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AnHoTanus

PaccmarpuBatoTcst BelieCTBEHHBIE JIBYMEPHBIE OHOPOAHbIE KyOudeckue cuctembl OLY, MEOTO M TE-
HBI B IIPABOii 9aCTH KOTOPHIX UMEIOT KBaIPATUIHEIN 00Iuil MHOKUTE L. Ha 0CHOBaHNM OIIpeIe/IeHHBIM
06pa30M BBEJIEHHBIX MPUHIUIIOB YIOPAJOUYMBAHNS MHOXKECTBO TAKUX CHCTEM pas3buBaeTcd Ha KJIACCHI
JIMHEWHOM AKBUBAJEHTHOCTH, B KaXXJOM W3 KOTOPBIX BBIJEASIETCA CTPYKTYPHO ITPOCTEHINIasi CHCTEMA
— HOpMaJThbHAsT POpPMa, TPeThero mopsaaka. Jas MaTpuibl Ko3MOUIUEHTOB TTPABOH YaCTH HOPMATBLHOM
dopwmbl, HazeiBaeMoil kanoHIYIecKOH hopmoii (KD), ykazpiBaeTcsi KAHOHIIECKOE MHOYKECTBO 3HAUECHMUIA,
TaPAHTUPYIONIEE TPUHAIIEKHOCTH CUCTEMBI K BHIOPAHHOMY KJIACCY.

Kpowme Toro, mma xaxmoit KO npuonsres: a) ycnosusa Ha KO3(DQMUIMEHTH UCXOMHON CHCTEMBI,
b) nuHelHBIe 3aMEHbI, CBOJISIINE TIPABYIO YaCTh CHCTEMBI TIPU 3TUX YCJIOBUSAX K BhiOpanuoit K@, ¢) mo-
JiydqaeMble Tipu 9Toi 3amene 3nadenus Ko dummenton K.

B I[punoxennsax npencTaBieHbl MPOTPAMMBI, HAMWCAHHBIE C HUCIOJb30BaHueM makera Maple u
[IO3BOJIMBIIIHE TIOJIYUYUTH OOJBITUHCTBO IIPAKTUIECKUX PE3yJIbTaToB. Bubsuorp. 2 Ha3s.

Karuesnie caosa: onHOpoiHAS KyOYyecKas cucreMa, HopMasibHas popMa, KAaHOHU4IeCKasd (popma.

Abstract

Real two-dimensional homogeneous cubic systems of ODE for which polynomials in right-hand
parts have a common square factor are considered. In accordance with properly introduced ordering
principles the set of these systems is divided into linear equivalence classes such that in each class the
structurally simplest system is distinguished — the normal form of the third order. For the coefficient
matrix of the normal form right-hand side (the canonical form — CF) the canonical set of values ensuring
the system belonging to a selected class is specified.
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In addition, for each CF a) conditions on the coefficients of the original system, b) linear
substitutions reducing the right-hand part of the system under these conditionsto to the chosen CF,
and c¢) obtained values of CF coefficients are given.

In applications the programs written with using Maple software and allowing to obtain the
majority of practical results are presented. Refs 2.

Keywords: homogeneous cubic system, normal form, canonical form.
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1. BBegenue

1.1. ITocTanoBKa 3amadmn.

PaccMaTpuBaeM BelecTBEHHYIO JIBYMEPHYIO OJHOPOJHYIO Kybudeckyto cuctemy OJLY

&= P(x), (1.1)
; P 3 b 2 2 d 3
e r= (T p= (2) _ a1x§+ 1:Béx2 +cla:1:1:g~|— 1353 PP £0.
T Py(x) aoxy + boxi{o + comi25 + dozs

[IycTph BemecTBennasg Heocobas JUHEHHAS 3aMEHA
x =Ly (detL #0) (1.2)
npeobpasyer (1.1) B cucremy
g=Ply)  (P=aw} +byiys + Gnys + ds, i =1,2). (1.3)

B paGore [1] nocrapiena 3ajada olpejieieHnsl ¥ KOHCTPYKTHBHOIO TOCTPOCHUs KyOude-
ckux HOpMaIbHbIX dopMm (1.3) m3 cucremsr (1.1) mocpencrsom 3amen (1.2). Iis 9Toro Tpe-
Oyercst ocymecTBUTh Kiaaccudukanuio MaoxkecrBa cucrem (1.1) myrem pasbueHns BEKTOPHBIX
MHOTOUIeHOB P () Ha KiIacchl anHeiiHoi sxBuBaseHTHOCTH. OCHOBHBIE JINHEHBIE MHBAPHAHTHI
nosiydensr B [1,2.].

B |1, 1.2-1.4] BcecTopoHHe H3y9IeHBI MTPOOIEMBI, BO3HUKAIOIIHE IPH HOPMAJIU3AINH BO3MY-
MEHHBIX CUCTEM C MHOT'OWIeHAMHU P B HEBO3MYIIIEHHOH YaCTH, U BbIICHEHBI YCJIOBHH, IPA KOTO-
PBIX OHH MUHUMH3HUPYIOTCA. Ha ocHOBaHWU NPOBEIEHHBIX UCCIEOBAHUN JIJIsI KazKJIOT0 KJIacca
SKBUBAJIEHTHOCTH B [2, 1.| pazpaboTatbl CTPYKTYPHBIE U HOPMUPOBOYHBIE TPUHIAIILL, MTO3BOJISI-
IOIAe BIIOJTHE YHOPSJI0OYUTh MHOTOUYJIEHBI ﬁ, Hojiydaemble B pesyJibrare 3amenbl (1.2), u, Tem
CaAMbIM, TEODETUYECKH BBLICIUTD B KAZKJIOM KJIacCe 00PasyIonlyio — Camblil TPOCTOH BEKTOPHBIIT
MHOTOUWJIeH P, HasbiBaeMblil KaHOHIUeCKoi dhopmoii (KP).

Oxasajoch, 9ro J1100y10 K® M0XKHO 0TOXKIECTBUTD ¢ MATpuUIiei K03 MUITHEHTOB MHOTOYIe-
Ha P, pacrno/okeHne HyJI€BBIX 3JIEMEHTOB B KOTOPO# (GPUKCHPOBAHO, & /I HEHYIEBBIX JTOIKHBI
OBITh YKa3aHbl KAHOHHIECKHE MHOXKECTBA, OMUCHIBAIONINE UX JOIYCTAMbBIEC 3HAYEHMSI.

Cucremy ¢ K® B nmpaBoit 9acT eCTECTBEHHO HA3BIBATH KyOMIeCKON HOPMAILHO (hOPMOIi.

Hapsny ¢ 3agaqeit npakTuaeckoro Haxoxqenns scex KO B [1, 1.1] 6p1au mocTaBieHbl TakKe
JeThipe JOMOJHAIOIINE ee TeXHUYEeCKe BhIYUCANTE/IbHBIE 331291, MO3BOJIAIONNE YPPEKTHBHO
UCII0Ib30BaTh pa3paboTaHHYIO Kaaccu(UKAIIMIO Ha pakTHKe. OHU 3aKJII0YAI0TCA B TOM, YTOOBI
a1t Kaxkgoit KO B 9BHOM BHJIe BBIIIHCATH:
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a) ycaoBust Ha Ko3(hMUIHEHTH BEKTOPHOrO MHOTOwIeHa P(7);

)
b)

C) IIoJiydaeMbl€ IIPpH 9TOM 3HAYEHUA 3JIEMEHTOB K® u3 KkaHOHUYECKOro MHOZKeCTBa;

samena (1.2), mpeobpasyiomas P(x) npu yKa3zaHHBIX YCJAOBASAX B BHIOpanuyo KO;

d) MUHEMAIbHOE KAHOHIYECKOe MHOZXKECTBO, B KOTOPOM OTCYTCTBYIOT T€ 3HAYEHHUSI S7I€MeH-
TOB, OT KOTOPBIX MOKHO u30aBUThcs 3aMenoit (1.2), coxpansitomieit crpykrypy KO.

B [2,2.] Bce nocraBiieHnbIe 331291 PEIIeHbl B CJydae, KOTJa MHOrOWIeHbl Py 1 Py mpomop-
[UOHAJILHDI, T. €. UMEIOT OOIIUH MHOXKHTE/Ib TPEThell CTeleHu.

[enb npeaiaraeMoii paboThl 3aK/JII0YAETCA B IIOIYyYeHHH AHAJOTHYHBIX Pe3y/JIbTaTOB JIJId
caydad, korna P; u Py, 001a/1a10T 001812107 KBAJAPATUIHBIM OOIIUM MHOYKHATEJIEM.

Caenyer uMeTh B BILY, 9YTO OOJIbIIOE KOJTUIECTBO CUMBOJIbHBIX BRIYUCICHUN, CBA3aHHBIX CO
BCEBO3MOYKHBIMH JTUHEHHBIME TPe0OPA30BAHUSIMHI OJIHOPOJTHBIX KYOUYECKHX CHCTEM, HX HOPMHU-
POBKOIi 1 BBIJEICHUEM OOIIEr0 MHOYKHATE ST PA3IHIHBIX CTeIeHell, a TaKzKe ¢ PellleHHeM pa3/Ind-
HBIX ajredpanvyecKknXx CUCTEM M yPaBHEHH, BLICOKUX CTelleHell ¢ mapamerpamMu HeBO3MOXKHO 6e3
HpUMEHEHHUs] CUMBOJIBHON MaTeMaTuku. JIjist 3Tux 1e/1eit NCnoab3yeTcs aHaJJUTHIECKAH makeT
Maple. Asropamu ObLT HanmucaH HAOOP CTAHIAPTHBIX TPOIEAYD, UCHOIB3YS KOTOPBIE IS TOKa-
3aTeIbCTBA MPAKTUIECKH KaXKJI0TO YTBEP:K/IeHHs ObLIN CO3JaHbl MaKeThl mporpamm B Maple.

@opmaT JEKTPOHHOTO KYypHAJIA JAeT BO3MOYKHOCTH ITPUBECTU MMEIONUECS MaKeThl Hero-
CPeJICTBEHHO B cTaThe B lIpuiaokeHUaX, 4TO MO3BOJSET MPHU KeJAHUU KOHTPOJIUPOBATH J0Ka-
3aTeJIbCTBa U HUCIHOJIB30BATh HAIMCAHHBLIE [IPOrPAMMBI JJId pelleHusd 3a/a4 10 HOpMaJu3alluu
BO3MYIIEHHBIX CUCTEM C KOHKPETHOM OJIHOPOJHON KyOM4YeCcKO HEBO3MYIIEHHON 4aCThIO.

B paGore [1, 1.| MmoxKHO HaiiTi GoJiee TOAPOGHY IO TOCTAHOBKY 3a/Ia49H, BKIOYAIOIILYIO B ceOsi:

1) BBIBOJ, CBSA3YIOIIEH CHCTEMBI JIJIT BO3MYIIEHHBIX CHCTEM, 3aBUCSINEH HCKIOUATETHHO
or KodddunuerToMm MHOrowIeHa P, ¥ BblIeJeHHe TeX Ipyiil Koddduiuentos P, obnyieHue
KOTOPBIX 00JIEr4aeT PeleHne CBA3YIOMEeH CUCTEeMbI, & 3HAYUT, O3BOJISET OCOZHAHHO ChOopmy-
JINPOBaTb CTPYKTYPHbIC U HOPDMHUPOBOYHBIE IIPUHIIUIILL, ITOJIO2KEHHBIE B OCHOBY KJIaCCI/ICbI/IKaL[I/H/I
cucrem (1.1), ¥ BBIIEIUTH B JIMHETHO SKBUBAJIEHTHBIX KJIACCAX CHCTEM MPOCTETne: Te, mpaBbie
JaCTU KOTOPBIX 00Pa3yloT KaHOHU4IeCKue (popMBbl;

2) OonucCaHue MeTOda PE30HaHCHbIX ypaBHeHHﬁ, IMO3BOJIAIOIICTrO AJid BOSMYIIEHHBIX CUCTEM
¢ Kakoit-muoo K@ B HEBO3MYIIEHHOW YacTH JaTh KOHCTPYKTHBHOE OIpejie/enne 0000IeHHOM
HOPMAaJIbHOH (DOPMBI ¢ OUEBUIHBIM JI0KA3ATEILCTBOM €€ CYIIeCTBOBAHUS M BBHIIUCATH B IBHOM
BHJIE BCE BO3MOXKHBIE CTPYKTYPhI 0000IIEHHBIX HOPMAIbLHBIX (DOPM, pa3yMeeTcs TOJBKO IS TeX
K®, nng KOTOPBHIX yaeTcsd peruTh CBA3YIONIYI0 CUCTEMY WX XOTd Obl BBIIIUCATH PE30OHAHCHBIE
ypaBHEHHs, TapAHTHPYIOIIHE ee COBMECTHOCTD;

3) obcy K IeHue MpobIeM 1 IMEOIIUXCS PE3y/IbTaToOB B OJM3KUX 10 MOCTAHOBKE 3a,/1a9aX, KO-
raa B cucreme (1.1) paceMaTpuBarOTCst KBA3HOJHOPOIHBIE BEKTOPHBIE MHOTOWIeHB P () ¢ ompe-
JIEJIEHHBIMH BeCAMM MEPEMEHHBIX WJIM KOIJa CTeNEeHH MHOIOYJIEHOB P, u P, IpUHUMAIOT BCe-
BO3MOXKHBIE 3HAYEHUS OT €JMHUIIBI 10 TPEX.

OcraHoBUMCs B 3aK/JII0UEHHE HA CTPYKTYpPe HmpejaraeMoil paboThl.

B caenyromux pasgenax Bsegenus npuBeieHbl HEOOXOAMMBIE I JAJbHEHIIEr0 onpeie-
JIEHUsT W Pe3yJIbTaThl, MoaydeHnbie B paborax [1,2.] u [2,1.]. Pasymeercsa ux Gosee moapobHOe
U3JI0’KEeHHe ¢ TpUBeJieHneM GOJTBIIONO IUC/Ia MOSICHAOIINX TPUMEPOB CJIeIyeT CMOTPeTh B yKa-
3aHHBIX paboTax.
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OcHOBHBIM B HacTosIeill pabore aBiasgercsa Pasmen 2, HeIuKoM MOCBSIIEHHBI CIydan, Ko-
raa MHOrouaeHsl Py, Py cucrembr (1.1) nMeroT BelecTBeHHBIN OOIIIT MHOKUTEIh CTENEHN JIBa.

B 2.1-2.3 npemioxkena yipodHas popMa 3aIUCU CUCTEMbI P [ = 2, I03BOJIAIONIAs Pa30uTh
BCE MHOXKECTBO CHUCTEM Ha JAE€BATH KJIACCOB JUHEHHOW IKBUBAJECHTHOCTH, W TPHUBEACH IOJIHBIA
CIIMCOK HOPMHMPOBAHHBIX CTPYKTYPHBIX (POPM €O CBOUMH JIOIYCTUMBIMU CeMeiicTBaMHu.

B 2.4-2.6 nocsiejoBaTeIbHO pacCMaTPUBAIOTCS CayYan, KOTJIa JUCKpUMUHAHT [y KBaapa-
THYHOTO 001Iero MuozKuTe 1 Py paBen, 60/bine u MeHblne HyJid. /g KaX10ro 3Haka pasind-
HBIMH CIIOCODAMH YIAETCS BBIJICJIUTH KAHOHUYECKHE (pOPMBI ¢ KAHOHUYICCKUMHI U MUHUMAJIbHBI-
MU ceMeilcTBaMU U J0Ka3aTh TeOPeMbl O MPUBEJICHUN K HUM HUCXOJTHOU CHCTEMBI.

B 2.7 cobpanbl B €IMHBIHA CIIHCOK BCe TMOJIYYEHHBIE JI1s caydas | = 2 KaHoHudecKue (popMBl.

nsa obyieryenus 4TeHusd U MOHUMaHuA cTaTbl B [Ipuioxkenusx, cocrapisgiomux Pasmen 3,
IpHUBeIeHbI IIPOrPAMMBI, HAIHCAHHBIE B Maple, KoTopble OATBEPXKIAI0T IPUBEIeHHBIE B Pa3-
sesie 2 bopMyaIbl, Tpebyiomue OOJIBIIOr0 00beMa CHMBOJBHBIX BhluucaeHuit. Ilpu stom, B 3.1
coOpaHbl CTaHIaPTHBIE IIPOIE/LY Pbl, UCIIOJIb3YEMbI€ B IIOC/IEYIONIUX IPOIPAMMaXx, 1 IIPUBEJIEHbBI
IpPUMEPHI, TOSICHSIONINE WX UCIoIb30oBanue. A B Paznene 2 B COOTBETCTBYIOINUX MECTAX HMEKOT-
€A CCBIJIKW HA COMYTCTBYIOIHE MPOTPAMMBI.

1.2. JIuHeliHast 3KBUBAJEHTHOCTh OJHOPOJAHBIX KYOWYECKUX CHUCTEM.

PaccMOTpuM BeIecTBEHHYIO ABYMEPHYIO OHOPOIHYIO KYOMYECKYIO CHCTEMY

i = P(x) nwm &= Aq¢%(x), (1.4)
B KoTOpOii P — P a1$§ + bw:zxg + clxlmg + dlxg A AN _far boe d |
PQ A7 + bzl’lxz + Col1 Ty + dgl’z A2 a9 bg (&) dz

x = colon (z1, 1), ¢®(x) = colon (23, 22wy, x122, 23), mpEaem cTpoxm Ay, Ay # 0.

Coraarmenue 1.1. B daavretiwem oaa kpamrocmu mampuyy kospduyuernmos A bydem
omootcdecmsaamo ¢ cucmemot (1.4) uau 206opumv, wmo A nopooswcdaem cucmemy (1.4).

Onpenenenne 1.1. J0601 00ropodrbili MHO20MAER ¢ BEULECTNEERHbIMU KOIPHUUUEHMA-
MU, ABAAUUTCA 00wuM MHONHCumMensem Py u Py, 6ydem o603nanams Py, Obuwutl muoscumens
Py makcumanvrot cmenenu | (1 = 1,2,3) 6ydem obosnanams PL. Ilpu omcymemesuu obuiezo
MHoHcuMeErs bydem cuumamsv, umo | = 0.

1 S1 r s
g BeKTOpOB r = , §= BBeJIEeM (byHKLu/Ho Ops = =T189 — I'3571.
) 52 rg S2

YCeTaHOBATH HAJIMYUE UM OTCYTCTBUE OOMIEro MHOXKUTEISA Y JIOOBIX JBYX MHOIOYJICHOB
no3possier Gyukiusa R = R(Py, P;), Ha3biBaeMas Pe3yTbTaHTOM:

aq bl C1 dl 0 0

0 aq b1 C1 dl 0
b d .

R | 0O 0260+ 60 — 2adadBet — Bubucdod — ucdaSu

2 2 2 2

0 a9 bg Co d2 0

0 0 (05} b2 Co dg
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Yrepxkaerue 1.1. Muozounenwve Py, Py umerom sewecmeennwiti obujuti mrostcumensv By
nenyaesoll cmenenu mozda u moavko mozda, koeda R(Py, Py) = 0. (Cwm.B [3,§50]).

s yupornenus cucremsl (1.4) 6ymeM HCIONB30BATH JIHHEHHbIE HEOCOOBIE 3aMEHbI

{371 =Ty + S1Y2 TS

amasi r=1~Ly, L=
Ty = Tray1 + S2Y2

> , 0 =det L #0. (1.5)

T2 S2

I[Iycts 3amena (1.5) mpeoGpasyer cucremy (1.4) B cucremy

g=P(y) mm y=Aqd%y), (1.6)

rie P= % = ary? + %ly%yQ +any; + C@yg’ A= a1 l:)l 1 d:1
P, a2y + boyiys + Coynys + doys | ay by ¢y dy
JLjisi MHOIO4JIEHOB ﬁl, ﬁg 110 aHaJioruu ¢ R BBeJieM pe3yJibTaHT R= R(ﬁb ﬁz)

B [1, 2.2] anst cucrempr (1.6) mosrydens caemyiorntie (hopMyJIbl

P(y) = L'P(Ly) = L' A¢¥(Ly),  R=0°R,

o Op(r)s 515a§T(1r> ot 8250552;) . T15a§5<1s> T 7’25a§S<;> . Op(s)s (1.7)

—5p(r)r —Slfsap(r) r 8258P(r) r —T153P(s) r TQ(S@P(S) r _5P(s)r
ary org ds1 Osg

Cpemu 3amen (1.5), npeobpasyromux (1.4) B (1.6), BbIIegUM B CleNUATbHbIE 3aMEHbI:

no ) HOPMHPOBKA, A= CL137’% b17"12‘2 €153 d1S§/27‘1 : (1.8)
0 sy agry /sy bori  cor1Sy  dass
0 1 ~ dy ca by ay
— IepeHyMepaIms, A= . 1.9
(1 0) HEPCHyMEpatiA (dl C1 bl ap ( )

Bameuanwue 1.1. Hopmuposka (1.8) mmeer cieayionmme 0cOGeHHOCTH:
1) mazoBem ag, by, ¢, dy dJIEMEHTAMH HEYETHOTO 3UI3ara, ap, b, ci,dy — 9€THOTO, TOTJA ¥ BCEX
3JIEMEHTOB HEYETHOTO 3MUI3aTa MOXKHO OJTHOBPEMEHHO H3MEHHTh 3HAK, a Y JIOOOTO 3JeMEHTa U3
YEeTHOI'O 3Uur3ara 3HaK U3MEHHUTb HEJIb34;
2) mr060e n3 oTHOMEHUH a1 /by, by/ca, ¢1/dy HA THATOHATISAX W3MEHUTDH HEJIb3I.

Sameuanue 1.2. Ecau B cucreMe, MOJydeHHON mocie 3amenbl L = (r,s), morpebyercst
IepeHyMepanusi, TO Hy?KHO B HCXOJIHOM cucTeMe cpa3y caenarh 3ameny L = (s, 7).

B 1o ke Bpemsi nepenymepaiiusi (1.9) mo3Bosisier JOrOBOPHTHCS O CJIELYIOIIEM.
Coraarenne 1.2. B daavretiwem, He ymenvuias obusHocmu, bydem cuumams, 4mo 6 cu-

cmeme (1.4) npul=1,2,3,

ai+a3#0, ecau al+as3+di+d; #0. (1.10)
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1.3. CrpykrypHbIe (DOPMBI.

BazoBbIM MOHATHEM Pa3BHBAEMOI TEOPHUH ABJISIETCS TMOHATHE CTPYKTYPHOH (POPMHBI.

ap by ¢ d

Onpenenenne 1.2. Bewecmeennyro mampuyy A = C HEHYACEDLMU

az by co dy
cmpokamy, bydem nazweamov 0bsedunennots cmpykmyprot m-dopmot (m = 2,8) u 0b603Ha-
wams USEF™ (united structural form), ecau xarxue-aubo m ee INEMEHMOE OMAUNHBL O HYAA,

a ocmaavhble pashvl HYyA0. Koneunoe muoocecmeo, obsedunarousee ece USF™, 6ydem 0603Ha-
wamov SUSF™ (set of USF™).

OueBnIHO, 9TO OOBETMHEHHBIE CTPYKTYPHBIE M~(DOPMBI OTIMIAIOTCS OJIHA OT JAPYTOil pas3-
JIMYHBIM PACHOJIOZKEHHEM MECT JJId HEeHYJICBBIX 3JICMCHTOB.

B ganbreiitem ms kparkoctu 00y USFEF™ MoKHO OymeT 3amuchbiBaTh MO CTPOKaM,
aq 0 C1 0

= 2dsy).
0 0 0 dy (017617 2)

VKa3bIBagd B KayKJAOH TOJBLKO HEHYJIEBBIE 3JEMEHTHBI, HAID.,

PaccMoTpuM BCEBO3MOXKHBIE DACCTAHOBKH HEHYJIEBBIX djeMentoB B SUSE™ (m = 2,8).

Onpenenenne 1.3. Undexcom snemenma a;; (i = 1,2; j = 1,2,3,4) mampuyvne A 6y-

. 1 2 3 4
dem HA3LBAMYb “UCA0, cmosawee Ha mecme (i,7) 68 mampuie 439 1) B c6010 ouepedv,

undexcom k mampuuyoe A 6ydem Ha3u6aMb CYMMY UHOEKCOE HEHYAEBVLT INEMEHMOB A U Npu
neobxodumocmu nucamov Apy). Anarozuuno esodames undexco, cmpox Ay u As.

B [2, 1.1] momxkubiM 06pasom BeefeHbl cTpyKrTypHbie npuanunbt (CIT), mossosstonime
BIIOJIHE YIIOPSI0YUTH KOHEUHOE MHOKecTBO SUSF = Uizz SUSF™ u, B TOM 4HUCJIe, BCE BXOJISI-
mue B Hero napbl USF™ mosiydaeMbie IpyT U3 Apyra OpH MOMOIIA mepenyMeparmu (1.9).

Omnpenenenne 1.4. U3 0syr passusunoir 005e0UHERHOIT CMPYKMYPHLLT M-POPM, NOAYa-
emulx Opye u3 opyza nepenymepayued, dopmy, asisouyroca coesacto CII npedwecmeyrowed,
bydem Hasvieamov cmpykmypHot m-@popmotl, npu sHcesanuy, 006a6A85 0CHOBHAA, U 0003HAMAMD
SFE™, a dpyeyro — donoarumenrvnot u obosnawamo SFI™ (additional SF).

YEeBUIHO, YTO UMeEETCd TaK>Ke OllpeJe/IEHHOE KOJINYECTBO  CUMMETPUYIYHBIX W CT KT HbIX
Ouesnro, A " " crpykry
m-dopm, T.e. Takux SF™, KOTOpble He U3MEHSIIOTCs B X0/ Tepenymeparuu (1.9).

[TockosibKy Ji00ast mapa, COCTOsINAs U3 OCHOBHON M JOMOJHUTEILHON CTPYKTYPHBIX (POPM
JINHEHHO SKBHUBaJeHTHA, TO "xymamas" ¢ Touku 3perusa ClI monmosauTeIbHAS POPMaA CAMOCTOSI-
TEJLHOTO HHTEPEca He IIPEJCTABIIAeT, HO HCIO0Jb30BaTh €e HHOTIA OyaeT yIoOHO.

Coraammenue 1.3. Cozaacho esedennoti ynopadouenHocmu conocmasum 10000 0cHosHol
cmpyrmyprot m-gpopme nopadkosvli nomep i u 6ydem obosnavams ee SE™, a donoanumenn-
HY10 K Hel cmpykmypryro popmy — SE.

B [2, 1.1] npusenen Crucok 1.1, cocrosmuii w3 120 yoopsIo9eHHBIX CTPYKTYPHBIX (hopM,
Bxogsamux B SUSF.

Onpenenenne 1.5. [Ipedcmasumenem npouseosvrot SE™ bydem nazvieams 4106y wuc-
AOBYI0 MAMPUYY, CMPYKMYPa Hysed xomopot coenadaem co cmpykmypod SE™.

B pesyabrate m106y10 S F]" MOKHO TPAKTOBATH KaK COBOKYITHOCTH BCEX €€ IpecTaBuTeel.

BazkHas xapaKTepucTHKa KaxKJI0# CTPYKTYPHOR m-(pOpMBI CBA3aHA ¢ ONpeIe/eHIeM BCeX
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BO3MOXKHBIX 3HAYEHHUIT MAKCUMAJILHOM CTEeleHn 00Iero MHOKUTE Pol (em. omp. 1.1), KOTODBIi

MOKHO BBIHECTH B IPABOi 9acTH MOPOXKIAEHHON 310l dbopmoii cucrembr (1.4) mpu pasaundHbIX

3HaUEHUAX HeHYJIeBbIX KodhdumuenTos. [loaTomy MHOXKECTBO BellleCTBEHHBIX HEHYJIEBBIX 3HA-

o o m m,l

denuii sreMenToB Joboit SE™ pazobbeM Ha HemycTbie Muoxkectna s, (0 < 1 < 3) caeayromum
l .

00pa3oM: ;" COMEPKUT Te W TOJBKO Te 3HAYeHHsl 37eMeHTOB SF™, MpH KOTOPHIX B IPaBoii

gactu cucrembl (1.4), OpoxIeHHOH 3T0i OPMOil, MOXKHO BhIHECTH 00MIHil MEOKITETH ).

. . . !
Onpexnenenune 1.6. /Tas awbol SE™, sadasaemotc mampuuet A, sanucv SF™" osnavaem

N}
my sce mMampuyy A, HO 3HAYEHUA €€ HEHYAECHLL INAEMEHTTOB npunadnewcam Szm 7& @

l ..
Unpivu croBamu, SF;™ obbeaunsger TeX W TOJIBKO TeX mpejctapureseir SF™, apu vse-
1 1
MEHTbI IPUHAIEKAT S, ) WM, 9TO TO ke camoe, SF,"" 1HOPOKJIAET TOJbKO TAKUE CUCTEMBI,
IpaBble YaCTU KOTOPBIX UMEIOT OOl MHOXKHUTEIL MAKCUMAJILHON cTermenu [.

13 onpenenenust (1.6) u Teopemsr 2.3 [1,2.6 | BoITEKaET Cleyioniee yTBepXK ICHNIE.

1 2

I 5 !
Vreepxkaenue 1.2. SE™" aunetino we axsusasenmna SE,"™* npu ly # la, m. e. atoboie

! ! .
dea npedcmasumens SF," u SF™™ aunetino ne sxkeusarenmmol.

I I
Ecan SE™ umeer TOJIBKO OJHO MHOKECTBO s, "0 # (), To, oueBunno, SF;""° = SF™.

1.4. HopmupoBaHHBIE CTPYKTYpPHBIE (POPMBI U AOIMIYCTUMbIE MHO2KECTBA.

CJteIyIOIuM IAroM Ha IMyTH K OIpPeIeIeHUI0 KAHOHUIECKOH (DOPMBI CTAHET BBEJIEHUE I10-
HATHSI HOPMAPOBAHHON CTPYKTYPHO OPMBI, OCHOBAHHOI'O HA HOPMUPOBKE IIPU ITIOMOIIH 3aMe-
ubl (1.8) Beex mpejcraBuTesiei SFim’l C IeJIBIO MOJIyYeHus Ha JBYX, KaK IpaBuso (cm. 3am. 1.1),
JIOJIZKHBIM 06pa3oM BHIOPAHHBIX MECTaX €JMHUIHBIX 10 MOJYJIIO 3JEMEHTOB.

B |2, 1.2 | npusenenst nopmuposounsie npuniunb (HIT) BiGopa HOpMEDYEMBIX 971€MEHTOB
Marpuipl A, H03BOJISIONINE OCYIIECTBUTH HOPMHPOBKY Jit060it u3 120 SF", 1.e. 0HO3HAYHO
BBHIOPATH B HEll MeCTa JIst HOPMUPYEMBIX 9JIEMEHTOB W 3HAYEHUST, KOTOPbIE JTOJIYKHBI TTOJTYyIUTh
9JIEMEHTHI Ha 9THX MeCTax 1ocje HOPMHUPOBKH. IIpu 9T10M HOpMEpYIOmas 3amena (1.8) ompe-
JIeJIsieTcsl OJHO3HAYHO TSI BceX SF, Kpome SF32’2 u SF42’2, JI7IsI KOTOPBIX dJIEMEHT S B 3aMeHe
HPOU3BOJIEH W MOXkKeT ObITh BhIOpaH, Haupumep, exununeii (cm. 3am. 1.1).

. .l .
Urak, npegcraButesu moboit SF,™" (ducI0BbIe MATPHUIB 3aIaHHON CTPYKTYPBI ¢ 9JIEMEH-
I
TaMU U3 ST’ ) pa36HBaIOTCH Ha KJIACCbI 9KBUBAJICHTHOCTU OTHOCHUTE/IbHO HOPMHUPYIOHIUX 3aMEH
(1.8), a B kKagecTBe 00pa3yONUX GEPYTCS HOPMUPOBAHHBIE [IPE/ICTABHTEIH.

m,l o o .
OHpe,I[eJIeHI/Iel 1.7. SE™ 6ydem nasvisamv HopmupoearHol cmpykmyprol gopmots u
m -
o6osnawamv NSF™" (normalized SF), ecau ona obsedunsem moavko c60UT HOPMUPOSAHHLT
6 coomeemcemeuy ¢ HII npedcmasumened.

Coraarmenne 1.4. JIobyo HopmuposanHyo cmpykmyphyto dopmy A bydem sanucveams
6 sude 0B, 2de gviHecennvil U3 MAMPUYLL A MHONHCUMEND T PABEH 3HAKY NEPBO20 HOPMUPOBAH-
Ho20 asemenma. OCmasuwuecs HEHOPMUPOBAHHBIMU HEHYALEBLE IAEMENYL Mampuub, B, ecau
MaKosvle UMENMCA, 0Ydem JOANCHBIM 00PA3OM GOIPANCAMD YEPE3 NEPEMEHHBLE, HA3BLEAEMDLE
6 daavnetiwem napamempamu NSF u pynxyuu om wux. Takxoce npu neobxrodumocmu 6ydem
sanucweams NSF xax dynkyuto om ceoux napamempos.

Tem campiM, napamerpsl NSF, obo3nadaeMble u, U, W, . . . , BCETIA MPEII0JIaraloTcs OTInY-
5.1 51 u v v—u 0
ubiMu OT Hynas. Hanpumep, NSF;" = NSF. (o,u,v) = o 10 0 L] HO TIPH 9TOM

v # u, uHAUe m # 5.
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Cornamenne 1.4 mo3sosisier B marpuiie B, UCHOIb3yeMOil B Aa/JbHEHIIEM JjIsi HOPMAJIH-
38l BO3MYIIEHHBIX CHCTEM, MOJYYUTh MAKCHUMAaJbHOE KOJWYECTBO €IUHUI], & MHOYKATEJDb O,
€CJIM OH OKAaXKeTCA OTPUIATEJBHBIM, 3aMCHOM BPEMEHU MOXKHO CHEIATh PABHBIM CIUHUIE.

1000
0010

c 0 = signa;. 3/1ech HOPMUPYEMbIE JJTEMEHTHl PACIOJJIOXKEHBl Ha PA3HBIX 3UT3arax, U COTJIACHO
zamevanuio 1.1 Ha 3HAK 3JIeMEHTA U3 YETHOI'O 3UI3ara IOBJUITH HEBO3MOYKHO, MOITOMY OH
BBIHOCHUTCS B BUJI€ MHOXKUTEJIA 0. A 3HAK HOPMUPYEMOT'O SJIeMEeHTa 3 HEIeTHOTO 3UT3ara BCeria
MOXKHO CJIeJIaTh PaBHBIM 0, 4TO u Tpedyercsa B HII.

Tax, SFy' = (ay;¢,) 3amenoii (1.8) moxer Gwith cvenena k NSEy' = o

l

Omnpenenenune 1.8. Ecau sce nenyaeswvie anemenmos SE™ pacnososcenv moavko na 00-
HOM U3 3U230208, U3-304 4€20 6MOPOT HOPMUPOBAHHVLT 2AeMeHm 8 Mampuue B npu e20 naisu-
YUY MONHCEM PABHAMBCA KaK edunuye, Mmak u Munyc edunuye (6ydem 0603nawams €20 K), mo

y - 1
noaysaemyto NSFE 6ydem naswsamo deoticmeennoli u obosnavams NSF,".
! 1
Ormernm, uro aas NSF™ no cpaBaenuto ¢ SE™" cymecTBeHHO 001€r9aeTCs TPAKTHIe-
CKOe HAIUCAHUE YCJIOBHil, GPUKCUPYIONIMX MAaKCUMAIBHYIO CTEIeHb [ 00IIero MHOXKHUTEI.

u v ow
1 0 0

5,0
NSF?", ecin He BBIIOJHSIIOTCS IIepeYNCIeHHbIe BbIITe OIPAHNYEHNs Ha ITapaMeTpPhl.

Tak, NSF? = o ects NSF2? npn —v, w = u; NSFY' mpn w = v — u;

Omnpenenenne 1.9. Bnauvenus napamempos, npu KOMOPHIL ONPEOEAEHE NPOUSEOALHAA
! .
NSFE™, 6ydem nasweamv donycmumvimu. Obsedurenue donycmumvs 3navenull napamem-
. 1
P06 0aa Kacdol us Popm Oydem Hasvieamv OONYCTNUMM MHOHCECMBOM U 0603HA%aMb DS,
(permissible set). lonycmumoe mmoscecmso 6ydem Ha3u6aMd MPUSUGALHUM U 0603HANAMD
Loy .
tps.™" (trivial ps), ecau exodaugue 6 He20 napamempu 02PAHUNEHUT He UMEIOM.

1.5. KanHoun4yeckue MHO>KECTBA 1 KaHOHUYecKue popMmbl. llTak, paccMoTpuM mpo-
U3BOJILHYIO NSFim’l MaTPHILY, UMEIOILYIO 1M HEHYJEBBIX 3JEMEHTOB € 3aJJaHHBIM PaCIIOJIOXKe-
HueM, GUKCUPYIONUM ¢ — ee MOpsAKoBbIii Homep B SUSF™ cornacuo BeegennniM ClI. Hako-
Hell, | — 3TO cTeneHb oOIMEero MHOKATEIA Pl KOTOPBIH BHIHOCUTCS U3 TPABO 4aCTH CUCTEMBI,
MOPOKIEHHOW JTIOOBIM IIPEJICTABUTEIEM NSFZ-m’l. Corytacuo yrBepxkaennto 1.2 | wHBapuaHTHA
OTHOCUTE/ILHO JUHEHHBIX HEOCOOBIX 3aMeH.

OrmeruM, 9TO MOJIyYeHHe HOPMUPOBAHHBIX CTPYKTYPHBIX (OpM — 310 hopMajbHAs pa-
6ora, TpebyroIas ToJbKO HOpMUPOBKH (1.8), T.e. 3aMeHbl, He 3aTPAruBaoIieil CTPYKTYPHI MO~
posktarorieit 3tu GpopMbl MaTpUIBl A.

! ,
Teneps ke cranem yupomarh NSF!™, CBOAs WX HOCPEICTBOM HO,ZZLXO,ZLHH_[I/IX JIMHEHHBIX
m7
HeocoObIx 3amen (1.5) npn onpeﬂeﬂe?ﬂmx 3HAYEHUSAX TaPaAMeTPOB U3 PS, K MPe/IMIeCTBYOIIIM
mn . .

CTPYKTYpHBIM dopmam, T.e. K SF;™ ¢n <m nm ¢ j <iupun = m.

B cBs3u ¢ 3TUM creyer uMeTh B BULY CJIEIYIONINE JIBA COODPAYKEHUS.

, !

lC OJIHO#i CTOPOHBI, MpakTHuecKn Kazkaas NSFE!™ MoxeT CBOAUTHCA K MPEINIECTBYIOIHM

SF;?’ , T.e. mmeer "urnmHUX" TpejicTaBUTE e, THHEHHO SKBUBATEHTHBIX KAKUM-THO0 TPEeCTa-

BHUTEJIAM IPEIIecTBYIOMUX (popM. 3HaUEHUs TapaMeTPOB, JOMYCKAIONHe TaKUX Mpe/ICTaBUTe-
. !
Jeif, HaJo YIAIaTh u3 ps; .

. !
C apyroii croponst, Te NSF™', KoTopble npu Bcex JIOMYCTUMbBIX 3HAUYEHHsIX CBOHMX Ilapa-
MEeTPOB JIUHEHHO IKBUBAJEHTHBI KaKHM-JIHOO NPEAIIecTBYIONUAM (POPMaM, CaMOCTOATEILHOIO
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HHTEPEeCa He MPECTABISIOT, MOCKOJIbKY HE MOTYT BBICTYNATH B posn "mpocreiimux .

Omnpenenierne 1.10. Henycmoe muootcecmso, codepacauiee me u moavKo me 3HAUEHUA
l ! 5 y
napamempos us ps; ", npu komopoir NSF,™ aunelino ne sxsusarenmna Hukakot npeduecmesy-
y ! :
wwet SF, 6ydem nasvieamo kanonuseckum u 0603nawams cs; " (canonical set).

l y .
Onpenenenne 1.11. Jhobyro NSF™ 6ydem naswsamo kanornuseckol gopmotl u 0603Ha-
! , 1
wamo CE™" (canonical form), ecau ee napamempu. npunadaesncam cs,”

i
! ! !
Takum obpasom, marpurst CF™ u NSF™ seirsiaar onqunakoBo, Ho napamerpst C'F,™"

! !

IPHHAJJIEZKAT €S, — 9TO PS; ", U3 KOTOPOIO yJaJeHbl Te 3HAYEHUs, IAPAMETPOB IIPH KOTOPBIX
I

npencrasuresu NSF™" samenamu (1.5) cBogsares K mpegmrectsyomum SF.

YrBepkaeuue 1.3. Jlobvie dse xaronuveckue Gopmol AUHETHO HE IKEBUBANEHMHDL.

DTO OUYEBHIHOE YTBEP:KIEHIHE 03HAUYAET, YTO HIKAKUE JIBa MpeacTaBuTe st pa3anaabix CF
HJIA, 9TO TO Ke caMoe, HUKaKue jiBe cucteMbl (1.4), HOPOK/IEHHBIE COOTBETCTBY IOIIUME YUCI0-
BBIMH MATPHUIIAMHU, HEe MOTYT ObITH CBA3AHBI JIMHEIHON HEOCODOM 3aMEHOIM.

B psize ciyduaeB KaHOHHYIECKHE MHOXKECTBA IIapaMeTpPOB yIaeTcs JOMOJTHATETbHO OrPAHM-
YUTH IPU TOMOIIH JIMHEHHBIX 3aMeH, npeobpasyommux C'F' B cebs.

Onpenenenne 1.12. Kanonuveckoe MHoHcecmeo a10001 CFim’l bydem Ha3vL6aMb MUHU-
MAABHBM U 0003HAUAMD mcszn’l (minimal cs), ecau natidena aunetinas Heocobas 3amena, npe-
0bpasyrouas C’Fim’l 6 cebs U NO3BONAIOULASA 02PAHUNUMD ZHAYEHUA IAEMEHMOB csim’l, a UMEHHO,
ecAl IMO BO3MOACHO, O TOMA Obl 00UH U3 HECOUHUYHDLL INEMEHMOE TLOAYUEH 02PAHUYEHHBIM

ceepry u (uau) crudy u (uan) 3aPurcuposar SHAK MHOHCUMENS O.

1
Takum obpaszom, ecsiu C'F,™ He CONEPKUT NAPAMETPOB WU X HEBO3MOXKHO OIDAHUYHUTb,
I !
TO ABTOMATHYECKH €S, = Mcs; ™, T.e. SBJISeTCs] MUHAMAJbHBIM.

1
Oupenenenne 1.13. Mnoowcecmeo, codepocauiee me 3HGUEHUA NAPAMEMPOS U3 s, , om
) !
KOTROPOLL Ydaemcs u3basumuves Npu NoMoOusY AUHETHOE Heocobux samen, nepesodsuyus CF.
1 L
6 ceba, bydem Hasvieamv JONOANUMENLHBM U 0003Hawamb acs; (additional cs).

m,l

m,l m,l
[ =cs/""\acs

)

Tem caMbIM, mcs

1144 »

Coruamenue 1.5. B daavnetiwenm: 1) 3anuce “.. ¢ = [V uvi]...n=[aVuv]...
bydem o3navamo, wmo usu ¢ = G, 1 = G2, AU ( = U1, 1] = U; 2) ycaosue, 3aKA0OUEHHOE
68 Kpyeavie CKOOKU U 3GNUCAHHOE NOCAE OPY2020 YCAOBUA, He ABAACMCA MPEOOSAHUEM, G NPU-
600UNCA 6 KAUECTNBE HANOMUNGHUA O AYHUE20 BOCTIPUANUAL NOCACOYIOULUT PACCYHCOeHU;
3) 6 GoPMYAUPOGKAT PE3YALMATNOE OMAUKUE O, HYAA GUPAHCENUT, CTNOAUWUT 6 ZHAMEHAME-

A€, HE ABAACINCA npedno,/wwceﬁuem, a YcmaHasAausaemca 6 zode doKazamesbemeda.
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2. OmHOpPOAHBIE KYyOMYEeCKNe CUCTEMBI
C KBAAPATUYHBIM OOIIIMM MHOXKHUTEJIEM

2.1. 3anucek n JuHelHas 9KBUBAJEHTHOCTh cucTeM upu 1= 2.

Cucrema (1.4) npu [ = 2 ¢ yyeroM cornainenuns 1.2 0JHO3HAYHO MPeICTABUMA B BU/IE
i = Pj(r)Hz, (2.1)

1 @
P2 G2
281179 +y22 = pt ¥ (x) co erpoxoit kosbbunHenTOB P2 = (0, 23,7), OH EMeeT IUCKPHMAHAHT
Dy = 8% — ay, upuuem jmbo o = 1 (Dy = B> — ), 6o a,y = 0, 28 =1 (Dy = 1),
tak kak ycaosue (1.10) u3 cornamenuns 1.2 uckiaoudaer caydait = 0,y # 0 moromy, 4To
nepenymeparst (1.9) npu HEOOXOAMMOCTH CBOAUT Py K cTpoke (7,25, av).

apr aqr +26p1 28 +vp1 Y@ I by ¢ di
apy aqa+28ps 2Bgs +yp2 Vg2 as by ¢y dy
BBITEKAIOT (bOPMYJIBI, OJHO3HATHO ompeaenstomue pa u H (em. mpua. 3.2):

1) a1 #0, as # 0, Torna S #0, P2(6,) = P26,) =0,

e P'(Q)(H) = a2’ — 2a;b,0° + (asc; + b1)0 + a;d; — bic; (i =1,2), 20, = 6,0,

1 ab

rie matpuna H = u det H = 8, # 0, BemecTBeHnbIi 06mmit MEOKATENL PY = ax? +

[leiicTBUTEIHHO, U3 PaBEHCTBA (

moa=128=0,v=0— (b0, —ci)a;*, pi=a; ¢ =D0b — ab;

2) a1 #0, az =0, Torma by £ 0, PP(6,) =0, 62— (b6, — c1)a;" = dob; ", (2.2)

rie 6, = 626517 ua=1,28=0,~v= d2b51, p1 = a1, q = by —a10,, po = 0, gz = by;

3) ap =0, ay # 0, Torga Bce AHAJOIHIHO 11. 2) €CO CMEHON HUZKHHUX WH/IEKCOB;

4)a; =0,a2 =0, torma dy =0,dy =0, #0ua=0,5=1/2,v=0, p;="0b;, ¢ = .
Baech B (2.21) 3navenwe 0, HaiijleHO W3 paBeHCTBAa MPABHIX dacTeil (bOPMYJbI JJIsT 7y TpHYEM
dap = 0, nHA"E 04 = 0 1 Ay, Ay IPONOPIHOHAIBHEL, T. €. [ = 3; & B (2.24) dpe = dpq # 0.

Cobcreennble uncaa H U JUCKPUMHUHAHT XapaKTePUCTHUECKOTO IMOJMHOMA UMEIOT BUJI:
M2=(p1+q=£ \/5)/2 #0, D=(p+ q2)2 — 46y, = (1 — q2)2 + 4paqy . (2.3)

Teopema 2.1. Ilpul =2 samena (1.5) x = Ly npeobpasyem cucmemy (1.4), sanucannyro
6 sude (2.1) coenacno (2.2), 6 cucmemy (1.6) § = P(y) suda

y = Fi(y) Hy, (2.4)

ede mampuua H= (221 ({1> u cmpoxa xoadduyuenmos pa = (&, 28, ) obusez0 MmHoHCUMEAA
P2 G2

}302 = ayl + 25~y1y2 + Y2 = P2 ¢ (y) evmucasiomesn no caedyrougum dopmyaam:

r?  2ris; s 8, = 1189+ & = ar? + 20ryry + yra,
po=pM, M= |rry 6. sis2], +7r281,  UAU B = arys1 + B0, + yrasy,
rs 2r9se S5 det M = &3 5 = as? + 288189 + vs3; (2.5)

7’15;03 + 7’2(5(13 515}75 + 825,13
—Tl(spr — T26qr —5151” — SQ(Sqr

H=L"'HL ww H=05"! (053 = Opq),
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npu IMom OUCKPUMUHAHM, 150 = 52 — a7 csazan ¢ Dy caedyrousum obpasom:
50 — 52D0. (26)

a cobemeennuie wucia H u duckpumunanm D cosnadaiom ¢ Ay, Ay u D (e [1,2.4,1.2.2).

Cnenctue 2.1. IIpu | = 2 keadpamumunviti 0bwyuti mroscumens P2, svmocumuiti us mmo-
eounenoe P, Py cucmemor (1.4), u nosyuennud 6 pesysvmame damenv, (1.5) obuwul mmostcu-
meadb 1502, BLEHOCUMDLT U3 MHOZ20YUAEHO8 ﬁl, Py cucmemby (2.4), odnospemento packaadbusaromcs
UAU HE PACKAGODIBAIOMCA HA AUHETHBLE MHOHCUMEAU C BEULECTNEEHHBIMU KOIPHUUUEHMAMU U
noAHLT K6adpam Y HUX COTPAHAEMC.

CaencrtBue 2.2. Jlis mampuiot A cucmemw (1.6) sepra dopmyaa

(2.7)

ay by & dy APy GGy +2Bpa 284y +AP2 Al

(al b G d&) _ (6@1 GG+ 2851 2801 + 7 m)

U3 reopembl 2.1 Takke BbITEKAET CJIEYIONIEE YTBEPKIECHUE.

. 2

Vreepxkaenue 2.1. Bceex npedcmasumened, obpasyrowux NSF!™", 6 sasucumocmu om

snaka Juckpumunarma Dy = B2 — ary mo2icho pasdbumov wa mpu HenepeceRaouuTea MHOHCE-
2 2,= 2

cmea, obosnauaemoiz NSF,™ ~ NSF™*= NSF™ . B ceot ouepedv ecex npedcmasume-

. 2
NEU, 06pa3ymu4ux ]\/;S'P;-m7 ’*, 6 3asucumMocmu om 3HAKaA 0uc1§pumu7¢anma D us (23) MOHC-
2.%,=

14T

727 7>
HO Pasbumy HA MPU HENEPECEKANOUULCA MHodcecmea, obosnavwaemusy NSFE™="" NSF™ ,
2 2
NSF™3"< . Ananozunmvie pasbuenins, MOXCHO OCYULLCMEUMD 6 DSy~

i
2
Caencrsue 2.3. Cucmemui, noposicdennvie aobvimu dsyms npedemasumensmu NSF,™

C PasAUMHBIMU NAPAMU TNPETNDUL U HYETNEEPINBILT 6CEPTHUL UH067€6067 HE Moy oka3armbvCA AU-
HEUHO IKBUBAAECHMHBLMU.

2.2. Crmmcox NSF™?.

Beigeanm cHadasma w3 MHOXKeCTBa CTPYKTYpHBIX ¢opm (cwm. [2, Crnucok 1.1]) Bce dopmbl
(kpome SFP), umeronue XoTs 6bI OJHOTO IIPEICTABUTEIs, HOPOKIAIONMIEro CUCTeMY, U3 IIpaBoil
JaCTH KOTOPOH MOYKHO BBIHECTH OOIIHI MHOXKHTETh MaKCUMAJIbHOW CTEleHH JBa, T.€. BBIIe-
JUM Te (DOPMBI, I KOTOPBIX MOXKeT OBITh peaan30BaH caydail [ = 2. 3aTeM HOpMHPYEM HX,
corsiacuo BBeJeHubM B |2, 1.2 HII, nonyqas NSFim’Z.

Cmmucok 2.1. Copox dersipe NSE™? (m = 2,7) ¢ ykazanuem jijist Kazk0i pg u Dy (1o
meit), o H, a takxe D u ps™? (nox num) (o, k = &1, u,v,w # 0).

1 —1)2
NSF32’2=O' u 0 0 0 , (1,0,0), fu O 7 (u 22),
01 00 ] 0, 0 1 tps3y”;
1 —1)2
NSF4272:O_ 0O u 00 , (0,1,0), fu O 7 (u 22) ,
0010 ] 1/4, 01 tpsy”;
1 4
NSF?’SZO' 0 ~ 00 7 (1,0,0), {0 & ’ /;,2
’ 10 00 6] 0, L 0] itpsyy;
NSF82’3 s 00 x 0 7 (0,1,0), {0 & ’ 4/;;,2
; 01 00 6] 1/4, L 0] ipsg;
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1 0 1,1,0 10 —1)2
NSF;’?:U 7 ( s Ly )7 ’ (U 42) y
' 0 0 . 1/4, 0 u tps;”;
0 0 1,0 0 —1)2
NSFéﬁ =0 (g 1 Hou ) (1,0, %), (g 1>a (ltb 42) ’
K 8] —K, DSg ).

N2 _ ot 1 00 (1,1,0), (1 0} (u=—172
a,12 “uw 0 u 0 - ’ 1/47 U U ’ tps‘ll722§

Nspt2 (710 10y (1,1,0), (=1 1) (u+1)?
a,14,—1 0 u u 0 o T 1/4, 0 wu)’ tpséllf,_lé

1 1 1 1 1 —1)%2+4
NSF;,%:U( 0 0) (1,0,0), ( ) (u=1)* + 4o,
v [10]

u 0 0 0, vou)’ pszllé2 ={u #v};
NSFA2 _ o 0 u v O (0,1,0), {u v (3—1)24—41),
23 0110/, T4, \11) 7 psyd = {uF# v}

-1 1 1,1 -1 1 4 1
NSF§’22771:‘7 0 0 ; (1.1,0) ) u4—2 ’
eh u u 0 0 n 1/4, u 0] tpsyy _y;

0 0

1 1 1,1 1 —4
NSF*2 :U< 0) ’ (1,1,0), ( > 7 u(u o )
' —u 0 u 0 m 1/4, —u u tpsyy s

4,2 0 v 0 wu (1,0,1), {0 wu 4u,
NoFsi =0 (1 0 +1 0/ = -1 1 0/ tpssi i
[12] ) p 34,41
— 0 1,-1,1 0 —1)2
NSF;’Q_UG ou g 1) (73;1), (? 1)’<u 52)
[11] - /7 tps7 )
NSF§’2:0' uw v v—u 0 , (1717(])7 u v—u , 52(u_1)27
0 1 1 0 ] 1/4, 0 1 psg” = {u# v}
1 100 (1,1,0) 1 0 (u—1)32
5,2 ) Ly ) )
NSFCL?10 =0 , 52 .
v—u v u 0 1) 1/4, v—u u) psyy ={u#v};
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u v —utov 0 (1,£1,0), (u vFu (uF 1)% + 4w,
[12]’ 1/4 7 \1 =1 ’psi’f’_lz{u#:&v};

- 1 010 (1,£1,0), [ -1  +1 (uF1)? + 4o,
NSFCL,lG,*l =0 9 ? 5,2 _ .
13 1/4, —utv tu) psjy | = {u # +v};

a2 -1 ) _
NSF;’QZO ., (U v 11 0) ’ (1,v7,0), (v v v) ’ (v (1 v))? + duv?,
(13]

UV v 0 0 v_2/4, U 0 p520 ={v#1};
NSF252’2 s (0 U —u U 7 (1,-1,1), (0 u) 7 4u—|5—21,
10 VU 34\ 1) s
0

NSE2 — g L A L A +4(v—u)
' v—u v u 0 4 1/4, v—u U pszgz{u#v}

NSF16’2:U u u uv 0 , (1,1,v), u 0 7 (u—612)7
01 1 w 1) (1 —-4v)/4, \0 1 tpsy”;
NSF§’2 _ [ u(l—v) 0 —uv? 7 (1,1,v), U —uv ’ 6§u—1)2,
0 1 1w 3 (1—4v)/4, \0 1 psy” ={v#1};
6,2 u v ou v (1,0,1), f(u v\ (u—1)%
NSE=1o 1 +1) | 0 1) tpsS?;
[14] 9 p 47+17
)

u 0 ulv—1) —wwv (1,1,v), U —u (u—1)2,
) g ) 6.2
0 1 1 U g (1 —4v)/4, 0 1 ps2” = {v#1};
-2 -3 _ -1 -2 _ )2 -2
NSF66’2:0 (u u(v v) 0 uv ) ’ (1,—v,v™ 1), <u uv >’ (u—v)* +4uv™2,
[14] (

1 0 v -2 1 i =4 /a1 psg” = {v #1};
u v —v u—l—v) (1,-1,1), (u u+v> (u+1)2 + 4w,
’ ’ 6,2 _ A
[15] _3/47 1 p57 - {u % ,U}’
w(l—w) 1 1 0 (L,w™10), [ w—w? w )\ (wu—w+1))*+4w?(v —u),
w(v —u ’ psg’2 ={w #1, v #u, uw};

1 0 +1 0 -1, 0] tpsii 1

NSF162’2 Y (0 —uv U . —uv2> 7 (1,1)_1,2), <0 —iw> v_ — 4uw,

1 0 wv-—vw 1 ” (1—4v¥)o2/4, \1 o) ps = {v#1);
NSFS? = o (u 0 w wv?(l+w) ’ (1, —v,v? + v), (u uv ) 7 (uﬁ—l;v—kl) — 4u,

11 0 v(l+vw) 16 —v(Bv+4)/4, \1 1+v) psyy ={v#-1}
NSF5 _U<O U uv uv(v—1)> , (1,v,v% —v), (O u ) ’ (22— 1)2 + 4u,

1 1 0 —v(w—1)? - —v(Bv—4)/4, \1 1—v) psjt ={v#1}
it =a (Y0t ) ()

[18] ’ 16

NSF17’2—J (u wouv —u~+w v(w—u)) , (1,1,v), (u w—u>’ ) (u—1)2,

0 1 1 v " (1 —4v)/4, 1 psy ={w # u, u(l —v)};
NSFI? = o (u w uwt —v(uv +w) u+wv1> (1, —v,v7 1), <u uv—i—w)

10 vl — o2 0 T (v —4)wl/4, \ 1 v ’
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(u+v)2 + 4w, psy? = {v# 1, w# uv, —uv —v2)};

NOFT2 _ g [® utv v(w+1) ww+1)(v—uw) (Lw+1Lww+1)), (v v—uw
3 11 0 —w?(w + 1) " T (wH+ 1A -3w)/4, \1 —w )’
(u —w)? + 4v, psg’2 ={w # -1, v # —u, vw};
NSFT?2 u u+v v+uw vw (1,1, w), u v u? + 4o,
=0 R s
4 11 w 0 )y (1=4w)/4, \1 0 psy? = {v # —u, —uw}.

3ameuanue 2.1. B mpeacTaBieHHOM CHOUCKe COMEPKATCS JBE HOPMHPOBAHHBIE CTPYK-

5,2 5,2 )

rypusle opmber: NSF,” | u NSF" |, uMeroniue pa3/iBoeHIe, He CBA3aHHOE C HOPMHUPOBKOM

(M. omp. 1.8). OnHako, 9TOT BUJ JBOHCTBEHHOCTH He IIPEJCTABJSIET HHTEPECA, MOCKOJIbKY 06e

TH HOPMBI, KaK OyIeT NOKa3aHO HUKe, He sBJIAI0TCA KaHOHTYecKUMU. CyIecTBYIOT JTUHeHbIe

3aMeHBI, CBOJIAININE WX K npesamecTByomuM corinacuo CII erpykTypubiM hopMaM mpu JIIOOBIX
JIOIYCTUMBIX 3HAYEHUAX TTaPAMETPOB.

Samedganue 2.2. B cBsa3u ¢ ucnosb3oBaHneM B Da3JioXKeHUN paBoii dactu cucrembl (2.1)
HOPMHPOBKH K03bDUIIEHTOB 001Iero MHOKUTEIs Py oTBevalomeil cortamennio 1.2, cormacuo
Kotopoit @ = 1 mm o,y = 0, 28 = 1, Tak Kak caydait a = 0, v # 0 HCKIOYaETCI IpH
nomoty neperymepanuu (1.9), BO-TepBBIX, 0 ABJISETCS MHOXKHUTEIEeM MATPUIbl H, BO-BTOPBIX,
n3 NSE™?2 Tpebyomux HepeHyMepallii, B COOTBETCTBHHU ¢ omnpejesnenneM 1.4 mosydaioTcs
nonojaurenbusie NSEF™2 uro u orpaxkeno B cnucke 2.1.

2.3. 1eBdaTh KJIaCCOB 3KBUBAJEHTHOCTHU OJHOPOIHBIX KyOMYECKUX CHCTEM.

Utak, mycTh npoussosibHag cucreMa (1.4) @ = A¢Pl(x) npu [ = 2 3amucana B sume (2.1)
© = P¥(x)Hzx, vae P} = az? + 2Bz119 + y23, upuuem o = 1 (Dy = % — ) wu a,v = 0,
26 =1 (Dg=1), n marpunia H = (p, q) — Heocobas.

[To reopeme 2.1 jobast 3amena (1.5) x = Ly (det L # 0) npeobpasyer (2.1) B cucremy (2.4)
v = (&,28,7) ¢?(y) Hy, y xoropoit p2 = (&,283,7) u marpuna H ¢ d5; # 0 uz (2.5), Tpu srom
¢ yaerom obosuadernnit (1.6) masa marpunpt A cucremsr (2.4) Bepua dbopmyaa (2.7).

[IpuBoauTs cucremy (2.1) K pasnndubiM KaHonumdeckuM dhopmam OyaeM B JBa ITaIa.

Ha nepsom srane Boibepem 3ameny (1.5), koropast cBoaut marpuity H cucremsr (2.1) K xKop-
naHoBoit (popme H B mosyuaemoii cucreme (2.4). Bu 3aMenbl 6y/1eT, KOHEUHO, 3aBHCETH OT 3Ha-
Ka quckpuMunanTa D u3 dbopmyist (2.3) (em. npui. 3.3).

1) D > 0, Torga coryacuo (2.3) Marpuna H uMeer BeleCTBEHHBIE DA3/IHYHbIE COOCTBEHHbIE
qucaa Ay, Ay # 0. Toanee roBopsi, mycTh

M= +¢+ 00@)/2, A= (p1+q — Uo\/ﬁ)/l A =p1 — @2+ 0oV D #0, (2.8)

rae o9 = {1 npu p; > qo, —1 ipu p; < @2}, TOTAA 0¢ = Sign A\, H ao\/ﬁ = A — Ao
)\* —2(]1
2]92 )\*

cucremy (2.1) K cucreme, 3anucanuoii B Buze (2.7) wim (2.4), y Koropoi

- (O‘Al 2 0>; ﬁ:<A1 0>, &= X2 + 48, + 40}

Bamena J7 = ( ) (6 = 200D X,) ¢ yaerom dopuya ans Py w3 (2.5) cBoaut

0 @l 26X Ao 0 Ao
B =B\ —2(ag — yp2) A\ — 4Bp2qr,  F = N2 — 4Bgi . + dagi.

(2.9)
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2) D =0, rorna B dopmyie (2.3) A\, o =v = (p1 + ¢2)/2 # 0, unaue det H = 0.
0 26]1

21): a) q1 # 0, Torga 3amena J3, = <2
g2 — P1

>7 b) q1 :07 D2 7£ 0 (p1>Q2 = V)? TOT A

1 0
HOPMHUPOBKa J3, = (O
D2

i 51” ~251/~ ~’~W~ ~0 g (v 0 |

a av+20 28v+75 Av 1 v (2.10)
4y, B=48q —2v(p1 — @), 7 =4aqi —4Bqa(p1 — @) +v(P1 — @)%,
(0%

), csogar (2.1) k cucreme (2.7) nnn (2.4), y KOTOpOii:

a) &
b) @

) ﬁzﬁp% i/:’)/pg (V:pl)'

25) 1, p2 = 0, Torga B cucreme (2.1) marpuna H — nquaroHasbHas u Py, ¢a = v # 0.

3) D <0 (0py >0, pag1 <0), Torga B (2.3) A\, A2 — KOMILJIEKCHO-COIPSIKEHHBIE.

V=D p1—q
0 2]?2

(2.1) k cucreme, 3amucannoit B Buge (2.7) win (2.4), y KoTopoii

o %ﬁv—qu 75—2@/1 Y m- (Y M) a=—ab.
ap av+2Bp 20v+yp v T
B =vV=D(a(p1 — q2) +20p2), 7= alp1 — q2)* +48p2(p1 — q2) + 47p3,

Bamena Ji = ( (0 = 2psv/=D) ¢ yaerom dbopmyn ast Py u3 (2.5) csoaut

(2.11)

rne v = (p1 + q2)/2 (= ReAi2), p = V—D/2(= |Im Ay 5|) > 0, npuaem v? + p? = 0,

Ha Bropom srtane B JnHeiiHO HesKBHBaJeHTHHIX cucremax (2.9), (2.10), (2.11) caenaem
IPOM3BOJIBHYIO 3aMeny (1.5), cBOAAIIYI0 KaxkKAyio U3 HUX K cucreMe (2.4), Bce cocTaBisgioniue
KOTOPO# BMECTO CHMBOJIA ~ OYJIeM CBEPXY OTMEYATh CHMBOJIOM .

B pesyibrate, yaursiBasg (2.5), o anagoruu ¢ (2.7) mOIy9IuM CHCTEMY

Ao (@ boa d _ fap aq+20p 200 +ap A (219)
az by Gy dy APy Gy +2BP2 284 + P2 )

y KOTOpOit & = ar2 +2Briry+A1r2, B = (Gsy+ Bs2)r1+ (Bs1+782)ra, 7 = as?+2Bs155+ 752,
¥ D1 T10ps + T200s  S10ps + S204s 9
o= (P ) g [ T TR0 SO0 5200 ) (ot T = = 65 = ).
pQ q2 _rlépr r25qr 816” 826q7“
Ocraercs momobpars Kodbdunuentsl 3amensl (1.5) Tak, 4rodb cucreMa (2.12) okazanach
HauboJee TpOCTOil B cooTBeTcTBUY ¢ BBedeHHbIME B [2,1.1,1.2] CIT u HII.

Peanmsaiust yKasaHHOrO IaHa Oy/IeT MPOBOAUTHCA OTIETBHO [T KazKI0TO U3 TPEX KJIac-
COB CHCTEM, Ha KOTOpBIe pa3bmBaeTcs (2.1) B COOTBETCTBHH €O 3HAKOM JuUCKpuMHHAHTa Dy
obmiero MuOKHUTEIst P}, mEBApDHAHTHOTO cornacho (2.6) ornocurennno 3amen (1.5).

Takum obpazoM (akTHIecKoe HAXOKIeHNEe KAaHOHUIECKHX (POpM OYIAET OCYIIECTBISITHCS
OTHEJIbHO B KaXKJIOM U3 JEBATH JUHEHHO HEIKBHBAJEHTHBIX KJIACCOB, PA3/IEJIeMbIX 3HAKAMH
muckpumuaauToB Do u D cucremsr (2.1) (ewm. caen. 2.3).
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Ha6op 2.1. KoucranTsl u 3aMeHbl, HCIIO/Ib3YEeMble B JlaJbHelemM B pasjesie 2:

D = (p1 — q2)* + 4poqr, 00 = {Lmpu p1 > g, —1mpu py < ga}, My = (1 + 2 £ 00V D)/2,
A =pi—qtooVDiv=(p+¢)/2, n=V=D/2 7= (8*-a7)"? ¢ = (27) /2, 0, = signa,
o3 = {1 npu § >0, —1 mpu § < 0}, 0, = sign7, 7 = B—l—am’ ¢ = (a7 — B2)V/2
:{7"1 = )\*, S1 — —2611, o = 2p2, S9 — )\*}, JQaZ{Tl = 0, S1 — 2C]1, SS9 — 2, T2 = (@2 —P1}>
Jp=A{ri=18=0 =0 ss=p}, J={r=v-D, si=pi—q, 12 =0, 52 =2ps}.
2.4. Iloctpoeane CF™? npu mynesom auckpuvmHaHTe P3.

