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BBEAEHHWE

PaccmoTpum 06bIkHOBEHHOE AU depeHiaibHoe YpaBHEHHE
P(z,w,',...,u™) =0, (ADE)

rjie P — TOJIMHOM OTHOCHTEJIbHO HE3aBUCHMOTO KOMIJIEKCHOTO Tie-
pPEeMEHHOro 2, 3aBUCHMOI0 KOMIJIEKCHOI0 epeMeHHOro w U ero npo-
u3BoAHbIX W, ..., wk).

YpaBHenue (ADE) 6ynem HasbiBaTh aneebpauueckum oOblKHO-
BeHHbLM OughheperyuarorHoimn YypasHeruem, oTpaxas ajrebpanye-
CKOE BXOXKJICHHE MepeMeHHEIX 2z, w,w’, ..., w¥) B ero 3ananue.

JIokasibHbIe CBOHCTBA OOBIKHOBEHHBIX AU P epeHIaIbHbIX YpaB-
HEHHUH B KOMILJIEKCHOH 00JIaCTH YCTAHABJIUBAIOTCS TOCPEACTBOM KJlac-
cuueckoit Teopembl Kolii o CyliiecTBOBaHMH U €IMHCTBEHHOCTH TOJI0-
MopdHoro petiienust (cM., Hanpumep, [15; 106; 110; 171]).

3anaua ycjoxHsIeTcsl, KOria pelleHdsl MCCeIyloTest Ha Bceil
KOMIJIEKCHOH TIIOCKOCTH.

B anamuthyeckoil Teopun OOBIKHOBEHHBIX JU(QepeHIaIbHbIX
YpaBHEHUH CTaBATCSI B HEKOTOPOM CMbicje oOpaTHble 3anaud. Ha-
npuMep, IIMPOKO M3BECTHAs 3ajaua PuMaHa o MOCTpOEHHH JIBYX JiM-
HeHHbIX OJIHOPOAHBIX JHbdepeHaNbHbIX YpaBHeHHH, KO3 dHIIHeH-
Tbl KOTOPBIX UMEIOT TPHU MOJI0CA MEPBOro MopsiKa Ha KOHEUHOM pac-
CTOSTHUM W UETBEPTYIO PETYJSPHYIO 0COOYI0 TOUKY B GECKOHEUHOCTH,
10 3a/JaHHbIM JIMHEHHBIM MOICTAHOBKAM B OKPECTHOCTH THX MOJIOCOB
(cMm. [57; 89; 145], rne npuBeieHa 10MOMHUTENbHAST GUOHOTPadHs ).

MHasi 3ajaua B 3TOM HarpaB/IeHHH COCTOUT B BbIIENEHUH OOBIK-
HOBEHHBIX JH(hepeHLraNbHbIX ypaBHEHHH, BCe pelleHHs] KOTOPbIX
OJIHO3HAUHBI B paccMaTpuBaemoil o61acth. MaBecTHo MHOTO HHTEpeC-
HBIX U BaXKHBIX PE3YJIbTATOB M0 3TOMY HanpasJeHuto (cMm. [1; 2; 15; 38;

3



Baejenue Llesibie pelienus anreGpanyeckHX MG hepeHIHatbHLIX ypaBHeHHH B.H. Top6y3oB

41; 42; 44; 64; 65; 97; 105; 106; 142; 147; 156; 184; 185]; B aTHX pa-
60TaxX MOYKHO HaHTH U OOLIMPHYIO GUOJIMOTPadHUIO).

Bompocsbl, paccmatpuBaemMble B MOHOTpachin, OTHOCSATCS K 3a1a-
yam CJIeJlyIolero xapakrepa.

[Ipexknie Bcero sTo CyliecTBOBaHHE B MHOYKECTBE BCEX PellIeHHi
anrebpanueckoro auddepenuranbHoro ypasienusi (ADE ) takux, ko-
Topble 00/1a1at0T HAaNepEL 3aJaHHbIMU CBOHCTBAMM.

Hanpuwmep, cyuiectBoBanue nojuHoMuanbHbIxX [34; 37; 52; 72; 74;
77:78; 87;93;99; 128; 129; 137; 144; 154; 155; 157; 158; 168; 169;
172; 183; 186], pauronanbhbix [11; 42, 97; 113; 123; 149; 164], uenbix
TpaHcleHAeHTHbIX [8; 9; 19; 24; 29; 59; 91; 97; 139; 133] u TpaHcueH-
JIEHTHBIX MepoMopdHbIX [16; 17; 42; 58; 90; 95; 97; 99; 114 — 116;
132; 139; 141; 142; 162; 170; 173] petiennii y anre6pandeckoro aud-
(hepeHIMATLHOTO YPaBHEHHS.

Hapsiny ¢ Bompocamu cyliecTBOBaHHSI pelleHHi CrelrabHbIX
BHJIOB CTaBSITCS M PELIAIOTCS 33JIauk O CBOUCTBAX 3THX pellleHHH.

Tak, ecsn pewrenne w: C — C sBasercs Lesnol TPAHCLEHIEHT-
HOH (yHKIIMEH, TO B MEPBYIO OUepPelb OMPENESIOTCS ero XapakTeph-
CTUKH pocTa: nopsiaok W tun [8; 9; 19; 29; 33; 37; 91; 92; 133; 194 —
202] ecan peutenve w: C — C sBssieTcst NOJMHOMOM, TO OIMpeesi-
I0TCS ero cTeneHb U KO3 HUIMEHT cTapliero uieHa [6; 7; 21; 26; 37;
52; 67;71; 72; 75; 76; 79; 81; 82; 85 — 87; 127; 129; 130; 135; 136;
140; 146; 153; 160; 163; 179; 180; 182; 190 — 192; 259].

JInst ccbliok Ha opMysibl (TeopeMbl, JJEMMbI U T.J1.) Oy1eM Hc-
noJib3oBath 3anucu (k.1), (k.l.m)u(k.l.m.n) (k.1, k.l.m u kl.m.n),
B KOTOpPbLIX k — HOMep POPMYJIbI (TEOPEMBI, JIEMMbI U T.11.), | — HO-
Mep MyHKTa, m — HoMep naparpada, n — Homep ryiaBbl. [Ipu sTOom
BBEJICHUE CUMTAEM HYJICBOH IV1aBOH.



'nmasal
ACUMIITOTUKA
MOJIMHOMUAJIbHbIX PEILEHUH

PocT nosmHomMa KOMMJIEKCHOTO NTEPEMEHHOT0 B OKPECTHOCTH Gec-
KOHEUHO yJa/€éHHON TOUKH XapaKTepuadyercsl ero crereHblo. B 3Toi
CBsI3H Y10OHO UCIOJIb30BaTh CJEAYIOLIHE MOHSATHS.

M3 1ByX 4ieHOB MOJHHOMA CUHTAETCsl TOT BbILIE, Y KOTOPOTO M0o-
KasareJb CTereHu OoJibLIe.

Ecuu Bce uiieHbl MOJIMHOMA PacroJioxKeHbl B TAKOM MOPSIIIKE, UTO
KaXK/bIH CJIAYIOLMHA YJIeH HUXKe MpeablIyllero, To OyaeM roBOPUTh,
UTO UJIeHbl ITOTO MOJIMHOMA PACMOJIOXKEHbI 1eKcuKoepaguyecku. Tor
uJjieH, KOTOPbIH MPH 9TOM CTOUT Ha IEPBOM MeCTe, Ha30BEM BbLCULUM
44eHOM TIOJIMHOMA.

[TokaszaTesib cTeNeHH BBICIIETO UjieHa MOJMHOMA SIBJISIETCS CTerne-
HbIO TOTO MOJHHOMA, @ 3HAUUT, OH ONpeiesIsieT POoCT MOJHHOMA.

ACUMNTOTHYECKMMHU XapaKTEePUCTHKAMH TTOJMHOMA SIBJISIIOTCS €10
cTerneHb U KO3 (ULMEHT BbICLIEro UjeHa 3Toro noJuHoMa.

Hanpumep, nosuHoM n-i cTerneHd KOMIJIEKCHOTO M€PEMEHHOTO
Z HaJ 1noJieM KoMIjieKcHbIX uncest C ¢ siekcukorpauueckum pacmno-
JIO’KEHHEM UJIEHOB UMeeT BH/L

P:2z—pp2"+p, 12" +... +p,, V2 €C,

rae p;, ¢ = 0,m, — KOMIIJIEKCHbBIE Uucaa, p, # 0.
Crenenb deg P(z) = n W HeHyJIeBOH KOS GMUIMEHT p,, BbICIIErO

ujieHa P, 2" ABJASIOTCS ACUMNTOTHUYECKUMH XapaKTePUCTHKAMH 3TOTO
MOJIMHOMA.
[TocTosiHHast pyHKLMST

P:z—p,, VzeC, (p, € C)
SIBJISIETCST TTOJIMHOMOM HYJIEBOH CTETEeHH, a HyJieBast (PyHKIIHsI
P:2—0,Vze(C,

Ha3bIBaA€TCA HYaesblM NOAUHOMOM (I/IJII/I Hy/lb—l’lO/lLlHOMOM).



I.L§L el OcoGbie 1 HeocoOble CTerNeHH MOJTHHOMHAJILHBIX pelIeHHii B.H. TopGy3son

§ 1. Oco6bie M HeocoObIe cTeneHu
MOJUHOMHUAJbHbIX pellleHU I

1. Anre6panueckue nupdepeHipansbHbie
ypaBHEHMS BbICIIUX MOPSIIKOB

AunreGpanueckoe nuddepeHipalbHOe ypaBHEHHE BbICIIErO M0-
psnxa (ADE) anuiiem B Bue

N S; (lk> Vies
> B[] {w "™ =0, (1)
1=0

k=1

rae pi, L, v v, ki =1,s;,4=0,N, ecTb LieJ/ble HEOTPHULIATE/b-
T 1

Hble uncsa, a Koappuumentbl B, , i = 0, N, — NOJMHOMbI C JIEKCH~

KOTpapHuuecKnM pacrnoJioxKeHHeM UleHoB

b‘ .
B,:z—Biz"+...,¥2€C, 3; #0,i=0,N. (2)
Jo1s1 KaxXkIoro usieHa
B (@) [] v (3)
k=1

ypaBHeHust (1), Bbl1eJI€HHOTO 110 3aBUCHMOMY lepeMEeHHOMY H €ro Mpo-
M3BOJHBIM, YCTAHOBUM CJIelylOILIMe XapaKTEPUCTHKH: UM CIa

8i
x, = E Vi, W= E lkiuki,
k=1

n,=b —m, [ = max {lk}

COOTBETCTBEHHO Ha30BEM pASMEPHOCIMbIO, ONMHOCUNMEAbHbIM Be-
com, abCoOMOMHbIM 8eCOM, NOPAOKOM ©-TO ujieHa (3) anarebpanue-
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B.H. TopGy3son OcoGble H HeocoOble CTeNneHH MOJHHOMHANILHBIX PelleHHil I.2,§1, .l

cKoro auddepentranbHoro ypasuenus (1).
3aMeTHUM, UTO YHCJIO

[ =max{l,...,[}

sIBJIsIETCS NOPSIAKOM AnddepeHatbHoro ypasuenus (1).
Yucna

D:min{%o,...,%N} u d:max{zo,...,%N}

COOTBETCTBEHHO OyJeM Ha3blBaTb MUHUMANGHOU U MAKCUMAALHOLL
pasmepHoCmsaMuy 4neHoB ypapHeHusi (1).

Unenbl anre6panueckoro nudhepeHinansbHoro ypaBHeHHs ¢ MU~
HUMAJIbHOH Pa3MepHOCTbIO HA30BEM MUHOPUPYIOWUMIU, @ C MAKCH-
MaJIbHOH Pa3MePHOCTbIO — JOMUHUPYIOWUMU.

2. HeocoOble cTenenu
NOJMHOMUHAJbHbIX pelleHU i

Byzem cuuTaTh, 4TO MOJMIMHOMHAJIBLHOE pellieHHe anreGpanyecKo-
ro nudepentmanbHoro ypasenus (1.1) umeer cienytoliee JeKCHKO-
rpadruecKoe pacroJsioxKeHHe UIeHOB:

W: 2= 2™+ 12 4+t oy, V2 €C, (1)

rne oj €C, j=0,m, a, #0, m € N, Ny = NU {0}

Tpe6oBanue «,, # 0 HCK/OUAET U3 PAaCCMOTPEHHs HyJeBOe M0-
JIMHOMHAJIbHOE pellleHHe, UTO BeCbMa yI00HO /s TAaJbHEHIIUX pac-
CYXKIICHUH.

Ecan nosminom (1) moxctaButh B i-i1 usen (3.1) nudpdpepentm-
ajbHoTo ypaHeHus (1.1), To moJiyurM JIHGO TOXKAECTBEHHbBIH HYJIb
(Koryia Mopsiiok ujieHa [; > m), Ju6o MOJHHOM C JieKCHKorpaduue-
CKHM MpeJICTaBIeHHEM

v

i ki 2;mn;
BiaZi (m)zk_! SN L Y2 eC (m=1). (2)

l
k=1 ki

Briciiuii unen nosnHoma (2) iMeeT oKasaTesib CTENeHU s¢;m—+n;
7



I1.2,§1,r 1 OcoGble n HeocoOble CTeNneHH MOJHHOMHANLHBIX PelleHHil B.H. TopGy3son

] Sq m l/kA
1 Kosduument [;alf (( I )lk !) i
k=1 k; '

Onpepneaenue 1. Dynxyuio
Si;:m — xm4+n;, Ym € Ng, m > 1, (3)

Ha308ém pynKyuel cmenenu i-co yaena (3.1) arcebpauuecko-
eo dugpepenyuarvroeo ypasuernus (1.1).

Hapsiny ¢ dhynkumeit HatypabHOro aprymeHnta (3) /st ¢-ro ujieHa
(3.1) Gynem paccmaTpuBaTh U (DYHKIIHIO IBYX MepEMEHHbIX

Si Vki
Kt (m, ) = B0 <<Zm>l,ﬁ!) (1)

k=1 ki

C MHOYKECTBOM OTpeJIesIeHHs]
DK; = {(m,an): m e Nj, m > 1;, o, € C\{0}}.

Onpenenenue 2. Qynkyuio (4) Hazosén pynkyueii Kosgp-
¢puyuenma i-2o urena(3.1)areebpauueckoeo duggpeperyuaro-
Hoeo ypasHeHus (1.1).

[To mepe HeoOXonuMoOCTH GyieM OMepUpOBaTh (HYHKIIUSIMH:

K;: m—>[?l(m), Vm e N, m > [; (5)
Ki: (m,am) —K; (m,am), Y(m,am) € D(K): (6)
Ki:m — Ki(m), Ym € N,, m > ;, (7)

KOTOpbIe MOCTPOEHbl Ha OCHOBAHMM (PYHKIIMU cTemneHH (4) cooTBeT-
CTBEHHO 110 (hopMyJIaMm:

o7 Ki(m) = Ki(m, am), Ym € Ny, m > l;, Yoy, € C\{0};
B [*{Z (m) = Ki(m,am), Ym e N,, m > |;, Va,,, € C\{0};

Biazi Ki(m) = Ki(m, am), Ym € N,, m > l;, Vap, € C\{0}.



B.H. TopGy3son OcoGble H HeocoOble CTeNneHH MOJHHOMHANILHBIX PelleHHil I.2,§1, .l

®ynkumus crenenu (3), QyHkums kospduumenta (4), a Takke
dyHkiyu (5) — (7), 3aBUCAT OT HATypaJbLHOTO apryMeHTa m, KOTO-
pblii He MeHblie nopsiaka [; unena (3.1) ypaBuenusi (1.1).

[Tyctb

i=0,N

Torma npu ¢ > 0 s10600 noJMHOM cTeneHn m < £ sBJjsieTcs
penienneM auddepenimanbioro ypasenus (1.1). Takue nosuHoMbI-
peliienust anreGpanyeckoro quddepeniasbHoro ypasHenusi (1.1) 6y-
JIeM Ha3blBATb MPUBUANbHOIMU NOAUHOMUALOHOIMU DCULeHUSAMLL.

[TosTOMy cTaBUTCS 3a/1a4a HAX0XKAEHHST HETPUBHAJIBHBIX MTOJHHO-
MHaJIbHBIX pelleHnH, TO eCThb, pelleHnH T depeHInanbLHOro ypaBHe-
nust (1.1) B Buae nonunomos (1) crenenn m > /4.

Jlemma 1 (HeoOxonumbii nMpH3HAK CYUIECTBOBAHHS [TOJHHOMH-
aJsibHoro peiienust). Ecau wucao m; > € as8asemcs cmenenvro

noaurHomuareHoeo pewenus (1) areebpauneckoeo duggeperyu-
arwroeo ypasuernus (1.1), mo xomsa 6ot y 08yx ureHO8 3MoO-
2o dughdheperyuaronoeo ypasHeHrus QYHKYUL CMenext 8 mou-
Ke m = my umeom pasHole 3HAYEeHUS, NPUUEM IMU 3HAUE-

HUsL OANHCHBL ObLMb HAUuOOALUUML Cpedu 3HAUeHUL 8CexX yHK-
uuti cmeneru 8 Mot mouxe.

JlokasaresbctBo. Ecav Gbl 3HaueHHe QYHKIWKM CTEMEHH B TOUKe
m = my npu my > £ ToibKo onHoro ujeHa (3.1) ypaBHenus (1.1)
OblI0 HAUOOJIBIIMM CPeM BO3MOXKHBIX 3HaUeHUH DYHKIMH CTeNeHH B
3TOH TOUKe, TO MPH NMojcTaHOBKe noanHoMa (1) B ypaBHenue (1.1) oHo
o6pautanock O6bl B TOXKAeCTBO Ha noJie C Jiullb NPH yCJA0BHH, UTO 3HA-
ueHne (yHKIMH Koshduimenta (4) 3Toro ujeHa npu m = m; paB-

HO HyJ1t0. To ecTh, CyllecTBYeT Takoe HeHyJ/IeBOe KOMITJIEKCHOEe UMCJI0
o, uT0 K (my, aup, ) = 0. R

Opnako y ¢ynkumu (7) 3nauenne K;(my) # 0, a Takke Ko3(h-
(ULMEHTBl vy, # 0 n G; # 0. [losToMy 3HaueHHe YHKLUMH KO3(]-
duumenra K;(me, apm,) # 0, Va,,, € C\{0}. B

[pumep 1. Y anre6panyeckoro auddepeHiHanbLHOr0 ypaBHeH s

(z+2)(w)? —ww —wt+ (2+2)1 =0 (8)
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o =L=L1L=I0L=0.

Juddepenunanboe ypaBHenue (8) He HMeeT TPUBHAJBHBIX TTOJHHOMH-
aJIbHBIX pellieHnH, TaK Kak yncao ¢ = min{l,0} = 0.

HenocpencTeenHol noacTaHoBKoO# yOexkaaeMest, UTo HyJIeBOF MOJIMHOM
He sIBJISIeTCS pellleHHeM ypaBHeHus (8).

Yr10o6bl yCTAaHOBUTb HAJIMUHE HETPUBUAJLHBIX MOJHHOMHAJbBHBIX peLle-
HUH y ypaBHeHHus (8), cocTaBUM (DYHKLMHU CTENEHH €ro UJeHOB!

MOPSANKH 4JIeHOB [

Srrm—2m—-1,YmeN, 7=0,7=1;
Sy:m —4dm, Vm e Ny;  S;:m — 4, Vm € Nj.

Cpenu dynkuuii crenenn S;, ¢ = 0,3, CyLLECTBYIOT Takue, KOTOpPble
MPUHUMAIOT PaBHble HAUOOJIbIIME 3HAUEHHUS JIULLIb MPH OJHOM LIeJIOM HEeoT-
puuareJbHOM yucae m = 1:

S,(1)=S,(1) =4> S, (1) = S,(1) = 1.

CuieloBaTe/IbHO, TIOJIMHOMHUAJIbHBIE pellleHust ypaBHeHusi (8), ecsin oHU
CYLIECTBYIOT, SIBJISIIOTCS TOJMHOMAMH TEPBOF CTENMeHH.

HenocpencTsennoil moactanoBKod B auddepeHiraibHoe ypaBHeH e
(8) momuHoma w: z — «a,z + o, Vz € C, (o, # 0) ycraHaBjuBaem, uto
9TO ypaBHEHHE HMEET YEThIPe MOJHHOMUAILHBIX PEIEHHS:

wy:z— 242, V2€C;, we:z— —2z—2,VzeC,
wy:z— (z+2)i,V2€C; ws:z— —(2+2)i, V2 C.

Onpenenenue 3. [loaurnomuarornoe pewenue (1) cmenenu my
arcebpauveckoeo duggeperyuarvrnoeo ypasrHernus (1) Hazosém
NOAUHOMUANOHBILM PelleHilem ¢ 0C000L cmenensio, ecail

Sp, (m) = Sp, (my) =...= Sp, (me) > Spn (me),
9)
Hpy = Hp, T = Hp O0<r<N,
ede n — aoboe uucao us mroxcecmsa {r + 1,..., N} makoe,

4mo y p,-eo urena ypasnenus (1.1) nopsdok [pn < my.

Torna nosmnomuanmbHoe petenue (1) ¢ weocoboii cmenernoro
degw(z) = my ypaBuenus (1.1) xapakrepuayeTcst TeM, 4TO XOTs Obl

10



B.H. TopGy3son OcoGble H HeocoOble CTeNneHH MOJHHOMHANILHBIX PelleHHil I.2,§1, .l

JiBa ujieHa (3.1) 3Toro ypaBHEHHS] UMEIOT HepaBHble PA3MEPHOCTH, B
TO BpeMsl KaK 3HaueHus1 UX (PYHKLHMH CTeNeHu B TOUKe m = my; paB-
Hbl MeXJly cO60M U He MeHbllle 3HaUeHNHH (PYHKIIMH CTENEeHH B 3TOMH Ke
TOYKE BCEX OCTaJbHbIX UJE€HOB YPaBHEHHSI.

OueBU/IHO, UTO TOJILKO /ISl HETPUBHAJBHBIX TOJHHOMHAJBHBIX
pelleHni peub MOKeT UATH 06 0COOBIX U HEOCOOBIX CTEMEeHsIX.

[oBopsa o Tom, sBasieTes Jm (1) mpy m = m; NOJMHOMHAJb-
HBIM pelleHUeM ¢ 0COO0H UM HeOCOOOH CTEMeHbI0, YUUTBIBAETCS, UTO
ornepupyeM MOHSITHEM (DYHKLMM CTereHu. A 3HAUHUT, B pacCyKIeHHsX
y4acTBYIOT JIMLIb Te 4jeHbl (3.1), mopsiiku [; KOTOPbIX MeHblle HJH
paBHbI pacCMaTpPUBAEMOMY 1M1;.

Mexons u3 nousatyst Heoco6oil CTENEH! U TOTO, UTO PYHKIHH CTe-
neHu XOTs Obl IBYX ujieHOB ypaBHeHHus (1.1) 10/ KHBI HMeTh OJIMHAKO-
Bble 3HAUEHHS], yCTAHABJAUBAEM, UTO CTIPABELINBA

Teopema 1. Heocobvie crmenenu NOAUHOMUANOHBLY PeUleHILL
dughdepenyuarornoeco ypasuernus (1.1) codepacames 8 Habope

{'m7}, 4,5 €{0,1,...,N}, i # j, (10)

ede
n;

—n;
7J>Z’7j€{07 1)"'7N}7 Z#]a
%j_%i

imd —

npuuém e natop (10) 8xodam auwe me yeavle HeompuyamenoHole
YiUCAQ, KOmopole YO0BAeMBOPSION Hepas8eHCcmay

‘m? > max{l;, I},

u cocmasasemcss IMom Habop Ha OCHOBAHUL 8CeX mex 4AeHO8
ypasrernus (1.1), y komopslx nonapHo He pasHvl paszmepHOCmU,
m.e. %i#%j,i,j:O,N,i#j.

YuutbiBasi, 4To 3HaYeHHs1 (PYHKUMEH CTEMEHH MPH M = My XOTS
Obl 1151 BYX uJieHOB ypaBHenusi (1.1) ¢ HepaBHbIMH pPa3MepHOCTSIMU
JIOJKHBI He TOJIbKO COBMAaTh, HO M ObITh HAUOOJIBILIMMHU, B CHJTY T€O-
pembl | 3akstoyaem, 4To UMEET MECTO

Teopema 2 (HeoGxoaHMbIF TPH3HAK CYILNECTBOBAHHS ITOJIHHOMH -

a/bHOTO pelleHHs ¢ HeOCOOOH cTenenbio). sl moeo umobol 4iucA0
my u3 Habopa (10) 6vir0 Heocoboll cmeneHvio NOAUHOMUAAbHO-
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I1.2,§1,r 1 OcoGble n HeocoOble CTeNneHH MOJHHOMHANLHBIX PelleHHil B.H. TopGy3son

eo peuenus (1) ypasuenus (1.1), neobxodumo cyujecmsosarue
f+ 1 0< f <N, ureHos y 3moeo ypasHeHus co CBOUCMBOM

STO (mt) = STl (mt) =...= STf (mt) > ST& (mt), (11)
ede ¢ — moboe uucao us mroxcecmsa {f +1,..., N} makoe,
4mo y T,-20 uaena ypasrenus (1.1) nopadok [, < my, npuuén
doadsicHobl cyujecmsosame xoms 6ol dsa uarena y ypasHenus (1.1)
C HOMePAMU Ty, Ty,...,T,, Y KOMOPbIX PAZMEPHOCTMU He PABHDL.

Takum o6pazom, /151 HAXOXKIEHUST HEOCOOBIX CTereHeH MOJHHO-
MUaJILHBIX peliieHuH (1) anreGpanueckoro nuddepeHMaIbLHOTO ypas-
Henus (1.1) Heo6XoaMMO MoOCIEIOBATENBHO BbITOJHNUTH ONEPALUH:

1) cocraButh HaGop uncen (10), onucanHbiil B Teopeme 1;

2) oro6patb u3 Habopa (10) Te uncaa, KOTOpblie yIOBJIETBOPSIOT
yegioButo (11) us Teopembi 2.

[pumep 2 (nponosmkenue npumepa 1). [To xapakrepucTukam ujeHoOB
ajreOpanueckoro tuddepeHiasbLHOro ypaBHeHus (8):

=22 =2,y =4, %, =0, my=2m =1 m, =0 m,; =0;
by=1,b6,=0,0,=0,b,=4; nj=—-1,n =—-1,n,=0,n,=4
HaxoauMm:
~1-0 1 —1-4 5
0,,,2 ___:20 03: _ _3,,,0
=T 5 — M L R
—1-0 1 —1-4 5
1.2 _ - _2 1. 1,,,3 _ = _3,,1
"=y g — M MmNy T M
—4
2m3:0 — 1 =32

Torna na6op (10) s ypaBHeHus (8) sBJsIeTCS 0JHOIJIEMEHTHBIM MHO-
xectBoM {1}.

CulenoBaTesIbHO, KaXK/10€ MONMHOMHAJIBHOE pellleHne A depeHnatb-
HOTO ypaBHeHHs (8), TOCTPOeHHOE B TIpUMepe 1, SIBJIsIeTCs MOJHHOMHAJBHBIM
pellieHHeM ¢ HeoCo06Oi CTeNeHbIO.

12



B.H. TopGy3son OcoGble H HeocoOble CTeNneHH MOJHHOMHANILHBIX PelleHHil I.3,§1, .l

3. OcoOble cTeneHun
NOJMHOMHUHAJbHbIX pelleHU i

[Tycts nuddepenimanbioe ypaBHenue (1.1) nmeer mosMHOMH-
ajbHoe pellienue (1.2) ¢ oco60# cTeneHblo m = my.

Torna B coorBercTBUM ¢ omnpenenenvem 1.2 B ypaBuenuu (1.1)
JIoJKHO conepkatbesl b+ 1, 1 < h < N, ujieHOB CO CBOHCTBOM

A T Hp T Ty, Npo=np == 0

(1)
STh (mt) > STn (mt)7 1< h<N,

rae n — Joboe uncso u3 Muoxkecta {h + 1,..., N} Takoe, 4toy
Tp-TO usieHa ypasnenus (1.1) nopsnox [, < my.

CreneHb my B 3TOM CJydae sIBJsIETCS KOPHEM XOTsl Obl OJITHOTO U3
ypaBHEeHUH

D Ko, (m)=0, s=Th, p =0}, p #p, £ (2)
=0

CaienoBaTesibHO, CripaBeyBa

Teopema | (HeoOxonHuMBIH MPH3HAK CYIIIECTBOBAHHS MOJHHOMH-
aJIbHOTO pelierHsT ¢ 0co00# cTernenblo). Ecau wucio my s6asaemcs
0co001l cmenemvio NOAHOMUAAbHO020 peuterus (1.2) ypasrerus
(1.1), mo sonoansiomes coomuoutenus (1) u wucro my 6ydem
KOpHeMm xoms 6l 00H020 U3 ypasHeHuil (2).

B mudbdepentmansiom ypaBHenuu (1.1) crpynnupyem ujeHbl Mo
MPHU3HAKy paBeHCTBa pasmepHocTel. C 3TOH 1eJIbI0 MHOYKECTBO HH-

NEeKCOB {fly, ...,y } TPEICTABUM JUZBIOHKTUBHBIM 00beIMHEeHHeM
k
{1, my}y = L{p" ..., u7 }, MCXOLs U3 TOTO, UTO Y UJIEHOB
=0 0 hy
¢ Homepamu u” ..., u” asmepHocTH 3. = ... = " . Ilpu
p MTO’ ,IU/ThT p p TO Th,,,‘ p

_ k
stom 7 =0,k, 1< h, <N, > h,=N—k.
r=0

Torna B cooTBeTcTBUM C TeopeMoit 1 noJyuaem
13



I1.3,§1,ra 1 OcoGble n HeocoOble CTeNneHH MOJHHOMHANLHBIX PelleHHil B.H. TopGy3oB

Caenctue 1. Ocobvie cmenenu NOAHOMUHANbHOLX peuler il
(1.2) dugppepernyuarvroco ypasuenus (1.1) codepacames 6 mHo-
oHcecmeae heablx HeOMmpUyameabHolX Hcen, A8ALIOULUXCA KOPHAMU
xomst 6l 00HO20 U3 YPABHEHUL

?QOK% (m) =0, (3)

eder:(),—k, STzl)hT7p5:07hT7p5 #p47€#€> 1< hy <N,

NOCMPOEHHbLX HA OCHOBAHUU yHKYyuLl (D.2) mex 4ieHo8 ypasHe-
Hus (1.1), y komopolx pasroL pasmepHoOCiLL:

k
) o=...=3x r=0k 1<h<N,Y h=N-k (4)
r=0

i1 moJiMHOMMa/IbHBIX pelieHui ¢ 0co00l CTerneHblo m = my
JIOJKHBI BBITOJHATLCS YCJI0BHS (1).

Torna cornacHo caenctsuio 1 uMeer mecto

Teopema 2. Ocobbie cmenenu NOAMHOMUAAbHOLX PEULeHILL
(1.2) ypasrernus (1.1) codepacamces 8 mHONMCECMBE UEAbLX HEOM -
PULAMENbHbLX HUCeN, ABALIOUWUXCA KOPHAMU XOM Obl 00HO20 U3
ypasrenuii (3), nocmpoentolx Ha ocHosaruu yuxyutl (5.2) mex
ynenos (3.1) ypasnenus (1.1), 0aqa komoporx

CpaBnuBasi ycqoBus (1) u (5), 3ak/ouaem

Teopema 3. Ecau yeavii HeompuyamenvHolli KOpeHo my 00-
HOeo u3 ypasueruii (3) npu ycaosusx (5) ssisemcs ocobotl cme-
NneHbio NOAUHOMUAAbHO20 peutenus (1.2) ypasuenus (1.1), mo cy-
wecmsyem maKkoe 4ucao r U OHO e0UHCMBEHHOe, 1Mo

ST (me) =...= 57 (m¢) > Sy(my), (6)

hr

npu ar06om 1 € {uo,...,MN}\{;L:O,...,M’;}M }.

14



B.H. TopGy3son OcoGble H HeocoOble CTeNneHH MOJHHOMHANILHBIX PelleHHil I.3,§1, .l

Kaxknoe u3 ypaBHeHui (3) MOKET UMETbH LieJible HEOTPULIATENbHbIE
KOPHH, KOTOpPbI€ He SIBJSIIOTCS 0COObIMU CTENEeHsIMU MOJHHOMHAJbHBIX
peLIeHH.

YpaBHeHus (3) cocTaBjieHbl TPOCTLIM TepeGOPOM MPH BbIMOJHE-
HUH YCJIOBHH (D).

Kpome Toro, 3auactyto Jierde npoBepUTb, SIBJISETCS JIH TO WJH
MHOE UMCJIO M; KOPHEM ypaBHEHHs], YeM HAUTH BCE €ro KOPHH.

ATH 0COOEHHOCTH MOXKHO y4eCTh, €CJIH BBECTH B PACCMOTpeHHe
nopsiaku [; Tex ujeHoB ypaBHenus (1.1), Ha oOCHOBaHHM KOTOPbIX MO-
CTPOEHbI paBeHCTBa (3).

He napyuas o6uHocT paccyaeHuii, 6yaeM cuutartb, 4To nep-
Bble h + 1 ujenoB ypaBHeHnus (1.1) o6sanatoT cBOHCTBOM

Hy=...= h;é%n, n=h+1,N,1<h<N,
(7)

n,=...=n, >ng d=A+1h,1<A<h.

Ecau B ypaBHenuu (1.1) HeT ujieHOB, XapaKTePUCTHKHU KOTOPbIX
CBsI3aHbl COOTHOLLEHUsIMU (7), TO B cUsy onpenesieHust 1.2 1o ypas-
HeHHe He UMeeT MOJMHOMHAJIbHBIX PellieHHH ¢ 0COObIMH CTEMEHSIMH.

B 3aBucumoctu ot nopsaakos ly,...,[, nepsbie h + 1 usieHOB
ypaBHenusi (1.1) co cBoficTBoM (7) pasziesuM Ha KJacchl:

kaaccl. L o =...=1, =1l
Py A
knacc2. 1, =...=1, =1;...;
Py Pg, v ’
v
K./Iaccv—l—l.[pg:...:[pgv:[U,IO <...<[v,;q9:)\—v-

Oco6ble cTenenu petienuii (1.2) ypasnenust (1.1) Ha ocHoBaHHM
h + 1 uyeHoB co cBOHCTBOM (7) OyjileM HaXOAUTb MyTEM MOCJEeN0Ba-
TEJILHOTO BIMOJHEHHS CJIEIYIOLIHX 111aroB.

lar1.Tlpu g, > 1 cocraB/seM ypaBHEHHE
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I1.3,§1,ra 1 OcoGble n HeocoOble CTeNneHH MOJHHOMHANLHBIX PelleHHil B.H. TopGy3oB
0
[IpoBepsiem, ABJAIOTCA 1M KOPHSIMH YpaBHeHHUs! (8) uncia m; Ta-
Kue, uto [, < mg <.

OcoO6bIMH CTEMEHSIMH MOTYT ObITh JIMIIb T€ KOPHHU 114 YpaBHEHHSI
(8), KoTopble (coryacHo TeopeMe 3) yI0BJAETBOPSIOT YCJIOBHSIM

Spo (my) =...= Spo (mi) > S, (me), n=h+1,N. (9)

0 4

OTMeTHM, qTo yucaa m < [0 HE MOT'YT OBbITb 0COOLIMH CTEIEeHSIMU

NOJHHOMUAJIbHBIX pellieHui (1.2), mosyueHHbIX Ha OCHOBAHUH MEPBbIX
A+ 1 uneHoB ypaBuenusi (1.1), u6o B 3ToM cayuae nepsbie A+ 1 uje-
HOB 006pallaloTCsl B TOXKECTBEHHBIH HYJIb.

B npuHuune, uncna m < [, s ypaBHenus (1.1) moryT ObITh
0COOBIMH CTerNeHsIMH MOJMHOMHANbHBIX peltieHnd (1.2), Ho oHu Oy-
JIyT JIOCTABJSITLCS IPYTUMH KOMIJIEKCaMK 4jieHOB ypaBHenusi (1.1) co
CBOWCTBOM, aHAJIOTHUHBIM CBOHUCTBY (7 ), B TOM UMCJIE JII51 YJIEHOB C HO-
mepamu § € {A+1,...,h}.

[Ipun g, = 0 war | oTnajzaer, NOCKOJIbKY paBeHCTBO (8) B 3TOM
cJlyuae He UMeeT CMbICJIa, UTO CJIelyeT U3 3aaanus yHKIH (5.2).
lar 2. CocraBJsieM ypaBHeHHe
% 0
Zqu(m) +ZKP1’ (m) = 0. (10)
i=0 ! i=0 1

[IpoBepsiem, aBsst0TCA 1M KOPHAMHU ypaBHeHust (10) uncisia mt1

1
Takue, uto [ <m, <.
Jlnuib Te KopHU mt1 ypaBHenusi (10) MoOTyT ObITh 0COOBIMH CTEME-
HsiMHU peltennt (1.2), kotopble (Teopema 3) yI0BJAETBOPSIIOT YCAOBUSIM

Spg (mtl) =...= Spgo (mtl) = Spé (mtl) =...=

=95, (mtl) >S,7(mt1)7 n=h+1,N.
51

AHaJIOTHUHBIM 06pa30M poaoJIzKaeM pacCyKaeHusa 10 v-Tro ma-
ra BKJIIOUHUTEJILHO.
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Hlar v+ 1. CocrasJjisieM ypaBHeHHe
A ~
> Ki(m) =0. (11)
i=0

Haxoaum iesible HeoTpullaTebHble KOPHH m; ypaBHeHHs (11)
TaKue, uTo mf > 1.

Oco6bIMu cTeneHsiMu peliieHuit (1.2) MOryT ObITh JIHIIb Te KOP-
HH m; ypaBHeHHs (11), KoTophble (B cuJly TEOPEMbI 3) YIOBJAETBOPSIIOT

YCJOBUSAM
So(m“) =...= S)\(m;’) > Sn(m;’), n=h+1,N.

BhinesB Bce BO3MOXKHbIe HaGopbl uieHoB ypaBHenus (1.1) co
CBOHCTBOM, aHAJIOTHUHBIM CBOHCTBY (7), U /151 KaXK10T0 HAabopa mpo-
JIe1aB T0C/Ie/I0BATebHO YKa3aHHble [ard, HaX0JAUM MHOXKECTBO UH-
ceJl, B KOTOPOM COZIepxKaTCs Bce 0COOble CTEINeHH.

[Mpumep 1 (nponosxkenue npumepos 1.2 u 2.2). [IpoBepum Hasuune y
JuddepenaibLHOTO ypaBHeHust (8.2) NoJMHOMHAJbHBIX pellleHHi ¢ 0co6oi
CTETIEHBIO.

B nuddepenunansiom ypasuennn (8.2) TobKo HyJI€BOH H MEPBBIH use-

Hbl UMEIOT OAWHAKOBbIE PA3MEPHOCTHU %0 = %1 =2u paBHbIC abCco0THbIE

Beca ny =n; = — 1 (BbINOJNHSAKTCSA YCJOBHS TEOPEMbI 2).

[Tockosbky nopsiiku [; = [, = 1, T0 ocoOble CTeNeHn Ha/lo HCKAThb B
MHOXKECTBE HAaTypaJIbHbIX KOpHEH ypaBHeHHS (8):

m?2—m=0 <= m(m—1)=0.

Crajio 6bITh, 0CO00H CTENEeHbI0 MOXKET ObITh TOJIBLKO m? =1.
OpnHako He BHIMOJHSIOTCS yesioBus (9):

S,(1)=5,(1) > S,(1), n=2,n=3,
TaK Kak

CaieioBaTeIbHO, y YpaBHeHHs (8.2) HET MOJMHOMHANBHBIX pelleHHH C
0co00ii CTeNeHbIo.
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IMpumep 2. Yxkaocem neobxodumoie Ycao8us HAALUUSL NOAUHOMU-
AAbHbLX peulerill iy areebpauiecko2o OuppepeHyuaibioeo ypasHeHus

P04 (Z)w(VH)w(VI)w/ —|—P13 (Z)w(VH) (w///)z —|—P21 (Z)w(VIH)wl”w”—l—
+ Py (2)wV DIV 4+ P (2)w ) wVw + (12)
+ P54(z)w(x)(w”)2 + Py, (z)w(lv)w + P74(z)w(XV) (w(V))3 =0,

ede Pij — NOAUHOMDbL C/l@KCLtKO@pCZd)Ll’{eCKLLM pacnoaomceHuem 41eHos

Pij(z):ﬁijzj—i—...,‘v’ze(C, B, #0,i=01T. (13)
YpaBHeHue (12) cOCTOUT U3 BOCHMH UJIEHOB C MOPSIIKAMH

=, =7 l=l=8 [ =1=10, [,=4, [ =15

[ = max {l;} = max{7,8,10,4,15} = 15
i=0,7

oTIpeJieJisSieT TOPSIIOK ypaBHeHusi (12).
YucJgio

¢ = min {[;} =min{7,8,10,4,15} = 4.
i=0,7

Torna smo6eie moanHombl ctenenert 0,1,2 u 3 6yayT TpUBHAJIBHBIM MO-
JIMHOMHAJIBHBIM pellleHHeM ypaBHeHus (12).

B nnddepenunansuom ypasHennu (12) ToJbKO OfMH usleH UMeeT HaH-
MeHbLIMA Mopsanok £ = [; = 4 1 HeT WIeHOB MOPAIKOB O 1 6.

[Tostomy y ypaBHeHust (12) HeT noJIMHOMHAJIbHBIX pellieHni YeTBEPTOH,
NATON M LIECTOH CTerneHew.

[TosnHom ceabMoii cTeneHy siBjsieTcs pellleHHeM ypaBHeHus (12) Toraa
1 TOJIBKO TOT/A, KOT/IA OH SIBJISIETCS pellleHHeM ypaBHeHHs

Py, (2)wVIDwVDw + P (2)wV D (w2 + Py (2)wTVw =0 (14)

¢ kosdpduuuentamu (13)npu ¢ =0,i=1,7 = 6.
Jlnst ypaBHenust (14) xapakTepuCTHKH:

sy =3, 30 =3, 3, =2, my =14, m =13, m, =4,

bo=4,b =3,b,=1,n

0 1 N =—-10,n, = —-10, n, = = 3.

0
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YucJgio

— 10— (-3)
0,2 _ _
m i — 7,

da (byHKU,I/II/I CTEIeHNU le/l m = 7 HpHHI/IMa}OT paBHble 3HAUECHUS:
S,(7) = S, (7) = 8,(7) = 11.

CJie10BaTeIbHO, BBITOJMHSAIOTCS YCAOBUS TEOPEMbI 2.2, U UHCJI0 7 MOXKET
ObITb HEOCOOOH CTerneHbio MOJMHOMHAMbHBIX pelleHuil ypaBHenus (14), a
3HAUMT, U ypaBHeHus (12).

[Tockosbky abcomothble Beca ny = n, = — 10, a GpyHkumu cTenexu

Si(7) = 11,4 = 0,2, TO BBINOJHSIOTCST YCJIOBHUsI (H), HO HE BLIOJIHSIIOTCS
UM COOTBETCTBYIOLIHE YCJIOBHS (6).

CraJio ObITb, UMCJIO 7 He SIBJSIETCS 0COO0H CTeNeHbIo NOJHHOMHAJBbHbBIX
peliieHuit Kak ypaBHenust (14), Tak u ypaBuenusi (12).

HenocpencTeento u3 ypastenus ( 14) naxomum, uto ecain m = 7 OyaeT
Heoco60H CTeMeHblo MoNMHOMUaNLHOrO pellieHus (1.2) ypaBuenus (12), To

KO9(1I)C]I)I/ILU/I€HT 047 €ro BbICLIEro YJjeHa siBJSETCsA KOPHEM YPaBHEHHU A

23337%5(48,, + 50,5)v, + B, = 0.

Beuny Toro, uto ypasuenue (12) nmeer unens nopsiaxa [, = [, = 8,

He MMeeT WIEHOB MOpsi/IKa AEBSITh U HMeeT uieHbl nopsiaka [, = [ = 10,
MOJIMHOMbI BOCbMO# U JIEBATOH CTerneHel OyiyT pelileHUsIMH ypaBHeHus (12)
TOTJIa U TOJIBKO TOT/1A, KOTJ1a OHH ABJISIOTCS PELICHUSAMH YPaBHEHUS

P

04(Z)w(VII)w(VI)w/+P13(Z)w(VH)(w///)2+

(15)
—|—P21 (Z)w(VIH)w///w// —|—P32 (Z)w(VIH)w(IV)w—l—PGl (z)w(IV)w =0

¢ kospduumentamu (13) mpu i = 0,3 u i = 6.
Jlnst ypaBHenus (15) xapaKTepUCTHKH:

%0:3, %1:3, %223, %3:3,% =2,
m, =14, m =13, m, =13, m, =12, m, =4,

by =4, b, =3, b, =1,b,=2,b, =1,

0 1

n,=—-10,n, = =10, n, = =12, n; = - 10, n, = — 3.
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OyHKIMK CTeNeHH uNeHoB ypaBHeHus (15)
S.:m—=3m—10,YmeN m>7,7=0,7=1,

S

yim —3m—12, S;:m — 3m — 10, Vm € N, m > 8,

S,im—2m =3, Vm e N, m > 4,

npu m =38 u m =9 NPUHUMAIOT 3HAUEHHUS TaKHe, UTO
S,(8)=14>5,(8) =13>5,8) =12,0=0,0=1, 0 =3,
S,(9)=17>5,(9)=150=0,0=1,0=3, A =2, A=4.

B ypaBHnenuu (15) unennl ¢ Homepamu 0,1 U 3 UMeloT paBHble pa3mep-
HOCTH: ) = 2, = 2, = 3.

B cooTBeTcTBHY ¢ onpesiesieHneM 3.2 ypaBHeHHe (15) H, caeloBaTeNbHO,
ypaBHeHHe (12) He UMEIOT TOJHHOMHABHBIX PELIeHHH C HeOCOOBIMH CTe-
neHssMH m =8 u m = 9.

st ypaBuenust (15) Boinosinsitorest yesiosust (7):

Hy=...=x,=3Fx, =2, n,=n =n

0 3 3=—10>n2:—12,

v ycioBust (6) npy m, =8 u m, = 9.

[TosToMy B COOTBETCTBHHU C TeopeMoll 3, ec/u unucsaa 8 u 9 siBasiIoTCS
0COObIMH CTeTeHsIMH TTOJIMHOMHANIbHBIX pellieHni ypaBHeHusi (12), To oHu
OyJ1yT KOPHSAMHU ypaBHEHUS

ﬂo4m4 + (613 - 12ﬂ04)m3 + (47604 - 3613 + ’632)m2+
+2(8,5 — 306y, — 5835)m + 2153,, = 0.

Ypasrenue (12) umeer unenni nopsiaka I, = [, = 10, He uMeeT ujIeHOB
nopsakos 11, 12, 13, 14 1 umeeT unen nopsigika [7 = 15.

CuiegoBaresibHo, nosauHoMbl crenened 10, 11, 12, 13 u 14 asasiorces
pelieHUsiMH ypaBHeHus1 (12) Torja W TOJILKO TOTJA, KOTJa OHM SIBJISIIOTCS
peleHUsIMH ajirebpanueckoro quddepeHralbHOr0 ypaBHeHHsT

P04 (Z)w(VH)w(VI)w’ —|—P13 (Z)’LU(VH) (w///)2_|_
+ Py (2)wV D" w4 Py, (2)w VDV + (16)

+P

s ()W w4+ P (2)w®) (w”)? + P (z)wVw =0
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¢ kKosduumentamu (13) npu i = 0,6.
st ypaBHenusi (16) xapakTepUCTHKHU:

m, =14, m =13, m, =13, m; =12, m; =15, m_, =14, m; = 4;
by=4,b,=3,b,=1,b,=2,b, =50, =4, b, =1;
n, =—10, n, = -10, n, = =12, n, = — 10,
n, =—10,n, = —-10, n; = = 3.
OyHKIMK CTeNeHH uNeHoB ypaBHeHHs (16)
S,m—=3m—-10,VmeN,m2>27,7=0,7=1,
Sy:m —3m—12, S;:m — 3m — 10, Vm € N, m > 8,

S,:m —3m—10, Vm € N, m > 10, 0 = 4,0 =5,

Sg:m —2m -3, Vm e N, m > 4,

npu m = 10, 14 NpUHUMAIOT TaKHe 3HAUEHHS, UTO
55(10) =20 > 5,(10) = 18 > S, (10) = 17,
Sg(ll) =23>5,(11) =21 > S (11) = 19,
55(12) =26 > 5,(12) = 24 > S, (12) = 21,

S¢(13) = 29 > 8, (13) = 27 > S((13) = 23,

Sc(14) =32 > §,(14) = 30 > S;(14) = 25, £ = 0,5, # 2.

B ypaBuenuu (16) unenst ¢ Homepamu 0, 1, 3, 4 u 5 umeloT paBHble pas-

MEPHOCTH 3¢, = 3¢) = 3, = 3, = 3, = 3.

B cooTBeTcTBHY ¢ onpesiesieHneM 3.2 ypaBHeHHe (16) u, caeioBaTeNbHO,
ypaBHenue (12) He HMEIOT MOJMHOMHANBHBIX PEILIEHHH ¢ HEOCOOBIMU CTere-
usmu m € {10,...,14}.
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I1.3,§1,ra 1 OcoGble n HeocoOble CTeNneHH MOJHHOMHANLHBIX PelleHHil B.H. TopGy3oB

Jlnst ypaBHenus (16) BoinoJsiHsitoTest yesoBus (7):

Hy ==, =3F xg =2,

n=n=n=n,=n=—-10>n,= —12

0 1 3 4 5

v ycsioBus (6) npu my = 10, 14.

B cootBercTBHH ¢ TeopeMoit 3, ecan uncsia m € {10,...,14} sasasior-
cs1 0COOBIMY CTEMeHsIMH MOJHHOMHAIBHBIX pellleHnH ypaBHeHus (12), To oHn
Oy1yT KOPHSIMU ypaBHEeHHs]

Busm® + (Byy — 3305 + By, )m® + (8,5 — 145, +4336,,—
—2503,,)m* + (718, — 58,5 + B4y — 28718,5 + 21506, )m>+ ;
+(88,5 — 1548, — 120, + 100780, — 6950, )m? + (12053,,— )
—4f,, + 418, — 1768883, + 5048, ,)m + 120968, — 428,, = 0.

PaccMoTpHM HasMuHe TOJNIMHOMHAMLHBIX PEllieHUH cTeneHeil m > 15 y
JuddepeHumatbHOro ypaBHeHus 15-ro nopsinka (12).
3amMmeTumM, uTo

S.(m)=4m —26> S (m), YvmeN, m>17, 7=0,6.

CurenoBaresibHo, ypaBHerue (12) He HMeeT MOJHHOMHANbHBIX pelleH il
(1.2) co crenensimu degw(z) > 16.

[Ipuy m = 15 3HaueHus (YHKUMI CTeNeHH ujeHOB ypaBHeHus (12)
TakoBbl, uto ip1 € = 0,5, & # 2,

S¢(15) =35 > §,(15) = 34 > 5,(15) = 33 > S (15) = 27,

XapaKTepHUCTHKH

Hy=...=x, =3F 5, , T=6,7T=7,3%,=2, x =4,

n,=n =n

0 1 3:n4:n5:—10>n2:—12.

B cootBerctBuM ¢ onpenenenueM 3.2 ypaBHenue (12) He UMeeT MoJH-
HOMHAJIbHBIX PelleHHH ¢ He0COOOH CTenenblo m = 15, a B COOTBETCTBHH C
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TeopeMoil 3, ecit m = 15 ecTb 0ocobast CTeNneHb NOJHHOMHANBHOTO pellie-
Hus ypaBHeHus (12), To uncsio 15 Gynet kopHeM ypaBHeHus (17).

[Ipu m = 16 y uneHoB ypaBHeHus (12) 3HaueHUs] PYHKLHMH CTENEeHH

S,(16) = 38 > 5,(16) = 36 > S,(16) =29, § =0,7,0 # 2, 6 # 6,

a pa3MepHOCTH

Hy=...=3x, =3Fx, =4
3Hauut, ecau muddepeHiasbHoe ypaBHeHue (12) umeer nosuHOMHU-
aJibHble pelleHust 16~ cTeneny, To 3Ta cTenedb Heocobast (B COOTBETCTBHH C
TeopeMoi 2.2).
Ecan nonunom (1.2) — pelienude ¢ Heoco6ol cTeneHbto m = 16, To
KOI(POHUUMEHT v) ¢ €ro BbICLIEro uieHa Oy1eT KOpHeM ypaBHeHH !

223.38.5%. 731333,  +20- 11138, +2°-5-76,, +
+3-1383,,+2°-32.7-136,, +2°-3-53,, = 0.

IMpumep 3. Yxkaocem Heobxodumoie Ycao8uUst HAALUUSL NOAUHOMU-
QabHbLX peuleHull Y areebpauteckoeo duppeperyuarbHo2o ypasHerus
P04(z)w’”w”w’+P15 (Z)’LUW(U)N)Q +P27(Z)w(\/)w(IV)w+ ( )
18
+ Py (2)wV) (w")? + P, (z)wVw”w' + P, (2)w' + Py, (2)w =0,

ede koagppuyuenmor P.. — noauHombL ¢ AeKCUKOPAPULeCKUM PaCnO-
ij
AOJICeHUeM HACHOB

P (Z):/G”z]—l—,vzec,ﬁzj#072:0’6

ij
Y ypaBHenusi (18) uneHbl HMEIOT NOPSIKHU:

=1 =3 l,=0=0=51=11I=0.

[TockosbKy

¢ = min {[;} =min{3, 5, 1, 0} =0,
=0, 6

TO ypaBHeHue (18) He HMeeT TPUBHAIBHBIX TOJMHOMHANBHBIX PeLIeHHI.
Hyusieoii nosinHom siBasieTcst peiienreM ypaBHenust (18).
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XapakTepuCTHKH ueHOB ypaBHeHust ( 18):

5y =3, =3, 5, =3, %, =3, 3, =3, %, =1, 2, =1
my=6m =7 m, =9, m, =9 m =9 m =1 m; =0;
by=4,b,=50b,=7,b,=7,b,=7,0,=1,b, =0;
n=-2n=-2,n=-2n=-2n=-2n=0n,=0.
Uucna
‘imi=1,i=0,4,j=5,j=6.
Tak kak

max{ly, [, [, [} =max{3, 1, 0} = 3, 2{;_}(6{[(} =max{5, 1,0} =5,

TO B CUJy TeopeMbl 1.2 ypaBHenue (18) He MMeeT MOJIMHOMHANbHBIX PelleHH
C HEOCOOBIMH CTEMEHSAMH.
B ypaBuenuu (18) n1Ba 6710ka uneHOB C paBHbIMH Pa3MePHOCTAMH:
1 1 1 1 2 2

%0:%1:%2:%3:%4:3 u %5:%6:1.

—

B saBucumoctn ot nopsiakos [, uneHoB ypasHenust (18) B Kaxiom u3
6JI0KOB BBIIEJIMM KJIaCChI CJIETYIOLIHM 06pa3oM:

1 _ (1 _ 9. 1 1 1 _ k. 2 _ 0. 2 __
Ll =0=3 120 =0=0=5 212=0 2202=1

OtbicKaHie 0cOObIX CTeMeHel Lieecoo6pasdHo HaulHAaTh ¢ Toro 6J10Ka,
KOTOPBIH COAEPKUT UJleHbl ¢ HAWMEHbLIUMU NopsiikaMu. [TosTomy HaunéMm co
BTOPOTO GJIOKA.

[Mar 2.1. TTpu 0 < m < 1, To ecTb, npy m = 0 noJyyaem, 4To

Py (z2)w =0, rtne Py (z) #0,VzeC.

[TosToMy MoJIMHOMHAJIBHBIX pelleHui ¢ 0cobol cTenenblo m = 0y
ypaBHeHus (18) Her.

[Mar 2.2. TTpu 1 < m < 3 Ha 0OCHOBaHUH KyKOPOUYEHHOI0» ypaBHEHHS

Py, (2)w' 4 Py, (z)w =0
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COCTaBJIsSIEM PABEHCTBO
By, m + By, = 0. (19)
Bauay toro, uto

2 _ .2 _ 2 _ @2 —
= =1, 5:(m)=5;(m)=m
npu m =1 n m = 2, 3aka0uaeM: ecJH uucaa m =1 u m = 2 aBJAI0TCA
0COObIMU CTeMeHsIMU MoJIMHOMHaJsIbHOTO peliieHust (1.2) ypaBuenus (18), To
onu 6ynyT KopHsiMu ypaBHenust (19).

[Mar 1.1. TTpu 3 < m < 5 cocTasJsieM ypaBHeHHE

Brism+Boy = Bys = 0. (20)
[TockosbKy
%é:%i:3>%5:%6=1,

Sg(m) = St(m) =3m—2> S, (m) = Ss(m) =m

npu m =3 U m =4, To noJiyuaeM: ecjiMuucaa m =3 U m = 4 gBJs0T-
cs1 0coObIMU CTeNeHsIMU MOJIMHOMUAIbHOTO pellienus (1.2) ypaBHenus (18),
TO OHHU OylyT KOpHsIMU ypaBHeHust (20).

[Mar 1.2. TTpu m > 5 cocraBJsieM ypaBHeHHe

(627+637+ﬂ47)m4—(12ﬂ27+8ﬁ37+9647)m3+(ﬁ15+53627+19ﬂ37+ 5
(21)
+2683,,)m? + (B, — 815 — 1026,, — 126, — 245, )m + 7203, = 0.

Tak Kak

% :"':%i:3>%5:%6:1’ Sé(m):...
:Si(m)=3m—2>55(m):Sﬁ(m):m, Ym eN, m > 5,

TO UMcJa m = 5, SIBJSIOLIMECS OCOObIMU CTEMEHIMH MOJHHOMHAJIBHOTO pe-
uienus (1.2) ypaBHenus (18), OyayT KopHsMu ypaBHeHus (21).

25



I1.1,§2,r. 1 [paHuLbl H3MEHeHHs! cTereHel MOJMHOMHAJIbHBIX PelleHHit B.H. TopGy3oB

§ 2. [paHubl UBMEHEHUS cTeneHel
NOJIMHOMMAJbHBIX pellIeHU I

B nannom naparpace OyayT ykazaHbl rpaHHilbl M3MEHEHHs CTe-
neHel nMoJMHOMOB-pelieHui (1.2.1) nuddepeHmaibLHOTO ypaBHEHHS
(1.1.1) B 3aBUCHMOCTH OT XapaKTE€PUCTHK 3TOrO YPABHEHHUS.

Oco6eHHOCTb H3/1araemMoro MeTo/1a, B OTJIHUHE OT MPUBEAEHHOTO
B 11epBOM Naparpade, COCTOUT B TOM, UTO B OCHOBY paccyxKjaeHus 6e-
pETCs TOJIbKO OJIMH UJieH, a He Bce ujieHbl ypaBHenusi (1.1.1) cpasy.

OT TOrO, B KAKOM COOTHOIIEHHH HAXOJUTCS paccMaTpPUBAEMBbIH
uJieH C OCTaJIbHBIMH, 3aBUCST I'PAHHUIIbl, B KOTOPBIX U3MEHSIIOTCS CTe-
[IEHH MOJIMHOMOB-PELIEHUH.

[TocnenoBatesibHO Mepebupasi Bee ujieHbl auddepeHransbHOro
ypaBHEHHS], KaXK/blil pa3 yTOUHsieM WJIH MOJATBEP:KIaeM I'paHHUIbl U3-
MEHEHHUs1 CTeNEeHEeH MOJMHOMOB-PELLeHUH.

