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KWUPHII (10KTOPJIHK AUCCEPTANUACH AHHOTAIUSCH)

JAuccepranms MAaB3yCMHMHI [JoJi3ap0aurm Ba 3apypatu. Choupan Ba
JMH3aCUMOH TaJlaKTUKaJlap JUCKCHMOH XucoOnaHaau Ba, OuHOOapuH, KowmHOT
«FUMITYATIAPUHUY» — Ky3aTWIA€TraH »JJIEMEHTIAPHUHT acoCUii KUCMUHU alHaH
JUCKCUMOH TajJaKTUKalap TaIllKWJ STUIIMHU TacAWKJIam MyMKuH. [amaktukanap
yraryganapu — KypuHUIIMAArd  3€NlbJOBHY  «KYHUMOK»MIapu XaMm  JIUCKCUMOH
xucobnanagu. Iy cababnm y3rpaBuTalMsUIaHyBYM THU3UMIAPHUHT JUCKCUMOH
MOJICJUTAPUHN YpraHuil HadakaT ralakKTHKaAaH TallKU aCTPOHOMUS Ba acTpoPHU3nKa
y4yH, OQJIKM KOCMOJIOTHS YUYH XaM KaTTa KU3UKHILI YIHFOTaIH.

JINCKCHMOH TajlaKTHKaJapHUHT TY3WIMILK aH4YaruHa cepkuppa. Ep ro3acuzga Ba
KOCMOC/a TypuO OJIMHFaH 3aMOHaBUM Ky3aTyB HaTWXKajlapura Kypa, Chupanl
rajJlakTUKajgap JUCKIapuAa aBBaJJJaH Ba XM MabIyM Oyiaran crupan
Ty3WJIMalapJaH TallKap, TaJlaKTUKa SIAPOCH YHUHT T€OMETPUK MapKa3ujaH aHUK
CWDKUIIM KYPUHHUIIKUJATH JIOTICAHAAJUIMK XOJMCAcH, TYpJIM Xallka Ty3WJIMalapH,
IIYHUHTACK AUCKHUHT BEPTHKAJ STWIMILUIAPH, alHUKCA, YHUHI alJIaHUIl YKUA Ba
CUMMETpHUSl TEKUCJIWTUMra HucOaTaH aCUMMETPUK OTWIHIUIAPU  Ky3aTUJIaJIH.
Kypcatn6 yTwinran tapkuOuii Ty3WIMAJIAPHUHT MIAK/UTAHWIN >SKapaéHIapUHU
FATaCHIAHUIITHUHT aHUK Oup Mojganapu OeKapopiukiapu OwWiaH TYHIyHTHPHII
MYMKHH, YyHKHA allHaH TPaBUTALMOH OEKApOPJIMK rajJlakTHKalapaa Ba OOIIKa KaTop
y3rpaBUTAlMSUIAHYBYM  THU3UMJapja KaTrra MacmTabium Ty3uiaMmanap —ro3ara
KeTUIITMHUHT acocuil (U3MK MEXaHW3MU XucoOnaHaau. bupok mry Bakrtrada Oy
OeKapopiuKiIap TpPaBUTALMOH JUCKHUHT KaThbUH MYyBO3aHATIM  MOJAEIJIapH
JoMpacuja aHAIUTUK TAaIKUK KWJIMHIAH, BaxXOJAHKH, pean Xojaraa Oy kapaéHiuap
JUCK OCTH THU3UMHUHHUHI $IKKOJ HOYM3HMKJIM HOCTAIlMOHAp XoJsartiapu (oHuAa 103
oepaau.

A¥iHan ymOy XoJjaT aHaJIWTUK Wyn OwiaH edwiaguraH HOCTalMoHap
y3rpaBUTAMSIIAHYBYM MOJCIJIAPHU TY3WIIHU Ba Oy HOYM3UKIA HOMYBO3aHATIH
xojlaTiap (QOoHMAAa TpPaBUTALMOH OEKAPOPIUK XOJUCATAPUHU TaXJIWI KUJIUIIHU
TaK030 ATHO, XO3UPTy KyHJa JTUCKCUMOH TajaKkTUKajgap OOIUIaHFUY SBOJIOLUICH Ba
bu3MKacCMHU YpTaHMIIa MyXUM Ba Xall KWIyBUM OVFUHIApAaH OMpH XHCOOIaHAIU
Xamia Ma3Kyp WIMHA TaAKUKOTHUHT TyHE MUKECHA TOI3apOIUTUHU aCOCTIalIu.

IOkopuaa kaiix STWIraH XaJka, JoNcaufan Ba ASIPWIAHWII KYypUHHUIIUAATH
TAapKUOMil  Ty3WIMATapHMHT —JIUCKCHMOH  Yy3rpaBuTanuoH THsummap (JIVT)
PUBOXKJIAHUIIMHUHT ~ OOLUIAHFUY  OOCKWYMJArd  HOYM3HMKIM  HOCTalMOHAp
XYCYCUSATIApUHU YpraHull, yJiap ro3ara KEeJIUIIMHUHT aHUK ME30HJIApUHHU TOIULI,
cnupajl rajakTUKajlap JUCK OCTH THU3MMUHHUHI HOCTalMOHAp MOJenu (U3UK
napaMmeTpiapu OpacuJard KpUTUK  OOFJIaHMII JUarpaMMaliapuHd TYy3UIl Xamja
Ma3Kyp TapKUOMH Ty3uwiaManap MAKIJIAHUIIMHUHT HOMYBO3aHATJIM Ha3apUsCUHU
UIUIa0 YUKUII TETUIUIM KOMIBIOTED COHJIM TaXpUOATAPUHUHT KYWHUIIUIIN Ba
camapalid OakapuwiIMIIM XamJa JUCKCHMOH rajakThKaiap OOIUIaHFUY SBOIIOLUSACU
MYaMMOCHHH XaJl KWJIUII YYyH UMKOH SIpaTaju.

TankuKoTHUHT pecny0jnka ¢gaH Ba TeXHOJIOTHSUIAPU PUBOKJIAHNUIIN-HUHT
YCTYBOP HyHaJIuNLIapura 00FIMKJIANTU. J{uccepranus TaqKUKOTH peciyOnnka (an



Ba TEXHOJIOTHsUIApU PUBOXIAHUIIMHUHT: [I. «OHepreruka, sHeprust Ba pecypce
TEKAMKOPJIMTWY YCTYBOP HYHAINUIINTa MyBOPHK OaXKapuiTaH.

Jducceprauusa MaB3ycH OyiHMYa XOPWKUM WIMHMH-TAAKMKOT/IAP LIAPXH.
JINCKCHMOH rajakTUKajap TapKUOUN Ty3WJIMAJTapUHUHT MAKIUTAHUII MYaMMOJapH
YCTUJA W3JAHUIIAD JKaXOHHUHI €TAKYM WIMHMH MapKas3japu Ba OJIMM TabiIuM
Myaccacallapu, okymianaH, Aumabama yHuBepcutTeTd, Bamumnrron Kapheru
uHCcTUTYTH, J[.XOomnkuHC yHHBEpcUTETH, KOCMHUK TEIECKONM WIMUNA HHCTUTYTH
(AKII), Oyny ynuBepcutetu (Puunsuaus), [lapux obOcepBatopuscu (Dpanims),
Typun  ob6cepBatopusicu  (Mranus), Keintayn  ACTpOHOMHSI ~ UHCTUTYTH
(Hunepnanmusi), banranopgaru  Xungucton (anmap wuHcTHTyTH, Kapaun
yauBepcuteT (Ilokucton), Jleinmur ynuBepcuretu Ba Makc [linank Actpodusuka
uHctutytd (I'epmanus), I'penama ynuBepcutretu (Mcmanusi), MockBa JlaBnar
yHuBepcuTeTUHUHT IllTepHOepr Homum JlaBnatr acTtpoHoMuss MHCTUTYTH Ba C.-
[TerepOypr yuuBepcuteTuHuHIr CoOoneB Homun ActpoHomus uHcTUTyTU (Poccus),
Kemopumx ynusepcuretu (byrok bpuranus), bpuranus KoaymOusicu yHUBEpcUTETH
(Kanana), V3bekmcTon Mumii  yHHBEpCHTETH Ba ACTPOHOMHS MHCTHTYTH
(Y36eKnCTOH) TOMOHUIAH 0IHO GOPUIMOKIA.

JIMCKCHMOH rajakTUKalapJard acocuil TapkMOUi Ty3UJIMaJapHUHI TaJAKUKOTH
Oyinya kxaxoH MUKECUIA KAaTOP, )KyMJIaJaH, KyWnaaru WiMAM HaTvXajlap OJIMHTaH:
XAJIKaCUMOH TaJlaKTUKAJIap  KaTajorjapu Ty3WwiraH, YJIApHUHI KUHEMAaTHK
XapaKTepUCTUKAJIApU aHUKJIAHTaH, TAIAKTUKATAPHUHT Y3ap0 KYIIWIUIIN Ha3apHsICU
Jovpacuia XaJKaCUMOH Ty3wiMajap Maio OYIMIIMHUHT COHJIM-IKCHEPUMEHTA
Moneapu unuiad yukuirad (Anabama yausepcutet, AKII; Oyny yHUBepcuTeTH,
Ounnsaaust; [lapmwk obcepBaropusicu, @pannust; Typun obcepBaropusicu, Mtanus
Ba Bammurronmaru Kapnern wunctutyTtn, AKII); nomncaiinan ranakTUKagapHUHT
KATAJIOIIAPA TY3WITaH, TaJIaKTUKAJIapHUHT JIONCAUJAIUIMK Japa)kKacH aHMKJIAHTaH,
MYBO3aHATIM MOAe/UIap (OHKIAa MOAAN TaxJIWiaM HaTwxanapu onuurad (Keinrtayn
ActpoHomusa uHcTATyTH, Hupepmanams; KocmMuk Teneckonu WIMHM WHCTUTYTH
xamaa [[. Xonkunc ynuepcuretn, AKII; banramopnarm XunauctoH ¢dannap
uHctutytH; Ilapmwk oOcepBaropusicu, @Ppannus Ba Kapauum yHUBEpPCUTETH,
[lokucTOH); SrpwiiaHraH JAMCK OCTU THU3MMIIM TaJlaKTUKaJapHUHI KaTajJorjapu
Ty3WIraH XaMJa OJrPWIAHUII TypJjapyu AaHUKJIAHTaH, OSrPUIAHUIN Japakacu
KHiIMaTiIapy TONWITaH Ba TOPTWIMIN HA3apUsCH acoCUJa COHJIU-3KCIIEPUMEHTA
monetapu  E€pramuna  orpwiaHdml - dddextaapu  anukianran  (Jlewnmur
yHuBepcuteT, [epmanusi; ['penana ynuBepcutetu, Mcnanus; Cankrt-IlerepOypr
yHuBepcuTeTHHUHT Co0o0sieB HOMIM AcTpoHOMHSI MHCTUTYTH, Poccus; Makc [lnank
Actpoduzuka uHcTuTyTH, ['epmanns; KemOpmxk yHusepcureru, bytok bpuranus Ba
bpuranus Komymbusicu yausepcureru, Kanana).

Xo3upru malTna jkaxoHIa AMCKCHMOH TajaKTUKajdapaa acoCuil TapKuOuit
Ty3WwiIMalap IIAKUIAHWIOM MyaMmmoJiapu Oyilmda KaTop, JKymiaJaH, KyHuaaru
yCTYBOp HyHaNMIUIapAa TaAKUKOTIAp OJIu0 OOpMIMOK/IA: TajJakTUKajlap JUCKUIATU
XaJiKa, JIoTcaiiian Ba SrPUWIAHMIN KYPUHUIIMAATK TapKUOWM Ty3uiaMarnap Ky3aTyBH
Ba yiap TaxawiuHu onu® Gopuur; YT 5BOMONMACHHUHT OONIIAHFUY GOCKMYMHU
Hazapuid  MOJEIUIAIITUPHUIN;  HOYM3HMKIM  HOCTAUMOHAp  Mojewiap  (QoHuaa
FATACHJIAHUIIHUHT  Ty3WIMaBUW  MoJajapd TpPaBUTALUOH  OEKAPOPIUTUHUHT
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napamerpiap Oyilmya coxajdapyHU TOIWII;, AUCKCUMOH rajakTHKajlapia yJIapHUHT
MIAKJUTAaHWAI  OOTNUIaHFUY  (U3UK TIAPOWTIAPY, ME30HJIApU XamJla TETUIILIH
MEXaHU3MJIAPUHU aHUKJIall Ba Ym0y TapKuOUW Ty3uiaManap [aKUIAHUIIIMHUHT
HOYM3UKJIM HA3apUSICUHU TY3HIIL.

MyaMMOHHMHI YPraHWJITaHJAMK JAapaskacu. TuU3UM KMHETUK Ba IIOTEHLIMAI
SHEPrus TAalIKWI STYBUYWIAPUHUHI HHUCOATH OpKaidu udoAallaHraH JacTiIaOKu
HOCTAIIMOHAPJIMKHUHT OONUIaHFUY (PU3UK XoJiaTra OOFIMKIIMK JapakacH Tax IMJIMHUA
Tana® KWIyBUM KaJUIallC Ba HOYM3HMKIM MyJibCcalsl OCKapOpJIMKIapU MyaMMOJapH
Iy 4YoKKaya Kyriab onumiiap, Macaial, amepukanukiap (R.Miller, D.Merritt Ba
L.Hernquist), xopesumukmap (K.Min, Ch.Choi) Ba Oomikamap TOMOHUAAH COHJIU-
Taxpuba ycynuaa YpraHuO KeIMHMOKIA. BUPOK ynapHUHT ymiOy Taxpubanmapu
KaTop HOYM3UKIU d(hdexTinap Ba pe3oHAHC OCKAPOPIHK KapaCHIAPUHU aHUKJIAII
UMKOHUSITUHM Oepmaiiau. bynpalt macanamap Hazapuil >KUXaTJaH MaKCaJHUHT
SIHTUYa KYHUIUIIM Ba Oy MyaMMOJIapHU HOCTallMOHAPJIMK POoHUAA YpraHUuIllHUA Tanad
KWJIaJIH.

Karop myamnudnap, macanan, xuna onumiapu (Nityananda, Sridhar Ba 6.)
TeOpaHUIIAPHUHT aloxXuja Mojanapu ’BoionuscuHu Ilyankape kecumu ycynuaa
ypranuiirad, OMpoK MacajaHu KyHUIJa Ba HATWKaJlap TaxJIMiauja yjap Oap-moja
IOKOpY OEKapOpiuMK MHKPEMEHTHUTra 3ra feran ¢ukpaa oynumrad. Hocranuonapnuk
dboHMma, MyBO3aHATIM MOJIE/UIap Joupacuaa MyxuMm Oynaran Oap-mMoia smac,
Jorcaiiian Mojia Ba Oollka Mojanap acocuid Oynamu. byHaa aumck mylbcanusicu
kodhdunmenTn yuyH nuddepeHnnan TeHrIaMaHd quIl 3apyp.

Amepukanmuk onumiiap (J. Buta Ba 0.) XaJdKacMMOH TaJaKTUKAJIAPHUHT
KaTaJoruHu Ty3umau. bupok Oy ypunHma xap Oup rajakThka Mypakkad CHUMBOJLIAp
Ownan TaBcuduanrad. boimka skuxaTgaH KapakaHza yiap 3W4 YpairaH CHIUpat
TapMOKJIApHA €KMW Sa TAJIAKTUKAIAPHUHI TAaCBHP TEKUCIUIUIA FaUpHOIIUN
MPOCKIMSUTAPUHA XaM XAJKACMMOH TallakThKaiap ae0 KaOyn kuiumraH. Jlekun Oy
Myamudaap XaaTKaCUMOH TaJaKTUKAJIAPHUHT KIACCU(MUKAIMSICH MyaMMOCH OWJIaH
KU3UKUIIIMaraH.

80-imutapHUHr  Gomuiapuaa Y36ekucron Mmumii  yHusepcuternaa (C.H.
HyputnunoB)  rajakTukajgapHUHT  TypJd  TapkuOuid  TU3UMIIapujia  Ba
y3rpaBUTAlUSIIAHYBYM TU3UMIIAPHUHT aHUK TypJlapuaa HOYM3UKIA TeOpaHUIILIapHU
ypranuii, TajakTHKajdap rajo Ba TOXIAPUHUHT MAaBXYJIUTH yiap JUCKIapura
JUHAMUK TabCUPUHHU TAJKUK KWIUII, TaJlaKTHKaIap SBOJIOLMUSCUHUHT HOYU3HKIH
HOMYBO3aHATJIM OOCKWYM Yy4YyH aHUK euuMiu (a3aBuil MOJCIUIAPUHU TY3HUII
MyaMMOJIapUHU TaxJIMJI KWIKMII WIUapu Wik Oop Oomnwangu. by maproxna
OiiHmTeitH Ba KaMMHUHT MalixXyp MyBO3aHATIM MOJEIJIAPUHU MyJibCcalusl X0JaTura
YMYMIIAIITUPHII HYIU OWJIaH Y3TpaBUTALMSIIAHYBYM TU3UMIIAPHUHT alpuM chepuk
HOCTAllMOHAp Mojeiiapu OupuHud Maprta sipatwirad. lllynunraex, ynap yuyH
JUCIIEPCUOH TEHIVIAMAJIAPHUHT HOYM3UKJIM aHAJOIJIapd XOCWUJI KWUJIMHTaH Ba
YJIAQPHUHT TPABUTALUOH OCKApOPJUIrd MyaMMOCH YpraHuirad. Poccusuivk onumiiap
(B.A. AnToHoB Ba 0.) OuiaH Oupranvkiaa DUHINTEHH alIaHMalauraH MOACIMHUHT
HOYM3UKJIM TeOpaHUIIJIApU MyaMMOCH KYpUO YMKUJITaH Ba Oy HOCTAlIMOHAP MOJCIb
doHMma OapcUMOH FaNaSHIAHMILIAP SBONIOLMACH YPraHMIraH. Y30eKUCTOH
Mwuiii  yHuBepcuTeTHaa osauHradn Hazapuil Hatwxkanap AKIL, Kopes Ba
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XVHIMCTOHHUHT KaTOp OJIMMJIaPW TOMOHHJIAH OO OOpHWIITaH COHJIM TaKpubanapaa
TacWKJIaHTaH. byHJlaH Tamkapu, TMCKCUMOH Y3rpaBUTAlUSIIAHYBYH TU3UMIIAp YUyH
HOCTAIlMOHAP M30TPON MOJeNu HIuIad YUKWIraH Ba yHUHT ¢oHuga Oap-mMojaa
OeKapopJIMru mMacajiacu TaJKUK KWIMHraH. BUpoK Oy MOJETHUHT W30TPOILUIUTH Oup
MyHYa cojjajamraH. byHJIaH Tamikapu, Xajka Ba Jiomncaijan Ty3uiaMa Mojajapu
Kalu OOIIKa MyXUM Mojiajap Kypuiamara.

JAucceprauuss MaB3yCMHMHI JMcCepTANUS 0aKapWJIraH OJIMH TabJIUM Ba
WIMHI-TAAKUKOT Myaccacacd WIMHI-TAAKUKOT UILIAPU OWJIaH OOFJIUKJIMIH.
Jluccepranysl TaAKUKOTH ACTPOHOMHS MHCTHUTYTHHMHT Ba Y30GeKHMCTOH Mumii
YHUBEPCUTETUHUHI WIMHH-TAAKUKOTIAp pexacuHuHr @-2.2.1 «['paButanuon
JMH3AJIap Ba KOJUIAMNCIAHYBYM TaJIAKTUKANIAp: Ky3aTyB-3KCIIEpUMEHTal Ba Ha3apuil
myammonap»  (2003-2007); OT-®2-049 «Typau  Ku3WI  CHWDKHINTA  3ra
rajakTukKazapJard Karra macmradnu tyswimanap tadbuatu» (2007-2011); OA-D2-
D058 «['paBuTanioH JNUWH3aNAp, MAKIJIAHAETTaH TrajaKTUKalap Ba acTpou3uk
OOBEKTIAPHUHT YMYMUMIAIITUPUIITAH MOJEIIApUHU TaAKUK Kuiauuny (2007-2011);
O2-OA-D029 «I'paBuTaniuoH JHMH3aIAp, KOMMAKT acTpoPui3vK OOBEKTIap Ba
HOCTAIlMOHAp JUCKCUMOH Tu3umiap ¢usukacu» (2012-2016); 43-04 connu
«Houm3ukyin  kosyutanc  OOCKMYMJIArd TpaBUTAIMOH cuctemanapaa  (as3aBuii
KOPHUIITUIITHUHT (yHAAMEHTaJ CTOXACTUK XycycusaTiaapunu usnamn (2004-2005); 51-
06 coHmM «AHM30TPONl JUCKCUMOH THU3UMIIAD HOYM3UKIM MOJEJUIAPUHUHT
IpaBUTALIMOH OCKAPOPJIMKIAPUHU M3JaIl Ba Taxymul Kuiauiny (2006-2007) Ba @.7-2
COHJIM «XaJIKACUMOH TaJlaKTUKalap Ky3aTyBH TaxJIWIM Ba YJAPHUHI l03ara KeJIuil
HazapuscuHu wunuad gukunoy  (2012-2013) wma3ycupmarun wiMHil - Joduxaiap
noupacuaa 6axxapuiras.

TagKMKOTHUHI MAKCAaAd JUCKCUMOH Y3rpaBUTALMSUIAHYBYM TH3UMIIAP
HOYM3UKJIM HOCTAallMOHApP MOJICJUIAPUHU TY3WIIl Ba COUpAJl TrajlaKTUKaJlapJaru
anoxuaa TapKuOWi Ty3WJIMaJTaApPHUHT MIAKUTAHUII HA3apUSICUHU SPATHUIIIaH HOOpaT.

TagkukoTHUHT Basudaaapu:

raJlakTUKaJapHUHT, XycycaH, OOIlKa KarTa MaciuTadiu Ty3uwimanap Ouial
Oupra KelaauraH XaJKacCMMOH TapKuOuil Ty3wiMaliapra dra JUCKCUMOH
rajlakTUKaJapHUHT  KJIAaCCU(UKALIUSICUHU MIUIA0 YMKUIN MakKcaauaa Ky3aTyB
MabJIyMOTJIAPUHHM TYTUIALLL;

TapkuOuga Joncaijan Ty3uiMmara »idra TrajJakTUKaJIapHUHT pyWxaTtd Ba
KaTaJOrJapUHUHT XaMJla STPUIAHUII XOAucallapu Oyilnda Ky3aTyB HaTHKaJlapUHUHT
CTaTUK TaXJIWJIMHU YTKA3HIIL

paaua myJibcalusara Ba TeINMMKIAPHUHT aHU3ATPOIl JUarpaMMacura sra Oynran
HOCTAIIMOHAP JUCKCHMOH TaJlaKTHKAJApHUHT yMyMJamraH ¢a3aBuil MOJACIUHU
TY3HILL

crupall TaJlaKTUKajapJa XaJKacCUMOH, JIOIcailiall Ba SIpUJAHUII TapKUOMIA
Ty3WIMAQJIAPHUHT  [IAKIJIAHUIINATA MachyJ  Falla€HJIaHUII  MOJajiapu  y4yH
JMCIIEPCUOH TEHIIaMaJapHUHT HocTanmoHap aHanoriaapunu (ATHA) xocun Ky,

alilaHyBYaH OOIIJIAHFUY HOMYBO3AaHATJIM MOJIeNb (DU3UK MapameTpiapUHUHT
Typiau TymaMmuaa Xocwi Kuiuarad I THAnapuny Taikuk KWimm;



HOCTalMoOHap Mojemnap (oHuAa TaaKWK KHIMHAETTaH TeOpaHUIIIAPHUHT
Ty3WJIMa MoJajapyu Y4YyH TOMNHITaH OEKapOpIMKIApHUHT (U3UKaBUN TaOMATHHH
YpraHull;

TFOPU30HTa]l TEOPAHUUUIAPHUHT  ACOCHM MOJANapu Y4YyH JHUCKCUMOH
raJlakTUKajap 3BOJIIOLUSCUHUHT OOLUTaHFUY OOCKUYM HOCTAIIMOHAP MOJEIIAPUHUHT
bu3KK mapameTpiaapu ypTacuaard y3apo KpUTUK OOFJIaHUIIIAPHA aHUKJIAILL;

TeOpaHUIIJIAPHUHT XaJTKACUMOH, OAapCMMOH Ba Jiomcaiiian Mojajiapu y4dyH
IPaBUTAIIMOH OEKApOPIUKIAPD HMHKPEMEHTJIAPMHU OJIMII Ba YJIapHU yMyMIIallTaH
HOCTaIMOHAp Mojieuiap (GoHuIa KUECUN TaXJIUIIMHU YTKA3HUIIL,

JATHAHM BepTUKaJl 3rpujiaHUII MOJAIAPHUHT YMYMJAIITUPWITaH MOJeJIapy
Y4yH XaM, Y3rpaBUTAIUSIaHYBYM TUCKHUHT TApKUOIM HOTYPFYyH MOJEIapu Y4YyH
XaM XaJ 3THILL,

BaKT Oyinya OrwMIIHAHT S- Ba N-CHMOH acuMMeTpuk, U-CHUMOH,
rymM0a3cMMOH Ba TIPELECCHOH Typiapuiard IIaKUIAaHWII KeTMa-KeTIWTHHH Ba
YJIApPHUHI aCOCUM XapaKTEPUCTHKAJAPUHU TAAKUK KWJIMHAETTAH TYpPJIW HOYU3HUKIU
Mozesiap (OHM1a aHUKJIAI;

HOCTAllMOHAp  MoOJeulapAa  FAIACHIAHUIIHUHT  STPWIAHMIN  MOZAJlapy
OeKapopauru TaOMaTUHUHT TaXJIWJIM Ba OCKApOPJIUK MHKPEMEHTIApUHHU, yiap YUyH
XapakTepiu OynraH HaAMOEH OYJIMIN BaKTJIAPUHUHT MOJIEIUIAPHUHT acocuil (pu3mk
napameTpiapura OOFIMKIUTHHI aHUKJIAIl MaKCaau1a TaKKOCIIAIIL;

Fala€HJIaHULIUIADHUHT TOPU3OHTAI Ba BEPTHKAJl MOJAJAapUHUHI  XamJa
HOCTAallMOHAp  MOJEJUIAPHUHI  JUCKCUMOH  TaJlaKTUKanap  3BOJIIOUUSACHHUHT
OonutanFuy OOCKUYM HyKTau Ha3apulaH KUECHHM TaXJIMIIMHH YTKA3UIIIL.

TagkukoTHUHT 06bexTH YT, YJIApHUHT Ha3apuil MOJEIJIapy Ba JUCKCHUMOH
raJlakTUKajgapaa Kys3aTwia€TraH, Hazapuid VpraHuiMaraH KarTa MaciiTadiu
TapKUOUH Ty3UIMAIAPUIUD.

TagKUKOTHUHI TpeAMETH CIHpal TATAKTUKAJIAPHUHT Y3rpaBUTALUSIIAHYBYA
JUCKCUMOH TH3UMIIApUAa XalKaCHMOH, JIONCaiJan Ba OTPWIAHMIN TapKUOHIA
TY3WJIMAJIApUHUHT MAKIJIAHUII XKapa€Hllapy XaMJia HocTauuoHap Mojaeiap GoHuaa
IPaBUTALIMOH OEKAPOPIUKIIAD MEXAHU3MIIAPH XUCOOIaHA N,

TaaKukoTHUHT yeyuiapu. Pa3aBuil MOACIUIAIITUPHIL, Y3rpaBUTALMAIAHYBYN
JUCKCUMOH  TU3UMIIAPHUHT HOYM3MKJIM TeOpaHUIUIapu, OSpKUH Y3rapyByaH
napamerpiapra sra guddepeHundan TeHrJamMajgap TU3UMHUHU JaBpUil edumiiap
Oapkapopiuru ycynujaa (MmacaiaH, OBepxapl YCyJiHJa) HHTerpajianl, MOJAEIb
MacaJaJlapUHUHT OEKApOPJIMK WHKPEMEHTJIAPUHU COHJIM XUCOOJaIl, UIyHUHTIEK
Ky3aTyB MabJIyMOTJIAPUHUHT CTATUCTUK TAXJIUIU yCYJUIapu KYJUIAaHWITaH.