Cucrema (2.1), y kotopoit PZ(z) aBagercsa MOJTHBIM KBAIPATOM, IMEET BH]L

i=Pi(x)Hz, Pj=(x;+pr2)* (y=p>e Dy=0, det H=4,, #0). (2.17)

Boraesum u3 ciiucka 2.1 sopmuposanibie (hopmbl 10 NS F 13 BKJIIOYUTEIBHO, OTHOCSIIUAECS
K ciaydaio Dy = 0, takux ¢opm — 5. Ob0o3HaUEHHS I HUX CM. B yTBepzKaeHun 2.1.

[oxazkeM, 94TO IpUBeIeHHBII HIUZKe CHHCOK COJEPKAT BCe BO3MOXKHBIe KaHOHIYecKue (op-
MBI cucTeMbl (2.17) co cBOMMHU KAHOHUIECKUMHU MHOZKEeCTBaMHU u3 onpeaesennst 1.11.

Concok 2.2. Ilarb C'Fim’Q’ 1 UX csm2 (0,6 =241, u#0, p2=(1,0,0)):

3 0100/ 22’:’::{u:1}'
CF2A=2 _ 4 0 00 cs7,€ ={k =1},
T,k 100 0}’ 2 27 < _ {/i _ _1}
copd2=> _ (v 1 0 0) s 32"’ = {u # 1},
’ 0100/ 52,, = {u=1}
= 1 00
3727:7: 1 O O 0 372,:7:
CFa,lS =0 (1 w 0 0] €513 ={u=1}

Yreepx)aenue 2.2. Toavko caedyrowsue Gopmo, u3 cnucka 2.2 npu yka3annois 3Ha%eHuar
napamempos ceodamea x npedwecmeyrowum, cozsacro CII, empykmyprvim dopmam:
NSF3’2’1’> npu u = —1 samenot (1.5) ¢ 1y =19, s1 =0 ceodumca x SF72’2
NSF3»=7 (u > —1/4), NSF5>== (u = —1/4) samenoi (1.5) ¢ ry= (14 1+ du)ry/2, s, =0
ceodamea k SF?;

NSFS>=7 (u# 1) samenot (1.5) ¢ ry = (1 —u)ry, sy = 0 ceodumea x SF2*

Ha6op 2.2. KoucranTsl u 3aMeHbI, HCIIO/Ib3YeMble B JlajbHeiiem B pasaeie 2.4:

wy =2paff + A, w2 =2¢1 — A\B, w3 = (p1 — @)B — 2q1,
Wy = p252 +2p18 — 1, w5 =B+ (01— )8 — 1, W6 = p1 — G2 + 2p2P5;

L3557 = fry = [0V @] V2], 51 = [1V0], o= [J=3A 2V 0], 5, = [0V 1]}
Lz 3—1 = {ri, —s1 = @y 'wara, 2,52 = |[4wiro| T}

L32’ T ={rn =0, 51 = —wy lwasy, 1o = @M |72, s = Mi(M = o) M)

ngii ={ri=|p|™"% s1==B, 12 =0, s3 =1}

L7 ={r1 =0, sy = vry, rp = [|wiv|" 2V |(Bp2)?v|7/?],

o= (28w ey () Il ]

Ly ™" ={r,50 =0, si = [[46%0|7 2V [u[ V2], ry = vt}
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LgilzK = {r1, 80 = (=D)V4(232pyws) ™, —s1,1m9 = (p1 + Bp2)(— D)~ V4(V2poma) '}
Li)722777< = {7“1 = (5pq + V(5p2 - (12)(_D)71/2:0717 S1 = 5quG(—D)71/2(4Vp)717
ra = (Bp2 — @2)(20) 7", s2= dpe(Avp) ™'}, rie p = patws|2v2.

Teopema 2.2. Jhobas cucmema (1.4) ¢ | = 2, sanucannaa 6 eude (2.17) cozaacno (2.2),
AUHETHO IKEUBANEHIMHA CUCTEME, NOPOAHCIEHHOT HEKUM NPEICMABUMENEM COOMBEMCINGYH0-
weth kanonuveckol gopmut ud cnucka 2.2. Huoce daa kaocdot C’Fim’Q’:’* NPUBEIEHBL:

a) yeaosus nwa PE u H cucmemw, (2.17), b)) samenw (1.5), npeobpasyrousue npasyio “acmo
cucmemot (2.17) npu YKA3AHHUL YCA0BUAT 8 BuOPAHHYIO HOPMY, €) NOAYHAEMBLE NPU FMOM
BHAYEHUA MHONCUMELS, T U NAPAMEMPOS U3 cs.> " :

CEP*™” ¢ a) D >0, [wy =0V, = 0], b) J2 L3>, ¢) 0 = [sign\ V sign ), ],
w=[AT" A VA

CEX77 1 a) D >0, w,we #0, \j = =X, b) J2, L3277, ¢) 0 = sign \y;

C’F73’2’:’>: a) D >0, wy,wy #0, \ # =Xy, b) JZ, L?7”2’:’>, ¢) o =sign\;, u = A" Ay;

CF*==:4) D=0, =0, p,=0,b) L2*77, ¢) 0 = signpy;

CF==:a) D=0, [ 20, ws A0V g =0,py #0, B #0], b) [J3, vV J3], L3>~
¢) o = signuv;

CR™ " :a) D=0, [ #£0,8#0, @3 =0Vaq =0,p #0,8=0],b) [J3 V3]
L3777, ¢) o = signv;

CYF72£71:7< : CI,) D < 07 42 = —P1, b) J??a L§:2—71:7<7 C) 0= 1;

CF3™%:a) D <0, v#0,b) J2, L})™5, ¢) o =signv, u= —6,,(2v) >

HokazarenbcrBo. B 3aBucuMoctn or 3uaka auckpumuuanta D u3 (2.3) cucrema (2.17)
¢ v = (% onuoit u3 samen JZ, Jza wiu JZ, J2 cBejena coorsercrsenno K cucreme (2.9), (2.10),
(2 11) ¢ KopaaHoBoii MaTpureit Hu OOIIUM MHOYKHTEJIEM P2 [Tpu stom a0,y > 0, a+ 5 > 0,
3% = a7 B cuy (2.5), (2.6).

Hasee, B KaxK/JI0i U3 TMOJYUYEHHBIX CHCTEM CJeJaHa TpOoU3BoJbHas 3amena (1.5), mpeobpa-
3yromas ee B cucteMy (2.12), w3 KOTOPOil U GYJYT BBLAEIATHCsSI KAHOHUYIECKUE (DOPMBI.

B cucreme (2.12) obmuit MHOKUTEb 1502 uMeeT cieayionie Ko3hpOUumenTs:

v

A>0: a=a *(ar + Bm)z, B =atar + 57‘2)(0781 + 582)7 ¥ =a H(as + 582)23

i=0 (B=0,7>0): a=7r3, B=7rssy, ¥=A7ss (2.13)

B dopmyne (2.13) Beerga MOXKHO ¢JieJ1aTh, HATIPHMED, B =0,% = 0. las storo B 3a-
MeHe (1.5) mocTaTouno 3aUKCAPOBATH CJEIYIONIYIO CBSI3b MEXKIY S U Sg

a#0: s1=—a 'PBsy, a=0: s9=0, (2.14)
B pe3yJibTaTe KOTOPOH B mostydaeMoii cucreme (2.12) apa mpaBbix cToaba A OVIYT HYJIEeBBIMH.

DD >0 (A, Ay #0, \y—Xy = 09D # 0), (e, mpu. 3.4.1). Y3 cucremsr (2.17) 3amernoit
J? monydena cucrema (2.9), y koropoii B P : & = w?, [ = wiwy, 7= ws.

I[TIycts 3amena (1.5) mpu ycaosun (2.14) csoaut cucremy (2.9) k cucreme (2.12), y KoTopoii
ko3 dunmenter P2 onpegenens B (2.13).

A 0 00
I)a=0 (¥>0, s, =0). Torna cucrema (2.12) = yr3 (()\ )\2)r 1y o O) . Mpn
1= A2)T18] 1
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=0, =1 1=FNM])V2 - sr0 CF*™” ¢ 0 =sign Ay, u= A"y # 1.

13) @ > 0. Torma cucrema (2.12) umeer Bu

M SO AT +B/\2T2 B()\Q—)\l)Sg 00
A= 1 amm s : 2.15
(Tl ta 5T2) (d()\g — )\1)’/“17"232_1 d/\z’f’l + ﬁ)\ﬂ"g 00 ( )

P - _ A 0 00
1) B=0 (¥=0,s =0). Torna cucrema (2.15) = ar? (()\2 B )\1)7‘232_1 N 0 0) . [pu

Py =0, 5o =1, 71 = (@|\e]) "2 — 310 CFZ*™7 ¢ 0 =sign\y, u = M\, ' # 1.
3 2
13) B #0.
129 N\ = —X\y & p1+ g = 0. Torna upu r; = a1 Bry cucrema (2.15) =

) 0 7“27132 00 ~ ~1/2 2,2,=,> :
43135 Ng . . pu 19, 59 = (49| A2|) —aro CF; 7 ¢ o =sign .
T25, 0 00

Ao (Mg — Ayt
126) A, # —Xy. Torma upn r; = 0 cucrema (2.15) = 3r2 [ 72 (A2 =Ai)ry sz 00 :
0 A1 0 0
Tpu 5 = (F|M])7V2, s2 = MM — X2) " (F|A1]) /2 sra cucrema — NSF2*™7 ¢ o = sign Ay,
u= A"\ # £1.

B cucreme (2.15) moxkno eme caenars by = 0 mim &y = 0, nonyuas SFY? wmn SF;’128,
KOTOPBIM C’F73 20> npeamectByeT corstacuo CII2.

2) D= (p1 — @) +4p2q1 =0, .e. B (2.3) A\, \a =v = (p1 + ¢2)/2 # 0 (cm. npmt. 3.4.2).

21) U3 (2.15) ¢ v = 3% npu q; # 0 3amenoii .J2, momyuena cucrema (2.10) ¢ @ = 482, f =

—28((p1—@2)B—2q1), ¥ = ((p1 —q2) B —2q1)? cormacuo (2.10,), ampu q; = 0, py # 0 (g2, p1 = V)
samenoit J2, — (2.10) ¢ @ =1, 8 = Bpa, 7 = (Bp2)? cormacuo (2.10y).

I[Iycts 3amena (1.5) mpu yeaosun (2.14) comut cucremy (2.10) k cucreme (2.12), y KoTopoii
ko3bdurmentor Py onpenesens B (2.13).

0 0
21) @a=0 (¥ >0). Torna cucrema (2.12) = yry (Tl _Z fo 5 ) Mpu ry =0,
—ris; vra—ry 0 0

—-1/2
)

re = (F|v|) sy =vry (s5=0) —s10 CFY*™~ ¢ o0 =signv, u = 1.

B cucreme (2.12) momumo dy = 0 MOXKHO nostyanth by = 0 wian a; = 0, 970 MpeBpaTuT ee
3,2 3,2 3,2,=,=
B SF5" mma SF g, kotopeim C'F; npenmrecTsyet cornacuo ClI2.

22) & = [48? vV 1] > 0. Torna cucrema (2.12) umeer Bu

A ~ <(du7’1 + B)ry + Burs —a 3%, 0 O) '

_ 1 . . 2.16
(ri + & " Bro) arlsy! (avry — B)ry + Prry 0 0 ( )

= 0 00
220y B =0 (s; =0) & [wz3 =0V S =0] Torga (2.16) :&r%< 1/_1 ) [Tpu
riss v 0 0

Y2 =0, sy=v7lry — 310 CF 7" ¢ o = signv. U - nepenymeparmus (1.9).

r=(alv|)
0 v 0 0

2—1z,.—1
- — 0 0
225) B+ 0 (§ > 0). Toraa npu r; = 0 cucrema (2.16) = 73 (V B Are s ) Mpn
S2 = —P7'wry (s1 = vry) — 310 CF?’Z’:’: co=signy, u=1.

ra = Glv) 2
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Coyuan 21) u 22) nas qp # 0 (8 =0 u B # 0) 06beuHens B bOPMYTHPOBKE TEOPEMBI.
13 (2.16) moznO Takuke noxyanth SFry SFS,HQS’ kotopeim C'F2» == mpemimectryer.

29) ¢ = 0, p2 = 0 (g2 = p1), ™ e. B camoii cucreme (2.17) H — guaroHasibHas MaTpHIA.
Bamena (1.5) ¢ 1y = |py| ™% 51 = =B, 15 = 0, 55 = 1 comur (2.17) k CF>77 (u = 1)
c o = signp;.

3) D <0 (p2q1 <0), (em. mpmit. 3.4.3). 13 cucrempr (2.17) 3amenoii J3 nosydena cucrema
(2.11) ¢

a=-D, 6 vV —Dwg, ﬁzwg.

[Tycts 3amena (1.5) npu yeaosun (2.14) comur cucremy (2.11) k cucreme (2.12), y KoTopoit
ko3bdurmentor Py onpenesenst B (2.13). Toraa (2.12) umeer Bu

(1 + &) (6w + Bu)ry + (B — ap)ry —a (@ + s 00 2.17)
p(rt +13)sy" (av — Bp)ry + (B +ap)ra 00
31) v =0 <% ¢ = —p;, upu 310M G + BQ = —4Dpywwy # 0, Tak Kak ,ZLI/ICKpI/IMI/IHaHT W4

paser D, a D = 4(p? + poq1). Torma mpu 7, = &' fry cucrema (2 17) = a=3(a% + [2)2urdx

0 1 0 0 ~ —
e Mpu 1y, 50 = G¥2(@% + §°) 72 - sm0 CF2T " co = 1
7155 0 0 0

32) v # 0 & p1+ g # 0, mpu sToMm a2 + B2 #£ 0. Toma B cucreme (2. 17) npu 1 =
&2 (ap+Br)p, vy = @ (Bu— Gv)p, 53— G202+ ) (20) L p, e p = 20 Y@ +52)
sement by = 0 u — 10 CF5>=< ¢ 0 = signv, u = —(12 + p2)(2v) 2 < —1/4.

B cucreme (2.17) MoxHO TakKe cuenarh d; = 0, nosydas SF ¢ 66apumM nHgekcoM. [

. 2.=
B pesyibraTe okasanach JoKa3aHHON moyHoTa cincka 2.2 C'F™™™ mpu HyaeBoM JAUCKPHU-
MUHaHTE OBIIero MHOKUTe st Py 1 uX JuHelHAsd HeSKBUBAJICHTHOCTD JPYT JDYTY.

[IpuBesem Teneps JimHEHHBIE HEOCOOBIE 3aMeHbl, KOTOPBIe Ay C'F' u3 crucka 2.2 mo3BoJisT
BBIJIEJTATH MIHUMaJIbHbIe KAHOHIYEeCKHe MHOYKECTBA, BBeJleHHbIe B ompeesennn 1.12.

2,2,= 3.2,=>
YrBepxkaenne 2.3. Toavko ¢ CF; 0~ u CF; u3 cnucka 2.2 ydaemesa 02panutums
ma27:7 272}:
3HAYEHUA NAPAMENPOS CSy a umenno: 6 CF77~ nopmuposka (1.8) ¢ 1y, —so = 1 usmenaem

3,2,=, ~ ~ i NP
snak 05 6 CF2577 npu 6 = o, @ = u samena ¢ r = |a|™Y2 81 = 0, ry = (1 — a@)|a| 72,
sy = U|t| 7Y% daem o = Gsign@, u=a "'
2,2,— 3,2,=
Caenctsue 2.4. Coznacno onpedeeruro 1.18 umeem: acsys = {o = —1}, acsy™ ™" =
m2,_,*

m,2,=%

{Ju| > 1}; y ocmaavuuz kanonuueckur dopm uz cnucka 2.2 mes =cs

Bameuanue 2.3. B NSF;>™< B ommmane ot NSFL;~ snement by < 0, Tak kak u < —1/4.
[Tosromy HII2 BpImosHSIETCS W MOXKHO OCYIIECTBUTH Jydiryio corsacHo HII3 HOpMuUpOBKY,

noayaas NSF3>=

12 new

1 O 0 0 12,TL6’U}
IIpu srom NSES>™ mopmuposkoii ¢ 1 = (—u) V4, 55 = (—u)™3/* cBogurcs x NSFE’QQnew
cv=(—u)"Y2€(0,2).

-1 0 0 _
=0 (U ¢ D = v? — 4, a smaunr, psiyon = {|v| < 2}.
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2.5. Iloctpoeane CF™2 npm mojoKATEIHLHOM AUCKpUMHUHAHTE P2

Cucrema (2.1) ¢ MOJOKATETBHBIM TUCKPAMAHAHTOM MHOTOWIeHA Pg (), IMeeT BH

PO2 = oza:% + 2Bx119 + vxg,

Do=pf>—ay>0 (detH =6, #0). (21>
a=1wmwma,v=0,206=1, 0o=75 ay (de pq?é) ( )

&= P(x)Hw,

Bhi 2.1 b NSFy?
AeJINM N3 CIINCKa 2.1 HOPMUPDOBaHHBIC OPMBI J10 23 BKJIIOUHUTEJILHO, OTHOCAIIINECA
K ciaydaio Dy > 0, takux ¢popm — 9.

Briscanm, kakue NSF™2%> 0Ka3bIBAIOTCS KAHOHIIeCKIMH (DOPMAMH, U JTOKAZKEM, UTO MPHU-
BEJIEHHBII HUKe CIIUCOK COJEP:KUT BCe BO3MOYKHBIE KaHOHHYecKHe (opMbl cucTeMbl (2.17) co
CBOMMHU KaHOHUYECKMMH MHOZKeCTBaMU U3 omnpejesenus 1.11.

Croucok 2.3. Cemb C’Fim’2’> U ux 037’2’> (0,k =21, u,v #0):
2,2
CF42’2’>’> — Y <0 u 0 0) csy’ > = = {u # 1},

00 1 cs2P>T = fu =1}
CF2727>7< 0 0 K ngzi7>7> - {K/ = 1}7
K 2727>7< _ — .
0 10 CSS,K - {K’ - 1}a
optess_ (0w 10 esiiT” = {u # 1},
077 0 01 0) e ={u=1};
. o este T ={u>-1/4),
CP™" =0 (0 0) eI T = {u = —1/4},
csi”g 7S = {u < —1/4);
4,2,>, u 0 — 4,2, '
-1 0 1 0
CFi77 =0 L esiity ={u# —1,-2,-3}
0O w uw O
4,2,
o 0w v 0 08332?—{%51 v>—(1=u)?/4, v#u, 2u—1)/4, u2—u)/4},
CFyo " = 01 1 0l sy T ={u# -1, v=—(1—u)?/4},
7 = {v < —(1 —u)?/4}.

0 011

ne asasomes CF™>>  m.e. npu 6cex donycmumvls 3Ha4eHusT napamempos samenamu (1.5)
ceodamesn coenacro CIIT k npedwecmsyowum cmpyrmypHvim Gopmam.

YrBepxkaenue 2.4. Toavko NSF74’2’> = U(O v O) . NSE5» = 0(8 g (1] —1u)

2, . 2,2
JokazatenscTBo. NSF.™~ 3aMenoii ¢ s, = —8g, 73 = 0 coguresa K SF 0 wim SF,", a
4.2, .. 3,2 2,2
NSF3>7 Toit ke 3aMeHOi CBOJLI/ITCH k SFy;” nma SF,°. HenocpencTseHHOI IpOBepKoil ycTa-
HOBJICHO, UTO ocTajbHble NSF™2%> gpnaiorca CEF™%>. [

Ha6op 2.3. KoucranTsl u 3aMeHbl, HCIIO/Ib3YeMble B JlajbHeiiemM B pasjeie 2.5:
1 =TA1 — AFe, @2 =TT A — A7\, @3* =2Tvos£75, @i =27vos £ (G + )
Li’j;’> = {Tl =1, s1,79 =0, s9 = (25)\2)71}
Ll;ﬁ;ji ={r = |7|1/2D1/4(25>\2) 000y, 51 = —A7 'Sy, T2 =0, 53 = |7|71/2D71/4},
L32’>’> ={r =0, s; = |a|~?D~ 1/4, ro = |a|1/2D1/4(25A1) 000q, S = —an ‘s };
Ly ={n= ’404)\1\ V2 51 = =4 s, 1o = —ai) 'y, sy = 4]~ 1/2}7
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L§’2’>’> _ {_7"1751~: 01/4(1 4 01/2)—1/2’ o, Sy = U_1/4(1 4 01/2)—1/2}; i
L1377 = {ry = ¢*ijlaM|7V/2, 51 = —AN s, o = —an 'y, sy = @(28) 7'},
L2727 = {ry = =97 re, s1=7(2B) 'ra, 12 = Q¥j|FNe| T2, 50 = —ai 1)
L1377 = {r = [2a]7V2D7V4) 51 = =i Ly, 19 = —aij 'ry,

52 422;|>d|UQDM(;%CW)?/?(2’/):100%}7 o o

L2y 77 = {nr :¢|77‘1/2|04 V2D 1/47 s1= =1 'sa, ro = —auij 'y,

s = ¢|i[*/2|a["/2 DYy oooaos}

Lliﬁf{> = {7”1, S1 — 1, o = O, S9 = —2},

L2177 = {r =0, 81 = (@ — 2)82/2, 12,55 = 2|0(@ — 2)|"/2};

Ly ={r =1, si = o (pin) 7, e = —a, sy = dtpr '}

L?62’>’: ={ri=-97""ry, 51 = |25|~_1/2, ro = V:151, So = —an s}

LI = {1 = =30 'ra, s1= —/2, 12 = —Gi7 L 05, 52 = —an "1},
L2577 = {r1 =, s1= =70 s, o = =i 'r1, 55 = 671(27) ' og);

Ly ™™ ={ri =0, s1= =9 "5, 1o = —aij ‘1, 5 = Gii(3) " ophs

L2777 = {50 = [ V2(@% + 52) 2, sy = =0 sy, o = —ad M
LU = {ri = =30 Tra, 5= 07 + ) 3@ + )~ (40) 772,

T2 = ¢7~]<(:}/2 + ﬁ2):u)_1/27 S2 = _&ﬁ_181}7

L2y = {r1 = 6n((@ +7°)u) 1%, s1= —Fi s,

ry = —Gi ', sy = 6(6 + )26+ 3) 7 (42, N
2,>,< L ~ — oy ~ ~ ~ -
Ly 7t = {7°1: ¢n((a2 + 772)#) 1/2> S1=—1M Lss, To=—qQmn 17”17 Sg = ¢((042 + 772)H)1/2/904 }

Vreepxkaenue 2.5. Toavko caedyrowsue Gopmo, us cnucka 2.8 ¢ YKasanHoLMU 3HA%EHUAMU
napamempos ceodsmcs ¥ npedwecmsyrowum cozaacno CII cmpyxmyprvim dopmam:

1) NSFé’Ef’> 2 a) npuu = —1 3amenoli ¢ ro = —ry S1 = So C600UMCA K SFSQ’Q;
b) NSF;’E’?: (u = 1) moti sce 3amenoti ceodumea x SF;;
2) NSFff’j’> ©a) npuu = —3 samenoti ¢ 1y = 0, 51 = —285 ceodumea k SFy,
b) npuu = —2 samenoti ¢ ry = —r1, 53 = 0 ceodumca x SFi;
c) NSFff’j’: (u= —1) moti sce samenoti ceodumea x SFy;
3) NSEy>>7(6,1,7) : a) npu @ =1 (0 > 0,0 # 1) 3amenot Lg&f’> ceodumes x CF§’3’1>>
co=—d,u=(1-3Y)(1+Y) e (-1,1) (Ju| < 1);
b)npua # 1,0 = (2a—1)/4 (a # £1/2) samenod Lli‘f’_>1’> c600UMCA K CFf4?;>l’> cu=—2u—1
(u 7é -1, _27 _3);
c)npuu # 1,0 = a2 —1u)/4 (v # £2) 3amenoi L2ﬁ’i’> c600UMCA K C’Ffffl’> co =
—gsign(u(u —2)), u=—(a+2)a"' (u#-1,-2,-3).

Teopema 2.3. Jhobas cucmema (1.4) ¢ | = 2, sanucannaa 6 eude (2.17) cozaacno (2.2),
AUNETIHO IKEUBAACHIMHA CUCTIEME, NOPOHCIEHNHOT HEKUM NPEICTNACUMELEM COOMEEMCINGYI0-
wel Kanonuveckol dopmor us cnucka 2.3. Huowce dnsa kaorcdoti CFim’z’>’* npusedenvl:

a) yeaosusa na Kosfipunyuenmo, cucmemve (2.17), b)) samenwv (1.5), npeobpasyrouiue npasyio
wacmo cucmemsvs (2.17) npu YKa3aHHOT YCAOBUAT 8 8uOPAHHY HopMmy, ) Nosyuaemvie Npu

’27>7
IMOM 3HAYEHUA MHOHCUINEAA O U NAPAMEIMPOE U3 CSZm ¥ :

CFP*77 :a) D >0, 6 (29) a=0,7=0,b) J}, L*™7, ¢)o =1, u= M\ ";
CF}#>7 1 a) D>0,6 (29) [@=0,5£0Va#0,7=0],b) J2, [L132>> v L2327 ],
¢) 0 =[—000y V oo0a], u=[MA;" VAT A

CRIY™ 1 a) D>0,6(29) B=0,v=0,0) J2, LT3, ¢) 0 = 0404
CRE77 ) D > 0,6 (29) B = 0,0 # 0, b) J, L1777, Li277 ¢ v = D2v) 2,
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c) 0 = —090a, u= (|2v| — DY/?)(|2v| + DY),

CFX>” :a) D > 0, 6 (29) & 3,5 # 0, 27v = [00D1/2|B| vV —aoDY2|3|], b) J?,
(L1327 = VL25277 ) ¢) 0 = [oasign Ay V o,sign )\2] u=—a7(23)2

CF{7%7 1 a) D >0, 6 (29) A, 3,4 # 0, 27v # £DV?|J), 417 = [20—1Va?2-a)],
2de i = p1p5t, 0 = —Dadgte; 2, b) J?, L242>> [Ll“>> VL2;L42’_>1’>], c) o = [0g04 V
oooasign(a(2 —a)) ], u=[—(1+2a)"t Vv —u(a+2)"'];

CFy>>” 2 a) D > 0, 6 (2.9) &, 5,7 # 0, 27v # £DY?|B|, 40 # (2 — @), (20 — 1), 20e
o= @15, 0= —Dayitp, 2, b) J?Z, L24’2’> >, c) 0 =0004, U=1T, V="7;

OF4272’>7: : CL) D= 0> qi, P2 = 07 b) L4212,>7:7 C) 0= 17

CEF>=: (217) npu D =0, [t #0V g = 0, ps # 0], 6 [(2.10,) V (2.10,)] 7 = 0
samenamu [ J2, NV J2], L3777 ceodumea x CFR2"~ ¢ 0 = 0s;

CFg™ ™ 1) a) D=0,[qn # 0V =0,p2 # 0], 6 [(210,) V (2105)] 7 # 0, ¢ =0,
b) [‘]2211 N ‘]22b]7 L1?2327>7:7 C) 0 = —0p;
2) a) D=0, [ #0Vaq =0,p2 #0], 6 [(210,) V (2.10))] 7 # 0, 03 =0, b) [J5, V J3 ],
L2327 ¢) 0 = 0

CRi™™™ 5 ) D =0, [ # 0V i = 0,p2 # 0], 6 [(210,) V (210)] 5 2 0. f 20,
b) [ 3V Iy s Loy ™7, ¢) o =05, u= 95 (p5) " v=—F(p3) "

C’Fé’ff’< ca) D<0,v=0,6 (211) a+75=0, b) J3, 272_><, c) o =og;

CF2™:a) D < 0,040, 6 (211) [¢f = 0V g5 = 0], b) J2, [LU2™ v L2327,
¢)o=[-0sVogl;

CFy® 1 a) D < 0,6 (211) 2+ (@+7)* # 0, 9f # 0, b) J3, Ly, ¢) o = oy,
u=of (pr)™" v=—p2(@& + i) (3 + ) (er) 2.

HokazarenbcTBo. B 3aBucmmocTw 0T 3HaKa qucKpuMuHanta D u3 (2.3) cucrema (2.17)
¢ % > oy ommoii u3 3amen J7, J2a win Ja,, J2 CBeIeHa COOTBETCTBEHHO K cucteme (2.9), (2.10),
(2.11) ¢ xopanoBoii Marpuneit H 1 o6an muozurenem P2, Ipu stom 7, [ij| > 0 B ey (2.6).

Jasee, B KaxK10if W3 TOJydeHHBIX CHCTEM JIeJIAeTCsl MPou3BoIbHast 3aMeHa (1.5), mpeobpa-
3ytomias ee B cucteMy (2.12), w3 KOTOPOit U GYAYT BBLAETIATHCsI KAHOHUYIECKHE (DOPMBI.

Cretyer nMeTh BBHUJIY 3aMedanue 1.2 mpu CpaBHEHWH 3aMeH W3 HaOopa 2.3 W 3aMeH MOJIy-
qaeMbIX B XOJIe JOKA3aTeIbCTBa, KOIa B KOHIIE jlesiaeTcs nepenyMeparusd. OHa nepecTaBiiser
CTOJIOIBI 3aMEHDI.

B cucreme (2.12) Koa(b(bHHHeHTbl &, ¥ obmero muoxkuTeas Pg Beerma MOZKHO CJIe/IaTh
HyJIeBbIMH, B pe3ysbrare 4ero A uz (2.12) Gyger uMeTh 3JeMeHThl a1, dy = 0 u dy, dy = 0.

s sroro B 3amene (1.5) mocTarodno 3adUKCHPOBATH CJIEIYIONINE JIBE CBI3HU:
s1= A0 's2, ro=—aij 'r (7= (B2 —ay)V? f=pF+o0s7, sign0=1), (2.18)

NpH BBIIOTHEHHH KOTOPBIX 0 = 718y — 381 = 271 '0gr1S2, B cucreme (2.12) B = 2727 L rys,
u, ecom & =0, 10 7 = |f| #0, a ecn =0, 10 7 = 7 = (—a7)/2 > 0.
OnHako, HUKAKMNMHI 3aMeHaMu 1pu ycaoBun (2.18) He mosydnTh NSF;’ET, NSFi’ff_l n3

4,2,>
cuucka 2.3. Ho stu popmer upemnecrsytor 1oibko NSFL"” 1 UMEHHO U3 Hee Oy LyT HOJLy YeHbI
coracuo yre. 2.5,3) B .. 13 u 13¢ coorsercrsento.
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1) D >0 (M, g # 0, A — g = ooV D # 0), (em. mpmat. 3.5.1). U3 cucrembr (2.17)
samenoit J7 nomyuena cucrema (2.9), koropyio ymobas 3amena (1.5) npu ycaosun (2.18) csoauT
K cucreme (2.12) Buia

dﬁ_l()\l — )\2)7"% ()\2 — 54:}/77_2)\1)7“182 0

2T op (8 A T 7 ) 0) (2.19)

L) ay=0 (B#£0, 7= 15|, i=28).

0 26X 0 0
1) @75 =0 (r1,s2 = 0). Torma (2.19) = ( PAirisy > Mpn r = 1,

0 0 2B8\or152 0
S9 = (25)\2)_1 — 3TO0 CFf’2’>’> co=1u=M\"'#1

12) a =

0 0 25)\27"182 0

0 28\ —A(A1 — Ao)s2 0
0, ¥ # 0. Torna cucrema (2.19) = ( Bharisz =30 = Aa)sy ) [Ipu
T = —":)//<)\1 — )\2)’1/2(23)\2)_1000}/, S9 = ’:}/()\1 — )\2)‘_1/2 — 9TO CF13627>7> C o = —Josign:y,
U= )\1)\2’1 # 1.

0 6(()\1 - >\2)7‘% 25)\27"152 0
r = |6é(>\1 — )\2)|_1/2, So = |O~é(>\1 — >\2)|1/2(26~)\1)_10—00a — 9TO CF;)77126>’> cCu = /\1_1>\2 7é 1,
0 = 0¢0,. [lepenymepannus (1.9) cezer ee K CFf’dQ’>’> ¢ TEMH K€ 0, U.

1) @#0,57#0 (7#|8]). Toraa cucreme (2.19) &by # 0.
11) B =0, Torma a3 < 0 u 7, 7 = (—a7y)"/?

0 2(—6&’?)1/2()\1 + )\2)7“182
0 2@()\1 — )\2)7"%

0 26\ 0 0
19) 4 = 0, @ # 0. Torma cucrema (2.19) = ( BAirise ) lpu

. [losromy cucrema (2.19) umeer BuI

25\ — \o)s2 0)

< 2.20
2(-0&")/)1/2<)\1 + )\2)7“182 0 ( )

13) Ay = =)\, & ¢ = —p1. Torma cucrema (2.20) mpm 71 = |46 |2, sy = 490|712 -
3TO CF;ﬁ’f’> ¢ 0 = sign(aA) (= 0400 = o4signp; = —0p0y).

12%) Ao # —A;. Torma (2.20) mpm so = —|a@(A — A)[Y2(=2a7) V2 (M + Xo) 090, 1 =
126(A\; — A9)| Y2 — 910 NSFp>"7 ¢ 0 = sign(a@(A — X2)) (= 000a), u =1, v = D(A; + \y) 2

(v>0,v#1). Ilo yrB. 2.5,3) OHA — HEKAHOHUYECKAS] U CBOJUTCS K C’Fé’ff’>
12) B # 0. Torma b2 + & # 0.
129) & = 0 & Xy = a7 2\ & (A1 + X2) = |B](M — Aa), Tak kak &7 = (B — 057)i).
0 8872 2\irysy —4772 2\is3 0 i
Torma (2.19) = (O RIET I 0 NE Ipu r = 7(27)7Har |"Y2, sy =
Aa(4B7) Y@ | "2 — s10 CFS>™7 ¢ 0 = ogsign Ay, u = —a5(26)72 > —1/4.
126) by = 0 & A = a7 %A < 7(A + A2) = —|B|(A1 — A2). Torma cucrema (2.19) =
5 2
172572, 0 O vs5; 0

P pu = G7(467) A2 so= 71(27) A2 "V/2 momyuaem
0 —ary 2Brisy 0

C'Fj”’fé>’> ¢ o =0, sign g, u = —a7(28)"% U nanee — neperymepamus (1.9).
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126) by, & £ 0 T( A+ Xg) £ ]6[()\1 —Xg) # 0. Torga cucrema (2.19) npu ry = \77]1/2]07()\1 —

\o) 172, 55 — \77|3/2!04()\1—)\2)!1/2¢<P2 000405~ 910 NSE3""7 ¢ 0 = 0900, u = p1i0y " (u# 1),
v=—ay7* (M — A2)?052 (v # u, 4v > —(1 —u)?).

Tenepy npu v = (2u —1)/4 nmm v = u(2 — u)/4 nomyguennas NS

. 4,2,
KaHOHHYECKOM, TaK KaK COLTAaCHO yTBep:KaeHmio 2.5,3) ceoaurca K CFyj >1>

A ecmm v # (2u — 1)/4, w(2 — u) /4, To NSEy>"7 = CFy>77.
2) D=0 (A, \a=v=(p1+q)/2#0), (cm. npuz. 3.5.2).

2)) 1 #0mmm g = 0, py # 0 (@@ = p1 = v). Uz (2.17) zamenoit J2, mim J3 nosyvena
cucreMa (2.10), Kotopyio Jiobast 3amena (1.5) npu yeiaosun (2.18) cBomur x (2.12) Buja

0 +~—1 _RA25—2 2 0
97 P31 7;182 ’7_ 7~771 0353 (szzat — 2fvog + ). (2.21)
0 o1 @31 182 0

4,2
Fy 27 He ABIACTCH

= = 0 0 0
o) 4 =0 (7= 18], 7 = 28). Toraa cucrema (2.21) = 23 ( VTIQSQ ) . 1pm

r;  vrise 0O
__9R|-1/2 =1, 3,2,>,= _ _ B
r = 26|72, s = vy —at0 CF57 " ¢ 0 = 05, u= 1. I - nepenymeparus (1.9).
92) 5 £ 0. Torma B cucreme (2.21) byéy £ 0, b2 + & £ 0.
; 0 0 2731 20582 0
220) by = 0 & 5 = 0. Torma cucrema (2.21) = o, 7'17271 76 %2 . Ipm
0 270gr] —479n "ris2 0
ry = —<z~5/2, So = —pny " gp — 3TO CF(i’lzf’: co=—og, u=—1/4.U1-(1.9).
0 47‘?77*17“132 =273 20585 0 p
0 2701} 0 0
=0, S5 = ggf](Qﬁ)_l 0g — 9TO C’F1362’>’: co=og, u=—1/4.
22¢) byéy £ 0 < i £ 0.
Ilpu 7, = ¢, 53 = dii(ps) o cucrema (2.21) — s10 CFy”~ ¢ 0 = 05, u = @i (p3)7",
v=—*p3)7% (u# :I:l 4v = —(1 —u)?), TaK Kak 1m0 yrepaennio 2.5 NSFy;~ '~ ne Mozker
OBbITH CBEIEHA K NSF8 25> WIn NSFff’j’:.

22) @1 = 0, pa = 0, 1. e. B camoit cucreme (2.17) H — uaronajibias MaTpUIA ¢ JUArOHATBIO

(pbpl)- Torpa 3amena (1-5) cry=1, §1= ¢4”~Y(]9177>_1> ro = —Q, Sy = ¢4P1 ! CBOANT (2 1>)
CF* co=1 (u=1).

220) ¢y = 0 & @3 = 0. Toraa cucrema (2.21) = (

3) D= (p1—q)*+4paqs <0 (p2qu <0), (em. npun. 3.5.3). U3 cucrems (2.17) nonyuena
cucrema (2.11), koTopyio jobas 3amena (1.5) mpu yeaosuu (2.18) cBonut K cucreme (2.12) Bujga

2705 [0 dgirisa —(3*+P)uss 0 Lo -
= - . L = 27vog + (@ + . 2.22
P (0 @4 P Ggims 0 (¢3 5+ (@ +y)p) (2.22)
3)v=0(&p+q¢ =0),a+5 =0 Torma 7 = (&> + Y2 u (2.22) nmeer Bux
0 0 —47* sy 0 ~ =
- = &|i[V2pY? — sr0 CFY?7S ¢ o = sign B,
<O P 0 0 pu 11, 82 = O°|N|*u aro CFg77 "™ ¢ o = sign 3

35) V2 + (@ +7)2 # 0, Torma b2 + &2 # 0.
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3 b =0s of =0 (v(@+7) #0). Toraa cucrema (2.22) nveer sug
27uos (0 0 - +1%)s; 0
0 @) 20+ A)rs 0
52 = On((F+i7)p) /2 — om0 CFE c 0 = —0p, u = —(6*+P) (+77) (27(a+7)) > < ~1/4.
U nanee — neperymeparus (1.9).

pu ri = §(3” + 7°)/*(a + )7 (4p) 712,

32)=0& ¢, =0 (v(@+7) #0). Torna cucrema (2.22) umeer Buj
27pos (0 2(a+7)ris2 —(32+7%)s3 0
7\ @+ 0 0
= (&2 + 72)p) 2 — s10 CF™< c o =0 m u m3 33).

33) b1y £ 0 < @f # 0.
Mpu 11 = oR((&2 + 7)) "V, sy = o((a% + 7))/ (py ) encrenma (2.22) — sro CFy>”<
co=o0g u=¢;(p;)}, v=—p*(&"+7*) (7 + 7)1 (ps)? (v < (1 —u)?), Tax xax no

4,2 4,2 4,2
yTBepaennio 2.5 NSF,;7~' me MoxkeT GuITh cBeena K NSFy 7S umn NSFy; <. O

pn s, = G(&* +7%)"/*(é@ + 7) 7 (4p) 7,

[IpuBeneM Tenephb JuHelHbIe HEOCOObIE 3aMeHbl, KoTophie A C'F' u3 cuucka 2.3 mo3BOJIsST
BBIJIEJIUTh KAHOHUYECKHEe MUHUMAJbHbIE MHOYXKECTBA, BBEJIEHHbIE B olpejeenun 1.12.

Vreepxkaenne 2.6. Toavko das caedyrowuxr CF™>> uz cnucka 2.3 yoaemes 02panusumo
BHAMEHUA NAPAMEMPOs 6 cs™>> | a umenHo:
2,2 - .
1) 6 CF,™” wnopmuposka (1.8) ¢ 11, —8y = 1 usmenaem snak o; npu @ = u, || > 1
samena c ri,50 =0, 81 =1, 79 =0 daem u=1u"";
2,2 4,2 _
2) 6 CF3*7 nepenymepayusa (1.9), a 6 CF" 77 npuu =1 samena ¢ —r1,rz, 53 = 371/2,
$1 = 289 UBMEHAIOM 3HAK O;
4,2 - - N i
8) 6 CFg*” npu 6 = o, i = u, || > 1 samena ¢ ri,s5 = 0, 81,79 = |G|~/? daem
o= —osigni, u=1u"!;
4,2 - N . - - P
4) 6 OFy>™” nmpu & = o0, 0 =u, |i| > 1,79 = v samena c 1,5, = 0, s = |0]3%(a0)7,
v

ry = 0|72 daem o = Gsignv, u=0"', v =1

CaenctBue 2.5. Cozaacho onpedenenuto 1.13 umeem:

acsy?” 7 ={|u| > 1, 0 = =1}, acsi>”~ = {o = -1}, acs§:2_’1>’< ={o=—-1},
acsgi’f’> = {Ju| > 1}, acs‘llfff —{o=—1npuu=1}, acsyy” " = {|u| > 1};
Y OCTAALHUE KAHOHUMECKUT dopm us cnucka 2.3 mes™H>* = cs™i>*,

2.6. Ilocrpoeane CF™? npu oTpunaresbHOM AuCKpuMuHaHTE P3.

2.6.1. Buideaenue NSF™2<. Cucrema (2.1) ¢ OTpUIATETEHBIM JUCKPHMAHAHTOM MHO-
rowiena P3(z) umeer suj

P2—,249 2
o= Pa)Hw, 1007 B 00, g (P00 s G20, (219)
Dy=p3-7v<0 (a=1), P2 Q2

Breigennm n3 criucka 2.1 HOpMUPOBaHHBIE CTPYKTYPHBIE (POpMBI 10 NS F27 2 BKJIIOMHTEIBHO,
oTHOCsAmHecs K caydatro Dy < 0 (em. omp. 2.1), Takux dopm — 17.
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Cmncok 2.4. Cemuauars NSF™2<* co ceoumu ps™>< u D (0 =+1, u,v,w # 0).

0 0 —1)? 0 0 4
I. NSF&?%;’} —o (" ! ; (u 42)<’ NSF;fffz =0 ! " ) 4l§’<
’ 01 0 +1 tpsg’ys ’ 1 0 41 0 tpsay s

- 0 - 1)? . 0 - du +1,
]VSF17572’<72 =0 “ “ou ) (u 5,27)<.7 ]VS}7252727<7 =0 N o ) u5—j—27<.
1 0 01 tpss s 10 0 1 Ips9y” 5
0 —1)2
NSFO2<> _ o uou o uw ’ 62<(u )%
01 1 w psy " ={v > 1/4};
1-v) 0 —w? —1)°
NSF36’2’<’> ., uu( v) UV 7 o (u )*,
0 1 1 v psy S ={v>1/4, v#1};
6.2,<.> u v ou v (u—1)%
NSF) /77 =0 625
01 0 +1 tpsy Yy
—9 -3 2 -2
- 0 uv (u—v)* +4uv
NG B2 _ u u(v v) 7 )
6 “\1 0 e psg’2’< ={v e (0,V4), v#1};
Nspgrce g (1 0 0 e} e
1 0 0 1 ps; 7S = {v # —ul;
2
6,2,< % uvou v u® + 4v,
NS5y =0 D, 62.<
10 +1 0 tps1y ;s
NSFT2< u w wl—vuw +w) u+wo? (u+v)% +dw, psy™< ={v e (0, V4),
=0 5
2 10 vt —0? 1 v#E 1 w#E —uw, —ulv — v 2)};
0 -1) - —1)?
173 NSF§’2’<’> ., U u(v ) uv 7 oo (u )%
0 1 1 v ps2 7" ={v>1/4, v#1};
0 —uwv U —up? v™2 — duv
NSF3»<* =g : ’
12 1 0 v—v?2 1 ps?’22’< ={v>4713 v#£1};
6,2,< v 0 w w?(l+v) (u+v+1)2 — 4u,
NSF° " =0 2 6,2,< _ :
11 0 v(l4w) psyy - ={v & [-4/3,0]};
0 u w w(v—1) (v—1)% +4u
6727 ’* ’
NSF <" =0 2] . 62< _ :
11 0 —v(w-1) psis - ={v €[0,4/3]};
0 u uw wv 4du
NSF6727<72 — s ’
16 1 1 v 0 ps?62’< ={v>1/4}

NSF[*<7 = o
! 0 1 1 v psi S ={v>1/4, w# u,u(l—0v)}.

Q
 ~

uw U —u+w v(w—u)) (u—1)2,

4,2 4,2
3ameuanwue 2.4. 1. NSF&’JF’l< = C’F87’+’1<, HMOCKOJIbKY Tpe/iecTBytomue popmbl ¢ Dy < 0
12,<,> 12,<,=
OTCYTCTBYIOT, U KAHOHUIECKHE MHOKECTBA UMEIOT BUjL csg'y 1~ = {u # 1}, csgi v = {u = 1}.

2. B crincke 2.4 Tosbko y C’F;i’f u CFY*< marpuma H gmaronaisaa (cm. . 2.1).

3. Byner mokaszano, uro Bce NSF' u3 cuucka 2.4; — KaHOHHYECKHe, a 13 2.47; — HET.

2.6.2. Caywati D > 0. Urak, GyaeM mpenosararh cHadajaa, 9ro B cucreme (2.1%)
MaTpuia H mMeeT BellleCTBEHHBbIE COOCTBEHHBIE THCIA A1, Ao.

Hab6op 2.4. KonctanThl 1 3aMeHBI, HCIIOJIb3yeMble Jajee B pazaene 2.6.2:

U1(u) = (u? — 3u+ 3)2(u — 3)71, y(u) = (3u® — 3u+1)(3u — 1)72,
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VYg(u) = (u? 4+ 3u + 3)(3u® + 3u + 1)(3u® 4+ Su + 3)72; oy = 0(0 — (02 — 1)1/2)/2;

L3 = {ri = (@Xa)) 72, 51,2 =0, 5o = (F1hal)7/2);

342+<1> {ri=—v'"%ry, 51= (v(dv — 1))1/4(21)1/2 + 1)L = (v(4v — 1))V sy= 0125}
L1277 = {r) = (@ — 30+ 3)V/2(1 — a)—l, =0, 7= (1—a)" 52, 82 = Y@}
L2§’2’<’> = {ry = a'Bla|S (@ — 1), sy = |al” 1/2, ry = (30— 1)a " 7"1, sy = 0};
Lg§2’<’> ={r = —(@®+3a+3)"/*(a— 1) Ya+ 11722, sy = a(a+1)7!

—(3a* + 8u + 3)(u? + 3t + 3)"Iry, so = (u+ 1) "Tro};

L62< T ={r = (aA)TV2, 51,12 =0, 50 = 54(23)_17’1};

Ly~ = {ri==Bra, s1.= ;|72 ro = | 72 (y = 8)717, 50 = 0%
LS ={r; =1/2, sy = —1, 1y = FV3/2, 55 =0};

ng‘vj = {r, = +V14/7, 51 = F5/14/28, 1y = \/_/14 so = \/42/28};
Ly* ST ={r1=1,8=1/2,r,=0, s = —(0 + (0* — 1)1/?)/2};
LA™ ={r1 =0, s1 = 32| Y% ry = |Av|7Y2, 5y = — B3 1sy )

13 cucrembt (2.15) ¢y —f%>0:
1) mpu D >0 (A, Xa # 0, Ay — Xa = 09V D # 0) 3amenoit J7 u3 maGopa 2.1 norydena cucrema
(2.9), B KOTOPOIK coracuo (2.5) u (2.6) &7 > 0 u ¢ = (&7 — )2 > 0;
2)mpu D=0 (M, a=v=(p1+q)/2#0)u [ #0V q =0, ps # 0] 3amenoit [J3, V J3] u3
Habopa 2.1 mosyuena cucrema (2.10) ¢ &,%,< > 0.
Hakomen, cucrema (2.1<) ¢ v — 32 > 0 upu D = 0 u g, ps = 0 cpasy nmeer Bug (2.9), Ho ¢
A1, A2 = I, TaK KakK B 3TOM caydae H guaroHanbHa u B HEl 1, qy = v # 0.

Jlemma 2.1.
1) (2.9) npu: 14) B =0 samenoti Ly if "~ ceodumed K CFgﬁ’f Z o =signly, u= A\
1) B # 0 samenot LV ceodumesn x NSFYS7 ¢ o = sign \g, u = MA;', v = ay(26)7%

21) (2.10) samenoti Lii’f’: c600umcs K NSFfi’f’: (u=1) co=signy, v="5wS);

29) (2.1%) npu D, q1,p2 = 0 3amenod Lg if = ceodumea x CF;ﬁ’f’: (u=1) c o =signp;.

CaencrBue 2.6. Bce wecms NSF™2< uz cnucka 2.4;; npu D > 0 u D = 0 kanonuue-
CKUMU CTPYKMYPHUMU POPMAMU HE ABAIIOMCA.

Vreepxkaenne 2.7. Toavko caedyrowue NSF™< uz cnucka 2.4; ¢ ykasammvlmu 31a-

YEHUAMU NAPAMEMPOS ceodamcea K npedwecmeyrowum cozaacuo CI cmpykmyproim dopmam
(em. npua. 3.6.1, 3.6.2, 3.6.5):

1) NSF;ff1> psgfff = {u > 0} npu u = 1 samenot (1.5) ¢ s; = S9, 19 = —17
ceodumca ® SF

2) NSF$,2,<,> cp 52<>_{u%1}
a) npu u =3 samenot ¢ ry = 0, s; = 28y ceodumes x SF§L’2,
b) npu u = —1 zamenoti ¢ s; = sy(1 +/7)/3, 19 = —r1(1 + /7)/2 csodumes x SFyy;

3) NSE <7 ¢ psyy =™ = {u > —1/4} -
a) npu u = 3/2 zamenot ¢ 1y = —ro(V7 +1)/2, 51 = s2(v/7 — 1)/2 ceodumen x SFy?;
b) npuu = [6VAFV13] samenot cry = [4ry/3V(—1£/13)ry /6], so = [ =351 V(—1Fv13)s,/6 ]
ceodumea % SF?;

4) NSFY* <7 (6,1,v) ¢ psS> <7 ={a #1, v > 1/4} :

a) npu i = —1 zamenoti Ly} ffcso&umc;z K NS b o =6, u= (20— 1)(202+ 1)7h;
b) npu u # —1,[3V 1/3], v [V2(a) V wg( )] samenot [L152<> V L22%57] ceodumca

x NSF>»<~ ca—[a\/051gnu] w=I[aVval);
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5,2 5,2
L272 ,<,> F 12, <>

c) npu u # —1, v = P3(u) 3amenod ceodumes x NSFy; c o = gsign(a + 1),
u=—u(u+1)"%

5) NSF9*<= cpsy® = ={u=1, v>1/4, v #1}:
a) npu v =1/3 samenoti ¢ ro = —3ry, sy =0 ceodumea x NSF><;
b) npu v = (49 F 7v/46) /6 samenoti ¢ vy = ro(11F 2v/46)/6, 51 = s2(—38 & 5v/46) /6 ceodumca
K NSFy» =~

6) NS f’i’f (6,1,0) cps4+1< ={u=1}:

a) npu v = +£2//3 samenot L7’ 2= ceodumes k CFYPS" (u=1) ¢ 0 = &;
b) npu v = F7/\/3 samenoti Ly " ceodumea x CFy~~ (u=—1/4) ¢ 0 = &;
¢) npu |0] > 1 samenoti LSS ceodumea v NSEY? S (u=1) ¢ 0 = &, v = 4(0).

[Tosryuenubie pe3ysibTaThl MO3BOALIOT B ciydae | = 2, Dy < 0, D > 0 Bbinucarh Bce
KaHOHWYIECKHEe (DOPMBI CO CBOMMHU KAHOHUYIECKUMH MHOYKECTBAMHU.

2 9 <—
Cnucok 2.5. Ilare CE™*<7 nare CEF™* S nux ¢s™?<% (0 =41, u,v #0).
K 1 ) )

4,2,<,>
0 0 s = 1
:U<u u > csgiy” ={u# 1},

4,2,<,>
CF 14y N Hy=
8,+1 42,<,= _ —_11.

0 +1 csgy ={u=1}

o
—_

0 u 0 wu
CF472,<:> — , cs42<> = u>0, u 1 )
34,41 N1 0 41 0 34,41 { 71
5,2,<,> u —u u 0 s 52 ST = {uA 1,3,
CF; =0 ) 52 <=
1 0 01) es ={u=1};

o< —u u c3322 =2 = {u > —1/4, u# 3/2,6,4+ 13},
CFy =0 ,

63322 T = ={u=-1/4};

6,2
CFM*<> =4

. 0>, esSESZ = fu £ £, v > 1/4, v A D (u), Yo (u), Ya(u)};

/\/\/?/\/\/\
I

01 1 v
6.2 < — u u(l—v) 0 —uv? 6.2.<.—
O P esSPST —fu=1, v>1/4, v £1/3,1, (49 F 7V/16)/6}:
v
6,2,<,= uovou v 02 <=
CF4+1 =0 01 0 +1>7 4+1 —{U:]_, |U|<1}
Teopema 2.4. Jhobaa cucmema (1.4) ¢ | = 2, zanucannas 6 eude (2.1%) coenac-

0 (2.2) u umerowan D > 0, aunelno IKEUBAAEHMHAE CUCTNEME, NOPOXHCIEHHOT HEKUM Nped-
cmasumenem coomsememeyroweltt KanoHuweckold gopmu, u3 cnucka 2.5. Huowce daa waotc-
doti C’ﬂm’2’<’> u C’Fim’2’<’: npusedenvl: a) ycaosus wa rospduyuenmo, cucmemovr (2.15),
b) samenwr (1.5), npeobpasyrowue npasyto wacms cucmemsvs (2.1%) npu ykasaHHuxr Ycro6uAT
8 GUOPAHHYIO POPMY, C) NOAYHAEMBIE NPU IMNOM ZHANEHUA MHONCUMENA T U NAPAMEMPOE U3

2 2,< =
csiv ST wau es]hhS

CFy%571a) D >0, 6 (29)8=0;0) J2, Lg7T7s ¢) 0 = signhy, u = A\
CPZ57 1 a) D > 0,6 (29) B #0, v =10;b) J2, LI*7, LyP5” e v = av(28)7%;
¢) o =signhy, u = (a7 — [B])(ay + |8])

CF}*<7:a) D > 0,6 (29) B # 0, a7(28)7% = [3(@) V ¢ha(1)], 2de it =
—1,[3V1/3]; b) J2, LS*<7  [L127S7 v L2257 ] ¢) 0 = [sign)y Vsign\ |, u = [@V @~
CFy»<7:1a) D >0,6 (29) B#£0, 4= M\"# —1,(=5+V13)/6,(—5 F V13)/2,

VT)/3,-3/2,-2/3, a7(23) 2= 15(@1); b)J17L62<> L52<> c)o =signv,u =—0,,(2v)"

DnekTpoHHbIi xKypHaa. http://www.math.spbu.ru/diffjournal 94



Hupdepenyuarvrvie ypasnenua u npovecewt ynpasaenus,N. 3, 2016

CEY*S7:a) D> 0,6 (29) B#0, & =M\ # -1, 0 = a¥(26)"2 # ¢2(a), ¥a(a),
Us(@); b) JE, LYHS75 ¢) o = signds, u = 1, v =7

ORI a) D=0, 1 =0, p»=0; b) Lg37"5 ¢) o = signpy;

CF*<=:a)D =0, [t #0Vaq = 0,py # 0], 7)™ = £2/V3, 2de &, 5,7 -
uz [(2.10,) V (2.10,)]; b) [J3, V J2], Lii’f’:, L2*S%: ¢) o = signv;

CFy>~=:a) D =0, [t #0Vq = 0,pp # 0], ()™ = £7/V/3, 2de &, B, 7 -
us [(2.10) V (2.10,)]; b) [J3, V J3), LE3T7, Loy ¢) o = signw;

CF??727<7~:: Cl,) D = 07 [QI # OVQI = 07p2 # 0]7 ‘6‘ _Z 17 |~ _# 2/\/57 7/\/57 2de U =
YW &, B, —us [(2.10,) V (2.10,)]; b) [J3, V JZ], Lii’f’_ L§’2’<’_; c) o =signy, v=1y;

CF‘ﬁliZ-f’:: CL) D = O: [Q1 7& OVQ1 = 07 P2 7é 0]7 |1~}’ < 17 2de U = ’7(’/5)_17 &7 Ba :V -
us [(2.10,) V (2.104)]; b) [J3, V J3), LE%T7; ¢) o =signv, v = 0.

Moxkazareascrso. 1. D > 0 (em. mpmi. 3.6.2). ITo semme2.1,15) mpu § # 0 cncrema
(2.9), noxyuennas u3 (2.15) 3amenoit J2, Bcerma comurcst K NSEP> <7 (6,1,0) ¢ & = sign)y,
=M\t v=a5(28)"% > 1/4. A sta NSFP*” cormacuo yreepzienmo 2.7, 4) MOKeT GBITH
cBeJleHa K OJIHOM U3 Tpex mpe/ecTsyiomux NSF™3<> yu3 cnucka 2.5.

OcTaeTcs yTOUHHTD OTpaHUYeHnd, TapaHTHpylomue ceejgenne Kk O F™3<>,

4,)Tpu i = —1 & Ay = -\ & v = 0 noayuena CFy 77 co =&, u = (02— 1)(20"/2+

1)~' = (a5 — |B])(@ + |B]) L. Tpu srom 0 < u < 1, m OrpanumdeHuii HeT, TAK KakK NSFéffl’>
COLJIACHO yTBepKAeHUIO 2.7,1) cBoAuTCa K SFg’2 TOJIBKO npu u = 1.

4) Hpm @ # —1,[3V 1/3], v = [¢3(@) V 1o(@) | monyaena CF2><7 ¢ o = [6 V & sign ]
(6 signii = sign A1), u = [@Va~']. [pu srom u # —1,3, u orpanmdenuit zer, Tax xKax NSF> <~
cornacHo 2.7,2) ¢BOAUTCS K IMperecTBy oM dhbopmMaMm TOAbKo mpu u = —1, 3.

4.) Mpu @ # —1 < v # 0, v = Y3(@) noryuena NSFRP<7 ¢ o = gsign(a + 1) = signw,
u = —u(t+ 1)72 = —6,,(2v) 2. Kpowme Toro @ # (—4 + +/7)/3, wnaue u = 3/2, & # —3/2,
—2/3, mnave u = 6, @ # (—5+/13)/6, (=5 F v/13)/2, unaue u = 4 F /13, tak kax NSFy" <~
COTVIACHO YTBEPKICHUIO 2.7,3) CBOAUTCSA K IPEAIIECTBYIONHM (HopMaM IPH TAaKHX 1.

II. D =0 (em. mpuit. 3.6.3). ITo temme 2.1,2;) ipu [q1 # 0V ¢ = 0, pa # 0] cucrema (2.10),
nony4ennas n3 (2.15) samenoit [J3, V J3], Beerna csomurea x NSF,257(5,1,9) ¢ 6 = signv,
o = Fw3s)™!. A sra NSFf”i’f’: COIJIaCHO YTB.2.7,6) MoxkKeT ObITH CBeleHA K OJHON U3 Tpex
npejaniectpytomux eit CF™%<= u3 crucka 2.5.

B wactrocrn, B 6,) mpu |0 > 1 u, gonommuTensuo, |3 # 2/v/3,7/v/3 nonyuena CFy> <~
c o = signy, v = Yu(0), Tak Kak ¥ = —2/v3 < v = 1uwv = 1/3 upu v = 2/V/3,
v = (49 & 7V/46)/6 mpr & = F7/v/3, a NSFy»=~ commacno yrBepzxaenmio 2.7,5) cBOIHTCS
K TPEeJIIEeCTBYIONUM (hOpMaM TOJIBKO IIPU TAKUX 3HAYCHUIX V.

OcranbHble Pe3yJAbTATHI TEOPEMbI B JOCTATOYHON CTEMEeHH OYeBHIHBI. []

2.6.3. Cayuati D < 0. Bynem npeanosnararh Tenepb, 9to B cucteMe (2.1<) marpuna H
UMeeT KOMILIEKCHO CONpsi>KeHHBIEe COOCTBEHHBIE YUCIA A1, Ao.

Hab6op 2.5. KomncranTsl, HHTEpPBaJIbl U 3aMEHbI, HCIOJIb3yeMbIe Jajee B pasjene 2.6.3:
s = 405(1 — 1)2 + 40320+ 1) + 1, v = 03(1 — @) — 1+ 43/ 0F = (0¥ — 2£2(1 —v¥)V2)0 %
Y = v 4 B, Yo = 70+ 265vp + (987 — 86%)1?, Yo = 29V — B,
Y1 =300+ 39(F 4 267 = 262 vy’ + B(4B% — 307 + 37°)u’, 01 € RY — myb i (v, 1),
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V1o = FV2 = 4BFvp + (457 + 97°)ii®, s = P07 + 209vp — (367 — 4B%)1%, viy = — £ V3,
Ui = 26 £ VBB, thig = 487 — 332, by = 07 — B0+ 9, this = 40° — 30 + 9 + (40 + 3)P L%,

Y9 = — (8% + 602 + 135° + 120°%/2 + 4)(05 — 50° + 4)71, ¥y = ~(371 F \/‘)(2 T+ V3a)71,
o = (0 — 3+ (02 —3v+9)1/2)( )~ 1/122—1)11) — 50%0 + 20w + 40° 4 403 + 1,

oy = 200 — 503 +2+21/122 ,¢24—U — U0* + @*0 — 3, fa(u) > 0 — mymn g (u, ),

Vi = (02 £ (120 — 301)Y/2)(20) 71, 4o = 20° + 0% — G20 — 9, O3(u) € RY — V nyab og(u, 0),

?/)27—411 w2 —4vw(2v — 3uv? — 2) + (03 — 3U0* + 2)?, 1oy = 20w — 20° + 3uv? + 2 — 5427

Uy = U? — WD — 1, Pyo = 92( )(20 — 03(10)) 13 (@, O5(@)) (863 (@) — Hepag (1, O3(a0)) — 32)~"

Va1 = —Uao(il, 03(0)) (30 + 4u® + 205(u)a — 205(a)) (05(a) (2a — 05(a))w)

Vg0 = 3(02 — 302 + 64+ 1) (0 — a4+ 1)((@ — 2)(2a — 1) (% + 1))

33 = 3(ud® — 20?00 + (43 —1)0* — a(4a? —i—l)v +a?(a® —6)0* + (6a°+2)045u) (0(20—0)heq) 1,

P3g = (0% — 03 + 320% — @30 — 20 — 5il) ey,

P35 = (20 — 05(0)) (302(0)” — 303(0)a” + 05(0)d — 4 + 05(a) — 46(1)),

3 = —(3ag(a, O3(a))w + 2(2a — Hg(u))(393( yut — 6603 (u)u* + 5(03(u) — V)u + 205(a) —

116(1))) ((863(1) — Hipao (@, O5(a)) — 32)w
( 2.5

o)~
’ 2)s
o)L, b = ((#%02 — (106° —4)u+91) )w /2+2A6 8+ 03(140° 4+ 1)a2 — 2(63 — 1) (1705

ay = (4205 — 203 (03 —1)u+ 6 4+100° — 20%97 — 605(0° — 1)a* + 60° (v —1) o —2(03% —
1)?)(90*

2)a + 903(20% + 1)) (6v6) 7L, a3 = —((40%03 — 30°(403 3)u +60°(20% + 1)a — (40° — 1)(9° +
)2)w1/2+8012a4 2@9(16@3—13)ﬁ3+3ﬁ6(16“6 60° + 5)02 — 20%(0° — 1)(160° + 370° — 8)i1 +
(208 + 1) (403 — 1) (83 +2)2) (540306) 1, & = (90042 — 203(50% — 8) i+ (0% +2)2)he/> — 180943 +

39(340% — 49)i% — 263(705 — 5O + 16)i — (26° + 1)(6° + 2)2)(66%g) !
0} = (07— 4) (04 0) (2000 — 20° 4+ B0 + 2ty — AT0° — 40(~20" 4 3? 4+ 2 — 20 + Tiit”
I 85— 8i — 4)(20) "3 bt = = (5% — 4)(00 — 50 + 0 + 1)y — 2070 + D(30°
5uv* + 2a*0 — 4)w + (v — 3av? + 2)( 0% — %0 — 1))072(20 — 40) Ny, @3 = (0 — 2a) (7 —
4)((4ow?* — (717 12uv - 4)w + (20° + 1)(0 — 20)?)hgy — 80%w* + 21)(111) — 18av? — 8)w? —
(15v — 55u0° + 52u*vt — 803 + 4092 + 8%0 + 8)W + (20° + 1)(7° — 300% + 2)(7 — 20))ahgs /2,
= V35(0(0 — 20)*(4 — 0°)) ta;
I* =(—1,0,)U(1/2,2), tae 0, =~ —0.17 - HyJIb 1495 4760* + 1136° — 10362 + 6160 + 14;
I = (=7— /37, =2) U (- 7+\/_ 7,0), Iy = (0, 7=V37)U(2,7+V37), I = (0,1), I; =
(0,72/313713) Iy = (=13 - 7713, -7~ 1/3) = (—o0,—1) U (5-917/3 +00);
L5~ = {ri,s2 =0, s1 = —9(a9) "%/ p /2, 1o = (@) 212y
L1y =" = {r =0, s1 = 4|62, vy = =557 _1/2 s2 = 12/2};
L16,2,<,< — Ll;,2,<,< cCv= 01/4’/,
L1$,2,<,< — {7’1? 07 s = 33/4&(2{)—3/2/1]—1/ , To = :F31/4(2§) 1/2 —1/2
52 = 3VA(—/30 £ 8)(26) 2u 2},
LIS ={r =0, s1 = =3¢ pu 2,y
Ll?fff — {r = @1+ ) +1- U
= (20°(1 = @) — 1+ 95*)(20) s, 12 = (a365) /%, 0 = (a565)'/*/ 05}
Ll?zk == {r =0, 51 = 25(|8lptre) —(28)3(1Blp) 5",
(|5\M¢16) 1/2}
Ll ={rn =0, s = 3323 1(2|0s|the) TV, o = —3Y2(2]us1bg) T/ Osign s,
= (% — 2Bp)(33) 51}
LSS = {ri = (0 +9i")raf3, s1= (5= 111")2/3, 12 = 3(tirthis(3 — & + 1)) V4,
s2= Uy O3 = 0 0p?) Y,

_ ~*1/2,u*1/2 _ —B§7151}§
(1—a)—2- W)( 60(40° — 1)) r,
5

207
(a
Y
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L3305 = {r = —7?ry, sy = —6Y/4(2 — 0%/2 — %) 1/4(2 — 30%/% + %) ~3/1,
ro = ~3/4(2 {]3/2 -9 ) 1/4(2 3{)3/2 _{_,&3)71/4’ Sy = ~1/251}.
LAGHSS = {1 = 0(00 — 0° — 5 — ) gl ra, 51= (000 — 0% + 1 — 3”0 252/3,

r2 =(a5(0)5(2))” V4 sy=(a3(0)(0))"/*/e5(0)}, rae (8) = (=0,
L222 S ={ry = Fusy, 51 =—(2aF \/5)82, ro=—2F \/gﬂ)ﬂ L.,
o = (4% F /30 + 1)~Y2(+4a)"1/2};
L35S = {ry = (W4 2)u 'y, 51 = —1a, 79 = —u((U+ 1) (7 + 20+ 4)) Y2, 55 = 20713}
LAY SS ={r) = —s9, 51 = (4 + 3)s9, 79 = (U +2)89, 55 = ((—@ — 1)(@>+ 5a+ 7))~}
L5§22 O =y = =23y, 5y = 2Y3((v/5 £ 1)/5)2, ro = (Vb F 1)/5)V2,
= (2(vVbF2)/5)"%};
L6530 ={r = —=7"ry, 5y = =3ry, 1o = TV2(=7"30 — 1)"1/2/3, s, = 0};
L7g’22’<’< = {7”1 = ’117”2, S1 = (02( ) — U)SQ, ro = ’92( )(ﬁ + 92(&))_1¢5§)1‘1/2, SS9 = 7”2};
L8375 = {ry = 0ra/2, 51 =1by80, ra = —2s3, s3 = (12— 30°)71/2};
L9§’22’<’< = {ry =3rs, 51 = ¢§Es)82, ro = (4 — %) V2(F (0T + 1)V s =1l
L22’2’<’< = {r; = —(@% + 3)(2@) " 'ry, 51 = sy, To = (20)Y3 (4% + 9)7%/3s,,
sy = (=0 4 3)M2(a® + 1) 2@ 7/2};
L3¢5 = {ry = —(@® — 20+ 3)(24 — 1) 7'y, sy = Usa, 12 = (20— D)¥3(@% — @+ 7)72/3s,,
52 = \(a —2)(a+ 1)|V?2a — 1|7V (@? —a+1)7! }

= {r = —(2a0? — @*0 — 3)(0(0 — 20)) "'ry, s1 = Uso,
ry = 9%/3 (0 — 2a)4/3¢;62/3327 S2 = _U1/2|¢24|1/2¢291|U — 2|~ 1/2}a
L262 << { _ ¢2¢5T27 5, = 1/13:5827 Ty = 31/4171/4(4 _ 173)*1/4( U~)>71/27 Sy = 7”2};
L3$2< = = {r1=1ry, s1=(02(2) —1)sy, 7’2=|92(ﬂ)(2ﬁ—92(~))%9 (@, Oz (@) )~ |'? s9= 1y}

L2005 = {7“1 = (2172@ — 0+ A0 — 20 + 8i — Dbyl ) (20has) 1,
51 = (200 — 5+ 07 +2 = ) (2600 — 20) 0 12— (305 52 = 35 Y 3
L3y~ ={n = W2/2 s1= (wry) ™!, o = V20 (=) TP (4 = %)V, sy = 0}
L4?12f1< = {11 = @ry, 51 = (205(@) — @)s2/3, 72 = V205" (—@)2,
3/4 - - /o~ -
= —3V/205 o (i1, 0 (1)) (05(@) (201 — 03(0))) ~ (—b) /2.
13 cucremsr (2.15) ¢ v — 32> 0mpu D <0 (peqr <0, v* 4 p? = byg, p1 > 0) 3amenoit J3
nosydena cucrema (2.11), B koropoit cormacuo (2.5) u (2.6) a,7 > 0u ¢ = (a5 — )2 > 0.
OcymiecTBUM pa3OMeHne 371eMeHTOB d,@ﬁ, v, i cucrembl (2.11) Ha HeepeceKaoIuecst
MHOKECTBa, B KazKJI0M u3 KOoTopbix (2.11) cBogurcs K onpeenennoii bopme u3 cnucka 2.4.
JIemma 2.2. Cucmema (2.11) ceodumca:
D) npu v =—B5 ", B =0 samenot L1342+<1< K CF;;fflK co=1, u=7%7%
u =

)

9) npu v = = —B5'u, B # 0 samenot L1112+<1< K ]\KS’F{’){?Q< co =1, —2B¢ v =
(
)

3
3
<
<
Il
o
[N}
N
L
kS
i)
Il
(@)
|
QO
S
S
o
>
<<
£
e
I
}_L

1 ~ ~ ~ ~
23) npu v = B(27) 'p, B#0, a = 752(4@_1 samenoti L1537 & NSFy>< ¢ 0 = sign B,
u=—(+49°)(28)7% i
2) npu v = B(23) tu, B #0, & # 762(47)7" samenot L1555 x NSFS>S ¢ 0 = sign B,
U:W“47W§y=¢i@@2w
3) npu v = O samenoti L1957 x NSESPSS ¢ 0 = signig(+), 2de (-) = (Oupu,pn), u =

(205 Wl )) M 40l), v = (20 (ool NP );

1) npu v = U3, 0% = 0 (3 £ 0) - omo cayat 23);
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45) npu v = VEA W # 0 samenoti L1975 x NSFS S ¢ o = 41, u = ¢! v =

_3(¢14 +7 )(2¢)” 2;
5) npu v # —BY w, O, VEA T, B(2Y) T samenot L1575 x NSE)*SS ¢ 0 = signis,

w = 2(20519) V31, v = (20)2Py 2, w = —952(2hgbg) 36,

HoxkasarenabcrBo. Jliobas 3amena (1.5), B KoTOpOIii

r =0, sa= (v —26p)(37) 51 (51,72 #0), (2.23)

a, by & d
92.24
(dg 0 62 d2> ( )

y KOTOpOil, B qacTHoCTH, dy = —Jpurdsy! # 0, dy = 2(Fp) 2bgibys?/27.

csoaut (2.11) k cucreme

B dy o1HOPOIHbI KBaJIPATHEIH MHOTOUWIEH (v, 1) = 721% + 265 + (967 — 862) % > 0,
TaK Kak umeer Hyan vy o = (—03 £ 3¢i)y tu. Tlosromy dy = 0 & g = Jv + Bu = 0.

