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KNPHUII (10KTOPJMK AUCCEPTALMSICH AHHOTAUMSICH)

Juccepranust MaB3yCHHUHT 10/13ap0Jauru Ba 3apypusiTu. JKaxoH Mukécnaa
omb OopwiaétraH Kymiad WiIMHi-aMauii TaaKUKOT/Iap akcapusar Xojuiapaa
MaTeMaTHK OMOJIOrMsl Ba ra3 JUHAMMKACH MOJCIUIAPUHHA TAAKUK KAWL KaOw
Macayagapra KeNTHpWIaan. ['a3 TMHAMUKaCHHUHT (YHIAMEHTAT KOHYHUASTIAPUHA
ko3 (puireHTIapuaa Maxcyciaukka sra OynraH, aiiHukca, beccenb onepartopiapu
OunaH é3mnanurad, Xycycwid xocwnanu audepeHuman TeHramanap y4dyH
YyerapaBuii MacalalapHUHT €YUMIIApH EpJaMmua TOMHII MyXUM axaMmusTra sra. by
MacaJlaJlapHy euulja 3apyp Oynaguran gyHaameHTan eunm, ['puH QyHKIUSCH Ba
Oomka  yHCypJapHu — M(OAATOBUM  TUNEPreOMETPUK  (PYHKUMSUTAPDHUHT
y3rapyBUMJiapu  COHM  KapanaétraH Xycycud xocunanu auddepeHuman
TEHTJIAMAHUHT Oy3WJIMII TapTUOWra €KW CHUHTYJISp KO3(D@UIMEHTIapu COHMra
OormmK., bup Hewa cHHrynsp KO3(QQUUMEHTIM WKKMHYM TapTUOIHA XYyCYCHi
xocunand AU epeHnran TEHIIAMATAPHUHT KYO  YITYOBIM THIEPTEOMETPUK
¢yHkumsuiap  Owian  udonanaHaaurad (QyHAAMEHTal E€UYMMIIAPUHH — OLIKOP
KYPUHHALUTApAA TOMMIN KBAHT MEXAHUKACH Ba a’3POJWHAMHUKA, WCCUKIUK
TAPKAIAIIU Ba NOTCHUMAIIIAP HA3apHusCcH OWIaH OOFJIMK MyaMMOJIAPHU XaJl STHLLIA
MyXHUM Basudamapaan Oupu OYanbd KOIMOKIa.

X03Upru KyHJa >KaxoHAa Ky YIIHOBJIM TMOEPreOMETPUK PyHKIMTIAPHA OUp
HEYa OJIMH THNEPTEOMETPUK PYHKIMIAP KYTa TMATAPUHUHT YCKCU3 HUFUHIMCH
KYPUHHAIIMAA TACBUPIIOBYM EMHIN (hOpMYJIaTapuHU aHUKJIAIl MyXUM axaMHsT KacO
stMokAa. Kynm y3rapyBumnm runepreoMeTpuk (yHKOMsIap y4yH HCOOTIIAHTaH
PEKYPPEHT &inm GopMynalapiHi TaTOMK 3THIN UMKOHMSTIIAPH YEKIIAHTAHJIUTH
Oouc, Kyn Ya4oBIM TYna Ba KOH(IKOIHT THNEPreOMETPUK (PyHKUMSIAPHU €A
MacaJiacl HOKJIACCUK CUMBOJUIM OMEPATOPIAPHU KUPATHLI Ba Oy ONEpaToOpIapHUHT
XOccalapyuHy Ypranuura kentupuiaan. by 6opaga: Ky YJIHOBIM TMIEPreOMETPUK
(YHKUMSUIADHUHT SIHTH XOCCAJIApPUHU TAAKUK OSTHII Ba YJIAPHU yMyMJIALITraH
CUHIYJIIp ['€mbMrosibl] TEHrJIamMacMHUHT (PyHAAMEHTA €YMMIIAPHHU KypUIIra
TATOUK KMJTUILL, KYTT CHHTYJISP KO3()QUUHMEH TN SJUTMITAK TEHIIaMa YUYH KYHHIraH
YyerapaBuili MacaJlaJJapHUHT €YMMJIAPUHA OIIKOP KYPUHWILIAPAA TONUII MAKCa N
WIMUI TAAKUKOTIapaH XHUCOOTaHaIH.

Mamnakatumuzga (pyHaaMeHTan (paHJapHUHT WJIMUA Ba aMaliiii TAaTOMKUTa
ara OyJiran MaTeMaTuk OMOJIOTHs Ba a3 AMHAMUKACUHUHT 1013ap0 HyHanumuiapura
3BTHOOP KydalTpuiian. XKymiiagaH, OXupru duiapaa yu y3rapyBUHId TMIepreo-
METPUK (QYHKIMSUIAp Y4YyH €inm (opmylalapuHd KMcOOTHall Ba YJIapHUA Y4
Y3rapyBUMIN XyCYCHHA XOCHJIAIM CHHTYJSP KO3PPUUHMECHTIN TEHIJIaManap Y4yH
YyerapaBuii MacalaJJapHUHT €YMMIIAPUHU OLIKOP KYpUHUILIAPAA TONu Oopacuaa
CAJIMOKJIM HaTKajapra spamian. «Jlunddepenuuman TeHrnaManap Ba MaTeMaTHK
(u3nKa, TMHAMUK CUCTEMAJIap Ha3apusIch» (paHTaPUHUHT YCTUBOP HyHaIHALLIApH-
Jla XaJIKapo CTaHIapTaap Aapakachu1a WIMHUI TAAKUKOTIIap 00 Oopuil MaTeMaTH-
Ka (aHuHUHT acocuii Basudanapu Ba GaoauAT WyHanUnIapyd >TuG Oenrumanim’.

1 ¥36exucron Pecry6mukacu Basupiap Maxkamacususr 2017 i 18 maiinarn «V36exucton Pecry6ankacu
®annap akaACMISICHHUHT SHIWAAH TAIIKII STHITAH WIMHH-TAOIKHKOT Myaccacanapy (haoJMSATHHH TAIIKAT STHII
4Opa-TanOUpIapu TYFpucuIanTu 292-COH KapopH.
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Ky y3rapyBumnm runepreMeTpuk QGyHKIMsIIAp Hazapuscuaa éium gopmyna-
Japu karra axamusrra oynaranimry yayH J.L.Burchnall Ba T.W.Chaundy Tomonu-
JaH Oab3W WKKH Y3rapyBUWJIM THUNEPreoMeTpuKk (yHKuusmap ukkura [aycc
TUNEPreOMETPUK PyHKIMAIAPY KYTTAWTMAaTapUHUHT YEKCH3 HUFHHIMCUTA EHHIITaH,
A.Xacanos Ba X.M.CpuBacTaBaHHMHI MIIJIAPHIA 3CA VU Y3rapyBYWIA THIIEPrEOMET-
PUK QYHKIHSTAPHUHT MabJIyM OMp CUHH yuyH Eini (opMyJiapy TOMAITAH Ba LTy
TUIEPreOMETPUK (PyHKIMsIAp YUYH Y3rapyBuwiap TYpTTa Ba YHAAH Kyn Oynrax
XoJijlapia peKyppeHT éihumn popmynanapu ucOomnanrad. bepunemn-Yenau Ba
XacanoB-CpuBactaBa (opmynanapu O.T.Kapumor Ba J.J.NietoHWHr unuiapuaa
UKKUTA BA y4YTa CHHTYJSIP KO(OUUMEHTIM YU YIUOBIM JIUIMOTHK TEHIJIaMasap
VUyH KYWWIraH dYerapaBuil MaCaJaJapHUHI OIIKOp €YMMIIAPUHHA TONMIIAA
myBaQdakusaTim KymmaHuian. AMMo, XacaHoB-CpuBacTaBa (pOpMYJTATAPUHUHT
pekyppeHTaurn tydaiinu Oy QopmynanapHu Kyiianiga, macajiaH, CHUHTYJISP
AJUTMNITUK TEHIJIAMAHUHT YTYOBM YYJaH KaTta Oynranja, KylmmMya KWAWHYNIIAK-
nap naigo 6ynau. Kym yiiqoBnm runepreoMeTpuk QyHKUUSUTAPHA TAAKUK STHIIAA,
éitn popmynanapu OusaH Oup KaTopja, MyXuM TaTOMKIapra ara OYaraH aHaJIMTUK
JaBOM STTUPUII (pOpMyIaTApUHHI TOMUII XaM KyJa 10a3ap0 macanaaup.

X03upru BakTaa Oup Ba UKKK Y3rapyBUMIIA THIIEPTEOMETPUK (PYHKIMSTIAPHA
AQHAIATUK JABOM STTHPULI (POPMyNaiapd MabJIyM, JIEKAH KYT Y3rapyBUwiIn Oyiarad
xonna C.W.Be3poanux TomoHuaan Qaxkarruna £ Jlaypudenia runepreoMeTprk

(YHKLMACH YUYH QHATUTHK JABOM 3TTHPUIN (pOpMyJaiapy TOMWITaH Ba Puman-
['une0epT MacamacMHM TAAKUK STULINA KYJUIAaHWITaH, XOJIoC. by3wnaawra,
apajiall, CUHIYJISP Ba HOKIIACCHK TEHIVIAMAIAPHUHI TYPJIM KYPUHMILJIAPH YUYYH
Hazapusiap LA AmumoB, P.P.AmypoB, A.Cbepmumes, A.B.bunanse,
B.H.Bparos, T.Kypaes, O.C3uxupoB, b.M.HMciomos, T.III.KaibmMeHOB,
B.B.Karpaxos, M.B.Kenaum, M. A.Kunpusnos, A.M.Koxanos, KO.M.KpukyHoB,
A.I' Ky3emun, M. A JlaBpenTeeB, M.MupcalOypos, E.1.Mowucees, ®.I".Myxnucos,
A.M.Haxymes, A.Bllcxy, CILIlynekun, O.A.Penun, K.b.Cabutos,
M. A.CamubekoB, M.Canaxutaudo, C.M.Cutauk, M.M.Cmupnos, A .IT.Conaatos,
b.X. TypmeroB, ® U Dpanxns, Xe Kan Yep, C A Yammrun, 3.JLIIumkuHa,
A K. VprHOB Ba GONIKATAPHAHT MIINAPH/IA APATHITAH.

Juccepranust TAAKHKOTHHUHI JUCCEPTALUS 0aKAPUITAH 0JIHIl TABJIUM
MYACCACACMHUHI WIMMI-TAAKHKOT HILIAPH pekajapu OwiaH OOFJIMK/IHTH.
Jucceprauus Ttankukotd B.M.PomaHoBckuii HOMIM Maremarnka WHCTUTYTH
WIMHA-TaAKMKOT nuuiapu peskacuaaru GA-O1-d002 pakamnu « Tunm Oy3unyBun
TCHIVIAMAJIap Ba apajaml THUIJArd TEHITIaMallap Y4YyH KyHWiradH dYerapaBui
MacaJIAJTAPHAHT CYWJIMINN Ba CIIEKTPAJl XOCCAIapu Ba yJyiap OuinaH OOFJIMK Maxcyc
(YHKUMSUTAPHU TAAKMK KAWL, O4-DA-D010 pakammm «Xycycuil Xocuiianu Ba
CUHTYJISIPp Maxcyciaurn OynaraH auddepeHiman TeHramajgap Y4YyH uerapaBuil
Macajanap Ba DPKUH Yerapajd 4Yu3MKIM OYiamaraH Mmacananap» Ba OT-D4-88
pakamin « IKKWHYM Ba FOKOPY TapTHOM apajiall TUIAAarkd TEHTaMaliap yuyH TYFpr
Ba TECKAPU MacaJlaJIapPHUHT TATOMKJIApA» MaB3yCUIaru GyHaaMeHTas JoHuXanapu
noupacuja Oa’kapuiiras.



TaaAKUKOTHHHI MAKCAAH WKKUHYA TapTUOIM KyN VIIUOBIMA CHUHTYJISAP
OJUIMIITHK TEHITIaMajap Y4YyH KYHWIraH dYerapaBuii MacalaJlapHH €4YdIl Ba
NOTEHIMAIJIAP HA3apUsACUHU KypUIIIaH noopar.

TaakukoTHUHT Basudaaapu Kyiugaruaapaan uoopar:

K¥n yo4oBnu Jlaypudenna runepreoMeTpuk (GyHKOUsIapyu Ba KOHQIIFO3HT
TUIEPreOMETPUK  (PYHKLIMSUIAP YYyH PEKYPPEHTIMKIAH XOJIM OYynaraH &lum
(hopMyalapuHU TOMMIII,

bepunenn-Uenam omneparopiapuHUHT TEKHCTUKIArH Ba (pa30dard aHaJior-
JTAPUHU KUPUTHULI BA YIApPHU TAIKUK JTHII XaMJa OJIMHIaH HaTwXalapHu ['opH
pyHxarugard WKKW Y3rapyBUMJIM TUOEPreOMETpUK (QYHKIUSUIAPp Ba Ky
Y3rapyBUMd  KOH(IIOPHT  THUIEPreoMETpUK  (QyHKOMsIap yuyH  ERum
(opMynanapuHu TOMUIITa KYyJLall,

CUHTYJIAp KO3(pPUUMEHTIM yMymyiamrad ['€apMronbl] TEHrJIaMaCHHUHT
(yHIaMEHTAJT €YMMJIADUHU KypHII Ba TaAKWK ATHII Xamjaa Oy (yHaameHTasn
€UMMJIapa KATHAIIAETTaH KYTI YJIYOBIM KOH(UIFOOHT TUIEPreOMETPUK (DYyHKIUS
KAaHOAQTJIAHTUPAIUTaH XYCYCUI XOCUIIANIA TEHITIaMaJlap CUCTEMACUHU TY3HILL,

Ky YI4OBNM IIAPHUHT OWPOpP KUCMHAA CHHIYIAP KO3PPUUMECHTIN
JJUIMNTUK TEHrnama Ba Jlammac TeHrnamach y4yyH ymymuiamirad XoJbMIPEH
MacaJlaCHHU €YML,

ourra cuHrynasp kKo3ppuuueHtnm (a3oBUi SJUIMNTUK  TEHIIAMAHWHT
(yHIaAMEHTAT €YMMJIApUra MOC KEJraH WKKAJIAHTaH Ba OJOMi  Kariam
NOTCHUUAJTAPUHHA KHPUTHII Ba Oy NOTCHUMAIIAPHH TAAKUK STHIIL,

MMOTEHUMAJIJIAp HAa3apusACHIA OJIMHIAaH HATW)KAIAPHU CUHLYJIAD JJUTUITUK
TEHTJIaMa YUYYH KYWHJITaH yerapaBuii MacanajlapHy €4YMINTra TaTOUK STHIIL

TaakukKoTHHHT 00beKTH. K¥1 Y3rapyBunau runepreoMeTpuk GyHKOusiap
Ba KYN YIYOBJIM 3JUTMOTHK TUIAATH CHHTYJSP I epeHman TeHrmamanap.

TaakukoTHHHT mpeameTH. Maxcyc (yHKUMsIap Ha3apusiCH, MaTEMaTHK
(u3nKa TEHIIIAMaJIapyd Ha3apusiCH, WHTETpall TCHIJIAMaJap Ha3apusCH, CUMBOJLIH
oneparopiap Hazapusacu, MeUIH aIMalITUPHLLIIIAPU HA3apHSICH.

TaakuKOTHUHT ycyaaapu. Jluccepranmsiga MaTeMaThK (QU3nKa yCyJulapw,
Bepunenn-Uenau omneparopiapy yCyau XaMmJa Maxcyc (PYHKUHsIIAD Ha3apusiCu
yCyJUTapy KYJUTAHWJITaH.

TaaKMKOTHUHT WIMMI SIHTWINTY Kyiuaaruaapaad uoopar:

Kyn Y3rapyBumiM Jlaypuuenna runepreoMeTpuk (pyHKOUSUIApU YUyH WAL
(dopmynanapu UCOOTIIAHTAH XaMJa CHUHIYJIp KO3((UUMEHTIM yMyMIIallraH
['enbMronbpl, TEHrMaMacHMHUHT (YyHIAMEHTAJl €YMMIIApUM TOMWraH Ba Oy
€UAMJTAPHUHT MaxCyCIUK TapTHOW aHUKJIAHTaH;

ymymnamrad bepunenn-UeHam oneparopiapyuHAHT Japakand  (QyHKOus
OunaH Cymnepno3uuus X0ccajapyd aHWKJIAHTaH xamaa Oy OneparopiapHUHT Ky
VIIHOBJIM aQHAJIOTJIAPA KUPUTHITAH Ba YJIAPHUHT KYyO VIYOBIM KOH(DIHO3HT
rurnepreoMeTpuk  QyHkuusuiapau Jlaypudemna QyHKOusutapy Oyiinua  Eiuin
UMKOHWHM OEpasuran xoccaaapy ucOOTIAHTaH;

Ky YITYOBIIM IMAPHUHT KUCMJIAPHIA CUHTYISAP KOIPPUUMEHTIIM SIIIUITHK
TEHIJaMa Ba Jlammac TeHmiamacu y4yH KyWwiraH ymymuiamrad XOJbMIPEH
Macajacu €YMMHHHAHT MaB)Xy [ Ba STOHATMTH UCOOTIIAHTaH,

9



apuM (azoda SKOMIAINraH YEKIW coxada (a3oBWil CHHTYJSAP SJUIMITHK
TEHIJIaMa YYYH MOTCHIMAJUIAP HA3APUSICH Ky PHJITaH.

TagKUKOTHHHI aMaJIMii HATHKACH KYO Y3rapyBUMIM TUIEPIEOMETPUK
(YHKUMSJTADHUHT XOCCajlapyuHu Ypranuinaa 3apyp Oynran éium GopmynanapuHu
TOMMII AJITOPUTMUHUHT TaKIU() HTUITAHIUTA Ba CUHTYISAP Kod(hpuumeHTIn
AJUTMNTUK TEHTTIAMATAPHUHT (PyHAAMEHTA €UMMJIAPUHN KyPHII YCYJIHMHHUHT OaéH
KMJIMHTaHIUTUIaH HOoparT.

TagKuKOT HATHKATAPUHUHT HINOHYJIMJIAITH CHHIYJSAP KO3(PPUIMEHTIH
DJUTMNTUK ~ TEHIVIAMATAPHUHT  (QYHIAMEHTAT CYMMIIAPUHM  Kypumaa, Oy
TCHIVIAMAJIap YYYH KYWWJIraH dYerapaBuil MacalAITADHUHT €YUMIIAPWHU OIIKOP
KYpUHHLUIApAA TOMMINJA Ba MOTCHUMAUIAP HA3apUSACHHU TAAKHK OSTUIIIA
MaTEMaTUK TaxJIWI, MareMaruk (u3nMka Ba Maxcyc (QYHKUMSUIAP HA3apusiCh
YCYJUIApUAAH KaTbuil (POWIATAHAITAHINTY OWIIaH aCOCTaHaIu.

TanKuKoT HATHKAJAPUHUHI WIMHI Ba amaiauii axamMusiTH. TaakukoT
HATWKAJTAPDUHUHT WIMHMA axXaMHATH WINJA OJIMHTaH HaTWKalapJaH CUHTYJISIP
KO3 ((PUIMEHTIIN SJUTMITHK TUIAATY XyCyChuid Xocunanu audpepeHnuan TeHriama-
Jap Hazapusicuaa GpoiiaagaHuil MyMKUHIUTH OuilaH U30XJ1aHa Iu.

TagKMKOT HaTWXKATAPDUHUHT aMaJIAA  axaMHsSITH  yJIApHU  CHHTYJISIP
KOO(pPUIIMEHTIM  SJUTMOTUK TEHIVIaMaiiap OwiaH TaBcu(aHaJAWraH amMajiuii
Macajanapra xamja Kym y3rapyBunjid Maxcyc (pyHKIusuiapra TarOMK 3THII OUJIaH
Oenrunanaay.

