Qo) 1,1, < €110(C)s,

rae €11 = cg/2(Cs + Co) (¢, +2)%| fll ool f |1 - B mocaeanen mepexose b
ucnonb3oBasn caeacreue 4.3 npu ¢ = —1 , ananor (6.44) u (8.8).
Ouenum BTOpOE Citaraemoe B npasoil dacru (8.26):

1Z2(e; Ol o1, < €IC+1H|B§/2(Ba—CQ8)1||LwL2Hf1H%mIIK(E;C)!L(ﬁL2)-
8.29

x|l

Cornacuo (5.13) n (5.14) (upu ¥ = 1) cupase/uBa OIfeHKa

1/2
_ v
1BY(B: = ¢Q5) Mlza—srs < Ifll1o sup ——
vz=e, |V - C|
Ha ocunosannm (8.16) 0oTCioma BBITEKAET, 9TO

¢+ 1MY2IBY2(B: = CQ5) Mot < (6 +2)2 (e, + 1)1/2||f||LooQ(C()1/2-)
8.30
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B cuiy (8.21) u (8.23) BbiosiHeHO

€+ K (e Oll s < (1M + Mi)Eoo(0) 2 (8.31)
U3 (8.29)-(8.31) BBITEKAET HEPABEHCTBO
1Z2(e5 Ol Ly, < €12p(C)e, (8.32)

rae €z = (¢ + 2)Y2(c, + VY2 flloa |13 (e > My + My) €.

Ilepeiimem K OIEHKE TPETHErO CIAraeMoro B mpapoil dactu (8.26):
1Z3(25 Ollzaszz <IC+ UIIBY2(Be = <Q0) Mla151,
x [Q§ = Qolll -1 (B® = ¢Q0) ™MLyt
Ilo gpoiicteennoctn (cp. (6.31)),
IBY2(Be = CQ0) Mlu-1py = 1/ BY?(Be = D) Mppmorr (8:34)

Ananornuno (6.32) ¢ ygerom (8.8) mosytaem

ID[f]1BY*(B. — 1) |11,

(8.33)

e B (8.35)
<& PIBe(Be = D) Mo < e (e + 20OV
Hanee, yunrbipas (8.15), nmeem
If°1BY (B = ¢ D) Mlzasra < 1]l (e + 1)20(0) 2. (8.36)
Teneps u3 (8.34)—(8.36) BEITEKAET HEPABEHCTBO
HBel/Q(Ba - CQ8)71‘|H*1—>L2 < 0:13@(01/27 (8-37)

e €13 = ||fllo (e + DY2 + e 2(c, + 2). Coornomenns (2.14), (8.21),

(8.33) u (8.37) BrekyT
1Z5(8; OllzasLo < Cy€0isl¢ +11Y2p(Q)e. (8.38)
O6benunsas (8.26), (8.28), (8.32) u (8.38) u ucnonb3yss HUKHIOW OIEHKY
(5.6) (npu ¥ = 1), npuxonnm Kk (8.4) ¢ nocrostaubiMu C3 = 0:1/2(611 +C12),
014 == C;l/QCQO Q:9€13.
Ocraercs nposeputs (8.5). U3 (8.4) ¢ yuerom (1.4) crenyer, 4T0
lg°b(D)(B: — ¢Q5) "
— g°b(D) (I +e[A]S:b(D) + e[A%]S:) (B” = Qo) lroore  (8:39)
< 0 llgll L (Cas + ¢ + 112 Cra)e(O)e

Hetictyst mo amamorun ¢ (6.41), (6.42) n (6.48), maxoaum
1g°B(D) (I + £[A%]S:b(D) + £[A%)S2) (B — ¢Q0) ™! — G(&: Ol 2o
< ellgllpoar”* ((01d) /My + 1) D (B® = ¢Q0) 101 (8.40)
)20y ID(B® — ¢Q0) s -

+ellgllra (aad
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Ananornuno (6.43) u (6.44) ¢ yuerom (8.8) nosyuaem

v

ID*(B” = (Q0) " llo—srs < 2 I f ool f 7l oo sUP
vee, [V = (| (8.41)

<G el f e (6 +2)p(¢) 2.