)ysg =0 v = —Bifl,u. Ipu s, = —AC32p~12 ry = V2712 5y = —Biflsl -

_2N~—1 (A2 | z22\~—2 _2~~—1 (A2 | 22\~—2
samena L1775 — cucrema (2.24)— pe (8% +7%)e pe (57477 :
’ 1 0 1 0
L)B3=0=v=0.Ipx s = —ﬁ(&ﬁ)*g’/z;fl/z, = (&)Y Y2 — zamena L1305 ¢

yaerom (2.23) — monyuena CFy 7 co =1, u= —ofli( D/4 <0).

1,) B # 0, Torma mosydena NSFllzf1 “co=1u=-26" v=—(3+3)?2<0.

2) Yg = B+ v # 0. Tpu s1 = 3%23u(2lys|ee) /2, 13 = —31/2(2[ubg|thg) Osign vs
samena Ly? < ¢ yaerom (2.23) — cucrema (2.24) npuHmvaer Buj

5 (220 o0 93 2usun) P00 BWste) Mo —u) o ) o o
1 0 —3(20s19) P4 1 C

rjie 0 = sign g, 0JIHOPO/HbBIE MHOI‘O‘{.HeHbI (v, p) = 271/ — Bu, Yu(v,p) = 731/3 + 35(3% +
2a7 287 vp? + BAB* — 367 + 372 u?, thra(v, i) = ¥ — 4B+ (487 + 972, s (v, 1) =
2+ 2B5vp — (3ay — 4% p?. Ipu stom ¥, (v, 1) = (72 (v? + 1) + 2(a5 — B?) > 0, mosTomy
61 — e,ZLI/IHCTBeHHbII/I BEIECTBEHHbIN HyIb ¥11(v, 1); ¥12(v, u) > 0, TIOCKOJIBKY MMEET HYJH V9 =
(28 £ 391)7 s Pus(v, i) mveer mymn vy = i7", Uiy = —f £ V3E
21) a; :0<:>1/110:O<:>1/:B(27) Lu.

21) B =0, rorma 1o =0 < g =0 (v = 0) u nomazaem B caydaii 1;).

2) f # 0. Hpu s1 = 23(|Bluine) ™2, 2 = —(25)"*(1lw) ™" (465 = 35° > 0) -
samena L1555 ¢ yuerom (2.23) — cucrema (2.25) npurmMaet Bi
sign 3 (° —(B”+4v J2Be) ™ (PHAT (B 4)(26) ey
0 (40— T75%)(28416) " L |
m@:o@a—wmwlmma~wwﬂ/ ra = BB~ e
L1575° ¢ yuerom (2.23)- noayuena NSFo << ¢ o=sign 3, u=—(5>+45%)(28) ?< —1/4.

22) 4475 — 762 # 0, Torga nonyuena NSFS S ¢ o = sign B, u = (62 + 432, v =
16 (28)722.
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2) e =0 Y, =0 v =>0u rae 6 € R —V uyi ¢1;(v,1). Torna cucrema
(2.25) mpw v = O — 310 NSFO> S ¢ o = signihs(-), u = 2(20s(-)bo(-)) " 10(-), v =
—(20s(-)¥10(-) P 1o ()73, () = (G, o), Tax wax v # 1w hig(-), Pia(-) # 0. A mpusoasmas
K NSE?S< samena L1g% —s1o Ly* S ¢ v = 1.

23) ¢ = 0 & P13 = 0 & v = Y7 'u. Cucrema (2.25) npu s, = 3%/45(28)73/2~1/2

= $31/4(2€,u)*1/2 — samena L19”5F ¢ yuerom (2.23) — npunmMaer Buf

L (VR BET @) BWE @) ~(EF VERR + 3 >2>.
1 0 0 1

2) a1 =0 Yf =0 (8 #0) & {signf = 1, a = 75%(47)"'} = nonagaem B 23%).

22) Y, # 0 = nomyuena NSFO*<< ¢ g = 41, u = ¢!, v = =35, + 72)(29) 2

24) G1,¢1,¢0 # 0 e 1hig, Y11, 013 # 0, Torma (2.25) — sto NSE}> < ¢ o = signi)s, u =
2(20stb0) 210, w = —93% (2hsth)HP (V2 + i) < 0, v = (24) P9 P > 0. O

B cruucke 2.4;; mMerorca dersipe NSF™2%< y KOTOPBIX ANCKPUMHHAHT [ MOXKET OBITD

orpunareser. [lokazkeM, 9To Bee oM He apigiorea O F™3<< (M. omp. 1.11).
6,2 6,2 6,2
Vreepxkaenue 2.8. NSF 37~ NSF7 S NSF27SS npu ecex 0onycmumul 3HaMEHUAT
< 672 672’ ’
napamempos samenamu (1.5) ceodamea x npedwecmeyroweti cozenacto CII SFY;" a NSF=™
4,2
- x SEy; (em. npua. 3.6.4).

HokazarenbcTBo. 1) JlioGaa 3amena (1.5) npu r1 = (s — 202s5)(208; — s2) 'y cBO-
aur NSFSYS<(6,0,0), pssy =S = {0 > 473 0 4 1, 40 > 973} ¢ 4 = —(0s, + 59)(s1 —
20255 (0%(2051 — $2)52) " umenmo k SFY? mpu (4, 0) € psSy ™= i 8,5 # 0.

PaBeHcTBO g 1 ABAAETCS KBAJPATHLIM YPABHEHHEM OTHOCHUTENBHO S| M MMEET KOPHHU
=201 —a)— 1+ wl/Q)( 20)7tsy € R, Tak kak guckpuMunant 5 () = 4050% — 803 (0% —
1)u + (203 4 1)? orpunarenen. Kpome toro, ¢g = 03(1 —a) — 1 + wl/Q #0(& 0,5 #0).

B pesynbrare samena, B KoTopoil, mampumep, r; = (203(1 + a) + 1 — wém)(%?’(l —
@) — 2 — /) (60(40° — 1)) Vrg, 51 = (203(1 — @) — 1 + 3/*)(20) sy cromuT NSFH<

Ak .2 7 Ak 2 J4,.—1 .3
ajry - biresy  Cisy  diry sy 1/4

SFY? = . Tenepn npu 7o = (a5¢5) ™4, so = (ases)V/4 /e

asrdsyt 0 Ghrose 0
samena L1075 — noayuaenm NSFT< ¢ o = 6, u = aj(asés)V/?, v = b7/
31ech caeyeT HMeTh B BUJLY, 9TO B CHJIY HHBAPUAHTHOCTH CTEIICHN O0IIEro MHOKUTEIs | 1 3Ha~
KoB juckpumunanTos Doy, D (I = 2, Dy, D < 0) m0JKHBI BbIHO,HH{{TbCH TPYJAHO TPOBEpseMble
u3-3a 00beMa GOpPMYIT cooTHOMEHHs ascy > 0, ¢f = ajés/as, df = bijcs/as.

2) Jliobas 3amena (1.5) mpu o = (251 — vsa)(sy — 2(v + 1)52) . ~Lry cBommr NSF3<<
cu=uv(s;+ (v+1)s3)(s1—2(v+1)s59) (51 +v52) (251 —v83) ' kK SF mpu (u,v) € psSy” << =
{v < —4/3, 4u > (u+v+1)2} u 6., # 0. Buecs v > 0 He BoLIO B Psoy’ ", Tak Kak D < 0.

PaBeHcTBO A1 1 MMeeT BelmecTBeHHble KOpHE 57 = (v(u + v + 1) £ 0Y/2)(2v — 4u) sy,
rak kak g(u) = 9v?u? — 2v(9v* + 150 + 8)u + 9v?(1 + v)? > 0 B cujLy TOro, UTO JAUCKPUMUHAHT
27v3 + 7202 4 60v + 16 3Toro MuorouNena, umes nyau —4/3, —2/3, —2/3, orpunaresen. Torma
samena, HampumMep, ¢ 51 = (v(u + v+ 1) + 0/2)(2v — 4u) "Ly, o = (Buv + v + 0/?)(8u — 3v +
Juv — 302 — 0'/2)(2uv(3v + 4)(3v + 2)(2u — v)) 'y cBomur NSFR < x SF}.

3) JIoGas 3amena (1.5) mpu ry = (251 + vsy)(s1 + 2(v — 1)) 'v ™'y cBogur NSF> <<
cu=—v(s;—(v—1)s5)(s514+2(v—1)s55)55 (251 +vs5) " mmenno k SFY* upn (u,v) € ps?g)2’< < =

{v&[0,4/3], 4u < —(v —1)*} u 6,5 # 0.
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PaBeHCTBO i U ABAAETCS KBAJPATHBIM YPABHEHHEM OTHOCHTEJLHO Sp U UMEET KODHU
st = (v—2v2—2u) £ 0"?)(2v) " 'sy € R, Tax kax muorounen o(u) = 4u® —4uv +9?(v —1)2 > 0
B CHJIy TOTO, 9TO ero quckpumuantT —(9v? — 18v + 8) < 0 mpu v & [2/3, /4/3]. Torna samena,
HAIpuMep, ¢ 81 = (v—v%—2u+0'/?)(20) Lsg, o = (2u—v—0"/?)(2u+3v—3v+0/?) (2uv?(3v —
4))~'ry cBogmr NSF> S k SFY?.

4) JTrobas 3amena (1.5) ¢ 1 = (u—|—v—|-(( +0)2—u)?) sy, 11 = —(utv—((utv)2—u)"?)r,
cBomur NSEFLP S k SFy;, mockomeky psop < = {v > 1/4, u < 0}. O

Pacemorpum NS F™2<< u3 cnmcka 2.4;. HemocpeicTBeHHO# TPOBEPKOi yCTaHABINBACTCS,
5,2 5,2
ato NSFy =" asnserca CFyy =S, a'y octambabix hopm ps™2 << £ csMmb<<,

VrBepxkaenue 2.9. Toavko caedyrougue Gopmuvs u3 cnucka 2.4 ¢ Yka3aHHOMU 3HAYEHUAMU
napamempos ceodames ¥ npedwecmsyrousum cozaacrno CII empyxmyprom dopmam (cm. npua.
3.6.5, 3.6.6):

1) NSEE2<<(3,0,5) ¢ psi><<= {5 €(0, 1), & € (45 (2), 03 (7)) (97 <—1, 6 €(~1,0))}:

) npu G = —0 3amenot L3§f’+<1’< c600UMCA K C’F§42+<1’< co=a,u=1Y(0);

b) npu @ = —2"3(3 £ V5), v = 2723 samenot L5355 — k CFR ¢ o0 = F6, u = —3;

2) NSFS*<S(6,0,0) ¢ pso® <~ = {0 # —i, 40 < (u+1)2)} :

a) npu @ = —1 3amenod L2§;1 5T ceodumen CF342+<1 S co =06, u=1y(D);
b) npu v =[-3(a+1), a € (—1,11) V3(a+1)(a+2)"", a € (—2,—1)] samenot [L35’2’< Y

LAY <] ceodumea C’F22’2’<’< co=[oV—cl,u=[-3a+1)"'v3(a+1)(a+2)")

¢) npu O = Ps(@0), @ € I, samenoti L3G7S ceodumea v NSFy> S ¢ 0 = Fsign (1 — 24),
u=—(1 =32 +6u+1) (@2 —u+1) (@ —a+7)2u—1))"3 v= (20— 1)¥3(@>—a+7)"13
3) NSFE12+<1 =(6,14,0) ¢ ps(f12+<1< = {40 < —a?}:

a) npu ¥ = Y, V3 € IT samenot L2325 ceodumen x CFy> < ¢ 0 = +6, u = Vg%
b) npu v = 3(a* + 5)(u + 1)(2(a* — 3))’ i € (=3, V3) samenot L20*° ceodumea
K NSF§’2’<’< ¢co=—Fsigni, u=—(>+5)a 2/3(2(a2+ D(@%+9))"13 v =(20)*3 (a2 4 9)~1/3,
4) NSF)><S(6,1,0,W) ¢ psy> = = {UE(O 1) (1,¥/4), @ # —u(v
(=

a) npu = —7v, 3amenol [/4342Jrl - C'F34 +<1 “co=0,u="0b v

B mpu s = [0V Oy(i)], @ = BT+ 720 v (i + 0a(2))(Bal@) — 20)] @ € I3 V L]
samenou [[/65 2SSy L75’2’< <] ceodumea x CF252’2’<’< co=[-6Vsign(i+1)], u=[3(7"%u+
D)7V (20 — 0x(1)) (1 + O2(1))7];

V) npu @ = [—40 V YL], @ = [30(40 + bg5)/2 V 3(0hy — 2071, © € [(0,(2/7)¥3) v 5]
samenoti L8y <<V L93<] ceodumes x CFy =% ¢ 0 = [—=6 V F6], u = [(4 4 1yt ) /6 V

(4 —°)(0%¢a5 — 2)7');

c) npu W = Ps3(U, V) 3amenots L ceodumea 1 NSF> <<

u = (0(20 — 0) "y ) Pehaa, v = —(0(20 — 0)*ag )/,

d) npu [t = YF Vo = 0:(i1) # 22/3] samenoa [L25%° v L32*<%] ceodumea x NSFS><<
¢ o = [FoVasign (1]—2_1/3)], u = [— (00— 30255 +6) (0w) "' v (w+2ﬁ2—1—92(12)11—9;(11))12)_1],
v=[3(4 =) (00) "V — (Y2 (1, (@) + 35) (V20(1, 92(@))15)_1];

- 7562 6,2
e') nputhyr >0, @ # 0/2 samenoti L2777~ ceodumea x NSF;77~ co

v = b} /é;
e?) npu [u=10/2V 0= 05(1)] samenof [L3?’12,’+<1’< V L4§’127’+<1’<} ceodumes « ]\KS”FIGI’Qf1 "~ co=a,
u = [—3(40 — 04)V2(40) "1V —ihgh hs], v = [(4 — %) (40@) 1V thag).

Hokazarenscrso. 1) NSFy><<(5,1,0) B a) 3amenoii ¢ 11 = —0 /21y, 55 = 0'/%s
cBomutest K SFy”, B b) 3amenoit ¢ 1y = —2/3r,, 51 =272/3(3 & /5)s, cBoaurcs k SFy; ;

FLER c o = gsign((2a — 9)1ay),

=~k

6-7 U = a’l(dzéz)il/a
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2) NSFS*<<(,1,0) B a) 3amenoii ¢ 1, = (0 £ @/11/2)7“2/3, s1=(0F 1p¥2)32/3 CBOJTUTCSI

K SFy”, B b) 3amenoii ¢ 1y = [(G+2)a 'ryV —(0+2)"1ry |, 51 = [ —isa/2V (14 3)s2 | cBOmHTCS
k SFy%, B ¢) 3amenoit ¢ ry = — (4 — 20 + 3) (24 — 1)_1r2, §1 = @iy comurcst K SF7;

3) NSFffjj(&,ﬂ,ﬁ) B a) 3aMeHoil ¢ 51 = — (24 F v/3)s2, 72 = —(2 F V/3@)@'r; couTCes
K SFy%, B b) samenoit ¢ . = — (@ + 3)(21) 1y, 51 = s, cBoguTes K SFLC

4) IToapobHee paccMOTPUM IIOJIY YeHHe TIPeHIeCTBYIOMUX (HGOpM U3
T I 17 M S |
(u w uw T —v(uv+w) u+wv R
NSF72<< & ) 1( ~2 ) ('Ll,‘i‘w'l]_l?é()).
1 0 v =0 1
a) pu @ = —0, 0 = (30252 + 2(0° — 1)s155 — 0(0% + 2)52)(052(251 — Us5)) "1 NSF >~
moGoii 3amenoit (1.5) ¢ 1 = (028, — 289)(0(2s1 — 2)) "'y cBommres k SFy . Pasencrso
JUIst W SIBJISIETCS KBAJPATHBIM YDABHEHHEM OTHOCUTEJIBHO $; M MMeEeT BelleCTBeHHbIe KOPHU
st = (00 — 7% + 1 + 103)2)0255/3, TaK KaK 1oy = (00 + 1)? + 73(49° — 500 + 4) > 0 B cny
Toro, uro w < 0. Kpome toro, o3 # 0 < 287 — 089 # 0.

Bamena ¢ r; = 0(wv — 0° — 5 — 1/2)1/}23 ry, §1 = (W0 —0* + 1 — /2) 259/3 cBOmUT
0 b (—0, 0, 0)rys 0 diryts?
NSF;72,<,< K SF;ZQ _ . R 1( y Uy ) 2902 N o 1 2 . BI)I60p
as(—o,0,w)rs s, 0 Gy (=0, 0,0)re89 0

HOPMUPOBKH M CBSI3aHHbBIE C Heil BONPOCH MPUBEJIEHbI B yTBep:KIernn 2.8, 1).

B b') NSE]><< zamenoit ¢ rp = [=7 Y31,V iiry], [s3 = 0V 81 = (05(@1) — @)s5] cBOIHTCS
K SFy’.

B b2) NSF]*<< zamenoii ¢ 1 = [0r9/2V fira], s1 = [thgss V Vi ss] cBomures xk SFoy
caydail & = —40, w = 30(40 + 135 )/2 nHeBo3MOKeH, Tak Kak B HeM D > 0.

B ¢) NSE}*< zamenoit ¢ 7y = —(2002 — @20 — 3)(0(0 — 2@)) " 'ry, 1 = 1Sy cBOAHTCS

kK SFy 62 TIpu 9T0M 1heg # 0, TAK KAK SBJILETCS HOPMUPOBOUHBIM MHOMKUTE/IEM.

B d) NSF]*< zamenoii ¢ 11 = [firy V @rg], s1 = [Esy V (02(@) — @)ss] cBOTHTCS

K SFY% ecim 20 = 04(i1) & @ = 273, 10 6., = 0, npu sTom sign (& — 27/3) = sign (24 —
02(@))1ng (1, 02(1))).

') Tpn @ = (9(0 — 2@1) 5% + (07 — a0® — 2) 5155 + 0(0° — 2)52) (059(251 — sy)) "+ NSFy >
moboii samenoit (1.5) ¢ 11 = (0?81 — 289)(0(2s1 — 089)) "'y cBomuress Kk SEY;. Papencrso
,HJIH W ABIACTCA KBAJPATHLIN YPABHCIHeN OTHOCHTEALHO Sy H HMCCT BEMECTBEHNbIe KOprm

= (20w — 0® + w® + 2 + ¢1/2)(217(17 —2a)) sy mpu oy > 0 m @ # ©/2. Kpome Toro,

wgg #0 & 25 —Usy £ 0. B peSyﬂbTaTe 3aMeHa, Haupumep, ¢ r; = (20%w — 0 + a0 — 20 +

8t — DY) (2thag) "1, 81 = (2mu —® + 002 + 2 — sl (20(5 — 24)) " Lsy cBommr NSFL2<< k
2 3

~% .2 e Tx

SFlﬁl’2 = . 11 nanee, kax B yrBepKmenun 2.8, 1).

~% .3 ~%
asr3sy ! 0 CyT252 0
7,2 . ~ - -
B 262) NSF, == 3amenoit ¢ 1 = [0ry/2 V @iry), [so = 0V 81 = (203(1) — @)s2/3] coauTes
6
K SF);". Ilpu srom 139 > 0, TaKk Kak SBJISETCS HOPMUPOBOYHBIM MHOZKUTEIEM.
7,2,<,<
Hakownern, NSF, BO3MOXKHO TPHU OMPEICTEHHBIX YCJIOBUSAX CBOIUTCS K MPEIIIECTBY-
) 6,2 :
fommum eit NSE,2 S (i = 12,13,15,16) u3 crnucka 2.4, KOTOpbie, B CBOIO 0YePe/b, CBOAATCS
6,2 4,2 6,2
K SF);” nma SFy;” — 310 caenaHo B yrBepxxaennn 2.8. A Bce mpsaMble 3ameHsl K NSFY) +<1 <

4,2 .
NSFy; +<1 'S yiKe Haiigens! Boime. [

[losrydenHble pe3yabTaThl MO3BOJAIOT B caydae | = 2, Dy < 0, D < 0 BBIIHCATH BCe
KaHOHWIeCcKHe (DOPMBI CO CBOMMHU KAHOHUYECKUMHU CeMeHCTBAMU.
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2 2
Crucok 2.6. Illects CF™"*5% unx cs]"" % (0 = %1, u,v,w # 0).

0 u 0 wu

4.2,<, 4,2,<,<

C'F:a4+1<— ( 0 +1 0): €833 41 = {u < 0};
1 0 0 1

CRs2< _ Y u(?-v) 0 U’U*‘O’ esg ™SS = {v €(0,1), u € (7 (v),9%7 (v))
1 0 vl — 2 T u# -, (u,v) # (275533 +£56), 2 2/3)},

0 _
CFE =< = ( v “) esy = = {u < —1/4};

?

CFHRS _ u v —v u-+v cs$2<<—{4v<—(u+1)2,u7§—1,

! 10 0 1 )7 v#—u =3u+1),3u+1)(u+2)"", ¢sa(u)};

6,2 u v ou v 6,2, _
CFyj +<1 < = (1 0 1 0) ) 0311,+< ={4v < —u? v# Vo (u), 3(u® +5)(u® +1)(2(u* = 3)) 7'}

w # —uv, —u(v — v2),P33(u,v),

4w < —(u+ )%, hor(u,v,w) <0,

CFT2<< _ " W w = v(uv + w) u+wv”
2 1 0 R 1

1> cs§2< “={v e (0,¥4), v+ 1, —u,2u,05(u),

(u,w) # ([—4v V I3 (v)], [Bo(4v + 955 (v)) /2 V B(vihis (v) — 2071)]),
(v,w) # (772 V G2 ()], BT7Pu+T723) v (u+ 02(w)) (02(u) — 2u)])}.

Teopema 2.5. JIobas cucmema (1.4) ¢ | = 2, sanucannas 6 eude (2.1<) cozaacno (2.2) u
umerowas D < 0, aunelino sK6USAACHMHA cucmeme, NOPoHcIeHHol HeKkuM NPedcmasumenem
. . .« m,2,<,<
coomeememeyroweli kanoruseckold gopmu us cnucka 2.6. Husrce dan rascdol CF, npu-
gedenvl: a) ycaosus wa kospduyuenmu cucmemos (2.15), b) samenwv (1.5), npeobpasyrousue
npasyro wacmov (2.15) npu yka3aHHOLT YCAOBUAL 6 ebL6paHHym dopmy, ) noaywaemvie npu

2,<,<
IMOM 3HAYEHUA MHOHCUIMENAA O U NAPAMEIMPOE U3 CSm

A CFPTS: L)v=0, =0, 1) J2, L1375%, 1) o =1, u=7%"%
2,) v = 0w, YE()o(+)) = 203, (Vtbnal-), 2de () = (Brp, ), 26) J3, L1g5 S, L3GHS™, 2.) 0 =
signs(1), u = 1r0(0), ade b= —(20s()guo(-) 0 ();

3.) v = YA, U = =<, 3y) J3, L19PS, L2057, 30) 0 = £1, u = Yy (0), 2de § =
—3(¢14 +§2)(2g) ; ~
4,) v =0, B,4B% — 307, 46% — 367 + 372 # 0, 4) J2, L17>°F, L4570 SS, 4.) o = signf,
w = bt (—0,0,0)/E(—0,0,W), 2de T = (205)*/*1hy v LW = —952(20s09) "3 (1% + 1?);

B. CFj3*=<:1 ) = B(29) "', B #0, a:75( 7)) J3, L1375, 1) o = sign 3,
—(B* + 43 (2B)7%;
2a) v =01, 273910(-) = —(3 £ VB) (Us(-)the(-)) 3, th1a(-) = =8Us(-)th1o(+) ((-) = (Bupe, 1)), 25)

J2, L1905, L552<< 2.) 0 = Fsignis(-), u = —3;
3a) V = @bm M @/115§ P=[=3(a+1), u € (~L1)V3@+1)(a+2)~", ae (-2-1)]
20e 0 = =35 4+ 72)(20)72, 3y) J§, L197SS [L357° v L43)SF], 3.) o = [+1V F1],
w=[-3(a+1)""Vv3((a+1)(a+2))” ]

4o) v = =07, B A0, (B + 37572 = (@), @ = 2557, VB € IT, 4) J3, LTSS,
L2255 4) 0 =41, u=—2B1,

5,) v = 5( ) K, 5 # 0, a # 7@2(4’7) B*/ = (1), V3i € Ifcaﬂ = &1(‘1202)1/27
U= &’{(&26‘3)1 2 0= b*/cQ, 5b) J37L162< D L1?12+<1<aL2 22< <a 5.) 0 = Esign 3, u = Y3 ()u -2
6a) v # =By g, Orpe, YA, B2Y) ", [T7Y3V 0n(0)] = (200)2 0y 2, [3(T P+ TR v
(Oo() — 2a) (@ + O5(@)] = —972(20sthg) 2312 + p?), @ = 2(2¢st0) V1o € [Is V I,
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(=)

p) J2, L1552 [L652 SV LTS, 6.) 0 = [—signg Vsigna], u = [3(7Y30 + 1)1V (20 —

)
92§ﬁ))(u + 02(@));

7q # =By 1, O, ¢147 s, B ~< 7)™ "1, [—40 V Yg] = 2(2¢8¢9)_1/3¢10= [30(49 + 1hy5)/2 V

B(0v5 — 207Y)) = —97(20hsty) 22 + pi2), § = (20s)Y 0 P € [(07 (2/7)**) V Iy], Ts) J3,

L1755 (L83 V L9 F], 7.) 0 = [—signas V Fsignvss)|, u = [(4 + ¥01)/6 V (4 —
)( 21/)2 —-2)7;

C. CEX*<%:1,) v = O, (A2, B2,), 1) J2, L15%<<, 1,) 0 = signis(-), u =
2(205 (- )¥o(1) "3 10(-), v = = (20 (1o (-) V205 P (), () = (Oups, p);
2,) v = YA, =30+ 72)(20) 2 = ¥na(@), @ = UfT € L, (B3,), 2) J3, L1§ATF,
L3Y%%,2,) 0 = j:sign(l 20), u = — (@ =3 +6a-+1) (> —a+1)" ((a®—a+7)(2u—1))"/3,
v= (20— 1)*3a* —a+ 1)
3.) Vv = —67’1;1, f # 0, —2(62 + 322 = 3@ + 5) (@ + 1)@ —3)7", a = —28¢! €
(—V/3, f) (B4,), 3p) J3,L1§51%fl<,L262<<, 3.) 0 = —signi, 2u = —(a® 4 5)(a* + 1)/,
:( )2/3(u +9) 1/3 )
1) v = B2y ', B # 0, a # 78°(439)7%, bi/es = 3(@? + 5) (a2 + 1)(2(a2 — 3))7,
T € (V5 VD) = 7 47 Wi, © = U1U5(@8) 21, (B5,), 1) B, LI,
LI%Ps, 128 4.) o = —sign (Ba), 2u = — (@4 5)(@>+ 1) v, v = (2a)*3(a*+ 9)~1/3;
Ba) v # —BY 'y O, VAT, B2F) T —972(20ste) AR + ) = bss(A, D), @ =
2(20sh9) " V3hro, T = (205)%31hg ?, (Ada, B6a, BT,), 5y) J2, L1¥SS L4925 5 o =
sign((20 — 0)Ystos), u = (0(20 — D) Mo )3y, v = —(0(20 — D) *hyg )3,

D. CFS*<<:1,) V= VEA , OF #0,—¢, (B3,,02,), 1) J2, L1955 1) 0 = +1,
u=YEcT v = _3(%4 +7 )(2§> %
2.) v# =By, Oup, AT, BRY) T [l = 0% VO = 05(0) £ 225, @ = 2(2bsibg) T34y,
0= (20)P 0 b = —952(20s19) P2 + pi2), (Adg, B6a, BTa, C5,), 2) J3, L1775,
(L2025 L3%* <] 2,) o = [Tsign s Vsign((t—273)s)], u = [— (000 — 3020, +6) (0w) 1 Vv
— (W + 202 4 Oy (1)@ — 02(0)w '], v = [3(4 — 0%) (0) "'V (124 (T, 02 (@)D + 1hs5];

E. CPPSS L) v = =37 ', B # 0, (B4, C3,), 1) J3, LI5S, 1) 0 = 1,
u=-28" v=—(F+54
2,) v =P29)", B # 0, @# 752(49)7", (B5,, C4y), 2b> J3, LU =S, LSS, 2,) o =
sign §, w = 4}(565)'12, v = b{/¢5, ede it = (57 4&2>w16, = 1/3(26) 23,
3a) v A =P ', b, A, BRA) T, [0 # T/2, %7 >0Va=10/2V0 = 6sa),
ede T = 2(2hsthe) V1o, © = (2u5)30y %, W = —97 (205109) 23 (% + 1), (A4, B6,,
B7,,C54,D2,), 3y) J3, L1y%~< [L2§f+<1< V L3S v L4§1+<1<], 3.) 0 = signig, u =
[@3(a3e5) 2 v —3(40 — 04) V2 (40) "1V —tgy ], v = [0/ V (4 — 8°)(400) 1V hae;

F.CEP*<%:a) v # =By Y, b, V5 1, B(27)  p, (A4, B6g, B7a,C54, D24, E34),
b) J3, L17%F, ¢) o = signis, u = 2(20sthe) Vb, v = (205)30 P w = —972(? +
11%)(2upgihg) /3.

3decv sesde sanucy (...) 03HAMAEM, UMO HE BVINOAHAIOMCA YKA3AHHYE 6 CKOOKAT YCAOBUA.

JokazaTenbcTBo. COCTHIKYEM pe3y/aIbTaThl JeMMbI 2.2 u yTBep:Ktennit 2.8, 2.9, moaydas
COOTBETCTBYIONINE MyHKTH (POPMYTUPOBKU TEOPEMHI.

Al) w3 2.2,1); A2) u3 2.2,3), 2.9,1,); A3) u3 2.2,45), 2.9,2,); A4) uz 2.2,5), 2.9,4,).
Tpu stom B A4) @ = — © 2(2¢8w9) 1/%10 + (2%)2/% V5 0o g+t =0cv=0,
cirenoBaTebuo v # =B, O, A B(29) T & 61 # 0 (i (0,1) # 0), i # 0 &
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4p% =307 £ 0, B(48% — 307 +37%) £ 0, a s = B n sign iy = sign j.
B1) u3 2.2,2%); B2) u3 2.2,3), 2.9,1); B3) m3 2.2,4,), 2.9,2,); B4) m3 2.2,15), 2.9,3,); B5)
us 2.2,2%), 2.8,1), 2.9,3,); B6) u3 2.2,5), 2.9,4}); B7) u3 2.2,5), 2.9,42).

C1) 13 2.2,3); C2) 3 2.2,45), 2.9,2.); C3) m3 2.2,15), 2.9,3,): C4) u3 2.2,28), 2.8,1), 2.9,3}):
C5) n3 2.2,5), 2.9,4,).

. 6,2 - -
[Tpu stom B C2) cayuaii A3,) yxo;pa6H23<]\£SF7’ "' HEBO3MOKEH, TAK KaK i = 2—<1<HpI/I Vi = —¢;
B C3) u C4) nony4ena umenno C'Fg"" ™", rak kak ee Hesb3a csectu K CFy; 7" B cuity Toro,

6,2 42
410 TOr/Ia ObI OBLIA NpsAMast 3aMeHa, cBojsmias NSF)) jr<1’< k CF;; jr<1’<

D1) u3 2.24,); D2) u3 2.2,5), 2.9,4,).
E1) us 2.2,15); E2) n3 2.2,25), 2.8,1); E3) u3 2.2,5), 2.9,4,). O

6,2 6,2 _
Bameuanne 2.5. B NSF,">™° B ormuune or NSFg'>" smement ¢ = v~! — 0?2 > 0, Tax

kak v € (0, 1), m03TOMY MOXKHO OCYIIECTBUTD Jy4inyto corsiacao HIT3 HOpMUDOBKY U Moy IuTh

_ 0 u(v?+1)> w u(v?+1)
NSES2<< — o [40 Y C p2=(1,—v,1+0%), H=
b O\ g g g2y )0 P LTe ) {1 v

¢ Dy =—3v>—4, D =v*(u+1)*+ 4u. IIpu 3rom NSFg’2’<’<(5,Q,f1) u3 yrsepxkaenus 2.9,1)
samenoit (1.8) ¢ 1y = /41 — %)V, sy = 1} cBomurea k NSFyeS ¢ 0 = 6, u = G,

v =021 =) > 0mpsiPoS = {02 +2 - 202+ D)V < —uwv? < 02424 2(v* +1)V/2).

6,new

2.6.4. Boideaenue mes™><. IIpojeMOHCTpUPYeM Tellephb JIUHeiHbIe HeocoOble 3aMeHbl,
KOTOPBIE JIJIsT HEKOTOPBIX Hos1ydeHHBIX C' F™%< 1103B0JI4T BBLIEJUTh KAHOHNYeCKHe MIHAMAb-
Hble ceMeiicTBa, BBeJleHHbIE B onpejenaennn 1.12.

Vreepxkaeune 2.10. Toavko daa caedyrowuxr CEF™?< us cnuckos 2.5 u 2.6 ydaemca

02PAHUNUNMD ZHAUEHUA NAPAMEMPOE 6 CS™> < a umenHo:

4,2 - N - T -
1) 6 CFy" npu & =0, it = u samena ¢ 11,52 = 0, s1,70 = |a|7V/? daem o = Gsign@t, u =,

i2,< -
2) 6 CFy;.5 nopmuposra (1.8) ¢ 11, —s2 = 1 usmenaem snax o; npu i = U 3aMEHG C S1,T2 =
@) =Y2, 11,80 = 0 daem u = U~ 6es usmenenus o;

6,2,<,> ~ . . 1o~
8) ¢ CF, npu & = o, & = u 3amena ¢ r,5y = 0, s, = v/2|a|"V2, ry = v V2|al /2
daem o = Gsigni, u = U~ 6e3 usMeHenus v;

6,2,<,= - N D
4) 6 OF)* " (u=1)npud =v > 1/2 samena cry =1, s, = (20—1)sy, 75 = 0, 59 = (40—1)7}
daem v = 0(40 — 1)t < 1/2 (v > 1/4);

6,2,<,= _ B
5) 6 C’F4”+’1<’ (u=1) npu v =v < 0 HopmuposKa ¢ 11, —Sy = 1 daem v = —7;

6) 6 CF* S (u<0) npué =0, 4 =u< —1 samena ¢ 11,5, = 0, 5 = (—11)~/2

, Ty = QNJSl
daem o = —G, u =0 ‘v* > —1;
7) 6 CFS* <% (0 < 0) npu & = 0, &t = u, © = v < —3 3amena ¢ 7, = —(20 + 30)o, 51 =
(0 + 3)o, 1y = —s1, 52 = — (0 + 3@ — 3)o, 2de 0 = (—0(0% + 3uv + 3(@? — @ + 1)))"V/2,
daem uw = —(3a+ 0+ 3)0"", v =90"" > —3 bes usmenenua o;
8) e CFfl’?flK (v<0)npud=o,u=u<0,0=1v Hopmuposka ¢ r1,—S3 = 1 daem 0 = —3,
u=—u >0 6e3 usmenenua v; npu o =0, U =u, v = v < —1 3amena c ri, Sy = UP, S| = —7roy,
Ty = (0+1)0, 2de 0 = (—0(@%+(0+1)2)) V2, daem u = —av ', v = ' > —1 6es usmenenua o.

CaencrBue 2.7. (Coznacto cozaauenuto 1.13 umeem:

acsg 7 ={|u| > 1}, acsyiy” ={o=-1, u>1}, acsyi S ={o=-1, u< -1},
acsV?<7 = {|u| > 1}, acss®<T = {v > 1/2}, acsg:i’f’: = {v < 0},
acsg’2’<’< ={u < -1}, acs$’2’<’< ={v < =3}, acs?’fff ={u<0, v< -1}
Y 0CTAALHUE KAHOHUMECKUT dopm us cnucka 2.5 mes™H<* = cs™ib<*,
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2.7. Kanoanmyeckue (popMbI 1 KaHOHUYECKNEe MHOXKecTBa npm 1 = 2.

B zak/iouenue npupeeM o0Muil cnucok kanoHuueckux (opm cucremst (1.4) npu | = 2.

Craucok 2.7. Ipaanars nse CF.m’2 U UX csm’2 (o,k==%£1, u,v,w #0).

op2r=> _ (Y 0 00 cs ” = ={u #1},
’ 0100/, 033 = ={u=1}
cp22>> _ o [0 0 0 0832 7 = {u # 1},
! 001 0), " es s3> = fu = 1};
g _ (0 8 00} a1,
T,k 100 0 [617 ngi” —{H——l}
0 0 0 272’>7>_ :1
CF82’3’>’2 =0 " ; 682’§> < {r =1}
’ 01 00 csg S ={k = -1}
[6] "
cpsa=s _ (v 10 0) et TT = {u st 1,
! 0100/ esy? T = {u=1};
CF3’2’>’> =0 0w 10 CS?E)27>’> _{u# 1}a
10 0010 [717 sy ” T = fu=1};
1 0 0
cw§~<=a& - J cesyy T = {u < —1/4);
[7]
3,2,=,= 0 0 v 1 3.2,—,
CFlS =0 (0 0 0 1) s 6813 = {'LL = 1},
(8]

. 01 u 0 68262>> = {u>—1/4},
CFg” ’*:0<0 1 0 0) ,esyp T = {u=—1/4},
8 st = {u < —1/4);
4,2,> u 0 wku O 03;12_1>>—{u7é:|:1},
C’F87’,_€’<’> =0 <0 Lo n) , cs;1 if Z = {u#1},
(8] csél if ={u=1}
C’F14£i,2’—>1’> =0 (8 ? g 01> ) 0341142—>1> ={u+#-1,-2,-3%
(9]
i 0w v 0 csé}f’>>—{u7§1 v>—(1—u)?/4,v#u,(2u—1)/4,u(2 —u)/4},
<M§>“:JQ ' ) e fu 1, v = —(1 - u)2/4),

[10] csyy” = {v < —(1 — u)?/4};

4,2,<,2 0w 0 w esypy” ={u>0,u#1},
CRiLT=0\y g 41 0) eSS = {u < 0);
[12] 34 +1 )
5.2,<,> u —u u 0 sy = {u £ +1 3},
CF7 =0 , 5’2’< B o
0 0825 7 = fu> —1/4 w#3/2,6,4+ 13},
* u —-u u
CFS>* =g L st ST = {u=—1/4},
Lo 0 1 52<<
[14} 22 - {U < —1/4},
u u uv 0
CF1672,<,> —_ (0 L1 es 6,2,< > ={u#=+l, v>1/4, v# ¢1( ), o (u), 3 (u)};
12
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1—-v) 0 —uv?
CPS*<==4 (g u(l=v) X “”) L esOPST={u=1, v>1/4, v £ 1/3,1,(49 F 7V16) /6};
v 13]
6,2,<,= U v 6,2,
oL L H) T fu=1, bl <1
[14]
)

_

Wt =, (w0) £ (<255 £V5), 220}
() u+v> cso S = {dv < —(u+1)%, u# —1,
(15]

S

F62<<

1 0 O 1 v# —u, =3(u+1), 3(u+1)(u+2)"1 Psa(u)};

S

vou v 6,2,<,<

L0 41 0 [16], €811 411 = {4v < —u?, v £ P (u), 3(u?+5)(u?+1)(2(v*—3)) "1}

6,2,<,< __
F11+1 -

CF()Q << _ (u u(v™*—v 0 uv_3> 052’2’<’< ={v € (0,1), u € (7 (v),¥7 (v)),
vl — 2 ’
14

w 7& —uv, —u(v - 072)7 %E(Ua ’U),

4w < —(u+ )2, Yoy (u,v,w) <0,

-1
u w uww T—ov(uv+w
C’F27’2’<’< =0 _1( 9
1 0 v —v

) ut wv_1> cs; SS={ve(0,V4), v#1,—u,2u,b3(u),
(17]

(u,w) # ([=4v V 5 ()], [3v(40 +935(0)) /2 V 3(viis (v) — 2071)]),
(v,w) # ([T7V 02(w)], [B7T7Pu+7723) v (u + 02(w)) (02(u) — 2u)])}.

42,2 .
Bameuanne 2.6. Tonbko CFy-<” mMeer KaHOHWHYECKHE ceMeHcTBa, COOTBETCTRYIOTIHE

3,2 4,2 5,2
pasHBIM 3HAKaM juckpuMunanta Dy u Tonbko B OF 7" CFy”” " CFyy” ™ peammsyrorcs
BCE TP BO3MOZKHBIX 3HAYEHHS JUCKpUMUHAHTA D.
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[3. Ipunoxenus

G CTanjaapTHble npouexypbl
E> restart; with(LinearAlgebra): mylib := table():

L3.1.1. Bcnomozamenbvivie npouedypol (HCRONB3YIONCA MOABKO 6 CIAHOAPMHbLY).

pprintf
L DyHKIMs, aHAOTHYHAS 110 CHHTAKCHCY printf, HO BbIBOAAINA anreGpanteckue BrIpaxkeHus B opmate prettyprint.
> mylib[pprintf] := proc(S::string)
uses StringTools, Typesetting; local X,L,r,n,i,3,k;
L := [RegSplit("%a",S)]; X := [ passed[2..-1]]; r := NULL; j := 1;
for i from 1 to nops(L) do
n := CountCharacterOccurrences (L[i],"%");
r := r, mi(sprintf(L[i],seq(X[k],k=7..J+n=-1))); J := j+n;
if j <= nops(X) then r := r, op(map(Typeset, [X[J]])); J := j+1; end if; end do;

print (mrow(r)); end proc:

P
L_Ky6unueckuit MHOTOwIeH ¢ K03 duiuenTamu a,b,c,d OT epEMEHHBIX X,y.
| > mylib[P] := (a,b,c,d,x,y) -> a*x"3+b*x"2*y+c*x*y"2+d*y"3:
delta
OnpeienuTens MaTPULIBI (X, V;; Xy, V,)-
:> mylib[delta] := (x1,yl,x2,y2) -> x1l*y2-x2*yl:
R
ap by ¢ 4,
PesynbTanT cuctembl ¢ MaTpuuei
ay by ¢, d,
B mylib[R] := proc(al,bl,cl,dl,a2,b2,c2,d2)
local dab,dac,dad,dbc,dbd, dcd,Rez;
dab := factor(al*b2-a2*bl); dac := factor(al*c2-a2*cl);
dad := factor(al*d2-a2*dl); dbc := factor(bl*c2-b2*cl);

(

(
dbd := factor(bl*d2-b2*dl); dcd := factor(cl*d2-c2*dl);
Rez := factor(dad"3-2*dab*dad*dcd+dac”2*dcd+dab*dbd”2-dab*dbc*dcd-dac*dad*dbd) ;
mylib[pprintf] ("Resultant: %a", Rez); end proc:

I:3. 1.2. IIpoyedypot 015 00HOPOOHBIX KYOUYECKUX CUCIEM C RPUMEPAMU UX Oelicmeust.

zamproc (1=0,1,2,3)
A ap by ¢ d,
IIpousBoauT NMUHEHHYIO 3aMeHy B CHCTEME C MaTpuIeit
T 5 a by ¢ d,
Pesynbrar --- MaTpuna 2x4 nosay4aemMoi CHCTEMBI.
Tpu nanucanun full =true OyneT AOMONHUTENHHO BBIMUCAHA MATPUIIA HCXOJHOM CHCTEMBbI, 3aMEHA U €€ ONPEIeIUTEb.
Ilpn Hanmcannu res = true OyJeT JOIOJHHUTENBEHO BHITHCAH PE3YJIbTaHT HCXOXHOM CHCTEMBIL.
|_Ipu Hamucanuu 1bl = true 31eMEHTBI MATPHULIBI OTYYaEMON CHCTEMBI OYAYT BBITHCAHBI TOCTPOYHO.

> mylib[zamproc] := proc(al,bl,cl,dl,a2,b2,c2,d2, rl,sl,r2,s2, {full::boolean := false,
res::boolean := false, 1lbl::boolean := false}) :: Matrix;
local alnn,blnn,clnn,dlnn,a2nn,b2nn,c2nn,d2nn,aln,bln,cln,dln,a2n,b2n,c2n,d2n,Delta,
il,1i2,13,14,1i5,1i6,17,18,ix,ml,m2,m3,m4,m5,m6,m7, m8, mx, M; Delta := rl*s2 - sl*r2:
aln := (s2*mylib[P] (al,bl,cl,dl,rl,r2)-sl*mylib[P] (a2,b2,c2,d2,rl,r2))/Delta:
bln := (3*al*rl”2*sl*s2+2*bl*rl*sl*r2*s2+bl*r1"2*s2"2+42*cl*r1*r2*s2"2+cl*sl*r2”2*s2

+3*d1*r272%8272-3%a2*r1"2*g1"2-2*p2*r1*s1"2*r2-p2*r1"2*s1*g2-2*c2*r1*sl*r2*s2
-C2*s172*r2"2-3*%d2*s1*r272*s2) /Delta:

cln := (3*al*rl*sl”2*s242*bl*rl*sl*s2"2+bl*s1"2*r2*s2+2*cl*sl*r2*s2"2+cl*rl*s2"3
+3*d1*r2*s273-3*%a2*r1*sl1 "3-2*p2*r1*gl"2*52-b2*s1"3*r2-2*c2*s1"2*r2*s2
-c2*rl*sl*s272-3*d2*sl*r2*s272) /Delta:

dln := (s2*mylib[P] (al,bl,cl,dl,sl,s2)-sl*mylib[P] (a2,b2,c2,d2,sl,s2))/Delta:
a2n := (-r2*mylib[P] (al,bl,cl,dl,rl,r2)+rl*mylib[P] (a2,b2,c2,d2,rl,r2)) /Delta:
b2n := (3*%a2*rl 3*sl+2*p2*r1"2*s1*r2+b2*r1"3*s2+2*c2*r1"2*r2*s2+c2*rl*sl*r2"2

+3*d2*r1*r272*%s2-3%al*r1"2*s1*r2-2*bl*rl*sl*r2°2-bl*r1"2*r2*s2-2*cl*rl*r2"2*s2
-cl*s1*r273-3*d1*r2”3*s2) /Delta:

c2n := (3*%a2*rl1"2*sl1"242*p2*r1 2*s1*s2+b2*r1*sl1"2*r242*c2*rl*sl*r2*s2+c2*rl1"2*s2"2
+3*%d2*r1*r2*s272-3*%al*rl*sl"2*r2-2*pl*rl*sl*r2*s2-b1l*sl"2*r2"2-2*cl*sl*r2"2*s2
—cl*rl*r2*s272-3*d1l*r2”~2*s2”2) /Delta:

d2n := (-r2*mylib[P] (al,bl,cl,dl,sl,s2)+rl*mylib[P] (a2,b2,c2,d2,s1,s2))/Delta:
alnn := simplify(factor(simplify(normal(simplify(aln) ))):
blnn := simplify(factor (simplify (normal (simplify(bln))))):
clnn := simplify(factor(simplify (normal (simplify(cln)))))
dlnn := simplify(factor (simplify (normal (simplify(dln)))))
aznn := simplify(factor (simplify(normal (simplify(a2n))))):
b2nn := simplify(factor (simplify (normal (simplify(b2n)))))
c2nn := simplify(factor (simplify (normal (simplify(c2n)))))
d2nn := simplify(factor(simplify (normal (simplify(d2n)))))
aln := simplify(factor (simplify(normal (simplify(al))))):
bln := simplify(factor (simplify(normal (simplify(bl))))):
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M := Matrix (2, 4); M(1,1) alnn; M(1,2) := blnn; M 3) := clnn; M(1,4) := dlnn;

3) := c2nn; M(2,4) := d2nn;
aln,bln,cln,dln); print(a2n,b2n,c2n,d2n);

M(2,1) := a2nn; M(2,2) := b2nn; M
if full then mylib[pprintf] ("Initial system:"); prin
end if;
if res then mylib[R] (al, bl, cl, dl, a2, b2, c2, d2); end if;
if full then mylib[pprintf] ("substitution: %a, %a; %a, %a",
simplify(factor (simplify(rl))),simplify(factor (simplify(sl))),
simplify(factor (simplify(r2))),simplify(factor (simplify(s2))));
mylib[pprintf] ("det: %a", simplify(factor(simplify(mylib[delta] (rl,sl,r2,s2)))));
mylib[pprintf] ("system after substitution:"); end if:
if 1bl then print(alnn); print(blnn); print(clnn); print(dlnn);
print(a2nn); print (b2nn); print(c2nn); print(d2nn);
else print(alnn,blnn,clnn,dlnn); print(a2nn,b2nn,c2nn,d2nn); end if;
return M; end proc:

cln := simplify(factor (simplify(normal (simplify(cl))))):
dln := simplify(factor (simplify(normal (simplify(dl))))):
azn := simplify(factor (simplify(normal (simplify(a2))))):
b2n := simplify(factor (simplify(normal (simplify(b2))))):
c2n := simplify(factor (simplify(normal (simplify(c2))))):
d2n := simplify(factor (simplify(normal (simplify(d2))))):
4 (1,

(2,

t(

B mylib[zamproc] (u,0,0,v,0,1,0,1, rl1,1,0,s2):
3., o2 _
url? il Gu—1),3u—2, s2v—s2tu—1
rl
0,712,271, 52 +1 (4]
Bb130B poLetyphl ¢ BKIIOYEHHEM BCEX JAOMNOIHUTEIBHBIX OMIHI:
BBIBOJI HCXOJIHOM CHCTEMBI H 3aMeHsI ¢ ee onpeaenuteneM (full = true), BBIBOJ pe3ynbTaHTa HCXOJHOM CHCTEMBI (res = true),
L_10CTPOUHBIH BBIBOJI 57IEMEHTOB MATPHLIBI IOMTy4aeMoi cucremsl (Ibl = true).
> mylib[zamproc] (u,0,0,v,0,1,0,1, r1,1,0,s2, full = true, res = true, lbl = true):
Initial system:

u,0,0,v
0,1,0,1
Resultant: u (1 +17)
substitution: rl, 1;0, s2
det: rls2
system after substitution:
url?
rl Gu—1)
3u-2
sPv—s2+u—1
rl
0
rI?
2rl
s2+1 2)

zamprocl2 (st 1 = 2,3)
s . b 4
3amena B cucteMe ¢ | =2,3, 3armcaunoii B sune (o, B, 7y),
T3 5 2 4
Pesynbrar --- MaTpuna 2x4 noxy4eHHON CUCTEMBI.
TIpu nanucanum full = true OyaeT TOMONHUTENBHO BBIMKCAHA MATPHULIA HCXOJHOW CHCTEMBI, 3aMEHA U €€ OTPE/IEIUTENb.
|_ITpn Harucanuu 1bl = true 3eMEHTBI MaTPHUILIBI MOTyYIaeMON CUCTEMBI OyIYT BBITHCAHBI IOCTPOYHO.

> mylib[zamprocl2] := proc(alp,beta,gamma,pl,ql,p2,92, rl,sl,r2,s2,
{full::boolean := false, 1lbl::boolean := false}) :: Matrix;
local aln,bln,cln,dln,a2n,b2n,c2n,d2n, M;
aln := factor(simplify(alp*pl)); bln := factor(simplify(alp*gl+beta*pl));
cln := factor(simplify(beta*gl+gamma*pl)); dln := factor(simplify(gamma*ql));
azn := factor (simplify(alp*p2)); b2n := factor (simplify(alp*g2+beta*p2));
c2n := factor(simplify(beta*g2+gamma*p2)); d2n := factor(simplify(gamma*qg2));
M := mylib[zamproc] (aln,bln,cln,dln,a2n,b2n,c2n,d2n,rl,sl,r2,s2,
':=full' = full,':-res' = false,':-1bl' = 1bl);

| return M; end proc:
> mylib[zamprocl2] (2,1,-1,1,2,0,-1, rl,sl,r2,0):
-(rl +12) 271 =12), -s1 (41l +72), -2 51%, 0
2Q2rl—r2) (rl +r2)°

; L (rL+72) (10 71 +72), 51 (8 1 +572), 2 51 3
A
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12pH (mns 1=2,3)
LS . Py 4
3ameHa B cucteme ¢ |1 =2,3, 3anmcaunoii B Buze (o, B, v) ,
T3 5 Py 4
PesyunbTar --- BeKTOp KO3 QHUIIEHTOB 00IEro MHOKHTEISA p(z) n Matpuna H nomydaemoii cucremsl.
Ilpu Harcanuu full = true GyxyT AOMONHUTEIBHO BBIMHCAHBI pg 1 H ncxoaHoii cucteMbl, 3aMeHa 1 e OIPEeTHTEIb.
I1pn narmcanuu hidep = true He OyeT BIKCaHa CTPOKA pg MOTy4aeMOM CHCTEMBI.

L_[Ipy namucanny hideH = true ne Oyner Bhimucana marpuna H nomydaemoli cucteMbr.

> mylib[12pH] := proc(alp,beta,gamma,pl,ql,p2,92,rl,sl,r2,s2,
{full::boolean := false, hidep::boolean := false, hideH::boolean := false})
local alpn,betan,gamman,pln,gln,p2n,92n,p20,H2:
alpn := combine (factor (simplify(alp*rl”*2+beta*rl*r2+gamma*r2°2))):
betan := combine (factor (simplify(alp*2*rl*sl+beta* (rl*s2+r2*sl)+gamma*2*r2*s2))):
gamman := combine (factor (simplify(alp*sl”2+beta*sl*s2+gamma*s2°2))):
pln := factor (simplify ((rl* (pl*s2-p2*sl)+r2*(gql*s2-q2*sl))/(rl*s2-r2*sl)

= ( )):
gln := factor(simplify ((sl* (pl*s2-p2*sl)+s2*(ql*s2-gq2*sl))/(rl*s2-r2*sl))):
p2n := factor (simplify (- (rl* (pl*r2-p2*rl)+r2* (ql*r2-g2*rl))/ (rl*s2-r2*sl))):
g2n := factor(simplify (- (sl* (pl*r2-p2*rl)+s2* (ql*r2-gq2*rl))/(rl*s2-r2*sl))):
if full then p20 := convert (Matrix([[alp,beta,gammal]l), llst) H2 := Matrlx([[pl,ql], [P2,92]11):
mylib[pprintf] ("Initial coefficients: %a = %a; H = %a", (p[0])"(2), p20, H2);
mylib[pprintf] ("substitution: %a, %a; %a, %a", rl,sl,r2,s2);
mylib[pprintf] ("det: %a", simplify(factor (simplify (mylib[delta] (rl,sl,xr2,s2)))));
mylib[pprintf] ("coefficients after substitution:"); end if:
p20 := convert (Matrix([[alpn,betan,gamman]]),list); H2 := Matrix([[pln,qln], [p2n,g2n]]);
if not (hidep) then mylib[pprintf] ("° = %a", (pl[0])"(2), p20); end if:
| if not(hideH) then mylib[pprintf] ("H = %a", H2); end if: end proc:
> mylib[12pH] (1,0,1, 2,3,0,5, rl,3,-5,s2);
po=LrI* 425,61 =10 52,52 +9]
2rls2—15s2+75 352 (-3+52)
B rls2+15 rls2+15 (4)
715(r1+5) 5(rls24+35246)
rls2+15 rls2+15
[M2syst (ana1=2.3)
Py 4
Tlpencrasnenue cuctemsl ¢ 1= 2,3, 3armcanHoit kak (a, B, y) , , B BHJIE MaTpHLbl 2X4.
2 1
Ipu nanwmcannn  full = true GyayT JOMOTHUTENBHO BHIMTHCAHDI pg u H ucxomHo# cucTeMbl.
L_[Tpy namucannu bl = true snemenTs MaTpHb! 2x4 Gy/1yT BHITMCAHBI IOCTPOYHO.
> mylib[1l2syst] := proc(alp,beta,gamma,pl,ql,p2,92, {full::boolean := false, lbl::boolean := false})
local aln,bln,cln,dln,a2n,b2n,c2n,d2n,p20,H2:
aln := factor (simplify(alp*pl)); bln := factor(simplify(alp*gl+beta*pl));
cln := factor(simplify(beta*gl+gamma*pl)); dln := factor(simplify(gamma*ql));
a2n := factor(simplify(alp*p2)); b2n := factor (simplify(alp*g2+beta*p2));
c2n := factor(simplify (beta*g2+gamma*p2)); d2n := factor(simplify(gamma*qg2));
p20 := convert (Matrix([[alp,beta,gammal]),list); H2 := Matrix([[pl,qll, [p2,92]]);
if full then mylib[pprintf] ("Initial coefficients: %a = %a; H = %a", (p[0])"(2), p20, H2);
mylib[pprintf] ("Matrix (2x4):"); end if;

if 1bl then print(aln);print(bln);print(cln);print(dln);print(a2n);print(b2n);print (c2n);print(d2n);
else print(aln,bln,cln,dln); print(a2n,b2n,c2n,d2n); end if; end proc:

> mylib[12syst] (alpha,-1,1, pl,ql,1,5, full = true);
pl ql

Initial coefficients: pg =lo, —1,1];H= | s

Matrix (2x4):
apl,ogl —pl, -ql +pl, ql

oSo—-1,-4,5 (5)
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_pm2 (s 1=2)
ap by ¢ d,
B cucreme ¢ matpuneit npu 1 =2 BBIIENAIOTCH:

a by ¢ d,

KO3( GUIHEHTEI 00IIEro MHOXKHTEIS p(z) ¢ ero AuckpuMuHaHToM D, ,
L matpuna H ¢ ee onpenenurenem, IMCKPMMHHAHTOM XapaKTEPUCTHYECKOT0 MONMHOMA D 1 cOGCTBEHHBIMU YHCTIAMU.
> mylib[pm2] := proc(al,bl,cl,dl,a2,b2,c2,d2)
local Pln,P2n,dab,dac,dad,dbc,dbd,dcd,Rez, chis, znam, obw, om, hp,deltaH, mn, Dp, DH, ev;
Pln := factor(simplify(mylib[P] (al,bl,cl,dl,x1,x2))); P2n := factor(simplify(mylib[P] (a2,b2,c2,d2,

x1,x2)));
chis := numer (P1n/P2n);znam:=denom(P1n/P2n) ;obw:=simplify (P1ln/chis);
if coeff (obw,x172)<>0 then mn := coeff (obw,x1"2);
om := Matrix([[coeff (obw,x172) /mn,coeff (obw,x1)/x2/mn,coeff (obw,x2"2)/mnl]);
hp := Matrix([[coeff(chis,x1l)*mn,coeff (chis,x2)*mn], [coeff (znam,x1l)*mn,coeff (znam,x2)*mn]]);
else if coeff (obw,x1)<>0 then mn := coeff (obw,x1)/x2;
om := Matrix([[0,coeff (obw,x1)/x2/mn,coeff (obw,x2"2)/mn]]);
hp := Matrix([[coeff (chis,x1l)*mn,coeff (chis,x2)*mn], [coeff (znam,x1)*mn,coeff (znam,x2)*mn]]);
else mn := coeff (obw,x2%2); om := Matrix([[0,0,coeff (ocbw,x2"2)/mnl]);
hp := Matrix([[coeff (chis,x1l)*mn,coeff (chis,x2)*mn], [coeff (znam,x1)*mn,coeff (znam,x2)*mn]]);

end if; end if;
deltaH := factor(simplify(hp[l,1]*hp[2,2]-hp[l,2]*hp[2,1]));
DH := factor (simplify((hp[l,1]+hp[2,2])"2-4*deltaH));
factor(al*b2-a2*bl); dac := factor(al*c2-a2*cl); dad := factor(al*d2-a2*dl);

dab :=
dbc := factor(bl*c2-b2*cl); dbd := factor(bl*d2-b2*dl); dcd := factor(cl*d2-c2*dl);
Rez := factor (dad"3-2*dab*dad*dcd+dac”2*dcd+dab*dbd”"2-dab*dbc*dcd-dac*dad*dbd) ;
Dp := factor (simplify((om[1,2])"2-4*om[1,1]*om[1,3])); om := convert (om,list);
mylib[pprintf] ("Initial coefficients:"); print(al,bl,cl,dl); print(a2,b2,c2,d2); mylib[pprintf]
("Factorization:");
ev := Eigenvalues (hp); mylib[pprintf] ("%a = %a; %a = %a", (p[0])”~(2), om, D[0], Dp);
mylib[pprintf] ("H = %a, det = %a, %a = %a, eigenvalues: %a, %a", hp,deltaH,D,DH,ev[1l],ev[2]); end
| proc:
[> nylib[pm2](1,0,1,0,0,2,0,2);
Initial coefficients:
1,0,1,0
0,2,0,2
Factorization:
pa=11,0,11;D,= —4
10 .
H= 0 2 , det =2, D=1, eigenvalues: 2, 1 (6)

E> save (mylib, "newlib.m");
pu Haxkatuu !!! co3naercs ¢aiin newlib.m, U3 KOTOPOTo B JabHEHIIIEM MOKIIOYAETCS CIUCOK mylib.
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3.2. [lpeacrasiienue cucremMsl ¢ MaTpuueii A npu l=2 B Buge x =P(f(x)Hx.
| > restart; read("newlib.m"); with (mylib):
ap by ¢ d,
3anaya -- pa3noXuTh MaTpuLy 4= Ha CTPOKY p(zJ u Matpuiy H :
ay by ¢ 4
> 12syst (alpha, 2*beta,g,pl,ql,p2,q2, full = true);
rl ql

Initial coefficients: pg =[0,2B,¢], H=
P2 q2

Matrix (2x4):
apl,oql +2Bpl,2Bql +gpl,ql g
0p2,0q2+2Bp2,2Bg2+gp2 gq2 1

1) a,,a,#0 = o= 1. [IpupasuuBanue nepebix cTpok Marpuil 4 u (1). Obosnaunm bb = 2.