TaaKMKOTHUHT MIMHUIA SHTMJIMTY KyHugaruiapaan noopar:

JUMCKCUMOH TrajakTUKajIap/aa Xalka, JIONCaii1al Ba SrpUJIaHuII X0JIaTiiapy ro3ara
KEJIMIIMHUHT HOYM3HUKJIN HOCTAIMOHAP HA3aPHUACH SAPATUIITaH;

MIK GOp TE3NHKIAPHUHT aHM30TPOINl aMarpammacura sra Oymrad JIY THHHT
yMyMJIAIITaH Ba y4Ta TapKUOWM HOYM3HKIM HOCTalHoHAp (azaBuil Mojemiapu
TY3WITaH Ba yJIapHUHT aCOCUM (PU3MK XapaKTepUCTUKAIAPH TOIUJITAH;

GU3MK XANKACUMOH TaJaKTUKAJAPHUHT ymOy Ty3WIMaJIapHUHT KYpUHMA
Oenruniapura HucOatan 9 Ta rypyxjaH udopar KiaccuPpuKanusacy Uiiad YMKUJITaH.
JIMCKCUMOH TH3MMJIApJa MKKU XaJKJIM Ty3W/IMa IAKJJIAHUIIATA MOC HOYU3HMKIU
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HOCTAlMOHAp MoOAeIap (UMK TapaMeTpIapUHUHT OONUIAHFUY KHUMaTiIapu
opacuaard KpUTUK OOFJaHHUIIIap WIK OOp TOMHITAaH,

OMpUHYM MapTa aHU3O0TPOIl AUCK YMyMJIAIIraH HOCTAIIMOHApP MOJEId (POHHIA
ypranuna€Trad acocuil TapKUOUid Ty3uiaManap MaKUIAHUIIWMHUHT MEXaHU3MJIapu Ba
ME30HJIapyu aHUKJIaHraH. MacaiaH, arap aHM30TPOIN MOJEIHHUHI OOLUUIAHFUY TYJIUK
KUHETHUK HEPTUsicy OONUIAHFUY MOTEHUUAN YHEPTrusHUHT Ky Ounan 30,6 dhousunu
TalIKWJ 3TcCa, JONCAMIIUK ¢GeHoMeHura oJiu0 KelnaJuraH pajual Xapakariap
OeKapopIUTru COAUp OYIUIIN KYpcaTUIIraH;

WIK 0Op HOYM3MKIM MyJbCAlUsJIAHYBUYM AMCKIA STPUJIAHUI, JIOTcaiial Ba
XaJIKa Ty3WIMajapy Fo3ara KEIMIIMHMHI XapaKTepiad BakTJapyd Ba MOJEIUIAp
HOCTALIMOHAPJIMK Japa)kKaCUHUHI KPUTHUK KUKWMAaTiapy TONWITaH. OTPUJIaHUII
X0JaTuja, HOCTAIlMOHApP AaHU30TPOIl MoJenb (OoHUIA aBBaJl ACUMMETPUK
ATPUIIAHUIIN HAMOEH OYIUIIN, CYHT T'yMOA3CHMOH 3TPHJIAHUII MIAKIUTAHUIIHN, OUPOK,
aillaHuII TapaMeTpu KUAMaTUHUHT OPTHUILN OmiiaH rym0a3nu OeKapopiuK HucOaTan
MYXHUM POJIb YUHAIIIA aHUKJIAHTaH;

JIUCK aWJIaHUI IDIapaMETPUHHUHI KHYMK Ba yprada MebEp KuuMmatiapuaa
U30TPOIl Ba aHU30TPON HOYM3UKJIM HOCTAMOHAP Y3rpaBUTALUSIAHYBUYM JTUCKCUMOH
Moze/iap TEOpaHUIUIAPUHUHT BEPTHKAl MOJAJapyd TOPU30HTAI MOJAaJapura
HUCOATaH YCTYHJIMK KUJIUIIH, aiJIAHWITHUHT MakCMMall KUWMatiapuaa 3ca akCHHYa
X0JIaT Ky3aTUJIUIIN WK 00p KYpcaTuiraH;

WIK O00p U30TPOIl MoJeira HUCOATaH aHU30TPON MOJENb YpraHuirat
TOPU30HTAJ Mojiajlapura Hucbaran 0apkapop, BEpTUKaJl MOJaJIap yUyH 3ca akCHHYa,
U30TPOIl MOjieNb Oapkapopaup. Aimanum napamerpuHuar Q=0,5 kuitmatuna (0;4),
(1;3), (4;5) Ba (5;6) mMomamapura HucOaTaH HM30TPON Ba AHU30TPON MOJEIIAP
y3napuHu OUp XU TYTHUILN aHUKJIAHTaH.

TagKMKOTHUHT aMaJInil HATHXKAJIAPH KyHuaaruiapaad noopar:

KOMITBIOTEPIIN  TaXKpuOaapAaa OommanFud Xxonar cudaruga QoiimamaHun
MYMKHH OYJIraH HOYM3UKIIH, paJnal HOCTAI[MOHAP TMCK MOJEIUIApH TY3UJITaH;

COHJIM TakpuOallapHu YTKa3uill Ba OOBEKTJIAp HSBOJIOIUICUHU  COHJIH
MOJISJUTAIITUPUIITHUHT JIeTalllapd XaMmJla Mypakka0d s@dektiapunu ouud Oepui
y4yH 3apyp OYJraH HOYM3UKJIM HOCTAIIMOHAP Y3rpaBUTALMSIIAHYBUM JUCKIAPHUHT
acocuil pU3MK MapameTpiiapy opacuJard KpUTHUK OOFJIaHUII AMarpammaiapu XOCHI
KUJIMHTaH;

SHTM Ky3aTyB MabJIyMOTJIapUHM KailTa MIUIANl Ba XaJlKa TYy3WJIMaJIapUHUHT
HBOJIIOLIMACH ~ MyaMMOJApUHU  TaxXJWwl KWIMII  y4yH (U3MK  XaJIKaCUMOH
rajaKTUKaJIapHUHT KJacCH(PUKAMACH U0 YMKUJITaH.

TaaKuKOT HATWKAJAPMHMHI HWINOHWIMJIMIM MWIIJA JUHAMUK TH3UMIIAp
TeOpaHUIIapU HA3apUACHHUHI MabAyM TaHUKJIM YCyJUIapu KYJUIAaHWITaHHU,
XUCOONAUIApHUHT FOKOPU aHHMKJIMKAATH COHJIM YyCyliapuiaH (oiganaHuIra,
nyJbcalus aMIUIMTYJaCUHUHT KHMMaTh Hoyira TeHr Oynran xomatgard (A=0)
HOCTAIIMOHAP MOJICTHUHT aiJIaHUII MapaMeTpyu y4yH TONUJTaH KPUTUK KUHWMaTiIapu
aBBaJI CTAIlMOHAP MOJIEJUIap JIOMpACcK/ia OJIMHIaH HaTWKajgapra Tyjga MOC KEJIHUIIHU Ba
TypAu YycyJulap OWIaH OJIMHTaH JAMCIEPCHOH TEHIJIaMaJapHUHT HOCTalMOHap
aHaJIoTJIapy ¥3apo MOC TYLIUIIN OMIaH U30XJIaHA/IH.
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TagKuKOT HATHKAJAPUHUHI WIMHI Ba aMajauid axaMMATH. TagKukoT
HATWOKAJAPUHUHT WIMHH aXaMusiTU TajJlaKTUKadap HOYU3HMKIM HOCTAaI[MOHAp
MOJICJUIApUHU TY3HMIIl Ba yjiap OapKapOpJUKIAPUHUHT TaXJWIMHU YTKa3uIl Oyinya
TUCCepTalusiia PUBOXKIAHTUPWIITAH  YCIAyOMSTIapu IOJAy3Jiap TeOpaHUIIUIapu
Hazapuscuaa, JiabopaTopus IUIa3Macuaa OCKapOpJIWMKHU — aHUKIAILIA — Xamja
HOUMBHUKJIWIMK Ba HOCTAI[MOHAPJIMK acoCuil oMui OYnub XucobiaHraH OoIIKa
JUHAMHUK THU3UMJIapAa, AUCKCUMOH TPaBUTALMSIIOBYA Ba KYJOH THU3UMIIAPUHUHT
HBOJIIOIUSCH, TY3WIMAJIAPUHUHT MIAKIUTAaHUIIKA OYiinya GyHAaMeHTall XyJocalapHH
udopanamga Ba TakkKochamaa ¢GoipaNaHuIumM OwiaH u30xXJaHaau. byHnan
tamkapy, JIYT GouuilauFud BUpPUAT MyHOCAGATIAPHMHHHI TOMWITaH KPHTHK
KUUMAaTIapu COHJIM TakpuOanapja [acTiabKu XoJaTiIapHU MOJEIUIAITUPHUIIIA
OonutanFuy mapT cudaruaa KyUlaHAId MyMKHH.

TankuKOT HATWKATAPUHUHT aMalvi axXaMHSTH IIyHAaH HOOpaTKd, yJap
TaJIaKTUKAJaH TaIlKd acCTPOHOMHUS Ba acTpodu3WKa coXalapuaa, COHJIM TakpuoOa
neTauiapuH  oun® Oepuiiga Ba Hazapuil MOJEIUIAPHU COHJIM-IKCIEPUMEHTAN
Mozeiap OunaH  Takkociamga MyBad(akuATaIM — KYJUIAHWIMIOM —~ MYMKHH.
[lyHuHraek, ynap yHuBepcUTeTIap Tajgadanapu yuyH Maxcyc Kypciapra, )Kymiaaaa,
«"anakTuk actpoHoMusiy, «l anakrukanap ¢pusukacm», «KocMOronus Ba KOCMOJIOTHS
acociapu» Ba Iy KaOW Kypciapra KUPUTHIAIIM MyMKUH. OJMHTaH HaTuxKaiap
Ooomka actpodusuk oOBbeKTHIapaa, kymiaaan KouHoTaarm Kopa wmatepus
TagAKUKOTHUIA TYFPUIAH-TYFPHU V3 TaIOUKUHUA TOTMIAJIH. XaJIKaCUMOH
raJlakKTUKaJapHUHT UIU1ad YUKWITaH KiIacCuuKaIusIc, nryoxacus, Ky3aTyBIapHUHT
SHT'M MabJIyMOTJAPUHU KalTa MILIalga Ba XajlKa Ty3WJIMaJapUHUHT 3BOJIOLUSCU
MyaMMOCHHH TaXJIWJ KWINIIA KYJIaHUTIAIu.

TagKMKOT HATHKAJAPUHUHT KOPUH KWJIMHMIIM. Houm3ukim HocTanuoHap
JUCK MOJIeJUlapy TMapaMeTpiiapd y4uyH O€EKapopJIMK Ba OapKapOPJIUKHUHT TOpP
COXAJIapUHM, PE30HAHC HYKTAJIapu YUYyH aWJaHUIIl [apaMEeTPUHUHT KPUTUK
KUIIMaTIapyuHU aHUKJIAIl HATWKalapu XaMmia TeOpaHull Mojaaliapyu OeKapopIMKiIapu
WHKPEMEHTJIapUHU  TONMIN  YCyJUlapy  HOYM3HMKIM  HOCTallMOHap  chepuk
KOHpUrypanus KYpUHUIIUIArK OOIIKa Y3rpaBUTAIMSIIAHYBYM THU3UM MOJIEIapH
Y4yH TeOpaHUIl MOJAJapUHUHT  TaJKUKOTH Macajaidapura @DyHaameHTas
TaJKUKOTIApHUHT JlaBmaT WIMHMA-TEXHUK JAacTypiapu noupacugaru OM-2-336
comnu  «Cdepuk cuctemManap 3BOJIONMICH OoluIaHFUd OOCKMYMHUHT 0Oab3u
myammonapu» (Y3MVY, 2004-2005) TIpaHTHHUHT OakapyIHINHAA KyJUIAHUICaH.
Juccepranusiga  OJMMHNaH  WIMMH ~ HATWOKUIAPHUHT  KYJUIAHWUIIA — OpKald
OCKapOPJIMKHUHT aHAJOTHK TOp COXajlapu Ba TU3UM TEOMETPHSICH POJIH Xamjia
chepuk Y3rpaBUTANMUIAHYBUM TH3UMJIAp/a Ky3aTWiIaéTraHn aupum Ty3uiaMmanap
MIAaKJUIAHUIIMHUHT peal MEXaHM3MJIapu aHuKJaHrad. (PaH Ba TEXHOJOTHSIApHU
PUBOKJIAHTUPHUIIHA MyBOQHUKIamTupuil Kymutacunuar 2016 itmn 16 deBpannaru
®TK-02-13/103-connu xaTn).

TagKuKOT HATHKAJTAPUHUHI anpodauusicu. TaaKMKOT Hartwxkanapu 16 Tta
WIMHI aH)XyMannapnaa, xymianaH, «Dynamics and Evolution of Dense Stellar
Systems» JDI11 of TAU (Sydney, 2003), «Order and chaos in stellar and planetary
systems» (Saint-Petersburg, 2003), «Actponomuss — 2005: CocrosiHue u
nepcrnekTuBbl pazButus» (Mocksa, 2005), «AcTpoHOMUSI OT OJIMIKHEr0 KocMoca A0
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KocMmonoruueckux ganei» (Mocksa, 2015), «CoBpemeHHbIE TPOOIEMBI ACTPOHOMUU
B Y30ekuctane» (Tomkent, 2004), «Yinyroek wimiapu» (Tomkent, 2004), «Duzuka
B VY30ekucrane» (TomkeHt, 2005), «Aén-onuManapHUHT WIM-(aH TapakKUETH
puBoxkunaru posn» (Tomkent, 2006), «['paBUTALIMOHHBIC JIUH3BI U (POPMUPYIOIITUECS
raiaktukn» (Towmkent, 2008), «DyHaameHTanbHble W NPUKIAAHBIE MPOOJIEMBI
coBpeMenHor ¢uszuku» (Tomxkent, 2006, 2007, 2008), «CoBpemeHHass pusnka u ee
nepcrekTuBb»  (Tomkent, 2009), «AkTyaibHble TpOOJEMBl SIACPHOM U
teopetudeckor ¢uzukn» (Tomkent, 2013), «Hacnemue Mupszo Viyroeka wu
coBpeMeHHOCTBY (Tomkent, 2014), «CoBpemeHHbIE MPOOIEMbl MaTEeMaTUYECKOM
busuku u ee npwiokenus»  (Tomxkent, 2015) maB3ymapugars xaiakapo Ba
pecnyOnuka wWiMHi-aManuid KOH(pEpeHIMsUIapuaa Mabpy3a KypuHUIIUAa OacH
STWJITAH Xamjia anpoOanusiiad YTKa3uiraH.

JluccepTamysl ~MIOMHMHT — acOCHil  HaTIDKamapu — Y30ekuctoH — Mummii
yHHuBepcuTeTH actpoHomus kadenpacu (2003-2012) Ba Actponomusi Ba atMocdepa
dusukacu kadempacu (2013-2015), V36ekncron PecryGnukacu dannap akageMusicH
Actponomus wuHctutytu (2002-2015), T'epmanusimarm Ilorctmam  Actpodusuka
uHctutytn (2005) Ba [T'eitmensOepr ActpoHomuss uHCTUTYTH (2006) winmwmii
CeMUHapJIapua Mabpy3a KWIMHIAH Ba MyXOKamMaJ aH yTraH.

TaagkMKOT HATHKAJAPUHUHI 3bJOH KWIMHHIOM. [lucceprauus MaB3ycu
Oyinua 60 Ta WIMUNA WII HAIIp KWIMHTAH, [TyJIapJiaH, V36ekucron PecniyOnukacu
Onuii arrectansi KOMUCCUSCHHUHI JOKTOPJMK AUCCEPTAlMsIApU aCOCUN WIIMHIA
HATWIKaJapUHU YOI JTUII TaBCUs STWITaH WIMHI Hampiapujga 22 Ta MakoJja,
KyMIlaJaH, 8 Ta XOprxkuil Ba 14 Ta pecmy0OivKa )KypHaJIapUaa HAIIP STUIITaH.

JuccepTanMsHUHT TY3WINIIN Ba XaxMu. [{uccepramus kupwii, Oemra 600,
XyJioca, TYpTTa UioBa Ba agabuérnap pyixarunan ndopar. JluccepralussHUHT XaKMH
198 OeTHHM TAIIKWII dTAIH.
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JIACCEPTAIIMSIHUHT ACOCUN MASMYHHA

Kupum kucmuaa auccepranys MaB3yCHUHHMHT J0J13apOJjUTd  Ba 3apypaTH
aCOCJIaHTaH, TaJJKUKOTHUHT pecnyOnuka ban Ba TEXHOJIOTUsIIApU
PUBOXIIAHUIIIMHUHT YCTUBOP WYHAIHIIIIIAPUTa MOCIWUTH KypcaTUiraH, MaB3y Oyiinua
XOPWKUNA WIMHW-TAAKUKOTIAD LIAPXH, MYaMMOHUHI YPraHWITAHJIUK Japa)xacu
KeNTUPWITAH, TagKUKOT Makcaaw, Basudanapu, OOBEKTH Ba MPEAMETH
TaBcU()JIaHTaH, TAJAKUKOTHUHT WJIMHN SIHTWINTA Ba aMajiui HaTwkKalapu OaéH
KWIWHTAaH, OJIMHTaH HATI)KAJIAPDHUHT Ha3apuil Ba aMmanuil axamusiTh EpUTHO
Oepwiirad, TaJKUKOT HATHXKAJIAPUHUHT KOPUN KWIMHUIIM, HAIIp STUITAH UIUIap Ba
JqUccepTanusl TY3WIUIIN OYiirda MabIyMOT/Iap KeITUPUIITAH.

HucceprauustHuHr «CnMpaj rajJakTukajaap AUCK OCTH TH3MMHHMHI KAaTTa
MaclITa0Ju TY3WIMAJAPUHUHT MAKUVIAHWUII MyaMMoJapM Xakuaa» 7e0
HOMJIaHTaH OupuHYM Oo00Oujga jJuccepranus MaB3yCcH Oyinda XaMm Ky3aTyB
MabJIyMOTJIApY TaXJWUIAPU WYHAIUIIAATHA, XaM JUCKCUMOH TrajaKTHUKaJapHUHT
KaTTa MacIITAa0JIM TY3WIMIIKTIa OaFullIaHTaH Ha3apuil TAAKUKOTIap HyHaIuIIuaaru
anabuétnap 6aéau 6epriran. byHma xanka makiu, Joncai UMK, TMCKHUHT BepTHKAI
STPUJIAHUTIUIAPU Ba OOIKA KYPUHHUIIJATW TapKUOWUW Ty3WJIMaJIapHUHT HUcCOaTaH
SHTM4a HaMo€H Oynumura Karra d5bTHOOp Kapartwirad. by Tty3unimanap
MIAKUTAHUIIUHUHT MYMKHH Oynran Wymnapu Kuckada OaH stwirad. Kysatys
MABIYMOTJIApYM  TaxXJwiu ymOy KaTTa MacmTadiau  Ty3wiMajgap  CIupat
rajlakTUKaJIapHUHT YMYMUN XyCYCHUSITUJAH MOOpATIUIMHU KypcaTraH, YyHKH yJiap
ajoxuja Exku Ouprajukia KynruHa JUCKCMMOH TallaKTUKanapaa Ky3aTuiaiu.
YMymuii  Xoida = rajakTUKaJap — MIAKUIAHUIIAHUHT  HMKKUTa ~ KOCMOJIOTHUK
ClLIEHapUiiJiapy acocuil Ma3MyHHU 0a€H 3TWiraH. J[MCKHUHT HOCTAIMOHAP MOJeIapu
IpaBUTAIIMOH OeKapopiMkiIapu OYinYa OJIMHraH HaTWKajap CTAlMOHAp MOJEIiap
Joupacua Kyjira KUpUTUWITaH HaTWxKaidapad TyOaan ¢hapk KWINIIK KYpcaTHIIraH.

JuccepTalUsIHUHT «AHHU30TPON Te3JHMKJAP AuarpaMMacura 3ra OyJiaran
HOYM3MKJIM HOCTAMOHAP AUCK OONJIAHFUY XOJATHHUHI MOJEJMHM Ty3UID» 10
HOMJIAHTaH MKKHHYMA O00u7a pajual HOCTAIMOHAP Ba TE3NMUKIAPHUHT AHU30TPOI
auarpaMMacura osra OyiraH AWCKHUHT SIHTA (da3aBuUdl  MOJEUIapu  TY3HJITaH.
Macanan, ymymiamrad OFupJuK GyHKIUSICHHH Kyiuaarnda ojauo

2B+1
_ 2a 2 )7  Pla+p+1)
Pl2)=Cop (I_Q > ST a1 M

HOMYBO3aHATJIM HM30TPOIl MOJIENb acocuia Y3rpaBUTALMSAJIAHYBYM HOCTAI[MOHAP
allaHMaliural JAUCKHUHT yMYyMJIAIITaH aHU30TPOIN MOJETU SHTU CHUH(PU XOCHII
kunuHrad. by epma o Ba B — OyTyH connap, () — AWCKHUHT VIIYOBCU3 aWJIaHUII
napametpu. lllyHu Tapkumiam J03UMKH, Ty3WITaH yMyMJIAIITaH MOAEITHU KyHH1aru
udonara Kynantupuo

1+QL :1+Q(xvy —yvx ), (2)
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JVT Huer  ajfimaHyBuaH MoOjeNMra sra Oyiamu3, Oy YpuHIa L - Oypuax

MOMEHTHHHHI Z-TAIIKKJI STYBYMCH (KOMIIOHEHTAacH), V — JHCK “3appadyacy’HHHT
TE3JIMK BEKTOpU. YMyMIIalllTaH MOJENJIAa o Ba [} mapaMmeTpiapura aHUK KaiMatiap
O0epu0, ynapra MOC TE3JIMKIAPHUHI aHU30TPOIl JUarpaMMmacura sra OYyiraH aHUK
HOYM3UKJIN HOCTAI[MOHAP AUCK MOAEIUIAPUHH XOCHJI KHJIUII MYMKHH.

bynnan tamkapu, Ty3wiMa TabHaTId yuyTa HOYM3HMKIM AHU30TPON MOJEIIap
ApaTUINO, yIap UKKUTA JUCKPET HOCTAIIMOHAP KOH(MUTYpalUsiap OpacuIari OpainK
XOJIATJIApHU, TU3UMHUHT  OOINUIAHFUY  KOJUIAIC ~ MOMEHTHJIArd  JacTJIa0KH
0OCKMYMIard MyMKHH OYJTaH >KyJa KeHr OOIUIAaHFUY IIApOUTIIApHU Kampald ojraH
XOJI71a TAIKUK dTUIII IMKOHUHU Oepajiu.

V3rpaBUTalMsNaHYyBUM JMCK YYYH TY3WIraH HOUYMSHKIM  HOCTAIMOHAp
MOJICJUTAPHUHT acoCHi (PU3UK XyCYCHUATIAPH YUYH aHUK HU]oganmap XOCHUI KAITUHIH.
Tapkuram >KOW3KH, OYryHTH KyHJa JUCKCHUMOH TajaKTUKaJIap SBOJIONUSICH
OolaHFud OOCKMYMAArM MaTepusi TAKCUMOTHMHHUHT Oapya XyCyCHATIApU Mabiym
sMac Ba Iy OOMC TE3NMKIAPHUHI aHU30TPOIl JAuarpaMmacura »sra TypJd
Mozeiapuau Ty3uin 3apyp. llynmait kunuO, Ty3wiran mojeiiap, OMpUHYHUIAH,
Te3NuKIap Ga3zocuaa aHU30TPOIN, UKKMHYMAAH, Oy Mojeiap Joupacuia TMCKCUMOH
rajlakTUKajgap KaTTa MaciuTadiau TY3WIMAJIAPUHUHT [AKIJIAHUIIN  HOYU3HKIH
HOCTAIIMOHAP OOCKUYMHUHI MYMKHH OYJraH Katop Typiau (GU3HK XOJaTIapUHU
TaJKUK STULI MyMKHH.

JuccepraunusiHUHT «/IMCKCHMOH rajJJakTHKAJAPAAa XaJKACMMOH TY3WJIMAaJap
Ba yJIap MAK/UIAHUIIMHUHT SIHTH Ha3apusich» 1e0 HOMJIAHTaH y4YHMHYM O00mma
JUCKCUMOH TaJlaKTUKajlapaa Xaika Ty3WIMaJapuHu Kiaccuukanusiam Ba
yIapHUHI 03ara Keiaumu Macananapu kypwirad. Iy wmakcagma, Typnu
MyaJmuGIapHUAT YOIl ATWITAH Ky3aTyB MabIyMOTJIAPU acOCHIa MMKOHU Oopuda
GU3HK XaIKACMMOH rajakTUKalap capaiad ojuHTaH, OyH7a Xajaka jKapa€Hu crupal
TapMOKJIAPHUHI MPOCKLUMACH €KM YJIAPHUHI 3UY YpaJIuil HaTWwxkacu dmac. by
XQIKaCUMOH Ty3WiMaiap, aciluja, XyJJd TajJakKTUKaHWUHT OOIIKa TapKuOui
TU3UMJIAPU, MAcaJlaH, yJarud €KU CIUpaJl TapMOKJIAp CHUHTapu Kys3atuiaau. dakar
IIYHJAH KeHMHH Ky3aTyB MabJIyMOTJIapUHHM TacHHU(IAIl UMKOHHUSTUTA WIK OOp 3ra
oynmuuau. Mmmabé ywkuiaran tacHud 9 Ta rypyxaaH ubopar, OyHAA TY3WIHIIH
Oylinua TaxMHHaH SIKMUH Oenruiapra sra OyiraH XajJKacUMOH rajakTUKajap OuTTa
cuH(pra KUpUTWITaH. Mabiaym OVIAMKH, SAPOIM XAJKACUMOH TrajakTUKallap Ba
yJlargura sra Xajaka XaMJia UKK{ CIHpajl TApMOKKA 3Ta X0JI HUCOAaTaH KYI TapKajiraH
TYpyXJapHU Tallkui d3Tanu. TYKKu3TamaH Oeita Xojaraa yjarud KaTHAaIlaju.
Cnoupain TapMOKJIap y4Ta XoJaTJaruHa Ky3atuinaau. Kuznru myHaaku, MKKU XaJIKaiau
rajakTUKanap KyTWITaHUJaH aH4a KyIl yupanau.

["amakThkanapia XajdKaCUMOH TY3WIMAQJIAPHUHI 03ara KeJNHII MyamMMoJIapu
HOYHM3UKJIM HOCTAllMOHAp Mojeiap (oHMIA ylapra MOC FalaéHIaHUII MoJajapu
IPaBUTALIMOH OEKAPOPJIMKIAPUHUHT TaXJIWIM WynIu OunaH ypranwiau. bup xankanu
(m=0; N=4, m=2; N=4) Ba ukku xaiakaau (m=0; N=6, m=2; N=6) rajaéHJIaHUIII
Mojaanapu Kapad uukwigd. Houusukim AMcK MoJeiapd Y4YyH XalKacCHMOH
ranaéunanum  MomaidapuHuHr JITHA cu  kentupu® uukapwian. MacanaH,
ymymiamrad monens (ouuga (0;4) Momacu yuyH KyHuUJard MKKUHYM TapTUOIH
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TypTTa auddepeHunan TeHraamanap Tu3uMu Kypunumugara JTHA xocun
KWINHIN:

45

2
(1+ Xcosw)dg—z(\v) + ksinwm +0.(y)= §D34 (22,9, A, p)(h+cos \|/)3_T sinty, (3)

dy dy

Oy Ypuuma t=0-3, p=0,52a+1)/(a+B+2), D&(ﬁr,w, A p) — aHUK Mypakkad
TPUIOHOMETPHUK (QyHKIMs OYnub, Gapua /.(y) HOMAabIyMIAPUHU ¥3 WYMIa OIAIH,
mynbcanms amruurygacu: A=1— (2T/|U]), t=0 BakrTaaru BUpHaib MyHOCAOATHUHT

KHUUMAaTHu OpKaJIn AHUK H(bOI[aJIaHaI[I/I, | — cpaaMun y3rapyBUHu:
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I'paduxmnapna GupuHYM paKam — o, IKKHHYHACH — 3

I-pacm. (2;6) Mmoxa yuyH OeKapOpJIMK MHKPEMEHTHHUHT (a; ) KuiiMaTiiapu Oyiinda
(2T/|U])¢ ra OOFMHKIUTH

Xankacumon Mmoxpanap JTHA napuHuHT TaxJMiau HaTKajlapu OeKapopiiuk
unkpeMenTiaapuauar (27T/|U|), OomwianFud BupHab MyHOcabaTra OOFIHMKINTU
KypuHummaa TtacBupianrad (l-pacmra kapanr). MogemiapHuHr  ¢Gapkd  Ba
AHU30TPOIHUS JapaKaCHHU XApaKTEPJIOBYM O Ba 3 mapaMmerpriap FajJaéHIaHUIIHUHT
XaJIKACHMOH MOJAJIapy PUBOXIIAHUIINIA, YMyMUH X0laTaa, KapaMa-Kapimu 3¢ dext
OepuIllM aHUKJIAHAM, XamJa 0 HUHT KUWMaTIapud OpPTUINM OWiaH ymoy Ty3wiMa

15



MIaKJIJIaHaAurad OOITaHFUY BUpPHAIb MyHOCA0AaT MHTEpBAIM XaM KaTTaJanind
o6opanu. Jlekun (2;4) mona xonuaa yuudr J[THAcu o Ba 3 mapamerpiapra OOFJIUK
AMACIUTU Xamja OeKapopJIMK PHUBOXKIAHUINM alJlaHWIIra 3ra OyiamaraHn Xamma
AHU3O0TPOIl MOJEIUIap y4yH Oup XWJ Keuuinu aHukiaanad. o=P=0 nga Ba (2)Hu
XucoOra ojraHja ailaHyBYaH aHU30TPOI MOJeNb (OHUIA TeOpaHUIUTAPHUHT OUp
xankanu (0;4) Ba ukku xankanu (0;6) monanapu yuyH onunran JATHAnap nuckHuHT
aliaHuIn mapameTpiiapura OorIuK OynMaiinu (2-pacmra Kapasr). byHaan tamkapu,
ym0y Mojanap Oekapopiukiapu OONUIaHFUY BUpHAIb MyHOca0aT KuiiMaTiiapura
OoFuK xo0Jia €ku TeOpaHMa, EKU arlepuoIUK XapakTepra sra 6ynamau. (2;4) Ba (2;6)
MoJanap aiaHMalauraH aHu30TPON MOJENb Joupacuaa OyHIal WKKU TypAaru
OekapopiMKka OOUUIAHFUY BHUpHAIb MyHOca0aT KuilmMaTiapura Kapab »ora
Oynagwiap, OMpOK MoOJeNh aljmaHuIIra sra OynranHga ynapaa ¢akar TebOpaHma
oexapopiuk ky3atwianu. Iy Owman Oupra, anuzorpon monens Gonuga € Ba
(2T/|U|)o mapamerpnap KuilmMaTiapura OOFIMK OYynMaraH Xoijga OWp XalKalid
Ty3WJIMa MIAKJUTAHUIIT YXTUMOJIM UKKH XQJIKAIH Ty3WIMa fo3ara KeJull dXTUMOIUIaH
Xap AOUM KaTTa 3KaHJIWTH aHUKJIAHIH.