Buecre ¢ (8.24) u (8.40) s1o Biteuer

lg°b(D) (I + e[A]S-b(D) + e[A°)S2) (B = (Qo) ™" = Gl&; )l a1

8.42
< Cuep(¢)?, (542

e € = |glloalflear? (((ad)2My + 1) [ F (s + 2) +

d1/2]\710;1/2(cb + 1)1/2). Teneps u3 (8.39) u (8.42) BrITekaer onenka (8.5) ¢
nocrogaabiMu Oy = ai/QHgHLwClg + €y, Cig = a%/2||g||LooC14. O

OTmernm, 9T0 ecam Qo — HMOCTOAHHAA MAaTpHIR, TO Qf = Qo U TpeTbe
ciaraeMoe B paBoii yactu (8.26) obpamaercs B wyb: Z3(e; () = 0. [Tosromy,
MPOCTEUB 38 JOKA3ATETLCTBOM TeopeMbl 8.1, MOXKHO CeaTh CAEIyIoIee
3aMevaHue.

3ameuanue 8.4. Fcau 6 ycaosuaxr meopemst 8.1 Qg — nocmoannas mam-
puya, mo cnpasedausv, oyenru (8.4)—(8.6) npu Ciy = Cig = 0. To ecmo
waenst, codeporcawgue |+ 1)/2, 6 ouenwaz (8.4)~(8.6) omcymemeyrom.

8.2. ¥Ycrpanenue S.. Breimennm ciydan, KOT[a ChIaXKUBATETh S. YIAETCSA
YCTPAHUTE.

Teopema 8.5. Ilycmv svinoanenvt ycaosus meopemvs S.1.
1°. ITycmo svinoaneno ycaosue 7.1. ITycmo G1(e;¢) — onepamop (7.9). To-
2da npu 0 < & < 1 cnpasedausnbl oueHKy

I(B: = ¢Q5) ™" — (I +e[A%]b(D) + £[A%]S.) (B — €Q0) 1y Ry Lo (R
< Ci?@(@&

ID (B = ¢Q5) ™" = (I +¢[AJb(D) + [K71S.) (B® = (Q0) ™) Il sty Lo
< (Cls + ¢+ 11Y2Clg)e(€)e,

lg°b(D)(B: — CQ6>_1 - Gi(s C)HL2(Rd)—>L2(Rd) < (O3 + ¢+ 1’1/20§1)Q(C)5-

IHocmoannwe C7, Clg, Clg, Chy, Chy Konmposupyromesa wepes darnwvie 3a-

danu (1.40), ¢, u ||Al|L., -
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2°. ITycmv ewnoanerno ycaosue 7.3. ITycmov Go(e;¢) — onepamop (7.10).
Toeda npu 0 < € < 1 swnoaneno

1(B: — ¢Q5) ™" — (I +€[A]b(D)S: + e[A%)) (B® — CQo) ™Ml Ly ety Lo ()
< Cfro(Qe,

D ((Ba —¢Q5) " = (I +e[A7]b(D)S. +&[A]) (B — C@)fl) | Lo ()= Lo(RE)
< (Cfs + ¢+ 11Y2Cy)0(Q)e,

lg°b(D)(B: — ¢Q5) ™" — Ga(e: Ol Ly () 1o (ra) < (Cop + |¢ + 11M2C41)0(C)e.

Hocmoannwve Clr, Cty, Cty, Chy u CY sasucam om dannwzr 3adauu (1.40),

G, pu HAHL,,(Q)-
3°. IMycmo swnoanens ycaosus 7.1 uw 7.3. Hyemv Gs(e;() — onepamop
(7.11). Toz20a npu 0 < & < 1 umerom mecmo oyerku

1(B: = €Q3) ™" — (T +e[A*]b(D) + £[A) (B® = (Q0) | g (229) > Lo (r)
< Cl?Q(C)E,

|D ((Ba —¢Q5) ™ — (I +¢[A]b(D) + e[A]) (B" — C@)A) | Lo (RY)— Lo (RY)
< (Cis + ¢ +1]2C19)0(Q)e,
19°b(D)(Bz — ¢Q3) ™" — G(&; O)ll Ly ety s Lymey < (Ca0 + ¢+ 1[M2Ca1)0()e.

Hocmoannwe Ci7, Cig, Crg, Cog, Co KOHIMPOAUPYIOMCA “4ePEs danmwte 3a-
davu (1.40), ¢, p, a marorce [|AllL,, v [|Allz, @)

3ameuanue 8.6. Fcau 6 ycaosuaxr meopemut 8.5 Qo — NOCMOANHAA MAM-
puya, mo ewnoanens. oyenky us meopemvs 8.5 npu Clg = Ch = CYy =

CY = Cig = Cyy = 0.

