ABTOpCKa cupaBka

3a HAy4JYHUTE npuHOCU B TpymnoBere Ha Mnaus /1. aues,
IPEeNCTABEHU 3a YUacThe B KOHKypca 3a mpodecop

3a yyacTre B KOHKypcCa ca npeacrapesu eqaa MoHorpaus (1994) u 24 nayunn
cratuu, TyOJUKYBaHM B MEXKIYHAPOIHU chnucaHus npe3 nepmona 1993-2010.
Cemem OT cTaTmuTe ca CaAMOCTOATENIHU, a MOHOrpaduATa um 17 OT HaydHUTE
CTATUU Ca C eIUH WM ABaMa chLaBTtopu. JleBer or cratumre ca myOJUKyBaHU
B CIOMCAHUA C O0m[ mpoui, a OCTaHAJIUTE 15 — B CcHenUaJU3WPAHU CINCAHUA
B obOsacTra Ha AU(pEePEHNUATHUTEe yPABHEHUs, HEJIMHENHNSA aHAJIN3, NUHAMUAY-
HUTE CUCTEMU, MPUIOKEHUATA HA aHadu3a U Ap. TeMaTuyHo, IyOJuKaIruuTe
ce paszmenstT Ha ase rpymu. [IpeoGmanaBamara yact (Bcuuky myOaukanuu 6e3
Te3u ¢ HoMepa (1], [4], [21], [25] oT cimcbka) ca mocBeTeHU HA omcaabenus 16-mu
npobaem wa Xuabepm. Monorpadusirta [4] m ocranaguTe TPU CTATUU Ca HOCBE-
TEHU HA Memooda Ha odbpamuama 3a0a4a u ycmotivusocmma Ha 620U 85AHY 3G
HeAUHETHY YPABHEHUT HA MAMEMAMUYECKAMA PUUKG.

OtciabeH 16-tu mpobJsieMm Ha XmiadepT

B cratuuTre oT TO3U pazmen ce mM3CienBAT I'PAHWYHUTE IUKJIU HA ABYMEPHU
ABTOHOMHU CUCTEMU C TOJUHOMHUM HECHU 4YacTU. | paHWYeH NMUKDLJI — TOBA €
M30JIMpaHa MepuoanvHa (a3oBa TpaeKkTopusa. | paHWYHU NUKIN BL3HUKBAT BLB
¢a30BUA TOPTPET HA pEAUIla yPABHEHUS, MOIEJIUPAIIN HPOIECU OT PEAHUS
cBar. OkoJO moJOBUHATA OT MyOJUKAIUUTE B TO3UW pa3nesl Ce 3aHUMAaBAT C
M3CJIeABAHETO HA T'PAHUYHUTE IUKJIN B KBAAPATUYHU CUCTEMU. BCUYkuM mpen-
CTaBEeHU PE3yJITATU Ca CBbLP3aHU C OTCIabeHUs BapuaHT Ha 16-Tm mpobiem
Ha XunOept. [la mamomHuM, ye B cumcbka oT 23 mpobiieMa, GOopMyIUPAHU B
nokaana ' Maremaruuecku npobiaemu” , koiito Xunbept usnacsa #Ha [ Mexmy-
HapoJeH KoHrpec Ha mMareMatuinure npe3 1900 r., kato Bropa yacT Ha 16-Tn;
npobJieM ¢urypupa:

(H) Ja ce onpedeau makcumarnusm 6poll u pasnosonceruemo Ha 2paHuHUume
yurau na Hoankape 3a dufepenyuarnomo ypasrerue om nspeu peo

dy _ Y(z,y)
dr  X(z,y)

xs0emo X uY ca noAuHoMU om cmenen n.

(1)

3a pasjuKa OT MHOI'O OT OCTAHAJUTE MPOOJEMU B CIUCDLKA, IO PEIIaBaHETO
Ha 16-Tu mpobisieMm (BTOpa YacT) HAOPEILKDLT MPE3 CIEABAIIOTO CTOJIETHE €
MaJI'bK.

Ha ozuaunm ¢ R, [z, y] npocTpaHCTBOTO OT MOJIUMHOMU HA T,y C PEAJNHU KO-
ePUIMEHTN OT CTENeH He MO-TOJisiMa OT 1 U aa 3anumeM (1) KaTo aBTOHOMHA

cucremMa
T =X(z,y),

=Yy, X, Y e R,[z,y], "= d/dt. (2)
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Heka N(X,Y) e 6posiT HA IpDaAHUYHUTE [UKJIU BLB (A30BUSI MOPTPET HA CUC-
remara (2) npu ¢urcupanu X, Y € R, [z,y]. B opurunanuara popmyamposka
Ha 16-Tu mpoGiieM mo-rope HesABHO ce mpuema xunoredara, ye N(X,Y) < oo.
ToBa e cbabLp:KaHUETO Ha M3BecTHaTa TeopeMa Ha lrosmak ot 1923, koaTto Oe
OKOHYATEJHO NOKa3zaHa enBa OkoJo 1990 r. egHOBpEMEHHO OT Ecalle u Unpsa-
IIEHKO: 8368 (a308UT NOPMPem Ha 8CAKA KOHKPemHa cucmema (2) uma kpaer 6pot
2PAHUNHY YUKAU.
Karo crenBama crbnka, na geprHUpaMe YUCIOTO Ha XMiIbepT

H(n)={supN(X,Y): X, Y €R,[z,y]}.

Karo ce uskmtoun rpusnanuusat pesyarar H(1) = 0, mocera He e mokazaHo, ue
H(n) < oo, T.e. ue H(n) cbluecTByBa, naske 3a KBAAPATUYHUS CIydail n = 2.
Ha npumepu ce Bwkna, ye H(2) > 4.

Enua oT BBL3MOKHUTE TTOAXOAM 3a pemaBaHeTo Ha 16-tu mpobiiem Ha Xwuii-
OepT ce CLCTOUW B M3CJIENBAHETO HA MPOMEHUTE, KOUTO HACTLIBAT BLB (Da30-
BUsI IOPTpeT Ha (2) Ipu HEMPEeKLCHATO U3MeHeHue Ha koedunumenture. Crap-
TUpafiku OT cucTeMa, YuUTO (Pa30B MOPTPET € U3BECTEH, BLIPOCLT € Oa Ce
M3ydJaT BCUYKU MOCJIeIBAUA OU(YPKAIUYU, KOUTO BL3HUKBAT MPU IIPOU3BOIHU
neprypbannu Ha kKoepunumenture. Obade u HAl-ILATUAT I'LT 3AI0YBA C I'LP-
BaTa KPaudka, KOATO B CIydas ce CLCTOM B M3CJeIBaHe Ha Ou(ypKanuuTe HA
PPAHUYHU [UKIUA DU MAAKU nepmypbauuy Ha Koepunuenture. VIamexmy mad-
KOTO CUCTEMU, YAUTO (PAa30BU MOPTPETU CE U3CJIEIBAT CPABHUTEIHO JIECHO, Ca
HOJIMHOMHUTE CUCTEMU, IIPUTEKABAIM SIBEH NPLB MHTErpaJ (B MeXaHUKATA —
VHTerpaJl Ha IBU:KEHUETO, eHeprus). TakuBa cucrteMu ce HAPpUYAT ulmMezpye-
Mu. 3aTOBa €CTECTBEHO BDL3HUKBA BLIPOCDT:

(WH) Za ce onpedeau makcumanrusm 6poti u pasnosonceruemo na 2paHuHume
yurau Ha Iloawkape npu Masky NOAUNOMHYU NEPMYPOAUUL HA UHTNELPYEMU NOAU-
HOMHU CUCTILEMAL.

Tara GopMmyaupaHuAT TpobIeM e U3BECTEH KATO omcaaber 16-mu npobiem nin
unpurumesumaner sapuarm na 16-mu npobaem Ha Xunbepr. B mo-mompoben
3ammc, cTaBa OyMa 3a M3CJeIBaHe Ha I'PAHUYHUTE IIUKIU B MOJIUHOMHATA CUC-