TagKuKOT HATWKAJAPHHHHI KOPHH KHIMHHIIH. Kyn ymayosin
TUNEPreOMETPUK PYHKIMSIAP BA YIAPHUHT HKKUHYM TAPTHOIN XyCYCUH XOCHITAIA
Oy3wnanuran audgQepeHiman TEHIaMajlap Y4YyH MNOTEHIMaJlap Haszapuscura
TaTOMKIapy OYilya OJTMHTaH HaTHXKajaap aCOCHA!

WKKH Y3rapyBUMIN TUIIEPreOMETPUK PyHKIMsIAp yUyH ERnm opMyanapu-
naH NeHHMOKTP AAAA-A19-119013190077-1 pakamnu «Kacp Taprubnm xucod Ba
KAacp Ba TakCHMJAHTaH TapTuOam auddepeHuuan TeHrnamaaap» MaB3yCUIaru
XOPWKHMIA TPaHT Jiolnxacuaa Kacp TaptuOnm audQepeHuran TeHriiaMmanap y4yH
KYHWIraH 4erapaBuii MacalajJlapHUHT OWp KHHMATIM €YMMIIAPUHU TOMWLIIAA
¢doitnananunran  (KaGapaun-bankop wiMuid  Mapkasu Kowmmjgard — Amaiuid
MaTeMaTHKa Ba aBTOMaTH3alMsuial MHCTUTYTUHUHT 2021 #inn 4 maptnaru 01-17/8-
COHJIM MabiayMOTHOMacH, Poccust). Unmuil HaTW XKaHWHT KYJITAaHAIUIK (ha30BUiA
VyarapyBumian beccenb omepatopnu  napa®onuik  Tangard - augpepeHiman
TEHIJIaMara KyWWwiraH 4erapaBhii MacallaHMHT OWup KHMMAaT/Id euuMmra isra
SKAHJUTHHU UCOOTIAll UMKOHUHH OEpras;

CUHTYJIAp SJUIMIITAK TEHIJIaMa yYyH KYWHWIATraH yMmymuiamraH XOJIbMIPEH
MACJIACHHUHT  OWIKOP KYPHHHIIAA OJWHraH Oup KAWMATIM €YMMMIaH
NeAP05131756 pakammu «MaremaThk (PU3HKaHMHT Kacp TapTHOIM XOCHJIAIH
YU3UKIM BAa HOYM3WKJM MaCaaJapUHUHT PETYJSIP Ba CUHTYISIP CYAMIIAPH»
MaB3yCUJarn XOPWKHMIA TPaHT JOMMXAcuJa Kacp TapTHONM XOCWJIAIW YH3HKJIA
Macaianapuu  eummga  Qodpananmiran  (MaremaTMka < Ba  MaTE€MaTWK
mMoaetamTupul  UHCTUTYTUHUHT 2021 #iun 10 maptmarm  01-06/038-connm
MabiiymoTHOMacH, Kozoructon). Wnmuii HaTWXaHWHT KYJUIAHWJIMIOA ~ Kacp
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TAPTHONM XOCWIA KATHALITAH YM3WKJIM MACAIAHUHT CUHTYJIAP CYMMHHHA KEHUHTH
TaAKUKOTIIapAa (poitaanaHuil yayH Kyaail KYypuHUILIa TOMWI KIMKOHUHA OEpras,

KYI Y3rapyBuMiIM TYJia Ba KOH(DIIOSHT THIEPreOMETPUK (PYHKLIMSIIAD YUYH
¢itmm  opmynamapunan Poccus DA Cubupp OYynuMu Kommaara XucoOmarl
MaTeMaTHKach Ba MATEMATUK reogusuka MHCTUTYTHAA “Ep Xakumarn MaremaTuk
MOJICTUTAPHU SIPATUI, TAAKUK KA Ba MACHTH(UKALUMIAL yCyJUlaphy» (AaBiar
pakamu 1.3.1.3) maB3ycugarn WIMHA-TAQAKUKOT MUOUIAPUHU Oakapuliijia Xamja
PODHU No 16-01-00729 pakamnu «KOBYIIOK CHIUTMK MyXUTJIapAa MUHEPAJUIALITAH
apajamManap QUIBTPALMAICHHM MAaTEMATHK MOJCUTAIITHPUII» MaB3yCHAarud
XOPWOKMA ~ TpaHTAa  [MOPO-DJIACTUKIMK — TYFPH  MacajlaJlapuHM  €YHIIja
doiimananmnran  (XucobOjmamn MareMaTMKacM Ba  MareMaThk  reodu3uka
uHCTUTYTUHUHT 2021 #iun 26 maptaaru 15301/12-0109-coHmm MabIyMOTHOMACH,
Poccus). MnMuii HaTWKaHWUHT KYJUTAHWIMIIN MOPO3JIACTUKIIMK TYFPU Macajlach
€YMMHHU TaKpUOWH TOMWII MMKOHWHU OEpraH.

TaagKuKOT HATHKAJAPUHUHT anPodanusAcH. Ma3Kyp TAAKUKOT HATHKATApH
11 Ta xankapo Ba 8 Ta pecnyOauKa WIMHIi-aMalnid aHKyMaHIapyuaa MyXoKaMaiaH
YTKa3Wiras.

TagKuKOT HATHKAJAPHHHHI JbJOH KHJIMHCAHJIUIH. Jlpccepranus
MaBp3ycu Oyiinua sxamu 39 Ta WJIMUI WIO YOO 3TWITAH, LIyJIApAaH, V36ekncTon
PecnyOnukacu Onmii arrectanusi KOMUCCUSICHHUHT JOKTOPIIMK JUCCEPTALMSIIAPA
aCOCH MIIMHIA HATVDKAJIAPUHM YOTI STULL TABCHSI 3TAJITAH WIMUAKA Hawmpiapaa 18 ta
WJIMUI MaKoJIa, )KymJiajaaH, 14 Tacu Xopuxuii Ba 4 Tacu peciyOlInKa Ky pHaJlapyu/a
HaLp STUIITaH.

JuccepTanMsIHUHT TY3WIHIIH Ba XaKMH. [luccepranys KUpUII KUCMH,
TyprTa 000, Xynoca Ba QolganaHunran agabuérnap pyhxarupad uoopar.
JluccepTauMstHUHT XKMU 179 OETHH TalIKWI STraH.

JUCCEPTAIIMSTHUHT ACOCUI MA3ZMYHH

Kupnm kucmuaa muccepranusi MaB3yCHHUHT JOJI3apOJIMTH Ba 3apypHUSTH
acoCJaHraH, TAAKUKOTHUHI pecnyOsnka (paH Ba TEXHOJOTUSIIAPY PUBOKIIAHUILIN -
HUHI YCTYBOP WYHAJIMILIAPUIa MOCIUIH KYpCaTW/raH, MaB3y Oyinua XOpWKHiA
WIMHAN-TAAKUKOTIIAPp I[IapXW Ba MYaMMOHHHI' VYpraHWITaHJIMK Japakach
KECNTUPWITaH, TaJKMKOT Makcaau, Basu(danapu, OOBEKTH Ba MPEAMETH
TaBcU(paHraH, TAAKMKOTHUHI WIMHNA SHTWIATH Ba aMaldii Hartwxkaiapu OaéH
KWAJIMHTaH, OJIMHTaH HaTH>)KAJTaPHUHT Ha3apyid Ba aMaJIdii axaMusTH 04n0 Oepuirasx,
TaIKUKOT HATWOKAJAPUHUHT SKOPUN KWJIMHMILKM, HALIp OSTHJIraH WIap Ba
JUCCEPTALMSIHUHT TY3WIMIIK OYiirua MabyMOTIap OCpUIIraH.

Kyn y3rapyBumnm runepreoMeTpuk (QYHKOUSUIAPHU TAAKMK STUIIAA EAMLI
dopmynanapu S>KyAa MyXUMAMP, YYHKH Xap Oup é&hum ¢QopMmynacu Kyn
Y3rapyBUMIM TUOEPreOMETpUK (QYHKIMSIHM Oup Heua Oup Y3rapyBUWIU
TMIEPreOMETPUK  (PYHKIMsUIAp — KYMaWTMATapUHUHT  YEKCH3  WHFUHANCH
KYPUHHAIOMAA TaCBUPJAll UMKOHMHM Ocpaam Ba Oy TacBUp, Y3 HaBOatuaa, Kym
Y3rapyBunau QYHKLIUSHUHT XOCCATAPUHY YPraHulll >KapaéHUHU €HIMIUTAIITHPAIN.
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Huccepraumstauar  «Kynm  ya14oBam runepreoMeTpuk  (QyHKUUSIJIAPHA
éiimm popmynanapu» ned Homulanran OupuHum 000na Jlaypuuenia runepreo-
METPUK (PYHKUIMAIAPU YUYH PEKYPPEHTIIMKAAH X0JM OynraH éinm (opmynanapu
TOMWITaH, Y3rapyBumiap Ba COHJM NApPAMETPIIAPHUHT JIMMUT KuiMaT/iapujaa
Jlaypuuenna (QyHKIUSUTAPUHUHT XOCcaslapu ypranwirad. Texkucaukaa Ba (azona
ymymiamrad bepunemn-UeHau — omeparopiapy  KUPATWITAH Ba  YJIAPHUHT
xoccanapy TaaKuK >Tiiirad. Kuputunran onepatopnap épaamuaa ['opH pyiixarura
KHPraH WKKW Y3rapyBUWJIM TUNEPreoMETpUK (YHKIUSUIAp Ba KN Y3rapyBUYHIA
KOH(IIOOHT ~ TUMNEPreoMeTpuK  (QYHKIMsUIAp y4yH €Eimm  gopmynanapu
UCOOTIIaHTaH.

Mazkyp 600HUHT OMpuHYM naparpadu €paamum xapaktepaa 0ynuo, Oy epaa
runepreoMeTpuk pyHkumsmap Ba bepunemn-Uenam oneparopiapu Hazapusiapura
OMJT MABJIYyMOTJIAP KENTHPUIITAH.

bup y3rapyBumnu runepreoMeTpUK (PyHKUMsUIAD HA3APUSACUHM YpraHuIiga
SpUIIMIraH yiakaH wmyBaQ(akusaTiap WKKA Ba YHIAH KyO Y3rapyBUWId
TUNEPreOMETPUK (PYHKIMSIIAP HA3APUSICUHUHT PUBOKIIQHUILINTA TYPTKH OY M.

1889 iinnna ['OpH UKKHM ¥3rapyBUYWIM TUIEPreOMETPUK PYHKIMSHUHT YMYMUiA
Tabpu(puHU OCpaU, yJIapHU TYJa Ba KOH(IOAHT QyHKIUIIAP rypyxJjapura axxpar-
1M Ba 34 Ta UKKW Y3rapyBuUMiIM PyHKIMAIAPAAH TY3WJITaH PYHXATHU TaKIUM STIH.

HUKKkn ¥y3rapyBUMIM THIECPreOMETPUK (YHKIMSUIADHU UYYyKYPPOK YpraHuin
Makcaauaa, OupuHun OYnmO, bepunenn Ba Uenau Mmaxcyc oneparopiapHu
kupuTHO, yrmap épaamuaa [OpH  pyiixatura KUpraH TUIOEPreOMETPUK
(GyHKUMsUTapAaH Oab3uIapu YUyH €l popMyrasapruHy TOMAUIAP.

Ky#ingaru GenrunamniyapHu KUpUTaMK3:

a=(a,..a), b=(b,..b), ¢=(cp..c,); |k|=k +...+k, k >0,...k >0

> n

X = (X0, Y= (yl,,,,,yp); [=h+.. 41, (20,020, N:={1,2,3,.};
(/I)V — THoxrammep Oenrucu: (/1)0 =1, (/1)V = /1(/1 + 1)...(/1 +v— 1), veN.
l"aycce mnepreOMeTpHK (1)yHKI_II/I$ICI/I Kyiinaara karop Ounan udoaanaHagm

Flab.e.z)=F|“ Z(“) A I S e
n=0 (C) n'
Oy epna a,b,c mapamerpnap Z Yy3rapyBuura OOFJIMK 3Mac. a,b,c mapaMmeTpiap Ba
Z Y3rapyBuM KOMIUIEKC KMAMATIApHHA KaOyJl KHJIUIIA MyMKHWH.
F(a,b;c;z) T'aycc runepreoMeTpuk (YHKUUSICUHUHT /2 Ta KOMIUIEKC y3ra-

pyBUWIIAP Ba yJlapra MOC KEJIraH KOMIUICKC MapaMeTpiiap X0aura yMyMJIalMaiapy
OYynran Jlaypuuesnia runepreoMeTpuKk QyHKIMSUTAPUHA KapaiMu3;
) il (a)\k\ (b )kl"'(bn)k xlkl x'n Z
F (a,b;c;x)z Z il Z|xi|< I
k=0 (Cl)kl"'(cn)kn ki kD43
© (a),..(a b), ..(b I
P abe) - 5 DO BBy s
k=0 (C)\k\ kl' k 1’

<1

>

}’l
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EO( & (@) x' X S ,
abiex) =Y eI T NI

K O(Cl)kl"'(cn)kn k! =1

a)(b), ..(b e
F (a,b;e;x) = Z( DB (”)kni...xn , lx<1,..)x <1,
k=0 (C)\k\ k! k)

2006 rinnmna A. Xacanos Ba X.M.CpuBactaBanunr unuiapuaa bepunenn-Uenam
ONepaTopjapyuHi  YMYMJIAIITUPYBYM ONEparopiliap KUPUTWIraH, OWUp KaTop
TUNEPreoMETpUK (YHKIUsIAp, Uy >KymJjanaH, yd y3rapyBuwid Jlaypuuenna
GyHKUIMSIAp y4yH Eiunn popmyiagapy TONWIraH, IyHUHTACK, 11y (yHKIMsIIap-
HUHT YJIHOBM y4YJiaH IOKOpW OynaraHaa pekyppeHt &Eium  (QopMmynanapu
UCOOTIIAHTaH.

HUkknHun naparpadnaa Jlaypuuenna runepreoMeTpuk (QyHKIMsUIapd Y4yH
PEKYPPEHTIIMKIAH X0au OynraH ¢&hum ¢dopMmynaiapu ucOOTIaHAIM XaMm/[ia
KapalaéTraH Kyn Y3rapyBUWIM THOEPreOMETPUK (PYHKUMsUIAp Y3rapyBUMjIapy Ba
COHJIM NTapaMETPJAPUHUHT TUMUT KHMaTiapuaard 0ab3u Xxoccajapy YpraHuiaiu.
bynnan Ttamkapu Jlaypudenna runepreoMeTpuk (PyHKIMsUIApH YUYH QHAJIMTHK

naBoM S>TTHpULI Gopmynanapu ucbornanam xamaa - /En) Jlaypuuernna runepreo-

METPUK (PYHKIUSCMHU MApaMETPIIAPHUHT aHUK COHJIM KUMMAaTIapuaa >JeMEHTap
¢yHKuMsap épaamuaa udoaanaira oua MyHocadaTiap TONWITaH.

bupnHun 000 WKKMHYM mMaparpaHUHT acOCHN HaTWwXKalapu Kyhujaarua
TeopeMainapaa udoaaiaHraH.

1-teopema. Kyuuoaeu

(a)A (b ) a+A(k:n):b +B(k:n)a
F(n) a,b;c;x — (n n) B(k,n) B(k n)F k x, |,
S ) Z H ¢, + B(k,n), ’

(- I)A(n’n) ﬁ (a, )B(k,n) (b, )B(k,n)
~ (C)ZA(n,n) M ! (c — 1+ A(k,n)— A(k - l,n))

m, [=0 G )B(k n)

X
A(k,n)—A(k—1,n)

o Blkn) | +B(k,n),bk +B(k,n);
x| |x,7F X, |, N\{1
lk_l[ g { c+2A(k,n); el meNA
8a uLy kabu étiuul ¢0pmyﬂaﬂapu ypuHﬂu 0y epoa

k+l n

A(k,ny=>>m, ., B(k,n):= Zm +ka+1,, |m, |—ZZml], M'—HHml].,

=2 j=i i=k+1 =2 j=i =2 j=i

m, .— Homanguii 6ymyn conaap (2<i<j<n). By epoa e6a Oynoan 6yén, q <p

q q
oyneanoa H Kynaiimma oupaa 6da Z HUBUHOU HOl2A MEHe.
s=p §=p
2-teopema. a,b,,... b —xaxuxuii connap 6yaub, a#0, —1,-2,...6a a>|b|

> n

oyacun, 6y epoa |b|=b +...+b,. Vxonoa ne N\{1} oyreanoa

o el L D) _D(alb) e T(e)
},:g}x{xl R [a’b’c’ x 7 x I'(a) ]];[F(Ck—bk)

1 n
k=l,...n
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8a uly kabu MyHocabamaap ypuriu.
3-teopema. deap a, —b, # 0,£1,£2,..., ¢2 0, -1, -2, ... 6a |arg(—xk)| <r,

k= I,_n wapmaap baxcapuica, y xo010a

F"” (a,b;c;x) = Aooﬁ(—xk )% FO
k=1

A (R

{l—c+a1 +..+a,a,...a;]l }4_
1-b+a,,.,1-b +a,; x

l-c+a,+..+a,, +bn,al,...,an_l,bn;l}+

plie 1-b,+a,.,1-b, ,+a, ,1-a,+b,;x
b o | lTCTOTa+ta,bLa,,. 0,51
+4,(=x) " [(=x) "™ - F ~ |t
k=2 1_a1+b1,1_b2 +a2,...,1_bn+an;x

F) l-c+a+..+a,,+b,,+b,a....a,,.b,.b; 1 .
1-b+a,..,1-b,_,+a, ,,1—a,,+b,,1—a, +b,;x

n—12

----------------------------------------------------------------

n l—c+b +..+b,.b,...b,; 1
o { l-a,+b,.,1-a,+b; x}

KYpUHUmoasu aHaitumuk 0aeom smmupuul gopmynacu ypuniu, 0y epoa

4,(0<1, j <n) — mawvaym yseapmacnap.

4-teopema. Aecap a-b=# 0,x1,+2,... 6a ¢, #0,-1,-2, .., k=Ln
wapmaap oaxcapuica, y X010a
I I'(b- —a .
(e)T( a)(—xk) F" a,1+a—ck;ck;ﬁ +
(b)) (c, —a) X,
+F(ck)F(a _b)(—xk )_b E b1+b —ck;Ek;ﬁ ,
['(a)T(c, —b) X,
KYPUHUUMOA2U QHATUMUK 0A80M smmupuut popmynacu ypuniu, 6y epoa
¢, =(crpcil—a+b,cnnnc,)s X =(xesx, . LXp0enX, ), k=11

F{"(a,bye;x) =

J<=

YunHun maparpadpma ymymnamrad bepunenmn-Uennm omeparopiapu Ba
yTapHUHT KYIO  VIYOBIM  aHANOIJIapu KUPUTUITAH. SHIU  KUPUTHITaH
ONEPaTOPJIAPHUHT XOCCAJIAPMHM YpraHUIl Ba Kylall HaTwkacuga [opH
pyixaTunaru ElnaMaii KolIral HKKH Y3rapyBUNWIN TUIIEPTeOMETPHK QyHKIIHUIap Ba
KYTI (MKKUTaJaH OPTHUK) Y3rapyBUMId OUTTa KOH(IIOIHT TUIIePreoOMeTpUK HYHKIUS
yUuyH €U ¢popMynaiapu TOMWITaH.

YMymiamran bepunemi-UeHnu onepaTopiapuHU KHPUTAMU3:

& (W (h+ad+ fo) X _T(ad+h)T(Bo+h)
e (1): T(h+ad)T(h+ po)’ e (1): T(h)T(as+po+h)

(D
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0 0
Oy epaa o Ba [ — HojxmaH Gapkiu OyTyH coHnap Ba O Exa—, o=y—.
X

ay
Tabkupnam kepakkd, = =1 6yaran xonma §ax;ﬁy(h) Ba Aax’ﬂy(h)

omepatopnap 1940 #wmnga bepunemn Ba YUeHAM TOMOHHUIAH KHPUTWITAH
orneparopiap OuiaH yctMa-ycT Tywaau. bepunenn Ba UeHAMHUHAT W3NaHULLTApUIA
(=0), f = (=) fP(x) xypunuiparu [Tyas (Poole) Gpopmyracu MyxuMm axaMusT
kacO aTra" OYynuO, ymapHWUHT HILIapuaa 11y GOpMyJIaHUHT TabCUPH JOMpACcHIa
I'opH pyiixaThra KupraH atura 4 ta Tyna Ba 7 Ta KOH(IIOSHT THIIEPTeOMETPHUK
GbyHKUMSIAp HWKKUATA OUp VY3rapyBUMIM TUNEPreoOMEeTpUK (PYHKIUSIAPHUHT
KymaiTMacy OYinda deKkcH3 Kartopiapra EHuirat, Xooc.