Joxasamesvemeo. ANIPOKCHMAIMN TIPH y9eTe KOPPEKTOPa BBIBOAATCA U3
TeopeMbl 8.1 aHAJOTUYHO JI0KA3ATeJbCTBY TeopeMbl 7.6. Oryindne cocTout B
Tom, uro Bmecto (6.45), (6.46) u (7.8) HyxHO ucnosbzosarh (8.41), (8.24) n
(8.19) cooTBETCTBEHHO.

YTBepKIeHNsT OTHOCUTEIHLHO [OTOKOB BBIBOAATCS U3 ANTIPOKCUMAINIT TpK
ydere KOpPeKTopa [0 aHAJIOMMU € JIOKA3aTeJbCTBOM Teopembl 7.9. Otiunune
COCTOUT JIUIIb B TOM, 410 BMecTO (6.45), (6.46) Hago ucnoab3zopars (8.41) u
(8.24) coorBeTcTBEHHO. O

8.3. CoeruajbHbIe cay4dan. AHaJIOrUIHO Tpeaokernto 7.10 ¢ moMonibio
Teopembl 8.1 BhIZeIIEM CIydaii, KOT/Ia KOPPEKTOp 0OpaIaercd B HYJIb.

Ilpengioxxenne 8.7. Ilycmwv cnpasedausvs pasencmea (1.29) u (7.17). Tozda
6 ycaosuar meopemo, 8.1 npu 0 < € < 1 swnoaneno

ID ((B: —¢Q5) ™" — (B = ¢Q0) ™) Il 1o () 1o (R
< (Ciz + ¢+ 1172C1)0(C)e.
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Awnayoruuno npeanoxkenuto 7.11 u3 reopembr 8.5(3°) BbIBOAMTCS CI1e1yI0-
miee yTBepKIeHue.

IIpennoxkenue 8.8. ITycmwv cnpasedausve coommowernusn (1.30) u (7.17).
Tozda ¢ yeaoeuar meopemur 8.1 npu 0 < e < 1 sepra ouenxa

l9°b(D)(B: — ¢Q5) ™" — ¢°b(D)(B® — (Q0) "Il 1Rty 15 (R)
< (Cao + [C + 11Y2Co1) 0(C)e.

§ 9. IIPUMEPHI TPUMEHEHNW OBIIMX PE3VJILTATOB

PaccmarpuBaemble B 9T0M maparpade mpuMepbl paHee M3ydaauch B [Su2|

u [Sub).

9.1. CkajsipHbIi JLIUIITUYECKUI oniepaTop. PaccMmorpum ciydaii, Ko-
rman =1, m =d, (D) = D, a g(x) — ['-nepunonnveckas cauMMeTpHY-
Has (d X d)-marpura-GyHKIH ¢ euecmeentbmy sremenmanmu, g(x) > 0,
g, 9! € L. Torna oueBnano ag = ag = 1 (em. (1.4)), a omeparop A, mveer
Bt A = —divg®(x)V.

Hanee, nycte A(x) = col {A1(x),...,Aq(x)}, rne 4(x), j=1,...,d, —
I-nepuoquaeckue BerecTBeHHbIe (DYHKIIAN, TPHIEM

A; € L,(QY), p=2mpud=1, p>duopud=2; j=1,....d. (9.1

ITycrb v(x) n V(x) — Bemecrsenuble [-nepuojuaeckue byHKIUN TAKKE, 4TO

v,V € Lg(9), /v(x)dx:O, s=1lmpud=1, s>d/2upud> 2.
Q
(9.2)

B Ly(R%) paccmorpum omepatop Be, dbopMambeo 3agaHsbl guddepen-
[UATBHBIM BBIPAYKEHUEM

B. = (D — A%(x))"¢°(x)(D — A®(x)) + £~ v*(x) + V*(x). (9-3)

Tounoe onpemenenne oneparopa B. maercsa uepes KBaapaTHIHyo (hOpMY
b.[u, u] = / ((°(D — A%)u, (D — A%)u) + (107 + Vo) [ul?) dx,
Rd
u € H'(RY).

Oueparop (9.3) MmoxkHO TpakTOBaTh Kak nepuoguueckuii oneparop IIpéaun-
repa ¢ METPUKOHN ¢°, MATHUTHBIM TTOTEHITHAJIOM A U 3/IEKTPUIECKUM TTOTEH-
nuaaoM £ 1vf 4 VE comepiKaIuM CHHTY/ISPHOE caaraeMoe £ vF.