EctecTtBenHo, peub 6y1eM BECTH O CTEMEHsIX HeTPUBHAMBHBIX MO-
JIMHOMHAJIbHBIX PelIeHnH.

Bousnee Toro, 6ynem nosarats, uto m = [, ©u60 B IPOTHBHOM CJ1y-
yae Mpu NoJcTaHoBKe B quddepenumansHoe ypapuenue (1.1.1) nosnu-
Homa (1.2.1) B ToxKieCTBEHHBIH HyJib 0OpaTaTCst Bee Te ujenbl (3.1.1),
MOPSLOK KOTOPBIX O0JIbLIE M.

Ecin m < [, To 6yneM paccMaTpuBaTh Tak Ha3blBaeMoe yKopO-
yerHoe nuddepeHlHalbHOe ypaBHeHHe, TO ecTh, ypaBHenue (1.1.1)
6e3 usenos (3.1.1), KoTopble 06pallAIOTCST B TOXKAECTBEHHbIH HYJIb [TPU
MOJICTAHOBKE B HUX MOJMHOMOB (1.2.1) ¢ TakuMU cTeneHsIMH.

OTMeTHM, UTO AJIs1 YKOpOoUeHHOTOo AUt depeHlMalbLHOr0 ypaBHe-
HUSI MOTYT ObITb IPUMEHEHBI TEOPEMBI, KOTOPbIe OYIyT A0Ka3aHbl MPH
ycaoBuM m > [. Takue BO3MOXKHOCTH MOKaxKeM Ha MpUMepax.

1. AcumnroTuueckas popmyaa npeacraBaeHust
NPOU3BOAHBIX MOJUHOMA

MGTO,H YCTAHOBJICHUS TpaHHULL, B KOTOPbIX HM3MEHSIOTCS CTENe-
HHU MOJMHOMHAJILHBIX pellieHi ajnrebpanueckoro nuddepeHinaabHo-
ro ypaBHEHHsl, OCHOBAH Ha CJIeJylollledl aCHMITOTHYECKOH hopmysie
IIPOH3BONHbIX [10JIHHOMAL.

Jlemma 1. [Ipoussodnas nopadka n noiuHoma w cmeneru
m, m = 0, npedcmasiiemcs acCumMnmomu4eckoi gopmyroi
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w™ (z) = (= 1)"(=m), - % “(14en(2), V2€G, GCC, (1)
ede payuornaroras pyukyus €, G — C makosa, umo ¢,(z) =0,
VzeC, u en(z) — 0 npu z — oo, koeda n > 1; (a), — cumsoar
Hoxeammepa.

/Jlokazaresberpo. TlponsBomHasi mojuHoMa ¢ JieKCHKorpacguie-
CKUM pacroJjioxkenreM uieHoB (1.2.1) crenenn m > 1

m—1 m—2

w'(z) =ma,,z  +(m-1a,_,z2 ~+...420,2+a«,, Vz €C.

Brinosmus 9JIEMEHTapHbIE Hpeo6pagoBaHH${, [MoJIy4num

w'(z) = m w(z) — m w(z) + mamz" 4.+ 20,2 + o) =
z z
= T@(}(,z)—k(—ozn%lzm_2 _2am72zm—3_' .—(m—=1)a, —ma0—> =
z

= T w(z) + T w() (2) = ZwE)(1 e, (2), V2 e G,

rjie palroHasbHast QyHKIUS

1

mw(z)

€12 —

' Q(Z)v Vz € Ga

a INOJIMHOM

m—1 m—2

q:z— o, 2 20, ,z2 +...+(m=1)a,z+ma,, Vz € C.

Hrak, 114 nosinHoMa w cTerneHd m > 1 npousBojaHas

w'(z) = % w(z)(1+¢,(2)), Vz € G, (2)

"a), =a-(a+1)-...-(a+n—-1),a €R, neEN; (a), = 1.
27
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rle €, — pauuoHasbHas PyHKUMSA U €, (z) — 0 nmpu z — oo.
®opmydaa (2) ectb opmyaa (1) mpu n = 1.
Honyctum, uro dopmyana (1) umeer mecto npu n = k, T.e€.
mm—1)...(m—k+1)

w®)(z) = = w(z)(1+¢,(2), V2 €G,

rJie paluuoHaibHast yHKIHs £x(z) — 0 npu z — oo.
Torna npu ymo6om z U3 MHOkKecTBAa G

m—k

wk+1) (2) = Dwk) () = w®) (2)(1+&,(2)) =

z

m—k mm—1)...(m—k+1)

- - w(z)(1+¢e,(2))(1+£,(2)) =

_ m(m—1)... (;r]i;k +1)(m — k) w(z)(1 + e, (),

rie pauronasbhble pyHkunn €,: G — C n g, G — C rakne, uto

k+
£.(z) > 0mne (2) >0 npn z— oo.

CraJio 6bITh, UMeeT MecTo opmy.a (1) npu n =k + 1.

Torna Ha ocHOBaHMH MeTO/Ia MAaTeMaTHUECKON MHYKIIMH 3aKJII0-

yaem o CrpaBeiIuBOCTH opMyJibl (1) IS MOJMHOMOB w CTerneHel
m=n > 1.

Tak kak ¢,(z) = 0, Vz € C, To hopmysa (1) umeer mecTo u B
cayyae m =2 n = 0.

[Tpn m < n cumsoa [Toxrammepa (—m),, = 0, npousBoaHas

w™(z) =0, Vz € C.

CaienoBatenibHo, dopmysa (1) umMeer Mecto MpH JOOBIX LENbIX
HeorpuuateabHblx m 1 n. W

28
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2. HUKHSIS ¥ BepXHSSl rPaHULbI CTeNeHel
NOJUHOMUAJNbHbBIX pelleHU’

B anre6panueckom nuddepenumnansiom ypasHerud (1.1.1) une-
Hbl (3.1.1) pacnosiaratotest OJTHUM U3 JIBYX COCOOOB.
1. PasmepHocTu
Hp > My == =dp > ,,
- - (1)
T:(]vp_la 77:p+3+17Na O<p<N7 O<S<N—p,

a abcoJIloTHBIE Beca

n, >

» h=1,s. (2)

Mpth
2. nst pasmeprocredi (1) npu p # N, s # 0 aGcoJioTHble Beca

n,=n = =n

p =N = =0 > j=A+1s, 1<A<s,  (3)

B kaxjpom n3 3tHx cayuaen no ujseHam (3.1.1) ¢ Homepamu p,
p+1,...,p+ s ONpenesumM HIKHIOK U BEPXHIOIO MPaHHUIIbl H3MEHEHHUS
crernened m > | nonuHomoB-pelienui (1.2.1) nuddepenumansioro
ypaBHenusi (1.1.1) nopsinka [.

Beeném ycsoBHble 0603HaUEHHUS:
= min{me: T=0,p— 1}

O

bp:max{pm”:n:p+s+1,]\7}.

Teopema 1. [Tycmo soinoansomes ycaosus (1) u (2). Toeda
cnpasediussl ymaepucoeHus:

aynpu p=0,s = N cmenenv m HOAUHOMUANLHOO peule-
Hus (2.1.1) ypasrenusa (1.1.1) menovwe 1;

6)npu p=0,0<s <N cmeneno m = | NOAHOMUANOHO20
pewenrus (2.1.1) ypasnenus (1.1.1) ne npesocxodum b;

B)npu 0 <p < N,p+s=N cmenenv m = | noaunomuano-
Hoeo peurerus (2.1.1) ypasnenus (1.1.1) He menouie a,;
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r)npu 0 < p < N,p+s < N cmeneno | < m < a, noau-
HomuaavHoeo peutenus (2.1.1) dugpgpepenyuarvroco ypasrenus
(L.1.1) ne npesocxodum by;

nnpu 0 <p< N,p+s< N cmenenp m > | makas, umo
m > b, noaunomuarvnoeo peuwetus (2.1.1) ypasnenus (1.1.1) ne
MeHbuLe a,,.

/lokazaresbctBo. [ToHoM w creneHu m 2= | siBjsiercs pelie-
Huem ypasHenusi (1.1.1) Torna u ToJibKO TOTAA, KOTJA MPH €ro Moj-
CTaHOBKe ypaBHeHHe 06palllaeTcsl B TOKAECTBO. JTO TOKIAECTBO Mpe-
o0pasyeM ¢ yU€ToM acUMITOTHUECKOTO npeacTapienusi (1.1.2) npous-
BOJIHOH MOJIMHOMA w, a 3aTeM BBIMOJHUM TOUJIeHHOE JieJieHHe Ha Mpo-
13BeJleHNe

(2)z 7. (4)
B peayJibraTe noJyunm TOKAECTBO

v [?T(m) B,uq— (Z) »r—dp mp—mr
=0 Kp(m) ' Bl‘p (Z) Y (z) - (1 " 67(2)) *

Aerh(m) . Bﬂp-&-h (Z) ) mﬁfmp+h(

" = Kpm) B, L+epn(z))+ (D)
+ i f?n(m) Bun (2) ‘ ZMp— My Ao ()t 1te,() = 0
n=p+s+1 Ap(m) Bup (2) wh=(z) n plZ) =1,

rJle pauyoHabHble hyHKUMK €;(2) — 0 npu z — oo, i =0, N .
[Tockosbky ny, >mny, 4, h=1,s, 10

-1 Mp—Mp 1 p -
B, ..(2)B, (z)-z —~0npuz—oo, h=1,5. (6)

Ecm secm +n, <dym+mn,, 7=0,p—1, 1.e. m < ap, 10
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B, () v ()
Bup (Z) Zmr_mp

—0npuz—o00, 7=0,p—1. (7)

Ecam sm+4n, <dym+n,, n=p+s+1,N, t.e. m > by, T0

(2) w " (2)

B,
n .
B, (z) ™™

—0, npuz — o0, Nn=p+s+1,N. (8)

[Iyctb p = 0, s = N. Torna, nepexonst B (5) K npeneny npu
z — 00, Cyu4étoM (6) noJaydyaeM nMpoTHBOPEUHe, KOTOPOE MOXKET ObITh
ycTpaHeHo npu m < ly. DTO JI0KA3bIBAET YTBEPIKIECHHUE a).

[Tyctb p =0, 0 < s < N. Torza, nepexos B (D) K npejeny rnpu
z — 00, Bceayuae s = 0 Ha ocHoBaHWH (8), aB caydae 0 < s < N Ha
ocHoBaHuM (6) 1 (8), Bcakuil pas noJsiyuaem npotuBopeure. Tem cambiM
JIOKa3blBaeM yTBep:KeHHE 6).

[Tyctb 0 < p < N, p+ s = N. Torna, nepexons B (5) K npezeny
npu z — 00, Bcayyae s = 0 Ha ocHoBaHMHU (7), a B cayyae s > 0 Ha
ocHoBaHuu (6) v (7), BCsKUi pas rnoJsiyuaem npotusopeure. Tem cambiM
JIOKa3bIBaeM yTBEPIKJIEHHE B).

[lyetb 0 <p < N,p+s < N, um < a, Torna, nepexoas B
(5) K mpeney npu z — 0o, B caydyae s = 0 Ha ocHoBaHuH (7) 1 (8),
a B caydae s > 0 Ha ocHoBanuu (6), (7) 1 (8), BCAKHIl pa3 noJydyaem
npotuBopeure. TeM caMbIM JIOKa3biBaeM yTBepPXKJIEHHE T).

[Iycte 0 <p < N,p+s < N, u m > b,. Torna, nepexozns B
(5) K mpenesy npu z — 00, B cayyae s = 0 Ha ocHoBanuu (7)1 (8),
a B cayyae s > 0 Ha ocHoBanuH (6), (7) u (8), BCsKUI pas noJyuaem
npotuBopeune. Tem cambiM nokasbiBaeM ytBepxkaerue 1). l

N3 yrBepaxknenus 6) npu s = 0 Teopembl 1 noJiydaem

Caencreue 1. Ecau ypasnenue (1.1.1) codepacum moavko
00uHn domunupyrowuil yren ¢ nomepom p € {0,1,...,N}, mo
cmenenv m = | nOAUHOMUAAbHO20 peulerus YO0BACMBOPEM
HepaseHcmasy

mémax{pmi:i:(),—]\f,i#p}.

N3 yrBepaxknenus B) npu s = 0 Teopemsbl | nosyuaem
Caencreue 2. Ecau ypasuernue (1.1.1) codepacum moavko
00un munopupyrowui yren ¢ Homepor p € {0,1,...,N}, mo
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cmenenb m > | NOAHOMUAAbHO2O peuleHus Yyoo8AemBopsem
Hepagencmsy

m}min{pmi:i:(),—]\f,i#p}.

IMpumep 1. Haiidém muoocecmso cmeneneli NOAULHOMUANbHOLX pe-
wenuil areebpauieckoeo dughgepernyuaroHoeo YypasHerus

(w2 (w')? — 2623w(w")? — 625ww” = 0. 9)
YpaBuenue (9) uMeeT XapaKTepUCTHKHU:

%, =05,2x =3, =2, my=7m

n=-7n=-1n,=2; |

0 0

Juddepenunanbioe ypasHeHne (9) UMeeT TOJIBKO OJMH JOMHHHPYIO-
i unen ¢ Homepom p = 0. Ilo caencruio 1, crenenn m > [ = b, =3
MOJIMHOMHAJIbHBIX PEeLLeHUH YI0BJIEeTBOPSIIOT HEPABEHCTBY

m < max{°m’: j =1, j = 2} = max{3, 3} = 3.

CaienoBaTesIbHO, CPeId Uuces m 2= 3 TOJNbKO UHCJIO m = 3 MOXKeT
ObITb CTEMEHbIO MOJMHOMHAMbHBIX pelleHuil ypaBHeHus (9).
HenocpencTBenHo MoACTaHOBKOH MOJMMHOMA

w: z = a,2° +ay2” +a,z+ay, Yz € C, (ag #0)

B ypaBHeHue (9) ycTaHaBJUBaeM, UTO €ro MOJMHOMHAJILHBIMH pelIeHHsIMH
TpeTbel cTerneHu OyayT

V69 1
wl:z—>z3, Vz € C, w2:z—>(—18 —5)23, Vz € C,
V69 1y 4
w3.z—> —<1—8+§)Z,VZ€(C

[Tpu m = 2 paccMOTPUM YKOPOUEHOE YpaBHEHHEe
(w")Q(w')?’ — 2623w(w")2 =0, (10)

KOTOpOe noJsiyuaeTcst U3 auddepenimanbioro ypasuenus (9) orépachiBaHu-
€M uJleHa ¢ HOMEepOM J1Ba.
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YpaBHenue (10) umeeT xapakTepUCTHKH:

1_ 1 _ 9. 1 _ 1 _ g ol 1 _ R S R
%0—5,%1—3,m0—7,m—4,110——7,111——1, [0_2,[1_2.

Juddepenunanbhoe ypasuenue (10) uMeeT TOJBKO OAUH MHHOPHPYIO-
i usien ¢ HomepoM p = 1. [lo caencTBuio 2, crenenu m > [ =2 noau-
HOMMAJIbHBIX PELeHUH YA0BJIETBOPSIOT HEPABEHCTBY

m >l =3.

3Hauur, y ypaBHenus (9) HET MOJIMHOMOB-pellleHHH BTOPOU CTeNeHH.
[TockosbKy

¢ =min{l;:i=0,2} =2,

TO MOJIMHOMBI cTeneHell m = 0 U m = 1 SABJSIOTCS TPUBHAJBHBIMH MOJH-
HOMHaJILHBIMU pellleHHsIMH ypaBHeHHUs (9).

Takum o6pazom, uuca0 m = 3 ABJsETCS CTeNeHblo TPEX HETPUBHAJIb-
HbIX MTOJHHOMHAJIbHBIX pelieHui, a uncaa 0 u 1 ABJSIOTCS CTENeHsIMH TPUBH-
aJIbHBIX TIOJIMHOMHAJIbHBIX pellienuil uddepeHmasbLHOro ypaBHenus (9).

Teopema 2. [Tycmo soinoansomes ycaosus (1) u (3). Toeda
CAPaseodAussl cACOyrouLe YmaepicoeHus:

aynpu p=0,s =N cmeneno m = | NOAMHOMUAN6HOO pe-
wenus (1.2.1)ypasnenus (1.1.1) asasemcs kopHem ypagreHus

A
YK, (m)=0; (11)
£=0

6)npu p =0, 0 < s < N cmenenvo m > | makas, umo
m > b, noauromuarenoeo peuwenus (1.2.1) ypasnenus (1.1.1)
asasemca Kopuem ypasrerus (11);

B)npu 0 < p < N,p+s = N cmeneno m maxkas, 4mo
[ < m < a,, nownomuasroeo pewenus (1.2.1) ypasnenus

(1.1.1) sgasemcs koprem ypasuernus (11);

r)npu 0 < p < N,p+s < N cmeneno m = | makas, umo
b, < m < a,, nowunomuareroeo peuwenus (1.2.1) ypasnenus
(1.1.1) agasaemca koprem ypasrerus (11).

33



I1.2,§2,r. 1 [paHuLbl H3MeHeHHs cTeneHel M0JHHOMHAJLHBIX PelleHH

B.H. TopGy3oB

/lokasaresibCTBO. YUUThIBAsH YCJOBHUS, HAKJIA/IbIBAEMble HA UJIEHbI
ypaBHenusi (1.1.1) B 1aHHO# TeopeMe, pacCyXAeHHIMH, aHAJOTHUHbI-
MH HCTI0JIb30BAHHBIM TPH JI0KA3aTeIbCTBE TeOPEMBI 1, moJydaeM TOXK-

JIECTBO
w (2)

B
[?p(m) Bup (Z) Zm’rimﬁ

mp =My

B ) B
Rom) Bue) oy )=

rJie paluuoHaibHble hyHKIMK £;(2) — 0 npu z — 00, i =0, N .

[Tockombky ), =m,,, = ... = n e 1O

73“"“(2) P SN Bp+h, npu z — 0o, h=1,\.
B, (2) By

[Tockosbky n, > no o j=A+1,s, 10

B,  (z _ . -
L()-zmp ™0, npuz —o00, j=A+1s.
Bﬂp(z)

(I+er(z)+1+ep(2)+

(13)

(14)

Ecm serm+n, <dpm+n,, 7=0,p—1, 1.e. m < ap,, ToNpu

Z — 00 HMeeT MeCTO COOTHOlIeHHe (7).

Ecam sem +n, < dym+n,, n=p+s+1,N, te. m > b,

TO MPU z — OO MMEET MECTO COOTHOLIeHHE (8).
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[lyets p =0, s = N. Torna, nepexons B Toxzaectse (12) K npe-
Jlesly IpH z — 00, B cjlyuae A = s Ha ocHoBaHuu (13), a B cayuae
1 < A < s Ha ocHoBanuu (13) u (14), BcsKMil pa3 noJiydyaem paBeH-
ctBo (11). D10 I0KA3BIBAET yTBEpXKIEHHE ).

[Iyets p = 0,0 < s < N. Torna, nepexonst B ToxKzaectse (12)
K Mpejiesly Mpu z — 00, B ¢Jiyuae A = s Ha ocHoBaHuu (8) u (13),
aBcayyae 1 < A < s Ha ocHoBanuu (8), (13) u (14), Besikuii pas
noJiydaeM paBeHcTBO (11). DTo nokasbiBaeT yTBepxjaeHue 6).

[Iyeth 0 < p < N, p+ s = N. Torna, nepexosst B TOXKIECTBE
(12) k npeseny mpu z — 0o, B cjyuae A = s Ha OCHOBaHWH (7) U
(13), aB cnyuae 1 < A < s Ha ocHoBanuu (7), (13) u (14), Bcsiku
pas noJiyuaem paBeHcTBO (11). D10 IoKa3bIBaeT yTBep:KJIEHHE B).

[Iyeth 0 < p < N, p+ s < N. Torna, nepexosst B TOXKIAECTBE
(12) k npenienny mpu z — o0, Bcaydae A = s Ha ocHoBaHuu (7), (8) u
(13),aBcayuae 1 < A < s HaocHoBanuu (7),(8),(13)u(14), Besikuii
pas noJiyuaem paBeHcTBO (11). 1o nokasbiBaer yrBep:xkjetue r). H

[pumep 2. Hatioém mrocecmso yeavix HEOMPUYAMEAbHbLX HUucea,

KOMOopoMy NPUHAOALIHCAN CIenerll NOMHOMUAAbHLX petleHul] areeb-
pauyeckoeo dugpeperyuarbHoeo ypasgHeHus

2

P. (Z)w(XVIH) (w(VI))me +P14(z)w(x)(w”) +

03

+ P, (z)w(X)w(V)w+P33 (z)wVID (w'”)2—|—P44 (2)wVIDw(V Dy + (15)

IV ", 1 V) _
+ P, (2)wTV)w + P, ()w"w” + P, (2)wV) =0,
ede P,. — noauHoMbl ¢ AeKcuKoepapuuecKum pacnoiodcerem HAeHO8

ij

P (2) =B,z +...,V2€C, B, #0,i=0,7.

ij
Y unenoB ypaBHenusi (15) paamepHocTH

Vs

0 =4, 0, =... =3, =3, 3, =3x;=2, 3, =1

1 4 5 6 7
[To yTBepxKkaenuto 6) Teopemsl 1, U3 Toro, uto
5y =dy >, n=1T,

CJIJlyeT, UTO Y MOJHHOMOB-PelIeHHH w cTeneHn m > [ = 18 ylnoB/eTBO-
pSIIOT HEPABEHCTBY
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_ 1.2
m < by = max{"m®: n =T,7} :max{m, 14, 113} — 20.

0 2

Taknm o6pa3oM, CTeleHH MOMMHOMHANBHBIX pellleHHil ypaBHeHus (15)
He nipeBbitatoT 20.

B coorBercTBHH ¢ YTBEpP2KAECHUEM 1") TEOPEMbI 2us TOro, 4yTo

sy =y > == =dy >, 1=0,T;
1
n=...=n, = —10, a;, =20, blzmax{9,7§}=9,

noJiydaeM: cTeneHn m = 18 u m = 19 NoJMHOMOB-pelleH!H YPaBHEHU A
(15) sIBAISTIOTCST KOPHSIMM YpaBHEHHST

B%mﬁ + (B, — 338y + 544)m5 + (4338, — 258,, +

+ 533 o 14/644)7”4 + (215514 - 2871/625 o 5533 + 71,644)7”3 ! (16)
+ (10078525 - 695ﬂ14 + 8533 - ]‘54ﬂ44)7n2 +

+ (5043, — 176883, — 483, +1208,,)m + 1209643, = 0.
[Tpu 10 < m < 17 paccMOTPUM YKOPOUEHHOE ypaBHeHHe

P (2)w™) (w”)? + Py, (2)wwVw +

14
+P33(z)w(VU) (w”’)2 +P44(z)w(VH)w(W)w’+ (17)

+ Py (2) 0w + P, (z)w""w” + P, 10 (2)w") =0,

KOTOpOE MoJiyuaeTcsi U3 ypaBHeHus (15) nytém orGpacbiBaHus ujieHa ¢ HO-
mepoM ¢ = 0.

Y unenos ypasHenusi (17) paamepHocTH

%é:%i:%;:%;:?), %12%%22,%%21,
T1PH 3TOM d(l):3>%;,77:4767a
ml=..=nl=—10, ' =10, b} = max{9 71}—9
L=..=nl= , 1=10, b} = 151 =9
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CoryiacHO yTBEPKIEHHIO 0) TeOpeMbl 2 y MOJMHOMHAJbHBIX PelleHHH w
nuddepenimanbHoro ypasHerusi (15) crenenn m € {10,...,17} siBasiiorcst
KOpHSIMH ypaBHeHus (16).

[Tpn 7 < m < 9 paccMOTPUM YKOpPOUEHHOE YpaBHEHHE

Py (Z)w(VH) (wm)Q + P, (Z)w(VH)w(VI)w’ + (18)

+ Py, (2)w"™w + Py, (z)w""w" + P, (z)w™V) =0,

7,10
KOTOpOe MoJsiyuaeTcst U3 ypaBHeHus (15) myTém ot6pachiBaHHst 4J€HOB C HO-
mepamu ¢ = 0,2.

Y unenoB ypaBHenusi (18) paamepHocTH

2 2 2 2 2
ne = xt = wo =t =2 xi =1
0 1 3, 2 3 4 ’

[To yTBepKA€HHIO I') TEOPEMBI 2, 13 TOTO, UTO /s ypaBHeHus (18)

2 2 2 _ _ 2_ .2 _ 1 12_ 2 _ 2 _
%T>d2>%n,r—0,1,n_4, n,=ny=-1, =7 a;=9,b, =6,

noJjiyuaeM: cTeneHu m =7 u m = 8 TOJUHOMOB-pelleHn# ypaBHeHus (15)
SIBJISTIOTCS] KOPHSIMH ypaBHEHHsT

Beyam?® + (Bs; — Bgy)m — 365, = 0. (19)
[Tpu m € {5,6} paccMOTpUM YKOPOUEHHOE ypaBHEHHE

P,

5 ()T w + Py (z)w"w” + P (2)w™) =0, (20)

7,10
KOTOpPO€ NoJiyuaercst U3 ypaBHeHus (15) myTém oTOpachiBaHUs UNEHOB € HO-
mepamu ¢ = 0,4.

Y uneHoB ypaBHeHusi (20) pa3MepHOCTH

3 _ .3 _ 3 _
%0_%1_2’ %2—1.

[TockousbKy 7151 ypaBHeHust (20)

%§>dg,7':0717[3=5, a® =6,

TO Ha OCHOBAHWU yTBEPKJEHHs B) TeopeMbl | nosyuaem, uto ypasHenue (15)
He HMeEeT MOJHHOMUAJIbHBIX PELeHUH MATOH CTENeHH .

[Ipy m =4 paccMOTpUM yKOPOUEHHOE YpaBHEHHE
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P, (2)wTV)w + Py, (2)w""w" =0, (21)

KOTOpPO€ NoJjiyuaercst U3 ypaBHeHus (15) myTém oTOpachiBaHUs UNEHOB € HO-
Mepamu ¢ = 0,4 W i = 7. Y uneHoB ypaBHeHus (21)

4_ 4 _ g4 _ 4 _ 4 _
%0—%1—d0—2, n,=n = 1.

CorJyiacHO yTBEPKIEHHUIO a) TeOPeMbI 2 CTelNeHb m = 4 MOJHHOMHAJb-
HOTO pellleHns ypaBHeHus (15) siBnseTcst KopHeM ypaBHeHus (19).

[Ipu m = 3 paccMOTpUM yKOpOUEHHOE ypaBHEHHE
", 1o
ww" =0,

Y KOTOPOTO HET MOJTMHOMHUAJbHBIX pemeHHﬁ TpeTbteI CTEIICHH.

Crajio ObiTb, UHCJIO M = 3 He MOXKeT ObiTb CTeNeHblo MOJHHOMA-
peliieHus ypaBHeHus (15).
[TockosbKy
=181 =1,=10,[; =1, =7, =4,[, =3,[. =5,

To ¢ = 3.

CuieloBaTesibHO, TOJMHOMBI cTeneHell m = 0,m =1 U m = 2 siBJsi-
I0TCSI TPMBHAJIbHBIMU TTOJIMHOMHAJILHBIMH pellieHUsiMU YpaBHeHust (15).

Wrak, cTeneHd noJMHOMHAJbHBIX pelleHuil ypasHenus (15) npunane-
»KaT MHOXKECTBY

{0,1,2,4,6,...,20}.

[1pu 5TOM 1OJIMHOMBI HYJ1IEBOH, IEPBOI U BTOPOH cTereHell — TpUBHAJIb-
Hble MOJIHHOMHAJIbHbIE pellienss; cTerneHn m € {4, 7, 8} sBASIOTCS KOPHSI-
mH ypaBrenusi (19), a crenenn m € {10, 11,...,19} — ypaBrenusi (16).

Mpumep 3. Halidém mHOINICECMBO Yenblx HEOMPUYAMENbHOLX Hil-
cen, KOmopomy HPpuUHAO0AeHCAm CMeneHt NOMHOMUAALHOLX peuleHiLL
AuHerinoeo oughgepenyuarvnoco ypasHerus

S B =00z, (22)

ede 0 <1y <l <...<l,, B, (i=0,n) — noaunono. c reKcuroepa-
Guueckum pacnoroxcernuem wienos (2.1.1) maxkue, umo

b —b =1 —1, ij=0n,i] (23)

% J i J
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Y uyieHOB ypaBHeHHs (22) pa3MepHOCTH

%02%1:...:%n=1.

[o yTBepskieHHIO a) TeOpeMbl 2 U3 TOTO, UTO

), =do, i=0,n, ny=...=n,,

noJiyuaem: cternetd m > [ =1, NoJHHOMHAJbHbBIX pelleHuil ypaBHenus (22)
npu (23) SIBJSIIOTCS KOPHSIMU ypABHEHUSI

i‘]li!ﬁi (;”) =0.

Paccy:xnast aHaJIoTHUHBIM 06pa30M ¢ YKOPOUEHHBIMH YPaBHEHU MU MTPH
m < [ =1,, MPUXOIUM K OKOHUATEJIbHOMY YTBEP2KAEHHIO.

CreneHu MoJIMHOMUAJILHBIX pellieHni ypaBHeHus (22) npu (23) siasitoT-
Csl KOPHSIMH ypaBHEHHH

0 m
Zli!ﬁi (l > =0,
i=0 i

rie

l .

n

m <l

5 n, €Cau m =
<

r, ecyau [ re{l,2,...,n—1}.

T

r+17
[lpu [, < m <1, paccMoTpUM yKOpOUeHHOe ypaBHeHHe

(lo) —0,

B, (z)w
KOTOPOE MOJTyuaeTcs U3 ypaBHeHus (22) oTOpachiBaHHEM BCEX UJIEHOB, KPOME
HYJIEBOTO.

Ha ocHoBanuu jiemmbl 1.2.1 U3 Toro, 4to 3T0 yKOPOUEHHOE ypaBHEHHE
MMeeT TOJIbKO OJIUH UJIeH, 3aKJtouaeM: ypaBHeHue (22) npu (23) He UMeeT rno-
JIHOMUAJIbHBIX PELIEHUH cTenenu m Tako, uto Iy <m <.

[Tockosbky £ = I, TO BCe Lie/ble HEOTPHLATEIbHbIE UHC/IA, MEHbLIHE
lo, SIBJISIIOTCSI CTETIEHSIMU TPUBHAJILHBIX TOJMHOMUAJBHBIX PellleHH ypaBHe-
Hus (22) nipu (23).

Takum 006pa3oM, HETPUBUAJbHBIE CTEMEHH MOJMHOMHAMbHBIX PellleH
ypaBHenust (22) npu (23) cojiepKaTcsi BO MHOXKECTBE LeJIbIX HEOTPULIATEb-
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HBIX KOpHEH ypaBHEeHHH

1
S, (;”) =0, 6=0,m,

=0

CTeMNeHsIMH TPUBHUAJBHBIX TOJMHOMHAJBHBIX pelleHnH ypaBHeHHs (22) npu
(23) ABAAOTCA LeJIble HEOTPULIATEbHBIE YUCIA, MEHbLIHE [ .

Hueqa [) < m <1, He sIBJSIIOTCS CTENEHsIMH MTOJIMHOMHAJIbHBIX peliie-
HUH ypaBHeHus (22) npu (23).

B [154] anasiornuHblil pe3yabTat npu m 2= 1y, MoJyu€eH IPYTUM METOJIOM.

[pumep 4. Hatioém mroxicecmso yeavlx HeompuyamebHolx wucea,

KOMOpOMY NPUHAOACHCAM CMENeHU NOAUHOMUANbHOLX petleHull ypas-
HeHus Jirepa

Byw+ B zw +...4+ 8 2= 1 g 2™ =0, (24)

n—1

ede (3, — nocmosnnoie, npuuén B,6, #0'.

[Tockosbky ¢ = 0, To ypaBHeHHe Diijepa He HMeeT TPHBHAJBHBIX MO-
JIMHOMHAJIBHBIX pelIeHnH.
[lyctb 1<s<nu

By =0,=...=0,_, =0, B, #0.
[Ipn 0 < m < s paccCMOTPUM YKOPOUEHHOE ypaBHEeHHE
Byw =0,
KOTOpOE M0JIyuaeTcst u3 ypaBHeHus (24 ) oTOpacbiBaHHEM BCEX UJIEHOB, KPOME

HYJIEBOTO.
Ha ocnoBanuu siemmbl 1.2.1 U3 TOro, uTo 3T0 YKOPOUEHHOE ypaBHEHHE

!'Orpannuenne By B, # 0 MoxkHO ocnabuTh, nosoxkus 3,, # 0. I1pu 3T0M 06LI-
HOCTb pelllaeMoi 3a/1aun He HapyLIUTCSI.
Jle#icTBUTENLHO, €CJIH

BOZB1:“~:ﬁk,1207 ﬁk #Ov

e 0 < k < m, To Bce LieJible HEOTPHULATEIbHBIE YHCIA, MEHbILINE Kk, SIBJSIOTCS
CTeMeHsIMH TPUBUAJILHBIX MOJHHOMHAJLHDIX pellIeH .

Brinosinub 3aMeEHy u = w(k) U YMHO2KUB obe yacTu MOJIYy4EHHOI'0 ypaBHEHHHU A

Ha z~*, nuddepeHimanbroe ypapHenne (24) cBeaéM K ypaBHeH I Diliepa mopsiika
n — k ¢ OTJIMYHBIM OT HyJIsl KO3 OHLHEHTOM MPH HYJIEBOM UJIEHE.
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MMeeT TOJIbKO OJIMH UJIeH, 3aKJIIoUaeM: y ypaBHeHus1 Diiiepa (24) HeT nosu-
HOMHaJIbHBIX pellleHU cTeneHn m Takoi, uto 0 < m < s.
YpaBuenue (24 ) uMeeT XapaKTepPUCTHKH:

sg=n,=x_,=...=x, =1, my=b, =0, =0, m, =b, =1
m. =b =[=ii=s+1ln,n,=n,=n =...=n,=0.

[o yTBepskieHHIo a) TeOpeMbl 2 U3 TOTO, UTO

Hyg =My =x, =...=3x,=dy, ny=n

noJiyuaem: cteneHd m 2= [ = n MoJIMHOMHAJIbHBIX pelleHHH ypaBHeHus (24 )
SIBJISIIOTCS] KOPHSIMU YpaBHEHHUS

ii!ﬁi (T) =0.

=0

Paccyxnast aHaJoriyHbIM 06pa3oM ¢ yKOPOUEHHBIMH ypaBHEHHSIMH TTPH
s < m < | =n, NPUXOIUM K OKOHUATEJLHOMY YTBEPIKIEHHIO.

Creneny MoJMHOMHAJBHBLIX pellleHui ypaBHeHus (24) sBjslOTCS KOp-
HAMH ypaBHEHHH

g m
> (7)o
i=0
rae

5 [n, ecsii m = n;

r, ecmu m=r,re{s,s+1,...,n—1}

Takum o6paszom, ypaBHeHune Iiiiepa (24) He HMeeT TPHUBHAJbBHBIX
MOJMHOMHAJBHBIX pellleHnH, a CTeNeHH HeTPUBHAJbHBIX MOJHHOMHAJbHBIX
peLIeHHH NPUHAL/IeXKAT MHOKECTBY KOpPHEH ypaBHEeHHH

5
S ag, <T) =0, =757.
=0
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§ 3. KoaduuueHt Bbicwero uneHa
NOJMHOMMAJIBLHOTO pellieHUSs

B nanHom naparpade paccMoTpUM 3ajiauy 0 HaXO0XKJIAeHHH KO3 (]-
(PUILIMEHTOB (v, BBICIIEro UJeHa MOJMHOMHAJBHBIX peineHndt (1.2.1)
crernenn m auddepenmanbLHoro ypasuenns (1.1.1).

[Tyctb unenbl ypaBHenus (1.1.1) 3anymepoBaHbl B 3aBUCUMOCTH
OT pa3MEPHOCTEN TaK, YTO

e >y =g == A =y > ),

(1)
T:O7p_1a0<p<N70<5<N_pvn:p+s+1aNa

a HyMepauus BbIJIeJIEHHBIX UJIEHOB YTOUHSETCS HA OCHOBAHHU OTHOCH-
TEJIbHBIX BECOB CJIE/YIOLLUM 00pa3oM:

n =n =...=n >n L 0<A<s, j=A+1s. (2)

Teopema 1. [Tycmo umerom mecmo coomnouwernus (1) u (2).
Toeda cnpasedausol ymsepacoenus:

a)npu
p=0,0<s <N,
(3)

0m5+1:0m5+2:...:0m7’:b0, s+1<r<N,

Koaghduyuenm oy, soicuLecO HAeHA NOAUHOMUANLHOO PeUleHUs
(1.2.1) cmenenu m = b, > [ dugppepenyuarpbrnoco ypasrenus

(1.1.1) s8asemcs kopHem ypasuerus

A r
al N K, (m)+ Y K, (m,am) = 0; (4)
h=0 n=s+1
6) npu
0<p<N,s=N-—-p,
()
Ompzlmp:...:lmp:ap, 0<i<p—1,
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Koaghduyuenm «,, soicuieco usena noauroma-peuenus (1.2.1)

cmenenu m = a, = | dugppepenyuaroroeo ypasnenus (1.1.1)
A845eMcs KOpHeM YpasHeHUs.

l

> K, (m,om +adeK = 0; (6)
7=0
B) npu
O<p<N,0<s< N —p,
(7)
Ompzlmp:...:lmp:ap,0<l<p—1,

Koaghdhuyuenm oy, 8olcuLeeo HAeHA NOAUHOMUANLHOCO PeUleHUs
(1.2.1) cmenenu m = ap, > [,m > b, Jugppepenyuarornoeo
ypasuenus (1.1.1) asasemcsa koprem ypasserus (6);
r)npu
O0<p<N,0<s< N —p,
(8)

PP rstl = ppptst2 = =Pm" =b,, p+s+1<r <N,

Koagpuyuenm o, 8olCuLeeO YACHA NOAUHOMUAALHO20 DEULCHIULS
(1.2.1) cmenenu m = b, > [[m < a, dugpgepenyuarornozo
ypasrenus (1.1.1) asasemcs KopHem ypasHeHus

A r
oy Kp+h( m) + Z K, (m,ay) = 0; (9)
h=0 =p+s+1
1) npu
O0<p<N,0<s< N —p, Ompzlmp:...:lmp:ap,
PPTsTl — pyp+s+2 —  _pyyT — by, (10)

ap:bpaoglgp_lap—i_s—i_lgrg]va
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Koaghduyuenm oy, soicuLecO HAeHA NOAUHOMUANLHOO PEUleHUs
(1.2.1) cmenenu m = b, = a, > | duppepenyuarvrnoeo ypasre-
Hus (1.1.1) asasemcsa kopHem ypasHeHrus

l A

ZKT(m,am)—i—a%’ Kp-l—h Z K, (m, o) =0. (11)
7=0 h=0 n=p+s+1

Jokaszaresbctso. Ilyctb nosmnom (1.2.1) crenenn m > [ sBasi-
eTcst pellieHdeM ypaBHenus (1.1.1).

[ToacraBasii w = w(z) B ypaBHenue (1.1.1), ¢ yuérom (1.1.2)
MOJIyYUM TOXKJECTBO, KOTOPOE TocJie AejeHus Ha (4.2.2) npuBoauM K
Buny (12.2.2).

Ecan A > 1, To uMeeT MecTo cooTHoLueHue (13.2.2).

Ecan A < s, To uMeer Mecto cooTHollenue (14.2.2).

Ecau nasi Beex 7 = 0,1, 0 < I < p— 1, crpaBeyiuBbl COOTHO-

0 1 _1

WeHHs: »;m + ny = dpm + 1y, T.e. "mP = "mP = ... ="'mP, 10

B e e _
LA LB s o, r =01, (12)
By, w7 () B

Ecmmpnaseex 7=1+1,p—1, -1 <1 < p— 2, cripaBe/UiUBbI
HepaBeHCTBA »;m + Ny < dpm + 1y, TO

my—m,
B,,. z

B, wh(z)

—0npuz—oo, 7=0l+1,p—1. (13)

EcmmansaBeex n =p—+s+1,r, p+s+1 < r < N, cnpaBenin-
Bbl COOTHOLLEHHST 36;m—+1y, = dpmA4n,, T.e. PmP sl = Pyprst2 —
=...=Pm", 10

B p =y _
BM' flp”"( )_)%O‘:: " puz oo, n=prstLr. (14)
wp W z p
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Ecmmpnsaseex n=r+1,N,p+s+1<r < N-—1, cnpaBes-
JIUBBI HEPABEHCTBA s¢,yMm + N, < dpm + 1y, TO

mp—my
Bﬂn 4

B, wh T (2)

—0npuz oo, n=r+1,N. (15)

[lyctb npu ycoBuu (3) crenedb m noJuHoma-penienus (1.1.2)
ypaBHenus (1.1.1) TakoBa, uto m = b, > L.

Torna us Toxnectsa (12.2.2) B pedysibrate nepexojia K npejeny
npu z — oo, Korna r = N (korma p+ s+ 1 < r < N), Bcay-
yae s = 0 Ha ocHoBaHu (14) (Ha ocHoBanuu (14) u (15)), B cayuae
s > 0,\ = 0 na ocHoBanuu (14.2.2) u (14) (na ocnoBanuu (14.2.2),
(14)u (15)), Bcnyuae s > 0, A = s Ha ocHoBanuu (13.2.2)u (14) (na
ocHoBanuu (13.2.2), (14) u (15)), B ciyuae 1 < A < s Ha ocHOBa-
Huu (13.2.2), (14.2.2) u (14) (na ocuosanuu (13.2.2), (14.2.2), (14) u
(15)), nosyuaem ypaBHenue (4). To 10Ka3bIBAET yTBEPKIEHHE A).

AnanoruuHbiM 06pa3oM, HCMOJb3Ys TpeesbHbIN Tepexo Mpu
z — 00 BToxaecTBe (12.2.2), Ha ocHoBanuu (13.2.2), (14.2.2), a Tak-
x,e (12) — (15) B kKax10M U3 cayuaeB 6) — J1) 0Ka3biBaeM chopmy-
JpoBaHHbie B TeopeMe | yrBepxkaeHus. M

[Mpumep 1. Paccmorpum nuddepeniinanbHoe ypaBHeHe

P, (2)wY) (w3 + P, 2(,z)w(lv)w”’w’w +

0,13
—|—P2,10(z)w”’(w’)2 —|—P3,18 (2)wVDw + (16)
+ P4,22 (w(v))2 + P5,14 (Z)w(lv)wl + P6,25 (Z)w(VI) =0,

riue ‘Pz'j — NNOJIMHOMBI C .erKCI/IKOFpaCbI/I‘{eCKI/IM pacroJo2KeHNEM HUJIEHOB

Pl.j(z) :Bijzj +...,V2€C, B, #0,i=0,6.
UsieHbl ypaBHeHUs (16) HMEIOT XapaKTepUCTHKH:

=2, [, =25;

by =13, %, =4, m;=11, n o

0
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1)2:107 %, =3, m, =5 n,=5 [, =3;

by =18, s, =2, my =6, n, =12, [, =6;

4

DyHKIWMK CTENeHH
Sy(m) =4m+2, S, (m) = 4m — 6, Sa(m) = 3m + 5,
S,(m) = 8,(m) =2m+12, S,(m) =2m +9, S;(m) =m + 19;
C MHOKECTBAMH OTpeJie/IeHHs]
D(S,) = D(S,) = N\{1,2,3,4}, D(S|) = D(S,) = N\{1,2,3},
D(S,) =N\{1,2}, D(S,) = D(S;) = N\{1,2,3,4,5}.
Tak kak y ypaBHeHust (16) mopsiiki usieHOB TaKOBbI, UTO
L= m%{[i} = min{5,4,3,6} =3,

TO OHO MMeeT TPUBHAJIbHbIE MMOJMHOMHAJbHbBIE PEellIeHHs] HyJ1eBOH, TepBoOi U
BTOPOH CTENEeHEH.

[TosiMHOMHAMLHBIE peueHus ¢ HEOCOOBLIMHU CTEMEHAIMU M =5 U m =4
JOCTaBJAOTCS COOTBETCTBEHHO UJIEHaAaMU ¢ HOMEpaMu O, 4u 2, 5, TaK KakK

Om* =5 = max{l,, [,} = max{5},

S,(5) = 5,(5) =22 > S,(5) =20 > 5.(5) = 19 > S, (5) = 14,

2,,5

m® =4 = max{l,, [} = max{3, 4},

S,(4) = S.(4) =17 > S, (4) = 10,

a wienbl ¢ Homepami 0, 3, 4, 6 06palIaloTCs B TOXKAECTBEHHBIH HYJIb.
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Jlpyrue usnenbl ypaBHeHusi (16) HeocoOble CTENEHH He OTIPeNEeISIOT.
JleficTBUTEIBHO, UKCIA

He SIBJISIIOTCSI LIEJIBIMH; TO, UTO
Om? = 3 < max{[, [,} = max{5, 3} =5,
Om3 =5 < max{l, [,} = max{5, 6} =6,

npotuBopeunt Teopeme 1.2.1; a o, uto

'm?=11>max{[ ,[,} = max{4,3} =4, no S, (11)=46 > 5, (11) =38,

'm? =9 > max{[,,[,} = max{4, 6} =6, o S, (9) = 38 > 5, (9) = 30,

'm* =9 > max{l,,,} = max{4, 5} = 5, o 5, (9) = 38 > 5, (9) = 30,
*m3=7>max{l,, [,} = max{3, 6,} =6, 10 5, (7) = 30 > 5, (7) = 26,
?m* =7 > max{l,, [,} = max{3, 5} =5, no S, (7) = 30 > 5, (7) = 26,
?mb =7 > max{l,, [;} = max{3, 6} =6, Ho S, (7) = 30 > 5, (7) = 26,

3mb =7 > max{l,, [} = max{6} =6, Ho S, (7) = 30 > S,(7) = 26,
4mb =7 > max{l,, [;} = max{5, 6} = 6, no S, (7) = 30 > S, (7) = 26,
®m®=10>max{l;, [;} = max{4, 6} = 6, no S, (10)=42 > S, (10) = 29,

npotuBopeunt semme 1.2.1.
B ypaBuenuu (16) umerorcs 1Ba 6J10Ka ¢ paBHbIMH Pa3MEPHOCTSIMH:
=2 =4 N oy =0 =, =2

[TepBbiii 6J10K 0COOBIX CTEMEHEE He H0CTABJISIET, TAK KAK HE BBIMTOJIHSIET-
cst yeaoBue (5.3.1):

=2>n, = —06.

n 1

0
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[Tockosbky n, = n, = 12 > n, = 9, 10 cormacno Teopeme 2.3.1
0coOble CTeNeHH MOTYT I0CTABJSATLCS UleHaMH ¢ HOMepaMH 3 U 4.

Ecan renepsb yuects, uto [, = 6, [, =5, T0o MOXKHO FOBOPHTD JIHILIb 06
0COOBbIX cTerneHsx m = 6.

[Ipu m > 6 sHaueHus

Sy(m) =4m+2 > S5,(m) = S, (m) =2m + 12,

1 Hapyuiaetcs ycsoue (6.3.1) Teopembt 3.3.1.
[TosToMy 1 BTOpOI 6J10K He orpeesneT 0coObIX CTeneHeH.

[Ipu m = 4 unennl c Homepamu 0, 3, 4 u 6 obpaiialoTest B ToXKe-
CTBEHHbIH HYJb, a

w,>ux,. =d. =2,71=1,7=2,32 =4, x, =3,

5 =4, max{l;, [,, L} =4

B cuuty ytBepakieHust 6) TeopeMbl | y BBICIIETO UjieHa MOJMHOMHATLHOTO
peliieHust KOSPhUIIMEHT

_ 55,14
* 462,10

[Ipu m = 5 unens! ypaBHenus (16) ¢ nomepamu 3 u 6 o6paiaiorcst B
TOK/I€CTBEHHBIH HYJIb, a

>

=% =dy=4>x,n=2,n1=4n=5,

;{:37 —2%—2b—5 maX{0;1)27475}_5

B cuiy yreepennust a) reopembl 1 Ko3hpUUMEHT v, BbICLIErO YeHa

MOJIMHOMHAJIbHOTO pEUIeHUs SIBJIFACTCSI KOPHEM YPABHEHHUs

2008, 1307 + 38, 5, =0
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§ 4. [TloanHOMHaNbHbIE peLIeHUs
ypaBHeHu P-tuna

B kauecTBe npu/oxKeHHsl pe3ysbTaToB TPEX MPeblIyLHX napa-
rpadoB paccMOTPUM OObIKHOBEHHbIE T depeHInaIbHble ypaBHEHHS
P-tuna, To ecTh, ypaBHEHHUS], pelieHHs] KOTOPbIX He UMEIOT MOIBHK-
HBIX KDUTHUECKHX 0COOBIX TOUEK [2].

B sTom ksacce ypaBHeHHH BbIEJIUM 1LIECTh HEMPUBOIUMBIX ypaB-
Henuit [lennese [2, ¢.426—478] u crneuyalbHble YypaBHEHHST TPETHErO
nopsizka [104;107; 108; 109].

UsieHbl nepBoro HenpuBoauMoro ypaBHenus [lensnese

w” —6w? —z2=0 (1)
MMEIOT XapaKTePUCTHKH:
by =0, =1, m =2, n = -2, [ =2
b,=0,5,=2,m =0,n, =0, [, =0;
b,=1,%,=0,m,=0,n,=1,[,=0.

[TockoJibKy nepBoe HempuBoaMMOoe ypaBHeHHe [leHseBe conep-
YKUT TOJIbKO OJIMH JIOMHHHUPYIOLIMI ujieH ¢ HoMepoM 1, To, mo cjen-
creuio 1.2.2, crenenn m > [ = 2 ero noJMHOMHAJbHBIX pelleHui
YIOBJIETBOPSIIOT HEPABEHCTBY

1 1
m < max{oml, 1m2} = max{ -2, 5} =3

1
B cuity nostyueHHOro npoTUBOpeuHs (m = 2,m< 5) ypaBHe-

Hue (1) NoJMHOMHAJIbHBIX PELeHUH CTeNeHn m 2> 2 He UMeeT.
[Ipn m < 2 paccMOTpPUM yKOpPOUEHHOE ypaBHEHHE

6w? + 2z =0,

KOTOpO€, KakK OYEBHUAHO, MOJIMHOMHAJbHBIX pemeﬂnﬁ He UMeeT.
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Taxkum o6paszom, nokazana ( cm. [57, ¢.43; 12-14])

Teopema 1. [lepsoe nenpusodumoe ypasuernue llennrese (1)
NOAUHOMUANLHOLX PeULeHILL He UMeem.

YpaBHeHue
w”" — 2w — 2w — a =0, (2)

rIe « — HEKOTOopasl MOCTOSIHHAS, Ha3bIBAETCS BTOPBIM HENMPHBOIH -
MbIM ypaBHeHHeM [leHJseBe.

Teopema 2. Bmopoe nenpusodumoe ypasuerue [lenarege (2)
umeem mMoabKO 0OHO NOAMHOMUANbHOE pelieHue

w:z—0,VzeC, npu a=0.

JokaszarespbctBo. Uinenbl nuddepenuransioro ypaBHenus (2)
MMEIOT XapaKTePUCTHKH:

by =0, =1, m =2,n = -2, [ =2

[TockoJibKy BTOpoe HerpuBoJuMoe ypaBHeHue leHsieBe conep-
JKUT TOJIbKO OJIMH JIOMHHHPYIOUIMH UJieH ¢ HoMepoM 1, To, o cJjef-
ctBuio 1.2.2, crenenn m > [ = 2 ero noJMHOMHAJIbHBIX pelleHHH
YIOBJIETBOPSIIOT HEPABEHCTBRY

1
< 01 1,02 1 3}: {_1_0}:_'
m < max{®m', 'm? 'm max 1 5
1
B cuaty nostyuenroro npotuBopeuns (m >2,m < 5) ypaBHe-

Hue (2) NoJMHOMHAJIBHBIX PELeHUH CTeNeHn m 2> 2 He UMeeT.
[Ipy m < 2 paccMOTpPUM YKOpPOUEHHOE ypaBHEHHE

2w + 2w+ a=0.
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[Ipu o« # 0 3To ypaBHeHHe He UMeeT MOJHHOMHAJbHBIX pelle-
HUI TepBOH U HYJIEBOH CTENEHH, B UéM yOexK1aeMcsi HeMoCPeACTBEHHO
MOJICTaHOBKOH.

Ecmm a =0, To w =0 — nosunomuansHoe peuteHue. ll

Brnepsble Bonpoc 06 0JHO3HAUHBIX ajrebpanyecKux peLleHHsIX
ypaBHeHus (2) 6b1 pacecmotped noapo6Ho AWM. Sl6monckum [149],
nosatee A.I1. Bopo6béBbim [11].

Teopema 3. Tpemove Henpusodumoe ypasrerue [leniese

zww” — z(w')? + ww' — yzwt — aw? — pw — 52 =0, (3)

ede «, 3,7y, — HeKomopvle NOCMOSHHbLE, UMeemn NOAUHOMU-
QAbHbLE PeULeHUSL:

a) w: z—0,VzeC, npu § =0;
6) w:z — C,Vz € C, u w: 2z — Cz,Vz € C, ede C —
NPOU3BONLHAAL NOCMOARKAL, npu o« = 3=~ = 0§ = 0;

B) w: z — :E\/—é,VZE(C, npu ayd # 0, 82 +8a® =0 u
a

npu vy =06=0, af #0;
r) w: z — C;,Vz € C, ede uucara C; — KOpHU YypasHeHUs
yC 4+ 86=0, npu ao=F3=0, v # 0;

)
a)w:Z%—Bz,VZE(C, npu a=~v=0, 5 #0, 6+52 # 0;

e) w:z — Bz+C,Vz € C, ede uucaro C — npoussoivHas
nocmosnuas, npu o=y =0, 36 #£0, § + 32 = 0;

X)) cmenenu m =2 npu o=y =0.

Lokasarespctso. Eciin § =0, 10 w: z — 0, Vz € C, siBaisiercs
peuieHrem ypaBHenusi (3), anpu o« = 3 = v = § = 0 pelieHuem
oyner w: z — C, Vz € C, rne C — npou3BoJibHasi IOCTOSIHHAS.

IT0 — TpUBHAJbHBIE TIOJUHOMUAJbHBIE pEIEHUsS TPEThero
Henpusoaumoro ypasHenust [lensese. Haiiném netpuBuasbHble noJiu-
HOMHaJIbHbIE PellleHH s,

YpaBHeHuUs (3) UMeeT XapaKTepUCTHKH:

Bozlvbozlv s, =2,my=2,n,=—11,=2
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B,=—-1,b=1,%=2m =2 n =—-11 =1;

B,=10b,=0,5, =2 m,=1,n,=—-1,1[, =1,
Be=—7b,=12,=4m, =0,n,=1, [, =0;
B,=—a,b,=0,2=3m=0,n,=01,=0;
Bs=—0,b,=0,,=1,m =0,n, =0, [ =0
Bg= —0,b; =1, 2,=0m;,=0,n,=1, [[ =0.
[TockosibKy npu v # 0 pasMepHOCTH
ry=4> 0, =3> 0, =x =, =2> 3, =1> 3, =0,

TO HAa OCHOBAHHH CJIEACTBHSA 1.2.2 ycTaHABIUBAEM, UTO €CJIH TTOJMHOM
(1.2.1) crenenn m > [ = 2 saBjsiercs pelleHueM ypaBHeHus (3), TO

A 1
mémax{lm3:i20,6,i7é3}:max{—l, —g,o}:o.

[Ipn v =0, o # 0, 1o caenctauio 1.2.2, ec/iv MoJMHOM CTeMeHH
m > 2 §IBJISIeTCs1 pellleHueM ypaBHeHus (3), To

. 1y 1
m<max{2m4:z':o,6,z'7é3,¢7é4}:max{—Lo,5}:5.

CaienoBatenibio, pu v # 0 unpu v =0, o # 0 NoJMHOMHANb-
HBIX PELLEHUH CTeleHn m > 2 y ypaBHeHUs (3) HeT.

[Tyctb
a=y=0, 18]+ |85 #0(a=pf==05=0).

Torna corniacHo yTBep:kaeHuio ) TeopeMbl 2.2.2, ecyid uucjo m = 2
sBJIsileTcsl cTenenbto peulenns (1.2.1) ypaBHenus (3), To oHO Oyjer
KopHeM ypaBHeHusi (11.2.2), KoTopoe B IaHHOM cJlyuae UMeeT BU]L

m(m —1) —m? +m = 0.
Jlio6oe m > 2 — KopeHb 3TOT0 ypaBHEHHSI.
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Cualeryet 3aMeTHTb, UTO TPU
a=v=0,|6]+1[6|#0

JUist 060CHOBAHHUST BO3MOXKHOCTH MTPUMeHEHHS yTBeP:KJieHHs 6 ) Teope-
Mbl 2.2.2, 4MCJI0 M 2> 2 JI0JRKHO YAOBJIETBOPSITH YCJAOBHIO

m >max{'m’:i =56} = 1.
CraJio 6bITh, ecsid ypaBHeHue [lensieBe (3) nmeeT noJMHOMHANb-
Hoe petenue (1.2.1) crenenn m > 2, To a =y = 0.
[Ipu m =1 paccMOTpUM YKOpOUEHHOE YpaBHEHHE
z(w')? —ww' +yzwt + aw? + fw + 5z =0 (4)
C XapaKTepUCTHKAMHU:
B,=1,b,=1,2=2m =2n,=—1, [, =1;
B, =—-1,b =0, =2 m =1,n=—-1,[ =1;
By=7b,=1 3% =4 m,=0,n,=1,[, =0;
By =0,b,=0, 2,=3, m,=0,n,=0, [, =0;
B,=06,b,=0,5,=1, m,=0,n, =0, [, =0;
By =0,b,=1,2 =0, m =0,n,=1, [ =0.
Tak kak npu v # 0 pazmepHoCTH
Hy=4> 0, =3>x, =0, =2> 3, =1>3, =0,

TO coryiacHo caencteuio 1.2.2, ecan nosunom (1.2.1) crenenn m = 1
SIBJISIETCS pellleHreM ypaBHenust (4), To

. 1
mémax{’mZ:i:O,B,i;éﬂ :max{—l, —5,0} =0.
Ecmixe y=0, a# 0, T0
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wy=3>x, =3, =2>3x,=1>3 =0

¥ coraiacHo caeacteuio 1.2.2 u3 toro, uro nmosuHoMm (1.2.1) crenenu
m = 1 sBJisieTCsl pellleHneM ypaBHeHus (4 ), mosyuaem:

, - 1y 1
mgmax{lm3:z':0,5,i¢2,z'7é3}:max{—1,o,§}:—.

Wrak, npu || + |y| # 0 ypaBHenue (4), a 3HAUUT, U ypaBHeHHE
[Tennese (3) He UMEIOT MOJIMHOMHAJIbHBIX PelIEHUH MEPBOH CTEMEHH.

Ecim a = v = 0, || + |6] # 0, To cormacHo yTBepKAEHHIO
6) Teopembl 2.2.2 ypaBHeHHe (4) He0OX0IUMO HMeET MOJMHOMHAIbHOE
pewenue (1.2.1) crenenn m = 1.