> solve ([al=pl, bl=gl+bb*pl, cl=gl*bb+g*pl, dl=qgl*g], {pl,ql,bb,g});

bb=RootOf( 7 al*~2bl Zal+ (b1 +alcl) Z+dlal-blcl),g= L] (cI=RootOf(_Z al*~2b1 _Zal +(bI*+alcl) Z 2)
a
+dl al = bl ¢l) bl +RootOf( 2 al>~2bl Zal +(bI*+al cl) Z+dlal —blcl)*al ),pl=al, gl =bl = RootOf(_Z* al®

—2bl Zal+(bl*+alcl) Z+dlal—blcl)al

> pp := x"3*al"2-2*bl*x"2*al+ (bl"2+cl*al) *x+tal*dl-bl*cl;

pp=x>al® =2b1 2 al +(b1*+al cl) x+dl al - bl cl 3)
;0603Hath gepe3 O BemecTBEHHEIH KopeHs MHorowneHa (3). [lepermmenm pemrenue (2):
> 2*beta = theta, gl = (al*theta”2-bl*theta+cl)/al, pl = al, gl = bl-theta*al;
2
ZB:G,gI:w,[ﬂ:al,ql:bl—eal 4)
a

Jlanee npupaBHUBaeM BTOpble CTPOKU MaTpui 4 u (1).
Tak xak 2 = 6, y MmHorouIeHa (3) ¥ aHAIOTUYHOTO eMy ¢ K09 QHIMEHTaMH U3 BTOPOH CTPOKH eCTh 00IIMii KOPeHb 0.
|13 paBeHCTBa JBYX BhIpakeHUH Ju1s kosdduiuenTa y momyyaem 3HaueHue KOpHs 0.

> gl := (al*theta”2-bl*theta+cl)/al; g2 := (a2*theta”2-b2*theta+c2)/a2; theta=solve(gl=g2,theta);
2
al 0 —bl106+cl

o] :
& al

_ a2 —b20+c2
a2

_alc2—alcl
" alb2—a2 bl ®)

g2:

2) a,#0,a,=0=a=1,p,=0,q,#0. st nepBbIX CTPOK COXpaHAIOTCs paBeHcTBa (4). U3 paBeHCTBa BTOPBIX CTPOK:

> unassign('g2'); b2=qg2, c2=2*beta*q2, d2=g2*qg2; unassign('gl'); 2*beta=c2/b2, 2*beta=theta, gl=g2;
b2=¢2,c2=2Bq2,d2=g2q2

-2
2B=-=,2p=0.g1=g2 (6)
b2
4) a,a,=0 = a,y=0. [Ipencrasnenue (1) nmeer Bux:
> 12syst(0,1,0,pl,9l,p2,92, full = true);
. ) 5 pl ql
Initial coefficients: Py = [0,1,0], H=
p2 q2
Matrix (2x4):
0,p1,41,0
0,p2, 42,0 @)
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;3.3. Ipusegenne marpuubl H k sxopaanosoii gopme.

| > restart; read("newlib.m"); with(mylib): with(LinearAlgebra):

;IIHCKpuMHHaHT D marpuner H.

> DH := (pl-g2)"2+4*p2*ql;

B DH:=(pl —q2)* +4p2 ql (1)

L1) D>0.
_7\.1,)\2147\,*2
> lambdal:=(pl+g2+sigma*sqrt (DH)) /2; lambda2:=(pl+g2-sigma*sqrt (DH))/2; lz:=pl-g2+sigma*sqrt (DH) ;

M :=%p1+1— q2+% GV (p17q2]2+4p2q1

2
1 1 1
A==pl+—¢g2- =0y (pI—q2)2+4p2q1
2 2 2
lz:=pl —q2+cV (pl —q2)2+4p2 ql (2)
_Pe3yanaT ACHCTBHS IPOM3BOJIBHON 3aMeHblJ; Ha Matpuiy H :
> H := <<pl,p2>|<gl,g2>>: Jl := <<a,b>|<c,d>>: F := evala((l/J1).H.Jl): 'Jl' = Jl, 'F' = F;
_acp2—adpl+bcq2—bdql  Zp2—cdpl+cdq2-dql
a c ad—bc ad=bc
J ,F= 3)
b d ap2—abpl+abg2—p*ql  acp2+adq2—bcpl —bdql
ad=bc ad=bc

L_[Towck 3aMeHbI K xo0paanoBoii Gpopme npu 6 = 1.
> solve ([F[1l,1]=subs(sigma=1, lambdal),F[1,2]=0,F[2,1]=0,F[2,2]=subs (sigma=1,lambda2)], {a,b,c,d});

2 _ 2 _
{a:RootOf(p27Zz—q1+(—p1+q2)72) b,b:b,c:—% a VP =2p1 ‘1“41;2 4 ~pl+q2) d=d 4
p.
> solve( Z2"2*p2-ql+(-pl+qg2)* Z, Z);
1 pl—q2+Vpl? =2plq2+4p2ql +¢2° 1 \pl>=2plq2+4p2ql +¢2° —pl +¢2 5)
2 p2 ) p2
BBI6I/IpaeM TIOAXOJAINE 3HAYCHUA I budu ToJIry4aeM 3aMeHyJ% B
> bl := 2*p2: al := (1/2)*(pl-g2+sqrt (pl"2-2*pl*q2+q2"2+4*p2*ql)) *bl/p2: dl := pl-g2+sqrt(pl”2-2*pl*
q2+g272+4*p2*qgl): cl := simplify(expand(-(1/2)*dl* (-pl+g2+sqrt (pl"2-2*pl*g2+q2°2+4*p2*ql))/p2)):
J1l := <<al,bl>|<cl,dl>>; 'F' = evala((1/J1).H.J1);
e pl—q2+y pl* =2 pl q2 +4p2 ql +¢2* -2ql
2p2 pl—q2+y pl> =2 pl q2 +4 p2 ql +¢2*
lJp12—2p1q2+4pzqi+q22+1—p1+lq2 0
2 2 2
= 1 1 1 ©6)
0 -5\/p12—2p1q2+4p2q1+q22+Ep1+5q2
;HOHCK 3aMeHBI K JKOpJaHoBOH opMme npu ¢ = -1.
> solve ([F[1l,1]=subs(sigma=-1,lambdal),F[1,2]=0,F[2,1]=0,F[2,2]=subs (sigma=-1,lambda2)], {a,b,c,d});
1 _ T_ y)
a=RootOf (p2 72 —ql +(-pl +q2) Z) b,b=b, c= 0 d(pI g2+ pl 251 q2+4p2ql +42 ) ,d=d (7)
p
BroiOupaem noaxosiume 3Hadenus s b u d u nonydaem 3aMeHyJ% :
> Dbl 1= 2*p2: al := -(1/2)* (-pl+g2+sqrt (pl"2-2*pl*q2+g2"2+4*p2*ql)) *bl/p2: dl := - (-pl+g2+sqgrt (pl”2-2*
pl*g2+g272+4*p2*qgl)): cl := simplify(expand((1/2)*dl* (pl-g2+sqrt(pl”"2-2*pl*q2+gq2°2+4*p2*ql))/p2)):
J1l := <<al,bl>|<cl,dl>>; 'F' = evala((1/J1).H.J1);
e pl—q2— pI> =2pl q2 +4p2 ql +¢2* -2¢q1
2p2 pl—q2—+ pI> =2 pl q2 +4p2 ql +¢2*
-lJp12—2p1qz+4p2q1+q22+lp1+l—q2 0
2 2 2
= 1 1 1 ®)
0 5\/p12—2p1q2+4p2q1+q22+Ep1+5q2

B 2
| Jleiictere BaMeHLI.]% Ha CTPOKY pj.

> unassign('lz'); 12pH(alpha,2*beta,qg,pl,ql,p2,92, lz,-2*qgl,2*p2,1z, hideH = true);
pi=lol?+4Blzp2 +4gp2? -4 alzql +2BI2—8Bp2 gl +4gp2lz 40 ql® —4 Bl lz+g ] 9)
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| [posepxka pasenctsa d = 200\/3 A

> # x1 := collect((simplify(1lz"2 + 4*p2*qgl)), sigma, factor); x2 := 2*sqrt(DH)*1lz*sigma;
# subs(sigma = 1, simplify(xl - x2)); subs(sigma = -1, simplify(xl - x2));

L) D = 0.ITouck 3aMeHsI K 50paaHoBOH (opme:
> solve([F[1l,1]=subs(sigma=1, lambdal),F[1,2]=0,F[2,1]=1,F[2,2]=subs (sigma=1,lambdaz2)], {a,b,c,d});

a:a,b:b,c:-;—\/p12—2p1q2+4p2q1+q22 a+;— apl - ;- aq2+bq1,d:—;—\/p12—2p1q2+4p2q1+q22 b+ap? 10)

! !
il
p VT 0

;Onpez[enmenb TOJTyYEHHON 3aMEHBI:
> cl = gl*b-(1/2)*a*q2+(1/2)*a*pl-(1/2) *sqrt (pl"2-2*pl*q2+g2"2+4*p2*ql) *a:
dl := -(1/2)*b*pl+a*p2-(1/2)*sqrt (pl*2-2*pl*q2+q2°2+4*p2*ql) *b+(1/2) *q2*b: det=simplify(a*dl-cl*b);
| det=a*p2—abpl +abq2 - ql (11)
_2‘1‘) q,#0. Bosemema = 0,5 =2 (det # 0). Ilonyuaem 3aMeHyJ§a.
>al := 0: bl := 2: cl := gql*bl-(1/2)*al*q2+(1/2)*al*pl-(1/2)*sqrt (pl 2-2*pl*q2+q22+4%p2*ql)*al:

dl := -(1/2)*bl*pl+al*p2-(1/2)*sqrt (pl"2-2*pl*q2+g2”°2+4*p2*ql) *bl+ (1/2) *gq2*bl:
J2 := <<al,bl>|<cl,dl>>; 'F' = evala((1/J2).H.J2);
0 241
J2:=
2 -pl = pl>=2plq2+4p2ql +q2* +¢2
1-Jp12—2p1q2+4p2q1+q22+1—p1+lq2 0
2 2 2
= 1 1 1 (12)
1 —E\/p12—2p1q2+4p2q1+q22+Ep]+5q2

[ 2
| Jleiictaue 3aMeHbl5 | Ha cTpoKy pa.

> 12pH (alpha,2*beta,g,pl,ql,p2,92, 0,2*qgl,2,-pl+g2, hideH = true);
po=[4g8Bql—4gpl +4gq2,4aql*—4Bqlpl +4Bql g2 +gpl* —2gpl g2 +gq2*] (13)

;21’) q,=0, p,#0 = g, =p,. Bosbmemb = 0,a = 1 (det # 0). [Tonyuaem 3ameny ng.

>al :=1: bl := 0: g21 := pl: cl := -(1/2)*al*q2l+(1/2)*al*pl: dl := -(1/2)*bl*pl+al*p2+(1/2)*qg21l*bl:
H := <<pl,p2>|<0,g21>>: J2 := <<al,bl>|<cl,dl>>: 'J2' = J2, 'F' = evala((1/J2).H.J2);
10 7 0
2= = ! (14
0 p2 1 pl

_ﬂeﬁCTBne 3aMeHI>I.]§ , Ha CTPOKY pg.

> 12pH (alpha, 2*beta,g,pl,ql,p2,92, 1,0,0,p2, hideH = true);
po=102Bp2 gp?*] as)

L3) D <0.Iouck 3aMeHbI K XO0pJaHOBOH (opMme:
> solve ([F[1,1]=(pl+g2)/2,F[1,2]=-sqrt(-DH)/2,F[2,1]=sqgrt (-DH)/2,F[2,2]=(pl+q2)/2], {a,b,c,d});

1 bpiN -plP +2plq2—4p2ql —q2*> —bq2\ -pI> +2pl g2 —4p2ql —q2* —dpl* +2dpl g2 —4d ql p2 —d g2 b=b o= (16)
2 p2\ -pIP+2pl g2 —4p2 gl —q2*

a=

U -plP+2plg2—dplgl —q2* b—dpl +d g2 d_d]
2 p2 ’

Bri6upaeM noxxosime 3Hadenus Uil b 1 d n nonydaem 3aMeHyJ§ :

> bl := 0: dl := 2%p2: al := (1/2)*(-dl*pl 2+42*d1*q2*pl+bl*pl*sqrt (-pl 2+2*pl*q2-q22-4%p2*ql)-d1*g2"2
—q2*bl*sqrt (~pl 2+2%pl*q2-q2~2-4*p2*ql) —4*p2*d1*ql) / (p2*sqrt (-pl 2+2*pl*q2-q2°2-4*p2*ql)): cl := -
(1/2)* (-d1*pl+dl*g2+sqgrt (-pl 2+2*pl*q2-q2"2-4*p2*qgl) *bl) /p2:

H := <<pl,p2>|<gl,g2>>: J3 := evala(<<al,bl>|<cl,dl>>): 'd3' = J3, 'F' = evala((1/J3).H.J3);

%p1+%q2 -;—\/—p12+2p1q2—4p2q1—q22

P 17

%\/-p12+2p1q2—4p2q1—q22 ;—p]—i—%qZ

J3=| Y -pIF+2plg2—4p2ql —q2* pl—q2
0 2p2

JeiictBue 3aMe1-u>1J§ Ha CTPOKY pg.
> 12pH (alpha,2*beta,g,pl,ql,p2,92, sqrt(-D),pl-9g2,0,2*p2, hideH = true);
P2=1-aD 27D (apl —0q2 +2Bp2),aplt—20apl g2 +a g2 +4Bp2pl —4Bp2 q2 +4 g p2?] (18)
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_3.4. HyeBoii AMCKPHMHHAHT MHOTOYJIEHA P(z] D, =0).

;3.4.1. Teopema 2.2, cayuaii D > 0.

| > restart; read("newlib.m"); with (mylib):

;B paccmarpuBaemoii cucteme D > 0, mostomy y H ectb 1Ba pa3inyHbIX BELECTBEHHBIX COOCTBEHHBIX YUCHA A U [L.
> 12syst (alpha, 2*beta, g, lambda,0,0,mu, full = true);

Initial coefficients: py=[0,2 B, g]; H=

Matrix (2x4):
ah2BAg)0
L 0,02 gp 1
=ll): a=0 ($=0,5,=0,y>0).
> 12syst (0,0,9,lambda,0,0,mu) ;
0,0,g2,0
0,00, g1t 2

3amena B cucreme (2) ¢ s, = 0.

> zamproc (0,0, g*lambda,0,0,0,0,g9*mu,rl,sl,r2,0):

gur2%,0,0,0
2 _
M ,ghr22,0,0 (3)
S

=Eme OJHH HyJIb monmyyaeM pu 7; =0.

> zamproc (0,0,g*lambda,0,0,0,0,g*mu,0,s1,r2,0):
gnr22,0,0,0
L 0,gAr2%,0,0 4)

;HOpMHpOBKa cucteMsl (4).

> r21 := (g*abs(lambda))”(-1/2):
zamproc (0, 0,g*lambda,0,0,0,0,9*mu,0,s1,r21,0):
£ 0,00
A]
A
0, 2,00 (C))
[A]

-1 2 1
1):a>0 (s, =-Bs,o0 ,y=fa ).
L_3amena B cucreme (1).
> sll := -beta*s2/alpha:
zamproc (alpha*lambda, 2*beta*lambda, lambda*beta”2/alpha,0,0,alpha*mu, 2*beta*mu, mu*beta”2/alpha,
rl,sll,r2,s2):

(aArl +Bur2) (arl +Pr2) (A=) (arl +pr2) Ps2

- ,0,0
o o
(A=) (ari+Br2)rir2 , (orl +Pr2) (opurl +BAr2) 0.0 (6)
| s2 o
=1;):[3:0 (y=0,5,=0).
> 12syst (alpha,0,0,lambda,0,0,mu) ;
o) 0,0,0
| 0,011, 0,0 )
3amena B cucreme (7) ¢ s, = 0.
> zamproc (alpha*lambda,0,0,0,0,alpha*mu,0,0, rl,0,r2,s2):
ari?0,0,0
2 _
7w,uur12,0’0 (8)
L s2
_Eme OJMH HyJIb IonydaeM npu 7, = 0.
> zamproc (alpha*lambda,0,0,0,0,alpha*mu,0,0, rl,0,0,s2):
ari?0,0,0
| 0,0 rl%,0,0 )]

;HOpMI/IpOBKa cucteMsl (9).
> zamproc (alpha*lambda,0,0,0,0,alpha*mu,0,0, (abs(alpha*mu))”(-1/2),0,0,1):
ol L ,0,0,0
o p
L] o0 (10)
ou

0,0
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=1§) : B #0. Cucrema nmeer Bun (1).

| 129 0=, =Bro ).
> rll := beta*r2/alpha: sll := -beta*s2/alpha:
zamproc (alpha* (-mu) , 2*beta* (-mu), (-mu) *beta”2/alpha,0,0,alpha*mu, 2*beta*mu, mu*beta”2/alpha,
rll,sll,r2,s2):

2
0. 4B MSZVZ,O,O
o
3 2
4r270B 0.0 (11)
| os2
L_Hopmuposka cucremsi (11).
> r21 := 1/sqrt(4*beta”2*abs (mu)/alpha): rll := beta*r2l/alpha:
s21 := 1/sqrt(4*beta”2*abs (mu)/alpha): sll := -beta*s2l/alpha:

zamproc (alpha* (-mu), 2*beta* (-mu) , (-mu) *beta”2/alpha, 0,0, alpha*mu, 2*beta*mu, mu*beta”2/alpha,
rll,sll,r21,xr21):

0, % 00
[

£ 0,00 12)
_ Iu
| 139 A% -1, =0).
> sll := -beta*s2/alpha:
zamproc (alpha*lambda, 2*beta*lambda, lambda*beta”2/alpha, 0,0,alpha*mu, 2*beta*mu, mu*beta”2/alpha,
0,s11,r2,s2):
up 2 Br2s2(A-p)
o o

A2 13)

o

,0,0

0,

;HopMupOBKaCHCTCMH(IS)
> r21 := sqrt(alpha)/ (beta*abs (lambda) "~ (1/2)):
zamproc (alpha*lambda, 2*beta*lambda, lambda*beta”2/alpha, 0,0,alpha*mu, 2*beta*mu, mu*beta”2/alpha,
0,s11,r21,s82):
2 (A—
B B2

- 9 ]

AN NI
0, X 0,0 (14)
L A
> s21 := -sqrt(alpha)*lambda/ (beta*abs (lambda)” (1/2)* (lambda - mu)): sll := -beta*s21l/alpha:
zamproc (alpha*lambda, 2*beta*lambda, lambda*beta”2/alpha,0,0,alpha*mu, 2*beta*mu, mu*beta”2/alpha,
0,s11,r21,s21):

BOr
(Al [A]
0, %,o,o as)
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L3.4.2. Teopema 2.2, cnyuain D = 0.
| > restart; read("newlib.m"); with(mylib):
LB paccmarpusaemoti cucteme D = 0, mostomy y MaTpuitsl H coGCTBEHHBIE YKCIIa COBNANAIOT U PABHBI A.

| 2)) : COOCTBEHHBIC YHCIIa 00PA3YIOT KOPIAHOBY KIETKY PASMEPHOCTH 2.

> 12syst (alpha, 2*beta, g, lambda, 0,1, lambda, full = true);

A0
Initial coefficients: p}=[o, 2B, g]; H= o
Matrix (2x4):
) 2BAgA0
| o, oA +2B,2BA+g gh (4]
_2}):(1:0 (B =0,s,=0). Cucrema (1) umeer Bu:
> 12syst(0,0,qg,lambda, 0,1, lambda) ;
0,0,gA,0
L 0,0,g,gA 2)
| 3amcHa B cucTeMe (2)c s,=0.
> zamproc(0,0,g*lambda,0,0,0,g,g*lambda,rl,sl,r2,0):
gr2(Ar2+rl),gsl1r2,0,0
2.,
—&ﬂTngﬁ(xﬁ—ﬂyao 3)
L s
Ewe ofH HyJb Ha ONTUMANBLHOM MeCTe nonyyaeM npu 7, = 0.
> zamproc (0,0,g*lambda,0,0,0,g,g*lambda,0,sl,r2,0):
gl gs112,0,0
L 0,gAr2%,0,0 4
L_HopmupoBka cuctemsl (4).
> r21 := (g*abs(lambda))”(-1/2): sll := (g*abs(lambda))”"(-1/2)*lambda:
zamproc (0,0,g*lambda,0,0,0,9,g*lambda,0,s11,r21,0):
L
A
0. 0,0 o)
L A

_2%) 10>0 (5= -Bsyo 1, y= Bz(x 1). Cucrema nmeer Buj (1).
> sll := -beta*s2/alpha:
zamproc (alpha*lambda, 2*beta*lambda, lambda*beta”2/alpha, 0,alpha, alpha*lambda+2*beta,
2*beta*lambdat+beta”2/alpha, lambda*beta”2/alpha, rl,sll,r2,s2):
(ourl +B72) (alrl +BAr2+Brl)  (arl+Br2)s2 [32
> 2

,0,0
o o
2 . _
(orl +Br2) rl ’ (arl +Br2) (ahrl +BAr2—Brl) 0.0 (6)
L s2 o
=2%") :B=0 (s, = 0). Cucrema (6) npuHUMAET CE/YIOUIMH BUL:
> zamproc (alpha*lambda,0,0,0,alpha,alpha*lambda,0,0, rl,0,r2,s2):
aArl,0,0,0
3
Al 0,0 )
L 52
L_Hopmuposka cucremsl (7).
> rll := 1/ (sqrt(alpha)*abs(lambda)”(1/2)): s21 := rll/lambda:
zamproc (alpha*lambda,0,0,0,alpha,alpha*lambda, 0,0, r11,0,0,s21):
L,O,O,O
A
AA
=200 @®)
Al A

[ 520y . - .
=2l ):B#0.IIpu r, =0 nomydaem HyJIb Ha ONTUMANLHOM MECTE:

> sll := -beta*s2/alpha:
zamproc (alpha*lambda, 2*beta*lambda, lambda*beta”2/alpha, 0, alpha,alpha*lambda+2*beta,
2*beta*lambda+beta”2/alpha, lambda*beta”2/alpha, 0,s1l,r2,s2):
XBZ r2? B3 s21r2
RSB 00
o o
AR 22
o, X2 0.0 9

o
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;HOpMHpOBKa cucremsl (9).
> sll := -beta*s2/alpha: r2l := sqgrt(alpha)/ (beta*abs (lambda)”(1/2)):
zamproc (alpha*lambda, 2*beta*lambda, lambda*beta”2/alpha, 0, alpha,alpha*lambda+2*beta,
2*beta*lambda+beta”2/alpha, lambda*beta”2/alpha, 0,s11l,r21,s2):

2
L
A o2 T
0, X 0,0 (10)
L [A]
> s21 := -lambda*alpha” (3/2)/ (beta”2*sqrt (abs (lambda))): sll := -beta*s21/alpha:

zamproc (alpha*lambda, 2*beta*lambda, lambda*beta”2/alpha, 0,alpha,alpha*lambda+2*beta,
2*peta*lambdatbeta”2/alpha, lambda*beta”2/alpha, 0,s11,r21,s21):

L

LY
A

0, —,0,0 (11)
M

2,) : coOCTBEHHBIE YMCTa 00PA3yIOT ABE XKOP/RHOBBI KIETKH Pa3MEPHOCTH 1.
> 12syst (alpha, 2*beta, g, lambda, 0,0, lambda, full = true);
A0

Initial coefficients: pg =[0,2B, g, H= oA

Matrix (2x4):
ah2BAg)0
_ 0,01 2B gA 12)
;CHCTeMa (12) ¢ HOpMUPOBAHHBIM KOI(DPULIUEHTOM O :
> 12syst (1, 2*beta,beta”2,p1,0,0,pl, full = true);
pl 0

Initial coefficients: pé =[1,28, [32] H= 0 pI

Matrix (2x4):
p1,2Bpl, B pl, 0
_ 0,p1,2 pl, B pl 13)

_3aMeHa B cucreme (13) ¢ s, = —Bs20( ! (a=1).

> sll := -beta*s2:
zamproc (pl,2*beta*pl,beta”2*pl,0,0,pl,2*beta*pl,beta”2*pl, rl,sll,r2,s2):
pl (Br2+r1)%0,0,0

_ 0,p1 (Br2+r1)%0,0 (14)
L_Hopmuposka cuctemsl (14).
> sll := -beta: s21 := 1: r21 := 0: rll := abs(pl)"(-1/2):
zamproc (pl,2*beta*pl,beta”2*pl,0,0,pl,2*beta*pl,beta”2*pl, rll,sl11,0,1):
1

L2 0,00

IPIIJ

0, £~ 0,0 15)
L 1|
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;3.4.3. Teopema 2.2, cayuaii D < 0.

=> restart; read("newlib.m"); with (mylib):

LB paccmarpusaemoii cucteme D <0, mostomy y MaTpuiisl H KOMILIEKCHBIE CONPSKEHHBIE COOCTBEHHBIE YHCa V + ifL.
> 12syst (alpha,2*beta, g,nu, -mu,mu,nu, full = true);

-
Initial coefficients: p% =lo,2B,g]; H=

Matrix (2x4):
v, -ep+2Bv, -2u+gv, -ug
_ o ov+2 B 2BV Fpg gV )

- -
o =-D # 0, cnenoBarensHo Y= Bza . Cnenaem 3ameny B cucreme (1) ¢ s, = —Bszoc

> sll := -beta*s2/alpha:
zamproc (alpha*nu, —alpha*mu+2*beta*nu, -2*mu*beta+nu*beta”2/alpha, -mu*beta”2/alpha,alpha*mu,
alpha*nu+2*mu*beta, 2*beta*nu+tmu*beta”2/alpha,nu*beta”2/alpha, rl,sll,r2,s2):
(orl+Br2) (apr2—avrl =Burl=Bvr2) (o +B) (orl +Pr2) us2 0.0
o > ) , 0,
(PP +r22) (orl +Br2) u (orl +Br2) (aur2+ovrl —Purl +Bvi2) 0.0 )

s2 o

3,) 1 v=0. Cucrema (1) npuHMMaeT CIEAYIOMWMI BUL:

> 12syst (alpha, 2*beta, g, 0, -mu,mu, 0) ;
0,-op, -2up, -pg
L op2pfug0 3)

—1
=Hpu ry= B r0 B cucTeMe (2) momydaeM ABa JONONHUTENBHBIX HyIIS:

> sll := -beta*s2/alpha: r2l := beta*rl/alpha:
zamproc (0, -alpha*mu, -2*mu*beta, -mu*beta”2/alpha,alpha*mu, 2*mu*beta, mu*beta”2/alpha,0,rl,sll,r21,s2):
2 22
152
0,%&&
o
2 242 3
o + 1
(e +B) url g “4)
3
o s2

;HOpMIdeBKa cucremsl (4).
> s21 := (alpha”2+beta”2)”2*mu*rl”3/alpha”3: sll := -beta*s2l/alpha:
zamproc (0, —alpha*mu, -2*mu*beta, -mu*beta”2/alpha,alpha*mu, 2*mu*beta, mu*beta”2/alpha, 0,
rl,sll,r21,s21):

0 (a2+[32)64r14u2 0.0
o
L 1,0,0,0 o)
> rll := alpha”(3/2)/(sqrt (mu)* (alpha”2+beta”2)): r2l := beta*rll/alpha:
s21 := (alpha”2+beta”2)”2*mu*rll~3/alpha”~3: sll := -beta*s2l/alpha:

zamproc (0, —alpha*mu, -2*mu*beta, -mu*beta”2/alpha,alpha*mu, 2*mu*beta, mu*beta”2/alpha, 0,
rll,sll,r21,s21):
0
0 (6)

L 1,0,0,

32) :v# 0. Cucrema nocie 3aMeHbl UMeeT BUJL (2).
-1
1Ty B, (s1 = —Bszoc ) moJy4aeM elie HyJIb Ha MO3UIUH bz.
> rho := abs(2*nu)*(-1/2)*mu” (-1) * (alpha”2+beta”2) " (-1):
rll alpha” (1/2)* (alpha*mu+beta*nu) *rho: r2l1 := alpha”(1/2)* (beta*mu-alpha*nu)*rho:
s21 := alpha” (3/2)* (nu"2+mu”2)* (2*nu)~ (-1) *rho: sll := -beta*s21l/alpha:
zamproc (alpha*nu, —alpha*mu+2*beta*nu, -2*mu*beta+nu*beta”2/alpha, -mu*beta”2/alpha, alpha*mu,
alpha*nu+2*mu*beta, 2*beta*nu+mu*beta”2/alpha,nu*beta”2/alpha, rll,sll,r21,s21):

HpI/I YKa3aHHbBIX 3HAYCHUAX I

VoL

R
> 0,0,0 )]
Y
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_3.5. MMosn0KkMTEIbHBIH THCKPUMUHAHT MHoroqneHaP‘z) D,>0).
:3. 5.1. Teopema 2.3, cnyuaii D > 0.

:> restart; read("newlib.m"); with (mylib) :

_B paccMarpuBaeMoii cucteme D > 0, mostomy y H ecTh iBa pa3iuHbIX BELIECTBEHHBIX COOCTBEHHBIX YHCIIA 7‘1’ 7»2
_CmTeMa 3aMEHOM Jf MPUBEIEHA K CIIEYIOMEMY BULY :

_> 12syst (alpha, 2*beta, g, lambdal, 0,0, lambda2, full = true);

A0

Initial coefficients: p; =[0,2B,g], H=
0 0 xR

Matrix (2x4):
oA, 2B AL, g Al 0O
0,00A2,2B22,g A2

Bepem n=m mpu B>0 u n=m, npu B<0.
> etal := betatsqgrt (beta”2-alpha*g); eta2 := beta-sqrt(beta”2-alpha*qg);

tau = sqrt(beta”2-alpha*qg);
n=p+ B -og
m=p-p -ag
1=y Bz—ocg

3amena B IpoM3BONBHON cucTeme ¢ Dy > 0, oGHynsromas /1ga d1eMenTa p% (mamymmy):

> r21 := -alpha*rl/etal: sll := -g*s2/etal:
12pH (alpha, 2*beta,g,pl,ql,p2,92,rl,sll,r21,s2, hideH = true):

o[ 4ris2(-B +ag)
py=10,-——m—=.,0
B+/F - g
> r21 := -alpha*rl/eta2: sll := -g*s2/etal2:

12pH (alpha, 2*beta,g,pl,ql,p2,92,rl,s1l,r21,s2, hideH = true):
0 4r1s2 (-p*+ag)

BHyp-og

P = 0

¢y

)

(€)

)

IIpoBeneM ykazaHHYIO BbIIIe 3aMeHy B ciiydae D > 0 st cuctemst (1).
L Ciryyait f§>0.
> eta := etal: r2l1 := -alpha*rl/eta: sll := -g*s2/eta:
zamprocl?2 (alpha, 2*beta, g, lambdal, 0,0, lambda2,rl,sll,r21,s2, 1lbl = true):
0

27152 (ag—B) <\/—ch+[3§ ogh+/-0g+p agh2—4-ag+p 32/11+35Mga+ﬁuga—4ﬁ3/u)

(p+/ag+F) (B/0grF -ag+F)

2952 (M=) (wg—p) (28 og1F —ag+2p)

2
(p+vwg+p) (B og+F —ag+p)
0
0

2P (M=) (0g—B) (2[3‘/-0cg+[32 —Otg+2B2>
2
(p+/ g8 ) (B -0g+F -ag+f)
27152 (ag—B) <,/—0cg+[32 aghl+{-0g+p agh-4/-ag+p Bzzz+wga+35uga—4ﬁ3u)

2
(p+v—awg+p) (B og+F -ag+p)
0

C)
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;anomeﬂne TMOJTyYEHHON CHCTEMBI :

> (-g*alphat+2*beta*sqrt (beta”2-g*alpha)+2*beta”2)=(beta+sqrt (beta”2-g*alpha))"2;
(beta”2+beta*sqgrt (beta”2-g*alpha)-g*alpha)=sqgrt (beta”2-g*alpha) * (betatsqrt (beta”2-g*alpha));
# crobxa B bl:
collect (3*beta*lambdal*g*alphatg*alpha*lambdal*tautbeta*lambda2*g*alphatg*alpha*lambda2*tau-4*
beta”3*lambdal-4*lambdal*beta”2*tau, lambdal, factor)=
- (betatsqgrt (beta”2-g*alpha)) *3*lambdal+g*alpha*lambda2* (beta+sqgrt (beta”2-g*alpha)) ;
# mpoBepka paBeHCTBA:
simplify (3*beta*lambdal*g*alphatg*alpha*lambdal*sqgrt (beta”2-alpha*g)+beta*lambda2*g*alphat+g*alpha*
lambda2*sqrt (beta”2-alpha*g)-4*beta”3*lambdal-4*lambdal*beta”2*sqrt (beta”2-alpha*g) - (- (betatsqgrt
(beta”2-alpha*g))*3*lambdal+g*alpha*lambda2* (betat+sqgrt (beta”2-alpha*qg))));
# crobxa B C2:
collect (3*beta*lambdaz2*g*alphatg*alpha*lambda2*sqrt (beta”2-g*alpha) +beta*lambdal*g*alphatg*alpha*
lambdal*sqrt (beta”2-g*alpha)-4*beta”3*lambda2-4*lambda2*beta”2*sqrt (beta”2-g*alpha)= - (beta+sqrt
(beta”2-g*alpha)) *3*lambda2+g*alpha*lambdal* (beta+sqgrt (beta”2-g*alpha)),lambda2, factor);
# mpoBepka paBeHCTBA:
simplify (3*beta*lambda2*g*alphatg*alpha*lambda2*sqrt (beta”2-alpha*g)+beta*alpha*g*lambdal+g*alpha*
lambdal*sqrt (beta”2-alpha*g)-4*beta”3*lambda2-4*lambda2*beta”2*sqrt (beta”2-alpha*g) - (- (betatsqgrt
(beta”2-alpha*g) ) *3*lambda2+g*alpha*lambdal* (betat+sqgrt (beta”2-alpha*qg))));

2
cag+2p Fog +2f=(p+/F-ug)
B+BJF—ag —ag=/F-og (B+/F-ug)
(30cg[3+got‘r—4[33—4[52‘r)/U+gocﬂ2(B—l—‘c):—(B+\/Bz—ocg)3)u+ga22(B+‘/B2—(xg)

0
(ag/Fag +3aeB-4p ~4p VFog) 2+ear (p+/Fag) --(p+/Fog) 2+ear (p+/Fug)
0 (6)

;B UTOTE TOJIy4aeM CHCTEMY

> zamproc (0, 2*sqgrt (beta”2-alpha*g) * (lambdal-alpha*g*eta” (-2) *lambda2) *rl*s2, -2*sqrt (beta”2-alpha*g) *g*
eta” (-1)* (lambdal-lambda?2) *s272,0,0,2*sqrt (beta”2-alpha*g) *alpha*eta” (-1) * (lambdal-lambda2) *r1"2,2*
sqrt (beta”2-alpha*qg) * (lambda2-alpha*g*eta” (-2) *lambdal) *r1*s2,0, 1,0,0,1):

0 2 -og+p (2\/f(xg+B2 B/l]*dl]g*gd)tZ+2B2/'LI)r1s2 2 -ag+P g (M -A2) 52
) 5 , ,
(B+\/ -og+f ) B+ -og+p

0 2 ag B a (M=) 2 -ag+B (2J-ag+[32 B)LZ—ocMg—got/lZ+2[32/12) rls2 o )
) . 5 ,
B/ agtp (B+/og+p)

0

;Cnyqaﬁ B<o0.
> eta := eta2: r2l := -alpha*rl/eta: sll := -g*s2/eta:
zamprocl2 (alpha, 2*beta, g, lambdal, 0,0, lambda2,rl,sll,r21,s2, 1lbl = true):

0
20152 (ag—B) (Vagt P oghi+J og tB agi -4 ag tB B Al 3P ga—Bi2ga+4p Al
(/a5 +ag-F) (-p+/aerF)
2052 (M =22) (ag—B) 28/ g +P +ag-28)
(b7 +ag-F) (p+/aerF)
0

0
2rPa (M -22) (0g-F) (2B og tF +og-28)
(b a7 +ag—F) (p+/agrF)
20152 (ag—B) (Vagt P oghl+ ogtB agi2 -4 ag i B2 -pA ga-3B2ga+4p 12)
(8 F +ag-F) (p+/az F)
0

@)
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;anomeﬂne TMOJTyYEHHON CHCTEMBI :

> alpha*g+2*beta*sqgrt (beta”2-alpha*g)-2*beta”2=- (beta-sqgrt (beta”2-g*alpha))"2;
-beta”2+beta*sqgrt (beta”2-alpha*g) +talpha*g=sqgrt (beta”2-g*alpha) * (beta-sqgrt (beta”2-g*alpha)) ;
# crobxa B bl
collect (-3*beta*lambdal*g*alphatg*alpha*lambdal*sqgrt (beta”2-alpha*g)-lambda2*beta*g*alphatg*alpha*
lambda2*sqrt (beta”2-alpha*g) +4*beta”3*lambdal-4*lambdal*beta”2*sqgrt (beta”2-alpha*g), lambdal, factor)=
(beta-sgrt (beta”2-g*alpha)) *3*lambdal-g*alpha*lambda2* (beta-sqrt (beta”2-g*alpha));
# mpoBepka paBeHCTBa
simplify (-3*beta*alpha*g*lambdal+g*alpha*lambdal*sqrt (beta”2-alpha*g)-beta*lambda2*g*alphat+g*alpha*
lambda2*sqrt (beta”2-alpha*g)+4*lambdal*beta”3-4*lambdal*beta”2*sqrt (beta”2-alpha*g) - ((beta-sqgrt
(beta”2-alpha*g))*3*lambdal-g*alpha*lambda2* (beta-sqgrt (beta”2-alpha*qg))));
# crobxa B C2
collect (-3*lambda2*beta*g*alphatg*alpha*lambda2*sqrt (beta”2-alpha*g)-beta*lambdal*g*alphat+g*alpha*
lambdal*sqrt (beta”2-alpha*g)+4*lambda2*beta”3-4*lambda2*beta”2*sqrt (beta”2-alpha*g),lambdaz, factor)=
(beta-sgrt (beta”2-g*alpha)) *3*lambda2-g*alpha*lambdal* (beta-sqrt (beta”2-g*alpha));
# nmpoBepka paBeHCTBa
simplify (-3*beta*lambda2*g*alphatg*alpha*lambda2*sqrt (beta”2-alpha*g)-beta*alpha*g*lambdal+g*alpha*
lambdal*sqgrt (beta”2-alpha*g) +4*beta”3*lambda2-4*lambda2*beta”2*sqgrt (beta”2-alpha*g) - ((beta-sqgrt
(beta”2-alpha*g))*3*lambda2-g*alpha*lambdal* (beta-sqgrt (beta”2-alpha*qg))));

ag+28/Fag —28--(p-Fog)
B b Fug +ag—F-og (p-F-ag)
3
(-3agprag/Foog +4p 4§ F-ag) i +gan (-p+/F-og)-(p-VF-og) r-gar2 (p-/F-ag)

0
3
(3agpragyFoog +4p —4pFoag) 2+aiig(-p+/F-og)-(p-VF-og) 2-gar (p-/F-og)
0 9

;B UTOTE MOJTy4aeM CHCTEMY

> zamproc (0, -2*sgrt (beta”2-alpha*g) * (lambdal-alpha*g*eta” (-2) *lambda2) *rl*s2, 2*sqgrt(beta”2-alpha*g)*
g*eta” (-1) * (lambdal-lambda2) *s272,0,0,-2*sqgrt (beta”2-alpha*g) *alpha*eta” (-1) * (lambdal-lambda2) *r1"2,
-2*sqgrt (beta”2-alpha*g) * (lambda2-alpha*g*eta” (-2) *lambdal) *r1*s2,0, 1,0,0,1):

0 2 -og+p (2\/f(xg+B2 B/l]+0tl]g+g0t2272[32/11)r1s2 2 -ag+p g (M -22)s2?
) > , ,
(-p+/og+F) B+ ogtF

0 2 ag B a (M=) 2 -ag+B (2J-ag+[32 B)LZ+0cMg+g0L/12—2[32/12) rls2 o (10)
\ , > ,
B+ ag+F (-p+/ag+5)

0

| 1)ar=0 m =1,=2§).

=Hya:Qy:QCmmma@ﬁmmMMmewwmmmmwx

> r2l := 0: sll := 0:
zamprocl2 (0, 2*beta, 0,lambdal,0,0,lambda2, rl,sll,r21l,s2):
0,2BAlrls2,0,0

0,0,2B227r152,0 (11)

;HopanOBKa cucremsl (11).
> rll :=1: s21 := 1/ (2*beta*lambda?) :
zamprocl2 (0,2*beta, 0,lambdal,0,0,lambda2, rll,sll,r21,s21):

0,1—1,0,0
2

0,0,1,0 (12)

| | %) :a=0,v#0. Cucrema (7) mpuHUMAET CIEIYIOMIMI BUL :

> r22 := 0: sl2 := -g*s2/(2*beta):
zamprocl2 (0, 2*beta, g, lambdal, 0,0, lambda2, rl,sl2,r22,s2):
0,2 BAlrls2, (A —22) s22g,0

0,0,2BA2r152,0 (13)
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;HOpMPIpOBKa cuctemsl (13).

> s22 := 1/sqrt(abs(g* (lambdal-lambda2))): sl2 := -g*s22/(2*beta):
zamprocl?2 (0, 2*beta, g, lambdal, 0,0, lambda?2, rl,sl2,r22,s22):
O,M,_(ﬂ_m)g‘;,
& (41— 22)] g (M -42)
0.0, 2BRT (14)
lg (A1 =22)]
> rl2 := (sqrt(abs(g*(lambdal-lambda2)))/ (2*beta*lambda?2))

*(-abs (1/ (g* (lambdal-lambda2))) *g* (lambdal-lambda2)) :
zamprocl2 (0, 2*beta, g, lambdal, 0,0, lambda2, rl2,sl12,r22,s22):
1

0.- M= s -a2)g|——| o
2 g (M -22)
1
0,0, - (A = A2) g|————— |0 15
( )g‘gww) (15)
_17) :a0#0,y=0. Cucrema (7) mpHHHMAET CIICAYIOMINH BUJ ©
> r23 := -alpha*rl/(2*beta): sl13 := 0:
zamprocl2 (alpha, 2*beta, 0,lambdal, 0,0, lambda2, rl,sl13,r23,s2):
0,2B Al rls2,0,0
0, 00 ri? (M =12),2 A2 rl 52,0 (16)

;HOpMI/IpOBKa cucteMsl (16).
> rl3 := 1/sqrt (abs(alpha* (lambdal-lambda2))): r23 := -alpha*rl3/(2*beta):
zamprocl?2 (alpha, 2*beta, 0, lambdal, 0,0, lambda2, rl3,s13,r23,s2):

2BALs2

0, ,0,0
low (A1 = 22)]
0, 0 (Al = 22) | — ‘ 2BLs2 a7
o (A = A2) o (A1 —72)]
_> s23 := (sqrt (abs (alpha* (lambdal-lambda2)))/ (2*beta*lambdal))

* (abs (1/ (alpha* (lambdal-lambda?2))) *alpha* (lambdal-lambda2)) :
zamprocl2 (alpha, 2*beta, 0, lambdal, 0,0, lambda2, rl3,sl3,r23,s23):

o,a()u—u)‘;,o,o
o (M -22)
20 (M- 12) ;‘
o,a(/lpzz)‘ L— «M=) ] (18)
o« (M —12) Al
| 1) 0,y #0.
=1;)5l3:0 (n=y -oy).
> etal := sqrt(-alpha*g);
n =y -og (19)

;CI/ICTeMa (7) npuHUMaeT CIeyIOHi BU ©

> r21 := -alpha*rl/etal: sll:=-g*s2/etal:
zamprocl2 (alpha,0,g,lambdal, 0,0, lambda2, rl,sll,r21,s2):

2o0grls2 (M+AR) 9

0, (M —-22)52%g,0
g
()’20”]2()11_)[2),_M’0 (20)
oy
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=@%1%=‘M~
> lambda20 := -lambdal:
zamprocl?2 (alpha,0,qg, lambdal, 0,0, lambda20, rl,sll,r21,s2):
0,0, -4 Ml gs22,0

0,4 M ri%,0,0
;HOpMHpOBKa cucteMsl (21).
> rl0 :

r20 := -alpha*rlO/etal: sl0 := -g*s20/eta0:
zamprocl?2 (alpha,0,qg,lambdal, 0,0, lambda20, rl10,s10,r20,s20):

,0

0,0,-Al g L
gM

L

0, o0 Al
oAl

,0,0

=1 ;”) :Ay # -\, Hopmuposka cucremsl (20).
> rll := 1/sqrt(abs(2*alpha* (lambdal-lambda2))): r21 := -alpha*rll/eta0
zamprocl?2 (alpha,0,qg,lambdal, 0,0, lambda2, rll,sll,r21,s2):
o (A —A2)

ags2V2 (A +A2) o (=72)

=

0, -

“2 (M -A2) s g,

. ags2V2 (M +A2)

0, 0 (A1 - 12) o (A= 2)

1/sqrt (abs (4*alpha*lambdal)): s20 := 1/sqrt(abs(4*g*lambdal)) :

o (A - A2)

: sll

0

o (A =A2) . \/Tg

> s21 := (1/2)*abs(alpha* (lambdal-lambda2)) " (3/2) *sqrt (2)
/ (sqrt (-alpha*g) * (lambdal+lambda?2) *alpha* (lambdal-lambda?2)) :
zamprocl? (alpha, 0,9, lambdal, 0,0, lambda2, rll,sll,r21,s21):
3 3
o =) o (-2
(M =-22) o (M -A2) (M +22)°

1 lov (Al - 22)]
o (Al - 22) ‘ o (M —A2)

0,0 (AL = 22) .0

sll

,0

:= -g*s2/etal:

-g*s21/etal:

@1

22)

(23)

24

=@yﬁ¢o
-2
=1§b) A =am A,

L_Criyuait 8> 0. Cuctema (7) NpUHUMAET CIIEyFOIIHMH BUA :

zamprocl2 (alpha, 2*beta, g,lambdall, 0,0, lambda2, rl,sll,r21,s2):
4(-[32+0Lg)g7LZSZZ 0

(b+/Fes)

0,0, -

> r21 := -alpha*rl/etal: sll := -g*s2/etal: lambdall := alpha*g*etal” (-2)*lambda2:

o 4B rog) QR +2p/Fog ~0g)an2r?  8P(-Frag) (2F+2p/Fag —ag) 2ris2

L_Hopmuposka cuctemsi (25).
zamprocl? (alpha, 2*beta, g, lambdall, 0,0, lambda2,rl,s1l,r21,s21):

0,0, f(fﬁzwg)gﬂz‘z;‘,o
(-p +og)gr

o 4B +ag) (B2 /Fug —ag)anr?

(p+VFag) (b+VFag)

4r12 (-F+ag) (2§ +2p/F-og —ag)

(-B'+ag)gh

(-B+og)gh

(p+yFag) (b+/Fag)

> s21 := (betatsqrt (beta”2-alpha*g))/sqrt (abs((4* (beta”2-alpha*g))*g*lambda2)): sll := -g*s2l/etal:

,0

25

(26)
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L_YnipolieHue cucteMbl (26), ucmonb3ys ToxknaecTsa (6).

> zamproc (0,0, g*lambda2/abs (g*lambda2),0,0,4* (-beta”2+alpha*g) *r1”2*lambda2*alpha/ (beta+sqrt (beta”2-
alpha*qg))"2,4*beta*sqrt (beta”2-alpha*g) *abs (1/sqgrt (g*lambda2)) *rl*lambda2/ (beta+sqrt (beta”2-alpha*qg)
),0, 1,0,0,1):

0,0,¢22 |- 0
g2

o 4log-F)rPa 4B/ ag B 1R
: T
(p+/aerF) VB (p+/-0sF)

L_[Tposio/mKen e HOPMUPOBKH CHCTEMBI (27).
> rl3

,0

@7

(beta+sqrt (beta”2-alpha*qg)) *g/ (4*beta*sqrt (beta”2-alpha*g) *sqrt (abs (g*lambda2))) :
zamproc (0,0,g*lambda2/abs (g*lambda2),0,0,4* (-beta”2+alpha*g) *r13”"2*lambda2*alpha/ (betatsqrt (beta”2-
alpha*g))"2,4*beta*sqrt (beta”2-alpha*qg) *abs (1/sqrt (g*lambda2)) *r13*lambda2/ (beta+sqrt (beta”2-alpha*
g)),0, 1,0,0,1):
0,0,g 12 ‘1—’ 0

g

1
— R
0 _l_gzlgﬂ

1
g2 .0 28
4 B ’gﬂ‘ (28)

;Cnyqaﬁ B <0. Cucrema (10) mpuHEMAET CIEAYIOMIMIT BUL :

> r22 := -alpha*rl/eta2: sl2 := -g*s2/eta2: lambdal2 := alpha*g*etal2” (-2)*lambda2:

zamprocl? (alpha, 2*beta, g, lambdal2, 0,0, lambda2, rl,sl2,r22,s2):
0.0. - 4((xg—[32)g22322 0
)
(-p+/ oz +F)
0 4(og-P) (2[3\/ Cag+p +ag—2[32)ocMr12 8B (ag—p) (2[3‘/ “oag+B +0(g—2[32);{2r132 0 29)
N 7 , T s
(-p+/ oz +F) (-p+/ oz +F)
;Vnpome}me, UCTIONB3YS TOXKAECTBA (9), 1 HOPMHUPOBKA CHCTEMSBI (29).
> s23:=(beta-sqrt (beta”2-alpha*qg))/ (2*sqgrt (beta”2-alpha*g) *sqrt (abs (g*lambda2))) :
zamproc (0,0, -4*lambda2* (-beta”2+alpha*qg) *g*s23"°2/ (-beta+sqrt (beta”2-alpha*g))"2,0,0,4* (-beta”2+
alpha*g) *alpha*lambda2*r1~2/ ( (-beta+sqrt (beta”2-alpha*g))"2),-8*beta* (-beta”2+alpha*g) *lambdal2*rl*
s23/ ((-beta+sqgrt (beta”2-alpha*g))~2),0, 1,0,0,1):
0,0,g 22 L ,0
g
o Alog-Boan® _ aprri[-ogtB | (30)
s 7> ,
(-B+\/-(Xg+ﬁz) (*Bﬂfocgﬂiz)dlgﬂl
> rl3 := (beta-sqrt(beta”2-alpha*qg))*g/ (d*beta*sqrt (beta”2-alpha*g) *sqrt (abs (g*lambda2))) :
zamproc (0,0, lambda2*g*abs (1/ (g*lambda2)),0,0, (4* (-beta”2+alpha*g)) *alpha*lambda2*rl1372/ (-beta+sqrt
(beta”2-alpha*g)) "2, -4*beta*lambda2*rl3*sqrt (beta”2-alpha*qg)/ ((-beta+sqgrt (beta”2-alpha*qg)) *sqrt (abs
(g*lambda2))),0, 1,0,0,1):
0,0.¢22| 1|0
g2
e
0,-— —& ,g22|—1,0 31
4 2 g2

_1%") ih = ayn_ 27»1.

> r21

;Cnyqaﬁ B >0. Cucrema (7) npuHEMAET CIEIYIOLIMI BUL :

-alpha*rl/etal: sll -g*s2/etal: lambda2l
zamprocl?2 (alpha, 2*beta, g, lambdal, 0,0, lambda21l,

alpha*g*etal” (-2) *lambdal:
rl,sll,r21,s2):

0_8[3(-[32+ocg) (2BZ+ZB‘/BZ—(xg—ch)Mr1S2 4(-F+ag) (2[32+2B‘/B2—(xg—0cg)glls22 0
5 4 ’ 4 2
(p+/F-og) (p+/F—ozg)
O’_4(—B2+O(g)r12llz(x,0’0 (32)
(p+/F—ag)
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;HOpMPIpOBKa cucteMsl (32).
> rl3 := (betat+sqrt (beta”2-alpha*qg))/sqrt (abs ((4* (beta”2-alpha*qg))*alpha*lambdal)) :
r2l := -alpha*rl3/etal:
zamprocl? (alpha, 2*beta, g, lambdal, 0,0, lambda2l, rl13,sll,r21,s2):

OB (-8 2 — B J(-B+oag)arl
452BM (- +og) (2[3 +2BJp -ag ug) —(—B2+ocg)0(M $(-Frag) (2BZ+2[3 ,r —(xg—ocg)gllsZz .

(3+/F ag) (b+/Fag)

(B roe) el —— L
b M‘(—B%ag)w "0’0 33)

0, -

;anomeﬁne cucteMsl (33), ucnons3ys ToxzaecTsa (6).
> zamproc (0, (4*beta*s2*lambdal*sqrt (beta”2-alpha*qg))/ (sqrt (abs (alpha*lambdal)) * (beta+sqrt (beta”2-
alpha*qg))), (4* (-beta”2+alpha*qg)) *s2”2*g*lambdal/ (beta+sqrt (beta”2-alpha*g))”~2,0,0,alpha*lambdal/abs
(alpha*lambdal), 0,0, 1,0,0,1):

o 4Bs221 -0g+p 4(ag—P)sPgMl
\ , =
ST (p+Vag+8) (p+/aerF)
1
O,QAI‘E,0,0 (34)

L[ Ipojio/mwkenie HOpMUPOBKY CUCTeMBI (34).
> s23 := (betat+sqrt (beta”2-alpha*qg)) *alpha/ (4*beta*sqrt (beta”2-alpha*g) *sqrt (abs (alpha*lambdal))) :
zamproc (0, (4*beta*s23*lambdal*sqgrt (beta”2-alpha*qg))/ (sqrt (abs (alpha*lambdal)) * (beta+sqrt (beta”2-
alpha*qg))), (4* (-beta”2+alpha*qg))*s23"2*g*lambdal/ (beta+sqrt (beta”2-alpha*g))”~2,0,0,alpha*lambdal/abs
(alpha*lambdal), 0,0, 1,0,0,1):
2

ot |2V
0.0 || -L _leM .0
arl| 4 3
1
0,00 Al | ——1,0,0 35
‘(x)t] ( )

;Cnyqaﬁ B <0. Cucrema (10) mpuHUMAET ClEYIONLINIA BUT :
> r22 := -alpha*rl/eta2: sl2 := -g*s2/eta2: lambda22 := alpha*g*eta2” (-2)*lambdal:
zamprocl?2 (alpha, 2*beta, g, lambdal, 0,0, lambda22, rl,sl2,r22,s2):

o 8B (ag—p) (2B oz B +og—2p) airis2  4(ag-p) (28 agth +ag-2§) gl s? 0
> 4 4 4 >
(-p+/ag+p) (-p+VaetF)
0,%%,070 (36)
(-p+/agtF)

;anomeﬂne, UCToNB3ys ToxkaecTBa (9), 1 HOPMHUPOBKA cHCTEMBI (36).

> rld:=(beta-sqrt (beta”2-alpha*g))/ (2*sqgrt ( (beta”2-alpha*g) *abs (alpha*lambdal))) :
zamproc (0, -8*beta* (-beta”2+alpha*qg) *lambdal*rld*s2/ ( (-beta+sqrt (beta”2-alpha*g))"2),4* (-beta”2+
alpha*g) *g*lambdal*s2”2/ ( (-beta+sqrt (beta”2-alpha*g))"2),0,0,-4* (-beta”2+alpha*g) *r14~2*lambdal*
alpha/ ((-beta+sqgrt (beta”2-alpha*g))~2),0,0, 1,0,0,1):

o 4pArs2-ag+p 4 (0g—B*) g M s2?
, , 5

(-p+Vag+B) Vo (-p+/ug*F)
.0,0 37

5

0, 00 M L
oAl

> s24 := alpha* (beta-sqrt (beta”2-alpha*qg))/ (4*beta*sqrt (beta”2-alpha*g) *sqrt (abs (alpha*lambdal))) :
zamproc (0, -4*s24*beta*sqrt (beta”2-alpha*g) *lambdal/ (sqgrt (abs (alpha*lambdal)) * (-beta+sqrt (beta”2-
alpha*qg))), (4* (-beta”2+alpha*qg)) *g*lambdal*s24”2/ (-beta+sqrt (beta”2-alpha*g))~2,0,0,alpha*
lambdal/abs (alpha*lambdal), 0,0, 1,0,0,1):

| 1
o |—|gi
0, ou || L Lo .0
oM 4 B
O,QAI‘%,0,0 (38)
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| 1290 #am A £am A,

;Cnyqaﬁ B>0. Cucrema (7) :

> eta := etal:
zamproc (0, 2*sqrt (beta”2-alpha*g) * (lambdal-alpha*g*eta” (-2) *lambda2) *rl*s2, -2*sqgrt (beta”2-alpha*g) *g*
eta” (-1) * (lambdal-lambda2) *s272,0,0,2*sqgrt (beta”2-alpha*g) *alpha*eta” (-1) * (lambdal-lambda2) *rl1"2,2*
sqrt (beta”2-alpha*g) * (lambda2-alpha*g*eta” (-2) *lambdal) *r1*s2,0, 1,0,0,1):

0 2P -oag (ZMBZ+2/11B\/B —(xg—/'Llocg—)LZO(g) rls2 2 B —ag g (M—-2A2)s2? 0

(p+yFoz) B+/F—ug

0 2B —ag a(M—-A2)r> 2B -ag (2%2B2+222B\/B—(xg—ﬂ](xg—MOtg)rlsZ 0 (39)
, , 3 ,
p+/F oz (p+/Foz)

;HOpMPIpOBKa cucteMsl (39).

> rll := sqrt(beta+sqrt (beta”2-alpha*qg))/sqrt (2*sqrt (beta”2-alpha*g) *abs (alpha* (lambdal-lambda2))) ;
zamproc (0, 2*sqrt (beta”2-alpha*g) * (lambdal-alpha*g*eta” (-2) *lambda2) *rll*s2, -2*sqgrt (beta”2-alpha*g) *
g*eta” (-1) * (lambdal-lambda2) *s272,0,0,2*sqrt (beta”2-alpha*g) *alpha*eta” (-1) * (lambdal-lambda2) *r11"2,
2*sqrt (beta”2-alpha*qg) * (lLambda2-alpha*g*eta” (-2) *lambdal) *r11*s2,0, 1,0,0,1):

pr= L BB ag VT
2
JIF =g la (k- 22)
0 (B-0g) " (20 B +21B Fag -Mog-20g) VT s2 2B og g (M —2)s?

0
’ 3/2
(b+/Fae) Vemr—m B+/F —ag
1 (B -0g) (2B +20B F—og -2ag-Aag) VT s2
0 (M =12) | ‘ & 0 (40)
o —
(p+/Fog) V-
_> s21 := (beta+sqrt(beta”2-alpha*g))”(3/2)*alpha* (lambdal-lambda2)/ (sqrt (2)* (beta”2-alpha*qg) " (1/4)* (2%
beta”2*lambdaz2+2*lambda2*beta*sqgrt (beta”2-alpha*g)-g*alpha*lambda2-alpha*lambdal*qg) *sqrt (abs (alpha*
(lambdal-lambda2))));

zamproc (0, 2*sqgrt (beta”2-alpha*g) * (lambdal-alpha*g*eta” (-2) *lambda2) *r11*s21, -2*sqgrt (beta”2-alpha*g) *
g*eta” (-1) * (lambdal-lambda?2) *s2172,0,0,2*sqgrt (beta”2-alpha*g) *alpha*eta” (-1) * (lambdal-lambda2) *
rll172,2*sqrt (beta”2-alpha*g) * (lambda2-alpha*g*eta” (-2) *lambdal) *r11*s21,0, 1,0,0,1):

3/2
(B+/Fwg) am-2)VT
(F-0g) " 2ep+228/F-ag -2ag-ag) T (A -2)]

(2B 2B Fag -Mog-22ag) a(i—2) ‘;‘ e (p+yFag) -1
o

s21 =

N —

1

‘,0

0 M=-2) | _ o (Al - A2)
2R +226Y Bz—ocg -Roag-AMaog (222[32-1-2}2[3\/ Bz—otg —AZcxg—Motg)z
1 1
0,(1(2,1—2.2) m,u(l]—ﬂ) m‘,o (41)

;Cnyqaﬁ B <0. Cucrema (10) :

> eta := eta2:
zamproc (0, -2*sqrt (beta”2-alpha*g) * (lambdal-alpha*g*eta” (-2) *lambda2) *rl*s2, 2*sqgrt (beta”2-alpha*g) *g*
eta” (-1)* (lambdal-lambda?2) *s272,0,0,-2*sqrt (beta”2-alpha*g) *alpha*eta” (-1) * (lambdal-lambda2) *r1"2,
-2*sqgrt (beta”2-alpha*g) * (lambda2-alpha*g*eta” (-2) *lambdal) *r1*s2,0, 1,0,0,1):

0 2P —vg (2B +20p Foog tMag+0g)ris? 2 F-agg(M-12)s? 0

| (64 /Faz) BT

o 2/Faga(u-n) r127zJTs’Tcg(—MBZHMBJﬁ’—agzﬂwg”mg) 152 42)
PN (-p+/F=oz)
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;HopMHpOBKaCHCTeMH(42)

> rl2 := sqgrt(-betat+sqrt (beta”2-alpha*qg))/sqrt (2*sqgrt (beta”2-alpha*g) *abs (alpha* (lambdal-lambda2))) ;
zamproc (0, -2*sqrt (beta”2-alpha*g) * (lambdal-alpha*g*eta” (-2) *lambda2) *r12*s2, 2*sqrt (beta”2-alpha*g) *
g*eta” (-1) * (lambdal-lambda?2) *s272,0,0,-2*sqgrt (beta”2-alpha*qg) *alpha*eta” (-1) * (lambdal-lambda2) *
rl272,-2*sqrt (beta”2-alpha*qg) * (lambda2-alpha*g*eta” (-2) *lambdal) *r12*s2,0, 1,0,0,1):

=t BB oog VT
2
JF—ag o (1 -2)

0 (B-o0g) (2mp+20p/Fog +Mogti2ag) VTs2 2 F-uge(M-1)s?
’ 3/2 >
(-p+/Foe) V-] B+/Fug

r

s

0.0 (M - 12) 1 ‘ B -ag)* (2 0F+2 28 F-ug +120g+M ag) VT s2 0 43)
' o (M-22) | 312 ’
(-p+/F-ug) V-]
_> s22 := (-beta+sqrt (beta”2-alpha*g))”(3/2)*alpha* (lambdal-lambda2)/ (sqrt (2)* (alpha*lambdal*g-2*

beta”2*lambda2+2*lambda2*beta*sqrt (beta”2-alpha*g)+g*alpha*lambda?) * (beta”2-alpha*g) " (1/4) *sqrt (abs
(alpha* (lambdal-lambda2))));

zamproc (0, -2*sqgrt (beta”2-alpha*g) * (lambdal-alpha*g*eta” (-2) *lambdaz2) *r12*s22, 2*sqrt (beta”2-alpha*g) *
g*eta” (-1) * (lambdal-lambda2) *s22"2,0,0,-2*sqgrt (beta”2-alpha*g) *alpha*eta” (-1) * (lambdal-lambda2) *
rl272,-2*sqgrt (beta”2-alpha*g) * (lambda2-alpha*g*eta” (-2) *lambdal) *r12*s22,0, 1,0,0,1):

30
22:=1 (-Bﬂﬁz—ag) o (M-2)V2
LZM§+2MB¢B—ag+Mag+Maﬁ(§—aQ”4k“M_M”

o (g4 Fog) (M-22)e

1 1
(M—/mz)‘ ‘a(m—u)

M=) o (-2 M P +20 B Foug +Mag+ag) ’
o

0, - .0
22p+22p P -og +20gt+Alag (—2123%2225\/57—0@ +/'12(xg+7d(xg)2
1 1
0, 0 (A1 = 12) m,a(M—M) m‘,o (44)

L_ITpoBepka HEpaBeHCTBA U F V.