5-teopema. Aeap f(x) — uxmuépuii uexcuz mapma ougpepernyuanianysiu

Gdyukyus 6ynca, y xon0a uxmuépuii HomqubuzZ k ea m napoa

5) [ (0]=k ( D" (= m)k_p (),

|

(5)k |:me(X):| Z(m p)k P m+pf(p)(x)

MEH2NIUKIAD YPUHIU.
FOxopunaru (1) onepatopnap épnamuna ['opH pyiixatura Kkupras ymoy

- b m .n
Hl(aab,c;d;x,y)z Z (a)m—n( )m+n(c)nX_y_

0 (d)m m! n!’

H3 (a’b;d;x,y) — i (a)m—.n (b)m ﬁy_n

o (d)  m! n!’

GYHKIUSTApHU OMNepaTopiu ¢popMmanapaa TaCBUpJIall KHHHUH dMac:

H (a,b,c;d;x,y) =@x;_y(a)§x;y (b)F(a,b;d;x) F(b,c;1—a;—y), (2)

H,(a,b;d;x,y)=V__ (a)F(a,b;d;x)j_,(»), 3)

F(a,b;d;x)F(b,c;1-a;—y)=A_, (b)A,_, (a)H,(a.b,c;d;x, ), 4)

F(a b'd'x) J (y)=ij_y(a)H3(a,b;d;x,y), %)
- y"

Oy epma j,(¥)= Z ~— — HopMmauanraH beccenb QpyHKIUACH.

31+ 4), k!
Xocun kunuHra" (2) — (5) omepartopiu GopMaapiaH UKKH Y3rapyBUMIU

TUIIEPTeOMEeTPpUK  (QYHKUUSIAPHH OIAWNM TUIIEPreOMeTpUK (QYHKUUSIIAPHUHT

KymaiTManapu 6Viinda (Ba Teckapu) éiumnga doiigananunanu. Xymiac, yuoy

ZZZ( D™ (=i),_,(j+Dp), p(Dig(0)ie (D) (O)

imopog  Pi=p)ai(j-a)a)(d), ,(1-a),,(b),

i+q

xx"yPF(a+i+qb+i+qd+i+qx)F(b+j+pc+j+pl—a+j+p;-y),

Hl(a,b,c,a’;x y
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(a b;d;x y =ii D™ (), k( ) ku(a+z b+id +i; x)] a+k(y)
o= k(i — k)' 1 a) (d)
Ba IIyHra yxmaii éini popMmyialapy YprUHIH.
Yuunuu naparpadna bepunenn-UYeHnu omnepaTOpJIapUHUHT KYM YIIHOBIH
aHaJOTIapyu KUPUTHUITaH:

v(np)(h) F(h)l“(h+51+...+5n—01—...—01]),
C(h+6+..+5,)[(h-0,—..—0,)
AU ()= F(h+51+...+5n)1“(h—0'1—...—0'p)’
F(h)r(h+5l+...+5n—(71—...—Gp)
Oy epma 5 ::x‘i> i=ln, 0~1=y~i, J=Lp; n,peN.
i laxi J jayj

6-teopema. | (x) 8a g(y) — uxmuépuil yekcus mapma ouggepernyuanianyeyu
Kyn y3eapysuunu ¢pynxyusiap 6yacut. Y xonoa uxmuépuit m, n ea p € N napoa

(6=, f() =y e B O

e i T
e Kk ox,'..0x,"

it s o e
=1 (1_1)'(m_l)'“|=[ ll' . l' . 8yp

(Gl +..+0, )m g(y)=

MEH2AUKAAD YPUHIIU.

[TapameTpiapy Ba Vy3rapyBUmwiIapu KOMIUIEKC KHHMATiu OyiaraH Kym
Y3rapyBUMIN KOH(MIIOHT TUNepreoMeTpUK GyHKLUUSHU KI/IpI/ITaMI/IB

0 (a) (b) (b) kl kn 1
[NE - n/k X

HYY (abiexy)= 2 P ,j, ,1, - Z! I<1
IkJJ11=0 (Cl)kl"'(cn)kn s
6-TeopeManan ¢oinananu® Oy GYHKIIUSIHU OIepaTopiIu (bopMaz[a TacBHUpJIAII
MYMKHH:

HY? (a.biexsy) =V (a) B (a.bieix) /().
’1

o il
Oy epma j,(¥): ZO 1+1l)1 Zl' . % — HOPMAaJIaHTaH KyI y3rapyBuuinu becceinb
= m )

GYHKIUSACH.

Kyn yndoBnmm bepunenn-Yenan omnepatopiapuHUHT Ba 6-TeOpeMaHUHT
TaTOUFU cudatuga Kym Y3rapyBUWIM KOH(IIO3HT THIEPreoMeTpUK (PYHKIUSHU
EHnII GopMyTaCHHU KETTHPAMHU3:

o k k 1)'
H(n,p) ,b; ‘X, F(ﬂ) b: + (
1 (abiexsy)=F” (abiex) i, (y) ;;M;HU TN
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X

1) R(B), (b)), A

( ) ( l)kl ( )k” i L i} . yp Fj”)(a+k b+k;c+k; x)jl_a(y).

(1-a)(c), (c,), k' ki 1)
1 n

JluccepTalMssHUHT UKKMHYK 000N « CHHTYJISIP 3JUTHNTHK TeHIJIaMaJiap-
HUHT QyHAAMEHTAJ ednMapu» Je0 HOMJIaHTaH OYu0, y ymoy
L 2a, 8u

I (u) = Z u Z +Au=0 (6)

1Y j

KYI CHHIYJISp KOO(QQUIMEHTIM yMyMJAmrad | enbMrobll TEHIJIAMACHHHHT
Ry ={(x-X,, )1 %, >0,...,x, > 0} coxazarn (yHIaMeHTa)T CTUMIIAPHHH KypHIITa

m

Oarununanras, Oy epaa m — R 3B (a30CUHUHT Yauamu, # — (6) TCHIJIama

CUHTYIAp KO3(PHUUMEHTIAPHHUAT CORM; M >2,0<n<m; &, Ba A — XaKuKmii
comnap 6ymu6, 0<2a; <1, j=1,n waprnap ypurmummp.

bupunun naparpadna H(:’p )(a,b;c;x;y) KOH(JIIO3HT TUIEPreOMETPUK

(YHKIMS KaHOATJIIAHTUPAAUTaH XyCycHid xocunanm auddepeHiuan TeHraamaiap
CHCTEMACH TY3MJITaH:

n p
x(1-x, )a)xz-xz- -x > X0, +X, Zijxiyj + [C}- —(a+b+ l)xl_]a)xl_ -
=

J=lj#i

14

p
—b, ija)x_+bi2yja)y_—abia)20, i=1,n, (7)

e = !

Zya)yly Zxa) +(1-a)o, +0=0, j=1,

Vi

Ba Oy CHCTEMaHWHT YM3HKJIA YPKIIM €YAMIIAPH TOMHJITaH.
7-Teopema. (7) menenamanap cucmemac Koopounamaiap boutu ampoguoa

2" ma wuzuKIU IPKIU euuUMIAped 92d.
8-teopema. Aeap u ynxyua (6) kypunuwoacu ymymarauwean 1envmeonvy

MEeHSIAMACUHUHS eHUMU 6_)7.71061 y )fOJZOCl 2n md KOHCHIpYKmue ClﬁHZ/lﬂmﬂClp ypuHﬂZ/l
(m,n) 1—20(1. _ 1 2a (m, n) - PR
[10‘15---50‘;452L (x u L 1s J-c Hl,...,an,)u (u)9 l 1: na

7

L(’” ) ( xl 20, x”“f )= xl‘z% x”“f Jimm
S0, A Jj — j

i j (P AR Ll AN AR SN S a, /l(u): I J>

o j+1 ..... s

n n
Lz:';_’_?an,{HxJ‘z“fuj = H S @),

i=1

HUkknHun OOOHMHT MKMHYM naparpaduaa (6) KYpuHUILIATA YMyMJIalrad

['enbMrosbpl TEHIIAMACHHUHT  (QyHIAMEHTAT €4YMMIIapyd OWIKOp Qopmanapaa
Ky PHJITaH:

k
¢, (0,5 A) = 7/kr_2ﬁk | |(‘xi§i)l_2a (nl)(ﬂwak’zak’ 977) k=0,n
i1
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+p Za+2a pP= On

i=p+l

Oy epna x =(x,...x, ), £ =(&,...&,); B, =

o, =(1-a,..1-a,a,,..2,), k =Ln—1a,= (al,...,an),

4 —
a,=(1-¢a,..1-¢a,);6=(0,,....0,), O, =— xkfk (k=0,n); 77=Z/1r2;
¥

m

= Z('xz‘ - é)ZQ VosYis+>Y, — MabIIyM y3rapmaciap.

i=1

Yoy
(4+ A4, Ju=0

KYpUHHUILIArA “K}“/H” rapameTpiu yMyMnamraH I'ebMrosibl] TEHVIAMACUHUHT R*

(n.p)

coxXajard eunmiapu n+ p Ta y3rapyBumnu H',”’ koH}Ar0sSHT rumepreomeTpuk
¢yHKIMs Epaamuaa noaaaHuIIM Ky PCaTUiIrad Ba
H (a,b;c;x;yl,...,yp) =HY (a,b;c;x;y1 +o.t+ yp)
KenTUprl GopMyaacu HCOOTIIAHTaH.
9-Teopema. qk(x;cf;/l) (k =0,n) Gynxyuwsnap yayn wxmuépuii A aapoa
qk(x;f;/i)| 7020, j=1,k, )62.0!]M =0, j=k+1,n

x = J
J axj xj =0

MeH2IUKIAD YPUHIIU.

10-reopema. Xap 6up q,(x;&; 1) gynryus r—0 Gyneano

1
mapmubiu maxcyciuxkka 6d In— (m=2 ) noeapugpmux maxcyciuxka sea.
¥

11-Treopema. x sa & nyskmanap R coxaea mezuuinu 6ynub, A xakuxuii con
Oyncun. £ nykmanume Xoramuoan 6d A HuH2 KUIMAMUOAH KAMbULL HA3Adp X HYKmMd

yexcusnukka unmuneanoa q,(x;E;A) (k= 0,n) PyHKYUS HOJCA UHMUWIAOU, THHU

|qk(x g, 2,)| 2|i\|/+[ —, R>0 menecusnux ypuniu, 6y epoa M — yseapmac con 6a

le| = +.. .+,
JluccepraustHUHT yurHUYM 000M « CHHIYJIIp KO3 (PUUHEHTIN 3JIIHNTHK
TeHIJIaMa Y4yH uderapaBuii macamamap» ne0 HomyanraH Oynmm0, yHma £\

Jlaypuuenna runepreoMeTpuk (yHKOUSACH Y4yH OWpHHYM OOOHWMHI WKKUHYA
naparpaduaa ucOOTIaHTaH EHuII Q)opMynanapHJ:[aH (oiinananran xonaa

Zuxx + (8)

Jl‘x g
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KYPUHUIIAATH KYI CHHTYISAp KO3(QOULUHEHTIM SUIMITUK TeHrJamMa y4YyH

2 2 2 o
Q.= {x: X +..+x, <R°, x> O} I'pun QyHKUMSICH yCynIu OWIaH uerapaBHi
Macajagap euunras, 6y epaa x =(x,...,x, ).

Yyunun OoOHMHI OMpuHUM maparpadu acocuil derapaBuili MacalaJapHUHT
KYHIIMINNITA Ba ITOHAIMK TeopeMajapura OaruillIaHTaH.
Ky#ngary 6enruialiuiapHi KUPATAMHA3:

X, =(xl,...,xp_l,xpﬂ,...,xm) €R,;; X, = (xl,...,xp_l,xp+l,...,xn) eR _;
=ty 42 2 _p? 0= .30 =% .
S.—{x. X, +..+x, =R", x>0}, 0=(0....0)eR, ; Xpg=X,| _P*EG
x,=

i=lizp i

k —
Ymymaamran Xoabmrpen macaiacu (7T°N"™ macana). (8) TeHr1aMaHIHT

U x,=0 5 (fcp),p=1,_k; xzzvap % Y (ip),p=k+1,n; uk|s :(pk(x)’
4 xp=0

IapTIIAPHA KAHOATJIIAHTUPYBUH U (x ) peryJisip €4MMUHU TOIHII Tajad 3TUIAIH,

Oy epna 7, € C(Ep), v, € C(Dp) Ba @, € C(S_’) — Oepunran GyHKIUsIAp 0YIuo,

0

yaap yayr 7,(0)==7,(0). 7,(%,)=7,(%,).i% j. i=q. j*q.7,(%,)

= ¢ S
ol
X,€Dp,1,],p,q= 1,k MyHocabaTinap VpWHIN; KOOpAWHATIAp OOLINIA v, (J?p)
yaxmusmap m—1-2|a|+2a , JaH KAYMK TapTHOIM YeKCHU3NMKKA HHTUIMIIA
MYMKWH; k = O,_n
12-Teopema. (8) menenama yuyn ymymaauean Xonomepen macanacu T*N"™*
(k=0,n) C coxada bummaodan opmux euumea 32a >mac.

VkkuH4M maparpadia yMmMymiamraH XombMrpeH Macamacu TN mumr
k =1,n—1 Oyarannary, yauHuy naparpadua sca Xonemrper (k =0) Ba JIupuxie
(k =n) Macanagapy eYUMIIAPHHUHT MaBXYIJIUTH UCOOTIaHTaH.

13-teopema. (8) menenama yuyn m =2 6Oyneanoa ymymaauiean Xonomepen
macanacunune $2 coxadazu ewumu Kytiuoazu

(€)= n 2 (1-20,)8 7 7, (5,) TT (x8) ™

J=lLjzp

F(14 a2 i0,)  F (14 Boag 120,05

14

X - —_—
2ﬁk —2ﬁk dxp
I"Op I"Op
n . n 2, k 1_2aj
7k Z .[D Vo (xp) Y o (xfff) X
p=k+l P k=1, k=p Jj=1
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(n—l) ro. rooL (”—1) r . L=
FA ﬂk,ak’p,zak’p,cp FA ﬁkﬁuk’pjzuk’p36p9

27, _25,
Fop Fop

X dx, +

s « . —ea; n Rz— 2 o
+2’B"7".[s¢" (x)I Ix’f ' I I(xjéj)l o ng )(1+ﬂk’ak;2ak;c)T+£kde’ k=0,n
k=1

j=1

cuneynap Ilyaccon  ¢opmynacu ounan  ugpodananadu, 6y  dopmynaoa
A 14 14

Kamuawaémean o, 6a ¢, eexmopiap O, 6a 6|xp=0 8eKMOpPAApPOaH P -

xomnonenmacunu (p=Ln) wuxapub mawnaw iyru 6unan, o', eexmop sca o'

R’ - .
eexmopoan &£, nune ypuuea — &, (j=Ln) upodanu wpiuw 6Gunan yocun
* P

Kununeau, 6y epoa R* = ixf, P =i§f; dx, = ﬁ dx,.
i=l

i=1 k=1, k=p
Yunnauu 606HUHT TYpTHHYUM Naparpaduaa Au =0 Jlamiac TeHrnamacu yayH

(2 coxana, AHHU MIAPHUHT 2" -KUCMHUA, yMyMJIalraH X0oIbMIPEH Macajacu,
XospMrpeH Ba Jlupuxiie Macananapy edwirad, 0y epaa m=2, 0<n<m.

Kytiuparu GenrunanuiapHy KUPUTaMU3:

Iz{(il,...,ip):léi1 <..<i, <n, p=1,_n}; ’?12,...,1',, :Z(xj+§i)2+ Z (xj —fj)z,

jel Jell,...mg

725) =r xS:() b ril ,,,,, ip(s) 1 seees ip

I, 1<i <k<n, b
5.(i,)= 0 032<63”a 8, (st )= D8, (i)), k=0om.

0, (il,...,ip) =0 Ba 0, (il,...,ip) = p SKaHJIUTYHH KYPHII KUIMH 3Mac.
Ymymiamran XoJbMrpeH Macajacu. Jlaniac TeHIJ1aMacHHUHT

uk’xfozfp(fp)»l?:l,_k; % =v,(%,), p=k+Ln; u) =@, (x), k=Ln-1.

2l =0
“p

[IapTAapHU KaHOATJIAHTUPYBUM U, (x ) rapMOHUK €YUMUHU TOMUII Tajad 3TUIAIH,

Oy epna 7, €C (l_)p), v,eC (Dp) Ba g, €C (§ ) — Oepwirad QpyHKOusIap 6yauo,

ynap yuyH 7,(0)==7, (0), Ti(fclf]) =1, (i?q), i={j.q}, J#q, rp(icp)’S = ¢k|sp ,
»

X, € D,, i,j,p.q =1k MyHocabaTmap ypuHIH.

Jlamac TeHIIamMacH y4uyH IDApHMHT 2 -KHCMHA YMyMJIALIraH XOJIbMIPEH
—k
macanacuauar TN (k =0,n) Tpun dpysKHscH
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m-2

ey 1 (G 1) i R c (G )”
Gk(x’é:)_(m—Z)‘Sl‘ Z Z Z Z a2

p=0 1sij<.<i,<n 11, o P p=0 ISi<.<i,<n

P ’1 -

KYpHUHUILTA 3ra.
u ~ i _ Y u ~ U
., BT udonanap, p =0 6ynranaa, Moc paBuiaa, »* Ba 7" ra TeHr

B sl

OYJIMILIMHYA TabKUIaliMuU3.
14-Teopema. Jlannac menenamacu yuyn ymymaauiean Xonvmeper Macaiacu-
Hune ) coxadaeu ACOHA eyuMU Kyuuoazu KypuHuuoa monunaou.

u, (&)= |S |‘§1§2 &y X

,,,,,

DNRIDID U (K] s e

p=0, 1<i <. <i,<n Ap )] ,0 p=0, 1< <. <i,<n ,1 ,,,, ip(l)
p#l p#l

5k(,1 i) R m-2 (_1)5k(i1,...,ip) 3
“m- z)lsllZj iy % _H 2 2

k+1 p= 0 1<ij<. <1 <n i, 1}(/) p p=0, ISil<..A<ip3n iy (1)
p* ! p#l i
2 2 Oy el
2 R - p* |3 (1)) (-1t 1)
Sy Y - BS
‘ 1’ p=01<i <. <i,<n rll, ,0 p=01<i <. <i,<n ,1, i

P

HucceprauusaHuHr «CuHryasap ko3¢gd¢uuneHTad ¢a3oBHi 3ILIHOTHK
TeHrJIaMa YYYH MOTeHUHALIap Ha3apuscH» 1e0 HOMIAHTaH TYpTUHYU OoOuaa
WKKWJIAaHTaH Ba ONOWM KarjaM MOTEeHIWAUIapu TaAKUK JTWIaAW Ba OJIUHTAH
HaTWXKajap 4derapaBHil MacajalapHH e4HIlra KyIIaHUIaau.