Bbekapopnuk coxacu mITpuXJIaHTaH

2-pacm. (0;4) moxa yuyn o=p=0 xonaruna (2T/|U|)o HUHT yMyMIIamrad MOACTHUHT
alllaHUII TapaMeTpura KpUTUK OOFIMKIIUTU

bupnamuu wu3oTpon Mojenb JouWpacuja FaJaéHIAHUILIIAPHUHT XaJIKaCUMOH
Mojanapu OEKApOpJUKIApU Y3Ura XOC KYpUHMIIHMA XOcWi Kwiaaud (3-pacmra
KapaHr). 3-pacM O€KapOpJMKIApHUHT WKKU: >kyga kuumk o(0,2<0<0,203;
0,415<(2T/]U])9<0,483) Ba Top [(0,327<0Q<0,420; 0,464<(2T/|U|)¢<0,653) coxacu
MapXyJJIMTUHU ~ XaMJa sHa  UWKKkATta myHra  yxmam:  y(0,23<0<0,33;
0,196790<(2T/|U])p<0,427) Ba 5(0,3008<€2<0,36; 0,185<(2T/]U])0<0,355)
OapKapopiIUK coxajapu OOpJIUTMHM KypcaTaau. ANIaHMII MapaMETPUHUHT MabiIyM
Oup KuMaTiIapuaa, YU3UKIU Ha3apUSHUHT KOJUIEKTHB Xapakarjapu Ba MOJETHUHT
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HOYHM3UKJIN TeOpaHUILIN YacTOTaJlapy opacuja Mypakkad pe3oHaHC Xojucacu OuiiaH
OornuK Oynran Houm3uKIM d¢¢eKT 1o3ara Kemaad, OyHHHT HaTHKachaa
Fala€HIIAHUIIUTAPDHUHT XaJIKACUMOH MOJaiapu OOIJIaHFUY BUPHUAIh MyHOCAOATHUHT
Oapua kuitmaTiapu coxacuga Oekapop Oymamu. 0<Q<0,7 xomatuna (0;4) Ba (0;6)
MoJajap ydyH xaM TeOpaHma, XaMm amnepuoIuK OeKapopiukiIap Xoc Oynamu, arap
>0,7 6ynca, yama ¢dakar amepuoank OeKapopyimK ro3zara keiamad. (2;4) Ba (2;6)
MOJIATApHUHT OEKAPOPIIMK XapaKTepu aHU30TPOT MOAEIh XOIaTUIArueK Oymaau.

1 013583 & . =] . c_ tI:ieD_Eil5240

(2T/Uo

By ypumna: A(0,196; 0.20), B(0,331; 0,462), C(0,6; 0,688), D(0,647; 0,278), E(0,737; 0.388),
F(0,815; 0,354), G(0,9; 0,407), S(0,14; 0,355), a=0,255389; b=0,501198; c=0,672189; d=0,815658;
¢=0,843302

3-pacm. (0;6) mona yuyH (2T/|U|)o HUHT OupraM4u U30TPOT MOJIEITh alTaHHIIT
napaMeTpura KpUTUK OOFJIMKIUTH

Tysunma monens ¢ouunma Q=0,5 6ynranga (0;4) MomaHUHT OEKapOPJIHUTU V
CyNepIio3ullus apaMerpura OOFIuK OynMaiiau. (2;4) Moaa yuyH OyHIall KYpUHUII
Q=0 6ynranna Ky3armwiagy.  Ba v mapaMeTpIaApUHUHT MabliyM OUp KuWMatiapuaa
UKKH MOJIENb CYMEPHO3UIMSACH IIyHAal Oup  Xojarra onaud Kenmaaukd, OyHma
OCKApOpJIIMK COXacu 4UYyKKura osra Oynaau, HaTWKajla XalKaCUMOH Mojajap
OOlIJTaHFUY BHpHUAIh MyHOCA0ATHUHT Oapya KUHWMATIIapy coXacuja TYIUK OeKapop
OYJUIIMHYA TabKUJIAII KOU3. AMIaHUII MapaMeTpUHUHT Oapua Kuitmatiapuzaa (0;4)
Ba (0;6) Momanmap xaM amepuoauK, xaM TeOpaHma OeKapopiukiapra sra Oyiagu.
bupok ailinanmaiinuran Ty3suima wmoxaenu ¢douuga (2;4) Ba (2;6) momamap xam
TeOpaHMa, XaM amnepuoJuK OeKapopiMKKa »ra Oynaau, MoJenb aillaHraHuja sca
dakar TebpaHMa XyCyCHSTIM OEKapOpJMK MaBxkyn Oynamu. XaJlKacUMOH Mojajap
OexapopiuKiIapura HucOaTaH Ty3WJIMa MOJCIUIAPHU Y3apO COJUIITHPHIL acCOCHIA
Q#1 xonuma yuydHYW Ty3WJIMa MOJENb KOJITaH Mojiejuiapra KaparaHja OeKapoppok
SKAaHJINTH AHWKJIAHIW, AaWJaHWuIl IApaMeTpu Y3UHUHT MAKCHUMAJl KHMMATHUra
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SpUIIraHuAa, OUPUHYM Ty3WIMa MOJEIb KOJTaHJIapura HUCOATaH MyXUM aXamusT
kacO 3Ta Oonutanu.

HucceprauussHuar  «CnuMpan  rajakTHKajJdapaa Jocaaala TY3WJIMAHHHT
HAK/UIAHUII Hazapusicw» €0 HOMJIaHTaH TYPTUHYM OoOuma aiipum myarmudiiap
Ky3aTyB MabJIyMOTJIApM  acoCHJa MIIOHWIM KWWMarra sra  JIONCalaJIuK
napameTpiapura sra Jorncaian rajlakTuKazap CHHUMKIA0 capanald OMMHAM Ba UIITYH
KamJIaHMa KaTaJlor TY3WIAM, HYpud TE3NHK, KU3WIra CHIDKHUII, a0COJIOT IOJAY3
KaTTaJuT, TUI-KOAM, ylaprada O0yiran macoda Ba Oomkaitap OWIaH TYJIIUPHUIIN.
[ynpaii kumb, 561 Ta 00BEKT XaKuJard MabIyMOT TYIUIAHAW Ba YJAPHUHT
CTAaTUCTHK TaXJWiK amaira omupwiad. CTaTUCTHK TaxJIWI HaTWKaJapu UIyHH
KypcaTajiuky, JONCAHIJIUK CHHUpal TaJaKTUKAJTAPHUHT JAespiu Oapya Typiapuaa
cupal TapMOKJap VYpaiuil KaTTaiurura OOFIMK XOJija TYypiau Japaxkaja
Ky3atuiaad. [amakTukamapHUHT MOpQOJIOTUK Typiapu OViimda Jorcaiuink
TaKCUMOTH TMCTOrPaMMAacH JIONICAMIIIMK XOAMCACH acOCaH CIHpai rajakTHKalap/a,
YHIAH KEHUH HppEryisp rajlakThKagapAa, CYHrpa JWH3aCMMOHJAapAa Ba IIyHJAH
KeWMWH DSJUTMNITUK TajakTUKajlapia Ky3aTWIHIIUHM Kypcatnu. Kusufu INIyHIakw,
JOTCAalUIMK XaTTO 0ab3Uu AJUIMNTHUK TaJakTUKaldap/a XaM Yyupalld aHUKJIaHJIU,
BaxXOJIaHKM, CYHITH BaKTJapraya Oy TrajakThkKajgapja Macca TaKCUMOTHHUHT
Xycycusitiapu Tydailnm ymapaa  JIONCadIMK - OYNIWIIM  MyMKHH 53Mac, J11e0
xucoOnaHap sau. bynman Tamkapu, Al nomcaiianuk mapaxacu KodhuimeHTH
kuitmatu 0,2 naH kuuukiaura TaxmuHad 90 ¢ous xonatnapna, 0,4 nan kuuukiauru 97
dbous xonatinapjaa OYIUIIA XaM aHUKJIAHIH.

Fanaénnanunuiapausar noncaigan moaanapu (m=1; N=1, 3, 5, 7) rpaButanimon
OCeKapOopIMKIApUHE yMyMIIAIITaH aHU30Tpon Mojenb (ouuna ymapra moc JITHA
TaxJiuau €paamMuiaa ypranum HaTwkanapu m=1; N=1 ranaéuiaHuIl MOJACHHUHT
OapKapopJIUTUHU Ba y OyTYH TH3UMHUHT OUp OyTYH O CHIDKHINN OWiiaH OOFINK
XoJija OWpoOHTa XaM OCKapOpJWKHU Fo3ara KEITUPMACIWTHHU KypcaTau. o
napaMeTpu KHIUMATHUHHHT OPTUINM OOIIKAa JOmcaijgal MOJAJIapHUHT aHU30TPOIl
Moeiap (GOHHUIArU IBOJIOIUACH KapaCHUAa aecTabwuiuK 3¢pdekTuHu oepuiu, 3
napaMmeTp 3ca, aKCHMH4Ya, I'y€ «CTaOWIM3alUsIIOBYM» POJIMHU YHHAIIM aHUKJIAHIU.
A¥inaHui napaMeTpUHUHT JIONcaijan Moiaiap OeKapopiiury XxapakTepura HucoaTaH
TyTrad ponu xymiu (2;4) Ba (2;6) XaJkaCUMOH MojJallapjarujick Oynanu, sSbHU
allaHMaiiiuran aHu3oTpon Mojenb ¢GoHUAA XaM TeOpaHMma, XaM arepuoJIuK
Oekapopiukiap Kyszatwica, Q#0 xomga »osca  ¢akar TeOpaHMa XyCyCHSTIH
O6exapopnukka sra OynuHamu. byHmail xypuHUII Ty3uiMa Mozeiiap (QOHHIA Xam
Ky3aTuiaau.

AitnianyBun anuzotpon Mojens Gouuaa (1;3) moaa (1;5) momara HucO6aTaH aHuda
oexapopaup. bapcumon, xanka Ba Joncaigan  MOJAJIAPHUHT  OEKapOpJIMK
WHKPEMEHTJIapUHU KHECHall IIyHU KypcaTaaukud (4-pacmra kKapanr), <0,5
Oynranna Tu3uMIa OUpWUHYM OYyIMO KWHEMATHK CUJDKUTAaH SApO XOCWI Oynasi,
yunan keiiun (2T/|U]), mapaMeTpHHUHT KHYHMK KHIMaTIapuaa Xajdka Ty3WJIMAacH,
¢akat mryHnaH keduHruHa O6ap makiiananu, oupok (2T/|U|), mapamMeTpuHUHT KaTTa
KuiimMaTinapuaa Oap Ba Xalka Ty3WwIMallapd UIAaKJUIAHUIIA —~ KETMa-KETJIUTU
anmammuHaau. Arap 2>0,5 6ynca, (1;3) mMoma aBBanTrMACK €TAKUYWJIMKHU Cakjiad
KoJaau, aMMO OOLUIaHFUY BUpHAIb MyHOcabaT KuWMatriapura OOFIHMK Oyiamarad
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xonma, (0;4) Ba (2;2) momanmap »ddextn onamHMa-KeTHH fo3ara keiamam. Q=0,5
OynraHuma W30TPON Ba aHW3OTPON MOJEUIAp YOy Ty3uiaMaiapra MOC Mojaiapra
HUCOaTaH Y3JIapuHu OMp XU TyTaIH.
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4-pacm. ( - aiilaHUII TApaMETPUHHUHT TYpPJIH KHiiMaTiapu yuyH o=f=0 xonatnaru
yMymjamrad Mmozaenb (oHuma OapcHMMOH, XalKa Ba JIONcaijgan Mojanap
OEKapOPJIIMTMHUHT HHKPEMEHTJIAPUHU KUEcalll

bupnamuu u3oTpon Mojens JoWpacuia Jioncaiigan OeKapopiMKIap Xo0JiaTuaa
alllaHWIl TApaMETPUHUHT MabJiyM OWp KuUKWMaTiapuaa CTaludoHap Mojenra
HUCOaTaH yHra 4YerapajaHraH aMIUIUTyJajdu FajacHIaHuIl OepuiuiiM  OuilaH
KaHJIaWaup HOYM3UKIM 3(PQeKT 1o3ara Kenuiu Ky3aTwiaad. byHpmail kypuHUII
XaJIKACUMOH MoJajiap/ia XaM Ky3aTuwiran. A=0 Oynran Xycycuil Xojgaru Xucoosarn
HATWKaJIapy YMU3UKIW SIKUHJIANIMINIA MYBO3aHATIM MOJENJIard HaTwxkajgap OuiaH
yCTMa-yCT TYIIaJIu.

Jlomcaitnan Momanapra HucOaTaH Ty3ujIMa MOJCIUIAPHU TAIKUK KWIWII IIyHU
KypcaTaiuku, V HHUHT MabJIyM KUWMarjiapuaa HKKH MOJENb CYyNepIIO3UIIHSICH
OeKapopiuK coxacHu OOLUIaHFUY BUpPHAIb MYHOCAOATHHHI Jespiud  Oapua
KUIIMaTIapy IOMpacuHu srajuiaiian (S5-pacmra Kapasr). Ty3unma Mozenia aijiaHuIll
NapaMeTPUHUHT KUWMaThra OOFIWK OYyaMaraH Xojijia THU3HUMHHUHT TE€OMETPUK
Mapka3ura HucOaTaH sIIPO CUIDKUIIU XaJKaCUMOH Ba OapCHUMOH Ty3WJIMajap Maiao
OynuInuaaH aBBaj pyi OepUIlIM aHUKJIAHIW, OMPOK Makcumaln aimanumiaa (2=1) Ba
v>0,4 xomatuaa TU3UMAA OupuHYM OYynIMO OapCMMOH Ty3W/IMa o3ara Keiaau.
XalKkacuMOH MoJiajap y4uyH 3ca, OyHaail Manzapanu (axatr v=0 o6ynranuga Q=0 Ba
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Q=0,5 xonarmapaa Kypull MyMKHH. AWJIaHWII NapaMeTPUHUHI Makcuman Q=1
kuiimatu Ba 0,7<v<1,0 opamuruna (1;5) 6wmman (0;4) Ba (1;3) O6wran (2;4) momanap
MHKpPEMEHTIapHu y3apo Moc Tymaau. by sca OGepwiran xonaraa ymoly Ty3wiMalap
Oup BakTga o3ara KeJIUIIM MYMKUHJIUTHHM Kypcataau. Kypunaérran Oapua
tyzunmanap Q=0,5 Ba (2T/|U|)y<0,2 Gynranuaa aespiu Oup BaKTIa ro3ara KeJIuIlu
aHuKiIaHau. FanaéHnaHMIIHUHT Jomcaiinan Mopanapu OeKapopiurura HucOaTaH
Ty3WiIMa MOJEIUIAPHM  y3apo  KHMECIall  MaH3apacu XyAIud  XaJKaCUMOH
MoJlanapaaruaex oymnanu.

A BC

0203635

0 01 02 03 04 05 05 07 08 09 1 0 00 01 03 04 05 06 07 08 03 1 01 02 03 04 05 05 07 08 09 1
v v

v
Q=0 Q=0,5 Q=1,0
A=0,649116; B=0,712329;
C=0,752598

5-pacm. (1;5) moga yqyH €2 HUHT Typiau KUiMaTIapuaa v CyNepro3HIus
napametrpura (2T/|U|)o HUHT KpUTHK OOFTUKINTH

JuccepranussHuHr «l'ajJJakTHKa JUCKIAPUAA BEPTHKAJ STPUIAHUIIIAPDHUHT
HAKJJIAHUII Ha3apusicu» J1e0 HOMJIaHTaH OemuH4Yu 000uma Katop myaytudiaap
Ky3aTyBJIapyJa AaHUKJIAHTaH TaJakTHKaIap ITUCK TapKUOW THU3UMHIATH TYpJd
BEPTUKAJ STPUWIAHUILUIAPHUHT 03ara KEJIUIIM Macajlajapu ypraswirad. AcocHii
TypAarn osrpwiaHunuiapra N-CMMOH, uHTerpaiacumon, U-cumoH u L-cumon
KYPUHUIIJIATH STPWIAHULIUIAPHA KUPUTUII MYyMKHUH. YOy umga HucOaTaH Ky
ydpaluran Ba yJa acCMMMETPUK OIrpUJIaHTaH TrajakTukamap OViuya onauii
capasamli onu0 Oopuingu. MabiayMoTiap TaxJIWJIM  STPWIAHMIL ACOCAH HOpMal
cnupan raizaktukaizapaa (<70 ¢owusrada) ynaruuiau cnupan rajgaktukaiapra (=30
¢ous) HUCOAaTaH KYNPOK ydpalld, STpUaHTaHINKIAH TallKapy JIOTICAHIMKKa XaM
sra OynraH ramaktukanap pyixataa 20 (GOM3HM TaIIKWI KWJIUIIMHUA KYpCaTIu.
IOkopuna kypcaTwirad 3rpuwiaHMIl TypJapUJaH TallKApy ArPUJIAHUIUIAPHUHT
acocuil Typiapura ryMO0a3CMMOH Ba MPEIECCHOH STPUIAHMIUIAPHU XaM KHUPUTHII
KEPAKJIUTU KYPCATUIIIU.

[anakTvkanap JAMCKMAA Ky3aTyBla HaMoOEH OYnaéTran »rpuilaHUIUIApHU
TEOpaHUIIAPHUHT TYpJM BEPTUKAJ STPUJIAHUII MoJajapy OWJIaH COJMILTHPHUII
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IIYHd KYpPCATAUKH, TalaKTUKa JUCKHHMHT S- Ba N-CUMOH acHMMETPHUK
srpunanummra mMoc pasumga (m=1;N=4) Ba (m=5;N=6) monanap, rym0a3cuMoH
srpwianumra (m=0;N=3) moma, U-cumoH srpunanumra (m=4;N=5) moma Moc
KEeJUMIIM Ba HHUXOST, TMpeueccuoH oarpwiandiml (m=1;N=2) wmoma opkamu
TaBCU(DIAHUIIUHY KypcaTau (b6-pacMra KapaHr).

m=1; N=4 a m=3; N=6 m=0; N=3

1 05 ' .
4 0.5 /

0
0 0
-0.5 f

-4 ]

4 1t/

-1 -0.5 0 0.5 1 ) e r

10 111=-l; N=3 nlzl; N=2

I@:-
=

05 1 2 05 0.5 1

0 0
r r

6-pacM. TeOpaHUITHUHT TaHJIAHTAH MOJAJIAPU YUYH JUCK YJIEMEHTHHUHT
h(r) — BepTHKas cCHIKHII PYHKUIUSCH rpaduKIapu

YMymamirad MoJiens goupacuja BepTukan tedpanunuiap Kyiugaru JITHA cu
XOCHJI KUIUHIU:

a20) , Q) [ (Nrmp(N-my
(l+7\.COS\|/) ” > + Asiny - ay +2 (N+m—1)!!(N—m—1)!! "
_q_m p(l Xz) (—XZXNz—m2+N—2) Q( )—O
2(1+ Acosy) 6 (1+ Acosy) V=

Yoy (4) ATHA tankuky HaTvkanapu €paamuaa B mapaMmerp KUilMaTiiapyu OpTHUILIH
OunaH S-CUMOH STpHJIAHUII Ba T'yMOa3CHMOH MOJallapy O€KapOpIHKIapu KydanuIu,
0. TapaMETPHUHI KUIIMAaTH OpPTHUINM OWJlaH 3ca, akCMHYa, Oy MOJaJapHHUHT sSHaja
O6apkapopiamub copuiu kypcatuiaau. N- cuMoH Ba U-CUMOH 3TrpujIaHUII MOJajaapu
y4yH 3ca, 0 Ba [3 mapaMeTpJIapHUHT poJiM y3apo anMamuHaau. FamaéHmaHumHuHT
npeneccuon typuaaru JTHA cu o Ba B mapamerpnapra 6ornuk 6ynamaiiau. Hlynnaii
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KUJINO, OXMPTH MOJIa HOCTAIMOHAP AUCKHUHT aHW30TPOI MOJeuiapu (poHUIa XyIIn
OupJiaMuu U30TPOI MOJIETUIATUICK IOMMO OapKapop Oyiaau.

AlimaHyBYM aHU30TPOIl Ba OWpJaMYM W30TPOI HOYM3HUKIM Mojemiap (oHuma
ATPUJIAHUIIT MOIaJIapy OCKAPOPIIMTA HHKPEMEHTIIApUHUHT MaKCHUMaJl Kuiimatiapu <)
HUHT YCHUIIIM OWJIaH acTa-CeKMH KaMmaiiuo 6opaau. Q=0 na anepuoauk, 2>0 6ynranga
aca, TeOpanma Oekapopiukiapra odra Oynamus. JlekuH OoOIIKa ATpUIaHUII
Momanapuaan  Gapkiaud  paBulga, T'yMOa3cUMOH — O€KapopJiMK  aWIaHUII
napaMeTpUHHUHI Oapya KHiMaTiiapua arnepuoJuK Xycycuarra sra Oymanu. bynnan
Tamkapu, xycycat, (5;6) Mmoga yuyH €2,=0,513260 Ba €2;=0,522912 kuiimatnapaa
TU3UMJIAT aJIOXWJAa 3appadyajlapHUHT Xapakatu OujlaH acMMMETPUK TeOpaHuIl
opacuja ro3ara KejiraH pe3oHaHcra OOFJIMK Oekapopiiuk HaMo&H Oymanu (7-pacmra

KapaHr).

J 0513260
0.522912
0550551

(2T U]y

(2TAU)o
(2T/Uo

20 I ; f 0
e T

0 Q
m=5; N=6 m=0; N=3 m=4; N=5

7-pacMm. TeOpaHUIIUTAPHUHT y4Ta MOJACH YIYH YMYyMJIAIITaH MOJICITHUHT aiJIaHHII
napametpura (2T/|U|)o HUHT KpUTUK OOFITUKIUTH

FanaéunaHummHUHAT STPUIAHUIT MOJAJIAPH YIYH aHHU30TPOIl MOJETh OMpIamMYH
u30Tpon Mojeinra HucOaran anda Oekapop. bupoxk €=0,5 na BepTukan
ranaéunanunuiap (4;5) Ba (5;6) Mojanapura HucOaTaH HM30TPOIN Ba AHU3OTPOI
Mojeiap V3NMapuHu OWp Xuia TyTaaud. [Opu30oHTall Ba BEpPTHKAI Mojajap
OeKapopiuKIapy WHKPEMEHTIApUHM TaKKOoCHall JUCK alJlaHWI IapaMeTpUHUHT
KUYUK Ba ypTa MEbEP KUMMATIapua BEPTUKAN STPUIIAHUII MOJATapyu TOPU30HTAT
MoJajiap/iaH JOMMO YCTYH Kenuinu, () Makcumasl KuiiMaTra WHTUJIUIIN OujiaH 3ca
TECKApU KYPUHUII Ky3aTWIMIINHY KypcaTau (8- Ba 9- pacmiapra KapaHr).
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8-pacm. M3oTpon Mozens ydyH (5;6) BepTuKan  9-pacM. YMymitamiradn MoASTHUHT o=B=0
Ba (1;3) TOPHU30HTAI MoJanap naru (5;6) Beptukain Ba (1;3) ropuzonran
OeKapopIUKIapH WHKPEMEHTIIApUHU MoJanapu OeKxapopiIuKIapu
KHEcam MHKPEMEHTJIApUHU KHECITIAII

Ty3unma mozaenu ¢poHuAa SrpuslaHyBYaH Mojaiap OeKapOpIHKIapy TaxJuiau €2
HUHT KMYMK Ba YpTa Meb€pAaru KuWMaTiapyd y4yH V HUHI Oapya KuiMaTiapu
IMana3zoHuja, paauan TedpaHunuiap OyaMaraHuaa Ty3WIMa MOJENb TYIUK Oekapop
OYyuImMHN KypcaTiau, Oupok 2 Y3MHUHT MakcHUMall KWMMaTUra WHTUWITaHuIa 3ca 0y
XOJaT y3rapaad. AWnaHui napamerpu () HUHT KAWMATH OpPTUINM OwiaH Oapya
STPUJIAHUII MOJAIAPUIA UKKH MOJENb CYNEPHO3ULUSACUHUHT KaHIAUAup pe30HaHC
sddexT ro3ara KeIWIIMd Ky3aTwiaau, OyHUHT HaTHKacuia OEKapopiHMK coXacu
karranamanu Ba (2T/|U|), OouuanFuy BuUpHal MyHOca0aT KUUMATHHUHT MYMKHH
Oynran Oapya opanufuHU drautaiiaun. byHman Ttamkapu, Q—1 Oynranna,
OapkapopJIUK KaHaUlapd COHU Ba COXa MaiJoHM opTaau, Oy OujaH mapaien
paBulga OCKAPOPIUKHUHT PE30HAHC UYYKKUCH YHI TOMOHTA CWJDKHHAH. AWTHII
kepakku, Q=0,5 n1a TUCKHUHT TyMOa3CMMOH O€KapOpJIMK ME30HU V CYINEpIO3ULIUs
napameTpura OofnuMK ~ Oynmaiiau. AWnaHum  mapaMmerpd €2 SrpUJIaHUII
TeOpaHulIapuaa  OapKapopJalITUPYBYM  POJMHU  VHHAWIU,  CYyNepIIO3UIIMs
nmapaMeTpu Vv 3ca akcuH4Ya, HoOapKapopiamrtupyBuu sddextHu Oepanu. llynu
XyJioca KWJIUII MYMKWHKH, T'yMOa3CHMOH STIPUJIAaHMII MOJACH TY3WJIMa MOJENb
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dboHMIA TOWMO amepuoOIMK XapakTepaard OeKapopiaukka sra Oymamu, OomIka
Mojanap a3ca, {2 alIaHWII Ba V CYNEPIHO3MIMS MapaMETPUIAPHUHT KUHMAaTIapura
OOFIIMK Xoy/a OSKApOPIMKHUHT XaM arepuoJIdK, XaM TeOpaHMa XapakTepura dra
Oynmau.
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10-pacM. Q ailaHuil Ba VvV CyNEpHO3MUIMs NapamMeTpiapu TypJid KUHMaTiapu
YUyH Ty3WJIMa MOJEIUHUHT TypJId MOJAlIapy HHKPEMEHTIapUHU TaKKOCJIAII

Ty3mima MO/IeJIIIapHH TeOpaHUIITAPHUHT ArpUIIaHUII MoJajlapu
OexapopiukiIapura HucOaTaH TaKKOCIAII ASSIPIM TOPU30HTAT MoJanapAaru CUHrapu
HaTiwka Oepaau. Kypunran Oapua HOcTamuoHap mozemiap (oOHHIA TaJaKTHUKa
JUCKUHUHT aCUMMETPHUK STPUJIAHUIIM SHT KaTTa MHKPEMEHTra 3ra, yHaaH keiuH U-
CUMOH 3TpHJIaHUII Ba (akaT WIYHJAH CYHT YHUHT MapKa3ud KUCMHJa TyMOa3CUMOH
srpuiaHuil cogup Oynumum MymMkuH (10-pacmra kapasr).
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HNnosanapaa (0;6), (2;6) Ba (1;7) moganapu yuyH ranaéumanui KodhuieHTu
GYHKIMSCMHUHT aHUK udoaanmapu;  Fala€HIaHUII XaJIKaCUMOH Ba Jomcaijan
MOJAJIAPUHUHT HM30Tpol MojeNnb (GOHUAArd Xamjaa Joncaijgan Mojajlap YYyH
alinanyBuu anuzotpon mozenb pouunaru JJTHA napu; (0;4) Ba (0;6) MoganapuHUHT
U30TPOINl MoOJenb (oHUIAru OeKapopIMKIapH TypJapu TaJAKUKOTH HaTHXKajlapu,
FATa€HJIAHUITHUHT XaJKAaCUMOH Ba 3TPUJIAHUII MOJalapy YUyH aillJlaHUIl MapamMeTpu
Typiau KUiMaTiapujga OolUIaHFUY BUPHAIb MYHOCA0ATHUHT  CYTNEPIIO3ULIUS
napaMeTpura KpUTUK OOFIaHUIILIAPH; FaIa€HJIAHUIIHUHT JIONCaljan Mojajapu
XOJIuJa H30TPON MOJENb YUYyH OOILUIaHFUY BUPHAIb MYHOCAOATHUHT aWJIaHUII

napamMmeTpura KPUTHUK OOFJIaHMIIITIAPH; alJIaHUIII Ba CyIEpIIO3ULIUS
napaMeTpJapyuHUHT Typid KUUMATiIapu Y4YyH TapkuOuii Mozemnap QoHuaa
XQJIKAaCUMOH,  JIOTICaijlal ~ Ba  OrPWIAHUII  Mojajapu  OeKapopIUKIapH

WHKPEMCHTJIApUHUHAT Kuécnam rpadukiaapu; ymolOy rajgaCHIaHWIT MOJajapura
HUCOAaTaH TapKUOWI MOACIIAPHHU y3apo Kuécnam rpadukiapy Xamja JIOoTcanaal
rajakTUKaJapHUHT  KaMJaHMa  KaTaJord  Ba  ACUMMETPUK  JTPUJIAHTaH
rajakTUKaJIapHUHT WYX pYyHXaTH KeITUPUIITaH.

XVJOCA

«/IuckcuMOH ranakTHKanapAa acoCHil TapKUOUi Ty3uIManap MaKIaHUIIUHUHT
HOYM3UKJIM Ha3apusACH» MaB3yCUJard JOKTOPJUK JUccepTaluscu Oyitmda omaub
OopwiIraH TaIKUKOTIIAP HATIKACHIA KyHHIaru Xyjiocaiap TaKJIuM dTUIAIM:

1. 3amoHaBMil Ky3aTyB MabJIyMOTJIAPMHM WHOOATra OJraH XOJiJa JAUCKCUMOH
rajJlakTUKajgap/a Xajiaka, JOIcaiiad Ba STrpWIAHUII XOJaTiapy ro3ara KEeJIWIIUHUHT
HOUYM3HUKJIU HOCTALIMOHAP HA3apUsICU SPATUIIIN.

2. ®u3MK XaJIKAaCMMOH TrajlakTHKalap Kiaccupukanusacu Wik Oop wunuiad
YUKAAAM.  XOCHJ ~ KWJIMHTaH  Kjaccu(UKalus — TallakKTHKajgapiard  Xajka
Ty3WIMAaCUHUHT KYpuHMa Oenrwiapura kypa 9 rypyxaan wubopar Oyaub, Oy
Ty3WManap TeOpaHUIUIAPHUHT XAJIKACUMOH MOJAlapy T'PaBUTAIIMOH OEKapOpIUTH
OKMOaTHIa MIAK/UTAHWIIA MYMKHH Ba yJap COUpall TAPMOKJIAPUHUHT 3UY YpaTuIlIu
€KU TaCBUP TEKUCIUTHra MPOSKIIMAICH HATHXKacu OKMOATH 3Mac. DHT KYII TapKajliraH
rypyxjaap — Oy, SApOiM XaJdKacUMOH TallaKTHKajap Ba yJIaruwik Xajdka Xamja
UKKWATA CIOHpaJl TapMOKKA 7ra TallaKTUKaJIap SKAaHJIUTH aHUKJaHraH. TYKKW3Ta
xoJiatyan Oemracuaa yiaarud 0op. Crnupan tTapMokiiap (akaTt yura XojaaTiaa yupauu.
Wkku xalkanm rajakTukagap KyTWIraHuaaH aHda kynpok (18 dhous) yupaiiam.