> u-v = factor (simplify((-lambdal*beta”2-2*lambdal*beta*tau-lambdal*tau”2+alpha*g*lambda2)/ (-lambda2*
beta”2-2*lambda2*beta*tau-lambda2*tau”2+alpha*g*lambdal)+g*alpha* (beta+tau) *2* (lambdal-lambda2)~2/ (-
lambda2*beta”2-2*lambda2*beta*tau-lambda2*tau”2+alpha*g*lambdal) "2));

A2 (ag-B-2Bt-7) (45)
(agM-Br-2pr1-127)

—y=
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;3. 5.2. Teopema 2.3, cayuai D = 0.

| > restart; read("newlib.m"); with(mylib) :

LB paccmarpusaemoii cucteme D = 0, nostomy y Matpuisl H coOCTBEHHBIE YKCHIa COBNAIAIOT U PABHBI V.
Bepem n=n, npu $=0 u n=m, npu B<0.
> etal := betatsqgrt(beta”2-alpha*g); eta2 := beta-sqrt(beta”2-alpha*qg);

n=p+ F—og
w=p-Jp -ag (1)

2):q,#0umg, =0,p, #0.
| Cucrenma saMenoid J%a WK J%b COOTBETCTBEHHO IIPHUBE/ICHA K CIICAYIOLIEMY BUIY :

> 12syst (alpha,2*beta,qg,nu,0,1,nu, full = true);

v 0
Initial coefficients: py=[0,2 B, g]; H= |
v
Matrix (2x4):
av,2Bv,gVv,0
o,0v+2p,2pv+g gV (2)
IIpoBezem 3aMeHy, OOHYIIAIOLIYIO J{Ba dIEMEHTa pé.
;Cnyqaﬁ p>0.
> r21 := -alpha*rl/etal: sll := -g*s2/etal:
zamprocl? (alpha, 2*beta,g,nu,0,1,nu, rl,sll,r21,s2, 1lbl = true):
0

2r1s2 (0g—B) (2\/ “ag+p ogv—4-og+p Bv+iaBegv-4pv-2/-ag+p |3g+ocg2—2|32g)
2
(By oz —ag+p) (p+/~ag+p)
2 (ag-p)s2g
(p+/ oz +p) (B ag+p -ag+p)
0
0

272 (ag— ) (Vo 1B ag—4 ag + B B +30pg—4F)
2
(py og+F —ag+f) (p+/"ag+p)
21‘1s2(0tg—[52) <2 -og+p agv—4y —ocg—&-[}2 B2v+4(x[3gv—4[33v+2\/ —ozg+[52 Bg—ocg2+2[32g)

(502t F —ag+) (b+ agrF)
0 3)

;anome}me TMOJTyYEHHOH CHCTEMBI :

> (-g*alphat+2*beta*sqgrt (beta”2-g*alpha)+2*beta”2)=(betat+sqrt (beta”2-g*alpha))"2;
(beta”2+beta*sqrt (beta”2-g*alpha)-g*alpha)=sqrt (beta”2-g*alpha) * (beta+sqgrt (beta”2-g*alpha)) ;
# crobxa B b2
3*beta*g*alphatg*alpha*sqrt (beta”2-g*alpha)-4*beta”3-4*beta”2*sqrt (beta”2-g*alpha)=- (beta+sqrt
(beta”2-g*alpha))"3;
# crobxa B bl
collect (alpha*g”2+2*g*alpha*nu*sqrt (beta”2-alpha*g)+4*nu*alpha*g*beta-2*g*beta”2-2*g*beta*sqrt
(beta”2-alpha*g)-4*beta”2*nu*sqrt (beta”2-alpha*g)-4*nu*beta”3,nu, factor)="#mo (" ") *;
“#mo (" ") "=(-2* (beta + sqgrt(beta”2-alpha*g))”"2*sqgrt (beta”2-alpha*g))*nu - g*(beta + sqgrt(beta”2-
alpha*g))"2;
# crobxa B C2
collect (-alpha*g”"2+2*g*alpha*nu*sqrt (beta”2-g*alpha)+4*nu*alpha*g*betat+2*g*beta*sqrt (beta”2-g*alpha)
+2*g*beta”2-4*nu*beta”3-4*beta”2*nu*sqrt (beta”2-g*alpha),nu, factor);

2
cag+2pF-ag +2§ - (p+/F-ag)
B+pyF—og —ag—F-og (p+/F-ozg)

3
3pag+ Foagog—4p -4pVF-og --(p+VF-og)
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(2P —ag ag+4pag—4f [ Fug -4p)v-g (-ag+2p/Foug +2p) -
2 2
—2(p+/Fug) JF-ugv-g(p+/F-ozg)
b B-ogoag+sBag—4p P —ag—4§)V+g<-ag+2BJB —ag+2§> )

|_B uTore momyuaeM cucteMy

> zamproc (0, 2*sqrt (beta”2-alpha*g) * (2*sqgrt (beta”2-alpha*g) *nu + g)*rl*s2/etal,-2*sqrt (beta”2-alpha*qg)*
etal” (-2)*g"*2*s272,0,0,2*sqgrt (beta”2-alpha*qg) *r1l"2, 2*sqgrt(beta”2-alpha*g)* (2*sqrt (beta”2-alpha*g)*
nu - g)*rl*s2/etal,0, 1,0,0,1):

0 2\/—0cg+B2 (2\/—(xg+[32\/+g)r152 2y -ag+p &2
B+y -og+p (B+J-ag+ﬁ)

2
2’0

2 2
0,2/ ag+p r12,2\/ oag+p (2\/ oag+p v g)r]sZ,O (5)
P+ -og+p
;Cnyqaﬂ B<o.
> r21 := -alpha*rl/eta2: sll := -g*s2/etal:
zamprocl2 (alpha,2*beta,g,nu,0,1,nu, rl,sll,r21,s2, lbl = true):

0

2r1s2 (0g—B) (24 —ocg+[32 agv—4. -Otg+B2 BPv-4oPgv+apv-2y —otg+[?)2 Bg—(xg2+2[32g)
2
(8 g +F +ag-§) (-B+/ oz +F)
2 (ag—p)s2* g
(-p+/og+F) (B ae P +ag—F)
0
0

2 (0g-F) ([og+B ag-4/-0g+B B -3ape+4p’)
(/s 7F +ag-) (-p+agrF)
20152 (ag—p) (2 gt agv-4 ) 0gtF Bv-4apgv+4B v+ ogip Bgtad-2pg)
(/s 7F +ag-) (-p+/azrF)
0

(6)

;anomel-me MOJTyYEHHOH CHCTEMBI :
> alpha*gt+2*beta*sqgrt (beta”2-alpha*g)-2*beta”2=- (beta-sqrt (beta”2-g*alpha)) "2;
-beta”2+beta*sqgrt (beta”2-alpha*g) +talpha*g=sqgrt (beta”2-g*alpha) * (beta-sqgrt (beta”2-g*alpha)) ;
# crobxa B b2
expand ( (beta-sqgrt (beta”2-g*alpha))"3) = (beta-sqrt(beta”2-g*alpha))"3;
# ckobxa B bl
collect (-g”"2*alpha+t2*g*alpha*nu*sqgrt (beta”2-alpha*g)-4*nu*alpha*g*beta-2*g*beta*sqrt (beta”2-alpha*qg)
+2*g*beta”2+4*nurbeta”3-4*beta”2*nu*sqrt (beta”2-alpha*g), nu, factor)= #mo(" ")
“#mo (" ") "=-2*sqgrt (beta”2-alpha*g) *eta2”2*nu + eta2”2*g;
# ckobxa B C2
collect (g”2*alphat2*g*alpha*nu*sqgrt (beta”2-alpha*g)-4*nu*alpha*g*beta+2*g*beta*sqrt (beta”2-alpha*g)
-2*g*beta”2+4*nu*beta”3-4*beta”2*nu*sqrt (beta”2-alpha*g), nu, factor);

ag+2p Fag -20--(p-Fog)
F+8/F g tag=/F ag (B-/Fog)
4P -4p Fag -3pug+ Fogog-(p-/Foag)
(2Jirragag—4Bag+4ﬁy—4§JBTrag)v—g(ag+2ﬁ/ﬁt:;;—2ﬁ)=
2Pz (3-F=ag) v+(p-Foz) ¢
(2 B —&gag—4ﬁag+4ﬁy-4WJﬁrraE>V+g(ag+2ﬁ/ﬁrrag—2ﬁa (7

’
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;B UTOTE MOJTy4aeM CHCTEMY

> zamproc (0, 2*sqgrt (beta”2-alpha*g) * (-2*sqgrt (beta”2-alpha*g) *nu + g)*rl*s2/eta2, 2*sqrt (beta”2-alpha*g)
*gh2*s272/eta272,0,0,-2*sqrt (beta”2-alpha*qg) *r1"2, 2*sqrt(beta”2-alpha*g)* (-2*sqrt (beta”2-alpha*g)*
nu - g)*rl*s2/eta2,0, 1,0,0,1):

0 2\/[3270Lg (2\/[3270Lg V*g) rls2 2P —og gs2? 0
) ) 7>
B Fog (-p+/F—uz)

0’_2mr12’2\/ﬁz—ag (2\/[32—(xgv+g)rls2’0 (8)
PHyp-og

gbry:oﬁh:m:2&
> eta 2*pbeta: r2l := -alpha*rl/eta: sll := 0:
zamprocl? (alpha, 2*beta,0,nu,0,1,nu, rl,sll,r21,s2):
0,2Bvrls2,0,0

0,2r1%B, 2BV rls2,0 )
;HOpMIdeBKa cucremsl (9).
> rll 1/ (sqrt(2) *sqrt (abs (beta))): r2l := -alpha*rll/eta:
zamprocl2 (alpha, 2*beta,0,nu,0,1,nu, rll,sll,r2l,s2):
0. Bst\/T 0.0
I
o, B Bvs2V2 (10)
1Bl B
_> s21 rll/nu:
zamprocl?2 (alpha, 2*beta,0,nu,0,1,nu, rll,sll,r21,s21):
0, E,O,O
B
0.2 By (11)
Bl 1B
=2f):y¢o.
2ay . —
=21“). bl—O.

Cryuait >0. b =0<=>y=-2n4/ Bz — oy. Cucrema (5) npyHUMAET CIEAYIOMMN BU ©

> eta := etal: nul := -g/(2*sqgrt(beta”2 - alpha*g)):

zamproc (0,2*sqgrt (beta”2-alpha*qg) * (2*sqrt (beta”2-alpha*g) *nul + g)*rl*s2/eta,-2*sqrt (beta”2-alpha*g)*
eta” (-2)*g"2*s272,0,0,2*sqgrt (beta”2-alpha*g) *rl1l"2, 2*sqgrt(beta”2-alpha*g)* (2*sqrt (beta”2-alpha*qg)*

nul - g)*rl*s2/eta,0, 1,0,0,1):
0.0 2y -ag+p & s2? 0
0, -,
(p+V 0zt

0,2 -0g+ r]{-M’o 12
g+B

B+y -ag+ph

;HOpMI/IpOBKa cucteMsl (12).

> 522 -eta/ (g*sqrt (2*sqrt (beta”2-alpha*qg))) :
zamproc (0, 2*sqrt (beta”2-alpha*g) * (2*sqgrt (beta”2-alpha*g) *nul + g)*rl*s22/eta,-2*sqrt (beta”2-alpha*g)
*eta” (-2) *g"2*s2272,0,0,2*sqgrt (beta®2-alpha*g) *r1"2, 2*sqgrt(beta”2-alpha*g)* (2*sqgrt (beta”2-alpha*g)*
nul - g)*rl*s22/eta,0, 1,0,0,1):

0,0,-1,0

0,2y -ag+p r22 (~ag+p)" " r1vT,0 13)
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> rl2 := -1/(2*sqrt(2)* (beta”2-alpha*g) "~ (1/4)):
zamproc (0, 2*sqgrt (beta”2-alpha*g) * (2*sqrt (beta”2-alpha*g) *nul + g)*rl2*s22/eta,-2*sqrt (beta”2-alpha*
g) *eta” (-2) *g*2*s2272,0,0,2*sqrt (beta”2-alpha*g) *r1272, 2*sqgrt (beta”2-alpha*qg)* (2*sqrt (beta”2-alpha*
g)*nul - g)*rl2*s22/eta,0, 1,0,0,1):
0,0,-1,0

0. 51,0 (14)

Crnyuait <0. b, =0<=>y=2ny Bz — ory. Cucrema (8) mpyHUMAET CIEAYIOIUN BU :
> eta := eta2: nu2 := g/ (2*sqgrt(beta”2 - alpha*g)):
zamproc (0,2*sqgrt (beta”2-alpha*qg) * (-2*sqgrt (beta”2-alpha*g) *nu2 + g)*rl*s2/eta, 2*sqrt(beta”2-alpha*qg)
*gh2*s272/eta”2,0,0,-2*sqrt (beta”2-alpha*qg) *r1”2, 2*sqgrt (beta”2-alpha*g)* (-2*sqrt (beta”2-alpha*g)*

nu2 - g)*rl*s2/eta,0, 1,0,0,1):
0.0 2 -ag+B g s2? 0

(pyoerF)

0.2 Cag+p o, g th grls? as)
s

;HOpMI/IpOBKa cucremsl (15).
> s23 := eta/(sqrt(2)* (beta”2-alpha*g) " (1/4)*q) :
zamproc (0, 2*sqrt (beta”2-alpha*g) * (-2*sqrt (beta”2-alpha*g) *nu2 + g)*rl*s23/eta, 2*sqrt(beta”2-alpha*
g) *g"2*s23"2/eta”2,0,0,-2*sqrt (beta”2-alpha*g) *r1"2, 2*sqrt (beta”2-alpha*g)* (-2*sqrt (beta”2-alpha*qg)
*nu2 - g)*rl*s23/eta,0, 1,0,0,1):
0,0,1,0

0,2 ag+p r2 -2 (~ag+p) 11V, 0 (16)

> rl3 := -1/ (2*sqrt(2)* (beta”2-alpha*g) "~ (1/4)):
zamproc (0, 2*sqgrt (beta”2-alpha*g) * (-2*sqgrt (beta”2-alpha*g) *nu2 + g)*r13*s23/eta, 2*sqrt (beta”2-alpha*
g) *g"2*s2372/eta”2,0,0,-2*sqrt (beta”2-alpha*g) *r13"2, 2*sqgrt(beta”2-alpha*qg)* (-2*sqrt (beta”2-alpha*
g)*nu2 - g)*rl3*s23/eta,0, 1,0,0,1):
0,0,1,0

0,-L. 10 a7
4
[22): ¢,=0.

_Cnyqaﬁ =0.¢c,=0<=>y=2ny 3" — ay. Cucrema (5) npuHMMAET CIISAYIOUIMIT BT :

> eta := etal: nu3 := g/ (2*sqgrt(beta”2 - alpha*g)):
zamproc (0, 2*sqrt (beta”2-alpha*g) * (2*sqgrt (beta”2-alpha*g) *nu3 + g)*rl*s2/eta,-2*sqrt (beta”2-alpha*g)*
eta” (-2)*g"2*s272,0,0,2*sqgrt (beta”2-alpha*g) *rl1"2, 2*sqrt (beta”2-alpha*g)* (2*sqrt (beta”2-alpha*g)*
nu3 - g)*rl*s2/eta,0, 1,0,0,1):

0 4y -ag+B gris2 2 -ag+P & s2? 0
, , 7
p+/oetB  (p+/oztF)

0.2 -0g+B r12,0,0 (18)

L_Hopmuposka cucremsi (18).

> rld := 1/ (sqrt(2)* (beta”2-alpha*qg)”(1/4)):
zamproc (0,2*sqgrt (beta”2-alpha*qg) * (2*sqrt (beta”2-alpha*g) *nu3 + g)*rld*s2/eta,-2*sqrt (beta”2-alpha*qg)
*eta” (-2) *g"2*s272,0,0,2*sqrt (beta”2-alpha*qg) *r1472, 2*sqgrt(beta”2-alpha*g)* (2*sqgrt (beta”2-alpha*g)*
nu3 - g)*rld*s2/eta,0, 1,0,0,1):

0 2(-(xg+[32)1/4g\/7s2 2y -0g+p & s2? 0
) , >
B+y-ag+p (BH -(xg+B2)
0,1,0,0 19)
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> s24 := eta/(2*sqrt(2)* (beta”2-alpha*g)~(1/4) *qg) :
zamproc (0, 2*sqrt (beta”2-alpha*g) * (2*sqrt (beta”2-alpha*g) *nu3 + g)*rld*s24/eta,-2*sqrt (beta”2-alpha*
g) *eta” (-2) *g"2*s2472,0,0,2*sqrt (beta”2-alpha*g) *r1472, 2*sqgrt (beta”2-alpha*qg)* (2*sqrt (beta”2-alpha*
g)*nu3 - g)*rld*s24/eta,0, 1,0,0,1):

0,1,-—,0

1
4
0 (20)

0,1,

Cryuait B<0. ¢,=0<=>y=-2ny Bz — ory. Cucrema (8) mpyHUMAET CIEAYIOMIMN BU ©

> eta := eta2: nud := -g/(2*sqgrt (beta”2 - alpha*g)):
zamproc (0,2*sqgrt (beta”2-alpha*qg) * (-2*sqrt (beta”2-alpha*g) *nu4 + g)*rl*s2/eta, 2*sqrt(beta”2-alpha*qg)
*gh2*s272/eta”2,0,0,-2*sqrt (beta”2-alpha*qg) *r1”2, 2*sqgrt (beta”2-alpha*g)* (-2*sqrt (beta”2-alpha*g)*
nu4 - g)*rl*s2/eta,0, 1,0,0,1):

0 4y -ag+Bgris2 2\ -ag+P g s2? 0
, , >
B+ ag+F  (-p+/Tag+F)

0, -2y -og+p° r1%0,0 (21)

;HOpMI/IpOBKa cucremsl (21).

> rl5 := 1/ (sqrt(2)* (beta”2-alpha*g)~(1/4)):
zamproc (0, 2*sqrt (beta”2-alpha*g) * (-2*sqrt (beta”2-alpha*g) *nud4 + g)*rl5*s2/eta, 2*sqrt(beta”2-alpha*
g) *g~2*s2”2/eta”2,0,0,-2*sqrt (beta”2-alpha*g) *r15"2, 2*sqrt (beta”2-alpha*g)* (-2*sqrt (beta”2-alpha*qg)
*nud - g)*rl5*s2/eta,0, 1,0,0,1):

0 _2(—(xg+[32)1/4g\/732 2 -og+B &s2? 0

5

TN N T e
0,-1,0,0 (22)

> s25 := -eta/(2*sqrt(2) * (beta”2-alpha*qg)~(1/4) *g) :
zamproc (0, 2*sqrt (beta”2-alpha*g) * (-2*sqrt (beta”2-alpha*g) *nu4 + g)*rl5*s25/eta, 2*sqrt(beta”2-alpha*
g) *g*2*s25"2/eta”2,0,0,-2*sqrt (beta”2-alpha*qg) *r15°2, 2*sqgrt (beta”2-alpha*g)* (-2*sqrt (beta”2-alpha*
g)*nud4 - g)*rl5*s25/eta,0, 1,0,0,1):

1

0,-1,—,0
4
0.-1,0,0 (23)
B 2cy .
=2l‘). byc, #0.
L_Cutyyait §>0. Cucrema (5) :
> eta := etal:

zamproc (0, 2*sqrt (beta”2-alpha*g) * (2*sqrt (beta”2-alpha*g) *nu + g)*rl*s2/eta,-2*sqrt (beta”2-alpha*qg)*
eta” (-2)*g"2*s272,0,0,2*sgrt (beta”2-alpha*g) *rl"2, 2*sqgrt(beta”2-alpha*g)* (2*sqrt (beta”2-alpha*g) *nu
- g)*rl*s2/eta,0, 1,0,0,1):

0 2 -ag+p (2\/-0Lg+B2v+g)r1S2 2y —ag+|32g2s22 0
) , =
B+ ag P (p+/"og+p)

r12,2\/—0tg+[32 (2\/—(xg+[32V—g)r132’0 (24)
p+y-ag+p

0,2 -0g+f

;HOpMPIpOBKa cucremsl (24).

> rl6e := 1/ (sqrt(2)* (beta”2-alpha*g)”(1/4)):
zamproc (0, 2*sqrt (beta”2-alpha*g) * (2*sgrt (beta”2-alpha*qg) *nu+g) *rl6*s2/eta, -2*sqrt (beta”2-alpha*g) *
eta” (-2)*g"2*s272,0,0,2*sqgrt (beta”2-alpha*qg) *rl6"2, 2*sqgrt (beta”2-alpha*g) * (2*sqrt (beta”2-alpha*g) *
nu-g) *rl6*s2/eta,0, 1,0,0,1):

0 (—(xg+[32)1/4(2 -og+p V-I—g)\/TSZ 24 -ag+f g2322 0
X s 7>
B+ ug 1B (p+/0g+5)

OJ’(*ag+ﬁﬂlM(2 -ag+p V*g)J7H2,0 (25)
B+y-ag+p
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> s26 := eta/((beta”2-alpha*g)” (1/4)*sqrt(2)* (2*sqrt (beta”2-alpha*g) *nu-g)) :
zamproc (0, 2*sqgrt (beta”2-alpha*g) * (2*sqrt (beta”2-alpha*g) *nu+g) *rl6*s26/eta, -2*sqrt (beta”2-alpha*g) *
eta” (-2)*g"2*s2672,0,0,2*sqgrt (beta”2-alpha*qg) *r16"°2,2*sqrt (beta”2-alpha*qg) * (2*sqgrt (beta”2-alpha*g) *
nu-g) *rl6*s26/eta,0, 1,0,0,1):

0,2 -og+P V+g,_ & .0
2y -agt+P v-g (2 -og+p v—g)

0.1,1,0 (26)

L_Cutyyaii 8 <0. Cucrema (8) :
> eta := eta2:
zamproc (0, 2*sqrt (beta”2-alpha*g) * (-2*sqrt (beta”2-alpha*qg) *nu+g) *rl*s2/eta, 2*sqrt (beta”2-alpha*g) *
gh2*s2”2/eta”2,0,0,-2*sqrt (beta”2-alpha*g) *r1”2,2*sqrt (beta”2-alpha*qg) * (-2*sqrt (beta”2-alpha*g) *nu-
g)*rl*s2/eta,0, 1,0,0,1):

0 2\/-0(g+[32 <2\/-(xg+[32 V—g) rls2 2 -oag+p gs2?
B+ oz B (p+y oz "F)

0,2/ ag+p ey 2\/-Otg+B2 (2\/-0(g+[32 V+g) rls2 0 (27)

s

;HOpMPIpOBKa cucremsl (27).

> rl7 := 1/ (sqrt(2)* (beta”2-alpha*g)”(1/4)):
zamproc (0, 2*sqrt (beta”2-alpha*g) * (-2*sqrt (beta”2-alpha*g) *nu+g) *r17*s2/eta, 2*sqrt (beta”2-alpha*g) *
gt2*s2”2/eta”2,0,0,-2*sqrt (beta”2-alpha*g) *r1772,2*sqrt (beta”2-alpha*g) * (-2*sqrt (beta”2-alpha*g) *nu-
g)*rl7*s2/eta,0, 1,0,0,1):

0 (—Otg+[32)1/4(2 -og+p V—g)\/TSZ 2/ -ag+p & s2? 0

s

By -oag+ph (-B+\/ -ag+p )2’

0. -1, (f(xg+[32)1/4 (2 -og+p V+g)\/752 0 (28)
P

> s27 := eta/(sqrt(2)* (beta”2-alpha*g)"(1/4)* (2*sqrt (beta”2-alpha*g) *nu+g)) :
zamproc (0, 2*sqgrt (beta”2-alpha*g) * (-2*sqrt (beta”2-alpha*qg) *nu+g) *r17*s27/eta, 2*sqrt (beta”2-alpha*g) *
gr2*s27"°2/eta”2,0,0,-2*sqgrt (beta”2-alpha*g) *r17°2,2*sqrt (beta”2-alpha*g) * (-2*sqrt (beta”2-alpha*qg) *
nu-g) *r17*s27/eta,0, 1,0,0,1):
24 -o V-
o,-nLogtlvog - -0
2 -og+p v+g (2 -og+p v+g>

0,-1,-1,0 (29)

2)):4,=0, p,=0.
LB cucreme matpuia H naronanbhas :
> 12syst (alpha,2*beta,g,nu,0,0,nu, full = true);

Initial coefficients: pO:[(x,2B, gl H= ; 3
Matrix (2x4):
ov,2Bv,gv,0
0,0v,2Bv, gV (30)
:Cnyqaﬁ B>0.
> eta := etal: r2l1 := -alpha*rl/eta: sll := -g*s2/eta:

zamprocl? (alpha, 2*beta,g,nu,0,0,nu, rl,sll,r21,s2):
4 (ocg—BZ)VrISZ

B+ og+p

0.0, Hog=B)vris2 @31
B+ -Otg+[5z

0, - 0,0
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;HOpMHpOBKa cuctemsl (31).
> rll := eta: r2l := -alpha*rll/eta:
zamprocl? (alpha, 2*beta,g,nu,0,0,nu, rll,sll,r21,s2):
0,-452(ag—p")v,0,0

0,0,-452 (0g—B*) v, 0 32)
> s21 := 1/(4* (beta”2 - alpha*g)*nu): sll := -g*s2l/eta:
zamprocl? (alpha, 2*beta,g,nu,0,0,nu, rll,sll,r21,s21):
0,1,0,0
0,0,1,0 33)
;Cnyt{aﬁ B<o.
> eta := eta2: r2l := -alpha*rl/eta: sll -g*s2/eta:

zamprocl?2 (alpha, 2*beta,g,nu,0,0,nu, rl,sll,r2l,s2):
0 4(0(g7[52)vr1s2

PN

0.0, Hog=F)vris2 (34)
Bty -ag+P

0,0

;HOpMHpOBKa cuctemsl (34).
> rll := eta: r2l := -alpha*rll/eta:
zamprocl? (alpha, 2*beta,g,nu,0,0,nu, rll,sll,r21,s2):
0,-452(ag—p")v,0,0

0,0,-452 (0g—B*) v, 0 35)
> 521 := 1/(4* (beta”2-alpha*g)*nu): sll := -g*s2l/eta:
zamprocl? (alpha, 2*beta,g,nu,0,0,nu, rll,sll,r21,s21):
0,1,0,0
0,0,1,0 (36)
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;3.5.3. Teopema 2.3, cayuaii D < 0.

| > restart; read("newlib.m"); with(mylib) :

B paccmarpuBaemoii cucteme D < 0, mostomy y MaTpuiisl H KOMIUIEKCHBIE CONPSKEHHBIE COOCTBEHHbIC YHCHA V £ ifL.
Cucrema 3aMeHOMH J§ IIPUBEJICHA K CIIeyIOLIEeMY BUIY :

B 12syst (alpha, 2*beta, g,nu, -mu,mu,nu, full = true);
-l

Initial coefficients: pg =lo,2B, g, H=
TR

Matrix (2x4):
v, -op+2Bv, -2u+gv, -ug
o ov+2uUB2pv+ug gv

bepem m=m, npu =0 u n=mn, npu B<0.
[> etal := betat+sqgrt (beta”2-alpha*g); eta2 := beta-sqrt(beta”2-alpha*qg);

W =+ Fog
- F g

TTpoBesiem 3amMeHy, OOHYIISIOLLYIO 1BA dIEMEHTa p(z).

L Cutyuait > 0.
> eta := etal: r2l1 := -alpha*rl/eta: sll:=-g*s2/eta:
zamprocl?2 (alpha, 2*beta, g,nu, -mu,mu,nu, rl,sll,r21l,s2, 1lbl = true):

0
- 1 2(2r152(—BZ+(xg)(—augz—ug(xz—4(xgv[3—2ocgv‘/Bz—ocg
(B +pyF—wg -ag) (p+/F-og)
+20gBVF—og +2guf +2aupVF-og +2aup +4vp /P -og +4vp’))
2520 (- +ag) (@p+8 Foog —og /F-ug ~30gh+4p +45/F-ag)

(9 +pyF g ~ag) (p+/Fog)
0
0

2P (-B +0g) (og JF—og +30gh-o’p-o’ JF—og —4p -4 /F—ag)
2
(B +pVF oz —og) (p+/F-ozg)
5 (2r152(—[32+(xg) (—(xpgz—uga2+4agv[3+2agv\/ BF—og +2ugB P -og

|
(B +p/F—og —ag) (p+/F-ug)
+2guB +2aup/F-og +2aup-4vE [F—ag —4vp))
0

L_YIpOLIEHHE [0y YEHHOH CUCTEMBI :

> (-g*alphat2*beta*sqrt (beta”2-g*alpha)+2*beta”2)=(beta+sqgrt (beta”2-g*alpha))"2;
(beta”2+beta*sqrt (beta”2-g*alpha)-g*alpha)=sqgrt (beta”2-g*alpha) * (beta+sqgrt (beta”2-g*alpha)) ;
-3*beta*g*alpha-g*alpha*sqrt (beta”2-g*alpha)+4*beta”3+4*beta”2*sqrt (beta”2-g*alpha)=(betat+sqgrt
(beta”2-g*alpha)) "3;
# cxobxa B bl
collect (-alpha*mu*g”2-mu*g*alpha”2-2*alpha*g*nu*sqrt (beta”2-alpha*g)-4*alpha*g*nu*betat+2*mu*g*beta*
sqrt (beta”2-alpha*g)+2*g*mu*beta”2+2*alpha*mu*beta*sqrt (beta”2-alpha*g)+2*alpha*mu*beta”2+4*nu*
beta”2*sqgrt (beta”2-alpha*g)+4*nu*beta”3, [mu, nu], factor) = “#mo(" ") ;
“#mo (" ") = (betatsqgrt (beta”2-g*alpha))*2* (2*sqgrt (beta®2-alpha*g)*nu + (alpha+g)*mu);
# cxobkxa B cl
g"2*betatg”2*sqgrt (beta”2-alpha*g)-g*alpha*sqgrt (beta”2-alpha*g)-3*alpha*g*betat4*beta”2*sqrt (beta”2-
alpha*g)+4*beta”3 = g"2*eta + (betatsqrt(beta”2-g*alpha))”3;
# ckobxa B b2
g*alpha*sqrt (beta”2-alpha*g)+3*alpha*g*beta-alpha”2*beta-alpha”2*sqgrt (beta”2-alpha*g)-4*beta”2*sqrt
(beta”2-alpha*g)-4*beta”3 = -alpha”2*eta - (betatsqrt (beta”2-g*alpha))"3;
# ckobxa B C2
collect (-alpha*mu*g”2-mu*g*alpha”2+4*alpha*g*nu*betat+2*alpha*g*nu*sqrt (beta”2-alpha*g)+2*mu*g*beta*
sqrt (beta”2-alpha*g) +2*g*mu*beta”2+2*alpha*mu*beta*sqrt (beta”2-alpha*g)+2*alpha*mu*beta”2-4*nu*
beta”2*sqgrt (beta”2-alpha*g)-4*nu*beta”3, [mu, nu], factor) = “#mo(" ") ;
“#mo (" ") = (betatsqgrt (beta”2-g*alpha))"2* (-2*sqgrt (beta”2-alpha*g)*nu + (alpha+g)*mu);

2
cag+2pF-ag +2§ - (p+/F-ag)
B+py P -ag —og—F-ag (p+/F-og)

3
Sogh-og Foug +4p +4p VP -og - (p+/F-ag)

@)

)

€)
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(g+0) (-ag+2p/Fog +28) u+(-40gp-20g/Fog +4F F-og +45) v-
(pyFaz) (2/F oz v+(gtay)
2pe Tz -ag/Fag -3agb+ef 4 [Foag - (p+/Fog) +(p+/Fog)
wg[Fmag +3aghp-op-o [Foug -5 ~4F (Foog - (p+/Fag) - (p+/Fag)
(¢+a) (-ag+2B/F—og +26) n+(4agpt20g/F-ag -4 [Fug -4§)v=
~(p+/F=oz) (2/Fazv+(g+orw) @

LB utore nomyuaem cucremy

> zamproc (0,2*rl*s2*sqrt (beta”2-alpha*qg) * ( (alpha+g) *mu+2*sqrt (beta”2-alpha*g) *nu) /eta, -2*sqrt (beta”2-
alpha*g) *s2”2*mu* (g"2+eta”2)/(eta”2),0,0,2*r1"2*mu*sqrt (beta”2-alpha*qg) * (alpha”2+eta”2)/ (eta”2),2*
rl*s2*sqrt (beta”2-alpha*qg) * (2*sqrt (beta”2-alpha*g) *nu- (alpha+g) *mu) /eta, 0, 1,0,0,1):

0 21152 ~og +p (2]—0(g+[32v+(xp+ug) 2y “ag+p s22u(—ag+2[32+2|3‘/ “ag+p +g2) 0
, ; > ;
B ogtp (B+/ g +F)

0 27y -og +P (fag+2B2+ZB -og+p +aﬂ 2ﬂS2J*dg+ﬁ2(2J*Qg+B2V*du*Hg) 0 (5)
s 7 ) s
(B+\/ ~og+B ) B+ -og+P
;Cnyl{ai/'l B<O0.
> eta := eta2: r2l := -alpha*rl/eta: sll := -g*s2/eta:
zamprocl? (alpha, 2*beta, g,nu, -mu,mu,nu, rl,sll,r21,s2, 1lbl = true):
0

- 1 2(2r1s2(ocg—[32) (2\/ “ag+p apu-2y-og+p agv+d/-ag+p Bv
(by/~aetF +og-f) (-p+/aerF)

+2 g 1P Beu+nged’ 20 p+rdoBgyragu-4pv-2p¢gp))
252 u(og-F) (agtB og-4/agtB B~ agiB £ -30Be+4 +p)
(/e F +ag-F) (p+/agrF)
.
2rPu(ag-F) ([TogtB o -/ ug 1B ugt4/ ogtB B -oB+3ape-4p)
(b we F +ae-F) (p+/aa F)

( 1)( )2 (2r1s2(ocg—[32) (2 g +p oBut2y —ocg+[32 agv—4, —0(g+[32 B*v
B -ag+p +ag—p) (-p+/-0g+F

+2Tag P Pgutngod’ —2afu-4opgviagutdpv-2pgn))
i ; ©

L_VNIpoILeHKe MOy YeHHOH CUCTEMBI ©

> alpha*g+2*beta*sqgrt (beta”2-alpha*g)-2*beta”2=- (beta-sqgrt (beta”2-g*alpha))"2;
-beta”2+beta*sqrt (beta”2-alpha*g)+alpha*g=sqrt (beta”2-g*alpha) * (beta-sqrt (beta”2-g*alpha));
expand ( (beta-sqgrt (beta”2-g*alpha))"3) = (beta-sqrt (beta”2-g*alpha))"3;
# ckobka B bl
collect (alpha*mu*g”2+mu*g*alpha”~2-2*alpha*g*nu*sqrt (beta”2-alpha*g)+4*alpha*g*nu*beta+2*mu*g*beta*
sgrt (beta”2-alpha*g) -2*g*mu*beta”2+2*alpha*mu*beta*sqrt (beta”2-alpha*g)-2*alpha*mu*beta”2-4*nu*
beta”3+4*nu*beta”2*sqgrt (beta”2-alpha*g), [mu, nu], factor) = “#mo(" ") ;
“Hmo (" ") = eta”2* (2*sqgrt (beta”2-alpha*g)*nu - (alpha+g) *mu);
# ckobka B cl
-g"2*betatg”2*sqgrt (beta”2-alpha*g)-g*alpha*sqrt (beta”2-alpha*g)+3*alpha*g*beta+4*beta”2*sqrt (beta”2-
alpha*g)-4*beta”3 = -eta”3 - g"2*eta;
# ckobxa B b2
g*alpha*sqrt (beta”2-alpha*g)-3*alpha*g*betatalpha”2*beta-alpha”2*sqrt (beta”2-alpha*g)-4*beta”2*sqrt
(beta”2-alpha*g)+4*beta”3 = eta”3 + alpha”2*eta;
# crobxa B C2
collect (alpha*mu*g”2+mu*g*alpha”2-4*alpha*g*nu*beta+2*alpha*g*nu*sqrt (beta”2-alpha*g)+2*mu*g*beta*
sqrt (beta”2-alpha*g) -2*g*mu*beta”2+2*alpha*mu*beta*sqrt (beta”2-alpha*g)-2*alpha*mu*beta”2+4*nu*
beta”3-4*nu*beta”2*sqrt (beta”2-alpha*qg), [mu, nu], factor) = “#mo("™ ") ;
“#mo (" M) = -eta”2* (2*sqrt (beta”2-alpha*g) *nu + (alpha+g)*mu);

2
ag+2pF-ag -2p--(p-yF-og)
B +pFug +ag—yF-og (p-F-ag)
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4 -4 [For —3aghragFoog - (p-VFoz)
(¢+a) (ag+2p/F-ag —28) u+(-48 +4F [F-ug -20g/F -og +4agh)v=
~(p+/F=oz) VF-azv-(s+o)w)
@ preFoag —ag Foog +30gp+eF[Foog 45 --(p+/Fog) -2 (p+/Fog)
wg[Fag ~3agh+op-o [Foug 4§ oz +46 - (p+/Fog) +o (p+/Fag)
(e+0) (ag+2B/F-og -28) u+ (45 - 4§ [F-og -40gp+20g/F-og)v=
- (p+/F=og) VF-az vzt ¢

;B UTOTE MOJTy4aeM CHCTEMY
> zamproc (0,2*rl1*s2*sqrt (beta”2-alpha*qg) * (2*sqrt (beta”2-alpha*g) *nu- (alpha+g) *mu) /eta, 2*s2"2*mu*sqrt
(beta”2-alpha*g) * (eta”2+g”2)/ (eta”2),0,0,-2*r1"2*mu*sqgrt (beta”2-alpha*qg) * (eta”2+alpha”2)/ (eta”2),2*
sgrt (beta”2-alpha*qg) *r1*s2* (2*sqrt (beta”2-alpha*qg) *nu+ (alpha+g) *mu) /eta,0, 1,0,0,1):
o 252 ~aerF (2 ag+F v-ou-pg) 2:2uag+F (28 ugtP +og-2F-¢) |
, 5 3 >
B+ g (-p+y "oz +F)

0 21y -og +p° (2B\/—(xg+[32 —(x2+ocg—2[32) _2r1s2\/—ocg+[32 (2\/—(xg+ﬁ2 v+ocu+ug) 0 (8)

(peyagrF) T

_31): v=0, a+y=0.

L_Cutyuait 8> 0. Cucrema (5) npuHuMaert ciieyrommii Bu :

> eta := beta + sqgrt(beta”2 + alpha”2):
r2l := -alpha*rl/eta: sll := alpha*s2/eta: gl := -alpha:
zamprocl?2 (alpha, 2*beta,gl, 0, -mu,mu,0, rl,sll,r2l,s2):

4 (o +B?) ps2?

B+ (xzﬂiz ’
0, M,O,O (9)

B+ o +[52

0,0, 0

;HOpMHpOBKa cucteMsl (9).

> rll := sqrt(eta)/(2*sgrt (beta”2+alpha”2)*sqrt(mu)): r2l := -alpha*rll/eta:
s21 := sqgrt(eta)/ (2*sqrt (beta”2+alpha”2)*sqgrt(mu)): sll := alpha*s2l/eta:
zamprocl?2 (alpha, 2*beta,gl, 0, -mu,mu,0,rll,sll,r21,s21):
0,0,-1,0
0.1,0,0 (10)

L Ctyuait B < 0. Cucrema (8) npuHMMaeT clemyromuii Bus :

> eta := beta - sqrt(beta”2 + alpha”2):
r21 := -alpha*rl/eta: sll := alpha*s2/eta: gl := -alpha:
zamprocl? (alpha, 2*beta,gl,0, -mu,mu,0, rl,sll,r21,s2):

4 (0(2 +B2) ws2?

/T

0,0, ,0

2 2 2
4 + 1
o, Ao AB)ur (11)
Bty 0(2+B2
;HOpMPIpOBKa cucremsl (11).
> rll := sqgrt(-eta)/(2*sqrt(beta”2+alpha”2)*sqrt(mu)): r2l := -alpha*rll/eta:
s21 := sqgrt(-eta)/ (2*sqrt (beta”2+alpha”2)*sqrt(mu)): sll := alpha*s2l/eta:
zamprocl? (alpha, 2*beta,gl, 0, -mu,mu,0, rll,sll,r21,s21):
0,0,1,0
0,-1,0,0 (12)

[3):VH (@ +1) 0 <=>b]+5#0.

Ty . —
3D 5,=0.

Crywait B>0. b, =0<=>2 B -ay v+ (o +y)u=0.

L Crctema (5) MPMHAMAET CIIETYIOUHH BT :

> nul := -(alpha+g)*mu/ (2*sqrt (beta”2-alpha*g)): eta := etal:
zamproc (0, 2*rl*s2*sqrt (beta”2-alpha*qg) * ( (alpha+g) *mu+2*sqrt (beta”2-alpha*g) *nul) /eta, -2*sqrt (beta”2-
alpha*g) *s2”2*mu* (g"2+eta”2)/ (eta”2),0,0,2*r1"2*mu*sqrt (beta”2-alpha*g) * (alpha”2+eta”2)/ (eta”2),2*
rl*s2*sqrt (beta”2-alpha*g) * (2*sqrt (beta”2-alpha*g) *nul- (alpha+g) *mu) /eta,0, 1,0,0,1):
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oo 22 -0g+p (-og+28+2B/ ag+B +¢) 0
0, : :
(b+/~og+5")

0 2720y -og +B (*(xg+2[32+2[.’) -oag+P +(12) A4rls2y -ag+p (otg)u 0 (13)
) 3 ) )
(p+/ oz B+ -ag+p

L_Hopmuposka cuctemsr (13).
> s22 := eta/(sqrt(2)*sgrt (mu)* (beta”2-alpha*g) "~ (1/4) *sqrt (eta”2+g”2)):
zamproc (0, 2*r1*s22*sqrt (beta”2-alpha*g) * ( (alpha+g) *mu+2*sqgrt (beta”2-alpha*g) *nul) /eta, -2*sqrt (beta”2
-alpha*g) *s22"2*mu* (g"2+eta”2)/ (eta”2),0,0,2*r1 "2*mu*sqrt (beta”2-alpha*qg) * (alpha”2+eta”2)/ (eta”2),2*
rl*s22*sqrt (beta”2-alpha*qg) * (2*sqrt (beta”2-alpha*g) *nul- (alpha+g) *mu) /eta,0, 1,0,0,1):
0,0,-1,0

0’2r12u gy <7ag+2[32+2[3 o +a2)’ 2r1VT i (cog+p)" (a+g) 0 (14)

2
B+ e +57) J-ag+28+28 ) ag i +¢

> rl2 := sqgrt(2*beta”2+2*beta*sqrt (beta”2- alpha g) —alpha*g+g”"2)
/ (2*sqgrt (2) *sqgrt (mu) * (beta”2-alpha*qg) * (1/4) * (alpha+qg)) :
zamproc (0,2*r12*s22*sqrt (beta”2-alpha*g) * ((alpha+g)*mu+2*sqrt(betaA2—alpha*g)*nul)/eta,—2*sqrt
(beta”2-alpha*g) *s22"2*mu* (g"2+eta”2)/ (eta~2),0,0,2*r12"2*mu*sqrt (beta”2-alpha*g) * (alpha”2+eta”2)/

(eta”2),2*rl2*s22*sqrt (beta”2-alpha*g) * (2*sqgrt (beta”2-alpha*g) *nul- (alpha+g) *mu) /eta,0, 1,0,0,1):
0,0,-1,0
oL (—ch+2[32+2[3\/ “ag+p +g2) (—(xg+2 B+2By-ag+p +0c2) Lo (15)
"7 >~ L

2

2
i (o+g)* (B+/ "oz +F)
Coyuaii <0. by =0<=>2 B2 -ay v-(o+y)u=
L_Crictema (8) MPMHMMAET ClIeTYIOUH BHL :
> nu2 := (alpha+g)*mu/ (2*sqrt (beta”2-alpha*g)): eta := etal:
zamproc (0, 2*rl1*s2*sqrt (beta”2-alpha*g) * (2*sqrt (beta”2-alpha*g) *nu2- (alpha+g) *mu) /eta, 2*s2"2*mu*sqrt
(beta”2-alpha*g) * (eta”2+g”2)/ (eta”2),0,0,-2*r1"2*mu*sqrt (beta”2-alpha*qg) * (eta”2+alpha”2)/ (eta”2),2*
sgrt (beta”2-alpha*qg) *r1*s2* (2*sqrt (beta”2-alpha*g) *nu2+ (alpha+g) *mu) /eta,0, 1,0,0,1):

0.0, 270/ -0g+p (28 ug+F tag—2F-¢) 0

(pyogrF)

0 21y -og +B° (2[3J—ocg+[32 —(x2+ocg—2[32) 4rls2 -ag+p (atg)u 0 (16)
s 3 ) ;
(-p+/ -Otg+[’>2) B+ -og+p

L_Hopmuposka cucremsl (16).
> s22 := eta/(sqrt(2)*sqgrt (mu)* (beta”2-alpha*g) " (1/4)
*sqrt (2*beta”2-2*beta*sqgrt (beta”2-alpha*g)-alpha*g+g”2)):
zamproc (0,2*r1*s22*sqgrt (beta”2-alpha*qg) * (2*sqrt (beta”2-alpha*g) *nu2- (alpha+qg) *mu) /eta, 2*s22"2*mu*
sqgrt (beta”2-alpha*g) * (eta”2+g”2) /(eta”2),0,0,-2*r1"2*mu*sqgrt (beta”2-alpha*g) * (eta”2+alpha~2)/
(eta”2),2*sqrt (beta”2-alpha*g) *r1*s22* (2*sqrt (beta”2-alpha*g) *nu2+ (alpha+g) *mu) /eta,0, 1,0,0,1):

0,0,1,0
0 20y ~og +PB (2[5\/—(xg+[32 —oc2+ocg—2[32) 271NZ 1 (~og +B) 1/4(()L+g) 0 17
s 2 > >
(-p+/ae+F) /-Otg+2 B-2p/-og+p +&
[ r12 := sgrt (2*beta”2-2*beta*sqgrt (beta”2-alpha*g)-alpha*g+g”2)

/ (2*sqgrt (2) *sqgrt (mu) * (beta”2-alpha*g) * (1/4) * (alpha+qg)) :
zamproc (0,2*r12*s22*sqrt (beta”2-alpha*g) * (2*sqrt (beta”2-alpha*g) *nu2- (alpha+g) *mu) /eta, 2*s22"2*mu*
sqrt (beta”2-alpha*g) * (eta”2+g”~2)/(eta”2),0,0,-2*r12"2*mu*sqrt (beta”2-alpha*g) * (eta”2+alpha~2)/
(eta”2),2*sqrt (beta”2-alpha*g) *r12*s22* (2*sqrt (beta”2-alpha*g) *nu2+ (alpha+g) *mu) /eta,0, 1,0,0,1):
0,0,1,0

0 -L (2B oz +F +ag-2p-2) 28/ ag+h -’ +ag-2) 1,0 (18)
. 2 o
4 (a+g) (-p+y/ agF)

[3): 6=
Cryuait B>0. ¢,=0<=>2/ B -ayv -(a +y)u=

L_CrcTeMa (5) MPMHAMACT CIIETYIOUMH BT :

> nu3 := (alpha+g)*mu/ (2*sqrt (beta”2-alpha*g)): eta := etal:
zamproc (0,2*r1*s2*sqrt (beta”2-alpha*g) * ( (alpha+g) *mu+2*sqgrt (beta”2-alpha*g) *nu3) /eta, -2*sqrt (beta”2-
alpha*g) *s2”2*mu* (g"2+eta”2)/ (eta”2),0,0,2*r1"2*mu*sqrt (beta”2-alpha*g) * (alpha”2+eta”2)/ (eta”2),2*
rl*s2*sqrt (beta”2-alpha*g) * (2*sqrt (beta”2-alpha*g) *nu3- (alpha+g) *mu) /eta,0, 1,0,0,1):
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o 4rls2y og+f (atg)n 2/ agtp sZZLL(—OLg+2B2+2|3\/ “ag+p +g2> o

5

2
B ogtF (p+/ oz +F)
22 g B (-og+2p+2py agtF +o)

2
(p+/ g +F)
L_Hopmuposka cuctemsi (19).

> rl3 := eta/(sqrt(2)*sgrt (mu) * (beta”2-alpha*g) "~ (1/4) *sqrt (eta”2+alpha”2)):
zamproc (0, 2*r13*s2*sqrt (beta”2-alpha*g) * ( (alpha+g) *mu+2*sqgrt (beta”2-alpha*g) *nu3) /eta, -2*sqrt (beta”2
-alpha*g) *s2"2*mu* (g"2+eta”2)/ (eta”2),0,0,2*r13"2*mu*sqrt (beta”2-alpha*qg) * (alpha”2+eta”2)/ (eta”2),2*
r13*s2*sqrt (beta”2-alpha*g) * (2*sqrt (beta”2-alpha*g) *nu3- (alpha+g) *mu) /eta,0, 1,0,0,1):

0 237 ( ag+[3 sz(a+g) 2/ -0g+B s22u(7(1g+2[32+2[3\/*0cg+[32+g2) 0

2
J-agr2B 2B 0 P+ (p+/ g +F)
0.1,0,0 (20)
> s23 := sqgrt(2*beta”2+2*beta*sqrt (beta”2- alpha g) —alpha*g+alpha”2)
/ (2*sqgrt (2) *sqgrt (mu) * (beta”2-alpha*qg) * (1/4) * (alpha+qg)) :
zamproc (0,2*r13*s23*sqgrt (beta”2-alpha*g) * ((alpha+g)*mu+2*sqrt(betaA2—alpha*g)*nu3)/eta,—2*sqrt
(beta”2-alpha*g) *s23"2*mu* (g"2+eta”2)/ (eta~2),0,0,2*r13"2*mu*sqrt (beta”2-alpha*g) * (alpha”2+eta”2)/
(eta”2),2*r13*s23*sqrt (beta”2-alpha*g) * (2*sgrt (beta”2-alpha*g) *nu3- (alpha+g) *mu) /eta,0, 1,0,0,1):

0.1 1 (—(xg+2B2+2[3\/ —ocg+[32 +0c2) (—ocg+2 BZ+ZB\/ —0cg+B2 +g2> 0
-7 ,

2
(a+g)? (B+y"ag+F)
0.1,0,0 (21)

0, ,0,0 19)

Coyuaii <0. by =0<=>2 B2 -ay v+(o+y)u=

L_Crictema (8) MPMHMMAET ClIeTYIOUH BHL :

> nud := - (alphatg)*mu/ (2*sqrt (beta”2-alpha*g)): eta := etal:
zamproc (0, 2*rl1*s2*sqrt (beta”2-alpha*g) * (2*sqrt (beta”2-alpha*g) *nud- (alpha+g) *mu) /eta, 2*s2"2*mu*sqrt
(beta”2-alpha*g) * (eta”2+g”2)/ (eta”2),0,0,-2*r1"2*mu*sqrt (beta”2-alpha*qg) * (eta”2+alpha”2)/ (eta”2),2*
sgrt (beta”2-alpha*qg) *r1*s2* (2*sqrt (beta”2-alpha*qg) *nu4+ (alpha+g) *mu) /eta,0, 1,0,0,1):

0 4rls2y -oag+p (a+g)u _2s22u\/ —(xg+B2 (ZB\/—(xg+Bz +0(g—2[32—g2) 0
B s 3 ,
N (p+/ 7 F)
0. 2r12u\/ —()(g+B2 (ZB\/—ocg+B2 ;(12+(Xg—2[32) 0.0 (22)
i (-p+/ag+p)
L_Hopmuposka cucremsl (22).

> rl3 := eta/(sqrt(2)*sqgrt (mu)* (beta”2-alpha*g) " (1/4) *sqrt (eta”2+alpha”2)):
zamproc (0,2*r13*s2*sqrt (beta”2-alpha*qg) * (2*sqrt (beta”2-alpha*g) *nud- (alpha+g) *mu) /eta, 2*s2"2*mu*sqrt
(beta”2-alpha*qg) * (eta”2+g”~2)/ (eta”2),0,0,-2*r13"2*mu*sqrt (beta”2-alpha*qg) * (eta”2+alpha”2)/ (eta”2),2*
sgrt (beta”2-alpha*g) *r13*s2* (2*sqrt (beta”2-alpha*g) *nud+ (alpha+g) *mu) /eta,0, 1,0,0,1):

o 2V TVE CogtB) 20ty 252 agtF (28 0e B tag-2F-¢) |

2
\/—(xg+2[32—2[3\/—otg+ﬁz +o? (‘Bﬂ “ag B )
0.-1,0,0 (23)
> 523 := sqrt(2*beta”2-2*beta*sqgrt (beta”2-alpha*g)-alpha*g+talpha”2)
/(2*sqgrt (2) *sqrt (mu) * (beta”2-alpha*g) * (1/4) * (alpha+qg)) :

zamproc (0,2*r13*s23*sqrt (beta”2-alpha*qg) * (2*sqrt (beta”2-alpha*g) *nud- (alpha+g) *mu) /eta, 2*s23"2*mu*
sqgrt (beta”2-alpha*g) * (eta”2+g”2)/(eta”2),0,0,-2*r13"2*mu*sqrt (beta”2-alpha*g) * (eta”2+alpha~2)/
(eta”2),2*sqrt (beta”2-alpha*g) *r13*s23* (2*sqrt (beta”2-alpha*g) *nud+ (alpha+g) *mu) /eta,0, 1,0,0,1):

0.-1, L (ZBJ “agtF +og—2p-¢) (ZBJ w1 B~ tag-2p) o

4 2
(a+g)? (-p+/og+5)
0,-1,0,0 (24)

=3§) b, #0.
L_Cryuait 8> 0. Cucrema (5) :
> zamproc (0,2*rl*s2*sqrt (beta”2-alpha*g) * ( (alpha+g) *mu+2*sqrt (beta”2-alpha*g) *nu) /etal, -2*sqrt (beta”2-
alpha*g) *s2”2*mu* (g"2+etal”2)/(etal”2),0,0,2*r1"2*mu*sqrt (beta”2-alpha*qg) * (alpha”2+etal”2)/ (etal”2),
2*rl*s2*sqrt (beta”2-alpha*qg) * (2*sqgrt (beta”2-alpha*g) *nu- (alpha+g) *mu) /etal, 0, 1,0,0,1):

DnekTponublii xkypHas. http://www.math.spbu.ru/diffjournal 139



Hupdepenyuarvrvie ypasnenua u npovecewt ynpasaenus,N. 3, 2016

o 2152 /Fug (2/Fwgvtoptug) 2/F-ags2ul@+2F+2p/Fog-og) ,
, , ! ,
B+/F—og (p+/F—ozg)

o 2Pu/Fug (o +2F +2p/F-ug ~0g) 2r1s2/F-ug 2/F-ogv-ap-ug) (25)
, ! , ,
(p+/F—wg) B+/F-og

L_Hopmuposka cuctemsl (25).

> eta := etal: rld := eta/(sqrt(2)*sqrt (mu)* (beta”2-alpha*g) " (1/4) *sqgrt (eta”2+alpha”2)):
zamproc (0,2*r14*s2*sqrt (beta”2-alpha*q) * ( (alpha+g) *mu+2*sqrt (beta”2-alpha*qg) *nu) /eta, -2*sqrt (beta”2-
alpha*g) *s2”2*mu* (g"2+eta”2)/(eta”2),0,0,2*r14"2*mu*sqrt (beta”2-alpha*g) * (alpha”2+eta”2)/ (eta”2),2*
rld*s2*sqrt (beta”2-alpha*qg) * (2*sqrt (beta”2-alpha*g) *nu- (alpha+g) *mu) /eta,0, 1,0,0,1):

0 \/T(fagﬂiz)msz (2 -og +P v+au+ug) 2 -ag+B szzp(—ag+2[32+2[3\/ focg+[3§ +gz) 0

s

2
i [agraprapogiF +a b+ o2+
01 VT (cog+8)" 2 (2 “og +F v-ou-ug) 0 (26)
il g +28 428 g B 4o

> 524 := sqgrt(mu) *sqgrt (2*beta”2+2*beta*sqgrt (beta”2-alpha*g)-alpha*g+alpha”2)
/ (sqrt (2) * (beta”2-alpha*g)~ (1/4) * (2*sqrt (beta”2-alpha*g) *nu-mu*alpha-mu*qg)) :
zamproc (0,2*r14*s24*sqgrt (beta”2-alpha*qg) * ( (alpha+g) *mu+2*sqrt (beta”2-alpha*qg) *nu) /eta, -2*sqrt (beta”2
-alpha*g) *s24"2*mu* (g"2+eta”2)/ (eta”2),0,0,2*r14"2*mu*sqrt (beta”2-alpha*qg) * (alpha”2+eta”2)/ (eta”2),
2*rld4*s24*sqgrt (beta”2-alpha*qg) * (2*sqrt (beta”2-alpha*g) *nu- (alpha+g) *mu) /eta,0, 1,0,0,1):

0 2 -ag+p v+opu+ug 7u2(—ag+2[32+2[3\/ —ocg+B2 +0c2) (—ocg+2[32+2[3‘/ —ocg+[32 +g2) 0

2 2
2 -ag+p v-opu-pug (2 -ag+B v—ocu—ug) (B+\/ -og+p )
0,1,1,0 (27)

L_Cutyyaii 8 <0. Cucrema (8) :

> zamproc (0,2*rl*s2*sqrt (beta”2-alpha*g) * (2*sqrt (beta”2-alpha*g) *nu- (alpha+g) *mu) /eta2, 2*s2"2*mu*sqrt
(beta”2-alpha*qg) * (eta2”2+g”2)/ (eta272),0,0,-2*r1"2*mu*sqrt (beta”2-alpha*g) * (eta2”2+alpha”2)/
(eta2”2),2*sqgrt (beta”2-alpha*g) *r1*s2* (2*sqrt (beta”2-alpha*g) *nu+ (alpha+g) *mu) /eta2,0, 1,0,0,1):

o 2rls2B -ag (2/F—agv-on-ng) 2:2u/F-og (28 +28/F—ag+ag-¢) 0
- :

5 5

B+/F-og (-+/F—ag)

0 27Uy B —ag (72[32+2B1/ F-og +0cgfocz) 212 B -og (2\/[3270cg v+au+ug) 0 (28)
3 5 , ,
(-p+/Foz) p+/Fae

L_Hopmuposka cuctemsr (28).

> eta := eta2: rld := eta/(sqrt(2)*sqrt (mu)* (beta”2-alpha*g)”(1/4) *sqrt (eta”2+alpha”2)):
zamproc (0,2*r14*s2*sqrt (beta”2-alpha*qg) * (2*sqrt (beta”2-alpha*g) *nu- (alpha+g) *mu) /eta, 2*s2"2*mu*sqrt
(beta”2-alpha*g) * (eta”2+g”2)/ (eta”2),0,0,-2*r14"2*mu*sqgrt (beta”2-alpha*qg) * (eta”2+alpha”2)/ (eta”2),2*
sqgrt (beta”2-alpha*qg) *r14*s2* (2*sqrt (beta”2-alpha*g) *nu+ (alpha+g) *mu) /eta,0, 1,0,0,1):

0. VT (cag+p)' 52 (2 -o.g+P V—Otu—ug) 252y cog+p (ZBJ-ag+l32 +0tg—2l32—g2) 0

>

2
i ag B2 ag P +@ (o as7F)
VT (cog+8)" 2 (2 Cog +F v+ou+ug) 0 (29)

\/F\/—ocg+2[32—2[3\/ —ocg+[32 +ao?

> s24 := -sqrt(mu) *sqrt (2*beta”2-2*beta*sqrt (beta”2-alpha*g)-alpha*g+alpha”2)
/ (sqrt (2) * (beta”2-alpha*g)~ (1/4) * (2*sqrt (beta”2-alpha*g) *nu+mu*alpha+mu*qg)) :
zamproc (0,2*r14*s24*sqrt (beta”2-alpha*g) * (2*sqrt (beta”2-alpha*g) *nu- (alpha+g) *mu) /eta, 2*s24"2*mu*
sqgrt (beta”2-alpha*g) * (eta”2+g”~2)/(eta”2),0,0,-2*rl4"2*mu*sqrt (beta”2-alpha*qg) * (eta”2+alpha~2)/
(eta”2),2*sqgrt (beta”2-alpha*qg) *r14*s24* (2*sqrt (beta”2-alpha*g) *nu+ (alpha+g) *mu) /eta,0, 1,0,0,1):

o 2 g B v-ou-ng (28 Tug B - rag-2p) (28 ug F +ag-28-¢)

2 2
2 -ag+f v+outug (2 -og+p v+(xu+ug) (—[3—&-\/ —(xg+[32)
0,-1,-1,0 (30)

0, -1,
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3.6. OTpunaTe bHbIH JUCKPUMHHAHT MHOTOYJIEHA P‘zl D, <0).
3.6.1. Csedenue gpopm ¢ D 2 0 u3 cnucka2.4; oo NSFf’ 2 k npedwecmeyrowum.

| > restart; read("newlib.m"); with(mylib): with(LinearAlgebra):

NSF;;t 2+<1 Pesynbrar npon3BOIBHON 3aMEHBI :

| > M := zamproc(O,u,0,u,1,0,1,0, rl,sl,r2,s2):
IMowuck 3amen KSF;’ 2,
> solve([M[1,2],M[1,4],M[2,1],M[2,3]], {u,rl,sl,r2,s2});

{rl=-r2,r2=r2,sl=s2,s2=s2,u=1},{rl=r2,r2=r2,s1=-s2,s2=s2,u=1}, {rl =r2 RootOf(722 +1),12=r2, sl (1)

52

= s2=52,u=
RootOf (22 +1)

1 -1 +RootOf( Z2+1)2]
2 RootOf( 2 +1)*

L_PaccMOTpeHue BO3MOKHBIX PELICHH.
> {rl = -r2, r2 = r2, sl = s2, s2 = s2, u-=1};
zamproc(0,1,0,1,1,0,1,0, rl,s2,-rl,s2):
{rl=-r2,r2=r2,sl=s2,s2=s2,u=1}
-2r1%,0, -252%0
i 0,2 r1%,0,2 52 2)

NSF75 »2 <, Pe3y/bTaT NPOM3BOIBHOM 3aMEHBI ©

| > M := zamproc(u,-u,u,0,1,0,0,1, rl,sl,r2,s2):

_HOI/ICKSaMCH KSF;‘2.
> solve([M[1,2],M[1,4],M[2,1],M[2,3]], {u,rl,sl,r2,s2});
{rI:r], r2= % r],s]:O,s2:s2,u:3}, {ﬂ:o, r2=r2,51=sl,s2= ;— sz,uzs} 3)

=PaCCMOTpeHI/Ie BO3MOXKHBIX peme]—mﬁ.

> zamproc(3,-3,3,0, 1,0,0,1, 0,2%s2,r2,s2):
72%,0,3522,0
0,3r2%0,9 522 “4)

ITouck 3ameH KSFg‘ZiZ‘

> solve ([M[1,1],M[1,3],M[2,2],M[2,4]], {u,rl,sl,r2,s2});

solve ([M[1,1],M[1,3],M[2,2],M[2,4]], {u,rl,r2,s2});

s2RootOf(3 Z2=2-2 2)

r1=RootOf(3 22 —2-2 Z)r2,12=r2,s]=- ,s2=s2,u=-1
RootOf(3 Z2-2-2 7) +1
2 _ _
ri=L 12Q2Ro0t0f(2 Z2=3+2 2)=3) )_,» r-RootOf(2 2~3+2 2)sl,u 5)
3 RootOf (2 22 —3+2 7)
_ 1 (RootOf(2 22342 7) +1) (2Ro0tOf(2_ 72342 7) —-3)
| 3 RootOf (2 Z2-3+2 7)
;PaCCMOT‘peHl/le BO3MOXHBIX pemennﬁ.
>
(6)
_>
@)
_>

(C)
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> {r1=(1/3) *r2* (2*RootOf (2*_2°2-3+2%_Z)-3) /RoOtOf (2%_2"2-3+2*_7),r2=r2,s2=RootOf (2*_2"2-3+2%_3) *sl,u=
(1/3) * (RootOf (2% 272-3+2* Z)+1)* (2*RootOf (2* 272-3+2* Z)-3)/RootOf (2* Z"2-3+2* 7)};
solve (2% _772-3+2* 7);

_1 r2(2RootOf(2 Z2-3+2 2) -3)

rl ,12=r2,52=RootOf (2 Z2-3+2 Z)sl,u
3 RootOf(2 Z2=3+2 7)
_ 1 (RootOf(2 Z2=3+2 7) +1) (2Ro0tOf(2_Z—-3+2 Z) —3)
3 RootOf(2 72 =3+2 7)
1 1 1 1
=t =N, === 9
2 2 7 2 2 7 ( )
> z1:==-1/2+(1/2) *sqrt(7): z2:=-1/2-(1/2)*sqrt(7): rll:=(1/3)*r2*(2*z1-3)/z1: s2l:=z1*sl:
ul:=(1/3)*(zl+1)*(2*21-3)/z1: zamproc (ul,-ul,u1,0,1,0,0,1, rll,sl,r2,s21):
3 (-
0. L (7457) 250, L s (T 45VT)
6 4 r2
- 3
1 M,O,l(—7+3ﬁ)ﬁs1,0 (10)
27 sl 2
> rll := (1/3)*r2*(2*z2-3)/z2: s21 := z2*sl: ul := (1/3)*(z2+1)*(2*z2-3)/z2:

zamproc (ul,-ul,ul,0,1,0,0,1, rll,sl,r2,s21):
3
0,-2— (-745V7T) r2s1,0, -% st (7145VT)

r2
3
LGB L (05 07) 21,0 11
27 sl 2
=NSF252’ <, Pesynprar npou3BOIBHOM 3aMEHBI :
| > M := zamproc(O,u,-u,u,1,0,0,1, rl,sl,r2,s2):

Tlouck 3amen KSF;’ 2,

E solve([M[1,2],M[1,4],M[2,1],M[2,3]], {u,rl,sl,r2,s2});

. 2
FI=RootOf(2 2 —3+2 7) r2,r2=r2,s1= JR001O/2 Z2 =342 Z)s2 5_ 5, -3 (12)
2RootOf(2_Z2-3+2 7) -3 2
;PaCCMO"I‘peHI/Ie BO3MOYKHBIX PEIICHHIA.
> solve (2% 272-3+2* 7);
1 1 1 1
Silglll g 13
2 2 \/_ 2 2 VT ( )
>zl := (1/2)*sqrt(7)-1/2: z2 := - (1/2)*sqrt(7)-1/2: rll := z2*r2: sll := 3*%z2*s2/(2*z2-3):

zamproc(0,3/2,-3/2,3/2,1,0,0,1, rll,sll,r2,s2):
(745V7) r22 0, —% (-743V7) 520

1
4
O,%(7+3ﬁ)r22,0,i(-7+5ﬁ)s22 (14)
_HOPICK 3aMeH KSF;ZZ.

| > solve([M[1,1],M[1,3],M[2,2],M[2,4]], {u,rl,sl,r2,s2});

ITouck 3amen KSF75’ 2,

> solve ([M[1,4],M[2,2],M[2,3]], {u,rl,r2,s2}); solve([M[1,4],M[2,2],M[2,3]], {u,sl,r2,s2});
{r1=0,r2=r2,s2=RootOf (_ Z2+1— _7) sl,u=0}, {rl=0,r2=r2,s2=-s1,u=0}, {rl = —% 72 (3 RootOf (3 Z2—1+ _7) +1),12

2 _
=12, 52=RootOf (3 2 —1+ 2) sl,u=-RootOf(3 Z -1+ 7) +1) ] {ﬂ:i rz,rzzrz,szz-lu,u:s}
RootOf (3 Z2—1+ 7) -1 3 3

2 _ 3 _
{r2: 3 i1sl=-3s2,52=52, u:6}, (220,51 =0, 52 =52, u=0}, {r2: -3l (RootON 2 =3= 21 +3) - pooof( 2 -3 5)
4 4 RootOf( 2 =3~ 7)+3

— 7)s2,52=52,u=3+2RootOf( Z-3~— Z) }
;PaCCMOTpeHI/le BO3MOXHBIX pemennﬁ.

> {rl = (4/3)*r2, r2 =12, s2 = -(1/3)*sl, u = 6}; rll := 4*r2/3: s21 := -s1/3:
zamproc(0,6,-6,6,1,0,0,1,r11,s1,r2,s21):

{rI: i r2,r2=r2,s2= —1— sl, u:6}
3 3

B 22, By 2, B sI%,0
3 3 3
3
26 i,o,o,,ésﬂ (16)
9 I 9
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> {rl = -(1/3)*r2* (3*RootOf (3* 272-1+ 7)+1), r2 = r2, s2 = RootOf (3* 7Z°2-1+ Z)*sl, u = - (3* (RoOtOf (3*
_772-1+_7)+1)) / (RootOf (3% _2°2-1+ 2)-1)}; solve (3* 772-1+ 2);

rl= % r2 (3RootOf(3 Z2—1+ 7) +1),r2=r2,52=RootOf(3 ZZ—1+ 7) sl,u=-

3 (RootOf(3 Z2—1+4 2) +1) }
RootOf(3 ZZ—1+ 7) -1

1 1 1 1
—+-VT3,-— - —VT3 17
6 6 6 6 ( )
> z1 := -1/6+(1/6) *sqrt(13): z2 := -1/6-(1/6)*sqrt(13):
ul := expand(rationalize (-3*(z1+1)/(z1-1))): rll := = (3*z1+1)*r2/3: s21 := zl*sl:
zamproc (0O,ul,-ul,u,1,0,0,1, rll,sl,r2,s21):

(_
0,
—% w2 (54+2T3), % 125l (J1_3+1),—§512(—1 +VT13),0

3 I
4 M,0,0,isﬂ(2+/13) (18)
27 sl 9
> ul := expand(rationalize (-3* (z2+1)/(z2-1))): rll := -(3*z2+1)*r2/3: s21 := z2*sl:

zamproc (0O,ul,-ul,ul,1,0,0,1, rll,sl,r2,s21):

%r22(—5+2m), % r2s1(—1+m),§s12 (VT3 +1),0

3 (-
4 (46+13\/13)’0,0,_islz(_2+m) 19)
27 sl 9
> {r2=-3*rl* (RootOf (2"2-3-2)+3)/ (4*RootOf (2"2-3-2)+3) ,s1=RootOf (2"2-3-7) *s2,u=3+2*Root0Of (2"2-3-2) };
solve( 7Z"2-3- _7);
yo— - 311 (RootOf( 22— 7-3)+3)

,s1=RootOf( 72— Z—3) s2,u=3+2 RootOf( 72— 7-3)
4 RootOf( 22— Z—-3) +3

1 1 1 1
TV -3V (20)

> z1:=1/2+(1/2) *sqrt (13): z2:=1/2-(1/2)*sqrt(13): ul:=2*z1+3: r21:=-3*(z1+3)*rl/(4*z1+3): sll:=z1*s2:
zamproc (0O,ul,-ul,u,1,0,0,1, rl,sll,r21,s2):

2T +1) 2 2 (VT3 +1) 5201, -2 (VT3 +1) 5220

3
2B 02 (54v75) o2 @1)
s
_> ul := 2*z243: r21 := -3*(22+3)*rl/(4*z2+3): sll := z2*s2:

zamproc (0O,ul,-ul,u,1,0,0,1, rl,sll,r21,s2):

2(-1+yT) r2 2 (-1 4T3 ) 5272, 2 ((14+VT3) 5220
W,o, 0,-2 (-3 4+yT3) 522 22)

NSF 16’ 2<(v> 1/4). Pe3yJIbTaT IpOM3BOIBHOI 3aMEHBI :
| > M := zamproc(u,u,u*v,0,0,1,1,v, rl,sl,r2,s2):
Ilonck 3amen KSF?’ 2,

> solve ([M[1,2],M[1,4],M[2,1],M[2,3]], {u,v,rl,sl,r2,s2});

{r] =rl,r2=r2,sl=sl,5s2=s2, u=1,v= —% —(2 ! +r22) Szj trls2 }, {r] =0,r2=r2,51= —% s2,82=s2,u=0,v= % }, {rl = —% 2,12 (23)
r2s

2

:r2,s1:0,52:s2,u:0,v:§}

;PaCCMOTpeHI/Ie BO3MOJKHBIX PELICHHUH.