HenocpencTBeHHO MOJACTAaHOBKOH MOJIMHOMA MEePBO# CTerneHu 06-
111er0 BUJIA B ypaBHeHHUe (4 ) moJjiyuaem, uTo:

npu a = v =0, 85 # 0,6 + 3% # 0 ypasnenue (3) umeer

NOJUHOMUAJILHOE pPellleHHe w: 2 — — B z, Vz € C;

Qynpy a = v = 0,85 # 0,5 + 2 = 0 ypasnenue (3)
MMeeT OJIHOTIapaMeTPHUeCKOe CEMENCTBO MOJMHOMUAJBbHBIX PelleHnH
w: z— Bz+C,Vz e C, rne C' — npousBoJibHas MOCTOSHHAS.

Ecimn o = =+~ =9 = 0, To cOracHO yTBEPKJIEHHUIO &) Teope-
Mbl 2.2.2 ypaBHeHHe (4) HEOOXOAUMO UMeET MOJHHOMHAJbHOE pellle-
nue (1.2.1) crenenn m = 1.

[ToncraHoBKOH MoJIMHOMA MepPBON CcTerneHH oOlUIero BUaa B ypaB-
HeHue (4) noaydaem, uto npu o = § = v = & = 0 ypaBuenue (3)
umeer petenne w: z — Cz, Vz € C, rne C — npousBoJibHAs MO-
CTOSIHHASI.

[Ipu m = 0 paccmaTpuBaeTcsi yKopoueHHOE ypaBHEHHE

yzw* + aw? + fw + 5z = 0,

13 KOTOPOTO HEMOCPEACTBEHHO MOJACTAHOBKOH yCTaHABJIUBAEM Clpa-
BeVIMBOCTD yTBepKaeHuid B) u ). Ml
YKkaxkeM nojsiMHOMHaJbHble pelienus (1.2.1) crenenn m > 2 vy
TpeTbero HenpusoauMoro ypasHenust [lensese (3) npu o =y = 0.
[IpenBapuTesibHO 3aMeTHM, UTO B 3TOM cJiyuae ypaBHeHue (3) HH-
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Terpupyercs B kKBaapatypax [97,¢.35-40; 99] u umeet o611 HHTErpaJ
z:t —expt, w:t —vexpt,

raie v Takoe, 4yTo

:t+027

/ dv
VC1v? —28v — v

C1 u Cy — npou3BoJibHbIE OCTOSIHHBIE.
[lpn a = v = 0, %2+ m2§ = 0 ypasuenue [lennene (3) umeer
oJIHOMapameTpHuyecKoe CeMelCTBO pelleHuH

g

w: z—>C’zm+1+—22,
m

Vz € C,

rjae C — Npou3BOJIbHAsA MOCTOMIHHAA; a TOJIMHOM

2
w:z—>C’z2+ﬁz+ﬂTg6>V»Z€C»

rie C' — Npou3BOJIbHAS MOCTOSIHHAS, OTJIMUHAS OT HYJIsI, SBJSIOTCS
pelIeHUsIMH ypaBHeHust (3) npu a =y = 0.

B [58; 94] Tak:ke yKasaHbl c/iyyan HaJUUKst TOJMHOMHAJBHBIX pe-
1IeHnH y ypaBHeHus (3).

Teopema 4. [loauromuarvHoLMU peUleHUAMU 14emBEPMOeo
Henpusodumoeo ypasrenus [lenrese

2uw” — (w')? — 3w — 82w — 4(2? — a)w? =28 =0 (5)

asasiomes!:

a)w:z— —22,Vze€C, npu a=0, = —2;

!3ameTum, uto mosMHOMMANbHBIE pellienHs ypaBHenns (5) ykasaub B [95], Ho
He GbIIO JI0KA3aHO, UTO TO BCE BO3MOXKHBIC MOJHHOMHAJILHBIC PEIICHUS YeTBEPTO-
ro ypasHeHus [lensiese.

Takoro pona cHTyaLMM HMEIOT MECTO AJsl BTOPOTO, TPETBErO M paccMaTpuBae-
MBIX JaJiee MSITOr0 M LIECTOrO HENPUBOAMMBIX ypaBHeHHil [lenseBe, Koraa NpuBo-
JSATCS TIPUMEPbI TTOJTHHOMHABHBIX PEIICHHIT, HO He peliaeTcsl BOMPOC O TOM, BCe JIH
pelIeHUs - TOJHHOMBI HaliIeHbL.
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)

Nl )

6) w: z — —%Z,VZG(C, npu a=0, = —
B) w: 2z — 0,VzeC, npu f=0.
/lokasaresibcTBO. YpaBHeHue (D) HMeeT XapaKTePUCTUKH:
By, =2,b,=0,3, =2, m=2n,=—2, [, =2;
B, =—-1,b =0, =2 m =2 n = -2 =1;
B,=—3,b,=0,,=4,m,=0,n,=0, [, =0;
By=—8b,=1 =3 m=0n,=1 [, =0;
o= —-4b,=2,2=2m,=0,n,=2 [, =0;
B,=—28,b,=0,3,=0,m,=0,n,=0,[,=0.
[TockoJbKy
ry, =4> 0, =3 > 3, =, = 2, =2 > x, =0,

TO, IO CJeACTBHIO 1.2.2, mosiyuaeM, ecid uucjo m = [ = 2 asasiercd
CTerneHbio MoJHHOMHANBLHOTO peliienus (1.2.1) ypaBHenust (5), To

m < max{'m®:i=0,5,i# 2} =max{—1,1,0} = 1.

CaiennoBaTtesibHO, ypaBHeHue (4) MoJMHOMHAJBHBIX PELeHUH CTe-
MeHu m > 2 He UMeeT.

[TosMHOMHUAJIbHBIE pellIeHHsT TIEPBOH U HYJIEBOH CTENEHH HaXOJAUM
MOJCTAaHOBKOH w = ;2 + «, B ypaBHenue (). H

Teopema b. [Iamoe Henpesodumoe ypasrenue [leriese
222w — 222ww" — 322w(w')? + 22(w')? + 220w’ —
—2zww’ — 20w® + 6aw* — 2(622 + vz + 3o + B)wd — (6)
—2(62% — vz — a — 3B)w? — 68w + 283 =0,

ede «, B, u § — HeKxomopuvle NOCMOSHHbLE, UMeenl NOAUHOMU-
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QibHble peuleHus:
a) w: z—0,Vze€C, npu f=0;
6) w: z — C,Vz € C, ede C — npousdsorvHas NOCMOSH-
Hasg, hpu a =B =~v=9 =0;
B) w: z — 1,Vz € C, npu 6§ =0, |a]+ |B] + || # 0;
ryw:z— —1,VzeC, npu y=0,a+8=0, 6§ #0;

20
n w:z— ——z+4+1,V2eC, npu ayd #0, 3 = —0,5,
v

4ad + 2 = 0;
e) w:z— az+b Vz€C, ede a®> +25 =0, b>+28 =0, npu

1
o=, 070, v +640% +16520% — 865% + 64623+ 167°6 = 0;

K) cmenenu m > 1 makoii, umo m? +23 =0, npu 3 # 0,
a=y=4§ = 0.

LlokaszaresbctBo. Ecin 8 =0, To w: z — 0, Vz € C, siBasiercs
pelieHHeM ypaBHeHus (6); anpy o« = [ = v = § = 0 pelueHuem
oyner w: z — C,Vz € C, rne C — npou3BoJibHas TOCTOSIHHAS.
AT0 — TpUBHAJIbHOE U TPUBHAJILHOE MTOJIHHOMHAJILHOE PEllieHH s,

Jl1st HaxoKaeHUst HeTPUBHMAJbHBIX MMOJMHOMHAJbHBIX peLIeHHH
OMpeie/IMM XapaKTepUCTHKHU U/IeHOB ypaBHeHus (6):

By =2,b,=2,2,=3, m,=2,n,=0, [[ =2;
B,=—2,b =2, =2 m =2, n =01 =2
By,=—3,b,=2,%,=3m=2n,=0,[=1;
By=1,0b,=2 ,=2 m=2,1n,=0, [ =1,

B, =2,b,=1,,=3,m, =1, n,=0, [, =1;
Bs=—2,b,=1 2, =2 m =1, n,=0, [ =1,
Bs = —20, by =0, 5, =5 m;=0,n,=0, [, =0;

B, =6a, b, =0, 3¢, =4, m, =0, n, =0, [, =0;
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— 24 npu § # 0, 2 npu 9§ # 0,
By = | —2y npu § =0, v#0, by=|1mpu 6 =0, v#0,
—6a— 20 npu 6 = =0, 0 mpu 6 =v =0,

#, =3, my =0, ng =b,, [, =0;

— 24 npu § # 0, 2 npu § # 0,
By = |2y npu 6 =0, v#0, b= |1mpu 6 =0, v#0,
200+ 68 npu § = =0, 0 mpu 6 = =0,

ny =2, my =0, n, =0y, [[ =0;
B = 608, by =0, =1, my;=0,n,=0, [, =0;

10 -
B, =28,b,=0%2,=0,m,=0,n,=0,1,=0.
[TockosibKy npu o # 0 pa3mMepHOCTH
Hy=D> 0 =4> =, =, =y, =3,
3> =y =, =y =2> 30, =1> s, =0,

TO Ha OCHOBAaHMHU cJeACTBUS 1.2.2, ecam uncyao m > [ = 2 sapjsier-
cs1 CTeNeHbIo NosMHOMHabHOro pettenus (1.2.1) mupdepenumansio-
ro ypaBHeHusi (6), To

1npud # 0,

, 1
m < max{'m®: i =011, i # 6} = 5npué:o,wéo,

Onpuéd =~=0.

[Tostomy npu « # O ypaBHeHue (6) MOJMHOMHAJILHBIX PellleHUH
CTENeHn m > 2 He HMeeT.
[Iyetb o = 0. Torna

rny, =1, = 1, = xy = 3,

N
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3>m =y =3, =, =2> 3, =1>3, =0.

B cootBercTBui co caenctsueM 1.2.2, ecau uncyio m = [ = 2 s1B-
JISIETCS CTeNeHbIo NoJMHOMUAJLHOTO peltenus (1.2.1) ypaBHenus (6),
To Ipu || + || # O OHO yIOBJIETBOPSIET HEPABEHCTBY

m < max{'m®: i =T,1T, i ¢ {2,4,6,7,8}} = 0.

Paccmotrpum cayuaii, korna 6 = v = 0. Mmeewm:

v
N
I
N
I
N
I
N
I
“l\D

Hy =y, =, = g =3

2>x,=1>3%,=0, n,=n,=n,=n,=0.

Ha ocHoBanuu yTBep:kaeHusi 6) Teopembl 2.2.2 noJiydaem, 4to ec-
JM UyhucJio m = [ = 2 Takoe, uTo

m>max{im0:i: 1,11,:i ¢ {2,4,6,7,8}} =0,

SIBJISIETCS] CTEMeHbIO MOoJMHOMHUANbHOrO pellienus (1.2.1) ypaBHeHusi
(6), To oHO GyneT KOpHEM YpaBHEHHUS

m? + 28 = 0. (7)

Takum o6pasom, ec/ii UHcsI0 m > 2 SBJSIETCS CTENEHbIO MOoJIH-
HoMHUaJIbHOTO petienus (1.2.1) nuddepenumnansHoro ypaBuenus (6),
T0 B#0, « =7 =0 =0 10oHO — KOpeHb ypaBHeHHUs (7).

[Ipn m =1 paccMOTpUM yKOpoueHHOe ypaBHeHHe

322w(w")? — 22 (w')? — 2zw?w’ + 2zww’ + 20w’ —
—6aw* +2(02% + vz + 3a + Bw + (8)
+2(02%2 — vz — a — 3B)w? + 6pw — 28 =0,

KOTOPOeE T0JlyuaeM 0TOpachiBAHWEM HYJIEBOTO U MEPBOTO UJIEHOB B (6).
[Ipn o # 0 pazmepHOCTH

He =5> 0, =4> x, =, = s, =3,
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3>, =0, =2, =2> 0, =1>3, =0.

Torna, no caencteuio 1.2.2, ecoin uncyio m = 1 aBJjsieTcs cTerne-
Hb10 MOJIHHOMHUABLHOTO pelienus (1.2.1) ypaBHenus (8), To

1, ecou § # 0,

, 1
m < max{'m®: i =211, # 6} = 5,ecnn5:0,77ﬁ0,
0, eciu 6 =v=0.

OTO BO3MOXKHO JIULLL TPH & # 0.

HenocpencTenHoit nojacraHoBkoil B ypaBHenue (8) npu ad # 0
NoJIMHOMA MEPBOH CTEMEeHH, YCTaHABIUBAEM, UTO ypaBHeHue (6):

a) npu

ayd #0, B= —=, 4a6 +v2=0

DN =

HUMeeET IMOJIMHOMUAJIbHOE pemeHHe
26
w:z— ——z+1,VzeC
¥
6) npu
1
a=z, § #0, v* + 6462 + 16326% — 86672 + 64525 + 16725 =0

UMeeT pelieHue
w:z—az+bVzeC,
r71e a ¥ b MoCTOSIHHbIE TAKUE, UTO
a’?+20=0, b>+23=0.
[Iyetb o = 0. Torna

My =y =g =3 > sy =, =y = 2>, =1> 3, =0.
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ITo caenctBuio 1.2.2, ecoii uncsio m = 1 — crenedb NOJUHOMU-

anbHoro petienns (1.2.1) ypaBnenus (8), To npu [d| + |y| # 0 ono
YIOBJIETBOPSIET HEPABEHCTRY

m < max{'m?: i =311, i ¢ {4,6,7,8}} = 0.

Wrak, npn o = 0, ||+ || # 0 ypaBHenue (6) moJMHOMHABHBIX
pEeLLIeHUH epBOK CTENEHU HE UMEET.

Paccemorpum cayuah o = v = 4§ = 0.

B cuity yrBepKaenus 6) Teopembl 2.2.2, ecsiv ypaBHeHHe (8) nMe-
eT rnoJitHoMuaJsibHoe pettenue (1.2.1) crenenn m = 1, T0

m > max{imZ: i=3,11,i¢ {4,6,7,8}} =0
U m = 1 6yner KopHeM ypaBHeHus (11.2.2), koTopoe B 1aHHOM cJly-
yae umeet B 3m? — 2m + 26 =0, To ecTb, = — % )
HenocpencTBeHHO MOACTAHOBKOH TMOJMHOMA MEPBOH CTENEHU B
ypaBHenue (8) npy @ = v = 6 = 0,8 = — % noJiyyaem, uTo

w:z — Cz+1,Vz € C, tne C — npousBoJibHasH MOCTOSIHHAS,
sABJIsIeTCs pelilleHneM nuddepeHasbLHOTO ypaBHeH s (6).
[Ipu m = 0 paccMOTpUM YKOpOUEHHOE YpaBHEHHE

aw® — 3aw* + (022 + vz + 3a + B)w? +
+ (622 — vz —a — 338)w? + 3w — 3 =0,
Ha OCHOBAHWM KOTOPOTO MOJyUaeM, uTo TIpH
lal + 18]+ #0, 6=0
JuddepeHtranbHoe ypaBHeHde (6) UMeeT pellieHne

w:z— 1, Vz e C;
a npu
v=0, a+8=0, §#0
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MMeeT pelieHne
w:z— —1,VzeC.

ot ypaBHeHus (6) ykaszaHbl BCe BO3MOXKHOCTH CYLIECTBOBAHHUS
noJIMHOMUaJLHBIX petiieHui.

Haub6osee 3Haunmble uccaenoBanus no (6) BoimoJsiHeHb! B [98].
Hanpumep, npu
a=y=0=0

ypaBHenue [lensiese (6) nmeet peleHus

+/=28

w=Cz +1,

rie C' — npou3BoJibHAsl MOCTOSIHHAS, CPEIM KOTOPBIX MPHU COOTBET-
CTBYIOLLIEM BbIOOpe napameTrpa [ CoAeprKaTcs U MOJHMHOMHAJbHbIE.

Teopema 6. [[lecmoe nenpusodumoe ypasrnenue llernrese
22%(2 — 1)2wdw” — 22%(2 — 1)2(2 + Dw?w” + 223(2 — 1)?ww” —
—32%(z — 1)2w?(w')? + 222 (2 — 1)%(z + Dw(w')? —
— 23z = 1D2(w)? + 22(2 — 1)2(22 — Dww' —22(2 — 1) -
(22 4+ 22 — Dw?w' +223(2 — Dww' — 208 + (9)
+da(z + Dw® —2((a+8)22 + (da+B+v+ )z +a—yw +
+4((a+B+7+0)z+ (a+ 3 —7—6))zw® — 22((6+7)2° +
+(a+4B8 -y +0)z+ B —0)w? +462%(z + D)w — 2623 =0,

ede a, B,y u § — Hekomopvle NOCMOAHHbLE, UMEEeNn NOAUHOMU-
anvrble pewerus (1.2.1) cmenenu:

aym>=2, ecm a=0,am?—2m+6+#0;

6) m=1;

B) m =0
npu o # 0, 8 =
62
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a=0=v=40=0, cyyyecmayem o0HONAPAMEMPUULECKOE CE-
meicmaso pewenuii w: z — C,Vz € C, ede C — npoussoivras
nocmoaxnas, anpu =0 — pewernue w: z — 0, Vz € C.

LlokaszaresbctBo. Ecim 8 =0, To w: z — 0, Vz € C, siBasiercs
peuiendeM ypaBHeHus (9), anpu a« = f = v = § = 0 pelueHuem
oyner w: z — C, Vz € C, rne C — npou3BoJibHasi IOCTOSIHHAS.

IT0 — TPUBHAJILHOE H TPUBHAJIbHOE MOJHHOMHAJLHOE PEllIeHHSI.

JInsi OThICKAHHSI HETPUBHMAJbHBIX TMOJMHOMHAJBHBIX pellIeHHiH
OTpeJIeJIM XapaKTePUCTHKU UieHOB ypaBHeHust (9):

ﬂ0:2’ 60:47 sy =4, my=2,n, =2, [ =2
B,=—=2,b =5 3% =3m =2 n =3[ =2;

By=2b,=55=2m=2n,=3[=2

B,=2,b,=5 =3 m=2n,=3 [, =1,
B,=—1,b,=5,3% =2 m =2n,=3, [ =1

ﬁ6:47 b6:47 %6:47 m6:17 1‘16:37 [6:1’

Bs=2,by=4, %, =2, m;=1,n,=3, [, =1,
By = —2a, by =0, 22, =6, my =0, n, =0, [[ =0;
By =40, b, =1, 22,=5 m,=0,n,=1,1,=0;
—2(a+d)mpua+4d #0,

By=|—2@a+B+y—00)ynpua+d=0,4a+F+v—0 #0,
—2a—vy)mpua+0=0,4a+5+~v—90 =0,
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2npu o+ 6 # 0,
b,=|lmpna+d=0,4a+B+v—-05#0,
Onpua+d6=0,4a+8+~v—6=0,

B.H. TopGy3os

w, =4, m, =0, n, = b11? [11 =0;

5. — [4(a+ﬁ+7+5)npna+ﬁ+7+57€0,
P 4la+B—y—0)mpua+B+y+d=0,

12

_ [2Hpna+ﬁ+’7+57€0,
C|lnpua+B4+y+5=0,

Mg = 3, my, = 0, n, = b127 [12 =0;

—2(B4+y)npu B+~ #0,
Bs=| —2(a+4B8—-v+6)npu+v=0,a+48 —v+6 #0,
—2(B-0)npuB+v=0,a+4f -y +3=0,

3npu 3+~ #0,
b13: 2Hp“ﬁ+7207a+4ﬁ_7+57§07
lopu+~v=0,a+48 —~v+46 =0,
Hyy =2, my =0, 0, =0y, [; =0;
B =40, by, =3, =1, m, =0, n,=3, [, =0;
Bis = —28,b,=3, »%,=0,m,=0,n,=3,[,=0.
[TockosibKy npu o # 0 pasmMepHOCTH

My =0>0,=0>0y =0, =05y =0, =4>xn =1, =

M, =M, =3 >, =, =y =, =2 >, =1> 3, =0,
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TO, 10 caeaAcTBuio 1.2.2, ecin uncjio m > [ = 2 siBjisieTcst CTeNeHblo
NOJHHOMHAJILHOTO pelileHust ypaBHeHus (9), To

mémax{gmi:i:O,lf),i;ég}:l.

CraJio 6bITh, MTOJHHOMHAJBHBIX pelienui (1.2.1) crenenn m > 2
y micdepeHimanbHoro ypaBHeHust (9) npu o # 0 HeT.
[Ipn o = 0 pas3mepHOCTH

:%3

3>u, =0, =0y =0, =2>x,=1>3,=0

max{’m’: i = 1,15, i ¢ {3,6,9,10,11} } = 1.

[To yrBepxaeHuto 6) Teopembl 2.2.2, ecqn uncsio m > [ = 2 sB-
JISIETCS! CTENeHbl0 MOJIMHOMHAIBHOTO pelienust ypaBHeHus (9), To oHo
OyJieT KopHeM ypasHenust m? — 2m + 26 = 0.

[Ipn m =1 paccMoTpuUM yKOpOUeHHOE ypaBHEHHE, KOTOpPOe Mo-
Jyuaem U3 (9) orOpacbiBaHHEM NEPBbLIX TPEX UJIEHOB.

[TockoJbKy
53(1) = 54(1) = 56(1) = 57(1) =6> Si(l)a

rae i = 5,15,i # 6,1 # 7, 1o, no jemme 1.2.1, uncsio m = 1 Gyzuer
CTerneHblo MOJHHOMOB-pellleHui ypaBHeHus (9).

[Ipu m = 0 paccmaTpum yKOpoueHHOe ypaBHEHHE, KOTOPOE Mo-
Jyuaem U3 (9) or6pacbiBaHHEM MEPBBIX JIEBSTH UJIEHOB.

Ecmn 8 #0, T

$,,(0)=5,.(0) =3 > S;(0), i =9,13.

[To nemme 1.2.1, unesio m = 0 Oyaer cTeneHblo NOJMHOMHANb-
HOTO pelleHHst ypaBHeHHs (9).

Eciu B = 0, |a| + || + |d] # 0, To B cuty yTBEp:KIeHHUS B)
Teopembl 1.2.2, ecsiv uncyio m = 0 sBJsIeTCS CTENEHbIO MOJMHOMM-
aJILHOTO pellleHust ypaBHeHus (9), To

m > min{13mi: 1=29, 12}.
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DTo BO3MOXKHO B JIBYX cJydasix, korna v = 0, o+ # 0 u Korzia
v=0,a+6=0, a#0. 1

Hanpumep, eciu 8 £ 0,y =0, wmu = =0, + 4 # 0,
wi f=~v=0, a+0 =0, a# 0, toypaBHenue [lennene (9) umeer

petienre w: z — 1,Vz € C; eciu § =0, = =, To — pellleHHe

2
1

w:z — z,Vz € C;ecnn § =0, = = 5,52 — 2, TO —

penienne w: z — 2z, Vz € C, [96; 100].

Teopema 7. Ancebpauueckoe duggpepernyuaivroe ypasmenue

1
ww'w" — wie" — (1 _ —)wQ(w”)Q _
v

1
—a,w(w')?w” + (4(1 — —) —a+ al)w?’w’w” +
v

(10)

+ awtw” — b, (W) + (b, = b)w?(w')> +

+ (b— c—4(1 — l))7,04(11/)2 + (¢ — d)wbw' + dw® =0,

v

ede v — yenoe 4ucao0 omauuHoe om Hyad; a, b, c,d, a, u b
CYMob HEKOMOpble NOCMOAHHbLLE, MONCEM UMemMb NOAUHOMUANb-
Hble peuleHus:

a)cmenenu m =2 npu

1 - -
a:c:d:(),b:4(1——>:a1+2b1,a1+b17é0,

v

uau npu

1
a#0,c+d=0, a—|—2b:8<1——>;

14

6) cmenenu m = 3 npu 8bLNOAHEHUU XOMA Obl 00H020 U3
YcAo8Ul:
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a=c=d=0, b=4(1—1), (b+a)b, —b)£0; (11)

a:c:d:O,b:glz4<l—%>#—al; (12)
a:c:d:O,b:—a1:4<1—%>#gl; (13)
c=d=0, a(b—4(1—%)) £ 0; (14)

npuuém npu sotnoanenuu ycaosud (11),(12), (13) uucao m 0doac-
HO OblmMb KOPHEM YPABHEHUA

(a, +b, —1)ym%— (b+a, —3)m —2=0, (15)

a npu seitnoaneruu ycaosuii (14) — Kopruem ypasrenus

1

<a+b—4(1——))m—a:O. (16)
14

Taxkorce cywyecmesyrom mpusuaipbHoe peuteHue, mpusuaibHole

NOAUHOMUANbHBLE peuleris Hyresol cmenenu npu d = 0, nepsoll

cmenedunpu b=5b, =c=d=1—— =0 usmopoil cmenenu
14

npu a=a, =b=>5, :c:dzl—lzo.
v
JlokaszaresbcTBo. B Ha/Muuu TPUBHAJIBHOTO M TPUBHAJBHBIX MO-
JIMHOMHUAJbHBIX pelleHnil y auddepenuranbioro ypaBrenusi (10)
y6exK1aeMcst HermoCpeICTBEHHO T0ICTAaHOBKOM.
JI1st oTbICKaHUsI HETPUBMAJIBHBIX MOJHHOMHAJbBHBIX peLleHHH
(1.2.1) onpenensieM XapakTepUCTHKH usieHOB ypaBHeHust (10):

/80:17 bO:07 %0247 mO:47 nO: _47 [023;

51: —1, bIZO, %1:5, m1:3, n, = —37 [1:3’
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1
B, = —(1——),1;2:0, sy =4, my =4, n, = —4, [, =2;
12

=4, = —4, [, =2

1
3, :4<1—;)—a+a1, b, =0, 5, =5 m, =3 n,=-3, [, =2
=6, m, =2, n, = -2, [, =2

=4, n, = —4, [, =1;

B, = —b,, by =0, 5, =4, m, =
B =b —b b =0 % =5m =3 n =-—3[=1;
58=b—c—4(1—%), by =0, 3, =6, my=2 n,=—2 [ =1;
By=c—d, by=0,,=Tm,=1,n,= -1, [[ =1;
=0, [, =0.

510 =d, blO =0, 2,=8 m,=0,n,

B cuaty caenctsus 1.2.2 npu BbIMOJHEHHH OJTHOTO U3 YCJIOBHH:

1)d # 0;
2)d =0, ¢ #0;
3)a:c:d:(),b7é4<1—%>;

4)a#0,c:d:b—4<1—%):0;

1 -
5)a:c:d:b—4(1—;):b+a1:b1—b:0

nuddepenumransioe ypapHetue (10) He HMeeT MOJMHOMHAJLHBIX pe-

LLIeHUH cTerneHu m > 3.
1
[Iyetb ¢ =d =0, a(b— 4(1 — —)) # 0. Torna
v
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[TosinHOMHaIbHbBIE pellleHHs ypaBHenuit P -thna

B.H. TopGy3son

ry =3y =06> 3 =, =, =9,
OS>y =2, =2, =x,=4,n, =n, = — 2.

[To yTBepxienuto 6) Teopembl 2.2.2, ecain ypaBHenue (10) umeet
MOJIMHOMMAJIbHOE pPellieHre CTENeHH m > 3, TO m SIBJSETCS KOPHEM
ypaBHenust (16).

[TycTb

Torna
=-3.

o=, =, =0>x) =, =, = x, =4, 0 =n, =n,

[To yTBepxienuto 6) Teopembl 2.2.2, ecain ypaBHenue (10) umeet
MOJIMHOMMAJIbHOE pPellieHre CTENeHH m > 3, TO m SIBJSETCS KOPHEM

ypaBHenust (15).
[Tyctb

1 -
a:c:d:b—él(l—;):b—i—alzo, b, —b#0.

Torna
o=, =58> ) =, =2, =, =4, n =n, = — 3.

[To yTBepxienuto 6) Teopembl 2.2.2, ecain ypaBHenue (10) umeet
MOJIMHOMMAJIbHOE PellieHre CTeNeHH m > 3, TO m SIBJSETCS KOPHEM

ypaBHenust (15).
[TycTb
1 ~
a:c:d:b—él(l—;) =B, —b=0,b+a, £0.
Torna

o=, =58>y =, =2, =, =4, n =n, = — 3.

[To yTBepxieHuto 6) Teopembl 2.2.2, ecan ypaBHenue (10) umeer

[NOoJIMHOMUAJIbHOE pelleHrue CTerneHn m > 3, TO m SBJIFETCA KOPHEM

ypaBHenust (15).
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[Ipy m = 2 paccmatpum yKopoueHHOe ypaBHEHHE, KOTOPOE Mo-
Jiyuaem u3 ypaBHenusi (10) orGpacbiBaHHeM MepBbIX JIBYX YJIEHOB.

Ha ocnoBanunu cienctsust 1.2.2 yctranapjauBaeM, UTo MpH BbIMOJ-
HEHHH XOTs1 Obl OJIHOTO U3 YCJOBUH

1)d # 0;
2)d =0, ¢ #0;

3)a:c:d:0,b—4(1—%>5£0;
4)c:d:b—4(1—%):0,a5£0;
5)a:c:d:b—4(1—%):b+a1:0,gl—b#0;

1 ~
6)a:c:d:b—4(1—;):bl—b:0,6+a15£0

anddepentmanbioe ypasnenue (10) mosuHOMHaNBHBIX peLIeHHH CTe-
MeHU m = 2 He UMeeT.

Ecau

c:d:0,a+2b:8(1—%),a7€0

HUJIn
1 ~ ~
a=c=d=0, b:4(1——) —a, +2b,, a, + b, £0,
14

TO B CUJIy yTBep:KeHHus1 6) Teopembl 2.2.2 ypaBHeHue (10) umeer no-
JIMHOMHAJIbHBIE PEllIeHUs CTeNeHn m = 2.

Ha ocHoBanuu yTBepaKieHus a) reopemsl 2.2.2 npu
1 ~
a=c=d=b— (1——) b, —b=b+a, =0,b£0

v
anddepentmanbioe ypasenue (10) nomuHoMHaNbHBIX peLIeHHH cTe-
MeHU M = 2 He UMeeT.

Hrak, npu m = 2 Bce JIOTHYECKHE BO3MOXKHOCTH PACCMOTPEHBI.
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[Tpu m =1 paccMOTPUM YKOPOUEHHOE ypaBHEeHHEe
- - 1
b, (w)* + (b —b, )wQ(w’)?’ — (b —c— 4(1 — ;))w4(w’)2 +

+(d — e)wbw' + du® = 0,

y KoToporo (a 3Hauut, u 'y ypaBHenus (10)) B cuny ciencrsusi 1.2.2
MOJIMHOMMAJIbHBIX pellieHuH (OTJIMUHBIX OT TPUBHAJLHBIX ) TEPBOH CTe-
TMIeHH HeT.

YpaBHenue (10) HeTpUBHAJILHBIX TOJTUHOMHAJILHBIX PELLICHUH Hy-
JieBoil crenieHu He umeerT. Il

3ametum, uto ypaBHenue (10) Bbineneno B padorax [104; 107;
108; 109] kak ypaBHeHHe TPeThero Mopsiaka, 10CTaBJsitollee ypaBHe-
HUS1, PeLlIeHUs] KOTOPBIX CBOOOHBI OT MOJABHAKHBIX KPUTHUECKHX 0CO-
GhIX TOUeK. IT0 ypaBHeHHe P -THIa TPeTbero nopsika.

Hanpumep, npu a = b = ¢ = q, —|—2b =0, v=1, al—i-b #0
ypaBHenue (10) umeet pelierue

w: z— C,22+C,z+ C,, Vz € C,
rae 4C,C, — C? = 0.

[Ipu a, :gl =c=d=a+2b=0, v=1, a# 0 ypaBHeHue
(10) umeer petenue

w: z — C2% VzeC.

~ 1
[IMma=b=c=d=b =0,v=1a= 3 ypasHenue (10)
MMeeT pelleHne

w: z— C23, Vz e C.

[Ipy a =b=c=d=a, =0, v=1 ypaBHenue (10) umeer
pelieHue

w: z— Cz%,, Vz e C.

3nech, Kak u patee, C' — MpoU3BOJIbHAS MOCTOSIHHAS.
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[naBsall

MOCTPOEHUE NMOJIUHOMUAJIbHbIX
PELUEHWUH B LLEJIOM

Jlnst anre6panueckux audpepeHmanbHbIX ypaBHEHHH Crielnalb-
HBIX BUJIOB, HaunHasi ¢ uccaenoBanuit E.D. Rainville [ 189], s3naunTesn-
HO€ pacrnpocTpaHeHre MoJyurs MeTO/L MOCTPOEHHUS B LIEJIOM MOJHUHO-
MHaJIbHBIX PellieHnH KOHKPETHOM cTpYKTypbl. B pa6otax M. Bhargava,
H. Kaufman [152; 153] BriepBble Gbliia ciesaHa NonbITKa yBsidaTh Ha-
JIMUMe TIOJIMHOMMAJILHOTO pellieHus BbIOPaHHON CTPYKTYpPbl CO CBOM-
CTBAMH €ro CTerneHH, JaJjbHellllee pacrnpocTpaHeHne JaHHasi TeopHsl
Hauia B [74; 82; 129; 130] ¢ nocaenytoumm obomienuem I1.P. JIazo-
BbIM 1 [1. JIuMuTpoBCKH Ha GoJlee 0611Mil Kaace B[76]. OHako Bce 3TH
MccJ1e10BaHust He OblIH 00beIeHeHbl OTHUM MOJIXO/I0M.

YKaxkeM 0/1HO CBOHCTBO CTeNeH! MOJHHOMA, ONPEIeIEHHOTO crie-
HabHbIM 06pa3oM.

[TycTb MosIMHOMBI A:C— C u B: C— C rakue, uto
deg A(z) > deg B(z).

[Tosnnnom

3(2) = <—§ZQ%7 (1)

re § — HEKOTOpOe HaTypasibHOe UMCJI0, CHMBOJ || 03HAUaeT MoJiu-
HOMHAJIbHYIO YaCThb Pa3JsoxKeHHst 110 yObIBalOLLMM cTerneHsiM z. [Togu-

HoM (): C — C Haiijaém U3 ToXKaecTBa
A(z) = = B(2)-7°(2) - Q(2), Vz € C. 2)

Jlemma 1. Cmenenv noaunoma @, onpedeasemoco moocde-
cmeom (2), makas, 4mo
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deg Q(2) < deg B(z) + (6 — 1) deg (). (3)

LokasarespctBo. V13 (1) ¢ yuétom To2xK1€CTBa (2) MoJydaem:

o | ol @<z>]:[~251 Q) ]:
A(2) [7()+B(z) {1+ 5050

. 1 Q) 1-6 Q2 _
— [V(z)<1+ 5 B0 T Fo25% () +>] -

=7(2) + R(2),

rje rnoJimtHoMm

B[l _Q® 1-6 Q)
R(z) = [5 : B(z)75-1(z) 2102 : P10 +]

Eciu
deg Q(2) > deg B(z) + (6 — 1) deg 7(2),

T0 R — noJiMHOM, He paBHBIH TOXKAECTBEHHO HYJIIO, H MOJIydaeM po-
TUBOpEUHe

7(2) =3(2) + R(=),

JoKasbiBaiollee yreepxaenue jemmbl 1. W

B HeKoTOpBbIX cilyuasix MOKHO YKa3aTb 10CTaTOUHbIE YCJIOBHS Ha-
JIMUMSI MAKCHMAJIbHOTO UMC/1a MOJHHOMHAJBHBIX PeLeHHH onpe1eséH-
HOM CTPYKTYpbL. 111 3THX UCCIeI0BaHNI He0OXOAUMA

Jlemma 2. [Tycmeo

2 2
52008%—1—\/—1 sin%.

Toeda
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é
Y e =0, (4)
i=1
ecal v — yeaoe 4ucio, OomiduHoe om Hyas U He Kkpammuoe (5;
1)
> e =4, (5)
Jj=1

ecau v — yeanoe Hucio, KparmHoe 6.

Jlokazatesbcrso' . Buiuncanm cymmy

0 0 2T 27\ Jv
E Jjv § : /1 ) —
Pt & = (COS _(5 + S11n 5 =

2
_ZCOS(—j>+\/ Zsm( ke )
v
[lycth v He KpaTHO 0, T.e. 5 He sIBJIsSIeTCSI LesIbIM uucyoM. Toraa
icos(QW—V ) = (2sin ﬂ>_1 . i2sinﬂ cos<27T—V )
: 5 )~ 5 : 5 5 )
Jj=1 7j=1
Tak kak

ZZsm— cos(tj) =

]~
/~
)
=
=
A~
<.
_|_
\_/
~
|
)
o
=
VoumnS
<
|

| =
~—
~
~
Il

Jj=1

)t:2cos(5

DO =

.1 .
= —Sln§t+Sln((5+

'B [128; 103, c. 41 — 42] uHoe 10Ka3aTENBLCTBO.
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a sinit:sinﬂyz(), TO

2my
27N =0
Z cos( 5 ])
7j=1
AmnaJjoruuto,

0 2mv v\ —1 TV 2mv
ZSIH(—]) = (28111 7) -ZQsm— s1n<Tj>
7=1 7j=1
Tak Kak

d t g 1 1
Z2sin§ sintj = Z(cos(j — §)t — cos(j + 5)75) =
7j=1 7j=1

)

tsin —t,
2

1 1 1)
:cosgt—cos(5+ §>t:2sin

a sinﬁt:sinm/:(), TO

PaBeHcTBo (4) n0Ka3aHo.
[Iyctb v KpaTHO 4, T.e. CYLIECTBYeT TaKOe HATypasbHOE UMCJIO
S, uto v = 59. Torna

0 6

Zcos(QTTyj) = ZcosQij =9,
j=1 j=1

d 2y d
Zsin(Tj) = Zsin27r5’j =0.
j=1 Jj=1
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PaBeHcTBo (5) nokazano. B

KommnyiekcHoe uncjio € sABJsieTCs OJHWUM M3 3HAUeHHH %, (00)
)

€® = cos2m 4+ y/—1sin27. OcrajbHble § — 1 3HAUEHHUH KOPHS U1
MO2KHO IOJIyUHTb, BO3BOASl € B CTENeHb C NoKazateaMu 2,3, ..., 0.

O603HaunM &, KOpHH ypaBHeHus €)= 1 u GyjeM CuMTaTh, 4To

€, =&, 62262,...,55265. (6)

§ 1. CTpyKTypHbIil MeTO],
NOCTPOEHHs MOJUHOMHUAJbHbBIX PellleHU

PaccmoTpum anreGpanueckoe auddepeHiiaibHoe ypaBHeHHE
T
ZAi(z)@i(z,w,w',w",...,wo‘i)) =0, (1)
=0

e A; u ®; (i = 0,7 ) — NOJHHOMbI CBOMX aPTYMEHTOB.

Jlemma 1. Ecau wucao m asasemces cmenensbro NOAUHOMUAAb-
Hoeo peutenus (1.2.1.1) arcebpauueckoeo dugppepernyuaibroco
ypasrenus (1.1.1.1), mo amo ypasuernue npusodumcs k sudy (1),
041 KOMOpoeo cnpagedalsol COOMHOULEHUS

a7+90r(m) <aj+90j(m) :ar+90r(m)7
T:(]?—T7T#]7T#r7r#j7 T?je{()?]‘?"'?T}?

ede w — noauronm (1.2.1.1),

(2)

wi(m) = deg ®;(z, w(z),w'(2),...,wH)(2)),

a; = degAZ-(z), 1= O,T

JlokaszaresbpcTBo. Ecny MOACTABUTL MOJMHOM w CTENeHH m B
ypaBHenue (1.1.1.1), To MoOJyudM TOXKJIECTBO, Y KOTOPOTO JOJIXKHO
ObIThb, B cUJTy JieMMbl 1.2.1.1, He MeHee JIBYX UJIEHOB C OJIMHAKOBBIMHU
HauOOJIbILIUMH CTEEHSIMH.
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Ecun Takux u/eHoB /1Ba, TO JleMMa J10Ka3aHa.

EcJin ke Takux usieHoB 6oJiblie ABYX, TO HX CTPYNIHPYEM.

[TocKoJsibKy MpH CJ0KEHUH TOJUHOMOB OJIHHAKOBOH CTEMEHH CTe-
neHb CyMMbl He BO3pacTaeT, T m sIBJIsSIeTCs CTeNeHblo MOJHHOMHAIb-
Horo peutenus (1.2.1.1) npu ycaosuu (2). W

Bes orpannuenust o61IHOCTH paccyKaeHu# O6y1eM CUuTaTh, UTO B
ypaBHenuu (1) 1Ba wjieHa ¢ HOMepaMu r U j UMEIOT BUJL

@k(z,w,w’,w”,...,w()‘k)) =
(3)
= Q:l(z,w,w/,...,w(V))Qi(z,w,w/,...,w(pk)), k=r k=j,
rie € U D — MOJUHOMBI CBOMX APTYMEHTOB; [,y M pj — UeEJble

HeoTpUUATeNbHbIE UMCaa, A\ = max{y,pr}, 0 E N, k=r k= j.
Bynem cuutath, 4to

deg A, (2) = a, > deg Aj(2) = a;.

ITonunom

0=[(-43)")

re 0 — HaTypaJjibHOe YHCJIO U3 (3), a CHMBOJI | ] O3HayaeT MoJIMHO-
MHaJIbHYIO YaCTh PA3JIOKEHHsI M0 YObIBAIOLUM CTEMEHSIM 2.
[Tosmnom ) onpenennm no npasuay (2.0.0) u3 Toxkaectsa

Ar(z) = = A45(2)7°(2) = Q(2), ¥z € C. (5)

3amensas B muddepenunanbHom ypaBHeHud (1) xosdduument
A, MCIIOJIb3Ysl €ro BhlpazkeHHe uepes noJuHoMbl A,y u Q 1o dop-
myJie (5), mosiyuyaem

Az, w, v, ... ,w()‘)) = A;(2)e (z,w,w',w", ... ,w('Y)) .
(6)
(CD;S (z,w,w’, . ,w(pf)) — ’y‘s(z)@f (Z,w,w’, . ,w(p’“))),

[J1€ BbIpakKeHue

77



I1.0,§ 1, ro. 11 CTpyKTYpHLIil METOJL IOCTPOCHHST MOJHHOMHAJILHBIX PelleHHil B.H. Top6y3son

Az, w,w', ..., wHN) =

= Q(2)®; (2, w, 0, ... ,w()‘r)) - B(z,w,w, ... ,w(ﬁ))

npu
%(Z,w,w’, .. ,w(ﬁ)) =

T
= Z AT(Z)Q)T(z,w,w’,...,w(AT)).

T =0,
TETTE]

BBesiém ycioBHbIE 0603HAUCHHST:
Az w(z)) = A(z,w(z),w'(2),. .. ,wo‘)(z)),
C(zw(z) = €(z,w(z),w (2),. .. ,w(“/)(z)),

Dp(z3w(2)) = Dy (2, w(z),w'(2), ..., wP(2)), k=7, k=],
e w — MOJMHOM CTeMeHH 1M, a TAKKe:
A(m) = degA(z;w(z)), €(m) = deg &(z;w(2)),
Dp(m) = deg Dp(zw(2)), k=7, k=7, v=degy(z).
[Tpu aTom B cuaty (4)
a—a;

TE

Teopema 1. Ecau noaurom w cmenenu m, yoosiemsoparo-
weti coomuouteHuam (2), 18649emcsa NOAUHOMUANOHOIM PEeULeHILEeM
anrcebpauyeckoeo dupgeperyuaivrnoeo ypasuernus (1) npu (3),
MO NOAUHOM W ABALEMCA Peuleruem YypasHeHus

C(z,w,w’,...,w(”) =0 (7)
ual peuteruem xoms 6o, 00H020 U3 YPABHEeHUL

78



B.H. TopGy3son CTpyKTYpHLIit METOJL IOCTPOCHHST MOJIHHOMHAJILHBIX PeleHHil I1.0,§1, rar. 11

Qj(z,w,w/,...,w(pj))—

_ (8)
— Et'y(z)’Dr(z,w,w/, .. ,w(p’“)) =eP(z), t=1,9,

20e & — KopHu ypasHenus €0 =1, — HekomopoLii NOAUHOM
cmenenu f, onpedeasemor coomuoueHuem

f=2%(m) —a; —1&(m) = (6 = 1)(y = Dr(m)), (9)
npuuém, ecau f <0, mo P(z) =0.

[Toaurnom w, asasiowuiica peueruem ypasgrenus (7), bydem
peuteruem ypasrenus (1) npu (3), ecau u moavko ecau

B(z;w(z)) =0, Vz € C. (10)

[Ipu § < 0 noaunom w, asasroujuiica peulernuem xoms ool
001020 u3 ypasuenuii (8), bydem peweruem ypasuernus (1) npu
(3) moeda u moavko moeda, koeda

A(z;w(z)) =0, Vz € C. (11)
/lokazatesibcTBo. I10CKOJBbKY
ar + r(m) = a; + @;(m),
TO, yUMTHIBas 3aaanue (3),
a, +1&€(m) + 09, (m) = a; + 1&(m) + §D;(m)
WJTH
D;(m) = D, (m) + 7. (12)
3 cooTHolenu# (2) caeayer, uto
deg B(z;w(z)) < a; + @;j(m) = a; +1&(m) + 6D;(m).

[To emme 1.0.0, a1t MOTHHOMOB, CBSI3aHHBIX COOTHOLLIEHUSIMHU (4)
1 (D), BoinoJiHsiercsi HepaBeHCTBO (3.0.0), KOTOpOE B MPUHATHIX 000-
3HAUEHHUSIX HMEET BUJL

degQ(z) < aj+ (6 —1)7.
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Torna c yuérom pasencrtsa (12) creneHb
deg(Q(2)®r(zw(2))) < aj + (6 = 1)y +1&(m) + 6D, (m) =
= a; +1€(m) +0(y +Dr(m)) —v =
— (4 +1€(m) + 0D;(m)) — 7 < a; +1E(m) + 69 ;(m).
CJiefioBaTeJIbHO,
A(m) < a;j +1&(m) + D ;(m). (13)

[TonHomM w cTeneHu m, yoOBJAETBOPSIIOUINH YCJIOBUSIM (2), Oy-
JieT pellieHdeM ypaBHeHust (1) npu (3) Toraa u ToJbKO TOraa, Korjia

Az w(2)) — A;(2)€ (z3w(2))-

(14)
-(C‘Dj,(z;w(z)) — ’y‘;(z)C‘Df(z;w(z))) =0, Vz e C.
OTtHocutebHO €(2;w(2)) MPEACTaBASIOTCS BO3ZMOYKHOCTH:
C(z;w(z) =0 (15)
U
C(z;w(z)) £ 0. (16)

[Tpu (15) nast BEIMOJHEHUS ToKAecTBa ( 14) HeoOX0AMMO U 0CTa-
TOUHO, 4TOObI BhiNoJHsIOCH (10).

[Tycth umeer mecTo cootHolenue (16). Torna nounenno pasne-
M ToxkaectBo (14) na mosmnom A;(2)€(z;w(2)) n Gynem umetnb

B(z;w(z)) = ’D?(z;w(z)) —9(2) ’Df(z;w(z)), VzeC, (17)
e

&(zw(z)) =

M SIBJSIETCS] MOJMHOMOM KOMIIJIEKCHOTO MepPeMEHHOro z, TaK Kak B
npaBok yactu ToxkaecTna (17) pacnosioxeH HEKOTOPbIH MOJHHOM.
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Kpome Toro, crenenb &(m) = deg &(z;w(z)) onpenensiercs no
dopmye

&(m) =A(m) — a; — I&(m). (18)

Paspetnas (17) orHocutensto D (z; w(z)), nonydyaem

| -
}:

+

Sl

D;(z1w(2)) = [ (1 ()P w(2)) + B(zu(2)

= |v(z z;w(z & (2 w(2)) %
- [”( 195w (14 55550 w))

— |~(z z;w(z L O wi)
- [’y( )9 (z:w(2)) + 5 V12D (2 w(z))

1-6 &2 (z;w(z
- 2152 '725—1(2)3(3%5—5(210(2))+"} = 7(2)Dr(z;w(2))+P(2),
rie
[ D BF (23 w(2))
B = LZ o ) A TRy I
W siBsisieTcsl moJiuHoMoM crenedn f = degPB(z); (a)r — cumBoa

[Toxrammepa.
Onpenenum f. CrerneHb MOJMHOMHAJLHOH 4acTH k-ro ujieHa

psina u3 (19) onpenensiercs no gpopmyJie
k&(m) — (k6 —1)(y +Dr(m)). (20)
YuutbiBasi (18), Haxoaum, uTo
k&(m) — (k6 —1)(v +D,(m)) =

= k(&(m) —aj —1&(m) = 6(y + Dr(m))) + 7 + D ().
81



I1.0,§ 1, ro. 11 CTpyKTYpHLIil METOJL IOCTPOCHHST MOJHHOMHAJILHBIX PelleHHil B.H. Top6y3son

[Tockosbky ypaBHeHue (1) paccmaTpuBaercst pu yca0BHH (2), TO
€CTb, KOTJIa BEIMOJIHSI0TCS cooTHolIeHus (12) u (13), To Ha ocHOBaHWK
MOCJIe/IHEr0 PABEHCTBA MOJIyUaeM, YTO ¢ POCTOM Homepa uucio (20)
yObIBaeT.

CraJio ObITh, CTeneHb f nmosvHoMa PB(z) onpenensiercsi COOTHO-
ieHuem (9).

N3 3ananus (19) caenyer, uro npu § < 0 nosunom PB(z) = 0.

Takum oGpasom, nokasaHo, UTO, AT TOrO UTOOBI TOJMHOM W
CTeNeHu m, YIOBJETBOPSIOULEH COOTHOLIEHUSIM (2), Ol peleHrem
ypaBHenusi (1) npu (3) u ycnosuu (16), Heo6XxoauMoO, 4TOObI OH Obl
pellieHreM XOTs1 Obl OJIHOTO U3 ypaBHeHHUH (8).

B cayuae P(z) = 0 us roxxaectsa (14)u paBeHcTs (8) nosyuaem,
YTO BBIMOJIHEHHE ToXK1ecTBa (1 1) siB/sieTCsl HEOOXOMMBIM U IOCTATOU-
HbIM YCJIOBHEM HaJIMUMsI MOJMHOMUAJBHOTO pelleH sl w CTerneHu m,
YIOBJETBOPSIIONIEH YCJIOBUAM (2), y AU PepeHasbHOro ypaBHeH S
(1) mpu (3).

O6patim BHMMaHHE Ha TO, YTO JIOKA3aTeJbCTBO TeopeMbl | Be-
JIOCh TIPU YCJIOBHMH (2), a yTBep:KJeHHsI BTOPOro W TpeThero abaaila
TeopeMbl c(hopMyIpoBaHbl 6e3 yuéTa Takux yc/aoBui. Ha ocnoBanun
aHAJIOTHUYHBIX paccyxjieHni 6e3 yuéra (2) MoKHO YyOeIUThCs B cripa-
BEJUIMBOCTH YTBEPKJIEHHUH B 00LLEM C/yuae, KaK 3T0 U OblI0 chopMy-
suposano. ll

Takum o6pasom, nosuHoMua bHbIe petienns (1.2.1.1) anreGpan-
yeckoro auddepenimanbioro ypapuenus (1.1.1.1) moryt 6biTh Hati-
JIeHbI MOCJIEI0BATE/bHBIM BbITOJHEHHEM CJIEYIOILHX 1IAaroB.

1. I'lpuBenenue ypasuenus (1.1.1.1) k Bumy (1), mas xotoporo
CNpaBe/YIMBbI COOTHOLIEHHS (2), TO eCTh, K ypaBHEHHIO, Y KOTOPOTO
POBHO JIB€ COCTABJISIIOLLHE UMEIOT OIMHAKOBble HAaHOOJbLLIKHE CTeNeHH
TMpH MOJICTAHOBKE MoJIMHOMA w: z — w(z), Vz € C.

2. HaxoxJieHne cemeiicTBa (CTPYKTYphl ) MOJTHHOMOB CTEMEHU M,
YIOBJETBOPSIIOLIEH COOTHOLIEHUSIM (2), HA OCHOBaHWM ypaBHeHH (7)
1 (8) reopemni 1.

3. Beizenenve U3 Bcero MHOXKECTBA MOJHHOMOB TOJy4€HHOH
CTPYKTYPbI Te€X, KOTOPbIe SIBJSIIOTCS pelieHusiMU ypaBHenust (1.1.1.1).

[TpuBenenue ypashenusi (1.1.1.1) k Buny (1) npu (2) moxer
ObITh OCYIIIECTBJIEHO TPOU3BOJILHON TPYNIMUPOBKOH YICHOB ypaBHEHHUS
(1.1.1.1), nuuirb Gbl TOMBKO B pe3yJibTaTe BHIMOJHSANOCH yeJaoBHe (2).

B HekoTopbIX ciydasix 1esnecoo6pas3Ho NpUBOANTh AU depeHL-
anbHoe ypaBHenue (1.1.1.1) K cnelnpanbHbIM BUIaM, JIJ1s1 KOTOPBIX TEO-
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pema 1 1mo3BoJISIET MOJYUUTD AOCTATOUHO MOJHYIO HHPOPMALIHIO O T10-
JIMHOMHAJIbHBIX PELLIeHHsIX. YKaxKeM HEKOTOpble KJIacChl TAKUX AH-
(hepeHlMaNbHBIX ypaBHEHHH.

Eciu!

/
Q:(z,w,w ,...,w(V)) =1,
TO ypaBHeHue (1) MoxkeT ObITh 3aMTUCaHO B BUJIE

‘B(Z,w,w’,. .. ,w(ﬁ)) =+ AT(Z)Qg(Z,'LU,w/’ . ,w(P'r)) +
(21)
+Aj(z)©j, (zz,w,w’7 . ’w(Pj)) =0.

Torna, kak ciencTBUe TeopeMbl 1, cnpaBenynBa
Teopema 2. Ecau noaurom w cmeneHu m makotl, 4imo

f(m) <a, +d9,(m) = a; +6D;(m), (22)

ede f(m) = deg®B(z;w(z)), Asadaemca peuleHuem ypasHeHus
(21), mo amom noaurom 6ydem peweruem xoms 6oL 00HOEO U3
ypasrenuii (8), ede P — HEKOMOPbLIL NOAUHOM CIMENeHU

f="2(m) —a; = (0 =1)D;(m), (23)

npuuén, ecau f <0, mo P(z) = 0.
Ecau § < 0, mo ROAUHOM W, SABASIOULLILCA PeuleHuem XOms
661 001020 U3 ypasrenuii (8), bydem peuieruem ypasrernus (21)
moeda u moavko moeda, koeda umeem mecmo moscdecmso (11).
[Mpumep 1. Pacecmorpum ypaBHenue

— 2zwiw" + zwtw” — (w3 + 3w?(w')? — 3w+
+w® — 212w3 + w + 642° — 21 = 0. .
[TockoabKy
S,(m) =4m—2, D(S,) = N\{1,2}; S,(m)=5m—1, D(S,) = N\{1};
S,(m)=3m -3, D(S,)=N; S,(m)=4m -2, D(S,) =N;

'Venopue €(z,w,w’,...,w™) =1 coorBerctByer Tomy, uto [ = 0.
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S4(m):5m_17 D(S4):N7 55(m):6m7 D(Ss):No;

Se(m) =3m+12, D(S;) =Ny; S, (m) =m, D(S;) = No;
Ss(m) =9, D(S5) = N,

TO B cuity jieMMbl 1.2.1.1 TosibKo uncyio m = 4 MoKeT GbITh CTeNeHbIO 10-
JIMHOMHAJIbHBIX pellieHUi ypaBHeHus (24).
[pynnupoBKoil usieHoB ypaBHeHHe (24 ) NTPUBOAUM K BHILY

= 2zw3w"” + 2wtw” + w4+ 6429 — 24 — 2120 + (w? —w')3 =0, (24A)
cooTBeTcTBYyolEeMy (21 ) npu
A z— — 212 Aj: z—1,VzeC, 6 =3.
Tak kak
f4)=19, a, =12, a; =0, D.(4) =4, ?; (4) =8,

TO /sl ypaBHeHusi (24A) BbIMoJIHsIETCS yC0BHE (22), a 3HAUMT, MOXKHO HC-
M0J1b30BaTh TEOpPEMy 2.

[To dopmyaiam (4) 1 (5) HAXOAUM TTOJUHOMBI

yiz—24V2€C, n Q:z—0,VzeC.

Torna A(4) = f(4) = 19, uno dopmy.ie (23) Haxoaum, uto f = 3.
YpaBuenusi (8) UMeIOT BUJL

w? —w' —eztw =¢,P,(2), t =1,3,
MOJMHOMHUAJIBHBIMK PELLIEHHUSIME UETBEPTO CTENEHH KOTOPbIX SIBJSOTCS
w:z—e2' V2eC,t=1,3.
HenocpencTBenHo NOACTAHOBKOI YCTAHABJIMBAEM, UTO TOJIBKO

w:z— 2% Yz eC,

SIBJISIETCS] TOJIMHOMHAJILHBIM pellleHHeM ypaBHeHust (24 ).
Ecau

@r(z,w,w’,...,w(m)) =1,

TO ypaBHeHHe (3) MOKeT ObITh 3aMTUCaHO B BUJIE
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%(z,w,w’,...,w(PT)) + & (z,w, .. ,w('Y))(Ar(z)—l—

(25)
+ Aj(z)ZOj, (z, w,w', ... ,w(pf))) =0.
Torna, kak cjencTBUe TeopeMbl 1, cnpaBenynBa
Teopema 3. Ecau noaunom w cmenedu m makxoi, 4mo
f(m) < a, +1&(m), aj = a, — 6D ;(m), (26)

a8asemcs peulenuem ypasrenus (25), mo amom noiuHoMm Oy-
dem peuwienuenm ypasuernus (7) uiu peueruem xoms 6ol 00HO20
U3 ypasHeHutl

33] (Z,U),’UJ/, v )w(pj)) = Et’Y(Z) + Etm('z)) t= mu (27)
ede P — HEKOMOpPbLIL NOAUHOM CIMENneHuU
f=2%(m) —a; —1&(m) = (6 = 1)D;(m), (28)

npuuén, ecau f <0, mo P(z) = 0.

[oaurnom w, asasowuiics pewernuem ypasgrenus (7), bydem
peuteruem ypasrerus (25), ecau u MoOAbKO ecAl BbLNOAHEMCS
moocdecmso (10).

Ecau f < 0, mo noaurom w, A8ALOUWULICS peuleHuem XoOms
661 00H020 U3 Ypasreruil (27), bydem peuteruem ypasrerus (25)
moeda u moavko moeda, koeda umeem mecmo moscdecmso (11).

[Mpumep 2. [pynnupoBKoil ueHoB ypaBHeHue (24) TPUBOJANUM K BUILY

zwtw” — (w')3 + 3w (w)? +w + 642° — 24 +
(24B)
+wd (=212 4+ (= 220" — 3ww’ + w?)) =0,

COOTBETCTBYIOLIEMY (25) MpH

Az — — 212 Aj:z—>1,Vze(C,l=3,5:1.

[Tockosmbky f(4) = 19, a, = 12, a; =0, C4) = 4, Qj(4) = 12,
TO U151 ypaBHeHusi (24B) BoinosiHsoTCs yeJioBUs (26), a 3HAUUT, MOYKHO HC-
M0J1b30BaTh TEOPEMY 3.

[Ipexxie Bcero 3amMmeTum, uto f=17.
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Ypasuenue (7) nMeer Bu w = 0 Uy HErO HET MOJMHOMHANBHBIX pellie-
HUI 4eTBEPTOM CTEIEHH.