TeMa

i=M"'H,+¢ f(z,y,¢), 3)
y=—-M"1H, + eg(z,y,e),

kbaero H(x,y) m M(z,y) ca ¢cbLOTBETHO I'LPBUSAT MHTErPAJ UM WHTET DUPAIIU-
AT MHOMKUTEN Ha HecMyTeHata cucrtema, f, g € R,[z,y| ca neprypbanuute, a
£ e MaJ'LK mapaMeTnp. Hail-uecTo OGEKT Ha M3cienBaHe € CIydasT, KOraTo
HemepTypOupaHaTa cucTeMa

s -1
T=M""H,, (4)
ZQ = _M_lH:m

OpuUTeKaBa KOHTUHYYMHA U HENPEKLCHATa cucreMa A OT mepuoaudHu Tpaek-
TOPUU — IMEPUOIUYEH NPHCTEH. TaKbB IPHLCTEH CHLIECTBYBA, aKO 3a BCSKO h
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oT HAKOW mHTepBal % = (a,b), nuHusaTa Ha HuBO H(z,y) = h cbabpska oBal
d(h), KO#iTO ce M3MeHs1 HempeKbLCHATO 3aenHo ¢ h € ¥. OBaJs — TOBa e mpocra
3aTBOPEHA TJIalKa KPUBA, KOATO HE CLALDP/KA KpUTUYHU Touku Ha H. Toi
KaToO BCAKA MHTErPpyeMa CHUCTEMa C NPLCTeH A mpurekaBa KOHTUHYYM OT Ie-
PUOAMYHY PEIIEHUs, MOYKE & Ce MPEINOJIOKI, Y€ B MAJIKA OKOJIHOCT HA TAKaBa
CUCTEMA IIE C€ ChABbP/KAT CUCTEMU C MHOTO TpaHMYHU nukau. [IpobieMbT e
a ce ompenesu Kou OT oBaJsute B A e ce mpeBbLpHAT ciel meprypbanuara
B rpannunu nukau. OCBEH TAX, U APYTY KPUBU BDLB (PA30BOTO MPOCTPAHC-
TBO Ha (4) Morar ma pONAT IPDAHUYHU UK — TOBA CA KPUTUYHUTE TOUKU
u cemaparpucHuTe KOHTypu. Ilociaemuure mpencrasiasBaT (BLpXy cdepara
Ha [loaHkape) 3aTBOpEHU KPUBU, CHLCTOSIMU Ce OT MOCJIENOBATEIHO CBLP3AHU
enHa ¢ apyra $a3oBu Tpaekropun (TOBa 03HAUABA, Ue W-TPAHUUYHOTO MHOMKEC-
TBO Ha BCAKA TPAEKTOPUA C€ CLCTOU OT €IUHCTBEHA TOUYKA, KOATO CLBIALA C
Q-TPAHUYHOTO MHOKECTBO Ha CjelBamara Tpaekropus). Hali-mpoctuar cema-
paTprCeH KOHTYp ce oOpasyBa OT CEIJIO U NpUIIEKaIla KbM HEr0 XOMOKJIUHA
(cemaparpucua npumka, saddle-loop). Aro M(z,y) = 1 B (4), opurunaasara
CHUCTEMA € XaMUJITOHOBA:
T=H,, y=-—H,. (5)
OCHOBEH MHCTPYMEHT 3a OTKpPUBaHe Ha IPAHUYHU UUKIU B (2) e u3obpaske-
auero Ha [loamkape P. HeroBure HENMOABUKHM TOUKM CLOTBETCTBAT HA T'pa-
HUYHU IUKJIA BLB (a30Busa moprper. Jla HAIOMHUM KOHCTPYKIUATa Ha P 3a
cucrema or Buna (3). M3bupame B paBHmMHaTa OTceura S, KOATO Npecuda
TPAHCBEP3AJHO CEMEMCTBOTO OT 3aTBOpeHu opbutu A B mMHTErpyemara CHUC-
rema (4). ITapamerpusupame S upes croitnocture h Ha H (Te3u croiinocTn
ce HApUYAT NMOHSAKOra eHepreTudHu HuBa). llpm 3amaneno HuBo h € ¥, pasr-
neskmame toukara Ay = SNJI(h) m Heka A; € S e Tourara, B KOATO opOurara
Ha (3) mpe3 Ay mpecuua oTHOBO S 3a MLPBU WLT. Torasa, MO meOUHUIMS,
Ay — Ay = P(Ay) e nzobpaskenmero Ha [loankape, a pasimkara

d(h,e) = H(A;) — H(Ag) = P(h,e) — h

e cborBeTHaTa (yHKIUMsA Ha orMmecTBaHe (displacement map). Besika usonupa-
Ha HYJa Ha (byHKHI/IHTa, Ha OTMECTBaHE€ CbhbOTBETCTBa Ha I'PaAaHWUYEH IUWKDLJI BbLB
¢aszoBus noprper Ha (3).

N3obpaxennero Ha [loankape um cboTBeTHATa (YHKIMA HA OTMECTBAaHE Ca
AHAJIUTUYHA OTHOCHO h BBLB BCEKM WHTEPBAJ, KOWTO HE CDLALP/KA KPUTUYHU
HuBa Ha H (T.e. HUBA, CLOTBETCTBAINM HA KPUTUYHU TOYKMU Ha H ).

Anamoruvno ce nedpunmpa m3obpaskeHmero Ha lloaHKape B OKOJIHOCT HA
KOHTYp. Pa3nukara e, ye ToraBa aHAJUTUYHOCTTA JIUIICBA.

N3scnenanero Ha GyHEIMATA d MOKE B MHOIO CIIy4YauW Oa Ce€ Peaynupa Io
M3ydvaBaHETO Ha HEHHOTO WLPBO npubiamkenue Mi(h) OTHOCHO €, T.e.

d(h,e) =& My(h) + O(£?).
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To3u moaxo[ e IpuitoskeH 3a WbpBU ILT OT [louTpsrun [Al] npes 1934 r. npu
n3ciaenBaHe Ha cucTeMu, 6iuskn 10 xamuiaTonoBu. C nmomomra Ha (3) I1LPBOTO
IpuUbIMKEeHne ce IPeCMATa JIeCHO:

M (h) = M(z,y)lg(z,y,0)dz — f(z,y,0)dy],  heX (6)
4 (h)

Nuarerpanst M; ce Hapuya QyHKIUA HA METHUKOB, BLIIPEKN Y€ MO-IIPABUIHO
ou 6uno ” pyurnusa Ha [loanrape—IlonTpsrun”. Aro meprypbanusara e HexoH-
cepsamuena, t.e. M; # 0, Teopemara 3a HesaBHATa (QYHKIUSA (CHLOTBETHO IIOI-
roTBUTENIHATA TeopeMa Ha Baliepmpac B ciayuvas Ha KpATHU KODEHU) IaBa, Je
BCsIKa M30JupaHa Hyna hy € ¥ wa M; cboTBeTCcTBa Ha TpaHUYeH NUKLI Y (ho, €)
B (3), ro#ito mpu ¢ — (0 KJIOHM B Xaycaop$oBa MeTPUKA KDLM IIEPUOIAYHATA
opbura ¢ (hy) Ha HecMmyTeHaTa cucrema. llpym KpaTeH KOpeH, OpoAT Ha Te3u
UK CBLBIOALA C KPATHOCTTA Ha hy. AKO meprybamusara e KOHCEPBATUBHA, CE
HaJlara M3cjelBaHe Ha cienBamoTo npubsmxenue Ms(h),

d(h,e) = € My(h) + O(£®),

u 1.0 Pyuruuure Msy(h), M3(h), .. ce HApUYAT CLOTBETHO BTOPA, TPETA U T.H.
¢yurmusa Ha MemrukoB. 3a pasmuka ot M;(h), mpecMsaTaHeTO HA BUCIINTE
¢yurum Ha MesHUKOB e cepmo3eH mpodaeMm.

Cren Tasu mOArOTOBKA, MPEMUHABAME KbLM OMUCAHVE HA KOHKPETHUTE IIPUHO-
cu. IIpenn ToBa, na BLBEAEM €IUH TEPMUH.

Jlepuaunmsa. Kaszpame, ye xoHPuUrypanmara J OT OPUEHTHUPAHU 3aTBOPEHU
KPUBU BDLB ()a30BOTO NPOCTPAHCTBO HA HeCMyTeHara cucreMa (4) mma LUK-
JUYHOCT k OTHOCHO HAaleH Kjac OoT meprypbamuu, ako B (3) mMma Hal-MHOTO
k rpaHMYHN IUKDBJIA, KOUTO npu £ — ( KIOHAT B Xaycmop(poBa MeTPUKA KbLM
enxeMenTu Ha F.

KBagopaTuusnu cucreMu.

B To3u pasmen nmomamar craruutre [2], [3], [5], [6], [7], [8], [9], [16], [20], [22], [23],
[24]. IIpes 1989 r. Guckenheimer, Rand and Schlomiuk [A2] mokaszaxa, ue nuk-
JMYHOCTTA HA CENapaTPUCHATA IPUMKA B HEM3POIEHA KBAIDATUUYHA XaMUITO-
HOBa CHCTEMa € Hai-MHOro Ier M (pOopMyJuMpaxa XUIOTe3aTa, de HUCTUHCKATA
IUKJINYHOCT € paBHa Ha nBe. B pabota [2| Hue nokassame Tas3u xumnoresa. He-
1[0 [IOBeUe, HaMePeHa e 1 00IaTa NUKJINYHOCT Ha ABeTe CeNapaTpPUCHU IPUMKA
(rkoraTo ca masune). B nobaska, B pabora [6] HApen ¢ APyTrU pe3ysiTaTu € Oll-
pelielieHa U NUKINYHOCTTA Ha IPUMKATA B U3POJCHUATE XaMUJITOHOBU CILydYamu.
[Tosmyuennre pe3yaTaTu B TOBa HAIPABJICHUE MOTAT a CE€ CYMUPAT TaKa:

Teopema 1. [[uxkauurocmma Ha CENAPaAMPUCHAMA NPUMKG 8 KE8AOPAMUYHA Ta-
MUAMOKOBA CUCTNEMA NPU MaAKae Keadpamuyuna nepmypbayus e dee. Obusama
YUKAUYHOCTL Ha 08€ CENnApampucH npumxy e csu,o dse. Pesyamamume ca mou-
HU.