> {rl=rl,r2=r2,sl=sl,s2=s2,u=1,v=-(1/2)* ((2*rl+r2)*sl+rl*s2)/(r2*s2)};
s1l:=-(2*r2*s2*v+rl*s2)/ (2*rl+r2): zamproc(1,1,v,0,0,1,1,v, rl,sll,r2,s2):

{ﬂ:r], r2=r2,sl=sl,s2=s2, u=l,v=-]— Qritrdsltris2

r2s2
_ 2 2 2
Vi 4112 +11 12,0, dv—1) (vr2e+ri*+rir2) s2 0
27l +r2)?
0.vi2 42+ r2.0. Wy=1) (vr2+r2+rlr2) s2? (24)
' T Q2 rl +r2)?

Tlouck 3amen KSF;‘f.
> simplify([solve([M[1,1],M[1,3],M[2,2],M[2,41], {u,v,rl,sl,r2,s2})1);

. 2
r1:——12(S2+S1) ,FZ:I”Z,S]:S],SZ:SZ,M:I,V:-—S] (s2 ¥s1) s r1:—r2S1 ,r2=r2,51=s5l,52=s2,u=-1,v= s ,{rl=0,r2 (25)
52 $2? 2 s2

=r2,s1=-s2,52=s2,u=1,v=0},{rl=-2r2,r2=r2,51=0,52=52,u=0,v=0}, {ri =0,r2=r2,s1 = —232,32:s2,u20,v:0}}
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=PaCCMOTpeHI/IC BO3MOXXHBIX pemeﬂuﬁ.

> {rl=-sl*r2/s2,r2=r2,sl=sl,s2=s2,u=-1,v=s1"2/s2"2}; sll:=sqrt(v)*s2: rll:=-sll*r2/s2:
zamproc(-1,-1,-v,0,0,1,1,v, rll,sll,r2,s2):

2

I'IZ—VZS],r2:r2,51:sl,s2:s2,u:—l,v:&

s2?

3
0,r232\/_v(2\/_v—1),0,w
r.
3 _
M,o,mzﬁ(zﬁﬁ),o (26)
s

[ 2,2 .
=HOJ1yqaeM SF;> “ -- 3amena i apyroro 3uaka D)) :

> {rl = -r2*(sl+s2)/s2, r2 = r2, sl = sl, s2 =s2, u=1, v = -sl*(sl+s2)/s2"2};
zamproc (1l,1,1*(-sl*(sl+s2)/s272),0,0,1,1,-s1*(sl+s2)/s2"2,-r2*(sl+s2)/s2,s1l,r2,s2):

r]:_M”AZ:VZ,S]:S],SZ:SZ,M:LV:_M
s2 s2?
0. - 824+2sD%r2 o
S
0.0, - 82 +251)2r2 0 (27)
R
ITouck 3ameH KSF75’ 2,
> solve([M[1,4],M[2,2],M[2,3]], {u,v,rl,sl,r2,s2});
_ 2 _ 2
I‘]:M,VZZVZ,S]:O,SZZSZ,L{:L{,v:M}, {(r1=0,r2=r2,s1=s1,s2=0,u=0,v=v}, {rlzrl,rZZ (28)
-3+4u (-3 +u)?
_ _ 2
—M,SIZSJ,SZZO,u:u,v:M], {r]:—l— r2,r2:r2,s1:s],s2:s2,u:l,v:1—}, [r]:—]— ur2, r2
u (-14+3u)? 2 4 2
=r2,s]=—1— sZ,sZ=sZ,u=u,v=l—}, r]=0,r2=r2,s]=s],s2=s2,u=0,v=-M
2 4 522

;PaCCMmpeHme BO3MOJKHBIX PELICHHIA.
> {rl = (-3*u+u”2+43)*r2/(-3+u), r2 = r2, sl =0, s2 =s2, u =u, v = (-3*u+u”2+3)/(-3+u)"2};
rll := (=3*utu”2+3)*r2/(-3+u): vl := (=-3*utu”2+3)/(-3+u)"2:
zamproc (u,u,u*v1,0,0,1,1,vl, r11,0,r2,s2):
[rl:M,VZ:VZ,S]:O,SZ:SZ,M:M,V:M}
-34u (-34u)?
(14?22 (Bu+uP+3)u (-1 +u) 22 (3u+?+3)u u(-3u+u?+3) s2?

s

(-3+u)? (-3 +u)? ’ (-3 +u)?
- 393 (_ 2 _ 2 2
Sl +wr 2 (Butu +3),0,O,( 3u+u+3) s2 (29)
52 (-3 +u)? (-3 +u)?
> {rl =rl, r2 = -rl*(-1+3*u)/u, sl = sl, s2 =0, u=u, v = (=-3*u+l+3*u™2)/(-1+3*u)"2};
r2l := -rl*(-1+3*u)/u: vl := (=3*u+l+3*u”2)/(-1+3*%u)"2:
zamproc (u,u,u*v1,0,0,1,1,vl, rl,sl,r21,0):
_ _ 2
r=rlp2=-TLELE3W g a0 umu,y= DS UELEI W
u (-1+3u)?
(-1+uw?r>  (-14u)risl S0
2 ) 5 , 817,
(-1+w’ri®
CLHwtel g (30)
slu
Tlouck 3amen KSF252’ 2,
> solve([M[1,1],M[2,2],M[2,3]], {u,v,rl,sl,r2,s2});
2 2
1‘1:—1— r2,r2:r2,sl:sl,s2:s2,u:1,v:l—}, rIZ—M,ﬂ:rZ,s]:—M,Q:slu:u,v (31)
2 4 3ut+8u+3 3ul+8u+3

_ (2 4+3u+3) Bt +3u+1)
(312 +8u+3)?
;PaCCMomeHHe BO3MOKHBIX PEIICHHH.
> {rl=-r2* (u"2+3*u+3)/ (3*u”2+8*u+3),r2=r2,sl=-s2*u* (u"2+3*u+3) / (3*u”2+8*u+3),s2=s2,u=u, v=(u"2+3*u+3) *
(3*u”2+3*u+l) / (3*u”2+8*u+3)"2}; rll := -r2* (u"2+3*u+3)/(3*u”2+8*u+3):
s11 := -s2*u* (u"2+3*u+3)/ (3*u”2+8*u+3): vl := (u"2+3*u+3)* (3*u™2+3*u+l)/ (3*u”2+8*u+3)"2:
zamproc (u,u,u*v1,0,0,1,1,v1l, rll,sll,r2,s2):
2 2 2 2
:_rZ(u2 +3u+3) ,r2:r2,sI:—S2u(;l +3u+3) s2=s2u=u,v= (u”+3u+3) Bu +32u+1)
3uP+8u+3 3uP+8u+3 (3u*+8u+3)

}, {ri1=0,r2=r2,s1=sl,s2=52,u=0,v=0}
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0,

Cr2u (3 u+3) 52 (-1 +uw)?

(P +3u+3) s22uw+1) (-14+u)? -1+’ @+1)? P +3u+3) usd®

(3 +8u+3)?

(3 +8u+3)’ ’ 12 (3 +8u+3)?

(2 +3u+3) 12 (-1 +u)? 0.0 (P +3u+3) 2% (-1 +u)? w+1)>
s2 (312 +8u+3)? (31 +8u+3)*

(32)

NSF36’ 2<% (u=1, v > 1/4). Pe3ybTaT NPOU3BOIBHOI 3aMEHBI :
| > M := zamproc(l,1-v,0,-v*2,0,1,1,v, rl,sl,r2,s2):
ITouck 3aMeH KSF?’ 2,

> solve ([M[1,2],M[1,4],M[2,1],M[2,3]], {v,rl,sl,r2,s2});

{r[ =rl,r2=r2,sl=- ﬂ,sZZSZ, v=0
r2+2rl

IMowuck 3amen KSF;ZZ.

_> solve([M[1,1],M[1,3],M[2,2],M[2,4]], {v,rl,sl,r2,s2});

{ri1=0,r2=r2,s1=-s2,52=s2,v=0}, {rl=-r2,r2=r2,s1=0,52=52,v=0}

[ouck 3amen KSF75’ 2,

> solve([M[1,4],M[2,2],M[2,3]], {v,rl,sl,r2,s2});
1

{r1=0,r2=r2,s1=s1,5s2=0,v=1}, {rlZ—% r2,r2=r2,s1=5s1,82=0,v= —}, {r]z —% r2, r2:r2,s1:—% s2,82=s2,v=

3

|_PaccMoTpenne BO3MOKHBIX peleHUH.
> {rl = -(1/3)*r2, r2 = r2, sl =sl, s2 =0, v =1/3};
zamproc(1,2/3,0,-1/9,0,1,1,1/3, rl,sl,-3*r1,0):

{rlZ—l— r2,r2=r2,s1=s],s2=0,v=l—]
3 3

r2, sl rl, s1%0
13
I o, 0,50
sl

IMowuck 3amen KSF252‘2.
> solve ([M[1,1],M[2,2],M[2,3]], {v,rl,sl,s2});

2 _ 91 —
rlzlRootOf’(3722—21—22fZ) r2,s1:-l 52 (43 RootOf(3_Z2=21-22 7) 4+21)
2 6 RootOf (3 72-21-22 7) -3

,52=52,v

_7 344RootOf(3 72-21-22 7)
3 RootOf(3 Z2-21-22 7) -3
;PaCCMOTpeHPIC BO3MOXXHBIX pemeHuﬁ.
> solve (3* 772-21-22* 7);
1, 2 1 2
— 4+ V46, — - =46
33 33

_> z1:=11/3+(2/3) *sqrt (46): 2z2:=11/3-(2/3)*sqrt (46): vl:=expand(rationalize ((7/3)* (4*z1+3)/(z1-3))):
rll := z1*r2/2: sll:= expand(rationalize ((-(1/6)*(43*z1+21)/(z1-3))))*s2:

zamproc(1,1-v1,0,-v1%2,0,1,1,vl, rll,sll,r2,s2):

0,—% (95 +14V36) 5212, 17_3 (95+14 V78 ) 52, % (95 +14V38) 52*

r2

7 (95414VT) 2 o 14 (65114 777) 52
36 52 9

> vl := expand(rationalize ((7/3)* (4*22+3)/(z2-3))):

rll := z2*r2/2: sll:= expand(rationalize ((-(1/6)* (43*z2+21)/(22-3))))*s2:

zamproc(l,1-v1,0,-v1"2,0,1,1,vl, rll,sll,r2,s2):

0, 37—6 (-95+14 V76 ) 5212, % (—95+14¢4—6)S22’§ (-95+14/36) 52

r2

_% (—95-&-142\/%)&3’0,0’_& (295 414 /36) 522
S.

ITouck 3ameH KSFf”Z‘
> solve([M[1,4],M[2,1]], {v,rl,sl,r2,s2});

{rl=rl,r2=r2,sl=sl,s2=5s2,v=0}, [r[ =rl,r2=0,s1=sl,s2=52,v="- ”“;—:Yz)
s
LT ) P2 I HSD) s 1 =sl,s2=s2, = - SLLTS2)
722 s2 s2%

], [rl =rl,r2=r2,s1=5s1,s2=0,v=

1

4

}

(33)

(34)

335)

(36)

37

(38)

39

(40)

(1)
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L_Peinienus He onpejiesieHsl ipy v > 1/4 :

> solve(v = -sl*(sl+s2)/s2"2, sl);
(—;—+%m)s2,(—;——%\/1—4\/)s2 42)
=NSF f!ffF (u=1). Pe3ynbrar npou3BOIbHOI 3aMEHBI :
| > M := zamproc(l,v,1,v,0,1,0,1, rl,sl,r2,s2):

IMouck 3amen KSF;’ 2,
> solve([M[1,2],M[1,4],M[2,1],M[2,3]], {v,rl,sl,r2,s2});
r2=r2,s1=—S2;2,SZISZ,VZO} 43)

’

IMowuck 3amen KSF3‘442.

_> solve([M[1,1],M[1,3],M[2,2],M[2,4]], {v,rl,sl,r2,s2});

{rl = -RootOf(_Z +1) r2,72=r2, s] =RootOf(_Z +1) s2,52=52,v=0} (44)
[Touck 3amen 1<SF75~ 2,
> solve ([M[1,4],M[2,2],M[2,3]1], {v,rl,sl,r2,s2});
{r1=RootOf(3 2 —1) r2,r2=r2,s1=51,52=0,v=-2 RootOf (3 Z—1)} 45)
;PaCCMOTpeHI/Ie BO3MOXHBIX peme]—mﬁ.
> z1 := 1/sqrt(3): z2 := -1/sqrt(3): vl := -2*zl: rll := zl*r2:

zamproc(1,v1,1,v1,0,1,0,1, rll,sl,r2,0):
4 2
3 r22, 3 V3 21,5130

93
82T G0 (46)
9 sl
> vl 1= -2%z2: rll := z2*r2:
zamproc(1,v1,1,v1,0,1,0,1, rll,sl,r2,0):
202 -2 T 25l 58,0
3 3
93
% r2 ‘I/T ,0,0, 5% 47)
s

_Honcx 3aMeH KSF252’2‘
> solve ([M[1,1],M[2,2],M[2,3]], {v,sl,r2,s2});
r2= % RootOf(_ 22 =3) rl,sl = —% s2 RootOf (72 =3),52=52,v= —% RootOf (7 —3)J (48)

L_PaccMOTpeHUe BO3MOXHBIX PELIEHHIA.
> z1 := sqrt(3): z2 := -sqrt(3): vl := -7*z1/3: rll := 2*r2/z1: sll := -5*%*z1%s2/3:
zamproc(1,v1,1,v1,0,1,0,1, rll,sll,r2,s2):

3
0,-L o2, M (2 52
3 3 3 2
3
T2 40,28 52 (49)
3 52 3
> vl = =7*%2z2/3: rll := 2*r2/z2: sll := -5*%z2*s2/3:
zamproc(1,v1,1,v1,0,1,0,1, rll,sll,r2,s2):
3
0,-11'2‘92,ﬂs22,—§ 2
3 3 3
3
Tr2 g0, %8 2 (50)

3 527 3

:Honcx 3aMeH KSF16’ 2,

_> solve ([M[1,4],M[2,1]], {v,rl,sl,xr2,s2});

(rl=rl,r2=r2,s1=5s1,52=5s2,v=0}, {rl =rl,r2=0, 51 =RootOf (_7 +1) 52,52 =52, v=2}, {rl =RootOf (_Z +1) r2,r2=r2,s1=s1,s2  (51)
B =0,v=v}, {rl =RootOf(_Z +1, label=_L52) r2,r2=r2, 51 =RootOf (722 +1, label=_L53) 52, s2=52, v=v}

:HOHCK 3aMeH KSF;” 2,

_> solve ([M[1,3],M[2,1]], {v,rl,sl,x2,s2});

2 2
l=rl,r2=0, 5] =sI, 52 =52, v= - - M] r= (52)
2 sl s2

_ (RootOf ((sI>+952%) Z2+1-251 7) sI>—s1+3 RootOf ((sI*+952%) Z2+1-251 7)s2*) r2
(2 RootOf ((sI>+9s2%) Z2+1-2s1 7)sl+1)s2

_ RootOf (s> +952*) Z2+1-2s1 7) (sI*+52%)
s2

,r2=r2, 51 =5l,52=52,v

}, (1 =r1,r2=12, 51 =RootOf(_Z-+1) s2, 52 =52, v=0}
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=PaCCMOTpeHH€ BO3MOXXHBIX pCHICHHﬁ.

> {rl =rl, r2 =0, sl = sl1, s2 =82, v = —-(1/2)*(s1"2+s2"2)/ (s2*sl)};
solve(v = -(1/2)*(s1"2+s2”2)/(sl*s2), sl);
2 2
{}"]:i'I,VZZO,S]:SI,SZZSZ,V:—1— m}
2 s2sl
(fv+\/;71)s2,(fvij ?71)s2 (53)
> sll := (-v+sqrt(v"2-1))*s2:

zamproc(1l,v,1,v,0,1,0,1, rl,sl11,0,s2):
32 (o SToT
#2520 (v 2 yF2T), 0, - 282 i V1+ )
.
i 0,722,271 (v 7 =T) 52, =252 v (v /7 =T) (54)
;Pe]lleHHe HE ONIPEIACICHO:

> {rl = - (RootOf ((s1"2+9%s272)* Z"2+1-2%sl* Z)*s1”2-s1+3*RootOf ((s1"2+9%s2"2)* Z"2+1-2%sl* Z)*s2"2)*
r2/((Z*Rootof((slA2+9*52A2)*7ZA2+1—2*sl*7Z)*sl+l)*52), r2 = r2, sl = sl, s2 = s2, v = RootOf(
(s17249%s272)* 27°2+1-2%sl* 7)*(s1"2+s2"2)/s2};
solve ((s172+9%s272)* 7272+1-2* 7Z*sl, 7);

= - (512 RootOf ((sI* +952*) Z2+1-=2 Zsl, label= L34) —sl +3 RootOf ((sI* +952*) Z2+1-2 Zsl, label= L34) s2*) r2

,r2
(2 RootOf ((sI? +952*) Z2+1-=2 Zsl, label= L34) sl +1) 52
2 2 2 _ _ 2 2
=12, 51 =51, 52 =52, v= RootOf ((s1° +9s2%) 77 +1 222s],label L34) (s1* +52¢)
S
sl +31s2 B -s]+31s2 55
sP49527 512 4952? (55)
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L3.6.2. Teopema 2.4, cnyuai D > 0.
| > restart; read("newlib.m"); with(mylib): with(LinearAlgebra):
B paccmatpusaemoii ciicteme D >0, nostomy y H ecTh 71Ba pasinuuHbIX BEIIECTBEHHBIX COOCTBEHHBIX UnCna A, A,.

Cucrema 3aMeHOM Jf NPUBEJICHA K CleyIONeMy BUIY :

> 12syst (alpha, 2*beta, g, lambdal, 0,0, lambda2, full = true);

A0
Initial coefficients: pg =lo,2B,g]; H=
0 A
Matrix (2x4):
oAl 2BALgALO
0,072, 2 pA2, g 22 1)
1,) B=0. Cucrema (1) npunumaer suy
> 12syst (alpha,0,qg,lambdal, 0,0, lambda?2) ;
oAl 0,gAl0
0,012, 0, g 12 ()
;HOpMHpOBKa cucTeMsl (2).
> zamprocl2(alpha,0,g,lambdal,0,0,lambda2, rl,0,0,s2):
oA 1?0, g M 52,0
0,022 r1% 0, g A2 52 3)
> rll := 1/sqgrt(alpha*abs(lambda2)): s21 := 1/sqgrt(g*abs(lambda2)):
zamprocl?2 (alpha, 0, g, lambdal, 0,0, lambda2, rl11,0,0,s21):
Ay M
12 1A
o2 @
12112

=l ,) B#0. Hopmuposxka cuctemt (1).

> zamprocl?2 (alpha,2*beta, g, lambdal, 0,0, lambda2, rl,0,0,s2):
oAl 12 2B A Pl 52, g Ad s22,0

0,00 22712 2B A2 71 52, g A2 52

> rll := 1/sqrt(alpha*abs(lambda2)) :
zamprocl? (alpha, 2*beta, g, lambdal, 0,0, lambda2, rl11,0,0,s2):
2—1,—231”2 g Al 5220
Wl a7
0, ﬁ, 2BLs2 , g A2 52
NN
> s21 := sqgrt(alpha)/ (sqrt (abs(lambda2))*2*beta) :

zamprocl? (alpha, 2*beta, g, lambdal, 0,0, lambda2, r11,0,0,s21):
M M 1 gMo

2| 22l 4 g

2 2 1 gha
SRl 4 s

Taxum o6pasom cuctema (1) CBOAUTCS WK K NSF84421<’>, i k NSF, 16* 2 <> (cuctems! (4) 1 (7) COOTBETCTBEHHO).

Ocraercs yka3aTh YCIOBHS, IIPU KOTOPHIX MoiayucHHass NSF 6,2 <> \ower ObITh CBEJICHA K MPE/IIECTBYIOIIUM.
1

CoruacHo pasgeny 3.6.1 CyliecTBYIOT 3aMEHBI K SF;‘f, SF75*2, SFzséz.

Pesynbrat npou3BonbHOIT 3aMeHE! B NSF| 1(” 2> (ugl,v> 1/4):

| > M := zamproc(u,u,u*v,0,0,1,1,v, rl,sl,r2,s2):

®)

(6)

()
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a L2
=12) TTouck 3ameH k SF;‘4 .

> simplify([solve([M[1,1],M[1,3],M[2,2],M[2,41], {rl,sl,r2,s2,u,v})]);
% =212, r2=12,51=0,52=52,u=0,v=0}, [rJ:-rz‘;] .72 t3)
K K

{rlz—w,dzrls]:sl,ﬂzslu:l,v: -
s

2
=r2,sl=sl,s2=s2,u=-1,v= % ], {r1=0,r2=r2,s1=-s52,82=52,u=1,v=0},{rl =0,r2=r2, s1=-252,52=52,u=0, v=0)]
s.

L_PaccMOTpeHHE BO3MOKHBIX PELIEHHIA.
> {rl=-r2*sl/s2,r2=r2,sl=sl,s2=s2,u=-1,v=s1"2/s2"2}; sll := sqrt(v)*s2: rll := -r2*sll/s2:
rll,sll,r2,s2):

zamproc(-1,-1,-v,0,0,1,1,v,
{ﬂ:— r2sl ,r2=r2,s1=sl,s2=s2, u=-1,v

s2?

025047 (yT —1),0, 27 v +1)
, o r2

2 NT=1) 05 (0T 410 ©)

s2

;HopanOBKa cucremsl (9).

1/ (r2*sqrt (v) * (2*sqgrt (v)+1)): sll :=

rll,sll,r2,s21):
1

0.2 =1, :
2T+ 2 (YT +1)

sqgrt (v)*s21l: rll := -r2*sll/s21l:

> s21 :=

zamproc(-1,-1,-v,0,0,1,1,v,
1

P2V (4v=1),0,1,0 (10)
_> r2l:=(v* (4*v-1))"(-1/4): s21:=1/(r21l*sqrt(v)* (2*sqrt(v)+1)): sll:=sqrt(v)*s2l: rll:=-r21*sll/s21:
zamproc(-1,-1,-v,0,0,1,1,v, rll,sll,r21,s21):
0,25—1’0, 4v-1 .
2T+ (2T +1)
1,0,1,0 11)
=1§) TTouck 3ameH k SF75’ 2,
> simplify([solve([M[1,4],M[2,2],M[2,3]1], {rl,sl,xr2,s2,u,v})]);
_ 2 _ 2
Hr]:—( Jut3tu )r2,1’2:r2,s1:0,s2:s2,u:u,v: Sutdtu ], {r1=0,r2=r2,s1=s1,52=0,u=0,v=v}, [ﬂ:ﬂa"z: (12)
-34u (-3 +u)?
. 2 _
_—rl( 1+3u) ,s1=s1,52=0,u=u,v= 3uw-3utl }, {)‘1:—l r2,r2:r2,s1=31,s2:s2,u:1,v:l}, {rlZ—l ur2, r2=r2,
u (=143 u)? 2 4 2
s]=—1—52,32252,u=u,v=]—}, F1=0,r2=12, 51 =51, 52 =52, u=0, y= - L 82 FS1)
2 4 522
;PaCCMOTpeHI/IC BO3MOXKHBIX PEILICHHUH.
L_Pemenue onpeneneno npu u # 3:
> {rl = (-3*u+u”2+3)*r2/(-3+u), r2 = r2, sl =0, s2 = s2, u =u, v = (-3*utu”2+3)/(-3+u)"2};
vl := (-3*utu”2+3)/(-3+u)*2: rll := (-3*utu”2+3)*r2/(-3+u):
zamproc (u,u,u*v1,0,0,1,1,vl, rll,0,r2,s2):
_ 2 _ 2
r1:M,rZ:I‘Z,SI:O,SZ:SZ,u:u,v:M
-3+u (-3 4u)?
w—=12r22(B3u+3+uD)u w—1)s2r2(3u+3+u®)u u(-3u+3+u?) s2? 0
(-3 4u)? ’ (-3 4u)? ’ (-3 4u)? ’
13,23 (- 2 _ 2y 2
S w=1)yr2 ( 3u+3+u),0705( 3u+3+4u) s2 (13)
52 (-3 +u)? (-3 +u)?
;HOpMI/IpOBKa cucteMsl (13).
> 521 := (-3+u)/sqgrt(-3*utu”2+3):
zamproc (u,u,u*v1,0,0,1,1,v1l, rll,0,r2,s21):
=122 (Bu+3+id)u 2V Butld i uw—1) 00
(-3 +u)? ’ -3+u o
- 2V372 53 (0 1)3
(-3u+34+u”)"""r2> (u—-1) 0,0,1 (14)

(-3 +u)’
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zamproc (u,u,u*v1,0,0,1,1,v1l, rll,0,r21,s21):
u, ~u, u, 0
1,0,0,1

;PemeHMe onpezieneHo npu u # 1/3:

vl := (-3*u+l+3*u”2)/(-1+3*u)”2: r2l := -rl*(-1+3*u)/u:
zamproc (u,u,u*v1,0,0,1,1,vl, rl,sl,r21,0):
rl (-1+3u)

u

rl=rl,r2=- ,51=s1,82=0,u=u,v=

5120

(w—1)72%r? w=1)slrl
u2 ’ u
(u— 1)3r13

2
5 ,0,0,57u

slu

;HOpMI/IpOBKa cucteMsl (16).
> s1l := 1/sqrt(abs(u)):
zamproc (u,u,u*v1,0,0,1,1,vl, rl,sll,r21,0):
w-12r? _w-lrl 1
’ " ul

2 ’0
u u Jul

PP =1 Vu 10,0, u
u? [t4]

> rll := (u-1)"(-1)*u*abs(u)"(-1/2): r21 := -rll*(-1+3*u)/u:
zamproc (u,u,u*v1,0,0,1,1,v1l, rll,s11,r21,0):

> r2l := (3-u)*(u-1)"(-1)*(=3*u+tu”2+3)"(-1/2): rll := (-3*utu”2+3)*r2l/(-3+u):

> {rl = rl, r2 = -rl*(-1+43*u)/u, sl = sl, s2 =0, u=u, v = (=-3*u+l+3*u™2)/(-1+3*u)"2};

3 -3u+l
(-143u)?

(13)

(16)

an

(18)

19) Tlowck 3amen K Sng’ 2,

2 (i 4+3u+3)
3P +8u+3

{ﬂ:—% r2,r2=r2,sl1=sl,s2=s2,u=1,v= i—}, {1‘12

_ P H3u+3) B3P +3u+l)
(32 +8u+3)?

}, (r1=0,r2=r2,s1=51,s2=52,u=0,v=0}

_PaCCMOTpeHI/IC BO3MOKHBIX pCIJ_ICHI/H\/'I.

zamproc (u,u,u*v1,0,0,1,1,v1l, rll,sll,r2,s2):
o2 H3utd) oo g u(@+3u+td)s2
3ub4+8u+3 ' 3u+8u+3

0. - u P +3u+3)s2w—12 (P +3u+3) us?? w+1) w—1)>

> simplify([solve([M[1,1],M[2,2],M[2,3]], {rl,sl,r2,s2,u,v})]);
,r2=r2, sl =-

,82=s2, u=u,v=

7

u (B +3u+3)s2
3ul+8u+3

(> +3u+3) 3 +3u+1)
(3ut+8u+3)?

~ =12 w+1)2s2 (P+3u+3)u

,82=s2,u=u,v

(3u? +8u+3)* (312 +8u+3)’

2 312
(" +3u+3)r2° (u—1) 0,0,

12 (3ut+8u+3)>

(P +3u+3) 22 (u—1)2% w+1)7°

231 +8u+3)°
;Hopanomca cuctemsl (20).

sll := =-s21*u* (u”2+3*u+3)/ (3*u”2+8*u+3):
zamproc (u,u,u*v1,0,0,1,1,vl, rll,sll,r2,s21):

0. - (ufl)\/u2+3u+3 url u

(3ut+8u+3)?

> 521 := (u-1)"(-1)*abs (u+l) " (=1/2)* (u"2+3*u+3) " (=1/2) * (3*u”2+8*u+3) * (u+l) ~ (-1) :

u(3u?+8u+3)

(u+1)Vju+l] w—173 P +3u+3)%2

VIFT w41 G 4+8u+3) MHH@ED S o s w+1p2 (2= 1)

u+1

5

3ut+8u+3)°

Tt

19

> {rl=-r2* (u"2+3*u+3)/ (3*u”2+8*u+3),r2=r2,sl=-s2*u* (U 2+3*u+3) / (3*u”2+8*u+3),s2=s2,u=u, v=(u"2+3*u+3) *
(3*u”2+43*u+l)/ (3*u”2+8*u+3)"2}; vl := (u”24+3*u+3)* (3*u”2+3*u+l)/ (3*u”2+8*u+3)"2:
rll := -r2* (u"2+43*u+3)/(3*u”24+8*u+3): sll := -s2*u* (u"2+3*u+3)/ (3*u”2+8*u+3):

(20)

@1
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> r21 := (3*ut2+8*u+3)/ ((u-1)*sqrt (ut2+3*u+3) *sqrt (abs (u+l))): rll := —r21* (U 2+3*u+3)/ (3*ur2+8*u+3) :
zamproc (u,u,u*v1,0,0,1,1,vl, rll,sll,r21,s21):

_ u u _ u
w41 w+1)" u+1w+1)" u+lj@+1)

u—+1 0.0 u+1 (22)

w177 1)

5

|_BrrunciieHue 3HaUeHHUIT TapaMeTpa U , P KOTOPBIX (hopMa (22) CBOAMTCS K IPEILIECTBYIOMIEI.
> solve (-u/ (u+l) "2 = 3/2);

4 1 4 1
A )
=> solve (-u/ (u+l) "2 = 6); s

22 @4)

=> expand (rationalize ([solve (-u/ (u+l) "2 ; 4—lsqrt(13)5) 1) )1,
R R 25

=> expand (rationalize ([solve (-u/ (u+l) "2 = 4+1sqrt(l3)5) 1) )17
-5 +5VT. -5 —¢ VT (26)
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;3. 6.3. Teopema 2.4, cayuai D = 0.
| > restart; read("newlib.m");

with (mylib): with(LinearAlgebra):

LB paccmarpusaemoii cucteme D = 0, nostomy y Matpuisl H coOCTBEHHBIE YKCHIa COBNAIAIOT U PABHBI V.

2):¢q,#0 um g, =0, p, #0.

3ameHa, cBojsas cucremy (1) x SFZ” 2

> s21 := - (beta/g)*sl:

;HOpMI/IpOBKa CHCTeMS! (2).

s21 := -(beta/g)*sll:

Taxum o6pasom cucrema (1) cBogures k NS,

Octaercs yKa3arhb yCJIOBHUs, IPU KOTOPBIX MOTy4eHHast NS

Cucrema 3aMeHOMH J%a WIn J%b COOTBETCTBEHHO MPUBEJICHA K CIIEyIOLIEMY BUIY :

> 12syst (alpha,2*beta,qg,nu,0,1,nu, full = true);

v 0
Initial coefficients: pg =[o0,2B,g],H=
Matrix (2x4):
av,2Bv,gv,0
o,ov+2B,2Bv+g gV (1)

zamprocl?2 (alpha, 2*beta,g,nu,0,1,nu,0,s1,r2,s21):

sI*v (-BZ +ga) sP (-BZ +ga)
gr?

2 n2
0, gv 1220, w Q)

gvr2sir2g,

> s1l := g~ (1/2)*abs(nu)”(-1/2)* (alpha*g-beta”2)~(-1/2): r2l := g~ (-1/2)*abs(nu)”(-1/2):

zamprocl2 (alpha, 2*beta,g,nu,0,1,nu,0,s11,r21,s21):
v \%

> g v g
\ \%
Mg Mo

(€)

) —,0, —
vl

F 4633 < (cucrema (3)).
’ 6.2 <

W1 MOXer OBITh CBEJICHA K MPEALIECTBYIOLIIM.

CorunacHo pasgeny 3.6.1 CylIecTBYIOT 3aMEHBI K SF75’2, SF3;2 SF?’Z.

222

| Pesyibrar nponsBosbHOI 3aMeHb! B NSF, f”f_ 1<’: (u=1):

| > M := zamproc(l,v,1,v,0,1,0,1, rl,sl,r2,s2):

IMouck 3ameH k SF75 2,

zamproc(1,v1,1,v1,0,1,0,1,

;HOpMI/IpOBKa cuctemsl (5).

)
zamproc(1,v1,1,v1,0,1,0,1,

> vl 1= -2%z2: rll := z2*r2:
zamproc(1,v1,1,v1,0,1,0,1,

> sl1l := -1: r2l1 := sqrt(3)/2:

> solve([M[1,4],M[2,2],M[2,3]], {v,rl,sl,r2,s2});
{(r1 =RootOf(3 72 —1) r2,r2=r2,s1=51,s2=0,v=-2 RootOf (3 2 —1)} “)

> z1 := 1/sqrt(3): z2 := -1/sqrt(3): vl := -2*%z1: rll := zl*r2:

rll,sl,r2,0):
% 22, % V3 r2s1,s1%,0

—g %,o, 0,512 5)

rll := z1*r21l:
rll,sl1l,r21,0):
1,-1,1,0

1,0,0,1 (6)

rll,sl,r2,0):

i r22, - % NE) r2s],s]2, 0
3 3
3
% @,o, 0,52 )
s
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L_Hopmuposka cucremsl (7).
> sll := -1: r2l := -sqrt(3)
zamproc(1,v1,1,v1,0,1,0,1,

/2: rll z2*r21:
rll,s11,r21,0):
1,-1,1,0

1,0,0,1

@)

IMouck 3amen k SF252’ 2,

> z1 sqrt (3): z2
zamproc(l,v1,1,v1,0,1,0,1,

> solve([M[1,1],M[2,2],M[2,3]1],
{r2= ;— RootOf (

-sqgrt(3): vl

_ (RootOf (sI>+952%) Z2+1-2 Zsl) sI>—s]+3 RootOf (s> +9s52%) Z2+1-2 Zsl) s2*) r2

{v,s1,r2,s2});
Z2-3)rlsl= % 52 RootOf(_ 72 —3),s2=52,v= ; RootOf (_7 —3)]

©®)

-7%z1/3:
rl,sll,r21,s2):

7 14
0,- Lz 2
6 VT

= sll := -5*z1*s2/3: r2l := z1*rl/2:

2 56 BT

9 rl
.73
TABrE o 50 p (10)
8 s2 3
;HOpMI/IpOBKa cucteMsl (10).
> 521 := sqrt(3/56): sll := -5*z1*s21/3:
zamproc(1,v1,1,v1,0,1,0,1, rl,sll,r21,s21):
1 1 1 V14
0,-—riy14, —, -—
g " 47728
% PV, 0,0, 1 (11)
> rll := sqrt(2)/sqrt(7): r2l := z1l*rll/2:
zamproc(1,v1,1,v1,0,1,0,1, rll,sl1l,r21,s21):
11 1
0.-—, ~ -+
4 4
1,0,0,1 (12)
> vl 1= =7*%2z2/3: sll := -5*22*%s2/3: r21 := z2*rl/2:
zamproc(1l,v1,1,v1,0,1,0,1, rl,sll,r21,s2):
7 14 56 233
0, = riN3 52, — 522, —
AR s
3
CTAE A 0,30 2 13)
8 s2 3
;HOpMHpOBKa cuctemsl (13).
> s21 := sqrt(3/56): sll := -5*z2*s21/3:
zamproc(1l,v1,1,v1,0,1,0,1, rl,sll,r21,s21):
1 1 1 V14
0, —riN14, —, —
8r 428 rl
’ZT rBTZ,0,0,1 (14)
> rll := -sqrt(2)/sqrt(7): r2l := z2*rll/2:
zamproc(l,v1,1,v1,0,1,0,1, rll,sll,r21,s21):
11 1
0,-—, ~ -+
4 4 4
1,0,0,1 (15)
IMouck 3ameH k SF;” 2,
> solve([M[1,3],M[2,1]]1, {v,rl,sl,r2,s2});
2 2
F1=rl, =0, 51 =51, 52 =52, v=- - M] rl= (16)
2 sls2

,r2=r2,s1=sl,s2=5s2,v

_ RootOf (s> +952*) Z2+1-2 Zsl) (sI*+52%)

(251 RootOf ((sI>+9s2%) Z2+1-2 ZsI) +1) 52

s2

}, (F1=r1,r2 =12, 51 =RootOf_Z-+1) 52,52 =52, v=0}
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L_PaccMoTpenne BO3SMOIKHBIX pelICHU.
L_Penienue onpeneneno npu v = 1:

> {rl =rl, 12 =0, sl = sl, s2 =52, v = -(1/2)*(s1"2+s2"2) / (s1*s2) };
solve (v = - (1/2)* (s1”2+s2"2)/ (sl*s2),sl);
2 2
[rl=r1,r2=0,sl=s1,52=s2,v=—1— sI7 4827 }
2 sls2
(v -y =1 ) 2, (v=y7=T) 2 17
> sll := (-visqgrt(vr2-1))*s2: zamproc(l,v,1,v,0,1,0,1, rl,sll,0,s2):

rI% vl 52 (—v+2 m),o, 2523V (-Vj_m)
-
0,712,271 (-v-l-\/ V-1 )52, _ZSZZV(—V-l-m) (18)

L_Hopmuposka cuctemsr (18).
> rll := 1: s21 := rationalize(l/(2*rll* (-v+sqgrt(v"2-1)))): sll := evala((-v+sqrt(v"2-1))*s21):
zamproc(1l,v,1,v,0,1,0,1, rll,s11,0,s21):

1,—;—v\/7—1 —;—&+1,o,—l—\2(2%+2v\/7—1 ~1)

0,1,1,%v(v+\/;—1) 19
;Bbl'-ll/lCJleHl/le 3HA4YeHHIl mapameTpa Vv, Ipu KoTopsix popma (19) cBOAUTCS K MpeIuiecTBYOIIEH.
> solve (- (1/2)*v* (-v+sqrt ((v-1)* (1+v)))=1/3);
solve (= (1/2) *v* (-v+sqrt ((v=-1)* (1+v)))=(49+7*sqrt (46))/6);
solve (= (1/2) *v* (-v+sqrt ((v-1)* (1+v)))=(49-T*sqrt (46))/6);
2
=3
3 3
7
-—V3
3 &l
V3 (20)

L_Penienue He onpeneneHo:
> {rl = - (RootOf ((s1"2+9%s2%2)* 7272+1-2* Z*sl)*sl1”2-s1+3*RootOf ((s172+9%s2"2)* Z72+1-2* 7Z*sl)*s2"2)*
r2/((2*sl*RootOf((slA2+9*52A2)*7ZA2+1—2*7Z*51)+1)*52), r2 = r2, sl = sl, s2 = s2, v = RootOf(
(slA2+9*s2A2)*_ZA2+1—2*_Z*31)*(31A2+52A2)/s2}:
solve ((s172+9%s272)* 7272+1-2* 7Z*sl, 7);
3152451 _3IS2—S] (21)
sPP49527 5124952

2)):4,=0,p,=0, ¢,=p,.
LB cucreme Matpuna H nuaronanbHas :
> 12syst (alpha,2*beta,g,pl,0,0,pl, full = true);

1 0
Initial coefficients: p% ={0,2B,¢g], H= P
0 pl
Matrix (2x4):
apl,2Bpl,gpl, 0
0,apl,2Bpl,gpl (22)
3ameHa, cBozsmas cucremy (22) k SF;" 2.
> rll := -beta*r2: zamprocl2 (1, 2*beta,qg,p1,0,0,pl, rll,sl,r2,0):
pl 22 (- +g),0,pl sI% 0
0,p1 r2* (-B* +g), 0, pl sI2 (23)
;HOpMI/IpOBKa cucremsl (23).
> sll := abs(pl)"(-1/2): r2l := abs(pl)”(-1/2)*(g-beta”2)"(-1/2): rll := -beta*r21l:
zamprocl?2 (1, 2*beta,qg,pl,0,0,p1, rll,sll,r21,0):
rLoyopL
22
0, 2L o PL (24)
1l 11
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[3.6.4. Cseoenue opm ¢ D <0 u3 cnucka 2.4;; k npedwecmsyrouum.

| > restart; read("newlib.m"); with(mylib): with(LinearAlgebra):

_NSF]62’2<'< W >4_ 5, v#1, 4u >v3). PesynbTar NpOH3BONBHOIM 3aMEHBI ©

:> M := zamproc(0,-u*v,u,-u*v*2,1,0,v-v*(-2),1, rl,sl,r2,s2):
:Honcx 3aMEeH K SFfi 2,

_> solve ([M[2,2],M[2,4]], {u,v,rl,sl,xr2,s2});

{r1=0,r2=r2,s1=sl,s2=s2,u=0,v=v}, [r] = M, r2=r2,sl=sl,s2=s2,u=- (s v+s2) (2527 +s51) N v=v}, rl (1)
2slv—s2 2V (2slv—s2)

L 2= 12,512 RootOf(4 7 —1)?s2.52—s2,u 61 (RootOf(4 2 —1)*r22 +RootOf (4 _7 —1) ri2—rl r2)
T 12 (471 r2 RootOf (4 22 —1)* = 12> RootOf (4 22 —1) —rI?)

=RootOf(4 72 —1) } [rl =rl,r2=r2,51 =RootOf( Z2v+V? — 7) s2,52=s52,u=

- (r] (RootOf (_ 2 v+ = 7) 122V +3 RootOf ( ZZv+V — Z) rI> V +2 71 12V +3 1222 = RootOf ( ZZv+V = Z) r2?
—-27rlr2) ) / (;’2\/2 (2 RootOf ( Zv++v* — Z) rl r2v+3 22V —RootOf ( ZZv+v? — Z) r2*+rl’v=2rlr2) ),v:v}, {ri=0,r2

=12, 51=3 52 RootOf(9 72 —2)%, s2=52,u=u,v=RootOf(9 2 —2)}, {r] =272 RootOf(4 72 —1)% r2=1r2,s51=
-2 52 RootOf (4 2 —1)% (u+2),52=52,u=u, v=RootOf(4 Z—1)}

> {rl=r2* (-2*v"2*s2+sl)/(2*v*sl-s2),r2=r2,sl=sl1,s2=s2,u=- (v*sl+s82) * (-2*v"2*s2+sl)/ (s2*v"2* (2*v*sl-s2)
),v=v}; rll := r2*(-2*v"2*s2+sl)/ (2*v*sl-s2):

ul := - (v*sl+s2)* (-2*s2*v"2+sl)/ (s2*v"2* (-s2+2*v*sl)) :

zamproc (0,-ul*v,ul,-ul*v*2,1,0,v-v*(-2),1,rll,sl,r2,s2, 1lbl = true):

_ 12 (=252 +sl) (51 v+s2) (-2 s21* +5l)

rl ,r2=r2,sl=sl,s2=s2,u=- N
2slv—s2 2V (2slv—s2)
(4 —1) (s22V +s1>v—sl52) r2*
1/2(2s1v—52)2
(4 =1) (sl v+s2) (s22V +sPv=s152) 12
\/2(2s1v—s2J2
22V sIPv—sls2
P
(s1v+s2) (522 +s1*v—s1 s2)
2V
4V —1) (s2V +sPPv—sls2) r2 (-252V7 +5l)
s2v(2s1v—s2)3
0
(s22 V2 4512 v—s152) 12 (-2 521* +sl)
vs2 (25l v—s2)
0 2)
_BmpaxcaeM §) depes u:
> sl=[solve(u = - (v*sl+s2)* (-2*v"2*s2+s1)/ (s2*v"2* (2*v*sl-s2)),s1)];
gL v 2wy ARty s A P A8 u v 1) 2 3)
2 v ’

1 (20420 41 +VIP 8P u T AP F AP T8 ur +1) 52
2 v

LY 10/IKOPEHHOTO BBIPAKEHHUS B (3) HET BEIECTBEHHBIX KOPHEH OTHOCHTENBHO U, CJIEN0BATENBHO OHO MOJIOKHUTENBHO.
> Dsl=collect (4*v"6-8*v" o*ut+d*v 3+4*u”2*v*6+8*u*v~3+1,u, factor);
u=[solve (4*u”2*v"6-8*v"3* (v-1) * (v*2+v+1) *u+ (2*v*3+1)*2,u) ];
4.2 2
DsI=4u>¥ =8V (v=1) (P +v+1) u+ (2 +1)

—1+v”+;—\/3—123x —1+v’—%\/3—12?

7 ’ = “)

u=
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> sll:=(1/2)* (2*v"3=-2*u*v"3-1+sqrt (4*v"6-8*v 6*u+d*v 3+4*u2*v 6+8*u*v” 3+1)) *s2/v:
rll:=rationalize (r2* (-2*v"*2*s2+sll)/(2*v*sll-s2)):
zamproc (0, -u*v,u,-u*v*2,1,0,v-v~(-2),1, rll,sll,r2,s2):

1 (2 (2 =612V +6u
uV P TET Su P TP SV F AR 1 —1)

L
.

VAPV —8u P +4 V8 uv +4V +1 PV =2V 4612V -2V 4PV -8 u ¥ +4 VP +8uv +H4V +1 u — 12+ u

VAPV —8u P FA4V 8 uv +4V +1 W 4+6 0 42V 4PV —8u P +4 VP F8uv +4V +1 uv +6u

+10V 4PV —8u P +4 V0 +8uv +4v +1 V=6V =2V 4PV —8u ¥ +4 0 +8uv +4v +1 +2)),
1 1
—uV V4V —8u P 4V 8 u +4V 1 — 1

(2522314263446

FiE VA —8u Y +4 VP H8uv +4v +1 +18V +iP VP — 10V 4PV —8u W +4 VW +8uv +4V +1 u v +38u

FOVAE P —8u P +AVP F8u Vv AV 1L V HIV +4uv 4P P —8u +4 P F8uv +4V +1 —4u)),

1
(-uv? P VAT P S uP FAPF8ur +av 11 - 1)

((—6u3\/9+18u2\29—18uv9

+3V 4P —8u P +4 V0 +8uv +4v +1 12V +6V =181V =6V 41 VY —8u W +4V +8uv +4v +1 ur® +20 u

F3V 4P —8u P +4V F8uv +4V 1 VW =20 46V 4V —8u W +4 V0 +8uv +4v +1 uv —14uV

“2VAPP —B8u P FAVP 8 uV AV F1 V=2V 2V 4PV =8 u P 40 +8u v +40 +1 —2)322),
1
(-uv? +7 +VAZP S uP +AP T 8uv +4v 11 - 1) 12

(-8t 432039 — 48124

N | W

+413 V4PV =8 u +4 VP +8uv +4v +1 +32uv =263V — 12V 4V —8u W +4 VW +8uv +4v +1 P -8V

+50 PV H12V 41V —8u P +4V +H8uv +4v +1 u =220 u—4V 4PV —8uW +4 VP +8u v +4v +1 0

9 VVAP VY -8u P +4VP +8uv +4V +1 -2 =232V - 10V 42 P —8u P +4 P +8uv +4vV +1 uv +6u v

VAPV —8u P +H4 VP 8 uv +H4V +1 VAV H4uv 4V —8u W 4 H8uv +4v +1 —4u)sz3)

L 1 (123 (8u* V2 = 3243 V2 448 12 2 5)

SN GEOE SR SPIR e ot gy ey g o R O

FAV AP —8u P +4 VP F8uv +4V +1 1PV =32 u v 4263V — 12V 4PV —8u P +4 VW +8uv +4v +1 PV +8y12

— 182V +12V 412V =8 u ¥ +4V +8uv +4V +1 uv’ —42uv -4V 412V —8u P +4 P +8uv +4vV +1

+OV AP —8u P +4 VP +8uv +4v +1 12V +34V + 15120 +6V 4PV —8u +4 0 +8uv +4 v +1 u® +9010 u

15V 4PV —8u W +4 VW +8uv +4v +1 W +39V —16uv — 12V 4PV —8u W +4 V0 +8uv +4v +1 VP +40

TIPS P T AP 18uv 147 +1 -4)).0,
1 1
(-4 +P VAT F S uP TAPF8ur +4v 11 - 1)

(1252 (2184342 4341245 — 140

+OV AP —8u P +4 VP +8uv +4v +1 120 =2V 49120 — 10V 412V =8 u W +4 0 +8uv +4v +1 u v +10V  u

VAV —8u P +4V +8uv +4V +1 V=9V +16 V41 VW —8u W +4 V0 +8uv +4v +1 uv —32uV

+AVTE TP SuP FAPF8uv FAV 1 v = 120 +4V A2 —Su P+ AP 18uv +47 +1 -4)),0

;anomeﬂne yacteil BRIpaXKeHHUH 31eMEHTOB MaTpHIIbI (5) :
> alkus=collect (=6*v"9*u”2+6*v " 9*u-2*v " 9+2*ut3* v 9-12*v 6*utu2* v 6*x-2*v 6 *u*x+v 6 *¥x+6*ur2* v 6+6*
vAot+2*urvA3Fx+orurvi3+10* v 3*x-6* v 3+2-2*%x%, [x,u], factor) ;
blkus=collect (18*v"6+2*u”3*v"6-34*v"6*u+l4*ur2*v*6-10*u*v"3*x+9*v"3*x+v"3*u"2+38*u*v 3+ur2*v” 3*x+9*
vA3-4*u+d*u*x, [x,u], factor);
clkus=collect (6*v"9-18*v"O*u+18*v"9*ur2-6*u”3*v 9-2*v" 6+3*u"2* v 6*x+3*v"6*x-18*u"2*v"6+20*v"6*u-6*
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VAGFUFR+6F U VA3 x-14* urvr3-2* v 3 x-2*v"3-2+2*x, [x,u], factor) ;
dlkus=collect (-26*u”3*v"6-8*u”4*v"94+32*v"9*u-48*yv"9*u”2-22*v"6*u+32*ur3*v " 9+50*ur2*v " 6+v 3-23*v 3*
UN2+6*u*vi3-2*v"6-8*v "N 9-4*utv i 3Fx—-4* v oFx-10* urv A 3FR+HAFUFR+H12F VA6 FUFRHIFUN2FVABEXHAFUN IRV O R-12%
ut2*v” e*x, [x,u], factor);
a2kus=collect (-32*v"12*u”3+8*ur4*v 12+8*v 12+48* v 12*ut2-32*v 12%u-42*v 9*u+26*u”3*v 9+4*ur3*yr9*
x+34*v"9-18*v " 9*un2-12*v " 9*ur2*x-4* v 9xx+12* v 9*urx+39* v 6+15% ut2* v 6+90* v 6 u-15* v 6Fxx+9*unr2xvrex
X+6*vAe*rurx-12*v 3*x-16*u*v"3+4*v*3-4+4*x, [x,u], factor);
c2kus=collect (-2*v"9+34* v 9*u”2-18*ur3*v"9-14*v 9*u+10*v" 6*u-9*v" " 6-10*v 6*u*x+9*u"2*v" " 6*x+v"6*x-49*
UN2*vhe+16*u*vA3*x-12* v 3+4*v"3*x-32*u*v"3+4*x-4, [x,u], factor);
alkus= (2 ¥ =2V =1 (P+v+ 1) u+P+10¥ =2) x+23 V=6 P v=1) (P +v+ 1) 2 +6 ¥ v= 12 (P +v+ 1) u—-2 (v
1} (A +v+1)?
blkus=(V > +(-10V +4) u+9v) x+23 W +2 (1 +14V) 2 =2 (v—=1) (17} =2) (P +v+1) u+9 (2 +1)
clius=(3u> V¥ =6V v=1) (P +v+1) u+3 =2V +2) x— 6V +18V¥ v— 1) (P +v+1) 2 =2V (90 =10V +7) u+2 (v
- (PHv+1) 3P +27 +1)
dlkus= (43 =3V (-3+4V) 2 +(-10 +4+120) u—v} (-1+4))) x=8u* VY +240 (16} — 13) u® =+ (23 - 50 +4810) u?
+(-22 46V —4432V) u—v 2V +1) (-1+4V)
akus= (413 =30 (-3+4) 246 2V + D) u—(-144) 2+ x+8u* 2 =2 (16 ¥ = 13) i3 +3 ¥ (5-613
F168) 12 =20 (= 1) (P +v+1) (16V0 4377 =8) u+ (27 +1) (-1+41) (2+14)?
2kus =912V =29 (-8+5) u+(2+)) x= 1813V +1F (=49 +347) 12 =22 (T +16=5V) u— (2 +1) (2+1)? 6)
;BLIpan(eHne HOPMHPOBOYHOH 3aMEHBI 4epe3 JIEMEHThI MAaTPULbI (5) :
> unassign('r21','s21"); all:=al*r2172; bll:=bl*r21*s2l; cll:=cl*s2172; dll:=d1*r21"(-1)*s21"3;
a2l:=a2*r2173*s21"(-1); c2l:=c2*r21*s21;

all =al r21?
bll :=blr2ls2]
cll=cls2I*
3
dll = dl s21
r21
3
2l = a2 r2l
s21
21 =c2r21 521 @)
> s21:=(c2*r21)" (-1); all:=al*r2172; bll:=bl*r21*s21; cll:=cl*s2172; dll:=dl1*r21"(-1)*s21"3; a2l:=
a2*r2173*s21”(-1); c2l:=c2*r21*s21;
s21 = !
c2r2l
all =al r21*
bll :=b—1
c2
cl
cll =
c2r2r?
dl
dll = ——
r21% ¢

a2l =a2r21* 2

c21=1 (C)

> r2l:=(a2*c2)"(-1/4); s2l:=(c2*r21)~(-1); all:=al*r2172; bll:=bl*r21*s21l; cll:=cl*s21"2; dll:=dl*
r21”(-1)*s2173; a2l:=a2*r2173*s21"(-1); c2l:=c2*r21*s21;
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ol] = N a2e2
2

e ©)

NSF 163’ 2w <- %, 4u > (u+v+1)?). Pe3ynbTar NpOH3BOTBHOR 3aMEHH :

:> M := zamproc (u,0,u*v,u*v"2*(v+1),1,1,0,v*(v+1)"2, rl,sl,r2,s2):
:HOPICK 3aMEH K SFf’l’ 2,
_> solve ([M[2,2],M[2,4]1], {u,v,rl,sl,r2,s2});
rl(s2v+2s0) ,sl=s1,52=52,u (10)

(F1=0,r2=12, 51 =51, 52 =52, u=0, v="}, {rl =yl 2= tLms2vE2sl)
v(-2s2v+sl —2s2)

_s2vHsl+s2)v(-252v+sl —252) y= }, {r]zrl,r2:r2,sl=—£s2,52:s2,u:1— E,v:—i}, rl=rl,r2=r2, sl
(s2v+sl) (-s2v+2sl) 3 2 r2 3

=RootOf( 22— Zv+V* +v) s2,52=s2,u

_rl (3r22V 4622V 43 RootOf ( 22— Zv+v +v) rI>+2 RootOf( 22— Zv+V +v) rlr2 +3r22v+rl?) v:v] {rI:rI 2
72 (3 122V +RootOf (22— Zv+vV +v) r2v+3r2V? +3 RootOf ( 22— Zv+V +v) ri>+2r1 r2v) ' ' ’

u,v=- % ], {r] =rl,r2=0,s1= ,é s2,82=s2,u=u,v= % RootOf(_Z2 +4_Z+1)}, {rl =0,r2=r2,

:0,51:,§ s2,82=s2,u=

W

sl= % s2,82=s2, u=u,v=- }, {rl =0,r2=r2,s1= % s2 RootOf( 2 +4 Z+1) + % $2,82=s2, u=u,v= ;— RootOf( 2 +4 7

M,ﬂ:slu:u,v:—%], [r1:—§ r2,r2=r2,s]=s1,s2=0,u=-%,\F-%}

-I-l)}, {rIZ—% r2,r2=r2,s]=%
3 3 3u+2

> {rl=rl,r2=(2*sl-v*s2)*rl/ (v* (-2*s2-2*v*s2+sl)),sl=sl,s2=s2,u=(sl+v*s2+s2) *v* (-2*s2-2*v*s2+sl)/ ((sl+
v*s2)* (2*sl-v*s2)),v=v}; r2l:=(2*sl-v*s2)*rl/(v*(-2*s2-2*v*s2+sl)):
ul:=(sl4v*s2+s2) *v* (-2*s2-2*v*s2+sl)/ ((sl+v*s2)* (2*sl-v*s2)):
zamproc (ul,0,ul*v,ul*v*2*(v+1),1,1,0,v*(v+1)"*2, rl,sl,r21,s2, 1lbl = true):
rl (-s2v+2sl) (s2v+sl+s2)v(-2s2v+sl —2s2)
rl=rl,r1 2= —————————— sl =5l,s2=s2,u= L=
v(-2s2v+sl—252) (s2v+sl) (-s2v+2sl)
Bv+4) Bv+2) (5222 —sl s2v+s22v+s1?) (-522 2 —s22v+si?) ri*
v(s2v+sl) (-s2v+2sl) (-2s52v+sl —2s2)2

7l B3v+4) (s2v+sl +52) (s22V? —sls2v+s2v+sl?)
(-2s2v+sl—2s2) (-s2v+2sl)

Bv42) (s22V* —sl s2v+s2v+si?) (-s221* —sP2v+s1?)
(s2v+sl) (-s2v+2sl)

(s2v+sl +52) (s22V* =51 s2v+s22v+s512) v(-252v+s] —252)
rl (-s2v+2sl)
P Bv+4) (s22V —sls2v+sPv+si?)
v(-252v+sl —252)% (s2v+s])
0

(s —sls2v+sPv+si?) rl
s2v+sl

0 (11)

| Boipakaem s, uepes u:

> s2=[solve(u = (sl4+v*s2+s82)*v* (-2*s2-2*v*s2+sl)/ ((sl+v*s2)*(2*sl-v*s2)),sl)];

= ;_ (—uv—vz—v+\/9u2v2—18uv3+2—9v4—30uvz+18\/3—16uv+9v2)SZ, (12)
u—-v

1 (uv+ P+ O P I8a7 197 —30u P T 18P —16uv 97 +v) 52
2 2u—v
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;Y HOJKOPEHHOTO BBIpaXkeHHUs B (12) HET BELIECTBEHHBIX KOPHEH OTHOCUTENBHO U, CIIEI0BATEILHO OHO MOJI0XKHTEIBHO.
> Ds2=collect (9*u"2*v"2-18*u*v"3-30*u*v"2+9*v*4+18*v"3+9*v"*2-16*u*v,u, factor);
u=[solve (9*u”2*v"2-18*u*v"3-30*u*v"2+9*v"4+18*v 3+9*v 2-16*u*v,u)];
Du=27*v"3+72*v"2+60*v+16; solve (27 v 3+72*v"2+60*v+16,v) ;
Ds2=912 vV —2v(9V+15v+8) u+9+2 (v+1)?

1 9V 4227V +722+60v+16 +15v+8 1 -9 +2V 27V +72V +60v+16 —15v—8
9 v ) v

u=

Du=27vV+72*+60 v+16

4 2 2 13
37373 3)
> sll:i==(1/2)* (u*v+v 2+v+sqrt (9*ut2*v"2-18*u*v"3-30*u*v"2+9*v*4+18*v" 3+9*v"2-16*u*v)) *s2/ (2*u-v) ;
r2l:= rationalize ((2*sll-v*s2)*rl/ (v* (-2*s2-2*v*s2+sll)));

factor (32*v*u”2-16*u*v"2+72*u”2*v"2-36*u*v"3+36*u”2*v"3-18*u*v"4);

e L vt 2 v OV 180y 30u P A9V T 8P 197 16uv) s2
T2 2u—v
r21 1 (rI (3uv+v

0B 16uP T2~ 36UV +3612 0 — 18 ur

-I-\/9142v2—1814\/3—30uv2+9v4+18v3-l-9vz—l6uv)<8u—3v-&-9uv—3v2

O Bay —30u 0P T8 107 —T6uv))
2uvBv+4e) 2+3v) Qu—v) (14)

| > #zamproc(u,0,u*v,u*v"2*(v+1l),1,1,0,v*(v+1)"2, rl,sll,r21,s2):

NSF 165’2 SSw e [0,% 1, 4u < - (v -1)%). Pe3yibTaT NPOU3BOIBHOI 3aMEHBI :

| > M := zamproc(0,u,u*v,u*v*(v-1),1,1,0,-v*(v-1)"2, rl,sl,r2,s2):

ITonck 3ameH k SFfl’ 2,

> solve([M[2,2],M[2,4]1], {u,v,rl,sl,r2,s2});
{r1=0,r2=r2,s1=sl,s2=52,u=0,v=v}, {r]zr], VZZ—M,S]:S],SZZSZ,MZ (15)
v(2s2v+sl—2s2)

Jlos2vtsltsdv@s2vtsl=2s2) R v=v}, rl=rl,r2=r2, sl =RootOf(_ 22+ Zv+V—v) s2,52=s2,u
s2 (s2v+2sl)

_rl(=3122V +61r22V +3 RootOf ( 22+ Zv+v? =) rI> +2 RootOf( 22+ Zv+v —v) rir2 =312 v+rl?)
2 (RootOf(_ 22+ Zv+V* —v) r22v+3 12V +2 RootOf( 22+ Zv+V —v) rlr2+27r1 r2v—=3r2v+rl?)

s v:v], {ri=0,r2

=r2,s1=s1,52=0,u=u,v=0}, {rl =0,r2=r2,sl= —g §2,82=s2,u=u,v= %}, {rl :RootOf(722 +7Zv+v2 —v) r2,r2=r2,sl=
~ 52v (3¢ +RootOf( 2+ Zv+v —v) —=5v+2)
3 RootOf( 22+ Zv+v? —v) v+32 =2 RootOf ( 22+ Zv+v—v) =3

_3RootOf( 2+ Zv+V —v) V46V =4 RootOf( 22+ Zv+V —v) v=11V +2 RootOf( 2+ Zv+V —v) +5v v=v} {rl
3RootOf( 22+ Zv+v—v) +2 ’ ’

,82=s2,u

=rl,r2=0,s1= -% s2,82=s2,u=u,v= %}, {ﬂ:rl, r2=0,sl= -% s2,82=s2,u=u,v= ;— RootOf(_Zz—4_Z+1)}, {rl=r1, r2
=r2,sl= —3 SZ,SZ:SZ,u:—i,v: i}, {1‘1: —3 ;’2,;’2:;’2,s1:—l $2(-24+9u),s2=s2,u=u,v= i}
3 r2 3 3 6 3

> {rl=rl,r2=-(2*sl+v*s2)*rl/ (v* (-2*s2+2*v*s2+sl)),sl=s1,s52=s2,u=-(s1+s2-v*s2) *v* (-2*s2+42*v*s2+sl) / (s2*
(2*s1+v*s2)) ,v=v}; ul:=—(sl+s2-82*Vv)*v* (-2*s2+2*s2*v+sl)/ (s2* (2*sl+s2*v)):
r2l:=-(2*sl+s2*v) *rl/ (v* (-2*s2+2*s2*v+sl)):
zamproc (0,ul,ul*v,ul*v*(v-1),1,1,0,-v*(v-1)"2, rl,sl,r21,s2, 1lbl = true):
(s2v+2sl)rl (-s2v+sl+s2)v(2s2v+sl —252) ,v=v}

{r1=r1, r2=-—————— sl=5l,82=52,u=-
v(2s2v+sl—2s2) s2 (s2v+2sl)

(v—1) Bv—4) (s2V+sls2v—s22v+sI?) rl?
v(2s2vtsl—2s2)?

(Bv—4) (-s2v+sl +52) (s22 VP +s1s2v—s522v+51%) rl
(s2v+2sl) 2s2v+sl —252)

~w=1) (522 +s1s2v—s2%v+sI?)
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C(-s2vtsl+52) v (2s2vtsl —252) (s22V +s1s2v—s52 v+sI?)
rl (s2v+2sl)

(3v—4) (s22V* +s1s2v—s22v+sI?) rIP
v(252v+s1—2s2)232
0

(s22 V2 45152v—s522v+51%) rl
52

0 (16)

_Bpra)KaEM S, 4epes u:

_> solve(u = - (sl+s2-v*s2)*v* (-2*s2+2*v*s2+sl)/ (s2* (2*sl+v*s2)),sl);
1 (- 2u+v+ O F-T8 P 42 —dur 197 ) 52 s (P + O -8V T4 —Zav i 7 +2u—v) 52 (17)
2 v T2 v

LY 1o/1kopeHHoro BepakeHus B (17) HET BEMIECTBEHHBIX KOPHEH OTHOCHTEIBHO U, CIIEN0BATENBHO OHO MOJIOKUTENBHO.
> collect (4*un2-4*u*v+9*v"2-18*v"3+9*v~4,u, factor); solve (4*ut2-4*u*v+9*v"2* (v-1)"2,u);
412 —4uv+9+42 (v—l)2

;—(1+\/—97+18v—8)v,;—(1—\/—97+18v—8)v (18)
_> s11l:=(1/2)* (=2*u+v-v"2+sqrt (4*u"2-4*u*v+9*v"2-18*v"3+9*v~4)) *s2/v;
r2l:=rationalize (- (2*sll+v*s2)*rl/ (v* (-2*s2+2*v*s2+sl1l))); #factor (-8*u*v 2+6*u*v”"3);
o= L (—»2—2u+v+J9v4—18»3+4u2—4uv+9\2)sz
2 v
_ B dur 97 —2u+v) i (3P + O - 8P T A —dav i 97 +2u+31)
P21 = 19)
. 6uv —8ur?

| > #zamproc (0,u,u*v,u*v*(v-1),1,1,0,-v*(v-1)"2, rl,sll,r21,s2):

1 o
NSF&2<< (v > —, u <0).Pe3yIbTaT MPOU3BOIHHOI 3aMEHHI :
15 4

| > M := zamproc(0O,u,u,u*v,1,1,v,0, rl,sl,r2,s2):

Tlouck 3ameH K SF3‘442.

> solve ([M[2,2],M[2,4]], {u,v,rl,sl,r2,s2});

2 2
{rI: r2slu ,1‘2:r2,31:s1,s2:s2,u:u,v:—l M}, {}’]:FJ,VZ:rz,SI:O,SZ:SZ,H:O,V:-1— d}, rl=rl, (20)
sl 2 sl s2 2 r2
2 2
r2=r2,sl=sl,s2=s2, u= rl(3rlsls2+rls2 +r2sl”+r2sls2) ’v:_sl (sl +s2) ,{r1=0,r2=r2,s1=-% s2,82=s2,u=u,
1282 (rl s24+3r2s1+2r2s2) 22 3
2 2
vzg}, {rI:r],rZ:O,SI:SI,SZ:—3s1,u:u,v:a}, {rl=0,r2=r2,s1=s1,s2=s2,u=0,v=v}
> {rl=s2*u*r2/sl,r2=r2,sl=sl,s2=s2,u=u,v=-(1/2)* (s1"242*u*sl*s2+u*s2”2)/(sl*s2)}; rll:=s2*u*r2/sl:
vl = —-(1/2)*(s1l"2+42*u*sl*s2+u*s2”2)/(sl*s2): zamproc (0,u,u,u*v1,1,1,v1,0, rll,sl,r2,s2):
. 2 2
{rlz r2s2u ,r2:r2,sl:s],s2:52,u:u,v:—l— 2sls2uts2utsl”
2 sl s2
0 s 2s2u4s) (-s2*u+si?) 2 0 1 (-522u+s1%) 251 +52)
) sls2 72 r2
2 2 3 2 2
L (-s2u4s?) Qs2utshur ’0’1_ (-s2*u+s1%) Qsl+s2)r2u (21)
2 s s2 2 sI?
_BmpaxcaeM §) 4epes Vv:
> solve(v = -(1/2)*(sl”2+2*u*sl*s2+u*s2”2)/ (sl*s2),sl);

(—u—v—l—\/ u2+2uv+?—u)s2,(—u—v—\/ u2+2uv+?—u)s2 (22)

|_[TonkopeHHOe BbIpaxeHHe B (22) HOJI0KHUTENBHO.