Ypasuenusi (27) nyist (24B) umetor Buz

— 220" = Bww’ +wd =22+ P_(2),
MOJIMHOMHAJIbHBIMU PELLEHUsIMU CTeNeHH m = 4 KOTOPOTo SIBJSIIOTCS
w: z —>5tz4, VzeC, t=1,3.
HenocpencTBeHHO M0CTaHOBKOH yCTaHABAWBAEM, UTO TOJIBKO MOJHHOM
w: z — 24 V2 €C,

sIBJISIeTCs pellleHneM ypaBHenust (24B).
[pumep 3. YpaBHenue

Z?G(w(lv))S 4 102w6(w//)4 _ 4027(,“}//)2 4 20zwl2 —
(29)
—80zw? — 222 + 64z +w'(— 2(2% — 1) + (w3)® —w") =0
OTHOCHTBCS K KJ1accy ypaBHeHu# (25), rie

Az — —2(229 - 1), Ajiz—1,v2€C 1=1,6=5

B cuay siemmbl 1.2.1.1 TosibKO uncaio m = 2 MOKeT GbITh CTeNeHblo
MOJMHOMHAJIbHBIX pellieHni uddepenianbLHoro ypaBHenus (29).
[TockoabKy

f(2) =25, a, =30, a;,=0,22) =1, D,(2) =6,
TO JI/151 ypaBHeHHs (29 ) BLINOMHSAIOTCS COOTHOLIEHHS (26), U, cTaji0o GbITh, MO-
»KEM HCI0J1b30BaTh Teopemy 3.
[To dopmy.ie (28) Haxoaum, uto f = 0, Tak Kak
yiz—25 Q:2— — 2z VzeC, A2) = 25.
YpasHenue (7) umeeT Bugl w’ = 0 Wy HErO HET MOJHHOMUANbHBIX pe-
LICHUI BTOPOH CTETEHH.

YpaBHeHus (27) nisi (29) umeroT BUJL

wd —w" =e,2%+¢,P,(2), t =1,5,
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MMOJIMHOMHAJIbHBIMU PEHICHUSIMU CTENEHU M = 2 KOTOPBIX ABJISIIOTCS

w:z—e 22, V2e€C, 7=1,5.
HenocpencTBeHHO NOJCTAHOBKON YCTAHABIMBAEM, UTO TOJBKO
w: z — 2%, ¥z € C,

SBJISIETCS MTOJIMHOMUAJILHBIM pellieHHeM ypaBHeHus (29).
Ecau

@r(z,w,w’,...,w(m)) =1,
(’Z(z,w,w’,...,wﬁ)) = 333-(2:,@0,10’,,,,7w(pj))7
T0 ypaBuenue (1) npu (3) sanuiem B Buje!

%(z,w,w’, . ,w(ﬁ)) + A (2)¢! (z,w,w’, . ,w(“’)) +
(30)

I+6
(

—i—Aj(Z)Q: Z,ij/w“’w('Y)) = 0.

Kak cnenctsue Teopemsbl | cripaBeyinBa
Teopema 4. [loaunomnurvHoe peuierue w cmenenu m, yoo-
gAemeopsiouetl YcA08UAM

f(m) < a, +1&€(m), a; =a, —0&(m), (31)

ypasrerus (30), 6ydem pewernuem ypasrerus (7) uiu peuteriem
xomst 6bl 00HO20 U3 YPABHEHUL

Clz,w, .., w) =gy(2) + ePB(2), t =1,0, (32)
ede P — HeKOMOPoLI NOAUHOM CIENneHl
f=2A(m) —a; — (I +6 — 1)&(m), (33)
npuuém, ecau <0, mo P(z) =0.
[Toaurnom w, asasiowuiica peueruem ypasrenus (7), oydem

peuteruen ypasrenus (30), ecau u MoOAbKO ecal BblNOAHSEMCS
moacdecmso (10).

'Vpagnenne (30) siBsieTCA YACTHBLIM BHIOM ypaBHeHHs (25).
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Ecau § < 0, mo ROAUHOM W, SABAAIOULLILCS PeUleHUueM XOms
661 00HO020 U3 ypasreruil (32), bydem pewernuen ypasrerus (30)
moeda u moavko moeda, koeda umeen mectmo moxcdecmso (11).

[pumep 4. YpaBuenue

2wV —wV) 4 20 + (') + 24 (w')? — 5w’ —
(34)
—12962%0 — 22(2*2 4+ 36)(w — 2)* + (w — 2)° =0,
otHocuTcst K Kaacey (30), rie

A tz— —22(222436), A.: 2> 1,V2€C,1=2,6=4.

(s ? J

Ha ocHoBanuu jsiemmbl 1.2.1.1 ycraHaB/MBaeM, 4To CTENEHbIO MOJHUHO-
MHAJILHOTO pellieHns ypaBHeHHs (34 ) MOXKeT ObITb TOJBKO UHCI0 m = 6.
Teopema 4 npuMeHuMa K ypaBHeHHIO (34 ), TaK Kak

f(6) <20, a, =24, a; =0, ¢(6) = 6.
[To dopmyaie (33) ycranasausaem, uto f < — 10, Tak Kak
viz— 25 Q:z— 3622, Vz e C, AL 20.

YpaBHenue (7) umeer BUL w — 2 = 0, Uy HEro HeT NOJUHOMHAJIBHbBIX
PELICHUH LIeCTON CTEIEHH.

YpaBHeHus (32) UMEIOT BUJL
w—2=¢,2+2¢t=14,

JUISl KOTOPBIX CrpaBeiuBbl ToxKaecTBa (11), a 3HAUUT, MOJMHOMHANBLHBIMH
pelleHUsIMH ypaBHeHust (34) sBasioTCs

w1:2—>26—|—2,Vz€(C; w2:z—>—26+2,Vz€(C;
Wyt 2z — 12542, V2 eC; w4:z—>—\/—_1z6—|-2,Vz€(C.
Ecau
D, (z,w,wy . wPr)) =1, D(z,w,0, L wPi)) = wle))
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To ypasHenne (1) ipu (3) MoxKeT GLITL 3anucaHo B Buje !
B(z,w,w,. .. ,w(ﬁ)) +
(35)
¢z, w0, ., w) (A (2) + Aj(2) (w(p))é) = 0.
Kak caenctsue teopemsl 1 cnpasesiiba

Teopema 5. [loaunomuaroroe peuternue w cmenenu m, yoo-
81eM8opsoULell YCA0BUIM

f(m) < a, +1&(m), aj =a, —6(m —p), (36)

ypasrerus (35) 6ydem pewenuem ypasuenus (7) uau umeem
cmpykmypy

w=eJPy(2) +3(z), t = 1,3, (37)
ede JP — onepamop maxotil, 4mo

Sktp

JPk =
(k+1),

(k+1), ecmo cumson [loxeammepa, J — HEKOMOPoLI NOAUHOM

cmenenu s, onpedeaiemol COOMmHouLeHuemM

s=f+p, npuf=20, s<p—1npuf<o, (38)
yucaro f Haxodumces no gopmyare
f=2A(m) - a; —1€(m) — (5 — 1), (39)

[Toaurnom w, asasiowuiica peueruem ypasrenus (7), oydem
peuteruem ypasrerus (35), ecau u MOAbKO eCAl BbLNOAHEMCS
moocdecmso (10).

Ecau f < 0, mo noaurom w suda (37), ede J(z) — Heko-
mopeoltl noaurom cmenenu s < p — 1, 6ydem peuteruem oughghe-
peruuarbhoeo ypasrernus (35) moeda u moavko moeda, Koeda
umeem mecmo modxcdecmso (11).

!'Vpaguenne (35) siBsieTCs YaCTHBIM CJTydaeM ypaBHeHHs (25).
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[pumep 5. YpaBHeHue
w"’ — (z 4+ 2)w' +ww' + (W) wh(— (z +2)* +w?) =0 (40)
MPH LIEJbIX HEOTPULIATEIbHBIX UMCJIaX § U k MPUHAJIEKHT Kiacey (35), rie

A

r

tz2— —(2+2)4 Aj:z—>1,Vz€(C,l:1,p:0,5:4.

Ha ocnoBanuu siemmbl 1.2.1.1 ycranaBnuBaeM, uto ypaBuenue (40) mo-
JKET UMeTb TIOJIMHOMUAJbHBIE PelleHHUsT TOJLKO MepPBOI CTENEeHH.

[TockosbKy

TO MOXKHO MCI0JIb30BaTh TeopeMy b nipu f < — (k + 2), TaK Kak
viz—2z+2 Q:2z2—0,V2eC, A(1) < 1.
Ypasuenue (7) umeeT BUIL
wk(w')* = 0.

Y Hero HeT NOJIMHOMHUAJIbHBIX PellleHHi cTenenn m = 1.
Crpykrypa (37) nist ypaBrenusi (40) umeet BUJL

w:z—e(2+2),VzeC, t=1,4. (41)
Toxnectsa (11) umeror mecto st (41) b npu €, = 1, a 3HauuT,
w:z—2z+2,VzeC,

SIBJISIETCSl €IMHCTBEHHBIM HETPHUBHAJBHBIM TTOJHHOMUAMBHBIM ~ pellIeHHEM
ypaBHeHus (40).

Ecau

(’Z(z,w,w', . ,w(“’)) = w),
TO ypaBHeHHe (35) MOXKeT ObITh 3aNUCaHO B BUJIE

%(z, w,w',. .. ,w(ﬁ)) + Ar(z)(w(p))l + Ai(z) (w(p))l+6 =0. (42)
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Kak cyienictBre Teopembl S cripaBeiiBa
Teopema 6. [ToaurnomuarbHbLe pelleHus w Cmenexu m ma-
Koli, 4mo

f(m)<ar+l(m_p)7 aj:ar_(s(m_p)a (43>

areebpauveckoeo dughgepenyuaronoeo ypasHenus (42) ume-
rom cmpykmypy (37), ede J — HeKOMOpobLl NOAUHOM CHIENeHl
f, onpedasemoi coomrowernuen (38), uucro §f naxodumcs no

Gopmyre
f=Ap+7)—a;—(1U+5-1). (44)
Ecau § < 0, mo noaurom w suda (37), ede § — Hekomopoli
noaurom cmenenu s < p — 1, bydem peuwienuem ouggeperyu-
aavroeo ypasrenus (42) moeda u moavko moeda, koeda umeem

mecmo mosxdecmso (11).
[Mpumep 6. [pynnupoBkoii uneHoB ypaBHenue (24 ) MpuBoUM K BUJLY

—2zww" + zwtw” — (w')3 + 3w?(w')? —
(24B)
— 3wt + w4 642° — 24 — 212w + wb =0,
COOTBETCTBYIOLIEMY (42) rpH

A z— — 212 Aj: z—1,VzeC,l=1,p=0,6=3.
[Tockombky f(4) <19, a, = 12, a; = 0, To 1yt ypaBHenus (24B) npu
m = 4 BbINOJIHAETCH COOTHOLIEHHE (43), a 3HAUUT, MOXKHO HCIOJIb30BATh

Teopemy 6.
[To opmyuaie (44) naxoaum, uto f < — 1, Tak Kak

viz—24 Qi z—0,V2zeC, A4) = f(4) < 19.
Crpykrypa (37) umeet BUJL
w:z—e2 V2eC,t=1,3. (45)

[Tockosbky ToxkaecTBo (11), nocTpoeHHOe HAa OCHOBAHWM YpABHEHHsI
(24B), Bbimosinsiercsi pi &, = 1 B (45), 10 w: z — 2%, Vz € C, sBasi-
eTCsl /IMHCTBEHHBIM MOJIMHOMHAJIbHBIM PellieHHeM YpaBHeHust (24).
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11.0,§2, ra. 11 MakcumasbHoe YHCII0 NOJMHOMHAILHBIX PellieH i onpe/ieiéHHON CTPYKTYpbI B.H. Top6y3oB

§ 2. MakcumMaJibHOE YUCJ0 MOJMHOMHUAJbHbBIX
pelieHr onpeaeJéHHON CTPYKTYPbl

[TycTb MOJIMHOMBI W, MMEIOT CTPYKTYPY

t
w,:z —¢e,(z), V2€C, t=1,0, (1)

rjie y — MOJMHOM KOMIUIEKCHOTO IePEMEHHOr0 2, €, — KOPHH ypaB-

Henns €9 = 1, yzosaetsopsiomme cootHolenuio (6.0.0), & — HaTy-
paJibHOE UMCJIO.

YKaxkeM HeoOXOAMMbIe W OCTaTOUYHbIE YCJOBHS TOTrO, YTOOBI BCe
noJinHoMbl cemerictBa (1) 6bin pettiennsimu ypasHenust (1.1.1.1). C
3TOH 11eJIbI0 uieHbl ypaBHenusi (1.1.1.1) B 3aBUCUMOCTH OT UX pa3mep-
HOCTH PacroJio:KHM TaK, uTo

#y = 3, +§p0(5, Do =0,A1,0< A, <N,

%)\1+1 :%pl +£p157 by :)‘1+1)>‘27 )‘1+1 <)\2 <N)

rae &, (j =0,h — 1) — uenbie uncaa, h < 0.

Bce nonHombl cemeiicTBa (1) sABAsIIOTCS pellieHUsIME ypaBHEHHUST
(1.1.1.1) (npu pacrnoJyioykKeHWH B HEM UJIEHOB 10 MpaBuy (2)) Torna u
TOJIbKO TOTJIa, KOTJIa UMEET MECTO CHCTEMa TOXK/IECTB

h . Ao St (lk ) Yk,
e Y B.(»]] (’y . (z)> =0,t=1,0, (3)
a=1

T:)\a_1+1 k=1
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YMHOXKUM Kaxkaoe U3 Toxaects (3)Ha €~ ,t = 1,8, cooTBeT-
CTBEHHO. B peaysibrate nocJieyioniero CyMMUpOBaHHUSI OJyUHM

h 4 o —u)t Ao Sy a, ) ,/T
> ZE( ) >, Bl <7 b (z)) 2o (4)

a=1 \t=1 T=Aa—1+1 k=1

[Tyets p = 2, Torna B cuny siemmbl 2.0.0 cymmbl

1 HEMOCPEJICTBEHHO U3 TOXKeCTRA (4) uMeeM

Ti; B, (2 15_1 <7(lk7)(z)> ke _ N

k=1

[TocsienoBaTeibHO TOIATAS 14 = 7y, J = 2,h, BCcakuii pas Oy-

JIEM TI0JTyUaTh TOXKJECTBA, aHAJOTHUHbBIE MTOCJIETHEMY.
Taxkum o6pasom, noKazana

Teopema 1. [{aa moeo umobwor 6ce noaurnomor cemeticmsaa (1)

6oL peureruamu ypasrenus (1.1.1.1), neobxodumo u docma-
MOUYHO, 4MobbL NOAUHOM y OblA peuleHiLeM CUCeMbl YPaABHEHILL

Aa St (lk-r) Ve, L
Z BNT(Z)H<w > =0, a=1,h, (5)
T=A,_1+1 k=1

ede Ay U h onpedeasiomes us (2).

3aMeTuM, UTO JOCTaTOYHOCTb YTBEPIKAEHHSI TEOpeMbl B CHJY
npencrap/enus (3) siBsieTcs BIOJHE OUEBUIHBIM (DaKTOM.

Pacemotpum ypasnenue!

"Yactuwiii B ypaBHenHs (6), nceenoBanueii B [77; 128].
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) (G R SUICO R

i=0 k=1
rie A, w Bul — MOJIMHOMbBI KOMIIJIEKCHOTO MepeMeHHoro z; [, ,
T
v, , p W V, — LeJIble HeOTPHLATE/IbHbIE YHCIIA U
1

0y, <v, <...<Up, vy =2

Peutenns ypasHenns (6) 6yaem nekath B Buje!
wi: 2z — g JPS(2), V2 € C, t=1,7, (7)

rjae nNoJIMHOM

mpn 6 = v, —vp,r €4{0,1,...,n— 1}, 7 € {1,2,...,n}, j >
[Tonmnom @ onpenennm no npasuay (2.0.0) U3 ToxkaecTBa

B, ()= — B, (2)8%(2) — Q(z), Vz € C. (9)

KpOMe TOro, NpeArnoJiozKum, 4To pasMepHOCTH UJI€HOB, PACloJio-
YKEHHBIX B JIEBOH 4acTH paBeHCTBa (6), CBf13aHbI COOTHOLLIQHI/IHMI/I2

s = 5y +0:0, i =0, H , (10)

rie 0; — 1lesible Uuca, T.e. Pa3HOCTb Pa3MepHOCTEN KpaTHa d.

Bce nosimHombl cemeiicTBa (7) sIBASIOTCS pellIeHUSIMH ypaBHEHHS
(6) Torna u ToJ1IbKO TOr/a, KOrja oK 00pallatoT 3T0 ypaBHEHHE B TOXK-
JlecTBa, Kotopbie B cuaty (9) u (10) umeroT U

"Bun (7) o6ocHosan Teopemamu 5.0.1 1 6.0.1.

’B [77 128] ISl YaCTHBIX BUJIOB (6) Tpebyercst GoJiee CUIbHOE YCJIOBHE, UTOObI
0, =0, =60,=0
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Ll (AN
0y a, @ T (rsen ™) =
1=0

k=1

= Y a'B, (8" (2) 5 Q)" (), t=T3.
=0,
L#r g

YMHOXKUM Kaxkjoe u3 Toxaects (11)na ¢ ~ , ¢t = 1,0, cooTBer-
CTBEHHO. B pesysibraTe noc/eayoniero cyMMUpOBaHUsT MOJyuaem

5 e " GOV
() (S T (ersen NE

t=1 k=1
(12)
— lzn‘;! @; £ _“)t> B, (28" (2) - (i: £ _“)t) Q(2)S” (2).

t=1
L#rj

PaccMoTpuM B OTIENBHOCTH TPH JIOTHUECKHE BO3MOXKHOCTH:

1) », = v +&.,0, v € {0,1,...,n}, Tx # 7, Tx #F ],
A=1,8, 1<B<n—2

2) 2, = vy +&:0;

3) s, £ v, +&06,1=0,n,

rae &, &, § — LeJIble unca.

[Tyctb

sy =V, +E6,0, A €{0,1,...,n}, T\ £, T #
A=1,8,1<B<n—-2¢&, €L

Caieiys mpaBuJly COCTaBJIeHUs] CHUCTeMbl JdQepeHinaabHbIX
ypaBHeHHH (D), OyeM Moce10BaTeIbHO NoJaraTh: [t = »,; [ = V,,

Il=0n,l#r1#41#v, , A=10; p=u.
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11.0,§2, ra. 11 MakcumasbHoe YHCII0 NOJMHOMHAILHBIX PellieH i onpe/ieiéHHON CTPYKTYpbI B.H. Top6y3oB

[lycts p = 2. [lorpeGyem, uToObI

25: (1/17%0 —0 25: (vr—2)t
€ , €

t=1 t=1

e l=0,n,l#rl#51l#m7,A=1,031<B<n—2, ToecTh,
B cuty JieMmbl 2.0.0, uTo6b1

%O#llp—l-ﬁdp:(),—n,p#j,p#n,

o (13)
Azlvﬁvlgﬂgn_2)
rae 0 — 1esoe, OTJUYHOE OT HYJIsT UUCJIO.
Torna n3 toxxnectsa (12) monyuaem
H S; vy B 1/
> Az )H((JPS( ) Z M=) (14)
i=0 k=1 A=
[Tosi0:kuM

/-L:VNZ: ,n,l#r,l#j,l#n\,)\zl,ﬂ,1<ﬁ<n—2,

1 notpebyeM, 4TOObI

)
ZE( =0, ZE Y ) =0, ZE(VFW)t =0,

t=1 t=1 t=1

Fﬂel:(),—n,l#r,l#j,l#n,h:o,—n,h;«ér,h#j,
h#7m,h#1,A=106,1<06<n—2, ToecTb, B CUIy JIEMMbI
2.0.0, uToObl

ny #Fv,+090, v, —v, #0,0, v, —v, # 0,0, | =

(
l%{rvja,r)\}v h:O,—TL, h¢ {’I”,j,T)\,l}, A= 1157 1 <ﬁ<n_2a
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rae 0,, 0,, 6, — uesble, OTJIMUHBIC OT HYJIsl UMCJIA.
Torna n3 toxxnectsa (12) mosyuaem

B#I(Z)EO, ZIO,TL, l#’l", l?éj,l#’f)\,
A=1,8,1<B<n-2
[Tosoxkum p = v, 1 norpebyem, 4ToObI
1) ' 0
ZE(%O—W) — 0, ZE(VZ_VT)t =0,
t=1 t=1

e l=0,n,l#rl#jl#m,A=1,3,1<8<n—2, t0ecTs,
B cuty JieMmbl 2.0.0, uTo6b1

n, # v+ 0,9, v, — v, # 0,0,

L (16)
l:07n7l7ér7l7éjul7é7—)\u )\:1”67 1<ﬂ<n_2)
rae 0,, 0, — ueJsble, OTJIMUHbIC OT HyJIg UMCIA.
Torna us Toxknectsa (12) nosyuaem, uro Q(z) = 0.
O6bemHnm cootHotenus (13), (15) u (16):
sy =Vp, +61,0, 20y Fp+ 0,0, v, —v, #F 0,6, =v, — v,
T)\ E {0717"'7n}7 T)\#,r) T)\#]? A:17l87 ]‘ <ﬂ<n_27
(17)

l:O,n,l;ér,l#j,l#n\,h:(),—n,h;éj,h#l,
h7é73np:07—nap7éjap7é7->\7

rae 6, 0,, £, — uesble uncaa.
Takum o6pasom, nokazaHa

Teopema 2. /[asa moeo umober 6ce noaurnomol cemeticmaa (7)
a84a4uUck peueruanu ypasrernus (6), docmamouro, a npu oepa-
Huuenusx (17) u neobxodumo, umobsl ypasrewnue (6) umeso sud
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H 55 GRS B .
Sa @I (") =X m, @)™
=0 k=1 A=1
(18)
+B,, (2) (w(p)>yr + Buj (2) (w(p)) V],
ede noaunomer B, u B, ceasarol moocdecmsomn
_ §
B, (z) = — B, (2)5°(2), V2 € C, (19)

8 KOomopom noaurom S maxod, umo JPS sasisemcs peweruem
duggpepenyuairbrnoco ypasHenus

EH:A” (2) H <w(l’“)>yki - zﬂ: B, (2) (w@))”” . (20)
=0 k=1 A=1

JlocraTounble ycioBUst TeopeMbl 2 He TpeOyIOT BbITOJHEHHUS Orpa-
Huuenut (17).

JlelicTBUTENbHO, TO, UTO BHIMOJHSAETCS cooTHolIeHue (19), o3Ha-
YAET,uTO MOJUHOMBI (7)) SIBJSIIOTCS pellleHUs MU ypaBHEHHUSI

B, (2) (w?)" + B, (2) (w®)" = 0. (21)

M3 (20) cnenyet Toxkaectso (14), yMHOXKUB KOTOPOE Ha 5:‘0, no-
JIYUMM, 4TO TOJIMHOMBI (7 ) — peliienust ypaBHenus (20).

CuoxkuB pasenctsa (20) u (21), noJiyynm, 4To BCe MOJMHOMbI Ce-
MelicTBa (7) ABJSIOTCS pellieHns MU ypaBHeHus (18).

[Mpumep 1. PaccmoTpum ypaBHeHUe
Z2ww” — wt(w)t + 28(w')? = 24w + 2w? — w3 + 4wt — 16w8,  (22)

KOTOpOE NMPUHAJIEXKUT Kaaccy ypaBHenuit (18), rie p =0, v, =1, v, = 3.
[Ipu sTom

§=2,8:2—2%20Q:2—0,Y2€C, 5, =2.
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[TosmHombI

B, :z—24V2€C, u Bu,:z— —1,V¥z2€C,

CBsi3aHbl TOXK1ecTBOM (19).
YpaBuenue (20) B JaHHOM cJiyuae UMeeT BUJL

2Z2ww” — wt(w)* + 28(w')? = 2w? + 4w* — 16w°,

pelleHneM KOTOporo sIBJIsIeTest oIMHOM w: 2 — 22, Vz € C.
B cusy Teopembl 2 MOJHHOMBI

w1z —22V2eC, u w,:z— —22 VzeC,

SIBJISIIOTCST PellieHUsIMU ypaBHeHust (22).

[lyctb 5, = vy + &0, Tae & — 1eJ0€e uucJo.

Crenyst TpaBHsly COCTaBJIEHHSI CHCTeMbl AH(QepeHIratbHbIX
ypaBHeHHi (5), 6y1eM rnocsiefoBaTe/NbLHO MoJarath, 4To

H= 7y M:Vplzoﬂ%l?é?“»l?éf

Ha ocnoBanuu paccymaeHHﬁ, AdHAaJIOTHYHbIX HpI/IBeJléHHbIM npu
JI0Ka3aTeJIbCTBE TEOPEMbI 2, 3aKJ/I0UaeM, UTO HMEET MECTO
Teopema 3. /12 moeo umobul 8ce noaurnomol cemeiicmsa (7)

a8484Uck peuteruamu ypasrernus (6), docmamouro, a npu oepa-
HUYeHUAX

sy =V + &0, 3, # v, + 0,0, v, —v, # 0,6, 5:VJ_VT7

l,h:O,n, l#?”, l#]? h?é.% h#l,ETEZ, 01702 GZ\{O}a

U Heobxoo0umo, umoboL IMo YpasHeHue uMeso 810

H Si v
> AT (w*) " -
=0

k=1
(23)

= By, (2) (@) + By, (2) ()",

Hr

ede noauromsl B, u B, ceasanol moocdecmsom (9), 8 komo-
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pom noaurom S maxoi, umo JPS asasemces peuteruem ougghe-
PEHYUANHO0 YPABHEHU

[pumep 2. YpaBHeHue

2w(w”)® — 2w — 60w = 2(322° + 802* + 8023 +
(25)
+402% + 112 + Dw’ — 2(w’)8

NPUHAIIEXKUT Kaccy ypaBHeHu# (23), rne p =1, v, =1, v; = 6.
[Ipu sTOM

§d=5812—22+1,Q:2— —22,Vz€C, »,=6.
[TosmHOMBI

B,z — 2(322° +80z% + 8023 + 4022 + 112 + 1), Vz € C,

By,:z— —2,VzeC,

CBsI3aHbI TOXKAECTBOM (9).
YpaBHeHue (24) B JaHHOM CJiyuae UMeeT BUJL

2w(w”)? — zw” — 60w = 220/,

pellieHHeM KOTOPOTO sIBJIsieTest TIOJIMHOM w: z — z(z + 1), Vz € C.
B cusy Teopembl 3 MOJHHOMBI

iz —e,2(2+1),V2eC, t=1,5,

w,

SIBJISIIOTCST PellieHUsIMU ypaBHeHuUst (25).

[yets 5, # v, +&,0, 1 =0,n, rae § — uesoe yucJo.

Cuienyst mpaBuJTy COCTaBJIEHHSI CUCTEMbI (5), Gyaem nmocJsenoBa-
TeJIbHO I0J1araTth, UTo

uz%o;,uzul,l:&n,l;ér,l;éj;u:ur.
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38TeM, Ha OCHOBAHUH paccy)KﬂeHHﬁ, AdHaJIOTHYHbIX HpHBeﬂéHHbIM
[pH 10Ka3aTeJIbCTBE TEOPEMbI 2, yCTaHaBJ/IMBaem, 4TO UMEECT MECTO

Teopema 4. /12 moeo umobul 8ce noaurnomol cemeiicmsa (7)
ABAAMUCH pewenuamu dugpgpepenyuaivroeo ypasrenus (6), do-
CMamou4Ho, a Npu Ycao8UIxX

%07&1/1—1_5157 Vp_yh#e(sv lvhap:0>n7 h?é’l“, h#]v
p#FJhpFh d=v, —v, § €L, 0e€Z\{0},

U Heobxodumo, 4mobol IMo ypasrerue umero sud (23), ede noiu-
Homol B, u B, ceasanor moxcdecmson (19), 8 komopom noau-

J
HoM S makotl, umo JPS asasemcsa peuiteHuem ypasHeHus

H Si ()N Yk
ZATZ,(Z)H<IU > =0. (26)
=0

k=1

[pumep 3. YpaBHenue
w” (w')?w — 23w’w — 25(w")? = 362°w" — 27 (w")3 (27)
MPUHAJIEKHUT KJIacCy ypaBHeHuit (23), rne p =2, v, =1, v, = 3.
[Ipu sTom
0=2,58:2—-62Q:2—0,V2€C, 5, =4
[TonuHombl

BTZZ—>3629, B

14

PREE -2, VzeC,

CBsi3aHbl TOXK1ecTBOM (19).
YpaBuenue (26) B JaHHOM cJiyuae UMeeT BUJL

w//(w/)Qw _ Z3w"w' _ Zﬁ(w///)Q — 0’

pelleHneM KOTOporo sIBISIETCs OMMHOM w: 2 — 23, Vz € C.
B cuity TeopeMsl 4 MOJHHOMBI

wiz— 22, V2e€C, u w:z— —23 VzeC,

SIBJISIIOTCS pellleHUsIMU ypaBHeHHUs1 (27 ).
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[TycTb MOJIMHOMBI W, MMEIOT CTPYKTYPY

t

w,: 2z — ey(2) +3J(2),Vz € C, t=1,6, (28)
rie 7y, J — TOJMHOMbBI KOMIIJIEKCHOTO TEPEMEHHOTO 2, £4 — KOp-
Hu ypaBHenns € = 1, ynoseTBopsioue cootHouenuam (6.0.0),

o — HaTypaJibHOE UHUCJIO.

YKaxxeM He0OXOIUMbIE U IOCTATOUYHbIE YCJOBHS, KOT/1a BCE MOJIH-
HOMbI ceMelcTBa (28) OynyT petlienusimu ypaBuenusi (1.1.1.1).

Bce nosimHoMbl cemelicTBa (28) OyayT peuleHUsIMH YpaBHEHHS

(1.1.1.1) rorna u ToabKo TOTAA, KOT/IA pH BceX ¢t = 1,J HMEIOT MecTo
TOXKJIECTBA

N Si Vk- 4 i

¢ (v, ~(lki) Vi, Ik (lki) Jk

S B (] (Z ( .kz> <d <z>> (m <z>> ) —0,
=0 k=1 Njp—0 Nk

KOTOpre SJIeMeHTaprIMI/I Hpe06p83033HHﬂMI/I HpHBOﬂHM K BI/II[y

IUHED S 3D SER | ()]

i=0 51=04,=0  jo,= Jk

U) NV @)\ .
(@) (M e) =0 -1,

[Teperpynnupyem ToxaecTBa (29) ¢ yu€TOM TOTO, UTO UJIEHBI KaXK-
JIOTO U3 STHUX TOXKJIECTB CBSI3aHbl OIHUM U3 YCJOBHH

(29)

S; S; S;
D k=06 ) je=14605 ..., > jx=(6—1)+05 (30)
k=1 k=1 k=1

rae 6 — ueJsoe HeoTpHllaTeIbHOE YUCJIO.
Torna Toxxnectsa (29) 6yayT UMeThb B
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71 >\) Yo >‘) Vs, ()‘

SOILNED 35 3h 8 | (]

A=0 =0 7,=0 7,=0 7s; =0 k=1

() Vi "Xk, () AXo
-(3 b <z>> ¢ k<7 b <z>> b 20, =T,

rJe yepes A Xy, 0003HaueHbl Te ji € {0,1,...Vki}, JUI1 KOTOPBIX

(31)

s
> jk = A+ 00, uncaa yp(A\) € {0,1,..., vk} v onpenensiores B
k=1
3aBUCUMOCTH OT rpynnupoBku no (30).
—ut _
YMHOKUB KaxKzi0e U3 ToxkecTB (31) Ha & M t=1,5, coorBer-
CTBEHHO, C yuéToM (6.0.0) 1 BEIMOJHUB MOUJIEHHOE CJI0XKEHUE, TIOJTyUHM

5—1 T NN s, (V) s

PSS DOTHED 3 3 o8 1 (O]

A=0 =0 7,=0 7,=0 7s; =0 k=1

(L) Vig, ~ 2 Xk, () AXE,
(@) T e) T =0

[Tyets = 0. Torna na ocnoBanuu jiemmsl 2.0.0

(32)

o
S =0 A=T3-1.
t=1

Henocpenctsenno u3 Toxaectna (32) nosyuaem, 4to

Z 712(0 %ZO) %Z)H<0Xk )

i= ;=0k=1
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() Vs "0 Xk, ( Z_) 0 Xk
.(3 ki (z)) » <7 F (z)) =0.

[Toparas p=1, u=2,..., 4 = 3§ — 1, Oyaem noayuaThb TOXKae-
CTBA, aHAJIOTHUHbIE TIOCJeaHeMy MTpH A = 1, A =2, ..., A =4 — 1,
COOTBETCTBEHHO.

Tem cambiM JToka3aHa

Teopema 5. /{1a moeo umobol 8ce noauromol cemeticmsa (28)
a8asauce peuteruamu ypasuernus (1.1.1.1), neobxodumo u do-
CMAamMoO4HO BLLNOAHEHUS CUCTeMbL MOHOecms

1)) s (N s

LN S T()

=0 7,=0 Ts, =0 k=1
(33)

() Vi "Xk, () AXie
-(3 b <z>> k<7 b <z>) 20, A= 05T,

ede uucaa yp(\) u AXky, onpeodeastomes 8 3a8UCUMOCTIU OM

epynnuposku no A Ha ocrosanuu (30), Kak 3mMo NOKA3aHO 8
mooicdecmsax (31).

3aMeTuM, UTO IOCTATOUHOCTb YTBEPIKIEHHS TEOPEMbI O B CHJY
npejicraBienus (31) siBasieTcst BioJiHe 04eBUIHBIM (haKTOM.

Teopema 5 HocHT 061IMEI XapaKTep, 0JHAKO MpejcTaBjeHus (33)
BeCbMa TpaMO3JIKH. B YacTHHBIX »Ke cjyuasx JaHHasi CJOKHOCTb
YIpoLLAeTest U UETKO MPOCIeKUBAETCS SPPEKTUBHOCT TEOPEMBL.

Pacemotpum ypasnenue!

H n v
. 1
AL + 3B, (2)(w?) " =0, (34)
=0 =0
rue Ari 51 Bl‘z — MOJIKHOMbI KOMITJIEKCHOTO MEPEMEHHOTO 25 S5, U,

T, p — LeJble HeOTpUllaTe/bHbIC UHCJ/la U

"YactHble BUAB ypaBHeHus (34 ) necmeoBanbl B [78; 88].
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0<s,<5, <...<8,,8#p, 1=0H.
[TycTh peliienusi ypaBHeHHs (34) UMEIOT CTPYKTYpy !

w

12—, JPS8(2) +3(2), V2 €C, t =1,0, (35)

rae S — MOJHHOM, OMpesiesisieMblil i3 COOTHOLIEeHHs (8), J — MoJiu-
HOM cTerneHn degd = < p.
[Tonmnom ) onpenensiercsi no npasudy (2.0.0) u3 pasencrsa (9).
Bo muoxectse {0,1,...,0—1} Bceraa coaepKurcsi Uncyio p ta-
KOe€, UTO

vy =p+ 60, (36)
rae 0 — uedsoe ukcdo. B cooTBeTCTBUH C
0<q¢g <q¢<..<q,<d-1

nokasatean crenenn v,, | = 0,n,l # r, | # j, pacrnoyoxum Tax,
4TOObI

Vln+7— :q77+€ln+7—57 TZO?C??) Cﬂ)o) 77:07]7’7

(37)

h

n=0

rie 5l,,+r — 1eJible YucJa.

Torna MHOKeCTBO
1% 1% U 1% 1% R %4 R % 1% R 4

{ Lo Tl +17 1 +¢ V10 T P e M P lh+(h}
sIBJISIeTCsl IePeCTaHOBKOH MHOXKecTBa {v,,V,,...,vp}\{1p, v} Ta-

KOH, uto ecan v, = g, + &xd, 10 aMGO Viir = 4 t Ex+10, J1H00
Vg =y + £k+15 npu g, < ¢, ,, AIs.1060r0 A U3 MHOXKeCTBa
{0,1,...,n}\{r,j}.

'Crpyxrypa (35) o60cHOBaHa TeopeMoii 6.
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Bce monuHombl cemeiictBa (35) OymyT pellieHHSIMM ypaBHEHHS
(34) Torna u TOJILKO TOT/A, KOTJIA OHH 00GpalllaloT 3TO ypaBHEHHE B
TOXKJ€ECTBA, KoTopble B cuity (9), (36) u (37) 6yayT umeTb BUJL

H
ety A, (2)(J7S(2) +ZA
= (38)
i qdn . VanFT p Vr
+ ) e, ZBMWT (2)S " (2) —€,Q(2)S () =0, t=T,3.
n=0 7=0

YMHOXKUM KakJi0€e U3 ToxaecTB (38)Ha ¢ = , t = 1,0, COOTBeT-
CTBEHHO. B peaysibrate nocJieyiomniero CyMMUpOBaHHUSI OJyUHM

<z§: (= ><ZA )(725(2)" )>+

t=1

t=1 1=0

+ (i €“t> <i Adzﬁ“”(z)) + i(i}s@"“’t) (39)

< Uly+r g (p—w)t Vr
> Buln+7(z)8 (z) — (Zs )Q(Z)S (z) = 0.

7=0 t=1

paCCMOTpHM B OTAEJIbHOCTH qupre JIOTUUECKHE BO3MOXKHOCTH:
1) p=0;

2)p=1

p=q,p>1,A2e{0,1...,h};

4)p>1,p#qy n=0,h.

HyCTb p= 0. Cﬂeﬂyﬂ HpaBI/IJIy COCTaBJIEHUA CUCTEMbBI TO2K/I1ECTB

(33), 6yiem nocie0BaTENLHO TI0J1araTh, UTO
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p=0p=1%p=0qy gy #0, ¢y #1, n=0h.
[Tycts p = 0. Tornma us Toxkaecta (39) caenyer, uto

H

S 4, (23 )+

1=0

(40)

Vlo +7 Vr

G
+0p ZB#ZW(Z)S (2) = Q(2)S " (2) =0, Vz € C,
7=0

rie &) — cumpos Kporekepa.
0
[Tycts p = 1. Tornma us Toxkaecta (39) caenyer, uto

- (s:)
DA ()(IS(2) T+
=0
(41)
1 Ck v
+ 30, > By, ()8 (z)=0,vz€C.
kTT
k=0 =0

[lyets g = gy, gy # 0, gy # 1, 7 = 0,h. Torna us Toxaecrsa
(39) cnenyer, uto npu Bcex 1 = 0, h

Cn
(1-09)(1—5;) Z()Bulﬁgz)s

Vln—f—T

(2) =0, Vz e C. (42)

Tem cambiM JT0Ka3aHa

Teopema 6. [as moeo umobbl 8ce NOAUHOMbL cemelicmaa
(35) a82500CH pewrenuamnu areebpauueckoeo dugpgpeperyuaroHo-
2o ypasrenus (34), docmamourno, a npu p = 0 u Heobxodumo,
4mo0eL noaunomv. B, u B, OoLau c8sa3arbl mosxcdecmson (9),

8 KOomopom noaunom S maxoi, umo JPS asidemcsa peueruem
cucmembl ypasHerull
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11.0,§2, ra. 11 MakcumasbHoe YHCII0 NOJMHOMHAILHBIX PellieH i onpe/ieiéHHON CTPYKTYpbI B.H. Top6y3oB

H 1
ZAT«L (Z)w(SZ) + Z Z ’ulk-l—T (p)) lk+T =0

=0 k=0 7=0
(43)
"I +7
— 40 ey " _
(1 5 ZB"ln+ 2) wp) =0,n=0,h,
7=0
Q NOAUHOM J — peuleruem ypasHeHus
H Y yr
S A, @™ 4 ZBNZ L (28 ()~
i=0
(44)

~Q(2)8" () =0,

ede &5 — cumsor Kponerepa.

JlocTaTtouHoe ycjioBre TeopeMbl 6 He TpeOyeT BLIMOJIHEHHS OTpa-
HuueHust p = 0.

JlelicTBUTENIbHO, TO, UTO BHIMOJIHSETCS COOTHOIIeHHE (9), 03Haua-
€T, UTO TIOJIMHOMBI (3D) SIBJSIIOTCS pelleHus MU U dhepeHIHaabHOTO
ypaBHEHHUSI

Vr v

B, (2)(w®)” + B, (2)(w?)” +Q(z)(w) " =0.  (45)

N3 (44)u(45) cnenyror Toxxnectsa (40) — (42), c10:KHUB KOTOPBIE,
MOJYUUM TOXKJECTBO, PABHOCHJIBHOE TOMY, UTO MOJUHOMbI (35) sIBJIsI-
IOTCS1 pellieHUsIMH YpaBHEHHSI

=0,
L#rl#]

H
S A, '™ + ZB W)~ Q) (w®) " =0, (46)
1=0

CuoxkuB paBeHcTBa (45) 1 (46), MoJTyurM, UTO BCe TIOJMHOMBI Ce-
MelcTBa (3D) SIBASIIOTCS pellleHUsIMH ypaBHeHus (34).
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[Mpumep 4. Pacecmorpum ypaBHenue
—2(2* + 222+ 2+ 3)w”" +6(22 + Dw' +6(23 — 2 + w —
—62% 4 62% — 122 — 6'° +-6*(2 — D" + 6% (w")® -
—6(z — 1)(w")* +6*2(6%2 + 1) (w"")> — 6(w"")5 — )
—62(6%22 + 1) (w")® + 6%(2 + 1) (w")'? — 62(w"")5 = 0,

npUHaJIeXKallee Kjaacey ypaBHeHu (34), e p = 3,v, = 12, v, = 15.

[pustom 6 =3,5: 2 —6,Q: z— —6* VzeC.
[TosHOMBI

BT:z—>64(z+1), Vz2eC, u B, :z2— —6z Vz€C,

1%

CBsI3aHbI TOXKAECTBOM (9).
[ToarHoM

JPS: 2 — 23, ¥z € C,
SIBJISIETCST PEIIeHHeM CHCTEMbI TN (hepeHIIaNbHbIX YpaBHEHH
—2(2* + 222+ 2+ 3)w”" +6(22 + Dw' +6(23 — 2 + 1w —
—6%(z + Dw"” —6(z — 1)(w"")* =0,
642(6%2 + 1)(w"")® — 62(6%2 + 1)(w"")® = 0,

KOTOpast MPUHAJIEXKUT KJaccy cucteM Buja (43).
[Tonunom

J:z—2-1,Vz €,
SIBJISIETCS] PellleHHeM ypaBHeH st
—z2(22 42224+ 2+ 3)w" +6(22 + 1w’ +6(2° — 2+ D)w—62(23—2%2+2) = 0

Buja (44).
B cusy Teopembl 6 MOJHHOMBI

w :z—>£tz3—|—z+1,Vz€(C,t=m,

t

SIBJISIIOTCST PellieHUsIMU ypaBHeHust (47).
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[Tyctb p = 1. Cuenys npaBuiy COCTaBJIEHHS CHCTEMbI TOXKIECTB
(33), 6yiem nocie0BaTENLHO TI0J1araTh, UTO

p=0p=1p=qy ¢, #0, ¢y #1, n=0,h.

Ha OCHOBAHHWHU paccymaeHHﬁ, AdHAJIOTUYHBIX HpI/IBeJléHHbIM HpI/I
JloKa3aTeJIbCTBE TeopeMbl 6, yCTaHaBJII/IBaeM, YTO UMeeT MeCTO
Teopema 7. /laa moeo umobbl 8ce NOAUHOMbL CeMelicmaa

(35) asasauce peuteruanu ypasrenus (34), docmamouro, a npu
p =1 u Heobxodumo, umooeL noauroms. B, —u B, ObLAL CBS1-

sanbl moacdecmson (9), ede noaurom S makoi, umo JPS asaa-
emcs peweHuem cucmemol YypasHeHull

H . 1 Ck Vi 41
Z Ari (Z)w(sz) + Z (5;k Z Bulk+7_ (Z) (w(P)) k _
=0 k=0 7=0
—Q(2) (w<p>)”’“ — 0, (48)

Vip+r

o
(1=d0)(1=03)> By, . ()(w?) " (2)=0,7n=0h.
7=0

A NOAUHOM J — peuleHuem ypasHeHus

H o

(s4) Vig++
ST A, (w™ + 00 D By (S " () =0 (49)
=0 7=0

[pumep 5. PaccmoTpum ypaBHeHHe
42z + Dw — (222 + 2z — 6)w’ — 2(z + 3)w" +
+2(32 + 2)wV) — (2423 — 622 + 552 — 82) + (24323 — 2)w™ +
+24325 (w")? + 24327 (w"")3 — (W)t — 22 (W) — (50)
— 24 (w5 4 24325 (w")T — 24323 (w”)® + 2%(24%2% — 1) (w") 0 +
+(24323 + 1) (w1 — 2(w") — (") =0,
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KOTOpOe TIPUHAIEXKHT Kiaccy (34), e p = 3, v, = 10, v, = 13.
[Ipu sTOM

0=3,8:2—24z Q:z— 2%, VzeC.
[TosHOMBI

B, 1z—2%(24322-1),V2€C, u B

L iz— —2z,VzeC,

[

CBsI3aHbI TOXK1eCTBOM (9).
[Tonunom

JPS: 2z — 2%, V2 € C,
SIBJISIETCS pelLlleHHeM CHCTeMbI IHhhepeHIIHaIbHbIX YpaBHEHUH
422 + Dw — (222 + 2 — 6)w’ — 2(z + 3)w” + 2(3z + 2)w!V) +
+ (24323 — 2)w" — (w")* 424325 (w7 — 22 (w10 = 0,
24325 (w")? — 22 (w'") — 24323 (w")E + (24323 + 1) (w"") 1 — (W) = 0,
COOTBeTCTBYIOIIEH crcTeMe (48).

[Tosiunom

J:z2—622-32+2,Vz€C,
SBJISIETCS peliieHneM ypaBHenusi (49), KoTopoe B JaHHOM CJiyuae UMeeT BHJL
422+ Dw — (222 + 2 — 6)w’ — 2(z + 3)w” — 2423 + 622 — 552 + 82 = 0.
B cusiy Teopembl 7 OJHHOMBI

w :z—>Etz"l—|—(3,22—3z—|—27 VzeC,t=1,3,

t

SIBJISIIOTCST pellieHusiMU ypaBHeHust (50).

[lpu p = g\, p > 1, A € {0,1,...,h}, aHaNOrHUHHBLIMH pac-
CYKJIEHUSIMH JIOKa3bIBA€M, UTO CTpaBe/yINBa

Teopema 8. [l1s moeo umobel 8ce nNOAUHOMbL cemelicmaa
(35) asasauce peuternuanu ypasrernus (34), docmamouro, a npu
p=q,p>1xe{0,1,...,h}, uHeobxo0umo, 4mobvl NOMUHO-
mor By, u By, Oolau ceasarner moycdecmson (9), ede noaurom S

makoii, umo JPS asasemcs pewieHuem cucmemol YpasHeHui
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H 1
A, (2™ + 375 ™ g
> A 430, > By, (2)(@®) " =0,
=0 7=0

Vr

ZBMﬁT (Z)(w(p))ylﬁf - Q(z)(w(p)) 0, (51)
7=0

Cn Vip+1
(]‘ _5((1]77)(1 _5;U)ZBNZW+T(Z)(w(p)) ! (Z) = 0’ n= 0’h7
7=0

a nOAUHOM J — peuteruem ypasrernus (49).

[pumep 6. PaccmoTpum ypaBHeHHe
1202w + 24(1 — 22)w’ + 6(23 + 22 + Dw” +2(1 — zH)w™” +
+(22° + 24 4328 1222 + 2+ DwV) —4(122% — 2123 +
1822 = 5lz+ 1) + (1 — 29wV — (2 = 2)(z — D)4 (wV))* 4
+ (2 = 1T (wI)? 4 (2 = 1)1+ 24) () + (52)
+2(z—1) (w(lv)) —((z =124 2(2—1)8 —z—|—2)(w(lv))6—|—
+ (2= 1)3(z — 2) (V)T = (wI)® = 2(wTV))? 4
222+ 1)z = D ™) 4 ((z = D = 1) (wIV) !
_ Zs(w(IV))“ _ (w<IV>)15 + (w(IV>)18 -0,
KOTOpOe TIPUHATIEXKHT Kaccy (34), e p = 4, v, = 10, v, = 14.
[pustom 6§ =4, S:2—2—-1,Q: 2z — —z(z—1)* Vz€C.
[TonuHombl
B, : z—z2(z22+1)(z—-1)*Vz€C, nu B, 1z— — 23, Vz e,

CBsI3aHbI TOXK1ECTBOM (9).
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[TosHOM
JPS: 2z — %024(2—5)7 vz € C,
SIBJISIETCS] PELICHHEM CHCTEMbI ypaBHEHHI
1202w + 24(1 — 22)w’ +6(23 + 22 + Dw” + 2(1 — zHw” +
+(22° + 24 + 322 + 222+ 2 + Dw™) + (1 — 2HwTV) +
+2(z —1)* (w(“/))5 - 2(w(IV))9 =0,
—(2—-2)(z— 1)4(10(”/))2 (=12 +22(z-1)% - 2+2) (w(IV))6 +
+ (w(lv))18 +2(22 = 1)% (w(lv))lo =0,
(z = )7 (W) 4 (2 = 2)(z — 1)3 (wIV)) +
(=)= ) )= (@) =,

COOTBETCTBYIOLIEH cucTeMe (D).
[Tonunom

~

Jiz— %,23—2—17‘#2;6@,
SIBJISIETCS pelilieHreM ypaBHerust (49), KoTopoe B JaHHOM CJlyuae HMeET BH]L
1202w + 24(1 — 22)w'+ 6(2% + 22 + )w” +
+2(1 — 2Hw" — 4(62% + 323 — 1822 — 272 — 5) = 0.

B cusy Teopembl 8 MOJHHOMBI

€ 1 -
wt:z—>1—5()24(2—5)+§z3—z—17Vz6C,t:1,4,

SIBJISTIOTCS] PeLlIeHUsIMU ypaBHeHust (52).
[Tycts p > 1, p # gy, 7 = 0,h. Caenys npaBujy cocTab/ieHHs
CUCTeMbI TOXKeCTB (33), Oy/ieM Nocae0BaTeNbHO N0J1araTh, UTo

p=0p=1 p=p, p=qy @ #0, ¢, #1, n=0,h.
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AHaJOTHUHBIMH paccyxKACHUsAMH IOKa3biBaeM, UTO ClipaBe1J/iiBa

Teopema 9. /laa moeo umobol 8ce NOAUHOMbL CeMelicmaa
(3D) asasauce peuenuanu ypasrenus (34), docmamouro, a npu

p>1,p#qy n=0h, uneodxodumo, umode. noauroms. B, u
B, boiau ceazarol moscdecmson (19), ede noaurom S makoil,
ymo JPS asagemcs pewieruem cucmemol ypasHeHui

1

H . Ck Vi ir
S 4, 4+ 376 Y B, () =0,
=0 k=0 7=0

Cn Vig+r

(1=05)(1=05) > By, ()(w?) " =0,1=07,

7=0

(53)

a noaurom J — peuteruem ypasrerus (49).

[pumep 7. Pacecmorpum ypaBHenue

120(22 — 1)w + 12022(z — D)’ — 2423(2 — Dw" — 450" —

— 2BpUV) (z8 - éi - zﬁ)wWD — 24(828 — 825 — 3124 +
1623 + 2022 — 10) + 2°wV) 4 2362 — 1)° (w™)* +

+4(62 — 1) (w)® +2(62 — 1)P (w™M)* = 2(62 — 1)5 (wV))* + (54)
+3(62 — 1)° (w™)® = 23 (w™M) " + (62 — 1)((62 — 1)° —
— (62— 1)* — 4) (w™M)® 4 ((62 — 1)° — 2) (wV))’ +
+((62 = 1)5 4+ 2) (V)" = 3(wM)! 4+ (wM)* -
_ (w<V>)14 _ (w(V))15 _ (w<V>)18 =0,

KOTOpPO€ NMPUHAJIEXKUT KJaccy ypaBHeHuH (34), rie p =5, v, = 2, v, = 7.
[Ipustom 6§ =5, S: 2 —62—1,Q:2— 0, VzeC.
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[TosuHOMBI
B, :z—2°(62-1)%VzeC, u B, :z— —2% VzeC,
(s J

cBsi3aHbl TOXK1ecTBOM (19).
[TonuHom

1
JPS: 2z — Hozﬁ(z—l)7 Vz € C,
SIBJISIETCS PellleHHeM CHCTEMBI yPaBHEHHI

120(2% — D)w + 1202%(z — D)w' — 2423(z — D" — 42°0"" — 25wIV) +

+ (zs - é/ - zG)w(VI) + 2°w() +3(62 — 1)5(w(v))6 - 3(w(v))11 =0,

462 — 1)5(wV)® 4 (62 — 1) ((62 — 1) — (62 — 1)* — 4) (w™¥)® +
+ () — (V) =,
2(62 — 1)° (w™)" + ((62 — 1)* — 2) (w™¥))? = (V)" =0,

COOTBETCTBYIOIIIEH crcTeMe (D3).
[Tonunom

Jiz— 24 —22242 VzeC,

SIBJISIETCS pellieHreM ypaBHerHust (49), KoTopoe B JaHHOM CJlyuae HMeET BHJL
120(2% — Dw + 1202%(z — 1w’ — 2423 (2 — Dw"” — 425w — 25wIV) —
—24(825 — 825 — 312 + 1623 + 2022 — 10) = 0.

B cuay Teopembl 9 MoJHHOMbI

€ _
w,z— 2 (z—1)+ 22 —-22242,Vz€C, t=1,5,

¢ 120

SIBJISIIOTCS pelIeHUsIMH YpaBHeHH s (54 ).
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['nasalll
KOJIMYECTBO NMOJIMHOMUAJIbHbIX
PELUEHUH PA3JIMYHbIX CTENEHEH

OcHOBBIBasICb Ha MPUMEPAX MPEAbILYLIUX IJ1aB, MOXKEM yTBep-
XKJaTh, UTO CYLLECTBYIOT AU(depeHiralbHHble YpaBHEHUS], Y KOTO-
pbIX OECKOHEUHO MHOrO MOJHMHOMMAJbHBIX pelleHui. OnHako, ecJu
HaJIOXKHUTb YCJIOBHE O TOM, UTO OyJeM pas3jniath K/a1acchl MOJHHOMOB-
pCLICHHH B 3aBUCHMOCTH OT UX CTEIeHH, TO Y2Ke Ha OCHOBAHHH TEO-
pem 1.2.1.1n 1.3.1.1 Mo2KeM 3aKJIIOUNTD, UTO MTOJIMHOMHAJILHBIX peLe-
HUH C pas/IMUHBIMHU CTeNeHsMH y ajireGpanueckux auddepeHimranb-
HbIX ypaBHenui (1.1.1.1) KoHeuHoe uncJo.

Jliist mpocTefilnX ypaBHeHHH BUA

A(z)w(l) = Z B, (z)wl/j
j=0

Takasi 3ajiaua paccmatpuBanach B pabdore [135]. DTto neppasi mocra-
HOBKa 3a/1auH, nocJjenytoulee o6001ieHne 6e3 H3MeHeHUsT CyTH NpeJ-
JIOXKEHHOTO MeToJla HaXxoAuM B pabotax [63; 129; 136; 127], a o6umit
cayuail anre6pandeckoro muddepeniranbHoro ypasHenns (1.1.1.1)
paccmoTpeH B [26]u [72, c. 69—99].

§ 1. BcnomoraresbHble yTBepKAeHUS

HyCTb IMMOJIMHOMBI

mr
—h
weiz— Yy a2, V¥2€C a, (#0,r=07r, ()
h=0

MMEIOT pa3JjiMuHble cTerneHd m.. be3 orpannueHdsi oGUIHOCTH pac-
CYKJIeHUH Oy/leM CUMTaTh, UTO

my, <m; <...<mg. (2)
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B.H. TopGy3son Benomorare/ibHble yTBepyKIeHHs I1.0,§ 1, rar. 1

[TosoxuB r = N, TIOCTPOUM OIPEIETUTENb

00 01 oT ON
alO al 1 alT 1N
ANyl =
aTO aTl aTT aTN
aTO arl aTT aTN

nopsiika N + 1, yjeHaMu KOTOPOTO SIBJSIOTCS MOJHHOMBI

a .z — ﬁ(w(lki)(2)>
" i

Onpenenntens A | ABJISETCS NOJHHOMOM KOMILIEKCHOTO Me-
pemennoro z. Mcnosbays sekcnkorpaguueckoe npejacranienue (1)
MOJIMHOMOB Wy, 3JEMEHTHI onpeaenureas A 3amnuileM B BUE

Vi

' V:eC,7=0,7,i=0,N. (3)

N+1
a_:z— Ki(mT,amTO)z}{imT—m +...,VzeC, (4A)

s 7€40,1,...,r}, i€{0,1,..., N} takux, uro 0 < [; < m,; s
i €{0,1,...,N} rakux, uro [; = 0, npuo6bix 7 € {0,1,...,7},
HJTH

a.:z—0,VzeC, (4B)

st 7€ {0,1,...,7r},i€{0,1,..., N} rakux, uro [; > m..

Onpenennrens A, obaajgawoumii CBOHCTBOM

»x, < ) ... K oy, (5)

0

Oynem 0603Haanb~AN+1. Onpenenrens A, Bcerja MOXKeT ObITh
NpUBENEH K BUAy A, TaK Kak MepecTaHoBKOK CTOIOUOB B Ay,
BCerjla MOXKeT ObITh JOCTHTHHYTA CHTyalus (9), NpHuéM 3TH orpejie-
JuTeu OynyT am6o cosnagath (A, = Ay, ), 160 OTIHUATLCS

TOJIbKO 3HaKoM (A, = — Ay, ).

YKaxKeM HEKOTOpble CBOHCTBA 3TUX ONpesieuTeel.
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I1.0,§ 1, ro. 111 Bcnomorare/ibHble yTBepyKIeHHs B.H. Top6ysos

Jlemma 1. [1ycmo noaurnomor (1) umerom pasauurole cmenenu

(2)makue, umo m, > . Toeda cmenenv noaurnona A , (N =r)
pasHa cymme cmenenell NOMLHOMO8, SBALIOUUXCS INCMEHIMAMU

enrasHoll duaeonaau onpedeaumens Ay, m.e.

N N
degAy,,(2) =Y degay(z) = > (4m, —m), (6)
1=0 =0

ecau 0l cyulecmsyroujux cpedu 8cee0 MHONMECMBA HUCer ;
maxKux, 4mo
ny=n,=...=x,,0=01, 0<A<N, (7)
S S s
0 1 75
coomsemcmsyoujue siemenmol 8 onpedeaumene Ay makue,
Ymo Onpedefzume/lu

Ryt Ry .. Ky ()
Ksn® Ksnd ... K ’
sg(”1) S(ls (nl) s‘;& (nl) £0, 5:0,—)\, (8)
S s B s K 4
ng (n%) 5‘1s (n](s) 5355 (nﬂé)

npu A006LX HAMYPAN6HOLX HUCAAX

ng<n‘f<...<n§,ng>l,5:(),)\. (9)
8

JlokasaresbcrBo. B cuiy (2) HepaBeHCTBO m, > | 03Hauaer, uto
BCe asieMenThl a_., ¢ = 0, N, 7 = 0,7, r = N, onpenenurens Ay
SIBJISIFOTCST MTOJIMHOMAMH C PacriosioXKeHHeM ujieHoB (4A).