3. Te3nukiaapHUHT aHU30TPOII JyarpaMMacura ara JTUCKCUMOH
y3rpaBUTAlUSIIAHYBYM TU3UMIIAp YYYH HOUYM3HUKJM HOCTAllMOHAp yMyMJAlIraH Ba
ydyTa TapKuOWi wmojeiapu Wik Oop Ty3wiad. [lynbcanusuiaHyBuM JUCKHUHT
KMHETUK SHEPTUsCU TAlKWI ATyBUWJIAPH, pajuai Ba TpaHCBEpcal MyHaIUILIapaaru
TE3JUKIIAP JUCIIEPCUSICH, aHU30TPOIUSHUHT 100 napameTpu KaOu MOJEIapHUHT
acocuil pU3MK mapaMeTpiapu yUyH aHUK Hdoaanap TOMUIIH.

4. Y3rpaBUTAlMsIaHyBUM JUCKHMHT Ty3HJITaH HOCTALOHAP MojesuiapH (hoHMIa
PUBOXKJIAHAJUTaH FaJaEHIAHUIIUIAPHUHT Ky3aTUIIa€TTal aCOCUM Ty3UIMAaJIap HAMOEH
Oynmumnuiapura MOC paBHUIIIa TOPU30HTAN Ba BepTHKan Mmopanapu yuyH JITHA
kentupu6d umkapwinu. Kymnagad, (2;4) Oup xankaiaum Moja OEKapOpIUTHHUHT
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PUBOXKIIAHUINY alJIaHUIITA 3Tra OYIMaran 6ap4ya aHW30TPON MOJEIUIAp YIyH OUp XU
OynuiM aHuKIaHAu, YyHKH ymoOy monanuHr JTHA cu monennapHunr dapku Ba
AHU3O0TPOIHUS TapaKaCHUHM XapaKTepiaiauran o Ba [3 mapamerpiiapura OOFJIMK dMac.

5. TajaéHmaHulUIapHUHT  TaAKWK  KWIMHAETTaH  TY3WJIMaBUHM  MOJAJlapu
IBONIIOIMSCKA KapaCHUJa o Ba [ aHU30TPOIHUA TMapamMeTpiiapu Kapama-KapIiu
addexrnapan Oepumm aHukiIaHau. lllyHUHTACK, O JECTAaOMIUIOBYM POJIb YilHaraH
XO0JIla YHUHI KHMMaTH OpPTHINM OWJIaH aHu30Tpon Mmojaeiap ¢oHuga ymoy
Ty3uJManap MmakJlaHagurad, OOIUIaHFUY BUPHAT MyHOCA0ATHUHT WHTEPBAIA OPTUO
O6opagu. bupox y crabwiioBum poib YiWHAraHujga dca, aKCUHYA, OCEKapOpIIUK
coxanapu acra-cekuainuk ounan (2T/|U|)y yxu 6yiinad gam ToMoHra Topaiinb 6opamm.

6. Ym0y Ty3uJIMaJapHUHT MAK/UTAHWIIT MEXaHU3MJIApU Ba ME3OHJIAPH TOTHIIIH.
Kymnaman, OuCK ailaHWII TMapaMeTpu KHMUMATHIaH KaThH Haszap, aHW30TPOI
MOJICITHUHT OOIIJIaHFWY TYJIUK KWHETHUK DHEPTUACH TYIUK OOIUTAHFUY TMOTCHITHA
SHEPTrUSHUHT Kynu OunaH 22,4 Qou3MHM TalIKWI KWica, pajaual Xapakariap
OeKapOopIUTH HATHXKACHU]IA XAJIKA Ty3UJIMACH MAKIUTAaHUIIN MYMKHUHIUTH aHUKIaHIH.
Jlomcaiin Ty3mwnma yuyH Oy kartanmuk 30,6 dousHu Tamkuia Kuiaad. Maskyp
Jorcaiiian OeKapopiuK ailaHMalIuraH aHu30TPON MOJAENb (QoHMIAa OOIUIAHFUY
BUpHAJl MYyHOCAOATHUHT KuUHWMaThra OOFIMK Xoija TeOpaHMa €EKH arneproIuK
XapakTepra sra Oynuid, OWpPOK MOJENb ailaHranuga 3ca Qakar TedpaHma
OCKapOpJIMKKaA 3ra OV aHUKJIaHIH.

7. TanakThka AUCKMIA Ky3aTWIAETraH KaTTa MacIITadiau Ty3wiIMaiap ro3ara
KeIUIITMHUHT XapaKTepid BakKTH Ba OONUIAHFUY BUPHAI MYyHOCAa0aT KPUTHK
KUMATIapu HOYM3UKJIN MOJICITHUHT acoCui (pu3uK mapamerpiapura OOFIUK XO0JIa
OupuHYN MapTa aHWKIaHau. JKyMiamgad, HOCTAIlMOHAP aHU30TPOIl MOJEIh (OHHIA
aBBaJl KUHEMATUK CWJDKHUTaH sifpo, cyHr €2 Ba(2T/|U])y HUHT KMYMK Ba YpTa MEBEP
KUMaTIapuaa Xajdka Ty3uiaMacd Ba (akaT yHAaH KEHWHTMHA TH3UMIa Oap
mIaKuIaHaay, aMmmo 2>0,5 6ynranaa Bupval MyHoOcabaT KMMMaTHIAaH KaTbH Has3ap,
kerma-ket (1;3), (0;4) Ba (2;2) oddektnap mnaitgo OYIUIIM aHUKJIAHTaH.
FamaéunanunHUHT BEpTUKAI MOJACH JIOMpacuaa MIyHAal Xynoca KA MyMKAHKH,
aBBaJl rajakTUKa JUCKUHUHT acUMMETpuk €k U-CUMOH SrpUJIaHUIIN, CYHT
rymMO0a3CUMOH 3TpUJIaHUII a0 Oynaau.

8. Houmsuknm HoOCTalMoOHap V3rpaBUTALUSIAHYBUYM JAUCKCUMOH MOJEIap
dboHMIa TEOpAaHUIIUIADUHUHT TOPU3OHTA Ba BEPTHKAT Mojajapu OeKapOopJHKIapu
wik Oop ku€cmanmu. Jluck aiaHumn mapamMaTpUHUHT KUYMK Ba YpTa MEBEP
KUMMaTiapuaa H30TPON Ba aHU30TPON  MOJIEJUIAp TEOPAHMIILIAPUHUHT BEPTHUKAI
MOJaJlapd TOPH30HTAI MOJAJAPAAaH YCTYHJIWK KWIHINK, AaWIaHWIl MaKCHUMaT
KHMaTUTa SKUHJIAMTaH|ua 3ca TeCKapu MaH3apa Ky3aTHUIHIINA aHUKJTaH]IH.

9. TeOpaHUIIUTAPHUHT YpraHWITaH TOPU30HTAT MOJAIapuTa HIUCOAaTaH aHU30TPOI
MOJIeTTh YMYMHW XOJJa HW30TpPONra KaparaHjga aHda OapKapOpJITH, BEPTHKAT
MoJajap y4yH 3ca TecKapu HaTwxkara sra Oymumm kypcatwigun. Pakar €Q=0,5
XO0JIUJIa H30TPOIl Ba aHU3OTPON Mojeulap FalaCHIaHUNUIApHUHT Mabiaym (0;4),
(1;3), (4;5) Ba (5;6) Momanmapu Oyinmya y3mapuHu Oup xun TyTaau. TapkuOuid
MoJeJUlap opacuja HUcOaTaH OapKapoppoK Ba XKyjaa Oekapop KoMOMHaiusiap
MaBXY/.
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10. T'opuzonTan TeOpaHunUIap/ia JUCKHUHT alJIaHUII TapaMeTpu JecTaOuILIaml
pPONMHU VIHAIIK, CyNEepro3ulus mapaMeTpu 3ca crabuiutam 3(QexTuHr Oepuiu
aHUKJIaHId. AMMO BepTHKaJI TeOpaHMIUIapAa Oy mapamerpiap poiu alMalldHUIINA
aHUKJTaH]IH.

11. AWmaHuimn Ba CyNeprno3uuus DapaMeTpiaapy y4YyH KpPUTHK KuHMAatiap
Tonuiaau, Oy KukMariapja Mypakkad pe3oHaHc d(PdekTu Ky3aTuiaud, okubaTia
Ty3WiMa  MOJAJApHUHT  OeKapopiurd  OOUUIaHFUY  BUpHAI  MyHocabar
KUMMAaTIapUHUHT Oapya [uana3oHu/ia yCTYHIUK KUJIaIu.
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BBEJIEHUE (AHHOTAIUA JOKTOPCKOM JUCCEPTALUM)

AKTYaJIbHOCTh M BOCTPE0OBAHHOCTH TeMbl Auccepranuu. CrnupanbHble U
JMH30BUIHBIE TAJIAKTUKHU SBISIOTCS TUCKOOOpPAa3HBIMU M, CIIEIOBATEIHHO, MOYKHO
YTBEP)KJIaTh, YTO OCHOBHYIO YacTh HAOJIIOJAEMBIX D3JIEMEHTOB — «KUPIUYHKOB)
BcenenHolt coOCTaBIAIOT MMEHHO JUCKOOOpa3Hble TalaKTUKHU. JMCKOOOpa3HBIMU
SBJISIFOTCSL TaKKe «ONMWHB) 3eIbJOBHYA B BHJIEC CBEPXCKOIUICHWH rajakTuk. Bor
OYEMY, M3YyUYEHHE JIUCKOOOpPAa3HBIX MOJENEH CaMOTPAaBUTHPYIOUIUX CHCTEM
IIPEICTaBIIsACT OOJBINON MHTEPEC HE TONBKO Il BHETATAKTHUECKOW aCTPOHOMUU H
acTpO(HU3UKH, HO U 111 KOCMOJIOTHH.

CrpykTypa ke NHUCKOOOpPa3HBIX TaJIaKTHK JOBOJBLHO MHOrooOpasHa. CorjacHo
COBPEMEHHBIM HA3eMHBIM U KOCMHYECKUM JaHHBIM HAOJIOJCHUN B JIUCKax
CIUPAIIBHBIX TaJJAKTUK, KPOME XOPOIIIO U JABHO U3BECTHOM CIUPAIBHON CTPYKTYPHI,
4acTo HaOMIOAAIOTCs SBJICHUS JIOTICAMJAHOCTH B BHJIE SIBHOTO CMEIIEHHUS sapa
raJIaKTUKUA OT €€ TeOMETPUUECKOro IIEHTpPa, pa3InyHble KOJbIeBble 00pa3oBaHUs, a
TaK)K€ BEPTUKAJIbHbIE U3TMOBI TUCKA, OCOOCHHO aCUMMETPUYHbIE OTHOCUTEIBHO €T0
OCH BpallleHHs W IUIOCKOCTH cuMmeTpuu. [Iporeccsl GopMupoBaHUS YKa3aHHBIX
CTPYKTYPHBIX 00pa30BaHUIl MOKHO OOBSICHUTh HEYCTOMYUBOCTSIMU KOHKPETHBIX MOJI
BO3MYIIICHUH, TaK Kak OJHAM W3 OCHOBHBIX (DU3UYECKUX MEXaHU3MOB
MPOUCXOXKICHUS KPYMHOMACIITAOHBIX CTPYKTYp B TallaKTUKaX M pSAAe APYTUx
CaMOI'PABUTHPYIOLINX cHUcTeEMax SIBJISIETCS VMEHHO rpaBUTAllMOHHAS
HEYCTOMYMBOCTh. OJHAKO [0 CHUX MOp 3TH HEYCTOMYMBOCTH HCCIEAOBAINCH
AHAJIUTUYECKU B paMKax CTPOrO PaBHOBECHBIX MOJENIEW I'PABUTHUPYIOLIETO IHCKAa,
TOTJa KaK B PEaJbHOCTH ATH NPOLECCHl MPOUCXOAAT Ha ()OHE SBHO HEITUHEHHO
HECTAIlMOHAPHBIX COCTOSIHUNA TUCKOBOU MOACUCTEMBI.

NmenHo HEO0OXOIUMOCTh ITOCTPOCHUS AHAJIMTUYECKH pelIaemMbIxX
HECTallMOHAPHBIX CaMOTPABUTUPYIOLIUX MOJEIIEH, aHann3a SABJICHUS
IPaBUTAIIMOHHBIX HEYCTOMYMBOCTEH Ha (OHE ATUX HEITUHEHHO HEPABHOBECHBIX
COCTOSIHUM SIBJISIETCS. B HACTOsIIIEe BpemMsi HauOoyiee BaXKHBIM U OMNpPEEISIONIUM
3BEHOM B H3YYEHUW pPAHHEW SBONIONMU U (PU3UKH JTUCKOOOPA3HBIX TaNaKTUK H
00OCHOBBIBAa€T  aKTyaJIbHOCTh Ha MHPOBOM YPOBHE JIAaHHOTO  HAy4HOTO
VCCIIEJOBAHUS.

HccnenoBanne HEIWHEMHO HECTAIMOHAPHBIX CBOWCTB BBIIIE OTMEYEHHBIX
CTPYKTYpPHBIX OOpa3oBaHMIl B BUJE KOJEI, U3THOOB M JIOMCANHAHOCTH Ha paHHEU
CTaIuu  pa3BUTUS  JUCKOOOpa3HbIX camorpaButupytomux cucrem (CC),
HAXOXJICHUE TOYHBIX KpUTEpUEB HX (DOPMUPOBAHMS, MOCTPOEHUE KPUTHUUECKUX
auarpaMM 3aBUCHMOCTEH MeEXIy (PU3NYECKMMH NapaMeTpaMyd HECTAllMOHAPHOU
MOJIENIU JTUCKOBBIX MOJICUCTEM CIUPAIbHBIX TAAKTHK U pa3padoTKa HEPAaBHOBECHOM
Teopuu (HOPMUPOBAHUS OSTUX OCHOBHBIX CTPYKTYPHBIX OOpa3oBaHUN CO3/1aI0T
OJIaronpuATHBIE BO3MOXKHOCTH JIJIsl TIOCTAHOBKH W 3(P(HEKTUBHOTO OCYIECTBICHUS
COOTBETCTBYIOIIMX YUCJIEHHBIX KOMIBIOTEPHBIX JKCIEPUMEHTOB, a TAKKE PELICHUS
npo0sIeMbl paHHEHN 3BOJIIOIMHU IUCKOOOPA3HbIX FAIAKTHK.

CooTBeTcTBHE HMCCJIEI0OBAHUS € TMPUHOPUTETHBIMH HaNpPABJCHUSAMH
Pa3BUTHS HAYKH W TeXHOJOTMi pecnyOjmku. JlHccepTallmOHHOE HCCIEIOBAHUE
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BBINIOJIHEHO B COOTBETCTBHHM C NMPUOPUTETHBIM HANPABIECHUEM pPa3BUTHS HAYKH H
TeXHOJorui B pecnyomnuke: II. «OHepreTuka, 3HEpro- U pecypcocOepekeHue».

0030p 3apyOesKHbIX HayYHBIX MCCJICJOBAHUI 10 TeMe IMCCePTALMH.
UccnenoBanus npobiem (dbopmupoBaHUs CTPYKTYPHBIX oOpa3zoBaHHii
JTUCKOOOpa3HbIX TrajJakTUK MPOBOASTCS BEAYIIMMHU MHPOBBIMU HAYYHBIMH LIEHTPAMHU
U BBICHIUMHU OOpa30BaTEIbHBIMU YUPEKJACHHUSIMHU, B TOM 4YHUCIE, YHUBEPCUTETOM
Anabambl, uacturyToM Kapheru B Bammurrone, YuuepcuteTrom JI. XomnkuHca u
HayunbsiMm uncTuTyTOM KocMuueckoro teneckoma (CILA), Yuusepcurerom Oymy
(Ounnsauaus), [apmwxkckoit obcepBaropueit (Opanmus), TypuHckoit obcepBaTopueit
(Uranus), AcrpoHomudeckum nHctutytoM Kelinrayna (Hunepnannsr), MHauiickum
uHCTUTYTOM Hayk B banramope (Munus), Yuusepcurerom Kapaum (ITakucran),
JlednurckuM yHUBEpPCUTETOM U AcTpoduznueckum HHCTUTYTOM Makca [lnanka
(I'epmanusi),  yHuBepcureroM  ['paHazsl (Mcnanus), I'ocymapcTBeHHBIM
acTpoHOMUYecKkuM MHCTUTYToM uM. lllTtepubGepra MockoBckoro ['ocymnapcTBeHHOTO
yHUBEpCUTETa U ACTpOHOMUYECKUM UHCTUTYTOM M. Cobomnesa C.-IletepOyprckoro
yauBepcuteta (Poccus), KemOpumkckum yHuBepcutetroMm (BenukoOpurtanus),
yHuBepcutetoM bpuranckoit Konym6uu (Kanana), HanmonanbHbIM yHUBEPCUTETOM
V36ekucTana 1 ACTpPOHOMHUYECKUM UHCTUTYTOM (Y30eKUCTaH).

[lo uccienoBaHNI0O OCHOBHBIX CTPYKTYPHBIX OOpa3oBaHUM B JUCKOOOpA3HBIX
raJlakTUKax Ha MUPOBOM YpOBHE ObUI IMOJIyYEH psAJl HAYYHBIX PE3yJbTAaTOB, B TOM
YHUCJIe: COCTaBJICHBl KaTaJOTM KOJbIEOOpPA3HbIX TallaKTHK, OMNpPENeNeHbl UX
KHHEMAaTHYECKHE XapaKTepUCTHKH, pa3pabdOTaHbl YHCIEHHO-3KCIIEPUMEHTAIbHBIC
MOJIENIN TPOUCXOKIAEHUS KOJIBLIEBBIX CTPYKTYP B TJIAKTUKAX B paMKaxX TEOPUH UX
custaust  (YauBepcuter Amabambl, CIIA; VYuausepcuter Oyny, OuHISHIUS |
[Tapmxckas oocepBatopus, Opannus; Typunckas obcepBaropusi, Utanus; UactutyT
Kapuern B Bammunrrone, CIIIA); cocTraBieHbl KaTajaord JIOMNCAWIHBIX TalaKTHK,
ONPENEIICHBI CTEIIEHU JIONICAMAHOCTU TAIIAKTUK, MOJYYEHBI PE3YJIbTaThl MOJAIBHOTO
aHanu3a Ha (oHe paBHOBECHBIX Mojenell (AcTpoHoMuueckuit HHCTUTYT KelinrayHa,
Hunepnanaer; Hayunslii nHCTUTYT Kocmuyeckoro teneckona, CIIIA; YHuepcurer
J1. Xonkunca, CIIIA; Maauiickuit uHCTUTYT Hayku B banranope, Unnns; [lapuxckas
obceppatopusi, @pannusa u YHauepcuteT Kapauu, [1akuctan); cocTaBieHbl KaTajioru
TaJIaKTUK C U3THUOHOCTBIO JUCKOBOM MOJACHCTEMBI W OMNpENEICHBbl TUIBI U3THOOB,
HaWJIeHbl 3HAYEHMsI CTENEeHH W3TMOHOCTH, a TakXke ompeAeseHHbl 3P EKTh
U3TMOHOCTH Ha OCHOBE YMCIIEHHO-IKCIIEPUMEHTAIBHBIX MOEIIEeH, TPEUMYIIIECTBEHHO
B paMKax MpUIMBHOU Teopuu (Jlednuurckuii yauBepcutet, ['epmanus; Y HUBEpCUTET
I'pananei, Wcnanusa;  ActpoHomuueckuit  uHCTUTYT uM. CoboneBa C.-
ITerepOyprckoro yHuBepcutera, Poccust; Actpodusmueckuii HMHCTHTYT Makca
[Tnanka, ['epmanus; KemOpumkckuii yausepeutet, BenukoOputanus 1 Y HUBEPCUTET
Bbpuranckoit Konmym6uu, Kanana).

B mnacrosmee Bpemss B wMupe 1o mnpoOieme (OPMHUPOBAHHUS OCHOBHBIX
CTPYKTYpHBIX ~ OOpa3oBaHMii B  JMCKOOOpPA3HBIX  TallaKTUKaX  IPOBOAATCA
UCCJIEIOBaHUS IO DSy NMPUOPUTETHBIX HAIpaBiICHUH, B TOM 4HCIIE: HAOIIOIECHUS
KOJIELl, JIOTICAWIHOCTH U M3rMOOB B JIMCKE TANAKTUK W MX aHAIM3; TEOPETHYECKOE
MozaenupoBanue panHed craaun HBomonuu  JICC; HaxoxaeHue oOnacteit
IPaBUTAIIMOHHOW HEYCTOMYMBOCTH CTPYKTYPHBIX MOJI BO3MYIIEHHA Ha ¢oHe
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HEJIMHEIHO HECTALIMOHAPHBIX MOJEJIEH 110 UX MapaMeTpaM; ONpPeaeIeHIEe HauaJlbHbIX
¢u3nYecKux yCIOBUN, KPUTEPUEB U COOTBETCTBYIOIIMX MEXAaHHU3MOB HX
(dopMHpOBaHUSA B JUCKOOOpPA3HBIX TaJAKTUKAX; a TaKXKe€ MOCTPOCHHUE HEIMHEUHOU
Teopuu (POPMUPOBAHUS ITUX CTPYKTYPHBIX 00pa30BAHMIA.

Crenenb u3ydyeHHOCTH npodJembl. [I[pobiembl HeyCTOMUMBOCTEN KoJulanca u
HEJIMHEHMHOW TMyJibCallud IUIOCKOW CaMOTPaBUTHUPYIONIEH CHUCTEMBbI, TpeOyrolue
aHajuu3a pOJM paHHEW HECTAIMOHAPHOCTH B 3aBUCHUMOCTH OT HAYaJIbHOTO
(U3MUECKOr0 COCTOSIHMS, BBIPQKEHHOW dYepe3 OTHOIICHHS TMOTEHIUAIbHOU U
KMHETUYECKOW KOMIIOHEHT SHEPIMU CUCTEMBI, O CUX MOp U3YYaJIUCh YHUCICHHO —
AKCIIEPUMEHTAIFHO MHOTHMH Y4Y€HBIMU, Hampumep, amepukanckumu (R. Miller, D.
Merritt u L. Hernquist), xopetickumu (K. Min, Ch. Choi) u ap. Omgnako 3TH
HKCIIEPUMEHTHI HE MO3BOJIAIOT ONPEACIATh PsAJl HEMMHEHHBIX 3(PPEKTOB U SBICHUS
pe3oHaHCHBIX HeyctoiuuBocTed. [logo0HbIE BOMpOCHl TPeOYIOT HOBOW MOCTAaHOBKHU
3aJaul  TEOPETUYECKOro IUIaHa U M3y4YeHUs OJTUX nmpobiem Ha  ¢oHe
HECTAlMOHAPHOCTH.

Psan aBTopoB, Hanpumep, unauiickue yuenslie (R. Nityananda, S. Sridhar u np.),
U3ydalld 3BOJIIOLMIO OTAENIbHBIX MOJ KosneOaHuii MeroaoM ceuenus [lyankape, HO B
NOCTAHOBKE 3aJ]a4ll M aHAJU3€ PE3yJIbTaTOB OHU MPUJEPKUBAIMCH MHEHHUS O TOM,
4yTO Oap-MoAa MMeeT HauOOJbIINN UHKPEMEHT HEYCTOMYMBOCTH. B TO BpeMs kak Ha
¢oHE HECTAIMOHAPHOCTH TJIABHOW CTAHOBUTCS JIOTICAiiiHasi MOJla U HEKOTOphIC
Ipyrue, a He 0ap-mona, KOTopas BaKHa TOJBKO B paMKax PaBHOBECHBIX MOJIEJEH.
3necb HeoOXomuMo ObUIO HcchenoBath AuddepeHInaibHoe ypaBHEHHE IS
KodhUIMEeHTA MyIbCAIlUU JIUCKA.

Awmepukanckue ydensie (J. Buta u np.) cocraBmiin KaTajaor KOJbIIEOOpa3HBIX
rajlakTuK. Ho 371ech kaxiasi rajakThka omucaHa CIOXHBIMM cuMBosamu. C apyroi
CTOPOHBI, TYTO 3aKpy4YeHHbIE CIUpPATIbHBIC pyKaBa WIH SA TallaKTUKU C HEOOBIYHOU
OPOEKIMEl Ha KapTUHHYIO IUIOCKOCTh TaKXe OBbUIM MPHUHATHI 32 KOJIBLIEBBIC
ranakTuku. OJHAKO 3TH aBTOPBHl HE MHTEPECOBAIUCH MpOoOIeMON Kiaccuukauu
KOJIBIIEBBIX FAIAKTHUK.

HccnenoBanusi HEAMHEHHBIX KOJIEOAaHUM B pAa3IMYHbBIX MOJICUCTEMAX TalaKTUK U
KOHKPETHBIX THIIAX CaMOrPaBUTUPYIOMIMX CUCTEM, JAUHAMUYECKOTO BIUSHUA
HaJU4Usl Trajo M KOPOHBI TajJaKTUK HAa WX JAWCKOBYIO NOJACUCTEMY U aHAIIN3
npoOiieMbl TOCTPOCHHS TOYHO pemaeMbiX (ha3oBbIX MOJENed  HEIHHEHHO
HEPABHOBECHBIX CTA/HMI SBOJIIOLIMH TajJaKTUK BIEPBblE HayaThl B HamumonaibHOM
VYuusepcurere Yzb6ekucrana (C.H. HyputnunoB) B nHauane 80-x romoB. 31ech
BIIEpBBbIE OBUIM TOCTPOEHBI OTHEIbHBbIE CEpUUYECKUE HECTAlMOHApPHBIE MOJENIU
CaMOTrPaBUTHUPYIOIIMX CHCTEM ITyTeM OOOOILEHHUS Ha CIIy4ail MyJIbCallid U3BECTHBIX
paBHOBeCHbIX Mojeneld OiHmTeiiHa u Kamma. Takxke monydeHbl HEJTWHEWHbIE
AQHAJIOTH JUCHEPCUOHHBIX YPAaBHEHHMI 3THX HECTALIMOHAPHBIX MOJEIEH U H3YyUYEHBI
BOIIPOCHl HMX TI'PAaBUTALMOHHON HeycTOM4YMBOCTH. (COBMECTHO C POCCHICKUMHU
yueHbiMH (B.A.AHTOHOB W 1p.) OBUTM pPacCMOTPEHBI MPOOIEMbl HETMHEHHBIX
KoJieOaHUW  HeBpaljaromeicss MoAenu OWHIITeHA W HU3ydYeHa  HBOJIOLMS
6apornoJ00HBIX BO3MYIIICHUN Ha OHE PTON HecTalMoHapHOU Mojenu. [lomydeHHbie
B HanumonaibHOM yHHBepcuTeTe VY30€KHCTaHa TEOPETHUYECKHE PpEe3yJIbTaThl
NOATBEPKACHBI YHCICHHBIMU dKcriepuMmenTaMu yueHbix u3 CIIA, Kopen n Uuauu.
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Kpome Toro, Opuia paspaboTaHa HecCTallMOHApHAs W30TPOMHAs MOJEb s
TUCKOOOpa3HbIX CaMOTPaBUTHUPYIOMIMX CHCTEM M Ha €€ (OHE H3Yy4YeHBbl BOMIPOCHI
HEYCTOMYUBOCTH Oap-moapl. OJHAKO HM30TPOMHOCTH JaHHOM MOJENH SIBISETCA
HECKOJIBKO ynpouieHHoi. Kpome Toro, qpyrue BakHbIE MOJbI, TAKUE KaK KOJIbLIEBBIC
U JIONICAHIHBIE CTPYKTYPHBIE MOJIBI OCTAIIUCh O€3 PACCMOTPEHUS.

Csi3b TeMbl JHCCEPTALMHM C HAYYHO-HCCJIEJI0BATEJbCKHUMH PpadoTamMu
BbICIIEH 00pa30BaTeJbHON M HAYYHO-MCCJIEI0BATEIbCKON Yy4Ype:KIeHul, rae
BBINOJIHEHA auccepTranus. /{uccepTallmOHHOE UCCIIEIOBAHKE BBIMIOJHEHO B paMKax
HAyYHBIX MPOEKTOB ACTPOHOMHUYECKOTO MHCTUTYTA U HallmoHanbHOTrO yHUBEPCUTETA
V30ekucrana no teme @D-2.2.1 «I'paBuTanmoHHBIC JHH3BI U KOJUIANICUPYIOIIUE
TJIaKTUKA: HaONIOAATeIbHO-OKCIIEPUMEHTAIBHBIE W TEOPETHYECKUE TMPOOJIEMbI»
(2003-2007);  OT-®2-049  «Ilpupoma  KpymHOMACIITAOHBIX  CTPYKTYPHBIX
00pa30BaHUl B TAJIAKTUKAX C Pa3IUYHBIMU KpacHbIMU cmemieHusamu» (2007-2011);
DOA-D2-D058 «VcenenoBanre rpaBUTAIMOHHBIX JHH3, (OPMUPYIOIIUXCS TaJaKTUK
1 00001IeHHBIX MoJenell acTpodusndeckux o0bekToB» (2007-2011); O®2-OA-D029
«®u3nKa TPaBUTAIMOHHBIX JIMH3, KOMIAKTHBIX acCTPOPU3UYECKUX OOBEKTOB U
HECTAallMOHAPHBIX  JUCKOBBIX  cuctem»  (2012-2016); Ne 43-04  «Ilouck
byHIaMEHTAJIbHBIX ~ CTOXACTMYECKUX CBOWCTB (ha30BOTO TMEpEeMEIIUBaHUS B
IPaBUTHUPYIOIIUX CUCTEMax Ha CTaJWM HEeJMHEHHOoTo Kosutarncay (2004-2005); No
51-06 «Ilouck ¥ aHaNIM3 rPaBUTALMOHHBIX HEYCTOMYMBOCTEW HEJITMHEHMHBIX MOJEIEH
AQHU3OTPOIHBIX  JTUCKOOOpa3HbIX cucrem» (2006-2007); Ne @.7-12 «AHanuz
HAOJIFIOICHUI KOJIBIIEOOPa3HBIX TAIAKTHK U pa3pab0TKa TEOPUU UX MPOUCXOKICHUS
(2012-2013).