IToreHunammap Ha3apusICH JJUIMOTUK TEHINIAMalap YYyH Kyuuiran
yerapaBUd MacaJaJlapHA  €4MIIAa KyJa MYXHMM axaMmusiTra »23ra, 4YyHKH
y3rapyBumiapra axpatuiml — Ba [puH GyHKOUSACH YyCyljapuaa derapaBHid
MAacaJlaHUHI €YMMUHHM aH4a COoJJa COXalapJarvHa OLIKOP KYPWHHUIIAA TOIHII
UMKOHHATH 60p. IIly MyHocabGar OuinaH derapaBuil MacanajlapHU UKKWIAHTaH Ba
OJIIMH KaT/IaM NOTeHLHAJIapy €plaMKia HHTer pajl TeHIJIaManapra KeJITHPHUIL, Oup
TOMOHJAH, YerapaBui macaja €YUMHUHUHT MapXyJ Ba STOHAIUTMHHU TEKIIHPUILI
HYKTau HazapuJaH aH4ya Kynail, OollKa TOMOHAAH 3ca, uyerapaBuil MacalaHH
MypakKkaOpoK coxanapla XaM COHJIM eUUIl UMKOHUHU Oepau.

TYpTunun 600HUHT OUpPUHYH Iaparpaduia

m — C 2a —
H (u)=2uxkxk+x—uxl—0 (0<2a <1, m>2) )
Tenrnama R = (x 1> 0) APUM (pa3oz[a ypraHI/IJIraH. by TteHrmamaHuHr

byHIaMeHTal e4uMiapu g, (x;é‘ ) =k ( B, + ﬂk,2 B.;o j
P

1
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KYpHUHHULITA 3ra, Oy epaa

4 m
B—k—1-(-Da, k=12 o=255 2 < (x + £V + 3 -£).
7”1 i=2
R’ spuM (azona sxoiimamran {2 coxana Kyiuaara ['pun popMmyriacu YpHHIIH:

ngf“ [uH;” (v)y—-vH (u)}dx = JS(uBZC[v] — ij‘x[u])dS, (10)

Oy epaa S — émuk {2 cCOXaHMHT Yyerapacu, # 5ca S CHPTHHHI TaIlKd HOpPMAaJld Ba
Ba _ J2a . 8[] 6vv
“L1=x Z—cos(n,xk) — HOpMaJT OYHin4a OJIMHIaH XOCHIIA.
k=1

Arap u# Ba v (pynkuusiap (9) TeHriiaMaHuHr eunmiiapu 6yica, y xonaa (10)
(dbopMynaaaH Tonamus3

js(uB;;[v]—vB:x[u])dS = 0. (11)

(10) popmynana v=1 neb onub, 1 HUHT YpHUTA 1° HU KyiUO
2
[ Ou
2a o
X — | dx=|uB [u]dS,
| Z(@J [ B[]
TEHTJIMKKA 3ra Oynamus, Oy epaa U (x) — (9) TeHrMaMaHUHT CYUMH.

Xymrac, (11) ¢popmynana v=1 aeb oncak, SBZC[u]dS =0 TCHINUK YPUHIH

Oynanu, spHM (9) TEHIIaMaHWHT €YMMHIAH HOpMas OYinya OJMMHIaH XOCWJIalaH
énuk cupT OYViinya OJTMHTaH MHTETPaJl HOJIra TEHT.

TypTuHuM naparpa@HUHr MKKAHYM naparpadpuia HMKKWAJIAHTaH Ba OJAWN
KarjaM NOTEHIMAIapU KUPUTUJITAH Ba YJIAPHUHT XOCCAJIAPH YPraHUIraH.

[ — R apum (azona skoinamran JIamyHos cupTd 6yiickH Ba 1, — Mapkasu
KoopauHaramap Oommpa OymmO, pammycn @ ra TeHr Oymran Ba x, =0
TUIEPTEKUCINKAA XKoinaturan (m —1)-ymuosnu wap 6yncun, €2 sca I cuprBa I
wap OunaH yerapanaHraH dyekiau coxa Oyiacus. ' cuprt Ounan I'| wmapHuHr ymymuit
yerapacuHu Y 6I/IJIaH oenrunaimms.

ymoy w(x L,uk Blq,(&x)ld.T Ba W ka q,(&x)d.T

MHTErpajljiap, MOC PABHUINIA, UKKWJIAHTAH Ba OJUIMI KaTiaM MOTCHIUALIApH /e
aranaau, Oy epnaa ,uk(x) Ba p,(x) suummk Qynkumsiapy C (F) na y3IIyKCH3

Gysxmasmapmap. w* (x) Ba v (x) notenumannap x, >0 spuwm dasona xoiinam-
rad, iekuH [ cupt Ba x, = 0 runeprekuciuk OuaaH yMyMuii HyKTara sra Oyimaran
UXTHEPUI coxana (9) TCHIIIAMaHUHT €YUMU OYIIaIu.

14,(£)=1 Oynranna MKKWIAHraH KaTjiaM MOTEHLMATMHU wl(k) (x) Owax

Oenruaiimus.

15-Treopema. Kyiiuoaeu chopmynanap ypuniu:
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ik(x)—l xeQuUI,

jBé[qk fx]dr— i (x)—= xeFuy,
lk(x)e xeﬁa

m a—%
6y epoa k=12; i(x)=0, i,(x)=(1-2a)kx ** L [xf + Z(é‘k — X, )2} d;I'.
1 k=2
16-teopema. Acap x nykma I Jlanynos cupmuoa émca, y xonoa

B[ g, (&) ]| St k=12
nrr

menecusnukap ypuniu 6ynaou, 6y epoa C, — y3eapmac com.

17-teopema. Aecap 1 - Jlanynoe cupmu oynca, y xonoa
| Bl (&x)]dT<C,, k=12

menacuzuKaap ypurau 6ynaou, o6y epoa C, —y32apmac coH.

18-teopema. x nyxma I cupmoaeu x, nykmaza uuxapuoan éa mawxapuoar

k o
UHMUT2AHOA W( )(X) UKKUJIAHZ2AH KAMJIAdM NOMERYUANU TUMUM KUUMamiapea 32a.
k
Wb

Azap w(k)(x) HUHZ UYKAPUOGH JUMUM  KUUMAMAAPUHU W, (xo) ounan,

MAUKAPUOGH TUMUM KULMAMAADUHY 9CA W( )( ) bunan beneunacax, y xonoa
1
w0 (x,) =~ 21le xo J.r/lk an%g)dgra
(12)
(k)(xo)__ﬂk(xo)‘i'_[r/lk x0a§)d§r:
¢opmynanap ypuuau, 6y epoa K, (xo; =B,; |:qk &;x, :|, k=12,

V(k)(X) O,Z[,Z[I/Iﬁ KaTJlaM ITOTCHLHAIIapH r CUPT OpPKaJIa yTFaHﬂa Y3JIYKCHU3

Oynub KoyiaBepHIM Ba X HYKTa YEKCHU3JIMKKAa HMHTWITaHJAa YJIapHUHI HOJIra
WHTWINIIH, ShHU

|: (1)(X):H 22, k+m (R 2 RO )9

(k)
‘ (x)‘ RU- 2a)+m -1°

TEHICU3/IUKJIAPHUHT YpUHIU Oymumu ucbomianrad, 6y epama M, Ba N, —
Yarapmacnap (k=1,2).
19-teopema. Vzaykcus p, (&) 3uwzu7<ﬂap VUYH

BL[v()] ——pk )+ [ o (€)K, (&5x)d.T,
B[ V(0] ———pk )+ [ o () K (&x)d,T,

popmynanap ypunau, 6y epoa K, (f;x) =B [qk (f;x)], k=12.

(13)
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(12) Ba (13) dopmynamap 3UWIMKIAp YUYyH HHTerpal TeHrjaaMalap
KYPUHHUIIHA E3UITAIITNA MyMKHH:

4, (x)—ﬁj}Kk (x:8) 1, (£)d.T = [ (), (14)
pi (%)= A K, (&%) p, (£)d.T = g, (x), (15)
oyepra  A=2, f,(0)=-2u"(x), g()=-2B""()],
A=-2, fim=20"(x), g®=2B:[v()] (k=12).

1
(14) Ba (15) Tenrnamanap y3apo KyuiMma TeHMiamaiapaup Ba 16-teopemara
O6uHoaH yiapra @peAroasM Ha3apHSICHHH KYJUIAIll MyMKHH.
TYpTuHuYM GOOHMHT Y4YMHYHM Maparpadu MoTeHUHAIap Ha3apuscu Oyitnua
onMHTaH HaTmxkamapHd €2 coxama (9) TeHrIaMa YYyH KYMHITaH yerapaBHil
MacayajJapH{ eqHIlTra KyJuiamra OarrIiaHraH.

XouabMrpen macamacu. () coxama (9) TeHrIaMaHWHT Q énuk coxana
y ou o~ —
y3nykcus G¥iran xamaa limx.” o =v(x), xel, u|F =@(x), xel maprnapHu
x—0 Xl

KaHOATJIAHTUPYBYH PETYJISIp SYMMHHU TOTIMII Tanad atuinanu, 0y epma o¢(x)e
eC (1:) Ba v(¥)eC(T,) — Gepuiran dyHKUUANAp, IyHUHIAEK V(X) QyHKIMS
X +..+x, —a Oyaranma 1-2¢ naH Kam TapTUONH YEKCH3IMKKA HHTHIHILIH
MYMKHH.

Jupuxie macajaacu. () coxana (9) Tenrnamanuar Q EnMK coxana y3ayKCHs3

oynran xamaa limu(x)=17(X), Xe I, u|r =@p(x), xe r mapTiapHU KaHOATJIaH-
x—0

TUPYBYH peryJisip eYUMUHHU TomuIl Tanad stunanu, Oy epra ¢(x) Ba 7(X) — MoC
paBuLIAa, T Balima y3ayKcu3 QyHKIUsIap, UIyHUHraek (m—1)-ymuonu
chepana (o(x)’y = r(fc)|7 KeJUIINII [IapTH Oa)kapuiiaau.

Apanam macama. Q coxaza (9) TeHIaMaHHHT SmUK () coXala y3IyKCH3

oynran xamaa lim u(x)=7(x), Xe 1:1, B,f;[u]‘r = @(x), xel maprnapuu KaHoar-
x—0

JAHTUPYBUHU PETYJSAp €YUMUHHM TONUIN Tanad 3tuiaau, Oy epaa 7(X) Ba ¢(x) —

Oepmiirat y3imyKcu3 GyHKIHsIIap.

20-Tteopema. Acap (9) mewenama yuyn xyuunean Xonvmepew (HQupuxie,
apanauw) macanacu ) coxada pezynap ewumea sea 6ynca, y xonoa 6y euum
A2OHAOUp.

K¥yiiunran macananapau euyunina [ puH GyHKIUICH ycyauaaH QoiinanaHa-
mms. G,(x,x,) (k=1,2,3) I'pun pynkuusnapusu x, >0 OynraHgaru UXTHEPUN CUPT
Ba x, =0 OYnranmaru €nuk coxa OUIaH yerapajaHraH coxaja KypaMus.

1-nemma. Aeap x,x, €2 coxaca mecuwinu Hykmanap 6yaca, y xonoa
G, (x,x,) (k=1,2,3) ¢pynxyuanap x ea x, Hykmanapea Hucb6aman CuMMempuxoup.

21-teopema. (9) menecnama yuyn Xonvmepewn, Hupuxne ea apanaut
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macananaprune bepuneannapu, moc pasuwoa, 1) v(x)e C(T,), go(x) eC (l_“); 2)

r(X)e C(l:1 ), p(x)e C(l:); 3)r(%)e C(l:1 ), ¢(x)e C(T) wapmaapnu Kanoam-

aanmupcun. Y yonoa 6y macananaprune € coxadazu ewumnapu, mMoc pasuuioa,

D) ,0r) =] v(%)G,(0,%x,)d:T, - [ 9(x)BLIG,(x;%,)}d,T, (16)
2) u,(x,) = j Z“M 4T, - [ p()BL] G, (x:x,) |d.T.(17)
X x=0
3) us(x,) = J- w d.I' +J- o(x)G; (x; xo)dxr (18)
xl x=0 i

Gopmynanap 6unan ugpooananaou, 6y epoa
G, (x5, )= Gy (3%, )+ H, (x3x, ), H (x3x,) = L,Ok(f X0)G (&5x)d T,k =1,2;

G, (x:x)) =Gy, (x5x,) + H, (x3x,), Hi(x5x,) = Irp3(§ X,) ng[ ;5):|d§F,
2P 2 m m
Gy (x;x0)=qk (x;xo)_[gj "qx [X;%xoj’ R? =Zx;f, o ZZxZoa

P (xx,)= 2Ba|:qk(xx0 +4IR (£:x;2)B; [qk(g‘;xo)JdgF,k=l,2;

,L)3(S;x)=—2q2 §;X +4LR ;& 2)q2(§ )d I,
R (x;8;2) — K(x;&) aoponune pesonveenmacu, R,(x;E;4) ea Ry,(x;E;4) sca
aoporune K,(x;&), moc pasuwoa, A =2 ea A=-2 6yreandacu pezonveenmanapu.

Tabkumiam  kepakku, €2 cudaruga spuMm  chepuK Ccoxa OJIMHIaH/A,
H, (x,x,)=0 6¥naau Ba (16)—(18) eunmmap, MOC paBHIIza, COANAPOK E3MNaN

u,(x,) = —k j V) o2 = R AT, + e+ m = 2)k, x
20-1 m- . 4x,, R’ -p’
XJ‘F¢(X)X1 F[CY'F 9) ’a’za’ rlz j R 2a+m dx

1, (x,) = (1= 20)kyx ;% j (%) e = Ry |diT, + (m = 20k,
1

2
le(p(x)F(l a+%1 ;2 -2 4x1x01)§ P

2 2-2a+m X7 ?
1 1

uy(x,) = (1-2a)k,x;; 2“_[ T(x)[rlf)“’" Rlzo"‘_m]dil“1+
l

2 2-2a+m X ?
4 R

+kx12aj‘ 12“(p(x)F£E—a1 02— 2 4X1X01JR -p’ dT

m

2
< X, X 1 &
R,=R| . Rf=Z(R——kR"Oj 2 3 - n-2R

j=lj=k
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XVJIOCA

Jluccepraumss WIIKA Ky YAYOBIM THUINEPrEOMETPUK  (PYHKLIMSUTAPHUHT
XOCCaJapuHU TAJAKWK OTHUINTA Ba YJAPHA WKKWUHYM TapTHOIM Oy3Wiiaauras
AJUTMNITUK TEHTJIAMaap YUyH MOTEHIMAIUIAP Ha3apusicura KyJuiamra OaFuIIaHTaH.

TaaKMKOTHUHT aCOCHA HaTWKajapy Kyiuaaruiapaad noopar:

1. JlJaypuuenia runepreoMeTpuK GyHKIMIIAPH YUYH PEKYPPEHTIIMKAAH XOJU
OYnran €hum Qopmynanapu Tomwirad. McOotnanran é&ium (opmynanapuiaH
Jlaypuuenna runepreoMeTpuk (QYHKIMSUIAPUHWHT  Y3rapyBUWIapi Ba COHJIA
[apaMeTpiIapuHUHl JIMMUT KUMMaTIapuaard X0CCalapuHy YpraHuiiaa, aHaTuTHK
JaBOM  OSTTHpUII  QopMmynajiapuHu  KcOOTHalga Xamja KYm  CHHTYJSIp
KO3(Q(PUUMEHTIIM DINUNTHK TEHIIAMAIAP YYyH KYHWIraH acocuii uderapaBuid
MacaJIaJJAPHAHT €UMMIJIAPUHYI OLIKOP KYPUHHALIUTAPAA TONHIIAA (o JamaHuiIraH.

2. Texucnukaa ymymnamran bepunemn-UeHam oneparopiapi KUPUTHIITAH
Ba KMPUTHJITaH orneparopiap €paamuna [ 'opH pyiixatura Kuprad UKKH y3rapyBuniivd
TMINEPreOMETPUK (PYHKIMIIAP YUyH Eiui (popMyTaJaprHy TOTUAIITA SPULLTAIITAH.

3. 'mnepreoMeTpuk (YHKIMS MApaMETPIAPUHUHT XyCYyCHI KuAMaTIapuia
F Jlaypuueina (QYyHKIMICHHM DJCMEHTap (QYHKIMsUAp opkaiu wudomaman

UMKOHUHM OepyBuM MyHOcabariaap NCOOTIIAHTaH.

4. bepunenn-Yenau oneparopnapu (pa3oBuii aHAIOTJTAPUHUHT KUPUTHIUIIN
KYI  y3rapyBUWIM KOH(MIIOSHT THIECPreOMETPUK (YHKUUSUIAP YYyH ERui
(hopMynasiapuHu TOMUII UIMKOHUHU OEpH.

5. Ky cunrynsp kodpuumeHTn ymymiiamrad ['eqbMrosibl TEHIIaMacH-
HUHT (QyHIAMEHTAJ €uMMJIapyd KyPWITraH Ba TAJAKWMK STUJTaH XamJa TOIMWJITaH
¢yHIameHTam euMMmiapHd  uMdojanallga KaTHamaéTraH Kym Y3rapyBuWIIM
KOH()TIOOHT TMNEPreOMETPUK (PYHKIMS KAHOATIAHTUPAIUTaH XyCYCHUH XOCHJIAIN
TEHIJIAMAJIAp CUCTEMACH TY3WJITaH.

6. Kyn cunrymsp kodpQUUMEHTIM SJUIMNOTAK TeHrnama Ba Jlamnac
TEHITIAMACH YUYYH KYyHWIran ymymiamrad X0oJdbMIPEH MaCATACHHUHT Ky YITYOBIIH

MIAPHUHT 2~ "-KECMHJIArd sSroHa euuMu [ prH QyHKIUACH yCyJu OWMTaH OMIKOpP Ba
KEJNTyCH TAAKMKOTIapaa GoiJaIaHnIl YUYH KyJIaid DIaKiaa TOMHITaH.

7. Cunrynap kodpduuueHTIM  (Pa30oBHA  SJUIMNTUK  TEHIJIAMAHWHT
(yHIAMEHTAT €YMMIIApUIa MOC KEJraH WKKWIAHTaH Ba OJIUM  Karjaam
NOTCHIAAIAPU KAPUTWITaH Ba Oy NOTEHIMAIUTAPHUHT X0Ccalapy TaJKUK STHJITAH.

8. IloTeHnmannap Ha3apHusACHIA OJMHIAH HATWKaJlap CUHTYJUISAP SJUIANTHK
TEHIJIaMalnap Y4YyH KYWWITraH acocMid 4YerapaBuil MacajaJlapHU — €uuIira
KYJUTAHWITaH.
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BBEJEHUE (anHoTanMsi JOKTOPCKOil TUCCEPTALIMN)

AKTYaJILHOCTh U BOCTPE0OOBAHHOCTb TeMbI Juccepranun. Bo BceM mupe
MHOTME HAyYHbIE W MPAKTUUYECKHE MCCIECAOBAHUS, MPOBOJMMBIC B Pa3IMYHBIX
0o0nacTax MaTreMaTHKH, B OOJILIIMHCTBE CIYy4YacB, MPUBOIATCS K MCCIEIOBAHHIO
MOJIETIEH 3a/1a4 MaTeMaTUYeCKOi OMOIOruM U ra3oBoi AuHaMHUKU. UccnenoBanue
(yHIAMEHTAIbHBIX 3aKOHOB ra30BOM JTWHAMMUKM C MOMOINBI0 PEIIEHUA KPAaeBbIX
3ama4 Uit quPEepeHIMATBHBIX YPABHEHUH B YaCTHBIX MPOM3BOAHBIX C OCOOCH-
HOCTSIMH B KO3(ppuimeHTax, 0coOEHHO ¢ onepaTopaMmu beccers, SIBIsSeTCs aKTyallb-
HOI 3amaucii. DyHIaMEHTAIBHOE peleHue, QyHKIUs [ puHa U Ipyrue 3JIEMEHTHI,
HEOOXOQMMBIC TMPH PEUICHUM KPACBBIX 3aa4, BBIPAKAKOTCS 4YEPE3 HEKOTOPYHO
TUIEPreOMETPUYECKYHO (PYHKIIHIO, YACTIO MEPEMEHHBIX KOTOPOM OMpeAcseTcs: B
3aBUCUMOCTH OT CTETMCHH BBIPOKACHUS WM YHCIA CUHTYJISIPHBIX KO3(QPHUIIMEHTOB
paccmarpuBaemoro qudpepeHnmansaoro ypasaenus. [loctpoenue GpyHaaMeHTAITb-
HBIX PEIIECHUI YPABHEHUH B YACTHBIX MPOU3BOAHBIX C HECKOJIbKUMHU CHHTYJIIPHBIMU
KO3((PUUMEHTAMH SIBIIIETCS OJHMM W3 BAXKHBIX 3a7a4 PEIICHUS TPodieEM,
OTHOCSIIIUXCS K DJICKTPOMArHUTHBIM KOJNEOAHHWsIM M JHHAMHUKE, KBAHTOBOH
MEXAHUKE W a3POJUHAMHUKE, TEMIIOMPOBOAHOCTH U TEOPUN NOTCHIMAJIOB.