HMcnonb3yeM MeTo MaTeMaTHueCKOH HHIYKLHH.
[Ipy N =1 paccMOTpuUM ONpeaeauTeb BTOPOro nopsijika

~ oo (2) gy (2)
A,(z) = =

a,0(2) ay(2)
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BeriomorareiibHble yTBepK/IeHHs! 11.0,§ 1, ro. 11

%0m0*m0—|— } {;{1 (m(),OémOO)Z

B.H. TopGy3son
2 My —my + }

)

*
{KO (mo, amoo)z
{I*(O (ml,amlo)zxomlimo—l— } {I*(l (ml,amlo)z;ﬁmliml—i— }

rjae qJI/H‘ypHHbIe CKOOKH NpUMEHEHbI C LEJAbI0 BbIIACJCHUSA 3JIEMECHTOB

a_, onpeuenurens A,.

OueHuM pasHOCTb
((%omo - mo) + (%1m1 _ml)) - ((%Oml - mo) + (%1m0 _ml)) =

= (m1 - mo)(”l - %0)'

Ecau s, > 5, T0 B cuinty (2) npoussejieHue

(m1 - mo)(%1 - %o) >0,

a 3HAUMT, CTeMNeHb MoJMHOMa A, omnpeje/sieTcsl yMeHbLIaeMbIM pac-
CMaTpUBAEMON PA3HOCTH, T.€.
deg A, (Z) = (%omo _mo) + (%1m1 _m1) = degay, (Z) +dega,, (Z)7

UTO COOTBETCTBYET (6).
Ecan s, = 5, = 5, 10

U, CTaJ0 ObIThb,
deg 82 (z) = (mo - ml)% - (mo + ml) = deg ) (Z) + deg a‘ll(z)7

€CJIM TOJIBKO T1PH J1I0OBbIX HAaTypaJsIbHbIX UMC/IAX N, M M, TAKHX, UTO
[<n, <n,, onpere/nuTeNb
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I1.0,§ 1, ro. 111 Bcnomorare/ibHble yTBepyKIeHHs B.H. Top6ysos

Ato TakKe cooTBeTCTBYET (6), U yTBepKaeHHe jJeMMbl Ipy N = 1
JIOKa3aHo.

st cayuast, korna N > 2, npeaBapUTesbHO IOKAXKEM CJlelylo-
111ee yTBEPKACHHHUE.

Ecaunpu t =1,k — 1 cmenenu noauromos A
OMces no nPasuy

e+l onpedes-

t
deg A, (z) = Z dega,(2),
i=0

mo das onpedeaumenrs A, | cnpasediuso coommouerue

k+
degag, (2) +deg A, , (2) < dega,, (2) +degA,,, () <
(10)
<...<degay, (z) +degA, (2),

ede ﬁkhk — onpedeaumenv k-20 nopsoxka, nNOAYUeHHbLI U3
onpedeaumens £k+1 8 peayibmame BblUEPKUBAHUSL CIPOKU C
Homepom h u cmoabya c Homepom k, npuuém, ecau pazmepHo-
cmu s, < x,, ede T €{0,1,...,k—1}, mo

dega_, (2) + deg ﬁka(z) < deg a‘r+1,k(z) + deg £k77+1,k(2). (11)

JleficTBUTENIbHO, B COOTBETCTBUU ¢ TeopeMmoil Jlansaca [10, ¢.30]

B pe3yJ/ibTaTe pasJioyKeHus onpenenureass A
pom k GyneM UMeTb, UTO

pp1 1O CTOJIOLY C HOMe-

k
~ kth  ~
A1 = Z( — 1 4 Ay (12)
h=0
[lyets 7 € {0,1,...,k — 1}. Vcnoab3ysi npaBu/Io BbIUMC/IEHHUS
cTerneHen noJHHOMOB ﬁtﬂ, t =1,k — 1, OlleHUM pa3HOCThb
(deg a iyt deg Ak‘,T—i—l,k) — (deg a_, +deg Aka) =
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B.H. TopGy3son Benomorare/ibHble yTBepyKIeHHs I1.0,§ 1, rar. 1

+ (deg Ay + -+ deg a, 1,1+t dega, , +

= (deg Ori1k

tdega o . F degahkil)) - (dega_rk + (degag, + ...+

+dega,_, _,+dega_, +dega +... +degak’k_1)) =

T4+2,74+1

=dega,, +dega (deg a ., +deg aTk).

T+1,k -

PaccmoTtpum onpeaenuresib BTOPOro nopsiika

an(z)  a,(2)
aTJrl,T (Z) aT—l—l,k (Z) 7

KOTOPBIH sIBJIsSIeTCS onpeeanTeneM A,, a 3HaUYuT, CTereHb onpeje-
JISEMOT0 UM MoJiItHOMa A, yCTaHaBJAMBAETCS CJeIYy0LHM 00pa3oM:

1) »; < 5. Torna

deg AQ =dega,, +dega

T+1,k
"
dega,, +dega_ - (deg a,,,+deg a,) >0,
a 3HAUMT,
deg a yix T deg Ak,TJrl,k >dega_, +degA, (13)

2) s, = s, . Torna

T

deg 32 = dega,, +dega_,,

MIPH YCJIOBHH, UTO JI/Is1 JIIOOBIX HATYPAJIbHBIX UMCEJ m, W T, TaKHX,
uro ' < ny, <n,,rae I'=max{l;,[_}, onpenenuresnnb

)

n _[? n
AT( o) K (no) L0,
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B.H. Top6ysos
H

dega,, +dega

T+1,k (deg aT+1,T +deg ark) 0.

CJiefioBaTeJIbHO,

degaTHJ€ +degAk;,r+1,k; =dega_, +degA, . (14)

N3 coorhotennii (13) u (14) cnenyer uienouka Hepasencets (10),
a ecan cymectsyer 7 € {0,1,...,k — 1} Takoe, uto . < ., TO
MMeeT MeCTO CTporoe HepaBeHeTBO (11).

[Ipono/mkasi 10Ka3aTesbCTBO METOJIOM MaTeMaTHUECKOH MHIYK-
LM, PACCMOTPUM cJjyuad N = 2.

Onpenenurenb TpeTbero nopsijiKa

aOO aOl aOQ
N alO all aOO aOl
A a a a,., | =a +
3 10 11 12 02 a 12 a a
20 21 20 21
a20 a21 a22
a a ~ ~ ~
00 01
+a22 = aOQAQOQ - a12A212 —"_ a22A222’
alO all

Econ s, < 3, ToBcuay (11)
dega,, + deg 3222 > dega,, + deg Em,

U, yuuThiBas npejcrapienue (12) npu k = 2,

2
deg A, = dega,, +degA,,, = Z dega,,.
i=0

IT0 cooTBETCTBYET (6), MPUUEM, €C/IH 3¢, = 3;, TO

K,(n}) K, (n})
R R £ 0 (15)
o(n)) K, (n})
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B.H. TopGysos
MPH JOOBIX HATYPaJIbHBIX YHCJAX Nl W ni Takux, uto [ < nl < nl,
rae [ = max{l,,[,[,}.

[lyctb 22, = 3,. Torna B cuay (14)

deg a,, + deg 3222 = dega,, + deg 5212

H
K, (n}) K,(n?)

N N #0 (16)
K,(n}) K,(n?)

2 2 Takux, uto [ < ng < nf,

MpH JIOObIX HATYPAJIbHBIX UHCIAX NS W Ny

rae | = max{l,,[,[,}.
Crenenb deg A, 3aBHUCHT OT yCJIOBHI: 22, < 3¢, WIH 3¢, = .

Ecim s, < 5, ToBCcuay (11)

dega,, + deg 5200 < dega,, + deg 3222

W, yUuThIBasi npescrapienue (12) npu k = 2,
N 2
deg A, = Z dega,,
i=0

NpH BbinoJiHeHuH (16.)
Ecmy s, = 5, = », = , TO HEMOCPEICTBEHHO HAXOUM, UTO

2 2
x Yy, mi—sx Yy, my
=0

A 7> 7> > 1=0
A, =Tles, |Komy) Ei(m,) K,(m,)|= b
7=0 ~ —
Ko (my) K (m,) Kg (m,)
CTtaJio ObIT,
- 2 2 2
L ST Wt S
i=0 i=0 i=0
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I1.0,§ 1, ro. 111 Bcnomorare/ibHble yTBepyKIeHHs B.H. Top6ysos

€CJIn

~

o(n3) K, (nd) K,(n})

(n?) K, (n%) K,(n?)|#0 (17)

~

K,(nd) K, (nd) K,(nd)

npu JI0ObIX HaTypasibHBbIX UHCJax ng’, "?v ng’ TakuX, 4TO
3 3 3 —

[<ny <n) <ny, e [ =max{l,[,[,}.
Hrak, npu N = 2 yTBep:KJeHHe JIeMMbl JOKa3aHo.
[lycTh  yTBepKIE€HHHE JIEMMbl CHPaBEVIHBO MPH  BCSKOM

N < k—1, k> 3. Jlokaxem eé cnipaBeayupoctb npu N = k. [His
3TOT0 COCTABUM COOTHOLIeHHe (12).

Ecin >, > To B cuay (11)

k=1

B B k

Ay =degay, +deghy,, = Z dega,,,
=0

UTO COOTBETCTBYET (6).

3ameTum, uTO €CHM  CPemH 34y, ¥,...,3, ;  CYLIECTBY-
I0T Takue, 4To HMeeT Mecto (7), TO JIO/DKHBI BBIMOJHATLCA |
HepaBeHcTBa (8), MO0 yTBep:KJeHHe JIeMMbl BEPHO TMPH BCSIKOM
N <k-1

Ecmixe 3, =3, | =... =53 __, e 1 <s <k, ToBcuny

(12) u cipaBeninBocTH Jiemmbl Ipd N < k — 1 6ynem umeth, 4to

Koo(no) Ky () .. K, (n,) K(n)
I?kfs (nl) Akfsfl (nl) I?k—l (nl) [?]g (nl)

£0
I?k_s(nS) [?k—s—l(ns) l?k 1(n5) [?k(ns)

124



B.H. TopGy3son Benomorare/ibHble yTBepyKIeHHs I1.0,§ 1, rar. 11

NPH JIOOLIX HATYPAJIbHBIX YHCAAX Ny, Ty, ..., g TAKHX, UTO
[<ny <n, <...<mng.

EcJin »xe paamMepHOCTH 2, = 3¢, = ... = 3, = 3, TO HeNocpes-
CTBEHHO HAXOJUM

~ —~ k k
~ k o o(mo) Kk(mo) ”gomi_go"”
Ak+1:Hami0 R R z +....
1=0 Ko (mk) ce Kk(mk)
Crano 6bITh
k k
degAk+1—%Zm, Zm Zdega
i=0 i=0
ecsu
O(nO) Kk (nO)
_ _ #0
o(n) K, (n,)
npu JIOObIX HATypaslbHbIX 4YUCJIAX 7y, M,,...,N, TAKHX, YTO

[<n, <n, <...<n,. IdrocoorsercTByer (6). W

HenocpenctBeHHbIM cyiefcTBHEM jieMMbl | siBJisieTcst

Jlemma 2. [Tycmo noauronor (1) umerom paszauunoie cmene-
nHu (2) makue, umo m, > . [laa cywecmsyrowux cpedu sce-
20 MHOMecmsa ducer i, v = 0,N, N = r, maxkux, Komopoie
ydosaemsopsiom coomroueruto (7), coomsememayoujue 3ne-
menmor onpedeaumens Ay ., csa3anel Hepasencmsanu (8) npu
0661 Hamypaavrolx uucaax (9). Toeda onpedeaumers Ay ., a

sHaqum, u onpedeaumens A, . OMAULHOL OM HYAA.
[TycTb uncaa [; Takue, uTo

=L =..=L<l,=0,=...=0,0<p<N. (I8
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I1.0,§ 1, ro. 111 Bcnomorare/ibHble yTBepyKIeHHs B.H. Top6ysos

Mexy cTeneHssMu m., MHorouseHoB (1) paccMoTpum cJremyio-
Lide COOTHOLUEHU OTHOCHTENbHO [ U [ :

I
2) 1

0 S
3, <my, mg <[y <my,,,0<s<r

NS My;

my, my < ly;

Briosine oueBuaHo, uto B nepsom ciyuae ([, < m,) CrpaBemu-
BO YTBEPK/IEHHE JIEMMbI 2.
Bo BTOpOM ciiydae coCTaBUM ompesesuTesb p + 1-ro nopsiika

A,,, Ha ocHOBaHWH nepBbIX p + 1 uneHoc [, =... =1[p.

Huenbl onpenesurenst Ay, HaxosTest no popmyaie (3) u uMeroT
JieKcuKorpaduueckoe npejacrapierue (4A).

[TosToMy coBeplIeHHO aHAJOTHUHO JI0KA3bIBAIOTCS JieMMbl | 1 2
npu N = p.

[Tycts [, < my, my <1, < myg,,. Torna onpenennrens A
uJIeHAMH KOTOPOTO SIBJISTIOTCSI IIOJIMHOMbBI @_, HMEET BHJ|

N+1?

Gog Qg Aoy 0 ... 0

Ay Ay a, 0 ... 0
Ay, = s ag, Qsp 0 0

L A O R N

Qrg Qpy arp ar,p+1 Ay

Jlemma 3. Ecau s > p, mo onpedeaumenro A, moode-
CMBEHHO PABEH HYMIO.
/lokazaresbcTBo. B cooTBercTBUM ¢ TeopeMol Jlannaca onpene-

aurenb Ay, nopsaka N + 1 paBeH cymMMe NPOU3BEICHHHA BCEX MU~
HOPOB S+ 1-T0 NMopsizika, ColEpKalMXCs B TPOU3BOJLHO BIOPAHHBIX
s+ 1 ctpokax, 0 < s < N — 1, Ha ux anrebpauueckue JOMOJHEHHUSI.

3a s+ 1 cTpoky BbiGepeM MepBble CTPOKHU, COIep2Kallle HyJleBble
3JIEMEHTBI.
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B.H. TopGy3son Benomorare/ibHble yTBepyKIeHHs I1.0,§ 1, rar. 1

Ecsn Tenepb noJsioxKuth, uTo § > p, TO JOOOH MHHOP MOPSIIKA

s+ 1, conepxkauiuiics B nepBbix s+ 1 cTpokax onpenenntens A
paBeH HyJII0 KaK cojieprKaliuii HysaeBon cronbell. H

N+1

Jlemma 4. Ecau s < p, mo onpedeaumens £N+1 He obpauia-
emcs 8 mouc0ecmaer oLl Hyab npu YCcA0BUL, 4MO OAL CYULECMBY-
rouux cpedu 8ceeo mHoxecmsa uucea »;, = 0,N, N =r, ma-
KUx, Komopoie Yyo08ACMBOPSIOM COOIMHOULEHUIO (7), coomsem-

cmsyroujie saemennmo. onpedeaumenst A, | C63aHbL HePABeH-
cmeamu (8) npu A100b6LX HAMYPANLHOLX YUCAAX

[ <nd<ni<...<n®, 6=0,A,0<A<N, (19)

3 s

ede [5 = rnax{[ns, [na,. cy [n5 }
0 1 j5

JlokasaTesnbCcTBO JieMMbl 4 OCHOBAHO Ha PacCy:KJIEHHsIX, aHaJ0-
TUUHBIX PUBEIEHHBIM B JleMMe |, ¢ TpeiBapuTe/IbHbIM Pa3J/ioKeHHeM
onpenenutenss Ay, B COOTBETCTBHH ¢ TeopeMoi Jlanaca no Muno-
pam s + 1-ro nopsiuka.

Jlemma 5. Ecau [} < my, ms < [, < merl’O <s< N, u
soinoansemcs coomuouterue (18), a daa cywecmsyowux cpedu
gceeo muoocecmsa uucen »;,t = 0,N, N =r, makux, Komopo.e
yodosaemeopsiiom coomuoulenuto (7), coomsememayoujue 3ne-

menmol onpedeaumens Ay, c8a3anol Hepasencmsamu (8) npu

0661 HamypaioHolx wucaax (19), mo onpedeaumero Ay, =0
moeda u moavko moeada, Koeda s > p.
Jlemma 5 siBsisieTCst HEMOCPECTBEHHDBIM CJIE/ICTBHEM JIEMM 3 U 4.
W Hakowell, nycTb [; Takue, 4To
h=hL=..=0L <L == p pytp 1 ==
(20)
= [P0+P1+pz << [P0+P1+P2+~~+Pt71+1 =...= [pOerert

e Pyt P, =N, 0<p, <N, 0<p,,, <N —(py+...4+p,),
j=0—1.

127



I1.0,§ 1, ro. 111 Bcnomorare/ibHble yTBepyKIeHHs B.H. Top6ysos

Mexy cTeneHssMu m., MHorouseHoB (1) paccMoTpum cJremyio-
Lide COOTHOLLUEHUS OTHOCUTENbHO [ U [

1)1
2) [, <m,, my, <[, <m 0<s<m

S+1°

NS My;

3) [, <my, my <.

OueBunjno, uto B epsom cayuae ([, < m,,) CrpaBeiHBO yTBep-
KIEHHUE JIeMMbI 2.

Bo Bropom csiyuae onpenenutens A uJieHaMH KOTOPOTO 51B-

N+1?

JISOTCSt OIMHOMBL a ., 7 = 0,7, 4 = 0, N,r = N, cocraBiieHHble
no opmysiam (3), (4A), (4B), umeer Bua

A B C

*

A

N+1 ’

D FE F
rae 6J10K MaTpula

A B C

D FE F

, TIe Al.j =a,,
+1)x(p,+...+p,_,)-Matpuusl B = HBZJ

28,7 =Dy +L,py+...4+p,_,

coctouT U3 (s+1) x (p, +1)-marpuubl A = HAZ.].
) s

s [aij, €CJIu mi2[j,

0, ecm m;<ly,

Hymb (s+1)x (N —(p,+...+p, ,)-matpuubl C, (r—s)x (p,+1)-
mMatpuipbl D = HDin, Dij=a;,i=s+1r,j=0,p,, (r—s) x
x(p, + ...+ p,_,)-matpuusl E = ||Ej;l|, E;j = a;, i =s+1,r,
Jj=mp,+1, po—l— —i—pt L (r=8)x(N—=(p,+...+p, ,)-MaTpHlibl
F:H H =a.,t=s+1r,j=p,+...+p,_, +1,N.
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Crenenn mg, 0 < s < r = N, nojuHomoB (1) cBsizaHbl COOTHO-
LLICHUSIMH:

[O<m0<m1<...<msO <[p0+1, 0<s, <p,+...+p,

HJIH
{0,1,...,5,} # O;
[ m <m <. ..<m
e So+2 50+51<[p0+p1+1’
Ogsl <p0+“‘+pt—1 — 5
WJIH
{so +1,5,+2,...,8, +5,} =0

U T

[p0+...+pt_2+1 < mso+...+st72+1 < mso+...+st72+2 <

<...< mso+...+st_1 < [p0+...+pt71+1 = [N7

0<s, , <py+...+p,_, —(so+s, +...+5,,),

rge s+ 8, +...+8,_,+S,_; =Ss.

Jlemma 6. Ecau 0aa kaoncdoeo k € {0,1,...,t — 1} makoeo,
Ymo

{0,1,...,5, U{s, +1,...,8, +s,}U...U{s, +s,+
+ ... +s,_ +ls,+s +... 4+, +2,...,5,+s5 +  (22)

+..4s, s FOD, sg s, +. s, >p,+Dp Dy

*

mo onpedeiumenrs A moacoecmserHo paseH HYno.

N+1
/lokazaresbctBo. Vcnoabdyem Teopemy Jlansnaca, B COOTBeT-
k

CTBHH C KOTOPOH MHHOPBI 1 + > §; TIOPSIKOB CTPOMM Ha OCHO-
¢=0
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k *
A
BaHUM nepBbIX 1 + gzo 8 CTPOK Omnpefesutesst A, HaunHas ¢
ke€{0,1,...,t — 1}, cBsizdaHHOTO COOTHOLIIEHHEM (22).
Ecau TEenepb MOJ0KHUTL, UHTO

TO B cHJTy (21) moGo# MuHOp 14 S¢
¢=0
CTBEHHBIH HyJIb KaK OMpPeeNnTeb, ColepKallnil Hyaesol crogbel. l
PccyxneHnsiMu, aHaJOTHUHBIMU PACCYKIEHUSIM B cayuae jemm 4
U b, 10KAa3bIBAeTCS

Jlemma 7. Ecau

rnopsiika 06pamaeTcs{ B TO2KJ1e-

b <my, mg <l <my,,,0<s<N=r,

u cnpagedausol coomuouternus (21), a 0aa cyujecmsyowux cpedu

gceeo MHoONMcecmsa uuces x»;, 1 = 0, N, makux, komopule ydo-
B8AMBOPAIOM COOMHOUerHuto (7), COOMBEMCmMBYOULE INeMEH-

&
mol onpedeaumens A c83aHbL Hepagencmaamu (8) npu ao-
N+1

*k
boLx Hamypaavrolx wucaax (19), mo onpedeaumens A moaic-
N+1

decmBeHHO paser HYyato moeda u mMoavbko moeda, Koeda 041
kascdoeo k € {0,1,...,t—1}, ceazanroeco coomuoueruem (22),
Cnpaseoauso HepaseHcmso

ng >ch. (23)

B tperbem cayuae, To ecTh, Korna [, < mg,, m, > [, orGpa-
cblBast ujieHbl nopsiika [, NpuxoauMm K ciaydasm 1) u 2), re posb [,
Oyner urpath [y .

Jlauubifi npotiecc OyneM MpoaoJ/LKaTh BIJIOTh 10 |

pytp, KOTIA

BCTYNaIOT B CUJTY JIEMMbI 3 — D.
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§ 2. OrpaHHueHHOCTb KOJIMYECTBA
NOJUMHOMHUAJbHBIX pellleHUH Pa3JUYHbIX
cTeneHel YMCcJI0M UJeHOB ajlredpanyeckoro
auddepeHMaIbHOTO YPaBHEHUS

B 3aBucumoctu ot nopsijika I; unenos ypaBHenus (1.1.1.1) nepe-
CTaHOBKOH cJjlaraeMbIX B ajrebpanueckom auddepeHiaibHOM ypaB-
Henud (1.1.1.1) Bcerna moxuno po6utbest curyauun (20.0.1). Homny-
CTHM, UTO 3TO CJI/1aHO.

[Tonmnombl (1.0.1) siBAsiOTCST HETPUBUAJILHBIMH MOJUHOMHAJb-
HBIMU PellleHUsIMU anreGpanueckoro Mg epeHmasbHOro ypaBHeH s
(1.1.1.1) Torna u ToJLKO TOT/IA, KOTJa UMEET MECTO CHCTEMA TOXK/IECTB

N S84 (lk) ks
ZBM(Z)HGUT ' (z)) =0,7=0,r. (1)

Ha ocnosanuu (20.0.1) nocsienoBaresibHO pacCMOTPUM CJIEyI0-
111 e JIOTHUECKHE BO3MOXKHOCTH.

[ar 1. Ilycth HeTpHBHAJIBbHBIE MOJHHOMHAJbHbBIE pelIEHUS
(1.0.1) pagnuunbix creneneid m, ypaBHenusi (1.1.1.1)Takue, uro

[ <m0<ml<...<mr<[p 0<p, <N, (2)

Do o t+1’

npuuém, ecaim p, = N, TO [p0+1
[Moncrasasist nosmnombl (1.0.1) npu 7 = 0,7, cBsA3aHHbIe COOT-
HouleHueMm (2), B ypaBHenue (1.1.1.1) , nonyuaem cuctemy TOKaecTB
(1), tne N = p,, TaK Kak ec/iu cylecTBytoT B ypaBHenuu (1.1.1.1)
ujleHbl ¢ Homepamu ¢ > p,, To B cuiy (20.0.1) onn obpatatores B
TOXKAECTBEHHbIH HyJIb [IPU NAHHOH MOJCTAHOBKE.
Ecmn p, = 0, 1o roxzectsa (1) Oynyr umers Bun B, (2) =0, u

OyZeM CUUTaTh PABHBIM + 0O.

MOJIMHOMHAJIbHBIX PeLeHUH CTeNeH! M, T = 0,7, TaKHX, 4TO
[L<my<m, <...<m, <I,

y ypaBHenusi (1.1.1.1) Her.
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Ecam p, > 0, to cucrema toxaects (1), rne N = p,, npu

r = P, HMEET ONpPENE/IUTE/b Ap0+1, KOTOPbIM MPH BbITOJHHEHUH

ycaoBuit ieMmbl 2.0.1 oTinuen ot HyJst. Toraa u3 cHCTeMbl TOXKIECTB
(1) nonyuaem, utro B, (2) = 0, i = 0,p, . DT0 NPOTHBOPEUHT 3a/1a-
Huto ypasHenusi (1.1.1.1) npu ycaosun (20.0.1), korna p, > 0.

Hrak, nokasana

Jlemma 1. [Tycmeo 6 ypasrernuu (1.1.1.1) nopadku yienos cas-
3aror coomrouweruen (20.0.1) u 0as cyuecmayroujux cpedu 8ceco
MHOMcecmsa uucea »;, i = 0,p,, maKux, Komopoie yoosiremso-
parom coomruouwenuio (7.0.1), coomsemcemsyoujue uieHol ypas-
nernus (1.1.1.1) caazanor Hepaserncmaanu (8.0.1) npu a0bbix Ha-
mypaavrolx ducaax (19.0.1). Toeda ypasuenue (1.1.1.1) umeem
HempusuaivbHole noauromuavrole pewenus (1.0.1) ne 6oaee p,
PA3AULUHBLX Ceneret M., Yyoosaemaopaouux yciosuam (2).

[ar 2. Ilyctb HeTpHBHAJbHbIE MOJHHOMHAJbHbBIE pELIEeHHS
(1.0.1) pagnuunbix crernenedl m, ypaBHenusi (1.1.1.1) Takue, uro

[ <m0<m1<...<m80<[ 0<p, <N,

pO p0+p1 ’

< <...<my <l

<
[p0+p1 = m50+1 m50+2 Potpy+17 (3)

0<P1<N_p07

npuuém, ecad p, = N, 10 |

OylneM CUUTaTb 00, ecJiu
po+py I + oo,

Po ¥ P = N, 10
0<s, <rwm {0,1,...,s,} = 0.

OTHOCHTENIBHO KOJIMUECTBA 7 TOJHHOMHAbLHBIX petiennit (1.0.1)
pa3J/IMUHBIX CTEMEHEH U S, B cJyuae (3) MpeacTaB/IsioTes clelylolie
BO3MOXKHOCTH:

OylaeM cuuTaTh -+ 00; §, TaKOe, UTO

So =T (4)
{0,1,...,5,} = O (5)
0<s, <, (6)

KaK/1yt0 U3 KOTOPBIX pACCMOTPHM B OTIEJbHOCTH.
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Ecun Bbinosiusiercs yeqosue (4), To ecTb, S, = 7, TO COOTHOLLE-

Hue (3) OysieT UMeTh BUJL (2), Tak KaK [p0+p1 = [poH' 3HayuT, uMeeT

mecTo Jemma 1.

[Tyerb BbInosHsIOTCS yeoBus (5), To ectb, {0,1,...,5,} = O.
Torna cootHolenue (3) umeer mecto smuib npu 0 < p, < N, ubo,
ecs p, = N, 1o B ypaBHenuu (1.1.1.1) unenos ¢ Homepamu, 60J1b-
LLIMMH p,, HET ([P0+P1 = 4+ oo). CoorHotiienue (3) 6yneT HMeTh BUL

<Kmy<m; <...<m, <I

i 052 SN =p ()

[po +py
[Moncrapasist nosmnombt (1.0.1) npu 7 = 0,7, cBsi3aHHbIe COOT-
HotleHneM (7), B ypaBHenue (1.1.1.1), mosryurm cucremy Toxkaects (1),
e N = p, + p,. Tak kak ecau B ypaBHenuu (1.1.1.1) cyuectsytor
uJleHbl ¢ HomMepamu ¢ > p, + p,, 1o B cuay (20.0.1) onun o6pautatores
B TOXK/I€CTBEHHbIN HYJIb ITPU JAHHOH MOACTaHOBKE.
Y cucrembl ToxkaecTB (1) e N = p,+p, npu r = p,+p, onpeje-
autenb A , KOTJIa BBIMOJIHSAIOTCS YCJIOBUS JIEMMbI 1, oTsiueH
Pot+p,+1
OT HyJIsl.
B stom cayuae toxnectsa (1) umetor Bun B, (2) = 0, Vz € C,

i =0,p, +p,, UTO NPOTUBOPEUHNT 3a1aHuto ypaBHenus (1.1.1.1) npu
ycsoBud (20.0.1), korna 0 < p, < N, 0 <p, < N —p,.

Hrak, nokasana

Jlemma 2A. [Tycmo 6 ypasuenuu (1.1.1.1) nopsadku wrenos
ceasamvl coomuouteruem (20.0.1) u das cywecmsyowux cpedu
gceeo mMHoxcecmsea wucea x;, © = 0,p, +p,, maxkux, KomopoLe

ydosaemsopsom coomuoutenuio (7.0.1), coomsemcmayioujue
ynenolr ypasrenus (1.1.1.1) ceasano nepasencmsanu (8.0.1) npu
a0061x Hamypaavrorx wucaax (19.0.1). Toeda ypasmernue (1.1.1.1)
umeem HempusuasvHole noauromuarvrole pewerus (1.0.1) ne
boaee p, + p, pasauurobLx cmenerel my, YOOBACMBOPAIOUUX
yeaosuam (7).

[Tyctb nmeer Mecto cooTHolende (6). [lojacTaBuM MOJMHOMBI
(1.0.1)npu 7 = 0,7, cesizanuble cooTHolenneM (3) npu 0 < p, < 7,
B ypaBHenue (1.1.1.1). ITosyuum cucremy Toxxkzects (1), y Kotopoii
N = p, + p,, TaK Kak ec/iu B ypaBHenuu (1.1.1.1) cyuiectBytor une-
Hbl C HOMepaMu ¢ > p, + p,, To B cuiy (20.0.1) onn o6paluatorcst B
TOXKAECTBEHHbIH HyJIb [IPU NAHHOH MOJICTAHOBKE.
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Cucrema toxnects (1), rne N = p, +p,, npu r = p, + p,

UMeEET onpeae/mTelb Ap0+pl+1’ OTJIMYHBIK OT HYJIsl MPHU BbINOJHE-

Huu ycaosui jemmbl 5.0.1. Torna Toxpecta (1) 6yayT uMeTb BHJL
B, (2) =0,i=0,p, +p,, 4TO NPOTHBOPEUHT 3aJlAHHIO YPABHEHHS]

(1.1.1.1) mpu ycnoBuu (20.0.1), korma 0 < p, < N, 0 < p, < N—p,.
Wrak, nokasana
Jlemma 2B. [Iycmo 6 ypasnenuu (1.1.1.1) nopadku wrenos
ceasamv coomuouteruem (20.0.1) u das cywecmsyowux cpedu
sceeo mMHoxMcecmaa wucea »;, i = 0,p, +p,, Maxkux, KomopoLe

ydosaemsopsiom coomuoutenuio (7.0.1), coomsemcmsyiowue
ynenolr ypasrenus (1.1.1.1) ceasano nepasencmsanu (8.0.1) npu
a0061x Hamypaavrorx wucaax (19.0.1). Toeda ypasmernue (1.1.1.1)
umeem HempusuasbHole noauromuarorole pewenus (1.0.1) He
boaee p, + p, pasauuroblx cmenerel my, YOOBACMBOPAIOUUX
ycaosuam (3) npu (6).

B o611iem ciiyuae crnipaBeniiBa

Jlemma 2. [1ycmo 6 ypasuenuu (1.1.1.1) nopadku urenos cssa-
3anor coomrouweruen (20.0.1) u 05 cyuecmayroujux cpedu 8ceco

MmHoOdMcecmsa uucer »;, 1 = 0,p, +p, +...+p,, MaKux, Komo-

pole yoosaiemsopsiom coomuoutenuro (7.0.1), coomsemcmayio-
wue ynenol ypasuerus (1.1.1.1) ceazanor nepasencmseamu (8.0.1)
npu a0bolx Hamypaavrolx yuciax (19.0.1). Toeda npu k = 0 u

k = 1 ypasuenue (1.1.1.1) umeem nempusuaroroie NOAUHOMU-
k
aavrole pewenus (1.0.1) He 6oaee p; PasiuUuHbLX cmenereil
=0

my, T =0,r, makux, 4mo

[ k < my < [ k 5
Z pj 1+E pj
Jj=0 j=0

k

ede [ :—i—oonpuij:N.

1+> p. —
=0 J=0

[lar 3. [lycTb HeTpUBHAJbLHBIE MMOJUHOMHAJbHbIE pelIeHHs
(1.0.1) pagnuunnbix crenenHeil m, ypasHenusi (1.1.1.1) Takue, uto
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[Po <m0<m1<...<mp0 <[p0+p1,0§p0<]\7,
<
[P0+P1 < mpo+1 < mp0+2 <...< mP0+P1 < [P0+P1+P2’
(8)
< — <
0<p, <N —p,, [p0+p1+p2 \m%ﬂ]11 <mpo+P1+2 <. <
< mT < [p0+pl+p2+17 0 <p2 < N - (pO +p1)7
k
npuuém s moboro k = 0,2, ecsu p; = N, ol = +00;
j=0 1+> p;

j=0 7
p, — Takoe,uto 0 < p, <7 wm {0,1,...,p,} =0, a p, — Ta-
koe,uto 0 < p, <r—p, wm {p, +1,...,p, +p,} = D.
OTHOCHTE/IBHO T, p, U P, UMEEeM:

Do =T (9)

{0,1,...,p,} =9, p, =r; (10)
0<p, <7 py+p =73 (11)
{0,1,...,p, +p,} = O; (12)
{0,1,...,p,} =0, 0<p, <3 (13)
0<p, <rm{p,+1,....p, +p0,} = O, (14)
0<p, <r, 0<p, <7, 0<p, +p, <. (15)

Jlemma 3. [1ycmo 6 ypasrnenuu (1.1.1.1) nopadku urenos cssa-
3anor coomroueruem (20.0.1) u daa cywecmsyrouux cpedu sce-
20 mHoNHcecmsa wucen s, © = 0,p, +...+p, , makux, Komo-
pole yoosaemsopsiiom coomuoutenuro (7.0.1), coomsemcmayio-
wue ynenol ypasuerus (1.1.1.1) ceazanet nepasencmseamu (8.0.1)
npu 10ovix Hamypaaorolx yucaax (19.0.1). Toeda dugpghepenu-

arroe ypasrerue (1.1.1.1) das scex k = 0,2 umeem nempusu-
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k
aavrole noauromuarorole pewenus (1.0.1) ne 6oaree p; pas-

Jj=0
AUYHbLX cmenerell my, T = 0,7, makux, 4mo
[ k < my < [ k 9
> P 43 p,
=0 7=0
k
edel , = +o00 npu E pj:N.
1+> p. —
=o' Jj=0

Lokasarespctso. [pu (9) — (11) yenoBus (8) coBnanator ¢ ycJjo-
BUSIMHU (3), U UMEET MeCTO JieMMa 2.

CraJio 6bITh, HMeeT MecTo Jiemma 3nipd k=0 u k = 1.

CripaBeniMBOCTb JIeMMbl 3 NP ycJ10BUH (12) ycTaHaBiuBaeM Ha
ocHoBaHuu Jiemmbl 2.0.1, npu yesoBusx (13) uaun (14) — Ha ocHoBa-
Huu iemmbl 5.0.1, npu yesoBu (15) — na ocHoBanuu jiemmbl 7.0.1.

[Tockosibky Bee cayuan (9) — (15) pacecMoTpeHsl, To JjemMa 3 J10-
kasaHa noJsiHocThio. Il

CoBepllleHHO aHAJIOTUUHBIMU PACCYXKAEHHIMH, KaK U MPH JIOKa3a-
TesbeTBe JeMM 1 — 3, na ocnosanun Jemm 2.0.1, 5.0.1 u 7.0.1 noka-
3bIBAEM, UTO B OOIIIEM CJlydae CripaBejiiiBa

Teopema 1. [lycmv 8 OJduppepenyuarvnom ypasHeruu
(L.1.1.1) unenbr npedcmasaenv. mak, wmo umeem Mecmo
coomrnowenue (20.0.1) u 0daa cywecmsyrowux cpedu 8ceeo
mroocecmsa wucea i, i = 0,p, +...+p,, makux, Komopoe
ydosaemsopsom coomuoutenuio (7.0.1), coomsemcmayioujue
ynenol ypasnernus (1.1.1.1) ceasanor nepasencmsanu (8.0.1) npu
aobuix Hamypaasroix wucaax (19.0.1). Toeda das scex k = 0,t
ypasrenue (1.1.1.1) umeem HempusuasvHvle NOAUHOMUANbHOLE

k
pewernus (1.0.1) ne 6oaee ij PABAUYHBLX cmieneHel M.,

Jj=0
T=0,r, makux, 4mo
> P, +3 p.
j=0J j=0"J
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k
edel = +oonpu y p;=N.

1+> p. j=0
j=0"J

CaencrtBue 1. Aneebpauueckoe dugghepenyuarvioe ypasme-
Hue (1.1.1.1) umeem nHempusuaroivie NOAUHOMUANLHbLE pelle-
Hus He bosee N pasAUdHbLX creneretl, ecau 04 cyujecmsyio-
wux cpedu 8cee0 MHOMECMBa wucen »x; Makux, Komopole yoo-
saemsopsom coomrouwenuto (7.0.1), coomsemcmsyioujue urerol
ypasrenus (1.1.1.1) ceasanor Hepasencmeanu (8.0.1) npu moboLx
Hamypaaorolx yucaax (19.0.1).

Ykaxkem HekoTopble kjaacchl ypaBHenu# (1.1.1.1), a5 KoTopbIX
YCJIOBUSI TeOpeMbI | BBIMOJIHSIOTCS].

Paccmorpum ypasnenue (1.1.1.1) B ciiyuae, xorna

YeqoeueM (17) uck/rouaeM BO3MOXKHOCTh BBITIOJIHEHHSI COOTHO-
uiennit (7.0.1) 1 HemocpeACTBEHHO U3 TeopeMbl | Mosyuaem

Caencrue 2. Ecau 8 areebpauyeckom dugpeperyuaibHom
ypasuenuu (1.1.1.1) usernsr npedcmasaenor max, 4mo umeem me-
cmo coomuoutenue (20.0.1) u sornoansiemes ycaosue (17), mo 0asn
scex k = 0,t ypasrenue (1.1.1.1) umeem nempusuasorole not-

k
Homuaavrovle peuterus (1.0.1) ne 6oaee p; pasaudroly cmene-
Jj=0

Hell m,, yoosiemsopsaroujux (16).

M3 cnenctBusi 2 nosydaeM MeHee TOUHOe, HO GoJjiee MPOCTOE MO
hopmysHpoBKe

Caenctue 3. ¥ ypasuenusn (1.1.1.1), sce urenor komopoeo
UMEIOM PA3AUYUHbLE PASMEPHOCTMIU, HeMPUBUAAbHbLE NOAUHOMU-
anvHole peuleHus umetom He 6oaree N pasdaudHolx cmeneHel.

Hmeet mecTo 1 GoJiee o6UIME citydyait, ueM cHOpMyJHPOBAHHBIN B
CJIJICTBUU 2.

[TycTb unenbl anre6pandeckoro auddepeHasbHOr0 ypaBHeHUsT
(1.1.1.1), cBsizannbie cootHouieHueM (7.0.1), Takue, uto B HaGopax

{“pé’“p‘i""’“sié} npu Kaxaom o € {0,1,..., A} comepxures

TOJILKO MO OIHOMY HauOOJIbLIEMY YHCJTY
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1.0, §2, ra. 111 OrpaHHiyeHHOCTb KOJIHYECTBA MOJHHOMUAJbHBIX PELICHHI . . . B.H. Top6ysos

n, =max{n ;. n
S po

SECTERLP }, ng=ng,n;>n;
1 is

as s 585

(18)

ﬁ&#a(;aﬁ(;:()?j(;vd:o?)\'

4
MckaiounB u3 ypaBuenust (1.1.1.1) usensl ¢ Homepamu s

, TIe
_ Bs
Bs = 0,75, B, #* ay, 6 =0, A, MoJIyuuM ypaBHeHHe
M S (. ) pkn
S B, &I [w ] = (19)
Cn
n=0 k=1

A
rne {Cy,Cor---Cys F CA{M,, M,,..., M.}, M:N—6Z Js-
=0

B cuny cooTHouienwuit (18) HeTpuBHAJIbHBIE TOJMHOMHAJBHBIE Pe-
uieHust ypaBHenus (1.1.1.1) v HeTpuBHAJILHBIE TTOJHHOMHAJLHBIE Pe-
uieHust ypasuenust (19) umelor obuiue Boiciune ysensl. JanHnoe o6¢to-
SITEJILCTBO MO3BOJISIET YTBEPKIaTh, UTO KOJHUECTBO HETPUBHAJbHBIX
MOJMHOMUAJIbHBIX PelIeHUH pasJiMyHbIX cTeneHeil ypaBHenusi (1.1.1.1)
COBMAJIAaeT ¢ KOJMYECTBOM HETPUBHAJbHBIX MOJMHOMHAJbBHBIX pelle-
HUH pasynyHbiX crenened ypasuenusi (19). Ho ypasuenune (19) ta-
KO€, YTO B CHJIy TMOCTPOEHMsI UJieHbl €ro CBsI3aHbl COOTHOLUEHHEM
(17), a 3HauMT, HA OCHOBAHMH CJIEJICTBUS 2 YCTAHABJIMBAEM KOJIMUE-
CTBO HETPUBHAJIbHBIX MOJMHOMHAJBHBIX PELIeHHH pa3/iuHbIX CTerne-
Heil ypaBHenusi (19) u ypaBuenusi (1.1.1.1).

CaencrtBue 4. Aneebpauueckoe dughghepenyuaroroe ypasre-
nue (1.1.1.1) npu ycaosusax (7.0.1) u (18) umeem nempusuarvroie
NOAUHOMUAAbHBLE peuleHus He boaee

A
M:N_Zj(g
6=0

pPa3iuuHolx cmenenell.

Teopema 1 MokeT GbITh TpUMeHeHa K U epeHIaIbHOMY ypaB-
HEHHIO creluasbLHOro Buja [63]
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B.H. Top6yzos OrpaHHueHHOCTb KOJIHUECTBA MOJHHOMHANBHBIX PEIICHHIT . . . 11.0,§2, rn. 111

Ji
)\ k _
S, T T1(e)™) " -
i=0 =0 \ k=0
(20)
n S (l )
Yr A
=Y B TI™)
7=0 A=0
rie l k s Qs Y l)\, v, CYTb Lie/Ible HEOTPHLIATE/IbHBIE UHCIIa Ta-
KHe, qTo
p S5
Z ijajz<ZZV a ,izO,m, (21)
j=0 k=0 j=0 k=0

Yo <V < .o < Vn (22)

[Ipu nHasmmunu B ypaBHeHuu (20) 4jieHOB ¢ paBHBIMH Pa3MepHOCTSI-
MH, TO €CTb, CBSI3aHHbBIX COOTHOLLIEHHEM

D 5 s
DD Y, = D vy
7=0 k=0 A=0
(23)
ie€{0,1,...,m},7€{0,1,...,n},
JIOJI?KHbI BBITIOJIHSATHCS YCJOBHUS
lg = max max {[, } > max{l, } = e (24)
j=0,p k= 0,s; A=0,s
H
P S
DD 0oy > v (25)
§=0 k=0
. 1, ecu lkj > ZC;
e o, =

0, ecu I, <I..
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1.0, §2, ra. 111 OrpaHHiyeHHOCTb KOJIHYECTBA MOJHHOMUAJbHBIX PELICHHI . . . B.H. Top6ysos

Ortmetum, uto yeioBusi (21) v (22) rapaHTUPYIOT HaJIMUKE B ypaB-
HeHuu (20) He GoJiee IBYX UJIEHOB C PABHLIMU PA3MePHOCTSIMH.

Ecan uMeet MecTo X0Ts1 6bl 0JTHO U3 COOTHOLIEHUH (23), TO ornpe-
neautenb (8.0.1) npu (24) u (25) moxkeT ObITb Bcerna npeobpa3oBaH
cJielytoluM 06paszom

K;(m,) K;(m,) _, . (m,) 1
~ N = K, (m,) K (m,) )
Ki (mQ) KT(mQ) Sp(m2) 1
rmae
_ K/ (m)
) = Trm)

U UMEET BHU]L

g0:m60(m— 1)51 ...(m—lq)éq.

[Tockonbky m > lg, TOo npu m, > m,, B CHJIY MOHOTOHHOCTH
MOJIOYKUTEIbHOH (DYHKIIMH ¢ HUMeloT MecTo HepaBeHceTBa (8.0.1).

Taxkum o6pazom, cripaBeniiBo

Caencreue b. ¥pasuenue (20) npu (21) — (25) umeem nempu-
BUANbHBLE NOMLHOMUAAbHbLE pewierus: He 6oaee m +n + 1 pas-
AUUHBLX cenerell.

Heo6xonumMo 3ameTuTh, uTo Teopema |, XOTs M cripaBeInBa aJsi
JIOCTAaTOUHO 1IMPOKOro Kjacca ypaBHenui (1.1.1.1), HO Bcé ke He
OXBaThIBAeT BECh KJacc.

[Mpumep 1. YpaBHeHue
2
zw' (w(V)) — 120wV Dy =0
MMeeT HeTPUBHAJIbHbIE TOJMHOMUAJbHBIE PellleH s

w :z—25,VzeC, n w,:z— 29 vVzeC,

1 2

YpaBuenue [87]

2w’ (w///)2 o Sww//w(lv) =0
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HUMEET HEeTPUBHUAJIbHbIC TOJIMHOMHAJIbHbIE PECIICHHUS

wl:z—>z4, VzeC, w w2:z—>26, vz € C.
J1n1st 060UX 3THX ypaBHEHU YCJIOBHS TeOpeMbI | He BBIMOJHSAIOTCS B CH-
Jly Hapyinenusi HepaBeHeTs (8.0.1).
JleficTBUTENBHO, U151 IEPBOTO YPABHEHHUS OMpPEIeIUTE b

4 3 5
my [T(m, —i)*  [L(m, —i) [T(m, —1i)
=0 =0 =0 _
my TL0my =1 TL(my — i) T1(m, i)
=0 1=0 =0
= m2m2(m, —1)*(m, —1)*(m1 — 2)*(m, — 2)*(m, — 3)

npu my = 6, mg = 10, a a1 BTOPOro ypaBHEHHsI ONPEACJIUTE/b

m3(m

L (my = 1)*(m

1 1 2> m? (m1 - 1)2(7”1 —2)(m

npu m, =4, m, = 6.

Mrak, HaMH NpHBEeLEHbI MPUMEPbl YPaBHEHUH, Y KOTOPBIX UMC-
JIO TIOJIMHOMHAJIbHBIX HETPUBHAJIBHBIX PEIIEHHH COBIMAJAET C UUCJIOM
UJIeHOB B YpaBHEHHH, TO eCTb, HapyLIAlOTCsl yCJOBUSI TeopeMbl 1, U

KOJIMUECTBO HETPUBHAJBHHBIX TOJUHOMHANBHBIX PElIEHHH Pa3JUUHBIX
crenenel 6oJgble N.
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[naBsalV

MNOJIMHOMUAJIbHBIE PELLIEHUA

AJITEBPAMYECKUX YPABHEHU I THUTIA
PUKKATH — ABEJIS

B npenbiayiux riaBax M3ydeHbl CBOMCTBA MOJUHOMHAJBLHBIX pe-
ieHni anrebpanueckux auddepeHMaNbLHBIX YpaBHEHUH 0O11ero BU-
na. B §4 ryael 1 paccMoTpeHbl MPUJIOKEHHS HA Cydyail HeJTMHEHHbIX
ypaBHEHHUH BTOPOro U TpeThbero nopsiikos Tuna [lennese.

Ecsu paccmatpuBath auddepeHuyanbible ypaBHEeHHHUsT CHeLy-
aJIbHbIX BHJIOB, TO MOJHHOMHaJIbHbIE pelleHHsl, Hapsiay C OOLIMMH
cBolicTBamH, obJanatoT u crelmdpudeckumu. [locnennne moryt 3Ha-
YUTEJILHO PACIUMPUTh MPEACTaBACHHE O MOJHHOMHAJBbHBIX PeLIeHHUsIX,
a B COUETAHUH C OOLIMMH CBOUCTBAMH JlaTh G0J1ee MOJHYI0 KapTHHY.

OcraHoBUMCSl Ha YpaBHEHHH BUJ1a

dw = i
@zgmz)w,nw, (1)

rne Pj: z — P;(z) — HeKoTopble (yHKIMH KOMIJIEKCHOTO TTepeMeH-
HOTrO Z Takue, uto P,(2) # 0

Eciu n = 2, to ypaBHenue (1) siBasiercst ypaBHenueMm Pukkar,
npu n = 3 — ypaBHenneM Abesist nepsoro pona. [Tostomy npu n > 2
ypaBHeHue (1) Oy1em Ha3bIBaTb ypaBHEHHEM MepPBOro NopsiiKa muna
Pukkamu — Abeas.

Dynem paccmatpuBaTth asnrebGpanueckue JuddepeHIMaNbHbIE
ypaBHenus Tuna Pukkatn — A6ensi (1), To ecTh, Korna KosghuiimeH-
Tl P; SBJSIIOTCS MOJMHOMAMH WJIM PaLMOHAJIbHBIMH (DYHKLHSIMH 110
z. DTH ypaBHEHHs BCeTr/la MOTYT ObITh 3aMMCaHbI B OIHOM U3 BHJIOB

= = ZBW (2)w”, vy =2, (2)
0
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B.H. TopGy3os [TosMHOMHUabHbBIE pelenHs anre0pauyecKUX ypaBHeHHH THNa . . . I1.0,§0, ra. IV

HUJIN
A(z) — =D B, (2w", vy >2, (3)
0

rie A u B, — nosunombino z u A(z) # const, B, (z) £ 0.

B (2) u (3) noanHOMbI-KO3(PhHIHEHTBI C JIEKCHKOTPapUUECKUM
pacrnosioxKeHueM 4jeHOB

B,:z— B2 +...,¥2€C,i=0,N, (4)

A:z—az+...,V2zeC, a#0. (5)
Bynem cunTath, uTo
v, <v <. < Uy, (6)

160 3TO OyJET MOoJIe3HbIM /ST AaJbHERINX PACCYKAEHHH U He Hapy-
11aetT o61HOCTH paccMaTpPUBaeMbIX KJ1accoB ypaBHeHUH (2) 1 (3).

Kpome Toro, 6ynem cuutaTbh, UTO B ypaBHeHHH (3) MOJHHOMbI-
KO3 PUIHEHTDI A’Buo’ BN1 Y ,BHN He UMEIOT OOLIMX HYJIEH, TO
€CTb, He CYLLECTBYET TAKOI0 KOMILJIEKCHOIO UMCJ/Ia Z,, UTO

A(z) = B, (%) =B, (%) =-.. = B, (z,) = 0.
Takoit cutyaunn MoXKHO NOOHUTHCSI COKpallleHHeM o0enx dacTei

ypaBHeHusi (3) Ha oOliMe MHOXKUTeMU. B pesysbrare nosyuum jau6o
ypaBHeHue (2), 1160 ypaBHeHue (3), HO ¢ TpeGyeMbIM CBOHCTBOM.
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. dw N v,
I1.0,§ 1, ra. IV [TosuHoMualbHbIe pelieH s ypaBHeHH ST . = z Bl"i (z)w B.H. Top6yzos
z i=0

§ 1. [MoannHOMHaANbHBIE peLIEHUs

N
dw v;
ypaBHeHUs —— =)> B, (z)w
dz Hi
=0

CroiictBo 1. ¥pasuernue (2.0.0) He umeem noOAUHOMUANOHOLX
peulenull w, u w, mMaxkux, umo w,(z,) = w,(z,), ede z, —
HEeKOMmMopoe KOMNACKCHOEe HUCAO.

LokasaresperBo. Ecim w, W w, — NOJUHOMHAJIbHbIE pEeLLEeHHUs]
ypaBhenus (2.0.0) Takue, uto w,(z,) = w,(z,), T0 w,(z) = w,(2),
160 B MPOTHUBHOM CJlyyae B TOUKE z = z, HaApyLIAeTCsl eIMHCTBEH-
HocTb 3a1aun Ko, H

Kax ciienctBre cBoiicTBa | MpH YCJIOBHH, UTO 2, SIBJISIETCS HYJIEM
MOJHHOMOB W, W w,, TO €CTb, w, (z,) = w,(z,), CpPaBeLIHBO

CBoiictBo 2. JIrobbix 08a NOAMUHOMUAAbHLLX PEULeHUs Ypas-

Henusa (2.0.0) ne umerom obuwux Hyaei, mo ecmo, ABALIOMCA
HenpusooUMbLMU.

CaoiictBo 3. JIrobbix 08a NOAMUHOMUAALHLLX DEULeHUs Ypas-
nenus (2.0.0) omauaromes Ha NOCMOAHHYIO, MO ecmb, ecau no-
AUHOMOL W, U w, A8aaromces peueruanu ypasuerus (2.0.0), mo

npu aobom z us noaa C paswocme w,(z) —w,(z) = C, ede C
ecmo HeKkomopas NOCMOAHHAA.

Lokasaresperso. [lycTb w, U w, — pasjMUHbIE NOJUHOMHAJb-
Hble pewenus ypasHenus (2.0.0). Torna

w,(z) —w, (z) = const.

Tak Kak, €CJIh JOMYyCTUTb, UTO

rie P — nosuHom ctenend deg P(z) > 1, ToO B CHJy TOTO, UTO MO-
JIMHOM, OTJIMUHBIN OT MOCTOSIHHOM, BCErja UMeeT XOTsl Obl OJIMH HYJb,
CKaXkeM z,, MoJiydaeM paBeHCTBO w,(z,) — w,(z,) = 0, KoTopoe
npoTtuBopeuut ceoicTy 1. M
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dw N
B.H. Top6yzos [TosuHoMuasbHbIe pelieH s ypaBHeHH ST . = z Bl"'i (z)w I1.0,§ 1, ro. IV
z i=0

o

CroiictBo 4. Ecau 8 ypasnernuu (2.0.0) nokaszamenv cmenexu
v, = 1, mo aoboe eco noauromMuarbHoe pewierue 18A5emcs no-
CMOAHHOLL.

JlaHHoe CBOMCTBO CJieyeT U3 CBOHCTBA 3 W Toro, uto w(z) = 0
siBJIsieTcs pellenreM ypasHenus (2.0.0) npu v, > 1.

[TocsienHee nosiyuaeM U3 6oJiee 061Er0 YTBEPKAEHHUS, KOTOPOE
copmysiHpyeM B BHIE CBOHCTBA.

CBoiictBO 5. /{151 moeo umobul noauHon w: z — a, vz € C,
ede a — nocmosaHHas, a8a2ica peuweruem ypasnerus (2.0.0),
Heobxodumo u docmamoumo, 4umobol Mo YpasHeHue umero 8ud

L = (- )@ w), (1)
20e Q — NOAUHOM NePeMEeHHbLX Z U W.

/okazaresbctBo. Ecnn w: z — a, Vz € C, — pellenue ypap-
Henus (2.0.0), To

TO ecTh, ypaBHeHHe (2.0.0) umeet Bu (1).

A To,uT0 W: 2z — a, Vz € C, pelenue ypaBHenus (1) siBasiercst
BroJiHe oueBUIHbIM akTom. Il

M3 cBoiicTB 3 U 5 cieyer

CroiictBo 6. Ecau ypasrenue (2.0.0) umeem xoms 6oL 00HO
NOMUHOMUAALHOE peuleHue 8 8Ude NOCMOSAHHOU, MO 8C€ BOSMONC-
Hble NOAHOMUAAbHBLE PEULEHISL e20 maKdce OY0ym nOAHOMAMU
Hyresoll cmenenu. A 041 moeo umobol NOAUHOMbL

w:z—>a].,Vz€<C,j:1,—7“,

ede a, — nocmosnuole, oot peuernusnu ypasrenus (2.0.0),
Heobxodumo u docmamoumo, 4mobol OHO UMEAO 810
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. dw N
I1.0,§ 1, ra. IV [TosuHoMualbHbIe pelieH s ypaBHeHH ST . = z BM
¥4 o
i=0

; (z)w i B.H. TopGysos

ede A — noaurom no z u w makxoi, umo A(z,a) Z 0 npu aio-
601 NOCMOAHHOL a.

Ypanenue (2.0.0), ecTecTBEHHO, MOYKET UMETDH MOJHHOMHAJbHbIE
pelIeHusi, OTJIHUHBIE OT MOCTOSTHHOM.

3 cBoiicTBa 4 cnenyer HEOOXOAUMOE YCJI0BHE HAJTUUUS TOJHHO-
MHaJIbHBIX PellIeHHH cTeneHH, 60JbIIeH X PaBHOH eMHHLIE.

CgoiictBo 7. Ecau dugpgpepenyuarvroe ypasuerue (2.0.0)
umeenm HOAUHOMUAAbHOE peuleHue, OMAUYHOe OM NOCMOSAHHOL,
mo v, = 0.

M3 cBoficTBa 3 He 3aBUCHMO OT TOTO, HIET JIH PeUb O MOJHHOMH-
aJIbHBIX PelleHUsIX B BUJIE MOCTOSIHHBIX UM OTJIMUHBIX OT MOCTOSIHHOH,
cJeyer

CeoiicTBO 8. ¥ gcex noauHomuaroHoLx peuleruii ypasHerus
(2.0.0) odurnaxosasn cmenewneo.

YKaxkeM HEeKOTOpble CBOHCTBA CTENEHH MOJMHOMHAJBbHBIX pellie-
Hul M depertpanbioro ypasuenus (2.0.0).

CBoiictBo 9. Cmenens m NOMHOMUAAbHBLX PeUulerull Yypas-
nenus (2.0.0) ne npesviwaem uucaa b, + 1, mo ecmo,

m < b, + 1. (2)

LokasaresberBo. Ecam v, > 1, To B CUJly CBOHCTBA 4 cTeneHb
MOJMHOMUAJILHBIX PellieH’ paBHa HYJIO, U CTaJlo ObITh, He MpeBbIllIa-
erurcaa b, + 1.

[lycts v, = 0. JomycTum NpoTHBHOE: Yy NOJMHOMHAJBHbIX pelle-
HUH cTenenb m = b, +n, rae n > 1.

[Ipn v, = 0 ypasHeHnue (2.0.0) 3anuiiem B B

w —-B, (z) X Vi1
I
— =B, (3)
7j=1
rie v, = 1.
w'(z) - B, (2)

Torma yactHoe
w(z)

He J10JI2KHO UMETb ITOJIIOCOB.

Onuako nipu 7 > 1 crenens deg(w'(2) — B, (2)) = b, +n—1.
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dw N
B.H. Top6yzos [TosuHoMuasbHbIe pelieH s ypaBHeHH ST . = z BM
¥4 o
i=0

()w * 1.0, § 1, . IV

i

CTtaJio 6GbITh, YAaCTHOE UMeeT XOTsI Obl OJIUH TOJIIOC.

[Tosryuunsu npotuopeune. M

Cgoiicto 10. [loaunomnuanroroie pewenus ypasgrerus (2.0.0)
cmenenu m = b, + 1 codepacamces 6 cemelicmese NOMHOMOB

/Buo (2)dz +C, C = const.

/lokazaresbcTBo. 11ycTh noJMHOMUAJIBHOE pellleHHe w ypaBHe-
nus (2.0.0) umeer crenenb degw(z) = b, + 1. Torza, no cBoficTBy 7,
B ypaBHeHuH (2.0.0) nokasaresb creneHu v, = 0, U OHO NPUBOAUTCS
K ypaBHeHHIo (3).