Herpyauo moustth (cM. [Su2, m. 13.1]), uro omepatop (9.3) MoXKHO mepe-

nucath B Tpebyemom Buje (1.22):

d
B. = D*gg(X)D 4 Z (a;;(X)Dj + D](aj(x))*> + Qf(x).
j=1
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Baeck BemecrBennas dbyHkus QQ(X) onpemeseHa paBeHCTBOM

Q(x) = V(x) + (9(x)A(x), A(x)). (9-4)
Kommnnekcuble GyHKIUN a;(X) 33/1aHbl BHIPAKEHIAMI
aj(x) = —nj(x) +iy;(x), j=1,...,d, (9.5)

rge 1;j(X) — KoMIOHeHTHl BeKTOp-DyHKImE 7)(X) = ¢(x)A (%), a byHKInmI
7v;(x) onpenenenst depes I'-nepropmaeckoe pemenne P(x) samaun AP(x) =
v(x), [ P(x)dx = 0, coornomenmenm 7;(x) = —0;®(x). Ipu 5TOM BbIION-
HEHO

d
v(x) = — Z 975 (x).- (9.6)

MozkHo poBeputh, uto dbyukimu (9.5) ynosrersopsator ycaosuio (1.8) ¢ noa-
XOJSALIMM HOKazareaeM p', 3aBUCAIIUM OT p U S; [IPU 3TOM HOPMbI ||aj||Lp,(Q)
kouTposmpytorca epes ||gl|L.., |AllL, @), [[vllz,(@) 1 mapamerps pemerku
I. (TToapobree cm. [Su2, 1. 13.1]). Pyukuus (9.4) yaoBieTBopsieT yCJI0BHIO
(1.14) ¢ nopxoastmmm mokazaresem s = min{s; p/2}. Taknm o6paszom, ceii-
gac peasnusyercs mpunvep 1.4.

Mycts Qo(X) — TONOKUTETHHO ONpeJeieHHas W orpaHudeHHas [ -
nepuoangeckas dynknug. Cormacuo (1.38) BBegem HeoTpumaTELHBIN OTE-
parop B. = B. + ¢5Qf. 3mecs ¢5 = (co + C4)HQ0_1HLooa a TIOCTOSHHBIC
cop u ¢4 orBevaror omeparopy (9.3). Hac unTepecyer nosesenue oneparopa
(B- —€Q§)7 Y, ¢ € C\ Ry. Ucxommnie mamnbre (ev. (1.40)) B paccmaTprbae-
MOM CJIy9ae CBOJATCA K CJeaytomemy Habopy:

d, 9,5 190 2o 197 12w 1AL, 0 10112 (02 IV )

~ (9.7)
|Qoll 2o > Qo 1HLOO; napaMmeTpsl pemerku L.

Boruncinm addexkruubiii omeparop. B paccmarpmBaemom caydae I'-
nepuonndeckoe perrenue 3a1aan (1.23) saBasiercs MaTpUIEH-CTPOKOM

Alx) =i¥(x), ¥U(x) = (P1(x),-..,pa(x)),
rae ¥; € H'(Q) — pemenne 3aaum

divg(x) (V0,0 +¢) = 0. [ dy(x)dx =0,

3aece e;, j = 1,...,d, — crangapTHBIE OPTHl B R?. SIcno, uro dbyHKIHK
1j(X) BeleCTBEHHO3HAYHDIE, & S7IEMEHTHI MATPHIBI-CTPOKN A(X) 9HCTO MHHU-
mble. Cormacho (1.25) g(x) — aro (d X d)-marpuria-GyHKIH €O CTOJOIAME
9(x)(Vj(x) +e5), j = 1,...,d. B coorBercreun ¢ (1.24) scpdexrusnas
MaTpuna onpejerena pasencrsoM g0 = [Q|7! Jo 9(x) dx. SIcno, uro g(x) u
g% TMEIOT BeIeCTBeHHbIC STeMEHTDI.

C yuerom (9.5) u (9.6) mepnonmueckoe pererne 3a1aqn (1.31) mpencras-
nseres B Buge A(x) = Ay (x) +iAy(x), rae Bemecreennpie D-nepuoguaeckne
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bynxuun Aj(x) 1 Ay(X) SBISIOTCS PelTeHTIME 33,144

— divg(x) VA1 (%) + v(x) = 0, /Q Ri(x) dx = 0,

— div g(x)VAy(x) + div g(x)A(x) = 0, /Q/~\2(x) dx = 0.