B HacTosmee BpeMst BO BCEM MUPE aKTYaJbHOM SBISETCS 3a1a4a HAXOXKICHUS
(GopMyJT pa3sioKEHUS, KOTOPBIC TO3BOJISIOT MPEACTABUTH THIEPIEOMETPUUECCKYIO
(YHKIIMEO MHOTMX TEPEMEHHBIX Yepe3 OECKOHEUHYH) CyMMY MPOU3BEACHUIA
HECKOJIBKMX TUMEPreoMETPUUECKUX (DYHKIUI OJHOTO MEPEMEHHOr0. M3BECTHBIE
PEKYPPEHTHBIE (POPMYJIBI PA3IOKECHUST UMEKOT HENOCTATKH B MPWIOKECHHAX K
3amayaM AJii YPaBHEHHN ¢ O0jee TPEMbS CHHTYJISPHBIMU KO3(Q¢uuueHtamu. B
CBSI3H C 3TUM, UCCIICIOBAHUE HOBBIX CBOMCTB MHOTOMEPHBIX THIEPrEOMETPHYECCKUX
(YHKIMIA C MOMOIIBI0 HEKIACCMYECKMX CHUMBOJIMYECKHX OIMEPATOPOB, & TAKXKE
OPUMEHEHUE 3THX CBOMCTB K MOCTPOCHUIO (PYHIAMEHTATBHBIX PEIICHWH s
0000LIEHHOTO CUHTYJIIPHOTO YPaBHEHUS [ €TbMIOJIbIIA M PEIIEHUIO KPACBBIX 3a/1a4
JUTS SJJTMITHYECKOTO YPABHEHUS C HECKOJIBKUMU CHHTYJIIPHBIMA KO3 (PUIeHTa-
MU, CUUTAIOTCS LEJIEBBIMU HAYYHBIMHU M CCIIEA0OBAHUSMH.

B nHameli crpane ocoboe BHUMaHWE yaenseTcs (PYHIAMEHTAIbHBIM
JUCLMIIJIMHAM, B YaCTHOCTH, AKTYaJlbHbIM HAMpPABICHUSIM, KOTOPBIE HWMEIOT
NPUJIOKEHUS. B MATEMATUYECKOM OMONOTMK W ra30BOM nuHamuke. B ToM umcne, B
NOCTIEAHBIE TOABI OBUIH TOKa3aHbl (POPMYIIBI PA3I0KEHUS ISl THIIEPreOMETPUYEC-
KX (PyHKIUH TPEX MEPEMEHHBIX M IOCTUTHYTHI BECOMBIE PE3YJIBTATHI PU PELLICHUN
KPaeBbIX 33/1a4 JJIsl TPEXMEPHBIX CHHTYJISPHBIX AUPPEPEHIMANBHBIX YPABHEHUH B
YACTHBIX NPOU3BOAHBIX. [IpOBeNEHUE HCCIECAOBAHUA HA YPOBHE MHPOBBIX
CTaHJAPTOB 10 MPHOPUTETHBIM HAMPABICHUSAM AUCUUIUIMH «JnddepeHumanbabe
YpaBHCHHS M Maremarudeckas (pU3MKa, TEOpUsS [JTUHAMUYECKHUX CHUCTEM)
0003HAYEHBI KAK OCHOBHBIE LIEJIM M HATIPABIECHHS JEATEILHOCTH UCCIIe0BaTENeH .
B nensx wucnosib30BaHMsS HAYYHBIX PE3YJABTATOB B CMEXKHBIX OONACTAX HAYKH

! Tlocranosnenne Kabunera Munctpos Pecny6rmukn Y36exuctan ot 18 mas 2017 roga Ne292 «O mepax mo
OpraHW3allii JESATCIbHOCTH BHOBb CO3JAHHBIX HAYYHO-HUCCICAOBATEIBCKAX YUPSKACHHA AKameMHH HaykK
Pecmybmkn V30ekucram»
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3aHUMaAINCh Takue yueHble, kak, J.J.Barros-Neto, E.T.Copson, I.M.Gelfand,
M.Itagaki, HW.b.I'apunos, O.T.Kapumor, P.M.Maenseues O.M.Mapuues,
H.Pamxa6os, A.K.Ypunos, A.XacaHoB.

YuuThIBasi B&XKHOE 3HaYCHHUE (POPMYJT PA3TIOKEHUS TSl THIIEPTEOMETPUUECCKIX
¢yHkumii MHorux mnepeMmeHHbix, J.L.Burchnall m T.W.Chaundy paznoxunu
HEKOTOPBIC THIEPreOMETPUUECKUE (PYHKIMM JBYX MEPEMEHHBIX Ha OECKOHEUHYIO
CYMMY MPOU3BEACHUN IBYX TANepreomerpuueckux pynkuumii ['aycca, a A.XacaHoB
n X M.CpuBacraBa mnoiayywsiv (GOpMyssl pasioXKeHUs I LEJIoro Kiacca
TUINEPreOMETPUUYECKAX (PYHKIMH TPEX MEPEMEHHBIX M JOKA3IH PEKYPPECHTHBIC
(GopMyJBl I 3THX K€ TUINEPreOMETPUYECKUX (YHKIMA C 4YETBIppMS M Oosee
nepeMeHHbIMU. PopmyJIbl pasnoskenus bepunenna-UYenau n Xacanoa-CpuBacrasa
B pabGorax O.T.Kapumora m J.J.Nieto ycnemHo NPUMEHSUIMCh NPH PEUICHUA
KPAaeBbIX 33Ja4 JUIsl TPEXMEPHOTO AJUIMITUYECKOTO YPAaBHEHUS C IBYMSI U TPEMs
CUHTYJIIpHBIMHA KO3 punrentamu. OQHAKO, HW3-32 PEKYPPEHTHOCTH (POPMYIIBI
paznoxeHus: XacaHoBa-CprBacTaBa BO3HMKJIM JONOJHUTENBHBIE TPYAHOCTH B
NPWIOKEHUSX 3TOTO PANIOKECHHUS], B CIAy4Yae, KOrga Pa3MEPHOCTb CHUHTYJISIPHOTO
AJUTMNITAYECKOTO YPABHEHUS MPEBBIIACT TpH. [Ipyu MccneaoBaHMM MHOTOMEPHBIX
TUMNEPreOMETPAYECKAX (PYHKUMNA, Hapaxy ¢ (OpMyJlaMH Pa3JIOKEHHs, OYEHb
AKTyaJIbHOM  ABNSETCS  3a7a4a  HAXOXKIACHUS  QOpPMYN  AHAJIUTHYECKOTO
NPOJOKCHAS, UMEIOLIMX MPUIOXKEHHS K 3a/la4aM aTOMHOW M SIEPHON (QU3WUKHA U
MPUKIIAAHON MATEMATHKH.

B Hactosimiee Bpemsi M3BECTHBI (POPMYJIbI QHATUTUYECKOTO MPOJOJHKEHUS
TUNEPreOMETPAYECKUX (PYHKIMH OT OJHOTO W IBYX MEPEMEHHBIX. B cilydyae MHOTHX
MEPEMEHHBIX OTMETUM Julib padoTy C.M.be3poanbix, KOTOPbIH n0Kazal Gopmyity
AHATATUYECKOTO MPOJOJDKEHHS ISl TMIEPreOMETPUYECKON QYHKIMK Jlaypruuernibl
F\” W npuMeHWN ee mpu MCClienoBaHMM 3anauu Pumana-I'mnnOepra. Teopust

BBIPOKIAMOMIMXCS, CMEIIAHHBIX, CHUHTYJISIPHBIX M HEKJIACCHYECKHUX YPaBHECHWH
pa3nMUHBIX TUNIOB pa3padareiBasiack B pabotax 1. A.Anumosa, P.P. Amyposa, A.C.
bepapimera, A.B.bunamsze, B.H.Bparoea, T.J Ixypacsa, O.C.3uxkupoBa, b.H.
Hcnomoga, T I Kamemenora, B.B.Karpaxosa, M.B.Kenapia, M. A KunipusiHoBa,
A U Koxanosa, 10.M.Kpukynosa, A.I' Ky3emuna, M. A JlaBpenteeBa, M.Mupca-
Oyposa, E.M.MouceeBa, ®.I ' Myximcosa, A.M.Haxymesa, A .B.Ilcxy, CILIIlynb-
kuHa, O.A Penmna, Kb.CabutoBa, M.A.CanpiOexoBa, M.C.CanaxuTauHOBA,
C.M.Cutnauka, M.M. CmupnoBa, A.Il. Conparosa, 5. X. Typmerosa, A.K.YpuHosa,
O .. Opankis, Xe Kan Uepa, C. A . Yambiruna, 3. JLIIIumkuns 1 1p.

CBsi3p TeMbI AHCCEPTALUH € HAYYHO-HCCIEI0BATEILCKHMH padoTamMu
BbICIIET0 00pPa30BaTEJbHOTO YYPEKACHHUS, Il€¢ BBINOJHEHA JUCCEPTALUSL.
JuccepranmonHas padoTa BBIIIOJIHEHA B COOTBETCTBUH C TUTAHOBOM TEMOI HAy4YHO-
UCCIIEN0BATENbCKUX padoTr DA-O1-O002 «HMccnenoBanus pa3peliuMOCTH |
CHEKTPAJbHBIX CBOMCTB KpPAaeBbIX 3a7ad JUlsl BBIPOKIAIOIIMXCS YPABHEHUH U
YPaBHECHUH CMEMIAHHOTO THIA U CBSI3aHHBIX C HUMH CIIENUAIBHBIX (PyHKIH», D4-
DA-D010 «Kpaepble 3amaun ans audGepeHIMATBHBIX YPABHEHUNA C YaCTHBIMU
NPOU3BOJHBIMA C CHUHTYJSIPHBIMM OCOOCHHOCTSIMM W HEJIMHEHHBIC 3aJaud CO
cBOOOIHOM rpanuiiciiy, OT-D4-88 «MccnenoBaHus NpsMbIX U 0OPATHBIX 3a1a4 JUIs
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YPaBHECHUN CMEMIAHHOTO THIA BTOPOr0 M BBICOKOTO NOpsAakoB» HWHcTMTyTa
Maremaruku um. B..Pomanosckoro AH PecnyOnuku Y30ekucran.

Henbio nccaenoBaHusi SBISETCS PELHICHUE KPACBBIX 3a/a4 U MOCTPOCHUE
TEOPUHU MOTCHIMAJIA 111 MHOTOMEPHBIX CUHTYJISIPHBIX SJUIMNTAYECKUX YPABHEHUIHA
BTOPOTrO MOPsIZIKA.

3anavu uccie10BaHusl, PCIIAEMBIC B JAHHOH paboTe:

YCTAHOBJICHHE (HOPMYJT Pa3IOKEHUs, KOTOPbIE CBOOOJHBI OT PEKYPPEHT-
HOCTH, JUJIi MHOTOMEPHBIX TUIEPreoMeTpuuecknx (pyHkumii Jlaypuuemnsl u
KOH(DITFO3HTHBIX TUIEPreOMETPUYECKAX (PYHKINI MHOTHX EPEMEHHBIX

BBEJICHUE OOOOIICHHBIX JBYMEPHBIX W MPOCTPAHCTBEHHBIX aHAJIOTOB
oneparopoB bepuHenna-UeHau M UCCIIEIOBAHUE WX CBOWCTB, a TAaKKe MX
NPUJIOKEHUS K HAXOXKACHUIO (POPMYJ PA3IOKEHHS ISl TUIEPTEOMETPHYECCKUX
(PYHKLMIA ABYX MEPEMEHHBIX U3 CMIACKA ['0pHA U KOH(JIFO3HTHBIX THIIEPTEOMETPH -
YeCKUX (PYHKIMH MHOTUX MEPEMEHHBIX;

MOCTPOEHUE U MCCICIOBAHUE (PYHTAMEHTAIBHBIX pEHICHUH 000OIICHHOTO
ypaBHEHUS [ €NBMrosiblia ¢ HECKOJBKAMHU CHUHTYJISPHBIMU KO3(PQUUUEHTAMH W
COCTaBJIEHUE CHUCTEMBl YPAaBHCHHWHA B YaCTHBIX MPOU3BOAHBIX, KOTOPOH
YIOBJIECTBOPSET MHOIOMEPHAsE KOH(IIFO3HTHAS TUNEPreoMeTpuyeckas (QyHKLIMS,
BXOJILIAs B HAWEHHBIC (DYHIAMEHTAIBHBIE PELICHHUS,

peweHue 0000MEHHOM 3a1a4i X0JIbMIPEHA IS JJTUITUYECKOTO YPABHEHUS
C CHHTYJSPHBIMU KO3(pQuIMEeHTaMH W A ypaBHeHMs Jlamaca B yacTsx
MHOTOMEPHOIO 111apa,

BBEJICHUE MOTEHIMAJIOB JBOMHOrO M MPOCTOrO CIIOEB, COOTBETCTBYIOLIMX
(yHIAMEHTATBHBIM PEIIEHUSAM MPOCTPAHCTBEHHOTO AJTUNTHYECKOTO YPABHEHHS
C CHHTYJISIPHBIM KO3((QUIUEHTOM U HCCIEA0BAHUE CBOMCTB 3TUX MOTCHIIAAJIOB,

NPUMCHECHUE TOJYUYEHHBIX PE3YJIbTATOB TCOPUM MOTEHIMAIA K PEIICHUIO
OCHOBHBIX KPaeBbIX 3344 AJIsi CUHTYJIIPHOTO JUTMNTHYECKOTO YPABHEHUS.

OO0bekT wuccaeaoBaHudA. [ unepreoMeTpudyeckue (PyHKIMM  MHOTHX
NEPEMEHHBIX W MHOTOMEPHBIC CHHTYJISPHBIE IU(P(EPCHIMATBHBIC YPAaBHEHUS
AIUTMOTUYECKOTO TUIIA.

IIpenmer muccaenoBanusi. Teopus cHenUaNbHBIX (PYHKIMNA, TEOpUs
YPaBHECHUN MaTeMaTH4ECKON (PU3HKH, TEOPHUS MHTEIPATBHBIX YPaBHEHWH, TEOpUs
CUMBOJIMYECKMX OMEPATOPOB, TEOpHUs MpeoOpa3oBanuii MenuHa.

Metoabl nccaenoBanusi. B quccepranmy MCMOIb30BAaHBI METOBI TEOPUHU
MaTeMaTHYECKON (M3KMKKM, ONeparopHblii meton bepunemna-UeHaw, a Takxke
METO/Ibl TCOPUU CHELHATBHBIX (DYHKIHIA.

Hayunast HOBU3HA HCC/I€I0BAHUSI 3AKITFOYACTCS B CIICAYFOLIEM:

J0Ka3aHbl CBOOOJHBICE OT PEKYPPEHTHOCTH (QOPMYNBI Pa3NOKEHHUS IS
TUIEPreOMETPUYECKMX  (YHKIMA  Jlaypuyenmnsl, a Takke MOCTPOEHBI
(yHIaMEHTAIbHBIE  pelIcHuss 0000IEHHOr0 ypaBHEHHMs ['enbMrosiba c
HECKOJIbKUMM CHHTYJISIPHBIMU KO3 (PUIIMEHTaMU M ONPEICJICH WX MOPIOK
0COOEHHOCTH,

YCTAHOBJIEHBI CBOHCTBA OOOOWICHHBIX omnepaTopoB bepunemna-UeHau, a
TAK)KE€ BBEJACHBI MHOTOMEPHBIC AQHAJIOTM 3THUX ONEPATOPOB W JOKA3aHbl WX
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CBOMCTBA,  MO3BOJSIOLIME  PA3JIOKUTh  MHOTOMEPHBIE  KOH(IIOSHTHBIE
TUMEPreoMeTprudIecKrue QYHKIUK M0 QYHKIMAM Jlaypruyerisl;

JOKa3aHbl TEOPEMBI CYIICCTBOBAHUS M €AMHCTBEHHOCTH PEIIEHUSI 0000IICH-
HOM 3amaun XonbMIpeHa sl SJUIMIITUYECKOTO YPABHEHHS C HECKOJIBKUMM CHH-
TYJISPHBIMU KO3 (PUUMEHTAMHU U U1 ypaBHEHHs Jlamnaca B 4acTsiX MHOrOMEp-
HOTO 11apa,

NOCTPOCHA TEOPHsI MOTCHUMANIA M PELICHB OCHOBHBIC KPAcBBIC 3a4a4u JUIs
NPOCTPAHCTBEHHOTO CHHTYJISIPHOTO 3JUTMOTHYECKOrO ypaBHEHUsS B OOJACTH,
OTPAaHUYCHHON B ITOJIYIIPOCTPAHCTBE.

IIpakTHyeckne pe3yabTaThl HCCJIAECAOBAHUS COCTOAT B CIEAYIOLIEM:

Jlns uccnenoBanust CBOMCTB TMIEPreOMETPHUECKAX (PYHKIIMI MHOTHX TIEPE-
MEHHBIX MPEIJIOKEH AITOPUTM HAXOXKACHUS (POPMYIBI Pa3NOXKEHUS U W3T0KEH
METOJI MOCTPOCHHS (PYHIAMEHTATBHBIX PEIICHUH Ul CHHTYJISPHBIX 3JUIANTHYEC-
KUX YPaBHECHUH.

JI0CTOBEPHOCTDL Pe3y/JbTATOB HCCJIAEJOBAHMS IOATBEP)KIACTCS CTPOTHM
MCMOJIb30BAHUEM METOJIOB MATEMATHUYECKOIO aHAIN3a, MATEMATUYECKOH (PU3UKH,
TEOPUMU CHECUUANBHBIX (PYHKUIME Ui TOCTPOCHUS (YHIAMEHTAIBHBIX PEHICHUNA,
HAXOX/ICHUS SIBHBIX PEIICHUH KPAEBbIX 33/1a4 W UCCIICI0BAHUS BOMPOCOB TEOPUU
NOTEHIMAJA JUTsl SJUTMINITUYECKUX YPABHEHUH C CHHTYJISPHBIMU KO3 (PULIMEHTaAMM.

Hayuynass u npakrumyeckasi 3HAYUMOCTb Pe3y/JIbTATOB HCCJIEIOBAHUS.
HayuHoe 3HaueHWe pe3ysbTaTOB MCCICAOBAHMS 3aKIKOYacTCsl B TOM, 4YTO
NOJIyYEHHBIE B PA00OTE HAYYHBIE PE3YJBTATHI MOTYT OBITH MCIOJIb30BAHBI B TEOPUU
m(pepeHIAATBHBIX YPABHEHHIA B YACTHBIX TPOMU3BOAHBIX SJUITNTUYECKOTO TUNIA C
CUHTYJIIPHBIMA KO3 (PULIMEHTAMH.

[TpakTyeckoe 3HAYEHWE PE3YJIbTATOB, MOIYYEHHBIX B JIMCCEPTALMOHHON
pabote, onpeaensieTcs UX TPAIOKEHUSAMH K MPUKIAAHBIM 33ja4aM, OMHCBIBAEMBIX
CUHTYJIIPHBIMH JJIJIMITHYECKAMH YPABHEHUSIMU, & TAKXKE K TCOPUH CHELMATbHBIX
()YHKIIMIT MHOTHX TIEPEMEHHBIX.