YpaBHenue (3) o6palliaeTesi B TOXKAECTBO, B NPABOH YaCTH KOTO-
pOTO pacroJiozKeH MOJMHOM, a B JIEBOK YaCTH — paldoHabHask (PyHK-

/
W@ =B, ()
w(z)
3HameHarens degw(z) = b, + 1.

[ToCKOJIbKY B TOXK/IECTBE JIeBast YaCTh — MOJHHOM, TO YHCJIHTEb
/ —
w'(z) — B, () =0.

Orcionia yeranasanpaem coiictso 10. H

CeoiictBo 11. Cmenenb m NOAMHOMUAAbHLLX peuleHu
ypasuerus (2.0.0) npu v, =0 ydosiemsopsem Hepasencmaam

1ust . Y uncautens deg(w'(z) — B, (2)) <b,, ay

mgmax{bo_bN bi=by  bya by bN—l_bN} (4)
Vy Vy =1 VN = Vn_a VN = Vna

u

m>min{b0_bl b, — b, by — by, bO_bN} (5)
- v, v, 777w Y '

1

JlaHHOe CBOHCTBO COOTBETCTBYET caeacTeuam 1.2.2.1 u 2.2.2.1

[Tpu b, < b, nisBcex j = 0, N —1 B nabope (4) Bce uncna
oTpUlATe/IbHbIE, a 3HAUUT, CTIPABEJIMBO

Ceoiicteo 12. Ecau b, < by, j = 0,N —1, mo ypasHenue
(2.0.0)npu vy, =0 He umeem NOAUHOMUANOHOLX PEULCHULLL.
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. dw N
I1.0,§ 1, ra. IV [TosuHoMualbHbIe pelieH s ypaBHeHH ST . = z BM
¥4 o
i=0

(z)w i B.H. TopGysos

i

[Tpu b, < by masiseex j = 0,N —1 BHaGope (4) conepxarcst
TOJIbKO HETOJIOXKHUTENbHbIE UHCJIA, a 3HAUHT, CTIPABEITUBO

CsoiictBo 13. Ecau b, < by,j = 0,N —1, mo noauno-
muarvHoimu pewenusnu ypasrenus (2.0.0) npu v, = 0 6ydym
MOALKO NOCIMOSHHbLE.

Anasnorom Teopembl 1.2.1.1 nsi ypaBuenust (2.0.0) siBasiercst

CeoiictBo 14. Bce cmenenu NOAUHOMUANOHOLX peuleHull
ypasrernus (2.0.0) npu v, =0 codepacamcs 6 Habope

. {M}y@j:(},—N,i;&j, (6)

vy — U

npuuém 8 Hobope (6) codepacamcs auuio yeavle HeOMpPuUYameb-
Hble Yucaa.

CBoilicTBo 14 xapaKTepH3ayeT Jinllib TO, UTO B HAOOpe
{by,b, —v,ym, by, —v,m, ...,by_, —vy_m, by —vym} (7)

CYILECTBYIOT 110 KpaiHeH Mepe JIBa 0JIMHAKOBBLIX YHCJIA.

Ecau uncsio m §IBJISIeTCS CTENEHbIO MOJHHOMHALHOTO pellieHts
ypasHenusi (2.0.0) npu v, = 0, To B Habope (7 ) CyLLeCTBYeT He MeHee
JIBYX OJIMHAKOBBIX M HAaWOOJbIIKUX unces (Teopema 2.2.1.1).

Orciona caenyer

CroiictBo 15. Ecau wucao m us Habopa (6) asasemcs cmene-
Hb10 noauromuarvrolx peuenui (2.0.0) npu v, = 0, mo 8 Habo-
pe(7)npu danHom m cyuiecmasyiom ne meHee 08yx 00UHAKOBbLX
HAUOONbULUX HUCeA.

[TonoGHbIM 06pa3oM Ha OCHOBaHUM CBOKCTBA 4 U Teopembl 2.2.1.1
noJyyaem

CgoiictBo 16. ¥pasnenue (2.0.0) npu v, > 1 sceeda umeem
pewenue w(z) = 0 u umeem NOAUHOMUANbHBLE PeULCHUS 8 BUOE
NOCMOSHHOL, OMAUYHOL OM HYAS, ecau 8 Habope

{by, by, by, ..., by} (8)

cyuecmsytom He meHee 08Yx 00UHAKOBbLX HAUOOABULUX YUCEA.
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dw N
B.H. Top6yzos [TosuHoMuasbHbIe pelieH s ypaBHeHH ST . = z BM
¥4 o
i=0

()w * 1.0, § 1, . IV

i

[Tyctb B HaGope (8) 0IMHAKOBBIMU ¥ HAUOOJIbILIUMH OYIyT UMcia

by by ool LS PN, ki € {01, N}, i =0,p,

TO MOJIMHOM w: 2 — a, Vz € C, rie a — nocTosiHHAsA, OTJIMYHAS OT
HyJ1s1, siBJIsleTCsl peleHreM ypaBHenust (2.0.0) npu v, > 1, ecJu umc-
J0 a OyZleT KOpHeM ypaBHEHHUs

ﬂk ako ks 4 ﬂk a e ﬁk a’kr ks =0, (9)
0 1 1
e v = min{v, }, n6o w:z — a,Vz € C, sBasercs peuie-
i=0,p ¢

HueM ypasHenus (2.0.0) npu v, > 1 Torza u ToJbKO TOrja, Korja
N
vi
> B, (z)a" =0.
=0

Tem caMbIM JJ0Ka3aHo

Cgoiicto 17. [1ycmo 6 Habope (8) odunakosoimu u HAUOOAb-

wumu 6yoym wucaa b, =b = ... =5b ,1 < p < N,
0 1 P

k; € {0,1,...,N}, i = 0,p. Toeda, ecau w: z — a,Vz € C, ede
a # 0, asasemces pewenuem ypasrenus (2.0.0) npu v, > 1, mo
a f8asemcs KopHem ypasuerus (9).

Paccyxxnasi, Kak npu Jl0KazaTesbCTBe CBoicTBa 17, U npuHUMas
BO BHUMaHHWe CBOUCTBA 3 U 7, TToJlydaem

Cgoiicto 18. [Tycmo 8 Habope (7) npu Hekomopom m > 0
00uHAKOBbLIMI U Hauboabwumy OyOym wucaa, cOOMmMeemcmay-
wouue urenam ypasuenus (2.0.0) ¢ nomepanu ky, k... k,,
1<p< N,k €{0,1,....,N},i = 0,p. Toeda koappuyuenm
O 048 nOAUHOMUANbHOLX peuterudl (1.2.1.1) cmenenu m ypas-
Henus (2.0.0) npu v, = 0 6ydem obujum u a8aaemcsa KOpHeM an-
eebpauueckoeo ypasHerus

Vg —Vg Vi, —Vk Vi, —Vg
0 Vks 1 Vs pVhs
B a,, + 6, a,, —|—...—|—ﬁkpam =0,

0 1

ede Vi = gé%{yki}.
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. dw N
I1.0,§ 1, ra. IV [TosuHoMualbHbIe pelieH s ypaBHeHH ST . = z BM
¥4 o
i=0

(z)w i B.H. TopGysos

i

CgoiictBo 19. Jlioboii Hyre kpamuocmu p,, Oosvuwiel uiu
pasHot 08ym, HOAUHOMUAALHO20 peutenus ypasHenus (2.0.0)
npu v, = 0 asasemcs Hyrém kpamuocmu p,—1 noaunona B, .

0

Jlokasaresbcrso. Ypasrenue (2.0.0) npu v, = 0 npeacraBum B
BHIE
B, (2) =w' +wP(z,w), (10)
re

v Vo

Pz w) = _<Bl‘1 (2)w 171+Bu2 (2" . B, (Z)wVN71)>

M3 KOTOPOTO CJIC/lyeT, UTO HyJlb MOJHMHOMA-pelleHHsl w KPaTHOCTH
Po = 2 ABJSACTCS HYJIEM TTOJHHOMA B“O KkpaTHocTH p, — 1. W

3 croiicta 19 cnenyer

CeoiictBo 20. Hyau z = z; kpamuocmu pr = 2 NOAUHOMU-
aavroeo pewenus ypasrenus (2.0.0) npu v, = 0 codepacames
80 MHOMCECMBE HYAeU NOAUHOMA Buo’ npuuém pr = s+ 1, ede

Sr — KPAMHOCMb HYASL 2 = zr noauHoma B, .
CeoiictBo 21. [Ipocmobie HYyil NOAUHOMUANBHOSO peuleHus

ypasrenus (2.0.0) npu v, = 0 He A8AA10MCA HYAAMU NOAUHOMA-
Koaghduyuenma Buo'

,ZZOKHSZTG/II)CTBO. YuuThiBast TO, YTO MOJIMHOMHAJIbHOE pelIeHHE
HMeeT BU]L

w: z— (2 —z,)w(z), Vz € C,
rae w(z,) # 0, u3 ypaBHenus (10) nosyyaem ToxkaecTBO
—w(z)= =B, (2)+ (2 - 2) (W' (2) + W(2)P(2, (2 — z,), 0(2))).

Ecsn 6l 2 = 2z, Obl10 Hys1éM nosiMHoMa B
6bl HYJIEM H MOJIMHOMA .

[Tosryuusu nporuopeune. M

W3 cBoiicts 20 u 21 caenyer

per TO 2 = 2% ObLI0

Ceoiicteo 22. Ecau B, (z) = const, Mo y NOAUHOMUANbHOLX
pewenrutl ypasrenus (2.0.0) npu v, =0 Hyau npocmote.
150



dw N
B.H. Top6yzos [TosuHoMuasbHbIe pelieH s ypaBHeHH ST . = z B, (z)w I1.0,§ 1, ro. IV
z i=0

CroiictBo 23. /laga moeo umober ypasuernue (2.0.0) npu
v, = 0 umeno noaurnomuarbHoe peuenue w, Heobxooumo, 4mo-

Ho

66l pAYUOHANbHASL PYHKULUS sceeda npu w(z) # const ume-

A4 MOALKO NPOCHIbLE NOAOCA C 8bLYEMAMU, PABHUIMU KPANMHOCMU
coomsemcemayou,eco Hyis NOAUHOMUANOHO20 PeUEeHUS W.

/lokazaresibetrBo. [1ycTb TOMMHOM w, OTJWYHBIA OT MOCTOSTHHOH,
siBsieTcs pelnenneM ypasHenust (2.0.0) npu v, = 0. Torna us ypas-
Henust (10) mosryuaem TOXK1eCTBO

Bﬁg) = W) 4 p(s,w(z). (11)

[TockosibKy y TPOU3BOAHON w’ KPATHOCTB JIIOGOTO HYJIsT TOJUHO-
Ma w TMOHHXKAETCS Ha eJIMHMUILY, TO palldoHalbHast GYHKIHMS B TIPABOH
yacti ToxecTBa (11) uMeeT ToNIbKO MpoCThie MoJI0Ca, KOTOPbIE 5IB-
JISTOTCS HYJISIMH TTOJIMHOMHAJIBHOTO pPellleHusT w.

—Ho

HO3TOMy qJYHKLU/IH ABJIFACTCA paL[I/IOHaJIbHOﬁ C NPOCTbIMH

NOJIIOCAMH B HYJISIX TIOJIHHOMA-PELIEHHsT w.
[Iyctb 2z = 2, ABJsIeTCA HYJEM MIOJMHOMA W KPATHOCTH p, = 1,
TO €CTb,

w:z— (z— zO)pO{U(z), Vz € C, w(z,) # 0.
w/
Torma Touka z = z, SIBJISIETCS MPOCTHIM MOJIOCOM (DYHKIMH —
C BbIUETOM w
/ _ /
W) ()
2 w(z) 2=z w(2)

:po.

B cuay Toxknectsa (11)

B, (2)
res—-0——~ = p,-
2o w(2)

CgoiictBo 24. Ypasnenue (2.0.0) umeem ne 6osee v, noau-
HOMUAAbHOLX peuleHull.

151



, dw i
I1.0,§ 1, ra. IV [TosuHoMualbHbIe pelieH s ypaBHeHH ST . = z Bl"'i (z)w B.H. Top6yzos
z i=0

JlokaszaresberBo. IycTb w, — M3BeCTHOE MOJMHOMHAJBbHOE pe-
uienue ypasuenusi (2.0.0). Torna no6oe apyroe noJMHoMHaNbLHOE pe-
lLIEHHE COTIaCHO CBOUCTBY 3 HAXOAMTCSI MO hopmy.Jie

w(z) =w,(z) + C, Vz € C, (12)

rie C — MocTosiHHAas.
[Toncrasasisi (12) B nuddepenumanbioe ypaHenue (2.0.0), no-
JlydaeM, u4To MocTosiHHble C' HAXOAATCS U3 YpaBHEHUS

e sy, =vy—1; B, — noauHoMbl, npuuém B, (2) = B, (2).
CraJio ObITh, MOJMHOMHANBHBIX pellienuil y ypaBHenus (2.0.0) He
6osee v,. Il
CeoiictBo 25. [Iycmo 8 Habope (8) 00UHAKOBUIMU U HAUOONb-
wumu 6yoym wucaa b, =b = ... =5b ,1 < p < N,
O 1 P
k; € {0,1,....,N}, i = 0,p. Toeda ypasrenue (2.0.0) npu

v, = 1 umeem ne 6osee Vi, =Y, T 1, 20e v = fr_l%);{l/ s

1%

s = mm{z/ ) NOAUHOMUALOHOLY PeULeHUIL.

=0,p
yTBepmaeHue cJienyeT U3 cBoicTBa 17, mockobKy ypaBHerue (9)

nMeert He GoJiee Vk/\ — l/k(; pemeHHﬁ, OTJIMUHBIX OT HYJIEBOTO.

CroiictBo 26. Ypasrnenue (2.0.0) moxcem umems moavko dsa
AUHEIHO He3a8UCUMbLY NOAUHOMUANbHbLX PeUeHUsl, NPUUEM UX
cmeneno boavule uiu pasra eduruye, a v, = 0.

Jokasaresbero. Ecan vy > 1, TO corniacHo CBOUCTBY 4 moJin-
HOMHaJIbHbIMH peleHusaMu ypaBHeHHs (2.0.0) MoryT 6bITb TOJIBKO MO-
CTOSIHHBIE, @, CTaJI0 ObITb, UMEET MECTO JIMHEeHHAs! 3aBUCHMOCTb.

[lycte v, = 0 uny ypaBHenus (2.0.0) cyuiecTBytoT aBa M0JH-
HOMMAJIbHBIX pelIeHUs] w, W w,, CTENeHH KOTOPBIX COTJIACHO CBOM-
cTBY 8 ouHaKoBbl. Bysiem cunrath, uto degw, (z) = degw,(z) > 1.

CocraBuM JiMHeRHYIO KOMOHHaLMIO aw, (2) + fw,(z) = 0, rae

a U B — HeKoTopble nocTosiiHble. [1o cBoficTBY 3, mosMHOMHAbHOE

152



dw
B.H. Top6yzos [TosuHoMuasbHbIe pelieH s ypaBHeHH ST . = z BM (z)w I1.0,§ 1, ro. IV
¥4

i=0

pewenne w,(z) = w,(z) + C, rne C — nocrosinHas. [Ipu sTom
coCTaBJIeHHOE TOXK/1eCTBO OyeT umethb BU (a + B)w, (z) + SC = 0.

[Tos10:KKM, UTO MONIMHOM W, HMMeeT JeKCUKorpaduueckoe pacro-
Joxxenue wieHos (1.2.1.1), rne m > 1. Torna

m—1

(a@+B)apz +(a+Ba 2" +... +
+ (a+ fB)a,z+ (a+ Ba, + C =0

npu m > 1, uTo BO3MOXKHO, ec/ii o + 3 =0, SC = 0.

Hocxonbxy C # 0, u60 B NPOTHBHOM cJlyyae MOJMHOMbBl w, U
w, coBnagawT, To o = B = 0, 4TO J0Ka3bIBaeT JIMHEHHYIO HEe3aBU-
CUMOCTb W, W w,.

[IycTb Teneps ypasuenue (2.0.0) npu v, = 0 umeer p > 3 mno-
JIMHOMHAJILHBIX PelleHHst wj, j = 0,p, CTeNeHU KOTOPHIX COrIACHO
CBOCTBY 8 0/IMHaKOBbI 1 deg w;(2) > 1.

CocTaBuM JIMHEHHYIO KOMOUHALMIO

Zﬁjwj =0,p =3,

rae (3; — HeKOTOpble YHuca.
Ha ocnoBanuu cpoiictea 3

w, (2) = w,(2) + Cy, k=2,p,

rie C, — MOCTOSIHHBIE, HEPABHBIE MeXly COOOI U OTJIHUHBIE OT HyJIsl.
Torna cocrapisenHoe ToK1eCTBO OyIET UMETb BHJL

W BBITIOJIHSIETCS], €CJIH TOJBKO Z Bi=0m Z C.B, =
7=0 k=2
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. dw N
I1.0,§ 1, ra. IV [TosuHoMualbHbIe pelieH s ypaBHeHH ST . = z BM
¥4 o
i=0

(z)w B.H. TopGysos

i

[Tockosbky p > 3, To Bcerja MOXKHO yKasaTb uucia (3,

j = 1,p, He paBHble OTHOBPEMEHHO HYJIt0, Korjaa 6yayT UMeTb MECTO
3TH /1B PaBEHCTBA.

Hanpumep, MoxkeM cuuTaTh, UTO

p p B
PR ot SR o le )
s=3

C
- 2 2

D10 ¥ 03HAYAET JIMHEHHYIO 3aBUCUMOCTb MOJMHOMHAJBHBIX pellie-
HUU NIpH p > 3, uTO U JlIoKasbiBaeT cBoicTBo 26. M

[1pu nokasarenbcTBe cBOHCTBa 26, paccMaTpuBas cJayual HaJM-
UMsl IByX MOJMHOMHANBHBIX PellleHHi, OTJHUHbBIX OT MOCTOSIHHOM, MBI,
10 CyTH, JI0Ka3aJH

CeoiictBo 27. [Ipu v, = 0 noaurHomuanbHvle peuierus
cmenenu, boavulell Ul pasHoil eduruye, ouggeperyuarbHo20
ypasrenus (2.0.0) asas0mes nonapHo AUHeHO He3a8UCUMbLMU.

Paccmotpum croco6 mocTpoeHHst MOJHHOMHAJbLHBIX PellleHHi
ypasHenus (2.0.0) B uesiom.

[Tosni02x1M, uTO B HaGope (7) Mpu HEKOTOPOM M OJIMHAKOBLIMU H
HauOOJbIIUMH OyIyT UHCJ/Ia C HOMEpaMH

Py o Moo P 1<p<N,ke{0,1,,....N},i=0,p.
Cymmy

P

ZB (z)w)\ki

= ks

MIPOU3BOJIbHBIM 00pa3oM pa3oObEéM Ha ABa CJaraeMbix:

A(z)e(z, w)@‘f(z, w) =

vt 147 1

= B“to (Dw ° + But1 (Hw " +...+ ButA (z)w ™,

Il
Sy
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N
B.H. Top6yzos [MonuHoMHa/bHbIE pellieHHs ypaBHeHHs —— = z I1.0,§ 1, ro. IV

rae {tmtw"'?t)\}U{T()»Tlv"'st} = { 09 1»---7 p}7 t; 5& Tj,
i=0,)\,j=0,s, cTpeboBaHHeM, 4TOObI

deg(A(z)Ql(z,w(z))@‘f(z,w(z))) =
= deg(B(z)(’Zl(z,w(z))fi)g(z,w(z))) =
_ deg(B“tj ()w (z)), jef0,1,... Ak

3ametum, uto pazbuenue (13) B ypaBuenuu (2.0.0) aHajsoruuno
pas6uenuio (3.0.1.2) ypaBuenus (1.0.1.2), u Bcerna nomnyctumo.

B npunareix o6o3HaueHusix, Kak cJejactBue Teopembl 1.0.1.2,
CrpaBeJIIiBO

CsoitctBo 28. ¥pasnenue (2.0.0) npu v, =0 umeem noauro-
MUQIbHOE peulerue w ¢ NOKA3ameaem cmeneni m, npu Komo-
pom 8 Habope (7) 00urakosbiMU U HAUOOAbUWUMI OYOYM HUCAQ C
HOMEPAMIU [ - s fiy s 1<p< N,k €{0,1,...,N},i =0,p,

ecall IMOM NOAUHOM LBALEMC PeUleHUueM YypasHe s
¢(z,w) =0 (14)
un peuteruem xoms 6oL 00H020 U3 YPABHEHUL
D, (z,w) — e:9(2)D, (2, w) = &/PB(2), t = 1,6, (15)

20e &, — KOpHIL ypasHerus €5 =1, P — nekomopoLii NOAUHOM
C noKasamenem crmenemHu p, onpedesiemovim COOMHOULCHUEeM

p =max{m — 1,q + (&€(m) + 6D,(m), max {l + v, m}}—
j=p+1,N

(16)
—a—{&(m) = (6 = 1)(D,(m) + s),

npuuém, ecau p < 0, mo P(z) = 0;

S(z) = [( - ig)%] deg A(z) = a < b= deg B(2),
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vi

dw N
I1.0,§ 1, rn. IV [TosuHoMualbHbIe pelieH s ypaBHeHH ST . = z Bl"'i (z)w B.H. Top6yzos
¥4

i=0

B(z) = — A(2)8° = Q(2), s = deg 8(2), ¢ = deg Q(2)

Ecau noaunom w ecmo peuterue ypasrernus (14), mo on a6-
asemes peutenuem ypasrenus (2.0.0) npu v, = 0 moeda u moao-
KO moeda, K0eda OH — peuleHue YypasHeHus

N
Vi .

w'= Y By, (2w . (17)

Jj=p+1

Ecau noaurom w asasemcs peweruem xoms 6ol 00H020 u3
ypasrenuii (15), mo 041 moeo, umobol 3Mom NOMHOM OblL pe-
wenuen ypasrernus (2.0.0) npu v, = 0, neobxodumo u docma-
Mo4HO, 4mobbL OH OblA peuleruem YypasHeHus

N
w = — Q(z)d(z,w)@j(z,w) + Z B”k' (2)w kj. (18)
j=p+1 J

B kauectBe npumepa paccMoTtpum anreGpandeckoe auddepeHim-
ajibHOe ypaBHeHHe PUkKaTH

y/ = BO(Z) + B, (Z)y + B, (Z)y27 (19)

rae B;, i = 0,2, — MOJMUHOMBI KOMIJIEKCHOTO NTEPEMEHHOTO0 2.
C nomoliibto npeo6bpazoBaHusi

1 B,(2)B, (2) + By (2)

ypaBHenue (19) npuBoauM K BULy
w' = I(z) +w?, (20)
rie I — nu6o nosMHOM, MO0 pallMoHaNbHasH (YHKIIHS

_ 4B2(2)B,(2) — B2(2)B?(z) + 2B2(2) B, (2) B
- AB2(z)

I(2)
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dw N v,
B.H. Top6yzos [TosuHoMuasbHbIe pelieH s ypaBHeHH ST . = z Bl"'i (z)w I1.0,§ 1, ro. IV
® i=0

2B, (Z)B; (2)B,(2) + S(B; (2))? + 2B, (Z)B;,(Z)
1) '

Ecau B ypaBHenuu (20) cBoGoaHbIN ujieH [ — MOJUHOM, TO Kak
CJIEICTBHE CBOHCTBA 28 cripaBeJIMBO

CeoiictBo 29. Ecau 8 KkaHoHUu1eckom ypasHeruu Puxkkamu
(20) c60600HbLI Yren I — noauHom WéMHOL cmenemu, mo He CYy-
wecmsyem Opyeux NOAUHOMUANOHOLX PEULeHILIL, OMAUYHbLY OM

w:z— [/ —I(z)], V2 €C.

Ecau I — noaurom Heuémmuoi cmenernu, mo ypasnerue (20)
He umeem NOAUHOMUANbHOLX Peleril BOBCe.

BriepBble 310 ¢BOICTBO ObI10 MoJyueHo B [189].

Ecan I — paumoHnaJsibHast pyHKIMS, TO MOJMHOMHAJBHBIX pelle-
Hul y ypaBHenusi (20) HeT, Tak Kak

I(2) = w'(z) — w?(2).
[Mpumep 1. Pacecmorpum ypaBuenue [37]

w' = 22221 — 2T+ 3) — 27(228 + Dw? + w® —
(21)
—2(228 + Dw* + 22505 + 2w7.

B coorBetcTBUN cO cBOHCTBOM 14 cocTaBssieM HaGOP M3 11eJIbIX HEOTPH-
uaresbHbIX uncen {0,1,3,15}.

[Tpu m = 0 nabop (7) st ypaBHenusi (21) sanuweres tak: {13, 15,0,
9,6,0}, anpu m = 1 — rak: {13,17,3,13,11,7}. B coorBercTBUM CO
cBOHCTBOM 15 uncia m =0 u m = 1 He MOTyT ObITh OKA3aTENAMHU CTerNe-
HHU MOJIMHOMHAJIbHBIX pellleHHi ypaBHeHus (21).

[Tpu m = 3 wHabGop (7) misi ypaBHenust (21) sanmuem tak: {13,21,9,
21,21,21}, 10 ecTb, M = 3 MOXKET ObITb MOKA3aTeJIEM CTENEHH TTOJHHOMH-
aJibHOTO pellieHdsi w (CBOKHCTBO 15).

B coorBetctuu ¢ (13) ypaBuenue (21) 3anuiiiem B Bujie

(2% + wHw?{2w® — 2(2:8 + 1)} = w' — 22221 — 2T+ 3) — w3, (22)
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. dw N
I1.0,§ 1, ra. IV [TosuHoMualbHbIe pelieH s ypaBHeHH ST . = Z BM
¥4 o
i=0

; (z)w i B.H. TopGysos

riue

A(z) =2, B(z) = — 2(228 + 1), €(2,w) = w2 (2% + w?),
D, (z,w) =w, D,(2,w) =1, 6§ =3.
YpaBuenue (14) umeer Bup
w3(2% + w?) =0,

MOJIMHOMHAJIbHBIMU PEUICHUSIMU C ITOKa3aTeJsieM CTEIEeHU m = 3 KOTOPOTO
SBJISIOTCS

3 3

wy(z) =iz u wy(z) = —iz°.

Ho 5TH noiuHOMBI He SIBJISIOTCS PellieHUsIMH ypaBHEHHsT
w' = 22221 — 27+ 3) + w3,

COOTBETCTBYIOIIEro ypaBHenuio (17). 3HauuT, B custy cBOHCTBA 28 MOJIHHOMBI
w, (z) =1iz% u w,(2) = — iz He ABAAIOTCA pelenusMH ypaBenus (21).

J1J1s1 OTbICKaHH$I TOJHHOMHAJIbHBIX pellleHHi ypaBHeH st (21 ), OTJIHUHBIX
ot w(z) = 423, B COOTBETCTBUH C IPUHATLIMH YCJIOBHBIMH 0G03HAUEHH S~
i, Haxoaum: S(z) = 2%, Q(z) = 2z, €(3) =12, D,(3) =0, s = 3.

Tornano (16) uncio p = —5 < 0.

Corsnacto cBoiicTBy 28 ypaBHenus (15) st (22) umeloT BUJL

U YJIOBJIETBOPSIOT TOKIAECCTBY

3,22 = 22(221 — 27 4+ 3) + (,2%)% — 2(¢,2°)%(2° + (¢,2°)?),
cooTsetcTBytollemy (18), mwb npu €, = 1.

Hrak, w(z) = 23 B cuay cpoficTBa 28 sBISIETCS pelieHreM ypaBHeHHst
(21). D10 eIMHCTBEHHOE TTONIMHOMHANLHOE PellieHHe CTereHn m = 3.

Ha ocHoBaHuu cBoiicTBa 8 3ak/iouaeM, uto uncjo m = 15 mokasa-
TeJIeM CTEeNeHH MOJMHOMHAJILHOTO pellieHust ypaBHeHus (21) ObITh He MOXKeT
(Taxoi »Ke BbIBOJL MOYKHO CJIeJ1aTh W HAa OCHOBaHWK cBOUCTB 3, 11, 15).

Urak, nuddepenumanbioe ypaBHenue (21) uMeeT 0JIHO MOJMHOMHAIb-

Hoe pettenre w(z) = z°.
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dw N v,
B.H. lop6ysos [Mosnmomuasbible pelennst ypasuenns: A (z) - = z Bl"'i (z)w I1.0,§2, ri. IV
z i=0

§ 2. [TloAnHOMHaNbHBIE peLIeHUs
aBHEHMSI A( )dw iB (z)w”
Z)— = A\Z2)w
yp dz =0 H

Caoiicto 1. ¥pasnenue (3.0.0) He umeem pasauuroLx noAu-
HOMUAAbHbLX peulenutl w, U w, makux, 4mo w,(z,) = w,(z,), a

A(z,) # 0, ede z, — HeKomopoe KOMNAEKCHOE HUCAO.

JlokasaresibeTBo. Ecai TOJIMHOMBL w, W w, — pa3JjiMuHble pe-
wennst ypasrenusi (3.0.0) Takue, uto w,(z,) = w,(z,), TO B TouKe
Z = z, HapyllaeTcst eIMHCTBEHHOCTL 3aaaun Kowm. [Tocaennee Bo3-
MO2KHO /151 ypaBHeHHs (3.0.0) JiMLib B TOUKaxX z = z,, SBJSIOLHXCS
HYJISIMH TIoJIHHOMa A, To ecTb, ipu A(z,) = 0.

Ecau norpe6osarts, uto A(z,) # 0, To pelieHuit w, U w,, MIs
KOTOpBIX w, (2,) = w,(2,), yypaBHenus (3.0.0) ver. W

CgoiictBo 2. Obuwjumu HYAamu AOAHOMUAAGHOLX Deuleriii
ypasrerus (3.0.0) 6yoym auwe Hyau noaurnoma A.

Ecsmu 6bl pasiuuHble MOJMHOMMAJbHBIE pELIEHHS YypaBHEHHS
(3.0.0) w, u w, umean xoTs Obl OAMH OOLLKH HYJlb, CKAXKEM, 2 = 2,
Takoi, uto A(z,) # 0, To Hab./0a10Ch Obl TPOTHBOPEUHE CO CBOK-
ctBoM 1.

CeoiictBo 3. Hyau 4106020 NOAUHOMUANGHO20 pelleHus
w(z) # const ypasrernus (3.0.0)npu v, > 1 codepacamcs 8 mHo-
ocecmse Hyaell noaurnoma A.

LokasaresberBo. Ecan v, > 1, 1o B cuiy cootHoteHus (6.0.0)
ypaBHenue (3.0.0) umeeT BUJ

A(2)w' = w'o (BNO (2) + iv: B, (z)w”f_”0>. (1)

j=1

[lyctb nosuHoM w(z) # const sIBJsiETCs pellieHHEM ypaBHEHHsI
(1). Torna ypaBuenue (1) npu w = w(z) obpalllaercsi B TOXKIECTBO,

14
BBIMOJIHUB TTOUJIEHHOE JIeJIeHHe KOTOPoro Ha w ° (2), MOJIyYdM cJiejty-
FOLLLYIO CHTYALIMIO: B TPABOH YaCTH PACMOJIOKEH MTOJHHOM
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. dw N v,
I1.0,§2, ran. IV [Monmnomuasblble pewennst ypasuenns: A (z) - = z Bl"'i (z)w B.H. lop6ysos
z i=0

N
B, ()+Y B, (2)w(z)" ",
Jj=1

Tak Kak v;—v, > 0 wiaBeex j = 1, N'; BJIeBON 4aCTH pacnosioxKeHa
/

w
(hyHKLMS A—Vo , KOTOopasi 10J/2KHa ObITb TaKxkKe MOJHHOMOM.
w

[Toc/ieniHee BO3MOXKHO, €CJIH TOJIBKO HYJIH MOJHHOMA-PeLIeHHsT w
SBJISIIOTCS] HYJISIMH TTOJIMHOMa-Kosduienta A, 160 KaxKblid Mpo-
CTOF HYJIb TIOJIAHOMA W HE SIBJISIETCST HYJIEM TTOJIMHOMA w’, a BCSIKHUM
HYJIb KDATHOCTH k > 1 MosiiHOMa w siBJISIeTCsT HYJIEM MoJiHHOMa w’
KpaTtHocTH k — 1. DTo u gokasbiBaet corictso 3. M

CgoiictBo 4. Obuwumu Hyramu xoms 66l 08YX NOAUHOMUANb-
nox pewenutl ypasnenus (3.0.0) npu v, = 0 asasomea auws
obuue Hyau noauHomos A u Buo‘

Jlokasaresberso. Ilpn v, = 0 ypasHenue (3.0.0) umeeT Buz
N vi—1
A()w' = B, (2) —l—wZBM (Dw’ . (2)
j=1

[lycTb nosmHOMBl W, W w,, OTJIMUHBIE OT MOCTOSIHHOM, SIBJISIIOT-
sl peleHUsIMU ypaBHeHHs1 (2) U UMEIOT OOLIMH Hy/b B TOUKE 2 = Z,,.
Torna B cuaty cBoiictBa 2 A(z,) = 0.

[Ipn w = w,(z) ypaBHeHHe (2) oGpaliaeTcsi B TOXKAECTBO, KO-
TOpoe NpH z = z, npeoGpasyercsi B paBeHcTBO B, (2,) = 0, utO M
JokasbiBaet cpoiicteo 4. A

CgoiictBo 5. Ecau 6 ypasnenuu (3.0.0) npu v, = 0 xoaggu-
yuenmol A u By, =~ S64310MCS 83AUMHO NPOCTBIMUL, MO U 8C€ €20
NOAUHOMUANbHBLE PeULeHUsl B3AUMHO NPOCTIbLE.

JlaHHoe CBOHCTBO O SIBJISIETCS] HEMOCPENCTBEHHHBIM CJIE/ICTBHEM
cBOHcTBa 4.

Jloboie 0sa noaunomuarorolx peuwternus ypasverus (3.0.0)
OMAUYAIOMCSL AOO HA NOCMOAHHKHYI0, MO0 HA NOAUHOM, HYAU KO-
Mopo2o co0epHamcs 8 MHOMeCmae Hyaell noiuHona A.

Lokasarespero. I1ycTb NOJMHOMBl w, U w, SIBJSIOTCS pelle-
nusimu ypasHenust (3.0.0). Tornanpu w = w, (z) 1 w = w,(2) ypas-
Henue (3.0.0) o6patiaercs B TOXKAeCTBA
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N
v,
B.H. lop6ysos TTosHOMHabHBIE pelleH s ypaBHEeHUs! A(z) — = z 1 (2)w " I1.0,§2, ri. IV

BhlunTast 13 MepBOro TOXKIECTBA BTOPOE H BBIMOJIHSISI MTOYJIEHHOE
nesende Ha u(z) = w, (z) — w,(2), noJyuum

Vj

A( - Z B ()Y (w0, () w0 3)

35 p=1

e (530 — cumBoJ Kponekepa.

[TockoJsibKy B HpEIIBOI;I YyacTH ToxKaecTBa (3) pacroJsioxKeH MoJu-
HOM, TO YacCTHOe 20 gBasierest MOMMHOMOM. [Tocsientee Bo3MOxK-
HO, €CJIH TOJIbKO HYJH TOJHHOMA U SIBJSIOTCS HYJISIMH TIOJHHOMA-
Ko3(duimenta A, uTo COOTBETCTBYET YTBEPKIEHHIO JI0KA3bIBAEMOTO
cBorictea.

[IpuHumasi Bo BHHMaHHe CBOKCTBO 3, HETPYAHO yOEIUTbCS B
CTpPaBEVIMBOCTH TAKOTO YTBEPKIEHHHUS.

CgoitctBo 7. ¥pasrenue (3.0.0) npu v, > 1, koeda Koaghdu-
yuenum A(z) = const # 0, He umeem NOAUHOMUANLHOLX PeULeH UL,
OMAUUHBLX O NOCMOAHHOL.

YKazkeM psii CBOHCTB, OMPEEISIOLINX KPATHOCTD HyJIel MOJHHO-
MHaJIbHBIX periennit tuddepennuansroro ypasnenus (3.0.0).

CoiictBo 8. JI0boil Hyav z, kKpamHocmu p, NOAMHOMUANL-
Hoeo pewenus w ypasrenus (3.0.0) npu v, > 1 makoi, umo
Buo (z,) # 0, asagaemca Hyrém noauroma-kosppuyuenma A

kpamnocmu r = p,(v, — 1) + 1.

Jlokasaresberpo. ¥Ypasnenue (3.0.0) npu v, > 1 umeer Bua (1).
[TockosabKy 2, fIBJsIETCS HYJIEM TMOJIMHOMA w KPAaTHOCTH p,, TO

w:z— (z—zo)poﬂj(z), Vz e C, (4)
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N
v,
I1.0,§2, ro. IV TTosHOMHabHBIE pelleH s ypaBHEHUs! A(z) — = z 1 (2)w " B.H. lop6ysos

TJIe OJIMHOM W TaKo#, uto w(z,) # 0.
[Tonunom (4) 6ynet peuieHreM ypaBHenust (1), ecyii U TOJIbKO ec/in

(2= 20)" A=) ((2 = 2)@(2) + pyi(2)) = (2 — 2,)° 0w (2)-
v~V al vj—V, _Vj—V,
'<Bu0 (2)+(z—2) " ° ZBM(Z)(Z —2,) Ttw? O(z)).
j=1
[Tockosbky

B, (2,) #0, ii(z,) 0,

TO Y MOJIMHOMA B [TPABOMH YACTH TOXK/ECTBA 2, SIBJSETCS HYJEM KpaT-
HOCTH p,V,. CJief0BaTebHO, MOJHHOM B JIEBOH YACTH 9TOTO TOXKE-
CTBA B TOUKE 2 = 2, MMeEeT HyJlb TOH K€ KPaTHOCTH.

Onnako w(z ) # 0 u, cTano ObiTh, 2, JAOKHO ObITb HYJEM
noJiMHOMa- KOSqumuueHTa A KPaTHOCTH 7 TaKOM, UTo

T+ p, —1=pyv,.

Orcropa r = p,(v, —1)+1. A
3 croiictBa 8 caenyet

CroiictBo 9. Hyau z; noaurHomuarvrolx peuteruii oughge-
pernyuaroroeo ypasnenus (3.0.0) npu v, > 1 kpamnocmu p,
maxue, umo B, (z:) # 0, codepacamca 8 mHo;Icecmae Hyaell
noaunoma A kpamwocmu r = pr(v, — 1) + 1, coomsemcmesen-
HO. B wacmunocmu, npu v, = 1 8ce Hyiu z; NOAUHOMUANbHOLX
peuleHull maxkue, 4mo B“O (zr) # 0, codepacamces 8 mHONMCECMBe

npocmelx Hyasel noauHoma A.

Yueno z,, Takoe, uto P(z,) # 0, GyieM Ha3bIBaTh HYJIEM MOJH-
HOMa P HyJieBOH KPaTHOCTH.

CeoiictBo 10. [loaunomuasvroe peuieHue w YpasHeHus
(3.0.0) npu v, > 1 umeem nysv z, kKpamwocmu p, = 1, ecau
MONbKO %, ABASLEMCs HYAéM KOdhduyuenma A kpamuocmu

Yo = 1- Po + mﬂ {Vipo +Ti}7
i=0,N
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dw N v,
B.H. lop6ysos [Mosnmomuasbible pelennst ypasuenns: A (z) - = z Bl"'i (z)w I1.0,§2, ri. IV
z i=0

ede ri, 1 =0, N, ecmo Kpamuocmu Hyas z, nOAUHOMO8 B, co-
0MaBemcmseHHo.

JlokasaresibeTBo. I10CKOJIBKY 2, sIBJISIETCS] HYJIEM TOJHHOMA w
KPaTHOCTH p,, TO UMeeT MeCTo NpejacTaB/eHue (4).

AHaJiorHuHo,

Az — (z— zo)yog(z), Vz e C,

B, :tz—(2— zo)riém(z), Vz2eC,i=0,N,

te A(z,) #0, B, (z) #0.
Torma uMeeT MeCTo TOXKIECTBO

Yot+pPo—1

(2 = z) A(2)((z = 2)0 (2) + pyii(z)) =

N VipPot+Ti Vi
= Z(z —z) ZBM (2)w “(2).

=0

[TocKoJibKy B JIeBOH M NPaBOH YacCTAX TOKAECTBA MOJUHOMbI HMe-
10T O0LLMe HYJIH OJMHAKOBOH KPAaTHOCTH, TO

Yo TPy =12 min {vip, +7ij,

=0,

100 KPaTHOCTb HyJIsl 2, MOJHHOMA w B IPABOM YACTH HE MEHbLLIE, UeM
m& {I/Z'po + T‘i}. |
i=0,N

YKaxkeM psii CBOHCTB, XapaKTePU3YIOLIUX CTENeHH MOJUHOMM-
aJbHbIX pellienuil ypasHenusi (3.0.0).

CeoiictBo 11. CmeneHu m NOAHOMUGNbHOLX peuleHul
ypasrernus (3.0.0) ydosremsopaiom nepaserncmasy

a—by—1 b,—b, b —by qu_bN} 5)

m < max{
VN N-—-1

Y )
vy —1 Vy =V, Vy—V —v

anpu v, =0, kpome moeo, — u HepageHcmesy
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. dw N v,
I1.0,§2, ran. IV [Monmnomuasblble pewennst ypasuenns: A (z) - = z Bl"'i (z)w B.H. lop6ysos
z i=0

b —b, b, —b b, — b
m>max{b0+a—1, I QM} (6)
12

Vl V? N

JlokasaresiberBo. TToniHoM w ¢ JleKCHKOrpaduueckuM pacro-
JIO2KEHHEM UJIEHOB

w:z = ApZm+ ..., A #0, V2 € C, (7)

siBJIsieTcsl peleHreM ypasHenud (3.0.0) Toraa v ToJbKO TOrAa, Korjaa
OH 00palllaeT 9TO ypaBHEHHE B TOXKIECTBO.

[1pu noacranoBke (7) B muddepenumnansioe ypapuenue (3.0.0)
KaxK/1blil uj1eH Oy1eT COOTBETCTBEHHO MOJHHOMOM CTeNeHH

a+m-—1, b, +vy,m, b, +vym, ..., by, +vym.
Haunee,
by +vym < max{a+m—1,b,+v,m,b, +v,m,...,b,_ +v,_m}

(b,< max{a+m—1,b, +v,m,b,+v,m,...,by+vym}upuy,=0),

v
60 B nporusHoM cayuae By A Y = 0 (8, = 0), kak Kos(duiment
npH z B HauOoJbLIel cTenelu by +v,m (cTeneHn by) 1oJyyeHHOro

TOXKJ€eCTBA. DTO HEBO3MOXKHO B cuJy (4.0.0) u (7).
[TpennoJsoxum, 4to

by + vym = max{b, +v,m,b, +v,m,..., by , + vy m}
(by; +vym = max{b, +v,m,b, +v,m,..., by +v,m}).
Torna

by +vym < max{a+m —1,b; +v;m}
(b, < max{a+m —1,b; +v,m})
U
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dw N v,
B.H. lop6ysos [Mosnmomuasbible pelennst ypasuenns: A (z) - = z Bl"'i (z)w I1.0,§2, ri. IV
z i=0

— -1 — —
mgmax{a by ’b(s by } (m>mm{bo_a+1,u}),
1%

Z/N_l Vy — Vs 5

yto cooTBeTcTBYET (5) ((6)). H

3amerum, uto npu b; < by, j = 0N -1, nma < by +1B8B
Habope (5) Bce umcsia OTpULIATENbHbIE, 8 3HAUHUT, CITPABEIJIHBO

CeoiictBo 12. Ecau b; <by,j=0,N—-1, u a<by+1, mo
ypasrernue (3.0.0) He umeem NOAUHOMUANbHOLX PEULEHULI.

[pu b; < by, j=0,N—-1,ua<by,+1, BHatope () co-
JIEPKATCs TOJLKO HEMOJIOYKUTEIbHbIE UMCJIa, 8 3HAUNT, CIIPABELJIUBO

CeoiictBo 13. Ecau b; < by, j=0,N—-1, u a<by+1, mo
noauHomuasbroimy peuteruanu ypasrernus (3.0.0) 6ydym auute
NOCMOsLHHbLE.

CeoiictBo 14. Ecau wucao m 284semcs cmenervro noAUHO-
muaavHoeo peuterus ypasuernus (3.0.0), mo 8 nabope

{a+m—1,b, +y,m,b, +v,m,..., b, +v,m} (8)

codepacamcs He meree 08YX 00UHAKOBLLY HAUOOAbULUX YLCeN.

JlokasaTesibCTBO OCHOBAHO Ha TOM, UTO MOJHHOM-pelIeHHE C JIeK-
cuKorpacHuecKuM pacrnoJioxkeHneM ujeHoB (7) obpaliaer ypaBHeHHe
(3.0.0) B ToxK1€CTBO, UJEHBI KOTOPOro OYyAyT MOJMHOMAMH, TOXKIE-
CTBEHHO He PABHBLIMH HY.JIIO.

HMcxonst ua toro, uto B Habope (8) XoTs1 Obl ABA UMCAA JIOJKHbI
ObITh OIMHAKOBLIMU H, O0JIee TOT0, HAUGOJbIIUMU, MOXKEM YTBEPKATh
0 CMpaBeUTMBOCTH CJIEYIOLIMX IBYX CBOUCTB [151; 157; 158; 172].

CgoiictBo 15. Ecau m — cmeners NOAHOMUAAbHO0 pelle-
nus ypasuenus(3.0.0)npu v; #1,i=0,N, mo m codepaxcumcs
8 Habope

e Y R (9)

Z/Z‘—l Vi —Vj

npuuém 8 nabop (9) sxodam auulb yeavle HeOMPUYAMENbHbLE
yucaa. [las moeo umobol wucio us Habopa (9) onpedeasro cme-
neHb m NOAUHOMUANbHORO0 PeuleHls, He0OX00uMo, 1mobol 8 Ha-
6ope (8) bbLau xoms 6bL 08a 00UHAKOBbLY HAUOOALULLX YUCAA.
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. dw N v,
I1.0,§2, ran. IV [Monmnomuasblble pewennst ypasuenns: A (z) - = z Bl"'i (z)w B.H. lop6ysos
z i=0

CgoiictBo 16. [Tokaszameav cmenenu m NOAUHOMUANbHOO
pewenus duppepernyuarvroeo ypasrenus (3.0.0) npu v, = 1,
k€ {0,1}, aubo codepacumcs 6 Habope

a—b.—1 b:—b; _
(= 2= ei=0N,
1/5—1 Vi — Vj

- (10)
j:O,N,g#k‘,’L#‘],

8 KOMOPbLI BXOOSIM MULULL UEAble HeOMPUYAIMEAbHbLe YUCAA, NP~
YéM Kaacdoe 4ucio u3 3moeo Habopa moicem onpedeisime cre-
neHb NOMHOMUANLHOSO PeUleHusl, eCAl NPU m, PABHOM IMOMY
uucay, 8 Habope (8) 6ydym xoms HvL 08a 0OUHAKOBLLX HAUOONL-
wux 4ucaa, awbo, ecau

b — b S
a—1=b, u —&<u,i:1,]\7, npu k = 0;
« 1—y
b; — b, .
b, — b, < —@<7‘),z:2,N, npu k=1,
le} 1—y
B Bk
Mo m= — —, a 4uca0 — — Q0ANCHO ObLIMb HAMYPALbHBLM.
(6% (6%

CaoiictBo 17. ¥pasnenue (3.0.0) umeem ne 6oaee N + 1 no-
AUHOMUANOHOLX PeULeHUL PASMLYHBLX CIeneHell.

/lokazaresbctBo. Bosbmém N + 2 nosuHoma w,, 7 =1, N 4+ 2,
C TIOKasaTesisiMH CTEMeHH M, COOTBeTcTBeHHO. He orpannunBas
0OLIHOCTH, Oy/IeM CUUTATh, UTO

0<m, <m, <...<my,,.

[1pn noxcraHoBKe 3THX MOJUHOMOB B ypaBHenue (3.0.0) nosy-
YUM OJIHOPOJIHHYIO CHCTEMY JIMHEHHBIX YpaBHEHHH, HEU3BECTHLIMH B

KoTopoit 6yayt nosmuombl A u B, ;i =0,N:

N
> B (2w —ARui(z) =0, 7 =TN+2. (1)
1=0
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dw N v,
B.H. lop6ysos [Mosnmomuasbible pelennst ypasuenns: A (z) - = z Bl"'i (z)w I1.0,§2, ri. IV
z i=0

Onpenenuress cuctemsl (11) umeer BUIL:

1% 1% 14
0 1 N /
w, w, w, w
1% 1% 14
0 1 N
w, w, w, —w'
(12)
1% v 14
0 1 N !
wN+2 wN+2 wN+2 wN+2

[Ipu ycaoBuu, uto

N+2

Z ms # 0,
T=1

onpenenuresib (12) He oGpalllaeTest B TOXKAECTBEHHbBIH HYJIb.

JleiicTBuTenbHO, caenys [ 136], npeoGpasyem onpenenutens (12) K
TPEYroJIbHOMY BUJLY, JleJiast HyJIsIMH 3JIeMEHTbI HU2Ke [JIaBHOM IMaroHa-
J. Pasnarasi iuaroHafibHHbIE 3J1eMeHTbI onpeesnutens (12), npube-
JEHHOTO K TPEYrOJNIbHOMY BH]LY, 110 YOBIBAIOIIMM CTENEHAM 2, HETPYIl-
HO JI0Ka3aTh, UTO HU OJIMH U3 JIMArOHAJbHBIX 3JIEMEHTOB MpeoGpaso-
BAHHOTO OMpeieuTesisl He 06palllaeTcsl B TOXKAECTBEHHbIH HYJIb.

Taxkum o6pasom, cucrema (11) umeeT sullb TPUBHAJIBHBIE pelle-
nust A(z) =0, B, (2) =0, i =0, N, n05TOMy He CYLIECTBYET ypaB-
HeHust BUJA (3), uMetotiero N + 2 MOJHHOMHAJLHBIX PellleHUH pas-
JIMUHBIX CTEMEHeH.

Hanee, umes N + 1 MoJMHOMOB w, C TOKa3aTessIMH CTENeHH

N+1

m, TP YCJOBUH » , m, # 0, Haillém
T=1

Ap, (2)

B,u,z(z):_Bpk(Z) MA ,10=0,N,i#k;
A, (2)
_ A
A(Z) = — Bﬂk (Z)T .
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. dw N v,
I1.0,§2, ran. IV [Monmnomuasblble pewennst ypasuenns: A (z) - = z Bl"'i (z)w B.H. lop6ysos
z i=0

Torna nosyunm Briosite onpenenéntoe auddepeHatbHoe ypas-
Henue Bujaa (3.0.0)

N
A, (2w = — Aw™ + Z A, (2w,
i =0,

ik

umeroniee N + 1 TOJMHOMHAJBHBIX PellleHHH Pa3JIHUHBbIX CTEreHeH.
3necb A — ryaBHBIH OMpeeNUTeNb, a AA u ABM‘ — BCIoMora-
1

TesibHble onpenesutesny. l

Samerum, uto auddeperimanbioe ypasHenue (3.0.0) nmeer He
6oJiee v, — v, PeLIEHUH-MOJMHOMOB HYJ/I€BOH CTEMEHH, OTJIMUHBIX OT
HYJIEBOTO.

HetictButenbHo, noacrasus B ypaBHenue (3.0.0) w = C' = const,
yCTaHABJIMBAEM, UTO MOCTOsIHHbIE C' SIBJSIIOTCS KOPHSIMU ypaBHEHHUS

" (BHO (2) + z_: B, (z)c”“”O) =0,

KOTOpOE UMeeT He OoJiee vy, — 1/, HEHYJEBbIX PeLUeHHH.
PaccmoTpum croco6 nocTpoeHust B 11€JI0M MOJHHOMOB-pelleHH#
creriend m ypasHeHus (3.0.0), ynoBieTBopsitollel COOTHOUIEHHIO

a—1< max {b; + (v; — 1)m}. (13)
i=0,N

[TosiokuM, uTo B Habope
{b, +vym,b, +v,m,..., b, +v,ym} (14)

NP HEKOTOPOM M OJMHAKOBBIMH M HauOOJbUIMMH OyIyT UMCIa CO
cJIelylOLIMMH HOMEpaMH

ooy i oo P, 1<p<N, k;€{0,1,...,N},i=0,p.

Unennl ypaBHenus (3.0.0)
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dw N v,
B.H. lop6ysos [Mosnmomuasbible pelennst ypasuenns: A (z) - = z Bl"'i (z)w I1.0,§2, ri. IV
z i=0

By, (z)w ™, i=0p

[NPOU3BOJIbHBIM 06[)8301\/[ p8306béM Ha ABa cJlaraeMbIX:

Az)e (z,0)D’ (z,w) =

(15A)
=By, (2w oy By, (2w T+ By, (2w ™,
B(z)(’lg(z,w)@2 (z,w) =
(15B)
v VTI Vrg

= BIU‘TO (z)w o 4 BNTl (z)w +...+ BIU‘TS (2w ™,

rae {ty,t,, ..., tx} U{ry, 7, 7} = {ko ks kphs ti # T,
i=0,)\, COIHUM JIHLIL TPeGOBAHHEM:

deg(A(2)€" (z,w(2))D] (z,w(2))) =

= deg(é(z)@z (Z, ’LU(Z))QS (27 w(z))) =

vt .

= deg(Bth (2)w 7 (2)), 5 €{0,1,..., A}

Pas6uenne (15) ypaBuenus (3.0.0) auajornuno pasGueHHIO
(3.0.1.2) ypaBuenusi (1.0.1.2), u oHo Bceria 10MyCTHMO.

B npunsiThix 0603HaueHusx Kak caenctsue Teopemsl 1.0.1.2 cnpa-
BEJIJIHBO

CroiictBo 18. Ecau noaunom w cmenernu m npu Komopoii 8
Habope (14) odurakosoimu u HauborbutumL OYOY M HUCAA ¢ HOME-
pami fu, sy sy s 1 <p <N, ki €{0,1,...,N},i=0,p,

0 1 P

asasemca peuteruenm ypasverus (3.0.0) npu (13), mo noaurom
w  asasemcs peutenuem ypasuenus (14.0.1) uau peuwenuem

xoms 6o 00H0e0 u3 ypasrenuii (15.0.1), ede P — nexomopuolii
noauHom cmenenu §, onpedessiemolii COOMHOULEHUEM
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N

dw
I1.0,§2, rn. 1V [Monmnomuasbible pewrennst ypasuennss A(z) — = z

v;
B, (z)w ‘ B.H. TopGysos
dz =0 Hi

i=

f = max {a—l—m—1,q+€€(m)—|—(5©2(m),bk‘—1—1/kvm}—
j=p+1,N / J

(16)
—a—0&(m)— (6 —1)(D,(m) + s),

npuuén, ecau §f <0, mo P(z) = 0;

~ 1
(2]

@ < b B(z) = —A(2)8°(2) — Q(2), s = deg S(2), ¢ = deg Q(2),

S(z) =

C(m) = deg€(z,w(z)), D,(m) = deg®D, (2, w(z)).

[oaunom w, ssaswowutics peueruem ypasrerus (14.0.1),
b6ydem peureruem ypasrernus (3.0.0), ecau u moavko ecau oH
a8a5emces peuleruem YypasHeHus

Ecau noaurom w asasemcs peweruem xoms Ovbl 00HO20
us ypasuenuti (15.0.1) npu P(z) = 0, mo 0daa moeo, umobuol
amom noaurom 6ein peuteruem ypaserus (3.0.0), neobxodumo
U docmamoumo, 4umoouvl OH ABASIACA Peuleruem YpasHeHis

Az)w' = — Q(z)(’le(z,w)gj(z,w) + Z By, (2)w™i .
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[naBa V

LLEJIBIE TPAHCUEHJEHTHDIE
PELLIEHUA

§ 1. CBeneHus o ueablx PyHKUHUAX

Onpenenenue 1. Pynkyus 00HO020 KOMNAEKCHO20 nNepemer-
HO20 HA3bLBACMCA YN0, eCAU OHA ABAACMCA AHAAUMULECKOU 80
scell KOMNAEKCHOU NAOCKOCMmIL, Kpome, ObLmb mocent, OecKoHed-
HO YOaNéHHOL MOUKU.

Caenyst nogxony K. Beitepuirpacca [102, c. 226] k onpenene-
HUIO aHAJIUTHUECKON (PYHKIMH, 1esol PyHKIMeld GyneT Ta QyHKIuS,
KOTOpasi peJcTaBuMa CTEMeHHbIM PSIIOM, CXOASLLIMMCS HA BCel KOM-
NJIEKCHOH MJIOCKOCTH (HepaclIMpeHHO ).

Wrak, uenas ¢pyHkuus f npeictaBuMa CTENEHHbIM PSIOM

f(z) =) anz", ¥z €C, ay € C, ¥n € Ny, (1)
n=0

C paiiyCcoM CXOJMMOCTH IR = oo.
Orcioia Ha ocHoBaHuH TeopeMbl Kot — Anamapa [102, ¢. 211 —
212] nonyuaem xpurepuii Ko — Anamapa 1eno# pyHKUIMH.

Teopema 1. PynKuyus KOMNAEKCHOEO NEPEMEHHO20

f(z) = Z anz"”
n=0

a8aaemcs yeaol moada u Moavko moz0a, Koeda

lim V/|a,|=0. (2)

n—
Hanpumep, uenbimu 6yayT onpenenénbie Ha note C (yHKIUH
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I1.0,§1, 1. V CBeJieHHst 0 LeJIbIX (YHKIHSAX B.H. Top6ysos

fi:z— €% forz—sinz, f3:z— cosz,
fa:z—shz, fs:z—chz, fe:2—cosz, fr:z—chyz,

sin z sin y/z ef—1-z
f812—>7, forz— NG ) f1012—77~

D10 Ge3 0cOOBIX TPYAHOCTEH yCTaHABIMBAEM MOCPEACTBOM KPHTEPHUSI
Koum — Anamapa, pasioxus GyHkun f;, ¢ = 1,10, B CTeNeHHble Psijbl
1 BLIUUCJIUB Mpeieibl (2).

3amertum, uto tesible GyHKIMU f;, i = 1,10, SBJSIOTCS 3J€MeHTapHbI-
Mu. LlesibiMu HesieMeHTapHBIMU Oy Iy T, HanpUMep, QPYHKIUH

2 23 n

<I>z—>z+z +53+-- +Z—+...,vze<c,
3 nn
22 23 Zn
Z_>1n22+1n33+ 1n"n+ , VzeC,
2 3 on
X:z—>z+——|—36 +n7+ , Vz € C,

TaK KaK JJ151 KaXKJ0H U3 HUX BBIMOJHSIETCS ycJioBre (2)

Caenyst noaxoay Ko — Pumana [73, c. 22; 102, ¢. 67; 143, ¢. 37]
K T hepeHInpoBaHNI0 (PYHKIIMH KOMIJIEKCHOTO MepEMEeHHOTO0, MOJTy -
uaeM kpurepuii Kot — Prmana uenoi dyHKUMH.

Teopema 2. PyHKyUs KOMAACKCHOCO NEePEMEHHO2O0 SB8ALCMCS
yeaotl moeda u moavbko moeda, koeda ona ouggepenyupyema
Ha 8celi KOHeUHOL 4acmu KOMAACKCHOL NAOCKOCMU.