> sll := (-u-v-sqrt(u”2+2*u*v+v”*2-u))*s2; rll := rationalize(s2*u*r2/sll);

sl ::(—u—v—\/ u2+2uv+?—u)s2
ril=r2 (cu—v T 2uv P =) (23)

| > #zamproc(0,u,u,u*v,1,1,v,0, rll,sll,r2,s2):
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3.6.5. Ceeoenue popm ¢ D < 0 u3 cnucka 2.4, oo NSF;’; 2 +<f< K npeouiecmeyiouum.

| > restart; read("newlib.m"); with(mylib): with(LinearAlgebra):

FS,Z <

B paznene 3.6.1 mokasano, uro n3 NSF3;“ < Het 3ameH B SF3‘44’2.

NSF, 66’ 2<5<(0 <v < 1). Pe3y/bTaT POH3BOIBHOI 3aMEHH! :
| > M := zamproc(u,u*(1/v~2-v),0,u/v*3,1,0,1/v-v*2,1, rl,sl,r2,s2):
IMouck 3ameH k SF;"Z.

_> solve([M[1,1],M[1,3],M[2,2],M[2,4]], {rl,s2,r2,u,v});

{rl=r2,r2=r2,52=-sl,u=-1, v:RootOf(722 + Z+) L {rl=-r2 RootOf(fZ2 + Z+1) —r2,r2=r2,52= -5l RootOf(722 + Z+1),u (1)
=RootOf( 22+ Z+1) +1,v=RootOf( 22+ Z+1)},{rl =r2,r2=r2,s2=-sl,u=-1,v=1}, {rl =r2 RootOf( 2+ Z+1),r2
=12,52=s1 RootOf( 72+ Z+1) +sl,u=-RootOf( 72+ Z+1),v=RootOf( 22+ Z+1)}, {rl =2r2RootOf(4 72 —1),r2
=12,52=-2 RootOf(4 7 —1)?sl,u=-RootOf (4 7 —1),v=RootOf(4 7 —1)},{rl=r2 (RootOf( 2+ Z+1)+1),r2=r2,s2

51 RootOf(_ 2+ Z+1),u=RootOf( 72+ Z+1) +1,v=1}{rl=-r2,r2=r2,52=sl,u=-1,v=RootOf( 22+ Z+1)}, {r[

2 (2 RootOf ( Z—) V- -5 RootOf ( Z2—y)v-2)
-2V’ +RootOf(_Z2 —v) V' +5 v +2 RootOf (72 —v)
V2 (RootOf ( Z—v)v+1) (2 RootOf ( -y Wy -5 RootOf ( Z2—y)v=2)
(-2’ +RootOf (72 =v) v} +52 +2 RootOf (72 —v)) (+* +RootOf (72 —v))
= LI14) +1),r2=r2,52=RootOf( 72+ Z+1,label=_LI4) sl,u=RootOf( 7+ Z+1,label= LI14) +1,v=RootOf( 22+ Z
+1, label=_L12)}, {rl =r2 (RootOf( 22— Z+1) =1),r2=r2,52=RootOf( 72~ Z+1) sl,u=-RootOf( 22— Z+1) +1,v

,r2=r2,52=RootOf(_ 72 —v) sl,u

,v=vl, {rl =r2 (RootOf( 2+ Z+1, label

=1}, {rl =- ;— r2 RootOf (22 —4),r2=r2,52= ;— RootOf (72 —4)*sl,u= ~RootOf (_7Z2 — 4), v=RootOf (7 —4)}

|_PaccMOTpeHHe BO3MOXKHBIX PELICHHUI.

La) :

> {rl=r2* (2*RootOQf ( Z"2-v) *v"4-5*RootOf ( 2"2-v)*v-2-v"3)/ (RootOf ( Z"2-v) *v*3+2*RootOf ( Z"2-v)-2*v 5+5%
v"2),12=r2, s2=Ro0otOf (_Z"2-v) *s1,u=v*2* (ROOtOF (_ Z"2-v) *v+1) * (2¥Ro0tOf (_Z~2-v) *v~4-5*RootOf (_Z°2-v) *
v=-2-v"3)/ ((RootOf (_72"2-v) *v"3+2*RootOf ( Z"2-v)-2*v"5+5*v"2) * (RootOf (_Z"2-v)+v"2)),v=v};

= 2 (2 RootOf ( 72 —v) v4—5RootOf( Z2—v)v=2—) 12 =12, 52 = RootOf( Z2-v) slu (2)

RootOf(iZz—v) v3+2R00tOf(722—v) —2V 45 ’ - ’

V2 (RootOf (22 =v) v+1) (2 RootOf (22 =v) v* =5 RootOf ( 22 —v) v=2—1})

= , V=V
(RootOf(iZ2 —) V42 RootOf(iZz—v) —2V 4+547) (RootOf(722 —v) +2)
> kkl:=sqgrt(v): rll:=r2*evala((2*kkl*v"4-5*kkl*v-v"3-2)/ (kk1*v"3+2*kk1-2*v"5+5*v"2)): s21l:=kkl*sl:
ul := evala (v"2* (kk1*v+1)* (2*kk1*v*4-5*kk1*v-v"3=-2)/ ((kk1*v"3+2*kk1-2*v"5+5*v"2) * (kk1+v"2))):

zamproc (ul,ul*(1/v*2-v),0,ul/v*3,1,0,1/v-v*2,1,rl1l,s1,r2,s21):
0. 1281 (P +3V2+2) o sPP (P2 -V +2)
’ v T r2

r23(v3;-:31/2—2) 0, r2s1(—v3-|‘:3 r2-2) 3)

;HOpMPIpOBKa cuctemsl (3).
> sll := r273* (v~ (3/2)-2+v"3)/v*2: s21 := kkl*sll:
zamproc (ul,ul* (1/v*2-v),0,ul/v*3,1,0,1/v-v*2,1,r11l,s11,r2,s21):
o 243242 0F) (P20 2t (PR 4) (B4R 8
’ V12 > N3
712 _ /2 _
o, W32 12 V0) (P42 -2) 2 )

B
V7/2

| > # - (2*sqrt (v) +v"* (7/2)=3*v"2) * (v" (3/2)=2+v"3) *r274 /v~ (7/2)>0 npu 0<v<l

> r21 = vA(7/8)/((2*%sqrt (v)+v (7/2)=3*v"2) " (1/4)* (2-v" (3/2)-v"3)"(1/4)): rll := -r21/sqrt(v):
sll := r2173*(v*(3/2)-2+v"*3)/v"2: s21 := kkl*sll:
zamproc (ul,ul*(1/v*2-v),0,ul/v*3,1,0,1/v-v*2,1,r11,s11,r21,s21):

43PN o (P2=V ) (P22 -2) (PP -3 +205)
V=32 42V (- +3v2-2)° ¥
_ VP34 g v (P43 -2) 5)
VV (¥ +372-2) VZ2-372 42

0,

;anomeﬂne CHCTEMBI (5).
> al2=simplify (- (2*sqrt (v)+v" (7/2)=3*v"2)/ (sqrt (v) * (=2-v"3+3*v"~(3/2)))-1)+1;
c2=simplify (-sqrt (v)* (-2-v"3+3*v"(3/2))/(2*sqrt (v) +v*(7/2)-3*v"2)-1)+1;
bl=evala (- (3*v" (3/2)+2+v"3) *sqrt (v) / (2*sqrt (v) +v* (7/2) -3*v"2));
dl=evala (- (2-v"3+v" (3/2)) * (V" (3/2)=2+v"3) * (2*sqrt (v) +v* (7/2) =3*v"2) / ((=2-v"3+3*v" (3/2) ) "3*sqrt (v)));

DekTponublii xKkypHas. http://www.math.spbu.ru/diffjournal 161



Hupdepenyuarvrvie ypasnenua u npovecewt ynpasaenus,N. 3, 2016

# rl= snnpllfy( (3/8)/ (v 1/8 (24+v"3=3*v" (3/2)) " (1/4)* (- 3/2 +2-v 3 (1/4)
¥ sl=(-v~(5/8) ~(3/2)+2-v"3) " (1/4) / (v (3/8) * (2+VA3 3xvn <3/2 (3/4)
# ro=v" (7/8)/( 1/8) (24v73-3%v~ (3/2) )~ (1/4) * (-v (3/2) +2-v3) 1/4))
# 52:—VA(9/8)*(—vA(3/2)+2—vA3)A(l/4)/(vA(3/8)*(2+v 3-3*v~(3/2)) " (3/4));
a2=1
c2=1
p = L6V H13V 1242 4+4
W—51+4
Y+62+13V +12V2 44
“ W—51+4 ©)

;b): YaCTHBIH CITydail a)
> {r1=2*r2*RootOf (4* Z"3-1),r2=r2,s2=-2*RootOf (4* Z73-1)"2*sl,u=-RootOf (4* 7z73-1),v=RootOf (4* Z"3-1)};
rll := 2%r2%2°(-2/3): 521 1= -2 (-1/3)*sl: ul := -2~(-2/3): vl := 2°(-2/3): N
zamproc (ul,ul*(1/v1*2-v1),0,ul/v1~3,1,0,1/v1-v1"2,1,r11,s1,r2,s21):
{r1=27r2RootOf(4 22 —1),r2=r2,52=-2 RootOf(4 2 —1)*sl,u=-RootOf(4 2 —1),v=RootOf(4 Z—1)}

0,3 228410, 2 s
4 4 2
341/3
22220 o B s (7
i 2 sl 4
_Honcx 3aMeH K SFZSZ’ 2,
> solve ([M[1,1],M[2,2],M[2,3]], {rl,sl,u,v});
r1=RootOf ((9V —9W) Z4 499 =92 +(6V =21 = 12v) Z+(4°=21F =33 —4) Z+(6F 21V —12+7) 2) r2, sl 8)

= (52 (2 RootOf (9 =9+) _Z'+9v =9V +(6V =21 = 12v) _Z+ (41 -21+/ 33+ - 4) 246421V —124) B)V
—2RootOf(9V —=9v) Z2 49V =92 +(6V =21 —12v) Z+(4V —21¥8-33V—-4) 2 +(68-21/-1212) 2)?
—RootOf (9V —9W) Z2+9v =9V +(6V —21V = 12v) Z+(4V =21V =33V —4) Z+(6F =21V -12) 2)V

=2 RootOf((9V —=9v*) Z2+9V =9V +(6V =21 —12v) Z+(4V =21V =33 —4) Z+(6F-21v-12V) 7
—3v))/(Rooz0f((9v7—9v4) M9V =9V +(6V =21 —12v) Z+(4V =21 =33V —4) Z+(6F-21V

—122) _2) v(3 RootOf((9V —=9v*) ZH+9V =9V +(6V =21V —12v) Z+(4V =21 =33 —4) Z+(6V*-21V
—12V2) Z) V=2V +2) (RootOf(9V —9W) Z2+9v =9V +(6V =21V —12v) Z+(4V =210 =33V —4) Z2+(6

21V - 12V) Z3)+v)),u:((2R00!0f((9v7—9v4)7Z4+9v5—9v2+(6v7—21v4—12v)7Z+(4v9—21\)5—331;’
—4) Z24+(6F =21V —12V2) Z) V' =2Ro0tOf((9V =9W) Z'+9V =92 +(6V =21 —12v) Z+(4V =21+ —33

-4) 2+ 6\/8 21V —12V7) 2) —3v)v)/((3Root0f((9v7—9v4)7Z4+9\;—9v2+(6v7—21v4—12v)7Z+(4v9—21\/6
=33V —4) 246 =21V —12) )V =2V +2) RootOf((9V —=9v*) ZH+9V =9V +(6V =21V —12v) Z+(4V
—21\}5—339—4) _ZZ+(61ﬁ—21v5—12v2)_Z3)),v:v}, {rl=-2r2RootOf(4 2 —1), 51 =2 RootOf (RootOf (4 7* —1)*
—3 RootOf(4 2 —1) Z+ 7)s2,u=-RootOf (RootOf (4 72 —1)* =3 RootOf(4 2 —1) Z+ 7),v=RootOf(4 2 —1)}, (rl
52 RootOf( 22+ Z+1) +sl v=RootOf( 2+ 7
sl RootOf( 2+ Z+1) +sl —s2 -

=-r2,sl=sl,u=-1,v=1}, {rl =-r2 RootOf( 22+ Z+1),sl=sl,u=

+1) } {rl =RootOf( 72— Z+1) r2,s1=sl,u=RootOf( 72— Z+1),v=1},{rl=-r2,s1=sl,u=-1,v=RootOf( 22+ Z

2 _
+1)}, {rl :rZRootOf(722 + Z+1) +r2,s1=sl,u= s2RootOf( Z"+ Z+1) = sl +52 ) v:RootOfLZ2 +7Z+1)}, rl
51 RootOf( 2+ Z+1) +s2

—nl.2 2 3
1 RootOf (22 —4)” 51> +52> RootOf ( 72 —4) —4 51 52 v=RootOf(_Z3—4)]

— r2RootOf (_Z° —4),s]1=sl,u=-
2 RootOf (7 —4)* 5152 —s1* RootOf (73 — 4) — 52

L_PaccMOTpeHue BO3MOKHBIX PELICHHIA.

L2) : 1IepBOE PElICHUE He TOJIAeTCs IPOBEPKE U332 CIOKHOCTH HopMyIL.

[h)

> {rl=-2*r2*RootOf (4* 7Z"3-1),r2=r2,sl=-2*RootOf (RootOf (4* Z"3-1)"2+3*RootOf (4* Z"3-1)* Z+ 72"2)*s2,s2=
s2,u=RootOf (RootOf (4* 7273-1)"2+3*RootOf (4* 72"3-1)* Z+ 7"2),v=RootOf (4* z73-1)};
solve ( 272 + 3*2"(-2/3)* 7 + 2" (-4/3))
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Bl
2

;HOpMPIpOBKa cuctemsl (10).
> s21 := 1/sqrt(5/2* (sqrt(5)+2)): sll :=

_3 PAIC I
4
> rll := =2*r2*27(-2/3): kkl := -(3/4)*2"
s1l := -2*kkl*s2: ul := kkl. vl := 2%

{r1=-21r2RootOf(4 2 —1),r2=r2,51=-2 RootOf (RootOf (4 7 —1)*+3 RootOf (4 2 —1) Z+ 7)s2,s2=s2u
=RootOf (RootOf (4 72 —1)*+3 RootOf (4 7 —1)

Z+ 7),v=RootOf(4 72—1)}

1 3 1
3 21/3’7_21/37_ 521/3
el 4 ak

(1/3)=(1/4)*sqrt (5)*2"(1/3)
(-2/3): evalf ((ul-vl)”* 2 + 4*u1*v1A(—2)):

zamproc (ul,ul* (1/v1*2-v1),0, ul/le3,l,O,l/vl—le2,1,rll,sll,r2,s2) :

055 640 e 12 (75 ) o, 18 103 5) s

r2

2 0,0,-2 (V5 +2) 22
s2 2

-2*kkl*s21:

zamproc (ul,ul*(1/v1*2-v1),0,ul/v1"3,1,0,1/v1-v1"*2,1,r1l,s1l,r2,s21):

)

(10)

+1),v=0}{rl=-r2,s1=s2,u=-1,v=0},{rl=rl, sl =

— Z4+1),u=RootOf( 22— Z+1),v=0}, {rl =RootOf( 22+ Z+1) r2,s1=-52 RootOf( 2+ Z+1),u=-RootOf( 72+ Z

s2(rl—2r2)

2_ .2
,u:—l,v:3(r1 rZ)H
2rl—r2

2 2rl—r2)

0.2 (2011075 (fF-1)2 -3, -3 204105 (/5 -3)
4 10 r2
204103 12%,0,0, -1 (11)
> r21 := ((5/4)*sqrt (20+10*sqgrt(5))) " (-1/3): rll := -2*r21*2~(-2/3):
zamproc (ul,ul* (1/v1~2-v1),0,ul/v1~3,1,0,1/vl-v1~2,1,r11,s11,r21,s21)
0,3,-3,3
i 1,0,0,-1 12)
> # rl=-radnormal (( (2/25 *57°(2/3)* (20+410*sqrt (5)) "~ (5/6) = (1/5)*5~(1/6) * (20+10*sgrt (5)) 6)"~(1/6);
# sl=radnormal ((-2"(1/3)*sqrt (20+10*sqrt (5))/10+2"(1/3)*sqrt (20+10*sqrt (5)) *sqrt (5)/10)"2
# r2=radnormal ((( 3/10 sqrt(20+10*sqrt( —(l/lO *sqrt (20+10*sqrt (5)) *sqrt (5)) *2)
L # s2=radnormal ((-(2/5)*sqrt (20+10*sqrt(5))+(1/5) sqrt(20+10*sqrt(5))*Sqrt(B))AZ)A(1/2),
> rll := -2*r2*2~(-2/3): kk2 := —(3/4)*2 1/3) (1/4)*sqrt (5)* (1/3)
s12 := -2*kk2*s2: u2 := kk2: vl := 2~(-2/3): evalf((u2-vl)" 2 + 4*u2*v1A(72)):
zamproc(uZ,u2*(l/leZ—vl) 0,u2/v1"3,1, O 1/vl-v172,1,r1l,s12,r2,s2):
_ 3
0, - — (\/_—3)r2s2 _( 2+\/—)322 _E M
2 4 r2
5 13 5
-2 90,2 (24 % 13
T 5003 O (-244F)s (13)
L_Hopmuposka cucremsi (13).
> s22 := 1/sqrt(5/2* (-2+sqrt(5))): sl2 := -2*kk2*s22:
zamproc (u2,u2* (1/v1*2-v1l),0,u2/v1"3,1,0,1/v1-v1"*2,1,r1l,s12,r2,s22):
0.3 20110y (T 4+1)m23 2 42041075 (+75)
4 10 r2
22 22041047 12,00, 1 (14)
> r22 := - ((5/4)*sqrt (-20+10*sqrt (5))) " (-1/3): rll := -2*r22*2~(-2/3):
zamproc (u2,u2* (1/v1~2-v1),0,u2/v1°3,1,0,1/v1-v1"2,1,r11,s12,1r22,822):
0,-3,3,-3
_ 1,0,0,1 15)
> # rl=radnormal (((2/25)*5"(2/3)* (-20+10*sqrt (5)) "~ (5/6)+5~(1/6)* (-20+10*sqrt (5))"(5/6)/5)"6)
# sl=radnormal ( (2~ (1/3)* sqrt( 20+10*sqrt (5)) /10427 (1/3) *sqgrt (-20+10*sqrt (5)) *sqrt (5
# r2=-radnormal ((-(3/10)*sqrt (- 20+10*sqrt(5))— 1/10) sqrt (-20+10*sqrt (5)) *sqgrt (5)) "2
L # s2=radnormal (((2/5) *sqrt (-20+10*sqgrt (5))+(1/5) *sqrt (-20+10*sqrt (5)) *sqrt (5)) *2)
NSF$2 << (v <0). PesyIbTar NpOM3BOILHOM 3aMeHb! :
| > M := zamproc(u,v,-v,u+v,1,0,0,1, rl,sl,r2,s2):
Tlouck 3ameH Kk SF;‘AZ.
> simplify([solve([M[1,1],M[1,3],M[2,2],M[2,4]1], {rl,sl,u,v})]);
{r1=RootOf( 22— Z+1) r2,51=-52 (RootOf( 22— Z+1) —=1),u=2,v=-3}, {rl =RootOf( 22— Z+1) r2,s] = -52 RootOf (_Z (16)
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L_PaccMOTpeHue BO3MOKHBIX PELICHHIA.

La) :

> {rl = rl, sl = s2*(rl-2*r2)/(2*rl-r2), u = -1, v = (3*(rl"2-r272))/(r2*(2*rl-r2))};
solve (v = (3*(rl"2-r272))/(r2*(2*rl-r2)), rl);

— 2_ 92
{rlzrl,SIZ—SZ (rl=2r2) su=-1,v= 30l=r2) }
2rl—r2 12 2rl—r2)
(;—v+:1;—\/?—3v+9)r2,(§v—i\/?—3v+9)r2 (17)
:PaCCMOTpeHHe nepporo 3navenns 1, w3 (17):
> rll:=((1/3)*v+(1/3)*sqrt (v*2-3*v+9))*r2: sll:=rationalize (simplify (- (-s2*rll+2*r2*s2)/(2*rll-r2))):
sll := factor(simplify (expand ((v+sqrt (v"2-3*v+9)=-6)* (-2*v+3+2*sqrt (v 2-3*v+9))*s2/27))):

zamproc (-1,v,-v,-1+v,1,0,0,1, rll,sll,r2,s2):

1 52y 7 3779 ([4vy 73749 -4 +3V 73759 +3v-9)
27 2

0, ;— 1252V =3v+9 (\/\/2—3v+9 +v—3),0,

1 27 -3v+9 (4vy7=3v59 +42 4373719 ~3v+9) 0 ersZ\/\/2—3v+9 (V73759 —v+3).0 (18)
27 s2 73 ’

L_Hopmuposka cucremsi (18).
> r21 := 3%s27(1/3)/ ((v"2=3*v+9) " (1/6) * (4*v 2-3*v+4*v*sqrt (v 2-3*v+9) +3*sqrt (v 2-3*v+9)+9) "~ (1/3)) :
rll := ((1/3)*v+(1/3)*sqrt(v*2-3*v+9))*r21:
zamproc (-1,v,-v,-1+4v,1,0,0,1, rll,sll,r21,s2, 1lbl = true):
0

$2B (2 -3v+9)" 3 (VT 3v19 4+v-3)
1/3
(49vy 73779 442 1373779 —3v+9)

0
1/3
;—1s28/3(‘2—3v+9)2/3 (4973779 -4 437 3v79 +3v=9) (49073779 44243V 7 3719 —3v+9)

1
0

(P=3v4+9)' 3 ((F3v50 —vi3) 28
1/3
(4V\/7—3v+9 +42+3V V-3 v+ —3v+9)

i 0 (19)
[ Tlonoxurensrocts BBIPAXCHHS B 3HAMEHATEIE deMenTa ¢, B (19):
> simplify ((4*v"2-3*v+9) "2 - ((4*v+3) *sqrt(v"2-3*v+9))"2);
243y (20)
> 521 := (4*v"2-3*v+d*vrsqrt (vr2-3*v+9)+3*sqrt (v*2-3*v+9)+9) " (1/4)
/((v*2=3*v+9) "~ (1/4) * (-v+3+sqrt (v*2-3*v+9)) "~ (3/4)):
r2l := 3*s217°(1/3)/ ((v"2=3*v+9) " (1/6)* (4*v"2-3*v+4*v*sqrt (v"2-3*v+9) +3*sqrt (v 2-3*v+9)+9) "~ (1/3)):
r2l = 3% (4*v"2-3*v+4*vrsqrt (vh2-3*v+9) +3*sqrt (vA2-3*v+9)+9) N (=1/4) * (v"2-3*v+9) " (-1/4)
*(=v+sqrt (vr2-3*v+9)+3) "~ (-1/4): rll := ((1/3)*v+(1/3)*sqrt(v*2-3*v+9))*r21:
s1l := - (1/27)*s21* (vtsqrt (v*2-3*v+9)-6) * (2*v-3-2*sqrt (v"2-3*v+9)) :
zamproc (-1,v,-v,-1+4v,1,0,0,1,r11,s11,r21,s21, 1lbl = true):
0
\/7—3v+9 +v-3
\/7—3\14—9 —v+3
0
1 (4v/V=3v49 -4 +3V7—3v19 +3v-9) (4v/T=3v+9 +42+3/F—3v49 —3v+9)
81 2
(\/ ¥ —3v+9 —v+3)
1
0
1
0 Q1)
> u = rationalize((sqrt(v"2-3*v+9)+v-3)/ (-v+sqrt (v*2-3*v+9)+3));
2
1 (\P=3v59 +v-3) (22)
u=—
3 v
:BTopoe snavenne 7, w3 (17):
> rll := (v-sqrt(v"2-3*v+9))/3*r2: sll := rationalize (simplify(-(-s2*rll+2*r2*s2)/(2*rll-r2))):
sll := factor(simplify(expand (- (1/27)*s2* (v-sqrt (v"2-3*v+9)-6)* (2*v+2*sqrt (v*2-3*v+9)-3)))):
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zamproc(-1,v,-v,-1+v,1,0,0,1,r11,s11,r2,s2):

3 _ _ _ _
0,;_’%2%;73”9 (T 7V+3)’0’%S2 S 379 (4077 3v+92+4\?+3\/7 3719 —~3v49)
T.

1 22V -3v+9 (473759 —4+3/F 3749 +3v-9)

,O,%rZSZ\/VZ—Bv+9 (V=359 +v-3).0 (23)

27 52
;HOpMI/IpOBKa cucteMsl (23).
> 521 := r273*sqrt (v 2-3*v+9) * (=4*v"2+4*vrsqrt (vh2-3*v+9) +3*v-9+3*sqrt (v*2-3*v+9)) /27:
s11 := ((1/3)*v+(1/3)*sqrt (v 2-3*v+9))*s21:

zamproc (-1,v,-v,-1+4v,1,0,0,1,r11,s11,r2,s21, 1bl = true):

0
81—1 (2=3v+9) (VT =379 —v+3) (4T 3759 —42 +3VF=3v59 +3v-9) r2*
0
_21137 v (P =3v+9)2 (323 VT 3740 32 +48 ¥ +54 vy P =37 19 — 1622 +54 VP =37 19 — 135 v— 162) 128
1
0
% (2=3v+9) (VT =3v59 +v=3) (4v/T =379 42 +3V 73779 +3v-9) r2*
0 (24)
> 12l 1= 3% (= (=4*Vv"2+4*v*sqrt (vh2-3*v+9) +3*v=-9+3*sqrt (v"2-3*v+9))) " (=1/4) * (v"2-3*v+9) "~ (-1/4)
* (-sqrt (v 2-3*v+9)-v+3) "~ (-1/4) : rll := ((1/3)*v-(1/3)*sqrt(v*2-3*v+9))*r21:
s21 := r2173*sqrt(v"2-3*v+9) * (=4*v 2+4*v*sqrt (vA2-3*v+9) +3*v-9+3*sqrt (v*2-3*v+9)) /27:
s1l := ((1/3)*v+(1/3)*sqrt(v"2-3*v+9))*s21:
zamproc(-1,v,-v,-1+v,1,0,0,1,r11,s11,r21,s21, 1lbl = true):
0
\/?—3\1-!-9 -v+3
\/7—3v+9 +v=3
0
1 (473759 -4 4373719 +3v-9) (49 V73759 +4 7 +3/F 3759 —3v+9)
81 2
(\/ V—3v+9 +v—3)
1
0
1
i 0 (25)
> u = rationalize ((-v+3+sqrt (v*2-3*v+9))/ (v-3+sqrt (v"2-3*v+9)));
2
o1 =3 7=3v39) (26)
3 v
IMowuck 3amen K SF252' 2,
> solve([M[1,1],M[2,2],M[2,3]], {u,v,rl,sl,r2,s2});
{ri=-r2,r2=r2,sl1=sl,s2=s2,u=-1,v=0}, <r1= M,r2=r2,sl=s1,s2= 6 U= 71_ V= 1,v=v], {r1= 1— vr2—=r2,r2 (27)
v+3 v+3 3 3
=r2,sl= m,s2=s2, u=- 2 V733 ,VZV}, {}’IZRootOf(_Zz—_Z-i-l) r2,r2=r2,s1=sl,s2=s2, u=RootOf(_Z2 - Z
V= v—

+1),v=0}{rl=rl,r2=0,s1=0,52=52,u=0,v=v}
;PaCCMO”I‘peHI/Ie BO3MOYKHBIX PELICHHIA.
L2) :

> {rl = r2*(v-3)/(34v), r2 = r2, sl sl, s2 = 6*sl1/(3+v), u = -1-(1/3)*v, v = v};
{rlzm,ﬂ:ﬁ,sl:sl,ﬂ: b ,u:—l—l— v,v:vJ (28)
3+v 3+v 3
;Bmpamm v gepe3 u B (28).
> vl = =3*(u+l):
{rl = simplify(r2*(v1-3)/(3+vl)), r2 = r2, sl = sl, s2 = 6*sl/(3+vl), v = vl, u = u};
{ﬂ:M,r2=r2,s]=s1,s2=fﬂ,uZu,v=f3u73] (29)
u u
_> solve (4*vl + (u+l)”2 < 0, u); rll := r2*(u+2)/u: s21 := -2*sl/u:

zamproc (u,vl,-vl,u+v1,1,0,0,1,rll,sl,r2,s21):
RealRange(Open(-1), Open(11))
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3 +2u+4)s1r2 3P +2u+4) sl 3P +2u+4)sP

0, s
u? u? w2
WP H2u+4) w2 0,0, w+1) (> +2u+4) si? (30)
| w? sl u?
;HOpMI/lpOBKa cuctemsl (30).
> s11 := u/((u+l) ™ (1/2)* (2*u+d+u~2)"~(1/2)): s21 := -2*sll/u:
zamproc (u,vl,-vl,u+vl,1,0,0,1,r11,s11,r2,s21):
0 32ViEt2u+4 3 3u
uu+l W T TE w1202
2 32 3/2 93
(wr2u+4) 3(u+l} r2 0,01 (31)
u
> r2l1 := -u/((u+tl)*(1/2)* (2*u+4+u”2)~(1/2)): rll := r2l*(u+2)/u:
zamproc (u,vl,-vl,u+v1,1,0,0,1,r11,s11,r21,s21):
3 33
Toutl T u+1l’ u+tl
i 1,0,0,1 (32)
Lb) :
> {rl = (1/3)*v*r2-r2, r2 = r2, sl = s2*(v-6)/(-3+v), s2 =82, u = -(2*v-3)/(-34+v), v = v};
{rlzl—vr2—r2,r2:r2,s1=M,SZ:SZ,MZ—ZV_3,v:v} (33)
3 -3+v -3 4y
;Bmpamm v gepe3 u B (33).
> solve(u = - (2*v=-3)/(-3+v), v): vl := (3*(u+l))/ (u+2):
{rl = simplify((1/3)*vl*r2-r2), r2 = r2, sl = simplify(s2*(v1l-6)/(-3+vl)), s2 = s2, u =u, v = vl};
{r]=— r2 ,r2=r2,s]=(u+3)s2,s2=s2,u=u,v=M} (34)
u+2 u+2
> solve (4*vl + (u+l)”2 < 0, u); rll := -r2/(u+2): sll : (u+3) *s2:

zamproc (u,vl,-vl,u+v1,1,0,0,1,rll,sll,r2,s2):
RealRange(Open(-2), Open(-1))

3P +5u+7) 252 30P+5u+7) 52 3P +5u+7) 2

0, , ,
(u+2) u+2 2
3 2
2t D WS Ut 0, 1) (1 +5u+7) 2 (35)
L 52 (u+2)°
;HOpMI/lpOBKa cucremsl (35).
> 521 := (7+u”2+5*u)~(-1/2) * (-u-1)"(-1/2): sll := (u+3)*s21:
zamproc (u,vl,-vl,u+vl,1,0,0,1,r11,s11,r2,s21):
0 32V +5u+7 3 3
Vou=T (u+2) +2) @w+1) \/u2+5u+7 (-u—l)3/2r2
2 3/2 93 (_, _1\32
(WS u+T) 2 (—u—1) 0,0, -1 (36)
(u+2)}
> 12l := (ut+2)* (7+u”2+5*u) N (-1/2) * (~u-1)"(-1/2): rll := -r21/(u+2):
zamproc (u,vl,-vl,u+v1,1,0,0,1,r11,s11,r21,s21):
0. - 3 3 B 3
w2 WD) w2y @+l w+2) w+1)
-1,0,0, -1 37

_Houcx 3aMeH K SFg’ 2,
> solve ([M[1,3], M[2,2]], {rl,sl,v});

71 =RootOf (2 51?52 —s152%) 72 +s1s22u—us2®—sls2?>+352+(sI?s2u—3s51s2u+s2u—sP+3s1%s2+s1s2-52) Z+( (38)

1
2 (s> —s1s2—252%)
—s5152%) 2 +sls2Pu—us2 —s1s2?+3s23+(s1>s2u—3s1s2u+s2u—sP+351%52+sl 52> —s2%) Z+(-sI*>s2u
51522 u+2sP—351252+35152%) 22)* 51252 — RootOf (2 51% 52 —s5152%) 2 +s1s22u—us?®—sls2+3s2°
+(sP?s2u—3s1sPu+sPu—sP+3s51>52+s152>—52%) Z+(-sI>s2u+sls2u+2s1 351”5243 5152 722)2 sl 52
— RootOf ((2 51252 —s1 522) 7Z3 dslsPu—usP—sIs22+35P+(s12s2u—3sIs2*u+sPu—slP+351%s2+s1 22 —52%) Z
H(-s2s2u+slsPu+2sP=3s12s2+3s1s22) 722) sI%s2u + RootOf ((2 51252 — 51 522) 723 dslsPu—us®—sls2?+352°
+(sPs2u—3slsPu+sPu—sPP 4351252 +s152*—52) Z4+( -sI2s2u+s1s22u+2s1 =3 s51%5243 51 s2%) 722) s1s2%u
+RootOf (251752 — 51 52%) 2P +sls22u—us2 —sls2+3s2+(sPs2u—3sls2>u+s2u—sP+3s1>s2+s152>—s2°) Z
+(-sP?s2u+sl s22u+2sP—351752+3s5152%) 72) sI*> — RootOf (251752 — 51 2%) 22 +s1 52> u—us2 —sls2*+3s2°

-sI2s2u+sls2u+2s1P —3s17s24+35152%) 72) r2, 51 =sl,v=

(3 (2 RootOf (2 s1% 52
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+(sPs2u—3s1s22u+sPu—sP+3s1752+s1 52> —52°) Z4(-sP>s2u+sls2u+2s>—3s1>s2+3s1s2%) 72)sI*s2
82 (uF—2u+3) 3 —4u*+100° -8’ +5u+1)

FusB +sl52>—52%) )}, [rlzu r2,s1= R
2u—1 20 -31-3u+2

=PaCCMOTpeHI/le BO3MOXKHBIX pemeHnﬁ.
=a) . IIEPBOC PEHICHUE HE MMOAAACTCS IPOBEPKE U3-3a CJIOKHOCTH (bOpMyJ'I.

LDb):

> {rl = -r2*(3+u”2-2*u)/(2*u-1), sl = s2*u, v = (3*(u"5-4*u4+10*u"3-8*u”2+5*u+l))/ (2*u"3-3*u”2-3*u+2)
}i
rll := -r2*(3+u”2-2*u)/(2*u-1): sll := s2*u:
vl := (3* (u"5-4*u™4+10*u”3-8*u”2+5*u+l))/ (2*u”3-3*u”2-3*u+2) :

evalf (solve ((u+l)”*2 + 4*vl < 0, u));

zamproc (u,vl,-vl,u+v1,1,0,0,1, rll,sll,r2,s2, 1lbl = true):
ppo-r20l=2ut3) oo 34wt 410w -8l +S5ut1)
2u-1 21 -3 -3u+2

RealRange(Open(-1.), Open(-0.1705322165)), RealRange(Open(0.5000000000), Open(2.))
_r22(u2—u+1) (W —u+7) (P =3u*+6u+1)
w=2)Qu~-172@w+1)
3522t —u+1) (P =3u*+6u+1)
Qu—1)7
0
B (P —u+1) (P =3u*+6u+1)s2
r2(u—=2)wu+1)
B R —u+1)? (P —u+7)?
s2w=2)Qu—13w+1)
0
7332r2(z¢2—u+1)2
2u—1
$22 (2u—1)(uz—u-‘r1)2 (39)
(u=2)(u+1)

;HOpMI/IpOBKa cucteMsl (39).
> s21 := abs(utl)”(1/2)*abs(u-2)"(1/2)/(abs (2*u-1)"(1/2)* (u"2-u+tl)):

zamproc (u,vl,-vl,u+vl1,1,0,0,1, rll,sll,r2,s21, 1lbl = true):
22—t D) P —ut7) (P =3u +6utl)

w=2)Qu-1%w+1)
Vu—=2u+1
v2u—1

sll := s2l*u:

320 =3u*+6u+1)

Qu~—1)?

0

(u_2)3/2 (M+1)3/2
Qu—13"

2w—-2)w+) (B -u+1)?

V2u—-1
Nu—-2Ju+l

w=2)Qu—-17%w+1)
0

(B =3u*+6u+1)

(uz—u+7)2 (uz—u-‘r1)3}’23

Vu=2Ju+1l
V2u-—1

32 (i —u+1)

2u—1

Qu—-1) (u—2) (u+1)‘
2u—1

(u—=2)wu+1)

(40)

> r2l :=
rll
zamproc (u,vl,-vl,u+vl,1,0,0,1,

abs (2*u-1)~ (5/6) *abs (u-2) * (1/2) *abs (u+1)~ (1/2) / ((u"2-u+7) * (2/3) * (ur2-u+l)) :
-r21*(3+u”2-2*u)/ (2*u-1) :

rll,sll,r21,s21, 1lbl = true):
AP =3d 4 6ut) lw=2) 1) Qu—1)°8

Qu-12 (2 -u+1) P —u+D"P w-2)w+1

3 =32 4+6u+1)|Qu—-1D"3w—-2) w+1)]

Qu=12 (P -u+1) (P -u+7)??
0
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2/3(

(i —u+7) wW=3u+6u+1)

wu—=2)u+1)
(214—1)7/3 ‘
w=2)w+1) (P —u+1)
lw—=2) Qu—1)* @+1)]
Ww=2)Qu—12@w+1)
0
3leu=D" w=2) w+1)
Qu—1) (2 —u-l-7)2/3

Qu—-1) (u—22) (ul'H)‘
w—
| (u=2)(u+1) (41)
L_VnipollieHye nojy4eHHbIX 3Ha4eHnil u u v B cucteme (41).
> # u = lmpllfy((—(UA3—3*uA2+6*u+1)*abs((Z*u 1)7(5/3) 2)* (u+l)) / ((2*u-1)"2* (1+u”2-u) * (u"2-u+7) "
(1/3)* 2) *(u+l)))/(abs ((u-2) * (2*u-1) *3* (u+l))/ ((u- 2) (2*u-1)"3* (utl))));
u=-(u A3 3*ur2+6*u+l) / ((1+u”2-u) * (u 2-u+7) " (1/3) * (2*u-1)"(1/3));
# v = 51mpllfy((—(uA3 3*u A2+6*u+1) abs((2*u—1)A(5/3)*(u—2) (14u)) / ((2*u- 1)A2*(l+uA2 u) * (ur2-u+7) "
(1/3)* 2)* (1+u))) /(= (u*2-u+7) "~ (2/3) * (u"3-3*u”2+6*u+l) *abs ( (u-2) * (1+u) / (2*u-1)"~(7/3))/ ((1+u”2-u) *
(1+u) * ( =2))))"(1/3);
v = ((2*u-1)"2/((u*2-u+7))) " (1/3);

W -3k +6u+1
(P=u+1) (P=—u+7 Qu-1)173

v=((2u_1) )1/3 42)

Ww—u+7

u=-

NSF 6 2+<| < (v <0). Pe3ynbTaT npou3BOIbHOI 3aMEHBI ©

_> M := zamproc(u,v,u,v,1,0,1,0, rl,sl,r2,s2):
Ilouck 3ameH k SF;‘AZ.

> solve([M[1,1],M[1,3],M[2,2],M[2,4]], {rl,sl,u,v});

F1=RootOf( 2 +1) 12,51 = ——2 =0, v= -1}, [r] —RootOf (2 +1) 12,51 = - - RootOf( 2 +1) s2,u= 43)
RootOf (72 +1) 3
212
—;,VZO], {r]Zl—RootOf(_Zz-H)rZ,sl: 52 ,u=—l 3R00t0f(‘Z +1) 1,v=0], {ﬂ:r[,
RootOf(_ 72 +1) 3 RootOf(_ 72 +1) 4 RootOf(_Z2+1)
s1=—r2S2 ,u=0,v=—1]
rl

ITouck 3ameH k SF252' 2

> solve([M[1,1],M[2,2],M[2,3]], {rl,sl,s2,r2,v});
2 _ 2 _ 2 2 _ 2
r1:r1,r2:R0"’0f( Z=3u"+4 Z+4)rl ’SI:SZ( 2u® +RootOf ( ZZ =3 u"+4 Z+4) +2) $2=s2.v (44)
u u
_3(RootOf( Z2=31u"+4 Z+4) u*=5u* +6RootOf( ZZ—3u*+4 Z+4) u> +51> +RootOf( ZZ—3u*>+4 Z+4) +2) }

| -3u* +8 RootOf( 22 =3 u>+4 Z+4) > —8u*>+11 RootOf ( 22 =3 > +4 Z+4) +16
> solve( _3°2-3*ur2+4+4* 3, 7);

z1 1= -2+sqrt(3)*u: z2 := -2-sqgrt(3)*u

| -2 +\/T u, —Z—ﬁu (45)
;PemeHne (44) c nepBsIM 3HAUCHHEM KOPHSA U3 (45)
> r21 := zl*rl/u: sll := (z1 - 2*u”2 + 2)*s2/u:
vl :=factor (normal (simplify (3* (ut4*zl+z1+6*u”2*z1-5*u”4+5*u”2+2)/(11*z1+8*u”2*z1+16-3*u”4-8*u”2)))):
solve (u”2 + 4*vl < 0, u);
zamproc (u,vl,u,v1,1,0,1,0, rl,sll,r21,s2):

RealRange(Open(O), Open(% \/_— % m)j,RealRange(Open(§ \/T) Open(3 ﬁ%—; m))
0, 4\/?r152(—3u+\/?) (\/Tu—uz—l) ’_4\/7(-3u+\/7)522(\/7u—u2—1) ) 4\/7(-3u+\/7)u(ﬁu—u2—1)523
(-3u+2V73)u Su+2V7 il (-3u+27F)
AT 2 (T 1) (46)

s2u?

L_Hopmuposka cuctemsl (46).
> s21 := 1/(2* (u"2-sqgrt (3) *u+l)~(1/2)*u”(1/2)): sll := (z1-2*u”2+2)*s21l/u:
zamproc (u,vl,u,v1,1,0,1,0, rl,sll,r21,521, 1bl = true):
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0
671 (7VT =35 + 11T 2 =212 +V3 —9u)

\/—\/Tu+u2+lu3/2(—3u+2\/T)(\/Tu2+\/_—3u)
(*?>u+\/T)\/T
(—3u+2\/?)u
3 IVIut =3 +11VT 2 -21P +V3 —9u
2 (Tt ) (a2 d ) (T2 49T = 30)

urP (T +9VT P =8t +5VT u—162-2)V VT u+id +1
B2 (-3u+2V7F) (VT 24T -30)

0
0
i ! @7
| Ynpolenne BeIpaxeHHs dIeMCHTa d, B cHcTeMe (47) :
> # ((-u”2+sgrt(3) *u-1) * (=3*u+2*sqrt (3) ) * (=3*u+sqrt (3) +sqrt (3) *u”2) /3) = (expand((-u”2+sqgrt(3)*u-1)*

(-3*u+2*sqrt (3)) * (-3*u+sqrt (3) +sqrt (3) *ur2))) /3;

# a2 = -24*r173*(5*sqrt(3)*u-2-16*u”2+9*u"3*sqrt (3) -8*u”4+sqrt (3) *u”b) *sqrt (u*2-sqrt (3) *u+l) / (u”®
(3/2)* (=3*u+2*sqrt (3)) * (-3*u+sqrt (3) +sqrt (3) *u”2)) ;

a2 = 8*rl1”3* (u”2-sqrt(3)*u+l) "~ (3/2)/ur(3/2);

= 8r13(—\/Tu—~-uz+1)3/2 (48)

u3/2

> rll := u™(1/3)*u”(1/6)/(2* (u*2-sqrt (3) *u+l)~(1/2)): r2l := zl*rll/u:
zamproc (u,vl,u,v1,1,0,1,0, rll,sll,r21,s21):

o (ButVT)VT (3uy3IVE (ButV3)VT

(—3u+2\/T)u ’ (—3u+2\/T)u , (—3u+2\/?)u
1,0,0,1 49)

;Pemelme (44) co BTOpEIM 3HaUECHHEM KOpHS U3 (45) :

> 122 := z2*rl/u: sl2 := (z2-2*u”2+2)*s2/u:
v2 :=factor (normal (simplify (3* (ur4*22+22+6*u”2*z2-5*u”4+5*u”2+2)/ (11*z2+8*u”2*z2+16-3*u4-8*u~2)))):
solve (u"2+4*v2<0, u);
zamproc (u,v2,u,v2,1,0,1,0, rl,sl2,r22,s2):

RealRange(Open(—% V3 - % Vv 111 ), 0pen(—§ JT)),RealRange(Open(—% V3 + % v 111 ), Open(O))

0, 4\/Tr152(3u+\/7) (\/Tu-l—uz-l-l) ’_4\/T(3u+\/T)s22(\/Tu+u2+1) 4\/T(3u+\/T)u(\/Tu+u2+l)523
(Gu+2vT)u 3u+2v3 il (3u+2V7)

AUTur 1)l o 040 (T o) (50)

s2u?

;HOpMI/IpOBKa cucteMsl (50).
> 822 := 1/ (2% (u"2+sqrt (3) *u+l)~(1/2)*(-u)~(1/2)): sl2 := (z2 - 2*u”2 + 2)*s22/u:
zamproc (u,v2,u,v2,1,0,1,0, rl,sl2,r22,s22, 1lbl = true):
0

671 (7T it 35 + 11T 2 2112 +V3 +9u)

PPy VT u+id+1 Gu+2v3) VT2 +V3 +3u)
(3u+\/?)\/7
Gu+2v3)u
7\/?144+3u5+11\/7u2+21 u3+\/?+9u
T ut2+1) 7 Gua2vT) it (VT2 43T +30)

2142 (VT8 +9YT B +8u* +5V3 u+1612+2) Y V3 u+ud +1

P2 Bu+2vF) (VT2 +VT +34u)
0
0

A (51)

3
2
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YIIpoLueHHe BBIPKCHHS SIEMEHTa a, B cucteMe (51)

> # expand((u”2+sqrt (3) *u+l) * (3*u+2*sqrt (3)) * (3*u+sqrt (3) +sqrt (3) *u”2)) /3 = (u”2+sqgrt (3) *u+l) * (3*u+2*
sqrt (3)) * (3*u+sqrt (3) +sqrt (3) *u~2) /3;
a2 = 8*rl1”3* (u”2+sqrt(3)*u+l)~(3/2) *sqrt(-u)/u*2;

2= 8 I’ (\/?u+u2+1)3/2\/—_u (52)

2

> rl2 := u™(1/3)*(-u)~(1/6)/(2* (u2+sqrt (3) *u+l)~(1/2)): r22 := z2*rl2/u:
zamproc (u,v2,u,v2,1,0,1,0, rl2,s12,r22,s22, 1lbl = true):
0

3(7VT 35+ 1VT 2 4213 V3 +9u)
BB (—)l 3 (\/T142+\/T+3u) (3u+2\/7) (\/?u+uz+l)
(3u+x/?)\/7
(3u+2\/T)u
3(7VT 35 1T 24213 VT +9u) ()3

uth (\/Tu+u2+l) (3u+2\/7) (\/?u2+\/7+3u)
-1
0
0

¥ (53)

_CK06KaB bymd:
> factor (11*sqgrt (3) *u”2+7*u”4*sqrt (3)+21*u”3+sqrt (3)+9*u+3*u”s);

2
| (314-&-\/?) (\/Tu+u2+1) (54)
_Honcx 3aMeH K SF;” 2,
> solve ([M[1,3],M[2,2]], {rl,sl,r2,s2,v});

71 =RootOf (6 s1%s2 2 +usi®>s2—3sPu+6s1s2*+(-8s1sPu+125152+652) Z+(-352s2u+sPu+6si (55)

+125152%) 72) r2,r2=r2,51 =5sl,52=52,v= ;— (3 RootOf (6 5152 _Z +usl*s2=352u+6s1s2+(-8sls2u

+1252524652) Z+(-3sPs2u+sPu+6sP+1251522) 2)*sI>s2u+RootOf (6 s1*s2 B +usl?s2—3sPu
465152+ (-8s1s2u+1252524652) Z+(-3sPs2u+sPu+6s1+12s1522) 22)* 52 u+6 RootOf (651252 7
tus?s2=3sPu+651sP2+(-8s15s22u+12512524+652%) Z+(-3sPs2u+sPu+6sP+12s1522) 2)* s

+8 RootOf (65152 2 +usl>s2—3s2Pu+6s1s2>+ (-85l s22u+125752+6523) Z+(-3s>s2u+s2u+6sI’

+125152%) _72)*s152° =4 RootOf (6 s1%5s2 2B +usl?s2—=3sP u+6s1s2+(-8sl1s22u+12s2s24652%) Z+(-3s%s2u
+sPu+6sP+125152%) 72) 51522 u+10 RootOf (6 sI*s2 722 +usi*>s2 =353 u+6s1 52>+ (-85l s2>u+12517s2+6s52°) Z
+(-3sPs2u+sPu+6sP+125152%) 72) 51”52 +6 RootOf (6 51752 72 +usl?>s2—3sPu+6sl 52>+ (-85l s2>u+12s1%s2
+652%) Z4+(-3sPs2u+sPu+6sP+125152%) 72)s2+3usl>s2—3 52 u+6sl S22) / (5152 (RootOf (6 51*52 7

Fusi?s2-3sPu+651sP2+(-8s15s22u+1252524+652%) Z+(-3sPs2u+sPu+6sP+12s1522) 72)*s2
+2 RootOf (6 5152 2 +usi>s2—3s2P u+6sls2>+ (-85l s22u+125752+6523) Z+(-3s7s2u+s2u+6sI’

2 4 2
+125152) _2)s1+352) )}, r1=r2u,r2=r2,sl=—;— M,szzsz,v:% ”+26—“+5]
u u =3

L_PaccMOTpeHue BO3MOKHBIX PELICHHIA.
L2) : mepBoe pelieHne He TOUIAeTCs MPOBEPKe M3-3 COKHOCTH (hopMmyiL.
[h)
> {rl = =(1/2)*r2* (u”2+3) /u, r2 = r2, sl = u*s2, s2 = s2, v = (3/2)*(u4+6*u”2+5)/(u"2-3)1};
rll := -(1/2)*r2*(u"2+3) /u: sll := u*s2: vl := (3/2)* (u4+6*u”2+5)/ (u"2-3):
solve (u”2 + 4*vl < 0, u);
zamproc (u,vl,u,v1,1,0,1,0, rll,sll,r2,s2):
_ 1 r2?+3)

4 2
rl =r2:r2,sl:usz,s2:s2,v:i u'+6u +5
? ! 2 ur-3
RealRange(Open( -\/T), Open(\/?))
12 45) (P 49) (P 41) 122 3 5212 (b +5) (WP +1) 0 Cu(i2+5) (P +1) 52
4 u(u?=3) g » , 0, (2 3)
L2492 (241022 3 5202 (2 41)2 20241 us? (56)
8 ws2(u-3) 2 u 3
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L_Hopmuposka cuctemsl (56).
> s21 :
zamproc (u,vl,u,v1,1,0,1,0,

sqrt (3-u”2)/ (sqrt (2) * (u
rll,sll,r2,s21):

~2+1) *sqgrt(abs(u))): sll u*s21:

+54 RootOf (3 sI*> —s2%) 72 —sI”+

s (2 45) (> +9) (u®+1) 122 3 (2 +5) 12VZ -2 +3 0 1 VI3 (2 +5) u
4 u (u?-3) 8 AT 4 (2 +1)% 12 up2
Iy (W +1) (2 +9)2 237 3 A+ 1)N2 V-t +3 uv - (2 =3)° 57
) 312 0.-7 a 372 ( )
8 B (-2 +3) 4 u T (=12 +3)°" ju|
_> r21 := 27(5/6)*sqrt (3-u”2) *abs (u) * (1/6) *u™(2/3)/ ((u"2+1) * (u2+9)~(2/3)):
rll := -(1/2)*r21* (u”2+3) /u:
zamproc (u,vl,u,v1,1,0,1,0, rll,sll,r21,s21):
]_ 22/3 u1/3 |1/”1/3 (u2+5) _1 (M2—3) 21/3(142 _,’_5) 0 ]_ 22/3(u2+9)2/3 u1/3 (u2+5)
2 (241 (u2+9)1/3 4 (u2+9)2/3(u2+1) U3 |u|1/3 ’ 8 (2 +1) |u‘5/3
w03 213 (4 -3) _u (58)
u’' 2 |u|”3u1/3(uz+9)2/3’ [u]
;SHaquI/Ie V B TIOJyYEHHOU CHCTEME :
> v=((-(1/2)*27(2/3)* (u"2+5) *u”™ (2/3) / ((u*2+41) * (u*249) ~(1/3))) /(= (1/8)*2~(2/3) * (u"2+9) ~ (2/3) * (u"2+5) /
(U™ (4/3)*(ur2+1)))) " (1/3);
2 \1/3
i () (59)
W49
ITouck 3aMeH K SF76’ 2,
> solve([M[2,2],M[2,3]], {rl,sl,s2,r2,v});
G1=r2u,r2=r2,s1 =sl,s2=52,v=0}, |r] =RootOf (3 sI* —s2%) Z2—sI>+352>+8 Zsls2) r2,r2=r2 sl =sl s2=s2,v (60)

= (27 RootOf (3 s1* = 52%) 72 —sI>+3 52> +8 _Zsls2) sI*s2u—6RootOf (351> —s2*) 72 —sI> +3 522 +8 _Zsl52) sI*s2Xu
— RootOf (351> —522) 22 —sI>+3 52> +8 Zsls2) s2°u+9 RootOf (351> —522) 72 —sI>+3522+8 Zsls2) sl

352248 Zsls2) sI®s22 413 RootOf (3517 —522) 22 —sI> +3 52> +8 Zsls2) sl s2*

—9sPu+18sPs22u—5s15s2*u—9s5152+2651>52° +3 s25) / ((3 sI% = 52%) (3 RootOf ((3 51> —52%) 72 —s1*>+3 52?
+8 Zsls2) sI> =5 RootOf (3 s1* —s2%) 22 —sI>+352>+8 Zsls2) sl s2*>+5s1>s2—3s2%) )}

|_BTopoe peleHue He MOIaeTCs IPOBEPKE U3-3a CIIOXKHOCTH (hOPMYJI.
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3.6.6. Ceedenue NSF27’ 255 u3 cnucka 2.4, K npeowecmeyrougum.

> restart; read("newlib.m"); with(mylib): with(LinearAlgebra):

B nauHOM pa3zzene He MOKa3aHbI Pe3yJIbTATHI ACHCTBHUS IPOLEAYPHI S0/ve , BBHAY UX OOJBLIOTO 06BeMa.
L_[TosTOMY pellieH s, 04EBUIHO HE MOJXOANIME 110 00IACTH ONPEENEHHS, U CIIOKHBIE PEIICHHS, HE MOIAIOIIMECS TPOBEPKE, HE BHIUCAHBL.

3
NSF]2 << (ve (0, ) U (1,V&), w+ -u(v-v2), 4w < - (u +v)?). PesybTar IpoussoibHOif 3aMeHb! :

> M := zamproc (u,w,u/v-v* (u*v+w) ,ut+w/v,1,0,1/v-v*2,1, rl,sl,r2,s2):

Tlonck 3ameH k SF3'4[12.
:> solve([M[1,1],M[1,3],M[2,2],M[2,4]], {rl,sl,r2,s82,v,u,w}):

L_PaccMOTpeHue BO3MOXHBIX PELIEHHI.

L7) : peuicHue He OTPENIENeHO Ha IOy CTHMBIX 3HAYEHUSX APAMETPOB.

> {rl = rl, r2 = rl*RootOf (_Z"2*v+l- Z*v"2)*v, sl = RootOf( Z"2*v+l- Z*v"2)*s2, s2 = s2, u = 2*v, v =
v, w = —(1+2*v"*3)/v};
solve (v* 7Z"2+1-v"2* 7, 7);

{rl =rl,r2=rl RootOf( Z2v+1— ZV?) v,s1=RootOf( Z2v+1— ZV?)s2,s2=s2, u=2v,v=v,w= —ﬂ}
v
L 2+ -4y 1 P44y (1)
| 2 v ) v
b) : yacTHeIit cyyaii yxona a) B S 11'2.
B {rl = r2*(sl*v"2-2*s2)/(v*(2*sl-v*s2)), r2 = r2, sl = sl, s2 =82, u=-v, v=1v, W= (3*s1"2*v"2+2%*
S1*v"3*%52-2%s1*s2-82"2*v"4-2%y*s272) / (s2*v* (2*s1-v*s2)) };
- _ 2 ) D2 A 2
{ﬂ:u (s1*—252) 2=12 51 =152 =52, u= v, y=v,w= 351 V4251V s2—=25152—s2 2ys2 } )
v(2sl—vs2) s2v(2sl—vs2)
B rll := r2*(sl*v"2-2*s2)/(v*(2*sl-v*s2)): ul := -v:
Wl 1= (3*s172*v 2+2*s1*y 3*52-2%51%52-82" 2%y N4-2*%y*3272) / (S2*v* (2*%sl-v*s2)):
zamproc (ul,wl,ul/v-v* (ul*v+wl) ,ul+wl/v,1,0,1/v-v*2,1, rll,sl,r2,s2):
0. - (V' —4) (s2v+s]) (-s] s2V* +sI>v+s2%) 12 0 (s2v+s) (-s1s2V +sI>v+s22)
’ V (-s2v+2s1) o r2v
C(-s1s2V +sPPv+522) (V —4) (-s2V +351V —252) 123 0 r2 (-s2V 43512 —=252) (-5l 52V +sI>v+52%) 0 (3)

\/332(—s2v-l-251)3 \/252(—s2v+231)
> solve (w = (3*s1"2*v"2+42*%s1*v 3*s2-2*%51*52-82"2*v"4-2%y*s2”2) / (s2*v* (2*sl-v*s2)), sl);

kkl : (1/3) * (=v"3+w*v+1l+sqrt (4* v 6=-5*wrv 4+4*y A 3+w 2*v 24+ 2*wrv+1) ) /v 2:
kk2 := = (1/3)* (v*"3-w*v-1+sqrt (4*v 6-5*wrv" 4+4*y 34w 2* v 2+2*wrv+1) ) /vi2:
1 (- +vw VAP S Fw P WP TAP F2vw il +1) 52 s (P —vwH VAP S P wiP PP 1 2vwtl —1) 52 “)
3 V T3 V?
B ul := -v: solve ((ul+v) "2 +4*w < 0, w);
s11 := kkl*s2: rll := r2*(sll*v”*2-2*s2)/(v*(2*sll-v*s2)):

zamproc (ul,w,ul/v-v* (ul*v+w) ,ul+w/v,1,0,1/v-v*2,1, rll,sll,r2,s2):
RealRange( - %, Open(0))
0,-;— 1 (2522 -4) (4 =54w
P(-5P +2vwt2 TP S Fwa P a P 12wl +2)

+2V 4P =5V W W H4V 2w+ 1 VAP W AP =S w w4 F2vw T vw 4V 20w

1
27 240

+2) (4 =5 P w2 VTP S P w PR T A7 T 2wt 1V + 2w VAP S P w2 T A7 F2vw+ T vw+4v +2vw

AP TPt av vl +1)).0 (-5 1 2vw+2 TP S F TP FA v T2y w1

AP PP T ar 2o T +1) s23)

- 1 (32 v (P-4 (364 +61 P w 5)
$2(-5¥ 129w 42 VAP S PwIP T a P T2y w1 +2)
F18V AV =5V wHV W +4v F2vw+1 VY =29 W — 19V 4V =5V w P w4V F2vw 1 VP w =36V +42 W

+4V 4P =5V W W H4V £ 2w+ v =2 w9V A =SV W+ W HAV £ 2w+ 1 8 v

4V AP =5V WtV WAV +2vw+] w—9vz+4w)),0,
1 1
3 »2(—5v‘+2vw+2J4\ﬁ—5v4w+h2+4\9+2vw+1+2)

(1252 (=36 +61 ¥ w

F18VAV =5V WA WAV F2vw+1 VY =29V W =19V 40 =5V wH VW H4A vy F2vw 1 P w=361 +42 %

VAP =5V w P WAV F2vw 1l v =2V w9V AP =S5V w kP w4 F 2w+ +8 v

4 TF AP A 2w L w—92+4w)),0
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;anomeﬂne yacteil BbIpaXKeHUH 31eMEHTOB MaTpHIIbI (5) :
> blp = (4-v"3)*collect ((4* v 6-5*wrv N 4+4*v A 3+2* v A3+ x+wh2* v 2+2*w v+wrvrx+x+1l), [x,w], factor);
a2p = v*(4-v”"3)*collect ((-36*v"8+61*v"6*w-36*v"5+18*v"5*x-29*v"4*w"2-2*v"3*w-19* v "3 wrx-9*v" 2+4*w"3*
VA2+9* VA 2*x+8* w2 * v+4*wh 2 v x+4*wrx+4*w) , [x,w], factor);
c2p = collect (=36*v"8+61*v"6*w-36*v 5+18* v 5*x-29* v 4 W 2-2* v 3 w-19*v"3*wrx-9* v 2+4* W 3*Xvr2+9*y 2K
X+BFWA2* v+ w2 vix+4*wrxk+4*w, [x,w], factor);
bip=(-V+4) (27 +vw+1) x+w2 2 —v (57 =2) w+ (2 +1)?)
a2p=v(-V+4) (4w v+(-19V +4) w492 (293 +1)) x+4w* P =1 (297 = 8) w2 + (6118 =23 +4) w=92 (22 +1)?)
2p=(4 W2 v+(-19V +4) w+92 2V +1)) x+4 w2 = v (29 —8) w? + (6115 =213 +4) w—912 (213 +1)° (6)

L_BrIpaskeHue HOPMUPOBOYHOH 3aMEHbI Yepe3 dIeMEHTbI MATPHILI (5) :
> Dbll := bl*r2*s2; dll := dl1*s273; a2l := a2*r273/s2; c2l1 := c2*r2*s2;

bll:=blr2s2
dil =dl s2*
3
a2l = 4212
s2
e2l=c2r2s2 @)
[> 521 := a2*r273; a2l := a2*r273/s2l; c2l := c2*r2*s2l;
s21 =a2 r2
a2l =1
i c2l=c2r2* a2 8)
> 21 = (a2*c2) " (-1/4); s21 := a2*r2173; c21 := c2*r21*s21; bll := bl*r21*s21;
1
21 =
(a2 e2)'*
521 a2
(a2 c2)3*
c2l =
bl
bll == 9
> ®

Ilouck 3ameH Kk SF252' 2,
:> solve ([M[1,1],M[2,2],M[2,3]], {rl,sl,r2,s2,v,w});
L_PaccMOTpeHue BO3MOKHBIX PELICHHIA.
L) :
> {rl=-r2*RootOf (7* 72"3-1),r2=r2,sl=sl,s2=0,u=u,v=RootOf (7* Z"3-1),w=3*u*RootOf (7* 7Z"3-1)+3*RootOf (7*
_7273-1)"2}; rll = -r2*¥77°(-1/3): vl := 77(-1/3): wl := 3*u*7"(-1/3) + 3*7"(-2/3):
solve ((utvl) "2 + 4*wl < 0, u);
zamproc (u,wl,u/vl-vl* (u*vl+wl),u+wl/v1,1,0,1/v1l-v1%2,1, rll,sl,r2,0):
{rl=-r2 RootOf(7 2 —1),r2=r2,51=51,52=0,u=u,v=RootOf(7_Z —1), w=3 RootOf(7 2 —1) u+3 RootOf(7_Z —1)*}

RealRange(Open( - % 72/3), Open( - ;— 72/3)]

0,2 27051, -3 prgp L
7 T 7 T2

3 (72/3
202 (047w o L enggy 10)
49 sl 7

;HOpMI/IpOBKa cuctemsl (11).
> 81l := T™(1/2)* (= (7*u+7"(2/3))) " (-1/2) :
zamproc (u,wl,u/vl-vl* (u*vl+wl),u+wl/v1,1,0,1/vl-v17*2,1, rll,sll,r2,0):

r2 73/ 378 T
m 72/3+7u (_72/3_7u)3/2r2
—%1*23\/7(-72/3—714)3/2,0,0,—l (11)

B r21 := 7°(5/6)* (= (7*u+7"(2/3)))"(-1/2)/3: rll := -r21*7~(-1/3):

zamproc (u,wl,u/vl-vl* (u*vl+wl),u+wl/v1,1,0,1/v1l-v1%2,1, rll,sll,r21,0):
3 72/3 3 72/3 3 72/3

PR47u PR 4T PR 4T

1,0,0,-1 (12)

0,2
7

5

_b): YaCTHBIN Cly4aii yxoaa a) B SF?’ 2,

[> {rl = r2* (ROOtOF (2" 2*v+v 3-3- Z*v"2) ¥y 2-6+v~3) / (v* (2*ROOLOf (2 2%v+v~3-3- Z*y*2)-v)), r2 = r2, sl

= RootOf ( Z"2*v+v~3-3- Z*v"2)*s2, s2 = s2, u = (RootOf( Z"2*v+v"3-3- Z*Vv"2)*v"2-6+v"3)/ (v* (2*RootOf

((272*v+vh3-3-_2*v"2)-Vv)), v = v, w = (3%(RootOf (_Z"2*v+v"3-3- Z*v"2)*v"2-2))/v};

2 _3_ _

= 12 (RootOf ( ZZv+V' =3~ Z) ¥~ 6+V) 2=12, 51 =RootOf(_Zv+v’ —3— Z+%) s2,s2=52,u (13)

v (2 RootOf( ZZv+v =3 — ZV?) —v)
_ RootOf( ZZv+V =3~ ZA)V—6+v 3 (RootOf( ZZv+V =3~ ZV)?~2) ]

V(2 RootOf( Zv+v =3— 7)) —v) v
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B solve (_Z272*v+v"3-3- Z*v"2, 7);

kkl := (1/2)* ( A2+sqrt(3)*sart(v) sqrt (4-v*3)) /v
kk2 := -(1/2)*(-v"2+sqrt (3) *sqrt (v) *sqrt (4-v*3)) /v
L 2+V3V 1y 1 -2+ 3+ 1y (14)
| 2 % T2 v
;Pemeﬂne (13) ¢ nepBbIM 3HaYeHHEeM KopH u3 (14) :
> rll := (r2*(kkl*v"2-6+v”"3)/(v*(2*kkl-v))): sll := kkl*s2:
ul := simplify ((kk1*v"2-6+v"3)/(v*(2*kkl-v))): wl := (3*(kkl*v"2-2))/v:

solve ((ul+v) "2 + 4*wl < 0, v);

zamproc (ul,wl,ul/v-v* (ul*v+wl),ul+wl/v,1,0,1/v-v*2,1, rll,sll,r2,s2, 1lbl =

= true):
RealRange(Open(0), Open(1))
0

(4432 T 1252
V3/2

TP (- +4)°?
V’S/Z

(- +4)372 7 52°
2"

I (T HE +8-4yT 2 P44 -8 +16) r2*

EXYSN gy
0
0

1 (B2 -39 -aV3 (v P 5a +124) P22 (7
NEa

1
2

o=

(13)

;HopanOBKa cuctemsl (16).
> solve (v (3/2) *sqrt (3) -sqrt (4-v~3) < 0, v);

s21 := sqrt(2)*v~(3/4)/(3"(1/4)*(4-v"3)" (Z’L/2) *(=v"~(3/2)
s1l1l := kkl*s21l:

zamproc (ul,wl,ul/v-v* (ul*v+wl)

*sqrt (3) + sqrt(-v 3+4))"(1/2)):

,ul+wl/v,1,0,1/v-v*2,1, rll,sll,r2,s21, 1bl
RealRange(0, Open(1))
0

V24 3te

JF o T e
214
V3 VP2— -V +4
1/'5/433/4\/7
2 (Ter ey >a)”

| T T i 3 (T T =4V T T TE =8 416) 2
4 ‘/9/4

0

0

1 (FV P52 -3 V3
VI VP2 +4

true) :

W | N

(16)
_anomeHne CKOOKH B dIIEMEHTe a, cucTeMsl (16).