BHenpenue pe3yabTaTtoB HCCJAeI0BAHMS. Pe3ynbTarhl, CBS3aHHBIE C
(dopMynamMu Pa3IOKEHHS ISl MHOTOMEPHBIX TMIEPreOMETPUUECCKUX (DYHKIMH U
(YHIAMEHTATBHBIMA PELIICHUSMHU  SJUIMITHYECKAX YPABHEHUN € HECKOIBKUMHU
CUHTYJIIPHBIMHA KO3 pUieHTaMu ObUTM KCIOJIB30BAHBI B CIEAYIOLIMX HAyYHO-
UCCIIEA0BATENIBCKUAX MPOEKTAX:

(GOopMyJIbl  Pa3NIOKEHUs UIsl  TUNEPreOMETPUUYECKUX (PYHKIMHA  JBYX
NEPEMEHHBIX OBIJIM MCMOIB30BaHbI B 3apyOeskHoM mpoekre No HUOKTP AAAA-
A19-119013190077-1 «/Ipobuoe ucuucinenne n audPepeHuUaIbHbIE YPABHCHHS
ApoOHOrO W PaCHpEelCNICHHOTO MOPsAAKa» NPH HAXOXKICHUW SIBHBIX PELICHUN
KpaeBbIX 3a1a4 s Au(pepeHInaATbHBIX YPaBHEHUH 1poOHOro nopsaka (CrnpaBka
HHcTuTyTa npukiagqHoi mateMaruki U apromarn3anuu KaGapamuo-bankapckoro
HayuyHoro nentpa PAH 3a nomepom 01-17/8 or 4 mapra 2021 r., Poccus).
Hcnonp3oBaHue HAy4yHOrO pe3yjbTara MO3BOMWIO J0Ka3aTb OJHO3HAYHYIO
Pa3pelIMMOCTh KPaeBbIX 3a1a4 A1 AU PepeHIMaTbHBIX YPABHEHHIA Tapadoauyec-
KOr'0 THIA ¢ onepaTopoM beccens 1o NpoCTPaHCTBEHHON TEPEMEHHOM
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SBHOE  OJHO3HAUYHOE pelieHue 0000mEeHHON 3anaun XonapMrpeHa Jis
CUHTYJIIPHOTO SJUIMIITUYECKOTO YPaBHEHUSI OBIJIO MCIOJIB30BAHO B 3apyOEKHOM
rpante  NeAP05131756 «PerynsipHele U CHHTYJISIPHBIE PELUCHUS JUHEHHBIX U
HEJIMHEHHBIX 3a/1a4 MATEMATUYECKOW (PU3UKK W JPOOHBIMU TPOU3BOAHBIMIUY TPH
UCCIICIOBAHUHA  CUHTYJIIPHBIX PEUICHHWNA JIMHEWHBIX 3a4a4 C  JIpOOHBIMHU
npous3BogHbiMM  (CnpaBka HWHcTuTyTa Marematukn W MareMaTHYECKOIro
mozaenupoBanust 3a Homepom  01-06/038 or 10 mapra 2021 r., Kazaxcran).
Hcnons30BaHMe HAYyYHOIO PE3YJIbTATa IMO3BOJIWIO NPHUBECTH CHHIYIISIPHOE
pELICHUE JIMHEHHOM 3a1auu ¢ APOOHBIMM MPOW3BOJAHBIMU K BHIY, YIOOHOMY s
JIATbHEUIIINX UCCIICIOBAHUM,

(OpMyJIBl  PA3NOKEHUSI UII MHOTOMEPHBIX TMOJIHBIX W KOH(JIFO3HTHBIX
TUIEPreOMETPUYECKUX (PYHKIIHNA OBIJIM MCMOJIB30BAHBI MPU BBHIMOJIHEHUW HAYYHO-
UCCIICIOBATENBCKAX paboT Mo TeMe MHCTUTYTa BBIYMCIUTENBLHON MaTEMaTUKU W
maremarnueckoi reopusnkn CO PAH «Metoasl co3paHusi, MCCIECIOBAHUS U
UJCHTU(UKAIIMN MaTeMAaTHYeCKUX Moieniel o 3emiie» Ne rocpeructpanuu 1.3.1.3 u
rpanta POOU Nel6-01-00729 «Maremarnueckoe MOACTMPOBAHUE (PHIbTpALAA
MUHEPATM30BAHHBIX PACTBOPOB B BA3ZKOYNPYIHX CPEAAX» MPH U3YUCHUH TPSIMBIX
3amay nopoynpyroctd (CnpaBka WHCTHTYTa BBIYMCIUTENBHONH MaTEMAaTHKH W
marematnueckoilt reopusznkn CO PAH 3a Homepom 15301/12-0109 ot 26 mapra
2021 r., Poccust). Ucnonb3oBaHne HAyYHOTO PE3YJIbTaTa MO3BOJUIIO MPUOTMIKEHHO
HANTU PEIIECHNAE TIPAMOM 3a1a4H ITOPOYIIPYTOCTH.

AnpoGanust pe3yabTaToOB HCCJIAeN0BAHNS. Pe3ybTarhl JUCCEPTALMOHHOTO
UCCIICIOBaHMs OOCYKIanuch Ha 11 MEKIyHApOAHBIX M 8 pecrmyONMKaHCKUX
HAYYHO-MTPAKTUUYECKNX KOH(DEPCHIMSX.

IyOaukanust pe3yabTaToB HCCaeA0BaHus. [10 TeEME AUCCEPTALIMOHHOIO
UCCIICIOBaHMs OMyOJIIMKOBAHO 39 HAy4HbIX PadoT, U3 HUX 18 BXOIAT B NEPEUECHb
HAyYHBIX W3JAHUN, MPEUIOKEHHBIX BBICIIEH arTecTaliMoOHHON KOMMCCHEN
PecnyOnukn Y30eKuCTaH A7sl 3alMThI AUCCEPTALMAN JOKTOPA HAYK, B TOM YUCIIE, U3
HuX 14 onyOaMKoBaHbI B 3apyOEKHBIX KYpHAIAX U 4 B pecnyONMKAaHCKAX HAYYHBIX
W3IaHUSX.

O0bem U cTPpYKTYypa auccepranun. J(uccepranms COCTOMT U3 BBEICHUS,
YEeTHIPEX TJIaB, 3AKIFOYEHUS W CHOUCKA WCIOJB30BaHHOW JsmTeparypbl. OObeM
JUCCEPTAAN COCTABNSET 179 cTpanui.

OCHOBHOE COJIEP)KAHUE JUCCEPTALIMU

Bo BBenennu 000CHOBaHbI AKTYaTbHOCTh U BOCTPEOOBAHHOCTD TEMBI AUCCEP-
TalWHU, ONPEAECTICHO COOTBETCTBUE MCCIEAOBAHUS NMPUOPUTETHBIM HAIPABICHUSAM
PA3BUTHS HAYKA W TEXHOJOTWMH pecnyOnuKu, MPUBEACHBI 0030p 3apyOeiKHBIX
HAYYHBIX UCCIIEN0BAHUI MO TEME TMCCEPTALMH U CTENICHb M3YUYEHHOCTH MPOOIIEMBI,
c(OpMYJIMPOBAHBI LIEIH W 3a/1a4M, BbISIBICHBI OOBEKTHl M TPEAMET UCCIIEI0BAHUS,
M3JI0’KEHBI HAy4YHAsl HOBU3HA M MPAKTUYECKUE PE3YIBTAThI HCCIIEA0BAHUS, PACKPHI-
Ta TEOPETHYECKAs M MPAKTHYECKAs 3HAYMMOCTD IMOJYYEHHBIX PE3YJIbTATOB, AAHbI
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CBEJICHUS O BHEJIPEHUM PE3YJIbTATOB UCCIIEA0BAHUS, 00 OMyOJIMKOBAHHBIX padoTax
U O CTPYKTYPE IUCCEPTALH.

JIns uccnenoBaHus TUMEPreOMETPUUYECKON (PYHKIIMM MHOTHX MEPEMEHHBIX
OYEHb BaKHBI (DOPMYJIBI PA3TI0KEHUS, KOTOPbIE TO3BOJIIFOT TPEACTABUTh TUIEPre0-
METPHUYECKYK) (YHKIUIO MHOTMX [MEPEMEHHBIX YEPE3 OCCKOHEYHYIO CYMMY
NPOU3BENCHUH HECKOIBKAX TMIEPreOMETPUUECKUX (QYHKIMI OJHONW TEPEMEHHOMM,
a 3TO, B CBOK 0YEpe/b, OOJETYaeT MPOLECC U3YUCHUS CBONCTB (PYHKIMIA MHOTHX
[IEPEMEHHBIX.

B nepsoil miiaBe auccepranuy, Ha3BaHHOW «POpMyJibl pa3iioKeHHus st
MHOTOMEPHBIX rHNepreoMeTpu4ecKux GyHKIuii», yCTaHOBIEHBI CBOOOIHBIE OT
PEKYPPEHTHOCTH (OPMYJIbI PA3JIOKEHUST UIsl TUINEPreOMETPUUYECCKUX (PyHKIMM
Jlaypuyeniel, M3y4YeHbl CBOWCTBA MPU MPEAEIBHBIX 3HAYEHUAX NEPEMEHHBIX WU
YUCJIOBBIX MApPaMETPOB MHOrOMepHbIXx (QyHkuuii Jlaypuuemiel. BeneHsb
0000meHHbIE oneparopsl bepunenna-UeHan Ha MIOCKOCTH W B MPOCTPAHCTBE, a
TaKKe MCCIEN0BaHbl KX CBOHCTBA. C TMMOMOWIBIO BBEACHHBIX OINEPATOPOB
YCTAaHOBJEHBI (POPMYJIbI PA3NIOKEHUS ISl TUIEPreOMETPUUECKUX (PYHKIMIA IBYX
NEPEMEHHBIX M3 chnUcKa ['OpHa W i1 KOH(UIFO3HTHBIX TMIEPreOMETPUUYECKUX
()YHKIMI MHOTHX TIEPEMEHHBIX C MOMOILBIO HOBBIX ONEPaTOPOB.

[lepBeiii maparpad 3TOM rjaBbl HOCHT BCIHOMOTATENbHBIA XapakTep: 31ECh
NPUBOJATCS HEKOTOPBIE HM3BECTHBIE (DAKTBI M3 TEOPHA TMNEPreOMETPUUYECCKHUX
¢yHKuMii 1 oneparopos bepunenmna-UeHn, KOTOpbIe NTOHAA00ATCS MPH U3JTOKEHUT
OCHOBHBIX PE3YJITATOB AUCCEPTALMN.

Bonpmme ycrnexu B HM3yYEHUM TEOPHHM THMIEPreOMETPHUYECKON (YHKIMH
OJHOI0 MEPEMEHHOIO0 CTUMYJIMPOBAIM PA3BUTHE COOTBETCTBYIOIIMX TEOPUNA s
(YHKIMIA OT IBYX WM MHOTHX MEPEMEHHBIX.

I'opn B 1889 r. man olmee onpeaesieHue runepreoMeTpuIecKoi (PyHKIAN
JBYX MEPEMEHHBIX, WX BBIACIWI B TPYMITY MOJTHBIX U KOH(IFO3HTHBIX (QYHKIMA 1
NPEICTABUII CIIUCOK, COCTOSIME 13 34 QYHKIMIA 1BYX NEPEMEHHBIX.

C 1enbro U3yUYeHMs CBOMCTB THIIEPrEOMETPUUYECCKIX (PYHKIMA IBYX MEPEMEH-
HBIX, BIepBble bepuHemt 1 YeHau BBENU CHELUATIbHBIE ONEPATOPHI, € MTOMOLIBIO
KOTOPBIX OHW YCTAHOBHJIM (DOPMYJIbI PA3JIOKEHUS /Il HEKOTOPBIX THIEPreOMETPH-
yeckux (pyHKmi U3 cnucka ['opHa.

Beenem 0003HaueHMS:

a:=(a,...,a,), b=(b....b,), c=(c,...c,); |K|=k +..+k, k >0,.. .k >0;
x:= (X, )y Y= (Ve )o I=h+ 4, §20,0,20; N={1,2,3,.);
(/’L)V — cumBoi [Toxrammepa: (/1)0 =1, (/1)V =/1(/1+1)...(/1+V—1),VEN.
['unepreomerpudeckas GpyHkIwms ["aycca mpencraBuMa CiaeayronM psaoM
F(ab,c;z)=F ’é nz(;(a20§b) Z—!, c#0,-1,-2,.... | z|<1,
rae a,b,c He 3aBucAT OT z. [lapameTpsl a,b,¢ ¥ IEPEMEHHOE = MOTYT IPUHHMATh

KOMIIJIEKCHBIC 3HAUYCHUSI.
Paccmorpum  runepreomerpuueckue  (GyHKOMM Jlaypudenibl, KOTOpBIC
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ABJISAIOTCA 0000IEHUAME runepreoMmeTpuueckoi Gpynkuuu ["aycca F'(a,b;c;z) Ha

ciiydaid # KOMIUIEKCHBIX TEPEMEHHBIX W COOTBETCTBYIOIIMX MM KOMIUICKCHBIX
apaMeTPOB:

o (a), (b)), ..(b byt

k=0 (Cl)kl"'(cn)kn k! k S

= (a),..(a), (b),...(b), " Fn
F"(ab;eix)= > A W DA x| <1, ...

k=0 (C)‘k‘ kl' k 1’

E( & (@) x' X S ,
abiex)=d RS e S <

KI-0 (Cl)kl -(c, )kn k! =1

- R = (a)\k\ (bl)kl"'(bn)kn xlkl x:”
F”(a,byex)=Y L x <1 x <.
ki=0 (O ko k!

A.XacanoB u X.M.CpuBactaa B 2006 r. BBEJIHM ONEPATOPhI, 0000IIAOIINE
oneparopsl bepunenna-Uenau u HaLm GopMyJibl pa3iosKeHus AJIs 1eJI0ro Kiacca
TMIIEPreOMETPUUECKUX (PYHKIMH, B TOM uucie s GyHKimi Jlaypudeansl Tpex
MIEPEMEHHBIX, 4 TAKXKE PEKYPPEHTHBIC (DOPMYJIBI PA3IOKEHUS IS ATHX K PyHKITHH
KOTJIa X Pa3MEPHOCTh MPEBHIIIACT TPH.

Bo Bropom maparpade mokasbiBarOTCs HOBBIC (POPMYJBI PA3IOKCHHUS IS
runepreoMeTpuueckux GpyHkiuit Jlaypuuensl, CBOOOIHBIE OT PEKYPPEHTHOCTH, a
TaKKe MCCIEAYIOTCS HEKOTOPBIE CBOMCTBA MPH MPEACIbHBIX 3HAUCHUSAX MTEPEMEH-
HBIX ¥ YACJIOBBIX MMAPAMETPOB PACCMATPUBACMBIX TUTIEPreOMETPUICCKIX (PyHKITH
MHOTHUX TIEpeMeHHBIX. [IpuBoAsSTCS POPMYIIBI AaHATUTHYECKOTO MPOJIOJDKEHUS IS
TUIEPreoOMeTpUUeCKUX (PyHKIMI Jlaypuuenibl, a TakoKe MPEeACTaBICHBl HEKOTOPHIE
HOBBIE COOTHOIIEHMS, KOTOPHIC MO3BOJISIFOT MPEACTABUTh TUIICPreOMETPHUICCKYIO

<l

9

}’l

Hkuo Jlaypuuemnsl F ") 1P KOHKPETHBIX 3HAUCHHSX UMCIIOBBIX IIAPAMETPOB
Yy Yy 4

4yepes AIeMEHTapHbIE (DYHKIUH.
OCHOBHBIE Pe3yJIbTaThl BTOPOTo naparpada neppoii rnasbl CHOpMYTUPOBAHBI
B BUJIE CIICAYIOLIUX TEOPEM.
Teopema 1. Cnpaseonuswr cieoyiowue opmyiivl pasiodceHus:
F/En) (a,b;c;x) _ i (a)A(n,n) H(b )B(k n) B(k " a+ A(k,n),b, + B(k’n);xk )
im, |=0 M) k)B(k ) ¢, + B(k,n);

0 —l)A(n,n) L (ak )B (bk)
o o ( (k.n) B(k.n)
5 (abiex)= 3 M ;H(c_1+A(k,n)—A(k—1,n))

m, =0\ )2y it K1
i ak+B(k,n),bk+B(k,n);
Xlk_l[xk c+2A(k,n);

X
A(k,n)—A(k—1,n)

X, |, ne N\{l}

u m.o., coe
k+l n

A(k,n) = ZZml.,j, B(k,n):= Zm + kam, |m, |—22m M = liﬂi[ml_,j!;

=2 j=i i=k+1 =2 j=i =2 j=i
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m, ,— HeompuyamenvHele yeavle yucia npu 2 <i< j<n. 3deco u danee, npouseede-

q q
Hue H PAasHO eOuHUYe U CymMma Z paeHa Hymo, eciu g < p.
s=p s=p
Teopema 2. Ilycmov a,b,,... ,b, — Oeticmeumenvrvie uucna, npuuem a #0,
—1,-2,... u a>|b|, 20e |b|=b +...+b,. Tocda cnpasedruevt coomHouenus npu
ne N\{l}:
- 1 1 I'(a—|b|)v TI'lc
lim < X, bl...xnb”Fj”) abe;l——, .. 1—— |} = ( | DH ( k)
50, X, X T(a) 3=T(c,—b,)

n
k=1,...n

Teopema 3. Ecau suinoanenwt ycnosua: a, —b, # 0,£1,£2,..., ¢# 0, -1, -2,

U T.a.

e U |arg(—xk )| <, k=1,n, mo umeem mecmo credyiowas popmyna anarumuyec-
K020 NPOOONNCEHUS
n _ l-c+a +..+a ,a,....a.:1
(m) < e — a1 (n) 1 ERS ERRRPL LR
Fy” (absesx)= Ay [ [(—x.) ™ Fy —
k=1

1-b+a,,.,1-b +a,; x

n—1 _ .
A [T (=) (=, EY mera bt a,, +0,0000,0.0,01
pliey 1-b +a,,.,1-b,_,+a,,1—a, +b,;x
. _ l-c+b +a,+...+a ,b.a,,..a;l
+4,(—x)) blH(_xk) AR o R o
k=2 l_al+b1,1_b2+a2,...,1_bn+an;x
n-2 . 5 b
—4 b, -
A ] (=) () 7 (=) X
k=1

O l-c+a+..+a,,+b,,+b,.a...a,,.b,.,b; 1 .
A .
1-b +a,...,1-b,,+a, ,,1—a,,+b, ,1—a, +b;x

................................................................

n _ AN1=c+b+...+b .D,....,b ;
b s 5000 ]
+AnnH(_‘xk) k -F;'” 1 n>1 no 1 ’
ik ‘ l-a,+b,.,1-a,+b; x
2oe A;(0<1, j<n) — useecmnole nocmosnnvie.
Teopema 4. Eciu svinoanens yerosus: a—b# 0,x1,¥2,... u c, #0, -1, -2,

. k=Ln, mo umeem mecmo cneoyowue GOpMYILI AHATUMUYLECKOSO
NPOOONIHCEH U

() oy (e )T (b-a)
B (abex) = m e —a)

I'(c,)T(a-D) b () I ¢
- F\ bl1+b—-c,;¢,;—% |,
F(a)F(ck—b)( %) F T X,

20e €, =(cpcipl—a+b,cp,,.0c,), X, =(X0x_,Lx, 0%, ), k=1n

~a ps(n) X
(—xk) e a,1+a—ck,ck,x— +
k

arg(—xk)’ <,

B Ttpetnem maparpacde BBeIeHBI B paccMOTpeHHe 0OO0O0IIeHHbIe OMepaTOPhI
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bepunenna-Yenau 1 ux MHOroMepHble aHanoru. M3yuus U Ucrons3oBaB CBOMCTBA
HOBOBBEJICHHBIX OINEPATOPOB YAAJIOCh MONYYUTh (OPMYIBI DPA3IOKEHHS s
TUIepreoMeTpUYecKrX (PYHKIUH IBYX MEPEMEHHBIX M3 OCTABIIEHCS YaCTH CIHMCKa
I'opHa ¥ 17151 0AHON KOH(ITIOSHTHON THUIIepreoMeTpruieckoi (GyHKIIMU OoJiee IBYX

nepeMeHHBIX.
Bgenem 0600111eHHbIe onepaTops! bepunenna-Yenau:
(AT (h+ad+ po) _T(ad+h)I(Bo+h)
e )= 5 arns oy e W= F i (ao+ porn)y P

0 0

rae o u [ — uenble Yucia, OTIMYHEIE OT HyJs, U O = xa—, oc=y—.
X

0y

OtMeTHM, uTO B ciaydae @ = 3 =1 oneparopsl @ax; sy (h) U Aax; By (h) COBIIa-
JalOT ¢ U3BECTHBIMU OllepaTopaMu, BBeleHHbIMU bepunennom u Yenau B 1940 r.
B uccnenosanmsx bepunemna m Uenau BaxHyro ponip mrpana dopmyna [lyyna
(Poole) (=5), f =(-x)" f®(x), B chepe neiicTBus KOTOPOH OHU paA3NOKWIH 4
NoJIHbIE ¥ 7 KOH(IIIO3HTHBIE TUTIepreoMeTpuieckue GyHKUUU U3 crucka ['opHa mno

TUIIEPTeOMETPUIECKUM (YHKITHSIM OZHOTO MEPEMEHHOTO.
Teopema 5. Eciu f(x) — npousgonvras beckoHeuno paz ouggeperyupye-

Masi PYHKYUs 0OHO20 NePEMEHHO20, MO NpU TH00bIX HeompuyameavHolx yeavlx k u
m cnpaseonussl ciedyroujue paseHcmea:

|:x f(x ):| 'Z( ) ( )kp m+pf(p)(x)

(8),[x"f()]= - )k Bk e ) (x),

C nomouibto oneparopos (1), Hanpumep, ABe (pyHKuI/H/I u3 crnucka ['opHa

C b m n
Hl(aab,C;d;x,y): z (a)m—n( )M+n(c)nx_y_

o (d)m m! n!’