Henabo uccieqoBaHusl SIBISETCS MNOCTPOCHHUE HEIMHEHHO HECTAllMOHAPHBIX
MOJIele JUCKOOOpPa3HbIX CaMOTPaBUTHPYIOIIMX CHCTEM U CO3JlaHUE TEOpUU
dbopMHUpPOBaHUS OTACIBHBIX CTPYKTYPHBIX 00pPa30BaHU B CIIUPATHHBIX TATAKTHKAX.

3agaum uccjie0BaHUA:

HAKOIUICHWE JIaHHBIX HAOJMIOACHUNA C LEeJIbl0 pa3pabOTKU KIacCHU(pUKALUU
TUCKOOOpa3HbIX TAJIAKTHK, UMEIOIINE, B YaCTHOCTH, KOJIbIEOOpa3HbIE CTPYKTYpPHBIE
00pa3oBaHUsI B COUETAHUU C APYTUMHU KPYITHOMACIITAOHBIMU CTPYKTYpPaMHU;

MPOBEJICHUE CTATUCTUYECKOTO aHaliu3a CIOUCKOB UM KarajoroB TaJlaKTHK,
coJiepKallluX JIOTICAUIHYIO CTPYKTYpPY, U HaOMI0aTeIbHBIX JAHHBIX MO U3TMOHBIM
SBIICHUSIM;

nocTpoeHue 0000IIeHHON (a30BOM MOJENTU HECTAIMOHAPHBIX TUCKOOOpPA3HBIX
rajakTUK C paAuajabHOU MyJIbCAUEN U aHU30TPOITHOW ITHarpaMMOn CKOPOCTEN;

MOJIyYeHHE HECTallMOHAPHBIX aHAJIOTOB AUcCHepcHOHHBIX ypaBHeHui (HAY)
JUIsE MOJI BO3MYIIEHUN, OTBETCTBEHHBIX 3a (HOPMHUPOBAHHUE KOJBIIEOOPA3HBIX,
JIOTICAMTHBIX U U3TUOHBIX CTPYKTYPHBIX 00pa30BaHMil B CIUPATbHBIX TATAKTUKAX;

uccienoBanue nonydeHHbix HAJIY mpu pasnuyHbpIx coueTaHMsIX (DU3HUECKUX
MapaMeTPOB UCXOJHOW BPAIIAOLIECHCI HEPABHOBECHOW MOJIEIIH;

u3ydeHne  (Qu3uMueckod  MpUPOABl  OOHAPYKEHHBIX  HEYCTOHYMBOCTEH
UCCIIEIYEMBbIX CTPYKTYPHBIX MOJ KoyieOaHWid Ha (OHE TOCTPOEHHBIX HAMH
HECTAllMOHAPHBIX MOJEIIEH;
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OTpENCICHNEe  Map)KUHAIBHBIX  3aBUCUMOCTEH  MEXAy  (PU3UYECKUMHU
napaMeTpaMHi HECTAIIMOHAPHBIX MOJEJIEN paHHEW CTaJuh SBOJIOIUU JIHUCKOBBIX
rajlaKTUK JJ1s1 OCHOBHBIX TOPU30HTAIBHBIX MO KOJIEOAHUI;

MOJTyYCHHE UHKPEMEHTORB IPaBUTALIMOHHBIX HEYCTOMYMBOCTEN TUTST
KOJIblIe0Opa3Ho, 6apornoJoOHON U JIOTICAalTHON MOJI KOoJeOaHUN U MPOBEICHUE UX
CpPaBHUTEIIBHOTO aHaIu3a Ha poHE 0OOOIICHHON HEeCTallMOHAPHON MOJIENH;

pemienue HAJY nns BepTUKaIbHBIX M3THOHBIX MOJ KoOJIeOaHMM Kak B
0000IIIeHHOH MOJeNIU, TaKk U B COCTAaBHBIX HECTAllUOHAPHBIX  MOJEIAX
CaMOTPaBUTHPYIOIIETO JIUCKA;

ompeJielICHHEe OCHOBHBIX XapaKTEPHUCTHK M TIOCIICIOBATEIBHOCTH (hOPMUPOBAHUS
S- u N-o0pa3HpIx accuMeTpu4HbIX, U-00pa3HbBIX, KYIOJBHBIX W TMPEIeCCHOHHBIX
TUIIOB M3ru0a BO BpEMEHH Ha ()OHE UCCIIEYyEMbIX HEIMHEHHBIX MO/ICTICH;

BBITIOJTHEHUE aHAIM3a NPUPOJIbl HEYCTOMUMBOCTEN M3rMOHBIX MOJI BO3MYILICHHI
B HECTAI[MOHAPHBIX MOJENSAX M CPAaBHEHHE HWHKPEMEHTOB HEYCTOMYMBOCTEH ISt
ONpEe/IeNICHUs] 3aBUCUMOCTH WX XapaKTEPHBIX BPEMEH MPOSBICHUS OT OCHOBHBIX
($u3MUeCcKUX MapaMeTpoB MOJENEH;

MPOBEJICHUE CPABHUTEIBHOTO aHAIW3a TOPU3OHTAIBHBIX U BEPTUKAIBHBIX MOJ]
BO3MYILIEHUM W HECTALlMOHAPHBIX MOJEJIEH C TOYKM 3pEHUsS pPAHHEHW CTaauu
ABOJIIOIMH JUCKOOOPA3HBIX TaJIaKTHK.

Oo0bexToM wuccaenoBanus sipisitorcss JICC, uUX TeopeTUUECKHE MOJACIH U
HaOII0/1aeMble, TEOPETUYECKH HE HW3YUYCHHbIC KPYMHOMACIHITAOHBIE CTPYKTYpHBIC
00pa3oBaHus B JUCKOBBIX TAIAKTHKAX.

IIpeameTom HCCeI0BaHNA SIBIITFOTCS MPOIIECCHI hopMupoBaHUS
KOJBIICOOPA3HbIX, JIOMCAWTHBIX M UW3TUOHBIX CTPYKTYPHBIX O0Opa3oBaHHWil B
CaMOTPaBUTHUPYIOIIMX JUCKOBBIX MOJCUCTEMAaX CHUPAJIbHBIX TaJaKTHK, MEXaHU3MBbI
TPaBUTAIIMOHHBIX HEYCTOMYMBOCTEH HAa (POHE HECTAIIMOHAPHBIX MOJICTICH.

Metoabl ucciaenoBanus. a3zoBoe MoACIUPOBAHUE, HEIUHEUHBIE KOJIEOAHMS

CaMOTPaBUTUPYIOLIUX JIMCKOBBIX CHUCTEM, UHTETPUPOBAHUE CUCTEM
muddepeHManbHbIX YPaBHEHUM, COJEpkKAIIUX CBOOOJHBIC MapaMeTpbl METOJIOM
YCTOMYHBOCTHU MEePUOANIECCKUX pelieHui, CTaHJapTHBIC pOrpaMMBbl

UHTETpUpOBaHUs (Hampumep, IO METOAy OBepxapia), YHCICHHbIC PaCUYEThI
MHKPEMEHTOB HEYCTOMYMBOCTU MOJEIBHBIX 3a7a4, a TAKKE CTATUCTUYECKUN aHaJu3
JTAHHBIX HAOIIOACHUIA.

Hay4ynasi HOBH3HA MCCJIEIOBAHUS 3aKIIFOYAETCS B CIICIYIOLIEM:

cCo3JaHa HEIMHEWHO HecTallMOHapHas Teopus (OPMHUPOBAHUSA KOJBIIEBHIX,
JIOTICAMTHBIX U U3TUOHBIX SBJICHUM B IUCKOOOPA3HBIX TAIAKTHKAX;

BIIEPBBIE  TOCTPOCHBI ~ O0OOIIEHHasT W TPU  COCTaBHbIE  HEJTUHEHHO
HecTarmoHapubie pazoBeie Mojaenu JJCC ¢ aHU30TPOMHON TUarpaMMoi CKOpPOCTeH U
HalJIeHbI OCHOBHBIC MX (DU3UYECKUE XaPAKTEPUCTUKH,

pa3paboTraHa kimaccupukarus GU3NIECKH KOJBIIEOOPA3HBIX TalaKTHK, KOTOpas
COCPKUT 9 TpyINN OTHOCUTENHHO BHAMMBIX HPU3HAKOB KOJBIEBBIX CTPYKTYp B
rajakTukax. BrepBble HailieHbl MapKUHAJIbHbIE 3aBUCUMOCTH MEXIY HadalbHBIMU
3HAYCHUSIMH (PU3UYECKUX TapaMeTPOB HEJIMHEWMHO HECTallMOHAPHBIX MOJejeH, Ha
¢dboHe KOTOphIX popMHUpyeTCs ABOMHAS KoJiblleoOpa3Hasi CTPYKTypa B TUCKOOOpa3HOM
CUCTEME;
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BIIEPBBIC OMPENICNICHBl MEXaHU3Mbl U KPUTEPUU (POPMHUPOBAHUS HUCCIIETYEMbBIX
OCHOBHBIX CTPYKTYpPHBIX 0Opa3oBaHMil Ha (QoHe OO0OOIIEHHON HeCcTalMOHapHOU
MOJICJIM aHU3O0TPOIMHOro nucka. Hampumep, eciu HayaidbHas IMOJHAsS KUHETHYECKas
SHEPrusi aHU3OTPOIMHOM MoOjenu coctaBisier He Oosiee 30,6% OT HayaabHOU
MOTEHIIUAILHON YHEPTUH, TO UMEET MECTO HEYCTOMUUBOCTh PauaIbHbBIX JBHKCHUH,
npUBOAAIIAsA K (PEHOMEHY JIOTICAIHOCTH;

BIIEPBbIC HAMIEHBI XapaKTepHbIE BPEMEHA MPOSIBICHUS U3TrMO0B, JOMCAUTHOCTH
U  KOJBIUEBBIX OOpa3oBaHM B JUCKE M KPUTUYECKUE 3HAYEHUS CTENECHU
HECTAIlMOHAPHOCTU Mojeneid. B cnydae u3rubOB yCTaHOBIEHO, 4YTO Ha (oOHE
HECTAlMOHAPHOW aHU30TPONHOM MOJICJIM BHAYAJIE MPOSIBIAECTCS ACUMMETPUYHBIN
u3rub, 3areM GOpPMHUPYETCS KYIMOJI0OOpa3HBIM, MPUYEM C POCTOM 3HAYCHUS
nmapaMeTpa  BpallleHUs  KyNoJibHasg  HEYCTOWYMBOCTH  CTAHOBUTCS  Ooiiee
CYLIECTBEHHOM;

BIIEPBBIC YCTAHOBJIEHO, YTO MPU MaJIbIX U YMEPECHHBIX 3HAUEHUAX IMMapaMmeTpa
BpAIllCHUs JHMCKAa BEPTUKAIBHBIE MOJBI KOJEOaHW H30TPONMHOM M aHU30TPOIHOM
HECTaIIMOHAPHBIX JUCKOOOPA3HBIX MOJACIICH NOMHUHUPYIOT HAJl TOPU3OHTAIBHBIMU, a
IPU MaKCUMAaJbHBIX 3HAUYCHUSIX BpallleHUs] HaOI01aeTcsi oOpaTHasi KapTUHA;

BIIEPBBIC HAMIEHO, YTO B OOIIEM ciydae aHM30TPOIHAs MOJeNb Oosee
YCTOWYMBA OTHOCUTENIBHO U3yUYEHHBIX TOPU3OHTAIBHBIX MO/, YeM U30TPOIHAS, a JUIs
BEPTUKAJIBLHBIX HA000POT, U30TPOITHASL MOJIENb SBJsieTCs OoJiee ycToitunBoid. OIHaKo
npu napamerpe BpamieHus: 2=0,5 u30TponHass ¥ aHU30TPOIIHAS MOJEIHN BEAYT cels
onuHakoBo oTHocHuTenbHO Mo (0;4), (1;3), (4;5) u (5;6).

IIpakTHyeckue pe3yabTaThl HCCIAEAOBAHUSA 3aKII0YAETCS B CIEAYIOIIEM:

MOCTPOCHBI HEIWHEWHbIE, paJuajbHO HECTAlMOHAPHBIE [MCKOBBIE MO/IEIH,
KOTOpbIE MOTYT OBITh MCIHOJIb30BaHBI B KAadyeCTBE MCXOJHOTO COCTOSHUS B
KOMITBIOTEPHBIX IKCIIEPUMEHTAX;

MOJIyYEHbl KPUTHYECKUE JMarpaMMbl 3aBUCHUMOCTH MEXIY OCHOBHBIMH
¢u3HUeCKUMHU TMapaMeTpaMu HEJIMHEWHO HECTAIIMOHAPHBIX CaMOTPaBUTHUPYIOIINX
JTMCKOB, KOTOPbIE HEOOXOAUMBI JUIsl TPOBEJEHUS YHMCICHHBIX DJKCIIEPUMEHTOB U
pacuiupoBKr  CIOXKHBIX 3G(PEKTOB W JeTajed YUCICHHOrO0 MOJACIHPOBAHUS
SBOJTIOIUH 3TUX OOBHEKTOB;

pa3zpaborana kiaccuukanus GU3NUECKH KOJIbIIEOOPa3HbIX TaJIaKTHK, KOTOpas
OyIeT HCHoJb30BaHa MpU 00paOOTKE HOBBIX JAHHBIX HAOMIOJECHUN M aHaIu3e
po0JIeM 3BOJIOLIMH KOJIBLIEBBIX 00pa30BaHUM.

JloCTOBEPHOCTh Pe3yJbTATOB MCCJAEeA0BAaHUSI OOOCHOBBIBAETCS TEM, 4YTO B
paboTe OBUIM TPUMEHEHBI HM3BECTHBIC KIIACCHYECKHE METOABbl TCOpUM KojacOaHUM
JTUHAMHYECKUX CHCTEM, UCIIOJIb30BaHbl BHICOKOTOYHBIE YUCIEHHBIE METO/IbI PAaCUeTa,
HalJICHHbIE  3/1eCh ~ KPUTUYECKHME 3HA4YeHUs Uil  [apaMerpa  BpallleHHs
HECTallMOHAPHOW MOJIeNId MPU HYJIEBOM 3HAUYCHUHU aMIUIUTYJbI myibcanuu (A=0)
TOYHO COBMAJAIOT C pe3yJibTaTaMu, KOTOpble OBbUIM TOJYyYEHBl paHee B paMKax
CTAal[MOHAPHOM MOJIEJM, a TaKkXKe HECTAl[MOHAPHBIE AaHAJIOTH JUCIEPCHOHHBIX
ypaBHEHUH, MOJTYYEHHBIX PA3HBIMU METOIAMH, SBIISIFOTCSI TOK/IE€CTBEHHBIMHU.

Hayuynass u npakTuyeckasi 3HAYMMOCTH Pe3yJbTATOB HCCJIEI0BAHMSA.
Hayuynasg 3HauuMOCTb pe3yJIbTATOB HCCJIEAOBAHUS OIPEIEIAETCS BO3MOKHOCTBIO
NpUMEHEHUsT pa3paOOTaHHBIX B JUCCEPTAIIMM METOAMK TIOCTPOCHHS, aHaIu3a
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YCTOMYMBOCTENW HEJIMHEMHO HECTAMOHAPHBIX MOJEIEH TajJaKTUK U UCCICIOBAHUSA
MEXaHU3MOB HEYCTOWYMBOCTEH B TeOopuHM KojJeOaHUW 3Be3l, OOHapyXeHUU
HEYCTOMYMBOCTEN B 1a0OPaTOPHON MIa3Me U IPYTruX JUHAMHUYECKUX CHCTEMAX, I'JIe
HEJIMHEMHOCTh M HECTAllMOHAPHOCThH SBJISIIOTCS TJIABHBIMH (DAaKTOpaMH, a TaKXKe
BO3MOXKHOCTBIO (DOPMYJIMPOBaHUS W CpaBHEHHUS (YHIAMEHTAJIBHBIX BBIBOJOB IIO
(GOpMHUPOBAHUIO CTPYKTYPBI, SBOJIOLUMUA JIUCKOOOPA3HBIX TIPABUTUPYIOIIUX U
KyJJOHOBCKMX cucteM. KpoMme TOro, HaWJEHHbIE KPUTUYECKUE 3HAYCHUS
BupuainbHoro otHoieHus: JJCC MoryT ObITh UCIIOJIB30BaHbI KaK HaYalbHBIE YCIOBUSA
B YMCJICHHBIX SKCIIEPUMEHTaX MPHU MOJICITUPOBAHUH UCXOIHOTO COCTOSHHUS.

[IpakTuueckasi 3HAYUMOCTh PE3yJIbTaTOB MCCIEAOBAHUN 3aKIIOYAETCS B TOM, YTO
OHU MOTYT OBITH YCIICIITHO MPUMEHEHBI B 00JACTAX BHETATAKTUYECKOW aCTPOHOMUM U
actpopu3uku, Tpu pacmudpoBKe JeTaneil YHCICHHOTO JSKCIEPUMEHTa | IIpH
CPaBHEHUM TEOPETUYECKUX MOJEJNEH C YMCIEHHO-IKCIEPUMEHTAIbHBIMU. Takke OHM
MOTYT OBITh BKJIFOUEHBI B CHEIMAIbHBIE KypChl JJi CTYyI€HTOB YHHUBEPCUTETOB, TAKUX
kak «[amakTtuyeckas actpoHoMus», «DH3MKa TalaKTHK», «KOCMOrOHHMSI M OCHOBBI
KocMoiorun» W T.0. llomydeHHble pe3ynbTaThl HAWAYyT NOpSAMOE NPUIOKEHHE B
UCCIIEZIOBAHUM APYTUX MOJOOHBIX acTPO(PU3MUECKUX OOBEKTOB, B YaCTHOCTH, TEMHOM
maTtepu Bo Bceenennoil. Pazpaborannas kimaccu@ukaiys KOJIbLEOOPa3HbIX TalaKTHK,
0e3yciioBHO, OyAeT HCHOJb30BaHA IMPU O0OpaOOTKE HOBBIX JAHHBIX HAOMIOACHUM U
aHasu3e npo0JIeM BOJIOLUH KOJIBIIEBBIX 00pa30BaHUM.

BHeapenue pe3yabTaTOB HMCCJIEI0BAHUS. Pe3ynpTaTbl ONpEACIICHUS Y3KUX
o0nacTeil yCTOMYMBOCTH M HEYCTOMYMBOCTH, KPUTHYECKUX 3HAUCHUU TapameTpa
BpallleHUs [JI PE30HAHCHBIX TOYEK M METOJbl HaXOXKJIEHUS HMHKPEMEHTOB
HEYCTOWYMBOCTEW MOJ BO3MYILICHUM IPUMEHEHBI K 3a/1ayaM MCCIEIOBAHUS MOJ
KojeOaHuil JJig APYTUX MOJIETeH CaMOTPaBUTHPYIONUX CHUCTEM B BHJE HEITHMHEITHO
HECTAIMOHAPHBIX CHEPUICCKUX KOH(HUTYpamuii Py BEITIOJHEHUN TpaHTa B paMKax
I'ocynapcTBeHHOM HAay4YHO-TEXHHYECKOMN POrpaMMBbl byHIaMEHTATBHBIX
uccnenoBanuii Ne ®M-2-336 «Hekoropsle mpoOieMbl paHHUX CTaAUl 3BOJIOLHH
chepuueckux cucrem» (HYVY3, 2004-2005). C moMouip0 NPUMEHEHUS HayYHbBIX
pE3yNbTaTOB AUCCEPTALMU ONPENEIEHbl aHAIOTMYHbIE Y3KHE 30HbI HEYCTOMYMBOCTEM
U pOJIb TEOMETPUM CHUCTEMBI, a TaKXKe peajlbHble MEXaHU3Mbl (HOPMUPOBAHUS
OTIIEJBHBIX HAOMI0IaeMbIX CTPYKTYp (mucbmMo KoMurera no KoopauHalUU pa3BUTHSA
Hayku 1 TexHojoruit Pecriyonuku Y36ekucran Ne ®TK-02-13/103 ot 16.02.2016).

Anpofauust pe3yJabTaToB HcCCJaeN0BaHUA. Pe3ynbTaThl HCCIIEIOBAHUIN
IPEJCTaBlICHbl B BHJE JOKIAM0B M ampoOHWpoBaHbl Ha 16 MEXIyHApOAHBIX H
pecnyOMUKaHCKUX HAyYHO-TIPAKTHYECKUX KOH(epeHIusX, B yacTHocTu «Dynamics
and Evolution of Dense Stellar Systems» JDI11 of IAU (Sydney, 2003), «Order and
chaos in stellar and planetary systems» (Saint-Petersburg, 2003), «ActpoHoMus —
2005: Coctostnue u mnepcrnektuBbl pa3Butusi» (Mocksa, 2005), «AcTtpoHOMHUSI OT
OJMKHEro KocMoca 10 KocMosiorudeckux nanein» (Mocksa, 2015), «CoBpemeHHBIC
npobnembl actpoHomuu B Y30ekuctane» (Tamkent, 2004), «YmayroekoBckue
yrenus» (Tamkent, 2004), «®uzuka B Y30ekucrane» (Tamxent, 2005), «Ponb
KEHIIMH-YYEHBIX B Pa3BUTHUU HAy4YHO-TEXHUYECcKoro mporpecca» (Tamxent, 2000),
«I'paBuTanimonHeie auH3bI U Gopmupytomuecs ramaktukn» (Tamkent, 2008),
«DyHnameHTanbHble U MPUKIAIHBIE MPoOIeMbl coBpeMeHHON (u3ukm» (TaikeHrT,
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2006, 2007, 2008), «CoBpemennasi ¢usznka u ee mnepcrekTuBbl» (Tamxkent, 2009),
«AKTyanbpHbIe TIpOOJIeMBI siaepHOW W TeopeTnueckod ¢usukm» (Tamkent, 2013),
«Hacneaue Mupzo Ynyroeka u coBpemeHHOCTh» (Tamkent, 2014), «CoBpeMeHHBIE
npoOsieMbl MaTeMaTudeckor Gpusnku u ee npunoxxkeHus» (Tamxkent, 2015).

OcCHOBHBIE pe3yJIbTaThl AUCCEPTALMOHHON pabOThI MPEACTaBICHBI U OOCYKIEHBI
Ha Hay4yHBbIX ceMuHapax kadenpsl actpoHomuu (2003-2012) u kadeapsl acCTpOHOMUH
u ¢u3uku atmochepbl HarnmonanmbHOro yHHMBepcuTeTa Y3b6ekucrana (2013-2015),
Actponomuueckoro wuHctutyTa (2002-2015), IloTcmamckoro actpodusnueckoro
uHctutyTa (2005) n Telinensbeprckoro ACTpOHOMHYECKOTO MHCTUTYTa ['epManun
(2006).

Ony0JMKOBAHHOCTH Pe3yJbTATOB HMcciaeaoBaHusi. [lo Teme auccepranuu
omyOnuKkoBaHbl 60 HAyYHBIX pa0boOT, U3 HUX B 22 HAyUYHBIX CTaThei, B TOM 4yucie § B
3apyOeKHBIX M 14 B pecnyOJIMKaHCKUX JKypHAlaX, pPEKOMEHJIOBAaHHBIX BrIciei
aTTeCTAlMOHHOW Komuccued PecnyOnuku Y30ekucTaH [Uisl MyOJIMKAalUUd OCHOBHBIX
HAy4YHBIX PE3YyJbTAaTOB JOKTOPCKUX AUCCEPTALUN.

O0bemM u cTpyKTypa aucceprauuu. J(uccepramnus COCTOUT U3 BBEICHUS, MIATH
IJIaB, 3aKJIOYEHHUs, YeThIpeX MPUJIIOKEHHA M chnHucka Jjaurepatypbl. OO0beM
aucceprannu coctasisieT 198 crpanum.
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OCHOBHOE COJEP KXAHME JIMCCEPTALIUN

Bo BBeneHuMm 00OCHOBaHbI aKTYaJbHOCTh W BOCTPEOOBAHHOCTH TEMBI
auccepTanuu, chopMyIUpOBaHBI €W W 3aJa4d, M3J0KEHbl Hay4yHas HOBU3HA H
MPAKTUYECKUE Pe3yJIbTaThl UCCIIEI0BaHMsI, 000CHOBAHA IOCTOBEPHOCThH MOTYyUECHHBIX
pe3yJlbTaTOB M PACKpPBITA KX TEOpPETUYECKass M MPAKTUYECKass 3HAYUMOCTb,
MIPUBEAECHBI KPATKHE CBEICHUS O BHEIPEHUU PE3YIbTATOB U CTPYKTYPE AUCCEPTALIUU.

B nepBoii rmaBe muccepranmu, o3aryiaBiieHHOW «O mpodsemax (opmMupoBaHus
KPYNHOMACIITA0OHOH CTPYKTYPbI IMCKOBOI MOACHCTEMbI CIUPAJbHBIX TAJIAKTHK,
BBIMIOJTHEH 0030p JIMTEpaTypHBIX WMCTOYHUKOB IO TEeME JUCCEePTalid, Kak B
HANpPaBJICHUU aHAJIM3a JIAHHBIX HAOIOJIEHUM, TaK M TEOPETUYECKUX MCCIIEIOBaHUMH,
MOCBSIIICHHBIX KPYITHOMACIITAOHOMY CTPOEHHUIO JUCKOOOpPA3HBIX TajlaKTUK. Bojbliioe
BHHUMaHHUE YJIEJICHO CPABHUTEIHLHO HOBBIM IMPOSIBIICHUSIM CTPYKTYPHBIX 00pa30BaHUM B
BUJIE KOJIBLEBBIX (POPM, JIOTICAHAHOCTH, BEPTUKAIBbHBIX M3rHOOB aucka u ap. Kpatko
paccMOTpeHbl ~ BO3MOXKHBIE  IMyTH  OOpa3OBaHUS  3TUX  CTPYKTYp. AHamu3
HaOJII0AaTeNbHBIX JAHHBIX MOKa3all, YTO ATH KPYITHOMACIITAOHbIE CTPYKTYPbI SBISIOTCS
oO0IIel YepToil CIUPATBHBIX TaJaKTHK, TMOCKOJIbKY OHM, WM JIaKe MX KOMOWHAIIUW,
HAOMOIat0TCT B OOJBIIMHCTBE  JUCKOOOPA3HBIX TalaKTHK. M3710KeHO OCHOBHOE
COJICpKaHUE JBYX KOCMOJIOTUYECKHX CIICHapHEeB (POPMHPOBAHUSA TaJAKTUK BOOOIIE.
[Toka3aHO CyIIECTBEHHOE pa3lInuve PE3YJIbTATOB I'PABUTALMOHHBIX HEYCTOMYMBOCTEUN
HECTAllMOHAPHBIX MOJIETIEH AUCKA OT CTAlIMOHAPHBIX.

Bo Bropont rnase «IlocTpoenne mMomeJd MCXOAHOTO0 COCTOSTHUSI HEJIMHEHHO
HECTALMOHAPHOIO JUCKA ¢ AHMU30TPONHOM AUATPAMMON CKOPOCTEH» IMOCTPOEHBI
HOBbIE (Pa30BBIE MOJEIHM PaaUaIbHO HECTAIMOHAPHOTO JAWCKA C AaHWU30TPOIMHOM
nuarpamMMoin  ckopocrteil. Hampumep, paccmarpuBas 00O0OIIEHHYIO BECOBYIO

GyHKIHIO
2B+1

p(Q)zCaBQZ(X(l—QZ)T e [2(c+p+ 1) (1)

of " 720 —1)1(2p+1)!

Ha OCHOBE HEPAaBHOBECHOM HW30TPOIHOM MOJEINA IOCTPOEH HOBBIA KJAacC
0000IIIEHHONW aHWU30TPOIMHOW MOJENM CaMOTPABUTHUPYIOUIETO HECTAIMOHAPHOTO
HEBPAIIAIOIIETOCs TUCKa. 371eCh o U 3 — menbie yuciia, 2 — 6e3pa3MepHBIi mapameTp
BpaneHus aucka. CieayeT OTMETUTh, YTO YMHOXas MOCTPOCHHYIO OO0OOIIEHHYIO
MOJIENIb Ha BBIPAKEHUE

1+QL. =1+Q(xvy —yvg ), (2)

MOXHO TMONy4nTh Bpamarwmywcs wmoxaens JHCC, roe L _ecTb Z-KOMIOHEHTa

—

YyIJIOBOTO MOMEHTa, V — BEKTOp CKOPOCTHM «4acTHIbl» Jucka. lloxcraBiss
KOHKPETHBIE 3HAYEHHUS TapaMeTPOB o U B B 000OIIEHHYIO MOJIENb, MOKHO MOJYyYHUTh
COOTBETCTBYIOIINE KOHKPETHBIE HEIMHEHHO HECTALMOHAPHBIE MCKOBBIE MOJEIH C
AHU3O0TPOIHBIMU JUarpaMMaMH CKOPOCTEM.

ITocTpoeHsl Takke TpU HEJIMHEHWHBIE AHU30TPOIHBIE MOJEIU C COCTAaBHOM
OPUPOAON, KOTOPBIE JAIOT BO3ZMOMXHOCTbh HUCCIEAOBATh MPOMEXYTOUHBIE COCTOSHUS
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MEXTY JBYMSI IUCKPETHBIMH HECTAIlMOHAPHBIMUA KOHPUTYpAIUSIMHA C OXBAaTOM
BECbMa MIMPOKUX BO3MOKHBIX HAYaJbHBIX YCIOBUW HA PAHHEW CTaJWH B MOMEHT
HayaJja KoJiarnca CUCTEMEL.