Marpuna-cronben V (cum. (1.32)) sanumerca B8 Buge V. = Vi + iVa, toe V4,
Vo — cTosb1ibl ¢ BEITECTBEHHBIMU D/IEMEHTAMHU, OIPEIeIIeMble PABEHCTBAMK

V= \lef(vm(x))tg(x)vxg(x) dx,
. R (9.8)
Vo = —|Q|7? /Q(V\I/(x))tg(x)VAl(X) dx.

Cormacuo (1.33) mocrostaHas W npuHIMaeT BUJ

W =127 [ (660 V8 (), VRi60) + (9(x) VRa(o), TR () dx.
(9.9)
DddexTuBHbIl onepaTop s B. AefCTBYET 10 TPaBULy
B = —div ¢°Vu + 2i(Vu, Vi +9) + (=W + Q + c5Qo)u, u € H*(RY).
HNuadge ropops,
B = (D - AY*¢°(D — A% + VY + ¢5Q0, (9.10)
rie
A= (OT(Vi+gA), V=V +(gA A) - (g"A° A" —W. (9.11)

B coorsercreun ¢ 3aMevanueM 7.5 B paCCMaTPUBAEMOM CJIy9ae BBIIOJIHE-
Hbl ycsoBus 7.1 u 7.3, upuuem wHopmbl ||Allr. u ||A| L., KorTpOSMpYyIOTCH
gepes pannbie 3aga9n (9.7). TlosTOMy MOXKHO MCIOIB30BATH KOPPEKTOP, HE
COZEPKAIIMNNA CIVIAKUBATCIIA:

K7€) = (D + BB Q! = (9 + D = o1
Omneparop (7.11) npuHEMaeT BH/T .

G3(2:¢) = FD(B® = (Qo) ' + g°(DA)*(B” - (Qo) .
IMTpumensig reopembr 4.1, 7.6(3°) n 7.9(3°), mpuxoanm K CIeIyOMEMy PE3Y/Ib-
TaTy.

IIpeanoxkenue 9.1. [Iycmv B, — onepamop (9.3), xoopduyuenmot xomo-
D020 YOOBAELMBOPAIOM, YCAOBUAM, CHOPMYAUPOSarHvM eviwe 6 n. 9.1. ITycmo
Qo(x) — I'-nepuoduueckan noroscumesvno onpedeaennai u 02PanuenHas
dynryua, u nyemo cs = (co+ca)||Qp || Lo, 20e nocmosrmmie co u ¢4 omeeua-
1om onepamopy (9.3). Iyemnv Be = B:+c5Q5, u nyemv B® — aperxmuerii
onepamop (9.10), xospduyuenmo Komopozo onpedesctve 8 COOMBEMCMEUL

¢ (9.8), (9.9), (9.11). ITycmv ¢ € C\ Ry, ¢ = [¢]e™®, 0 < ¢ < 2, [¢]| > 1.
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Iyemv K%(g;¢) — woppexmop (9.12). Tozda npu 0 < ¢ < 1 cnpasedauev
OUEHKU

1(B: = ¢Q5)™" = (B” = €Q0) Ml oty La(rey < Cace(9)*[¢I71/2, (9.13)

Qo
Qo

I(B: —¢Q5) ™" — (B = ¢Qo) " — eK°(&; )l 1 (m)— 111 (m9) (9.14)
< (Cg + Co)e(9)’e,
199 (B2 = Q5™ = (7°V + 9" (VA)) (B = CQ0) |yt Lo
< Cioe(9)’e.
(9.15)

3decv c(p) — seaununa (4.1). Hocmoannme Cy, Cg, Cy u Cig 3asucam
moavko om ucrodnmx darnnux (9.7).

UTo6bl MOJIYIUTH ,, APYTYI’ AMMpOKCHMANNo omepatopa (B: — CQ%)_I,
BOCTIOJIb3yeMCst TeopeMoit 8.1 (cTapimuil WieH anmpoKCHMAIINN) U TEOPEMOit

8.5(3°).

Ipepsoxkenune 9.2. [lycmov swnosnens ycaosus npedsosicenus 9.1. Obo-
snavum f(x) = Qo(x)"1/2, fo = (Qo)"Y/2. Myemu ¢ € C\ [, 00), 2de ¢, > 0
— 06ULAA HUIICHAA 2DAHD ONEPATNOPOs BE = f¢B.f¢u B .= foB° fo. Hycmo
seaununa o(C) onpedeaena 6 (8.1). Tozda npu 0 < € < 1 cnpasedausn, ouen-
KU

I(B: = ¢Q5) " — (B® = ¢Q0) 1y k) La(re) < Cr10(¢)e,

I(B: = ¢Q5) ™" — (B = ¢Qo) ™" — eK°(&; Ol 1y (met) s 11 ()
< (Ci7 + Cis + [+ 1]*Cro)o(Q)e,

19"V (B: — ¢Q5)~" (ﬁsv + QE(VK)E) (B® = ¢Q0) || Ly (Ret) s Lo (R
< (Coo + ¢ +1]*Can)e(Q)e.