_< (@), (), "y
H3(a,b;d;x,y) = ZO«T%;

MOJKHO TpeACTaBUThH B OMEPATOPHBIX PopmMax

H (a,b,c;d;x,y)= @x;_y (a)@x;y (b)F (a,b;d;x) F(b,c;1—-a;—y), (2)

H,(a,b;d;x,y)=V__ (a)F(a,b;d;x)j_,(»), 3)

F(a,b;d;x)F(b,c;1-a;—y)=A_ (b)A,_, (a)H,(a.b,c;d;x,y), 4)

F(a,b;d;x) j_ (" =A,_ (a)H,(a,b;d;x,y), (5)
ree j, ()= i i X : — HOpMHpoBaHHas QyHkius beccens.

)k'

OnepaTopHBIe dopmsl (2) — (5) ucoNB3yIOTCS ISl HAXOXKASHUS pa3ioKeHuH
TUIIePTeOMeTPUIECKIX (DYHKITHH ABYX MEPEMEHHBIX 110 IMTPOU3BEACHUSIM OOBITHBIX
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TUNEPreOMETPUIECKUX (PYHKIINH U 00paTHO. A UMEHHO, CIIPaBEIIUBEI CIEAYIOIIHE
hopMyIIBI pa3IOKeHHS:

(1Y (i) G+ Py (@), (B, (B, (C)
b d j—q i-p +q +q Jtp JPX
H(a.b.e.d:x.y) = ZZZ Pi- Pl -g)a),@),.,(1-a),, (),

xx”qyf”’F(a+i+q,b+i+q;d+i+q; VE(b+j+p.c+j+pl—a+j+p;-y),

L (DR (B), e
abdxy ;;k'( _k)'l a)( ()d) yF(a+1,b+l;d+l;X)]_a+k(y)

U T.1.
B TpeTtheM maparpade Takke BBeIeHBI MHOTOMEpPHBIC aHAJIOTH OIepaTOpOB
bepunenna-Yenau:

PRl (A R e

(
L'(h +51+...+5n)1“(h—01—...—
) (1) = T'(h +51+...+5n)1“(h—01—...—
I(h)T (h+51+...+5n—o-1—...—

0

rae 6..=x—, i=l,n;, o,=y,—, j=1,p; n,peN.
i o j y’@yj J p p

1

p

b

p

P

b

p

Teopema 6. Ilycmo f(X) u g(y) — npoussonvrvie beckoneuro pasz ougge-

peHyupyemvie QYVHKyuu MHo2UX nepemenHvix. Toeda chnpasednugvi ciredyrujue
pasercmea npu 10bvix m, n u pe N:
k k
xl x" Mf(x)

-0, — .. — 1)" m! z
( 1 ) f(X) ( ) mll;n k' kn' axlkl_”ax:n ’

/
(o,+..+0,) g(y)=i mim =1y vy gy
e = ([ -D(m-0)1Z 17 L aph oy
=1 = b oylov)

BBengem B paccMoTpeHre MHOTOMEPHYIO KOH(IIOIHTHYIO THUIEPreoMeTpH-
YeCKYIO (DYHKIIMIO ¢ KOMIUIEKCHBIMU TIapaMeTpaMu U nepeMeHHLIMH

s DOl sl 5 Sy
IK[,1I=0 (C1 )k1 ...(cn )kn k! k) 11! l '
KOTOPYIO, UCTIOJIB3YS TeopeMy 6, MOKHO TIPEJICTABUTh B OIIepaTOPHOU dopme

H(”p)(abcxy) V("p)( VE (a.bse;x) o, (y),

R T
rne j (y)= ..
# |,Z=(;(1+,u)|l AN

HY? (a,bse;x;y ) =

— HopMHupoBaHHas (yHKmHs beccenss MHOTHX

MIEPEMEHHBIX.
B kauecTBe NpHMEHEHUSI MHOTOMEPHBIX AHAJIOrOB OleparopoB bepuHernna-
YUennu uw TeopeMbl 6 TIpuUBEAeM CIEAYIONIYI0 (GOPMYITy pa3loXeHUs s
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KOH(DTFOHTHOHM THIIEPreOMETPUUECKON (PYHKIIMM MHOTUX MEPEMEHHBIX .

o k
HY? (absexy) = FP (a.b;ex) () + DD D) e

o - (= DIk - l)'
k+l
() 7RGB), (B) wh iyt yp 5 0 ek ke ka0
(l—a)l(cl)k ...(cn)kn kll'”kn! 11! . l' 4 J_,(¥)

1

X

Bropas rmaBa nuccepranmu, HazpaHHas «PyHIaMEHTAJIbHbIC PELICHUS
CHHTYJISIPHBIX JIJIMOITHYECKUX Y PaBHEHHI», TOCBALICHA TOCTPOCHUIO PyHaa-
MEHTAJIBHBIX PEMIEHUI 0O00ICHHOTO YPaBHEHUS [ €IbMIONIbLA ¢ HECKOJIBKUMHU
CUHTYJIIPHBIMU KO3 ((pUIUEHTAMK BI/II[a

n 2
Lg,ﬁ"?w(u)sz u A i a” =0 (6)
i=1 i

]1x

B o0mactu R = {(xl,...,xm):x1 > 0,...,xn > 0} , TIIe M — Pa3sMEPHOCTL €BKIIMI0BA
MPOCTPaHCTBA R, 11 — YMCIO CHHTYJISIPHBIX KOI(POHUIMEHTOB ypaBHEHUST; 1> 2,
0<n<m; @; u A — neficrButenbubie uncna, npuyem 0 <2a; <1, j=1,n.

B nepBom maparpade cocraBieHa M pelicHa cuctema audQepeHImaibHbIX
YPaBHEHUH B YACTHBIX MPOU3BOIHBIX

(1 x P Zxa) +xl.iyja)x_y_+[ci—(a+bi+1)xl.]a)x_—
T ’

j=l#i

—b, Zxa) +bea) —abw=0, i=1,n, (7)

J=1#i

Zya)yy Zxa) +(1- a)a) +0=0, j=1,p,

KOTOPOH yIOBIIETBOPAET KOH(IO3HTHAA runepreomeTpuueckas H” (a,b;c;x;y).

Teopema 7. Cucmema oughgepenyuanvreix ypasnenuii (7) 6bauzu navaida

koopouHam umeem 2" JIUHENHO-HE3ABUCUMBIX PeULeHUT.
Teopema 8. Eciu u cymv peuwenue obobwennozo ypagnenus 1'eivmeonvya

(6), mo cnpaseonusel 2" KOHCMPYKMUGHbIE MONCOCCMBA.:

(m,n) 1—20(1. _ 1 2a (m,n) _ P
Lal,... a, A (‘xi u L o l-o.0. .0, (u)9 l

(m,n) 1-2a;, 1-2a; _ 2 =20, (. m) ] )
Lal,...,an,ﬂ (‘xi ‘xj ujl= ‘xi ‘xj Lal,...,aifl,l—ai,ai . T L PR Py a,.A (Z/l), 1 ]’

n n
(m,n) 1—20(1. _ 1—20:1. (m,n)
Lal ..... an,l( I I‘xi uj = I I‘xi 1-aq,...1-cx,, A (u)

Bo Bropom mnaparpade BTOpOi TrjaBbl NOCTPOEHBI (PYHIaMEHTAJIbHBIC
peweHust 0000UIEHHOTO ypaBHEHUs [ 'enpmronbia (6) B SBHBIX (popmax:
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k
%mam=nﬁ%H0;1”H”U%%£%mm k=0.n
i=1

+p Za+2a pP= On

i=p+1

rae xz(xl,...,xm), §=(§1, & ) ﬂ =
:(1—al,...,l—ak,ak+l,...,an),kzl,n—l; a, =(a,...a,),

4 —
=(1-a,,...1-a,);6=(0,,...0,), O, =—x+§k (k=0,n); n =Zﬂ,r2;
¥

m

2
=Y (x,=&)5 VosViserrs¥, — H3BECTHBIC TOCTOSHHBIE.

i=1
Y CTaHOBNEHO, 4TO (PyHIAAMEHTAIBHBIC PEIEHUST 000OIIEHHOTO CUHTYIIIPHOTO
ypaBHEHUs [ €TbMIoIbIla ¢ «HECKOJBbKAMM) MapaMeTpPaMy BHIA

- Ou 24, Ou (/11+ A4 )u—O

e

B oOmactd R’" BBIPAKAIOTCA YEPE3 KOH(IIFOOHTHYIO THMIIEPreOMETPHUYECKYIO

pyHKIHIIO H(j’p )

OT n+ p MEPEMEHHBIX M J0Ka3aHa (hopMylia MPUBEICHHS:
H(’”’)(a b;¢;x; vy, ,yp) H(’“)(a b;c;x; y, +.. +yp)
Teopema 9. Dyuxyuu g, (&A1) (k= 0,1) npu mobwix A obuadaiom

CEOVIOUUMY CEOTICIMBAMUL
— 20,0, (xE4)
qk(x;f;ﬂ)Ljo =0, j=1,k, x,’ T

J 0
¥

=0, j=k+1,n

Teopema 10. Kaoswcoas gpynxyus g, (x;f;ﬁ) npu r — 0 umeem ocobenrnocmo

1
nopsioKda (m>?2 ) unocapugpmuuecxyio ocobennocmes In— (m=2).
¥

rm—2
Teopema 11. [Tycms mouxu x u & npunaonexcam x R, . I[Ipu cmpemnenuu

mouku x K beckoHeuHocmu ¢hynoamenoanvroe peutenue ¢q,(x;E;4) (k=0,n)
CMpeMumcst Kk Hymo npu uobom nonodceHuu moyxku & u swavenuu A, m.e.

CHpaseouBo HepaseHCcmeo

M
g, (x;&;2)| < R>0,

2|a|+m—2 >
e0e M —nocmosinmas, a lo|= o, +...+ a,,

B Ttperbeli rnaBe aumccepraumu, Ha3BaHHOM «KpaeBble 3agaum s
IMNTHYECKOT0 YPABHEHHSI ¢ CHHTYJISIPHBIMH K03 puuneHTaMm», NpUMEHsIst
Gopmyny pasnoxkeHus il THIEpreoMeTpudeckoit GyHknum Jlaypuuemisr /7,
KOTOpasl I0Ka3aHa BO BTOPOM Maparpade neproi rjaaBbl, METO0M (pyHKIMU [ pruHa
uccienoBaHa  o0oOmeHHas  3agaya XOJNbMIPEHA A CHHTYJISIPHOTO
AJUTMNITUYECKOTO YPABHEHUS BUJA
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Zuxixi + Z Lu, =0 ®)

B obnacTu ()= {x: X +..+x <R, x>0}, rae x=(x,...x, ).

[Tepsrrit maparpad TpeTbel TaaBbl TOCBSAIIEH MTOCTAHOBKE OCHOBHBIX KPaeBbIX
3a7a4 U TeOpeMaM eIMHCTBEHHOCTH.
Beenem o0o3HaueHUs:

~

X, =(x1,...,xp_1,xp+l,. )eRm "

X,
S:={x:x12+...+xi=R2,x>O}; 0=(0,...,0)e R O o=x

m— 13 pq P xq:O

D :={x: Zm x’ <R, X >O} S, ={x: Zm x.2=R2,xp>0},p=1,_n.

P i=l,i=p ’ i=lizp 1

= (xl,...,xp_l,xp+l,...,x )ER

n—12

» P#4;

OGo6mennas 3agaua Xoabmrpena (3agaua T°N""). Haiitu perynspHoe
pelieHue U, (X) ypaBHeHHUS (8), yIOBJIETBOPSIIOLIEE YCIOBUSIM

ouy,

Ox
pJl, -
» 0

u, =vp()~cp),p=k+1,n; uk|S=(0k(x),

xp=0:Tp()~Cp)’p:1’_k; x N

X

rae 7, EC(Z_) ) 1% EC( ) @, EC(S) — 3aiaHHbBIe QYHKLUY, IpHYeM 7,(0)=
=z'j(0), Ti(il.oq)=fj()?jq),i¢j, i#q, j#q, z'p(ip)s
p

=, » %, €Dpijspd =

=1,k ; B Hayane KoopauHaT GyHKumEn V,(X,) MoryT o6pamarscst B GeCKOHETHOCTS
nopsinka Mensmre M —1-2| o | +205p; k=0,n.

Teopema 12. O606uyennan 3adava Xonomepena T*N"™ (k=0,n) ona ypas-

Henus (8) 6 obnacmu Q umeem He bonee 00HO20 peuienus.

Bo BTopom maparpade mokazaHO CYIIECTBOBaHHE pelIeHUsS O0O0OIIEHHOM
3anaun XombmrpeHa TN"™ mpu k=1n-1, a B TpeTbeM maparpade - 3amau
Xonpmrpena (k =0) u Jupuxne (k=n).

Teopema 13. Peusenue obobuennotl 3adavu Xonvmepena ons ypasrenus (8)
npu m=2 g o6ﬂacmu Q onpeoensemesn cuneynaproii popmynoii Ilyaccona:

=r(1-20,)8 7], 5 (%) TT (28)

J=Lj#p
F' 1+ 8.,a. ;20 ;6') F'(1+8.d. :2¢. ;5 ;
A4 k>k.p? k.p>= p A k> k.p° k.p>~ p? ~
X — dx —
25y —25, P
Vop rOp
20 -2« .
7k ZID Yy []x™ H(xﬁgj) 'x
p=k+l P k L k=p Jj=1
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n-1 . v n 1
)(ﬂk’ak,p’zak,p’cp) (ﬁk’ak pﬂza’k p? p’) ~
X — dx +
]"Zﬁk —Zﬂk p

Op rOp

o Lo n R
+2ﬂk7kjs¢k sz k H( )1 2a, Fj )(1+,Bk,ak;2ak; )er’g d.S, k=0,n.

20e pusypupyiom eexkmopul o) , U G',, NOIYyYaeMble U3 6eKmopos 0, u 0'|x -
, =

uckmoueruem p - komnornenmeot (p=1n), a eexmop 6’, obpaszyemcs u3 eekmopa

o', samenotl &, Ha—cf (j=Ln), R*= le,p Zfl,dx ﬁdxp.

i=1 i=] k=1, k#p

B uetBepTom naparpa(pe TpeThell TTIaBhl UccliefoBaHbl 0000IIeHHas 3a1a4a
XonbMmrpena, 3amaun XoapMrpeHa u Jupuxne ansa ypaBHenus Jlamnaca Au=0 B

obnactu €2, T.e. B 27" -0if 4aCTH MHOTOMEpPHOTO Iapa, rae m>2, 0<n<m.
Bsenem 0003HaueHUd:

I={(ipni, )1 120 <.<i, <n, p=Ln);

I, 1<i <k<n, ,
5.(i,)= 0 032<53n, S (i, )=X.3,(1,), k=0.n.

HetpyaHo 3aMeTHTD, YTO O, (zl, ) Ouo (zl, )= p-

O600ennas 3agaya XoabMmrpena. Haiitu rapMonudeckoe pellieHUe
u, (x ) ypaBHeHus Jlannaca, y1oBIeTBOpsIIOLIEe YCIOBUIM

uk|xp_0—r( ) p=1k 6x =vp(ip),p=k+1,n; uk|S=gok(x),k=1,n—l.

p x,=0
rae 7, € C(Ep) v, € C( ) " @, EC(S) — 3a/laHHbIe QYHKIMH, IpHYeM z,(0) =
:z'].(()), Ti()?g)=2'j(qu),i;t{j,q}, J#q, Tp(fcp)’S =(pk|Sp, X, GBP, i,j.p.q=Lk.
P

B ciyuae 27"-o0if yacTH MHOTOMEpHOTO 11apa, GyHKims [ pruHa 06061IeHHOM
3amaun Xonemrpena T“N"™" (k =0,n) nna ypapaenus Jlannaca umeeT BU:
5k b

S irniy) "
1 R 1
Gk(x’é:) = 2)’S ’ Z Z ( )m 2 - (_j Z Z ( 2m 2

p=0 1<i <. <i,<n ,1,,,,,1 p p=0 I<i<. <i,<n ll""’lp
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OtMeTHnM, BBIpaKeHUs ril“ - U F* . npup=0 CUATAIOTCS PaBHBEIMU 7 U
vl )

#  COOTBETCTBEHHO.
Teopema 14. EouncmeerHoe peuteHue 0606uennot 3adauu XonomepeHa ois
ypaeHeHuﬂ Jlannaca 6 obnacmu ) umeem s6uwill 6UO:

u, (&)= |S |‘§1§2 &y X

11, ol

XZJ' 7(%) Z (1) Z Z (1) - d%, —

p=0,1<0 <. <z <n 11, Ay ) p p=0, 1< <. <z <n Ay Q)
p=l p#l

5k11 1)

5k(11 1)
2 h 1) | R (G
EE RPN U D

k+1 b z:t? Iij<..<i,<n z slp (l) P 5;}) Iij<..<i,<n i, p(/)

i Z2E ¥ Shillad 13 ¥ DT s

p=01<i<.<i,<n Loeeesd p=01<i<.<i,<n ’1 i

s*p sty

B 4deTrBepTOill rnmaBe auccepranuy, HazBaHHOU «Teopusi moTeHumaaa ajs
NMPOCTPAHCTBEHHOI0 JIVIMITHYECKOIr0 YPABHEHHS ¢ CHHIYJSAPHBIM KO3 u-
HEeHTOM), UCCIEAYIOTCS MOTEHLHANBI JBOMHOTO U IIPOCTOTO CI0EB U NOTy4YEHHbIE
pe3yAbTaThl IPUMEHSIOTCS K PELIEHUIO KPaeBbIX 3a/1ay.

Teopus noreHIMaNIa UTPAET BAXXHYIO POJIb MPHU PEIIEHUH KPAEBbIX 3aa4 JJIsI
SJUTUNITUYECKUX YPABHEHHH, TOTOMY UTO, METOJ PA3AEIEHUS IEPEMEHHBIX U METOM
¢dbyakurn ['prHA MO3BOJSIOT MONYYUTH SBHOE BBIPOKEHWE IS KPaeBBIX 3a/1ad
TOJIBKO B cilydyae objacTei mpocTeiiiiero Buaa. B cBs3u ¢ yeM cBeieHUE KPaeBbIX
3a71a4 C MOMOIIBI NMOTEHIHAIOB ABOWHOIO M MPOCTOrO CJIOEB K HUHTETPaJbHBIM
ypaBHEHUSIM, C OJHOH CTOpPOHBI, YAOOHO IS TEOPETUYECKOrOo HCCIe0BaHus
BOMPOCOB Pa3pelIMMOCTH U €IMHCTBEHHOCTH PEIIEHUs] KPAaeBbIX 3a7ay, ¢ IPyrou
CTOPOHBI, JaeT BO3MOKHOCTE 3((heKTUBHOTO YMCICHHOTO PelIeHHs KpaeBhIX 3a1ay
11 obyacTel cnoXkHOR HOpPMBI.