[TorydeHBI TOYHBIC BBIPAKECHHS 11 OCHOBHBIX (DHM3MYECKUX XapaKTCPHUCTHUK
MIOCTPOCHHBIX HEJIMHEHHO HECTAIIMOHAPHBIX MOJCIICH CaMOTPaBUTHPYIOMIETO TUCKA.
ITockoJsbKy 0 CHX TOp HEU3BECTHBI MHOTHE OCOOCHHOCTH (DPM3UYECKOTO0 COCTOSTHHS
MaTepud Ha paHHEH CTagud DBOJIOIUM JUCKOBBIX TaJaKTUK, HEOOXOJIUMO
MOCTPOCHHUE PA3JIMUHBIX MOJIeJied C aHWU30TPOMHBIMH JUarpaMMaMHu CKOPOCTEH.
Takum 00pa3oM, MOCTPOCHHBIE MOJEIH SIBJISIFOTCS, BO-TIEPBBIX, aHU3OTPOIHBIMHU B
IIPOCTPAHCTBE CKOPOCTEH, BO-BTOPHIX, B paMKax 3THX MOJIEICH MOXXKHO HCCIICIOBAThH
BO3MOJKHBIC PSABI Pa3HBIX (PU3MUECKUX COCTOSHUM HEJITWHEHMHO HECTallMOHAPHBIX
cTaaunii popMUPOBaHUS KPYITHOMACIITAOHBIX CTPYKTYP JAUCKOOOPA3HBIX FAIAKTHK.

B tperseti rmaBe «KouableoOpa3sHbie CTPYKTYpbl B JIHCKOOOPa3HBIX
rajakTukax M HoOBasi Teopusi UX (POPMHUPOBAHHS» PACCMOTPEHBI BOMPOCHI
KJIacCU(UKAIMU U TIPOUCXOXKICHUS KOJBIICOOPA3HBIX CTPYKTYpP B AMCKOOOPa3HBIX
ranaktukax. C 3TO# 1eNbl0, Ha OCHOBE OIMyOJIMKOBAHHBIX JIaHHBIX HAOJIOACHUMN
pPa3TUYHBIX aBTOPOB, BBIOJHEH OTOOp, IO Mepe BO3MOXKHOCTH, (HU3HUCCKH
KOJIBIICOOPa3HBIX TAAKTHUK, TJI€ KOJIBIICBOE SBJICHUE HE SBIISICTCS CIACACTBUEM TYTOM
3aKPYYCHHOCTH WM TIPOCKIMH CHUPATBHBIX PYKABOB. OTH KOJbIIEOOpa3HbIC
CTPYKTYpbl, B TPHUHILMIE, MOTYT HAOIIOAAThCA KaK paBHOIPABHBIE C JPYTHUMHU
MOJCUCTEMaMH TaJaKTUK, HalpUMeEp, C MEePEMBIYKONH WM CHUPATHHBIMU BETBIMH.
TonbKO TOCE 3TOr0 BIEPBBIC YAAIOCh KIAaCCH(PHUIIMPOBATh JaHHBIC HAOJIOICHHS.
PazpabGortannas knaccudukaus comepxkuT 9 rpynm, rae coOpaHbl B OJUH Kilacc
KOJIbIIeOOpa3HbIe TAIAKTUKH, UMEIOIIHE TIOUTH OJM3KUE MPU3HAKHU 110 UX CTPYKTYpE.
Oka3zanoch, 4yTo Hamboyiee PACHPOCTPAHCHHBIMH TPYIIIIAMHU SIBISIOTCS KOJIBIICBBIC
TATAKTUKA C SAPOM U CIy4aidl KOJbIla ¢ MEPEMBIYKON U IByMs pykaBamu. B msru
CIIydasix W3 JCBSATH MPHUCYTCTBYIOT mepeMbluku. CrimpanabHbIe pyKaBa HAOIIOJAIOTCS
TOJIBKO B TpeX ciyd4asx. HTepecHO, YTO ABYXKOJBIIEBBIC TaJaKTUKU BCTPEUYAIOTCS
JIOBOJIBHO YacTO, YeM OKHIAJIOCh.

HccnenoBanbl  MmpoOIEeMbl  MPOWCXOXKACHHUST KOJBIIEOOPA3HBIX CTPYKTYp B
TaJIaKTUKax IyTEeM aHajli3a TPAaBUTAIIMOHHBIX HEYCTOWYUBOCTEH COOTBETCTBYIOIIUX
MO BO3MYIIICHUH Ha (POHE HETWHEWHO HEeCTallMOHAPHBIX Mojeseh. PaccMoTpeHsI
onHokoubieBbie (M=0; N=4, m=2; N=4) u npyxkoibiesbie (m=0; N=6, m=2; N=6)
Mozabl Bo3myiieHuii. BeiBenenst HAJIY komblieoOpa3HBIX MOJ BO3MYIIEHUM IS
HEJIMHEHWHBIX TUCKOBBIX Mojenei. Hampumep, mis mogsl (0;4) Ha hoHe 00001IeHHOM
Mojzenu — mosydeH — cienyromuid HAJIY B BHAE  CHUCTEMBl  YETHIpEX
muddepeHnnanbHbIX ypaBHEHUN BTOPOTO MOPSIIKA:

2
(1+ Xcosw)dg—rz(\ll) + ksinww +0.(y)= £D34 (22,9, %, p)(L+cos \|f)3_T sinty, (3)
dy dy 8
- %k
e t=0-3, p=0,52a+1)/(a+B+2), DO4(€T,\|/, A p) — KOHKDETHAs CJIOXKHAas

TPUIOHOMETpHYECKas (DYHKLMS, COIEpIKAllas TaKKe BCE HeHM3BecTHhIE /1 (y),

ammuuTyy nyibcanuu: A=1—(2T/|U[)y, 94TO TOYHO BLIpAXKAETCA 4YEPE3 3HAYECHUS
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Puc. 1. 3aBucumocts MHKpeMeHTa HeycToiuuBocTH ot (2T/|U|)o it Mosl (2;6)
10 3HaueHusM (a; )

PesynbraTel ananuza HAJY konblieoOpa3HbIX MOJ NPEICTaBICHBI B BUJC
3aBUCUMOCTEM HWHKPEMEHTOB HEYCTOMYMBOCTEM OT HAYaJbHOIO BHUPHUAIBHOIO
orHomenust (2T/|U])y (cm. puc. 1). YcraHoBneHo, 4To mapaMmeTpel o u [,
XapaKTepU3yIOIINe pa3inyue M CTENEeHb AaHU30TPONUU MOJIETH Nal0T, B 00IIeM
ciiy4dae, TPOTHUBOMOJOXHBICE J(P(EKTHI B XOA€ Pa3BUTHS KOJBIEBBIX MOJ
BO3MYIIICHUH, a TAK)KE C YBEIIMUEHUEM 3HAUYCHHUM 0L BO3PACTAET MHTEPBAI HAUYAJILHOTO
BUPHUATHHOTO OTHOIIICHUS, T1ie (hOPMHUPYETCS TaHHAsI CTPYKTypa. Ho B cimyuae mMosbl
(2;4) mokazano, uro HAJIY manHOW MOJbI HE 3aBUCUT OT TapaMeTpoB o U [, H
pa3BUTHE HEYCTOMYMBOCTH OYAET OJJMHAKOBOM ISl BCEX aHU30TPOITHBIX MOJienei 0e3
Bpamenusi. Ha ¢one Bpamaromieiics aHH30TponHON Moaenu npu o=P=0 u ¢ yueToMm
(2) monnyuennbie HAJIY mnst oqnokomnwlieBoit — (0;4) u aByxkomblieBoit — (0;6) mon
KoJieOaHUW HE 3aBUCAT OT Mapamerpa BpamieHus aucka (cMm. puc. 2). Kpome Toro,
HEYCTOMYMBOCTU JAHHBIX MOJ HMEIOT W KOJeOaTeNbHBIM, U anepuogudYeCKUid
XapakTep B 3aBUCUMOCTH OT 3HAYEHUS HAYaJIbHOTO BUPHAIBHOTO OTHOIIEHUS. Mobl
(2;4) u (2;6) UMEIOT ATU JiBa TUIMA HEYCTOMYMBOCTEW B paMKax HEBpallarolIeucs
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AQHU30TPOITHOM MOJIeNId B 3aBUCUMOCTHM OT 3HAYEHHS HA4YaJbHOTO BHUPUAIBHOTO
OTHOIIIEHUSI, HO KOT/Ia MOJZIeJh WMEET BpaIlleHWe, y HUX HaOIIOMAeTCs] TOJBKO
KoJjiebaTenbHass HEYCTOMUMBOCTh. A TakKe MOKa3aHO, YTO Ha (POHE aHU3OTPOMHOMN
MOJECJIM BEPOSTHOCTH (OPMUPOBAHUS OJHOKOJIBIIEBBIX CTPYKTYp Bcerja OoJblile,
YeM JBYXKOJBIEBBIX, HE3aBUCUMO OT 3HaueHul napametrpoB Q u (2T/|U|),.

0.8 - —

0573
0.6553

06 - —
0.545

0

a—

2T

OO6nacTh HEYCTOMYMBOCTH 3alITPUXOBAHA

Puc. 2. Kputnueckas 3aBucumocts (2T/|U|)o oT napamerpa BparieHus 00001EeHHON
moaenu ripu o=P=0 myst mowl (0;4)

HeycTounBOCTH KOJIBbLIEOOPA3HbIX MOJ BO3MYLIEHHMH B paMKaxX HCXOJHOMN
M30TPOITHON MOJIENIM MPENCTABISAIOT CBOeOOpa3Hyto KapTuHy (cMm. puc. 3). Puc. 3
MOKAa3bIBAET CYIIECTBOBAHUE JIByX OCTPOBOB HEYCTOMUMBOCTEHN: OYEHb MaJI€HBKOTO —
a(0,2<0<0,203; 0,415<(2T/|U])p<0,483) u y3koro -— B(0,327<0<0,420;
0,464<(2T/|U[)9<0,653), u eme naByx mnoaoOHbIX oOmacteit: v(0,23<0<0,33;
0,196790<(2T/|U[)6<0,427) u 06(0,3008<0<0,36; 0,185<(2T/|U)<0,355) ocTpoBOB
ycToitunBocTHU. [Ipy onpeneneHHbIX 3HAYEHUSAX MapaMeTpa BpaILEHUS UMEET MECTO
HEeJNUHEHHBI A()(EeKT, CBSI3aHHBIA CO CIOXKHBIM PE30HAHCOM MEXKAYy YacTOTaMU
KOJUICKTUBHBIX JIBIDKCHHUM JIMHEWHOW TEOPUHM W HEJIMHEHHBIX KOJIeOaHWN MOJENH, B
pe3yibTaTe Yero KoJblle00pa3Hbie MOBI BOSMYIIIEHUH SBIISIOTCS HEYCTOWIMBBIMHU BO
BCEM JMaNa30OHe 3HAYCHUI Ha4aJlbHOTO BUpHaNbHOTO oTHOMEHUs. [Ipn 0<Q<0,7 nns
mMoa (0;4) wu (0;6) xapakTepHbl U KojiebaTelabHas, |  alepuoaNYecKas
HEYCTOMYMBOCTH, a eciau €2>0,7, TO HMeeT MeCTO TOJbKO anepuoandecKas
HEYCTOMYMBOCTh. XapakTep HEYCTOMUMBOCTH MO/ (2;4) u (2;6) TOUHO TaKOH ke, KaKk
B CJIy4ae aHU30TPOIHON MOJIENH.
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1 013583 A& b C d e0 85240

3neck: A(0,196; 0.20), B(0,331; 0,462), C(0,6; 0,688), D(0,647; 0,278), E(0,737; 0.388),
F(0,815; 0,354), G(0,9; 0,407), S(0,14; 0,355), a=0,255389; b=0,501198; c=0,672189;
d=0,815658; ¢=0,843302

Puc. 3. Kputnueckas 3aBucumocts (27T/|U])o 0T mapameTpa BpalleHus: HCXOTHON
n30TpomnHOM Moenu 1yt Moabl (0;6)

Ha ¢one cocrtaBuoit monmenu ueyctoruuBoctd Moabl (0;4) mpu Q=0,5 He
3aBUCAT OT IapaMerpa CyHepno3uiuud v, a maid Monabl (2;4) Takas KapTHHA
HaOmonaercs, korjaa Q=0. Takxxe 3aMeTUM, YTO MPHU ONPE/ICTCHHBIX 3HAUCHUSIX {2 U
V CyHepHo3ulusi JBYX MOJENeil MPUBOJIUT K TOMY, YTO 00JIACTh HEYCTOWYMBOCTHU
UMEET MUK, B PEe3yJIbTaTe YE€T0 KOJbIEBbIE MOJIbI MOJHOCTHIO HEYCTOMUUBBI BO BCEM
JYaria3oHe 3HaY€HUM HadallbHOrO BUpHaidbHOTO oTHOmeHus. Moabl (0;4) u (0;6)
UMEIOT U alepruoudecKylo, U KojaeOaTeIbHy0 HEYCTOMUYMBOCTH MIPHU BCEX 3HAUCHUSIX
napamerpa BpamieHus. OmHako, moabl (2;4) u (2;6) Ha (oHe HeBpalaromencs
COCTaBHOM MOJENM TakKe HOCAT U KoyeOaTelbHyl, M aNepUOJUYECKYIO
HEYCTOMYMBOCTH, a KOIJla MOJIelb BpallaeTcs, UMEETCs TOJIbKO KosiebarenbHas
HEYCTOMYMBOCTh. CpaBHEHHE COCTaBHBIX MOJEICH MEXIy COOOM OTHOCHTEIHHO
HEYCTOWYUBOCTEH KOJBIIEOOpa3HBIX MOJ ITOKA3bIBAET, YTO TPEThSI COCTABHASI MOJIEIb
HamOoJee HEYCTONYMBA MO0 CPABHEHHUIO C OCTAILHBIMU MoJensMu Tipu Q#1, a xornaa
napamMeTp BpallleHUs MPUHUMAET CBOE MAKCUMAJIbHOE 3Ha4YeHUE, Hanbojee BaKHOM
CTAHOBUTCS NIEPBasi COCTABHAS MOJIEIb.

B uyerBepron rimaBe «Teopusi ¢popMUpPOBaHMSA JIONCAWIHOH CTPYKTYpPbI B
CIMPAJBHBIX TAJAKTHUKAX» TIIATEIBHO OTOOpaHBI JIONCAWIHBIE TAJIAKTUKU Ha
OCHOBE JaHHBIX HAOJIOJCHUN HEKOTOPBIX aBTOPOB C HAJACKHBIMH 3HAYCHUSIMU
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apaMeTpOB JIOTICAMTHOCTH M COCTaBIICH pabO4Yuii CBOAHBIA KAaTaJIOT, JOTIOJTHEHHBIN
JYyYEBBIMU CKOPOCTAMH, KpPACHBIMM CMEIICHUSIMHU, aOCOJIFOTHBIMU 3BE3HBIMU
BEJIMYMHAMM, 3HAYCHUSIMU THUII-KOJA, PacCTOSHUEM U JAp. Tak ObUIM CcOOpaHbl
cBeneHuss 0 561 oObekTax M TPOBEAECH WX CTATUCTUYECKUM aHanu3. Pe3ynbrarhl
CTaTUCTUYECKOr0 aHaju3a I[OKa3bIBalOT, YTO JIONCANAHOCTh  HAOJIOAAETCS
NPAKTUYECKH BO BCEX THUIAX CHUPATBHBIX TaJaKTUK B pa3HOM CTENeHH B
3aBUCUMOCTH OT BEJIMYMHBI 3aKPYUYEHHOCTH CHHUPATbHBIX pyKaBoB. ['mcrorpamma
pacnpeneneHus: JOMCAIHOCTH 10 MOPGOJIOrHYEeCKMM THUIAaM TallaKTHK I0Ka3aa,
YTO SIBJICHUE JIOMCAWIHOCTH HAOMIOAAETCSl MPEUMYIIECTBEHHO B CIHPAIbHBIX
rajakTUKax, MOCJIe HUX MO YacTOTE JIONCAUIHOCTH UAYT UPPETrYJISIpHbIC TaJaKTHKU,
3aT€M JIMH30BUJHBIE M TOJBKO IOTOM JJUUNTHYecCKue. WHTEpecHO W TO, 4YTO
JIOTICATHOCTh OOHapyKeHa Jake B HEKOTOPBIX DJUIMIITUYECKHUX rajakTUKax, TaK Kak
710 TIOCJIEAHET0 BPEMEHH CUUTAJIOCh, UTO M3-32 OCOOEHHOCTEN pacnpeaeneHus: MacChl
B HUX JIOTICAaWJHOCTHM TaM HE JOJDKHAa ObITh. Takke MOKa3aHO, YTO 3HA4YCHUs
kodpdurmenta crenenu jomncaigHoctd Al menbme 0,2 mpubnusutensHo B 90%
ciay4dasx, u Meubiie 0,4 B 97% ciyyasx.

Pesynbrarel HM3y4yeHUs TPAaBUTALMOHHOM HEYCTOMYMBOCTU JIOMICAUJIHBIX MOJ
Bo3mymeHuit (m=1; N=1, 3, 5, 7) nHa ¢pone 06001IEHHONW aHU30TPOMHON MOJEIU C
MOMOIIBIO aHaIn3a cooTBeTcTBYIOMUX UM HAJIY mokaszanu, 4To MoJia BO3MYIIICHHM
m=1;N=1 sBnsiercs yCTONYMBOM M CBsI3aHA C TPUBHUAIBLHBIM CMEIIEHUEM BCEH
CUCTEMBI KaK IIeJIOr0, YTO HE BBI3BIBAET KAKOW-TMOO0 HEYCTOMYMBOCTH. BBISCHUIIOCH,
YTO POCT 3HAYCHHMS TlapamMerpa o JaeT jaectadbmimsupyromuid sddekr B Xojme
HBOJTIOIUH JPYTUX JIOTICANIHBIX MOJI BO3MYIIIEHUN Ha (DOHE aHU30TPOIHBIX MOJIETIEH,
a mapameTp [, Ha0OOpOT, WUrpaeT Kak Obl «CTAOWIM3HPYIOUIYIO» pPOJb. Poib
napamMeTpa BpallleHUsI OTHOCUTEIIBHO XapaKTepa HEYCTOMYMBOCTHU JIONICANIHBIX MO/
BO3MYIIIEHUI TOYHO Takas e, Kak y KoJiblieoOpa3Hbix Mo (2;4) u (2;6), a UMEHHO
Ha (OHE HEBPAIIAIOIICHCS aHU30TPOITHON MOJIEIN HAOII0IAt0TCSI M KoJieOaTenbHas, |
anepuoanvecKas HeycToMuumBocTH, a korma Q#0, wumeeM [eI0 TOJNBKO C
Kose0aTenbHON HeyCTOMUMBOCThIO. JlaHHAs kapTHHa HaOMroAaeTcs eme U Ha (QoHe
COCTaBHBIX MOJEJIEH.

Ha ¢one Bpamaromieiicss anuzorponHoit mojenu moaa (1;3) siBisieTcst B cpeiHeM
Oonee HEyCTOWYMBOM 1O cpaBHeHUI0O ¢ Momoil (1;5). CpaBHeHHE HMHKPEMEHTOB
HEYCTOMYHMBOCTEH 0apomogo0HOM, KOJBIIEBOM M JIONMCAagHONM Moja KojaeOaHui
nokaseiBaeT (cMm. puc. 4), uro koraa 2<0,5 BHayane oOpa3yeTcs KMHEMaTUYECKHU
CMENIECHHOE fJIpO, 3aTeM IMPOSBISETCS KOJbIEBAs CTPYKTYpa MPU MaJbIX 3HAYCHUSX
(2T/|U[)o, 1 TOMBKO MOTOM B ccTeMe GopMUpYyETCs Oap, HO MPU OOJBIIUX 3HAYCHUSX
(2T/|U|)g mocnenoBaTenbHOCTh (opmMupoBanus 0apomoJoOHOW U KOJIbLIEBOM
cTpykTyp Menserca. Opnako, ecmum €2>0,5, moma (1;3) mo-mpexHemy ocrtaercs
JUAUpPYIONIEH, a mocjie He€, HEe3aBUCUMO OT 3HAYEHUS HAYaJbHOTO BUPHUAIBLHOIO
OTHOUIEHUS, TMocienoBaTenbHo MNposBisioTes 3hdexter  (0;4) u (2;2) moxn. Ilpu
Q=0,5 uzoTpomnHasi ¥ aHU3O0TPOITHASI MOJIETU BEAYT ce0sl OJIMHAKOBO OTHOCUTEIBHO
BCEX ATUX CTPYKTYPHBIX MOJI.
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Puc. 4. CpaBHEeHHE HHKPEMEHTOB HEYCTOWIMBOCTEH OApOTIO00HOM, KOIBIIEBOH U
JoTICaiTHOW MOJT BO3MYIIeHU Ha ¢oHe o0oOmeHHoW monenu mpu o=p=0,
JUTSL pa3TTMYHBIX 3HAYCHUH (2

B cnywae momncaiaHbIX HEYCTOMYMBOCTEM B paMKax HCXOJHOM H30TPOITHOMU
MOJIENIM, TaK >K€ KaK y KOJIbIICOOpa3HbIX MO, MPHU OMNpPEIEJICHHBIX 3HAYCHHSIX
napaMeTpa BpallleHHs HaOII0JaeTCs BO3HMKHOBEHHE HEKOTOPOro HEIMHEHHOTro
apdexkTa MO OTHOIIEHWIO K CTAIlMOHAPHOM MOJAENM TNpU HAIOKEHUU Ha Hee
BO3MYIICHUSI C KOHEUHOUW aMIuuTynoi. B wactHoMm cimydae A=0 pe3ynbTarhl pacyeTa
COBIIAJAIOT C pe3yJIbTaTaMU HEYCTOMYMBOCTU PABHOBECHOM MOJEIM B JIMHEHHOM
IpUOIMKEHUU.

HccnenoBanue COCTaBHBIX MOJICJIE OTHOCHUTEIBHO  JIONCAWIHBIX  MOJ
MOKA3bIBAET, YTO IPHU OMNPEACICHHBIX 3HAUCHHSX V CYIEPIIO3UIMUS ABYX MOJenen
OPUBOJUT K TOMY, YTO OOJACTh HEYCTOMUMBOCTH 3aHUMAET MPAKTUYECKU BECH
JMara3oH BO3MOXKHBIX 3HAaUYCHUM HAYaJIbHOT'O BUPHUATIBLHOIO OTHOIIECHHS (CM. pucC. 5).
Takxke BBISICHUIIOCH, YTO CMEIICHHUE SiIpa OTHOCHUTEJIBHO N€OMETPUYECKOro IEHTpa
CUCTEMBl HMMEET MECTO B COCTAaBHOW MOJENM paHblIe, YEM NPOSBICHUE
KOJIBIICOOpa3HbIX U 0apornofgo0HON CTPYKTYp HE3aBUCMMO OT 3HAUEHHUS IapameTrpa
BpallleHus, HO JIUIIbL TPU MakcuMajabHOM Bpamenuu (Q=1) u v>0,4 nepBoii B
CUCTEME MOXKET o0pa3oBaTbcsi OApoNon00Hast CTPYKTypa. A Uil KOJbIEOOpa3HBIX
MOJ TaKyl KapTUHY MOXKHO YBUAETh TOJbKO mpu v=0 B ciyyasx Q=0 u Q=0,5.
OtMmeTM, 4YTO MNpH MakcuMalbHOM 3HaueHun Q=1 B wunHTepBasie 0,7<v<1,0
HauuHaeTcs nepekpbiBanue nHKpemeHToB (1;5) ¢ (0;4) u (1;3) ¢ (2;4), 310 03HaAyaer,
YTO B JAHHOM CJIy4ae COOTBETCTBYIOIINE CTPYKTYPhl MOTYT (hopMupoBaThcs
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onnoBpemenno. Korma Q=0,5 u (2T/]U[)<0,2, Bce paccMaTpuBaemble CTPYKTYpHI
0o0pa3yroTcs MOYTH OJHOBpeMeHHO. KapTuHa cpaBHEHUSI COCTaBHBIX MoJienen
OTHOCHUTEJIbHO HEYCTOWYMBOCTEN JIOTICAUIHBIX MOJ BO3MYIIEHHN TOYHO Takas XKe,
KaK Y KOJbLEOOpa3HbIX MO/I.

0203635

A BC

(2T U)o
{(2T/|U|)o

00t 02 03 04 05 0F 07 08 09 A 001 02 03 04 05 06 07 08 09 1 01 02 03 04 05 0F 07 08 09 1
v v

\
Q=0 Q=0,5 Q=1,0
A=0,649116; B=0,712329;
C=0,752598
Puc. 5. Kputnueckue 3asucumoctu (2T/|U[)p oT mapamerpa cynepro3uiiuu v mpu

pa3IuuHBIX 3Ha4YeHUAX 2 g Moasl (1;5)

B maronn rmaBe puccepranuu «Teopusi (pOpMHUPOBAHUA BEePTUKAJIBHBIX
U3ru0o0B B JAMCKAX TAJAKTHK» HM3yYCHBl BOMPOCHI MPOUCXOXKICHHUS PA3THUUHBIX
TUTIOB BEPTUKAIBbHBIX W3TMOOB JUCKOBOM TMOACHCTEMBI TajlaKTUK, KOTOpHIE
oOHapy>KeHbl B HAOJIOJCHUSIX HEKOTOPBHIX aBTOPOB. OCHOBHBIMH THUIIAMU H3THOOB
o cuutanu N-o0pa3Hble, HHTETpasooOpasHeie, U-oOpasznpie u L-00pa3Hbie BUIBI
u3rnOoB. B maHHOW paboTe cocTaBieHa NpocTas BBHIOOpKA HamMOOJEe dYacTo
BCTPEYAIOIINXCA U CUILHO aCHMMETPHYHBIX M3THOHBIX TajJaKTUK. AHAIIA3 JTaHHBIX
MoKa3aj, 4TO M3TMOHOCTh B OCHOBHOM BCTPEYACTCS B HOPMAJIBHBIX CIHUPATBHBIX
rayiakTukax (= 10 70%) 1o cpaBHEHUIO CO CUpATIAMHU ¢ nepeMbrukoit (30%), a moss
U3TMOHBIX TAJIAKTHK B KOMOWHAIIMU C JIOTICAWTHOCTHIO COCTABIISIET MPUOIU3UTEITHHO
20%. Kpome yka3zaHHBIX BBIIIE TUIIOB U3TMOOB pacCMOTPEHA TaKKe HEOOXOJAMMOCTD
BKJIFOUEHHUs] B TIEPEUCHb OCHOBHBIX THUIIOB M3ruda  KyIMOJOOOpa3HBIX U
MPEIECCUOHHBIX CITYy4YaeB.

Pe3ynbTaThl comocTaBieHUs: HAOMIOMAEMBIX TMPOSBICHUN H3THMOOB B JUCKE
TATAKTUK C PA3TMYHBIMU BEPTUKAIBHBIMU U3THOHBIMEA MOJIaMU KOJICOAHMI TOKa3aIH,
910 S- U N-00pa3HbIM aCUMMETPUYHBIM M3TrH0aM JIUCKa TaJaKTUK COOTBETCTBYIOT
Mozabl kosiebanuii (m=1;N=4) u (m=5;N=6) COOTBETCTBEHHO, KYyIO0JOOOpa3HOMY
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u3ru0y — mozga (m=0;N=3), 3a U-oOpa3HbIit u3rub oTBeTcTBeHHa MOJa (M=4;N=5) u,
HAKOHEII, IPELIeCCUOHHBIN U3rub onuckiBaercs moaon (m=1;N=2) (cm. puc. 6).

m=1; N=4 ad m=3; N=6 m=0; N=3

1 05
4 05
0

-0.5

-1 -0.5 0 05 1 i} e r

-
)

R | . I\ m=1; N=2

05 1 T 05 0.5 1

0
r

=]

Puc. 6. I'paduku GyHKIIUN BEPTUKAITLHOTO CMEIICHUS dJIeMeHTa JTucka h(r) mist
n30paHHBIX MO KoJeOaHui

B pamkax 06o00meHHoN Monenu noiydeH cienyrommiit HAJ[Y BepTukambHBIX
KOJIEOaHU I

d%Q(y) dQ(y) (N+m)! (N—m)!
(1 +Xcosw) av > + Asiny - dy + 2{(N+ Ty (p—T - o
m2pli - xz) -2 N2 m2en—2)]
1= (l + Xcosw) 6 (1+ Acosy) Q(W) =0.

C nomotpio pe3yabratoB uccieaoBanus HAJIY (4) nokazaHo, 4TO ¢ yBEJIUYECHUEM
3HAuUEHHUS NapaMmerpa 3 HeyCTOMYMBOCTH S-00pa3HOM M3THMOHON M KyNOJ000pa3HOit
MOJI YCHJIMBAIOTCS, @ C POCTOM 3HAYEHUs MapameTpa o, HA00OpOT, 3TU MO/IbI
CTaHOBATCS OoJiee ycTouuBbIMU. A st N-oOpa3zHoit u U-o0pa3Hoil U3rHOHBIX MOJT
posib mapameTpoB o U B Menserca. HAJlY mperieccHOHHOTO THIa BO3MYIICHUSI HE
3aBUCUT OT mapameTpoB o u [. Takum oOpaszom, mocieasssi mojna Ha ¢oHe
AHU30TPOMHBIX MOJICJIEH HECTAIMOHAPHOIO JUCKA SIBIISIETCS BCErJa YCTOMYMBOM TaK
K€, KaK B paMKax UCXOJHOU U30TPOITHOM MOJIEIIH.
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Ha ¢one Bpamiaromieiicsi aHU30TPOIHON U UCXOJHON M30TPOMHON HETUHEHWHBIX
MoZeNen ¢ pocToM (2 MAaKCHMAJIbHBIE 3HAYEHUs WHKPEMEHTOB HEYCTOWYHMBOCTEMN
U3TMOHBIX MOJI MOCTeNeHHO yMeHblatorcs. [lpu Q=0 nmeem HeyCTOMYHUBOCTH
anepuouYecKoro xapakrepa, a korga (>0 — xkonebarenpHOr0 xapakrtepa. Ho B
OTIIMYUE OT JPYTUX HW3TUOHBIX MOJI, KyNOJbHAs HEYCTOWYMBOCTH HMMEET TOJBKO
anepuoANYEeCKUM XapaKTep HE3aBUCHUMO OT 3Ha4YeHUs mapameTpa BpamieHus. Kpome
TOTO, B YaCTHOCTH, JJis1 MOJbI (5;6) npu 3HaueHuUsx €2,=0,513260 u €2;=0,522912
NOSIBJIAETCS. HEYCTOMYMBOCTb, XapakTep KOTOpPOW CBsi3aH C  PE30HAHCOM
ACUMMETPUYHOTO KOJE€OaHWs] C JBIDKCHHSIMH OTJICJIbHBIX YacCTUI[ B CHCTEME
(cMm. puc. 7).