To3u pe3ynraT MOXke ma ce pasriexaa KaTo aHaJOr Ha pe3dyiaTrara Ha Bayrtwn
[A3] 3a NMKAMYHOCT HA UEHTHLPA B KBAAPATUYHA cucTeMma. JloKa3aTeicTBOTO
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Ha Teopema 1 u3nonssa mnaciaensanero Ha Roussarie [A4] BLpxy nzobpaskeHuneTo
Ha [loaHKape B OKOJIHOCT Ha CemapaTpPUCHA IIPUMKA.

B paGora [6] ce pasriexnar u3poneHnTe KyOUYHN XaMUJITOHUAHY, T.€. Te-
31, IpY KOMUTO (pa30BUAT mopTper B (5) mma oc Ha cuMerpus. TakbB e CTaH-
JapPpTHUAT CJIUIITUNYCH XaMUJITOHNAH H= y2 —.I'g +.I', a 3a BCUYKM OCTaHaAJIV HUE
BbLBEKIAME CJleIHATA HOpMaJHa (opMa (M3M0I3BaHA BIOCIEACTBUAE OT MHOIO
IpYyTU aBTOPMU )

H=x[y*+Az> = 3(A- 1z +3(A-2)], AcR (7)

C momuduranus Ha ajxropurbMma Ha Frangoise [Ab], ca mpecmeTrHaTH WHLPBUTE
verupyn ¢pysrnuu Ha Menunuros M (h), k < 4, koraTo KBagpaTUYHATA IEPTYP-
bamusa LB [IpadoBa popma npuema Buma

dH —ecwy =0, wy =g(z,y)de — f(x,y)dy, f,9€ Rafz,y] (8)

(T.e. roeduuuenTuTe Ha f,g He 3aBUCAT OT MaJyikus napamersp). Cruen Tosa,
Hapen ¢ pesyJiTara BrIOUYeH B Teopema 1, ca moKa3aHU U CJeTHUTE:

Teopema 2. [lepmypbupanama cucmema (8) e unmezpyema (Lamuimorosa ual
pesepcuena), ako:

(1) My(h) = My(h) =M3(h)=0 u A=0 e (7);

(13) My(h) = My(h) = M3(h) = My(h) =0 u A# —1 6 (7).

Teopema 3. Hexa 6 (8) H e cmandapmnusm esunmusen ramuaimowuan. To-
20680 CUCTMEMAMG UMG 30 MAaAKO € u npouzeoanu f,g € Rylx,y] ne noseue om 2
2PANUMHY YUKGAG 8 Kpatnama pasruna. Peszyamamasm e onmumanen.

Teopema 4. Ilpu manka xeadpamuvna nepmypbayus (8), obu,ama yukauwHOCM
Ha YENMBFPA U NEPUOOUNHUT NPGCMEN 0KOA0 He20, K02amo mol e 3azpaden om na-
paboauyen ceemenm (A =0 e (7)), e paena na dse. Pezyamamsm e onmumanen.

3a xamuaToHoBus Tpubrbiaauk (A = —1; H = z[y?> — (z — 3)%] B (7)) ca
npecmeraaru M;(h), May(h), M3(h). Tperara ¢pyHRnus e m3cienBaHa B Ipyra
pabora [7], kbaero e mokazaHno, ue M;z(h) He e abeneB MHTErpaJ U UMa BUAA

hMs(h) = 7{ [az? 4+ Bh+~y+d(x—1) Inz)ydr = aly+(Bh+7)Ih+61,, h € [—4,0).
H=h

Y craHoBeHO e, dye mHTerpasure [,, [y, [, ymoBiaerBopsaBar cuctema Ha [lukap-
®ykc ot pen 3. C momomTa Ha TO3U (AKT ce TOKa3Ba

Teopema 5. Ilpu manka xeadpamuvna nepmypbayusg (8), obu,ama YuKAUYHOCT
Ha UENMBPA U NEPUOOUNHUT NPFCEN OKOAO HE2o, kozamo mol e 3azpaden om
mpusesanur (A= —1 6 (7)), e pasna na mpu. Pezyamamsm e mouen.

I[Ipu kBagpaTuyny mepTypOanuu HA HEM3POOEHU XAMUJITOHOBU BEKTOPHU IIO-
jJera, € JOCTaTbYyHO u3ciensanero Ha ¢yuruusara Mi(h), KOATO B TOA Ciydaii
MOKe [1a Ce 3aluile BLB BUIA

M (h) = //Inw(h)(ozx + By +v)dxdy, h e, 9)



Unues — Aemopcka cnpaska 6

kbaero Int (h) e BpTpemuocTTa Ha oBasa 6(h). B pabora [3] e npenioskeH HOB,
reOMEeTPUYEH MOAXO 38 M3CJEeABaHEe HYJIUTE HA MHTETpaJa (9) Y paBHEHUETO
M;(h) = 0 momycka mHTEpecHa reomeTquHa naTepuperamusi. la BnBemeM 3a
h € ¥ ¢pysrnuuTe (MEXaHUYHU MOMEHTH)

= // dxdy, // xzdxdy, Y (h)= // ydxdy.
Int 6(h) Int 6(h) Int é6(h)

OueBUIHO, €eHEPreTUYHOTO HUMBO h € Y e Hyna Ha ¢yukuumsra M;(h) Torasa
¥ caMO TOraBa, KOraTo IEeHTPAJIHATA TOYKa (LEHTPOUH, HEHTHLD Ha TEKECTTA)
¢(h) = X(h)/V(h), n(h) = Y(h)/V(h) ra obnacrra, 3arpagesa ot osaJa 6(h),
nexkn BLpXy mpasata { @ ax + Sy +v = 0. Bcebmuoct ¢ e mpaBaTa, BBLPXY
KOSTO QUBEpPreHnusATa Ha nosero B (3) ce amyaupa. Tosa o3HauaBa, 4ye edum
ogaa om nepuoduvwnug npscmen A nopaxcoa epanuven yuksa npu Keadpamuyura
nepmypoaAYUT MOUHO KOZAMO UEHMPAAHAMA MY MOYKAE AEHCU EFPTY OUSEPZENT-
nama npaea ¢. Ila o3naumm ¢ L kpuBara, oOpa3yBaHa OT IEHTPAJHUTE TOYKU
Ha (aMuiauaTa OT oBasau Ha A:

L={(&h),n(h)): hex} (10)

Hue napuuame L yenmpouona xpusa na A. Hanpasenure mo-rope HaGII0qeHUs
HOKa3BaT, ue OpOAT Ha IpaHMYHATE NUKIU B (3) e paBeH Ha Opos Ha Ipeced-
Hute Touky Ha { 1 L, a Te B KpaliHa CMeTKa Ce OMPEeNesAT OT T€OMETPUATA Ha
L. BaskHocTTa Ha NPENIOKEHNUs T€OMETPUYEH MOIAXOM CE CLCTOU BLB (aKTa,
Je MEeHTPOUIHATA KPUBA CbILPKA MILIHATA UHPOPMAIUI 38 BbL3MOKHUA OO
rpaHryHy IUKIN B (3), BLOpeku ve L ce Ompenesiss equHCTBEHO OT XaMUJITO-
Huana H u ciemoBaTesIHO 3aBUCU caMO OT nBa napamerbpa. la orbemnexum,
ue M;(h) 3aBUCKH OCBEH OT apryMeHTa CU U OT IeT NOILJIHUATEIHN TapaMeTbpa
(mBa Ha XaMUWJITOHMAHA U TPU Ha NepTypOanusaTa), KOETO IPaBU U3CJIEeIBAHETO
Ha HYJUTE U TPYyAHA 3aaa4a.

[IopBa cronka B uscaensanero Ha (9) m (10) e m3GopbT HAa HOpMAJIHA
dopma 1 onucanreTo Ha OU(YPKAIMOHHATA AMArPAMa HA XaMUITOHOBOTO BEK-
TopHo mosie. B [3] e mpemnokena ciaemHara HOpMaJHA (GOpMa Ha KyOudueH
XaMUJITOHUAH C [EHTLP, KOATO 3a€IHO CLC CLOTBETHATA OU(YPKANIMOHHA V-
arpaMa € HaXOJKa U 0e BDL3IpUeTa KATO eTAJOH U M3MOJ3BaHa IMUPOKO OT
APYTU aBTOPU:

1 1 b
H= 5(12 + y2) - gl‘g + (L’L'y2 + gyga (a'7 b) € Qa (11)

Q={(a,b): —3<a<1,0<b<(1—a)V1+2a}.
B [3] e uzBenmena cucremara Ha [lurap-Pykc, ymoBieTrBopsiBaHa OT MHTErpa-
mure V(h), X(h), Y(h) n nombiHuTenHUS MHTErpaJy (LEHTPOOEKEH MOMEHT)
K(h) = ffIntzS(h) rydrdy, n3caenBaHa € IMEHTPOMTHATA KPUBA B OKOJHOCT HA
KpallHUTe U TOYKMU. 34 CIaydYas HAa XaMUJITOHUAH C 3 cemyia U IMEHTLP € MOKa-
3aHO, ue L e peryiasapHa U3nbKHajJa KpuBa. OTTYK CjIenBa OCHOBHUAT PE3yJITAT
B paborara:
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Teopema 6. Hexa H e neuszpoden kybuuen ramusmonuar ¢ 3 cedaa u e0uM UeH-
map. Tozasa 3a manku £ cucmema (8) uma HAG-MHO20 084 2PAHUYHU YUKGAA.
Peszyamamasm e mouen.