> (VA6+VA(9/2)*sqrt(3)*sqrt(va3+4)f8*vA374*vA(3/2)*sqrt(3)*

sqrt (-v~3+4)+16) = factor (v"6-8*v"3+16) +
factor (v*(9/2) *sqrt (3) - 4*v”~(3/2)*sqrt(3)) *sqrt (-v"3+4);
vA6+v” (9/2) *sqrt (3) *sqrt (-v*3+4) -8*v"3-4*v”~ (3/2) *sqrt (3) *sqrt (-v"3+4)+16 = (4-v"3)* (4-v"3-v"~ (3/2)*
sqrt (3) *sqrt (-v~3+4));
vA6+vN (9/2) *sqrt (3) *sqrt (-v*3+4) -8*v"3-4*v”" (3/2) *sqrt (3) *sqrt (-v"3+4)+16 = (-v"3+4)"(3/2)* (sqrt (-
vA3+4) - v~ (3/2)*sqrt(3));

P2 T T -89 — 432 T DT +16= (P —4)2 +32 VT (#2-2) (P2 +2) [ 54
PP T VT —8P 42 T A +16= (- +4) (<P =2y F 17 +4)

i wm/zrm_ 81 - 41/3/2\/_\/—\/"_4+16 P+ ([P Fa -2 JF) a7
> r2l := sqrt(2 (3/4)/(37~(1/4)* (4-v"3)"(1/2) (3/2) *sqrt (3) + sqrt(-v"3+4))"(1/2))
rll := (r21*(kkl* ~2- 6+VA3)/(V*(2*kkl v))):

zamproc (ul,wl,ul/v-v* (ul*v+wl),ul+wl/v,1,0,1/v-v*2,1, rll,sll,r21,s21):
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0 23 -4 P VF Y S N
(N N g Wi Y e A ST N N gy
R LN LY S TV VP +a -32) VT (18)
| [T (T (F e
> u_new = ((4-v"3) % (vA2* ((vA2+(12%v=3%v"4) A (1/2)) * (25¥) * (-1)) =2) * (1)) ;
e~ -V +4 19)

;—v(vz+\/ -3v +12v)—

L_Pemmenue (13) co BTopbiM 3HauenneM kopHs u3 (14) :

> rl2 = (r2*(kk2*v"2-6+v"3)/(v* (2*kk2-v))): sl2 := kk2*s2:
u2 := (kk2*v"2-6+v"3)/(v* (2*kk2-v)): w2 := (3*(kk2*v"2-2))/v: solve((u2+v)”2 + 4*w2 < 0, v);
zamproc (u2,w2,u2/v-v* (u2*v+w2) ,u2+w2/v,1,0,1/v-v"2, 1, rl2,s12,r2,s2):

RealRange(Open( ), Open( G 723 132/3J)

(P-4 32 T 22V VT2 (P +4)°7 (P 4432823 B3V

, 7 )
e 4 27
L PR TRE o4V R TRE 480 16 VT2 1 VPR 2 ) [P VT ()
,0,0, 7
|2 SLIoN vy 2 v
L_Hopmuposka cuctemsi (20).
> 822 := sqrt(2)*v”~(3/4)/ (3~ (1/4)* (4-v"3)"~(1/2) A (3/2) *sqrt (3) +sqrt (-v~3+4) )" (1/2)): sl2 := kk2*s22:
Zamproc(u2,w2,u2/v—v*(u2*v+w2),u2+w2/v 1,0, 1/v v*2,1, rl2,s12,r2,s22, 1lbl = true):
0
V2 (P -4)31"2
TR B
27 +4
N ey
2 BT
3 372
2 (VT2 7))
N r\/ T2 VTP T 4T A T 480 16) 342
/4
0
0
D o it e ) B @1)

S o LR ey ey

Ynpouenue CKoOKI B dMeMeHTe @, CHCTeMSI (21).
B -V 6+v”® (9/2) *sqrt (3) *sqrt (4-v"3) +8*v"3-4*v" (3/2) *sqrt (3) *sqrt (4-v*3)-16 = factor(-v"6 + 8*v"3 - 16)

+ factor (v~ (9/2) - 4*v"~(3/2))*sqrt(3) *sqrt (4-v"3);

-vh6+v” (9/2) *sqrt (3) *sqrt (4-v"3) +8*v 3-4*v" (3/2) *sqrt (3) *sqrt (4-v”*3)-16 = (4 - v"3)*(-(4-v"3) - v*
(3/2) *sqrt (3) *sqrt (4-v"3));

-V 6+v” (9/2) *sqrt (3) *sqrt (4-v"3) +8* v 3-4*v" (3/2) *sqrt (3) *sqrt (4-v”*3)-16 = = (4 - v"3)"(3/2)*(v*(3/2)*

sqrt (3) +sqrt (4-v*3));
VAP T VE-F 48V =432 B VA—7 —16=-(-4+) +32 (P2 =2) B2 +2) V3 V4-7
SRR T VT 485 =432 T VTP —16=(4—) (B 2T VT -4)

| -¢+V9/2J—m+w ww—J—v’—lsf (4- w’z(wzﬁwm) (22)
[> 122 := sqrt(2 (3/4)/( A(1/4) sqrt ( (3/2) *sqrt (3) +sqrt (4-v”"3))) * (4-v"3) " (1/2)
rl2 := (r22*(kk2* ~2-6+v"3) / (v* (2*kk2- v))):
zamproc (u2,w2,u2/v-v* (u2*v+w2) ,u2+w2/v,1,0,1/v-v*2,1, rl2,sl2,r22,s22):
0. 2[7T e ey
TR T (T TR VT T
T Pra-v+a oo L G +32) V3 23)
i N gl o= T g v B N O VT g N
> u new = -2*sqrt (4-v~3)/(v"(3/2) *sqrt (3) +sqrt (4-v"3));
wnew=-—24VE4 V4 24)
Ve L ey
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L) :
> {rl = -(1/8)*r2*u, r2 = r2, sl = RootOf (16* Z"2*u+u”3+192+4*u”2* 7Z)*s2, s2 = s2, v = -(1/4)*u, w = -
(3/8* (—utRootOf (16* Z 2*utu”3+192+4*u”2* 7))) *u};

{r] = _51;_ r2u, r2=r2,s1=RootOf(16 72 u~+u’ +192 +4 1> 7) 52, 52=s2,v= —4£ u,w= —% (-u+RootOf (16 7 u+u® +192 (25)
+4 uziZ)) u}
;BmpasnMB (25) v gepes u.
> ul = -4*v: {rl=-(1/8)*r2*ul, r2=r2,s1=RootOf (16* Z"2*ul+ul”3+192+4*ul"2* 7)*s2,s2=s2,u=-4*v,w=-
(3/8* (~ul+RootOf (16* Z"2*ul+ul”3+192+4*ul”2* 7)))*ul};
{r1= % vr2,r2=r2,s1 =RootOf( Z2v— ZV+V —3) s2,52=s2,u=-4v,w= % (4v+RootOf( ZZv— ZV+v—3)) v} (26)
=> solve (_2"2*v+v"3-3-v"2* 7, 7);
kkl := = (1/2)* (-v"2+sqrt (-3*v"4+12*v)) /v: kk2 := (1/2)* (v 2+sqrt (-3*v"4+12*v)) /v:
12+ 37412y 1 2+/3/+12v (27)
2 v T2 v

;PeLueHne (26) co BTOpbIM 3HaUEHHEM KOpHS U3 (27) :
> wl := simplify ((3/2* (4*v+kkl))*v): solve((ul+v)"2+4*wl<0,v); rll := v*r2/2: sll := kkl*s2:
zamproc (ul,wl,ul/v-v* (ul*v+wl) ,ul+wl/v,1,0,1/v-v*2,1, rll,sll,r2,s2, 1lbl = true):

RealRange[Open(O), Open( % 281/3) )
0

1204 BT A Tvtd -4) VT
’ NETCEn

22 -4) BV T -4) 3
-v(vy—4) v

2 (P-4 BV VT v+ -4) V3
vi2A v (v —4)

32 -4)
8 s2
0
0
3522 (V¥ —4) (28)

> 521 := 1/(3"(1/2)*(4-v"*3)~(1/2)): sll := kkl*s21l:
zamproc (ul,wl,ul/v-v* (ul*v+wl),ul+wl/v,1,0,1/v-v*2,1, rll,sll,r2,s21):

P o Y A e ) D W € AR Yl IR Y R W ol ) iy IR S
8 vy -v(v —4) 12 v(v—4) v 6 V-v(V—4) 2y -V +4
%ﬁ(-v”+4)3/2r23,0,0,-1 29)

1
4

1
N =

> r2l := -2/ (sqrt(3)* (4-v"3)"(1/2)): rll := v*r21/2:
zamproc (ul,wl,ul/v-v* (ul*v+wl),ul+wl/v,1,0,1/v-v*2,1, rll,sll,r21,s21):

L FBaV T viv-4) 1 GGV oE-avir-4) 1 T EE - v+4-4)

0,-— y ,

12 SO =4 v 12 SO =4 v 12 S =) v
i 1,0,0, -1 (30)
B u new = (1/12) * (9*v"2-sqgrt (3) *sqrt (-v* (v"3-4))) /v"2;
unew=L 9 V3V -v(i¥ -4) (31)
- 12 1V
;Peme}me (26) ¢ nepBbIM 3Ha4YeHHEM KOpPHS U3 (27) HE ONPEJIENEeHO :
>ul = -4*v: w2 := simplify ((3/2* (4*v+kk2))*v):
solve ((ul+v) "2 + 4*w2 < 0, v); simplify((ul+v)”2 + 4*w2); # D > 0 !!!
362 +3V3 Vv (¥ —4) (32)

d) : gacTHbI c1ydail yxoma b) B SFf’ 2,

[> (rl = r2*u, r2 = r2, sl = s2* (-utRootOf (u"2* Z- 7z2"2*u+ 72"3-3)), s2 = s2, v = RootOf (u"2* 7Z- Z"2*u+
773-3), w = -2*u’2-u*RootOf (u"2* 7~ Z72%u+ 7°3-3) +RoOtOf (W 2% Z- Z°2*u+ Z°3-3)"2};

{rl=r2u,r2=r2,51=52 (-u+RootOf (/> Z— Z2u+ 2°—3)),52=52,v=RootOf (i’ Z— Zu+ 2 -3),w=-2u*>—uRootOf (> Z (33)

- Zu+ 2 -3) +RootOf (> Z— Zu+ 7 -3)%

;V KyOHYecKoro MHOTOWwIeHa 13 (33) OUH BelIeCTBEHHBIH KOPEHb :

> solve (W'2*% Z- Z°2*%u+ 2°3-3, 7); diff(ur2*% 7- 2°2%u+ 2°3-3, Z)=( Z-u)"2 + 2% 2°2;
kkl := (1/6)*(-28*u”3+324+36*sqrt (u"6-14*u”3+81)) " (1/3)-(4/3)*u”2/ (-28*u”3+324+36*sqrt (u"6-14*
u”3+81)) " (1/3)+(1/3) *u:
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1 13 4 W2 1 1
g(—28u3+324+36\/u5—14u3+81) -3 = +§u,-a(-28u3+324
(—28 w3 +324+36 i — 1415 +81 )
13 2 W2 1 1 1
+36\/u5—14u3+81> +Z 1/3+§u+zlﬁ[g(-28u3+324
(-288 4324436 VB — T4 181)
13 g P 1 1/3
136V a5 T8) +2 — J T (-2813 4324436 VB — T4 181)
(-2843 +324 136V 145 1381)
2 1/3
+§ U 1/3+§u%Iﬁ[é(28u3+324+36\/u314u3+81)
(284 +324 +36u® — 145 +81 )
2
+2 u
3

1/3
(2843 +324 +36u® — 145 +81 )
3 22 Zu+ib=(Z-u?+2 7

! (34)
B rll:=r2*u: sll:=s2*(-ut+kkl): vl:=evala(kkl): wl:=(-2*u”2-u*kkl+kkl”2): solve ((u+vl)”"2+4*wl<0,u);
radnormal (((1/2305927260)* (26896688+2533986*sqrt (114))"~(4/3)-(1424/69615)* (26896688+2533986*sqrt
(114))~(1/3))"3)~(1/3); solve (vl < 47°(1/3), u);
# zamproc(u,wl,u/vl-vl* (u*vl+wl),ut+wl/v1,1,0,1/v1l-v1"2,1, rll,sll,r2,s2):
1 43 1424 173
RealR - 00, O -1)), RealR ) —— (26896688 +2533986 V 114 - 26896688 42533986 114 ,
calRange(= o2, Open(~1)). Rea a"ge( 7 e"(2305927260 ( ) 69615 ( ) )
")
1_ 1251/3 912/3
91
RealRange( - o, Open(O)),RealRange(Open(O), Open(;— 22/3] ),RealRange[Open(;— 22/3), 00) (35)
;0603Ha'{PIM BEIECTBEHHbIIT KopeHb U3 (34)3a 0 :
> rll := r2*u: sll := s2*(-uttheta): vl := theta: wl := (-2*u”2-u*thetattheta”2):
zamproc (u,wl,u/vl-vl* (u*vl+wl),u+wl/v1,1,0,1/vl-v1*2,1, rll,sll,r2,s2, 1bl true) :
#pm2 (u,wl,u/vl-vl* (u*vl+wl),u+wl/v1,1,0,1/v1-v1*2,1);
0
C(-2u+6) (P u—042—1)r252
0
C(-2u+6) (6’207 u+2042-2) 52
0
C(-2u+6) (P u—042—1) 52
r20
2 (u+0) (Ozufeuzfl)
526
_(u+9) (93—92u+9u2—3) r2?
0
C(u+6) (0~ u+6u’—3) 252
0
(u+9) (ezu—euz—l)SZZ (36)
0

B solve (u”"2*theta-u*theta”2+1, theta);

I d+Vut+4u 1 - +Vut +4u (37)
2 u ) u

[> s21:=abs (theta)~(1/2)/ (abs (uttheta)~ (1/2) *abs (u*2*theta-u*theta”2+1)"(1/2))
zamproc (u,wl,u/vl-vl* (u*vl+wl),u+wl/v1,1,0,1/vl-v1*2,1,

: sll:=s21* (-ut+theta):

rll,sll,r2,s21, 1bl true) :
0
r2 (-2u+0) (Szu—euz—l) \/F
i Jut6 Jo'u—0ut-1
)
(-2u+0) (620" u+2012-2) 0

- (u+9) (qu—euz—l)
0
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93/2

(-2u+6) (qu—euz—l)

(u +9)3/2 (92 u—0u— 1)3/2

r20

VR 2 _
(u+6)(92u—6u2—1)r23 \/u-l-e\/eu Ou ~1

_ v
0

_(ut9) (93—92u+9u2—3) r2?
6

Jo

Jut6 o u—0u2-1

r2 (u+6) (93792u+9u273)

0
(u+8) (qu—euz—l) 29 5 ‘
B e(u+6) (6°u—-0u>-1) (38)
=> r21:=abs (theta)”(1/2)/ (abs (u+theta)” (1/2) *abs (u*2*theta-u*theta”2+1) "~ (1/2)): rll:=r21*u:
zamproc (u,wl,u/vl-vl* (u*vl+wl),ut+wl/v1,1,0,1/v1l-v1"2,1, rll,sll,r21,s21, 1bl = true):
0
(-2u+0) (6 u—-012-1) 29
B (u+0) (6°u—0u>—1)
6
(—2u+9)(93—262u+29u2—2) 29
B (u+0) (0°u—-0u>—1)
6
(-2u+0) (BPu—-0u>—1) 29
B (u+0) (0°u—0u>—1)
6
(u+0) (0*u—0u2—1) 29
u+ u—0u"—
B 0) (0 0u’—1
6
(u+6) (6 —62u+0:2—3) o
u+ u—0Qu —
) 0) (6°u—0u’—1
6
(u+0) (68 -0 u+0612-3) 29
~ (u+0) (0°u—-0u>—1)
6
(u+0) (P u—0u2—1) 29 5
B e(u-‘re) (6°u—0u>—1) (39)
;3Haqe1-n/1e napamerpa u B cucreme (39) u ynpouieHue o :
> u new = (2*u-theta)/ (uttheta);
sigma = (u+theta)* (u"2*theta-u*theta”2+1) *abs (theta/ ((ut+theta)* (u*2*theta-u*theta”2+1)))/theta;
# plot ((utkkl)* (u*2*kkl-u*kkl”2+1), u = -2..2); solve((ut+kkl)* (u*2*kkl-u*kkl1”2+1)=0, u);
sigma = sgn(u+l);
u—9
u_new=
u+0
(u+6) (—qu+9u2+1) 26
o (u+0) (-0"u+0u?+1)
0
o=sgn(u+1) (40)

Tlouck 3ameH k SFg’ 2,

_> solve([M[1,3], M[2,2]], {rl,sl,r2,s2,u,v,w}):
solve ([M[1,3], M[2,2]], {rl,sl,r2,s2,v,w}):

> {rl=-r2* (u"2*v-2*v"2*u+3)/ (v* (2*u-v)), r2=r2, sl=s2*u, s2=s2, v=v, w=(3*(5*u+2*v-v"3*u+6*u”3*v-6*
UN2*vA2-vNA+un5AvA2-4*utdr v 344Xy 4*un3=-25 v A5 un2+vn6ru) ) / (VvF (U 2*v=v 22X u=3+vn3) ¥ (2*u-v) ) };
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Q)

2.,
r]z-M,}Q:}Q,.ﬂ:SZM,S2:S2,V:V,W
v2u-—v)
35 ut2v=Vu+6dv-6* V-V +i’ V—4u* V +4 P -2V P+ u)
v v=vu—-3+v) Qu-v)

> 111 = —r2% (UA2Fv-2%vA2%ud3) / (vF (2%u-v) ) : s1l := u*s2:
(3* (5*u+2*v-v 3*u+6*ut3*v-6*ut2*v"2-v" 4+urb*vr2-4*ut4* vy r3+4*¥yr4*ut3-2*yAhrunt24vi6*u) ) / (vr (uh2*

wl :=

v-v 2*u-3+v~3) * (2*u-v) ) :

zamproc (u,wl,u/v-v* (u*v+wl) ,u+wl/v,1,0,1/v-v*2,1, rll,sll,r2,s2, 1lbl = true):
(Pv=—u? =2V +9) WPv—uv+1) (Bv=-3u* VP +uvV =V +5u+2v) r2?

V2 v=uv +7=3) Qu-v)?

3522 (WPBv—uv+1) (Bv=3u*VV+uv -V +5u+2v)
V Qu—v)?
0
CWPv=u+ D) (Bv=32V +uv -V +5u+2v) 52
vi2 (P v—uv +v =3)
(uzv—uvz-H)Z(uzv—uv2—2v3-l-9)2r23
V2 Qu-v? (Bv—u*+v-3)

0
_3r2s2(u2v—u\fz+1)2
v2(2u—v}
S22(u2v—uv2+1)2(2u—v) (42)
v(dv—u*+ -3)
;HOpMI/IpOBKa cHCTeMEI (42).
> s21 := sqrt(v)*sqrt(abs (u"2*v-v*2*u-3+v”*3))/ ((u"2*v-v"2*u+l) *sqrt (abs (2*u-v))): sll := u*s2l:
1bl = true):

zamproc (u,wl,u/v-v* (u*v+wl) ,u+wl/v,1,0,1/v-v*2,1, rll,sll,r2,s21,
~ (Bv—uv?=2v+9) (WBv—uv*+1) WP v=3u2V+uv =V +5u+2v) 122

P2 v—uv+v=3) Qu—v)?

32 v=3V+uv =V +5u+2v) yuvouvtv-3
N2u—v
V22 u—v)?
0
20 )32

Vv (v-ur+v -3) (WBv=3V+uv =V +5u+2v)

(zu_v)3/2

(Wv—u?+7=3) 12 (Bv—u+1)2

N2u—v
wv—uv+v -3
(Bv=—u?+vV=3) Qu—v> V"2

(uzv—uvz—2v3+9)2 (uzv—uv2+1)3r23

0
32 (B v—ur+1) Nuv-uv+v -3
N2u—v
2 Qu-—v)
24 _
Qu—v) |1 ;tv2+\f" 3 a
u—v
| wy—uv+v -3 ( )
> 121 = v (7/6) *sqgrt (abs (u"2*v-v"2*u-3+v"3)) *abs (2*u-v) * (5/6) / ((u"2*v=-v"2*u+l) * (9-2*v"3-v 2*utu”2*v) "
(2/3)): rll := -r2l*(u*2*v-2*v"2*u+3)/ (v* (2*u-v)):

zamproc (u,wl,u/v-v* (u*v+wl) ,u+wl/v,1,0,1/v-v*2,1, rll,sll,r21,s21, 1lbl = true):
_vm(u3v—3u2vz+uv3—v4+5u+2v) [Qu—-v)3" (R v—u?+v —3)|

Qu=v2(v—u+1) (Brv—u? =23 +9)"3 (Bv—uP+-3)
3 v=3 P +uv =V +5u+2v) [Qu—'"? (Ev—u?+V -3)]|
VB Qu=v? (P v—u+1) (uzvfu\/272\}+9)2/3
0

2, —
(Bv—u? =23 +9)? (Bv—-32 P +uv —* +5u+2v) wy—uy4v -3
Qu—v)7

B v—u+1) (Pv—u? +v =3)
[2u—v)? (Bv—ur?+v=3)|
Qu-v? (v—uv+v-3)

0
3 Ru—wB Pv—u +V -3)]
W3 Qu—v) (uzvfu\/272v3+9)2/3
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Wyv—uv+v -3

Qu-—v) 2
u—v 44
WEyv—uv+v -3 ( )
;3Ha'{€HI/Iﬂ TNapaMeTpoB B cucTeme (44):
> u new = 51mp11fy 1/3 *(UN3*v-3*ut2*v 2+v i 3*u+S5ru-vrA+2*v) / ((2*u-v) N (1/3) * (ut2*v-v 2*u+l) * (ut2*

V+9-vA2*u-2*v~3) (1/3

#v new = simplify((-v (1/3)*(uAB*v—3*uA2*vA2+vA3*u+5*u—vA4+2*v)*abs((2*u—v) (5/3) *(
v ?))/((2*u v)AZ*(uAZ*v—vAZ*u+1)*(uAZ*v+9—VA2*u—2*vA3)A(1/3)*(uA2*v—VA2*u 3+v”3)))/
u-2*vA3) " (2/3) * (ut3*v-3*ut2*v 2+v 3*u+5*u-vr4+2*v) *abs ((ut2*v-v 2*u-3+v”3) / (2*u-v) *
(ur2*v-v"2*u+l) * (U 2*v-v*2*u-3+v"3))) )" (1/3);

v_new = (v*(2*u-v) "2/ ((u"2*v+9-v 2*u-2*v”~3))) " (1/3);

sigma = (2*u-v)*abs ((u"2*v-v"2*u-3+v"3)/ (2*u-v))/ (u 2*v-v 2*u-3+v"3);

# solve (u"2*v-u*v”2-3+v”*3, u);

uA2*v vh2*u-3+
(= (u"2*v+9-v"2*
(7/3))/(VA(2/3)*

W Byv=3 P +uv =V +5u+2v)
Qu="3Pv—uv+1) (Pv—u?— 2\}+‘)]/3

u_new= -

vnew:(—v(zu_v)2 )1/3
N Wyv—uv?=2v 49
2., _
Qu—v) |V ;tvz-‘rv3 3
u—v
6= 45
WEyv—u+v -3 ( )
Tlouck 3ameH K SF?* 2,
> solve ([M[2,2], M[2,31], {rl,sl,r2,s2,u,v,w}):
L solve ([M[2,2], M[2,3]], {rl,sl,r2,s2,v,w}):
|_PaccMOTpeHHe BO3MOKHEIX PEIIEHHUI.
L2) :
> {rl = r2%(v"2*RootOf (_Z"2*v+v"3-3- Z*v"2)-6+v"3)/(v* (2*RootOf (_Z"2*v+v"3-3- 7Z*v"2)-v)), r2 = r2, sl
= RootOf ( Z272*v+v"3-3- Z*v"2)*s2, s2 = s2, u = (V"2*RootOf ( Z"2*v+v"3-3- Z*v vr2) -6+v~3) / (v* (2*RootOf
(_Z27°2*v+v"3-3-_7Z*v"2)-v)), vV =V, W = W};
2 _1_ _
r]er(VZROOtOﬂ Zv+v =3- 7V) —6+7) ,12=r2,51 =RootOf( Zv+v’ =3 — ZV?) s2,52=s2,u (46)
v (2 RootOf( ZZv+v =3 — ZV) —v)
_VRootOf( Zv+V=3- ZV)—6+V
| V(2 RootOf( Zv+v =3 — ZV¥) —v) ’
[ solve ( Z272*v+v"3-3- Z*v"2, 7);
kkl := (1/2)* (v 2+sqrt (=3*v 4+12*v))/v: kk2 := = (1/2)* (-v"2+sqrt (-3*v"4+12*v)) /v:
1L 2+/3/+12v 1 -2+/-3/+12v 47
2 v T2 v
;Peme}me (46) c nepBbIM 3HAUCHHEM KOPHS U3 (47) :
> rll := r2*evala ((v"2*kkl-6+v"3)/(v* (2*kkl-v))): sll := kkl*s2:
ul := evala ((v"2*kk1l-6+v"3)/ (v* (2*kkl-v))):
zamproc (ul,w,ul/v-v* (ul*v+w) ,ul+w/v,1,0,1/v-v*2,1, rll,sll,r2,s2, 1lbl = true):
1 203-96F VT v - 2vw-12)JF
6 -v(v—4) v
I‘2S2(V3—4)2\/T
-v(v—4) v
2 (P -4)*V3
-v(v—4) v
1 203-9) 6V T v-33-2vw+12) V3
6 vr2y —v(;—4)
I 22w (P -4)V3
3 s2y -v (v —4)
0
0
L s2w(P -4 VT (48)
S

L_Hopmuposka cuctemsl (48).
> 521 := 37(1/4)*v~(1/4)/ (sqrt (-w) * (-v"3+4)~(1/4)): sll := kkl*s21:
zamproc (ul,w,ul/v-v* (ul*v+w) ,ul+w/v, 1,0, l/v v 2 1, rll,s11,r2,s21, 1bl = true):

1 20-9 6TV v 3R - 2vw-12) VT
6
-v(v—4) v
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234 (P +4)™
Vo A -4y
(- +4)%"
Vv w-v (P =4)
134 GVT VP-4 v=33—2vw+12) (- +4)'
2 A (322 =a)

1 3]/4’,23( 3/2 1/3+4 5/4
3 V1/4 —V( _4)

e EnET) 49)
-v(v —4)

B r21:=3"(1/4)*v"~(1/4)/ w) N (1/2)* (=v*3+4)~(1/4)): rll:=r2l*evala((v"2*kkl-6+v"3)/(v* (2*kkl-v))):
zamproc (ul,w,ul/v-v* (u 1*v+w) l+w/v 1,0, l/v v*2,1, rll,sl1ll,r21,s21, 1lbl = true):

1 BT v —2vw-12) VP4
: VR ey
L3P+
Tl o4y
3 (=P +4)3"
Tl Ay
1 VO -3 vt 2) VR HA
: NI
N eET

-v(v—4)
0
0

e (50)
-v(v —4)

L_3HaueHus napameTpos B cucreme (50):
> u new = ((1/2)*(3*v"3-2*wrv+3*v¥*sqrt (3) *sqrt (-v* (=4+v"3))-12)/ (v¥*w));
v_new = 3*(4-v"3)/(v*w); sigma = -1;

1 333V v(F—4) v+3P—2vw—12

u_new= —

2 vw
3(-v+4)

vw

o=-1 (51)

V_new=

L_Peiienue (46) co BTOpbIM 3HaU€HHEM KOPHS U3 (47) :
> rll := r2*evala((v*2*kk2-6+v"3)/(v* (2*kk2-v))): sll := kk2*s2:
ul := evala ((v*2*kk2-6+v"3)/ (v* (2*kk2-v))) :
zamproc (ul,w,ul/v-v* (ul*v+w) ,ul+w/v,1,0,1/v-v*2,1, rll,sll,r2,s2, 1lbl = true):

L2 -4 BT v=37 +2vw+12) VT
K v(v—4) v
12s2(P =423
-v(v—4) v
s (P -4)*V3
v(v—4) v
L2 (P -4) BT VP4 v+3 @ +2vw=12) VT
6 v V(P —4)
L Pw(P-4) V3
2y -v(v —4)

w
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1 s2w(P-4) V3 (52)
| 3 -v (v —4)
;HopanOBKa cucTeMsl (52).
> 521 = 3M(1/4)*v N (1/4)/ ((-w) "~ (1/2)* (-v*3+4)~(1/4)): sll := kk2*s21l:
zamproc (ul,w,ul/v-v* (ul*v+w) ,ul+w/v,1,0,1/v-v*2,1, rll,sll,r2,s21, 1lbl = true):

1204 BV ST v-3 R +2vw+12) V3
6 NErE
B
Vw A4y
3 (P +a’”
VVwd V(P —4)
134GV o v +2vw—12) (¥ 44
v1/4(_w)3/2 },2\/7(‘/,;__4)

2
13l (w2 (-3 44)%

3 vl/4 _v( _4)
0
0
NN (53)
| -v(v —4)
> r21:=37(1/4) *v A (1/4) / ((~w) ~ (1/2) * (-v"3+4) ~ (1/4) ) : rll:=r2l*evala ((v"2*kk2-6+v"3)/ (v* (2*kk2-v))):

zamproc (ul,w,ul/v-v* (ul*v+w) ,ul+w/v,1,0,1/v-v*2,1, rll,sll,r21,s21, 1lbl = true):

1 VIV oS- v-32+2vw+12) V7 14
2 Vv w v (P —4)
3(-P+4)°"

Vv wd v (v —4)

3 ()"
V(P —4)
1 VIV v3v +2vw—12) VP 14
? T a
v+

-v(v —4)
0
0

R (54)

-v(v —4)

L_3HaueHus napamMeTpoB B cucteme (54):
> u new = (1/2)*(3*v"3-3*v*sqrt (3) *sqrt (-v* (=4+v"3)) -2*w*v-12) / (v*w) ;
v_new = 3*(4-v"3)/(v*w); sigma = 1;

u new= L 33V v (P —4) v+37-2vw—12
- 2 vw
_3(-V+4)
V_new= ————
vw
o=1 (55)
Lb)
> {rl=r2*u, r2=r2,sl=s2* (-utRootOf (u"2* Z-u* 272+ 72"73-3)),s2=s2,v=RootOf (u"2* Z-u* 7272+ 7"3-3),w=w};
i (r1=r2u,12=7r2,s1=52 (~u+RootOf i Z—u 2+ 22 —3)),s2=52,v=RootOf i’ Z—u 2+ Z—-3),w=w} (56)
[> solve (u”2* z-u* 272+ 2°3-3, 7); kkl := (1/6)*(-28*u”3+324+36*sqgrt (u"6-14*u"3+81))"(1/3)-(4/3)*
u”2/ (-28*u”3+324+36*sqrt (u"6-14*u”3+81) )~ (1/3)+(1/3) *u:
1/3 2
é— (-284° +324 +36 VWP 147 481) -+ u = +% u, % (2843 +324 (57)
(-284° +324 +36 F 14 181)
1/3 2
136V T4 181) +§ u — +;—u+;—I\/T é—(—28u3+324
(2843 +324 136V 14 181)
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1/3 4 u2 1 1/3
136V 145 181) +§ = J,—E (-2813 4324436 VB T4 181)
(—28 w4324 +36 U — 14 4° +81 )
2 1/3

+§ U 1/3+;—u—;—lﬁ[é—(—28u3+324+36\/u6—14u3+81)

(—28 w3 +324+36 b — 1405 +381 )
+2 u’

3 1/3
(2843 +324 +36u — 145 +81 )

L_[10/10:KMTENBHOCTD BEIECTBEHHOTO KOPHS B (57):

> minimize ((1/6)* (-28*u”3+324+36*sqrt (u"6-14*u”3+81))"(1/3)-(4/3)*u”2/(-28*u"3+324+36*sqrt (u"6-14*
u”3+81)) " (1/3)+(1/3) *u);
# plot ((1/6)* (-28*u”3+324+36*sqrt (u”6-14*u”3+81))"(1/3)-(4/3)*u”2/ (-28*u"3+324+36*sqrt (u"6-14*
u”3+81))~(1/3)+(1/3)*u, u = -100..100);

#minimize ((1/6)* (-28*u”3+324+36*sqrt (u6-14*u”3+81)) " (1/3)-(4/3) *u™2/ (-28*u”3+324+36*sqrt (u”6-14*
u”3+81)) " (1/3)+(1/3) *u+tu) ;
#maximize ((1/6)* (-28*u”3+324+36*sqrt (u"6-14*u”3+81)) " (1/3)-(4/3) *u”2/ (-28*u”3+324+36*sqrt (u"6-14*
u”3+81)) " (1/3)+(1/3) *u+tu);

0 (38)

L_0003Ha4nM BEIIECTBEHHBIH KOPeHb U3 (57) 32 0
> rll := r2*u: sll := s2*(-ut+theta): vl := theta:
zamproc (u,w,u/vl-vl* (u*vl+w) ,utw/v1,1,0,1/v1l-v1"2,1, rll,sll,r2,s2, 1bl = true):

_1‘22 (qu—euz—l) (Gz—eu—Zuz—w)

0 (-2u+0)
_r2s2(95794u7563u2+992u3766u4763w+92uwfeuzwf492+79u+2u2+3w)
0(-2u+6)

52220 -860'u+140 2 150"} +660u* —6' w0 uw—0u w—56"+110u-24>+3w)
0(-2u+0)

52 (6P u—012—1) (26°-50u+21*—w)
0r2(-2u+6)

_r23w(92u—6u2—1)
0s2(-2u+6)
12w (0 =67 u+012-3)
0(-2u+6)

_r2s2w(93—92u+9u2—3)
0(-2u+0)

_s22w(62u—6u2—1) (59)
0(-2u+0)
;HOpMHpOBKa cucteMsl (59).
> s21 := abs(theta)”(1/2)*abs (2*u-theta)~(1/2)/((-w)"(1/2) *abs (u”"2*theta-u*theta”2+1)"(1/2)):
sll := s2l1*(-uttheta):
zamproc (u,w,u/vl-vl* (u*vl+w) ,u+w/v1,1,0,1/v1-v1"*2,1, rll,sll,r2,s21, 1lbl = true):
2 (B u-0u2-1) (6°—0u—24 —w)
0(-2u+0)

P20 -0 u—50 12496 —60u —0' w0 uw—0u w—46"+70u+2u*+3w) o/ 2uve

JOeu-0i—-1

0V -w (-2u+6)
(20°-80"u+140° 12— 150" +6 01— wH+02 uw—012 w—56"+110u—212+3w) 2('2—”9)
0 u—0u>—1
Ow(-2u+0)
3/2 372
% (qu—euz—l)(292—59u+2u2—w)
0 u—0u -1

(-w)20r2 (-2u+86)

(62 u—0u>—1)r2 (-w)?? —veu—euz—l
Jo[2u+6
0(-2u+8)
2Pw(8 -0 ut6u’-3)
8 (-2u+8)
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P2 w (6 =07 u+012-3) Jo[2ute
Jou-012-1

0(-2u+0)
-2
(62u—9u2—1) —2( u-L—G) ‘
0" u—0u —1 60
0(-2u+6) ( )
> 21 := abs (theta)” (1/2) *abs (2*u-theta) * (1/2)/ ((-w) " (1/2) *abs (u*2*theta-u*theta”2+1)"(1/2)):
rll := r2l*u:
zamproc (u,w,u/vl-vl* (u*vl+w) ,u+w/v1,1,0,1/v1-v1"*2,1, rll,sll,r21,s21, 1lbl = true):
u—0u2-1)(6°—0u-212—w —6(—2u+9)
2
0" u—0u>—1
0w (-2u+0)
-2
-0 u-50 1 +96° 1 -60u - W+ uw—0ulw—40*+70u+2u>+3w m
2
0" u—0u>—1
Ow(-2u+0)
(20°-80"u+140 12— 150" 13 +6 01 = wH+02 uw—012 w—50"+110u—212+3w) 3('2—”9)
0 u—0u>—1
Ow(-2u+8)
u—0u2-1)(26°-50u+212—w m
2
0" u—0ut—1
0w (-2u+0)
-2
(qu—euz—l) —2( u+0)
6 u—0u’—1
0(-2u+6)
(6~ 0 u-+0.2—3) | 2L 2ut0)
0 u—0u>—1
0(-2u+8)
(93792u+9u273) 2(—2—u+6)
0" u—0u>—1
0(-2u+8)
-2
(62u—9u2—1) —2( u-L—G) ‘
0" u—0u —1 61
0(-2u+6) ( )
;SHaqe}me TTapaMeTpoB U M V B cucTeMe (61) m ympolnenne o :
> u new = - (2*u”2+u*theta-theta”2+w) /w;
v_new = collect (-3*w+4*theta”2-2*u”2+theta”3*w+6*u”4*theta-u*theta”2*w+w*u”2*theta-theta”5-7*u*
‘;heta+5*thetaA3*uA2—9*uA3*thetaA2+thetaA4*u,w, factor)/ (w* (u"2*theta-u*theta”2+1)) ;
plot ((2*u-kkl)* (u*2*kkl-u*kkl”2+1), u = -1..2);
#plot ((2*u-kkl)* (u"2*kkl-u*kkl”2+1), u = 1..100);
#plot ((2*u-kkl)* (u"2*kkl-u*kk1”2+1), u = -100..-1);
sigma = sgn(u-2"(-1/3));
P H0ut+21 4w
u new=- —————
\
— W(G3—62u+9u2—3)—(-2u+9) (94+93u—392u2+39u3—46—u)
- w(—62u+6u2+1)
G:sgn(u— % 22/3J (62)
Tlonck 3ameH k SFfl’ 2,
B solve([M[2,2], M[2,4]1], {rl,sl,r2,s2,u,v,w}):
solve ([M[2,2], M[2,4]], {rl,sl,r2,s2,v,w}):
|_PaccmMoTpenne BO3MOKHBIX PElICHUH.
L2) :
> {rl = r2*(sl*v"2-2*s2)/(v* (2*sl-s2*v)), r2 = r2, sl = sl, s2 =82, u=u, v =v, w = —(2%u*sl"2*v-
S17M2*vr2-81*v"3*s2+4s1*u*s2*v A 2+42%s1*s2-52"2*u*v 3+2*s272*v) / (v*s2* (2*sl-s2*v)) };
— 27122 _ 2 2
r1:r2(s1v2 252) ,r2=r2,s]=s1,32=s2,u=u,v=v,w=—2uS1 v=s2V —sIVs2+slus2 P +2s152—522uv’ +252 v} (63)
v(2s]—52V) vs2 (2s]—s2v)
B collect (2*u*sl"2*v-sl"2*v"2-s1*v"3*s2+sl*u*s2*v"2+2*s1*s2-s2"2*u*v"3+2*s2"2*v, [sl,s2], factor);
i VvE2u) sPH (2 +ur? =) s2s1 —v (ur? —2) 522 (64)
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a)) 1 v =2u . [lng atoro ciyyas ecth Gonee npocTas 3aMeHa c).

> vl = 2*u: w = simplify (- (2*u*sl”2*v1-sl1*2*v1"2-s1*v1"3*s2+s1l*u*s2*v1"2+2*sl*s2-52"2*u*v1"3+2*
s27°2%vl) / (v1*s2* (2*sl-s2*vl)));
solve(w = (1/2)*(2*sl*u”3-sl+4*s2*u™4-2*s2*u)/ (u*(sl-s2*u)), sl);
_l 420t 425107 —252u—s1
2 u(-s2u+sl)
_2s2u(2u3+uw—1) (65)

213 —2uw—1
:az): v #2u.
> r11 1= r2*(sl*v”2-2*s2)/ (v* (2*sl-s2*v)):
wl 1= - (2*%u*sl’2*v-s1”2*v 2-s1*v"3*¥32+4s1*u*s2*v 2+42*s1*52-82"2*u*v 34+2*s272%vy) / (v*¥s2* (2*sl-s2*v) ) :
zamproc (u,wl,u/v-v* (u*v+wl) ,u+wl/v,1,0,1/v-v*2,1, rll,sl,r2,s2):
~ (V' —4) (-s1 2V +sI2v+52%) (u+v) r? ~ (V' —4) (s2v+s]) (-sI 2V +sI2v+522) 12 (-sIs2V +sI2v+522) (u+v)

5

vz(—s2v—|—231)2 vz(—32v+2s1)2 v
(s2v+sl) (-s1 52V +sI> v+52%)
vr2
(V' —4) (-s1s2V* +sIPv+522) (-s2uv? +2sluv—sIV*+2s2) 123 0, (66)
V"sZ(—S2v+2s1)3

B (-s1 52V +sI2v+52%) (-s2u v +2sluv—sI?+252) 12 0

| v2s2(—s2v+2s1) ’

:Hpn u = -v mojydaercs yxoa b) B SF3442.

> sl = [solve(w = - (2*u*sl”2*v-sl”2*v"2-s1*v"3*52+51*u*s2*v"2+2*¥s1*s2-52"2*u*v 3+2*s272*v) / (v*s2* (2*sl

-s2*v)), sl)];

=L (-uv2+1ﬁ—2vw—2+\/9u2v4—6u\;+\/’+12uv3W—8v4w+4vzwz—l2uv2+4vz+8vw+4)sZ7 (67)

2 vQ2u-—v)

71_ (uv2—\}+2vw+\/9u2v4—6u\fi+\/f’+12u\}w—8v4w+4v214/2—12uvz+4v3+8vw+4 +2)s2
2 vQ2u-—v)

L[Tonxopennoe Beipaxkenue B (67) -- KBaIpaTHbI MHOTOUIIEH OT W :

> D s = collect (4*w"2*v 2+8*w*v+12*wxv " 3*u-8*wrv 4+4-12*u*v"2+4*v*3+9*vr4*ur2-6*u*v~5+v*6, w, factor);
D_s=4Vw +4v(3uv? =2V +2) wt(3uv? - -2)° (68)

B solve (4*Wh2* v 24 8*wrv+12*wrv A 3*u-8*w* v 4+4-12*u*v 2+4* v 34+ 9* v 4*un2-6*urvi54+vie, w);

factor (m6*u*v"5+24*u*v 243* v 6-12*v"3);

—%uwxz+v3—1+;—\/—6uv5+24uv2+3v6—12v3 -%uv2+v3—1—;—\/-6uvs+24uv2+3v6—12v3

5

v v
3R (P —4) (-v+2u) (69)
> 511 = (1/2)* (vA3=-2-v"2*u-2*w*v+sqrt (v 6+4* v 3-6* v 5 u=-8*v 4 *w+4-12* v 2 u+B8rwrv+9*v 4*ur2+12*y 3*yu*
WHAXWA2*yN2) ) *s2/ (V¥ (-v+2*u) ) ¢
rll := r2*(sll*v"2-2*s2)/(v* (2*sll-s2*v)):

zamproc (u,w,u/v-v* (u*v+w) ,u+w/v,1,0,1/v-v*2,1, rll,sll,r2,s2):

;— (r22(v'5—4) (u+v)(—7u2v4+7uv5—2\f’—12u\9w+8v4w

F3IVIOUEV —6uv P F12uv w8V w4V w — 12uvF+4v +8vw+4 UV

“2V9uV —6uv+ P +12uv w—8 Vw4V W — 12uvV +47 +8vw+4 VP -4V WP

+2\/9M2V4*6MVS+V6+12uV3W*8V4W+4v2Wz*12“\/’2+4V3+8VW+4 vw—8utv+8urr—8vw

F2V9UV —6uv FP+H12uv w—8V wH+d vV w — 12uv +4v +8vw+4 —4))/(v(—3u\2+219—2vw
(r2s2(v-4) (3 BV =442

2
VIV —6uv P+ 1R2uv w—8V wH4d vV w —12uV +4v +8vw+4 72) ),;—

FuvV 21V w=5uv w3 P wHV 9wtV —6uv FP +12uv w—8V w+4 vV wr —12u v +4v +8vw+4 uly

NIV —6uv P F1R2uv w—8V wHA VW —12uvF +4v +8vw+4 ur: -2 w?

VOV —6uv P FR2uv w—8 Vw4V w — 12uv+4v +8vw+4 vw=2uv+5uF -V —dvw

ST e T e e ig -2)) | (2 (3 a2 20w

VIRV —6uv P+ 1R2uv w—8V wHd vV w—12uv* +4v +8vw+4 —2) (Zu—v)),—;— %
(2u—v)

(522 (u

+v) (-7u2v4+7uv5—2v6—12uv3w+8v4w

F3V9uV —6uv P+ 12uv w—8V w4 v w — 12uv +4v +8vw+4 ur?

—2V9uV —6uv P+ R2uV w=8V w4V W - 2u 4V +8vw+4 P -4 W
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F2V9OUEV —6uv P F12uv w8V w4V w — 12uvF+4v +8vw+4 vw—8uv+8urF —8vw

b
2 VrQu-v?

2O P i F T 2 av w8 P w a2 a Pt 4V i 8vwid —4)), (522 (3283

74142v4+uv5+2u2v2W75uv3w+3v4w+\/9u2v476uv5+v5+12uv3W78v4w+4vzw2712uv2+4\f3+8vw+4 Wy

VIV —6uv P F1R2uv w—8V w+4d VvV w —12uv +4v +8vw+4 ur? -2V w?

VIV —6uv +P+12uv w—8 W w+4V W —12uvV +4vV +8vw+4 vw—2u v+S5ur -V —4vw

O 6y P T2 av w8 P wia v —2a v tav i 8vwid —-2) (3uv 423 —2vw

O 6P i TR uv w8 P WP W - 12a 7 +4v +8vw+d —2))

;—(r23(2u—v)(\/3—4) (22 =8 w45V =16V +8wv +8 42 (70)

F2V 9V —6uv FPH1R2uv w—8V w4V W — 12uv +4V +8vw+4 VP

FAVIUV —6uv P H12uv w—8V w4 v w — 12uv +4v +8vw+4 u?

VIV —6uv P F12uv w—8V wH4 vV wr —12uv? +4v +8vw+4 2

FAVIUV —6uv P FR2uv w—8V wHAV W — 2uv+4v F8vw+4 w

F8V OV —6uv FVF12uv w—8V w4V W — 12uv +4v +8vw+4 2V

78\/9u2v476uv5+v6+12uV3W78v4w+4\;wzf12uv2+4v3+8vw+4 uvt

TNV —6uv +P+H12uv w—8V wH4 vV W — 12uv +4v +8vw+4 Vw

HAVIUV —6uv P+ 12uv w— 8V w4 vV w — 12u v +4v +8vw+4 vt

ANV —6uV P FR2uv w8V wHd VW — 2uv+4v +8vw+4 uv

F12V9uUlV—6uv P +F1R2uv w—8V w4 v w — 12uv +4v +8vw+4 U w2 =521V wH55uv w—8utvw

—36uhﬁ—24u3\ﬁ+32u2\ﬁ—14uv7—12u3v2+22v4w2—15\ﬁw—s‘ﬁw’ﬁzuz\ﬁ—zsuv4—8uv—4uv2w))/

3
(2(3uv 42V 2vw i OB F 6P TP T 20 w8 P w i d P w2 u P 4 v 1 8vwid —2) )0,
;— (125222 =8 w457 — 16 vi2 +8wr? +8 12

F2V 9V —6uv +P+H1R2uv w—8V w4V W — 12uv +4V +8vw+4 VP

FAVIUV —6uv P H12uv w—8V w4 v wr — 12uv +4v +8vw+4 u?

VIOV —6uv VP F1R2uv w—8VwHA vV w — 12u v +4v +F8vw+4 VP

FAVIUEV —6uV VP FR2uv w—8V wH4V W — 2uv+4v F8vw+4 w

F8V 9V —6uv FV+H12uv w—8V w4V W — 12uv +4v +8vw+4 u*V

*8\/9142\14*6MVS+V6+12MVSW*8V4W+4V214/2*12uV2+4V3+8VW+4 uvt

TNV —6uv P+ 12uv w—8V wH4 vV W — 12uv +4v +8vw+4 Vw

HAVIUV —6uv P+ 12uv w—8V w4 vV w — 12u v +4v +8vw+4 vt

ANV —6uV PR uv w8V w4V W — 2uv+H4v +8vw+4 uv

F12V9ulV—6uv VP +FR2uv w—8V w4 v w — 12uv +4v +8vw+4 U w2 =521V wH55uv w—8utvw
36U = 24P 32— 1Ay — 125 22— 15 w8 P 3202 = 23wt —8uv—duitw) ) | (v

| SBuv 2V =2vwHV 9V —6uv PP+ 12uv w8V wH4 VvV W — 12uv +4v +8vw+4 —2) Qu-v),0

L OTcyTCTBHE KOPHEH y 3HAMEHATeNs B dlleMenTax Matpuiis (70):
> solve (2*v"3-2-3*u*v"2-2*wXv+sqrt (4+8* wrv-12*u*v 2+4*v " 3+4*w"2*v 2+ 1 2% wrv A3 u-8* wrvr4+9Fut2Fvr4-6Fu*
vr5+vhe), {u,v,w});

w=u,v=0,w=w}, {u=u,v=223 w=w}, u:u,v:—;— 22/3+% I\/TZZB,W:W}, {u:u,v:—;— 2213 % I\/TZZB,W:W}, {u=u,v (71)

=2u,w=w}

L_Vnipolenye yacTell BeIpakeHui snemMenToB MaTpuilsl (70) ©

> alp = (v"3-4)* (utv) *collect (=7*v" 4*ut2-8*ur2*v+7*u*v 5-12*w* v " 3*u+8*u*v " 2+3*v" 2+ x*u-2*v"6+8*w*v"4-2%
VAB* R=4*Wh2* vy 2-8*wHrv+2*wrvix+2*x-4, [x, w], factor);
blp = (v"3-4)*collect (U v"5+3*wrv 4-4*v 4*ur2-5*w*v 3*u+3*v 3*ur3-v"3+5* urv 2-2*w 2* v 2-v"2* x*u+2*
VA2*FWHrUN 24+wrvFA =2 ut2*v-4*wrvivix*ut2+x-2, [x, w], factor);
clp = (utv)*collect (-7*v"4*ut2-8*ur2*v+7*u*v"5-12*w* v 3*u+8*u*v 2+3*v" 2*x*u-2*v"6+8*w*rv"4-2*y"3*x-4*
WA2*VN2=-8*wrv+2*wrvrx+2*x-4, [x, w], factor);
dlp = collect (U v"5+3*wrv"4-4*yr4*un2-5*w*v 3*u+3*v 3*ur3-v 345 urv 2-2* w2 v 2-v 2 x* ut2*vr2xwrut2+
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WXVAX=2*ur2* v-4*wrv+vixrut2+x-2, [x, w], factor)* (-2*wrv-2-3*u*v"2+2*v*3+x);

azp = (2*u-v)*(v"3-4)*collect (-8*u*v+2*v"2-8*w+5*v"5-15*v " 6*w+8*v"3*u"2*x+8*u"2-7*wrv" 3* x-4*v*x* u-8*

VAR URRHAF VAW 2 XKV 2F RAAFWHARAAFUN 2 XK+ 2FVASFR=BFWA VA 2+ 1L 2F v A2 x urw+32* v A3 ut2+55* v S wru-12*ut3*

VA2=-24*ur3*vA54+8* WA vA3-16* VAW 2+422* v N A WA 2-23* v N A ut32F v 6 ut2-14* v Tru-4* v 2Fwru-52*unt2* v 4 Fw-8*

ur2*wrv-36* v 3*wr2*u+2*v~8, [x,w], factor);

c2p = collect (=8*u*v+2*v"2-8*w+5*v 5-15*v " 6*w+8* v 3*ur2*x+8*ut2-T7T*w* v 3* x-4* v x* u-8*vr4rurx+4*Fvrwn2x

XHVA2XRHAFWHRHAFUN2FRA2XVADAR=BFAWA AV 2+ 12X VA2 xF U w32 vA3FuN2+55* v S wru-12*ur3* v 2-24* ur3* v 5+8%

WXVA3=16* VI WA 2422% v 4Fwh2-23% v 4*u+32F v 6 unt2-14* v TR u-4* v 2 wru-52* ut2x v 4 w-8 unt 2 wrv-36* v 3 w2 %

ut2*v~8, [x,w], factor);
aUF%#—4Hu+w(Gu#—2¢+2vw+ﬂx—4&w;—4ﬂ3u%—2#+2)w—7u%ﬁ+7u9—2¢—8fv+8u%—®

blp=(V—4) ((WPv—u+vw+1) x=2V W +v( 2> v=5uvV+3V =4) w+ (B uv? = =2) (P v—u’ +1))

clp=w+v) (Buv? =2V +2vw+2) x—4 VW —4v(Buv =2V +2) w=Tu* V' +7uv’ =2 =812 v+8ur? —4)
dip=((Pv—uV? +vw+1) x=2V W +v( 22 v=5uV+3V - 4) w+(Buv? =V =2) (ilPv—uv?+1)) (-3u? +2V = 2vw+x

_2)

ap=Qu—-v) (V¥ =4) (4vwW?+(12uv =TV +4) w+ 2V +1) Qu—?) x=8V W —2v(18uv? — 11} +8) w? +(-52 4> V*

+55uv =15 =8 ulv—4u v +8vV —8) w—(2V +1) Buv? =} -2) Qu-v?)

2p=(4vw +(12u? =TV +4) w+ (2P +1) Qu—?) x—8 2w =2v(18u? = 11 +8) W + (=522 +55uv’ — 158 - 842y (72)
—4uv 8V -8) w— 2V +1) Bu* -V =2) Qu-v)?

;Bmpa)KeHHe HOPMHPOBOYHO# 3aMEHBI 4epe3 IeMeHThI MaTpHipl (70) :
> unassign('r21','s21"); all:=al*r2172; bll:=bl*r21*s21; cll:=cl*s21"2; dll:=d1*r21"(-1)*s21"3;
a2l:=a2*r2173*s21"(-1); c2l:=c2*r21*s21;

all =al r21*
b1l :=blr21s21
cll=cls2I?
a11 = dls21
121
3
2l = a2 r2l
s21
21:=c2r21 521 (73)

[> s21 := 1/(c2*r21); all:=al*r2172; bll:=pbl*r21*s21l; cll:=cl*s2172; dll:=d1*r21"(-1)*s21"3; a2l:=a2*
r21°3*s21”(-1); c2l:=c2*r21*s21;

s21 =

c2r2l
all =al r21?
b11:=b—1
c2
— cl
Coe2nr
- dl
Tt
a2l =a2r21* 2
i 2l=1 (74)
[> 121 := (a2*c2)~(-1/4); s21 := 1/(c2*r21); all:=al*r2172; bll:=bl*r21%s21; cll:=cl*s2172; dll:=dl*
r21”(-1)*s2173; a2l:=a2*r2173*s21"(-1); c2l:=c2*r21*s21;

cll

dll

N
bll = bl
c2

ell = clva2c2

2

dl a2

c

a2l =1

c21:=1 (75)
Lb) : pemenue He onpeseneHo.
> {rl = rl, r2 = r2, sl = RootOf( Z"2*v+l- Z*v"2)*s2, s2 = s2, u=u, v=1v, w= (3*RootOf( Z"2*v+1-
Z*YA2) *r1A3*v42*¥ 1 A2%r2-2%r1 2% 2%y A3+RootOf ( Z72*v+l- Z*v"2) *rl*r2°2-RootOf ( Z"2*v+l- Z*y"2)*rl*
T2M2%yA3+3*%r1*r272%y=3*u*r1 " 2*RootOf ( ZA2*v+l— Z*VA2) *r2*y-2*rl*r2/2*u+2*rl*r2°2*v~3*u-RootOf ( Z"2*
vHl- Z*vA2) *r273*u+RootOf ( Z72%v+l- ZFvA2) *r2/3* v 3*u-3*r2/3%uky) / (r2*% (3*¥r2/2-2%r1*r2* v 242%r1*
RootOf ((Z72*v+l- Z*v"2) *r2%y+rl1*2*v-RootOf ((Z72*v+l= Z2*v"2) *r272*v"2)) };

dll =
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{r1=rl1,r2=r2,51=RootOf(_Zv+1—_ZV) s2,52=s2,u=u,v=v,w= (3 RootOf(_Zv+1—-_Z?) rP v+2rI*r2=2r* 12V} (76)
+RootOf( Z2v+1—_ZV?) rl r2* = RootOf( Z2v+1— ZV) rl r22V +3r1 r22v=3url* RootOf( ZZv+1— _ZV)r2v
=271 122 u+2 7l 122V u— RootOf (_ Z2v+1— _ZV?) r2 u+RootOf( ZZv+1—_ZV) r23v’u—3r23uv) / (r2(3r2=2r112V
| +2 71 RootOf( Z2v+1—_ZV) r2v+rl>v—RootOf( ZZv+1— ZV) r22v?) )}

B solve (_Z2"2*v+l- 2*v"2, 7); # v in (0, 47(1/3))

L2+ =4y 1 P+ -4y (77
2 v ) v
L) :
> {rl = (1/2)*r2*v, r2 =12, sl =sl, s2 =0, u = (1/2)*v, v =v, W= w};
r]:;—r2v,r2:r2,slzs1,s2:O,u:;—v,v:v,w:wJ (78)
=> rll := (1/2)*r2*v: ul := v/2: solve ((ul+v)”*2 + 4*w < 0);

zamproc (ul,w,ul/v-v* (ul*v+w) ,ul+w/v,1,0,1/v-v*2,1, rll,sl,r2,0):
v=yw< —i VZJ
16

— 3
_ir22(v3_4),_1_ M’isﬂ%&
4 v 2 r2
3 —_
L M,O,wslﬁ,o (79)
4 vsl
[> 511 := 1/ (w*r2):
zamproc (ul,w,ul/v-v* (ul*v+w) ,ul+w/v,1,0,1/v-v*2,1, rll,sll,r2,0):
SRS JCIVIN U L N S A
8 4wy 2 22w Wt
4 _
L2 -4 o (80)
4 v
_> r21 = 2°(1/2)*v N (1/4)/ ((=w) " (1/2)* (4=-v~3) " (1/4)): r1l := (1/2)*r21*v: sll := 1/(w*r21):
zamproc (ul,w,ul/v-v* (ul*v+w) ,ul+w/v,1,0,1/v-v*2,1, rll,sll,r21,0):

R R R S B R . S B
4 w T4 owy T 4 w 4wy

1,0,1,0 (81)

Ld) : pemenue He onpesenexo.
> {rl = RootOf (_27"2*v-2*v"3+49- 2*v"2)*r2, r2 = r2, sl = s2*(RootOf( 2"2*v-2*v"3+9- 7Z*v"2)*v"2+6-2*v"3)
/ (V¥ (2*RootOf (_Z2"2*v-2*v"349- Z*v"2)-v)), s2 = s2, u = RootOf( Z"2*v-2*v"3+9- Z*v"2), v = v, W = wW};

F1=RootOf( Zv—2V 49— 73%) 12, r2=r2, s = $2(Ro0lOf Z2v=2V 49 = ZV) V46=2V) 5 pooiop( Zv—2  (82)
V(2 RootOf ( Zv=2V+9— ZV) —v)

+9— ZV),v=v,w=w

[> solve ( 272+v-2%v"3+9- z*v 2, 7); # v in (0, 4~(1/3))
1243V -4y 1 243V -4y (83)
2 v T2 v
L) :
> {rl = u*r2, r2 = r2, sl = (1/3)*52*(—u+2*RootOf(—uA2*72+7ZA2*u+2*7ZA3—9)), s2 = s2, v = RootOf (-u"2*
_Z+ Z72*ut2* 72°3-9), w = w};
{rl =ur2,r2=r2,sl= % 52 (~u+2 RootOf (~u*> Z+ Zu+2 7 -9)),52=52,v=RootOf (1> Z+ Zu+2 7-9), W:W} (84)
=> solve (-u”2* 7+ Z72*u+2* 7"3-9, 7);
kkl := (1/6)* (-10*u”3+486+9*sqrt (-3*u”6-120*u”3+2916) )" (1/3)+(7/6)*u”2/(-10*u”3+486+9*sqrt (-3*u”6
-120*u”3+2916) )~ (1/3)-(1/6) *u:
1/3 2
é— (-10 4% +486 +9 V3 # — 1207 +2916 ) +% u — - % u, % (104" +486 (85)
(—10u3+486+9\/-3u6—120u3+29]6)
137 2 1 1 1
+94 -3u6—]20u3+2916) -— v u+5 V3 [g (—10u3+486
(—10u3+486+9J -3 u6—120u3+2916)
13 9 2 1
+9J—3u6—120u3+2916) s 1/3],5(10u3+486
(-10 w4486 +9+ -3 u® - 120 u3+2916)
13 g w2 1 1 1
+9\/—3u6—120u3+2916) - — -—u-=1y3 —(—10u3+486
1 s - . )1/3 6 2 6
(“10u +486 +9 -3 u® —120° +2916

1/3
9V 3P0, T96) -

O\|\|

u? J
1/3
(-103 +486 +9V 3 F - 1207 72976 )
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L_0603Ha4UM BEIIECTBEHHBIH KOpeHb U3 (85)3a 0 :

> rll := u*r2: sll := (1/3)*s2*(-u+2*theta): vl := theta:
zamproc (u,w,u/vl-vl* (u*vl+w),u+w/v1,1,0,1/v1i-v1*2,1,

rll,sll,r2,s2, 1lbl true):
12 (0P u-012-1) (20°-20u-41>-3w)
2 0(-2u+6)
1 2s2(40°+20' 03201’ +306° 07 — 1200 - 66" w36 uw+30:7 w—220" +340u+20u> +27 w)
6 0 (-2u+6)
1 s2(80°-2260'u+206’ 12— 1807 WP +40u 868" w567 uw—5012w—260"+50 0u+4u>+27w)
6 0(-2u+0)
1 2 (20 4+6°u-017-9) (106°=220u+4u> -9 w)
54 0r2(-2u+0)
3 2w (0u-0i4-1)
2 9s2(-2u+8)
12w (20° 40 u—0u2-9)
2 0(-2u+0)
1 2s2w(86° =50 u+50u>-27)
6 8 (-2u+6)
s 522w(293+92u—9u2—9) (86)
6 0(-2u+6)

B s21 := -(3/2)*r2”3*w* (u"2*theta-u*theta”2+1)/ (theta* (2*u-theta)): sll

:= (1/3)*s21* (-u+2*theta):
zamproc (u,w,u/vl-vl* (u*vl+w) ,ut+w/v1,1,0,1/v1-v1"2,1,

rll,sll,r2,s21, 1lbl = true):
12 (6u-012-1) (26°-20u—41"-3w)

2 0(-2u+0)
1 (46°+20'u—320"12 43007’ —120u* =60’ w-36"uw+30u’ w=226"+340u+201> +27w) (*u—0u2—1) wr2*
4 0> (-2u+6)?
3 (86°-220°u+200" 7~ 18677 +40u* —86° w567 uw—50u2w—2667+500u+4u2+27w) (6°u—0u2—1) WP 120
8 0’ (-2u+6)’
1 (267 +6%u-017-9) (106 =220u+4u2—9w) (6°u—0u2—1)" w? 128
16 0 (-2u+0)*
1
1 2w (26°+6%u—012-9)
2 0(-2u+0)
1 (86°=56°u+5012-27) (6 u—0u>—1) w2
4 0> (-2u+6)?
3 (20 +6%u-002-9) (BPu—0u2—1) WP 20 @87)
8 0 (-2u+0)°
=> r2l :=

27 (1/2)* (-theta”2* (2*u-theta) "2/ ((5*u”2*theta-5*u*theta”2+8*theta”3-27) * (u"2*theta-u*
theta”2+1)))"(1/4)/(-w)"~(1/2): rll := u*r2l:
s21 := -(3/2)*r21"3*w* (u"2*theta-u*theta”2+1)/ (theta* (2*u-theta)) :

sll := (1/3)*s2l*(-ut2*theta):
zamproc (u,w,u/vl-vl* (u*vl+w),u+w/v1,1,0,1/v1i-v1*2,1,

rll,sll,r21,s21, 1lbl = true):

2 2
- - o ( 23”+9)2 - (u—0u2—1) (20°—20u—4u> -3 w)
(0°u—0u>—1)(86°—50"u+50u>-27)

0(-2u+tO)w
40 +20'u—-320 P +300% P - 1200t -6 w=30 uw+30uP w—220"+340u+20u> +27 w
w(86° =50 u+50u>—27)

1

vV 7
— : 3(0u-0-1) | ———— & (-2u+0) - (86°—226%u
0(-2u+0)(80°—506"u+50u2-27)w (0°u—0u>—1)(86°-50"u+50u*>-27)

+2063u2—1862u3+49u4—863w+5Ozuw—S6u2w—2692+506u+4u2+27w))

(0u-012-1) (26’ +6%u—012—9) (106° —220u+4u*>— 9 w)
w(80 =507 u+50u2—27)°
1

DaekTponublii xkypHas. http://www.math.spbu.ru/diffjournal 189



Hupdepenyuarvrvie ypasnenua u npovecewt ynpasaenus,N. 3, 2016

vAr 2
(26 +6u-012-9) | — o ( 23”61
(0°u—0u>—1)(86°—50"u-+50u>-27)

0(-2u+0)
1

2 2
3(6u-012-1) | — l 23”“’1 (26°+6%u—842-9)
(0°u—0u>~1)(86°-50"u~+50u>-27) (88)

0 (-2u+6) (80°—56"u+50u%—-27)

|_3HaueHue mapaMeTpoB u H Vv B cucteMe (88):

> u new = -(u”2*theta-u*theta”2+1)* (4*u”2+2*u*theta-2*theta”2+3*w) *sqrt (-theta”2* (2*u-theta) "2/ ( (u*2*
theta-u*theta”2+1)* (5*u”2*theta-5*u*theta”2+8*theta”~3-27)))/ (theta* (2*u-theta) *w) ;
v new = collect(-(-30*u”3*theta”2-2*theta”4*u-27*w+3*u*theta”2*w+l2*u”4*theta-3*w*u”2*theta+32*

theta”3*u”2+22*theta”2-20*u”2+6*theta”3*w-4*theta”5-34*u*theta), w, factor)/(w*(5*u”2*theta-5*u*
theta”2+8*theta”3-27));

T
(-6 ut02+1) (267 +20u+4u2 +3w) [ -——— 0" (2u-9) :
u new= - (86°-50"u+50u*—27) (-6°u+0u>+1)
B w0 (2u—0)
vnew=(_693_392u+3eu2+27)W+2(_2”+e)(294+593u—692u2+39u3—119—5'4) (89)

w(86° =567 u+50u’—27)
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