0.513250
0.522912
0.550851
0. 504559
0. 520056
0. 563367

15k

2T/ |U])o
=
(2T U)o

2
]
3

..... s

; : B ;
001 02 03 D4 DQS 0 07 08 03 001 07 03 04 05 05 07 08 09 Dn 00 02 03 04 D5 D5 07 DB 03 I
0 Q

m=5; N=6 m=0; N=3 m=4; N=5

Puc. 7. Kputnueckue 3apucumoctu (2T/|U|)o oT mapamerpa BpareHus: 00001eHHON
mozenu tipu a=B=0, st Tpex Mo KoneOaHui

JInst u3ruOHBIX MOJ BO3MYIICHHI aHM30TPONHAs MOJAENb 0ojiee HEYyCTOMYMBA,
YeM MCXOJHask u30TponHas moaenb. Onuako npu Q=0,5 u30TponHas U aHU30TPOIHAS
MOJEIH BEIyT ce0si OJMHAKOBO OTHOCUTENIBHO Mon (4;5) u (5;6) BepTHKaIbHBIX
BO3MyIllIeHU. CpaBHEHHE HWHKPEMEHTOB HEYCTOWYMBOCTEM TOPU3OHTAIBHBIX H
BEPTUKAIBHBIX MOJ TOKa3bIBAET, YTO IPHU MaJlbIX M YMEPEHHBIX 3HAUYCHUSIX
napaMeTpa BpalleHUsi JUCKAa BEPTUKAIbHBbIE M3TUOHBIE MOJIbI BCEra JOMUHUPYIOT
HaJ TOPU3OHTAIBHBIMH, a TPH NPHUOIMKCHUM K MaKCUMaJIbHOMY 3HAUYCHUIO ()
HaOro1aeTcs ooparHas kapTuaa (cM. puc. 8 u 9).
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Puc. 8. CpaBHeHue unkpeMenToB  PHC. 9. CpaBHeHue UHKPEMEHTOB
HEyCTOMYMBOCTEMH MOJT (5;6) HeycToH4nBOCTEN MO/ (5;6) BEepTHKAIBbHBIX
BEPTUKANbHBIX U (1;3) TOPM30HTaIbHBIX 1 (1;3) ropU3OHTAIBHBIX BO3MYIIEHUI [JIsI
BO3MYIIECHHUN JJIs1 H30TPOITHON MOZIEITH 00001eHHoi Moaenu npu o=P=0

AHaM3 HEYCTOMYMBOCTEH W3rHOHBIX MOJ Ha (OHE COCTaBHOM MOJEIU
MOKAa3bIBAET, YTO MPH OTCYTCTBUHM pagualIbHBIX KOJeOaHW COCTaBHAs MOJEIb
MOJTHOCTBHIO HEYCTOMYMBA BO BCEM JMANa3OHE V JUIsl MaJbIX U YMEPEHHBIX 3HAUCHUMN
(), onHako, korja {2 CTpeMHUTCS K CBOEMY MAKCUMAJIbHOMY 3HAUYEHHUIO, JaHHAs
cutyanus mensiercs. C yBeIMUEHHMEM 3HAUCHMS TapaMeTpa BpaiieHus () y Bcex
U3TMOHBIX MOJ HAOMI0IaeTCs BO3HUKHOBEHHE HEKOETO0 pPe30HAHCHOro 3Qdekrta
CYNepIo3UulMk JIBYX MoOJeNield, B pe3yJbTaTe 4Yero o00JacTh HEYCTONYMBOCTU
YBEIIMYUBACTCS M 3aHUMAET MPAKTUYECKU BECh JMAMAa30H BO3MOXHBIX 3HAUEHUU
HavyanpHOrOo BUpHaimbHOro otHomeHus (2T/|U]),. Kpome Toro, korma Q—1
KOJMYECTBO KaHAJIOB M IUIONIAJb OOJACTU YCTOMYMBOCTU YBEJIMYMUBAIOTCS W,
napaiesIbHO ¢ 3TUM, PE30HAHCHBIE MUKH HEYCTOWYHMBOCTH CABUTAIOTCS B MPaBYIO
CTOpOHY. 3aMeTuM, 4To npu 2=0,5 KpuTepuil KynoJIbHON HEYCTOMYMBOCTH IUCKA HE
3aBUCUT OT TMapameTpa Cymepro3uiuu v. B U3ruOHBIX KoJeOaHHSIX MapamMeTp
BpamieHuss () wurpaetr CTaOWIM3UPYIOIIYI0 pPOJib, a MapameTp CYyNepHo3uluu Vv
Hao0OpoT, JaeT Aectadbunmsupyromuid 3¢p@exr. COOTBETCTBEHHO MOXHO CHENaTh
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BBIBOJI O TOM, YTO KyMHOJbHas M3rHOHas MoAa Ha (JOHE COCTaBHOW MOJEIH BCET/Aa
UMEET HEYCTOWYMBOCTH AIlEPHOJNYECKOTO XapaKTepa, a OCTAIBHBIE MOJABI UMEIOT U
anepuoJuYecKuid, U KoyieOaTenbHbIi XapakTep HEYyCTOMYMBOCTH, B 3aBUCUMOCTH OT
3HAQYECHUM ITapaMeTPOB BpallleHHUsT €2 U CyNEpIIO3HIINH V.
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Puc. 10. CpaBHeHHE HHKPEMEHTOB Pa3IMYHBIX MOJ COCTAaBHOW MOJIENHN VISl Pa3HBIX

3HaYEHUI MapaMeTpoB BpauleHus: (2 U CyNepro3uLUu V

CpaBHEHHE COCTaBHBIX MOJIEJIE OTHOCHUTEIbHO HEYCTOMYMBOCTEH H3TMOHBIX
MOJI KoJieOaHUM JaeT MOYTH TAaKOM e Pe3yJsibTaT, KaKk B Cllydyae TOPU30HTAJIbHBIX
moia. OtMeruM, 4TO Ha ()OHE PACCMOTPEHHBIX BCEX HECTAIIMOHAPHBIX MOJeNen
ACUMMETPHUYHBIN M3TUO JUCKA TaJaKTUK UMEET HauOOJBIITNI HHKPEMEHT, 3aTeM HJIET
U-00pa3uplif M3rud M TOJIBKO TOCIE HEr0 MOXET MPOUCXOIUTH KYMOJ00O0pa3HBIi
u3rud B €ro IeHTpaIbHol JacTu (cM. puc. 10).
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B npuwioxkeHMsAX TNpUBEICHBI SBHbIC BBIpAXECHUS (QYyHKIMH Kod(dduimeHnrta
Bo3mytieHust st moa (0;6), (2;6) u (1;7); HAJLY kombiieoOpa3HbIX U JOTICANIHBIX
MOJI BO3MYLIEHUN Ha (JOHE M30TPOMHON MOJENH, JIJIS JIONCAaHJaIbHBIX MO Ha (oHE
BpAILAIOLIEWCA  AHU30TPOITHOW  MOJENM; PE3yJbTaTbl  MCCIEIOBAHUS  TUIIOB
nHeycroiuuBocteil Moz (0;4) u (0;6) Ha QoHE M3OTPONHON MOJIENH; KPUTUUYECKUE
3aBUCHMOCTH HA4yajJbHOI'O0 BHUPUAIBHOIO OTHOLICHUS OT MapameTrpa CyIEpIIO3HIUU
Y PA3IMYHBIX 3HAYEHUSX MapaMeTpa BpalleHHs sl KOJIbIEeoOpa3HbIX U U3THMOHBIX
MO/ BO3MYILEHHI; KPUTUUECKUE 3aBUCUMOCTH HAYAJIbHOTO BUPHUAIIBHOTO OTHOILLIECHHUS
OT MapaMeTpa BPAIICHUS IS HU30TPONMHOW MOJEIM B CIIy4yae JONCANUIHBIX MOJ
BO3MYLICHU; rpaduku CpaBHEHU VHKPEMEHTOB HEYCTOWYMBOCTEN
KOJIbIIEOOpA3HBIX, JOMCAUAHBIX U U3TMOHBIX MOJ Ha (JOHE COCTABHBIX MOJENEH AJis
pa3IMyYHbIX 3HAYEHUH MMapaMeTpOB BpAIICHUs U CyNepHO3ULUH; Ipa(UKi CpaBHEHUS
COCTaBHBIX MOJIEJIEH MEXIy COOOW OTHOCHUTEIHHO HEYCTOMYMBOCTEH MaHHBIX MOJ
BO3MYIIICHUH; MPUBEICHBI CBOJIHBIN KATAJIOT TAIAKTUK C JIOTICAIHOCTHIO U paboumii
CIHCOK aCCUMETPUYHBIX U3THOHBIX TaJIaKTHUK.

3AKJIIOYEHUE

IIo pe3ynpraram HCCIENOBAaHUM, MPOBEAEHHBIX IO TEME JOKTOPCKOMN
muccepraunn  «HenuneiiHas Teopust (OPMUPOBAHMS OCHOBHBIX CTPYKTYPHBIX
o0pa3oBaHMil B JUCKOOOpAa3HBIX TajakTUKaX» MPEICTABICHbl HUKECIEAYIOIINE
BBIBOJIBL:

1. Pa3paboTana HENMHENHO HECTallMOHApHAs TeopHsl (GOPMHUPOBAHUS KOJIBLIEBBIX,
JIOTICAUJIHBIX W M3TMOHBIX SIBJIGHUA B JHCKOOOPA3HBIX TajlaKTHUKaX C YYETOM
COBPEMEHHBIX JAHHBIX HAOJIOICHU.

2. BrnepBoie pazpaborana kiaccudukanus —(U3MYECKH  KOJbIIEOOPa3HBIX
rayiakTuK. [lomydeHnHas kinaccuuKkaius COAEpKUT 9 rpynn OTHOCUTEIBLHO BUIUMBIX
IPU3HAKOB KOJIBLIEBBIX CTPYKTYpP B TaJaKTHKaX, KOTOpPbIE MOTYT (OpPMHpPOBATHCA
BCJICJICTBUE TPABUTAIMOHHOM HEYCTOMYMBOCTH KOJBIIEOOpPA3HBIX MO KOJeOaHUHN U
HUKaK He 00pa3yroTCsl U3-3a CHJIBHOM 3aKpYYEHHOCTH CIHMPAJIbHBIX PYKaBOB MJIU MX
OpOEKUMH Ha  KApPTUHHYIO  IJIOCKOCTh.  YCTAaHOBJIEHO, 4YTO  Haubosee
pacnpoCTpaHEHHBIMH I'PYIIIIAMH SIBJISIOTCSI KOJIBLEBBIE TAJAaKTUKH C SIAPOM M Ciydai
KOJbI[a C TMEPEMBIYKOM M JBYyMs pyKaBaMH. B maTH cioydasx U3 JEBATH
OPUCYTCTBYIOT IepeMbluku. CrnupanbHble pyKaBa HAOMIOJAIOTCS TOJIBKO B TpeEX
ciaydasx. J[ByXKOJIbIIEBbIE TallaKTUKH BCTpEYalOTCs M0BOJbHO 4dacto (18%), uem
0’KMAJIOCH.

3. BrnepBble mocTpoeHbl 000OUIEHHasT W TPU  COCTAaBHbIE  HEJTUHEHHO
HECTallMOHApHbIE (Pa30BbIE MOJEIH JUCKOOOPA3HBIX CAMOTPABUTUPYIOIIUX CHCTEM C
AQHMU30TPOITHOM AuarpamMmon ckopocteil. IloydeHbl TOYHBIE BBIpAXKEHUSA IS
OCHOBHBIX (PU3WYECKUX XapaKTEPUCTUK MoOJeNel, TaKuX Kak KOMITOHEHTHI
KMHETUYECKOW DHEPrUM NYJBbCUPYIOIIETO JIUCKA, JUCIEPCHH CKOPOCTEH B
paavaJibHOM M TpPaHCBEPCAIbHOM  HANpaBJICHUSX, TJOOANbHBIA  MapaMerp
AHU30TPOIIMH U JP.

4. Haiinenst HAJIY 171t OCHOBHBIX HaOJIOJIa€MbIX CTPYKTYPHBIX MPOSBICHUN
TOPU30HTAJIBHBIX W BEPTUKAJIbHBIX MOJ BO3MYILUEHHH, pa3BUBAIOUIMXCA Ha (OHE
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NOCTPOEHHBIX HECTAMOHAPHBIX MOJEJIEH CaMOIpaBUTHPYIOLIEro Jucka. B
YaCTHOCTH, YCTAHOBJIEHO, YTO Pa3BUTHE HEYCTOWYMBOCTU OJIHOKOJIBIIEBOM MO/BI
(2;4) Oynetr oAMHAKOBBIM I BCEX aHM30TPOIHBIX MOJeNIe 0e3 BpalleHus, TaKk Kak
HAJIY nanHOW MOHIBI HE 3aBHUCHUT OT IapaMeTpoOB o U [}, XapaKTepHU3YIOIIUX
pasau4ue U CTEIIEHb AaHU30TPOIIUU MOJIETIEN.

5. TlokazaHo, 4TO TMapamMeTpbl aHU30TPOINUMU O U [3 MAIOT MPOTHBOMOJIOKHBIE
3¢ (}EeKTs B X0/1€ IBOTIONNH HCCIEIYEMBIX CTPYKTYPHBIX MOJ Bo3MyIeHud. Taxxke
BBISICHUJIOCH, YTO B CIIy4asX, KOT/la IapaMeTp o UTPAET AECTAOMIM3UPYIOLIYIO POJb,
TO C YBEJIMYEHHUEM €ro 3HAYEHUU BO3PACTAET MHTEPBAJ HAYaJIbHOIO BHUPHUAIBHOTO
OTHOLIEHUS, rae (OPMHUPYIOTCA JaHHbIE CTPYKTYpbl Ha ()OHE aHU30TPOIHBIX
mozeneit. Ho, koraa oH urpaetr craOuiM3upyroIyo pojib, Toraa Hao0opoT, 00acTu
HEYCTOMYMBOCTH MOCTEMEHHO CyxkatoTcs Boyib ocu (2T/|U|)g B 1eBYIO CTOPOHY.

6. Haiinensl MexaHu3Mbl U KpUTepud (GOPMHPOBAHUA AAHHBIX CTPYKTyp. B
YaCTHOCTH, IIOKa3aHO, YTO KOJBIEBAasl CTPYKTypa MOXeT GOpMHpPOBAaTHCA B
pe3yJibTaTe HEYCTOMYMBOCTH pPaAWalbHBIX JBUKEHUW, €CIIM HadalbHas IOJHAs
KUHETUYECKAasi SHEPTUsl aHU30TPOITHOM MOJIEIN cocTaBisieT He Oonee, yeM 22,4% ot
HAYaJlbHOM TMOTEHIHAJIBHON SHEpPruu, HE3aBUCUMO OT 3HayeHus L), a s
JIOTICAalIHON CTPYKTYpHI 3Ta BennunHa coctaBisieT 30,6%. Takke ycTaHOBIEHO, YTO
JTaHHas JIoTcaiiiHas HEYCTOMYHMBOCTb, HMEET Kak KoJjieOaTenbHbI, Tak U
anepuoANYECKU XapakTep B 3aBUCHUMOCTH OT 3HAYEHHUS HAYaJIbHOTO BUPUAIBHOIO
OTHOIIECHUS Ha (OHE HEBpAIIAIOUICHCS aHU30TPOMHONW MOJENH, HO KOTJa MOJEINb
BpAIIAETCsl, MBI UMEEM JIEJIO TOJIBKO € KOJIEOATEeIbHON HEYCTOMYMBOCTBIO.

7. BrepBble HailIeHbl XapaKTEpHbIE BpPEMEHA MPOSBICHUS HAOJIOIAEMbIX
KPYITHOMACIITA0OHBIX CTPYKTYp JMCKa W KPUTHYECKHWE 3HAYEHUS HAYaJIbHOTO
BUPHUAIBHOTO OTHOILIEHHS B 3aBUCUMOCTH OT OCHOBHBIX (DM3MUYECKHX MapameTpoB
HEJIMHEWHBIX MojieNiel. B 4acTHOCTH, yCTaHOBJIEHO, 4TO Ha (pOHE HECTAlMOHAPHOM
AHU3O0TPOIHOM MOJIEIN CHayaida oOpa3yercs KMHEMAaTHYeCKH CMEILEHHOE SIIpo,
3aTeM MPOSABIISIETCS KOJbLIEBask CTPYKTYpa MPU MaJIbIX U YMEPEHHBIX 3HAYEHUAX () U
(2T/[U])y, @ TOOBKO TOTOM B cHcTeMe (opmupyercs Gap, HO korma >0,5, To
HE3aBUCHMO OT 3HAQUYEHUS HAYAJIBHOTO BUPHUAIBHOTO OTHOLIEHHUS, MOCJIEN0BATENBHO
nposiBisitoTest 3ddextor  (1;3), (0;4) m (2;2) moa. B pamkax BepTHKaIBHBIX MOJ
BO3MYILIEHUI BBISBICHO, 4YTO BHAYajie IPOSBISAETCS AaCUMMETpU4YHbId win  U-
oOpa3HbIil U3rub JAMCKA ralakTUK, a 3aTeM MOXKET (DOPMUPOBATHCS KYTOJI000PA3HBIMA
u3ruo.

8. BriepBble BBINOJIHEHO CpPABHEHHE HEYCTOMYHMBOCTEH TOPU30HTAIBHBIX U
BEPTUKAJIBHBIX MOJ  KoyieOaHMH Ha (OHE HEIMHEHHO  HECTAalMOHAPHBIX
CaMOTPaBUTHUPYIOIIUX JAUCKOOOPA3HBIX MOJENEH. YCTaHOBIEHO, YTO MPU MANbIX U
YMEPEHHBIX 3HAUEHUSIX [apaMeTpa BpaIllEHHs JHCKAa BEPTUKAJIbHBIE MOJbI
KOJeOaHU  M30TPONHOM M AHU3OTPOIHOM  MOJENEH  JTIOMUHUPYIOT  Haj
TOPU30HTAIBHBIMU, a MPU MPUOIKEHUU BpAIICHUS K MaKCUMaJIbHOMY 3HAaY€HUIO
Ha0Jr01aeTcst 00paTHast KapTUHA.

9. IlokazaHo, yTo B O0OIIEM clly4ae aHU30TPOIIHAs MOJElb OoJjiee ycTouMBa
OTHOCUTEJIBHO U3YYEHHBIX TOPU3OHTAIBHBIX MOJI KOJIeOaHU, YeM U30TpOIHas, a JAJis
BEPTUKAIBHBIX — HMEET MECTO MPOTHUBONOJIOKHBIN pe3ynbTaT. Ho Tonbko npu Q=0,5
U30TPONHAS M AaHU30TPONHAs MOJEIU BEAYT ce0si OJMHAKOBO OTHOCUTEIHHO
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onpenenieHHbIX Mon Bo3myienuit — (0;4), (1;3), (4;5) u (5;6). Cpenu cocTaBHBIX
MoOJIeNiei UMEeI0TCs Haubosee YyCTOWYMBBIE U CHIIBHO HEYCTOMYMBBIE KOMOWHAITIH.

10. JokazaHo, 4TO B TOPHU3OHTAIbHBIX KOJIEOAHUSAX mMapaMeTp BpamieHus <
UTpaeT JeCTaOWIM3UPYIOLIYI0 pOJib, a MapaMeTp CYMNEepIo3UlMH, HA00OpOT, AaeT
crabunmsupyromuii  3pdext. Ho B BepTUKaNbHBIX KOJEOAHMSIX POJb ATUX
apamMeTPOB MEHSETCS.

11. HaiiieHpl KpuUTHMYECKHME 3HAYE€HHsI Ui [apaMeTpoB  BpallEHHS U
CYNEPHO3UINH, TPU KOTOPBIX HAONIONAETCS CIIOKHBIA pe30HAHCHBIA >PQeKT u B
pe3yibTaTe 4Yero HEyCTOWYMBOCTh CTPYKTYPHBIX MOJ JIOMUHHUPYIOT BO BCEM
Uana3oHe 3HAYE€HUH Ha4aJIbHOTO BUPHAIBHOIO OTHOILIEHUS.
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INTRODUCTION (Annotation of doctoral dissertation)

Topicality and relevance of the subject of dissertation. The spiral and
lenticular galaxies appear to be disk-like, and therefore, it can be argued that the
majority of the observed elements — bricks of the Universe are precisely disk-like
galaxies. “Pancakes” of Zeldovich, which are super clusters of galaxies, also reveal
themselves as disk-like structures. Therefore, the study of disc-like models of self-
gravitating systems is of great interest not only for extragalactic astronomy and
astrophysics, but also for cosmology.

The structure of disk-like galaxies is quite diverse. According to the current
earth and space-based observation data, in the disks of spiral galaxies, besides a good
and long-known spiral structure, there is often observed phenomenon of lopsidedness
in the form of an explicit bias nucleus of the galaxy from its geometric centre, some
variety of ring formations, and vertical deflections of the disc, particularly,
asymmetrical in comparison with its axis of rotation and plane of symmetry. The
processes of shaping of these structural formations can be explained by instability of
specific perturbation modes, as one of the basic physical mechanisms for the origin of
large-scale structures in galaxies and a number of other self-gravitating systems is
precisely the gravitational instability. However, until now these instabilities were
investigated analytically in the framework of strict equilibrium models of gravitating
disk, whereas in reality, these processes occur on the background of clearly non-
linear non-stationary states of the disk subsystem.

In this the requirement of constructing analytically solvable non-stationary self-
gravitating models and studying the phenomenon of gravitational instabilities on the
background of these non-linear non-equilibrium states, currently is a necessary
element in the study of early evolution and physics of the disk-like galaxies, and
proves the relevance of this research at a global level.

Study of non-linear non-stationary properties of the abovementioned structural
formations in the form of rings, bends and lopsidedness at an early stage of evolution
of disc-like self-gravitating systems (DSS), search the exact criteria for their
formation, construction of critical diagrams of dependencies between the physical
parameters of non-stationary models of disk subsystems of spiral galaxies and
development of non-equilibrium theory of formation of these basic structural
formations create favourable conditions for the production and effective
implementation of relevant numerical computer experiments, as well as solve the
problem of early evolution of disc-like galaxies.

Conformity of the research to the main priorities of science and technology
development of the republic. The dissertation research has been carried out in
accordance with the priority areas of science and technology in the Republic of
Uzbekistan: I1. “Power, energy and resource saving”.

Review of international scientific researches on the dissertation subject.

The research of the problems of the structural formations of disk-like galaxies
has been carried out by the world’s leading research centres and institutions of higher
education, in particular, Alabama University, the Carnegie Institution in Washington,
D. Hopkins University, the Space Telescope Science Institute (USA), Oulu
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University (Finland), Paris Observatory (France), Observatory of Turin (Italy),
Institute of Astronomy of Cape Town (the Netherlands), Indian Institute of Science in
Bangalore (India), University of Karachi (Pakistan), Leipzig University and Max
Planck Institute for Astrophysics (Germany), University of Granada (Spain), State
Astronomical Institute named after Sternberg of Moscow State University,
Astronomical Institute named after V.V. Sobolev of St.-Petersburg University
(Russia), Cambridge University (UK), University of British Columbia (Canada),
National University of Uzbekistan and Astronomical Institute (Uzbekistan).

The study of basic structural formations in disk-like galaxies, at the global level,
has produced a number of research results, including: the catalogue of ring-like
galaxies was compiled, their kinematic characteristics were defined, numerical and
experimental models of the origin of ring structures in the galaxies in the framework
of the theory of their merging were developed (Alabama University, USA; Oulu
University, Finland; Paris Observatory, France; Observatory of Turin, Italy and
Carnegie Institution in Washington, USA); compiled catalogues of lopsided galaxies,
the degree of lopsidedness of galaxies were determined, results of modal analysis on
the background of equilibrium models were obtained (Institute of Astronomy of Cape
Town, Netherlands; Space Telescope Science Institute, USA; D. Hopkins University,
USA; Indian Institute of Science in Bangalore, India; Paris observatory, France and
University of Karachi, Pakistan); compiled and catalogues of galaxies with the
bending of the disk subsystem were composed and the types of warps there were
defined, the values of the degree of bending were found, as well as the effect of
bending on the basis of numerical and experimental models, mainly in the framework
of the tidal theory were determined (Leipzig University, Germany; University of
Granada, Spain; Astronomical Institute named after V.V. Sobolev of St.-Petersburg
University, Russia; Max Planck Institute for Astrophysics, Germany; Cambridge
University, Great Britain and University of British Columbia, Canada).

Currently, in order to study the problem of formation of the main structural
formations in disk-like galaxies there were carried out investigations in the world in a
number of priority areas, including: observation of rings, lopsidedness and bends in
disk-like galaxies and their analysis; theoretical modelling of early stage of the
evolution of the DSS; finding the areas of gravitational instability of structural
perturbation modes on the background of non-linear non-stationary models for their
parameters; determination of initial physical conditions, criteria and mechanisms of
their formation in disk-shaped galaxies, as well as construction of non-linear theory
of the formation of these structural formations.

Degree of study of the problem. The problems of instability of collapse and
non-linear pulsations of flat self-gravitating systems that require the analysis of the
role of early unsteadiness depending on the initial physical condition, expressed in
terms of potential and kinetic component of energy systems, have always been
studied by means of numerical experiments by many scientists, for example, from the
USA (R. Miller and D. Merritt, L. Hernquist), Korean (K. Min, Ch. Choi) and others.
However, the number of numerical simulations of non-linear effects and phenomena
of resonance instability remained unnoticed as they did not lend themselves to the
identification in numerical calculations. These issues require the formulation of a new
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theoretical plan and study of these issues under the backdrop of unsteadiness, as it is
considered in this thesis.

Some authors, for example, Indian scientists (R. Nityananda, S. Sridhar and
etc.) studied the evolution of individual oscillation modes using the Poincare section
method, but in the formulation of the problem and analysis of the results they
followed the opinion that the bar-mode has the largest increment of instability. It was
necessary to investigate the differential equation for coefficient of pulsation of disk.

American scientists (J.Buta and others) created a remarkable catalogue of ring-like
galaxies. But here each galaxy was described in a complicated way by complex
characters. On the other hand tightly wound spiral arms or Sa galaxies with an unusual
projection on the line of sight had also been considered as ring galaxies. However, these
authors were not interested in the problems of classification of ring galaxies.

The researches of non-linear oscillations in various subsystems of galaxies and
specific types of self-gravitating systems, the dynamic effect of the presence of halos
and crowns of galaxies and analysis of the problem of constructing exactly solvable
phase models of non-linear non-equilibrium stages of galaxy evolution for the first
time have been started in the National University of Uzbekistan (S.N.Nuritdinov) in
the early 80s. Here the individual spherical non-stationary models of self-gravitating
systems have been built for the first time by generalizing the well-known equilibrium
models of Einstein and Camm for the case of pulsation. Also, non-linear analogues of
dispersion equations of these non-stationary models were obtained and their
gravitational instability was considered. Together with Russian scientists
(V.A.Antonov, et.all.), the problems of non-linear oscillations of non-rotating
Einstein model were examined and the evolution of bar-like perturbations on the
background of the non-stationary model was studied. Theoretical results obtained in
the National University of Uzbekistan were confirmed by numerous experiments of
scientists from the USA, Korea and India. In addition, non-stationary isotropic model
for disk-like self-gravitating systems was developed, and on its background the
problems of instability of bar mode were investigated. However, the isotropy of this
model is somewhat simplified. In addition, other important modes, such as ring-like
and lopsided structural modes have been left without consideration.

Connection of the topic of dissertation with the scientific works of scientific
research organizations, where the dissertation was carried out. The dissertation
work was carried out in the framework of the scientific projects of the Astronomical
Institute and National University of Uzbekistan: F-2.2.1 “Gravitational lenses and
collapsing galaxies: observational-experimental and theoretical problems™ (2003-2007);
OT-F2-049 “The nature of large-scale structural formations in galaxies with different
redshifts” (2007-2011); FA-F2-F058 “Research of gravitational lenses, forming galaxies
and generalized models of astrophysical objects” (2007-2011); F2-FA-F029 “Physics of
gravitational lenses, compact astrophysical objects and non-stationary disk systems”
(2012-2016); 43-04 “Search of fundamental stochastic properties of phase mixing in
gravitating systems in the non-linear collapse stage” (2004-2005); 51-06 “Search and
analysis of gravitational instabilities of non-linear anisotropic models of disk-shaped
systems” (2006-2007); F.7-12 “Analysis of observations of ring-shaped galaxies and
development of the theory of their origin” (2012-2013).
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The aim of the research The aim of the study is construction of non-linear non-
stationary models of disc-like self-gravitating systems and development of the theory
of formation of individual structural formations in spiral galaxies.

The tasks of the research:

accumulation of observational data in order to develop a classification of disk-
like galaxies, which have, in particular, ring-like structural formations in combination
with other large-scale structures;

statistical analysis of the lists and catalogues of galaxies containing lopsided
structure and observational data on the phenomena of bending;

construction of a generalized phase model of non-stationary disk-like galaxies
with radial pulsations and anisotropic diagram of velocity;

receiving non-stationary analogues of dispersive equations (NADE) for
perturbation modes that are responsible for the formation of ring-like, lopsided and
bending structural formations in spiral galaxies;

study of the received NADE for various combinations of the physical
parameters of the original non-equilibrium rotating model;

investigation of the physical nature of the found instabilities of the investigated
structural oscillation modes on the background of non-stationary models which were
built here;

identification of marginal dependencies between the physical parameters of
non-stationary models of the early stages of the evolution of disk galaxies for the
main horizontal oscillation modes;

receiving the increments of gravitational instability for ring-like, bar-like
lopsided oscillation modes and holding a comparative analysis on the background of
a generalized non-stationary models;

solution of the NADE for vertical bending oscillation modes both in the
generalized model, as well as in the composite non-stationary models of self-
gravitating disk;

identification of the basic characteristics and sequences of formation of S- and
N-like asymmetrical, U-like, dome and precession types of the bending in time on the
background of various non-linear models;

performing the analysis of the nature of bending instabilities of oscillation
modes in non-stationary models and comparison of the instability increments for
determining the dependence of characteristic times of the appearance of basic
physical parameters of the models;

comparative analysis of horizontal and vertical modes of perturbations and non-
stationary models in terms of the early stages of evolution of disk-like galaxies.