ToBa e WLPBUAT TOUEH PE3YJITAT 38 OpPOs PPAHUYHU IUKJIU 38 OTBOPEHO MHO-
’KECTBO OT XaMUJITOHMAHU B jutTepatypara. IIpe3 2001, m3nonsBaiiku moc-
TaHOBKaTa u pesyiarature or (3], [2] u [5], KAKTO M HOBM WIOEM U TEXHUKH,
laBpunos [A6] ycus ma pemwn npobieMa 1 3a OCTAHAJIUTE ABA CIydas B OOIIO
HOJIOKEHME: [Be CeIIa U IBA HEHTHLPA U €IHO CeMIO U eauH HeHTLp. OT cBos
crpaHa, [3] u3mos3Ba cbliecTBEHO pesynrarure oT [2] m [AT].

OGenvHEHUAT Pe3yJITaT, U3BECTEH KATO TeopeMa Ha ['aBpuiaos, XOpo30B u
UNnues (Buwx [A8], crp. 339 u [A9], cTtp. 56), e eauH OT OCHOBHUTE IPUHOCU
Ha ObJArapcKara LMKOJa B TEMATUKATA:

Teopema. [A6] Hexa X e xkeadpamuuno eexmopno noae, 6auzko 00 TaMuAmo-
HOBO BEKMOPHO MOAE, MOPOOEHO OM KYOUUEH TAMUAMOHUAH C UEHMBED U YeMUPU
PABNUNHY KPUMUYHY Hu8a (0se om mar esewmyanno komnaekcwu). Tozasa X
UMG HAl-MHO20 084 2PAHUNHY YuKsAa. Pesyamamsm e mouen.

B paGora [5], my6uukyBaHa meT roArHY IPeAu HOJIydYaBaHeTO Ha TOPHU OKOH-
yaTeJeH Pe3yJITaT, € pasriefaH CIydasdT Ha XaMUJITOHUAHU C LEeHTPAaIHa CU-
merpus. Te cvorBercrBar Ha a = 0 B (11) u npureskaBar 2 neHrbpa. U3y-
JaBallKy CbOTBETHUTE IBE HMEHTPOUAHU KPUBU U B3AMMHOTO UM IOJIOKEHUE, €
[OKa3aH CIEIHUAT OCHOBEH DEe3yJITaT:

Teopema 7. Manaxa xeadpamuyuna nepmypbauus Ha K8adPaAMUYHa TAMUAMONKO8A,
CUCTNEMA C YEHMPAAHA CUMEMPUT MOAce 0a npouzsede Hall-MHO2Z0 084 2PAHUYHY
yuksaa. Pezyamamsm e mouen.

B pabora [9] ce mzciensar KBagpaTUUHNTE NePTypOAIMN HA BCUYKU KBAADA-
TUYHU cucTeMu ¢ HeHTLD. Ilokazano e, ye ako cucrema (4) ce 3amuimie Kato
yPaBHEHUE OTHOCHO KOMILIEKCHATA TPOMEHJINBA 2 = I + 1Y, TO CJIE MOIXO0IAIIA
apuHHA CMAHA HA MPOMEHJIMBUTE BCAKA KBAAPATUYHA CUCTEMA C HEHTLD (Uiaum
38 MO-KPATKO, KBAAPATUYEH IEHTLD) MONana B HAKOS OT TPYIINATE

2= —iz— 22+ 2]2)*+ (b+ic)z?, xamumaromosa (QF)

Z = —iz +az’ + 2|z]* + bZ?, pesepcusra  (QF)

Z=—iz+42> +22)* + (b+ic)z%, |b+ic| =2, c ropasmepuocT 4 (Q4)
Z=—iz+ 22+ (b+ic)Z?, tun Jlotka—Boarepa (QLV)

= —iz+ 2% XaMUJITOHOB TPUDI'LIHUK

B cnucovra mo-rope a,b, ¢ ca peannu mapamerpu. ['opHaTa KiIacupuranus ce
OTHACA 3a MEeHTLpa B HaualoTo 2 = 0, a ozHadyenuaTa QI u np. ca BL3mpuern
or [A10]. Hue me mapumdame XaMUITOHOBUA TPUDLILIHUE U cuctemute QL
Q4, QLY. koraTto ¢ = 0 B TAX u3podenu, a OCTAHAJINATE HEHTPOBE — HEU3POJEHU.
B [9] ca npencraBenn 6udyprannoHHUTE AuarpamMu Ha (A30BUTE HOPTPETU B
cpborBerHuTe paHuHU (a,b) miau (b,c). B [9] e morazano ome, ye 3a ompene-
JAHE NUKJINYHOCTTA HA MEePUOAUYHUA NPLCTEH OKOJO MEHTbLPAa B HAYAJIOTO €
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Hy’KHa TOYHA OIEHKa OTrope Ha Opos Ha Hyaute Ha Mi(h) (B Hemspomenure
cayyan), Ha M;z(h) (3a xamMuaToHOBUS TpULILIHUK) U Ha My(h) (B mpyrure
n3ponenu ciayuan). Hamepenu ca neprypbanuure (Hapederu ” cbiiectBenu” ),
KOMTO IaBaT MaKCUMAaJHUs BDL3MO/KEH Opoil Hynu B cborBerHure Mi(h). 3a
Te3U CBLIIECTBEHU MepTypbanuu ca npecMeTHaTu Bcuuku cnorsetHu My (h). B
YaCTHOCT, 3a mpecMmsaTanero Ha My(h) e npemioxkeH HOB auropuTbM (U3LAIO
pasnuuen ot [Ab]), ocHOBaH Ha mudepeHIUpaHe IO HapaMernp. Karto mpu-
JIO’KEHWE e YTOUHeHa KpuBaTa B OUdypKamuoHHaTa muarpama Ha QF, BLpxy
KOATO CEeMapaTpPUCHUAT KOHTYP OKOJIO HEHT'LPa B HAYAJOTO € C IPeanojaraeMa
IUKJINYHOCT 3. [loka3aHu ca ome:

Teopema 8. [[ukiuwhocmma Ha NEPUOOUNHUT NPECMEN, 30 UPOOEHUT YEHMBFD OM,
wopasmeprocm wemupu Qf = {Q4s N QLF, b = 2} e paena na 3. Pesyamamsm e
MOYEH.

Teopema 9. [[ukiuurocmma Ha NEPUOOUUHUT NPECMEN 30 UPOOEHUT UZ0TPOHEN
yenmap S; (csomeememeaw, na b =c =0 e QL) e pasna na 2. Pesyamamom e
MOYEH.

Teopema 9 ompemess mpaBuIHATA MUKIWYHOCT Ha cuaydas Sp, koato B [All]
€ HEeNpaBUJIHO MOCOYEHA KATO eIUHUIA, Oasupaiiku ce Ha Opos HyJU, KOUTO
moke na uma Mi(h), a me Ms(h), KaKTO € HyKHO.

PaGora [9] e MmHOrO mOGpe mpumera or koserusta. lopu camMo GpakTbLT, Ye B
MOMEHTAa, B KOUTO NMUIIa TOA TEKCT, CTATUATA, cTapa Bedve 14 rommHm, CcTOM HA
BTOPO MsICTO B CIUCHLKA HAa HAli-ueTEHUTE 3a IMOCJIEAHATE 3 Mecela myOauKanmm
ot Bull. Sci. Math., e mora3aTesieH.

B pabora [8] e pasrienan ApyrusaT u3poaeH LHEHTHLD OT KOPa3MePHOCT Ye-
tupu Q; = {Q4sNQF, b = —2}. Tosu cayuaii e no-cnosken or @, 3amMoTO B
M, (h) yuactBaT ueTupu, a He Tpu nHTErpaJia. JloKka3aTesCTBOTO €KCINIOATUDA,
cBolicTBara Ha cboTBerTHara cuctema Ha [lukap-Pykc or pem 4. OcHOBHUAT
pesyJiarar e:

Teopema 10. [[uxauunocmma Ha NEPUOOUNHUT NPECMEH 30 UPOOEHUT UEHMED
om Kopasmeprocm wemupu Q; = {Q4N Q?; b= —2} e pasna na 3. Pesyamamasm
€ MOoYeHN.

B pabBora [16] ce npaBu 3a IPBLB LT OOUT & CE U3CIEABAT OUpYpKAUUTE HA
IPAHUYHYU UKW, UABAINKA OT OE3KPaiHOCT, B KBagpaTudHu cucremu. Jlokasa-
HO €, Ye MMa 3 TUIa CUCTEMU C eJIUITUYHA KPUTUYHA TOUKA WIBAINA OT OE3K-
paifHOCT, 3a€MHO C €BEHTYAJIHU TPAHUYHU IUKIU OKOJOo Hesd. Hwue mokasBame,
Yye Te3n HUKJIM MOraT Aa Ce M3CJIeABAT C IOMOITa Ha WU3POAeHA TPaHCHOp-
MaIusa Ha KOODIUHATUTE, KOSITO IPEBPBIIa CUCTEMATa B MaJjKa IepTypOoamus
Ha PeBepCUBEH NeHTLDP oT kiaaca QF. CuoTeeTHaTa (YHKIMA HA OTMECTBAHE
IpUTEeKaBa PA3BUTHE B pel Ha Puiseux OTHOCHO MaJIKus mapaMerbLp, a HOoC-
JIeOBATEIHUTE KOeQUIUEHTN Ce MPEJCTaBAT ype3 abeseBu uHTErpaau. Karo
IPUJIO/KEHVE Ha Tas TeOpUs, ca pasrienaHu 4 KOHKDETHU Ciydasi. 3a UIIOCT-
panus, TykK GOpMyJaupaMe eIrH OT PEe3yJTATUTE.