3 kputepusi Koun — PumMana ciieyeT BO3MOKHOCTb MpeJICTaB-
JIeHUs 1eJI0H (hyHKIMHK psiiom Teitsopa

> f(n)(zo) n
f(Z):z;)T(Z—ZO),VZE(C,ZOGC,
u psinom Makisiopena
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B.H. Top6y3son CBeJieHHsi 0 LeJBIX PyHKIHAX I1.0,§1, . V

> f(n)
f(z) = Z fT'(O) 2", Vz e C,
n=0 ’

CXOJSALIMMHUCS HA BCell KOMIJIEKCHOH TJIOCKOCTH.
Orciojia nosiyuaeM MpocTeiiiine CBOHCTRA LEN0H (hYHKIIHH:
1) npousBoaHas 1enoil PyHKIMKM — (HYHKIIUS Leas;
2) cyMMa KOHEUHOTO UHcJia LesbiX PyHKIMH — (YHKIHUS 1esas;

3) Npou3Be/ieHle KOHEUHOTO UKCa LebIX MYHKIUH — (DyHKIMS
eJsas;

4)uacTHoe IBYX 11e/bIX PYHKIMH eCTb Lesas QyHKIUS, €CJIH TOJb-
KO Je/IMTeJb HUTJIE He oOpallaeTcs B HyJIb;

5) 1es1ast hyHKIHMS OT Les0H hYHKIMK eCThb Liesast PYHKIHS.

[Tpocretditeit uenoi hyHKUMEN SBASETCS TOJHHOM.

Llenass dpyHkuus siBasiercs 0600LIEHHEM MOHATHS TOJUMHOMA U
6J1M3Ka K 1oJiMHOMaM o cBouM cpoiictBaM. Ewé yuennku O. Ko,
1. Bpuo u JK. bByke, nopuépkuBas cBsi3b aHAIMTHUECKUX (DYHKLIMI C
NOJMHOMAMH, BBEJIH MOHSTHE «rojioMopdHast GyHKIHUs» (rosoMopd-
HbIH — MOAOGHBIH 11€I0MY, OT FPeUecKUX C0B dA0( — BeCh, LIeJblIi

U poppo( — opma, BULL).
Onpenenenue 2. Pynkyus euecm8eHHol nepemerHHol
M(r: f) = max | /(2) (3)
HA3618aeMCS MAKCUMYMOM MOOYASL yeaol pyHnKkyuu f.
Hanpumep, makcumym mMoyist:

1) nosmuoma Pp: z — anz™ + ...+ ag, Vz € C, ¢ degP,(2) = n
ACHMIITOTHYECKH PaBeH MOJYJIIO BbICLIEr0 UIeHa, TaK KakK

M(r; P,
lim 707 )

r—00 |a,n|7"n

2) M(rie?) = e

3) M(r;sinz) = M(r;shz) = shr;

4) M(r;cosz) = M(r;chz) = chr.
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Makcumym monysist — (yHKIMS HeyObIBalollas, a ecju lesas
(yHKUMS f He sIBJSIETCS TOCTOSIHHOM, TO MAKCHMYM MOJLyJ1s1 — (yH-
KLHsl Bo3pacTatoulas u

lim M(r;f) = + oc.

r—-+00

st kosdduimenton crenenHoro psiza (1), onpenesnsiotiero ie-
Jyto yHKIMIO f, cripaBelliuBbl oreHkH Kouin:

M(r; f)

jan] < =22

Teopema 3 (Koun — Jlnysuans)'. Ecau modyse yeaoli pyrx-
Yyuu oepaHuuer Ha 8cetl KOMAACKCHOU NAOCKOCMU, MO Yeaas
GPyHKyus 26845emcs NOCMOAHHOL.

B nanbHeliux paccyxxaeHHsX yI100HO MCM0J/b30BaTh OoJee 00-
11y10 GOpPMYJIHPOBKY.

Teopema 4 (/luysusis). Ecau cywecmsyem maxoe yenroe He-
OMpUYAMENbHOe HUCAO N, 4O

M(r; f) < Ar™, r > 7o, (4)

mo yeaas pyHkyus f a641emcs NOAUHOMOM Cmenenu, He 601b-
wei n.
B npusiokeHusiX 4acTo UCMONb3yeTcs

CaencrBue 1. Ecau yeras pynkyus f He 1849emces nOAUHO-
MOM, MO €€ MaKCUMYyMm MOOYAs pacmém bvicmpee, Hem MAKCUMYM
modyas moboeo noauroma P, m.e.

L M f)
A WPy T )

Hanomuum, uto yHkumst w: z — w(z) HasblBaeTcs aseebpau-
4ecKOll, €CJIM OHA TOXKIECTBEHHO Y/I0BJIETBOPSIET yPABHEHHIO

'37a Teopema Gblia onyGiukosana O. Kown B 1844 roxy. JK. JluyBuIb H31ara
eé Ha nekuusix B 1847 rony. B nanbhefinem eé nasbiBasiu Teopemoit JInyBuis.
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Z Q;(x)w! =0,
5=0

rie @Q;, j =0,m, cyTb NOJMHOMBI, Qm(z) # 0.

AnanuTtnueckue (yHKIMH, He SABJASIONMECs ajreOpanyecKUMH,
Ha3bIBAIOTCS MPAHCYEHOCHMHbIMU.

J11s1 11e/1bIX PyHKIIMIT HMEeT MecTo

Teopema 5. Ecau yeras ynkyusa ne a849emcsa NOAUHOMOM,
Mo OHA — MPAHCYEHOCHMHAA.

[Tostomy ciiencTBre | MOXKHO chOpMYIHPOBATH U TAK

CaencrBue 2. Makcumym moodyis yeaoti mpancuyeHOeHmHoLl

GpyHKyuu pacmém ooicmpee, yem MaKCUMym Mooy 1106020 no-
AUHOMA.

Ewmé 3ametnm, uto B 6€CKOHEUHO YIAJEHHON TouKe 2z = 0o LeJast
(YHKLUST MOXKET:

a) ObITh aHAJUTHUECKOH;

6) UMeTb MOJII0C HEKOTOporo nopsaka k > 1;

B) UMETb CYLLECTBEHHYIO 0COOEHHOCTD.

B cooTBeTcTBUHU C XapaKTepoM 6€CKOHEUHO yIaAEHHON TOUKH 1ie-
Jast PyHKLHST MOXKET ObITh!

a) TOCTOSIHHOM, ecit f: z — f(z) — aHasuTHUecKasi B TOUKe
zZ = 00

6) nosiiHOMOM cternelu k > 1, ecin f: z — f(z) UMeeT B TouKe
z = 00 noJitoc k-ro nopsijika;

B) TPAHCIEHJEHTHOH, ecaiu f: z — f(z) B TOuKe z = 0O HMeeT
CYUIECTBEHHYI0 OCOOEHHOCTD.

3 Teopembl JINyBHIIS U €€ CJIEICTBHI MOJTydaeM, UTo MPH OlleH-
Ke pPOCTa Le/bIX TPAHCLEHIEHTHBIX (DYHKLMH c/1eyeT BbIOMpaTh s
cpaBHeHHs! (DYHKLIMH, pacTyliie ObICTpee, UeM cTereHHble. B kauecTBe
TaKUX (yHKLHI BEIOHPAIOT TTOKa3aTebHble

g:r—exprf, e k> 0.

Onpenenenune 3. lleran gynkyus [ Hazoieaemcs yeaol
GyHKyuel KoHeuHo20 NOpAO0Ka, ecal cyujecmayem maxKoe Yuc-
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I1.0,§1, 1. V CBeJieHHst 0 LeJIbIX (YHKIHSAX B.H. Top6ysos

10 p € (0; + 00), umo
M(r; f) < exprt, ¥Yr > r. (6)

Hanpumep, nosmuom P crenenn deg P(z) < n B cuiy TeopeMbl J1uy-
BUJLJIS UMEET MAKCUMYM MOJLYJIsl

M(r; P) < Ar™, r > 1y.
A nockoJibKy
Ar™ <expr®, r>ry, 0 <a <1,
TO MOJIMHOM P — 1esiast PyHKIMsT KOHEUHOTO MOPsijKa.

Llenast TpaHcueHAeHTHAS PYHKIMS KOCHHYC SIBJSIETCS LesIoN (PyHKIIMEN
KOHEUHOTO MOPSIJIKa, TaK KaK

M(rjcosz)==(e"+e ") <e", r>rg.

1
2

Onpenenenue 4. Huoxcrnaa epans p MHONMCECMBA 4uces [,
yoosaemsopsoujux ycarosuio (6), Hazoleaemcs nopsoKom 4eaol

¢yukyuu f uobosnauaercs ord f(z) = p.
Wrak,

ord f(z) =infpu, tne M(r;f) <exprH, r > rg.

[Tockosbky M(r;e*) =e", T0 orde® = 1.
Jlng nonuHoma P B cuJy TOro, uto

M(r;P) <expr®, r>rp, 0 <a<l,

nopsiaok ord P(z) = 0.
Hanpuwmep,

ord sinz =ord cosz =1, ord expe® =00, ord —m— = —.
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OyHkims

P 2P oNP
prz—14+—+ + ..+
¢ (29)! (nq)!

+...,Vz€eC,

SIBJISIETCS] IPUMEPOM L1eJIOH TPAHCIEHAEHTHOH (DYHKIHH HaTepé 3a1aHHOTO

nopsiika ord p(z) = L
q

Poct nesoil pyHKUHMM KOHEUHOTO MOJIOXKHUTENLHOTO Topsiika p
YTOUHSIETCSI MOHSATHEM THIA 11eJ10H (PYHKIIHH.

Onpenenenune 5. [leras ynkyus [ KOHeUHO20 NOAONMCU-
MeAabHO20 NOPAOKA p HA3bl8aemca yeaol hyrnKyueil KOHeuHo20
muna, ecau cyujecmsyem makoe « € (0; 4+ 00), umo

M(r; f) < expar?, ¥r > rg. (7)
Hanpumep, KocHHyC eCTb 1esast GyHKIKS KOHEUHOTO THIIA, TaK KaK
M (r;cosz) < e, Vr > rg.

Onpenenenune 6. HuoicHsas epars o MHONCECMBA 4UCeA «,
ydosaemesopswouiux ycaosuio (7), Hasvleaemcs MmMunom ueaou
¢yukyuu f nopadka p nobozHauaercs typ f(z) = o.

B cumBogsax:

ord f(z) = p € (0; +00) & M(r; f) < expar?, Vr > ry, =
= typ f(z) = inf a.

Tak kak orde* =1, a M(r;e*) =e", 10 type® = 1.

CyllecTByeT IlIKaJia pocTa 110 THIIaM, B KOTOPOH BIAEJSIOTCS 1ie-
Jible TpaHCLEHeHTHble (PYHKUMH MuHumarornozo (typ f(z) = 0),
Hopmanoroeo (typ f(z) = o € (0; + o0)), MaAKCUMAAbHOO
(typ f(z) = 00) THMOB.

Eciu ord f(2) < 1 wim ord f(2) = 1, a typ f(2) < + oo, TO
f — uenast pyHKIMST IKCROHEHYUAAbHO2O THITA.

Mbi He OyneM 31ech yriayGJsiThest B MPOOJEMbl TEOPHH LIEJbIX
(yHKILME, 8 OTChIIAeM UHTATeJsi MPU HEOOXOAMMOCTH K TAKHM TJIy-
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O0KUM (yHIaMeHTa/MbHbIM HccenoBanusm, Kak [8; 9; 91; 92; 139].
[Toromy uTO MocTaB/ieHHble HAMH 3aaun GYJIyT pelaThest JUlllb yKa-
3aHHEM OCHOBHBIX XapaKTEPUCTHK POCTa Ie]bIX TPAHCLEHAEHTHBIX
dbyHKUMH-pelieHnit auddepeHMalbHbIX YpaBHEHHH, KaK TO THI W
MOPSIIOK.

OTMeTHM, 4YTO UMEeeT MECTO

Cgoiicto 1. [Ipu dughgpeperyuposaruu nopsadok u mun ye-
201 mpaHcyeHOeHmHOl QYHKYUU COXPAHSIOMCAL.

B reopun 06bIKHOBEHHBIX M depeHInaNbHbIX YpaBHEHH Cylile-
CTBEHHOE 3HAaU€HHE UMEET TO, UTO MPOU3BOJIHBIE LEJIOH PYHKIIMH MOXK-
HO aCUMINTOTHYECKH BbIPa3UTh uepe3 camy yHkIHo. Ocobyto poJb Ha
cJTyuai 1esbIX TPAHCIIEHIEHTHBIX (PYHKIMH UTPAeT TeOpHUsi LIEHTpaslb-
Horo unjiekca Bumana [199; 200] u Banupona [8].

[Tyctb nenas dynxums npeacrasuma psiaom (1). s nanHoro r
npu |z| = r cpemu uneHoB psiaa (1) Haiinéres mo kpariHeil Mepe ojiMH
¢ Hau6OJIBIINM MOJTyJieM. EcJin xKe UX HeCKOJIbKO, BRIOEpEM Cped HUX
uJieH ¢ HauGOJIbIIMM HHIEKCOM 7 = v, KOTOPBIH 3aBUCHT OT T, T.€.

v=uv(r).
Uanen
m(r) = |ay[r”
HA3bIBAETCS MAKCUMANOHOIM HACHOM, & HHIEKC v = v(r) — yeH-

mpaabHoIiM UHOEKCOM.

Y 1eJIbIX TPaHCLEHAEHTHBIX (QYHKIIHF
v(r) — +oo npu r— + oo.

Hanpumep, tienast TpaHcleHIeHTHAS (DYHKIUS

o0

Zn
e® = g > vz € C,
n!
n=0
MMeeT LEHTPAJbHbIN HHIEKC
v(r) = [r]
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)41 MaKCHMaJTbeIﬁ yJieH
Plr]
[r]t”

rjie CUMBOJI [ | B IaHHOM CJlyuyae 03HAYaEeT LEJyI0 YaCTh YHCJa.
JleHCTBUTENBLHO,

m(r) =

TOrAa U TOJIbKO TOria, Koraa

s TS—H s 7”3_1
_ > —>—— Te. r—1<s<r
st T s+ s T (s—=1)V = ’

a 3HauuT, Koraa s = [r].

st mosmHomMa P cTeneHd n, HauMHasi ¢ HEKOTOPOTO 7 > T, LeH-
TpaJibHbIl HHEKe V(1) = n.

AHnasnornuno acumnrotuueckoii dopmyae (1.1.2.1) npencrapienusi

MPOM3BOJIHON MOJMHOMA Yepe3 caM MOJUHOM, VISl LLeJIOH TpaHCUEeHAEeHTHOH
GyHKUMKM f B 10MYCTHUMbIX TOUKax &, |{| = r, Takux, 4To

[F(©] = M(r; f),

MMeeT MeCTo acuMIIToTHuecKast hopmyJia [9, c. 25]

1@ = 19 (22) (1 +2,(6). ®)

riue
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§ 2. Llesble peuwieHUsi 06bIKHOBEHHbIX
auddepeHMalbHbIX YPaBHEHU

1. Lleable TpaHCIUEHJEHTHbIE pellleHUs
anre6panueckux i depeHIManbHbIX yPaBHEHUH

HauGosee cyniectBenHblii pesysbrar, Korna ypasienue (ADE) B
KauecTBe LEJbIX pelleHni MOXKET HMETb TOJIbKO MOJMHOMBI, Obl MO-
ayuen [ Burtuxom [201] v rnacut caenytoliiee

Teopema 1. Aneebpauueckoe dugpgpepenyuarvroe ypasuenue
(1.1.1.1) He umeem yenvix mpaucyeHOeHMHbLX peuLeHull, ecau OHO
codepacum moavKo 00OUH OOMUHUPYIOWULL YACH.

Lokasarespcerso. Ilycts w: C — C — uesoe TpaHCLEHIEHT-
Hoe peuienue ypaBrenusi (1.1.1.1). Torna B gonyctumbix Toukax & Ta-
KX, uto |w(€)| = M(r;w), npoussoanbie w'?) Bhipaxaiorces uepes
dyHKIMIO w W eé LeHTpasibHbIi HHAeKC v 1o dopmyde (8.0.1).

YpaBuenue (1.1.1.1) B 3TUX TOUKax UMeeT BUL

N X
2 V(T) Wi _
> Bu(©w (5)(7) (1+¢5,(8) =0, (1)

rne |ei(§k)| — 0 st nocsieoBaTeIbHOCTH JIOMYCTUMBIX & TaKHX,
uro |¢x| — + oo npu k— +00,i=0,N.

[Tyctb &-# unen ypaBuenusi (1.1.1.1) siBaisieTcst TOMUHUPYIOLIHM.
Torna, BbIMOJHUB MOYsIeHHOE JlesieHne paBeHcTBa (1) Ha

Bu(s (5)wd €3) <$> 5>
OJTy4HM
al m;—mg
2z gg O() T s @) 1 0. @
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Ha ocnoBanuu (5.0.1) ¢ yuérom Teopembl JInyBuIsi nMeeM, 4To

B, (§k) sa—d v(r)\™ ™
B <5k>(§—k> S0 mpn 6] — + oo,

TakKakK d — 3; > 1 nasiscex 1 =0, N u ¢ #£ 6.

[IpenenbHbIM epexo0M B paBeHCTBe (2) noJyyaem MnpoTHBOpe-
ume, noKasbiBatolilee Teopemy. ll

Hanpumep, Hesiuneiinoe ypaBHeHue

w? = ZAl(z)u/, n =2, An(z) #0, (3)
i=0

rie A, i = 0,n, CyTb MOJUHOMbI KOMIJIEKCHOTO MEPEMEHHOr0 2z, aHaJ0-
TMYHO KaK M ajirebpanueckoe auddepeHiinanbHoe ypaBHeHHE

Az)w? = Xn:Ai(z)wi, n>2 A,(z)#0, (4)
i=0

C NOJMHOMHAJIbHBIMU Ko3(hduuuentamu A u A;, i = 0,m, HMeeT ToJb-
KO OJIMH JOMHHHPYIOLIHi uneH A, (z)w™ ¢ MakCHMaJbHOH pa3MepHOCTbIO
d=n2>2.

A 3HAUMT, UEeBLIMU pellleHHsIMHI HeJTMHEHHBIX U (epeHIHaIbHbIX YPaB-
HeHWH (3) v (4) MOTYT GbITh TOJILKO MOJHHOMBI.

Aure6panueckoe nuddepeHnanbHoe ypaBHEHHE MepPBOro MopsiiKa
()2 =1 —w? (5)
2 2

MMeeT [Ba IOMHHUPYIOLINX uieHa (w’)? ¥ w* ¢ MakCHMAaJIbHOH pa3MepHO-
cTbio d = 2.

[lesible TpaHCLEHAEHTHBIE (DYHKIIMH

w,:z—sing, V2z€C, u w,:z—cosz, Vz €C,

SIBJISIIOTCSI €0 PEUICHUAMHA.
KPOMQ TOT'0, MOJIMHOMbBI

wy:z—1,V2€C, u w,:2z— —1,V2€C,

TaKzKe sIBJISAIOTCSI PEUICHUSIMHU IaHHOT'O YPaBHEHHUSI.
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3ameTum, uTo pellleHHsIMU YpaBHeHHUs (D) ABAAIOTCS PYHKIIUH-PEllIeHUs
JIMHEHHOTO YpaBHEHHsI

w” +w =0,
KOTOPOE TMoJyyaeTcs U3 ypaBHeHUs (D) AU pepeHInpoBaHUEM U UMeeT 06-
llee pelieHe
w: z— O, cosz+ C,sinz, Vz € C.

[Toncrasssisi 310 00llee pellieHHe JMHEHHOTO YpaBHEHHs B ypaBHEHHE
(5), HaxouM oblilee pellieHHe ypaBHeHHs (D)

w: z— Ccosz++v1—C?%sinz, Vz € C,

1 0COObIE PelleHHs

w: z— +£1,VzeC.

O606111eHHEM TeopeMbl | siBJsIeTCs J0Ka3aHHas B [24]
Teopema 2. Ecau 861n0AHAIONMCA YCAOBUA:

) sy=...=5,=d, d>5, 0<p< N, n=p+1,N;
2)mO:...:mh:m,m>m5,Oghép,ézm;
3)by=...=b,=bb>b,0<A<h, 7=A+1h;
4)yb—m>b;—my, §=h+1p;

mo aneebpauueckoe duggepenyuaroroe ypasrenue (1.1.1.1) ne
umeem yeavlx mpaHcyeHOeHmHulx petleHull.

JlokazatesibCTBO TPOBEIEM METOJIOM OT MIPOTHBHOTO M JIOMYCTHM,
uto w: C — C — uesnoe TpaHcueHaeHTHOE pelienue auddepeHiu-
ajbHoro ypaBuenusi (1.1.1.1).

B nonycrumbix Toukax & Takux, uro |w(§)| = M (r;w), ypaBHe-
nue (1.1.1.1) 6yner umerh BULL

A m
w V(T)
>80 <5>(—§ ) (142) +
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S BMT<5>wd<@(@) (1+e.(6) +
(6)

S Bﬂ(;(s)wd(g)(%) (14, ©)+

+ 3 B, @@ (") a0 <0

rne |e;(&k)| — O mnst mocsenoBaTebHOCTH AOMYCTUMBIX &) TaKHX,
uto || — + o0 npu kK — + 00,1 =0,N.

BheinoJiHuB nousieHHOE JiesieHre paBeHCTBa (6) Ha Mpou3BeieHne

B @) (1)
NOJyUUM
h
oo 0 £ 0000
=1 Ho T=A+1 HO
- Bua(f) M ms—m ;
’ 5%1 B,uo(g) < § > (1 + 5(5)) + (7)
al B,uy, (5) sy — vir my—m
" Tizp-I:—l B, (€) v d(g) (%) (1 + 6,](5)) =0.

[Tockonbky st Bcex { = 0, A crenenn b, KosdduuuenTos B,
paBHbl, TO pH || — + 00
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B,ul (&C) Bl
B,uo (&C) ﬂo

=T, (8)

YuuthiBasi, uto AJs BceX 7 = A+ 1,h crenenn b, < b, mosy-
uuMm, uto npu || — + oo

B,u-,— (gk)

LA LIAEN =A+1,h. 9
B, (&) 0, 7=A+1, (9)

[Ipu § = h+ 1,p pa3HOCTb OTHOCUTENbHBIX BecOB ms — m < 0,
av(r) — +oonpu r — + oo. Kpome toro, ns < n. Torna npu
&k — 400

B, (&) (&

B, (6k) \ &k )mrmﬁoﬁzhﬂ,p- (10)
Ho

[Tockonbky d > 32, ans Becex 1 = p+ 1, N, T0 B culy cien-
ctBust 1.0.1 u3 reopembl JInysuist npu €| — + oo

Bu,, (&c) M

m,—m ___
56 £k> —0,n=p+1,N. (11)

w6

[lepexons B paBeHcTBe (7) K npenedty npu || — + 00, Ha OCHO-
Banuu (8) — (11) Gynem numers, uto

[Tocnennee paBenctso nmporuBopeunt ycsosuio 5). M
Teopemy 1 nosyuaem us reopemsl 2 nipu p = 0.
IMpumep 1. AnreGpanueckoe nuddepeHiinansbHOe ypaBHeHHe

Q|Q

23(222 + Dw" (w')? — 225 (w")?w — 422w w'w +
+4230w"w? + 22(222 + 3)(w')? =0

TaKOBO, UTO:
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4:d:3;
2y m, =.

1) sey=...=x
0 L=Emy,=m=4, m>m, =m, =3;
3) by =b,=b=5,b>b, =2;

Y b-m=n=1,n>n, =n, =0;

5) B, + B, =0.

Urak, nyist ypaBHenus (12) Boinoginsitorest yeaosusi 1) — 4) reopembl 2 1
He BBITMOJIHSIETCS YCJI0BHE D).

HenocpencTBeHHo MoACTAHOBKOH MOJTy4aeM, UTO 11eJ1ast TPAHCLEHIeHT-
Hast PYHKIHsT SKCITOHEHIMAJILHOTO BH/IA
w: z — expz?, ¥z € C,

sIBJISIeTCS] pellleHneM ypaBHenust (12).
[pumep 2. Anre6panueckoe nuddepeHHanbHOe ypaBHEHHEe

2z + Dw"w' — (2 + D)z + 3wV w4 20 — (z+Dw=0  (13)
He YJ/IOBJIETBOPSIET YCJOBUSIM TEOPEMbI 2, TaK Kak

s

=% =d=2>sx,=x,=1;h=p=A=1

o =M

HO ycJI0BHE ) He Bhimognseres, ubo B, =1, 8, = — 1.
Jlerko npoBepuTh, UTO Liesas TPAHCLEHEHTHAS (DYyHKLHUA

w: z — ze?, Vz € C,

SIBJISIETCSI pellieHneM ypaBHenus (13).

[Mpumep 3. AnreGpanueckoe quddeperuranbHoe ypaBHeHHe
(22 4+ 7)3(22 + 3) (W) — 16(z + 3)4(w(IV))3w +
+ (22 + 11)(22 + 3)20V)w™ (w")? — »
—16(2 4 3)(z + 4)(22 4 5)wV Dy w? + ()

+(22+5)(z+ 5)w(VI),w///w// — (24 3)(2z + 9),w(VH) (w//)Q -0
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HE YIOBJECTBOPSAECT YCJIOBUAM TEOPEMbI 2, TaK KadK

1) sy=...=0,=d=4,d> 3, =, =3;

2)my=...=m, =m=12, m > m, = 10;
3)by=0b, =b=4,b>b, =3;
Y b-m=n= -8 n<n, = -7,
T.€. Hapyliaetcsi yeJoBue 4) reopembl 2.
3amerum, uto 3, = 16, 3; = — 16, a 3HauuT, He BHINOJIHSETCH H

yCJIOBHE D) TEOPEMBbI 2.
Lesasi TpanciienienTHast yHKIHsI

w: z — (22 + 3)e?*, Vz € C,

sIBJISIeTCS] pellleHneM ypaBHenust (14).
Paccmotpum  HesHeiliHOe 0ObIKHOBEHHOE UddepeHimatbHoe
ypaBHeHue nopsiaka [ > 1

S
i (D v
Z A, (Rw w = ZByk ()w ", (15)
i=0 k=0
e A, v B, ,i=0,s,k=0,N, — NoIMHOMbI KOMIJEKCHOTO

MEPEMEHHOr0 z COOTBETCTBEHHO CTeneHel a, H b,, ¢ Ko3(uum-
CHTAMH v, W (3, BBICLIEro YJleHa B MX JIEKCHKOrpapuuecKoM npeji-
CTaBJICHHH, TOJIMHOMbI

S
ZAM (2w n ZByk (2)w™
i=0

k=0

B3aWMHO MPOCThIE, a ToKa3aTeJ/iu CTeIIeHU w; W Vi TaKue, 4yTo

0< g < py <.oon < g, ps = 1;
(16)
0<y, <y, <...<vy, vy =1

Jloist ypaBHenus (15) Ha oCHOBaHHU TeOpeMbl 2 MoJiyuaem
Caencreue 1. Ecau ps # vy — 1 wi a, > b,,N + [ npu
Ws = vy — 1, mo dugghepenyuarornoe ypasnenue (15) npu ycao-
suu (16) He umeem yeavix MmpaHcyeHOeHMHbLY PeUleH L.
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JlefictButesibHO, IPU g # v, — 1 ypaBHenue (15) B cuaty (16)
MMeeT TOJIbKO OJIMH JOMUHHUPYIOLLMH UJIeH:

®

Ay (D w” ) ecmn pg > vy —1;

v
- B, (2w, ecm ps<vy -1

Torna no teopeme | y ypaBHenus (15) HeT 11e/IbIX TPaHCIIEHIEHT-
HbIX PELLIeHUH.
[Tyets ps = v, — 1. Torna ypaBHeHue (15) umeer 1Ba usieHa

HauboJbLIeH pagMeTHOCTH d = us + 1 = v,,. [locTatounsle ycioBus
Teopembl 2 B cuity (16) Boinosinsiiorest, ecau ay, > by, + [ M

[pumep 4. Ypasuenue SIkoou [138, c. 41 — 56; 118, c. 93 — 96]
dw alz+b1w+cl+w(a32+b3w+c3)

> 17
dz a22+b2w+02+z(a3z+b3w+c3) ’ 17)

rae a;, b; v ¢;, 1 € {1,2,3}, — HeKoTOpbIE, BOOGILE FOBOPSI, KOMILIEKCHBIE
MOCTOSIHHBIE, YIOBJIETBOPSIET YCAOBUIM CJICACTBUS 1.
JleiicTBuTENIbHO, 3anuilieM ypaBHeHue (17) B Buje

(az2% + (ay +cy)z + ¢y + (byz + by Jw)w' =
(17A)
=a,z4c¢; + (a3z+ b, +cy)w + byw?,

cootsetctBytouiem (16). Tlpu b, # 0 mokasatenb crenenn p, = py = 1,

a rokasaTeJib CTeNeHd v, = v, = 2, 3HaYMT, i, = v, — 1, Kpome Toro,

a, =1, bl,2 =0wna, = bVN + 1. Ilpu b, = 0, b, # 0 nokasateJb
crenenu p, = py = 1, avy =v, =1 wwm v, = vy, = 0, 3nauur,
e vy — L.

Wrak, npu [b,| + [bs] # 0 s muddepenumanshoro ypasnenus (17A)

YCJIOBUSI CJIACTBHSI 1 BHIMOJHSIIOTCS, M ypaBHeHHe SIKOOM He MMeeT LieJibiX
TPaAHCLIEHAEHTHBIX PeLIeHHI.
Ecain samerntb, uto npu b, = b, = 0 ypasnenne SIko6u (17) Bbipoxk-

Jlaetcs B JIMHelHoe auddepeHHanibHoe ypaBHeHHe, TO MOXKeT ObITb cop-
MYJIMPOBAHO CJeflytollee yTBepKaeHue: ypasHenue fxobu (17) ne umeem
UeablX MPAHCYEHOCHMHbLX DelleHull.
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[pumep 5. PaccmoTpum ypaBHeHHe

P (z)w(n)

) (2)w' + P, (z)w = 0, (18)

n—1
+P1(z)w( ) +...+P |

rie Po’ Pl, ey Pn — MOJIMHOMbI KOMITJIEKCHOT'O MEPEMEHHOI0 Z CO CJe-

JYOUIUM .HeKCI/IKOFpaq)I/ILIeCKHM pacIoJ0KEHNEM HUJIEHOB

P:z— fizb4...,¥2€C,i=0,n, 8, #0.

K3

PasmepHocTti Bcex useHOB ypaBHeHus (18) paBHbl, a OTHOCHTE/bHBIN
BEC KarK/10T0 MOCJ/e/lyIOLLero uieHa MeHblle MpeblayLlero.
[Tpu

by =8+bs, 6=Tn,

BBINOJIHSIOTCST YCJIOBHSI TEOPEMBI 2, H CIIPABE/JINBO YTBEPIKIEHHUE: ecAl KO-
appuyuenmor P; aunetinoeo oughghepernyuarvroeo ypasrenus (18)

maxkue, 4mo

3

deg P (z) > 0 +deg Ps(2), 6 =1,n,
mo ypasuenue (18) He umeem yesvix mparcyeHO0eHmMHbLX peuleHuil.
Hanpumep, ypasuenne ditnepa [138, c. 238 — 240]

anznw(n) n an_lzn—lw(n—l) n

/ _
s Fapzw +ayw =0, (19)
rie a;, @ = 0,n, — HEKOTOPbIE, BOOOILE FOBOPSI, KOMIJIEKCHbIE YHCIA, SIB-
JISIETCST YaCTHBIM cJrydaeM ypaBHenwsi (18), u nokasatesin crenexn koadu-
HeHTOB P; CBsI3aHbl COOTHOILIEHHEM:

deg Py(z) = 0 +deg Ps(2) =n, d =1,n.

3Suauur, ypasuernue Jiirepa (19) e umeem yenolx mpaucyerderm-
HbLX peulerui.

Teopema 3. [Ipu soinoaneru ycaosuil meopemol 2 peulerust
ypasrenus (1.1.1.1) He umerom u30AUpPOBAHHOLX CYULECMBEHHBLY
0cobbLX MOUeK.

JlokaszatesibcTBo. JIOMyCTHM MPOTHBHOE: pellieHne w: z — w(z)
ypaBHenusi (1.1.1.1) umeer B
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+oo
w(z) = Z ck(z—zo)k:
k=—oc0
+o0
= c (z—z —i—Z =
k=0
= w, (2 — z) + w,(z — %),

rJie psijibl, MPEJICTaBSIONIE PYHKIUH

w:z—ow (z—2,) 1 w:z—w,(z—2),

exouarest 41s |z — z,| > 0 u |z — z,| < R COOTBETCTBEHHO.

(20)

[Tosoxkum t(z — z,) = 1. Torna pemienne w, 3axaHHoe psilaMu

(20), 3anuiiiem Tak:

w(z) =yt =w, (3) + 0, (3) = .0 + 0,00

B cuny sananusi, dyHkuus y, sBasercs leaod QyHKUMeH, a

(byHKLHS Y, ONpenessieTcst psjaoM
+00
—k
t)= Z Gt
k=1

1
KOTOPBIH CXOAUTCS MpH [t > =

[Ipu sTOM Oyem umMeThb, UTO

dFw k 2k (k %—1 (k—1

k+1

9

rie A;, i =1,k — 1, — onpelesiéHHble MOCTOSIHHbIE, KOTOPbIE 3aBH-

w  dvy

carot k, a y =k
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Myers M (r;y,) = [y, (§)[- Torna

v © =" O+ =" ©0+7,9) =

v(r)\*
- (") n© 0+ @),
e |ﬁk(§s)‘ — 0 n [0, (&) — 0 s nocnenoparenbHOCTH 10My-

CTUMBIX &, TaKux, uto |£,| — oo npu s — 0, st Bcex k = 1, n;
v(r) ecTb LIeHTPA/IbHbII HHAEKC Le/I0H QYHKIHH Y, .

Orciona
kaw v(r)\*
= (M) ot a o) +

k—1
+4, <@) p (O T U () +... +

(21)

+ A, (%)y ©" (1 +n,(6) =

— (1" (&) 1, (©) (1 4 3, (6)),

rne zZ— 2y = 5717 ‘%k(gs)‘ —0 npu |£s‘ — Q.

[Toncrasasisi (21) B ypaBHenue (1.1.1.1) B 10nycTUMBIX TOUKaxX z,
NoJIy4dM paBeHCTBO, aHaJjornunoe (6). B cuity BbinosiHeHust yCa0BHI
1) — 5) Teopembl 2, 0HO He MOXKeT ObITh BEPHBIM MPH !fk‘ — 00, UTO
¥ jlokasbiBaet Teopemy 3. l

Hanpumep, ypaBHenue $lko6u (17) He MMeeT H30JMPOBAHHBIX
0COOBIX TOUEK.

Teopema 4. [Ipu soinoaneHul Ycao8uii meopemol. 2 mMoabKO
payuonasvroie peuterus ypasuenus (1.1.1.1) umerom Koneunoe
YUCAO NOAOCOB.

LokasarespcrBo. Ecan ypaBhuenue (1.1.1.1) umeer peuenne
w: z — w(2z) ¢ KOHEUHbIM YHUCJIOM MOJIOCOB H OHO He SIBJISIeTCs pa-
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[IMOHAJIbHOH (DYHKIMEN, TO CYIIECTBYET MOJMHOM v: z — v(z) TaKoM,
uto u: z — w(z)v(z) OGyneT Ueaoil TpaHCUEHIEHTHOH (DYHKIMEH.

[Tockosbky
!
L (-

l
= ’Ul% Z (i) vnPlin (v(l_n), e ,U’,v)u(n),
n=0

rue Pl—n’ n = — TIOJIMHOMbI CBOHMX AapryMEHTOB, IMPUYEM
Py(v)=1,d “ 2)s 0 (2),0(2) ) < (n=D)(1~ deg v(2)),
n=T1,a

(wm)v:qﬂ%n S <rvr>

r0+...+rj =v
J - . Tn
J\. n (G=n) / (n)
. H v P (v N A L] ,
n —n
n=0
v v .
rie = ————— — GUHOMHAJIbHBIH KOSPDHUIIHEHT,
TosevosT Irtooord

u
TO C MOMOLIIbIO 3aMeHbl w = — ypaBHenue (1.1.1.1) npuBoaum K BUIY
v

See el T ()

i=0 j=1
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rie A = max {m; + s;}.
i=0,N
B ypaBHenun (22) Bce cnaraembie B QUTYPHBIX CKOOKAX HMEIOT
OZIMHAKOBYIO Pa3MepHOCTb v/, . Ecsin BBIMOMHUATL OMepalulio yMHO-
K2

YKEHHsI, TO BCe cJlaraeMble, COOTBETCTBYIOIINE 3a(DUKCUPOBAHHOMY 1,
MMEIOT OJIMHAKOBYIO Pa3MepPHOCTb J¢j, PaBHYIO PAa3MEPHOCTH ¢-TO
ujiena ypasuenusi (1.1.1.1). ITosioxxum, uTo crnipaBemuBo ycJjosue 1)
TeopeMbl 2.

Cpenu 4sieHOB ypaBHeHHusi (22) ¢ 0JIMHAKOBOH pa3MepHOCTbIO d
npu KaxjaoM ¢ukcupoBantoM ¢ € {0,1,...,p} BbIIEJIUM Te, y KOTO-
PbIX MaKCHMaJIbHbIH OTHOCUTEJbHBIH Bec. [TocKOJIbKY MpH yMHOXKEHNH
OTHOCHTEJIbHBIE BeCa CKJa/bIBAlOTCS, TO UJIEHBI C MAKCHMAaJIbHBIM OT-
HOCHTE/ILHBIM BECOM JIOJIKHEI cofiepkaTh u(), To ecTh, NpH KaK10M
(bMKCHPOBAHHOM i MaKCHMaJIbHBIH OTHOCHTEJIbHBIN BEC PaBeH UHUCJTY
m;, COOTBETCTBYIOLLIEMY OTHOCHTEJIbHOMY BeCy -0 ujieHa ypaBHEeHHsI
(1.1.1.1). 3anuiiem 3T0 ¢ MOMOIIIBIO COOTHOLIIEHHUS:

my=...=m, =m m>m,, m>m,,
(23)
0<h<p, d=h+1p,t=0p,
e m, — Beca TeX WIEHOB ypaBHeHNsI (22), y KOTOPbIX ¢, = .

CoorHotienune (23) ayist ypaBHeHHst (22) COOTBETCTBYET YCJAOBHIO
2) reopembl 2 a5t ypaBHenusi (1.1.1.1).
[Tockosbky

A—(my+)=...=A—(m, +x,),

TO U151 BbIJIEJIEHHBIX UJIEHOB BBIMOJHSIETCS YCJIOBHE 3) TEOPEMBI 2.
3amMeTuM, U4TO yCTAaHOBJIEHHOE PacIoJioXKeHHe UJIeHOB B ypaBHe-
Husax (1.1.1.1) u (22) ne tpeGyer Kakux-jgu60 OorpaHHueHHi Ha 3TH
ypaBHEHHSI.
Jlos cnaraembix ypaBHeHHs (22), pacriosioxKeHHbIX B (PUTYPHBIX
CcKoOKax, abCOJIOTHBIE Beca PAaBHBI

Si

Z Tn (n(—l + degv(z)) + deg P, (v(jin) (2),...,0'(2), U(Z)) ),

n=0
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¥ (¢ yuérom cBoficTBa nokasatesns crenenn deg Pj_,(z)) Oymyt Ta-
KHMH, 4TO

Si

Z T (n(—l +degv(2)) +

n=0

+deg P (v(j*”) (2),...,0'(2), v(z))) <

Si

<D ra(n(=1+dego(2)) + (j —n)(~1 + degv(2))) =
n=0

=5,V (=14 degv(z2)).

Torna nist Kaxknoro ujieHa ypaBHeHHsi (22), COOTBETCTBYIOLIETO
i€ {0,1,..., N}, abGcoJtoHblil BeC MeHbllIe WK PaBeH

b, + (A — (m, + 3,)) degv(z) + i: L, l/ji(—l +deguv(z)) =
j=1

=b, —m, + (A — ;) degv(z).

Jls BblleNleHHBIX Ke UJIeHOB ypaBHeHusi (22) ¢ HoMmepamu
[ €{0,1,..., A} mokasaresnb crenenn deg P,(v(z)) = 0, a 3Hauur,
a0COJIIOTHBIH BeC paBeH

b—m+ (A—d)degv(z).

TpeGoBanue, anasornuHoe ycJjioButo 4) Teopembl 2, 17151 ypaBHe-
Husl (22) uMeeT BUJL

b—m>=n, d=h+1lp b-—m=2n_,t=0p.

tr

OHO COOTBETCTBYET YCJOBHIO 4) TeOpeEMBI 2.
YesioBue 5) Teopembl 2 s auddepeHUManbHBIX ypaBHEHHH
(1.1.1.1) u (22) onunaxoBo.
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Otcioia 3ak/ouaeM, uTo MPH BBIMOJHEHHH YCJIOBHH TeOpeMbl 2
ypaBHEHHE He MMeeT LleJIbIX TPAHCLEHAEHTHBIX pelIeHHH, a 3HAUMT,
moboe peuienne ypaBHenust (1.1.1.1), oTiinuHOe OT palMoOHANBHOTO,
6o He UMeeT MOJI0COB, JUO60 HMeeT OECKOHEUHO MHOTO IOJIIOCOB.
Teopema nokazana. B

EnuHCTBEHHON HEMoJBUAKHON 0C060i TOUKOH MEepBOro HEMpPUBO-
numoro ypasuenust [lensese (1.0.4.1) siBasietest z = oo. ITa Touka
CYILIECTBEHHO 0c006ast ISt KAXKJIOTO pelleHusl.

CaienoBartensto, ypasrernue (1.0.4.1) ne umeem payuoransb-
HOLX peulerull.

Kak u B[57, c. 156], Ha ocHOBaHWH TeopeM 3 U 4 B CHJTY TOTO, UTO
y (1.0.4.1) enMHCTBeHHbIH JOMHHUPYIOLIMI ulen 6w?, 3akiouaem

Teopema 5. Bce pewenus nepsoeo Henpusooumoeo ypasHe-
Hus [enaese (1.0.4.1) umerom 6eckoneuroe 4ucA0 NONOCO8, ceY-
warouwuxcs K 6ecKoHe4Ho YyoaréHHol mouke.

[TenneBe nokasan, uto ypasuenue (1.0.4.1) umeer ToJIbKO mMO-
JIBHIKHbIE TIOJTIOCHI 2, C [MIaBHOH yacThio (2—2,) 2. CJenoBaTe/bHo,
obuee petenne ypasHenusi (1.0.4.1) siBisiercst mepomMopdHoit pyHK-
LMel, TO eCThb, MPEJCTaBUMO B BUJIE OTHOLLIEHHST IBYX LeJbIX (PYyHKIMH.

Tak, nanpumep, B [56] H.I1. Epyrun ctpout peiienusi nepsoro

u

HEMNPHUBOJAUMOI'O YpaBHEHHUS [Tennese B BUAC W = —, I'l€ u U U §B-
v

JISIIOTCS 11€/IbIMHM TPAHCIEHIEHTHBIMU (DYHKIIUSIMH.

Bropoe nenpuBonumoe ypasHenue [lensese (2.0.4.1) umeet oaun
JIOMHHHpYIOLIMA uen 2w3, M ueTBEpPToe HeNMpHBOAUMOE ypaBHEHHE
[Tennese (5.0.4.1) Tak:Ke UMeET OJMH JTOMHUHUPYIOLIMIA ulen 3w?.

NsBectHo, uto ypaBuenus (2.0.4.1) [11; 149] u (5.0.4.1) [96; 99]
MMEIOT pallMoHaJ/bHble pelieHnsi. Ha ocHoBaHMH TeopeMbl 4 3aKJtoua-
€M, UTO MOAbKO PAYLOHANbHbLE PeUleHUs BMOPO20 U 4ems8épmo2o
ypasuenull [leniese umerom KOHEUHOE YUCAO NOAIOCOSB.

A yuutbiBasi, uto Jo6oe pelenre ypaBHenuil (2.0.4.1) [14; 55]
u (5.0.4.1) [55; 99; 96] siBnsiercs hyHKIMeN MepoMopdHOH, TO OyneT
cripaBeJyIMBa

Teopema 6. J/I1060¢e peuierue 8mMopoeo u 4emsépmoeo Henpu-
sodumolx ypaswenutl [lenaese, omauuroe om payuoOHANbHORO,
umeem 6eCKOHEeUHOe YUCAO NOAIOCOB.

Bounee Toro, B[94] nokasana

Teopema 7. [Ipu aobom « ecakoe pewerue dughgeperyu-
arvnoeo ypasrnerus (2.0.4.1), omauunoe om payuoHasvHoeo u

194



B.H. TopGy3son Llesible pelnennsi OOLIKHOBEHHBIX AH((epeHIHaNbHEIX ypaBHEHHUIT I1.1,§2,r. V

peuileHull ypasHerutl

w = i;(w2+-§), (24)

umeem 6eCKOHEeUHOe HICAO NOAIOCO8 KAK ¢ 8oidemanu 1, mak u

c soryemamu — 1. Hucao noaoscumespbHolx 8oluenos noA0CO8

ala—1)
2 )

Kascdoe peuwenue ypasHeHuli

PAYUOHANbHOLX peuleHull onpedeisemcs Gopmyroi
ala+1)

—
(24) umeem beckoHeuHOe HUCAO NOAIOCOB, BbLUELIbL BCEX NOMOCOB

ompuyanesbHsvlx —

1
1106020 MaKko2o peulerus 00noeo 3naka: 1 dia o = — 3 - 1
1
o a= —.
2
[1pu nokasarenbcTBe Teopembl 7 B [148] ncnonb3oBaH ToT dhakr,
yTo NMpH @ = =£ 5 Bee peuienusi ypapHenusi Pukkatu (24) sipasitores

pelienusimu ypaBHenus (2.0.4.1).
Caenyst [96; 99], 3akstouaem, uTo npu

B+2(1+a)?=0 (25)
BCe pellieHnst ypaBHeHust PukkaTu
w' = w? + 22w — 2(1 + ) (26)
SIBJISIIOTCS pellieHusiMU ypaBHenus (5.0.4.1), a npu
B+2(1—a)?=0 (27)
BCe pellleHnst ypaBHeHust PukkaTu
w = —w? —2zw—2(1 — )
SBJISIOTCS pellieHnsiMu ypaBHenus (5.0.4.1).
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CrnpaBeninBa

Teopema 8. Beakoe peutenue ypasrenus (5.0.4.1), omanuroe
OMm payuoHasvHo2o u pewenui ypasrerutl (26) npu (25) u (28)
npu (27), umeem GeckoHeuHoe YUCAO NOAOCO8 C Boluemamu 1 u
beckoHeuroe 4ucao noaocos ¢ sotvemamu — 1. Jloboi noroc
peuterus ypasrerus (26) umeem sotuem — 1, a nmoboi noaoc
peuierus ypasHernus (28) umeem sotuem 1.

Tpetbe HenpuBoaumoe ypaBrenue [lensese (3.0.4.1) umeer oaun
JOMUHUPYIOLIMI ullen yzw? mpu v # 0, ecan v = 0, a # 0, To
TaKKe MMeeT OJIMH IOMUHUPYIOLLMH ueH aw®. Ecaun ke o = v = 0,
TO HauOOJbIIYI0 PA3MEPHOCTb W OTHOCHUTENbHBIH BEC UMEIOT UJIeHbI
zww” w z(w')?, pacnosokenmbie B JI€BOK M MPABOi UacTIX paBeH-
CTBA, T.€. He BhIMOJIHSIETCS YCJOBHE D) TEOPEMBI 2.

NsBectHo [94], uto npu o = v = 0 ypasHenue (3.0.4.1) unre-
TPUPYETCS B 3JIeMEHTAPHBIX (DYHKIIUSIX.

[Tockosbky ypaBHeHue (3.0.4.1) uMeeT paloHa/bHbIE PellleHHs
[41;43; 44; 94], To Ha ocHOBaHHH TeOpeMbI 4 3aKjOUaeM

Teopema 9. Ilpu |a| + |y| # 0 moavko payuonarvHoie pe-
wenus mpemoeeo Henpusodumozo ypasHernus [lenrese (3.0.4.1)
uUMerom KOHeuHoe 4UcA0 NOAIOCOB.

Ormerum, uto ypaBHenue (3.0.4.1) MoxKeT UMeTb KPUTHUECKHE
noJitoca [94], u ecTecTBEHHO, UTO HA TaKKe pellieHusi Teopema 9 He pac-
MPOCTPaHSIETCSI.

M3BectHo [55], uto penienus ypaBHenus (3.0.4.1), s KOTOPbIX
Touka z = (0 — moJiloc WM rosioMopdHas Touka, SBJSIOTCS MepO-
MOPQHBIMU (HYHKIHMH.

B [94] noxazana

Teopema 10. Ecau

&)wl_ﬁgéo, zw;+(2—i)w2—ﬁ#0,

77&0,zw;+(2—ﬁ i

ede

= — 2 1_i>g = 2 (1 i)g
w, =w ﬁw—i—( Vel 0 W W'+ /7w + +\/'_y ol

Mo 8CAKOE, OMAUUHOE OM PAYUOHAALHOO, PEULeHILe YPABHEeHU
(3.0.4.1), umerowee 8 mouke z = 0 nNOMOC UAU MOUKY 20AO0-
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Moquuocmu, umeem bOeCKOHeUHOe 4UCA0 NOAOCO8 KAK C 8blue-

1
momM —— , maKk u c svld4ermom — ——.
val val
HpI/I BbITOJIHEHUH HEKOTOPbLIX NPYTrux COOTHOILLIEHHH MEXy Ta-
1

pameTpamu rnoJitochl OYAyT TOJNbKO C BblUETAMH —— HWJIH — ——,
v V7

WJIM, HaKOHELl, PH HEKOTOPbIX COOTHOLIEHHSIX MEXKIy MapamMeTrpaMu
9TH pelleHust OYAyT UMEeTb MOJABHKHbIE MOJIOCHI BTOPOTO MOPSiIKA €
BbIUETAMH, PABHBIMU HYJIIO.

Paccmotpum nsitoe HenpuBoaumoe ypasHenue [lensnese (6.0.4.1).

NsBectHo, [40; 45; 142] uro ypaBHenue (6.0.4.1) umeer paumo-
HaJlbHble pelleHus.

[Ipu v = § = 0 ypaBsuenue (6.0.4.1) unterpupyercsi B 3jieMeH-
TapHbIX PYHKIHUSIX.

Ecan a # 0, To ypaBHenue (6.0.4.1) umMeeT oJiMH JTOMUHUPYIOLLMH
unen 2aw®.

Ecimn a = =6 =0, To 1IOMUHUPYIOLIUMH UJIEHAMH SBJISIIOTCS

222w"w?, — 322(w')?w, 22w'w?, — 2Bw3.
Ec/in cuntathb, 4TO OHH PacrosioxKeHbl B MOPSIIKE 3aMUCH, TO
m,=m, =m=2m>mg 0€ {23}, m=1 my =0,
by =b,=b=2,n,=n, =n, =n, =0,

a 3, + 3, =1, T.e. BBLIIOJHAIOTCS yCJIOBUS TEOPEMBI 2.
Torna Ha ocHoBaHMHU TeopeM 3 U 4 MOKeM yTBepKAaTh

Teopema 11. Ecau o # 0 uauw o=y = 4§ =0, mo y namoeo
ypasuenus [leniese:

1) Hem yeavix mparcyeHoeHmHolx peuleHull;

2) Hem pewieruil ¢ U30AUPOBAHHBLMU CYULLCMBEHHO OCOObLMU
MouKamu;

3) MOAbLKO payLLOHANbHbLE PeULeHUs UMEIOM KOHEeUHOe YUCAO
NOAIOCOB.

Ecin a = 0, |y] 4+ |8] # 0, To Hapyuiaercsi ycjoBue 4) Teo-
pembl 2 1 ypaBHeHue (6.0.4.1) MoKeT UMeTb 1ieJible TPaHCILLEHIEHTHbIE
petenus [98].
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B uacrtHocty, eciu
a=03=0,v>+20=0,0#0,

To ypaBHehue (6.0.4.1) umeerT ojHONapaMeTpuueckoe CeMeHCTBO
pewienwuii [97, c. 119]

w: z — Cexp(yz), Vz € C.

paCCMOTpHM mecToe HerI/IBOIH/IMOG ypaBHeHHe HeHJIeBe
(9.0.4.1).

MsBectho [97, ¢. 183 — 186; 96], uto ypaBuenue (9.0.4.1) umeer
paloHa/bHble pelleHHsl.

[Ipu a # 0 ypaBHenue (9.0.4.1) umeer o UH TOMHUHUPYIOLLMH
unen 2awd.

[lyets « = 0. Torma HOMHUHUPYIOUIMMH YjleHAMH C pa3MepHO-
CTbi0O d = 4 aBJISIIOTCS

222(2 o 1)2w3w//w3’ . 322(2 o 1)2(11),)271)2,
422(z — Dw'w3, — 2622+ (B+v—0)z —y)w?,

Ecau CUUTATb, YTO JOMHUHUPYIOLIHME YJIE€HbI paCIlOJO2KEHbI B 11O~
psiaKe 3alncu, To

my=m, =m=2m>m, je€{2,3}, my=1, m; =0,

b, =10

0

y=b=4b-m=n=2n>n,je€ {23} n, =2,

2, ecau § # 0,
n,= |1, ecm 6 =0, 8+~ #0,
0, eciu 0 =0, B+v=0, v#0,

ecan ke 0 = 3 =y = 0, TO JOMHHUPYIOLLETO YjleHa C HOMEPOM j = 3
Het; 3, + 3, # 0.

Urak, nas nuddepenumansioro ypasuenus (9.0.4.1) BbinoJsi-
I0TCS YCJIOBHS TEOPEMBI 2.

Torna c yuérom teopem 3 u 4 cnipaBsivBa
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Teopema 12. ¥ wecmoeo nenpusodumoco duggpepernyuaro-
Hoeo ypasHerus [lernrese:

1) Hem yeavix mpancyeHdeHmHbLX peuleHL;

2) Hem pewieruil ¢ U30AUPOBAHHBLMU CYULLCMBEHHO OCOObLMU
MmouKamu;

3) MOALKO pAYUOHANbHbLE PeULeHIUsL UMEIOM KOHEeUHOe YUCAO
NOAI0CO8.

B [104; 107; 108] u3 Bcero MmHoKecTBa ypaBHeHUH

1
ww'w" — wie" — (1 _ —)wQ(w”)Q — ayw(w) 2w’ +
v

1 -
+ (4<1 - —) —a+ a1>w3w’w” + awdw” — b, (w')* +
1%

+ (gl —b)w?(w')? + (—4(1 — l) —c+b)w4(w’)2+

14
+ (¢ — d)wSww' + dw® =0

BBIIEJIAIOTCS KJIACCHI, PelleHHs KOTOPbIX CBOOGOIHBI OT TMOJBHMKHBIX
KPUTHUECKHUX 0COOEHHOCTEH.
Ec.zm4a) d# 0, wno6)d=20,c#0, wms) c =d =0,

1/7é PR mmr)a:b:c:d:0,V:1,a1+gl7é1,To

BBIMOJIHSIIOTCS YCJOBHS TEOPEMBI 2.
Torna ¢ yuérom teopem 3 u 4, cripaBeiinBa

Teopema 13. Ecau a) d # 0, uaw 6) d = 0, ¢ # 0, uau 8)

c=d=0,v # ume) a =b=c=d=0,v =1,

4—a+b’
a, +b, #1, moyypasnenus (29):

1) Hem yeavix mpancyeHoeHmMHbLX peuleHL;

2) Hem pewieruil ¢ UB0AUPOBAHHBLMU CYULLCMBEHHO OCOObLMU
MmouKamu;

3) MOALKO pAYUOHANbHbLE PeULeHIUsL UMEIOM KOHEeUHOe YUCAO
NOAI0CO8.

Teopema 14. [Tycmo w — yenroe mparcyeHdenmHoe peuie-
Hue ypasuenus (1.1.1.1). Ecau soinoanaromes ycaosusi:
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1) sy, =...=5,=d,d>5, 0<p<N,n=p+1,N;

2) m —mh:m,m>m5,O\hgp,ézh—kl,p;
3) b, c=b,=bb>b, 0<A<h, T=A+1,h;
4)cymecm3yem de{h+1,...,p} maxoe, umo

b—m < by —mg;
A
5) > B, #0,
1=0
mo nopadok p peulerus w YyooBAeMBOpsem HepaseHcmay

{(b—m)—(bé—mé)}'

ﬂ% —m

p < max
6=h+1,p

Teopema 15. [lycme w — yenroe mpaucyeHdenmHoe peuie-
Hue ypasuenus (1.1.1.1). Ecau soinoansomcs ycaosus:

1) 2, =...=50,=d,d>5, 0<p< N, n= p+1,N;
)my=...=m =m m<mg, 0<h<p, d=h+1p;
3)by=...=b,=b,b>b,, 0<SA<h, T=A+1h;
A
4)1251750,
=0

mo nopsaodoK p peuweHus w yoo8ACMBOPsEN HEPABCHCMBY

{(b—m)—(bé—mé)}'
My

—m

p = min
o=h+1,p

/lokazaresiberBo TeopeM 14 u 15. PaccykaeHnsimu, aHasorHuHbI-
MH MCIOJIb30BAHHBIM MPH J10KA3aTebCTBE TEOPEMbI 2, yCTaHaBJIUBAEM
CNpaBeYIMBOCTb cooTHOILEeHHH (8), (9) u (11).

Hamenurcs juib (10).

JlelicTBUTENbHO, LIEHTPaNbHbIH HHIEKC 11eJI0H TpaHCLIEHAEHTHON
GbyHKIMKM w Takol, uto typw(z) = p, YIOBJETBOPSIET aCHMITOTH-
YeCKOMy PaBeHCTBY
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v(r) ~ arf.

Torna npu €| — + oo ansBcex 6 = h + 1,p umeer MecTo

'gwggk; <Tﬁ(k > ‘ (‘% [P Dm =m0, (31)

€CJIH TOJNbKO:
a)mpu m < my MOPsIOK

b—m)— (b, —m
p<( ) (5 5),5:h+1,p;
mg —m

0) mpu m > m MOpPsSIOK

b—m)— (b, —m
p>( )= (b 5),5=h+1,p.
mé—m

[lepexonsi B paBeHctBe (7) K npeneny npu |£x| — + oo, Ha
ocHosanui (8),(9), (11) u (31), nosyuum paBeHCTBO

A
1430y
/3 - 9
1=1"0

KOTOpOe MPOTHBOPEUUT ycaoBUsAM TeopeM 14 u 15. Uto u nokasbiBaer
3T Teopembl. Hl

2. Ueable TpaHCUEHAEHTHbIE pelleHUs]
yPaBHEHUH ¢ LebIMU KO3 puuueHramu

PaccmoTpum HeanreGpandeckoe auddepeniaibHoe ypaBHeHHe

a0 (") - o

k=1

rae pi, L, v v, ki =1,s;,4=0,N, ecTb LieJ/ible HEOTPHLIATE/b-
1 1
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Hble uKcaa, a Kosdduunentsl B, , i = 0, N, — sBSIOTCA LeJbIMU
dynkumsivu: ecad B, — TOJMHOM, TO OH UMeET JIeKCHKorpaduue-
CKoe pacrosioxkenue uieHos (2.1.1.1); ecain B, — 1esast TpaHCLeH-
nenTHas yHkums, 10 p; = ord B, (2) — nopsnok, o; = typ B, (2)
€CTb THI 3TOH 11e/10i TPaHCLEHIEHTHON (DYHKIHH.