The objects of the research are DSS, their theoretical models and observed but
non-investigated theoretically large-scale structural formations in disk galaxies.

The subject of the research is processes of formation of ring-like, lopsided and
bending structural formations in self-gravitating disk subsystems of spiral galaxies, the
mechanisms of gravitational instabilities on the background of non-stationary models.

The methods of the research. Phase modelling, non-linear oscillations of self-
gravitating disk systems, the integration of systems of differential equations
containing free parameters by the method of stability of periodic solutions, standard

60



software for integration (for example, using Everhart’s method), numerical
calculations of instability increments of model problems, as well as statistical
analysis of observational data.

The scientific novelty of the research is as follows:

The theory of non-linear non-stationary formation of ring, lopsided and bending
phenomena in disk-like galaxies is created.

For the first time a generalized and three composite non-linear non-stationary
phase models of the DSS with anisotropic diagram of velocity have been built, and
their main physical characteristics were found.

Classification of ring-like galaxies was developed on the basis of analysis of
their observational data which contains 9 groups with respect to the visible signs of
ring structures in them. For the first time there were found marginal dependencies
between the initial values of the physical parameters of non-linear non-stationary
models on the background of which the double ring-like structure has been forming
in the disk-like system.

For the first time the mechanisms and criteria for the formation of the
investigated main structure were revealed on the background of generalized non-
stationary anisotropic disk. For example, if the initial total kinetic energy of the
anisotropic model is no greater than 30,6% of the initial potential energy there is
instability of radial movements, leading to the phenomenon of lopsidedness.

For the first time the characteristic times of manifestations of bending,
lopsidedness and ring-like formations on the disks and the critical values of non-
stationary degree of the models have been found. In the case of bends it was found
that on the background of the non-stationary anisotropic model first appears
asymmetrical bending, then the dome-like one can be formed, but with the increase of
the value of the rotation parameter the dome instability becomes more significant.

For the first time it was found that at small and moderate values of rotation of
the disk vertical oscillation modes of isotropic and anisotropic non-stationary disk-
like models dominate above the horizontal ones and at achieving the maximal values
of the rotation the opposite effect is observed.

For the first time it was found that, in general, with respect to studied horizontal
modes the anisotropic model is more stable than the isotropic one, and as for vertical
modes, on the contrary, isotropic model is more stable. But if rotational parameter
= 0,5, the isotropic and anisotropic models behave the same way with respect to
modes (0;4), (1;3), (4;5) and (5;6).

The practical results of the research are as follows:

The non-linear, radially non-stationary disk models are constructed, which may
be used as the initial states in the computer simulations.

Critical diagrams of dependencies between the basic physical parameters of
non-linear non-stationary self-gravitating disks which are necessary for carrying out
some numerical experiments and deciphering complex effects, and details of the
numerical evolution modelling of these objects are obtained.

The classification of ring-like galaxies will be useful in processing new
observational data, and analysis of the problems of the evolution of ring-like
formations is developed.
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Reliability of the research results is proved by the fact that in the given work
well-known classical methods of the theory of oscillations of dynamic systems were
applied and high precision numerical methods were used. The critical values found
here for the rotation of non-stationary model at zero amplitude of the pulsation (A =
0) are exactly the same with the results obtained earlier under the stationary model.
Non-stationary analogues of dispersion equations, obtained by different methods
coincide with each other.

Scientific and practical values of the research results. The scientific
significance of the research results is determined by the ability to use developed in
the dissertation the methods of construction and the analysis of stability of non-linear
time-dependent models of galaxies and study instability mechanisms in the theory of
stellar oscillations, detection of instabilities in laboratory plasma and other dynamic
applications where non-linearity and unsteadiness are the main factors, as well as the
possibility of formulating and comparing of the fundamental conclusions of the
formation of the structure and evolution of disk-shaped gravitating and Coulomb
systems. Furthermore, critical values of virial ratio DSS relationship can be used as
initial conditions in numerical simulations in modelling the initial state.

The practical significance of the results of the research lies in the fact that they
can be successfully applied in the fields of extragalactic astronomy and astrophysics
to decipher the details of numerical experiments and compare the theoretical models
with numerical and experimental ones. They can also be included in the special
courses for university students, such as “Galactic astronomy”, “Physics of galaxies”,
“The cosmogony and cosmology bases”, etc. The results will find a direct application
in the study of other similar astrophysical objects, such as dark matter in the
Universe. The classification of ring galaxy will certainly be used in the process of
new observations and analysis of the problems of the evolution of ring structures.

Application of the research results. The results after determination of narrow
regions of stability and instability, critical values of rotation parameter for resonance
points and methods of finding instability increments of instability modes were
applied to the problems of the research of oscillation modes for other models of self-
gravitating systems in the shapes of non-linear non-stationary spherical
configurations while carrying out the grant ii the framework of the State Scientific
and Technical Program of Fundamental Research FM-2-336 “Some problems of
early stages of evolution of spherical systems” (NUUz, 2004-2005). Through the
application of the scientific results of the dissertation there were defined a similar
narrow zones of instability and the role of geometry of the system, as well as real
mechanisms of the observed individual structures in spherical self-gravitating
systems (Letter from the Committee for Coordination Science and Technology
Development FTK-02-13/103 of 16.02.2016).

Approbation of the research results. The research results were reported in the
form of reports and tested at 16 international and local scientific conferences, in
particular: “Dynamics and Evolution of Dense Stellar Systems™ JD11 of IAU (Sydney,
2003), “Order and Chaos in Stellar and Planetary Systems” (Saint Petersburg, 2003),
“Astronomy - 2005: State and Prospects for Development” (Moscow, 2015),
“Astronomy from Near Space to Cosmological Distances” (Moscow, 2015), “Modern
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Problems of Astronomy in Uzbekistan” (Tashkent, 2004), “Ulugbek’s Lectures”
(Tashkent, 2004), “Physics in Uzbekistan” (Tashkent, 2005), “The Role of Women
Scientists in the Development of Scientific and Technical Progress™ (Tashkent, 2006),
“The Gravitational Lens and Forming Galaxies” (Tashkent, 2008), “Fundamental and
Applied Problems of Modern Physics” (Tashkent, 2006, 2007, 2008), “Modern Physics
and Its Prospects” (Tashkent, 2009), “Actual Problems of Nuclear and Theoretical
Physics” (Tashkent, 2013), “Heritage of Ulugbek and Modernity” (Tashkent, 2014), the
Republican conference with international participation ‘“Modern Problems of
Mathematical Physics and Its Applications” (Tashkent, 2015).

The main results of the study were tested at the scientific seminars of the
department of Astronomy (2003-2012) and the Department of Astronomy and
Atmospheric Physics of the National University of Uzbekistan (2013-2015),
Astronomical Institute of the Academy of Sciences of Uzbekistan (2002-2015),
Potsdam Institute of Astrophysics (Germany, 2005) and Heidelberg Astronomical
Institute (Germany, 2006).

Publication of the research results. On the dissertation theme there were
published 60 scientific works, including 22 scientific papers, of which 8 in
international scientific journals and 14 in the national journals recommended by the
Supreme Attestation Commission of the Republic of Uzbekistan for publishing basic
scientific results of doctoral theses.

Volume and structure of the dissertation. The dissertation consists of an
introduction, five chapters, conclusion, four appendixes and a bibliography. The size
of the dissertation is 198 pages.
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THE MAIN CONTENT OF THE DISSERTATION

In the introduction the topicality and relevance of the dissertation theme were
justified, the aims and objectives were formulated, the scientific novelty and the
practical results of the study were set out, the reliability of the obtained results was
proved and their theoretical and practical significance were disclosed, a summary of
the application of the research results and the structure of the dissertation were given.

The first chapter of the thesis entitled “About the problems of formation of
large-scale structures in the disk subsystem of spiral galaxies” gives a review of
the literature sources on the theme of the dissertation as well as analysis of
observational data and theoretical directions of the research, which were devoted to
the large-scale structure of disk-like galaxies. Much attention is given to a relatively
new manifestation of structural formations in the forms of ring-like shapes,
lopsidedness, vertical bends of disk and etc. Possible ways of formation of these
structures were also briefly discussed. Analysis of the observational data has shown
that these large-scale structures are a common feature of spiral galaxies, as they or
even their combination are observed in the majority of disk-like galaxies.
Furthermore, the main content of two cosmological scenarios of galaxy formation
was set out in general. Significant difference of the results of gravitational
instabilities of non-stationary and stationary models of disc was shown as well.

In the second chapter, “Building a model of the initial state of the non-linear
non-stationary disc with anisotropic velocity diagram”, new phase models of
radially non-stationary disc with anisotropic velocity diagram have been built. For
example, considering the generalized weight function

2B+1

p(Q):Caﬁgza(l_QZ) > . C [2(c+ B+ 1)) (1)

o~ 72— 10(2p+ 1)

on the basis of a non-equilibrium isotropic model, a new class of generalized
anisotropic model of the self-gravitating non-stationary non-rotating disk has been
built. Here a and B are some integers, 2 is the dimensionless parameter of the disk
rotation. It should be noted that by multiplying the generalized model to the formula

1+QL, :1+Q(xvy —yvx), (2)

it gets a rotating model of DSS, where L is z-component of the angular moment, v

1s the vector of a “particle” of disk. Substituting the specific values of the parameters
a and B in the generalized model, it is possible to obtain the corresponding specific
non-linear non-stationary disk models with an anisotropic velocity diagram.

Three non-linear anisotropic models with a composite nature were also built,
which give the opportunity to explore the intermediate states between two discrete
non-stationary configurations, covering very wide possible initial conditions at an
early stage at the beginning moment of the collapse of the system.
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Exact expressions for basic physical characteristics of the constructed models of
the non-linear non-stationary self-gravitating disk were obtained. Since the majority
of features of the physical state of matter in the early stages of the evolution of disk
galaxies is still unknown, it is necessary to build different models with the anisotropic
velocity diagram. Thus, the constructed models are, firstly, anisotropic in the velocity
space, and secondly, within the framework of these models, the possible series of
different physical states of non-linear non-stationary stages of formation of large-
scale structures of disk-like galaxies can be explored.

In the third chapter, “The ring-like structure in disk-like galaxies and a new
theory of their formation”, the problems of classification and origin of ring-like
structures in disk-like galaxies were considered. According to it, on the basis of
published observational data by different authors, the selection of the possible
physically ring-like galaxies was made, where a ring phenomenon is not the result of
tight twist or projection of spiral arms. These ring-like structures, in principle, can be
observed as equal to other subsystems of galaxies, for example, barred or spiral arms.
Only after this, for the first time there appeared the possibility to classify the
observational data. The developed classification includes 9 groups, where ring-like
galaxies that have almost similar features in their structure are collected in one class.
It turned out that the most common groups are physically ring galaxies with a nucleus
and rings with a bar and two arms. In five cases out of 9 there are bars. The spiral
arms are only observed in three cases. Interestingly, double-ring galaxies appear quite
often, more than expected.

The problems of the origin of ring-like structures in galaxies were explored by
analyzing the gravitational instabilities of corresponding perturbation modes on the
background of non-linear non-stationary models. There were considered a single ring
(m=0; N=4, m=2; N=4) and a double ring (m=0; N=6, m=2; N = 6) perturbation
modes. The NADE of ring-like perturbation modes for non-linear models of the disk
were derived. For example, for modes (0;4) basing on the generalized model the
following NADE in the form of four differential equations of the second order was
derived:

2
(1+ Xcosw)dg—rz(\ll) + ksinww +0.(y)= ED>x< (22,9, %, p)(L +cos \|f)3_T sinfy,  (3)
dy dy g 04

where 1=0-3, p=0,52a+1)/(a+p+2), DZ4 (/z,v, A, p) is the concrete composite

trigonometric function which also contain all unknowns ¢ (y). Amplitude of
pulsation A =1-(2T/|UJ), can be expressed in terms of the virial ratio at the moment the

3/2
time t=0,  is intermediate variable t = (y + XSinw)/(l —~ kz) .
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Fig.1 Dependence of instability increment vice versa (2T/U) for mode (2;6) and for
different values of (a; )

The results of the analysis of NADE of ring-like modes are presented as plots of
dependencies of increments of instability on the (2T/|U]), (see. Fig. 1). It has been
found that the parameters o and [, characterizing the difference and degree of
anisotropy of a model provide, in general, the opposite effects during the
development of ring perturbation modes, as well as with the value o increases the
interval of virial initial ratio, where the structure is formed. But in the case of mode
(2;4) it is shown that NADE of this mode does not depend on the parameters o and 3,
and the development of the instability would be the same for all models of anisotropy
without rotation. On the background of the rotating anisotropic model at a=B=0 with
taking into account of (2), obtained NADEs for a single ring (0;4) and for a double
ring (0; 6) oscillation modes do not depend on the disc rotation (see, Fig. 2). In
addition, the instabilities of these modes also have both an oscillatory and aperiodic
character depending on the initial virial ratio. The instability area is shaded. Modes
(2;4) and (2;6) have two types of instabilities within the frame of a nonrotating
anisotropic model depending on the values of initial virial ratio, but when the model
has rotation, there can be observed only oscillatory instability. And also it shows that
on the background of the anisotropic models the possibilities of the formation of
single ring structures are always more than double ring structures, regardless of the
values of parameters € and (2T/|U])o.
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Fig. 2. The critical dependence of (2T/|U|) on the rotation parameter of the generalized model
at a = 3 = 0 for the mode (0; 4)

The instability of ring-like perturbation modes in the framework of the initial
1sotropic models gives the peculiar picture (see. Fig. 3). Fig. 3. shows that there are
two instability islands: very small at o(0,2<0<0,203; 0,415<(2T/]U[)0<0,483) and
narrow at [3(0,327<0<0,420; 0,464<(2T/|U])<0,653) and also two similar areas —
stability  islands at  v(0,23<0<0,33; 0,196790<(2T/|U|)0<0,427) and
0(0,3008<0Q<0,36; 0,185<(2T/|U])<0,355). Under the certain values of the rotation
parameter there occurs non-linear effect associated with the complex resonance
between the frequencies of the collective motions of the linear theory and non-linear
oscillation model, and as a result, the ring-like perturbation modes are unstable over
the entire range of values of the initial virial ratio. At 0<€2<0,7 for the modes (0;4)
and (0;6) there are typical oscillation as well as a periodic instability, and if Q > 0,7
there is only aperiodic instability. The character of the instability modes (2;4) and
(2;6) is exactly the same as in the case of the anisotropic model.

On the background of the composite model the instability of the mode (0:;4)
with Q=0,5 does not depend on the superposition parameter v. And for the mode (2;
4) such a situation appears if Q=0. Also it should be noted that under the certain
values of Q and v the superposition of two models leads to the fact that the instability
area has a peak and as the result, the ring-like modes are completely unstable in the
whole range of initial virial ratio. The modes (0;4) and (0;6) have both a periodic and
oscillation instabilities for all values of rotation. However, the modes (2;4) and (2;6)
on the background of the non-rotating component models also have a periodic and
oscillatory instabilities, and when the model is rotating, there is only oscillatory
instability. The comparison of the composite models between each relatively unstable
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to ring-like modes shows that the third component of the model is the most unstable
in comparison with other models when Q#1, and when the rotating parameter takes
its maximum value, the first component model becomes the most important.

1 0.13583 . . ] . C_ l:;i e0.85240

A(0,196; 0.20), B(0,331; 0,462), C(0,6; 0,688), D(0,647; 0,278), E(0,737; 0.388), F(0,815;
0,354), G(0.9; 0,407), S(0,14; 0,355), a=0,255389; b=0,501198; c=0,672189; d=0,815658;
=0,843302

Fig.3. The critical dependence of (2T/|U|)o on the parameter of rotation of original isotropic
models for mode (0;6)

In the fourth chapter, “The theory of formation of lopsided structures in spiral
galaxies”, the lopsided galaxies are carefully selected based on observations of several
authors with reliable parameter values of lopsidedness and a working union catalogue
with radial velocity redshifts, absolute magnitudes, values of type code, distance, and etc
has also been drafted. So information about 561 sites was collected and statistical
analysis was conducted. The results of the statistical analysis show that lopsidedness is
observed in almost all types of spiral galaxies in varying degrees depending on the twist
of spiral arms. The histogram of distribution of lopsidedness on morphological types of
galaxies showed that the phenomenon of lopsidedness is observed mainly in spiral
galaxies, then according to the frequency of lopsidedness there are irregular galaxies,
and then lenticular and only then elliptical. It is interesting that lopsidedness was found
even in some elliptical galaxies, as until recent time it was thought that due to the nature
of mass distribution in them lopsidedness should not exist. It is also shown that the
values of the degree of lopsidedness Al is less than 0,2 in about 90% of cases and less
than 0,4 in 97% of cases.

The results of the investigation of gravitational instability of the lopsided
perturbation modes (m=1; N=1, 3, 5, 7) on the background of the generalized
anisotropic model by analyzing their respective NADE showed that the perturbation
mode m = 1;N = 1 is stable and is related to trivial shift of the entire system as a

68



whole, which does not cause any instability. It was found that the increase in the
value of the parameter o gives a destabilizing effect during the evolution of other
lopsided perturbation modes on the anisotropic background models (2), and the
parameter [, controversially, plays “stabilizing” role. The role of the rotation
parameter relevant to the nature of instability of lopsided perturbation modes is the
same as that of ring-like modes (2;4) and (2;6), and on the background of a non-
rotating anisotropic model oscillatory and aperiodic instabilities can be observed, and
when Q#0, it gets only oscillatory instability. This picture is also observed on the
backdrop of composite models.
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Fig. 4. The comparison of the increments of instability of a bar-like, ring-like and lopsided
perturbation modes on the background of a generalized model where a = § = 0 for different
values of Q.

On the background of a rotating anisotropic models, the mode (1;3) is on
average more volatile in comparison with the mode (1;5). The comparison of
instability increments of bar-like, ring and lopsided oscillation modes (Fig. 4) shows
that when Q<0,5, firstly cinematically offset core is formed, then appears ring
structure under the small values (2T/|U])o, and only then a bar is shaped in the system,
but for large values (2T/|U|); the sequence of formation of bar-like and ring
structures is changing. However, if €>0,5, the mode (1;3) remains at the leading
position and following it, regardless of the initial virial ratios, sequentially occur
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effects of (0;4) and (2;2) modes. At Q=0,5, isotropic and anisotropic models behave
the same way with respect to all of these structural modes.
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Fig. 5. The critical dependence (2T/U|), on the superposition of v parameter under the
different values of € for the mode (1;5)

In the case of lopsided instabilities within the original isotropic model, as well
as in the case of ring-like modes under the defined values of the spinning parameters
it can be seen the occurrence of a certain non-linear effect in relation to a stationary
model with perturbations imposed on it with finite amplitude. In the special case A=0,
our calculations coincide with the unstable equilibrium model in the linear
approximation.

The investigation of composite models relating to lopsided modes shows that
under the certain values of v the superposition of two models leads to the fact that the
instability region covers almost the entire range of possible values of the initial virial
ratio (see. Fig. 5). It was also found that the displacement of the core relating to the
geometric centre of the system occurs in the composite model before the
manifestation of the circular and bar-like structures regardless of the rotation, but
only at a maximum rotation (Q2=1), and v>0,4, first of all, in the system can form the
bar-like structure. And for the ring-like mode such a picture can be seen only at v=0
in case if Q=0 and Q=0,5. Also it should be noted that at the maximum value of Q=1
in the interval 0,7<v<1,0, the start of overlapping of increments (1;5) with (0;4) and
(1;3) with (2;4) can be observed. This means that in this case, the corresponding
structures may be formed simultaneously. When Q=0,5 and (2T/|U|),<0,2, all the
considered relevant structures are formed almost simultaneously. The picture of
comparison of the composite models that are relatively unstable to lopsided
perturbation modes is the same as that of the ring-like modes.

In the fifth chapter of the thesis, “The theory of the formation of vertical
bends in the disks of galaxies”, the issues of the origin of different types of vertical
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bends of disk subsystems of galaxies were examined, which are found in observations
of several authors. The main types of bends should be attributed to N-like, integral-
like, U-like and L-like types of bends. A simple selection of the most common and
strongly asymmetric bending galaxies has been compiled in this work. The analysis
of the data showed that the flexibility, mainly, has been found in normal spiral
galaxies (up to =70%) in comparison with the spirals with a bar (=30%) and the
proportion of flexible galaxies in combination with lopsidedness at approximately
20%. In addition to abovementioned types of bends, the need for inclusion domed
and precession cases in the list of main types of bending was considered.
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Fig. 6. Charts of the function of the vertical displacement of the disc element h (r) for the
selected modes of oscillation.

The results of the composition of the observed manifestations of bends in disk
galaxies with different vertical bending oscillation modes have shown that S- and N-
like asymmetric bending disk galaxies correspond to oscillation modes (m=1; N=4)
and (m=5; N=6), respectively, for dome-like bending — there is the mode (m=0;
N=3), for the U-like bending the mode (m=4; N=5) is responsible, and finally the
precession bending is described by the mode (m=1; N = 2) (see. Fig. 6).

Within the framework of the generalized model (2) the following NADE of
vertical oscillations was received:

d2Q(y)
d\|12

1o mzp(l—kz)_ (l—p)(l—XZXNZ ~m? +N—2) Q( )_0
2(1+ Acosy) 6 (1+ Acosy) V=

(1 + Xcosw)~ + Asiny -

dQlv) , 2{ (N+mpt(N-m)!
dy (N+m-1)!(N-m—1)!

(4)
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With the support of the results of the study of NADE (4) it is shown that with an
increase in the value of the parameter B, the instabilities of S-like domed and
bending modes are amplified, and the increasing importance of the parameter a,
conversely, these modes become more stable. For N-like and U-like bending modes
the roles of the parameters o and  are changing. NADE  precession  type  of
disturbance does not depend on the parameters a and . Thus the latest mode on the
background of anisotropic models of non-stationary disc is always stable as well as
in the framework of the initial isotropic model.
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Fig. 7. Critical dependencies (2T/|U|)y on the parameter of rotation of the generalized
model with o= =0 for three modes of oscillation

On the background of rotating anisotropic and isotropic sources of non-linear
models, with increasing of Q the maximum value of the increments of instabilities of
bending modes is gradually reduced. The case of Q=0 corresponds to aperiodic
instability, and when >0, it is oscillation one. But unlike other bending modes,
dome instability has only aperiodic character regardless of the rotation
parameters. Furthermore, in particular, for the mode (5;6) when the wvalue
Q,=0,513260 and €2;=0,522912, the instability occurs, the nature of which is
associated with a resonance oscillation with asymmetrical movements of individual
particles in the system (see. Fig. 7).

For bending perturbation modes anisotropic model is more volatile than the
initial isotropic model. However, when Q = 0,5, isotropic and anisotropic models
behave the same way with respect to (4;5) and (5;6) modes of vertical
perturbations. The comparison of instability increments of horizontal and vertical
modes proves that at small and moderate values of rotation of the disk the vertical

72



bending modes always dominate the horizontal ones, and when Q is approaching to
its maximum value, there occurs reverse pattern (see. Fig. 8 and 9).
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The analysis of bending modes of instabilities on the background of the
composite model indicates that in the absence of radial oscillations the composite
model is completely unstable throughout the range of v for small and moderate
values of €, but when Qtends to rise up to its maximum value, this situation is
changing. By increasing the value of the rotation parameter € at all the bending
modes there has been observed the emergence of a certain resonance effect of
superposition of the two models, as a result, a region of instability increases and
occupies almost the entire range of possible values of the initial viral ratio
(2T/|U])o. Moreover, where QQ—1, the number of channels and the area of the field
are steadily increasing, and at the same time, the resonance peaks of instability shift
to the right side. It should be also noted that at = 0,5, the criterion of dome
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instability of disk is independent of superposition v. In the bending oscillations the
parameter of rotation Q plays stabilizing role, and setting of superposition of v, on
the contrary, gives a destabilizing effect. Also, it can be concluded that the dome
bending with background composite model is always aperiodic instability of
character, and the other modes have also aperiodic and oscillatory nature of
instability, depending on the parameters of rotation €2 and superposition of v.
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Fig. 10. Comparison of the growth rates of different modes of composite models for different
values of parameters of € rotation and superposition of v

Comparisons of composite models are relatively unstable. Bending mode
oscillation gives almost the same result as in the case of horizontal modes. It can be
concluded that on the background of all considered non-stationary models the
asymmetric bending disks of galaxies have the highest increment, prior to U-like
bend, and only after that can occur dome-like bend in its central part (see. Fig. 10).

74



In the applications there are presented explicit expressions for the function of
perturbation coefficient for (0;6), (2;6) and (1;7) modes, the NADE of ring-like and
lopsided perturbation modes on the background of isotropic model, as well as for
lopsided modes on the background of rotating anisotropic model, the results of
investigation of instability types (0;4) and (0;6) modes on the background of isotropic
model, critical dependences of initial virial ratio on the superposition parameter at
different values of the rotation for ring-like and bending perturbation modes, critical
dependences of initial virial ratio on the rotation parameter for isotropic model in the
case of lopsided modes of perturbations, comparative graphs of instability increments
for ring-like, lopsided and bending modes on the background of composite models
for different values of rotation and superposition, comparative graphs of composite
models among themselves relating to the instabilities of given perturbation modes.
The catalogue of lopsided galaxies and work list of asymmetric bending galaxies are
also presented.

CONCLUSION

According to the results of the research carried out on the theme of the doctoral
dissertation “Non-linear origin theory of basic structural formations in disc-like
galaxies”, the following conclusions are presented:

1. Taking into account modern observational data, the non-linear non-stationary
theory of formation of ring-like, lopsided and warped effects in disk-like galaxies are
developed.

2. For the first time a classification of ring-like galaxies based on the analysis of
observational data was developed. The resulting classification includes 9 groups with
respect to the visible signs of ring structures in the galaxies, which can be formed as a
result of gravitational instability of ring-like oscillation modes and is not formed due
to strong twist of spiral arms or unusual projections on the picture plane. It was found
that the most frequent groups are ring galaxies with the nucleus and the case of rings
with a bar and two arms. In five cases out of nine there are bars. The spiral arms are
only observed in three cases. Double-ring galaxies are quite more often (18%) than
expected.

3. For the first time a generalized and three composite non-linear transient phase
model of disc-like self-gravitating systems with anisotropic velocity diagram was
constructed. Exact expressions for the fundamental physical characteristics of new
models such as components of kinetic energy of the pulsating disk were obtained.
Velocity dispersions both in radial and transversal directions, global anisotropy
parameter and others were found.

4. NADE for the basic structure of the observed manifestations of horizontal and
vertical modes, disturbances developing on the background of built non-stationary
models of self-gravitating disk were also found. In particular, it was found that the
development of the instability mode of a single ring (2;4) will be the same for all
anisotropic models without rotation, since NADE of this mode does not depend on
the parameters of o and [, characterizing the difference and the degree of anisotropy
of the models.
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5. It is shown that the parameters of anisotropy of a and B produce opposite
effects in the study of the evolution of structural perturbation modes. It has also been
found that in cases where the parameter a plays a destabilizing role, with increasing
values the interval initial virial ratio rises up, where data of structures on the
background of anisotropic models are formed. But, when it plays a stabilizing role,
then on contrary, the area of instability is gradually narrowed along the axis (2T/|U)),
to the left side.

6. The mechanisms and criteria for the formation of these structures have been
discovered. In particular, it is shown that the ring structure can be formed as a result
of the instability of the radial movement if the initial total kinetic energy of the
anisotropic model is not more than 22,4% of the initial potential of energy, regardless
of the value of Q. As for lopsided structure, this value is 30,6%. It is also established
that this lopsided instability has both an oscillatory and aperiodic character,
depending on the initial virial ratios on the background of a non-rotating anisotropic
model, but when the model is rotated, it gets only with the oscillatory instability.

7. For the first time the characteristic time manifestations of the observed large-
scale structures of disk and the critical values of the initial virial ratios depending on
the basic physical parameters of non-linear models have been found. In particular, it
was found that in the context of non-stationary anisotropic model at first
cinematically offset core is formed, then appears ring structure at small and moderate
values of Q and (2T/|U),, and only then there is a formation of a bar in the system,
but when Q>0,5, then regardless of the initial virial ratios occur sequentially effects
of (1;3), (0;4) and (2;2) modes. Within the framework of vertical perturbation modes,
it can be concluded that at first asymmetrical or U-like bend of disk of galaxies
appear, and then domed bend can be formed.

8. For the first time the comparison of instabilities of horizontal and vertical
modes of oscillation on the background of non-linear non-stationary self-gravitating
disk-like models have been made. It was found that at limited and moderate values of
rotation of the disk vertical oscillation mode of isotropic and anisotropic models
dominate over the horizontal ones, and at the approach of rotation to the maximum
value the reverse picture can be observed.

9. It is shown that, in general, the anisotropic model is more stable with respect to
the studied horizontal oscillation modes than the isotropic one, but for vertical modes
it is opposite effect. Only if Q=0,5, isotropic and anisotropic models behave the same
way with respect to certain perturbation modes — (0;4), (1;3), (4;5) and (5;6). And
among composite models the third one behaves most unstable. Among the composite
models there are the most stable and very instable combinations.

10. It is shown that the parameter of rotation Q plays a destabilizing role in
horizontal oscillations, and the parameter of superposition, on the contrary, gives a
stabilizing effect. However, in vertical oscillations the roles of the parameters change.

11. Critical values were found for the rotation parameters and superposition, at
which a complex resonance effect is observed, and, as a result, the structural
instability modes dominate over the whole range of initial virial ratio.
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