Teopema 11. B maaka xeadpamuuna nepmypoayus Ha U30TPOHHUT yeHmsp Sz
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(a=5b= -3¢ Q?) UM HAU-MH020 2 2PAHUYHY UUKEAG, KOUMO KAOHIM KoM
beskpaiinocm kamo 1/e npu e — 0.

B paGoru [20] u [24] ce m3cnenBa HEM3PONEHUAT PEBEPCUBEH CIydail ¢ KOpa3-
meproct 1 B QF, 3a111aAeH ora=2b+1,beR\[-1,3]. Boopsara pabora e
pasriean caydasar ; < b < 3, koraTo cucremaTa uMa 2 nenrbpa. Ocranaaure
CIyYau UMAT eIUHCTBEH NEHTLD U Te ca pasriaenanu B [24]. U B asere paboru
I0KA3aTeJCTBOTO ce Das3upa Ha CBOMCTBATA HA CLOTBETHUTE TPUMEDHU CUC-
remu Ha Pykc 3a ¢pyHrmuure, yuacrsamuy B M;(h) u HA penuua reomMeTpuUdHN
coobpaskenus. [lokaszaresncrBara B [24] ca 3HAUNUTEIHO MO-CIOKHU TEXHUYECKU
¥ M3UCKBAT M3MOJ3BAHETO HA KOMIIOTBLPHA IIPOrpaMa 3a CUMBOJIHU IIPECMSITa~

ausa. Cayuasar B [20] ce cBeskma no cucremMara ¢ mapameTpu

i =—y— 3%+ (1+ k)y? + e(viz + rowy), (12)
v = (1 —2y) + evza?, —1<k<l, v=(v,wmuv) cR\0.

Teopema 12. [Ipu npouszeoano v u docmamsuno maaxo € 6 (12), ca 6 cuna caed-

HUME MBFPOCHUT:

(1)  Axo |k| < 2, yukauwnocmma wa ecexu om 0s8ama NePUOOUIHU NPFCMENI, €

mpu.

(i1) Ao 2 < |k| < ky = 0.60965..., yurauurnocmma wa eOuHUA NEPUOOUMEN NPsc-

men e mpu, a Ha OpYeus e 0ae.

(1ii) Awo ks < |k| < 1, yurkauunocmma na ecexu om 0eama nepuoOuNKY NPscme-

Ha e dee.

(tv) Topwume epanuyu 6 (1), (ii), (iii) ca mounu.

Teopema 13. Axo npu 3a0adeno v u 00CMaAmMs4HO MAAKO € 2PAHUYHY Yukau 6 (12)
863HUKBAM €0HOBDEMENHO 0M 08AMaA NEPUOOUNHY NPFCMEHA, ME CA eUHCMEEHU.
Toecm, eQuncmeeromo 863MoHCHO pasnpedeaerue 8 mod cayyal e (1,1).

B pa6ora [20] ca mpencraBeHM M CLOTBETHUTE OU(YPKANMOHHU OUATDAMU B
3aBUCUMOCT OT croiiHocTuTe Ha k. OT CBOsA cTpaHa, OCHOBHUAT PE3yJITAT B
pabora [24] e cuenHuAT:

Teopema 14. [uxauunocmma Ha NePuoOUMHUT NPECMEH 30 K8AODAMUYHUT 1 eH-
mep e QF sa0aden om a =20+ 1, b € R\ [-1,3) npu maska xeadpamuuna nep-
mypbayusT e 08e U Pe3yAmamsm € MmoueH.

B pabora [22] e npemsoskena nporpaMa 3a HaMUPaHe [UKJINYHOCTTA IPU KBA -
paTUYHMU nepTypOanumu Ha IepUOIUIHATE IPHLCTEHN B KBAAPATUYHA IEHTPOBE,
YMUTO HEU3POMEHU KOMIUIEKCUDUIUPAHU (PA30BU TPAEKTOPUU CA EIUNTUYHN
kpuBu. TakuBa MEHTPOBE CMe HapeKJU HeHTpoBe oT pod 1. OcBeH oueBUIHU-
Teé XaMUJITOHOBU CIIydau, U3YEPIATEIHUAT COUCLK B [22] BRaouBa 18 pesep-
cuBHU HeHTBpa (T.e. oT knaca QF), kpuerenu (rl) — (rl18), 6 usposenu u 5
Hen3ponenu nenTLpa ot Tun Jlotka-Boarepa (T.e. or knaca QLY), kpbeTenn
cvorBeTHO (rlvl) — (rlv6) u (lvl) — (lvh), KakTO M HEHTDLPaA (J4 C KOPA3MEPHOCT
4. C mopemuna OoT TpaHCHOPMAIMU CLOTBETHUTE MbLPBU MHTEerpaau H u mo-
paxnamy Gyurmuu Ha MemguuroB My (h) ca obemuaern (KbIeTO € BBHL3MOYKHO )
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U ca CBedeHu 1m0 mo-mpoctu. Hamepen e pennbT Ha CHLOTBETHATA CUCTEMA HA
[Tukap-Pykc 3a enunTuyHUTE MHTErpaau, Briawudenu B My(h). Popmynupanu
ca XWUMOTe3M 3a TOYHATA HUKJIWYHOCT (IBEe WM TPU) 3a BCEKU €OUH OT CJIY-
yauTe. 3a WICTpanus Kak AelcTBa mporpamarta, B [22] ca U3CJeIBaHU OB
ot caygaute (rll), (rl8) m e ompemeneHa TsaxHATA UUKINYHOCT (2 rpaHAy-
HU IUKDLIA). JlOKAa3aTesCTBOTO M3IOJI3Ba KOMILUIEKCU(DUKAIMS, CBOWCTBATa HA
CBHOTBETHATA PUMAaHOBa MOBLPXHWHA U MPUHIUNA Ha apryMenTa. Hakpas na
orbenesxkuM, ye OaromapeHue Ha YCUIUATA W HA MHOTO APYTU MAaTEMaTUIN,
MNOHACTOAIEM TporpaMara npemioskena B [22] e uanvauena va 80% B uvactTa
U 3a PEBEPCUBHUTE CIIYUaU.

B pabora [23] e pasriemaH ciaydasT Ha HEHTHLD C KOpa3MepHOCT 4, KOW-
TO IPEICTABJIABA €AHONAapaMeTPUYHA (PAMUIUA OT CACTEMU. 3a TO3U CIydail
[HOTOraBa He OsXa M3BECTHU HUKAKBU PE3YJITATH, OCBEH Y€ CAMUAT HEHTDHD
KATO KPUTUUYHA TOYKA MMa IUKJINYHOCT Tpu. Hwue m3Bekmame cucremara Ha
[Tukap-Pykc u ¢ HeltHA TOMOI CBEXRAAMe MpoOJJeMa MO OIEHKa Ha HYJUTe Ha
peleHneTo Ha KOHKPETHO XUIEPTeOMEeTPUYHO ypPaBHEHWE C ASCHA YacT B 3a-
BUCUMOCT OT HYJUTe Ha MocjemnHara. Taka ce mosydaBa OIMEHKA OT MAKCUMYM
8 TPAHUYHU MUKDLJIA, TOPOJEHU OT MEePUOANYHUS NPBHLCTEeH. BrociaencrBue Ha-
muAT pesyiarar 6e noxobpen mo 5 (mpu xumotesa 3) or Yulin Zhao [A12].

CucreMu OT IIO-BUMICOKA CTEIIEH.

B ro3u pasmen monamar crarmwmre [10], [11], [12], [13], [14], [15], [17], [18], [19].
Ilo To3u MOMeHT He e HamepeHa 0o6ma Gopmyia or Tuna (6) 3a Bropara ¢QyH-
kst Ha Mennukos My(h). B pabGora [10] e m3Benena takaBa (GpopMmyia 3a
Cydasi, KOraTo HeCMyTeHaTa CUCTEeMa € HIOTOHOBA, TOECT MMa XAMUJITOHUAH
H(z,y) = %yQ — U(x). [a pasriename chLOTBETHA MAJIKA HEPTypOANUs, KOATO
€ aHAJUTUYHA 0 OTHOIIEHUE Ha MAJIKUA MapaMeTLp &,

t=H,+ef(x,y,¢),

. (13)
y=—H, +eg(z,y,e).

B ropuaure ¢opmynu U, f u g ca nmonmmHOMmM, HO Omxa Moriau na ObLIaT u

APYTU OOCTATHLYHO raanku Gpysrmuu Ha (x,y). la npemmosnoxum, ue M(h) e

THEICCTBEHO HYJIa B 2 " Oa B'bBEAEM O3HAUYCHUATA

D(z,y) fz(x,y,0)+gy(x,y,0),
F(z,y) = [) f(z,5,0)ds — [ g(s,0,0)ds,

G(z,y) = [ D(z, s)ds.