(9.16)

(9.17)

Hocmosannwe Ci1, Cr7, Cig, Crg, Cop u Co1 3a6ucam Auub oM UCTOOHBLT
dannwix (9.7) u ¢,. B cayuae, xozda Pynryus Qo nocmosrna, ouenky (9.16),
(9.17) swnoanenv npu Crg = Cop = 0.

9.2. Tlepuonuueckuii oneparop IIpéaunrepa. B Ly(R?) paccymorpum

oneparop A = D*g(x)D+v(x), rue §(x) — I'-nepuoguueckas cumMerpuaHas

(dx d)-marpuna-byHkius ¢ BemecTBenHbIMu 31ementamu: §(x) > 0, §, gL €

Loo(R?); a 9(x) — Bemecrsennas [-nepuojnueckas byHKIMs TaKas, 4TO
ve€Ls(N), s=1lupud=1 s>d/2upud>2

Kak o6nr1umno, crporoe onpenenenue oneparopa A maeTcs depes KBaJpaTHd-
Hy10 dopmy

[, 1] :/Rd ((G()Du, Du) + o(x)[uf?) dx, ue H'(RY).  (9.18)



58

Ba cuer pobassienust K U(X) HOCTOSHHON 6ydem CUumamob, ¥mo Kpaem Cnek-
mpa onepamopa A aessemca mowka nyav. pu stom yeaosun omeparop A
momyckaer yaobHyo daxropuszanuio (cMm., Hanpumep, [BSul, r1. 6, m. 1.1]).
s onncanusa 310it pakToOpu3aI PacCMOTPUM YDaBHEHUE

D*§(x)Dw(x) + 9(x)w(x) = 0. (9.19)

D10 ypasnenne nmeer I'-nepuommaeckoe pemenne w € H'(Q), onpenenentoe
C TOYHOCTBIO A0 IIOCTOAHHOTO MHOXKUTEJIA. STOT MHOXKUTE/JIb MOXKHO (bI/IK-
cupoBaTh Tak, 4Tobbl w(x) > 0 n

/ wi(x) dx = [Q]. (9.20)
Q

BouJiee Toro, pereHne 10/102KUTEIbHO OLpe/iejeHo 1 orpanndeHo: 0 < wy <
w(x) < wy < 00, a Hopmbl ||wl|L.., [|w™ L., xKonrpomupyiores yepes ||d|| L.,
167 Lo 1 (|9 1y () PynKums w sBisiercs myasTunakaropom 8 H (R?), a

raxxe B H(Q). Tloacranoska u = wz npeobpasyer dopumy (9.18) K Buy
afu, u] = / Wi (x)(§(x)Dz,Dz2)dx, u=wz, zec H(R?).
R4

Taxum o6paszom, oneparop A nomyckaer (hakTopu3aImo

A=wD*¢gDu™!, ¢=uw?g. (9.21)
PaccymorpuM Teneps onepaTrop
A = (W) ID* ¢ D (W)L (9.22)
B ncxopmbix repmuHax Boipaxkenne (9.22) samnuinercst B Buje
A. = D*§FD + e 25°. (9.23)

IomuepkrenM, uTo B (9.23) cTOMT GOIBIION MHOKHUTENH £ 2 IpH GBICTPO OC-
numpyiomeM norennuane o°. Omeparop A, MOXKHO TPAaKTOBATH KaK OIle-
parop IIpéaunarepa ¢ OBICTPO OCIUILIUPYIOIIEH METPUKON §° W CHJILHO CHH-
TYJASPHBIM MOTEHITNAJIOM e 205,

Hanee, mycts, Kak u Bbimre, A = col {A;(x),..., Aq(x)}, toe A;j(x) — I-
MEePUOJINIECKUE BEMECTBEHHbBIE (DYHKINHN, YAOBIETBOPsoNme yeaosuio (9.1).
Iycts 0(x) u V(x) — I-nepuommaeckne BemecTBeHnble hyHKIAH, IPHUEM