B nepBoMm naparpade ueTBepTOi r1aBel pACCMOTPEHO YpaBHEHUE

Hyu)=2u, . +2x—05ux1 =0 (0<2a<1, m>2) )
k=1

1
B IIONympocTpaHcTBe R ={x:x1 >O}, ¢byHIaMeHTalbHbIE pEeIIeHUs] KOTOPOTro

MMEIOT SIBHBIE (DOPMBI:
__ 7 2-m 5 55,
qk(x;g)—rm;m_zF[ﬁﬁ _ ,ﬂk,zﬁk,oj,
1

4x1 fl

1

tne B, =k—-1-(-Da, k=1,2; 12=(x1+§1)2+i(xi—§,.)2.
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[Mycte () — obnacTh, pacmojoXKeHHass B MONyNMpocTpancTBe R . Crpasemimpa
¢opmyna I'puna:
ngf“ [uH;” (v)-vH] (u)}dx = JS(uBZC[v] - ij‘x[u])dS, (10)
rae S — rpanuna obmacti €2, a 7 BHEHIHAA HOPMajdb K MOBEPXHOCTH S W
BrI1= xfaz al cos(n,x,) — MIPOU3BOJHAS 110 HOPMAJIH.
=1 OX;,
Ecimm u n v ¢yt peuienns ypaBHenus (9), To u3 popmyiel (10) umeem
js(uB;[v]—vB;[u])dS=o. (11)

[Tonaras B gopmyse (10) v=1 n 3aMensa # Ha u’, MONY4HM

2
o C au — o
ngf ;(a—XIJ dx = Luan[u]dS,

rjae U (x) — peuieHue ypaBHeHus (9).
Hakownerr, u3 ¢popmyssi (11), momaras v=1, Oyjaem uMeThb SBZ;[”]dS =0,

T.€. UHTErPaJl OT MPOU3BOJHON MO HOPMAJIM PELICHUs ypaBHEHHUS (9) IO 3aMKHYTOM
NOBEPXHOCTH 00ACTH PABEH HYIIIO.

Bo Bropom maparpade 4yeTBEpTOil INIaBbl BBEICHBI MOTEHIMAIBI JBOWHOIO U
MPOCTOTO CIOEB M UCCIIEA0BAHBI UX CBOMCTBA.

+
[lycte ' — nsmyHOBcKas moBepxHOCTH, Nekamas B R, u T, — (m—1)-

MEPHBIM MIap paguyca d ¢ ILEHTPOM B HauaJie KOOPAMHAT, JieXalluil Ha
runepriockoct X, =0, a ) — KoHeuHas o0nacTh, OrpaHMYEHHAs TOBEPXHOCTHIO

[" uwapom I',. O6uryto rpanuny nosepxaoctu I u mapa I', 0603Ha4unm uepes J.
HHTeraJ'IBI

W(k) Jﬂk Qk(f x)]d I erk q; 65 x)d T

Ha3bIBAIOTCS MOTCHIMAIAMH JBOMHOIO M MPOCTOTO CJIOEB, COOTBETCTBEHHO, T/E
K, (X) u p,(x) — HenpepeiBHbIE QyHKIMH B C (F) [ToTeHIMABI TBOWHOTO H

k k
mpoctoro cmoes w* (x) u v (x) ects perymaprrie pemenns ypasuenns (9) B
r000# 001acTH, JISKAIIEH B MOIYIPOCTPaHCTBE X, > (), HE IMEIOIIEH 00IMX TOUEK
HU C NOBEPXHOCTBIO [, HU ¢ TMIEPIIOCKOCTRIO X, = 0.

Korna #4,(£) =1, noteHuuansl ABOWHOTO cliosi 0003HAUMM Yepe3 wl(k) (x)

Teopema 15. Cnpaseonuser creoyiowue chopmyiei:
i(x)-l,xeQul,

. 1
J.Bf[qk Ex ]d I'= lk(x)—E,xeFuy,
ik(‘x)i ‘xéﬁa
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eoe k=1,2; i(x)=0, i,(x)=(1-2a)k, lzajl{xf+2(cfk—xk)2} zdgrl.
k=2

Teopema 16. Eciu mouxa x nesxcum Ha ianyHosckotl nogepxrocmu I, mo

o C
By, [qk(f;x):” < I’izﬁk—ljm_z, k=1,2, 20oe C, - nocmosnHas.

Teopema 17. Ecau I’ —Jz;znyHoecmﬂ NOBEPXHOCHIb, MO
L B,‘f [qk ‘d ['<C,, k=12, 20e C, — nocmosnnas.

Teopema 18. [llomenyuan deotinoco cnos w )(x) umeem npedenvt npu

cmpemaeHuy moyku X K mouke X, nosepxwocmu 1 uzene unu usnympu. Ecau
npeoes 3HaueHU w® (x) UHYmMPU 0003HAUUMDb Uepe3 w( )(xo), a npeoen uzeHe —
yepes w( )(xo), mo umerom mecmo Qopmynsl
1
wl,(k)(xo) = _E'uk (x0)+ Lyk (é)Kk (xo;(f)dél“,
{ (12)
(k) — .
W) =~ (o) + [ 44 () K, (3)d T

. — a . —
20e K, (x;¢)=B5| q,(&x,) ], k=12,
k
I[OKEB&HO, qTo IIOTCHIHUAJIbI MpoCTOro CJIOA V( )(JC) OCTAKTCA
HCIIPCPBIBHBIMHU ITPH IIEPEXOOC HEPE3 IIOBEPXHOCTD F B IIPpH CTPEMJIICHHUH TOYKH X

k
K OECKOHEYHOCTH NOTEHLHANBI MPOCTOrO CIOS Vi )(x) CTpeMsTCS K HYNIO, a
MMEHHO, CMpaBeJIBEI Clie/IyIOllle HEPaBEHCTBA

[ (1)(x)] 2/]3:,—k+m (R2R,),

(k)
‘ (x)‘ RU- 2a)+m -1°
rne M, u N, —nocrosHHble (k=1,2).

Teopema 19. /[na HenpepbzeHoﬁ nnomuocmu p,(E) umerom mecmo popmynol:

Bi[vV(x)] ——pk )+ [ o (£)K, (&:x)d.T,

Bi[v ()] ———pk )+ [ o (E)Ki (&x)d,T,
20e K, (&x)= B [q,(&x)], k=1,2.

®opmyibl (12) u (13) MoryT OBITH HaNKMCAHBI KaK UHTETpalIbHbIC YpaBHEHHUS
IUTS TUIOTHOCTEH:

(13)

k(x)_ﬂ’J‘rKk(x;f)luk(é:)dgrz‘/(k(x)ﬁ (14)
(%) —ijKk(ﬁ;x)pk(é)dfﬁgk(x), (15)
rre A=2, fk(x) 2w (x), g(x)=-2B[v"()],
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A=-2, fim=2w"(x), g®=2B:[v(»] (k=12).

1

VYpaBuenusi (14) u (15) compsikeHHble WU B CUJIy TeopeMbl 16 K HuM
npuMeHnma teopust Openronsma.

Tpernit maparpad dYeTBepTOM TJIaBbl TOCBSIIAETCS  MPUMEHEHHUSM
MIOJIYUeHHBIX Pe3yJbTaTOB TEOPUM IOTEHIMANa K PElICHUIO KpaeBbIX 3adau sl
ypaBHenus (9) B o6mactu €2 .

3amaua XoabMmrpena. Haiiti B o61actu () peryispHoe pellieHne ypaBHEHHUS

(9), HenpepbIBHOE B 3aMKHYTOH 00J1aCTH Qu YAOBJIETBOPSIOLLIEE YCIOBUIM
limxf“ 8_u =v(x), xel', u|r =p(x), xe l:,
50 OX,
rae p(x)eC (1:) 1 v(X)e C(T,) —3aganHble QyHKIUH, NpuyeM GyHKIHUS V(X) Ipu
X3 +...+ X, —>a MOXeT obpaliarscs B 6eCKOHEUHOCTD TTOpsiaKa MeHbIue 1 — 2« .
3amaua qupuxiue. Haittu B o6mactu €2 peryisipHoe perieHue ypasHeHus (9),
HeIpepbIBHOE B 3aMKHYTOH 00JacTH Qu yIOBIIETBOPSIIOLIEE YCIOBUSIM
lim u(x)=1(X), Xe T, u|r =@p(x), xe T,

x—0
rae ¢(x) u r(X) — HempepbiBHBIE GYHKIKU B I u I'1, COOTBETCTBEHHO, TpUYeM Ha
(m —1)-MepHOii cpepe ) BBINONHIETCA yCIOBUE COTTIACOBAHUS: (p(x)]y = r(i)|y.

CmemanHnas 3agaua. Haiitu B o6mactu () peryisipHoe peleHre ypaBHEH S
(9), HempepbIBHOE B 3aMKHYTOH 06s1acTé (2 M yIOBIETBOPSAIOIIEE YCIOBHUIM
. _ ~ _T a _
limu(x)=r7(x), xeli, B [u]|r =p(x), xel,

x—0 "
rae 7(X) u ¢(x) —3a7aHHbIe HeTIpepbIBHbIC (DYHKIIUH.

Teopema 20. Eciu 3adaua Xonvmepena (Hupuxne, cmeuwiannasn 3aoada) 0s
ypaerenus (9) € oonacmu ) umeem pezynaproe peuterue, mo oHo eOUHCIMEEHHO.
Jis pelieHusl MOCTaBIEHHBIX 3aJad BOCMOJB3YeMCS METOAOM (YHKLUU
I'puna. ®yukimo I'puna G, (x,x,) (K =1,2,3) noctpouM B 061acTH, OrpaHUIEHHON

IPOU3BOJIBHON IIOBEPXHOCTHIO IpHU X, > 0 1 3aMKHYyTOH obnacTeto npu x; = 0.

Jdemma 1. @yuxyusa G (x,x,)(k=1,2,3) cummempuuna ommuocumenvbro
movek X u X,, eciu oHu Haxooames eHympu obaacmu 2.

Teopema 21. Ilycms Oanuvie 3a0au Xonvmeperna, [Jupuxie u cmeulanHou
3a0auu yoosnemsopsarom ycaosusm: 1)v(x)e C(T)), (p(x) € C(I:);

2)r(%)e C(l:l), p(x)e C(l:);.?)r()?) S C(l:l), p(x)eC(T),
coomeemcemeenHo. Tozoa pewenus 3adau Xonemepena, [[upuxie u cMeulaHHoU

3a0auu 0na ypasmnenus (9) ¢ obnacmu ) npedcmaensiomes, coomeemcmeeHHo,
Gopmynamu.

1) () =] v(%)G,(0,%,)dI", = [ p(x)BLIG,(x;%,))d,T, (16)
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2) uy(x,) = J.FT(;C)xlza %, (x;xO)

4T\~ [ (0B G, (x:%,) |d.T,(17)

ox, -
0G,
3) uy(x,) = j 2“% 4T+ [ p)G, (x:x,)d T, (18)
1 =0

20e G, (x;x,) =Gy (x3x,)+ H, (x5x,), H (x3%)= J.rpk(ﬁ;xo)GOk(f;x)dgl“, k=12;
G, (x5x,) =Gy, (x5, )+ Hy (x3x,), Hi(x5x,) = L,O3((§;x0)B:§ [Goz (x;(f)]dgr,
R 2by R? m m
Gy (x;xo) =4y (x;xo) - K_j "4y [X;_zxoj’ R*= lefs p= ZxZoa
P P k=1 k=1
P, (x:x,)=2B2 |:qk (x;xo)] + 4I R, (&:x;2) By |:qk (f;xO)JdeI, k=1,2;
p3(s;x)=—2q2(s;x)+4LR :&-2)g, (& )d [,
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SAKVIIOYEHUE

JuccepranonHas  pabdoTa  IMOCBSIICHA  MCCIENOBAHMIO  CBOICTB
MHOTOMEPHBIX THIIEPreOMETPUYECKUX (PYHKIMNA W WX MPUMEHCHHIO K PEIICHUIO
KPaeBbIX 3aa4 W TEOPUM TMOTECHUMAIA IS CUHTYJISPHBIX OSJUIMITHYECKUX
YPaBHEHHAN BTOPOTO MOPSAKA.

B 3akmroueHue MOXKHO CHENaTh CICAYIOMIME BBIBOIABI IO PE3YJIbTaTaM
HCCIIEOBAHNIA!

1. Jns runepreoMeTpuueckux (QyHKumii Jlaypuyennsl  yCTaHOBJICHBI
(opMyJIBl Pa3noKEHUs, CBOOOTHBIE OT PEKYPPEHTHOCTH. JloKazaHHBIE (HOPMYJIbI
Pa30XKEHHs WCIIOJIB30BAHBI MPU MCCIICAOBAHUM CBOMCTB (QyHkumii Jlaypuuenna,
KOrJa WX YMCJIOBBIE MMApPAMETPBl M TEPEMEHHBIE TPUHUMAIOT TMPEACIIBHBIC
3HQUEHUS, MPU J0KA3aTeNIbCTBE (POPMYJI AHATUTHYECKOTO MPOAOIKEHUS, a TAKXKE
IIPU HAXOKACHWUM SIBHBIX PEILICHUIA OCHOBHBIX KPAEBBIX 3a1a4 JUIS JUTUITUYECKOTO
YPAaBHEHHUS C HECKOJIbKMMH CHHTYJISIPHBIMU KO3 PULIICHTAMU.

2. BeeneHsl B paccMOTpeHre 0000IIEHHBIE onepaTopsl bepunenna-Yenam Ha
NJIOCKOCTH, KOTOPBIE  MO3BOJSIIOT  HAWTW  (OPMYJBl  Pa3IOKECHUS s
TUIEPreOMETPAYECKUX (PYHKIMA IBYX NEPEMEHHBIX U3 cnucKa ['opHa.

3. JlokazaHbl HOBBIE COOTHOIUECHMS, IMO3BOJISIFOLIME BBIPA3UTH (PYHKIIHIO
Jlaypuuennsl F( yepe3 sjeMEHTapHbIC (YHKIMH TPH YACTHBIX 3HAUCHUSX

NapaMeTpOB TUIEPreOMETPUUECKON (YHKIIUM.

4. BBegeHWE NMPOCTPAHCTBEHHBIX AHAIOTOB ONEparopoB bepunemna-Uenau
MO3BOJIMJIO HAUTH (POPMYJIBI PA3IOKEHHS 17151 KOH(IIFOSHTHBIX THIIEPreOMETPUYEC-
KHX (DYHKIMI MHOTHX MEPEMEHHBIX.

5. TlocTpoeHbI M UCCIIEA0BaHbl (PyHIAMEHTAIBHBIE PEMIEHUSI 0000IEHHOTO
ypaBHCHUS ['€nbMroyibia ¢ HECKOJbKMMH CHHIYJIIPHBIMH KO3()QPUIHMEHTaMU WU
COCTaBJICHA CHUCTEMA YPaBHCHHWN B  YaCTHBIX IPOM3BOJHBIX, KOTOPOH
YAOBJIETBOPSOT HAlICHHBIE (PYHIAMEHTAJIbHBIC PEILICHUSI.

6. Pemienus 3aaau XoabMrpena, Jlupuxiie, 0000meHHoi 3a1aun XoapMrpeHa
U DJUTMITAYECKOTO YPABHEHHSI C CHUHTYJISPHBIMH KO3(hduuueHTamMmu u Ais

ypaBHeHHs Jlarutaca B 27"-0if 4acTH MHOTOMEPHOTO Imapa MeToaoM (QyHKIUH
['prHa nocTpoeHsl B sBHOU (hopMe, yI0OHOM Uil TanbHEHIINX NCCIIETOBAHMIA.

7. BBeAeHBI MOTEHUMAIBI JBOMHOIO U MPOCTOrO CJIOEB, COOTBETCTBYHOLLIKE
(yHIAMEHTAIBHBIM PEUIEHUSAM MPOCTPAHCTBEHHOTO SJUTMIITUYECKOTO YPABHEHMUSI C
CUHTYJIIPHBIM KO3()(PULIMEHTOM M UCCIIEIOBAHBI CBOMCTBA 3TUX MOTCHIIAAJIOB.

8. Ilonmy4deHHBIE PE3yabTaThl TEOPUHA MOTEHLIMAIA MPUMEHEHBI K PEILICHHUIO
OCHOBHBIX KPAaeBbIX 33144 JIsI CHHTYJIIPHOTO JUTMIITUYECKOTO YPABHEHUS.
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INTRODUCTION (abstract of DSc thesis)

The aim of the research work is to solve boundary value problems and
construct a potential theory for singular second-order elliptic equations.

The object of the research work are hypergeometric functions of many
variables and multidimensional singular partial differential equations of elliptic type.

Scientific novelty of the research work is as follows:

a non-recurrent expansion formulae for hypergeometric Lauricella functions
are proved, and fundamental solutions of generalized Helmholtz equation with
several singular coefficients are constructed and investigated;

the properties of the superposition of generalized Burchnell-Chaundy
operators with a power function are established, and multidimensional analogies of
these operators are introduced and their properties are proved, which make it
possible to expand multidimensional confluent hypergeometric functions by
Lauricella functions;

the existence and uniqueness theorems for the solution of the generalized
Holmgren problem for elliptic equation with several singular coefficients and for
Laplace equation in parts of a multidimensional ball are proved,

the potential theory is constructed and the basic boundary value problems for
spatial singular elliptic equation in the domain bounded in a half-space are solved.

Implementation of the research results. Results related to expansion
formulas for multivariable hypergeometric functions and fundamental solutions of
elliptic equations with several singular coefficients were used in the following
research projects:

expansion formulas for hypergeometric functions of two variables were used
in the foreign project No. R&D AAAA-A19-119013190077-1 "Fractional calculus
and differential equations of fractional and distributed order" when finding explicit
solutions to boundary value problems for differential equations of fractional order
(Reference of the Institute of Applied Mathematics and Automation of the
Kabardino-Balkarian Scientific Center of the Russian Academy of Sciences under
the number 01-17/8 of March 4, 2021, Russia). The use of the scientific result made
it possible to prove the unique solvability of boundary value problems for
differential equations of parabolic type with the Bessel operator with respect to the
spatial variable;

an explicit unambiguous solution of the generalized Holmgren problem for a
singular elliptic equation was used in a foreign grant No. AP05131756 “Regular and
singular solutions of linear and nonlinear problems of mathematical physics and
fractional derivatives” in the study of singular solutions of linear problems with
fractional derivatives (Reference of the Institute of Mathematics and Mathematical
Modeling No. 01-06/038 dated March 10, 2021, Kazakhstan). The use of the
scientific result made it possible to reduce the singular solution of a linear problem
with fractional derivatives to a form convenient for further research;

expansion formulas for multidimensional complete and confluent
hypergeometric functions were used when performing research works on the theme
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of the Institute of Computational Mathematics and Mathematical Geophysics
"Methods for the creation, research and identification of mathematical models about
the Earth" (State Registration No. 1.3.1.3) and RFBR Grant No. 16- 01-00729
"Mathematical modeling of filtration of mineralized solutions in viscoelastic media”
in the study of direct problems of poroelasticity (Reference of the Institute of
Computational Mathematics and Mathematical Geophysics No. 15301/12-0109
dated March 26, 2021, Russia). The use of the scientific result made it possible to
approximately find a solution to the direct problem of poroelasticity.

The structure and volume of the thesis. The thesis consists of an introduction,
four chapters, conclusion and titles of used literature. The full volume of the thesis
1s 179 pages.
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