Torasa, ako G(z,y) e yeTHa MaIM HeyeTHA (QYHKUUS HA Y, GOPMyJIaTa 3a BTO-
para ¢ysrnusa Ha MesmHukoB mMma Buaa

__ 4 Fley)Dy) . o (g
My(h) = f;(h) e+ f(h)[gx .0)dz — f.(z,y,0)dy], he . (14)
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B cayuas ma npoussosna G(z,y) = Gi(x,y) + Go(z,y) ¢ Henynesu neuerna (G
n uerHa (5 yactu, B (14) ce BKIIOYUBA M TPETU WHTErpaJi, KOHTO ce m3pa-
3sBa mocpenctBoM Gy u Gy. Tesu ¢gopmynu mokasBaT, ye M3CIeIBAHETO HA
budypramuu OT BTOPU pPEI OTHOBO Ce CBEKIA KbM W3CIEIBAHETO Ha HYJIU-
re Ha abeseBu mHTerpasu. Cpasaena c (6), popmyna (14) BriarouBa moBeue
HE3aBUCUMU MHTErpaiu. ToBa O3HAUYaBA, Ye KOHCEPBATUBHUTE HEPTYpPOAnuu
HOPaKAAT MMOBEUe IPAHUYHU LUKJIM, OTKOJKOTO HEKOHcepBaTuBHUTE. fICHO e,
uye KOHKpeTHuAT Bun Ha Ms(h) 3aBucH He caMO OT XaMUJITOHUAHA U HEPTYP-
GanusaTa, HO U OT FEOMETPUsITA HA OBAJUTE B HEPUOAUUHUs IpPLCTeH A, 3a
KONTO ce mpuiara ¢gopmysara. 3a pa3iudyHUTE OPLCTeHU, BUALT Ha My(h)
ciell U3BLPIIBAHE HA KOHKPETHUTE IPECMATAHUS MOKE 1a € ChbBCeM Da3JInyeH,
[OPY AKO XaMWJITOHUAHDLT U NepTypOanusaTa ca ChLIIATE.

Ha nosnyuenara B [10] ¢popmyna 3a My(h) e mocBeTeHa mO-roJsMaTa YacT
or §4.11 B m3sectnara (¢ 1600 murupanus) kaura Ha Lawrence Perko [A13],
Kb IETO HAa MHOKECTBO IIPUMEPU € NEeMOHCTPUPAHO Kak popmynara paboru. B
[10], uue mpuaarame (14) KbM eqHA KOHKpETHA KyOWUHA CHCTEMA, BL3HUKBA-
ma Ipy u3ciaenBane Ha ocobenocTn ¢ HuianorentHa aunuHeapusanus (Carr [Al4],
Dangelmayr and Guckenheimer [A15]):

xr =

B : : (15)

Y=—— 2+ Ny + Aox® + A3y + \Mx7y.
B (15), Ay ca Majku mapaMerpu, 3aBUACEIIN AHAJIUTUYHO OT £. B m3ciensaue-
to cu [Al6], mocsereno ua (15), Chicone ycranoBu, ye GpOAT HA TDAHUYHUTE
VKU B CACTEMATA C€ ONPENessi OT BTOpara Bapuaiusa d; HA (yHKIAATA HA
oTMecTBaHe U (OPMYJIMPA XUMOTE3aTa, 9e TA MPOU3BEKIA NBA TDAHUYHU LU-
kbia. B [10] aue nmokassame Ta3um xumoresa:

Teopema 15. Cucmema (15) uma Hal-mHo20 2 2panuyny YuksAa Npu MasKU
cmotinocmu 1a napamempume \;.
B pa6ora [12] ca pasraenanu emHoBpeMmeHHO cucremara (15) m cpomHuTe U
cucteMu, ¢ m3pasu —z + 25 u x — 23 BBLB BropoTo ypasHeHme. C momomTa
Ha pa3jaraHe B Pel IO MAJIKATE ITapaMeTpy \; Ha (YHKIAATA HA OTMECTBA-
He ca npecMerHaTu Beuykyu (GyHkumm Ha Mennukos My (h), k = 2,3,4, ... upu
IPEINOJIOKEHNETO, Ue IpeaxoqauTe k— 1 pyHKIUM ce aHyImpar ThiKIECTBEHO.
Hokazano e, ye My(h) nma Haii-MHOrO 2 HyJM, HE3ABUCUMO OT HOMEPA U OT
Bua Ha nepuoguyHusa npbered A. CremoBaTesHO BCEKM OT TAX MMa IUKJIAY-
HocT 2. C TOBa mOKpail APYroTO € HmonpaBeH IOrpemHusaT pesyirar B [Al7],
KDLIETO Ce TBLPEIE, Ue UKINIHOCTTA HA NPLCTEeHA OKOJIO ABOMHATA IMPUMKA
3a ciaydas T — o5 e Tpu.

B pabora [13] ce muscnensar monmHoMHM meprypbamuu (13) Ha nuHeiHMS
nearsp H = 3(2% + ¢?). Ako osmaumm c [r] mamzaTta 94acT Ha 7, OCHOBHUAT
pesyJarar e:

Teopema 16. 3a npoussoana nosunomma nepmypbayus om cmenew n e (13),

nspeama nenyaesa gynxyus na Meanuxos My(h) uma ne nosewe om [3k(n — 1)]
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nyau 6 X = (0, 00).

Jloka3aTesCcTBOTO € OCHOBAHO Ha CIENUAHVM DA3JIaraHUs HA [MOJUHOMHU V-
pepenunannu enao-popmu. Anasorumuen npobieMm ce pasucksa B pabora [14],
KoraTto xaMunToEnansT B (13) e H = 1y 4+ 32 — 32°. 3Ba Tos cmydvait e moka-
3aHO, 4Ye I'bpBaTa HeHyeBa ¢yHkua Ha MemxuukoB My(h) nma He moBede OT
k(n—1) mym B X = (0, ). IlokasaHo e ¢bINO, Ue OLEHKATA MOKE 13 CE HAMAJIM
¢ 1 npu k > 3. Iloka3aTesCTBOTO Ce OCHOBABA HA MOAXOISAIM JEKOMIO3UINY Ha
nupepeHmaIay enno-popmu ¢ teraa. [lonobuo Ha pabora [10], mo-ronsmara
yact or §4.12 B kaurara [A13] ok e mocBerena Ha paboru [13], [14].

B pa6ora [11] ce uzcnensa uarerpanst (exBuBasient ua M (h))
0= o w)de = fle i, 3 C (H@y =K, heS (9

3a ciaydas Ha KyOUYHM XaMUJATOHUAHU H C HEHTLP.

Teopema 17. Heka n e makcumasnama cmenen wa nosunomume f,g. Tozasa
I(h) uma ne nosewe om 5n + 15 wyau 6 X.

Makap 1 HETOUHA, TpOCTaTa JUHENHATA OleHKa B Teopema 17 u3riexmga gocTa
ONTUMAJHA U PEAJUCTAYHA HA (OHA HA ONEHKUTE OT TUIl ~UTEPUPAHA HAKOJIKO
I'LTU €KCIIOHEHTa OT N, TPOU3BEKIAHU OT U3PAELJICKATA MKOJIa. B MHTEpec Ha
UCTUHATA, TEXHUTE PE3yJTATA C€ OTHACAT 38 XaMUJITOHUAHU OT IIPOU3BOJIHA
cremed. HameTo mokasaTesicTBO cjeaBa CJeTHATA CXeMa. XaMUITOHUAHDLT B
(16) ce mpuBeskna B HopmaaHa Gopma (11) u ce norassa, ue I(h) nprHa LTSRN
Ha R[h] Monxyn ¢ remeparopu - yerupure unrerpana V, XY, K or pabora [3].
[To-Toumo,

I(h) = a(h)X (k) + B(R)Y (h) + £(R) K (h) +n(h)V (h),

K'bJETO CTEICHUTE Ha MOJIMHOMUTE Ca CHOTBETHO [3(n—2)], [5(n—2)], [3(n—3)]
u [3(n —1)]. Cuex ToBa ce u3snonssar cBoiicTBaTa Ha cucTeMara Ha Ilukap-
dyre, yIOBIETBOPSBAHA OT T€HEPATOPUTE, 32 Ia C€ YCTAHOBU, Ue MUMAa JIMHEHHA
KOMOUHAIMsA ¢ TOCTOsAHHN Koepunuentu Z Ha X, Y, K, takaBa ue Z' u V' ynos-
JIeTBOPABAT ABYMEpPHa cucTeMma. ToBa e nmpeaBuamM (akT, KOUTO IPOU3TUYA
OT TOBa, Y€ pUMaHOBaTa INOBLPXHMWHA Ha XaMMWJITOHMaHa € TOD, IYHKTUPAaH B
tpu tourn. Cruenosarenno, yactaoro R = Z'/V’ ynosaerBopsiBa ypaBHeHUe
Ha PukaTu ¢ KOeUIMEHTU - TOIUHOMU C U3BECTHU CTEIEHU, OT KOETO MOKE Ia
ce m3Baau ouenkara. Cien Hamara paboTa ce MOSABAXa MHOTO CTATUM, KOUTO
KommpaT cxemara, ¢ ~linear estimate” B 3armaBueto.