D,V €Ly(Q), s=1mpud=1, s>d/2upud>2,
/5(x)w2(x) dx = 0.
Q

Paccmorpuy omneparop Be, GopMAIbHO 33 aHHBI BEIPAKEHIEM
Be= (D — A%)*§°(D — A®) + & 20° + e 10° + V" (9.25)

(Crporoe ompejiesienne naercs depes3 Keaaparuduyio dgopmy.) Omneparop B
MOXKHO TPAKTOBAThH Kak omeparop llIpéanurepa ¢ MeTpuKo# §°, MATHATHBIM
noTeHIMAaoM A ¥ 3JeKTPHYECKNM TOTEHIMAIOM £ 20° 4+ £~ 10° 4+ V?, co-

JEepKaIluM CUHTYJIdPHBIE CclaraeMble €720 m e 17",

(9.24)
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ITonoxum

v(x) = 0(x)w?(x), V(x):= V(x)w?(x). (9.26)

Vantesag (9.22), (9.23), ybexmaemcs, 4T0 CIpaBeaInBO TOXKICCTBO B =

(W) "'B.(w)7L, rae omeparop B. zaman Beipaxkenmem (9.3), B KOTOpOM ¢

onpezeneno B (9.21), avu V — B (9.26). B cuuy (9.24) u croiicrs dyHKImn
w ko3bdurmentsr v 1V yuosaerBopsaT ycaosusam (9.2).

Iycrs Qo(x) — T-nepuogmueckas BermecTeHHas (OYHKIMH, TOI0AKUTE b-
HO ompesieiennas u orpammdenmas. Iomoxmv Qo(x) := Qo(x)w?(x). O6o-
suawimM 5 = (Co+c4)||Qp || o » T/I€ TOCTOSIHEDIE o I €4 OTBEHAIOT OTIEPATOPY
B, onucannomy soime. Torna oneparop B. := B + ¢5Q§ cBa3an ¢ oneparo-
poM B, = B. + ¢5Q cooTHOIIEHIEM B. = (w®)"'B.(w®)~!. OueBummo,

(B: = ¢Qf) " = wf(B: — (Qp) ™ w" (9.27)

Tlox ncxomubIiMu JAHHBIMY CefiUac TTOHUMAEM CJIEIYIOMNit HaOOp BETMINH
d, s 85 |30 Locs 115 Ecs 1A () 19112 100 2o V]| 22 (9.28)
1QolI 1o s 1Qo | 2oy Trapamerper pemerkm T

Ha ocunoBanuu (9.27) u mpe/ioxkenus 9.1 mosydanM cie Iy omuii pe3yabTar.

Ipennoxenune 9.3. Hycmv B. — onepamop (9.25), wooppuyuermo g°,
A% 5%,V K0mopozo y006.4emeopatom yYCi06UAM, CHOPMYAUDOSAHIBIM GHILLE
6 n.9.2. Ilycmv w(x) — [-nepuoduseckoe nososcumensvroe pewenue ypasHe-
nua (9.19), ydosaemsoparowee ycaosuro (9 20). ITycmw B — onepamop (9.3)
¢ wosppuruenmamu g¢ = §°(w°)2, A%, v° = 0°(w)? u V° = V°(w)2. ITycmo
Qo — I-nepuoduueckasn 6ewecmeennas YHKUUA, NOAOHCUMEADHO onpeﬁe—
aennas u ozparunennas, a Qo = Qow?. Moooicum ¢z = (co+ ca)||Qp e s
2de nocmoanmvie ¢y u ¢4 omeeuarom onepamopy Be. Hycmv B: = B: + c5Qj,
B. = B. +C5QU Iycmv B — agppexmusnits onepamop das Be, onpedenen-
nowti 6 (9.10). Myems ¢ € C\ Ry, ¢ = [¢|e"?, ¢ € (0,27), [¢| = 1. Mycmw
K°;¢) — xoppexmop (9.12) daa onepamopa B.. Tozda npu 0 < £ < 1
CNPAGedNUBHL OUEHKY,

1(B: = ¢Q5) " — w (B = (Q0) ' wl 1y (me) 10 (RE) < Callwl|7 . c(¢)’el¢] 712,
(9.29)

)7HB: — CQ5) T = (B® — Qo) 'w® — eK (&3 Q) 1y ety 1 (may

I(w
< (Cs + Co)|w| Lo c(9) e,

(9.30)
gV (@) (Be = Q51 = (FV + 97 (VA)?) (B° = Qo)™ gty i)

< Collwl| Lo c(0)e.
(9.31)

3decv c(p) — seaununa (4.1). Hocmoannwie C’4Hw||%oo, (Cs + C9)||w||L., u
Chol|wl||z., 3asucam moavko om ucxodnmz dannmz (9.28).
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Jlokasamenavemeo. JTomuoxkas oneparopbl 1moj 3uakom HOpMbl B (9.13) ¢
JIBYX CTOPOH Ha, w® u ucnonb3ys (9.27), npuxonum k onenke (9.29).