Teopema 1. Ecau 8oinoansonmcs ycaosus:

1)%o:"':%p:dvd>%n70<p<N777:m;
2) mO:...:mh:m,m>m5,Oghgp,ézm;
3) B, ... By, — noaunomel maxue, 4mo

a) boz...:bA:b,b>bT,0<>\gh,T:m;

6) b—m=0b; —mg, S=h+1p;

A

B) ;}@#0,

4) Pp+1Z=---=pp+a=p,p>p7, 1<a<N-p,
y=p+a+LN;

5) 0y =...=0,, =0,0>0,1<(<q,

e=p+(¢+Lp+a,

mo ypasHenue (1) He umeem yenrvlx MpaHcyeHOeHMHbLX peule-
Uil w: z — w(z) makux, umo ordw(z) = p, typw(z) > o uau
ordw(z) > p.

Lokasaresperso. [Tyets w: C — C — uesoe TpaHCUEHAEHTHOE
petenne ypasHenus (1) takoe, uto ord w(z) > p.

j
[TpousBoibie w? MOTYT GBITh BBIPAYKEHBI Uepe3 camy (PyHKIHIO
w W €€ LEeHTPaJIbHbIA HHIEKC v(r) B JIOMYCTHMBIX TOUKAaX & TaKHX,
uto |w(§)| = M (r;w), no dpopmyue (8.0.1).
Paccyxienusivi, aHaJJOTHUHbIMH, KaK 1 TTPH JI0Ka3aTeJIbCTBE T~
pembi 2.1, IPUXOJIUM K PABEHCTBY

A h
e O+ 3 A (Ha@)+ Y 2 (o)
=1 Mo A1 T HO
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p B,u,(; (5) vir ms—m
<%> (1+e5(9) + (2)

+

d=h+1 BNO (5)

N B, (&) v(r)\"™ "
b 30 2 et (VONTG e =0
2 B0 (")

Tak kak ordw > p, T.e. ordw > p,, n=p+1,N, n 5, <d,
TO BCETrJla MOYKHO yKa3aTh MOCJe10BaTeIbHOCTb &) TaKylo, UTo MpH

B,u,,, (gk)

v(r)\m—m L —
N _) ~0,n=p+LN. (3)

(@) (%

[Tosmtomer B, , i = 0,p, CBsi3aHbl COOTHOLICHHsIMU @) — 0), a
3HauuT, MpH || — + oo uMetoT Mecto cooTHoeHus (8.1) — (10.1).

[Tepexonsi B paBeHcTBe (2) K npenesny npu || — + 00, Ha ocHO-
Banuu (3), (8.1) —(10.1) 6yem umerh, utTo

+ E .
I=1"0

[TocnienHee paBeHCTBO MPOTHBOPEUMT YCJOBHIO 3B). 3HAUMT,
ypaBHeHue (1) He UMeeT 1e/IbIX TPAHCIEHAEHTHBIX PelleHni w C Mo-
psnkamu ord w(z) > p.

[Iyete w: C — C — wesioe TpaHCLEHEHTHOE pellieHHe ypaBHe-
uust (1) Takoe, uto ordw(z) = p. [NocaenHow cymmy B (2) pazoObém
Ha JBe:

pta N

RGO+ D R,

t=p+1 u=p+a+1
rue
BNW (5) V(?”)

my,—m
R© =520 O(M2) T A e
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[Tosioxkum, uto typw(z) > o npu ordw(z) = p. Torma npu
Bcex 77 = p+ 1, N CyllecTByeT MOCJeI0BATENLHOCTD J0MYCTHMbIX
&n TaKUX, uTo Mpu [€,] — + 00

R —0,t=p+Lpta, (5)
B CUJY YCJIOBHH 4) — D):
R,(§)—0,u=p+a+1,N. (6)

Ha ocHoBaHuu mnpejesibHOrO nepexojaa B paBeHCTBe (2) mnpH
|€n] — 4 oo ¢ yuérom (5), (6), (8.1) — (10.1) nosmyuaem paBeH-
cTBO (4), KOTOpOe TPOTUBOPEUUT YCJOBHIO 3B). 3HAUWT, YpaBHeHHE
(1) He MMeeT wLesBIX TPAHCIEHAEHTHBIX PelleHHH w TaKhX, 4YTO
ordw(z) = p, typw(z) > 0. A

3. Llenble TpaHCUEHIEHTHbIE pellleHUst
C KOHEUHbIM YU CJIOM HYJeM

Bonpoc 0 Ha/nuuK U CBOMCTBAX 11€J/IbIX TPAHCLEHEHTHBIX pelle-
HUH C KOHEUHBIM YHCJIOM HyJIeH pacCMOTPUM Ha OCHOBaHUM THde-
peHIIaTLHOTO ypaBHEHHUS TTEPBOTO Mopsijika Tuna Pukkatu — AGens

n s
D(z)w' = Z ZAZ.J.(Z) exp Bl.j(z)wi, n =2, (1)
i=0 j=1
e A, B, i = 0,n,j = 1,5,, D — TONMHOMbI KOMIJIEKCHOTO

nepementoro z, B, (z) — B, (z) # const s i = 0,n npn 7 # 1.

Petiennst ypaBHenusi (1) 6yiemM uckaTb B BUJIe 11€JI0H (DYHKIHH C
KOHEUHBIM UMCJIOM HyJIed UK BoBce 6e3 HyJieH

w: z — P(z)exp &(z), Vz € C, (2)

rie P — nosuHoM crenenu p > 0, & — HekoTopast Lesast PyHKLHSI.

Teopema 1. Jlioboe pewenue ypasnenus (1) suda (2) 6ydem
maxum, umo yearas Qyukyus & 1641emca NOAMHOMOM.

Jokaszaresnbctpo. Lenasi pynkuust (2) 6yaer pellieHdeM ypaBHe-
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Hust (1) Torna u ToJbKO TOrAA, Korja

D(z)(P'(2) + P(2)®'(2)) exp &(z) =
(3)

— Z > A (2)exp(By;(2) +1i6(2)) P'(2), Vz € C.

Heo6xonuMbIM yc0BHEM TOXKAECTBA (3) ABJsIETCs MO0 BbITOJ-
HeHHe XOTs Obl OJIHOTO U3 TOXK/IECTB

Bij(z) +18(z) = B,,(2) + k&(2) + C,, ¥z € C, (4)

rne i,k € {0,1,...,n},j € {1,2,...,s:},0 € {1,2,...,s},i # k,
C,, € C, ymbo ro, uto ypaBHetne (1) umeer Brz

D(2)w' = A,y (2) exp By, (), > 2. (5)
ToknecTBo (4) MMeeT MeCTO JIHLLb TPH YCJIOBHH, UTO Least PyHK-

st & — [OJMHOM.

YpaBHenue (5) sBJSETCH HEJMHEHHBIM, a MOCKOJBbKY Y 11€J101
(YHKIMH W €€ MPOU3BOJHON MOPSIIKM M THILI oJMHaKoBbl [91, ¢. 15],
TO BCE €ro 1esble pelleHns 6€3 HyJied HMEIOT KOHEUHBIH MOPSI0K.

JleficTBUTEeNIbHO, ecaM w — UeJoe pelieHHe 0e3 HyJeH, TOo
w’ . .
yactHoe — — uesas Gukums. Toraa nesnoit dynkuued Oyzer u
w
"L exp B,,,, y KOTOPOii KOHEUHBIH MOPSI/IOK, TaK KaK OHa €CTb pe-

3yJIbTAT JeJIeHUs 11eJ101 (PYHKIIMH KOHEYHOTO Mopsijika Ha mosinHoM [91,
c. 37]. B atom cayuae

wz) [ Au()
= ) Do) exp B, (z) dz

MMeeT KOHEUHbIH MOPSJIOK, TO €CTh, w — lie]asi pyHKUHs 6e3 Hyseh
¢ KoHeuHbIM nopsiikoM. B cuay [102, c. 515] w umeer Bupg (2), rue
P(z) = const, & — nosMHoM, H60 Y He& HCKJIOUHTE/IbHOE 3HAUEHHEe
HYJIb.
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Ecm w — uenoe TpaHCLeHIEHTHOE pellieHHe ypaBHeHHus (5) ¢
KOHEUYHBIM UMCJIOM HYJIel, TO OHO MOKeT ObITb MPEICTABJAEHO B BUJIE

w: z — P(z)u(z),

rie P — moJsvHOM, a w — 1ie1asi TpaHCIeHIeHTHas (yHKIMs Ge3
nyJieri. Tora ypaBHeHue (5) B HOBBIX epeMeHHbIX Oy/IeT UMETh BUJL

D(2)P(z)u’ =
= — D(2)P'(2)u+ A, (2) exp By, (2) P"(z) exp(B,,, (2))u".

Llesbie petiennst u 6e3 HyJedl y 3TOrO ypaBHEHHS] MOTYT ObITb
JIMLIb MTPU BBITIOJHEHHH TOXKAECTB (4 ), TO ecTb, Kor/a

u: z — exp8(z), Vz € C,

rie & — mnosuHoM. M

Paccmotpum pelliennsi ypaBHenusi (1) B BUJie 11e710H TpaHCIIEH-
JIEHTHOH (PyHKIMK 6€3 HyJiei

w: z — exp®(z), Vz € C, (6)

rie & — HEKOTOPBIH MOJHMHOM KOMIIJIEKCHOTO MEPEMEHHOT0 2, OT-
JIMYHBIN OT MOCTOSIHHOM.

Dyukuust (6) siBasieTcst pelieHneM ypaBHenust (1) Torna u ToJbKo
TOTJIa, KOTJIa BBIMOJIHSETCs1 ToXKAecTBO (3) npu P(z) = 1. [lis 31010
HeoOX0IMMO, YTOObI

&(2) B, (z)+C,, VzeC, (7)

:—1_

rie 1 €{0,2,3,...,n}, s€{1,2,...,s,}.

Ecou nu npu ovom [ € {0,2,3,...,n} He HMeeT MeCTo Nnpeji-
craBJjienue (7), To XxoTst Obl pH otHOM j € {1,2,...,s,}
A (2)

®(z) = (expb,;) dz+C,VzeC, C=const, (8)
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rjae

B .:z—b

15

;0 V2 € C, b,; = const.

Ecian nmeer mecto npeacrasienue (7), To Kax /bl NoJauHOM Bjj
Oy/IeT TaKUM, UTO JI/JIs1 HETO BBITIOJIHSAIOTCS TOXKIECTBO (7 ) UJIN TOXKIe-
CTBO (4). DTO BO3MOXKHO, €CJIM TOJIbKO ypaBHeHue (1) umeer BUJL,

= Zexp G.(2) (wrio F, (2) + exp(lri)l s (2) +
=0
9)

t;

T, -
+TiOCl) F, exp( _” Bls(z)+rijC’l)w ]>,

1
7j=1
e G, = By,ro, = 1,G; € {BM: A=0,n,n=Tys,}, npni#k
pastoctb G, (2) — G, () # const, st kaxnoro k € {1,2,...,m}
npu F, (z) #0 cymma

Z\ 2)| 0.

Ecin & onpenensiercst no dgopmysie (8) npu HEKOTOPOM j = T
v HU nipu ojtHoM | € {0,2,3,...,n} He HMEIOT MecTa NpeJCcTaBIeH s
(7), TO TOJIUHOMBI Bij JIOJKHBI YIOBJIETBOPSITL TOXKAECTBY (4) npu
it =1, j # 7. Torna ypasHenue (1) 6yner umeThb BUL

2w = Z exp G, (2) <w”0 F(2)+
=0

A, (2)
D(z)

+eXp((rweprlT) dz +r c) (10)
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t;

A,
) FL(2) exp((—rij epr”'r)/D(lz) dz—rijC)w ”),

J=1

rue

G, =DB,7, B, =b,; = const,r,, =1,

GZ.E{BM: )\:O,n,nzﬁ},FZj E{AM: A=0,n,n=15s, },

npu i # k pasuocts G, (2) — G, (z) # const, npn F, # 0 s
Kaxaoro k € {1,2,...,m} cymma

tg
> \ij(z)\ £ 0.
j=1

Takum o6pazom, 1okazaHo

Croiicto 1. /1 moeo umobuvl ypasuerue (1) umenro peue-
Hue 8 sude yeaol mpaucyeHdenmuol Gyukyuu 6e3d Hysei (6),
Hebxodumo, umobol amo ypasmerue umearo sud (9) uaw (10). Illpu
amom noaurom & 8 gopmyre (6) sasucum om sudos (9) u (10)
ypasuernus (1).

Ecan dynkuus —2 umeer noJioc, To lieast GyHkuus &, onpe-

Jesisiemasi o popmyqie (8), He SBJSIETCS MOJUHOMOM, U CTIPaBEJIUBO

CgoiictBo 2. [lugppepenyuarvroe ypasrenue (1) npusodum-
ca k sudy (10) moavko das mex T € {1,2,...,s,}, npu komopoix

yacmuoe —=

Aasaiemca nOAUHOMOM.

B 3aksioueHne 3Toro c/yyasi OTMETHM, 4TO w(z) = const MOXKeT
ObITh pellieHHeM ypaBHeHusi (1), ecsu ToxkaecTBa (4) BLIMOJHSIOTCS
npu Beex 4,k € {0,1,...,n},j € {1,2,...,s, 1,k € {1,2,...,5, },
Korna i # k.

Haiiném peinienust ypaBHenus (1) B BUJIe 11eJ10H (DYHKIMH C KOHEU-
HBIM UHCJIOM HyJiel (2), rie P 1 & — MoJIMHOMbI KOMIIJIEKCHOTO T1e-
pemenHoro z crerneneil deg P(z) =p >0 n deg®(z) =g > 0.
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s Toxnectna (3) caenyer, uto

&(z) = B;;(2) +i6(z) + C;, ¥z € C, (11)
rie C; = const, i € {0,1,...,n}, j € {1,2,...,s,}.

[Tycth mpencraBsende (11) ¥MeeT MecTo COOTBETCTBEHHO MpH
i =ky,....0. =k, uj=r1,...,5 = 7,. Torna us roxuecrsa (3)
BbIJIEIUM TOXKJIECTBO

D(2) (P’(z) + P(z)(‘ﬁ’(z))

h
k
lz AP (R expC . (12)
=0

[TpennoJsioxum, 4to

&(z) ZB .(2) + C,, (13)

07

Torna

Boj(z)EBaﬁ(z)—i—a@(z)—l—Cja, J=1,s; (14)

e o =ag, o, 8= 05,5, 0 € {1,2,...,71},6g € {1,2,...,3%},
§= Ovpj .
s Toxnecta (3) caenyer, uto

K

Pj
« .
Aoj(z) + ZA%QE (2)P " (2) exp Cio, =0, 5 =1s,. (15)
£=0

Paznenus toxxaectso (12) Ha noanHom P, nosyuum, uto npu (13)
/

He N0JI2KHa UMETDb ITOJII0COB. DTO BO3MOXKHO JIHIIbL B

dhyHKIHSA
cJlyuae, KOrjia HyJiv oJiiHoMa P coBMajaioT ¢ HyJ1siMU noJinHoma D.
[Tycth Z — OIMH U3 TAKHX nyJsiedt. [loacrasnsis % B TOXKIECTBO (15),
110JIy4aeM, uto Aoj(};) =0,j=1,s,.

Takum o6pasom, cripaBeIMBO
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CgoiictBo 3. /[15 moeo umobul yeraa ¢pyuxyus (2) ¢ Koneu-
HoLM wucaom Hyaetl npu ycaosuu (13) ssasrace pewieruem ypas-
Henus (1), Heobxodumo, umobovl noauromo. D, Aoj, j = 1,5,
umeau obujue Hyau, npuuém Hyaamu peuternus (2) npu (13) moeym
OoLmo 0buLe HYAL IMUX NOAUHOMOS.

CaencrBue 1. Koauuvecmso paszauirolx HYyeil 4eao2o peuie-
Hus (2) npu ycaosuu (13) ypasrenus (1) He npesoiuiaem Koauue-
cmaa pa3audHolx ooujux Hyaret noauromnos D, Aoj, j=1s,.

© *

CgoiictBo 4. Kpamuocme v HYyrs z yenroeo peuierus (2) npu

ycaosuu (13) ypasmenus (1) ne npesoviwwaem uucaia , pasHo2o
. *

min {rj}, ede T, — KpAMHOCMU HYAS = NOAUHOMOS A . cO-
J=1,54
0MeemcmseHHo.

/JlokazaresibetBo. [1peanosioxkum MpoTHBHOE: CYIIECTBYET TaKoe
le{l,2,...,5,}, uto r, > r. M3 toxzaects (15) Bbiesum Toxe-
cTBO npu j = [. B pesysbrare nousieHHOTO eJIEHUST STOTO TOXKIECTBA

*\T
Ha (z — z) ! M yyuTbIBasl, uTo T, < 1, OyAEM UMETb

YTO MPOTUBOPEUUT ponyuieHHomy. Hl
W3 cnenctBus 1 1 cBoiicTBa 4 3aKJ/104aeM, UTO UMEET MECTO

CgoiictBo 5. Cmeneno p noauroma P yenoco peuwernus (2)
npu ycaosuu (13) ypasnenus (1) yodosaemsopsiem nepasencmay

p < min {deg Aoj}.

Jj=Ls,

[Tyctb umeer mecto npescrapiende (11)npu i =1, j = s. Torna
(yHKIMS (2) ¢ KOHEUHBIM YHCJIOM HyJiel pu ycsioBuu (13) siBasiercs
pellieHreM ypaBHenus (1), Korjaa UMelOT MecTo ToxKJiecTBa (4 ) WK KO-
ra uMeeT MecTo npejctasiaenue (11), rae

B (2) + ¢,

Ok ==

npu [ #1;
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Qﬁ(z):lnP(z)—l—/%dz npu [ =1.

Hrak, st Toro utoObl QyHKIHS (2) ¢ KOHEUHBIM YHCJOM HyJeH
npu ycsoBud (13) u [ # 1 Oblia pelieHuem ypasuenusi (1), Heo6xo-
JIUMO UTOObI 3TO ypaBHeHHe UMeJo BUjL (9).

Ecsin monctaBuTh 1esyto pyHKIMIO (2) ¢ KOHEUHBIM YHCJIOM HyJiel
npu ycaosuu (13) B ypaBrenue (9), To MoJydnm TOXKIECTBA

D(2) (P'<z> + %) = ZO F ()P (2),
(16)

t;

Jj=0

Crajio ObiThb, AJIs1 TOro 4ToObl Lesast PyHKUMs (2) ¢ KOHEUHbIM
ukcJIOM HyJiell npu yesioBuu (13) u | = 1 6blia pellieHnem ypaBHe-
Hus (9), HeOOXOMMMO U IOCTATOYHO, YTOOBI BBIMOJHAINCH TOXKIECTBA
(16). ITpocymmupoBas ToxkjiectBa (16) v yunThiBasi CBSI3b MOJMHOMOB
Fl.j, Aij, noJiyyaem

CgoiictBo 6. /{15 moeo umobol yesas yuxyus (2) ¢ KoHeu-
Holm uucaom Hysed npu yeaosuu (13) u | = 1 bbira peuienuen
ypasrenus (1) neobxodumo, umobder noaurom P Ovir peuteruem
aneebpauieckoeo dughghepenyuarornoeo ypasrerus

D(z)B/ (2) ,
D(2)u Z((ZA )exp C, >—52117_l>u, (17)

=0

ede 8! — cumsor Kponekepa.

[Tyctb npencrasaenue (11) umeer mecto npu ¢ = 0, j = 7, Korna
T € {1,2,...,s,}. Torna toxknecrna (14) u (15) umetor mecto npu
& # 7. B aTOM caiyuae 3aaua CBOJIMTCS K HAXOXKIEHUIO PellleHHi Brjia

w: z — P(z)exp B, (2), Vz € C, (18)

rae P — noautom ¢ deg P(z) =p > 0.
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AHaJIOTMUHBIMU paCCyKIEHUSIMH, KaK W TPH JI0Ka3aTeJbCTBE
CBOHCTB 3 — 6, I0Ka3bIBAeM CJIe/lyIOlIMEe NPEIJTOKEHHUS.

Jloist Toro uToObI Lienas dpyHkuus (18) spasiach pellieHueM ypaB-
Herust (1), Heo6xomumo, utoGel mosmHoMbl A, § = 1,8,,& # 7,
UMeJId 0011Me HYJIH, TPUUéM HyJIsIMH peliieHust (18) MOTyT ObIThb JHIIh
001111e HYJIH STHX MTOJUHOMOB.

KonnuectBo passnuunbix HyJel uesoro petenusi (18) ypaBHeHus
(1) He mpeBbILIAET KOJMMYECTBA PA3JIHUHBIX OOLIMX HyJel MOJHHOMOB

A057j: 1)50757&7'
KpathHoets 7 Hysist % 1eJI0ro peutenusi (18) ypaBHenusi (1) He
NpeBbIlIaeT YnuCa

y:min{rj:jz Lsy,j#7}

*
rjae ’I"j — KpPaTHOCTH HYyJs1 Z TTOJIMHOMOB AOJ COOTBETCTBEHHO.

Crenenb p nosuHoMa P uenoro peuienus (18) ypaBHenus (1)
YIOBJIETBOPSIET HEPABEHCTBY

p<minf{deg A :j=T5,,j#7}

* .
Ecau z siBasietcst Hysiém tesioro peuienust (18) ypaBHenusi (1) u
OJIHOBPEMEHHO SIBJISIETCS HYJIEM TTosiMHOMa D, TO z sIBJsSieTCs HYJIEM
. *
nosvHoMa A, , NMpUUEM KPaTHOCTb HyJ/1s1 2z pelieHus (18) He npeBbI-
1L1aeT KpaTHOCTH 3TOTO HyJisl ToJIMHOMa A, .

(1) * .
JleficTBUTENBHO, TIOCKOJIbKY 2z sIBJISIETCS HyJIEM nojuHoMa D u
Hys1ém pettienusi (18), To nocsie nenenus Toxkaectsa (12) Ha nosuHoM

o7

*
P rnoJiyyaem, 4to He JI0JI2KHO UMETh IT0JIT0CAa B TOUKE Z.

Ecam % siBasiercst HyJ1éM Lieioro peuienust (18) ypaBHenusi (1) u

o7

. *
HE SIBJIACTCS HyJIEM [TOJIMHOMA D, TO B TOUKE Zz J0JI2KHO UMETb

MIPOCTOH MOJIIOC.
DTo cJiellyeT U3 TOTO, UTO NOCJe JejeHust ToxaecTna (12) Ha no-
DP' .
JuHOM P moJiyyaem, To —— B TOUKE z MMeeT POCTOH MoJioc, TaK
*
kak D(z) # 0.
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* .
Yes10BUMCS! TOBOPUTD, UTO UMCJ/IO z SIBJAETCS HYJEM MOJMHOMA
*
KpaTHOCTH HyJb, ecan Ay, (z) # 0.
CripaBe/L/IMBO yTBEP2KIEHHE.

A

oT

* .
Ecau z siBasieTcst Hysiém tiesioro peienust (18) ypaBHenusi (1) u
He siBJIsIeTCs! HyJ1EM NosiMHOMa D, TO KPaTHOCTb 9TOTO HYJIsl pelleHHst

*
(18) Ha euHuLly GOJIbLIE KPATHOCTH HYyJIsl 2 TOJMHOMA A, .

st Toro uto6bl enasi pyHkuus (18) Oblia pelieHneM ypaBHe-
Hus (1), Heo6x0aUMO, UTOOBI 3TO AUddepeHHalbLHOE YpaBHEHHE HMe-
J10 BUJL

D(z)w' = Zexp G.(2) wriOFiO(z)—l—
i=0

(19)
ti i
+ explryy B () S Fyy () exp( — By ()" ),
j=1
rie G, = B,,, o, =0,
G, € {BM: A=0,n,n=1s, },

Fz.j € {A/\neXpC/\n: A=0,n,n=15s, },
npHu ¢ # k pasHOCTb

G,(2) — G, (z) # const,

7

1s Kazkaoro k € {1,2,...,m} npu F, #0 cymma
123
SOIE, ()] £ 0.
j=1

st Toro utoGnl tesasi pyukuus (18) Oblia peuieHreM ypaBHeHHs
(1), HeOOXOMMO U I0CTATOUYHO, YTOObI BBIMOJHSINCH TOXKAECTBA
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to

D(2)(P'(2) + P(2)B,.(2)) = _ F,.(:)P"” (2),

=0

ZFU )P"i(z) =0, i=1,m.

Jlaist Toro utoGhl ienast pyHkuus (18) Oblna pellieHreM ypaBHeHUs
(1), Heo6x0aKUMO, UTOOBI TOJIMHOM P GblJ pellieHreM ajrebpanuecko-
ro i depeHHalLHOTO YpaBHEHHUS

n

Dz’ =) i:Al.j(z)expC’ij —8!D(2)B] (2) |u',  (21)

i=0 j=1

re §; — cumpost Kporekepa.

W3 ypaBHenuii (17) — (21), ucnonb3ys pe3yJibTaThl HCCEN0BAHUE
[24; 84; 87; 127; 135; 136; 157; 158; 180], MoryT 6GbITh yCTAHOBJIEHBI
cBoiicTBa nosiiHoMa P B npencraBsennu (18), Ha 0CHOBaHHUM KOTO-
PBIX MOYKEM CYIIUTb O CYLIECTBOBAHUM P, 0 CTENeHH p, 0 KOJMUECTBe
MOJIMHOMOB P ¢ pas/iIMuHbIMH CTEMEHSIMH.

B [76; 81; 130] npennaraercsi MeTo/| MOCTPOEHHUS MOJUHOMHANb-
HbIX pellleHni ypaBHenuil Tuna (17) u (21) B uesiom. [pu paccmorpe-
Huu ToxKaecTB (16) 1 (20) 3T cBONCTBA aHAJIOTHUHBIMU PACCYKIEHHU -
SIMH YTOUHSIIOTCSI, UTO JaéT I0CTATOYHO MOJHYI0 HH(OPMALIHIO O 11eJIbIX
pelleHUsIX ¢ KOHEUHBIM UMCJIoM Hy el (2) ypaBHenusi (1).

PaccmoTpum Hennneiinoe auddepenuansHoe ypaBHeHHe

2)w' = Z B (2)w', n > 2, (22)
1=0

rie D — noautom, B, i = 0,n, — uenble pyHKuuu, B, (z) Z 0.
[TycTh HaM M3BECTHO OJIHO LEJI0€ PellieHHe

w: z — w,(z), Vz € C.
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3ameHoll w = w, + u ypaBHeHHe (22) NPUBOIUM K BHIY
D(2)u' = Zﬂi(z)ui, n =2, (23)
i=1

rae ;.1 = 1,n, — uessie dyHkund, Ay, (z) = B, (2) £ 0.
BeinosiHuB nenenne ypaBHenusi (23) Ha w, MOJNYUYHUM, UTO YACTHOE
D/

—— He J0JI2KHO UMETb ITOJIIOCOB. STO BO3MOIKHO JIHILIb B cJiyyae, KO-
u

rJla HyJIM (QYHKIMKM % COBMAJAOT C HyJIsIMH MoJiiHOMa D.
CTtaJio ObITb, HMEET MECTO
CgoiictBo 7. Jlw0obble dsa yeavix peutenusi ypagrerus (22)

(ypasrnernus (1)) omauuaomesn Ha yeayro GYHKYUIO ¢ KOHEUHbLM
4uCcAOM HYyAsell uau 6e3 Hyiell.

CgoiicTtBo 8. Bce yenvie pewienus ¢ KOHeUHbLM HUCAOM HYACL
uau 6e3 nyareti ypasuenus (22) (ypasrenus (1)) umerom obuyyro
IKCNOHEHYUANLHYIO 4aCb.

Jlokasaresiberpo. [lycTb H3BECTHO JiBa LeJIbIX pelleHHsl ypaBHe-
HUs (22) ¢ KOHEUHBIM YHUCJIOM HyJied Win 6e3 HyJiel W pasjMuHbIMA
9KCMOHEHLMANbHBIMH YACTSIMHU:

w,: z— P (2)expQ,(z), w,: 2z — P,(2)exp@,(z), Vz € C,

rie P, u P, — nojuHoMmbl ctenenelt p, = 0 U p, = 0 cooTBeT-
CTBEHHO, @), W (), — ueble QYHKLUUH U

Q,(2) — Q,(2) # const.

Torna cornacHo cBoiicTBY 7 B hopmyJie
w,(z) = w, () + R(z) exp S(z), Vz € C, (24)

nojuHoM R u uenas gpyukuus S Takue, uto Q,(z) — S(z) # const.
B npotuBHOM cjyuae pelieHust wi M wp HMEIOT OOLIYI0 SKCMOHEH-
MaJIbHYIO YacTh.

Hafiném kosmuectBo HyJse# yHKUMM w,. st 3TOro coryiacHo
(24) HeoO6XOMMO HAUTH KOPHH YpaBHEHHS
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P, (z)exp (Ql — S(z)) = — R(2),

KOTOpO¢E MocJie BBE/ICHU MapaMeTpa a 3aluiieM B BUJE

Pl (Z) eXp(Ql - S(Z)) = CLR(Z), (25)

Cornacto [103, c. 58] ypaBHenue (25) umeeT 6eCKOHEUHOE MHO-
»KECTBO pellieHHH, 32 BO3MOYKHBIM MCKJIIOUEHHEM OJIHOTO 3HAUEHHUS a,
rjie ypaBHeHHe (25) MOXKET HMeTh KOHEUHOe UMCJI0 PellleHrH, TaK KaK
R(z) # 0. Ho Takum HCKJIIOUNTE/ILHBIM 3HaueHueM siBaisietcst a = 0.

Craso 6biTh, IpH @ = — 1 ypaBHeHue (25) UMeeT GecKOHEUHOE
yncgio Hysei. [Toayyennoe npotuBopeune nokasbiBaet cpoictso 8. Ml

Ecau ydects, uto A/si ypaBHeHus (1) umeer mecto Teopema 1, T0
CTpaBeJUIUBbI CJEIYIOLIHE YTBEPAKACHHS.

CgoiictBo 9. Ecau ypasrnenue (1) umeem yenoe peurerue c
KOHEeUHbLM YUCIOM HYyrel, mo aoboe eeo yenoe pewerue ¢ bec-
KOHEUHbLM HUCAOM HYAel A8Asiemcs 0000 W EHHbLM K8A3UNOMLHO-
MOM.

CgoiictBo 10. Ecau ypasrnenue (1) umeem yearoe peurerue 6e3
Hyaetl UAl ¢ KOHeYHbIM YUCAOM Hyaell, uiu 8 sude 0600w éHHO-
20 KBA3UNOAUHOMA, MO BCE €20 yeavle peuleHus 18a10mes 0606-
WEHHbLMU KBASUNOAUHOMAMU.

[lyctb B ypaBHenue (22) y kosdduumentoB ord B;(z) = p;. Ec-
a p; < + 00, T0 typB;(z) = 0. B cayuae, Korna

B,: z— P(z)exp Q(z), Vz € C, (26)

rie P — noauHoM, () — 1esasi PyHKIHUS, CMIPABENIUBO
CeoiictBo 11. [Tycmo 8o11n0AHAIOMCA YCAOBUSAL:

D) pp =bp, =--=pp, =P p>p;, 0 =0,n,j#k,
j#k27""j#k5;

2 = =...= = l=1,s,1

)akT1 %, O, =0 o> .S, L# T,
L# Ty LF#Ty.

Toeda ypasuenue (22) c¢ koagppuyuenmon (26) moaxcem
umems yeavle pewenus w makue, umo ordw < p, npu4ém, ecau
ordw = p, mo typw < o.
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JlokasaresibeTso. [1ycTh w — 11es10€ TPaHCLEHIEHTHOE pellieHre
ypaBHenusi (22) npu (26) takoe, uto ordw > p. [lpousBonasi w’
MOXKeT ObITb BbIpa)kKeHa uepe3 camy (YHKUHIO w W LEHTPaJbHBIH
MHIEKC v(r) B JIOMYCTUMBIX TOuKax & Takux, uto |w(&)| = M (r;w),
rie M (r;w) — MakcuMyMm MojyJs, 1o dopmyse [8, c. 211 — 212;
9, c. 25]

w(©) = w(©) (M) 1+ 2(0) (27)

rjae
1

k@ﬂ=00wwfj>,o<g<i

[ToncraBus (27) B ypaBHenue (22) npu (26) 1 BLINOJIHUB MOUJIEH-
HO€ JIeJIeHHe PABEHCTBA HA MPOU3BEJIEHHE

P(E) exp QE)w" (€) (%)

MOJTyUUM

(28)

rne |e(§k)] — 0 mast mocsieoBaTeIbHOCTH JOMYCTUMBIX &) TaKHX,
uto |€x| — 4+ oo. Tak kak ordw > p, Te. ordw > p;, i = 0,n,

To [92, ¢. 8 — 10] Bcerna MoXKHO yKa3aTh TMOCJENOBATENbHOCTD &,
TaKylo, uto npu |§x| — + oo

D(&) exp( — Q(&))v(r)
EPB(Ee)w” " (&)

0, (29)
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B (&) exp( - Q(&r))
P(Er)w" ™" ()

—~0,i=0,n—1. (30)

[Tepexonsi B (28) k npeneny npu €| — + 0o, Ha ocHoBaHuH (29)
1 (30) nostyuaeM npoTUBOpeure, KOTOPOe MOKET ObITb YCTPAHEHO TPH
ordw < p.

Ecin ordw = p < 400, 10 B(28) nocsenHioro cymmy pazo0bem
Ha JBe:

n—1 s
DGO+ Y ¢ (9

j=0, r=1,
Jj# kr kr #mn

[Ipennosioxum, uto typw > o. Torna npu Bcex ¢ = 0,m — 1
CYLIECTBYET MOCJ/IeI0BATEIbHOCTh JOMYCTUMbIX 3HAUEHHH &, TaKHuX,
uTo MpH. | & | — + 00

Q:kr(gm) — 0, 7“:1,_8, kr#n- (32)

Ha ocnoBanuu npenenbHoro nepexonaa B (28) npu |£,,| — + oo

¢ yuérom (29), (31) u (32) nosryuaem npoTuBopeune, KOTOPOE U J0Ka-
3bIBaeT jaHHoe cpoicteo. M
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[nasaVl
LLEJIBIE PEILEHUS

CUCTEM AJITEBPAUYECKHUX
JUPPEPEHLIMAJBHBIX YPABHEHUH

PaccmoTpum cucremy n anreGpanuecknx auddepeHimranbHbIX
ypaBHeHUH

N; Mij n -
S T )™ ot )

=0 k=17=1

el . v,

HOMbI CO CJIEIYIOLHUM JIEKCHKOrpathUUeCKUM PacnoJiozKeHHeM UleHOB

— LeJible HeoTpUlaTeJbHbIC UHCIa, a Aij — TIOJIN-

. Qg
Al.j.z—>al.jz i+...,VzeC, al.j;éO,

peteHus KOTOpOﬁ 6y,[[el\/l HaXOJWUTb B BHJIE

wr: z —we(z),V2e€C, 7=1,n, (2)
riae w; — Uejble PyHKIHH.
Uucaamu
%5 = 2 Veki Mrig = 2 bekigVenig
k=1 k=1

[ .= max{lTkl.j: k= 1’Mij }

Tl)

0603HAYUM COOTBETCTBEHHO DA3MEPHOCHb, OMHOCUMEAbHbLI 8ec,
nopsadoKk i-To ujeHa j-ro quddepeHiHasbHOrO ypaBHeHUs Mo re-
peMEeHHOH w,, a YHCJaMH
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n
m.. = E m_.., n.=a . —m..
ij Tij ij ij ij
T=1

0603HAUNM OMHOCUMEAbHbLI 8ec U aOCOAOMMbLIL 8eC 1-TO YjeHa
7-TO ypaBHeHHs.

Bynewm cuutaTh, uTO NOJMHOMHAJbHBIE COCTABJISIOUIME LIEJbIX Pe-
1IeHHH (2) UMEIOT CTerneHun

mTE{[Tij:izo,Nj,jzl,—n},T:L—n.

Tako# noaxon He HapyliaeT OGLUIHOCTH PaCCyKAEHHH, MOCKOJIb-
Ky pelienusi (2), y KOTOPbIX NOJHHOMHAJIbHbIE COCTABJSIOLIHE UMEIOT
CTereHH
m, < {[Tij: 1=0,N;,j= 1,n}, T=1n,
MOXKHO HAaUTH HA OCHOBAHHWHU pa3pabOTaHHOTO METOJIA, HO Y2Ke NpUMe-
HEHHOTO K «yKOpOUeHHOH cucteMe> (1), mosyueHHOH oTOpackiBaHHeM

TeX YIEHOB ypaBHEHHUH cucTeMbl (1), KOTopble 3aBeoMo 0OpallanT-
Cs1 B HyJIb.

§ 1. [TloanHOMHaNbHBIE pelIeHUs
CUCTEM aJjredpanyeckmux
nuddepeHUaIbHbIX YPABHEHU

Has cucrembl (1.0.0) pacemorpum pettenns (2.0.0), korna co-
CTaBJISAIOIME SBJSIOTCS MOJMHOMAMH

mr

z +...,V¥2z€C, ¢, #0,7=1n,m; =1

T T"*

B ocHoBy paccy:xaeHuil noJioykeHa acuMnToTHueckas opmysia
(1.1.2.1) BeIpakeHUs: TPOU3BOAHON TTOJMHOMA.
Jlns yno6¢TBa AasbHEHIIUX pacCyKAeHUH BBeAEM 0003HAUEHHUS:

n
S;5(my) = E My — M,
T=1
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M..
ij n

Vrkij
Kij(m,) = (=1)" HH((—mT)%) ,my >, r=T1n.

k=17=1

Teopema 1. [1ycmo 0asa j-eo ypasrenus cucmenot (1.0.0) sot-
NOAHAIOMCS YCAOBUA:

¥, . =x . =...=x >,
r0j Tpj rp+Arj rfrj’

(1)
’I”E{l,...,n}, 0§P<N], QZO)P_L fr:p+)‘r+1)N]7

%ij:...:%Ter)\Tj,0<AT<)\T,T:1,TL,T#T; (2)

n > l=p+1Lp+ A, A=min{\ . :7=1,n}.

Toeda omHoOCUMEAbHO CYUWeCmBOBAHUL NOAUHOMUANLHBLX
peuwernuil (2.0.0) cnpasgedausel caedyroujue ymsaepicoerus:

l)npu p=0, A\ = N; pewenruii nem;

2)npu p = 0, A < N; cmenenu m, makue, 41mo 8o.OAHs-
emcs xoms 66l 00HO U3 HepaBeHCm8

n

D Gty = stpme 20— =X+ TN (3)

T=1

3)npu 0 < p < Nj, A\ = Nj —p cmenenu m, maxue, 4mo
BolNOAHAeMCa X0msa Obl 0OHO U3 HePABeHC M8

n

Z(%Tej —%ij)mT >npj My 0=0,p—1; (4)

T=1

4)npu 0 <p < Nj, A< N; —p cmenenu m
BOINOAHAIOMCA HEPABEHCMBA

npu KOMmopoLx

T

n

D (e = ) me <= =pFAFLN,,  (5)

=1
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maxue, 4mo 8olnoARsencs xoms 6vl 00HO U3 Hepasgercms (4);
o)npu 0 <p < Nj, A< N; —p cmenenu m,, npu KOMoOpPvLx
BOINOAHAIOMCA HEPABEHCMBA

n

Z(%Tej —%ij)mT <n =g 0=0,p—1, (6)

T=1

maxue, 4o 8olnoArsemcs xoms 6ol 00HO U3 Hepagercms (3) npu
n=p+1+\Nj.

/lokazaresibctBo. OCHOBBIBAsiCh HAa aCUMITOTHUECKON (hopmyJie
(1.1.2.1) ycranaBauBaem, uto cucrema nojsuHomoB (2.0.0) sapasercs
petienrieM cuctembl (1.0.0) Torna v TonbKo TOTAA, KOT/A

%) o vaec, j=Tn, (7)

Nj

SO, (m) A, (2) (1 +2,,(2))2
i=0
rne &, (2) = 0 mpu z — oo.

C yuéToM yCJIOBHII TEOPEMbI j-€ TOXKJIECTBO CUCTEMBI (7)), BbITOJ-
HUB MOUJIEHHOE JIeJIEHHE Ha MOJMHOM

= 0; (M7 )4y, (1+¢, (2)) Sg;(mr)—Sp;(mz)
0
6=0 pJ (mT)ApJ (Z)
pHA m.)A, . (z) .
lj T/ Mpj =My

; 1 1 .
+epji(2) + 1+ l:zp;rl A ) ( +e,(2)2 +

il (m)A, (2 s

i\ITr i(mr)—Sp;(m+)
_|_ nj nj 1 + ) nJ pJ = 0’
n=§;\+1 pJ (mT)Apj(Z) ( m( ))
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e sij(z) — 0 npu z — 0.

Tak kak n,; > n, s Beex l=p+1Lp+ A 10

l

Ay (2) i T

— 0 npu z — o0. (9)
Ap;(2)

Eciau naist Becex € = 0,p — 1 BbINoJHAIOTCS HepaBeHcTBa (6), TO

Ag;(2) 05 (mr) =Sy (mr)

— 0 npu z — o0. (10)
Ap;j(z)
Ecin s Becex = p+ A+ 1, N; BBINOJHAIOTCS HepaBeHCTBA

(5), To Npu Mpu 2z — 0O

AL(Z) ZSnj (mr)—Sp;(m-r)
Ap;j(2)

[Iyets p = 0, A = N;. Tlepexona B (8) k npeziesty npu z — 00,
Ha ocHoBaHWHU (9) TMOJYyudM MPOTHBOpEUHEe, KOTOPOE M JIOKA3bIBAET
yTBepxKeHue 1).

[Tyets p = 0, A < N;. Tlepexons B (8) k npejesy npu z — 00,
cyuyérom (11)npu A =0, aBcayuae A > 0 Ha ocHoBanuu (9)u(11),
MOJTyUlM MPOTHBOPEUKE, KOTOPOE U JI0KA3bIBAET YTBEPK/IeHHE 2).

[Tyetb 0 < p < Nj, A = N; — p. Ilepexons B (8) K npeneny
npu z — oo, c yuérom (10) mpu A = 0, a B ciyuae A > 0 Ha
ocHoBanuu (9) 1 (10), mosyuum npoTHBOpeUre, KOTOPOE U IOKA3bIBAET
yTBepxKeHue 3).

[lyetb 0 < p < Nj, A < Nj — p U BbINOJHAIOTCSA HEPABEH-
ctBa () (HepasenctBa (6)). [Tepexons B (8) k npenpeny npu z — o0,
c yuérom (10) u (11) mpu A = 0, a B ciiyuae A > 0 Ha OCHOBaHUH
(9)—(11), mostyurm NpoTHBOpeUHE, KOTOPOE U JIOKA3BIBAET YTBEPIK/IE-
Hue 4) (yrBep:xkaenue 5)). l

Teopema 2. [Tycmo das j-eo ypasrernus cucmemot (1.0.0) ot-
noausomes ycaosus (1), (2) u

— 0. (11)

n.=...n_ _.>n .,
PJ p+sj gj
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0<s<Ag=p+s+Lp+A, A=min{\;: 7=1,n}

Toeda omHoOCUMENbHO CYUWeCmBOBAHUL NOAUHOMUANLHBLX
pewenuil (2.0.0) cnpasgedausel caedyroujue ymsaepicoerus:

l)npu p=0, A\ = N; cmenenu m, maxue, 41mo

s
> ag K (me) = 0; (12)
£=p

2)npu p = 0, A < N; cmenenu m, maxue, 41mo 6o.MOAH L~
romces Hepasercmaa (), ydosaemsopsiom pasercmay (12);

3)ynpu 0 < p < Nj, A\ = N; —p cmenenu m, makue,
4mo 8uinoAnAOmces Hepagencmaa (6), yoosremsopsaiom pasgeH-
cmsy (12);

4)ynpu 0 < p < Nj, X < Nj —p cmenenu m, makxue,
umo 8olnoausiomcs Hepaserncmsa (5) u (6), ydosiemsopsiom
pasencmsy (12).

/lokazatesibCcTBO. YUUTBHIBAsH YCJOBHS, HaKJ/1aJblBaeMble Ha uJje-
Hbl j-To ypaBHeHusi cuctembl (1.0.0) nanHoii TeopeMoii, paccyxieHu-
SIMM, aHAJIOTHUHBIMH KaK U TPU JI0KA3aTeJIbCTBE TEOPEMBI |, PUX0UM
K TOXKJIECTBY, JUIsl YWIEHOB KOTOPOTO ¢ HOMepaMu & = p+ 1,p+ s #
g=p+s+1,p+ \ umeem:

A, (2 R a,.
53( )me Mg & , TIPH z — 00; (13)
A (2) a .(z)
Pj pj
A (2) e
95 MM 0 npu 2 — oc. (14)
A (z)
pJ
Ecau mist uneHoB ToxkaectBa ¢ HoMmepamn 6 = 0,p—1 wu

n = p+ A+ 1,N; BblnosHsAOTCA HepaBeHCTBa (5) U (6) cooTBer-
CTBEHHO, TO cripaBemiuBbl cooTHolenus (10) u (11).

[Tyets p = 0, A = N;. Tlepexons B (8) k npejeny npu z — o0,
cyuérom (13)nmpu s = A, anpu 1 < s < A HaocHoBaHuu (13)u(14)
NPUXOJUM K paBeHCTBY (12), uTo U 1oKa3biBaeT yTBepxaeHue 1).

YTBepKaeHus 2) — 4) nokasbiBatotcst aHagoruuHbiM o6pazom. l
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§ 2. Llesble TpaHCLEHAEHTHbIE PELIEHUs
CHUCTEM aJjredpavueckmux

nuddepeHpanbiX ypaBHEeHUH
. . l
Jlnst 1edioit TpaHCLEHeHTHO! (DYHKIMKU w, TPOU3BOJHAS wi)
BbIpaykaercsi uepe3 camy (GyHKUMIO w, M €€ LEeHTpaJbHbIA HHIEKC
v;rT B JIONYCTMbIX TOUKaxX &, Takux, uro |w,(&:)| = M (r-;w;), rae
M (rr;w;) — MakKCHMyM MOJIyJIst DYHKLMH w,, 1O (hopmyJie

G ve(rw)\' L
wA@—m@(—z—Ju+ﬂ@»

rjae

1

T=1n,leN¢e (§)=0,0<0, <Z'

Ecasin cyniecTByIoT nonyctimbie TOuk &, ob1me /s BeeX QyHK-

i wy, 7 = 1,n, TO OyleM TOBOPUTb, UTO CHCTeMa (YHKIHH
wy, T = 1,n, ABJAseTCSA cUcTeMOM Kaacca 2.

n
Jlnsa cuctembl kKiacca 2 cnpaBemiuBo, uto N & D € u and
T=1

KaKJ0H QYyHKUMH w,, T = 1,1, UMEEeT MeCTo Npe/cTaBJ/eHHe

VT(TTu Wr

G AN
w@wwxw—?—ﬁu+ﬂ@» (1)

rjae
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— 1
T=1n,leN e, =00<d<-.

4
CucreMy ueabix QyHKuMl w,., 7 = 1,n, 6yIL€M Ha3bIBaTh
cucremoit knacea 2, 1 < s < n, e w, k = , — liesble
TpaHCUeH/IeHTHble QyHKIMKU Kiaacca 2, a w, k= s+1,n, —

MMOJIMHOMBI.

Teopema 1. [Iycmo Oaa j-eo ypasrenus cucmemor (1.0.0)
BOINOAHAIOMCSA YCAOBUSL:

Z00i = T Ptapa’ o0 T P faj?
- (2
0< Py <Py1s fo =Ps T 1,061, Po = Njy 0= 1,53
%t00j> tanaa’nazp0*1+1’Nj’U:1’—S; (3)
%téoj:"':%tép&ja0<p5<p5_1<ps7523+17n;
mtdoj:...:mtd)\aj,0<)\0<)\071,)\O Dp, 0 =1,5;
n.o>n . =1

05

Toeda cucmema (1.0.0) umeem yeavie pewenus (2.0.0) kracca
A, ede w, .1, € {1,...,n}, 0 = 1,s, — yeavie mparc-
uendenmuole yukyuu, a w, ,ts € {1,...,n},6 = s+1,n,
cymo noauromel, 1 < s < n, maxue, 4mo ordwtd(z) = D,
u degw, () = m,, yoosaemsopsiom xoms 0ol 00HOMY U3
HepaseHcms

S

n
Z(mto—qj - mtaoj)ptg + Z (%tgqj - %t(;oj)mt(; >

o=1 o=s+1

>n0j _nqja q:)‘s—i_lvps'
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Lokasarespctso. Ilyctb cuctema (1.0.0) umeer petuenne (2.0.0),

me w, ,t, € {l,...,n},0 = I,5,1 < s < n, cym le-
Jible TpaHCUeHIeHTHble PYHKIMK Kaace 2, a w, , ts € {1,...,n},
d=s+1,n, 1<s<n, — N0JHUHOMEI, degwté(z) =m, .

TOI‘Z[a HMeeT MeCTO CUCTeMa TOXK/IeCTB

n

IT (0, ©) "™ (142,) =0

o=s+1

<

I
-

S

rjae

~
<
—~
3
5
~—
I
—=
/N
—~
|
~
<
>
X
<
—~
|

) Yiskij
ts ) lighij ’

COCTaBJIEHHDBIX C YUETOM acHMNTOTHUeCKUX opmya (1.1.2.1)u (1).
Y cucrembl (4) j-e TOXAECTBO C TOMOLIbIO 3JIEMEHTAPHBIX
npeo6pa3oBaHUil MPUBOJUM K BUIY

Mo; —my; (

Lte, O+ 1+e,(0) +

Ps £ (m )A (5) n 3 5qj — 505
+ @\ Tt/ gy w, (€) .
q=§+1 ’on (mta)AOJ (6) 6:11rl( N )

L, (rew, )™ ™™ (14 e (6) +
o=1
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pmlog (m, )A, (&)
" f I (w0, (€)
fszp;ﬂ SOj(mt(g)Aoj(g) ts

Pt fsj T Pts0j

. H (wt5 (5))%t5fsj_%t50]' H(Vtg (7‘, wta))mtgfsj_mtaoj, )
d=s+1 ]
.gmj*mfsj (1 + € (5)) T
N ¢ (m )A (&) 5 Sy f = 100,
fi3 ts fiJ y
+ 1 | . |
flzp;ﬂ 20]' (mté)AOj(g) E(wtg( ))

Mio f15~ Mo 0j s f1 5T 505

'(Vt(, (r, Wy, )

moj —Mmy, 5

'3 (14 e ;&) =0.

[TockoJbKy Moy > M l=1,)As, TO

0 npu !{k‘—>oo. (6)

M3 toro, uto

iofei < Fto0r Jo = P T 1Py Py = Njy o= Ls,

< L h=
2 foi S Fyogr M= LS,

10 CJIEJICTBUIO U3 TeopeMbl JInyBUJLISA NPy |§k‘ — 00
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A (51@) ° 4l i = 0) Hisf5i T 507
Afji(g) IT(w, () " I (w, (&) :
0 \Sk/)  d=¢ S=s+1
(7)
5 My, £ 05— M40 mo;j—my,;

—0,0=1,s.

'H(th (vatd))

d=1

3

Ha ocHoBaHUH TOrO, UTO LEHTPaJIbHBIA HHAEKC 110K TpaHCLeH-

AeHTHO# dynkunn w, ¢ ordw, (2) = p, YAOBIETBOPSIET aCHMII-

to

P
TOTHUECKOMY PaBeHCTBY v, (r,w, ) ~ a1 7, 3aK/IiouaeM, uto

A (5 ) 5 Mty qi —Mis05
qj k od] o J.
A (gk) E(th(rthd))

0j

IT (o, (60)™ ™6™ ™ ~ ®

o=s+1

a (& s _ . - , &
~ ‘U( k) H(aa.)mtdq] Mt 505 H (Cmé)%té‘n %t503|£k‘ a -0

@y (5k) =1 o=s+1

npu |€, | — + o0, ecamromko Sy <0, ¢ = as + 1,ps, e

S

n
S, = Z(mtaqa’ =M, )Py, + Z (#1507 = Hrgog ) s — oy 05
o=1 d=s+1

[Tepexons B ToxecTBe (D) K npeneny npu ‘§k| — 4 oo, Ha
ocHoBaHuu (6) — (8) moJsiyuaem nMpoTUBOPEUHE, KOTOPOE U IOKA3bIBAET
yTBepxaeHue TeopemMbl. l

Teopema 2. [1ycmo 0as j-eo ypasrenus cucmenot (1.0.0) sot-
noanstomesa ycaosus (2), (3) u
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Fis0j T 0 T Paspsi? P04 = Ptsfsi?
9)
0 <]95 <P5_1 <Ps7 f5 :p5 +17p5_17 5:3+17n7
%taoj2%%775]"n5:p6—1+1’p§’528+1’n’ (10)
Mipoi = = Mngs? Moo = Miy0,50
(11)
O < )\o' < )\0717 00- = )‘a +]‘7)\U—17 )\0 =DPn, 0= 1)57
M0j Z Mipgegr 9o = Aor T Lps 0 =15, (12)
Oj>nlj,l:1,>\s, (13)
noj>nfﬂ" q=As +1,p5. (14)
Toeda cucmenma (1.0.0) ne umeem yerox pewenui (2.0.0)
kaacca Ay, ede w, i, € {1,...,n},0 = 1,s,1 < s < n,
ecmo yeavle mpaucyeHoeHmmuole pyHKyuu, a w, ts € {1,...,n},

d=s+1,n,1<s<n, — NOALHOMDL.

Jokaszaresnbctio. [1ycrhb cuctema (1.0.0) umeer peliieHue, y KOTo-
poro cocraasiioue w, ,t, € {1,..,n}, o =1,5,1 <s<n, —
lieJible TPaHCIIeHIeHTHbIe DYHKIMH Kaacca 2, a wté,té € {1,..,n},

d=s+1,n,1<s<n, — NOJUHOMBDI.

Paccy:xnenusiMu, aHaJorHuHbIMH, KaK U MPH JI0Ka3aTebCTBE Te0-
pembl 1, ¢ yuérom acumnrotrueckux gopmy (1.1.2.1)u (1) npuxoaum
K TOXKJECTBY (D) cucTeMbl (4), HO COCTAaBJAEHHOMY YxKe ¢ yuéToMm (2),

(3),(9) = (14).

Tak kak s Becex 0, = A, + 1,7\, .,

) . .= . =
cuTebHbIC Beca my . > m, o o Mmoo =M, h=o0c+1,s,

Ay =Py, 0 =1,5, OTHO-

n, Zn
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Aéaj (fk) s ™t 60,7 — M ;05 Moj —Mg 5

A (£ H(th (T7wtd))

—0. (15)
Aoj(gk) d=o | b

[Tockosbky mst Beex fs = ps +1,ps . 0 = s+ 1,n pasmep-
HOCTH 3¢, o > 3%, oy %y o > g T 0+ 1,n, a OTHOCHTEJb-

m, o 0= 1, s, n,; > n, i, TOTNpH ‘§k| — 400

Hble Beca mtaoj >

Af(;j (fk) s 3, f5d = ¥t q05 '

Aoj (gk) g(wtd (gk))

(16)

S

My, f55 — Wt y05 Mo —Mysj
'H(th(rthd)) | k‘ — 0.
o=1
Has unenos ¢ Homepamu | = 1, A, u f, = p,+1,p,,,

o=1,s,p, = Nj BBIMOJIHSAIOTCS cooTHOLIeHHs (6) u (7) cooTBeT-
CTBEHHO.

[lepexonst B To:K1€CTBE (D) K MTpeey MpH |£k ‘ — 400, Ha OCHO-
BaHuu (6), (7), (15) u (16) nosyuaem npotuBopeure, KOTOpoe U 10Ka-
3biBaet Teopemy. M

Teopema 3. [Tycmo das j-eo ypasuernus cucmemot (1.0.0) got-
noausomes ycaosus (2),(3), (11)—(13) (npu s=n) u

Woj Z Wi In = Ao L0y,

cywecmsyem h € {\, +1,...,\, |} makoi, umo Ny <My

Toeda cucmena (1.0.0) umeem yeavie pewernus (2.0.0) kracca
Ay, ede w, .ty € {1,...,n}, 0 = 1,n, — makue yeavle mpanc-
ueHoeHmmoLe GYHKYLUL, 4O

N — My
ordw, (2) < max —2 )
tn m o, .—m

h=Ap+1L,2, 4 tnhj tn0J
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Teopema 4. [Tycmo 0as j-eo ypasrernus cucmemot (1.0.0) ot-
noausomes ycaosus (2),(3) (npu s =n) u

My p = Ty My >y
0< Ay <Ay, Ha:mv Ao = P o=T1,n-T1,
Wy 0 Z My i Yo = Ao+ Lp,,0=1n—-1,
My, = =W W e<m 0, =X\, + L\, ,,
M 20 G = Ay 1Dy,

n.>n_ ., l=1A\

0j lj’ n:

Toeda cucmena (1.0.0) uneem yeaore peurenus (2.0.0) kaacca
A, ede w, ,t, € {1,...,n}, 0 = 1,n, — makue yearvle mparc-
yendenmuole QYHKYUU, 1Mo

Mo~ W
ordw, (z) > min — ).
n N 1 N p—

h=Xp LA,y \Ty i = My o

Teopema 5. [Tycmo das j-eo ypasrernus cucmemot (1.0.0) got-
noausomes ycaosus (2),(3), (11), (12), (14) (npu s=n) u

d

Ao = - Qs Qi > Ay 0<ds< A, y=d+ 1,7, Zalj #0.
=0

Toeda cucmema (1.0.0) ne umeem uenvix pewenuti (2.0.0)
Kaacca AU, .

Teopema 6. [1ycmo 0aa j-eo ypasrenus cucmenot (1.0.0) sot-
noausomes ycaosus (2),(3),(9) —(12),(14) (npu s=n) u

noj:...ndj,noj>nw.,O<d<A5,7:d+1,)\s.
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Toeda cucmena (1.0.0) umeem yeavie pewernus (2.0.0) kracca
A, ede w, ,t, € {l,..,n},0 =15, — yeavle mpaﬂcqeﬂdeﬂm—
Hole hynryuu, a w, ts € {1, ... nhd=s+1n,1<s<n—1,
cymo noauHoMol ¢ degw 6( z) = makue, 4mo

t(;’

d
Z aljglj (mt(;) = 0.
1=0

LokasaresibcTBO. PaccyK1eHHIMH, aHaJOTHUHBIMH KaK M ITPH 10-
Ka3aTeJbCTBE TEOPEMbl 2, TIPUXOJUM K TOXKIECTBY (D), /s UJIEHOB

KoTtoporo ¢ HoMmepamu 6, = A, +1, A\, ,, A\, = p,,0 = L,s,
f(s = p6+17p671?5 = S+]‘7n7f0' = po'—i_]‘?po'fjl?o- = R?
= Nj BBITIOJIHSAIOTCS cOOTHOILIeHHs (15), (16) u (7) cooTBeTCTBEHHO.

Tak kak My, = ... =My, TOMPH |§k

A(\ﬂ M-t (17)
a,.(6)

o
[TockoJbKy n,; >n_. JUISA BCEX ¥ = d+1,),, 1O
A;(&)
A 4,(6)

[lepexonst B To:K1€CTBE (D) K MTpeey MpH |£k ‘ — 400, Ha OCHO-
Banuu (7), (15) — (18) nosyuaem paBeHCTBO

€, | "M npu .| = + oc. (18)

d
Z L (mt(;) =0,
1=0

uTO U JJI0Ka3biBaeT Teopemy 6. l
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