B paGora [15] ce m3ciensaT MONMHOMHU IHePTypOanMy OT CTEIEH N Ha W3-
POACHN KBaAPaTUUYHM XaMMJITOHOBM BEKTOPHHM IIOJI€Ta C €IVH IHEHTLHP 1M €0HO
cemno (mpexncrasern B (11) or b=0, a € (—3,0).)

Teopema 18. Hexa B C R? e xomnaxm. Axo M,(h) Z 0, mo (13) uma naii-mmozo
n—1 epanuunu yukau 8 B 3a € docmamsuno maaxo. Axo My(h) =0 u My(h) # 0,
moeasa (13) uma Hal-mmozo 2n — 2 epanuvnu yukau 6 B. W deeme ouenku ca
MOYHU.
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ITora3zarencTBOTO ce ocHOBaBa Ha (opmara Ha M m My, mosydeHa ¢ moaxo-
IO pa3jaraHe Ha IOJWHOMHU AU(epeHINATHNA eqHO-(pOPMHU, CBOMCTBATA HA
prMaHOBATA MOBBLPXHWHA W INpUJIaraHe IPUHIUNA Ha apryMeHTa B IIOIXO AL
koHTYp. [Ipu n =2, or Teopema 18 mpousTmya BasKHO CJI€ICTBUE:

CaencrBue 1. (Cswecmeyesa oxoanocm U wa dH = 0 e npocmpancmeomo om
BCUMKU KEAOPAMUYHY 8EKMOPHU MOAEMA, MAKA “e 8CTKko v € U uma Hall-MH020
080 2PAHUYHYU YUUKBEAG.

IIpenn ma mDpoABLIEMM CLC cileABallaTa CTATUA, ce Hy:KAaeM OT emHa nedu-
HUINA.

Hedbmuumnmusa. 3a enno R-nuraeliHO TpoCcTPaHCTBO OT GYHKIMKA )V Ka3BaMe, de e
Uebumeso B (), ako BcAKa HeTpUBMAJHA QYHKIUA B V) mMa Hai-MHOro dim ) —1
myau B §2. 3a V kKaszBame, ue e YebumeBo ¢ TOUHOCT k B ), aKO BCAKA HETPU-
BrajJHa (QYHKIUA nMa Haii-mHOTO dim Y + k — 1 mynu B ().

B MuOrO ciayvam BLOPOCHT 3a OposA HA TPAHMYHUTE OUKIN B €qHA CMyTeHA
cuctema (3) ce cBeskIa IO ONEHKA HA HYJIUTE HA (YHKIUS OT BUIA

I(h) = pr(W) L, (R) + po(W)Ia(h), pr.p2 €R[A], heD, (17)

xnaeto I(h) = (I1(h), I,(h))" ynosnersopsasa cuctema ma [ukap-®yrc. B [17]
ce m3cienBa MPOCTPAHCTBOTO OT (yHkumm Vg ot Buma (17), kbmero s € R e
HaW-MaJIKOTO 4ncio, 3a koeto |I(h)| < const|h|® B okosHOCT Ha Ge3rpaiiHocTTA
B C. 3a I(h) ce nmpemnonara, ue ymoBIeTBOpPSIBA ABYMEpDHA CUCTEMa OT BUIA
I(h) = A(h)T'(h), rosiTO MMa cBOMCTBATA:

H1) A’ e koHCcTanTHA MaTpPUIa C PEAJHU U PA3JIUIHU cOOCTBeHM uncaa N, i;
p b b H
(H2) Ypasuernnero detA(h) =0 nma peannu koperu hg < hy u € B criia Thik-
nectBoto traceA(h) = (detA(h));

(H3) I(h) e ananuTuuHa B OKOJHOCT Ha hy.

Ot (H1) u (H2) cuienBa, ue XapaKTePUCTUUECKATE TOKA3ATENN B 00 HA CUCTE-
mata 3a I(h) ca —A u —pu, kbaero AN = pup’ = 1. Ocsen ToBa e B cusa A+ = 2.
Ha ozraumm \* = max(|A—1|,1—|\—1]). PeayararsT no-nony nokassa, ue Hue
MOKeM Jja OlleHABaMe 6pos Ha HyauTe Ha GyHKmumATa or (17), cTura na 3HaeMm
S, A1 [

Teopema 19. Hexa ca 6 cuna (H1)-(H3), A€ Z u s > X\*. Tozasa:
(i) IIpocmparncmeomo Vs e Yebuweso ¢ mounocm 1+ [A*] 6 C\ [hy, 00).

(i) dim Vs =2s—1 avo A\ —p u s — 5 ca yeau, dim V, = [s — A]+ [s — ] + 2 unaue.

B [17], ropuusAT 001 pe3yaTaT e NpUIoKeH KbM 9 npuMepa, B KOUTO OPOAT HA
rPpaAHUYHUTE [UKJIU Ce onpeness or 6pos ua Hyaute B (17). Ilpenokaszanu nin
YCUJIEHU Ca HAKOU NOOpEe M3BECTHU PE3yJITATU U Ca IMOJIYUEHU HIKOJIKO HOBU.

B.U. Apronn dopmynupa upes 1990 r. B [Al8] caemuus npobuem. Jasu
J-MEPHOMO NPOCMPAHCMEO OM GOENEBU UHMELPAAU

g—1
](h):j{ (ap+ oz + ...+ oy )dx’ hes. (18)
5(h) Y
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ks0emo 6(h) C {(z,y) € R*: y* + P(z) = h}, g = [(degP — 1)] > 2, e uebuweso
npocmparncmeo? B pabora [18] Hue maBame HeraTUBEH OTTOBOP HA TO3U BbLII-
pOC, KATO KOHCTPpyHpaMe HIOTOHOB XaMUJITOHUAH OT creneH n B (18), 3a koifTo
I(h) nma [%g] — 1 mpoctu mynu. CienoBaTesHO IPOCTPAHCTBOTO OT MHTEPTAJIN
(18) me e webumeso. Hamomusame, ye g € poobT HA XUIEPEIUNTUYHATA KPUBA.
B [18] € pa3ryenaH B JeTalv CAydasaT Ha XaMUJITOHNAH OT CTENEH D C IEHTHLP.
Hwue BBLBexmame cieqHata HOpMaJIHa (OpMa 3a TOA CIIydaii:

A A A 14+ )\ 1
7”:1:2+ +H3+ ng_ +4+M:C4+g$5, (19)

H(z,y) = %yz -
kbaero mian 0 < u < A < 1 (peanen cayuait), nan f = A € C\ R (rommiex-
cen cayuair). Omnucana e OudypkranumoHHara muarpama B (A, ()-paBHUHATA B
peanHus ciaydail (B KOMIIEKCHUs HAMA TaKaBa), NPEICTABEHM Ca UATDAMUITE
Ha uikun. e orGenexum, ve (19) u 6udypranmonHaTa auarpama mo0uxa
HONMYJIAPHOCT U C€ M3MOJI3BAT OT APYTUM aBTOPU. 3a HEePUOIUYHUs NPLCTEH
okosio nearnpa B (1,0) ca ormenenu nBa ciydas, IO €IWH B PEAJNHUS U KOM-
IJIEKCHUs CIIydail, HapedeHu uskaiouumennu. B peanHus ciydail yCcIOBHETO €
0<p<A<l1,as rommaekcausa Rel < 0, (ImA\)? < 5ReA(ReX — 1). OcnoBruaT
pesynrar B [18] e cienHusrt.

Teopema 20. Hexa {J(h), h € L} e uskawuumeana gamuaus om osaau. Tozasa
npocmparcmeomo om abenesu unmezpani

m:?{ (o +az)de (20)
5(h) Y

e ywebuuLeso.

ToBa e IbPBUAT pe3yaTaT OT HON0OEH XapaKTep B IUTEpaTypaTa. 3a OCTaHA-
aure pavuiuu ot oBasu B caydas deg H =5, B [18] e popmynupana xunoresa
3a Opos Ha Hynure Ha (20).