B cuny (9.27) mmeenm (w®) (B — CQ5) 7 = (B. — ¢Q5) " 'w?. Hommoxkast
OIepaTophl 1moj, 3HaKOM HOpMBI B (9.14) cmpaBa Ha w®, moaydaem (9.30).
Ananormuneiv o6pazom u3 (9.15) BeiBogmTes (9.31). O

» Je—1
10651 IOIyYnTh annpokcuManuio oneparopa (B: — (QF) ™" B Gomee mm-
pokoit obsiacTy m3MeHnenund napamerpa (, ucmoab3dyem mpeatoxkenne 9.2. ITo
AHAJOTUU C JOKA3aTETbCTBOM NpeIIokeHus 9.3 HEeTPyIHO MPOBEPUTH CJie-
AYIOIUNA Pe3yJIbTaT.

Ipepsoxxenune 9.4. [lycmo svnosnens ycaosus npedsosicenus 9.3. Obo-
snasun f(x) = Qo(x) V2, fo = (Qo)~ V2. Hyem ¢ € C\ [6;,50), 2de ¢, > 0
— 00WGA HUNCHASA 2DAHD ONEPATIOPOS EE = f¢B.f* u B .= foB°fy. Tozoa
npu 0 < e < 1 cnpasedaussv. ouenku

H(Be - CQSY1 - W5<BO - C@)ileHLQ(Rd)%LQ(Rd) < CunH%wQ(C)&
1) ™H(B: = ¢QE) ™ = (B® = €Qo) ™ 'w® — eK(&; O)wf| Ly (rt)— 11 (m)

< (C7 + C1s + |+ 1V2Chg)[|w|| £ 0(Qe,
(9.32)

gV (") (Be = Q5" = (FV + 0 (VA)) (B~ Qo)™ gty e

< (Cao + ¢ + 11Y2Co) |w| 1o 0(Ce.
(9.33)

Bdeco 0(¢) — eeaununa (8.1). Hocmoannve Cril|wlf_, (Ci7 4+ Cig)l|lwllLo.
Cllw|| e, CollwllLe, v Collw|| L., Kormposupyromes wepes ucxodrvie dar-
nwoe (9.28) u ¢,. B cayuae, ecau Pynruua Qo nocmosanna, ouenku (9.32),
(9.33) smnoanenv npu Crg = Cop = 0.

3ameuanue 9.5. [Ipedroocenun 9.3 u 9.4 demorncmpupyrom, wmo daa one-
pamopa (9.25) zapaxmep ycpednenus menaemes (No CPAGHENUIO ¢ DESYALING-
mamu dasn onepamopa (9.3)). Haruwue cuavno cuneysaprozo nomenyuana
£720° npueodum % momy, 4mo 06obULEHNAA PE3OALEEHA (B6 - CQE)_l He
umeem npedesa no onepamopnoti nopme 6 Lo(R%): ona annpoxcumupyem-
ca uepes obobwernnyto pesoavsenmy (BY — (Qo)™!, oxatimaennyro 6vicmpo
OCUUAAUDYIOUWUMY MHOHCUMEAAMU WE .

9.3. dBymepubiii oneparop Ilaynu. Ormerum, 9T0 BO3MOXKHO IPUME-
HeHIe O0IMUX Pe3yAbTATOB PAOOTHl TAKXKE K JBYMEPHOMY MEPUOTIUIECKOMY
omneparopy Ilayaum ¢ cHHTYISIPHBIM MATHUTHBIM TTOTEHITHAJIOM, BO3MYIIEHHO-
MY CHHTYJISPHBIM 3JEKTPUIECKUM MOTEHIIHAJIOM. DTOT OMEPATOD MOAPOOHO
paccmaTpuBasica B [Su2, §14| ¢ moMomb0 uenoib30Batus yIo00HoH (hakTopu-
zanuu g oreparopa llaynn. Xapakrep pe3yibTaToB JJisd HEO aHAJIOTUYEH
npeoxkenusam 9.3 u 9.4. Mu1 He 6y7eM OCTaHABJINBATHCS HA 3TOM IT0APOD-
Hee.
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