B paGora [19] e usciensana zenepupaw,ama @ynkyus IPU MAJKA €ITHOLA-
pamerpuyan neprypbauvu (13) ma xamwmaronosu cucremu. ToBa e mbpBara
HeHyeBa (yHkims Ha Memaukos Mg(h) B pa3BuTHeTo Ha (YHKIUATA HA OT-
MECTBaHe 110 MAJKUA napaMeTbp. V3ydeHo e aHAJUTUYHOTO MPOAbILKEHNE Ha
M;.(h) B kommmekcua obiact. JlageHo e reOMeTPUYHO ONMUCAHUE HA T'PYHATa OT
MOHOIPOMUNUTE Ha IMOpaskaalnaTa (yHKIWA, Ha O6a3aTa Ha KOETO Ca IOJIYYEeHU
[OCTATBHYHU YCJIOBUSA 32 [a YAOBJIETBOPABa Ts ypaBHeHue Ha Pyrc nnm va [lu-
kap-Pykc. BB BTOpUHA cayvail nopaskmamara (QyHKIUsA e abeseB MHTETpaJl.
B meraiinu ca pasrienaHM XaMUJITOHOBUAT Tpubrbinuk H = z[y? — (z — 3)?]
u ocumnaropsT Ha Todpuar H = 1y? + 1(2* — 1)%. B mwupsus ciydail, mopak-
mamara (QyHKIUS Opu KBagpartwudru neprypbauvu e M;z(h), Ta He e abGeines
WHTErpaJl U yI0BJIETBOPSBA ypaBHeHre Ha PyKC OT pen 3, KOETO € U3BEIEHO B
paborara. BbB BrOpmsa ciayuyait Hue mokassame, ue My(h) e abeneB nHTErpas
3a BCSKA MOJMHOMHA IePTYpOAaIus OT CTENEH N U 3a BCAKO k U A ImpecMaTaMe.
C ToBa omposeprasame yact oT pesyararure B [Al9]. Ha 6Gaszara ma momy-
venute popmysu 3a My (h) Hue maBame ropHa IpaHWUIa B TEPMUHUTE HA 1,k
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3a Opos Ha rpaHuyHUTE IUKIX B (13), OpOM3BEmEHU OT CHLOTBETHUs IE€PUO-
mraer npberer A. CLIOTO e HaIpaBeHO 3a CIydauTe Ha TJIO0AJIeH IEeHTDLD
H=12%24+ 122+ 1)2 u na "crvceno maxamno” H = Ly2 — 1(x2 — 1)2,

2 1 2 1

MeTon Ha oOpaTHaTa 3amadya Ha pa3ceuBaHe
1 yCTOMYUBOCT HAa OATAINM BLJIHU

B rTosu pasmen momanar craruwnre [1], [21], [25] u momorpagusra [4]. Orrpu-
BameTo ot Gardner, Greene, Kruskal u Miura ma merona ma obpartHara 3amada
Ha pa3scefiBaHe 3a pemiaBaHe ypaBHeHuetro Ha Roprteser - me $pus e enno ot
Hali-roJeMuTe OTKPUTHUSA B MaTeMaTmdeckaTa ¢usmka npe3 20-tu Bex. Bb3-
HUKHA & HOBa O0JIACT C NECETKM XWJIANUW IIyOJIMKanuy Ha (U3UIM U MaTe-
maTui. B MonOorpaduara [4] ca npencraBeHM BIKAAHUATA, NPUCTPACTUATA
U pe3yiaTaTUTE Ha aBTOPUTE MO Tasg OOIMMUpPHA TEMATWKa, KAaTO € HabjJerHa-
TO Ha MaTeMaTUYecKaTa cTpaHa Ha npooOsema. B m3nanenara B MucTuryTta
mo teopernuna ¢usuka ' JI.I[. Jlannay” koM PAH O9nuyuxaionedus unmezpupy-
emurz cucmem (non penakuuara Ha A.B. [Ilabar), [4] e ntutupana 3aemHo ¢ ome
92 gHurm mo Temarta, uznaneHu npes nociaenaure H0 rommuau. Mororpaduara
CbAbLPyKa OOMUpEH yBOI 3a MeTona Ha oOpaTHATa 3ajada, YeTUPU TJIABU U
cnucbK OT auTtepatypa ¢ 251 3arnaBusa. [[bpBuTe Tpu riaaBu ca MOCBETEHU HA
MeTOona Ha obpaTHaATa 3aJada, a 4eTBbLPTaTa Ha YCTOWUYMBOCTTA Ha OAramu
BLJIHU. 3a Ta3u MOHOTpadusa aBTOpUTE moayunxa AKageMUYHATA HATPAIA HA
BAH 3a maremarudecku mHayku npe3 1998.

MaTtemaTUveCKUTE OCHOBU 38 M3CJIEABAHETO HA yCTOWYMBOCTTA HA Y€ -
HEHU BLJIHU 3a HEJUHENHU ypaBHEHUA Osxa mocTtaBeHu B crartumre Ha T.B.
Benjamin [A20] u J.L. Bona [A21]. Bunocnencrsue, o6ma abcrpakraa cxema 6e
npemnoskena or M. Grillakis, J. Shatah u W. Strauss B mBere uactu ma [A22].
[TonxooAmuaT KOHTEKCT 3a M3CJjieABaHE € OpOUTaAJHATA YCTOWUYMBOCT B MET-
pukara, mopoaeta oT npocrpancrsara Ha Cobomnes H;(R,), koeto rapanTupa
yCTOMYMBOCT Ha (popMaTa Ha BbJaHaTa. Opburara ce cbCTOM OT IpynaTa HA
TpaHCIAIUUTE, & B KOMIIEKCHUA CIydail KbM Hesd ce MpudaBsa U rpynara Ha
poTamnuure.

B paGora [1] Hue uscienBame yCTORYMBOCTTA Ha CTOsAMmATA BLJIHA U(T,t) =
é(x)e™! 3a obm knac oT ypasHenus Ha IlIpLoauHrep

ity = —tgg + ulf([ul?) + 261 (Jul*) (h(|ul?))as], 21)
u(z,0) =up(x), ze€R;, 0<t<T; keR

Hue nokazsame, ye cxemara or [A22] moske ma ce mpucmocobm M 3a TaKOBa
obmo ypasHenue karo (21). 3a BLJIHWTE, KOUTO 3a€QHO C I'LPBUTE CU IBE
IPOU3BOJHI KIOHAT KbM HyJa IPU |r| — 00 e JoKa3aHO, ue ca OpOUTAIHO yC-
roitunBu (HeycToiunBy ), korato Lo(R,)-HOpMaTa ||¢|| e pacrama(ramanasama )
¢yHEINA Ha nmapamMerbpa w. Hwue mpemmarame m ynobua gopwmysia 3a mpecMs-
taue #a J,(||¢||?), KoaTO MpUAAaraMe KLM pemuna TPUMEPHU C KOHKpeTHU [, h 3a
onpenessHe Ha yCTOWUMBUTE M HEYCTOWUMBU CIIyUaU.
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B paGoru [21], [25] ce m3cnenBa yCTORYMBOCTTA HA MEPUONUYHU Osraimy
BbiaHu. ToBa e cpaBHUTENHO HOBa M Hepa3paboreHa obaact. B [21] ce u3sc-
JleABAT IEPUOIUYHUTE BLIHU (T — vt) 38 ypaBHEHUETO

ur + (a(u))y — Ugar = (b’(u)%ﬁ + b(u)um> , t€R, t>0. (22)

ToBa ypaBHeHHE CLILD:KA KaTo uvacTeH cayuail ypasuenusra CH (Camassa-
Holm) u BBM (Benjamin-Bona-Mahony). 3a pasauka or ciayuyaure Ha yenuHeHA
BLJIHA, KOMaTO OCHOBHA POJIA B IOKA3aTEJCTBATA UIDae CIEKTPAJHO pPasia-
rafe, CBLP3aHO CLC CIeKTpaJHara 3amada Ha Lllypm-JluysBua ¢ morenmmad,
KJIOHAI KbM HyJa B OE€3KpAlHOCT, B MEPUOAUYHUA CIAyUall ce Mpujara Teo-
pusta Ha Pioke 3a ypaBHEeHMeTO Ha XuJi. KRaro mpuimoskeHrue Ha pa3BUTaATA
B I'bpBaTa yacT Ha pabora [21] Teopus, ca mokazaHu meT pe3yiTaTa 3a YC-
TOAUMBOCT HA PA3JIMYHU YACTHU ciaydaud B (22), KOraTo MEPUOANIHATA BLIIHA
VMa IPOU3BOJIHO (UKCUPAH OCHOBEH mepuon 1’ M He OCHUIMpa OKOJIO HYJIATA.
B paborara 3a mLpBU I'LT B AUTEpATypaTa € AeMOHCTPpUpAaHa BasKHATA POJI,
KOSITO UIPAsT CBOMCTBaTa Ha abelieBUTe MHTErpau (OCHOBEH €JIEMEHT Ha W3-
JIOKEHMETO B II'bpBaTa YaCT Ha TOA TeKCT) IIpu M3cjaedBaHe Ha yCTOﬁqHBOCTTa
B IIEPUOIUYHUS CIIydaii.

B nmocaemnara pabora oT cnucbka [25] ce usciensa yCcTOMUMBOCTTA HA TIe-
PUOIUYHOTO PeIleHune

u=p(x,t) = @AM 0 4 (04 30%)t), a,w€ER
Ha KOMILJIEKCHOTO MOIudunupaHo ypasHenue Ha Ropreser - me $puz CMKdAV
up + 6|ul*uy + Upee =0, T ER, t>0. (23)
Ia nepmumpame (mceBmo)MerpuraTa

d(u, @) = inf [lu(z,t) — e“"p(z — &, 1)1

(m,€)

OcuosausaT pesyarat B pabora [25] e:

Teopema 21. Hexa r # 0. Tozasa 3a ecsxo € > 0 couecmeysa 0 > 0, makxa ue
axo u(x,t) e pewenue wa (23) u d(u, 9)|i=o < 9, mo d(u,p) < e Vt € [0,00).

IlokazarTencTBOTO CcilenBa cCOOCTBEHA CXeMa U He M3IO0JI3Ba (PAKTU VWJIM UIEH OT
[A22]. Bnaromaps 3a BHUMAHUETO U TLPIEHUETO BU.
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